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Abstract 

Medicinal plants provide rich resources of ingredients which can be used in drug 

development and synthesis. In Pakistan Periploca aphylla Decne. (Asclepiadoideae) 

is used to treat gastrointestinal, dermatological and topical diseases whereas Fagonia 

olivieri (Zygophyllaceae) is generally used for the cure of cancer, diabetes, asthma, 

fever, toothache, urinary discharges, stomach troubles and renal disorders. This study 

was designed to evaluate the pharmacological activities of P. aphylla and F. olivieri 

using in vitro and in vivo models. 

The fresh samples (whole plant) of P. aphylla and F. olivieri were collected and made 

in to a fine powder after shade drying. Methanol extract of powder was resolved with 

escalating polarity to get fractions; n-hexane, chloroform, ethyl acetate, n-butanol and 

residual aqueous fraction. The extract/fractions were subjected to phytochemical 

analysis which showed the existence of tannins, saponins, terpenoids, cardiac 

glycosides, alkaloids, phlobatannins and flavonoids. All the extracts/fractions showed 

potent activity against Gram-negative, Gram-positive bacteria and fungal species. 

However, the most active fractions of F. olivieri were ethyl acetate, n-butanol and 

aqueous while methanol, n-butanol and aqueous fractions of P. aphylla exhibited 

activity against a maximum number of strains as compared to other fractions. These 

fractions also exhibited good cytotoxic activity as the maximum (96.66 %) was shown 

by ethyl acetate fraction of the F. olivieri and methanol extract of P. aphylla at 1000 

mg/ml.  

Total phenolic and flavonoid content of P. aphylla was found to be higher in the ethyl 

acetate (186±1.18 mg GAE/g of extract) and n-butanol fractions (85.1667±0.13 mg 

RE/g extract) respectively. The ethyl acetate fraction exhibited the lowest IC50 values 

for DPPH and ABTS radicals. The n-butanol fraction exhibited the radical scavenging 

activity for superoxide and OH radical and H2O2 scavenging. 

The total phenolic and flavonoid contents of the F. olivieri samples ranged from 16 ± 

0.881 to 50 ± 1.764 mg GAE/g extract and 19 ± 0.529 to 106 ± 0.892 mg RTE/g 

extract, respectively. The antioxidant activity was measured by a number of in vitro 

systems. The aqueous extract showed the highest radical scavenging activity with IC50 

= 55 ± 1.212 μg/ml for DPPH, followed for ABTS, H2O2, and superoxide radical. 

However, ethyl acetate fractions exhibited the lowest IC50 values for 

phosphomolybdenum and OH radical scavenging assays.  
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Quantification of phenolic compounds was carried out using high performance liquid 

chromatography (HPLC) which showed the presence of rutin, catechin, myricetin and 

caffeic acid in the crude extract and fractions of P. aphylla and F. olivieri.  

Thirty compounds were identified in P. aphylla methanol extract during GC-MS 

analysis which revealed that hexadecanoic acid, methyl ester (13.65%) was a major 

component followed by 1,1,6-trimethyl-3-methylene-2-(3,6,9,13 tetramethyl-6-

ethenye-10,14-dimethylene-pentadec-4-enyl)cyclohexane (9.41%), 9-Octadecenal, 

(Z)- (CAS) (8.00%), Pyrrolidine, 1-(6-phenyl-1-cyclohexen-1-yl)- (CAS) (7.50%) and 

5 (Dimethylamino)-3-ethoxy-5-isopropyl-1-(4'-trifluoromethylphenyl)-2-[2"-(4-

"'trifluoromethylphenyl) ethynyl]-1,3-cyclopentadiene (5.28%). 

The prevailing compounds in F. olivieri were methyl 1-(but-2'-en-1'-yl)-6,7-

(dimethoxy)isoquinoline-3-carboxylAte (71.89%), ethyl hydrogen P,5'-anhydro-2',3'-

O-isopropylideneadenosine-8-phosphonate (7.64%), 2-Bromo-5-(3,5-di-tert-butyl-4 

(trimethylsiloxy)phenyl)furan (3.33%) and [1]Benzothieno[2',3'-3,4]thieno[3'',2''-

7,8]cycloocta[1,2-b:5,6-b']diquinoxaline (3.25%). 

Piscidic acid (C11H12O7) was isolated and identified by 
1
H-NMR, 

13
C-NMR and mass 

spectrum studies from aqueous fraction of F. olivieri, as an antibacterial compound 

isolated for the first time using activity guided fractionation.    

Anti-inflammatory and anti-depressant activities were measured by means of 

carrageenan induced paw edema and forced swim test (FST) in Sprague-Dawley rats 

respectively. The maximum activity was shown by n-butanol and methanol fractions 

of P. aphylla while ethyl acetate and aqueous fractions of F. olivieri in the above 

assays. The anti-diabetic potential of P. aphylla and F. olivieri was measured using 

glucose tolerance test and streptozotocin induced diabetes. The aqueous fraction of 

the F. olivieri and the n-butanol fraction of P. aphylla showed anti-diabetic potential. 

The effect of methanol extract of P. aphylla and F. olivieri was also investigated 

against paracetamol, gentamicin and doxorubicin-induced toxicity in Sprague-Dawley 

rats. At the end of the experiments, body weight and organ (liver, kidney, heart, lungs, 

testes, brain) weights were measured. Serum ALT, ALP, AST, total bilirubin, total 

protein, urea, creatinine and lipid profiles such as cholesterol, triglycerides, HDL and 

LDL were assayed. The levels of cardiac biomarker enzymes viz LDH, CK, CK-MB 

were observed. Lipid peroxidation (indexed by TBARS) and antioxidants like 

glutathione, glutathione transferase, peroxidase, superoxide dismutase and catalase 
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were assessed. Histopathology of tissues was also performed. The genetic parameters 

were evaluated by means of DNA fragmentation and DNA ladder assay. 

The lesions induced by these drugs in all the above mentioned parameters were 

determined to be lower particularly in the P. aphylla and F. olivieri treated groups. 

Moreover, extracts administered at 400 mg/kg were found to show greater protective 

effects than that at 200 mg/kg. Furthermore, the protective activity of these extracts 

was comparable to that of silymarin, an active moiety in Silybum marianum, well-

known for its hepatic regenerative activity.  

Thus the results show that crude methanol extracts and partitioned fractions of P. 

aphylla and F. olivieri possess antimicrobial, cytotoxic, anti-inflammatory, anti-

depresssent, anti-diabetic and antioxidant effects. The spectra of activities displayed 

by the extracts could be credited to the presence of these phytochemicals (flavonoids, 

saponins, tannins, alkaloids and terpenoids). This may validate the use of these plants 

in traditional medicine for the treatment of various disease conditions and signifies the 

potential of P. aphylla and F. olivieri as sources of therapeutic agents. 
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Introduction 

1.1. Pharmacology 

Pharmacology is a biomedical science which deals with the research, finding, and 

characterization of chemicals having biological effects and the explanation of cellular 

and organismal function in relation to these chemicals. Pharmacognosy is a branch of 

pharmacology that especially deals with the composition, use and development of 

medicinal substances of biological origin, particularly those obtained from plants. 

1.2. Ethnomedicine 

Medicinal plants have been the source of medicine to all civilizations for hundreds of 

years. Plants are selected for pharmacological analysis using one of the frequent 

methods i.e. ethnobotany (Cox and Balick, 1994). Traditional medicine is employed 

as a major health care system in many developing countries (Fransworth, 1993; 

Houghton, 1995). The interest in maintaining personal health and safety by using 

medicinal plants is increasing due to bioprospecting of novel plant-derived drugs 

along with rising costs of prescribed medicines (Sharma et al., 2010). The large 

variety of bioactive molecules produced by plants, have mostly evolved as chemical 

defense against infection or predation, which makes them a rich source of medicines. 

About 74% of 119 pharmaceutical or biotechnology drugs derived from plants are 

used in modern medicine corresponding to their traditional uses (Barrett et al., 1999; 

Newman et al., 2003). Hence, ethnomedical data provide a better chance to find 

active plants rather than random approach (Lee, 1999; Montbriand, 2004). 

1.3. Periploca aphylla 

Periploca aphylla Decne. is a medicinally important plant. It belongs to the family 

Asclepiadoideae having 348 genera, with about 2,900 species. They are primarily 

located in the tropics to subtropics, particularly in Africa and South America. It is 

commonly found in the northern parts of Pakistan and has a variety of medicinal uses 

in the indigenous system of medicine (Shastri, 1966).  

It is locally named as “Bata”. The milky juice of P. aphylla is externally applied to 

swellings and tumors. It is also used for the treatment of cerebral fever and as 

stomachic (Baquar, 1989). Latex from its stem is used as chewing gum. The flowers 

are used as vegetables. Sometimes, they have been used for emetic purposes, 

expectorant, laxative, diuretic and for wart removal. There are a number of known 
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triterpenes and steroids which have been isolated from this species (Mustafa et al., 

1971). 

1.4. Fagonia olivieri 

Locally it is named as “Jamah” (Punjabi), “Shalapogai” (Pushto) and “Karkawag” 

(Baluchi). Fagonia olivieri belongs to the Zygophyllaceae family, which has about 25 

genera and 240 species (Mabberley, 1987). These are generally distributed in 

subtropical, tropical, warm temperate and mostly in dry areas. There are eight genera 

and twenty two species of Zygophyllaceae family in Pakistan (Ghafoor, 1974), 

whereby it is commonly found in Khyber Pakhtunkhwa and Baluchistan in dry hills 

and gravel mixed sandy clay loam. Fagonia, Tribulus, Gauiacum and Zygophyllum 

are the chief genera of the family.   

There are 35 species in genus Fagonia which are distributed in dry areas and deserts 

of India, Chile, south west USA and tropical Africa. Several species are spiny herbs 

or sub-shrubs. Fagonia species are reported in the scientific literature of folk 

medicine as medicinal (Chopra et al., 1982). 

Zygophyllaceae family is important for spices, ornamentals and Lignum vitae wood 

(Guaiacum officinale). Several members of this family are well-known for their 

medicinal uses. Fagonia is among one of them. This plant extract is used for the 

treatment of diabetes and coughs. It is also used as a blood purifier and cooling agent 

(Barkatullah, 2009). In the indigenous system of medicine, an aqueous decoction of 

Fagonia cretica (aerial parts) is used for the cure of different diseases of blood 

vascular and digestive system and also a famous treatment for cancer in initial stages 

(Saeed, 1969).  

1.5. Phytochemistry 

There are several chemical substances which produce a definite physiological effect 

on human body and hence are responsible for the medicinal importance of plants. The 

most significant of these plant bioactive constituents includes phenolic acids, 

flavonoids, terpenoids, lignins, tannins, stilbenes, coumarins, alkaloids, quinones, 

betalains, amines, vitamins and other metabolites having antioxidant potential (Zheng 

and Wang, 2001; Cai, 2003). 

It has been reported that most of these antioxidant compounds have antibacterial, anti-

inflammatory, antitumor, antimutagenic, antiatherosclerotic, antiviral and 

anticarcinogenic activities (Rice-Evans et al., 1995; Sala et al., 2002). Primary or to a  
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Fig. 1.1: Periploca aphylla in its natural habitat. 

 

 

 

  

 

Fig. 1.2:  Fagonia olivieri in natural condition. 
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certain extent secondary metabolism of living organisms synthesize these compounds. 

Secondary metabolites are taxonomically and chemically exceptionally diverse 

compounds with ambiguous roles. They are generally employed in the veterinary, 

human therapy, scientific research, agriculture and numerous other areas (Vasu et al., 

2009). Recently, a significant increase of interest has developed to find natural 

antioxidants for use in medicinal materials or foods as a replacement of synthetic 

antioxidants (Ito et al., 1983). Natural antioxidants may give further health benefits to 

consumers by improving food stability and quality, and also by acting as 

nutraceuticals to cease free radical chain reaction in biological systems. 

There has been a universal trend in recent times towards using natural phytochemicals 

found in teas, berry crops, herbs, vegetables, fruits and beans (Kitts et al., 2000; Wang 

and Jiao, 2000; Muselik et al., 2007). Moreover, natural antioxidant ingestion reduces 

the risks of cardiovascular disorders, cancer, diabetes and age related diseases 

(Ashokkumar et al., 2008; Veerapur et al., 2009).    

The nature of drugs can be predicted by the preliminary phytochemical screening. It 

also helps to detect different constituents present in different polarity solvent.    

1.6. High performance liquid chromatography (HPLC) 

Flavonoids are the most ubiquitous group of plant secondary metabolites 

demonstrating a broad range of biochemical and pharmacological effects, including 

antibacterial (Hernandez et al., 2000), anti-inflammatory (Owoyele et al., 2008), 

antifungal (Li et al., 2005), antioxidant (Bernardi et al., 2007) and anticarcinogenic 

(Seelinger et al., 2008). 

For the identification and separation of flavonoids, the most suitable method used 

today is high performance liquid chromatography along with several detection 

systems (Janeska et al., 2007; Plazonic et al., 2009). High performance liquid 

chromatography methods are developed in various plant materials for quantitative and 

qualitative analysis of flavonoids (Bobzin et al., 2000; Dubber and Kanfer, 2004).  

High performance liquid chromatographic (HPLC) techniques are ideal for metabolite 

separation, sensitivity and selectivity of detection, along with the ability of giving on-

line structural information (Hostettmann et al., 1997). They play an important part in 

efficient localization and rapid characterization of natural products and thus provide 

an analytical support in the work of phytochemists. 
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1.7. In vitro assays 

The evaluation of medicinal plants on a large scale for different biological activities is 

an essential step to isolate and characterize the active principles which will lead to 

drug development. 

1.7.1. Anti-microbial studies 

Antimicrobial research is required for the discovery and growth of new therapeutic 

antimicrobial agents. This effort is encouraged due to lack of good antifungal agents 

and the ongoing trouble of development of resistance to existing antibacterial agents 

towards novelty (Silver and Bostian, 1990). In the past years, numerous reports are 

presented on the antibacterial activity of plant extracts against human pathogenic 

bacteria which showed that plants were a significant source of potentially valuable 

structures to develop novel chemotherapeutic agents (Tona et al., 1998; Samy and 

Ignacimuthu, 2000; Palombo and Semple, 2001; Kumaraswamy et al., 2002; 

Stepanovic et al., 2003; Bylka et al., 2004; Behera and Misra, 2005; Govindarajan et 

al., 2006).   

Secondary plant metabolites are mostly unexplored in ‘conventional’ animal 

production systems. In the past, the sources of anti-nutritional factors were usually 

plant metabolites. The use of animal antibiotic growth promoters was restricted and 

banned which stimulated the interest in plant derived bioactive secondary metabolites 

as substitute performance enhancers (Greathead, 2003). 

One of the important alternative approaches to manage diseases and control antibiotic 

resistance is the isolation of antibacterial active principles from higher plants. The 

drugs derived from plants are believed to cause less or no side effects in comparison 

to synthetic antibiotics (Shariff et al., 2006). In vitro studies have revealed a great 

deal of phytochemicals which belong to different chemical classes to have inhibitory 

effects on all types of microorganisms (Cowan, 1999). 

1.7.2. Brine shrimp cytotoxicity assay 

The brine shrimp lethality assay (BSLA) is in routine use for the primary screening of 

the isolated compounds as well as extracts for their toxicity assessment towards brine 

shrimp which indicates their potential cytotoxic properties. Pharmacology is simply 

toxicology at a lower dose, and toxicology is plainly pharmacology at a higher dose. 

Bioactive compounds in higher doses are nearly always toxic. Michael et al., (1956) 

proposed the shrimp lethality assay which was later developed by Vanhaecke et al., 
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(1981), Sleet and Brendel, (1983). The ability to kill laboratory-cultured Artemia 

nauplii brine shrimp is the basis of this assay.  

The brine shrimp cytotoxicity assay was considered as a suitable probe for 

preliminary evaluation of toxicity, pesticides, heavy metals, detection of fungal toxins 

and cytotoxicity testing of dental materials (Meyer et al., 1982). It can also be 

extrapolated for antitumor activity and cell-line toxicity (Selvin et al., 2004). Brine 

shrimp eggs are used as fish food and are commercially available. Several bioassay 

systems have utilized brine shrimp nauplii including the analyses of mycotoxins, 

pesticidal residues, stream pollutants, dinoflagellate toxins, anesthetics, morphine-like 

compounds, carcinogenicity of toxicants and phorbol esters in marine environment. 

Thus, screening and fractionation in discovery and monitoring of bioactive natural 

products is conveniently done by in vivo lethality in a simple organism. The synthetic 

compounds and natural products evaluation by using brine shrimp cytotoxicity assay 

not only describes cytotoxicity but also antiviral, anticancer, pesticidal and 

insecticidal potential (Sheikh et al., 2004). This bioassay has led to the isolation of 

numerous novel pesticidal and antitumor natural products (Meyer et al., 1982; 

McLaughlin et al., 1991; Sam, 1993). 

1.7.3. GC-MS analysis 

The active compounds in the plants are studied using various analytical and extraction 

methods (Iordache et al., 2009). GC–MS is an ideal technique for analysis of volatile 

and semi-volatile compounds made by the combination of ideal separation technique 

(GC) with the best identification technique (MS). It is also one of the best methods to 

identify the bioactive constituents of long chain, branched chain hydrocarbons, ester, 

acids, alcohols etc. (Palawat and Lodha, 2014). 

1.8. Pharmacological assays 

1.8.1. Anti-inflammatory studies 

Carrageenan-induced paw edema assay is frequently employed to determine the acute 

phase of inflammation. The term inflammation is derived from a Latin word – 

“inflammare”, which means burn. Inflammation is a normal protective response to 

tissue injury that is caused by microbiological agents, noxious chemicals or physical 

trauma. Numerous proliferative, chemotactic and vasoactive factors at different stages 

participate in inflammation and there are several targets for anti inflammatory action 

(Tripathi, 2004). 
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A series of chemical changes are induced in the injured area of human body by any 

form of injury. Inflammation is a single disorder which results in body fluid 

disturbances as believed earlier. The latest view considered inflammation as a healthy 

process in response to some disturbance or disease. Redness, pain, swelling, heat and 

loss of function are the basic signs of inflammation (Singh et al., 2013).      

Nonsteroidal and steroidal anti-inflammatory drugs are used at present to treat 

inflammatory diseases (Langman, 1998). The use of these drugs is reduced in some 

parts of the population because unfortunately both of these extensively prescribed 

drugs have major negative side effects (Juni et al., 2005; Pathak et al., 2005). 

Therefore, there is a requirement of novel drug development with least side effects 

and new modes of action. Anti-inflammatory agents derived from natural products 

with lower risk of side effects, good efficiency and transcriptional form of action 

prevents inflammation-related conditions and offer promising treatment.     

In the hunt for new anti-inflammatory drugs, a logical and fruitful research strategy is 

to research the plants which are used as anti-inflammatory agents in folk medicine 

(Gupta et al., 2006).      

1.8.2. Anti-depressant studies 

Anxiety and depression are the most common stress related mood disorders (WHO, 

1998). Clinical depression is a condition of intense sadness, despair or melancholia 

that has advanced to the point of being troublesome to an individual's social 

functioning or daily life activities. On at least one occasion in life, depression affects 

about 7-18% of the population, before the age of 40. About 10-15% of patients with 

depression attempt suicide, while two-thirds of them experience suicidal thoughts. 

There are around 450 million people who suffer from a behavioural or mental disease 

in accordance to the World Health report (WHO, 2001), however very few of them 

get even the most basic treatment. This amounts to 12.3% of the universal burden of 

disease and will increase to 15% by 2020 (Reynolds, 2003). 

The monoamine theory suggests that the main cause of depression is Serotonin, 

Norepinephrine and/or Dopamine deprivation in the central nervous system (CNS). 

Drugs with antidepressant activity increase the level of these neurotransmitters in the 

central nervous system (Delgado, 2000). Recent theories suggest that monoamines act 

only as a regulator to other more important brain neurobiological systems (Heninger 

et al., 1996). The traditional therapeutic strategy is the only current treatment that 
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affects serotonin and norepinephrine system, but approximately half of affected 

people are insufficiently cured by psychotherapeutic approaches and existing 

medication (Boer et al., 2010; Kwon et al., 2010). There is no success in developing 

fundamentally new antidepressants with distinct mechanisms of action despite 

remarkable effort (Yi et al., 2009).    

Synthetic drugs available for the cure of anxiety and depression have several side 

effects including drowsiness, ataxia with benzodiazepines and insomnia, libido with 

selective serotonin reuptake inhibitors (Hardman, 2001). Drugs obtained from natural 

sources seem to have fewer side effects while having same ability to cure disorders in 

much the same way as their synthetic counterparts. In order to look for novel 

therapeutic products for the cure of neurological diseases, there is a constant 

worldwide progress in medicinal plant research which demonstrates the 

pharmacological efficacy of plant species in different animal models (Zhang, 2004).   

1.8.3. Anti-diabetic studies 

Diabetes mellitus is the chronic disease of protein, carbohydrate and lipid metabolism. 

A constant increase in fasting glucose level of blood equivalent to or greater than 140 

mg/dl taken on two different times is the characteristic of diabetes mellitus. This rise 

in blood glucose level might be due to secretion or peripheral resistance to insulin 

action and complete or limited termination of insulin synthesis (Murray and Pizzorno, 

1997).  

Diabetes mellitus has become the most crucial issue worldwide in regards to health. 

Globally the prevalence of diabetes mellitus is increasing day by day. In 2025, the 

occurrence of diabetes mellitus is estimated to be more than 300 million (Ojewole et 

al., 2006). The increase in prevalence has accelerated due to the aging population 

structure in the developed countries and due to the global increase in obesity, as well 

as stressful life style. Diabetes mellitus is the sixth main reason of death globally 

(Nash et al., 2001). In the list of diabetes prevailing countries, Pakistan ranks at the 

seventh position. According to International Diabetes Federation, there are 6.9 million 

people in Pakistan affected by diabetes and this number is estimated to increase to 

11.5 million by 2025 unless actions are taken to manage it (Hayat and Shaikh, 2010). 

There is increasing risk of complications associated with diabetes including 

nephropathy, retinopathy, neuropathy, gangrene and ulceration of extremities and 

ischaemic heart disease (Murray and Pizzorno, 1997; Rotshteyn and Zito, 2004). 
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Other systemic diseases for instance dyslipidaemia and hypertension frequently co-

exist with diabetes. Diabetes has been a clinical model for general medicine. 

Oxidative stress results after a long exposure to hyperglycemia which reduces 

endogenous antioxidant defense system capacities leading to the production of various 

reducing sugars (Robertson and Harmon, 2006). These reducing sugars increase the 

reactive oxygen species production by reacting directly with lipids (Jay et al., 2006). 

Reactive oxygen species generation contributes to pancreatic β –cells destruction 

induced by Streptozotocin (Szkudelski, 2001). One of the important sources to 

develop novel drugs for the cure of diabetes has been provided by plants with 

antidiabetic activities.  

1.9. Toxicological studies 

1.9.1. Oxidative stress 

Free radicals, along with other derivatives of oxygen, are unavoidable byproducts of 

biological redox reactions. Free radicals produce an oxidation state which could result 

in cell membrane damage with the consequential alteration on metabolic functions. 

Oxidative stress results due to an imbalance between the production of oxidants and 

the antioxidant defense ability of the body, and is believed to be a main cause in a 

variety of degenerative disorders for instance atherosclerosis, gastric ulcer, diabetes 

mellitus, lungs and kidney damage, aging, cancer and liver diseases (Halliwell and 

Gutteridge, 1999; Elejalde, 2001). 

Free radicals have been shown to harmfully affect survival of the cell due to 

membrane injury through the irreversible modification of DNA and oxidative damage 

of protein and lipid (Mishra, 2004). The oxidative damage markers of reactive oxygen 

species include lipid peroxidation for instance thiobarbituric acid reactive substances 

and hydro peroxides levels in addition to protein oxidation markers like carbonyl 

proteins (Olusi, 2002; Uzun et al., 2007). 

Moreover, the decline in antioxidant enzyme activities which acts as free radical 

scavengers for instance glutathione peroxidase (GPx), catalase (CAT), superoxide 

dismutase and glutathione S-transferase (GST) provoke oxidative damage (Blokhina 

et al., 2002). 

1.9.2. Paracetamol induced drug toxicity 

Liver disorders remain serious health problems and their management is still a 

challenge to modern medicine. Paracetamol, which is also recognized as 
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acetaminophen, is one of the most extensively used analgesics/antipyretics 

worldwide. The overdose of paracetamol can cause severe nephrotoxicity and 

hepatotoxicity (Vermeulen et al., 1992). It belongs to the Para-aminophenol class of 

the non-steroidal anti-inflammatory drugs (NSAIDs). In many countries, 

acetaminophen ranks at the top of all well-known poisoning agents implicated in 

intentional or accidental poisoning. Liver, which engages the essential position in the 

body, plays a vital part in the maintenance of the biological equilibrium of human 

body and xenobiotic metabolism. Therefore, many disorders can be occurred due to 

any damage to liver ranging from transient increase in liver enzymes to life 

threatening hepatic cirrhosis and liver failure (Bera et al., 2012). In order to assess the 

hepatoprotective potential of herbal extracts, the most extensively used experimental 

model is paracetamol induced toxicity in rats (Jayadevaiah et al., 2012).  

Kidneys are the major organs which are responsible for various functions in our body 

and regulate blood pressure, composition and volume, release erythropoietin, glucose 

synthesis and the excretion of wastes in the urine (Jain and Agrawal, 2008). 

Nephrotoxicity is an important concern during drug development when selecting a 

new drug. At present the world population is having lots of kidney disorders, which 

has several reasons to be explained for the causes of disorders. Studies have shown 

that paracetamol overdose caused renal insufficiency in about 1-2% of patients 

(Prescott, 1983). It has been suggested that associated nephrotoxicity may be more 

common in children and adolescents in a case series of pediatrics patients with 

paracetamol poisoning (Boutis and Shannon, 2001). Although nephrotoxicity is not as 

common as hepatotoxicity in paracetamol overdose, acute kidney failure and renal 

tubular injury can take place even in the absence of liver damage (Adekunle et al., 

2012). 

Paracetamol is converted into NAPQI (N-acetyl-p-benzoquinoneimine) toxic 

metabolite by cytochrome P450 enzymes, which cause oxidative stress and 

diminution of glutathione (GSH) (Cohen and Khairallah, 1997). It is logical to search 

for alternative medicines to reduce the toxicity caused by long-term use of NSAIDs in 

chronic health problems. Many active plant extracts are often employed to cure a wide 

range of clinical disorders including liver diseases (Chattopadhyay, 1991). Thus, the 

search for safe and effective medicines for hepatic diseases continues to be an area of 

interest. 
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1.9.3. Gentamicin induced drug toxicity 

Aminoglycosides, such as gentamicin, are a class of clinically important antibiotics 

used widely to treat infections, mainly against Gram-negative bacteria (Nagai and 

Takano, 2004). Aminoglycosides, in spite of their useful effects, have substantial 

ototoxic and nephrotoxic side effects. Gentamicin has been clinically used due to its 

broad range of activities against Gram-negative bacterial infections caused by 

Proteus, Serratia and Pseudomonas (Balakumar et al., 2008). It has been the only 

useful therapeutic drug in many cases but its use is limited by nephrotoxicity 

mediated side effects (Salgado et al., 2007). Gentamicin is well recognized to produce 

renal tubular necrosis mainly in the proximal tubule. This drug causes reactive oxygen 

species production which induces cell injury and necrosis via lipid peroxidation 

(Stojiljkovic et al., 2008; Silan et al., 2007). Most of the intravenously administered 

dose is excreted in the urine, whereas some of the aminoglycoside injected is 

selectively accumulated in the renal cortex (Nagai and Takano, 2004; Konopska and 

Warwas, 2007) leading to renal cell injury. It is one of the aminoglycosides that cause 

hepatotoxicity (Aubrecht et al., 1997). The aminoglycosides toxicity has been 

extensively researched (Klemens et al., 2003). The renal injury due to 

aminoglycosides has been reported to cause liver damage (Martines et al., 1988). 

Gentamicin has the potential to cause toxicity at levels only vaguely above therapeutic 

range (Conlon et al., 1999; Pedraza et al., 2000). 

In 15-30% of treated subjects gentamicin toxicity occurs. There is an increase in 

serum creatinine after some days of gentamicin treatment, and hypo-osmolar urinary 

output develops which leads to renal failure. A small portion of the gentamicin 

administered dose is retained in the epithelial cells lining certain segment of the 

proximal renal tubules making it nephrotoxic (Ali, 2003). 

The aminoglycosides lead to phospholipidosis by associating with negatively-charged 

phospholipids and their accumulation in the lysosomes of tubular cells by inhibition 

of lysosomal phospholipases (Laurent et al., 1982), which may start necrosis (Laurent 

et al., 1990). At the cellular level, aminoglycosides have been reported to interfere 

with protein synthesis, especially by inhibition of translocation (Gonzalez et al., 

1978). 

An increased interest has been found, in recent decades, to use traditional plant as 

nephroprotective agents. Antioxidant action has been suggested as an important 
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property of herbal medicines related with nephroprotective activity, as plants 

frequently contain considerable amounts of antioxidants. 

1.9.4. Doxorubicin induced drug toxicity 

Cancer is the third main reason of death worldwide, preceded by cardiovascular and 

infectious disorders. Most patients diagnosed with cancer receive chemotherapy 

regiments (Krzesinski et al., 2010), which involves the use of drugs to fight against 

cancer as well as supportive drugs to reduce the possible occurring side effects (El-

Sayyad et al., 2009).  

Doxorubicin (DOX), an anthracycline antibiotic isolated from the soil fungus 

Streptomyces peucetius caesius, is one of the most widely used anticancer drugs (Yeh 

et al., 2007). It is recognized to be effective against many chemo-responsive tumors 

such as ovarian cancers, breast cancers, lung cancer, and lymphomas (Atessahin et al., 

2006). Its clinical uses are often limited by the unpleasant cardiotoxicity effect. It has 

been suggested that oxidative myocardial injury caused by the anthracyclines is 

promoted by the high level of oxidative stress and excessive free radicals formation 

(Deavall et al., 2012). Therefore, to study the therapeutic efficiency of drugs and 

effect of oxidative stress on the heart tissues, doxorubicin-induced cardiotoxicity may 

serve as a suitable model (Singh et al., 2008). Therapeutic intervention having 

antioxidant effect may offer substantial cardioprotection in this regard. Most 

medicinal plants have therapeutic actions which are linked to their antioxidant 

properties which, in turn, could be credited to their antioxidant phytochemicals 

(Akinmoladun et al., 2007).  

The endogenous enzymes convert doxorubicin to a semiquinone which lead to the 

superoxide anion (O2
•-
) generation and eventually the cytotoxic hydrogen peroxide 

(H2O2) through superoxide dismutase action (Singal et al., 2000). Cardiac failure and 

cardiomyopathy which are characteristics of doxorubicin toxicity are induced by the 

generation of H2O2 in excess of myocardial detoxification capacity (Doroshow and 

Esworthy, 1992).  

1.10. Aims and objectives 

This study has been designed to evaluate the pharmacological potentials and 

biological activities of Periploca aphylla and Fagonia olivieri by conducting different 

in vitro and in vivo experiments. 

 Phytochemical analysis of fractions to identify and characterize different compounds 
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 Evaluation of biological activities through antibacterial, antifungal and cytotoxic 

characterization 

 Determination of total phenolic and flavonoid contents 

 To find out the antioxidant potential of all fractions using different assays 

 Identification and quantification of phenolic compounds using HPLC 

 Detection of compounds using GC-MS 

 Activity guided isolation of antibacterial compound from F. olivieri 

 Evaluation of anti-inflammatory, anti-depressent and anti-diabetic activities 

  Protective effects of plants against experimentally induced toxicity by Paracetamol, 

Gentamicin and Doxorubicin in Sprague-Dawley rats via; 

 Blood heamatology 

 Biochemical parameters 

 Oxidative stress in enzymatic and non-enzymatic levels 

 Histopathological examination of studied organs 

 DNA damage by ladder assay 
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Review of literature 

2.1. Importance of documenting ethnopharmacological information 

People around the world have exclusive knowledge of the natural resources on which 

they depend, including remarkable botanical expertise. Indigenous peoples are the 

"faculty" keepers of the collective knowledge of generations; the plants they exploit 

are the "stockroom" of potential medicines. From the earliest times of mankind’s 

history, plants have been used for the treatment of diseases and ease of physical 

sufferings (Hill, 1989). 

Ethnopharmacology is the scientific study of biologically active compounds exploited 

by humans. It is focused mostly on traditional, indigenous, historic and non-western 

cultures. By definition, ethnopharmacology is interdisciplinary and diverse; the scope 

and tools of ethnopharmacological studies are derived from pharmacology and 

toxicology, pharmacognosy, chemistry, medicine, botany and ethnobotany, medical 

and cultural anthropology, and other disciplines. 

Slish et al., (1999) studied traditionally used vasoactive medicinal plants and based on 

their result have suggested that ethno-directed collection is a more proficient approach 

of drug discovery as compared to arbitrary plant screening. So seeking new medicinal 

compounds from natural sources, particularly plants, makes a great deal of sense and 

leads to reserves of both time and money. When local healers from indigenous 

societies can be employed to aid in these efforts, the success rates are even higher. 

The isolation of artemisinin from the herb sweet wormwood (Artemisia annua or 

Qing Ho) is an example of the importance of traditional knowledge systems in the 

drug discovery process. This plant was used in traditional Chinese herbal medicine for 

over 2,000 years for the cure of fever and malaria, and was rediscovered by Chinese 

scientists in the 1970’s (Brouwer et al., 2005).  

In China there are 800 pharmaceutical industries which produce 2,000 types of 

medicines and 200,000 people who plant, process and distribute medicinal herbs 

(Wang, 1983). Based on traditional medical systems for instance Ayurveda, Sidha and 

Unani, there is a network of more than six hundred hospitals and fifteen thousand 

dispensaries giving health care services in India (Akerele, 1985). 

In many laboratories, the systematic screening of plant species based on 

ethnopharmacology is routinely done to discover new potential bioactive compounds 

(Elisabetsky, 2002). The research on the isolation and identification of specific 
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phytochemicals from traditional medicinal flora should be extended. Later on, the 

quality control, standardization and safety of these products can be achieved only by 

cautious scientific assessment of these isolated compounds. After such evaluation, 

these derivatives can be accepted for the growth of novel products utilized in medical 

care (Vlietinck and Van Den Berghe, 1991; Elisabetsky, 2002; Patwardhan, 2005). 

2.2. Antimicrobial activity 

The study of medicinal plants as antimicrobial agents is necessary to gain insight into 

medicinal flora for their true significance. Dahiya and Purkayastha, studied  in 

vitro antibacterial activity of various solvents and water extracts of aloe vera, neem, 

bryophyllum, lemongrass, tulsi, oregano, rosemary and thyme on 10 multi-drug 

resistant clinical isolates from Gram-negative as well as Gram-positive bacteria and 

two standard strains including Escherichia coli (ATCC 25922) and Staphylococcus 

aureus (ATCC 25923). In this study, they found that the selected medicinal plants 

have great potential as antimicrobial agents against MDR clinical isolates (Dahiya and 

Purkayastha, 2012). 

Sharma, (2013) studied antibacterial activity of ethanol extracts of 33 folk medicinal 

plants used for the treatment of parasitic diseases with four bacteria (two Gram 

positive- S. aureus and Bacillus subtilis and two Gram negative - Salmonella typhi 

and E. coli) following disc diffusion method. It was evident from the study that most 

of the selected plants appeared to contain antibacterial substances. 

In a study, Kalanchoe crenata and Bryophyllum pinnatum leaf extracts were screened 

for their antimicrobial activities. Bryophyllum pinnatum local gin and methanol 

extract was more effective against Gram-positive organisms. Other solvent extracts 

were demonstrated with moderate to weak activity (Akinsulire et al., 2007). 

Raja et al., (2013) performed a study to assess the antimicrobial activity of 

chloroform extract of Cassia auriculata L. aerial parts. The extract was shown to have 

an antimicrobial activity against two Gram negative and two Gram positive human 

pathogenic bacteria, viz. E. coli, P. aeruginosa, S. aureus, B. subtilis, and fungi i.e. 

Aspergillus niger and Candida albicans cultures using a disc diffusion method. 

2.3. Oxidative stress 

Oxidative stress is defined as an imbalanced condition in which harmful production of 

reactive oxygen species (generally by the mitochondria during normal energy 
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processing) go beyond the ability of several anti-oxidant systems to deal with them 

(Halliwell and Gutteridge, 2008).  

The balance between pro- and anti-oxidative processes established the oxidative stress 

level: the higher the reactive oxygen species generation and lower the antioxidant 

defenses are, the higher the oxidative stress will be. It has been recognized that 

oxidative stress is amongst the main contributory factors in the induction of numerous 

degenerative and chronic disorders such as ischemic heart disease, atherosclerosis, 

cancer, immunosuppression, diabetes mellitus, aging, neurodegenerative disorders 

and others (Diaz et al., 1997; Lang and Lozano, 1998; Halliwell, 2000; Metodiewa 

and Koska, 2000; Young and Woodside, 2001; Heinecke, 2003). Obesity and 

malnutrition (Ruder et al., 2009), along with controllable lifestyle choices such as 

smoking, alcohol, and recreational drug use (Kovacic, 2005) have been linked to 

oxidative disturbances. 

2.3.1. Sources of oxidative stress 

Free-radicals are produced in living systems as part of the normal metabolic process 

of the body. Free radical chain reactions are generally formed in the mitochondrial 

respiratory chain, by bacterial leucocytes, liver mixed function oxidases, atmospheric 

pollutants, through xanthine oxidase activity, xenobiotics, from transitional metal 

catalysts and drugs. Moreover, a variety of situations for instance fever, infection, 

lactation, exercise and fasting can chemically mobilize fat stores, consequently 

augmented radical activity and injury occurs especially to the nervous and immune 

systems. The long-term and extreme emotional stress causes the adrenal glands to 

secrete stress hormones i.e. adrenalin and noradrenalin, which are metabolized into 

simple albeit, free radicals.      

The electromagnetic radiations from the artificial environment for example pollutants 

and cigarette smoke also produce free radicals. Similarly, they also get added into the 

environment by natural resources including cellular metabolisms (enzyme reactions, 

respiratory burst), radon and cosmic radiations.        

2.3.2. Reactive oxygen species and diseases 

There is substantial evidence which associates cell injury caused by reactive oxygen 

species partly with pathophysiology of human disorders like inflammation, 

neurodegenerative diseases (e.g. Parkinson disease, Alzheimer disease, Down’s 

syndrome, multiple sclerosis), autoimmune pathologies, viral infections, ulcer and 
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inflammation of gastrointestinal system (Reppeto and Llesuy, 2002; Aruoma, 2003; 

Surh and Fergusson, 2003).    

2.4. Anti-oxidant effects of plants 

The oxidative stress can be protected by natural antioxidants including herbs and 

spices which therefore prevent the diseases that have their pathophysiology and 

etiology in reactive oxygen species. At present, the interest in natural antioxidants 

derived from herbal resources is increasing (Maxwell, 1995; Buyukokuroglu et al., 

2001; Halliwell, 2005). The idea of protection against oxidative stress in biological 

systems by plant constituents having antioxidant activity is strongly supported by in 

vitro and epidemiological studies on medicinal plants and vegetables (Block and 

Patterson, 1992; Cao et al., 1996; Eastwood, 1999; Cesquini et al., 2003). 

There is a large diversity of free radical scavenging molecules present in plants 

(medicinal herbs, vegetables, fruits) for instance phenolic compounds (including 

flavonoids, phenolic acids, lignans, quinones, coumarins, tannins, stilbenes) 

terpenoids (carotenoids), nitrogen compounds (betalains, amines, alkaloids), vitamins 

and a few endogenous metabolites with good antioxidant potential (Larson, 1988; 

Shahidi and Naczk, 1995; Cotelle et al., 1996; Velioglu et al., 1998; Zheng and 

Wang, 2001; Cai et al., 2003). The medicinal properties of folk plants may also be 

influenced by micronutrients with antioxidant activity, such as zinc, manganese and 

copper (Repetto and Llesuy, 2002). 

It has been shown by epidemiological studies that most of these antioxidant 

compounds possess antiatherosclerotic, anticarcinogenic, antitumor, anti-

inflammatory, antimutagenic, antiviral or antibacterial potential (Halliwell, 1994; 

Mitscher et al., 1996; Owen et al., 2000; Sala et al., 2002). The risk of cancer, 

diabetes, age related disorders and cardiovascular diseases is reduced by natural 

antioxidants intake although this area is still controversial (Hertog et al., 1995; Kuo, 

1997; Mclarty, 1997; Yang et al., 2001; Sun et al., 2002). 

The antioxidant potential of raw materials of plants is most significantly contributed 

by polyphenols. The redox properties of polyphenols contributes to their antioxidant 

activity and lets them act as singlet oxygen quenchers, reductants of ferryl 

hemoglobin, hydrogen donors, metal chelators and reducing agents.    
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Flavonoids have long been documented to have antioxidative activity. They are 

known to scavenge free radicals and active oxygen, to inactivate lipoxygenase, lipid 

peroxidation inhibition and to chelate iron ions. 

Over the last two decades it has been established, through increasing body of evidence 

from laboratory and epidemiological studies, that some edible plants have 

considerable protective effects on human carcinogenesis due to their antioxidant 

potential (IARC, 1996; Wattenberg, 1996; Fujiki, 1999; Greenwald, 2002; Mehta and 

Pezzuto, 2002; Park and Pezzuto, 2002; Surh and Fergusson, 2003; Kinghorn et al., 

2004; Tsao et al., 2004). It has also been revealed through evidence that vegetable 

diet components and ethnobotanicals with free radical activities have 

chemopreventive capacities against diabetes (Sabu and Kuttan, 2002), ulcers (Borreli 

and Izzo, 2000), Alzheimer’s disease (Perry et al., 1998; Howes et al., 2003), memory 

and cognitive function (Howes and Houghton, 2003), kidney and cardiovascular 

diseases (Miller, 1998; Anderson et al., 1999), age related neurological dysfunction 

(Delanty and Dichter, 2000; Youdim and Joseph, 2001), and many other human 

disorders (Craig, 1999; Surh, 1999; Scartezzini and Speroni, 2000; Borek, 2001; 

Galvano et al., 2001; Lampe, 2003). Dietary herbs contain variable amounts of 

antioxidants and chemical families. Thus, it has been hypothesized that useful effects 

of dietary plants on health are due to plant antioxidants. 

2.5. In vitro antioxidant activity 

The methanol and aqueous extracts of 31 medicinal wetland plants of Taiwan were 

studied for their antioxidant activities. The reducing power assay was used to assess 

DPPH radical scavenging, TEAC, total flavonol, total phenolic and total flavonoid 

content. The results showed that Salix warburgii, Juncus effusus var. decipiens, 

Rotala rotundifolia, Cyperus iria, Kyllinga brevifolia, Typha orientalis and Lindernia 

antipoda were shown to possess both high total phenolic contents and high 

antioxidant activities (Ho et al., 2012). 

Battu and Kumar, (2012) investigated the antioxidant activity of ethanol extract of 

Aerva lanata leaves and its hexane and chloroform fractions. The assessment of 

antioxidant potential was done by means of in vitro antioxidant assays like hydroxyl 

radical, DPPH radical and superoxide radical-scavenging activities. The standard 

antioxidant used was Ascorbic acid. The traditional use of this plant is supported by 

this study which showed that the A. lanata leaves have antioxidant properties.  
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Nariya et al., (2013) evaluated possible antioxidant potential of methanol and butanol 

extract of Cordia dichotoma bark. The methanol and butanol extract were evaluated 

for their antioxidant potential by DPPH free radical scavenging assay and phenolic 

contents by using Folin-Ciocalteu reagent and was calculated as Gallic acid 

equivalents. DPPH assay was compared to Ascorbic acid and ferric reducing power of 

the extract was measured by Oyaizu method. The results of this study revealed that 

the C. dichotoma bark has significant radical scavenging activity. 

Sharma and Kumar, (2011) evaluated the ethanol, aqueous and petroleum ether 

extracts of Rubus ellipticus fruits for their antioxidant activity by using DPPH radical 

scavenging and reducing power assay. BHA and Ascorbic acid were used as standard 

antioxidants for reducing power and DPPH radical scavenging assays respectively. It 

has been shown by the results of both assays that R. ellipticus fruit extracts possess 

considerable reducing power and free radical scavenging properties in a 

concentration-dependent manner. 

Makari et al., (2007) tested the methanol and hexane extracts of Celastrus paniculata 

and Cordia wallichii leaf extracts for antioxidant potential employing DPPH and 

reducing power assays. The positive control or the standard antioxidants used for the 

DPPH and reducing power assays were BHA and Ascorbic acid respectively. C. 

wallichii methanol extract showed good DPPH radical scavenging activity which was 

more than hexane extract. At higher concentration C. paniculata methanolic extract 

also shows potential. DPPH radical scavenging activity was increased with increasing 

concentration. The reducing power was higher in C. wallichii than C. paniculata. The 

DPPH and reducing power was significantly exhibited in a concentration dependent 

manner in both of these plant leaf extracts. 

Sre et al., (2012) explored the antioxidant activity of Erythrina indica methanol root 

extract. The extract was analyzed for its antioxidant potential by performing DPPH 

assay, superoxide dismutase assay, nitric oxide assay and ferric reducing antioxidant 

power assay.  It possesses strong antioxidant activity. 

2.6. Anti-inflammatory activity 

Throughout the world, inflammatory diseases including different types of rheumatic 

disorders are frequent. The greatest disadvantage in presently available potent 

synthetic drugs is due to the reappearance of symptoms after discontinuation and their 

toxicity. Therefore, the development and screening of drugs for their anti-
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inflammatory potential is still in progress and there is much hope of finding anti-

inflammatory drugs from indigenous therapeutic plants (Sanja et al., 2009). 

Lycopodium clavatum, commonly known as club moss is traditionally used for 

healing of wounds. The anti-inflammatory activities of methanol, chloroform, 

petroleum ether, ethyl acetate extracts and alkaloidal fraction from L. clavatum aerial 

parts was assessed using acetic acid induced increase in capillary permeability in 

mice. Indomethacin was employed as a standard. The results revealed that only the 

chloroform extract and alkaloidal fraction showed marked anti-inflammatory activity 

(Orhan et al., 2007).    

In India, Moringa oleifera is cultivated mainly for its fruit, which is used in curies and 

its leaves, which substitute as fodder for cattle (Udupa et al., 1994). A poultice of the 

root mixed with salt is useful against inflammatory swellings (Dalziel, 1937). The 

methanol root extract inhibited carrageenan induced paw edema in rats (Ezeamuzie et 

al., 1993). The extract dose-dependently inhibited increased paw weight comparable 

to indomethacin. The extract also produced inhibitory effects against Freund’s 

adjuvant-induced chronic inflammation. The aqueous root and root bark extracts have 

been reported to effectively decrease the rat paw edema induced by carrageenan. The 

effect was comparable to that of ibuprofen. 

Ricinus communis Linn. is found almost everywhere in the subtropical and tropical 

regions of the world. llavarasan et al., (2006) studied the free radical scavenging and 

anti-inflammatory potential of the R. communis methanol extract of roots in Wistar 

albino rats. In the carrageenan-induced hind paw edema model, a significant anti-

inflammatory activity was shown by methanol extract. The methanol extract also 

showed significant free radical scavenging potential by the inhibition of lipid 

peroxidation. The phytochemicals present in the plant extract such as tannins, 

alkaloids and flavonoids might be responsible for the observed pharmacological 

activity.          

In Taiwan Dicliptera chinensis aerial parts are the constituents of “Wuu-joa-jin-ing” 

used as folk medicine which is used to treat jaundice, cystitis and hepatitis (Lin et al., 

1993; Koa, 1988).  The anti-inflammatory activity of D. chinensis has been reported. 

Aqueous extract of the aerial part inhibited increase in paw edema induced by 

carrageenan. The extract was found to be effective in inhibiting the two phases of 

inflammatory response induced by carrageenan. 
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In southern India and Sri Lanka, Thespesia populnea bark and leaves are used for the 

production of oil to treat fracture wounds and as an anti-inflammatory poultice 

applied to boils and ulcers. Ethanol extract of T. populnea shows anti-inflammatory 

potential in both acute and chronic models. It is indicated by the phytochemical 

analysis that the ethanolic extract of bark contains carbohydrates, alkaloids, proteins, 

phenols, tannins, saponins, flavonoids, gums, mucilage and terpenoids (Vasudevan et 

al., 2007). 

Aegle marmelos, also known as Bilva, is a commonly growing deciduous tree with 

sharp axillary thorns. It has been reported that aqueous root and bark extracts 

significantly decreased the rat paw edema induced by carrageenan (Udupa et al., 

1994). The activity was similar to that of ibuprofen. The extracts also significantly 

decreased granuloma weight and were thus found effective in both acute and chronic 

inflammation. 

Plants of the genus Dalbergia have been reported to be useful in the treatment of 

arthritis, gonorrhoea and rheumatic pains (Anonymous, 1950; Singh and Chaturvedi, 

1966; Nadkarni, 1982). The scientific evidence for the anti-inflammatory activity of 

D. sissoo leaves has been recently provided (Hajare et al., 2001). The ethanol leaf 

extract inhibited the edema induced by carrageenan, kaolin and nystatin in the rat 

paw. The extract was reported to reduce the weight of granuloma, implying an effect 

on the proliferative phase of inflammation. The anti-inflammatory activity was 

attributed to possible inhibition of autocoids such as prostaglandins or lysosomal 

membrane stabilization. The evidence seem more in favour of prostaglandin 

inhibition since a related species D. odorifera has been found to significantly inhibit 

prostaglandin synthesis and platelet aggregation induced by arachidonic acid (Goda et 

al., 1985; Goda, 1992). 

2.7. Anti-depressent activity 

Depression is a serious psychiatric disease that easily causes physical impairment and 

a high rate of suicide. Current treatment mainly depends on the traditional therapeutic 

strategy that affecting serotonin and norepinephrine system, but approximately half of 

affected people are poorly treated by existing medications and psychotherapeutic 

approaches. Regardless of great effort, the field has not yet succeeded in developing 

fundamentally novel antidepressants with distinct mechanisms of action (Xiong et al., 

2011). 
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In the mid and north western China, a shrub Apocynum venetum Linn is widely 

distributed. The extract of A. venetum Linn has been found to contain isoquercetin and 

hyperoside. At the dose of 125 mg/kg b.w, the leave extract of plant displayed 

significant decrease in FST (Butter et al., 2001). 

The ethanol extract of Allium sativum L. which is generally known as garlic, is 

investigated for its anti-depressant activity in mice. Forced swim test and tail 

suspension test were employed for the assessment of anti-depressent activity and the 

extract at the doses of 25, 50 and 100 mg/kg b.w were orally given for fourteen 

successive days to young Swiss albino mice of either sex (Dhingra and Kumar, 2008).    

Rhazya stricta is generally distributed in Baluchistan, Sind, Afghanistan and Arabian 

Peninsula. The flavonoids such as isorhamnetine and alkaloids for instance tetra hydro 

secamine, rhaziminine and akuammidine are present in the plant. The water extract of 

R. stricta leaves exhibited antidepressant activity in forced swim test due to inhibition 

of MAO enzymes (Ali et al., 1998).   

The anti-depressent potential of Ocimum sanctum was evaluated by its acute and 

chronic administration using tail suspension and forced swim tests. Imipramine was 

used as a standard drug and the antidepressant activity of O. sanctum was comparable 

to it. Thus the potential of O. sanctum as an adjuvant in the treatment of depression is 

indicated by the results of this study (Pemminati et al., 2010).  

The Mimosa pudica Linn is distributed throughout India and is native to tropical 

America. In the forced swim test, the aqueous extract of plant leaves showed a 

decrease in immobility time (Molina et al., 1999). 

2.8. Anti-diabetic activity 

The main characteristics of the syndrome of diabetes mellitus include derangement in 

lipid and carbohydrate metabolism, abnormal secretion of insulin and hyperglycemia. 

It is a global health problem which increases cardiovascular mortality. The serious 

mortality and morbidity are also associated with retinopathy, neuropathy and 

nephropathy development (Zimmet et al., 1997). Oxidative stress is one of the many 

mechanisms related to diabetes. The diabetes and its complications are developed and 

progressed due to the participation of increase in oxidative stress (Baynes and Thorpe, 

1999; Cerielo, 2000).  

The complications of Streptozotocin-induced diabetes and nephroprotective effects of 

a ginger extract on mitochondrial and cytosolic enzymes are evaluated by 
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Shanmugam et al., (1980). The experimental results imply that diabetic-induced 

complications can be reversed by ginger extract which can be used as nephro-

protective supplement. 

Alcoholic extract of O. sanctum leaves when orally administered can reduce 

glycaemia in streptozotocin-induced diabetic, normoglycaemic and glucose-fed 

hyperglycaemic rats. Moreover, the action of exogenous insulin in healthy rats is 

potentiated by the extract. The fasting blood glucose levels of diabetic and healthy 

rats were reduced by the treatment of leaf powder for one month (Grover et al., 2002; 

Kumar et al., 2011; Tripathi et al., 2011). 

Anti-hyperglycemic activity was shown by the seeds and decoction of Eugenia 

jambolana dry leaves in preliminary studies (Grover et al., 2002; Romila et al., 2010).  

The oral administration of Psidum guajava aqueous leaves extract (500 mg/kg b.w) 

for 15 days have produced valuable effect on blood glucose, body weight, ketone and 

glucose level of pancreas and urine in streptozotocin induced adult albino diabetic 

rats. P. guajava leaves methanol extract produced hypoglycemic effect in type 2 

diabetes. To improve the sensitivity of insulin in clinical treatment of diabetes, 

flavonoid glycosides for instance pedunculagin, strictinin and isostrictinin have been 

effectively used. For antidiabetes, a glycoprotein was also recognized as an active 

component (Bnouham et al., 2006).  

In rodents, Tinospora cordifolia aqueous or alcoholic extracts, when administered 

daily, have been reported to increase glucose tolerance and decrease blood glucose 

level. Ethyl acetate extract of its roots has afforded a pyrrolidine derivative with 

hypoglycemic activity in rabbits (Chauhan et al., 2010). In another study, the oral 

administration of the extract for six weeks caused significant decline in urine and 

blood glucose and in serum lipids thus indicates hypoglycemic action (Tripathi et al., 

2011). 

2.9. Paracetamol 

Paracetamol is a general antipyretic and analgesic drug which at therapeutic doses is 

harmless but at toxic doses, it can cause severe renal and hepatic injuries in man, mice 

and rats (Roberts et al., 2001; Abraham, 2005). Numerous investigators used hepatic 

and renal toxicity induced by paracetamol as a test for probable protective activity 

(Visen et al., 1993). 
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Cassia fistula (Fabaceae) leaves n-heptane extract was evaluated for hepatoprotective 

activity. Paracetamol was used to induce liver toxicity. The oral treatment of extracts 

(400 mg/kg b.w) significantly decreased the AST, ALP, ALT and bilirubin levels in 

serum. The protective effects of extracts were comparable to standard 

hepatoprotective agent (Qureshi et al., 2010).       

The hepatoprotective activity of the Orthosiphon stamineus (Lamiaceae) methanol 

extract of leaves was evaluated in paracetamol induced hepatotoxicity in rats. There 

were alterations in the biochemical markers levels of liver injury like AST, ALT, ALP 

and hepatic lipid peroxides. The altered biochemical markers levels were brought 

back to the control levels dose dependently by the treatment of O. staminues methanol 

extract of leaves. Thus, it has been suggested that methanol extract of O. staminues 

leaf had hepatoprotective activity (Maheswari et al., 2008).    

To find out the possible mechanism of hepatoprotection,  Chamomile recutita capitula 

aqueous ethanol extract was studied in rats for its hepatoprotective activity on liver 

and blood glutathione, serum marker enzymes, bilirubin, lipid peroxidation (TBARS), 

Na
+
 K

+
- ATPase activity and glycogen against paracetamol induced toxicity. The 

chamomile extract had shown improvement in the altered levels of the above 

parameters in paracetamol hepatotoxicity. Thus the C. recutita capitula extract acted 

as a hepatoprotective agent in this study by normalizing impaired membrane function 

activity (Gupta and Misra, 2006).               

Launaea intybacea aerial parts ethyl acetate extract was assessed for its 

hepatoprotective potential against paracetamol induced hepatotoxicity in rats. The 

reference standard used was silymarin. A very significant hepatoprotective activity 

has been shown by the L. intybacea extract against paracetamol induced 

hepatotoxicity in rats by reducing levels of  total bilirubin, SGPT, SALP, SCOT in 

serum and LPO, CAT, SOD, GST, GSH and GPx in liver homogenates (Takate et al., 

2010). 

In Indian systems of medicine, Hygrophila auriculata and Apium graveolens L. 

(Apiaceae) seeds are used to cure liver diseases. A single dose of paracetamol or 

thioacetamide was used to induce hepatic damage in rats. The methanol extracts of the 

seeds of both plants were studied for their antihepatotoxic effects by examining 

various liver function tests in serum including AST, ALT, ALP, glutamate 

dehydrogenase, sorbitol dehydrogenase and bilirubin. Moreover, histopathological 
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analysis and triglycerides assay of liver tissues were also performed. Both plants 

showed significant hepatoprotective activity of their methanol extracts (Anubha and 

Hand, 1995). 

Palani et al., (2009) evaluated the effect of Indigofera barberi Linn. ethanol extracts 

on acute paracetamol-induced nephrotoxicity in rats. Nephrotoxicity was induced in 

rats by administering a single dose of paracetamol. The degree of nephroprotective 

activity was assessed by renal functional parameters like serum urea, uric acid, 

creatinine and hematological profile concluded that the ethanol extract of I. barberi is 

an effective nephroprotective agent. 

Sarumathy et al., (2011) evaluated biochemical studies showed elevation in the body 

weight and urea and creatinine levels in the serum of paracetamol treated groups 

along with the reduction of uric acid levels. The administration of Clitoria ternatea 

extracts at two different doses significantly retrieved these values. The paracetamol 

induced decreased levels of antioxidant enzymes in kidney i.e. catalase, superoxide 

dismutase, glutathione, glutathione peroxidase and increased level of MDA content 

are significantly reversed by C. ternatea ethanol extract. The active phytoconstituents 

and antioxidant activities of C. ternatea ethanol extract most likely mediated its 

protective effects against paracetamol induced renal toxicity in rats. 

Sarumathy et al., (2011) evaluated protective effect of Caesalpinia sappan on 

paracetamol induced nephrotoxicity and oxidative stress in male albino rats at two 

dose levels of 100 and 200 mg/kg b.w. Paracetamol administration caused a 

significant rise in the serum levels of creatinine and urea while it decreased uric acid. 

In paracetamol treated rats, the activities of renal catalase, superoxide dismutase and 

glutathione peroxidase were significantly increased and malondialdehyde content was 

decreased by the administration of a C. sappan ethanol extract. 

Dheeraj et al., (2011) evaluated antioxidant and nephroprotective activities of 

Anthoxanthum odoratum in paracetamol induced toxicity in rat. It can be suggested by 

the experimental data that the antioxidant activities of A. odoratum ethanol extract 

mediated its nephroprotective effects against paracetamol induced renal injury. 

2.10. Gentamicin 

Gentamicin is an antibiotic that is extensively used against life-threatening and 

serious Gram-negative bacterial infection. However, nephrotoxicity limits its clinical 

use. Nitrosative stress and oxidative stress are reported to play vital part in gentamicin 
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renal toxicity (Dhanarajan et al., 2006). Gentamicin induced renal injury is a popular 

model to study the effects of potential renal protective drugs. A therapeutic approach 

to reverse or protect gentamicin-induced renal damage would have significant clinical 

importance in acute renal failure as well as drug induced renal damage.  

An increased interest has been observed in traditional plant treatment for 

nephroprotective activity in recent decades. Often considerable amounts of 

antioxidants are present in plants. Therefore it was suggested that antioxidant activity 

is an important property of plant medicines related to nephroprotective activity. 

Sharma et al., (2011) evaluated in vitro antioxidant and protective effect of Bauhinia 

variegata Linn on gentamicin-induced renal toxicity in rats. The study was aimed at 

evaluating the ethanol and aqueous extracts of the roots of B. variegata Linn. For 

antioxidant and nephroprotective effect in gentamicin induced nephrotoxicity in rats. 

Both the extracts produced significant nephroprotective activity as marked by 

declined serum creatinine, urine creatinine, serum urea and blood urea nitrogen levels 

in extract treated groups which was elevated by gentamicin. 

Pratibha et al., (2009) evaluated nephroprotective potential of Andrographis 

paniculata (Burm f.) root extracts in gentamicin induced renal injury in rats. The 

polarity of the solvents and increasing time of treatment increases the extent of 

nephroprotection offered by different extracts in this study. The chloroform and 

petroleum ether extracts notably alleviated the gentamicin induced nephrotoxicity 

whereas the acute renal failure was maximally mitigated by methanol extract of roots. 

The nephroprotective potential of Aerva lanata ethanol extract was evaluated in 

gentamicin and cisplatin induced acute renal injury in albino rats. The ethanol extract 

at 300 mg/kg b.w had good preventive effects against gentamicin induced toxicity. It 

has been suggested by the results that A. lanata ethanol extract has distinct 

nephroprotective potential with minimum toxicity and can play a promising part in the 

prevention of gentamicin and cisplatin induced nephrotoxicity (Shirwaikar et al., 

2004). 

The nephroprotective potential of Orthosiphon stamineus Benth. methanol extract was 

assessed against gentamicin toxicity in rats. The gentamicin was administered intra 

peritonialy (80 mg/kg b.w) for 9 days. There was marked peritubular, glomerular and 

blood vessel congestion shown in histopathological sections. Orthosiphon stamineus 

methanol extract at both dose levels (200 and 100 mg/kg b.w) reversed the elevated 
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levels of blood urea, urinary protein, serum creatinine and extent of renal injury 

(Gulnaz et al., 2010). 

2.11. Doxorubicin  

The methanol extract of Stachys schimperi was tested against doxorubicin-induced 

cardiotoxicity. It showed moderate protection against doxorubicin-induced alteration 

in cardiac oxidative stress markers; MDA and GSH, and cardiac serum markers; LDH 

and CK-MB activities. Additionally, histopathological study showed mild protection 

against doxorubicin-induced cardiotoxicity (Abdel-Sattar et al., 2012). 

Citrus hystrix peel extracts were evaluated for their cardioprotective and 

hepatoprotective effects against doxorubicin in a rat model. C. hystrix peel extracts 

have the potential to develop as cardioprotector agent in chemotherapy. It repairs the 

cardiohistopathology profile but did not improve serum activities of AST and ALT 

and hepatohistopathology profile in doxorubicin intoxicated rats (Putri et al., 2013).  

Pretreatment with simvastatin and Lagenaria siceraria seeds hydro alcohol extract 

significantly (P<0.001) decreased the elevated level of cardiac toxicity biomarker 

enzyme and increased the antioxidants viz., CAT, GSH, SOD level and reduced lipid 

peroxidation in the extract administered groups, in comparison to the doxorubicin 

treated rats. In the histopathological analysis hydro alcohol seeds extract of L. 

siceraria and simvastatin showed protection against doxorubicin induced cardiac 

toxicity. The results of the present study shows that the pretreatment of simvastatin 

and hydro alcoholic seeds extract of L. siceraria may significantly reduce the 

doxorubicin induced cardiotoxicity (Singh et al., 2012). 

The cardioprotective effects of Parkia biglobosa were assessed against doxorubicin-

induced cardiotoxicity. There was a significant rise observed in the cardiac MDA, 

lactate dehydrogenase, serum creatine kinase-MB, dyslipidemia and aspartate 

aminotransferase in doxorubicin treated rats. While the activities of cardiac 

superoxide dismutase, glutathione peroxidase, reduced glutathione and glutathione-S-

transferase were significantly reduced. P. biglobosa extract pretreatment just like 

ramipril can prevent most of these derangements. Antihyperlipidemic and 

antioxidative mechanisms are perhaps responsible for the preventive effects of P. 

biglobosa extract against doxorubicin-induced toxicity (Komolafe et al., 2013). 

Ephedra nebrodensis can protect against doxorubicin induced cardiotoxicity in rats. 

Treatment with E. nebrodensis prevented the decrease in heart weight and reversed 
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the ECG changes in doxorubicin treated group. Moreover, it significantly increased 

the antioxidant enzyme levels, GSH and SOD while decreasing the lipid peroxidation 

and cardiac marker enzymes (Shah et al., 2009).  

The cardioprotective effects of Curcuma longa L. extracts were evaluated against 

doxorubicin-induced cardiotoxicity in rats. The prior administration of aqueous or 

ethanolic extract of C. longa to doxorubicin produced a significant protection which 

was evident by a significant decrease in CK-MB activities, LDH and mortality. 

Furthermore, there was a significant decline in serum and cardiac MDA and cardiac 

calcium whereas significant increase in GSH. Besides, both extracts significantly 

increased cardiac ascorbic acid, reduced serum nitric oxide and improved the 

antioxidant enzymes activities (El-Sayed et al., 2011).  

Effect of green tea extract on doxorubicin induced cardiomyopathy was determined in 

rats. The antioxidant enzymes for instance reduced-glutathione, catalase and super 

oxide dismutase and reduced significantly in the cardiac tissue of doxorubicin treated 

rats in comparison to control rats. The administration of green tea extract along with 

doxorubicin displayed a significant decline in cardiac serum markers for instance 

SGOT, CK, LDH and lipid peroxides. The antioxidant enzymes activities were 

significantly increased and also showed improvement in ECG changes and 

hemodynamic parameters comparatively to doxorubicin administered rats. 

Doxorubicin administration caused myocardial tissue disorganization which was 

recovered in rats co-treated with green tea extract (Patil and Balaraman, 2011).  

Protective effect of Vaccinium myrtillus (bilberry) against doxorubicin-induced 

oxidative cardiotoxicity was studied in rats. Bilberry extract appreciably inhibited 

doxorubicin aggravated reduced glutathione depletion and accumulation of 

malondialdehyde, oxidized glutathione and protein carbonyls in cardiac tissues. This 

was accompanied by considerable amelioration of reduced cardiac glutathione 

peroxidase, superoxide dismutase, catalase activities; and increased cardiac 

myeloperoxidase activity in reaction to doxorubicin challenge. Pretreatment with 

bilberry significantly protected against doxorubicin-induced rise in serum activities of 

CK-MB, LDH and creatine phosphokinase, as well as the level of troponin I. Bilberry 

improved ECG changes in rats treated with doxorubicin and attenuated its 

pathological changes (Ashour et al., 2011).  



Chapter 2                                                                                          Review of literature 

29 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

The protective effect of Zingiber officinale (Ginger) against adriamycin-induced 

hepatotoxicity was studied in rats. The combined treatment with ginger ameliorated 

the hepatotoxic effect of adriamycin with partial disappearance of pathological 

hepatic damage. Thus indicating that ginger had protective effect against liver damage 

induced by adriamycin (Ahmed, 2013). 

Protective effect of Lepidium sativum against doxorubicin-induced nephrotoxicity was 

evaluated in rats. There was a significant increase in the serum concentrations of 

creatinine and urea in the doxorubicin administered rats compared to control rats. The 

treatment of L. sativum improved these levels. The malondialdehyde contents were 

elevated whereas the levels of renal antioxidant enzymes like reduced glutathione, 

catalase and superoxide dismutase were reduced due to doxorubicin intoxication. 

These alterations in the antioxidant enzymes activities and MDA were reversed 

considerably in the L. sativum plus doxorubicin. In addition, it was shown by the 

histopathological analysis that doxorubicin-induced renal tubular necrosis was clearly 

ameliorated by L. sativum (Shinde et al., 2010). 
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Materials and methods 

3.1. Plant material 

Plant samples of Periploca aphylla and Fagonia olivieri were collected in April-May 

2010 from Margalla Hills Islamabad and Dhamyal Rawalpindi, Pakistan respectively. 

Further identified by Dr. Saleem Ahmad and deposited the voucher specimen at 

Herbarium of Pakistan Museum of Natural History, Islamabad (Voucher No. 069721 

and 058608). Whole plants were collected and shade dried at temperature ranges of 

21-30 °C. Resulting dried samples were powdered using a blender and kept at room 

temperature in polythene bags. The extraction was carried out according to the 

following procedure. 

3.2. Preparation of extract 

3.2.1. Methanol extract 

Dried powdered samples of P. aphylla (1.5 kg) and F. olivieri (2 kg) were soaked in 4 

and 3 litres respectively of methanol (95%) (v/v) for one week (3 times) at room 

temperature with random shaking and stirring. The filtration of extracts was carried 

out using Whatman filter paper No. 42 (125 mm). After combining the resulting 

filtrates, they were concentrated at 40 ºC in a rotary vacuum evaporator to get a solid, 

gummy mass (PAME and FOME). The extracts were stored at -4 °C in airtight vials 

till further use. 

3.2.2. Preparation of fractions 

The methanol extract was partitioned using a liquid–liquid extraction technique and 

the resultant partitions i.e. n-hexane, chloroform, ethyl acetate, n-butanol and aqueous 

fractions were concentrated by means of a vacuum evaporator and were stored at -4 

°C in airtight vials till further analysis.  

3.3. Determination of phytochemical constituents 

The methanol extracts and their derived fractions were evaluated for the occurrence of 

flavonoids, tannins, saponins, phlobatannins, cardiac glycosides, alkaloids, terpenoids 

and anthraquinone using simple qualitative methods of Harborne (1973), Trease and 

Evans (1989) and Sofowora (1993). 

3.3.1. Salkowski test for terpenoids 

To a 5 ml of extract/fraction; 2 ml of CHCl3 and 3 ml of H2SO4 (concentrated) were 

added. Terpenoid constituents were confirmed by the formation of a reddish brown 

colored interface.  
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3.3.2. Test for alkaloids 

An amount of 0.1 g of extract and each fraction was warmed with 4 ml of 1% (v/v) 

HCl followed by filtration. Titration of the filtrates (2 ml) was done individually with 

(a) Dragendroff’s reagent and (b) Mayer’s reagent. The presence of alkaloids was 

indicated by yellow or cream precipitate formation. 

3.3.3. Test for saponin 

About 0.1 g of the fraction was mixed with distilled water (10 ml) and then filtered 

after boiling in a water bath. An aliquot of 2.5 ml of distilled water was added to 5 ml 

of the filtrate and shaken vigorously. Emulsion was formed after mixing the froth with 

olive oil (3 drops) and shaken strenuously. 

3.3.4. Test for phlobatannins 

Boiling of 80 mg of crude extract and each fraction was carried out in 1% (v/v) 

aqueous hydrochloric acid in a small tube. Formation of red precipitates showed the 

presence of phlobatannins. 

3.3.5. Keller- Kiliani test (for deoxy sugars in cardiac glycosides) 

From the crude extract and each fraction, 5 ml of aqueous extract (10 mg/ml) was 

taken. Then 2 ml glacial acetic acid, 1 drop of FeCl3 solution and 1 ml concentrated 

H2SO4 was added to it. A brown ring formed at the interphase indicates the existence 

of cardiac glycosides. 

3.3.6. Test for coumarins 

About 0.1 g of extract of each fraction was taken in a test tube. Moistening of Filter 

paper was done with 1 N NaOH solution and it was used to cover the mouth of the 

tube. Test tube was placed in boiling water for few minutes. Filter paper was removed 

to examine under UV light.  Yellow fluorescence indicates the presence of coumarins. 

3.3.7. Test for anthraquinones 

Briefly, 0.1 g of extract and each fraction was boiled in 5 ml of 1% (v/v) HCl 

followed by filtration. To the filtrate 5 ml of benzene was added and 10% (v/v) 

NH4OH was added in the benzene layer after shaking. The colour in the alkaline 

phase was observed. Violet or red colour formation indicated the existence of 

anthraquinones. 

3.3.8. Test for tannins  
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About 0.1 g of the extract and each fraction was mixed with five ml of H2O and 

filtered. Formation of blue black or brownish green color after treating filtrate with a 

0.1% (w/v) ferric chloride (few drops) indicated the presence of tannins. 

3.3.9. Test for flavonoids 

A portion of the aqueous filtrate of extract and each fraction was mixed with 5 ml of 

dilute NH3 solution and add concentrated H2SO4. A yellow coloration is observed if 

flavonoid compounds are present. 

3.4. Biological assays 

3.4.1. Anti-bacterial assay 

(i). Preparation of bacterial inoculums 

Four isolated colonies were inoculated in the 30 ml nutrient broth and incubated for 

24 h at 37 ºC so that the growth in the broth was equivalent with McFarland standard 

(0.5%). 

(ii). Antibacterial Activity 

Antibacterial potential of crude extract and its derived fractions was investigated by 

agar well diffusion method (Bagamboula et al., 2003) using nutrient agar medium. 

Two grams of nutrient agar was dissolved in 100 ml of distilled water (pH 7.0) and 

was autoclaved. It was cooled down to 45 °C. Then 100 ml of this media was seeded 

with 1 ml of inoculum having size of 10
6
 CFU/ml as per McFarland standard and after 

proper homogenization 75 ml was poured into the petri plate of 14 cm diameter. For 

agar well diffusion method, eleven wells per plate were made by using a sterile cup-

borer (8 mm). Extract and fractions at concentration of 25, 15, 12.5, 10, 7.5, 5, 3, 2 

and 1 mg/ml were prepared in dimethyl sulfoxide (DMSO). The test compounds (100 

μl) were poured into the wells and petri plates were then incubated at 37 ºC for 24 

hours. Simultaneously, roxythromycin and cefixime were used as positive controls 

each having the concentration of 0.5 mg/ml. DMSO was used as a negative control as 

well as the dilution medium for the positive controls. The lowest concentration 

inhibiting growth was taken as the minimum inhibitory concentration (MIC). 

3.4.2. Antifungal activity 

Agar tube dilution method was used to evaluate antifungal activity (Duraipandiyan 

and Ignacimuthu, 2009). The stock solution of extract, fractions and positive control; 

terbinafine were prepared at a concentration of 12 mg/ml by dissolving them in 

DMSO. As a negative control DMSO was used. 6.5 g of sabouraud dextrose agar was 
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dissolved in 100 ml of distilled water (pH 5.6) to make media for fungus. Then 4 ml 

of it was added into screw cap tubes. These tubes were autoclaved for 15 min at 120 

°C and cooled down to 45 °C. The stock solution (66.6 μl) was mixed with media to 

get the final concentration of 200 μg/ml of sabouraud dextrose agar. Then the tubes 

were solidified in the slanted position at 25 °C. An agar surface streak was used by 

inoculating each tube with a piece of inoculum (4 mm diameter) taken from a seven 

days old culture of fungi. After seven days of incubation at 28 ± 1°C, visual 

observation of fungal growth inhibition was made. The % inhibition of growth was 

calculated with reference to the negative control. 

3.4.3. Cytotoxic brine shrimp assay 

Brine-shrimp eggs (Artemia salina) were used to find out the cytotoxicity of the 

extract and various fractions. Hatching tray was half filled with saline solution (28 g 

sea commercial salt was dissolved in 1 litre of distilled H2O) and shrimp eggs were 

sprinkled into it. The tray was placed at room temperature (25 - 29 °C) in the presence 

of florescent lamp for 24 h. Eggs were hatched after incubation and the test samples 

were used for cytotoxicity potential of the extract and fractions (Meyer et al., 1982). 

Different concentrations of the extract and fractions; 1000 mg/l, 100 mg/l and 10 mg/l 

were prepared in DMSO and used against brine shrimp larvae. The survival rate of 

these larvae was observed against all concentrations of the extract and different 

fractions. For this purpose, 0.5 ml sample of each fraction was transferred in 20 ml 

vial, followed by adding 2 ml of sea commercial salt water. Ten shrimps transferred 

into each vial, final volume was adjusted to 5 ml by artificial seawater. All the vials 

were incubated for 24 h under florescence light at room temperature (25-29 ºC) and 

the survivors were counted by using magnifying glass. Percentage mortality was 

determined for three replications. LC50 values were calculated by using probit analysis 

of Biostat software (version 2009). 

3.5. Quantitative determination of total phenolics and flavonoids 

Total phenolics and flavonoids contents were quantified in each fraction by the 

following methods:  

3.5.1. Determination of total phenolics 

Folin-Ciocalteu reagent was employed to measure total phenolic contents in 

accordance with the procedure depicted by (Shoeb et al., 1994). 10 ml of 1:10 Folin-

Ciocalteau reagent was added to an aliquot of 200 μl of the extract. After five minutes 
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of incubation, 7 ml of 0.115 mg/ml sodium carbonate was added. The resulting 

solution was allowed to stand for two hours. Absorbance at 765 nm was noted. Total 

phenolic content was expressed as gallic acid equivalents (GAE) in milligram per 

gram (mg/g) of fraction.  

3.5.2. Total flavonoid content estimation 

The flavonoid contents were estimated by employing the procedure of (Park et al., 

2008) in which flavonoid–aluminium complex is formed, having the absorption at 510 

nm. A volume of 0.25 ml of fraction was combined with 1.25 ml of deionized H2O, 

followed by the addition of 75 μl of 5% (w/v) NaNO2. After six minutes, 150 μl of 

10% (w/v) AlCl3 was mixed and incubated for 5 min. Later on 0.5 ml of NaOH (1 M) 

was added to the mixture. Total flavonoid contents were expressed as mg of rutin 

equivalents per g of sample. 

3.6. Anti-oxidant assays  

3.6.1. DPPH radical-scavenging activity 

DPPH (1, 1, Diphenyl-2- Picrylhydrazl) scavenging activity was performed by 

employing the procedure of (Gyamfi et al., 1999). Different concentrations (250, 200, 

150, 100, 50 and 25 mg/l) of extracts were dissolved in methanol and taken in test 

tubes (100 μl) in triplicates. Stock solution was made by dissolving 2.4 mg of DPPH 

in 100 ml of methanol (100%). Further dilution of stock solution was carried out in 

methanol until absorbance less than 1.00 employing the spectrophotometer at 517 nm 

was attained. Then 3 ml of this solution was added to each test tube and shake 

vigorously. After incubation for half an hour at room temperature, absorbance was 

recorded at 517 nm. Ascorbic acid was employed as positive control. DPPH radical 

scavenging capability was estimated by utilizing the following equation: 

 

               
                                               

                     
      

 

3.6.2. Superoxide radical scavenging assay 

The superoxide anion scavenging potential was evaluated by following the procedure 

of (Beauchamp and Fridovich, 1971). The reaction mixture comprising 0.25 ml PMS 

(20 mM), 0.3 ml riboflavin (50 mM), NADH (1 mM/L), 0.1 ml NBT (0.5 mM) and 

0.5 ml phosphate buffer (50 mM, pH 7.6) with different extract/fraction 
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concentrations was incubated under fluorescent lamp for twenty minutes and the 

absorbance was taken against a blank at 560 nm. Ascorbic acid was employed as 

standard. The scavenging activity was determined by utilizing the following equation: 

 

               
                                               

                     
      

 

3.6.3. Phosphomolybdate assay (total antioxidant capacity) 

Phosphomolybdenum assay was conducted according to (Umamaheswari and 

Chatterjee, 2008). The tubes containing extract/fraction (0.1 ml) and 1 ml of reagent 

solution (28 mM sodium phosphate and 4 mM ammonium molybdate, 0.6 M H₂SO₄) 

were incubated at 95 ºC for ninety minutes. After cooling the mixture at room 

temperature the absorbance of each solution was recorded against blank at 765 nm. 

The antioxidant capacity was calculated with the help of following formula: 

 

               
                                               

                     
      

 

3.6.4. Hydroxyl radical-scavenging activity 

The scavenging potential of the extract on hydroxyl radical was determined in 

accordance to the procedure of (Halliwell and Gutteridge, 1981). The final reaction 

solution consisted of aliquot (75 μl) of different extract/fraction concentrations, 450 μl 

of 0.2 M sodium phosphate buffer (pH 7.0) , 150 μl of 10 mM 2’-deoxyribose, 150 μl 

of 10 mM FeSO4-EDTA, 150 μl of 10 mM H2O2 and 525 μl of H2O. After incubation 

for 4 h at 37 °C, 750 μl of 2.8% (v/v) trichloroacetic acid (TCA) and 750 μl of 1% 

(w/v) thiobarbituric acid (TBA) in 50 mM sodium hydroxide was added to stop the 

reaction, the solution was boiled for ten minutes, and then water was used for cooling. 

Absorbance was read at 520 nm using ascorbic acid as control and calculated as: 
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3.6.5. ABTS radical-scavenging activity 

The determination of antioxidant potential of the extracts was done by ABTS radical 

cation decolorization assay in accordance to the procedure of (Re et al., 1999) with 

slight adjustments. ABTS was dissolved in 50% (v/v) methanol to a concentration of 

7 mM and reacted with 2.45 mM Potassium persulfate (K2S2O8), left in the dark room 

overnight for 8 hours to get a dark colored solution containing ABTS cations. A 

volume of 300 μl of the extract/fraction and in positive control methanol was pipetted 

into tubes. Then 3.0 ml of the ABTS solution was added which had been diluted with 

50% (v/v) methanol to an absorbance of 0.700 (± 0.02) at 745 nm at 30 °C. The 

change in absorbance was measured for up to six minutes. 

 

               
                                               

                     
      

 

3.6.6. Hydrogen peroxide scavenging activity  

Hydrogen peroxide scavenging potential of the samples was estimated by the 

procedure of (Ruch et al., 1989). Plant extracts (0.1 ml) were mixed with 0.3 ml of 50 

mM phosphate buffer (pH 7.4). After mixing 0.6 ml of 2 mM H2O2 solution it was 

incubated at room temperature for 10 minutes. The value of the absorbance of the 

solution was noted at 230 nm against blank. To determine the hydrogen peroxide 

scavenging activity (in triplicate), following equation was used:  

               
                                               

                     
      

3.6.7. Reducing power 

The reducing power of the samples was determined in accordance with Chung et al., 

(1998). Different concentrations (250, 200, 150, 100, 50 and 25 mg/l) of 

extract/fractions (0.1 ml) were mixed with 0.1 ml of sodium phosphate buffer and 0.1 

ml of 1 % potassium ferricyanide (C6N6FeK3) solution. These contents were 

incubated for twenty minutes at 50 °C. Then 10% (v/v) TCA (0.25 ml) was added to 

the mixture, centrifuged at 3000 rpm for ten minutes. The supernatant (0.25 ml) was 

mixed with 0.25 ml of distilled water and 0.5 ml of FeCl3 solution (0.1%) (w/v). The 

absorbance of the mixture was recorded at 700 nm. Increased absorbance of the 

reaction mixture showed a high reducing power. 
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3.7. HPLC-DAD analysis 

(i). Chemicals and reagents 

All the solvents i.e. acetonitrile, methanol, acetic acid, dimethylsulfoxide (DMSO) 

and water used for HPLC analysis were of HPLC grade and bought from Sigma-

Aldrich, Germany. Chemical standards for quercetin, myricetin, kaempferol, catechin, 

gallic acid, caffeic acid, rutin and apigenin were of analytical grade.  

 (ii). Preparation of standard solutions 

Standard stock solutions of the reference compounds were prepared in HPLC grade 

methanol at a concentration of 1 mg/ml and then further diluted with methanol to get 

10, 20, 50, 100, 150 and 200 µg/ml for the preparation of calibration curve. All 

standard solutions were filtered through 0.2 µm Sartolon Polyamide membrane filter 

(Sartorius).  

(iii). Sample preparation 

For HPLC analysis a weighed amount of each extract was dissolved in HPLC grade 

methanol via sonication to give a concentration of 10 mg/ml. All samples were stored 

at 4 °C and were filtered through 0.2 µm Sartolon Polyamide membrane filter 

(Sartorius) before undertaking HPLC analysis. 

(iv). Chromatographic conditions 

Qualitative and quantitative HPLC separation of the flavonoids in the n-butanol 

fraction was performed with HPLC system, equipped with Agilent 1200 series binary 

gradient pump coupled with diode array detector (DAD; Agilent technologies, 

Germany) having Discovery-C18 analytical column (250 x 4.6 mm, 5 μm particle 

size, Supelco, USA). The data was analyzed and processed using the installed Agilent 

Chem station Rev.B.02-01-SR1 (260) software. The column was maintained at room 

temperature. Method followed was as described by (Zu et al., 2006) with few changes 

according to the system suitability. In short, mobile phase A was methanol-

acetonitrile-water-acetic acid (10:5:85:1) and mobile phase B was methanol-

acetonitrile-acetic acid (60:40:1). A gradient of time 0-20 minutes for 0 to 50 % B, 

20-25 minutes for 50 to 100 % B and then isocratic 100% B till thirty minutes was 

used. The mobile phase was run at as a flow rate of 1.0 mL/min. Throughout the 

experiment all injection volumes were 20 μl. Rutin and gallic acid were analyzed at 

257 nm, catechin at 279 nm, caffeic acid at 325 nm and quercetin, myricetin, 

kampferol were analyzed at 368 nm. Each time the column was preconditioned for ten 
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minutes before the next analysis. The separated flavonoid compounds were identified 

by direct comparison of their retention times with those of standards. The flavonoid 

contents were calculated from the peak areas of HPLC chromatograms from the three 

replicate samples. 

3.8. GC-MS analysis 

GC-MS analysis of methanol extracts was carried out employing a THERMO GC - 

TRACE ULTRA VER: 5.0, THERMO MS DSQ II and Gas chromatograph interfaced 

to a Mass spectrometer (GC-MS) equipped with a ZB 5 - MS CAPILLARY 

STANDARD NON - POLAR COLUMN (30 m x 0.25 mm ID x 0.25 μm FILM). The 

components of the sample were ionized in electron impact mode (EI, 70 eV). Helium 

gas (99.999%) was used as the carrier gas at constant flow rate 1 ml/min and an 

injection volume of 1 μl was employed split ratio of 10:1 injector temperature 250 °C; 

ion-source temperature 280 °C. The oven temperature was programmed from 70 °C 

(isothermal for two minutes) with an increase of 6 °C / min to 260 °C. The samples 

were injected in split mode as 10:1. Mass spectral scan range was set at 45-450 (m/z). 

Total GC running time was 38.50 min. 

3.8.1. Identification of components 

The database of National Institute Standard and Technology (NIST) having more than 

62,000 patterns was used to interpret mass spectrum GC-MS. The spectrum of the 

unknown components was compared with that of the known compounds stored in the 

NIST library. The structure, molecular weight and name of the components of the 

extracts were established. 

3.9. Isolation, purification and characterization of isolated compound from 

Fagonia olivieri 

3.9.1. Chemicals used 

All the chemicals and organic solvents were bought from Sigma-Aldrich company 

Ltd. unless otherwise stated. Pre-coated aluminium cards of Silica gel 60 F254 (0.2 mm 

thickness) for thin layer chromatography (TLC) were ordered from Merck Ltd., 

Germany. 

3.9.2. Culture used 

The cultures identified and used in the study were Escherichia coli (UBC 8161), 

Mycobacterium fortuitum (ATCC 6842), Pseudomonas aeruginosa (ATCC 27853), 

Bacillus subtilis (H344), and Staphylococcus aureus, MRSA (ATCC 33591). 
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3.9.3. Antimicrobial susceptibility test 

Disc diffusion method was employed for evaluation of antimicrobial activity of F. 

olivieri. Muller Hinton agar was prepared and autoclaved at 15 lbs pressure for twenty 

minutes and cooled down to 45 °C. The cooled media was poured on to sterile petri 

plates and allowed for solidification. The plates with media were seeded with the 

respective microbial suspension using sterile swab. The disc impregnated with 

respective leaf extracts at different concentrations (100, 200 and 300 mg/ml) 

individually were placed on the four corners of each petri dishes. Control disc was 

also placed. After incubation period, the diameter of the zone formed around the 

paper disc were measured and expressed in mm. 

3.9.4. Extract and fractions  

Methanol extract and its derived fractions as described earlier were dissolved in 

dimethyl sulfoxide (DMSO) with different concentrations and checked for 

antimicrobial activity. 

3.9.5. Bioassay-guided fractionation 

In order to isolate active compound from F. olivieri, a bioassay-guided fractionation 

method was employed. It involves multiple step fractionations using analytical 

chemistry techniques such as thin layer chromatography and column chromatography 

to separate compound of interest. The crude extract (FOME) and four fractions 

(FOHE, FOEE, FOBE and FOAE) were subjected to antibacterial assay and on the 

basis of bioassay result FOAE was selected for further isolation and purification of 

bioactive compound. For this purpose, column chromatography (normal and reverse 

phase) was used. 

3.9.6. Thin layer chromatography 

A small amount of dried extract was solubilized in its extraction solvent and applied 

1.5 cm from the bottom of a silica gel, aluminium backed TLC plate, cut to 6 cm by 

10 cm (W x H). Suitable mobile phase was used to separate the compound mixtures. 

After the solvent front had migrated to within 2 cm of the top of the plate the solvent 

was removed by air drying and the compounds were visualized either under UV lamp 

or compounds were stained by submerging the plate in 10% (v/v) H2SO4 solution and 

heating on a hot plate until compounds were visible. 
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3.9.7. Column chromatography 

Aqueous fraction was dissolved in appropriate solvents and were adsorbed on the 

silica gel 60 (70-230 mesh, Merck, Germany) in the ratio of 1 g sample on 1 g silica 

and dried in a fume hood. Then a glass column was loaded with silica gel 60 (70-230 

mesh, Merck, Germany) and the dried sample was loaded on the top. A protective 

layer of silica gel (2 cm) was also added after loading the sample. 

3.9.8. Isolation and purification of FOAq-C-A-3 

The aqueous fraction (50 g) was submitted to LH 20 column chromatography (size 5 

× 60 cm) using water: methanol (3:1) and methanol as eluent, to give four fractions (A 

- D). Fraction C (600 mg) with highest antimicrobial activity was separated by C18-

reversed phase silica gel column chromatography with hexane: ethyl acetate (7:3) to 

get ten fractions (A - J). Fraction A was dried to obtain compound FOAq-C-A-3 (135 

mg). The purity of each compound was estimated by TLC using different solvent 

systems. Schematic representation of isolation and purification of FOAq-C-A-3 is 

given in Fig. 4.25. 

3.9.9. Characterization of FOAq-C-A-3 

For the characterization of isolated compounds, a series of one-dimensional and two 

dimensional NMR experiments were conducted by using Bruker Avance-600 MHz 

NMR spectrometer at the Department of chemistry, UBC, Vancouver, Canada. 

3.9.10. Sample preparation for NMR spectroscopy 

Isolated compounds were dried and then NMR samples were prepared using 

deuterated solvents in Norell NMR tubes. To remove any undissolved sample, 

particulates, dust etc. from the sample solution, Pasteur pipette equipped with cotton 

wool plug that discharges into an NMR tube was used.  

3.10. Pharmacological tests 

3.10.1. Preparation of test samples 

The extracts were administered in 400 mg/kg dosage that was made by suspending in 

a mixture of distilled water and 0.75% sodium carboxymethyl cellulose (CMC). The 

animals in the control group were given the similar experimental handling like that of 

the treated groups unless of course the drug administration was swapped with proper 

amount of dosing vehicle. Diclofenac potassium (10 mg/kg) in 0.75% (w/v) CMC was 

employed as the standard. 
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3.10.2. Animals 

Adult Sprague-Dawley rats weighing between 160-210 g of either sex were used for 

experiment. These were kept under standard environmental conditions like, ambient 

temperature (22 ± 1°C), relative humidity (55 ± 5 %) and 12-h light/dark cycle. The 

rats received free accessibility to a standard pellet diet and water ad libitum and were 

kept in groups of five. The food was withdrawn 18-24 h before the experiment but 

rats were allowed fresh water before administration of the plant extracts. The ethics 

for use of experimental animals were followed carefully. The doses of the control 

materials and test samples were given according to the weights of the rats before any 

treatment. 

3.10.3. Evaluation of anti-inflammatory activity 

3.10.3.1. Carrageenan induced hind paw edema method 

In order to determine anti-inflammatory potential, carrageenan induced hind paw 

edema model was utilized (Winter et al., 1962). Rats were randomly split into five 

groups having six rats in each group. Oral dose of vehicle (0.75% CMC suspension) 

was provided to Group-I, while methanol extract, ethyl acetate, n-butanol and aqueous 

fractions (400 mg/Kg) of P. aphylla and F. olivieri were given to Group- II, III, IV 

and V. Group-VI received Diclofenac potassium (10 mg/kg bw) and served as 

standard treatment group (Brooks et al., 1991). To induce edema, 0.1 ml of 1% 

suspension of carrageenan (prepared in normal saline) was injected into the subplanter 

region of left hind paw after 1 h of the treatment. The quantification of inflammation 

was measured by the volume displaced by the paw, employing a plethysmometer 

(Ugo Basile) at time 0, 1st, 2nd, 3rd and 4th h after the carrageenan injection. The 

value of actual edema volume was obtained from the difference between the initial 

and subsequent values which was then compared with the control. The following 

formula was used to estimate the inhibition of inflammation: 

 

     
                                       

                 
      

3.10.4. Evaluation of anti-depressant activity  

3.10.4.1. Forced swim test 

The forced swim test (FST) is considered the most frequently employed 

pharmacological in vivo model for evaluating antidepressant potential (Porsolt et al., 
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1977). The apparatus includes a transparent plexiglass cylinder (40 cm high × 18 cm 

diameter) filled with 25 cm of water (25 °C) hence the rat would not be able to touch 

bottom with its hind paws. All the rats of either sex were split into six different groups 

(n=6). The first group allocated as control merely received vehicle (0.75 % CMC 

suspension). The other four groups received acute doses of methanol extract, ethyl 

acetate, n-butanol and aqueous fraction (400 mg/kg bw) of both the plans; P. aphylla 

and F. olivieri. The sixth group was given standard drug Flouxetine HCl (10 mg/ kg 

bw). In the pre-test session, each rat was kept separately into the cylinder for fifteen 

minutes, 24 h before experiencing the 10 min swimming test, wherein the time span 

of immobility was noted for the last 6 min. Oral administration of the doses was 

performed 1 h before final swimming test session. Each rat was judged to be 

immobile when it stopped struggling and did no more attempts to escape (except for 

the movements needed to keep its head above the water) was recorded as the 

immobility time. A reduction in the time period of immobility is an indicator of an 

antidepressant like effect. 

3.10.5. Evaluation of anti-diabetic activity 

3.10.5.1. Glucose tolerance test (GTT) 

Glucose tolerance test was conducted to find out response of rats to a glucose 

overload challenge. Blood samples of fasting rats were obtained from tail vein of rats 

followed by intragastric dose of plant extracts (200 mg/kg bw) of methanol extract 

and derived fractions i.e. hexane, ethyl acetate, chloroform, butanol and aqueous 

each). Half an hour later glucose load (3 g/kg bw) was given to rats intragastrically. 

Blood samples were taken from tail vein at hourly intervals for estimation of glucose 

with the aid of a glucometer. 

3.10.5.2. Preparation of streptozotocin induced diabetic animals 

A single intraperitoneal (i.p.) injection of streptozotocin at a dose of 65 mg/kg body 

weight, freshly prepared in 0.1 M cold citrate buffer (pH=4.5) was used to induce 

diabetes in rats. Only buffer was give to control rats. Animals with the fasting plasma 

glucose levels of 250 mg/dl and above 48 h after injection were believed to be 

diabetic. 

3.10.5.3. Hypoglycaemic activity 

Antidiabetic ability of P. aphylla and F. olivieri was evaluated using their methanol 

extracts and soluble fractions (hexane, ethyl acetate, chloroform, butanol and 
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aqueous). Hypoglycaemic effect of pretreatment of a single dose (200 mg/kg bw) of 

plant extract/fractions was determined in overnight fasted normal and diabetic rats. 

All the groups consisted of 6 animals. Control groups (both normal and streptozotocin 

diabetic) received distilled water and standard control group was given glibenclamide 

at 10 mg/kg body weight. Extract/fractions and glibenclamide was given orally. Blood 

samples were withdrawn from tail vein and glucose levels were measured with the 

help of a glucometer prior to and after administration of extracts at intervals of 1, 2 

and 4 h. The extract doing best in this investigation was assessed for its antidiabetic 

activity in a multi dose study in streptozotocin treated diabetic rats. 

3.10.5.4. Antidiabetic activity 

For antidiabetic activity rats were randomly put into 4 groups (n=6). Normal and 

streptozotocin treated diabetic control groups were given distilled water every day, 

whereas two streptozotocin induced diabetic groups were provided with standard (10 

mg/kg bw of glibenclamide) and plant extract/fraction (200 mg/kg and 400 mg/kg 

b.w) via intragastric tube on daily basis for 3 weeks. Blood samples of fasting rats 

were taken from tail vein before extract administration for determination of plasma 

glucose levels by glucometer on day 1, 7, 14, and 21 of our study. 

24-h after the last dose, the rats were sacrificed under light ether anesthesia. The 

blood was collected into plain tubes by cardiac puncture and serum separated was 

afterward used for biochemical analysis, kidney and liver were taken out, rinsed in 

cold saline and preserved at 4 °C. 

3.10.5.4.1. General toxicity 

3.10.5.4.1.1. Body weight 

The weight of the rats prior to starting and by the end of the treatment was assessed 

and percentage difference in body weight was determined. 

3.10.5.4.1.2. Organ weight 

The weight of the kidney and liver of the rats by the end of the experiments was 

determined and was expressed as the relative weight to that of the body. 

3.10.5.4.1.3. Haematological studies 

Various haematological parameters such as count of PCV %, haemoglobin (g/L), 

MCV (fl), MCHC (g/dL), MCH (pg) and count of WBC (10
3
/μL), TLC (x 10

3
/μL), 

PLT (x 10
3
/μL), Lymphocytes (%), Neutrophils (%) and Granulocytes (%) were 
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estimated through the cell dyn ruby automated 5 part hematology analyzer (Abbott 

diagnostics, Germany). 

3.10.5.4.1.4. Effect on lipid profile  

The serum lipid profile of the diabetic and non diabetic rats was determined using 

following procedures:  

3.10.5.4.1.4.1. Determination of serum cholesterol 

The cholesterol was quantitatively determined by utilizing kit from AMP Diagnostics 

Company. 

(i). Principle 

A colored complex is initiated within the sample by the cholesterol, based on the 

following reactions: 

Cholesterol esters + H2O     cholesterol esterase     Cholesterol + fatty acids 

Cholesterol + O2      cholesterol oxidase      4-Cholestenona + H2O2 

2H2O2 + Phenol + 4-Aminoantipyrine    peroxidase       Quinonimine + 4H2O2 

The concentration of cholesterol in the sample is proportional to the intensity of the 

color developed. 

(ii). Assay procedure 

The conditions for assay were 37 ºC temperature with wavelength of 505 nm in cm 

optical path. The standard or sample (10 µl) was mixed with 1 ml reagent followed by 

five minutes incubation. The absorbance of the sample was recorded within 1 hour 

against the blank. 

Serum cholesterol was determined through formula; 

(OD of sample / OD of standard) × n 

In which n is standard concentration. 

3.10.5.4.1.4.2. Estimation of high density lipoprotein (HDL)-cholesterol  

AMP diagnostic kit was used to carry out the in vitro analysis of HDL. Antihuman β-

lipoprotein antibody in R1 binds to lipoproteins. With the addition of R2, the antigen-

antibody complexes developed. Cholesterol oxidase (CO) and cholesterol esterase 

(CHE) in R2 only react with HDL-C. Blue colored H2O2 is generated by the enzyme 

reactions with HDL. By determining the optimum wavelength of 593 nm, the HDL 

concentration was measured by comparing the absorbance of the HDL-C calibrator. 

(i). Assay procedure 
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At the temperature of 37 ºC with 1 cm optical path against the reagent blank at the 

wavelength of 600 nm, the entire process was completed. 2.5 µl of calibrator was 

mixed with the 2.5 µl of sample and after incubating for five minutes absorbance was 

determined then R2 of 60 µl was mixed after adding. After incubation for five 

minutes again the absorbance was monitored. 

(ii). Calculation 

(OD2-OD1) sample / (OD2-OD1) Calibrator × n 

n=Calibrator concentration 

(iii). Calibration 

AMP HDL-Calibrator (BR9812) employed for calibration. 

3.10.5.4.1.4.3. Estimation of low density lipoprotein (LDL)-Cholesterol 

LDL- cholesterol was calculated by the formula: 

LDL= TG/5+ HDL– cholesterol 

3.10.5.4.1.4.4. Triglycerides determination 

(i). Assay procedure 

1 ml of the reagent (Mg
+2

, Potassium ferrocyanate, Glycerol kinase, ATP) mixed with 

10 µl distilled water, standard and sample employed as blank, standard and sample, 

incubate at 37 ºC for ten minutes and had taken absorbance at 500 nm.  

(ii). Calculation 

OD of sample/OD of standard × n 

3.10.5.4.2. Effect on hepatotoxicity 

3.10.5.4.2.1. Effect on hepatic biochemical parameters 

3.10.5.4.2.1.1. Aspartate transaminase (AST) 

The assay was conducted based on the standard method provided with kit utilized for 

in vitro analysis of AST in line with the procedure by Vitalab selectra Routine 

chemistry analyzer (Merck) and together with other photometric systems. 

(i). Principle of reaction 

L-Aspartate + 2-Oxoglutarate              AST           L-Glutamate + Oxaloacetate 

Oxaloacetate + NADH + H
+ 

       MDH
 
      L-Maltate + NAD

+
 

The NADH usage rate was measured photometrically and was directly proportional to 

the AST activity in the sample. Two reagents are employed in the analysis. Reagent 

R1 comprised of Tris HCl, L-aspartate, malate dehydrogenase and lactate 
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dehydrogenase whilst reagent R2 was comprised of 2- Oxoglutarate, NADH and 

Pyridoxal-5-phosphate. 

(ii). Assay procedure 

The Slectra Routine Chemistry analyzer automatically carried out the reaction under 

the feed program in computer. The reaction temperature was 37 °C at 340 nm against 

air blank with 1 cm optical path. 

3.10.5.4.2.1.2. Alanine transaminase (ALT) 

For the measurement of ALT the photometric approach was employed in accordance 

with the reference technique of the international federation of clinical chemistry. 

(i). Principle 

2-Oxoglutarate + L-alanine     ALT          Glutamate + Pyruvate 

Pyruvate + NADH + H
+ 

           LDH          Lactate + NAD
+ 

The NADH consumption rate is assessed photometrically and is directly proportional 

to the ALT activity of the sample. 

Reagents 

Reagent a, 5x 80 ml reagent solution 

Reagent b, 1x 100 ml start reagent 

Reaction solution 

Mix reagent a and reagent b at a ratio of 41׃, e.g., 20 ml of reaction solution in 

addition 5 ml start reagent. 

(ii). Procedure 

The Spectra Routine Chemistry analyzer automatically carried out the reaction under 

the feed program in computer. The reaction temperature was 37 °C at 340 nm against 

air blank with 1cm optical path. 

(iii). Calculations for the enzyme activity 

The activity of enzyme was measured as units per liter (U/L) through the following 

formula: 

Enzyme activity = (ΔA/min) x F 

wherein (ΔA/min) is the average absorbance of samples per minute whereas F is a 

factor specific for each wave length. For 340 nm it is 1746. 

3.10.5.4.2.1.3. Alkaline phosphatase (ALP) 
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Alkaline phosphatase (ALP) enzyme was measured in accordance with the 

recommendation of German society of clinical chemistry (DGKC) by vita lab selectra 

along with other photometric systems. 

(i). Principle 

Para – Nitro phenyl phosphate + H2 O       ALP             Phosphate + para-nitrophenol 

Reagents (R) 

R1׃ Diethanolamine        (pH  9.8)        1.25 mM 

R2׃ p-Nitrophenylphosphate   50 mM 

Reaction solution 

Reagent R1 and reagent R2 were mixed at a ratio of 4:1 to form a mono reagent. 

Mono reagent was protected from light. 

(ii). Assay procedure 

The Slectra Routine Chemistry analyzer automatically carried out the reaction under 

the feed program in computer. The reaction temperature was 37 °C at 405 nm (400-

420 nm) with 1 cm optical path against air blank. 20 µl of sample was added to 1000 

µl of mono reagent and absorbance was noted after 1, 2 and 3 min. 

(iii). Calculation 

ALP activity (U/L) Δ= (ΔA/min × F) 

ΔA/min = absorbance per min and F = factor (for ALP it is 2757 at 405 nm) 

3.10.5.4.2.1.4. Assessment of total protein 

(i). Principle 

Serum total protein was determined from a colored complex in the presence of copper 

salt in alkaline solution by using AMP diagnostics company kit (biuret method). 

(ii). Assay procedure 

1 ml reagent (potassium sodium tartrate, potassium iodide, sodium hydroxide and 

copper sulphate) was mixed with 10 µl standard (albumin) or sample, 10 µl distilled 

water for blank and take absorbance (550 nm) after ten minutes of incubation at 37 

°C. 

Total protein was calculated by using following formula; 

(OD of sample / OD of standard) × n 

Where n is standard concentration. 
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3.10.5.4.2.1.5. Determination of serum bilirubin 

(i). Principle 

Sulfanilic acid reacts with NaNO3 to produce diazotized sulfanilic acid. Total 

bilirubin reacts with diazotized sulfanilic acid in the presence of DMSO to form 

azobilirubin. Only direct bilirubin reacts in the presence of DMSO to give 

azobilirubin by utilizing kit from AMP Diagnostics Company. 

(ii). Assay procedure 

1.5 ml working reagent (R1) (DMSO, sulfanilic acid, HCl), was mixed with 0.5 ml 

working reagent (R2) with 100 µl calibrator or sample, 100 µl sample without R2 for 

sample blank and absorbance (555 nm) was recorded after five minutes incubation at 

37 °C. 

Serum direct bilirubin and total bilirubin were determined by using formula; 

(OD of sample - OD of sample blank) × F 

Wherein F is standard factor concentration. 

3.10.5.4.2.1.6. Lactate dehydrogenase (LDH)  

(i). Principle 

LDH is an oxidoreductase which catalyzes the inter conversion of lactate and 

pyruvate. When illness or damage influences tissues having LDH, the cells excrete 

LDH into the blood stream, where it is found in greater than normal levels. Thus, 

LDH is frequently determined to assess the presence of cell or tissue injury. The non-

radioactive colorimetric LDH assay depends on the reduction of the tetrazolium salt 

MTT in a NADH-coupled enzymatic reaction to a reduced form of MTT which shows 

an absorption maximum at 565 nm. The activity of enzyme is directly proportional to 

the intensity of the purple color developed. 

(ii). Reagent preparation  

The working reagent is made for assay by mixing, 14 μl MTT solutions, 8 μl PMS 

solution, 8 μl NAD solution and 170 μl substrate buffer. Fresh reconstitution is 

advisable. 

(iii). Assay procedure using cuvettes 

1. Transferred 50 μl samples into 1-cm cuvettes. 

2. Pippetted 950 μl working reagent to samples and mixed properly. 

3. Read sample OD565 nm soon after the mixing (ODSO) and again after twenty five 

minutes ODS25). 
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4. Read OD565 nm for 1 ml water (ODH2O) and Calibrator (ODCAL). 

3.10.5.4.2.2. Effect on hepatic antioxidant enzymes 

10 % tissue homogenate was made in 100 mM KH2PO4 buffer comprising of 1 mM 

EDTA (pH 7.4) and centrifuged at 12,000 x g for thirty minutes at 4 
o
C. The 

supernatant was collected and utilized for the following parameters as depicted below:  

3.10.5.4.2.2.1. Catalase assay (CAT) 

Technique of Chance and Maehly (1955) with a few alterations was use to measure 

CAT activities. The reaction solution of CAT activities comprised of: .4 ml of 5.9 

mM H2O2, 0.1 ml enzyme extract and 2.5 ml of 50 mM phosphate buffer (pH 5.0). 

Difference in absorbance of the reaction solution at 240 nm was measured after 1 min. 

One unit of CAT activity was considered as an absorbance change of 0.01 as 

units/min. 

3.10.5.4.2.2.2. Superoxide dismutase assay (SOD) 

The activity of SOD was determined by the technique of Kakkar et al. (1984). 

Reaction mixture of this process contained: 1.2 ml of sodium pyrophosphate buffer 

(0.052 mM; pH 7.0), 0.1 ml of phenazine methosulphate (186 µM), 0.3 ml of 

supernatant after centrifugation (1500 x g for ten minutes followed by 10000 x g for 

fifteen minutes) of tissue homogenate was put into the reaction mixture. Addition of 

0.2 ml of NADH (780 µM) started enzyme reaction and after 1 min terminated by 

addition of 1 ml of glacial acetic acid. Amount of chromogen produced was 

determined by recording intensity of color at 560 nm. Results are expressed in 

units/mg protein. 

3.10.5.4.2.2.3. Glutathione reductase assay (GR) 

Glutathione reductase activity was measured by the procedure of Carlberg and 

Mannervik (1975). The reaction mixture comprised 1.65 ml phosphate buffer: (0.1 

mol; pH 7.6), 0.1 ml NADPH (0.1 mM), 0.1 ml EDTA (0.5 mM), 0.05 ml oxidized 

glutathione (1 mM) and 0.1 ml of homogenate in a total volume of 2 ml. The enzyme 

activity was quantitated at 25 ºC by determining disappearance of NADPH at 340 nm 

and was determined as nM NADPH oxidized/min/mg protein by using molar 

extinction coefficient of 6.22 × 10
3 
M

-1
cm

-1
. 

3.10.5.4.2.2.4. Glutathione peroxidase assay (GPx)   

The activity of Glutathione peroxidase was determined by the procedure of Mohandas 

et al. (1984). The reaction mixture comprised 1.49 ml phosphate buffer (0.1 M; pH 
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7.4), 0.1 ml sodium azide (1 mM), 0.1 ml EDTA (1 mM), 0.05 ml glutathione 

reductase (1 IU/ml), 0.1 ml NADPH (0.2 mM), 0.05 ml GSH (1 mM), 0.01 ml H2O2 

(0.25 mM) and 0.1 ml of homogenate in a total volume of 2 ml. The disappearance of 

NADPH at 340 nm was noted at 25 ºC. The enzyme activity was determined as nM 

NADPH oxidized/min/mg protein by using molar extinction coefficient of 6.22 × 10
3 

M
-1

cm
-1

. 

3.10.5.4.2.3. Effect on hepatic GSH, lipid peroxides and DNA injuries 

3.10.5.4.2.3.1. Reduced glutathione assay (GSH) 

Reduced glutathione was determined by the procedure of Jollow et al. (1974). 1.0 ml 

of homogenate was precipitated with 1.0 ml of (4%) sulfosalicylic acid. The samples 

were stored at 4 ºC for one hour and then centrifuged at 1200 × g for twenty minutes 

at 4 ºC. The total volume of 3.0 ml assay mixture comprised of 0.1 ml filtered aliquot, 

0.2 ml DTNB (100 mM) and 2.7 ml phosphate buffer (0.1 M; pH 7.4). The yellow 

color produced was read instantly at 412 nm on a SmartSpecTM plus 

Spectrophotometer. It was expressed as µM GSH/g tissue. 

3.10.5.4.2.3.2. Estimation of lipid peroxidation assay (TBARS/LPO) 

The lipid peroxidation assay was performed following the modified procedure of 

Iqbal et al. (1996). The reaction mixture in a total volume of 1.0 ml comprised of 0.58 

ml phosphate buffer (0.1 M; pH 7.4), 0.2 ml ascorbic acid (100 mM), 0.2 ml 

homogenate sample and 0.02 ml FeCl3 (100 mM). The reaction mixture was 

incubated at 37 ºC in a shaking water bath for one hour. Addition of 1.0 ml 10% (v/v) 

TCA terminated the reaction. After adding 1.0 ml 0.67% TBA, all the tubes were put 

into the boiling water bath for twenty minutes thereafter moved to crushed ice-bath 

before centrifuging at 2500 × g for ten minutes. The TBARS quantity produced in 

each sample was determined by evaluating optical density of the supernatant against a 

reagent blank using spectrophotometer at 535 nm. The results were expressed as nM 

TBARS/min/mg tissue at 37 ºC using molar extinction coefficient of 1.56 ×10
5
 M

-

1
cm

-1
. 

3.10.5.4.2.3.3. Molecular studies 

DNA was isolated and its percent age fragmentation was quantified in molecular 

studies of in vivo toxicity. 
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3.10.5.4.2.3.3.1. DNA fragmentation assay with diphenylamine reaction 

DNA fracture from tissue concentrate was measured utilizing the technique of Wu et 

al. (2005). 100 mg tissue was homogenized in TTE arrangement. 0.1 ml of 

homogenate was named B, centrifuged at 200 × g at 4 ºC for ten minutes, got 

supernatant marked S. S tubes were centrifuged at 20,000 × g for ten minutes at 4 ºC 

to particular in place chromatin, was marked T. 1.0 ml of 25% (v/v) TCA was 

included all tubes T, B, S and hatched over night at 4 ºC. After hatching accelerated 

DNA was recouped by pelleting for ten minutes at 18,000 × g at 4 ºC. 160 µl of 5 % 

(v/v) trichloroacetic acid was added to every pellet and warmed for fifteen minutes at 

90 ºC then 320 µl of naturally arranged DPA arrangement was included, vortexed and 

hatched for 4 hr 37 ºC. Optical thickness was examined at 600 nm with a 

spectrophotometer (Smart spec TM Plus, inventory #170-2525). 

3.10.5.4.2.4. Effect on hepatic histopathology 

After dissection, small pieces of liver tissues were fixed in 10% (v/v) buffered 

formalin solution, then embedded in paraffin wax. Tissues were then sectioned for 3-5 

mm thickness and prepared for staining by hematoxylin-eosin. Stained tissues were 

examined and photographed by using light microscope with an immersion oil lens at 

magnification of 100-400.  

3.10.5.4.3. Effect on nephrotoxicity 

3.10.5.4.3.1. Physical analysis of urine 

Standard diagnostic kits were used to determine white blood cells (WBCs) count, red 

blood cells (RBCs) count, urobilinogen, specific gravity and pH in urine samples 

(MediScreen Urine Strips, Orgenics, France).  

3.10.5.4.3.2. Effect on kidney biochemical parameters 

Evaluation of urea, creatinine and albumin was conducted with various kits. 

3.10.5.4.3.2.1. Determination of urea 

(i). Principle 

AMP Diagnostics kit was used to assess urea. 

Urea + H2O   urease       2NH3 + CO2 

2NH4
+
 + 2 α-ketoglutarate + 2 NADH     GIDH      2L-glutamate + 2NAD

+
 + 2H2O 
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(ii). Assay procedure 

1 ml reagent (α-ketoglutarate, Tris buffer, urease, ADP and GIDH) was mixed with 

10 µl serum standard or sample and changes in OD (340 nm) between thirty sec and 

ninety sec was noted. Following formula was used to measure urea; 

(OD of sample / OD of standard) × n 

Where n is standard concentration. 

3.10.5.4.3.2.2. Determination of creatinine 

(i). Principle 

The rate of development of a colored complex between alkaline pirate and creatinine 

was determined. Creatinine was measured utilizing kit from AMP Diagnostics 

Company. 

(ii). Assay procedure 

1 ml working reagent (R) (picric acid) was mixed with 100 µl standard or sample, and 

OD was recorded at 500 nm after 25 sec. The second reading (A2) was noted 

precisely 2 min after the first reading (A1). 

Creatinine was measured by using the formula; 

(A2-A1 sample / A2-A1 standard) × n 

Where n is standard concentration. 

3.10.5.4.3.2.3. Assessment of albumin 

(i). Principle 

Colorimetric analysis of serum albumin was determined using bromocresol green 

(BCG) through kit bought from AMP diagnostics company at pH 4.20. 

(ii). Assay procedure 

1 ml reagent (bromocresol green, succinate buffer, Brij 35) with 10 µl standard 

(bovine albumin) or sample, 10 µl distilled water for blank and note absorbance (628 

nm) after five minutes incubation at 37 °C. 

Serum albumin was worked out with the help of following formula; 

(OD of sample / OD of standard) × n 

Where n is standard concentration 

3.10.5.4.3.3. Effect on kidney antioxidant enzymes 

The effects of P. aphylla and F. olivieri extracts were investigated on CAT, SOD, 

GSH-Px and GR activities in kidney samples of diabetic and non-diabetic rats. The 

methods applied were described previously (3.10.5.4.2.2.).         
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3.10.5.4.3.4. Effect on kidney GSH, lipid peroxides and DNA injuries 

By following the protocol as described earlier the estimation of GSH, lipid peroxides 

and DNA injuries was made in the kidney samples for various treatments 

(3.10.5.4.2.3.)   

3.10.5.4.3.5. Effect on kidney histopathology 

Nephronic injuries induced with various drugs and the protection with different plant 

species was investigated by making thin slices of kidney tissues and studied under the 

microscope as given in the previous section (3.10.5.4.2.4.) 

3.11. Drug induced toxicological experiments 

3.11.1. Paracetamol toxicity 

(i). Animals and treatment 

Sprague-Dawley rats of either sex with weight 200 ± 20g were chosen for this 

investigation. The rats were kept in standard cages and kept at 25 ± 5 °C under 12 h 

light/dark cycle. The rats were granted free access to standard pellet diet and water ad 

libitum. The animal experiment was approved by Ethical Committee of Quaid-i-Azam 

University, Islamabad and performed corresponding to guidelines developed by the 

National Institute of Health (NIH guidelines Islamabad, Pakistan). 

(ii). Experimental protocol  

Sprague-Dawley rats (200 ± 10 g b.w) of any sex were used, separated in six groups 

with 6 rats in every group for each plant extract separately. Group I was control and 

received saline (0.9 %); Group II was administered acetaminophen orally at the dose 

of 400 mg/kg b.w for the duration of 1 week. Group III was administered paracetamol 

along with 50 mg/kg b.w of silymarin (standard drug). Plant extracts were given at the 

doses of 200 mg/kg bw and 400 mg/kg bw in addition to paracetamol in other two 

groups IV and V whilst with the dose of 400 mg/kg bw without paracetamol in VI
th

 

group. Doses of 200 and 400 mg/kg bw of each plant were selected on the basis of 

acute toxicity studies in rat. In this case a dose of 4000 mg/kg bw did not induce 

abnormal behaviour and the death of any rat (Lagarto et al., 2001). The rats were 

sacrificed under light ether euthesia 24 hours after the last dose. The blood was 

collected by cardiac puncture into plain tubes; liver and kidney were taken out, rinsed 

in cold saline and preserved at 4 °C. 
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3.11.1.1. General toxicity 

3.11.1.1.1. Body weight 

The body weights of control and treated rats were measured at the start and end of 

experiment and percent increase was calculated. 

3.11.1.1.2. Organ weight 

The weights of different organs (liver, kidney, heart, lungs, testes and brain) were 

measured and expressed as relative weight to that of the body. 

3.11.1.1.3. Haematological studies 

The haematological parameters (PCV%, haemoglobin (g/L), MCV (fl), MCHC 

(g/dL), MCH (pg) and count of WBC (10
3
/μL), TLC (x 10

3
/μL), PLT (x 10

3
/μL), 

Lymphocytes (%), Neutrophils (%) and Granulocytes (%) in the paracetamol and 

extract treated rats were estimated as described earlier (3.10.5.4.3.). 

3.11.1.1.4. Effect on lipid profile 

The lipid profile of paracetamol and extract treated rats was determined by employing 

the methods as described in section (3.10.5.4.1.4.). 

3.11.1.2. Effect on hepatotoxicity 

3.11.1.2.1. Effect on hepatic biochemical parameters 

The liver marker enzymes (ALT, AST, ALP) in the serum of paracetamol and extract 

treated rats were measured by following the protocols mentioned in (3.10.5.4.2.1.). 

3.11.1.2.2. Effect on hepatic antioxidant enzymes 

The activity level of catalase, superoxide dismutase, glutathione peroxidase and 

glutathione reductase in the liver homogenate was determined as described in 

previous section (3.10.5.4.2.2.).  

3.11.1.2.3. Effect on hepatic GSH, lipid peroxides and DNA injuries 

The concentration of reduced glutathione, TBARS and the % DNA fragmentation was 

measured according to the procedures given in section (3.10.5.4.2.3.).  

3.11.1.2.4. Effect on hepatic histopathology 

The histopathological analysis of liver sections of control and treated gropus was 

carried out as described in section (3.10.5.4.2.4.) 

3.11.1.2.5. Effect on hepatic DNA ladder assay 

The DNA damage in the liver tissue was confirmed by the DNA ladder assay as given 

below: 
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3.11.1.2.5.1. DNA Isolations and ladder assay 

DNA isolation was carried out by employing the procedure of Wu et al. (2005), and 

Gilbert et al. (2007). 100 mg of tissue was washed with DNA Buffer in a petri plate 

followed by homogenization in 1 ml lysis buffer. Add 100 µl of proteinase K (10 

mg/ml) and 240 µl 10% (w/v) SDS, gently shaken, and incubated in a water bath 

overnight at 45 °C then 0.4 ml of phenol, was added shaked for five to ten minutes, 

and centrifuged at 3000 rpm for five minutes at 10 °C. Supernatant was mixed with 

1.2 ml of phenol and chloroform/isoamyl alcohol (24:1); shaken for five to ten 

minutes, and centrifuged at 3000 rpm for five minutes at 10 °C. To the supernatant, 

25 µl of 3 M sodium acetate (pH 5.2) and 5 ml ethanol were added; then shaken until 

DNA was precipitated. DNA was washed with 70% (v/v) ethanol, dried, dissolved in 

TE buffer and its concentration checked at 260 and 280 nm. 5 µg of total DNA and 

0.5 µg DNA standard per well were loaded on 1.5% (w/v) agarose gel containing 

ethidium bromide. Electrophoresis was carried out for 45 min with 100 V battery, and 

DNA was observed under digital gel doc system and photographed. 

3.11.1.3. Effect on nephrotoxicity 

3.11.1.3.1. Physical analysis of urine 

The urine samples of paracetamol and extract treated rats were determined for white 

blood cells (WBCs) count, red blood cells (RBCs) count, urobilinogen, specific 

gravity and pH employing the kits as mentioned in section (3.10.5.4.3.1.). 

3.11.1.3.2. Effect on renal biochemical parameters 

The effects of paracetamol and extracts on serum concentration of urea, creatinine and 

albumin were determined using the methods described in section (3.10.5.4.3.2.) 

3.11.1.3.3. Effect on renal antioxidant enzymes 

The effects of plant extracts against paracetamol toxicity on the activity level of renal 

antioxidant enzymes (CAT, SOD, GSH-Px and GR) were determined using the 

methods described in section (3.10.5.4.2.2.).     

3.11.1.3.4. Effect on renal GSH, lipid peroxides and DNA injuries 

The GSH, TBARS and % DNA fragmentation levels in the kidney of control and 

treated rats were measured by using the techniques as described in section 

(3.10.5.4.2.3.). 
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3.11.1.3.5. Effect on renal histopathology 

The renal histopathological analysis of paracetamol and extract treated rats was 

carried out by the method as mentioned in (3.10.5.4.2.4.). 

3.11.1.3.6. Effect on renal DNA ladder assay 

The DNA damage induced by paracetamol and its protection by extracts in the kidney 

tissues was determined by the procedure as described in (3.11.1.2.5.).  

3.11.1.4. Effect on cardiotoxicity 

3.11.1.4.1. Effect on cardiac antioxidant enzymes 

The activities of cardiac antioxidant enzymes (catalase, superoxide dismutase, 

glutathione peroxidase and glutathione reductase) in the control and treated groups 

were determined by the methods described in previous section (3.10.5.4.2.2.). 

3.11.1.4.2. Effect on cardiac GSH, lipid peroxides and DNA injuries 

The concentration of GSH, TBARS and DNA fragmentation were determined by 

employing procedures as given in section (3.10.5.4.2.3.). 

3.11.1.4.3. Effect on cardiac histopathology 

The histopathological studies of heart tissues in control and treated groups were done 

by following the methods described in section (3.10.5.4.2.4.). 

3.11.1.4.4. Effect on cardiac DNA ladder assay 

The DNA damage in the cardiac tissue of paracetamol and extract treated rats was 

determined by using DNA ladder assay as described in section (3.11.1.2.5.). 

3.11.1.5. Effect on pulmonary toxicity 

3.11.1.5.1. Effect on pulmonary antioxidant enzymes 

The protective potential of the methanol extract of the three plant species against the 

oxidative injuries was determined by estimating the activities of catalase, superoxide 

dismutase, glutathione peroxidase and glutathione reductase in the lung samples 

(3.10.5.4.2.2.). 

3.11.1.5.2. Effect on pulmonary GSH, lipid peroxides and DNA injuries 

The quantitative determination of the GSH, lipid peroxides and DNA injuries was 

carried out as reported earlier (3.10.5.4.2.3.). 

3.11.1.5.3. Effect on pulmonary histopathology 

By following the procedure as described earlier the histopathological studies of the 

lung tissues were made of various groups for comparison (3.10.5.4.2.4.). 
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3.11.1.5.4. Effect on pulmonary DNA ladder assay 

DNA injuries induced with various drugs and the protective effects of various plant 

species was investigated through the DNA ladder assay as given earlier (3.11.1.2.5.). 

3.11.1.6. Effect on testicular toxicity 

3.11.1.6.1. Effect on testicular antioxidant enzymes 

The defensive capability of the methanol concentrate of both plant species against the 

oxidative wounds was determined by assessing the level of catalase, superoxide 

dismutase, glutathione peroxidase and glutathione reductase in the testicular tissue as 

described in section (3.10.5.4.2.2.). 

3.11.1.6.2. Effect on testicular GSH, lipid peroxides and DNA injuries 

The GSH, lipid peroxides and DNA fragmentation in the testes of paracetamol and 

extract treated rats was determined quantitatively using the following methods 

(3.10.5.4.2.3.). 

3.11.1.6.3. Effect on testicular histopathology 

The histopathological analysis of testes in paracetamol and extracts treated rats was 

done by following the procedures described in (3.10.5.4.2.4.). 

3.11.1.6.4. Effect on testicular DNA ladder assay 

The DNA damage induced by paracetamol in testicular tissue and preventive effects 

of extract was measured by using the DNA ladder assay (3.11.1.2.5.). 

3.11.1.7. Effect on brain toxicity 

3.11.1.7.1. Effect on brain antioxidant enzymes 

The effects of paracetamol and extracts on brain antioxidant enzymes activities were 

determined by using the following method (3.10.5.4.2.2.). 

3.11.1.7.2. Effect on brain GSH, lipid peroxides and DNA injuries 

The GSH, TBARS and DNA fragmentation were quantitatively measured by using 

the following methods (3.10.5.4.2.3.). 

3.11.1.7.3. Effect on brain histopathology 

The studies on brain histology in paracetamol and extract treated rats were done by 

following the methods described in (3.10.5.4.2.4.). 

3.11.1.7.4. Effect on brain DNA ladder assay 

The DNA damage caused by paracetamol in the brain tissue and the protective effects 

of extracts were analyzed using DNA ladder assay (3.11.1.2.5.). 
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3.11.2. Gentamicin induced toxicity 

Sprague-Dawley rats were split up into 6 groups and every group includes six rats for 

each plant extract and treatment ought to be as given below: 

Group I: Normal saline (0.9 %) was given at one time on a daily basis in the course of 

the experiment. 

Group II: This group of animals got daily i.p. injection of gentamicin (80 mg/kg body 

weight) for eight days.  

Group III: Rats of this group received gentamicin along with silymarin (50 mg/kg bw) 

three days prior to it and for 8 days in combination of gentamicin.  

Group IV: The animals of this group received gentamicin; besides this they were also 

given 200 mg/kg bw of plant extracts that commenced 3 days before the gentamicin 

injections and proceeded with eight days gentamicin treatment. 

Group V: Animals of this group were administered gentamicin i.p. Furthermore, they 

received 400 mg/kg p.o. of plant extracts that was initiated 3 days prior to the 

gentamicin injections and went on with eight days of the gentamicin treatment. 

Group VI: Rats of this group receive only plant extract at a dose of 400 mg/kg body 

weight. 

At the last day the rats were sacrificed under mild ether eusthesia and the liver, 

kidney, heart, lungs, testes and brain tissues, blood and urine samples were collected 

and analyzed. 

3.11.2.1. General toxicity 

3.11.2.1.1. Body weight 

The body weights of the rats were measured in the start and end of experiment and 

percent increase calculated in the control and treated groups. 

3.11.2.1.2. Organ weight 

The weights of liver, kidney, heart, lungs, testes and brain of gentamicin and extract 

treated rats were measured at the end of experiment and expressed as relative weights 

to that of the body. 

3.11.2.1.3. Haematological studies 

The haematological parameters such as count of PCV%, haemoglobin (g/L), MCV 

(fl), MCHC(g/dL), MCH (pg) and count of WBC (10
3
/μL), TLC (x 10

3
/μL), PLT (x 

10
3
/μL), Lymphocytes (%), Neutrophils (%) and Granulocytes (%) in the control and 

treated groups were estimated as described in section (3.10.5.4.3.) 
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3.11.2.1.4. Effect on lipid profile 

The lipid profile (cholesterol, triglycerides, LDL, HDL) of gentamicin and extract 

treated rats was determined in the serum by following the methods as described in 

section (3.10.5.4.1.4.). 

3.11.2.2. Effect on hepatotoxicity 

3.11.2.2.1. Effect on hepatic biochemical parameters 

The liver marker enzymes in the serum of gentamicin and extract treated rats were 

measured using the procedures described in previous section (3.10.5.4.2.1.). 

3.11.2.2.2. Effect on hepatic antioxidant enzymes 

In liver homogenates the activities of catalase, superoxide dismutase, glutathione 

peroxidase and glutathione reductase were estimated as previously described in 

section (3.10.5.4.2.2.). 

3.11.2.2.3. Effect on hepatic GSH, lipid peroxides and DNA injuries 

Concentration of reduced glutathione, lipid peroxides and the DNA fragmentation % 

was determined by the procedures as given in section (3.10.5.4.2.3.). 

3.11.2.2.4. Effect on hepatic histopathology 

Histopathological studies on the thin sections of liver were carried out as described 

earlier in section (3.10.5.4.2.4.). 

3.11.2.2.5. Effect on hepatic DNA ladder assay 

The DNA damage in the liver tissues was confirmed by the DNA ladder assay as 

given previously in section (3.11.1.2.5.). 

3.11.2.3. Effect on nephrotoxicity 

3.11.2.3.1. Physical analysis of urine 

The urine samples of control and treated rats were analyzed for white blood cells 

(WBCs) count, red blood cells (RBCs) count, urobilinogen, specific gravity and pH 

by employing kits as described in section (3.10.5.4.3.1.). 

3.11.2.3.2. Effect on kidney biochemical parameters 

Evaluation of urea, creatinine and albumin was conducted with various kits 

(3.10.5.4.3.2.) 

3.11.2.3.3. Effect on kidney antioxidant enzymes 

The effects of methanol extract of both plant species against gentamicin was 

investigated on the activities of catalase, superoxide dismutase, glutathione 
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peroxidase and glutathione reductase in kidney samples for various treatments. The 

methods applied were described previously (3.10.5.4.2.2.).        

3.11.2.3.4. Effect on kidney GSH, lipid peroxides and DNA injuries 

By following the protocol as described earlier the estimation of GSH, lipid peroxides 

and DNA injuries was made in the kidney samples for various treatments 

(3.10.5.4.2.3.).  

3.11.2.3.5. Effect on kidney histopathology 

Nephronic injuries induced with various drugs and the protection with different plant 

species was investigated by making thin slices of kidney tissues and studied under the 

microscope as given in the previous section (3.10.5.4.2.4.). 

3.11.2.3.6. Effect on kidney DNA ladder assay 

DNA injuries in the kidney samples were determined by the ladder assay as given in 

section (3.11.1.2.5.). 

3.11.2.4. Effect on cardiotoxicity 

3.11.2.4.1. Effect on cardiac antioxidant enzymes 

The effects of extracts against gentamicin toxicity on antioxidant enzyme levels in 

heart tissue were investigated employing the methods mentioned in section 

(3.10.5.4.2.2.). 

3.11.2.4.2. Effect on cardiac GSH, lipid peroxides and DNA injuries 

The GSH, lipid peroxides and % DNA fragmentation were determined using the 

protocols described in section (3.10.5.4.2.3.). 

3.11.2.4.3. Effect on cardiac histopathology 

The histopathological analysis of heart tissue in gentamicin and extract treated rats 

was done by following the method depicted in section (3.10.5.4.2.4.). 

3.11.2.4.4. Effect on cardiac DNA ladder assay 

The injuries induced by gentamicin in the DNA of cardiac tissue were examined by 

DNA ladder assay (3.11.1.2.5.). 

3.11.2.5. Effect on pulmonary toxicity 

3.11.2.5.1. Effect on pulmonary antioxidant enzymes 

The levels of antioxidant enzymes in pulmonary tissues were measured by following 

the methods described in section (3.10.5.4.2.2.). 
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3.11.2.5.2. Effect on pulmonary GSH, lipid peroxides and DNA injuries 

The quantification of GSH, TBARS and DNA damage was done by the methods used 

in previous section (3.10.5.4.2.3.). 

3.11.2.5.3. Effect on pulmonary histopathology 

The lungs tissues of gentamicin and extract treated rats were studied for their 

histology using the procedure described in section (3.10.5.4.2.4.). 

3.11.2.5.4. Effect on pulmonary DNA ladder assay 

The DNA damage induced by gentamicin in the pulmonary tissue was determined by 

following the procedure as described earlier (3.11.1.2.5.). 

3.11.2.6. Effect on testicular toxicity 

3.11.2.6.1. Effect on testicular antioxidant enzymes 

The antioxidant enzymes of testes in the control and treated rats were determined 

using the protocols followed in the section (3.10.5.4.2.2.). 

3.11.2.6.2. Effect on testicular GSH, lipid peroxides and DNA injuries 

The determination of GSH, TBARS and DNA injury in the testes of control and 

treated rats was done using the procedures described in section (3.10.5.4.2.3.). 

3.11.2.6.3. Effect on testicular histopathology 

The histopathological analysis of testicular tissues belongs to gentamicin and extract 

treated rats were performed using procedures as described in section (3.10.5.4.2.4.). 

3.11.2.6.4. Effect on testicular DNA ladder assay 

The DNA injury induced by gentamicin in rat’s testes was determined by DNA ladder 

assay as described in section (3.11.1.2.5.). 

3.11.2.7. Effect on brain toxicity 

3.11.2.7.1. Effect on brain antioxidant enzymes 

The brain antioxidant enzymes were determined in the extract and gentamicin 

administered rats by following the procedures given in section (3.10.5.4.2.2.).    

3.11.2.7.2. Effect on brain GSH, lipid peroxides and DNA injuries 

The DNA fragmentation, lipid peroxidation and GSH activity was determined in the 

brain of gentamicin and extract administered rats by using the methods described 

previously (3.10.5.4.2.3.). 

3.11.2.7.3. Effect on brain histopathology 

The histopathalogical examination of brain tissue in gentamicin and extract treated 

rats was performed by employing procedures as mentioned in section (3.10.5.4.2.4.).  
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3.11.2.7.4. Effect on brain DNA ladder assay 

The DNA injuries induced by gentamicin in the brain tissue and the protective effects 

of plant extracts were determined by using DNA ladder assay (3.11.1.2.5.). 

3.11.3. Doxorubicin induced toxicity 

Animals were randomly split up into 6 groups with 6 rats in every group and obtained 

treatment as given below: 

Group 1: Treated as control and obtained saline (0.9 %) once a day for 11 days.  

Group II: (Dox-treated group) was injected with doxorubicin 4.67 mg/kg bw 

intraperitoneally on day 1 and day 6.  

Group III was administered with doxorubicin and silymarin (50 mg /g bw) for 11 

days.  

Group IV and Group V were also treated with doxorubicin on day 1 and day 6, 

coupled with plant extracts for each plant 200 and 400 mg/kg bw, for consecutive 11 

days (day 1 to day 11).  

Group VI was administered daily 400 mg/kg bw of extract for consecutive 11 days 

(day 1 to day 11). 

After the experiment all the rats were sacrificed, blood samples were collected, and 

the organs (liver, kidney, heart, lungs, testes and brain) were fixed in 10% (v/v) 

buffered formalin solution for further analysis. 

3.11.3.1. General toxicity 

3.11.3.1.1. Body weight 

The weights of doxorubicin and extract treated rats at the beginning and end of 

experiment were measured and percent increase in body weights calculated. 

3.11.3.1.2. Organ weight 

The weights of different organs (liver, kidney, heart, lungs, testes and brain) were 

measured at the end of experiment and expressed as relative weights to that of body.  

3.11.3.1.3. Haematological studies 

The haematological parameters (PCV%, haemoglobin (g/L), MCV (fl), MCHC 

(g/dL), MCH (pg) and count of WBC (10
3
/μL), TLC (x 10

3
/μL), PLT (x 10

3
/μL), 

Lymphocytes (%), Neutrophils (%) and Granulocytes (%)) were determined as 

mentioned in section (3.10.5.4.3.). 
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3.11.3.1.4. Effect on lipid profile 

The effects of doxorubicin and extracts on serum lipid profile were determined 

according to methods described in section (3.10.5.4.1.4.). 

3.11.3.2. Effect on hepatotoxicity 

3.11.3.2.1. Effect on hepatic biochemical parameters 

The levels of liver marker enzymes (AST, ALT, ALP), total protein, bilirubin, LDH 

and glucose were measured using various kits (3.10.5.4.2.1.). 

3.11.3.2.2. Effect on hepatic antioxidant enzymes 

The antioxidant enzyme activities in the liver tissues were determined by following 

the protocols described in section (3.10.5.4.2.2.). 

3.11.3.2.3. Effect on hepatic GSH, lipid peroxides and DNA injuries 

The GSH, TBARS and % DNA fragmentation were determined in the liver tissues of 

doxorubicin and extract treated rats by following the procedures given in section 

(3.10.5.4.2.3.). 

3.11.3.2.4. Effect on hepatic histopathology 

The histological investigation of liver tissues of control and treated rats was done 

using the method described in section (3.10.5.4.2.4.). 

3.11.3.2.5. Effect on hepatic DNA ladder assay 

The DNA damage in the liver tissue of doxorubicin and extract treated rats was 

investigated using DNA ladder assay as described in section (3.11.1.2.5.). 

3.11.3.3. Effect on nephrotoxicity 

3.11.3.3.1. Physical analysis of urine  

The urine samples of doxorubicin and extract treated rats were analyzed for white 

blood cells (WBCs) count, red blood cells (RBCs) count, urobilinogen, specific 

gravity and pH by using different kits as mentioned in section (3.10.5.4.3.1.) 

3.11.3.3.2. Effect on renal biochemical parameters 

The serum concentrations of creatinine, urea and albumin were measured employing 

the methods as described in section (3.10.5.4.3.2.). 

3.11.3.3.3. Effect on renal antioxidant enzymes 

The protective effects of methanolic extracts of F. olivieri and P. aphylla against 

doxorubicin were determined on antioxidant enzymes activity in renal tissues. The 

protocols used are the same as in section (3.10.5.4.2.2.). 
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3.11.3.3.4. Effect on renal GSH, lipid peroxides and DNA injuries 

GSH, lipid peroxides and DNA fragmentation were quantitatively measured by 

procedures mentioned in section (3.10.5.4.2.3.). 

3.11.3.3.5. Effect on renal histopathology 

The histological analysis of kidney tissue in control and treated groups was done by 

using the previously described procedure (3.10.5.4.2.4.). 

3.11.3.3.6. Effect on renal DNA ladder assay 

The effects of P. aphylla and F. olivieri extracts on doxorubicin induced renal DNA 

damage were determined using DNA ladder assay. The procedure of this assay is 

described in section (3.11.1.2.5.). 

3.11.3.4. Effect on cardiotoxicity 

3.11.3.4.1. Effect on cardiac biochemical parameters 

3.11.3.4.1.1. Determination of serum CK 

The CK was quantitatively determined by employing a kit from AMP Diagnostics 

Company. 

(i). Principle 

Creatine kinase (CK) catalyzes the reaction based on the following reaction. 

CP + ADP    CK (AMP, NAC) pH 6.5       Creatinine + ATP 

ATP + Glucose               HK                 ADP + G6P 

G6P + NADP
+
 + H2O        G6P-DH           Gluconate-6P + NADPH + H

+
 

The conversion is checked by the rate of rise in absorbance caused by the reduction of 

NADP to NADPH proportional to the CK activity present in the sample. 

(ii). Assay procedure 

The assay was performed at 37 ºC temperature with wavelength of 340 nm in 1 cm 

light path. 40 µl of standard or sample was mixed with 1 ml working reagent and 

incubated for three minutes. The absorbance of the sample was read against the blank 

after 1, 2 and 3 minutes. 

CK activity was evaluated by utilizing formula; 

CK (U/L) = ΔA /min. × 8095 

Where ΔA/min. is average difference in absorbance per min. 

3.11.3.4.1.2. Determination of serum CK-MB 

CK is dimeric molecule made up of M and B subunits, which are immunologically 

different. It is available as three most important iso enzymes CK-MM, CK-MB, and 
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CK-BB. CK-MB is present predominantly in the myocardial cells. Thus the increased 

level of CK-MB coupled with increased amounts of total CK is an excellent indicator 

of myocardial infarction. The CK-MB in the sample is fully inhibited by an anti CK-

M antibody contained in the reagent. Then the activity of the CK-B fraction is 

assessed by the CK (NAC act.) approach. The CK-MB activity is attained by 

multiplying the CK-B activity by two. 

(ii). Assay procedure 

The assay was performed at 37 ºC temperature with wavelength of 340 nm in 1 cm 

light path. 50 µl of standard or sample was mixed with 1 ml working reagent and 

incubated for five minutes. The absorbance of the sample was read against the blank 

after 1, 2 and 3 minutes. 

CK.MB activity was evaluated through formula; 

CK - MB activity in (U/L) = ΔA /min. x 6666 

Where ΔA/min. is average difference in absorbance per min. 

3.11.3.4.2. Effect on cardiac antioxidant enzymes 

The toxic effect of doxorubicin and preventive effects of P. aphylla and F. olivieri on 

antioxidant enzyme levels (CAT, SOD, GSH-Px and GR) in cardiac tissue were 

determined by following the procedures described in section (3.10.5.4.2.2.). 

3.11.3.4.3. Effect on cardiac GSH, lipid peroxides and DNA injuries 

The GSH activity, lipid peroxidation and percentage DNA fragmentation were 

determined using the methods reported in section (3.10.5.4.2.3.). 

3.11.3.4.4. Effect on cardiac histopathology 

The histopathalogical examination of cardiac tissues of doxorubicin and extracts 

treated rats was performed by using the method as described earlier (3.10.5.4.2.4.). 

3.11.3.4.5. Effect on cardiac DNA ladder assay 

DNA ladder assay was used to determine the damage induced by doxorubicin to the 

DNA of heart tissue using the procedure as described earlier (3.11.1.2.5.). 

3.11.3.5. Effect on pulmonary toxicity 

3.11.3.5.1. Effect on pulmonary antioxidant enzymes 

The activities of catalase, superoxide dismutase, glutathione peroxidase and 

glutathione reductase in lung tissues of doxorubicin and extract administered rats 

were measured using the protocols described in section (3.10.5.4.2.2.). 
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3.11.3.5.2. Effect on pulmonary GSH, lipid peroxides and DNA injuries 

The GSH, lipid peroxides and DNA injuries were quantitatively determined by the 

methods reported previously (3.10.5.4.2.3.). 

3.11.3.5.3. Effect on pulmonary histopathology 

The histopathological investigation of the lung tissues was done by following the 

procedure as represented earlier (3.10.5.4.2.4.). 

3.11.3.5.4. Effect on pulmonary DNA ladder assay 

The DNA injuries evoked with doxorubicin and the protecting effects of both plant 

extracts were determined through DNA ladder assay as described before (3.11.1.2.5.). 

3.11.3.6. Effect on testicular toxicity 

3.11.3.6.1. Effect on testicular antioxidant enzymes 

The levels of catalase, superoxide dismutase, glutathione peroxidase and glutathione 

reductase activities in testicular tissues were determined by applying the methods 

described earlier (3.10.5.4.2.2.).  

3.11.3.6.2. Effect on testicular GSH, lipid peroxides and DNA injuries 

The quantitative determination of the GSH, lipid peroxides and DNA injuries in 

testicular tissue was performed as documented before (3.10.5.4.2.3.). 

3.11.3.6.3. Effect on testicular histopathology 

The histopathological analysis of testicular tissues in doxorubicin and extracts treated 

groups was done by adopting the method as explained previously (3.10.5.4.2.4.). 

3.11.3.6.4. Effect on testicular DNA ladder assay 

The protective effects of both plant extracts against doxorubicin induced DNA 

damage was determined by using DNA ladder assay as depicted in (3.11.1.2.5.). 

3.11.3.7. Effect on brain toxicity 

3.11.3.7.1. Effect on brain antioxidant enzymes 

The activities of catalase, superoxide dismutase, glutathione peroxidase and 

glutathione reductase in brain tissues of control, doxorubicin and extracts 

administered rats were investigated using the methods described in (3.10.5.4.2.2.). 

3.11.3.7.2. Effect on brain GSH, lipid peroxides and DNA injuries 

The GSH, lipid peroxidation and DNA fragmentation were determined using methods 

described earlier (3.10.5.4.2.3.). 
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3.11.3.7.3. Effect on brain histopathology 

The histopathological investigations of brain tissue in doxorubicin experiment were 

done using the method depicted in section (3.10.5.4.2.4.). 

3.11.3.7.4. Effect on brain DNA ladder assay 

The doxorubicin induced DNA damage in brain tissue and the protective effects of 

both plant species was explored using DNA ladder assay as mentioned in section 

(3.11.1.2.5.). 

3.12. Statistical analysis 

All antiradical scavenging assays readings were taken in triplicate. IC50 values were 

determined using Graph Pad Prism 5 software. Standard deviation and one-way 

(ANOVA) was used to find out the differences among IC50 of different fractions for 

different antiradical assays. Pearson correlation coefficient for flavonoids and 

phenolics were also used. Student’s t test was used to find significance of all the 

assays findings (P < 0.05; P < 0.01). Data for biochemical research in vivo experiment 

were analyzed for mean and standard error and then by one-way (ANOVA) and 

Dunnet’s Multiple Range Test was used to compare group means. A probability of P 

< 0.05 was considered significant. 
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Results 

4.1. Phytochemical studies 

4.1.1. Extraction yield 

The yield of extracts and their derived fractions obtained from 1.5 kg of dry plant 

material of P. aphylla and 2 kg of dry plant material of F. olivieri was measured for 

each extract and fraction. 

4.1.1.1. Extraction yield of P. aphylla 

The % age extraction yield found for methanol extract was 14.86 ± 2.2% of the dry 

powder. The descending order for the extraction yield of various fractions was n-

butanol > aqueous > ethyl acetate > n-hexane > chloroform fraction (Table 4.1). 

4.1.1.2. Extraction yield of F. olivieri 

The extraction yield of methanol extract and the different fractions obtained from it 

are given in Table 4.2. Yield obtained for the methanol extract was 12.56 ± 0.584% of 

the dry powder. Among fractions maximum yield was provided by aqueous (10.59 ± 

0.353%) of the methanol extract, followed by n-butanol (9.025 ± 0.247%), ethyl 

acetate (8.25 ± 0.396%), n-hexane (2.21 ± 0.196%) and chloroform fraction (1.98 ± 

0.214%). 

4.2. Total phenolic content  

The crude methanol extract of P. aphylla and F. olivieri and their respective fractions 

were studied for their contents of total phenols. The phenolic concentration in the 

extracts is expressed in terms of gallic acid equivalent using the Folin-Ciocalteu’s 

reagent. 

4.2.1. Total phenolic content of P. aphylla 

The highest quantity of phenolic content was observed in the EtOAc fraction (186 ± 

1.18 mg GAE/g of extract), while least quantity was found in the n-hexane farction 

(49 ± 0.07 GAE/g of extract). The n-butanol fraction (169 ± 0.06 GAE/g of extract), 

methanol extract (136 ± 0.21 GAE/g of extract), chloroform fraction (74 ± 2.65 

GAE/g of extract) and aqueous fraction (62 ± 1.88 GAE/g of extract) were also found 

to contain a good amount of phenolic compounds (Table 4.1). 

4.2.2. Total phenolic content of F. olivieri 

The highest amount of phenolic contents were found in the aqueous fraction (50 ± 

1.764 mg GAE/g extract), while the least amount was present in the methanol extract 

(16 ± 0.881 mg/g GAE) (Table 4.2). 
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4.3. Total flavonoid content 

The concentration of flavonoids in P. aphylla and F. olivieri extract/fraction was 

measured employing spectrophotometric method with AlCl3. The flavonoid contents 

were expressed in terms of rutin equivalent/g of extract. Flavonoid quantities in the 

studied samples are summarized in Table 4.1 and 4.2. 

4.3.1. Total flavonoid content of P. aphylla 

Total contents of flavonoid in methanol extract and fractions are compiled in Table 

4.1. Highest quantity of flavonoid content was found in n-butanol fraction (85.1667 ± 

0.13 mg/g) followed by methanol (68.291 ± 1.6 mg/g extract), ethyl acetate (58.43 ± 

3.9 mg/g extract), chloroform (37.81 ± 0.01 mg/g extract), aqueous (34.95 ± 1.04 

mg/g extract) and n-hexane (14.458 ± 2.7 mg/g extract). 

4.3.2. Total flavonoid content of F. olivieri 

Total flavonoid contents of different fractions are shown in Table 4.2. The flavonoid 

contents of the extract/fractions in terms of rutin equivalent were between 19 ± 0.529 

to 106 ± 0.892 mg/g extract with the descending order of ethyl acetate > aqueous > n-

butanol > chloroform > methanol > n-hexane.  

4.4. Qualitative studies of phytochemicals 

Qualitative phytochemical screening was carried out on all the considered fractions of 

P. aphylla and F. olivieri to identify the phytochemical classes, i.e. tannins, saponins, 

flavonoids, cardiac glycosides, terpenoids, coumarins, phlobatanins and 

anthraquinones.   

4.4.1. Qualitative screening of P. aphylla 

The phytochemical analysis of P. aphylla crude methanol extract confirmed the 

existence of tannins, saponins, alkaloids, flavonoids, cardiac glycosides and 

terpenoids. However coumarins, phlobatanins and anthraquinones were absent in 

methanol extract (Table 4.3).  

Saponins and alkaloids were found in all derived fractions. Tannins were found in all 

the fractions except n-hexane. Cardiac glycosides and terpenoids were found in all the 

fractions except chloroform and aqueous fraction. Flavonoids were absent from n-

hexane and chloroform fraction. Coumarins, phlobatanins and anthraquinones were 

absent in all the fractions. 
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4.4.2. Qualitative screening of F. olivieri 

The phytochemical analysis conducted on F. olivieri crude methanol extract and 

fractions, i.e. hexane, chloroform, ethyl acetate, butanol and aqueous fraction, 

revealed the presence of tannins, saponins, flavonoids, terpenoids, coumarins, cardiac 

glycosides, alkaloids and phlobatanins (Table 4.4). Saponins and alkaloids were 

present in all the fractions. Terpenoids were absent from chloroform fraction only. 

Flavonoids were found in ethyl acetate, butanol and aqueous fraction. Coumarins 

were present in ethyl acetate and butanol fractions. Cardiac glycosides were found in 

all the fractions except chloroform and n-butanol. Tannins were present in aqueous 

fraction only. Phlobatanins made their presence in ethyl acetate fraction only. 

Anthraquinones were absent in all the fractions (Table 4.4). 

4.5. In vitro antioxidant assays 

The antioxidant activities of extracts were assessed by employing different in vitro 

model systems as follows: 

4.5.1. In vitro antioxidant activities of P. aphylla 

4.5.1.1. DPPH scavenging assay 

In this study, ethyl acetate fraction of P. aphylla showed the highest radical 

scavenging potential (IC50 = 17.1 ± 2.2 μg/ml), whereas the hexane extract showed 

lowest activity (IC50 = 196 ± 1.5 μg/ml). IC50 values for methanol, chloroform, n-

butanol and aqueous extract were: 45.3 ± 0.7, 196 ± 3.5, 32 ± 2.65 and 105 ± 0.29 

μg/ml respectively (Table 4.5 and Fig. 4.1). 

4.5.1.2. Superoxide radical scavenging activity 

Table 4.5 depicts the superoxide radical-scavenging potential of the extracts, using 

riboflavin-NBT-light system in vitro. The highest superoxide radical-scavenging 

activities was found in butanol extract (IC50 = 38.5 ± 0.21 μg/ml). Methanol, ethyl 

acetate, aqueous and chloroform extract/fractions exhibited 59.8 ± 0.51, 69.8 ± 2.8, 

76.5 ± 0.09 and 86.5 ± 0.15 μg/ml IC50 values, respectively. n-Hexane fraction 

showed lowest superoxide radical-scavenging activity (IC50 = 126 ± 0.4 μg/ml) (Fig. 

4.2). 

4.5.1.3. Phosphomolybdenum scavenging assay 

In this study, the phosphomolybdenum reduction potential of different sample extracts 

were in the order of aqueous > methanol > n-butanol > ethyl acetate > chloroform >  
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Table 4.1: Extraction yield and total phenolic and flavonoid content of P. aphylla 

Extract/Fraction Extraction 

yield (%) 

Total phenolics 

(mg gallic acid 

equivalent/g) 

Total flavonoids 

(mg rutin 

equivalent/g) 

Methanol extract 14.86 ± 2.2
f
 136 ± 0.21

d 
68.291 ± 1.6

d
 

n-Hexane fraction 3.56 ± 4.9
b
 49 ± 0.07

a
 14.458 ± 2.7

a
 

Chloroform fraction 7.25 ± 0.1
c
 186 ± 1.18

f
 58.430 ± 3.9

c
 

Ethyl acetate fraction 2.31 ± 0.9
a
 74 ± 2.65

c
 37.819 ± 0.01

b
 

n-Butanol fraction 10.5 ± 2.3
e
 169 ± 0.06

e
 85.1667 ± 0.13

e
 

Aqueous fraction 9.75 ± 0.6
d
  62 ± 1.88

b
 34.958 ± 1.04

b
 

Each value in the table is represented as mean ± SD (n = 3). Means not sharing the 

same letter are significantly different (LSD) at P < 0.01 probability level in each 

column. 

 

 

Table 4.2: Extraction yield and total phenolic and flavonoid content of F. olivieri 

Extract/Fraction Extraction 

yield (%) 

Total phenolics 

(mg gallic acid 

equivalent/g) 

Total flavonoids 

(mg rutin 

equivalent/g) 

Methanol extract 12.56 ± 0.584
f
 16 ± 0.881

a 
32 ± 1.202

b
 

n-Hexane fraction 2.21 ± 0.196
b
 21 ± 0.577

b
 19 ± 0.529

a
 

Chloroform fraction 1.98 ± 0.214
a
 26  ± 0.666

c
 44 ± 1.263

c
 

Ethyl acetate fraction 8.25 ± 0.396
c
 40 ± 1.155

e
 106 ± 0.892

e
 

n-Butanol fraction 9.025 ± 0.247
d
 32 ± 0.873

d
 48 ± 2.517

c
 

Aqueous fraction 10.59 ±  0.353
e
 50 ± 1.764

f
 66 ± 0.333

d
 

Each value in the table is represented as mean ± SD (n = 3). Means not sharing the 

same letter are significantly different (LSD) at P < 0.01 probability level in each 

column. 

 

 

 

 

 



Chapter 4                                                                                                                                 Results 

72 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.3: Phytochemical constituents of P. aphylla methanol extract and its fractions 

Phytochemicals  Extract/Fractions 

PAME PAHE PACE PAEE PABE PAAE 

Tannins + - + + + + 

Saponins + + + + + + 

Flavonoids + - - + + + 

Alkaloids + + + + + + 

Cardiac glycosides + + - + + - 

Terpenoids + + - + + - 

Phlobatannins - - - - - - 

Coumarins - - - - - - 

Anthraquinone - - - - - - 

PAME: P. aphyllai crude methanol extract; PAHE: P. aphylla n-hexane fraction; 

PACE: P. aphylla chloroform fraction; PAEE: P. aphylla ethyl acetate fraction; 

PABE: P. aphylla n-butanol fraction; PAAE: P. aphylla aqueous fraction. 

 

Table 4.4: Phytochemical constituents of F. olivieri methanol extract and its fractions 

Phytochemicals  Extract/Fractions 

FOME FOHE FOCE FOEE FOBE FOAE 

Tannins + - - - - + 

Saponins + + + + + + 

Flavonoids + - - + + + 

Alkaloids + + + + + + 

Cardiac glycosides + + - + - + 

Terpenoids + + - + + + 

Phlobatannins - - - + - - 

Coumarins + - - + + - 

Anthraquinone - - - - - - 

FOME: F. olivieri crude methanol extract; FOHE: F. olivieri n-hexane fraction; 

FOCE: F. olivieri chloroform fraction; FOEE: F. olivieri ethyl acetate fraction; 

FOBE: F. olivieri n-butanol fraction; FOAE: F. olivieri aqueous fraction. 
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n-hexane with the respective values of 64 ± 1.42 > 67.1 ± 2.9 > 77.8 ± 2.77 > 82 ± 2.6 

> 89 ± 1.94 > 104 ± 3.10 μg/ml (Table 4.5). The total antioxidant activity of the 

extract increases linearly with increasing concentration (Fig. 4.3). 

4.5.1.4. Hydroxyl radical scavenging activity 

Table 4.5 depicts the OH scavenging effect of extracts at various dose levels (25, 50, 

100, 150, 200 and 250 μg/ml). The n-butanol extract exhibited the highest OH 

scavenging potential (89 ± 0.74) followed by aqueous (94 ± 0.88), ethyl acetate (104 

± 0.86), chloroform (108 ± 0.05), methanol (115 ± 0.72) and n-hexane (174 ± 4.92 

μg/ml) (Fig. 4.4). 

4.5.1.5. Hydrogen peroxide-scavenging activity 

Scavenging of H2O2 and its percentage inhibition of methanol, n-hexane, ethyl 

acetate, chloroform, n-butanol and aqueous extracts showed IC50 values of 100 ± 1.08 

μg/ml, 155 ± 3.21, 117 ± 5.12, 106 ± 2.13, 87.1 ± 1.19 and 110 ± 3.24 μg/ml, 

respectively (Table 4.5). The extracts showed hydrogen peroxide scavenging ability in 

a concentration dependent manner (Fig. 4.5). 

4.5.1.6. ABTS scavenging assay 

ABTS assay is an exceptional means to measure the antioxidant potential of chain 

breaking and hydrogen donating antioxidants. The effect of crude extract and derived 

fractions on ABTS radical cation scavenging potential is given in Table 4.5. Though 

all the samples showed good ABTS radical scavenging potential, the ethyl acetate 

extract fraction higher value (94 ± 2.76 μg/ml) followed by n-butanol (116 ± 0.42 

μg/ml), methanol (134 ± 1.23μg/ml), chloroform (213 ± 3.45 μg/ml), aqueous (237 ± 

1.56 μg/ml) and n-hexane (348 ± 0.87 μg/ml) (Fig. 4.6). 

4.5.1.7. Reducing power assay 

The reducing ability of the extracts in descending order was methanol > n-butanol > 

aqueous > ethyl acetate > n-hexane >chloroform (Fig. 4.7). 

4.5.1.8. Correlation of phytochemical contents with IC50 values of antioxidant 

activities 

The correlation of phenolic and flavonoid contents with IC50 values was found to be 

significant in DPPH and ABTS assays. Superoxide and hydrogen peroxide 

scavenging activities were significantly correlated with flavonoids only. There was a 

non significant correlation of both phytochemicals with phosphomolybdenum and 

hydroxyl radical activities (Table 4.6). 
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Table 4.5: Antioxidant effects (IC50 μg/ml) of different fractions of P. aphylla 

Extract 

/Fraction 

Scavenging capacity (IC50 μg/ml) for 

DPPH 

radicals 

Superoxide 

radicals 

 

Phospho 

molybdate 

assay 

 

Hydroxyl 

radicals 

 

Hydrogen 

peroxide 

radicals 

 

ABTS 

radicals 

 

FOME 45.3±0.7
c 

59.8±0.5
b 

67.1±2.9
b
 115±0.7

e
 100±1.08

b
 134±1.23

c
 

FOHE >300
f
 126±0.4

f 
104±3.10

f
 174±4.9

f
 155±3.21

f
 348±0.87

f
 

FOCE 17.1±2.2
a 

69.8±2.8
c 

82±2.6
d
 104±0.8

c
 117±5.12

e
 94±2.76

a
 

FOEE 196±3.5
e
 86.5±0.15

e 
89±1.94

e
 108±0.0

d
 106±2.13

c
 213±3.45

d
 

FOBE 32±2.65
b 

38.5±0.21
a 

77.8±2.77
c
 89±0.74

b
 87.1±1.19

a
 116±0.42

b
 

FOAE 105±0.29
d
 76.5±0.0

d 
64±1.42

a
 94±0.88

a
 110±3.24

d
 237±1.56

e
 

Ascorbic acid 19.1±0.13
a
 20.5±1.75

a
 24.5±0.30

a
 32.5±0.2

a
 23.1±1.13

a
 67.1±0.82

a
 

Rutin 18.5±1.04
a
 - 25.8±2.77

a
 - 27.1±2.6

a
 - 

Each value in the table is represented as mean ± SD (n=3). 
a-f

 shows significance at 

P<0.05 probability level. 

 

Table 4.6: Correlation between antioxidant activities and total phenolic and flavonoid 

content of P. aphylla 

Assay Correlation r² 

 Phenolics Flavonoids 

IC50  of scavenging ability on DPPH radicals 
0.6781

a
 0.7432

a 

IC50 of scavenging ability on superoxide 
0.5791 0.9049

b
 

IC50 of phosphomolybdate assay 
0.09661 0.2909 

IC50 of scavenging ability on hydroxyl radicals 
0.2687 0.4680 

IC50 of scavenging ability on hydrogen peroxide 

radicals 
0.3005 0.6993

a
 

IC50 of scavenging ability on ABTS radicals 

 
0.8524

b
 0.8159

a 

Methanol extract and its soluble fractions of P. aphylla were used in the correlation. 
a
 Indicate significance at P < 0.05; 

b
 Indicate significance at P < 0.01. 
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Fig. 4.1: DPPH activity of various fractions of P. aphylla. 
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Fig. 4.2: Superoxide radical scavenging activity of various fractions of P. aphylla.
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Fig. 4.3: Phosphomolybdenum assay of various fractions of P. aphylla.  
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Fig. 4.4: Hydroxyl radical scavenging activity of various fractions of P. aphylla. 
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Fig. 4.5: Hydrogen peroxide radical scavenging activity of various fractions of P. 

aphylla. 
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Fig. 4.6: ABTS radical cation activity of various fractions of P. aphylla. 



Chapter 4                                                                                                                                 Results 

77 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

0 50 100 150 200 250 300
0

1

2

3

PM PHPE PC

PB PA ASA

Concentration g/ml

R
e
d

u
c
in

g
 P

o
w

e
r

 

Fig. 4.7: Reducing power activity of various fractions of P. aphylla. 
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4.5.2. In vitro anti-oxidant studies of F. olivieri 

4.5.2.1. Scavenging of DPPH 

The 50 % inhibition of DPPH radical (IC50) by the various fractions of methanol 

extract was determined (Table 4.7), a lower value would reflect greater antioxidant 

potential of the sample. The highest radical scavenging potential was revealed by the 

aqueous extract (IC50 = 55.7 ± 1.212 μg/ml), whereas the n-hexane extract showed 

lowest activity (IC50 = 227 ± 1.0 μg/ml) (Fig. 4.8). 

4.5.2.2. Superoxide radical-scavenging activity 

The superoxide radical-scavenging potential of the extracts is presented in Table 4.7, 

as determined in vitro by the riboflavin-NBT-light system. The highest scavenging 

activity was observed in aqueous fraction (IC50 = 37.1 ± 0.643 μg/ml). Methanol, 

ethyl acetate, chloroform and butanol extracts exhibited 137.8 ± 2.339, 53.1 ± 1.721, 

85.8 ± 1.091 and 68.5 ± 1.200 μg/ml of IC50 values, respectively. n-Hexane extract 

showed lowest superoxide radical-scavenging activity (IC50 = 159 ± 1.475 μg/ml) 

(Fig. 4.9).  

 4.5.2.3. Phosphomolybdenum assay 

Phosphomolybdenum assay was used to determine the antioxidant ability of the 

extracts. It relies on Mo (IV) reduction to Mo (V) by the sample analyte, leading to 

the formation of green phosphate/Mo (V) compounds with absorption at 695 nm. The 

antioxidant capacity of the extracts decreases in the order ethyl acetate > butanol > 

methanol > aqueous > chloroform > hexane (Table 4.7). There was an increase in 

antioxidant capacity in all the extracts with increase in dose (Fig. 4.10).  

4.5.2.4. Hydroxyl scavenging potential 

The highest OH scavenging potential was shown by ethyl acetate fraction (82 ± 2.603 

μg/ml) followed by aqueous (91 ± 2.186 μg/ml), chloroform (125 ± 1.451 μg/ml), 

butanol (154 ± 0.881 μg/ml), methanol (162 ± 2.404 μg/ml) and hexane (235 ± 1.743 

μg/ml) (Table 4.7 and Fig. 4.11).  

4.5.2.5. Hydrogen peroxide scavenging assay 

Hydrogen peroxide scavenging activity shown by different extracts are as follows: 

methanol (71 ± 1.202 μg/ml), hexane (125 ± 0.819 μg/ml), chloroform (96 ± 0.577 

μg/ml), ethyl acetate (83 ± 1.473 μg/ml), butanol (117 ± 1.155 μg/ml) and aqueous 

(64 ± 1.463 μg/ml) (Table 4.7 and Fig. 4.12).  
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4.5.2.6. ABTS radical scavenging activity 

The scavenging activity of extracts against ABTS radical cation is depicted in Table 

4.7.  The aqueous extract exhibited higher value (90 ± 1.232 μg/ml) followed by ethyl 

acetate (138 ± 1.736 μg/ml), butanol (213 ± 1.458 μg/ml), chloroform (255 ± 2.021 

μg/ml), methanol (269 ± 1.525 μg/ml) and hexane (> 300) (Fig. 4.13). 

4.5.2.7. Reducing power assay 

The reducing ability of the extracts in descending order was aqueous > ethyl acetate > 

n-butanol > methanol > chloroform > n-hexane (Fig. 4.14). 

4.5.2.8. Correlation 

The total phenolic contents were highly correlated (r
2
=0.9413, r

2
=0.8551 and 

r
2
=0.8130) with the antioxidant activities in ABTS, DPPH and the superoxide radical 

methods respectively (Table 4.8). The correlation values were r
2
 = 0.5616, r

2
 = 0.1610 

and r
2
 = 0.1339 with hydroxyl radical, hydrogen peroxide and phosphomolybdenum 

assay respectively. Between the total flavonoids and antioxidant activity, this 

correlation coefficient was found to be r
2
 = 0.7329, r

2
 = 0.7100 for hydroxyl and 

DPPH radicals respectively. For the rest of the antioxidant assays there values were r
2
 

= 0.6253, r
2
 = 0.5373, r

2
 = 0.4562, r

2
 = 0.1991 with superoxide, ABTS, 

phosphomolybdate and hydrogen peroxide respectively (Table 4.8).  

4.6. Anti-bacterial activity 

The antibacterial potential of various extracts of F. olivieri and P. aphylla were tested 

against seven strains of bacterial test organisms. The antibacterial activity of the 

extracts and their potency were quantitatively assessed by determining minimum 

inhibitory concentration (MIC) values. The extracts were tested at various 

concentrations (1-25 mg/ml), and the evaluated MIC values are reported in Table 4.9 

and 4.10. 

4.6.1. MIC value of P. aphylla 

Antibacterial activity exhibited by methanol extract against S. aureus was (MIC=15 

mg/ml), n-butanol (MIC=10 mg/ml) and aqueous fraction (MIC=7 mg/ml) whereas 

the rest of the fractions did not show any activity (Table 4.9). Ethyl acetate and 

chloroform fractions did not show any inhibition against M. luteus. Methanol, n-

butanol, aqueous and n-hexane fraction exhibited the activity against M. luteus with 

MIC values of 15 mg/ml, 7 mg/ml and 5 mg/ml, respectively. The chloroform fraction  
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Table 4.7: Antioxidant effects (IC50) of different fractions of F. olivieri 

Extract 

/Fraction 

Scavenging capacity (IC50 = µg/ml) for 

DPPH 

radicals 

Superoxide 

radicals 

 

Phospho 

molybdate 

assay 

 

Hydroxyl 

radicals 

 

Hydrogen 

peroxide  

 

ABTS 

radicals 

 

FOME 
183±1.528

d 
137.8±2.339

e 
99±2.028

c
 162±2.404

e
 71±1.202

b
 269±1.525

e
 

FOHE 
227± 1.0

f
 159±1.475

f 
167±1.732

f
 235±1.743

f
 125±0.819

f
 >300

f
 

FOCE 
187±1.453

e
 
 

85.8±1.091
d
 
 

124±1.284
e
  125±1.451

c
  96±0.577

d
  255±2.021

d
  

FOEE 
76.5±1.014

c
 53.1±1.721

c 
78±0.883

b
 82±2.603

b
 83±1.473

c
 138±1.736

c
 

FOBE 
132±2.082

d 
68.5±1.200

d 
83±1.856

c
 154±0.881

d
 117±1.155

e
 213±1.458

d
 

FOAE 
55.7±1.212

b
 37.1±0.643

b 
112±2.414

d
 91±2.186

b
 64±1.463

b
 90±1.232

b
 

A. acid 16.5±0.82
a
 21.8±1.36

a
 22.5±0.41

a
 29.1±0.34

a
 23.8±1.21

a
 66.5±0.74

a
 

Rutin 19.8±1.12
a
 - 25.8±2.62

a
 - 28.5±1.26

a
 - 

Each value in the table is represented as mean ± SD (n=3). 
a-f

 shows significance at 

P<0.05 probability level. 

 

Table 4.8: Correlation between antioxidant activites and total phenolic and flavonoid 

content of F. olivieri 

Assay Correlation r² 

 Phenolics Flavonoids 

IC50  of scavenging ability on DPPH radicals 0.8551
b
 0.7100

a 

IC50 of scavenging ability on superoxide 0.8130
a
 0.6253 

IC50 of phosphomolybdate assay 0.1339 0.4562 

IC50 of scavenging ability on hydroxyl radicals 0.5616 0.7329
a
 

IC50 of scavenging ability on hydrogen peroxide 

radicals 

0.1610 0.1991 

IC50 of scavenging ability on ABTS radicals 

 

0.9413
b
 0.5373

 

Methanol extract and its soluble fractions of F. olivieri were used in the correlation.  
a
 Indicate significance at P < 0.05; 

b
 Indicate significance at P < 0.01. 
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Fig. 4.8: DPPH activity of various fractions of F. olivieri.  
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Fig. 4.9: Superoxide radical scavenging activity of various fractions of F. olivieri. 
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Fig. 4.10: Phosphomolybdenum assay of various fractions of F. olivieri. 
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Fig. 4.11: Hydroxyl radical scavenging activity of various fractions of F. olivieri. 
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Fig. 4.12: Hydrogen peroxide radical scavenging activity of various fractions of F. 

olivieri. 
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Fig. 4.13: ABTS radical cation activity of various fractions of F. olivieri. 
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Fig. 4.14: Reducing power activity of various fractions of F. olivieri. 
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failed to produce any activity against E. coli, while the rest of the fractions showed 

good activity against it (MIC=3 mg/ml). All the fractions showed activity against K. 

pneumonia as follows: methanol and n-butanol (MIC=5 mg/ml), n-hexane (MIC=25 

mg/ml), ethyl acetate (MIC=12.5 mg/ml), chloroform (MIC=15 mg/ml) and aqueous 

(MIC=10 mg/ml). Only the n-butanol fraction was active (MIC=3 mg/ml) against the 

B. bronchiseptica. Methanol showed MIC value of 5 mg/ml) and n-butanol (MIC=7 

mg/ml) against E. aerogenes. n-Hexane, ethyl acetate and chloroform fractions did 

not show any activity against P. aeruginosa while methanol, n-butanol and aqueous 

fraction showed MIC values of 10 mg/ml, 15 mg/ml and 25 mg/ml, respectively. 

4.6.2. MIC value of F. olivieri 

Methanol extract exhibited good activity against P. aeruginosa and E. coli (MIC=3 

mg/ml) while moderate activity against M. luteus (MIC=7.5 mg/ml), S. aureus 

(MIC=10 mg/ml) and K. pneumoniae (MIC=12.5 mg/ml); whereas no activity was 

exhibited against other bacteria (Table 4.10). Hexane extract demonstrated good 

results against E. coli (MIC=3 mg/ml), and S. aureus (MIC=5 mg/ml). Moderate 

activity was reported against M. luteus (MIC=7.5 mg/ml), P. aeruginosa and K. 

pneumoniae (MIC=15 mg/ml). Similarly ethyl acetate extract showed good activity 

against E. coli, S. aureus, M. luteus (MIC=3 mg/ml) and K. pneumoniae (MIC=5 

mg/ml); moderate activity against P. aeruginosa (MIC= 12.5 mg/ml) and no activity 

against rest of the strains. Likewise chloroform extract had MIC value of 3 mg/ml 

against E. coli, 7.5 mg/ml against M. luteus and K. pneumoniae while 15 mg/ml 

against P. aeruginosa. MIC value was 5 mg/ml against E. coli and E. aerogenes, 3 

mg/ml against B. bronchiseptica, 10 mg/ml against K. pneumoniae and P. aeruginosa, 

15 mg/ml against M. luteus as shown by n-butanolic fraction. Aqueous fraction was 

active against E. coli (MIC=2 mg/ml), P. aeruginosa (MIC=12.5 mg/ml), M. luteus 

(MIC=15 mg/ml) and K. pneumoniae (MIC=25 mg/ml).   

4.7. Anti-fungal activity 

Crude methanol extracts and their respective fractions from P. aphylla and F. olivieri 

were screened in vitro for their antifungal activity against five strains. The growth 

inhibition was measured and presented in Table 4.11 and 4.12.  
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Table 4.9: The MIC values of P. aphylla crude extract and fractions  

Bacterial strains Minimum Inhibitory Concentration (mg/ml) 

PAME PAHE PACE PAEE PABE PAAE Rox Cef 

S. aureus 15 - - - 10 7 0.2 0.02 

M. luteus 

 

 

15 5 - - 15 7 0.06 0.05 

E. coli 3 3 - 3 3 3 0.14 0.03 

K. pneumoniae 5 25 15 12.5 5 10 0.17 0.13 

B. 

bronchiseptica 
- - - - 3 - 0.14 0.16 

E. aerogenes 5 - - - 7 - 0.16 0.15 

P. aeruginosa 10 - - - 15 25 0.14 0.12 

-: not active; PAME: P. aphylla crude methanol extract; PAHE: P. aphylla n-hexane 

fraction; PACE: P. aphylla chloroform fraction; PAEE: P. aphylla ethyl acetate 

fraction; PABE: P. aphylla n-butanol fraction; PAAE: P. aphylla aqueous fraction; 

Rox: Roxithromycin; Cef: Cefixime. 

Table 4.10: The MIC values of F. olivieri crude extract and fractions  

Bacterial strains Minimum Inhibitory Concentration (mg/ml)   

FOME FOHE FOCE FOEE FOBE FOAE Rox Cef 

S. aureus 10 5 - 3 - - 0.2 0.02 

M. luteus 7.5 7.5 7.5 3 15 15 0.06 0.05 

E. coli 3 3 3 3 5 2 0.14 0.03 

K. pneumoniae 12.5 15 7.5 5 10 25 0.17 0.13 

B. bronchiseptica - - - - 3 - 0.14 0.16 

E. aerogenes - - - - 5 - 0.16 0.15 

P. aeruginosa 3 15 15 12.5 10 12.5 0.14 0.12 

-: not active; FOME: F. olivieri crude methanol extract; FOHE: F. olivieri n-hexane 

fraction; FOCE: F. olivieri chloroform fraction; FOEE: F. olivieri ethyl acetate 

fraction; FOBE: F. olivieri n-butanol fraction; FOAE: F. olivieri aqueous fraction; 

Rox: Roxithromycin; Cef: Cefixime. 
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4.7.1. Anti-fungal activity of P. aphylla 

The ethyl acetate fraction showed 16.66% inhibition against A. niger, while the rest of 

the fractions failed to show activity against it. Highest inhibition in growth of A. 

fumigates was recorded for aqueous fraction (30%) followed by methanol extract  

(26.315%), n-hexane (25%), n-butanol (21.052%), chloroform (17.45%) and ethyl 

acetate (16.66%).  

The n-butanol fraction showed 50% inhibition against F. solani, while the rest of the 

fractions showed the inhibition in the following order: chloroform (25.78%), n-hexane 

(20%), ethyl acetate (18.75%), aqueous (15%) and methanol extract (11.11%). Low 

activity was shown by aqueous (11.11%) and n-butanol (6.25%) against M. pyriformis 

whereas rest of the fractions unable to produce any inhibition in growth. The aqueous 

fraction exhibited maximum protection against A. flavus (70.588%) followed by 

methanol (37.5%), ethyl acetate (22.22%) and chloroform (12.87%). The n-hexane 

and n-butanol did not show any inhibition (Table 4.11). 

4.7.2. Anti-fungal activity of F. olivieri 

The crude methanol extract, hexane, chloroform and ethyl acetate fraction showed 15, 

42.10, 25 and 36.84% inhibition against A. niger respectively, whereas n-butanol and 

aqueous fractions were inactive against this species. Maximum anti-fungal activity 

against A. fumigates was exhibited by n-butanol fraction (41.66%) followed by 

aqueous (35%), chloroform (33.33%), methanol (30.769%), ethyl acetate (25%) and 

n-hexane (16.66%). The crude methanol extract and its fractions inhibited the growth 

of F. solani in the following order: aqueous (55.55%), n-hexane (35%), chloroform 

(30%), methanol (22.22%), n-butanol (15%) and ethyl acetate (5.236%). Low anti-

fungal activity was observed for n-hexane and chloroform fraction (11.764%) while 

the rest of the fractions failed to show antifungal effect against M. pyriformis. The 

ethyl acetate fraction showed highest antifungal activity (78.947%) against A. flavus 

followed by methanol (50%), n-butanol (40%) and n-hexane (31.578%). The 

chloroform and aqueous fraction did not show any activity against it (Table 4.12). 

4.8. Cytotoxicity studies 

The lethality of the extracts of P. aphylla and F. olivieri to brine shrimp was 

determined on A. salina after 24 h of exposure of the samples. The results of the 

extracts and its derived fractions (% mortality at different concentrations and LD50 

values) are shown in Table 4.13 and 4.14. 
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4.8.1. Cytotoxicity studies of P. aphylla 

The crude methanol extract of the plant deciphered very good cytotoxic activity 

(96.66, 86.66 and 60%) with LD50 value of 2.00 mg/ml. The n-hexane fraction 

showed low cytotoxicity (53.33%) at 1000 mg/ml, while 33.33 and 20% was observed 

at 100 and 10 mg/ml, respectively. The LD50 value calculated was 736.396 mg/ml for 

hexane fraction. The chloroform fraction marked good activity at all concentrations 

(63.33, 56.66 and 33.33 at 1000, 100 and 10 mg/ml, respectively). The LD50 was 

84.91 mg/ml. The ethyl acetate fraction exhibited good brine shrimp lethality at 

respective test concentrations that was 76.66, 70 and 30% at 1000, 100 and 10 mg/ml, 

respectively. The LD50 value calculated was 41.599 mg/ml. The butanol fraction of 

the plant exhibited good cytotoxic activity (83.33, 60 and 30%) at respective test 

concentrations. The LD50 value calculated was 51.10 mg/ml. The aqueous fraction 

showed good cytotoxic activity (90, 70 and 30%) at respective concentrations and the 

LD50 was 35.93 mg/ml (Table 4.13). 

4.8.2. Cytotoxicity studies of F. olivieri 

The methanol extract showed cytotoxic activity (56.66, 41.66 and 27.66%) against the 

experimental shrimps, at 1000, 100 and 10 mg/ml, respectively. Different fractions 

exhibited varied cytotoxic activities (Table 4.14). The n-hexane fraction showed 

moderate cytotoxicity (47.66%) at 1000 mg/ml, while low activity (31.33 and 

17.66%) was found at 100 and 10 mg/ml, respectively. The LD50 value calculated was 

1533.02 mg/ml. The chloroform fraction exhibited low activity at all concentrations 

(78.66, 67.66 and 38.66% at 1000, 100 and 10 mg/ml, respectively). The ethyl acetate 

fraction exhibited good brine shrimp lethality at respective test concentrations that 

was: 98.66, 74.33 and 47.66% at 1000, 100 and 10 mg/ml, respectively. Similarly, the 

n-butanolic fraction showed good cytotoxic activity (85.33, 64.33 and 37.66%) at 

respective test concentrations. The aqueous fraction exhibited 72.33, 48.66 and 

28.66% at 1000, 100 and 10 mg/ml, respectively.  

 

 

 

 

 

 

 



Chapter 4                                                                                                                                 Results 

88 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.11: Antifungal activity of the crude extract and various fractions of P. 

aphylla 

Fungal strains Percent inhibition 

Negative 

Control 

(DMSO) 

Positive 

Control 

(Terbinaf

ine) 

PAME PAHE PACE PAEE PABE PAAE 

Aspergillus niger 0 100 0 0 0 16.66 0 0 

Aspergillus fumigates 0 100 26.31 25 17.45 16.66 21.05 30 

Fusarium solani 0 100 11.11 20 25.78 18.75 50 15 

Mucor pyriformis 0 100 0 0 0 0 6.25 11.11 

Aspergillus flavus 0 100 37.5 0 12.87 22.222 0 70.58 

PAME: P. aphyllai crude methanol extract; PAHE: P. aphylla n-hexane fraction; 

PACE: P. aphylla chloroform fraction; PAEE: P. aphylla ethyl acetate fraction; 

PABE: P. aphylla n-butanol fraction; PAAE: P. aphylla aqueous fraction. 

 

Table 4.12: Antifungal activity of the crude extract and various fractions of F. olivieri 

Fungal strains Percent inhibition 

Negative 

Control 

(DMSO) 

Positive 

Control 

(Terbina

fine) 

FOME FOHE FOCE FOEE FOBE FOAE 

Aspergillus niger 0 100 15 42.10 25 36.84 0 0 

Aspergillus fumigates 0 100 30.77 16.66 33.33 25 41.66 35 

Fusarium solani 0 100 22.22 35 30 5.23 15 55.55 

Mucor pyriformis 0 100 0 11.76 11.764 0 0 0 

Aspergillus flavus 0 100 50 31.57 0 78.94 40 0 

F. olivieri crude methanol extract; FOHE: F. olivieri n-hexane fraction; FOCE: F. 

olivieri chloroform fraction; FOEE: F. olivieri ethyl acetate fraction; FOBE: F. 

olivieri n-butanol fraction; FOAE: F. olivieri aqueous fraction. 
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Table 4.13: Illustration of % age mortality of brine shrimps at different 

concentrations of P. aphylla extract/fraction and respective LD50 value 

Extract/fraction Mortality (%) at various concentrations  

1000 mg/ml  100 mg/ml 10 mg/ml  LD50 mg/ml 

PAME 96.66 86.66 60 2.0089 

PAHE 53.33 33.33 20 736.396 

PACE 63.33 56.66 33.33 84.916 

PAEE 76.66 70 30 41.599 

PABE 83.33 60 30 51.103 

PAAE 90 70 30 35.937 

PAME: P. aphyllai crude methanol extract; PAHE: P. aphylla n-hexane fraction; 

PACE: P. aphylla chloroform fraction; PAEE: P. aphylla ethyl acetate fraction; 

PABE: P. aphylla n-butanol fraction; PAAE: P. aphylla aqueous fraction. 

 

Table 4.14: Illustration of % age mortality of brine shrimps at different 

concentrations of extract/fraction and respective LD50 value 

Extract/fraction Mortality (%) at various concentrations  

1000 mg/ml  100 mg/ml 10 mg/ml  LD50 mg/ml 

FOME 56.66 41.66 27.66 356.38 

FOHE 47.66 31.33 17.66 1533.02 

FOCE 78.66 67.66 38.66 26.10 

FOEE 98.66 74.33 47.66 24.07 

FOBE 85.33 64.33 37.66 30.05 

FOAE 72.33 48.66 28.66 101.19 

F. olivieri crude methanol extract; FOHE: F. olivieri n-hexane fraction; FOCE: F. 

olivieri chloroform fraction; FOEE: F. olivieri ethyl acetate fraction; FOBE: F. 

olivieri n-butanol fraction; FOAE: F. olivieri aqueous fraction. 
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4.9. HPLC analysis 

4.9.1. Phenolics and flavonoids profile of P. aphylla extracts by HPLC 

The HPLC pattern of the methanol, ethyl acetate, n-butanol and water extract/fractions of 

P. ahylla are shown in Fig. 4.15-4.18. HPLC analysis revealed the presence of flavonoids 

(rutin, myricetin and catechin), and phenolic acids (gallic acid and caffeic acid) in the 

methanol extract of P. ahylla. The ethyl acetate fraction contained rutin and caffeic acid 

only. Rutin, caffeic acid, myricetin and catechin were observed in n-butanol fraction. The 

aqueous fraction had rutin, gallic acid, caffeic acid and catechin in it (Table 4.16). 

4.9.2. Phenolics and flavonoids profile of F. olivieri extracts by HPLC 

In this study, nine phenolic compounds have been investigated in F. olivieri extract and 

the chromatographic profiles of phenolic acids and flavonoids are presented in Table 

4.16. The HPLC fingerprinting of F. olivieri extract showed the presence of phenolic 

compounds (gallic acid and caffeic acid) and flavonoids (rutin, myricetin and catechin) 

(Table 4.17, Fig. 4.19-4.22). They were identified by comparing their retention time and 

UV spectra to authentic standards analyzed under similar analytical conditions. The 

quantification of these compounds by HPLC is depicted in Table 4.17. The HPLC pattern 

of the methanol, ethyl acetate, n-butanol and water extracts of F. olivieri extract are 

shown in Fig. 4.19-4.22. The crude methanol extract and ethyl acetate fraction contained 

rutin and catechin. The butanol fraction was found to have rutin and gallic acid. Catechin 

and gallic acid were detected in aqueous fraction.   
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Table 4.15: HPLC analysis of standard chemicals 

Phenolic 

compounds 

Retention 

time 

Wavelength LOD 

 g/mL 

Molecular 

Formula 

MW Structure 

Gallic acid 4.4 257 0.017 C7H6O5 170.12 

 

Catechin 8.122 279 0.044 C15H14O6 290.27 

 

Caffeic acid 10.244 325 0.009 C9H8O4 180.16 

 

Rutin 14.349 257 0.022 C27H30O16 610.52 

 

Salicylic 

acid 
16.30 230 - C7H6O3 138.12 

 

Myricetin 17.356 368 - C15H10O8 318.24 

 

Quercetin 20.139 368 0.028 C15H10O7 302.236 

 

Kaempherol 22.811 368 0.031 C15H10O6 286.23 

 

Apigenin 24.142 325 - C15H10O5 270.24 
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Table 4.16: Phenolics and flavonoids composition of P. aphylla fractions by HPLC  

Plant extracts Phenolic 

Compounds 

Retention 

Time (min) 

Wavelength 

(nm) 

Concentration 

(µg/mg dry 

weight) 

PAME 

Rutin 14.349 257 3.831 ± 0.02 

Caffeic Acid 10.244 325 0.06 ± 0.001 

Catechin 8.122 279 0.05 ± 0.001 

PAEE 
Rutin 14.349 257 1.323 ± 0.003 

Caffeic Acid 10.244 325 0.0416 ± 0.001 

PABE 

Rutin 14.349 257 11.950 ± 1.23 

Caffeic Acid 10.244 325 2.78 ± 0.42 

Catechin 8.122 279 4.641 ± 0.89 

Myricetin 17.356 368 0.441 ± 0.001 

PAAE 

Rutin 14.349 257 1.748 ± 0.001 

Gallic Acid 4.4 257 0.080 ± 0.001 

Caffeic Acid 10.244 325 0.044 ± 0.001 

Catechin 8.122 279 0.06 ± 0.001 
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Fig. 4.15: HPLC chromatogram of P. aphylla methanol extract. 

 

 

 

 

Fig. 4.16: HPLC chromatogram of P. aphylla ethyl acetate fraction. 
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Fig. 4.17: HPLC chromatogram of P. aphylla n-butanol fraction. 

 

 

 

 

Fig. 4.18: HPLC chromatogram of P. aphylla aqueous fraction. 
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Table 4.17: Phenolics and flavonoids composition of F. olivieri fractions by HPLC 

Plant extracts Phenolic 

Compounds 

Retention 

Time (min) 

Wavelength 

(nm) 

Concentration 

(µg/mg dry 

weight) 

FOME 

Rutin 14.349 257 2.831 ± 0.001 

Catechin 8.122 279 0.101 ± 0.001 

FOEE 

Rutin 14.349 257 2.145 ± 0.002 

Catechin 8.122 279 0.0768 ± 0.001 

FOBE 

Rutin 14.349 257 0.544 ± 0.003 

Gallic Acid 4.4 257 0.0491 ± 0.002 

FOAE 

Gallic Acid 4.4 257 0.529 ± 0.001 

Catechin 8.122 279 0.824 ± 0.004 
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Fig. 4.19: HPLC chromatogram of F. olivieri methanol extract. 

 

 

 

 

 

 

Fig. 4.20: HPLC chromatogram of F. olivieri ethyl acetate fraction. 
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Fig. 4.21: HPLC chromatogram of F. olivieri n-butanol fraction. 

 

 

 

 

 

Fig. 4.22: HPLC chromatogram of F. olivieri aqueous fraction.  
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4.10. GC-MS analysis 

4.10.1. GC-MS analysis of methanol extract of P. aphylla 

GC-MS analysis was used to detect the compounds present in P. aphylla methanolic 

extract (Fig. 4.23). The retention time (RT), molecular formula, molecular weight 

(MW) and concentration (%) of the active principles in the P. aphylla methanolic 

extract are presented in Tables 4.18 and 4.19. 

The chromatogram shows 30 prominent peaks in the retention time range 7.07 - 40.41 

the peak at 21.65 retention time is having the peak area 13.65. This largest peak is due 

to the presence of Hexadecanoic acid, methyl ester (CAS). The second less prominent 

peak at 31.73 retention time has the peak area 9.41 is due to the presence of 1,1,6-

trimethyl -3-methylene- 2-(3,6,9,13 tetramethyl- 6-ethenye- 10,14-dimethylene-

pentadec-4-enyl) cyclohexane. The third less significant peak at 35.13 retention time 

with the peak area 8.00 is characteristics of 9-Octadecenal, (Z)- (CAS). The fourth 

less prominent peak at 22.31 retention time with the peak area 7.50 is characteristics 

of Pyrrolidine, 1-(6-phenyl-1-cyclohexen-1-yl)- (CAS). The fifth less prominent peak 

at 34.66 retention time with the peak area 5.28 is characteristics of 5 (Dimethylamino) 

-3-ethoxy-5-isopropyl-1-(4'-trifluoromethylphenyl)-2-[2"-(4"'trifluoro-methyl phenyl) 

ethynyl] -1,3-cyclopentadiene. The other less prominent peaks at other retention times 

are given in Table 4.18. 
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Fig. 4.23: GC-MS chromatogram of P. aphylla methanol extract. 
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Table 4.18: Total ionic chromatogram (GC-MS) of P. aphylla  

No RT Name of the compound Molecular 

Formula 
MW 

Peak 

area % 

1 7.07 

Oppovenoside 

Carda-4,20(22)-dienolide,3-[(6-deoxy-

3-O-methyl-à-D-allopyranosyl)oxy]-

1,14-dihydroxy-, (1á,3á)- 

C30H44O9 548 0.96 

2 8.16 Benzamide, 2-methyl-N,N-diallyl- C14H17NO 215 1.55 

3 8.74 
1-trideuteromethyl 4-methyl 

citraconate 
C7H7D3O4 158 1.32 

4 9.45 2-Methoxy-4-vinylphenol C9H10O2 150 2.07 

5 9.97 2-Methoxy-3-methylhydroquinone C8H10O3 154 0.99 

6 12.19 
D-Fructose, 1,3,6-trideoxy-3,6-

epithio- 
C6H10O3S 162 4.04 

7 14.03 
2,6-Dimethyl-3-(methoxymethyl)-p-

benzoquinone 
C10H12O3 180 3.41 

8 15.81 3-Methyl-4-phenylhex-5-en-3-ol C13H18O 190 5.11 

9 17.79 
4-((1E)-3-Hydroxy-1-propenyl)-2-

methoxyphenol 
C10H12O3 180 2.22 

10 18.46 (-)-Loliolide C11H16O3 196 1.16 

11 19.80 
2-(3,4-

Dimethoxyphenyl)tetrahydropyran 
C12H16O3 208 1.19 

12 21.65 
Hexadecanoic acid, methyl ester 

(CAS) 
C17H34O2 270 13.65 

13 22.31 
Pyrrolidine, 1-(6-phenyl-1-

cyclohexen-1-yl)- (CAS) 
C16H21N 227 7.50 

14 22.81 3,5-Dimethoxy-p-coumaric alcohol C11H14O4 210 4.39 

15 24.59 4,5-Dimethoxy-3-hydroxy-2-

vinylbenzoic acid methylester 
C12H14O5 238 0.96 

16 25.09 
Naphthalene,1-[1-(3-

cyclohexylpropyl)undecyl]decahydro- 

(CAS) 

C30H56 416 1.35 

17 28.46 
5,6-Dideoxy-1,2-O-isopropylidene-3-

O-(2-bromo-4,5-dimethoxybenzyl)-

à,D-ribo-hex-5-enofuranoside 

C18H23BrO6 414 1.01 

18 29.77 Docosane (CAS) C22H46 310 2.09 

19 31.07 1-Phenanthrenecarboxylic C21H30O2 314 1.84 
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acid,1,2,3,4,4a,9,10,10a-octahydro-

1,4a-dimethyl-7-(1-methylethyl)-, 

methyl ester, [1R-(1à,4aá,10aà)]- 

(CAS) 

20 31.34 1,2-Benzenedicarboxylic acid, bis(2-

ethylhexyl) ester(CAS) 
C24H38O4 390 3.24 

21 31.73 

1,1,6-trimethyl-3-methylene-2-

(3,6,9,13-tetramethyl-6-ethenye-

10,14-dimethylene-pentadec-4-

enyl)cyclohexane 

C33H56 452 9.41 

22 32.13 Vitamin E C29H50O2 430 1.41 

23 32.60 

1-tert-Butyl-3-(dimethylamino)-4-[á.-

[[[(ethoxycarbonyl)methyl]amino]-à-

(methoxycarbonyl)-á-

(methylthio)vinyl]-2-thiomaleimide 

C19H29N3O5S2 443 1.44 

24 33.70 á,.Psi.-Carotene,3',4'-didehydro-1',2'-

dihydro-1',2'-dihydroxy-, (2'R)- 
C40H56O2 568 3.22 

25 34.66 

5-(Dimethylamino)-3-ethoxy-5-

isopropyl-1-(4'-

trifluoromethylphenyl)-2-[2"-(4-"'-

trifluoromethylphenyl)ethynyl]-1,3-

cyclopentadiene 

C28H27F6NO 507 5.28 

26 35.13 9-Octadecenal, (Z)- (CAS) C18H34O 266 8.00 

27 35.58 2Alpha-hydroxycholest-4-en-3-one C27H44O2 400 4.06 

28 37.00 03027205002 Flavone 4'-OH,5-OH,7-

DI-O-Glucoside 
C27H30O15 594 3.83 

29 39.22 Morphinan-4,5-epoxy-3,6-di-ol,6-[7-

nitrobenzofurazan-4-yl]amino- 
C26H27N5O6 505 1.06 

30 40.41 N-methyldeacetylcolchicine C21H25NO5 371 2.24 
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Table 4.19: Structure of phytocomponents identified in the methanol extract of P. 

aphylla 

 

No Name of the compound Probability Common name Structure 

1 

OPPOVENOSIDE 

Carda-4,20(22)-dienolide, 

3-[(6-deoxy-3-O-methyl-

à-D-allopyranosyl)oxy]-

1,14-dihy 

droxy-, (1á,3á)- 

6.80 - 

 

2 
Benzamide, 2-methyl-

N,N-diallyl- 
7.51 

N,N-Diallyl-2-

methylbenzamide 
 

3 
1-trideuteromethyl 4-

methyl citraconate 
26.69 

Citraconate, 4-

methyl-, 1-

trideuteromethyl  

4 2-Methoxy-4-vinylphenol 30.62 
Phenol, 4-ethenyl-

2-methoxy-  

5 
2-Methoxy-3-

methylhydroquinone 
21.15 

2,4-

Dimethoxyphenol 

 

6 
D-Fructose, 1,3,6-

trideoxy-3,6-epithio- 
6.95 

3,6-Anhydro-1-

deoxy-3-thiohex-

2-ulose  

7 

2,6-Dimethyl-3-

(methoxymethyl)-p-

benzoquinone 

36.90 

2,5-

Cyclohexadiene-

1,4-dione, 2-

(methoxymethyl)-

3,5-dimethyl- 

(CAS) 
 

8 
3-Methyl-4-phenylhex-5-

en-3-ol 
18.95 - 

 

9 
4-((1E)-3-Hydroxy-1-

propenyl)-2-
64.57 

(E)-Conipheryl 

alcohol  
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methoxyphenol 

10 (-)-Loliolide 84.65 

2(4H)-

Benzofuranone, 

5,6,7,7a-

tetrahydro-6-

hydroxy-4,4,7a-

trimethyl-, (6S-

cis)- (CAS) 

 

11 

2-(3,4-

Dimethoxyphenyl)tetrahy

dropyran 

19.97 - - 

12 
Hexadecanoic acid, 

methyl ester (CAS) 
35.59 Methyl palmitate  

13 

Pyrrolidine, 1-(6-phenyl-

1-cyclohexen-1-yl)- 

(CAS) 

10.90  

3-phenyl-2-(1-

pyrrolidinyl)-1-

cyclohexene  

14 
3,5-Dimethoxy-p-

coumaric alcohol 
45.24 - 

 

15 
4,5-Dimethoxy-3-

hydroxy-2-vinylbenzoic 

acid methyl ester 

77.03 - 
 

16 
Naphthalene,1-[1-(3-

cyclohexylpropyl)undecyl

]decahydro- (CAS) 

11.58 

1-cyclohexyl-4-(1-

decahydronaphthyl

)tetradecane 
 

17 

5,6-Dideoxy-1,2-O-

isopropylidene-3-O-(2-

bromo-4,5-

dimethoxybenzyl)-à,D-

ribo-hex-5-enofuranoside 

29.73 - - 

18 Docosane (CAS) 9.29 n-Docosane 
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19 

1-Phenanthrenecarboxylic 

acid,1,2,3,4,4a,9,10,10a-

octahydro-1,4a-dimethyl-

7-(1-methyl ethyl)-, 

methyl ester, [1R-

(1à,4aá,10aà)]- (CAS) 

25.01 
Methyl 

dehydroabietate 

 

20 
1,2-Benzenedicarboxylic 

acid, bis(2-ethylhexyl) 

ester (CAS) 

21.28 
Bis(2-ethylhexyl) 

phthalate 

 

21 

1,1,6-trimethyl-3-

methylene-2-(3,6,9,13-

tetramethyl-6-ethenye-

10,14-dimethylene-

pentadec-4-

enyl)cyclohexane 

5.87 - 
 

22 
Vitamin E 

 
25.27 Alpha-tocopherol 

 

23 

1-tert-Butyl-3-

(dimethylamino)-4-[á.-

[[[(ethoxycarbonyl) 

methyl]amino]-à-

(methoxycarbonyl)-á-

(methylthio)vinyl]-2-

thiomaleimide 

13.26 - 

 

24 
á,.Psi.-Carotene, 3',4'-

didehydro-1',2'-dihydro-

1',2'-dihydroxy-, (2'R)- 

16.05 

ç-Carotene, 3',4'-

didehydro-1',2'-

dihydro-1',2'-

dihydroxy- 

 

25 

5-(Dimethylamino)-3-

ethoxy-5-isopropyl-1-(4'-

trifluoromethylphenyl)-2-

[2"-(4-"'-

trifluoromethylphenyl)eth

ynyl]-1,3-cyclopentadiene 

9.58 - 

 

26 
9-Octadecenal, (Z)- 

(CAS) 
12.82  Olealdehyde 

 

27 
2Alpha-hydroxycholest-4-

en-3-one 
7.08 

2-Hydroxycholest-

4-en-3-one  

28 03027205002 FLAVONE 

4'-OH,5-OH,7-DI-O-
17.78 - - 
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GLUCOSIDE 

29 

Morphinan-4,5-epoxy-3,6-

di-ol,6-[7-

nitrobenzofurazan-4-

yl]amino- 

7.92 - 

 

30 
N-

methyldeacetylcolchicine 
9.49 Demecolcine 
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4.10.2. GC-MS analysis of methanol extract of F. olivieri 

The GC-MS analysis of F. olivieri methanolic extract discovered the existence of 30 

phytochemical constituents (Fig. 4.24) that could contribute to the therapeutic 

potential of the plant. The phytochemical constituents were identified on the basis of 

retention time (RT), molecular formula and peak area. The retention time, molecular 

formula, molecular weight (MW) and peak area (%) of active principles are given in 

(Table 4.20). 

The prevailing compounds were Methyl 1-(but-2'-en-1'-yl)-6,7-(dimethoxy) 

isoquinoline-3-carboxylate (71.89%), ethyl hydrogen P,5'-anhydro-2',3'-O-

isopropylideneadenosine-8-phosphonate (7.64%), 2-Bromo-5-(3,5-di-tert-butyl-4 

(trimethylsiloxy)phenyl)furan (3.33%) and [1]Benzothieno[2',3'-3,4]thieno[3'',2''-

7,8]cycloocta[1,2-b:5,6-b']diquinoxaline (3.25%). 

The first compound  identified with less retention time (8.19 min) was Benzofuran, 

2,3-dihydro- (CAS), while 2,9-bis(2',6'-dimethoxyphenyl)-1,10-phenanthroline had 

long retention time (40.15 min). The phytochemical constituents identified through 

GC-MS analysis are listed in Table 4.20. 
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Fig. 4.24: GC-MS chromatogram of F. olivieri methanol extract. 
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Table 4.20: Total ionic chromatogram (GC-MS) of F. olivieri  

No RT Name of the compound Molecular 

Formula 

MW Peak 

area % 

1 8.19 Benzofuran, 2,3-dihydro- (CAS) C8H8O 120 0.17 

2 9.50 2-Methoxy-4-vinylphenol C9H10O2 150 0.40 

3 10.84 
2-Mehyl-4,5-

dihydroxybenzaldehyde 
C8H8O3 152 0.17 

4 12.43 2-Methylphenyl-N-methylcarbamate C9H11NO2 165 0.25 

5 13.34 Benzoic acid, 4-ethoxy-, ethyl ester C11H14O3 194 0.41 

6 14.08 
2,6-Dimethyl-3-(methoxymethyl)-p-

benzoquinone 
C10H12O3 180 0.33 

7 15.46 Hexadecamethylcyclooctasiloxane C16H48O8Si8 592 0.16 

8 16.07 
Cyclohexane, 1,3,5-trimethyl-2-

octadecyl- (CAS) 
C27H54 378 0.25 

9 17.84 
4-((1E)-3-Hydroxy-1-propenyl)-2-

methoxyphenol 
C10H12O3 180 0.83 

10 20.10 
ethyl hydrogen P,5'-anhydro-2',3'-O-

isopropylideneadenosine-8-

phosphonate 

C15H20N5O6P 397 7.64 

11 21.68 
Hexadecanoic acid, methyl ester 

(CAS) 
C17H34O2 270 0.45 

12 21.98 Cholest-5-ene-1á,3á,16á,26-tetrol C27H46O4 434 0.52 

13 22.36 Hexadecanoic acid (CAS) C16H32O2 256 0.56 

14 22.89 
1-Methyl-8-phenyl-3,4-

dihydropyrrolo[1,2-a]pyrazine 
C14H14N2 210 0.18 

15 24.97 1,4-Dimethyladamantane # C12H20 164 0.49 

16 26.08 2-Bromo-5-(3,5-di-tert-butyl-4-

(trimethylsiloxy)phenyl)furan 
C21H31BrO2Si 422 3.33 

17 26.40 Olean-13(18)-ene (CAS) C30H50 410 1.48 

18 27.61 
Stigmasta-5,24(28)-dien-3-ol, 

(3á,24Z)- 
C29H48O 412 1.22 

19 28.52 
2,3-bis(3',4'-Dimethoxyphenyl)-5,6-

difluorobenzo[b]furan 
C24H20F2O5 426 0.22 

20 29.94 Thalicpureine C22H27NO5 385 0.11 
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21 30.66 
1-(2',3'-Dimethoxyphenyl)-3-

(ethoxycarbonyl)-5,6,7-

tris(methoxy)isoquinoline 

C23H25NO7 427 1.30 

22 31.13 
Phthalic acid, 2-ethylcyclohexyl 

octyl ester 
C24H36O4 388 0.15 

23 31.41 
Methyl 1-(but-2'-en-1'-yl)-6,7-

(dimethoxy)isoquinoline-3-

carboxylate 

C17H19NO4 301 71.89 

24 32.89 
[1]Benzothieno[2',3'-

3,4]thieno[3'',2''-7,8]cycloocta[1,2-

b:5,6-b']diquinoxaline 

C28H14N4S2 470 3.25 

25 33.77 Ethyl 2,2-dimethyl-4-oxo-5,6,6-

tris(phenylthio)hex-5-enoate 
C28H28O3S3 508 0.70 

26 34.66 
5à,14á-Pregn-16-en-20-one, 

3á,14,15à-trihydroxy- 
C14H20N2O4S 312 0.25 

27 35.58 

4aà,4bá-Gibbane-1à,10á-

dicarboxylic acid, 4a-formyl-2á,7-

dihydroxy-1-methyl-8-methylene-

,dimethyl ester 

C22H30O7 406 0.40 

28 36.76 

á-D-Glucopyranosiduronic acid, 3-

(5-ethylhexahydro-2,4,6-trioxo-5-

pyrimidinyl)-1,1-dimethylpropyl 

2,3,4-tris-O-(trimethylsilyl)-, methyl 

ester 

C27H52N2O10Si3 648 0.14 

29 38.56 Methyl 2-malonamoyl-1,8,9-

trimethoxyanthracene-3-acetate 
C23H23NO7 425 1.30 

30 40.15 
2,9-bis(2',6'-dimethoxyphenyl)-1,10-

phenanthroline 
C28H24N2O4 452 1.45 
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Table 4.21: Structure of phyto components identified in the methanolic extract of F. 

olivieri 

No Name of the compound Probability Common Name Structure 

1 Benzofuran, 2,3-dihydro- (CAS) 15.40 
2,3-

Dihydrobenzofuran 

 

2 2-Methoxy-4-vinylphenol 17.60 
Phenol, 4-ethenyl-

2-methoxy-  

3 
2-Mehyl-4,5-

dihydroxybenzaldehyde 
48.73 

Benzaldehyde, 4,5-

dihydroxy-2-

methyl- (CAS) 
 

4 
2-Methylphenyl-N-

methylcarbamate 
8.12 

2-Methylphenyl 

methylcarbamate 
 

5 
Benzoic acid, 4-ethoxy-, ethyl 

ester 
75.91 

Benzoic acid, p-

ethoxy-, ethyl ester 

 

6 
2,6-Dimethyl-3-

(methoxymethyl)-p-benzoquinone 
36.24 

2,5-

Cyclohexadiene-

1,4-dione, 2-

(methoxymethyl)-

3,5-dimethyl- 

(CAS) 
 

7 
Hexadecamethylcyclooctasiloxan

e 
85.16 

Cyclooctasiloxane, 

hexadecamethyl- 

(CAS) 

 

8 
Cyclohexane, 1,3,5-trimethyl-2-

octadecyl- (CAS) 
17.81 

1,3,5-Trimethyl-4-

n-

octadecylcyclohexa

ne 
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9 
4-((1E)-3-Hydroxy-1-propenyl)-

2-methoxyphenol 
85.52 - 

 

10 
ethyl hydrogen P,5'-anhydro-2',3'-

O-isopropylideneadenosine-8-

phosphonate 

63.14 - 

 

11 
Hexadecanoic acid, methyl ester 

(CAS) 
59.15 Methyl palmitate  

12 Cholest-5-ene-1á,3á,16á,26-tetrol 95.26 

Cholest-5-ene-

1,3,16,26-tetrol, 

(1á,3á,16á)- (CAS)  

13 Hexadecanoic acid (CAS) 67.29 Palmitic acid 
 

14 
1-Methyl-8-phenyl-3,4-

dihydropyrrolo[1,2-a]pyrazine 
26.55 - 

 

15 1,4-Dimethyladamantane # 11.15 

1,4-

dimethyladamantan

e, stereoisomer 
 

16 2-Bromo-5-(3,5-di-tert-butyl-4-

(trimethylsiloxy)phenyl)furan 
40.35 - 

 

17 Olean-13(18)-ene (CAS) 7.20 
Delta.13(18)-

oleanene 

 

18 
Stigmasta-5,24(28)-dien-3-ol, 

(3á,24Z)- 
46.30 

Stigmasta-

5,24(28)-dien-3á-

ol, (Z)- 
 

19 
2,3-bis(3',4'-Dimethoxyphenyl)-

5,6-difluorobenzo[b]furan 
93.34  
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20 Thalicpureine 20.37 

N-Methyl-

2,3,4,6,7-

pentamethoxy-

phenanthrene 
 

21 
1-(2',3'-Dimethoxyphenyl)-3-

(ethoxycarbonyl)-5,6,7-

tris(methoxy)isoquinoline 

42.41 - 

 

22 
Phthalic acid, 2-ethylcyclohexyl 

octyl ester 
51.14 - 

 

23 
Methyl 1-(but-2'-en-1'-yl)-6,7-

(dimethoxy)isoquinoline-3-

carboxylate 

48.12 - 

 

24 

[1]Benzothieno[2',3'-

3,4]thieno[3'',2''-

7,8]cycloocta[1,2-b:5,6-

b']diquinoxaline 

74.03 

[1]Benzothieno[2',3

':3,4]thieno[3',2':7,

8]cycloocta[1,2-

b:5,6-b']diqu 

inoxaline (CAS) 

 

25 Ethyl 2,2-dimethyl-4-oxo-5,6,6-

tris(phenylthio)hex-5-enoate 
86.59 

5-Hexenoic acid, 

2,2-dimethyl-4-

oxo-5,6,6-

tri(phenylthio)-, 

ethyl ester (CAS) 

 

26 
5à,14á-Pregn-16-en-20-one, 

3á,14,15à-trihydroxy- 
6.71  

 

27 

4aà,4bá-Gibbane-1à,10á-

dicarboxylic acid, 4a-formyl-

2á,7-dihydroxy-1-methyl-8-

methylene-, dimethyl ester 

5.83 

Dimethyl 4a-

formyl-2,7-

dihydroxy-1-

methyl-8-

methylenegibbane-

1,10-dicarboxylate 
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28 

á-D-Glucopyranosiduronic acid, 

3-(5-ethylhexahydro-2,4,6-trioxo-

5-pyrimidinyl)-1,1-

dimethylpropyl 2,3,4-tris-O-

(trimethylsilyl)-, methyl ester 

17.82 - 

 

29 Methyl 2-malonamoyl-1,8,9-

trimethoxyanthracene-3-acetate 
29.19 

2-Anthraceneacetic 

acid, 3-(3-amino-

1,3-dioxopropyl)-

4,5,10-trimethoxy-, 

methyl ester (CAS) 

 

30 
2,9-bis(2',6'-dimethoxyphenyl)-

1,10-phenanthroline 
19.47 - 
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4.11. Isolation of antibacterial compound from F. olivieri 

The antimicrobial potential of crude extracts of F. olivieri was studied against 

different bacteria. The results of the antibacterial activities were used for 

antimicrobial screening. Antibacterial potential of crude aqueous extract and fractions 

was assessed in terms of zone of inhibition of bacteria growth.  

The aqueous extract has shown more sensitivity to Staphylococcus aureus 

(Methiacillin Resistant), the growth inhibition zone measured ranged from 6-7 mm for 

the bacteria (Table 4.22). Results showed that F. olivieri was effective against this 

microbe and hence the plant was selected for compound isolation. 

All NMR measurements were recorded employing Bruker Avance-400 MHz NMR 

spectrometer at Departments of Chemistry and Earth and Ocean Sciences, University 

of British Columbia, Vancouver, British Columbia, Canada. Structures of compounds 

were assigned with the help of David Williams, Research Associate, Department of 

chemistry, UBC, Vancouver, Canada. 

Structural assignments were based on spectra resulting from one or more of the 

following one or two dimensional NMR experiments: 
1
H, 

13
C, 

1
H-

13
C heteronuclear 

single quantum correlation (HSQC),
 1

H-
13

C heteronuclear multiple bond correlation 

(HMBC), 
1
H‐1

H correlation spectroscopy (COSY) and transverse rotating-frame 

overhauser enhancement spectroscopy  (TROESY). Spectra of pure compound were 

processed by using Bruker 1D-NMR or 2D-NMR software. The compound structure 

was confirmed by comparison of their spectroscopic data with reference data from 

available literature. MS spectrum was also recorded to confirm the molecular weight 

of the compound. 

4.11.1. Structure elucidation of FOAq-C-A-3 

NMR spectra (1H, 13C) of the compound FOAq-C-A-3 was recorded to propose the 

structure of purified compound and MS spectrum was recorded for the confirmation 

of molecular weight of the compounds. Compound FOAq-C-A-3 was isolated as 

colourless crystals, and its molecular mass was determined to be 256.21 (Fig. 4.26). It 

was piscidic acid, (a known compound belonging to family of Phenylpyruvic 

Acid Derivatives) and was also found in F. olivieri. To the best of our knowledge, 

piscidic acid has been isolated for the first time from F. olivieri. 
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A combination of mass spectrometry and NMR spectroscopy (Bruker AVANCE (400 

MHz NMR) were used to identify the compound. The compound structure was 

confirmed by comparison of its chemical and spectroscopic properties reported in the 

literature and which are detailed below:  

Piscidic acid is isolated as colourless crystals and has the molecular formula of 

C11H12O7 (m/z 256.21) as suggested by mass spectral data. The melting point of 

piscidic acid is 186-187 °C and the structural analysis showed that it possessed the 

exact mass of 256.058302738. The piscidic acid data was consistent to the reported 

literature values as reported by Bridge et al., (1948) and Yim et al., (2012). 

1
H and 

13
C NMR data is given below: 

1
H-NMR (600 MHz, in DMSO-d6): δ 3.15 (1H, d, J = 16.8 Hz, H-4), 3.21 (1H, d, J = 

16.8 Hz, H-4), 5.07 (1H, s, H-2), 7.65 (2H, d, J = 9.9 Hz, H-3', 5’), 8.05 (2H, d, J = 

9.9 Hz, H-2', 6’). 

13
C-NMR (600 MHz, in DMSO-d6): δ 172.8 (C-1), 74.9 (C-2), 79.8 (C-3), 40.8 (C-4), 

173.9 (C-5), 126.6 (C-1'), 131.3 (C-2, 6'), 114.6 (C-3', 5'), 155.8 (C-4').  

1
H NMR spectrum of Piscidic acid is given in Fig. 4.27. 

13
C NMR spectrum is given 

in Fig. 4.28. HMBC, HSQC, T-ROESY, COSY, 
15

N-HMQC and 
15

N-HSQC NMR 

spectra are shown in Fig. 4.29, 4.30, 4.31, 4.32, 4.33 and 4.34, respectively.  
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Table 4.22: Antimicrobial activity of fractions of F. olivieri against Staphylococcus 

aureus (Methiacillin Resistant) 

Fractions Zone of inhibition in milimeter 

FO Aq crude 6 mm 

FO Aq. A 0 

FO Aq. B 0 

FO Aq. C 2 ft 

FO Aq. D 0 

FO Aq C. A 7 mm 

FO Aq C. B 0 

FO Aq C. C 2 ft 

FO Aq C. D 3 

FO Aq C. E 0 ft 

FO Aq C. F 0 

Blank 0 

Rifamycin 18 mm 

 

* ft. means that the inhibition zone is being overgrown (inhibition is temporary). 

 

                                              

  Fig. 4.25: Structure of Piscidic acid. 
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Fig. 4.26: Schematic representation of isolation and purification of Piscidic acid. 
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Fig. 4.27: 
1
H NMR spectra (600 MHz, in DMSO-d6) of Piscidic acid. 
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Fig. 4.28: 
13

C NMR spectra (600 MHz, in DMSO-d6) of Piscidic acid. 
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Fig. 4.29: HMBC (600 MHz, in DMSO-d6) of Piscidic acid. 
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Fig. 4.30: HSQC (600 MHz, in DMSO-d6) of Piscidic acid. 
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Fig. 4.31: T-ROESY (600 MHz, in DMSO-d6) of Piscidic acid. 
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Fig. 4.32: COSY (600 MHz, in DMSO-d6) of Piscidic acid. 
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Fig. 4.33: 
15

N-HMQC (600 MHz, in DMSO-d6) of Piscidic acid. 
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Fig. 4.34: 
15

N-HSQC (600 MHz, in DMSO-d6) of Piscidic acid. 
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4.12. Anti-inflammatory activity (Carrageenan induced paw edema) 

The methanol, ethyl acetate, n-butanol and aqueous extracts of P. aphylla and F. 

olivieri were investigated at a dose of 400 mg/kg for in vivo anti-inflammatory 

assessment.  

4.12.1. Anti-inflammatory activity of P. aphylla 

The effect of methanol extract and different fractions of P. aphylla in carrageenan 

induced paw edema in rats is depicted in Table 4.23 and 4.24. The methanol extract of 

P. aphylla showed 61.10 % inhibition of edema formation after 4 h injection of 

carrageenan comparatively to the control rats. Diclofenac Potassium (10 mg/kg bw) 

inhibited the edema volume by 46.59 %. Aqueous fraction produced 29.50 % of 

inhibition. n-Butanol extract produced 63.12 % of inhibition and is also high as 

compared to the reference drug. Ethyl acetate fraction showed only 5.84 % inhibition. 

It was lower compared to the reference drug (Fig. 4.35). 

4.12.2. Anti-inflammatory activity of F. olivieri 

The effect of different extract/fractions of F. olivieri on carrageenan induced paw 

edema is depicted in Tables 4.25 and 4.26. The ethyl acetate extract showed highest 

inhibition (25.516 %) among all the extracts compared to the control rats. The 

standard drug Diclofenac Potassium (10 mg/kg bw) showed 35.106 % inhibition. The 

aqueous and n-butanol fractions produced 21.512 and 10.983 % inhibition 

respectively. The least value of inhibition was shown by methanol extract (3.853 %) 

(Fig. 4.36). 

4.13. Anti-depressant activity (Forced swim test) 

The effect of extracts of P. aphylla and F. olivieri (400 mg/kg) in forced swim test in 

rats is shown in Table 4.27. 

4.13.1. Anti-depressant activity of P. aphylla 

The present findings suggested that methanol extract reduced the immobility time by 

63.20 ± 0.58 seconds when administered at an acute dose of 400 mg/kg (P < 0.001) in 

comparison to the immobility time of control i.e. 136.00 ± 0.58 sec. Ethyl acetate, n-

butanol and aqueous extracts showed a reduction in immobilization time at an acute 

dose of 400 mg/kg (P < 0.001) the mean immobility time was 120.33 ± 0.55, 76.67 ± 

0.52 and 108.47 ± 0.69 sec respectively. The methanol extract of the plant has shown 

the best results when it was compared with control and standard. The decrease in the 

immobility time was better than that of the standard i.e. 47.667 ± 0.66 sec (Table 

4.27) (Fig. 4.37). 
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4.13.2. Anti-depressant activity of F. olivieri 

The effects of methanol extract and fractions of F. olivieri on active behavior in the 

FST of rats are given in Table 4.27. The reduction in immobility time shown by 

extracts is in the following order: ethyl acetate > aqueous > n-butanol > methanol. 

The flouxetine (10 mg/kg bw) showed 49.213 ± 0.30 sec reduction in immobility time 

(Fig. 4.38). 
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Table 4.23: Effect of methanol extract and fractions of P. aphylla on carrageenan 

induced paw edema in rats 

Extract/Fraction Mean increase in paw volume at various times intervals (ml) 

1 h 2 h 3 h 4 h 

PAME 0.148 ± 0.06
a
 0.058 ± 0.06

a
 0.041 ± 0.05

a
 0.033 ± 0.02

a
 

PAEE 0.162 ± 0.09 0.174 ± 0.02 0.186 ± 0.05
b
 0.191 ± 0.05 

PABE 0.035 ± 0.08
a
 0.076 ± 0.02

a
 0.080 ± 0.10

a
 0.092 ± 0.10

a
 

PAAE 0.074 ± 0.04
a
 0.124 ± 0.08

b
 0.150 ± 0.11

a
 0.195 ± 0.15 

Diclofenac   0.116 ± 0.09
a
 0.021 ± 0.08

a
 0.151 ± 0.06

a
 0.115 ± 0.05

a
 

Control 0.170 ± 0.10 0.189 ± 0.04 0.195 ± 0.02 0.204 ± 0.02 

Values are expressed as mean ± SEM (06). Statistically significant when compared to 

control. 
a
 P < 0.001; 

b
 P < 0.05.  

 

 

 

Table 4.24: Percentage inhibition of paw edema exhibited by methanol extract and 

fractions of P. aphylla 

Extract/Fraction Percentage inhibition (%) at various time intervals 

1 h 2 h 3 h 4 h Mean 

PAME 12.41 69.31 78.98 83.70 61.10 

PAEE 4.58 7.72 4.55 6.50 5.84 

PABE 79.08 59.43 59.10 54.89 63.12 

PAAE 56.21 34.17 23.31 4.30 29.50 

Diclofenac 31.35 88.83 22.75 43.44 46.59 
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Table 4.25: Effect of methanol extract and fractions of F. olivieri on carrageenan 

induced paw edema in rats 

Extract/Fraction Mean increase in paw volume at various times intervals (ml) 

1 h 2 h 3 h 4 h 

FOME 0.789 ± 0.03 0.856 ± 0.06 0.892 ± 0.05 0.913 ± 0.05 

FOEE 0.551 ± 0.02
a
 0.616 ± 0.08

b
 0.726 ± 0.03

b
 0.791 ± 0.04

a
 

FOBE 0.656 ± 0.04
b
 0.767 ± 0.02

b
 0.870 ± 0.10 0.912 ± 0.15 

FOAE 0.604 ± 0.06
b
 0.662 ± 0.07

b
 0.714 ± 0.11

b
 0.816 ± 0.16

b
 

Diclofenac 0.412 ± 0.09
a
 0.525 ± 0.05

a
 0.6521 ± 0.08

a
 0.761 ± 0.02

a
 

Control 0.815 ± 0.08 0.878 ± 0.03 0.9416 ± 0.02 0.952 ± 0.05 

Values are expressed as mean ± SEM (06). Statistically significant when compared to 

control. 
a
 P < 0.001; 

b
 P < 0.05 

 

Table 4.26: Percentage inhibition of paw edema exhibited by methanol extract and 

fractions of F. olivieri 

 

Extract/Fraction Percentage inhibition (%) at various time intervals 

1 h 2 h 3 h 4 h Mean 

FOME 3.19 2.85 5.26 4.10 3.85 

FOEE 32.39 29.84 22.89 16.93 25.51 

FOBE 19.50 12.64 7.56 4.22 10.98 

FOAE 25.88 24.60 21.24 14.32 21.51 

Diclofenac 49.44 40.20 30.71 20.06 35.10 

 

 

 

 

 



Chapter 4                                                                                                                                Results 

130 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

M
et

han
ol

E
th

yl
 a

ce
ta

te

n-B
uta

nol

A
queo

us

D
ic

lo
fe

nac

0

20

40

60

80

Methanol
Ethyl acetate

n-Butanol

Aqueous

Diclofenac

P. aphylla

P
e
rc

e
n

ta
g

e
 i

n
h

ib
it

io
n

 (
%

)

 

Fig. 4.35: Anti-inflammatory activity of various fractions of P. aphylla. 
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Fig. 4.36: Anti-inflammatory activity of various fractions of F. olivieri. 

 

 

 



Chapter 4                                                                                                                                Results 

131 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.27: Effect of P. aphylla and F. olivieri on immobility time in rats 

Drug  Dose (mg/kg) Immobility period (seconds) 

  P. aphylla F. olivieri 

Control - 136.00 ± 0.58 143.00 ± 0.47 

Methanol 

extract 

400 63.20 ± 0.42
a
 128.20 ± 0.16 

Ethyl acetate 400 120.33 ± 0.55 90.13 ± 0.36
a
 

n-Butanol 400 76.67 ± 0.52
a
 119.65 ± 0.44

b
 

Aqueous 400 108.47 ± 0.69
a
 102.47 ± 0.57

a
 

Flouxetin 10 mg/10 ml 47.667 ± 0.66
a
 49.21 ± 0.30

a
 

Values are expressed as mean ± SEM (06). Statistically significant when compared to 

control. 
a
 P < 0.001; 

b
 P < 0.05.  
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Fig. 4.37. Anti-depressent activity of various fractions of P. aphylla. 
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Fig. 4.38: Anti-depressent activity of various fractions of F. olivieri 
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4.14. Anti-diabetic activity 

4.14.1. Anti-diabetic potential of P. aphylla 

4.14.1.1. Effect on oral glucose tolerance in rats 

Table 4.28 depicts the blood glucose level of control and P. aphylla extract treated 

rats after administration of glucose orally (2 g/kg bw). The n-hexane, chloroform and 

ethyl acetate fractions did not produce any major difference in comparison to controls. 

Aqueous fraction showed significant difference only after 90 min. The methanol and 

butanol extracts showed significant effect on blood sugar level 30, 90 and 150 min as 

compared to control rats.   

4.14.1.2. Single dose study 

Hypoglycemic effect of methanol extract and fractions of P. aphylla in control and 

diabetic groups is depicted in Table 4.29. The n-hexane, ethyl acetate and chloroform 

fractions did not show any significant hypoglycemic potential comparatively to 

control. Aqueous fraction showed significant effect after 2 h in control as well as 

diabetic rats. The methanol extract showed significant effect at 2 and 4 h in control 

and diabetic rats. The butanol extract and standard were able to show hypoglycemic 

effect at 1, 2 and 4 h in both control and diabetic rats.    

4.14.1.3. Multidose study 

In the diabetic control group, the blood glucose level was significantly augmented 

comparatively to control animals. The n-butanol extract showed significant 

hypoglycemic potential by reducing the level of glucose in blood of diabetic rats 

throughout the experiment (Table 4.30).  

4.14.1.4. Effects of P. aphylla on body weight  

The percent increase in body weight was observed to be reduced considerably in the 

diabetic group in contrast to the control animals. The administration of butanol extract 

of P. aphylla significantly improved the body weight loss (p<0.05). Similarly, 

glibenclamide treatment to rats enhanced body weight as against the diabetic rats. No 

considerable variation was found by the administration of butanol fraction of P. 

aphylla alone comparatively to control rats (P>0.05) (Table 4.31). 

4.14.1.5. Effect of P. aphylla on liver and kidney weights 

Rats treated with streptozotocin show a decline in the liver and kidney weights 

(absolute and relative) of untreated diabetic group, whereas in glibenclamide and P. 

aphylla treated rats there is a significant restoration of liver and kidney weights which 
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Table 4.28: Effect of methanol extract and soluble fractions of P. aphylla fractions on 

glucose tolerance test in rats 

Plant Fractions 

(200 mg/kg bw) 

Fasting Blood glucose levels  (mg/dl) 

Normal 

fasting 

30 min 

 

90 min 150 min 

Control (vehicle) 92.78 ± 2.1 188.11 ± 4.2 162.73 ± 9.3 134.15 ± 3.5 

PAME 87.92 ± 2.1 145.18 ± 3.2
*
 132.01 ± 2.4

*
 96.15 ± 1.3

*
 

PAHE 82.16 ± 4.2 173.21 ± 1.5 165.12 ± 7.1 132.18 ± 8.2 

PACE 84.17 ± 8.3 169.23 ± 2.1 151.68 ± 7.4 117.36 ± 1.2 

PAEE 88.42 ± 8.4 166.11 ± 6.2 134.19 ± 1.6
*
 104.56 ±5.2

*
 

PABE 91.56 ± 3.7 134.69 ± 7.6
**

 116.19 ± 3.2
**

 87.61 ± 5.7
**

 

PAAE 83.16 ± 5.2 156.63 ± 6.1 132.71 ± 4.5
*
 102.15 ± 2.3

*
 

Glibenclamide  80.32 ± 9.5 119.52 ± 7.1
**

 96.14 ± 4.2
**

 84.11 ± 3.6
**

 

Values are expressed as mean ± SEM (06). 
*,**

 Indicate significance from control 

group (P < 0.05) and (P < 0.01) respectively. 
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Table 4.29: Hypoglycemic effect of methanol extract of P. aphylla and its soluble 

fractions on fasting glucose levels in control and diabetic rats  

Plant 

Fractions 

(200 mg/kg) 

Control 1 h 

 

2 h 4 h Diabetic 1 h 

 

2 h 4 h 

Control 

(vehicle) 
87.11±9.1 89.6±2.8 86.2±1.7 84.3±4.1 274.1±2.5 279.1±2.7 276.3±1.3 282.1±5.2 

Glib (10 

mg) 
84.17±2.8 69.4±1.7* 64.3±2.5

*
 56.4±4.1* 280.1±4.9 260.1±1.4

*
 250.0±3.6

*
 254.6±1.7

*
 

PAME 89.13±2.3 85.1±8.2 72.1±7.1
*
 64.1±5.6

*
 286.1±4.1 277.0±1.4 266.5±4.2

*
 262.1±2.6

*
 

PAHE 92.13±7.4 89.4±1.7 86.7±6.8 82.1±3.1 282.1±2.4 277.5±3.5 276.1±1.1 280.4±4.3 

PACE 86.29±3.6 76.0±1.3 74.1±2.3
*
 73.3±6.1 276.1±2.3 269.9±2.2 272.1±8.7 268.1±1.1 

PAEE 89.16±7.6 79.3±2.4 69.4±5.1
*
 68.2±6.3 284.3±3.6 275.9±6.2 270.0±1.5 272.4±1.1 

PABE 91.27±1.5 70.5±5.6* 66.4±2.7
*
 59.1±2.4

*
 281.0±1.3 267.5±1.7

*
 258.2±2.3

*
 256.4±3.7

*
 

PAAE 87.13±1.4 79.5±5.3 70.1±4.2
*
 66.7±3.6

*
 283.9±3.1 278.4±5.4 274.1±4.6 272.1±1.4 

Values are expressed as mean ± SEM (06). 
*
 Indicate significance from control group 

(P < 0.05). 
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Table 4.30: Effect of butanol fraction of P. aphylla in control and diabetic rats (multi 

dose study) 

Plant Fractions 

(200 mg/kg) 

Fasting Blood glucose levels  (mg/dl) 

Day 1 Day 7 Day 14 Day 21 

Control (vehicle) 89.11± 1.3 84.15 ±2.6 92.15 ±1.3 85.21 ± 2.4 

Diabetic control 292.54± 7.1°° 296.18 ± 7.6°° 306.12 ± 4.6°° 300.12 ± 4.1°° 

Glibenclamide 10 303.54±7.3°° 164.38 ± 6.1* 116.7± 1.5** 104.11 ± 1.8** 

Butanol fraction 296.81± 5.1°° 179.43±7.3*°° 129.75 ± 4.7** 120.72 ± 8.6** 

Values are Mean ± SE (06 number). 

 °,°°, Indicate significance from control group at probability levels (P < 0.05) & (P < 

0.01).  

* , **, Indicate significance from diabetic group at probability levels (P < 0.05) & (P 

< 0.01).  
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is near to the control levels (P<0.05). However, non significant changes were detected 

by the treatment of P. aphylla only (P>0.05). The values of the kidney and liver 

weights are tabulated in the Table 4.32. 

4.14.1.6. Effect of P. aphylla on hematological results 

A significant decline in RBC, Hb, MCV, MCHC and MCH was found in diabetic 

group. Significant increase in the above parameters occurred upon P. aphylla 

administration (P<0.05). 10 mg/kg of glibenclamide treatment to diabetic group 

showed considerable amelioration in hematological parameters. However, no 

significant (P>0.05) differences were detected in P. aphylla only group (Table 4.33).  

A significant decline in the WBC, PLT, Lymphocytes and Neutrophil count was 

found in the diabetic group comparatively to control rats. However, co-treatment of P. 

aphylla butanol extract significantly reduced these abnormalities near to the control 

group (P<0.05). Administration of glibenclamide (10 mg/kg bw) to diabetic rats 

recovered these parameters. Administration of butanol fraction of P. aphylla alone 

showed non significant variations comparatively to control rats (P>0.05) (Table 4.34).  

4.14.1.7. Effect of P. aphylla on lipid profile 

There was a considerable rise in the serum levels of triglycerides, cholesterol and 

LDL in the diabetic rats comparatively to control rats. In contrast, the HDL was 

observed to be lower in diabetic group comparatively to the control rats. Co-treatment 

of butanol fraction of P. aphylla markedly augmented the effects of diabetes and 

restored the levels of triglycerides, cholesterol, LDL and HDL in serum dose 

dependently (P<0.05). Same effects were reported from glibenclamide. Treatment of 

P. aphylla alone showed non significant changes (P>0.05) in the serum lipid profile 

comparatively to control rats (Table 4.35).  
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Table 4.31: Effect of butanol extract of P. aphylla on percent increase in body weight 

in control and diabetic rats 

Treatment 

mg/kg bw 

Body weight (g) 

Initial body 

weight (g) 

Final body weight 

(g) 

Percent increase 

in body weight 

Control 173.11 ± 1.13 233.19 ± 1.90 34.70 ± 1.82
d 

Diabetic  182.72 ± 2.51 220.66 ± 2.89 20.76 ± 1.21
a 

Db + Glib 10 180.19 ± 1.56 236.16 ± 1.27 31.06 ± 0.98
c 

Db + PABE 200 181.37 ± 1.42 227.24 ± 1.93 25.29 ± 0.56
b 

Db + PABE 400 175.11 ± 2.51 225.87 ± 3.48 28.98 ± 1.26
c 

PABE 400 188.90 ± 1.27 257.89 ± 2.82 36.36 ± 0.64
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 

 

Table 4.32: Effect of n-butanol extract of P. aphylla on on absolute and relative 

weights of liver and kidneys in control and diabetic rats 

Treatment 

mg/kg bw 

Absolute 

Liver 

weight (g) 

Relative Liver 

weight (% to 

body weight) 

Absolute 

Kidney 

weight (g) 

Relative 

Kidney weight 

(% to body 

weight) 

Control 5.28 ± 0.94
c 

0.052 ± 0.001
c 

1.56 ± 0.04
d 

0.015 ± 0.0001
c 

Diabetic  3.42 ± 0.68
a
 0.034 ± 0.001

a 
0.42 ± 0.01

a
 0.004 ± 0.0001

a
 

Db + Glib 10 5.13 ± 0.75
c 

0.051 ± 0.002
c 

1.51 ± 0.02
d 

0.015 ± 0.0002
c
 

Db + PABE 200 4.12 ± 0.54
b 

0.041 ± 0.001
b 

0.83 ± 0.08
b
 0.008 ± 0.0001

b
 

Db + PABE 400 4.88 ± 0.37
b
 0.048 ± 0.002

b 
1.32 ± 0.02

c
 0.013 ± 0.0003

c
 

PABE 400 5.66 ± 0.13
c 

0.056 ± 0.002
c 

1.73 ± 0.05
e 

0.017 ± 0.0002
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla butanol extract. 
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Table 4.33: Effect of P. aphylla n-butanol extract on full blood counts in control and 

diabetic rats 

Treatment 

mg/kg bw 

RBC 

(×10
12

/L) 

Hb (g/L) MCV (fl) MCHC (g/dL) MCH (pg) 

Control 8.76 ± 0.52
c 

15.56 ± 0.84
d 

58.33 ± 0.15
d 

32.11 ± 0.46
d 

18.61 ± 2.67
c 

Diabetic  6.27 ± 0.45
a 

10.10 ± 0.59
a 

52.85 ± 1.22
a 

20.45 ± 0.52
a 

15.75 ± 2.41
a 

Db + Glib 10 8.25 ± 1.29
c 

14.21 ± 0.73
c 

57.34 ± 1.43
c 

30.14 ± 0.55
c 

19.58 ± 2.86
d 

Db + PABE 200 7.78 ± 0.56
b 

12.67 ± 0.84
b
 54.38 ± 2.56

b 
26.56 ± 1.33

b 
17.65 ± 0.12

b 

Db + PABE 400 8.61 ± 1.65
c 

14.72 ± 1.78
c
 57.42 ± 1.25

c 
29.73 ± 1.45

c 
19.44 ± 1.77

d 

PABE 400 8.92 ± 0.74
c 

16.49 ± 0.71
e 

60.51 ± 1.66
e 

34.86 ± 0.58
d 

20.18 ± 2.15
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 

 

Table 4.34: Effect of P. aphylla butanol extract on full blood counts in control and 

diabetic rats 

Treatment 

mg/kg bw 

WBC 

(10
3
/μL) 

PLT (x 10
3
/μL) Lymph (%) Neut (%) 

Control 7.85 ± 0.43
d 

872.15 ± 16.83 69.47 ± 2.12
d 

28.41 ± 1.64
c 

Diabetic  2.17 ± 0.89
a 

84.67 ± 2.78 10.38 ± 1.75
a 

8.73 ± 1.85
a 

Db + Glib 10 6.23 ± 0.16
c 

187.35 ± 18.44 64.52 ± 1.36
c 

26.52 ± 0.78
c 

Db + PABE 200 3.69 ± 0.47
b 

132.54 ± 21.61 50.81 ± 1.67
b 

22.58 ± 1.39
b 

Db + PABE 400 6.91 ± 0.24
c 

257.49 ± 13.85 66.92 ± 2.18
c 

29.42 ± 0.62
c 

PABE 400 8.24 ± 0.36
e
 921.73 ± 1.26 71.58 ± 2.55

d 
35.56 ± 2.37

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 

 

 

 

 

 



Chapter 4                                                                                                                               Results 

140 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.35: Effect of P. aphylla butanol extract on lipid profile in the control and 

diabetic rats 

Treatment 

mg/kg bw 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL (mg/dl) LDL (mg/dl) 

Control 85.31 ± 2.15
d 

89.50 ± 1.31
d 

76.21 ± 3.76
d 

36.32 ± 1.78
d 

Diabetic  189.53 ± 2.39
a
 187.42 ± 2.76

a
 40.54 ± 1.19

a
 158.90 ± 2.74

a
 

Db + Glib 10 95.48 ± 1.64
c
 98.51 ± 1.93

c 
71.80 ± 1.51

c 
47.43 ± 1.16

c 

Db + PABE 200 133.26 ± 2.16
b 

149.75 ± 1.66
b 

55.17 ± 1.17
b
 128.40 ± 2.15

b
 

Db + PABE 400 98.43 ± 1.35
c
 97.52 ± 1.67

c
 69.71 ± 2.31

c
 56.31 ± 1.18

c
 

PABE 400 71.28 ± 1.11
d
 71.84 ± 1.32

d
 84.51 ± 2.27

d 
31.70 ± 1.37

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 
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4.14.1.8. Effects of P. aphylla on diabetes-induced liver damage  

4.14.1.8.1. Effects of P. aphylla on liver marker enzymes  

The serum concentrations of liver marker enzymes (AST, ALP and ALT) of diabetic 

rats were augmented considerably (P<0.05). Co-treatment of rats with butanol fraction 

of P. aphylla attenuated the diabetic effects and restored, dose dependently, the 

enzymes activity near to control rats. 10 mg/kg of glibenclamide treatment  

significantly reduced serum marker enzymes similar to the higher doses of butanol 

fraction. Treatment with n-butanol fraction of P. aphylla alone showed non-

significant variation (P>0.05) comparatively to control (Table 4.36). 

Serum total protein levels were reduced in the diabetic animals, comparatively to the 

control animals. But total protein levels after treatment with the P. aphylla butanol 

extract shows an increase in the total protein levels (P<0.05). The total protein values 

are mentioned in the Table 4.37. 

The levels of total bilirubin, glucose and LDH in serum of diabetic rats were 

enhanced as comparatively to control rats.  These changes were protected by co-

treatment with butanol fraction of P. aphylla towards the control group dose 

dependently (P<0.05). Treatment of glibenclamide significantly reduced the amount 

of total bilirubin, glucose and LDH in serum of rats against diabetic group. Butanol 

fraction of P. aphylla only to rats showed non significant changes comparatively to 

the control rats (p>0.05) (Table 4.37).  

4.14.1.8.2. Effects of P. aphylla on antioxidant enzymes  

A considerable decrease was found in hepatic antioxidant enzymes activities of 

diabetic rat comparatively to the control group. Also, the CAT, SOD, GR and GPx 

activities were considerably higher than the diabetic rats in glibenclamide and butanol 

extract groups (p<0.05). Treatment of 10 mg/kg bw of glibenclamide produced 

considerable effects in the recovery of enzyme activities comparatively to diabetic 

rats. Butanol fraction of P. aphylla alone showed significant changes compared to 

control rats (P>0.05) (Table 4.38). 

4.14.1.8.3. Effects of P. aphylla on GSH, LPO and DNA damage 

Diabetic rats exhibited significant lower GSH comparatively to control rats. 

Treatment of P. aphylla extract to diabetic group significantly elevated the reduced 

GSH levels (P<0.05). Similarly glibenclamide showed a marked rise in the GSH 

levels comparatively to diabetic control. These values are tabulated in the Table 4.39. 
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The level of TBARS and % DNA fragmentation increases significantly in diabetes 

comparatively to control group. Treatment of butanol extract of P. aphylla to diabetic 

rats reduces the TBARS and DNA fragmentation level towards control values 

(P<0.05). Treatment of 10 mg/kg of glibenclamide alleviated the adverse effects of 

diabetes and restored the concentration of these parameters near to control group. 

However, insignificant changes were found in butanol fraction of P. aphylla (P>0.05) 

(Table 4.39). 

4.14.1.8.4. Effect of F. olivieri on liver histology  

Control liver tissue section shows sinusoidal chords of hepatocytes with portal tracts 

and central vein. The portal tracts show portal triad with hepatic artery, portal vein 

and bile duct (Fig. 4.39 A). In the liver section of the diabetic rats, cellular 

arrangement around the central vein was distorted along with periportal fatty 

infiltration and focal necrosis of hepatocytes (Fig. 4.39 B). Administration of 

glibenclamide (10 mg/kg) ameliorated the changes induced by diabetes (Fig. 4.39 C). 

The necrosis was reduced and the cellular arrangement around the central vein was 

brought back to control by the treatment of P. aphylla butanol extracts (200 and 400 

mg/kg). The blood vessels were also brought back to normal condition (Fig. 4.39 D 

and E). No significant difference was observed in liver architecture of P. aphylla 

butanol extract alone group, in comparison to control rats (Fig. 4.39 F).  

4.14.1.9. Effects of P. aphylla on diabetes-induced kidney damage  

4.14.1.9.1. Effect of P. aphylla on serum urea, creatinine and albumin of rat 

As shown in Table 4.40, a significant rise was observed in serum concentrations of 

creatinine, and urea while decrease in albumin of the streptozotocin induced diabetic 

rats. The creatinine, urea and albumin concentrations were significantly recovered in 

the rats given P. aphylla butanol extract (P<0.05). Treatment of these rats with 

glibenclamide showed decline in the values of creatinine, and urea whereas increase 

in albumin as compared to the control animals. Treatment of butanol fraction of P. 

aphylla only to rats did not change these parameters (P>0.05).  

4.14.1.9.2. Effects of P. aphylla on antioxidant enzymes  

The concentrations of renal antioxidant enzymes i.e. CAT, SOD, GPx and GR were 

appreciably reduced in diabetic group comparatively to the control group (P<0.05). 

Administration of P. aphylla n-butanol extract to the diabetic rats significantly 

recovered the reduced values of antioxidant enzymes. Likewise, administration of  
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Table 4.36: Effect of P. aphylla n-butanol extract on liver marker enzymes in diabetic 

and non-diabetic rats 

Treatment 

mg/kg bw 

AST (U/L) ALT (U/L) ALP (U/L) 

Control 38.59 ± 1.31
d 

23.74 ± 1.76
d 

55.67 ± 1.63
d 

Diabetic  103.75 ± 2.62
a
 76.37 ± 1.64

a
 114.45 ± 3.89

a
 

Db + Glib 10 42.19 ± 1.15
c
 27.90 ± 1.39

d
 59.85 ± 1.32

d
 

Db + PABE 200 78.59 ± 2.25
b
 60.64 ± 2.86

b
 81.62 ± 1.90

b 

Db + PABE 400 47.12 ± 1.95
c
 42.51 ± 1.27

c
 64.22 ± 1.32

c
 

PABE 400 35.90 ± 1.63
d 

21.74 ± 1.41
d 

52.51 ± 1.54
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 

 

Table 4.37: Effect of P. aphylla n-butanol extract on serum billirubin, total protein, 

glucose and LDH in diabetic and non-diabetic rats 

Treatment 

mg/kg bw 

Total 

Bilirubin 

(mg/dl) 

Total protein 

(μg/mg 

tissue) 

GLU (mg/dl) LDH (U/L) 

Control 0.31 ± 0.25
d 

6.35 ± 0.21
d 

71.27 ± 2.74
d 

235.62 ± 2.89
d 

Diabetic  1.68 ± 0.11
a
 2.12 ± 0.02

a
 226.48 ± 4.61

a
 365.75 ± 1.94

a
 

Db + Glib 10 0.39 ± 0.12
c
 5.67 ± 0.15

c 
85.63 ± 1.17

d 
247.24 ± 2.81

c 

Db + PABE 200 1.10 ± 0.72
b 

4.21 ± 0.22
b
 158.51 ± 2.92

b
 313.11 ± 1.42

b
 

Db + PABE 400 0.48 ± 0.54
c
 5.89 ± 0.35

c
 109.26 ± 1.62

c 
259.16 ± 1.56

c
 

PABE 400 0.28 ± 0.41
d 

6.51 ± 0.98
d
 65.18 ± 1.74

d
 227.53 ± 1.25

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 
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Table 4.38: Effect of P. aphylla n-butanol extract on antioxidant enzyme activities in 

liver of diabetic and non-diabetic rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(μM/g tissue) 

GR 

(nM/min/mg 

protein) 

Control 9.18 ± 0.62
d 

12.66 ± 1.56
d 

56.47 ± 1.61
d 

152.12 ± 2.67
d 

Diabetic  3.54 ± 0.56
a
 4.46 ± 0.86

a
 20.63 ± 1.12

a
 81.16 ± 1.84

a
 

Db + Glib 10 7.43 ± 0.89
c
 11.83 ± 0.71

c
 53.75 ± 1.35

c
 132.62 ± 3.05

c
 

Db + PABE 200 5.75 ± 0.45
b
 7.26 ± 0.37

b
 32.93 ± 1.25

b
 102.41 ± 1.44

b 

Db + PABE 400 7.59 ± 0.70
c
 9.94 ± 0.29

c
 51.85 ± 3.11

c
 143.32 ± 2.34

c 

PABE 400 10.77 ± 0.86
d 

13.29 ± 0.51
d 

58.67 ± 1.24
d 

163.74 ± 1.07
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 

 

Table 4.39: Effect of P. aphylla n-butanol extract on antioxidant enzyme activities 

and DNA fragmentation in liver tissue of control and diabetic rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control 53.86 ± 1.12
d 

2.81 ± 0.11
d 

9.67 ± 0.08
d 

Diabetic  21.45 ± 1.01
a
 6.37 ± 0.75

a
 21.75 ± 0.14

a
 

Db + Glib 10 48.56 ± 2.45
c
 2.94 ± 0.27

d 
10.16 ± 0.12

c
 

Db + PABE 200 35.37 ± 1.52
b
 4.37 ± 0.21

b 
17.52 ± 0.09

b
 

Db + PABE 400 49.73 ± 1.15
c
 3.23 ± 0.56

c
 11.47 ± 0.25

c
 

PABE 400 54.90 ± 0.12
d 

2.72 ± 0.42
d 

8.36 ± 0.03
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 
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Fig. 4.39: Effect of P. aphylla butanol extract on liver histopathology of diabetic rats. 

(A) Control group, (B) Diabetic group, (C) Db + glibenclamide, (D) Db + P. aphylla 

butanol extract: 200 mg/kg bw, (E) Db + P. aphylla n-butanol extract: 400 mg/kg bw, 

(F) P. aphylla n-butanol extract: 400 mg/kg bw. (Scale bar, 100 µm). 
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glibenclamide increased the activities of antioxidant enzymes compared to diabetic 

rats.  P. aphylla butanol fraction alone showed non significant variation in the 

antioxidant enzymes activities comparatively to control rats (P>0.05) (Table 4.41). 

4.14.1.9.3. Effects of P. aphylla on GSH, LPO and DNA damage 

The TBARS level and % DNA fragmentation of the kidneys of streptozotocin induced 

diabetic rats were significantly greater than the control rats. n-Butanol extract 

administration to rats with streptozotocin diabetes resulted in a significant decline of 

TBARS contents and % DNA fragmentation at the end of the experiment (P<0.05). 

Treatment of glibenclamide (10 mg/kg bw) reduced the diabetic damage and restored 

the level of these parameters. However, administration of n-butanol fraction of P. 

aphylla alone showed non significant variations comparatively to control rats 

(P>0.05). 

The GSH activity of diabetic group treated with both P. aphylla extracts and 

glibenclamide was considerably higher than the diabetic rats, while the diabetic rats 

were significantly lower in GSH activity comparatively to the control rats (P<0.05). 

However, P. aphylla n-butanol fraction alone treatment showed non significant 

changes comparatively to control rats (P>0.05) (Table 4.42).  

4.14.1.9.4. Effect of P. aphylla on renal histopathology 

Histological studies of the kidney of control group displayed normal architecture 

(Fig. 3.40 A). Kidney sections of diabetic rat showed tubular damage, proteinuria 

and haemorrhage. Haemorrhage is seen with in the Bowman’s space due to 

glomerular damage (Fig. 3.40 B). In kidney tissues of diabetic rats treated with 

glibenclamide moderate fatty degenerative damage was observed (Fig. 3.40 C). In P. 

aphylla n-butanol extract (200 and 400 mg/kg) treated diabetic kidney, the capillary 

loops were damaged along with increased thickness of the wall, tubules and 

glomeruli without haemorrhage and proteinuria (Fig. 3.40 D and E). P. aphylla n-

butanol extract alone did not change the structure of kidney, compared to control 

rats (Fig. 3.40 F).  
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Table 4.40: Effect of P. aphylla n-butanol extract on serum urea, creatinine and 

albumin in diabetic and non-diabetic rats 

Treatment 

mg/kg bw 

UR (mg/dl) CR (mg/dl) Albumin (mg/dl) 

Control 36.78 ± 1.61
d 

0.94 ± 0.01
d 

4.67 ± 0.02
c 

Diabetic  58.16 ± 2.42
a
 3.72 ± 1.06

a
 2.43 ± 0.15

a
 

Db + Glib 10 39.12 ± 1.49
c 

1.29 ± 0.02
c
 4.51 ± 0.18

c
 

Db + PABE 200 50.97 ± 2.72
b 

2.85 ± 0.01
b
 3.78 ± 0.03

b
 

Db + PABE 400 41.42 ± 1.64
c
 1.32 ± 0.01

c 
4.42 ± 0.12

c
 

PABE 400 32.85 ± 1.27
d 

0.86 ± 0.01
d 

4.85 ± 0.33
c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 

 

 

Table 4.41: Effect of administration of P. aphylla butanol extract on markers of 

oxidative stress in kidney tissues of control and diabetic rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control 9.45 ± 0.44
d 

9.56 ± 0.72
d 

66.32 ± 1.23
d 

142.34 ± 1.62
d 

Diabetic  3.86 ± 0.62
a
 4.23 ± 0.18

a
 38.44 ± 2.15

a
 57.25 ± 1.21

a
 

Db + Glib 10 8.42 ± 0.11
c
 8.94 ± 0.85

c
 60.38 ± 1.19

c
 136.48 ± 2.32

c
 

Db + PABE 200 5.35 ± 0.87
b
 5.67 ± 0.47

b
 49.52 ± 2.35

b
 85.21 ± 1.13

b 

Db + PABE 400 8.12 ± 0.13
c
 8.85 ± 0.61

c
 62.96 ± 1.34

c
 127.29 ± 1.29

c 

PABE 400 10.63 ± 0.20
d 

9.73 ± 0.42
d 

72.54 ± 1.72
d 

145.23 ± 2.37
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla butanol extract. 
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Table 4.42: Effect of administration of P. aphylla butanol extract on GSH, lipid 

peroxides and DNA fragmentation in kidney tissues of control and diabetic rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control 46.51 ± 1.18
d 

1.32 ± 0.17
c 

8.54 ± 0.05
d 

Diabetic  22.46 ± 0.54
a
 6.28 ± 0.53

a
 18.43 ± 0.21

a
 

Db + Glib 10 43.32 ± 1.91
c
 1.21 ± 0.12

c 
9.11 ± 0.14

c
 

Db + PABE 200 31.87 ± 0.67
b
 4.87 ± 0.14

b 
15.68 ± 0.07

b
 

Db + PABE 400 42.19 ± 1.85
c
 1.51 ± 0.25

c
 9.16 ± 0.18

c
 

PABE 400 52.68 ± 1.66
d 

1.24 ± 0.78
c 

8.36 ± 0.03
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

PABE; P. aphylla n-butanol extract. 
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Fig. 4.40. Effect of P. aphylla butanol extract on kidney histopathology of diabetic 

rats. (A) Control group, (B) Diabetic group, (C) Db + glibenclamide, (D) Db + P. 

aphylla butanol extract: 200 mg/kg bw, (E) Db + P. aphylla n-butanol extract: 400 

mg/kg bw, (F) P. aphylla n-butanol extract: 400 mg/kg bw. (Scale bar, 100 µm). 
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4.14.2. Anti-diabetic potential of F. olivieri 

4.14.2.1. Effect on oral glucose tolerance in rats 

The glucose levels in blood of treated and non-treated rats after orally administrating 

glucose (2 g/kg) are depicted in Table 4.43. There was no considerable difference 

shown by n-hexane and chloroform fractions comparatively to control group. The 

methanol, ethyl acetate and butanol extracts produced significant effect on blood 

glucose level after 90 and 150 min comparatively to control rats. The standard drug 

and aqueous extract treated rats showed highly significant effects after 30, 90 and 150 

min.   

4.14.2.2. Single dose study 

n-hexane, chloroform and ethyl acetate did not produce any considerable 

hypoglycemic effect both in diabetic and non-diabetic rats. Methanol extract showed 

effect at 2 and 4 hrs in both diabetic and control rats. Butanol fraction was only 

effective on control rats at 2 and 4 hrs. The aqueous fraction being the most active, 

showed significant hypoglycemic effect at 1, 2 and 4 hrs in both control and diabetic 

rats (Table 4.44).   

4.14.2.3. Multidose study 

The glucose level of diabetic rats was considerably reduced by the aqueous extract 

and constantly maintained throughout the experiment in the multi dose study, which 

suggests that the aqueous fraction has anti-hyperglycemic property (Table 4.45).   

4.16.2.4. Effects of F. olivieri on body weight 

Effect of aqueous fraction of F. olivieri on the percent increase in body weight is 

shown in Table 4.46. A significant decline was found in percent increase of body 

weights in diabetic rats than control group. Co-administration of F. olivieri to diabetic 

rats significantly improved the body weights (p<0.05). Treatment of glibenclamide 

(10 mg/kg b.w) showed similar observations while ameliorating the diabetes induced 

damage in rats, however, the percent increase in body weight remained unchanged by 

400 mg/kg bw administration of F. olivieri alone (p>0.05). 

4.14.2.5. Effect of F. olivieri on kidney and liver weights 

The weights of kidney and liver (absolute and relative) were reduced in diabetic rats 

comparative to the control group. The co-treatment of the aqueous extract of F. 

olivieri improved these values towards control. 10 mg/kg of glibenclamide treatment 

significantly erased diabetic induced damage and the absolute and relative weights of 
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Table 4.43: Effect of methanol extract and soluble fractions of F. olivieri on glucose 

tolerance test in rats 

Plant Fractions 

(200 mg/kg) 

Fasting Blood glucose levels  (mg/dl) 

0 min 30 min 90 min 150 min 

Control (vehicle) 90.12 ± 1.5 186.41 ± 2.4 160.23 ± 3.9 132.17 ± 5.3 

FOME 85.42 ± 3.1 143.15 ± 4.2
*
 130.11 ± 2.3

*
 94.12 ± 1.2

*
 

FOHE 84.14 ± 2.8 176.23 ± 1.7 164.32 ± 5.1 130.11 ± 4.2 

FOEE 86.52 ± 2.5 164.41 ± 6.1 132.14 ± 2.6
*
 102.11 ± 4.8

*
 

FOCE 82.16 ± 3.8 167.53 ± 2.2 149.28 ± 4.7 115.16 ± 1.1 

FOBE 89.36 ± 7.3 132.59 ± 5.6
**

 114.12 ± 2.3
**

 85.64 ± 7.7
**

 

FOAE 81.12 ± 2.5 154.18 ± 1.6 130.56 ± 3.2
*
 100.15 ± 5.4

*
 

Glib 10 mg  78.53 ± 3.6 117.65 ± 4.7
**

 94.12 ± 3.1
**

 82.41 ± 5.9
**

 

Values are expressed as mean ± SEM (06). 
*,**

 Indicate significance from control 

group (P < 0.05) and (P < 0.01) respectively . 
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Table 4.44: Hypoglycemic effect of methanolic extract of F. olivieri and its soluble 

fractions on fasting glucose levels in control and diabetic rats  

 

Plant 

Fractions 

(200 mg/kg) 

Control 1 h 

 

2 h 4 h Diabetic 1 h 

 

2 h 4 h 

Control 

(vehicle) 
85.2±2.5 87.5±4.1 84.1±1.3 82.3±4.6 272.2±1.5 277.5±2.7 274.1±8.2 280.1±1.9 

Glibenc. 

(10mg) 
82.1±2.1 67.1±3.7* 62.1±2.8

*
 54.7±6.1* 278.1±5.9 258.1±2.4

*
 248.1±5.6

*
 252.8±1.1

*
 

FOME 87.1±2.6 83.2±6.2 70.1±3.1
*
 62.1±5.2

*
 284.5 ±4.7 275.1±1.9 264.3±4.4

*
 260.1±2.6

*
 

FOHE 90.5±3.4 87.1±1.2 84.4±5.8 80.5± 3.3 280.1 ±6.4 275.1±3.6 274.1±2.1 278.2±4.5 

FOCE 84.2±3.8 74.1±1.7 72.1±3.3
*
 71.6±9.1 274.1±3.3 267.2±5.2 270.1±8.1 266.1±.3 

FOEE 87.1±7.1 77.3±2.5 67.2±5.5
*
 66.5±4.3 282.4±3.2 273.5±6.4 268.1±1.9 270.1±1.2 

FOBE 89.1±1.3 68.3±4.6* 64.6±2.7
*
 57.2±2.9

*
 279.3±2.3 265.2±1.6

*
 256.2±2.5

*
 254.1±3.1

*
 

FOAE 85.7±1.5 77.6±6.3 68.3±4.5
*
 64.1±2.6

*
 281.7±3.2 276.3±1.4 272.0±4.8 270.3±2.4 

 

Values are expressed as mean ± SEM (06). 
*
 Indicates significantly different from 

control group (P < 0.05). 
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Table 4.45: Effect of aqueous fraction of F. olivieri in control and diabetic rats (multi 

dose study) 

Plant Fractions 

(200 mg/kg) 

Fasting Blood glucose levels  (mg/dl) 

Day 1 Day 7 Day 14 Day 21 

Control (vehicle) 87.13±2.5 82.18±1.6 90.13±5.3 83.44±2.7 

Diabetic control 290.12±9.2°° 294.68±5.6°° 304.62 ±9.6°° 298.52±4.2°° 

Glibenclamide  301.63±5.3°° 162.52±7.1* 114.1±3.5** 102.42±1.3** 

Aqueous fraction 294.63±5.5°° 177.69±5.3*°° 127.74±4.1** 118.36±4.6** 

Values are Mean ± SE (06 number). 

 °,°°, Indicate significance from control group at probability levels (P < 0.05) & (P < 

0.01).  

* , **, Indicate significance from diabetic group at probability levels (P < 0.05) & (P 

< 0.01).  
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both organs returned towards the control level (p<0.05). However, no significant 

differences (P>0.05) were observed on the aqueous fraction of F. olivieri only 

(p>0.05) (Table 4.47). 

4.14.2.6. Effects of F. olivieri on haematological parameters 

The levels of RBC, PCV, Hb, MCV, MCHC and MCH were considerably reduced in 

diabetic rats compared to control rats (p<0.05). The aqueous extract of F. olivieri 

treatment caused significant increase in these values towards control. Similarly, 

glibenclamide treatment elevated RBC, PCV, Hb, MCV, MCHC and MCH levels as 

against the diabetic group. No significant alterations were obtained by the 

administration of aqueous fraction of F. olivieri alone compared to control rats 

(p>0.05) (Table 4.48). Table 4.34 shows the levels of WBC, TLC, PLT, lymphocyte, 

neutrophils and granulcytes. The levels of WBC, Lymph and neut reduced 

appreciably in the diabetic rats compared to control rats. Administration of F. olivieri 

significantly enhanced the level of these parameters at both dosages (p<0.05). 

Administration of 10 mg/kg of glibenclamide  significantly enhanced the WBC, TLC, 

PLT, lymphocytes, neutrophils and granulocytes levels towards the control. However, 

no significant variations (p>0.05) were detected by the treatment of F. olivieri only to 

rats (Table 4.49). 

4.14.2.7. Effect of extracts on lipid profile 

Streptozotocin caused a significant increase in serum cholesterol, triglyceride and 

LDL levels of control group when compared with control group. In contrast, a 

significant decrease in HDL levels was observed compared to the control rats 

(p<0.05). Standard drug glibenclamide significantly decreased cholesterol, 

triglyceride and LDL levels, while increased HDL level compared to the control rats. 

The treatment of F. olivieri aqueous extract to diabetic rats significantly protected 

these parameters towards control level. F. olivieri aqueous extract alone showed non 

significant variations in lipid profile (P>0.05) (Table 4.50).  
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Table 4.46: Effect of aqueous extract of F. olivieri on percent increase in body weight 

in control and diabetic rats 

Treatment 

mg/kg bw 

Body weight (g) 

Initial body 

weight (g) 

Final body weight 

(g) 

Percent increase 

in body weight 

Control 184.64 ± 3.12 240.52 ± 3.18 30.26 ± 1.23
d 

Diabetic  196.16 ± 2.26 231.26 ± 2.17 17.89 ± 0.56
a 

Db + Glib 10 189.17 ± 1.53 242.18 ± 3.92 28.02 ± 1.35
c 

Db + FOAE 200 182.11 ± 2.28 222.64 ± 2.21 22.25 ± 0.78
b 

Db + FOAE 400 194.17 ± 1.33 245.75 ± 3.92 26.56 ± 1.77
c 

FOAE 400 192.45 ± 1.18 255.31 ± 3.74 32.66 ± 2.34
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract 

Table 4.47: Effect of aqueous extract of F. olivieri on absolute and relative weights of 

liver and kidneys in control and diabetic rats 

Treatment 

mg/kg bw 
Absolute 

Liver 

weight (g) 

Relative liver 

weight (% to 

body weight) 

Absolute 

Kidney 

weight (g) 

Relative 

kidney weight 

(% to body 

weight) 

Control 6.34 ± 0.48
d 

0.063 ± 0.003
d 

1.45 ± 0.06
d 

0.014 ± 0.0002
c 

Diabetic  3.11 ± 0.02
a
 0.031 ± 0.001

a 
0.53 ± 0.05

a
 0.005 ± 0.0001

a
 

Db + Glib 10 5.83 ± 0.71
c 

0.058 ± 0.002
c 

1.31 ± 0.12
c 

0.013 ± 0.0001
c
 

Db + FOAE 200 4.56 ± 0.64
b 

0.045 ± 0.001
b 

0.92 ± 0.09
b
 0.009 ± 0.0001

b
 

Db + FOAE 400 5.62 ± 0.78
c
 0.056 ± 0.002

c 
1.37 ± 0.01

c
 0.013 ± 0.0003

c
 

FOAE 400 6.75 ± 0.14
d 

0.067 ± 0.004
d 

1.89 ± 0.04
e 

0.018 ± 0.0004
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 
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Table 4.48: Effect of F. olivieri aqueous extract on full blood counts in control and 

diabetic rats 

Treatment 

mg/kg bw 

RBC 

(×10
12

/L) 

Hb (g/L) MCV (fl) MCHC 

(g/dL) 

MCH (pg) 

Control 8.73 ± 0.14
b 

14.31 ± 0.76
d 

53.21 ± 1.39
c 

30.11 ± 1.53
d 

18.29 ± 1.45
e 

Diabetic  7.21 ± 0.26
a 

9.25 ± 0.15
a 

47.08 ± 2.01
a 

19.45 ± 0.85
a 

14.11 ± 1.51
a 

Db + Glib 10 8.85 ± 1.18
b 

14.89 ± 0.54
d 

53.72 ± 1.55
c 

28.73 ± 1.32
c 

16.25 ± 1.67
c 

Db + FOAE 200 7.68 ± 0.73
a 

12.76 ± 0.82
b
 50.85 ± 2.82

b 
24.30 ± 1.78

b 
15.12 ± 0.58

b 

Db + FOAE 400 8.42 ± 0.45
b 

13.84 ± 0.90
c
 53.42 ± 1.21

c 
27.95 ± 2.35

c 
17.44 ± 2.12

d 

FOAE 400 9.12 ± 1.25
c 

15.10 ± 0.36
e 

55.74 ± 2.45
d 

31.19 ± 0.61
d 

19.29 ± 2.53
f 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 

 

Table 4.49: Effect of F. olivieri aqueous extract on full blood counts in control and 

diabetic rats 

Treatment 

mg/kg bw 

WBC 

(10
3
/μL) 

PLT (x 

10
3
/μL) 

Lymph (%) Neut (%) 

Control 17.42 ± 0.35
d 

812.58 ± 14.1
 

65.32 ± 1.73
c 

25.17 ± 1.56
c 

Diabetic  2.29 ± 0.28
a 

92.34 ± 20.6
 

32.18 ± 1.48
a
 3.76 ± 1.78

a 

Db + Glib 10 15.34 ± 0.55
c 

184.15 ± 12.9
 

64.72 ± 1.19
c 

23.55 ± 0.80
c 

Db + FOAE 200 6.52 ± 0.21
b 

210.53 ± 16.4
 

71.56 ± 1.55
b
 18.39 ± 1.34

b 

Db + FOAE 400 14.27 ± 0.48
c 

95.26 ± 34.8
 

62.89 ± 1.22
c
 26.21 ± 0.62

c 

FOAE 400 18.49 ± 0.85
d
 825.37 ± 41.7

 
54.31 ± 1.30

d 
30.56 ± 2.18

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 
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Table 4.50: Effect of aqueous extract of F. olivieri on lipid profile in the control and 

diabetic rats 

Treatment 

mg/kg bw 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL (mg/dl) LDL (mg/dl) 

Control 116.28 ± 1.17
d 

115.38 ± 1.84
d 

65.32 ± 1.73
c 

52.31 ± 1.39
d 

Diabetic  219.21 ± 2.75
a
 226.39 ± 2.47

a
 32.18 ± 1.48

a
 129.42 ± 2.21

a
 

Db + Glib 10 121.52 ± 2.51
c
 128.53 ± 1.73

c 
64.72 ± 1.19

c 
63.76 ± 0.58

c 

Db + FOAE 200 186.22 ± 2.74
b 

177.49 ± 2.86
b 

71.56 ± 1.55
b
 85.84 ± 1.62

b
 

Db + FOAE 400 127.89 ± 1.41
c
 132.42 ± 1.37

c
 62.89 ± 1.22

c
 68.32 ± 1.59

c
 

FOAE 400 102.87 ± 1.28
d
 103.85 ± 2.44

d
 54.31 ± 1.30

d 
47.43 ± 0.78

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 
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4.14.2.8. Effects of F. olivieri on diabetes-induced liver damage 

4.14.2.8.1. Effects of F. olivieri on liver marker enzymes  

Diabetes induced by streptozotocin to rats leads to a considerable rise in liver marker 

enzymes (AST, ALT and ALP) (p<0.05). Feeding of F. olivieri aqueous extract at a 

concentration of 200 and 400 mg/kg to streptozotocin treated rats resulted in 

significant decline of AST, ALT and ALP which was non-significant to glibenclamide 

treated rats. 10 mg/kg of glibenclamide treatment to diabetic rats caused significant 

amelioration in the diabetic induced damage to liver marker enzymes (p>0.05) (Table 

4.51). 

There was a considerable decline in serum concentrations of total protein in diabetic 

rats compared to the control group. In contrast, total bilirubin, glucose and LDH 

levels were increased in diabetic rats (P<0.05). Similarly, 10 mg/kg bw of 

glibenclamide treatment significantly alleviated the diabetic effects and returned the 

serum level of protein, bilirubin, glucose and LDH towards the control level. 

However, serum level of these parameters remained unchanged by the aqueous 

fraction of F. olivieri only to rats compared to the control group (P>0.05) (Table 

4.52).  

4.14.2.8.2. Effects of F. olivieri on antioxidant enzymes  

Table 4.53 shows the hepatic antioxidant enzymes activities in diabetic and non-

diabetic groups. The levels of catalase, superoxide dismutase, glutathione peroxidase 

and glutathione reductase were significantly reduced in diabetic control rats 

compared to control group (P<0.05). Treatment of 10 mg/kg of glibenclamide, to 

diabetic rats showed improved amelioration, and increased the enzyme activities 

almost towards control. However, treatment of F. olivieri aqueous extract alone 

showed non significant changes comparatively to control rats (P>0.05) (Table 4.53). 

4.14.2.8.3. Effects of F. olivieri on GSH, LPO and DNA damage 

Table 4.54 shows the changes in enzyme activity of GSH in liver tissues of rats. The 

activity of GSH was significantly decreased compared to the control rats (P<0.05). 

Treatment of aqueous fraction of F. olivieri attenuated the damage induced by 

diabetes and restored, dose dependently, the enzyme activity near to control rats. 10 

mg/kg of glibenclamide treatment notably increased the GSH activity comparable to 

the higher dose of aqueous extract. Treatment with aqueous fraction of F. olivieri 

alone showed non significant changes (p>0.05) compared to control. 
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The liver concentration of TBARS and % DNA fragmentation increased in diabetic 

rats. The co-administration of F. olivieri aqueous extract significantly reduced the 

TBARS and DNA fragmentation levels towards control values (P<0.05). Treatment of 

10 mg/kg bw of glibenclamide alleviated these effects of diabetes and restored the 

concentration of these parameters near to the control group. However, insignificant 

(P>0.05) changes were found in aqueous fraction of F. olivieri alone (P>0.05). 

4.14.2.8.4. Effect of F. olivieri on liver histology  

Histological examination of the liver sections of control rats showed characteristic 

features of radiating hepatic cells around a normal central vein with narrow sinusoid, 

with no sinusoidal congestion and mild cellular swelling (Fig. 4.41 A). On the 

contrary, in diabetic rats destructive changes were more evident. The diabetic rats 

exhibited nonradiating sinusoids, mild scattered necrotic cells with pyknotic nuclei, 

and severe degenerations in the hepatocytes such as microvesicular and 

macrovesicular vacuolation of the hepatocyte cytoplasm, glycogen deposition, fatty 

changes, and cellular swelling (Fig. 4.41 B). Treatment with the silymarin showed 

improvements in histological structure of the liver sections of the diabetic rats with 

normalized appearance of the liver and mild degree of injuries (Fig. 4.41 C). In the F. 

olivieri 200 mg/kg group, the hepatocytes exhibited some degree of histological 

restorations defined by granular degenerations and mild cellular swelling (Fig. 4.41 

D). In contrast, F. olivieri 400 mg/kg group displayed significant reduction and 

missing of degenerative cells altogether (Fig. 4.41 E). F. olivieri alone showed normal 

morphological arrangement of the hepatocytes, mild Kupffer cells hyperplasia, 

macrovesicular vacuoles and little lipid droplets within the liver (Fig. 4.41 F). 
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Table 4.51: Effect of F. olivieri aqueous extract on liver marker enzymes in diabetic 

and non-diabetic rats 

Treatment 

mg/kg bw 

AST (U/L) ALT (U/L) ALP (U/L) 

Control 45.48 ± 2.65
d 

38.42 ± 1.41
c 

52.74 ± 1.07
d 

Diabetic  109.65 ± 3.09
a
 80.65 ± 2.84

a
 111.38 ± 2.98

a
 

Db + Glib 10 46.62 ± 1.87
d
 36.53 ± 1.98

c
 55.26 ± 1.22

d
 

Db + FOAE 200 86.34 ± 2.74
b
 61.47 ± 1.11

b
 87.54 ± 1.63

b 

Db + FOAE 400 54.71 ± 2.69
c
 42.79 ± 1.27

c
 65.41 ± 1.75

c
 

FOAE 400 43.22 ± 1.58
d 

35.11 ± 0.62
c 

48.76 ± 1.31
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 

 

 

Table 4.52: Effect of F. olivieri aqueous extract on serum billirubin, total protein, 

glucose and LDH in diabetic and non-diabetic rats 

Treatment 

mg/kg bw 

Total 

Bilirubin 

(mg/dl) 

Total protein 

(μg/mg 

tissue) 

GLU (mg/dl) LDH (U/L) 

Control 0.38 ± 0.11
e 

7.26 ± 0.35
d 

74.87 ± 2.19
d 

238.15 ± 1.28
e 

Diabetic  1.55 ± 0.51
a
 3.37 ± 0.02

a
 244.32 ± 2.77

a
 367.36 ± 2.25

a
 

Db + Glib 10 0.45 ± 0.09
d
 6.68 ± 0.57

c 
88.75 ± 1.75

d 
249.43 ± 2.32

d 

Db + FOAE 200 1.20 ± 0.64
b 

4.95 ± 0.69
b
 138.41 ± 2.31

b
 316.31 ± 1.42

b
 

Db + FOAE 400 0.58 ± 0.61
c
 6.17 ± 0.52

c
 112.38 ± 2.78

c 
262.67 ± 3.39

c
 

FOAE 400 0.32 ± 0.16
e 

7.33 ± 0.17
d
 70.51 ± 1.89

d
 229.56 ± 2.45

e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 
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Table 4.53: Effect of F. olivieri aqueous extract on lipid peroxidation levels and 

antioxidant enzyme activities in liver of diabetic and non-diabetic rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(μM/g tissue) 

GR 

(nM/min/mg 

protein) 

Control 10.94 ± 1.15
d 

11.26 ± 0.12
d 

53.64 ± 2.19
d 

147.64 ± 2.51
d 

Diabetic  3.72 ± 0.21
a
 4.37 ± 0.18

a
 24.67 ± 1.74

a
 78.29 ± 1.75

a
 

Db + Glib 10 7.46 ± 0.32
c
 10.45 ± 0.76

c
 51.40 ± 1.52

c
 145.43 ± 3.49

d
 

Db + FOAE 200 5.61 ± 0.67
b
 6.64 ± 0.31

b
 35.31 ± 1.20

b
 93.86 ± 1.25

b 

Db + FOAE 400 7.75 ± 0.78
c
 8.43 ± 0.51

c
 48.33 ± 1.16

c
 136.57 ± 2.16

c 

FOAE 400 11.55 ± 1.81
d 

12.22 ± 0.65
d 

56.67 ± 0.42
d 

154.21 ± 1.74
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 

 

Table 4.54: Effect of F. olivieri aqueous extract on antioxidant enzyme activities and 

DNA fragmentation in liver tissue of control and diabetic rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control 56.43 ± 1.18
d 

2.43 ± 0.12
d 

6.12 ± 0.24
d 

Diabetic  25.47 ± 2.03
a
 5.81 ± 0.31

a
 25.42 ± 0.17

a
 

Db + Glib 10 46.90 ± 3.16
c
 2.56 ± 0.42

d 
6.54 ± 0.23

d
 

Db + FOAE 200 38.25 ± 1.67
b
 4.14 ± 0.62

b 
18.62 ± 0.06

b
 

Db + FOAE 400 50.78 ± 1.24
c
 3.57 ± 0.09

c
 8.77 ± 0.52

c
 

FOAE 400 58.13 ± 1.17
d 

2.13 ± 0.14
d 

6.33 ± 0.05
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 
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Fig. 4.41: Effect of F. olivieri aqueous extract on liver histopathology of diabetic rats. 

(A) Control group, (B) Diabetic group, (C) Db + glibenclamide, (D) Db + F. olivieri 

aqueous extract: 200 mg/kg bw, (E) Db + F. olivieri aqueous extract: 400 mg/kg bw, 

(F) F. olivieri aqueous extract: 400 mg/kg bw. (Scale bar, 100 µm). 
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4.14.2.9. Effects of F. olivieri on diabetes-induced renal damage  

4.14.2.9.1. Effect of F. olivieri on serum urea, creatinine and albumin of rats 

Streptozotocin treatment leads to a significant rise in serum concentrations of urea and 

creatinine compared to control group (P<0.05). In contrast, albumin values decrease 

in the serum of diabetic rats. Administration of aqueous extract of F. olivieri to 

streptozotocin treated rats resulted in a significant decrease of serum urea, creatinine 

and increase of albumin which was non-significant to glibenclamide treated rats. The 

values of above parameters were altered back towards control in glibenclamide-

diabetic groups compared to the control rats. Non significant alterations (P>0.05) 

were detected by F. olivieri aqueous fraction alone (P>0.05) (Table 4.40). 

4.14.2.9.2. Effects of F. olivieri on antioxidant enzymes 

The renal antioxidant enzymes i.e. CAT, SOD, GSH and GR) activities were reduced 

significantly in the diabetic rats comparatively to control group. The treatment of 

aqueous extract of F. olivieri produced significant increase in the values towards 

control (p<0.05). Treatment of glibenclamide (10 mg/kg) showed significant 

attenuation in diabetes induced effects and these parameters were protected towards 

the control group. Treatment of aqueous fraction of F. olivieri only to rats did not 

alter the enzymes activities (p>0.05) (Table 4.41).  

4.14.2.9.3. Effects of F. olivieri on GSH, LPO and DNA damage 

The GSH level was considerably lower in the diabetic rats than the control group. F. 

olivieri aqueous extract administration significantly enhanced GSH level, 

comparatively to diabetic rats (P<0.05). Similarly, 10 mg/kg of glibenclamide 

treatment alleviated the diabetic effect and protected the changes near to control. No 

abnormal changes were found in the GSH activity of kidney by aqueous fraction of F. 

olivieri alone in rats (P>0.05). 

The TBARS levels and % DNA fragmentation were elevated in the kidney tissues of 

diabetic group compared to control rats. The glibenclamide and F. olivieri aqueous 

extract treatment reduced the lipid peroxidation significantly towards control 

(p<0.05). F. olivieri aqueous fraction alone showed non significant variation (p>0.05) 

in the TBARS contents and % DNA fragmentation as control group (Table 4.42).  

4.14.2.9.4. Effect of F. olivieri on renal histology  

The effects of F. olivieri aqueous extract on the diabetic rats’ kidneys are shown in 

(Fig. 4.42 A-F). The control rats demonstrated normal architecture of the renal 
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corpuscle and renal tubules (Fig. 4.42 A). In contrast, the kidneys of untreated 

diabetic rats revealed acute cellular swelling, severe tubular hydropic degenerations, 

glomerular shrinkage, widening of bowman’s space and severe tubular epithelium 

necrosis (Fig. 4.42 B). All the necrotic changes observed in the tubules together with 

the cellular degenerations in the glomerulus and tubules were found to be alleviated in 

the diabetic rats of the silymarin group (Fig. 4.42 C). Similarly, the kidney sections of 

the F. olivieri aqueous extract 200 mg/kg rats showed mild tubular degeneration and 

cellular swelling along with mild glomerular capillary cells degeneration and 

congestion (Fig. 4.42 D). Similarly, F. olivieri aqueous extract 400 mg/kg treated rats 

showed less damage compared to diabetic rats represented by mild to moderate 

tubular hydropic degeneration, mild glomerular capillaries congestion, and atrophied 

renal corpuscle (Fig. 4.42 E). F. olivieri aqueous extract alone treated rats showed no 

damage in the renal architecture (Fig. 4.42 F). 
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Table 4.55: Effect of F. olivieri aqueous extract on serum urea, creatinine and 

albumin in diabetic and non-diabetic rats 

Treatment 

mg/kg bw 

UR (mg/dl) CR (mg/dl) Albumin (mg/dl) 

Control 22.54 ± 0.16
c 

0.78 ± 0.03
d 

5.16 ± 0.05
c 

Diabetic  56.43 ± 1.63
a
 2.92 ± 0.01

a
 3.25 ± 0.21

a
 

Db + Glib 10 23.06 ± 1.24
c 

0.82 ± 0.02
c
 5.13 ± 0.13

c
 

Db + FOAE 200 35.16 ± 1.59
b 

1.90 ± 0.01
b
 4.38 ± 0.01

b
 

Db + FOAE 400 24.12 ± 1.53
c
 0.88 ± 0.02

c 
5.02 ± 0.37

c
 

FOAE 400 20.22 ± 1.17
c 

0.72 ± 0.03
d 

5.28 ± 0.41
c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 

 

Table 4.56: Effect of administration of F. olivieri aqueous extract on markers of 

oxidative stress in kidney tissues of control and diabetic rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control 10.64 ± 0.74
d 

8.21 ± 0.18
d 

73.27 ± 0.85
d 

133.42 ± 2.15
d 

Diabetic  3.52 ± 0.12
a
 3.17 ± 0.23

a
 34.75 ± 0.16

a
 55.38 ± 1.62

a
 

Db + Glib 10 9.14 ± 0.56
c
 7.16 ± 0.37

c
 68.42 ± 0.62

c
 122.84 ± 2.34

c
 

Db + FOAE 200 6.21 ± 0.81
b
 5.25 ± 0.21

b
 57.73 ± 2.52

b
 93.75 ± 1.85

b 

Db + FOAE 400 8.77 ± 0.42
c
 7.42 ± 0.65

c
 68.51 ± 3.16

c
 116.44 ± 1.19

c 

FOAE 400 11.62 ± 0.85
d 

8.38 ± 0.28
d 

83.24 ± 0.32
d 

145.17 ± 2.84
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 
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Table 4.57: Effect of administration of F. olivieri aqueous extract on markers of 

oxidative stress and DNA fragmentation in kidney tissues of control and diabetic rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control 44.72 ± 2.81
d 

1.85 ± 0.18
d 

7.95 ± 0.08
d 

Diabetic  17.68 ± 0.74
a
 6.12 ± 0.29

a
 20.56 ± 0.33

a
 

Db + Glib 10 41.65 ± 1.36
c
 1.76 ± 0.31

d 
7.78 ± 0.54

d
 

Db + FOAE 200 28.77 ± 0.45
b
 4.52 ± 0.16

b 
14.39 ± 0.18

b
 

Db + FOAE 400 39.26 ± 1.92
c
 2.13 ± 0.26

c
 8.12 ± 0.24

c
 

FOAE 400 48.87 ± 1.65
d 

1.65 ± 0.67
d 

7.84 ± 0.05
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). Db; Diabetic, 

FOAE; F. olivieri aqueous extract. 
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Fig. 4.42: Effect of F. olivieri aqueous extract on kidney histopathology of diabetic 

rats. (A) Control group, (B) Diabetic group, (C) Db + glibenclamide, (D) Db + F. 

olivieri aqueous extract: 200 mg/kg bw, (E) Db + F. olivieri aqueous extract: 400 

mg/kg bw, (F) F. olivieri aqueous extract: 400 mg/kg bw. (Scale bar, 100 µm). 
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4.15. Effect of P. aphylla on Paracetamol induced toxicity 

4.15.1. Effects of P. aphylla on Paracetamol-induced general toxicity  

4.15.1.1. Effects of P. aphylla on body weight 

A significant decrease was found in the percent increase of body weights of 

paracetamol treated group compared to control rats (P<0.05). P. aphylla methanolic 

extract (200 and 400 mg/kg) co-treatment considerably maintained the body weight 

(P<0.05) towards control compared to paracetamol treated rats (Table 4.58). 

Similarly, protective effects of silymarin (50 mg/kg) treatment were comparable to the 

higher dose of P. aphylla (400 mg/kg bw). However, treatment of P. aphylla alone did 

not cause significant changes in the body weights (P>0.05). 

4.15.1.2. Effects of P. aphylla on different organ weights 

The absolute and relative weights of liver, kidney, heart, lungs, testicular and brain 

were reduced significantly in the paracetamol administered group compared to control 

group. However, co-treatment of 50 mg/kg silymarin and P. aphylla at both 

concentrations (200 and 400 mg/kg) reduced the paracetamol induced intoxication 

and recovered significantly (P<0.05) the absolute and relative organ weights. 

Administration of P. aphylla alone had no significant effect on organ weights in 

comparison to control rats (P>0.05).  

4.15.1.3. Effects of P. aphylla on haematological parameters 

The effects of paracetamol intoxication on haematological parameters are summarized 

in Table 4.62. Treatment of paracetamol resulted in a considerable (P<0.05) decline of 

PCV, Hb, MCHC and MCH concentrations as that of control group. However, 

concentration of MCV was increased (P<0.05) with administration of paracetamol. 

Co-administration with P. aphylla erased the paracetamol effects and normalized the 

level of PCV, Hb, MCV, MCHC and MCH near to control group in a dose dependent 

manner (400 and 200 mg/kg). Treatment of silymarin (50 mg/kg) erased the 

paracetamol intoxication and brought the PCV, Hb, MCV, MCHC and MCH level 

towards the control level. However, non significant variations were found by the 

administration of P. aphylla alone on the level of these haematological parameters 

(P>0.05).  

Effects of P. aphylla against paracetamol induced changes in WBC, TLC, PLT, 

lymphocyres, neutrophils and granulocytes are shown in Table 4.63. Treatment of 

paracetamol increased the TLC, PLT and granulocytes contents while depleting the 
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WBC, lymphocytes and neutrophils compared to the control (P<0.05). Paracetamol 

toxicity to rats was attenuated by methanol extract of P. aphylla. Both doses of P. 

aphylla (400 and 200 mg/kg) protect the contents of WBC, TLC, PLT, lymphocyres, 

neutrophils and granulocytes in a significant manner. Co-administration of silymarin 

significantly returned the level of all these parameters, while no abnormal variation 

was observed by P. aphylla alone (P>0.05). 

4.15.1.4. Effect of P. aphylla on Lipid profile 

The cholesterol, triglycerides, LDL and HDL levels were increased in serum of 

paracetamol treated rats compared to control rats (p<0.05). Treatment of PAME (200 

and 400 mg/kg) along with paracetamol treatment erased the toxicity of paracetamol 

thereby, reversing the serum levels of cholesterol, triglycerides, HDL and LDL 

directed dose dependently towards control. Administration of silymarin (50 mg/kg) 

produced similar results to those of a higher dose of PAME (400 mg/kg bw). 

However, P. aphylla alone rats displayed no major (P>0.05) differences compared to 

control rats (Table 4.64). 

4.15.2. Effect of P. aphylla on hepatotoxicity induced with paracetamol 

4.15.2.1. Effects of PAME on liver marker enzymes  

The liver function enzymes i.e. ALP, AST and ALT showed a significant elevation in 

paracetamol treated animals compared to control group (p<0.05). Similarly the total 

bilirubin, glucose and LDH also increased significantly after paracetamol treatment. 

In contrast, a significant decline was noted in the total protein level in paracetamol 

administered group (P<0.05) (Table 4.65).    

The administration of rats with P. aphylla extracts (200 and 400 mg/kg) along with 

paracetamol, helped in the improvement of these serum biochemical changes towards 

control values (Table 4.66). Treatment with silymarin (50 mg/kg bw) along with 

paracetamol treatment showed similar effects to those of PAME (400 mg/kg) in 

erasing the paracetamol intoxication to rats. However, non significant variations were 

found in P. aphylla alone group compared to the control group (P>0.05). 

4.15.2.2. Effect of PAME on antioxidant enzyme armory of liver 

The liver antioxidant enzymes levels (CAT, SOD, GR and GPx) were reduced 

significantly in rats treated with paracetamol (P<0.05). Co-treatment of P. aphylla  

(200 and 400 mg/kg) along with paracetamol caused a significant elevation of these 

enzymes towards control values. Similarly the silymarin (50 mg/kg) administered 
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Table 4.58: Effect of methanol extract of P. aphylla on percent increase in body 

weight in paracetamol treated rats 

Treatment 

mg/kg bw 

Body weight (g) 

Initial body 

weight (g) 

Final body weight 

(g) 

Percent increase 

in body weight 

Control (Saline) 171.76 ± 1.45 237.54 ± 1.16 38.29 ± 1.82
d 

Paracetamol 400 174.68 ± 2.41 227.51 ± 2.35 24.51 ± 1.21
a 

PCM + Sily 50 180.53 ± 2.17 237.76 ± 2.19 31.70 ± 0.98
c 

PCM + PAME 200 166.11 ± 3.29 213.84 ± 1.53 28.73 ± 0.56
b 

PCM + PAME 400 179.53 ± 2.64 235.76 ± 1.65 31.32 ± 1.26
c 

PAME 400 175.27 ± 1.43 240.15 ± 1.94 37.01 ± 0.64
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

 

Table 4.59: Effect of methanol extract of P. aphylla on absolute and relative weights 

of liver and kidneys in paracetamol treated rats 

Treatment 

mg/kg bw 

Absolute 

Liver 

weight (g) 

Relative liver 

weight (% to 

body weight) 

Absolute 

Kidney 

weight (g) 

Relative kidney 

weight (% to 

body weight) 

Control (Saline) 6.58 ± 1.23
d 

0.065 ± 0.001
d 

1.89 ± 0.12
d 

0.018 ± 0.0002
d 

Paracetamol 400 3.28 ± 0.15
a
 0.032 ± 0.001

a 
0.97 ± 0.05

a
 0.009 ± 0.0001

a
 

PCM + Sily 50 6.39 ± 1.08
c 

0.063 ± 0.002
c 

1.82 ± 0.24
c 

0.018 ± 0.0001
c
 

PCM + PAME 200 5.95 ± 0.31
b 

0.059 ± 0.001
b 

1.30 ± 0.11
b
 0.013 ± 0.0005

b
 

PCM + PAME 400 6.40 ± 1.47
c
 0.064 ± 0.001

c 
1.72 ± 0.35

c
 0.017 ± 0.0006

c
 

PAME 400 6.69 ± 1.55
d
 0.066 ± 0.002

d 
1.92 ± 0.17

d
 0.019 ± 0.0004

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Table 4.60: Effect of methanolic extract of P. aphylla on absolute and relative 

weights of heart and lungs in paracetamol treated rats 

Treatment 

mg/kg bw 

Absolute 

Heart weight 

(g) 

Relative 

Heart weight 

(% to body 

weight) 

Absolute 

Lungs weight 

(g) 

Relative Lungs 

weight (% to 

body weight) 

Control (Saline) 1.06 ± 0.02
d 

0.010±0.0001
d 

1.72 ± 0.12
c 

0.017 ± 0.0002
c 

Paracetamol 400 0.78 ± 0.03
a
 0.007±0.001

a 
2.25 ± 0.16

a
 0.022 ± 0.0003

a
 

PCM + Sily 50 1.02 ± 0.01
d 

0.010±0.001
d 

1.74 ± 0.08
c 

0.017 ± 0.0001
c 

PCM + PAME 200 0.88 ± 0.02
b
 0.008±0.0001

b 
1.95 ± 0.53

b 
0.019 ± 0.0001

b
 

PCM + PAME 400 0.96 ± 0.05
c
 0.009±0.0001

c 
1.70 ± 0.14

c
 0.017 ± 0.0005

c
 

PAME 400 1.12 ± 0.01
d
 0.011±0.0001

e 
1.77 ± 0.15

d
 0.017 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

Table 4.61: Effect of methanol extract of P. aphylla on absolute and relative weights 

of testes and brain in paracetamol treated rats 

Treatment 

mg/kg bw 

Absolute 

Testes 

weight 

(g) 

Relative 

Testes 

weight (% to 

body weight) 

Absolute 

Brain weight 

(g) 

Relative 

Brain weight 

(% to body 

weight) 

Control (Saline) 6.78 ± 0.13
d 

0.067±0.001
c 

1.38 ± 0.03
d 

0.013 ± 0.001
c 

Paracetamol 400 9.64 ± 0.14
a
 0.096±0.001

a
 0.64 ± 0.04

a
 0.006 ± 0.001

a
 

PCM + Sily 50 6.79 ± 0.12
d
 0.067±0.001

c 
1.39 ± 0.02

d
 0.013 ± 0.001

c 

PCM + PAME 200 8.83 ± 0.16
b
 0.088±0.002

b
 0.83 ± 0.06

b
 0.008 ± 0.001

b
 

PCM + PAME 400 7.12 ± 0.11
c
 0.071±0.001

c
 1.32 ± 0.01

c
 0.013 ± 0.002

c
 

PAME 400 6.71 ± 0.18
d
 0.067±0.001

c
 1.42 ± 0.08

d
 0.014 ± 0.001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Table 4.62: Effect of P. aphylla methanol extract on full blood counts in paracetamol 

induced toxicity in rats 

Treatment 

mg/kg bw 

PCV (%) Hb (g/L) MCV (fl) MCHC 

(g/dL) 

MCH (pg) 

Control (Saline)  38.15 ± 1.43
b 

12.31 ± 0.72
b 

60.84 ± 0.94
d 

31.15 ± 1.66
b 

18.14 ± 2.15
b 

Paracetamol 400  34.76 ± 1.95
a
 9.78 ± 0.74

a 
65.22 ± 2.18

a 
29.87 ± 0.94

a 
16.45 ± 1.52

a 

PCM + Sily 50  38.79 ± 1.73
b 

12.57  ± 0.18
b 

61.76 ± 1.86
c 

33.75 ± 0.81
d 

18.92 ± 2.18
b 

PCM + PAME 200  39.82 ± 1.75
c
 12.82 ± 0.12

c
 64.14 ± 2.74

b 
32.08 ± 1.79

c 
19.08 ± 0.51

c 

PCM + PAME 400  40.77 ± 1.88
d
 13.98 ± 1.10

d
 62.32 ± 2.58

c 
35.93 ± 1.27

f 
21.78 ± 1.16

e 

PAME 400  40.13 ± 1.50
d 

13.89 ± 0.92
d 

58.83 ± 1.72
d 

34.57 ± 0.51
e 

20.54 ± 3.11
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

 

 

Table 4.63: Haematological findings of rats treated with P. aphylla methanol extract 

on paracetamol intoxicated rats 

Treatment 

mg/kg bw 

WBC 

(103/μL) 

TLC (x 

103/μL) 

PLT (x 103/μL) Lymph (%) Neut (%) Gran (%) 

Control (Saline)  7.89±0.56b 5.86±0.45d 721.54±12.53c 71.63±3.87c 59.42±2.89c 10.37±0.65e 

Paracetamol 400  5.11±0.73a 8.28±0.17a 876.27±110.42a 60.54±1.31a 23.98±1.54a 17.43±1.95a 

PCM + Sily 50  8.15±0.53c 5.63±0.67d 715.93±3.82c 74.86±1.12c 52.50±0.71c 12.54±0.60d 

PCM + PAME 200  8.21±0.68c 7.81±0.55b  719.55±42.18c 58.36±1.82a 39.64±1.59b 12.85±2.69d 

PCM + PAME 400  8.52±0.23d 6.84±0.13c 862.13±19.16b 65.41±1.76b 60.37±0.26c 14.70±0.19b 

PAME 400  8.30±0.16c 5.45±0.12d 722.70±2.68c 69.08±2.34b 67.76±2.11d 13.64±0.17c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Table 4.64: Effect of methanolic extract of P. aphylla on lipid profile in paracetamol 

induced toxicity in rats 

Treatment 

mg/kg bw 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL (mg/dl) LDL (mg/dl) 

Control (Saline)  43.07 ± 4.11
c 

118.37 ± 15.51
c 

45.24 ± 2.42
d 

24.56 ± 1.19
c 

Paracetamol 400  77.86 ± 3.09
a 

194.24 ± 15.34
a
 74.27 ± 2.36

a 
55.08 ± 4.03

a
 

PCM + Sily 50  41.15 ± 2.56
c 

122.79 ± 5.20
c
 46.13 ± 0.57

d 
26.83 ± 1.86

c
 

PCM + PAME 200  59.32 ± 1.38
b 

158.41 ± 3.44
b 

61.75 ± 1.51
b 

42.46 ± 0.67
b 

PCM + PAME 400  45.24 ± 2.68
c 

125.22 ± 5.18
c 

56.58 ± 2.17
c 

28.74 ± 1.54
c 

PAME 400  42.36 ± 0.61
c 

112.68 ± 0.83
d
 43.53 ± 1.48

d 
23.58 ± 1.27

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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group showed significant elevation of hepatic antioxidant enzymes in comparison to 

the paracetamol treated group. No significant alterations were observed (P>0.05) in P. 

aphylla alone group as against the control rats (Table 4.67). 

4.15.2.3. Effect of PAME on GSH, lipid peroxides and DNA fragmentation in 

hepatic samples of rat  

Paracetamol treatment in rats caused oxidative stress and caused significant depletion 

in hepatic GSH activity of the rats which was significantly reduced by the 

administration of PAME (200 and 400 mg/kg) compared to paracetamol administered 

group (P<0.05). Treatment of silymarin (50 mg/kg) to rats gave a similar response to 

the higher dose of P. aphylla (400 mg/kg) compared to the control group. 

The treatment of paracetamol resulted in enhanced TBARS levels and hepatic DNA 

fragmentation compared to the control rats (P<0.05). P. aphylla administration (200 

and 400 mg/kg) reduced the TBARS and hepatic DNA fragmentation levels 

significantly compared to the paracetamol treated group. The silymarin (50 mg/kg) 

co-treatment recovered the TBARS and hepatic DNA fragmentation levels similar to 

the higher dose of P. aphylla (400 mg/kg). No significant (p>0.05) changes were 

induced by the treatment of P. aphylla only (Table 4.68).   

4.15.2.4. Histopathological analysis of liver 

The liver histoarchitecture of control and P. aphylla alone treated animals showed 

normal cells (Fig. 4.43 A and F). In the histopathological studies of liver of 

paracetamol administered group, degeneration of hepatocytes, centrilobular necrosis, 

extensive vascular degeneration and heavy haemorrhage were observed.  P. aphylla 

extract co-treatment (200 and 400 mg/kg) caused mild degenerative alterations, 

necrosis, haemorrhage as well as prevent the formation of centrilobular necrosis (Fig. 

4.43 D and E). These observations indicate the hepatoprotective effect of P. aphylla 

against paracetamol induced hepatotoxicity. 
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Table 4.65: Effect of P. aphylla on liver marker enzymes in paracetamol induced 

toxicity in rats  

Treatment 

mg/kg bw 

AST (U/L) ALT (U/L) ALP (U/L) 

Control (Saline)  66.20 ± 4.16
c
 63.06 ± 1.03

c
 149.25 ± 2.31

c 

Paracetamol 400  196.64 ± 3.27
a
 161.88 ± 3.58

a
 332.68 ± 1.56

a
 

PCM + Sily 50  67.21 ± 1.35
c
 68.49 ± 1.39

c
 151.82 ± 1.37

c 

PCM + PAME 200  96.65 ± 2.28
b
 88.21 ± 1.33

b
 211.65 ± 1.39

b
 

PCM + PAME 400  82.48 ± 1.19
b
 82.25 ± 1.29

b
 191.49 ± 2.54

b
 

PAME 400  72.61 ± 2.82
c
 61.57 ± 1.53

c
 155.32 ± 1.30

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-c)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

 

Table 4.66: Effect of P. aphylla on serum billirubin, total protein, glucose and LDH 

in paracetamol induced toxicity in rats  

Treatment 

mg/kg bw 

Total 

Bilirubin 

(mg/dl) 

Total protein 

(μg/mg tissue) 

GLU (mg/dl) LDH (U/L) 

Control (Saline) 0.83 ± 0.02
c
 7.99 ± 0.13

c
 87.34 ± 4.18

c 
47.43 ± 1.96

d 

Paracetamol 400 2.21 ± 0.11
a
 4.10 ± 0.23

a
 162.68 ± 5.70

a
 126.67 ± 3.59

a
 

PCM + Sily 50 0.82 ± 0.01
c
 7.96 ± 0.18

c
 93.76 ± 4.33

b 
52.23 ± 1.45

c
 

PCM + PAME 200 0.91 ± 0.03
b
 6.88 ± 0.25

b
 93.50 ± 4.32

b
 85.52 ± 2.14

b
 

PCM + PAME 400 0.98 ± 0.24
b
 7.93 ± 0.14

c
 95.00 ± 4.36

b
 60.70 ± 1.23

c
 

PAME 400 0.75 ± 0.03
d
 8.07 ± 0.11

c
 83.41 ± 1.67

c
 45.28 ± 1.32

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Table 4.67: Effect of P. aphylla on antioxidant enzyme activities in paracetamol 

induced hepatotoxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control (Saline) 6.08 ± 0.62
d 

3.46 ± 0.13
d 

116.30 ± 2.27
c 

159.35 ± 2.80
d 

Paracetamol 400 2.63 ± 0.25
a
 1.83 ± 0.04

a
 70.57 ± 1.16

a
 62.69 ± 1.64

a 

PCM + Sily 50 5.65 ± 0.31
c
 3.31 ± 0.03

c
 115.74 ± 2.17

c
 153.97 ± 3.43

d
 

PCM + PAME 200 3.15 ± 0.42
b
 2.35 ± 0.02

b
 92.65 ± 1.19

b
 95.71 ± 2.76

b
 

PCM + PAME 400 5.75 ± 0.25
c
 3.11 ± 0.27

c
 110.33 ± 3.29

c
 134.56 ± 1.71

c
 

PAME 400 6.37 ± 0.14
d 

3.98 ± 0.01
d 

118.51 ± 1.22
c 

163.12 ± 2.82
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

 

Table 4.68: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced hepatotoxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 47.89 ± 0.39
c 

2.64 ± 0.85
c 

5.98 ± 0.03
d 

Paracetamol 400 18.96 ± 1.42
a
 5.76 ± 1.09

a
 34.27 ± 1.12

a
 

PCM + Sily 50 46.24 ± 2.75
c
 2.59 ± 0.64

c 
6.90 ± 0.05

d
 

PCM + PAME 200 33.26 ± 0.54
b 

3.62 ± 0.18
b
 21.03 ± 1.02

b
 

PCM + PAME 400 44.83 ± 1.72
c
 2.53 ± 0.23

c
 17.08 ± 1.16

c
 

PAME 400 47.64 ± 0.44
c 

1.90 ± 0.07
d 

6.42 ± 0.06
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Fig. 4.43: Effect of P. aphylla on Paracetamol induced histopathology of liver (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw P. aphylla treated group (E) Paracetamol + 400 mg/kg bw P. aphylla 

extract treated group, (F) 400 mg/kg bw P. aphylla extract. (Scale bar, 100 µm). 
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4.15.3. Effects of P. aphylla on paracetamol-induced nephrotoxicity 

4.15.3.1. Effect of P. aphylla on urine profile of rats  

Table 4.69 presents the protective effects of P. aphylla methanolic extract against 

paracetamol administration in rat renal lesions including specific gravity, RBCs, 

urinary pH, WBCs count and urobilinogen. Significantly higher (P<0.05) decline was 

found in pH while RBCs, specific gravity, WBCs count and urobilinogen was 

significantly increased by treatment of paracetamol compared to the untreated control 

group. P. aphylla were highly effective in ameliorating the paracetamol intoxication, 

and decreased the RBCs, WBCs count, specific gravity and urobilinogen and 

enhanced the pH level of urine compared to paracetamol. Silymarin (50 mg/kg) 

administration also showed similar protection as the higher doses of P. aphylla (400 

mg/kg) against the toxicity of paracetamol. However, the treatment of P. aphylla 

alone showed non significant (P>0.05) variation compared to the control group in this 

study. 

4.15.3.2. Effect of P. aphylla on serum urea, creatinine and albumin 

The paracetamol administration leads to elevated serum concentrations of creatinine, 

urea and albumin in comparison to control rats (P<0.05). A substantial prevention was 

found in P. aphylla (200 and 400 mg/kg) administered rats as indicated by decline in 

urea, creatinine and albumin when compared to paracetamol treated rats (Table 4.70). 

Silymarin administration also showed the similar protection as the higher doses of 

PAME (400 mg/kg) against the toxicity of paracetamol. However, the treatment of 

PAME alone showed non significant (P>0.05) variation compared to control rats in 

this study. 

4.15.3.3. Effects of P. aphylla on antioxidant enzymes 

The renal levels of CAT, SOD, GSH and GPx were reduced significantly by oral 

administration of paracetamol compared to the control rats (P<0.05). The antioxidant 

enzymes level was significantly recovered by the treatment of P. aphylla (200 and 

400 mg/kg) methanol extracts. Antioxidant effect of silymarin (50 mg/kg) was 

comparable to that of the higher dose of P. aphylla (400 mg/kg). Treatment of P. 

aphylla alone (400 mg/kg) caused no considerable (P>0.05) variations in the 

antioxidant enzyme activities compared to control rats (Table 4.71). 

4.15.3.4. Effects of P. aphylla on GSH, LPO and DNA damage 
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The GSH activity in the renal tissue was significantly decreased by the administration 

of paracetamol in comparison to control rats (P<0.05). Contents of GSH were 

enhanced by the treatment of P. aphylla along with paracetamol. In contrast, the 

TBARS level was considerably augmented in the paracetamol administered rats 

comparatively to the control group (P<0.05). P. aphylla methanol extract (200 and 

400 mg/kg) co-treatment prevented the increase in lipid peroxidation by reducing the 

TBARS level compared to the paracetamol group.  

The DNA fragmentation was enhanced in paracetamol treated group in comparison to 

control rats (P<0.05). The DNA injuries were remarkably restored by the co-

administration of the P. aphylla extracts (200 and 400 mg/kg). Toxicity of 

paracetamol was significantly augmented with silymarin and the results obtained were 

comparable to the higher dose of P. aphylla (400 mg/kg). PAME alone administered 

group displayed non significant variations in the above parameters (P>0.05) (Table 

4.72). 

4.15.3.5. Histopathological analysis of kidney 

The histological features of the kidneys from various treatments groups are as 

presented in Fig. 4.44. Renal sections from the control and silymarin group showed no 

histological changes, as evidenced by the normal appearance of glomeruli and tubules 

(Fig. 4.44 A and C). In contrast, kidney sections from the paracetamol group 

exhibited altered architecture with extensive destruction of glomeruli and tubular 

structures, as demonstrated by marked necrotic areas (Fig. 4.44 B). On the other hand, 

administration of P. aphylla extract at 200 (Fig. 4.44 D) or 400 mg/kg (Fig. 4.44 E) 

concurrent with paracetamol administration, showed protective effects on the kidney, 

as evidenced by the less severe tubular and glomerular damages, with better 

protection being observed in the PCM + 400 mg/kg extract group.  

4.15.3.6. Effect of P. aphylla on liver and kidney DNA ladder assay  

The DNA ladder assay showed a marked DNA damage in liver and kidney of 

paracetamol treated group of rats. The effects of P. aphylla extract against 

paracetamol induced toxicity are shown in Fig. 4.45. There was no damage observed 

in DNA of control rats, while extensive DNA damage was found in the paracetamol 

group. The co-administration of P. aphylla or silymarin lessened the damage in 

comparison to paracetamol treated group (Fig. 4.45). Treatment of P. aphylla alone 

did not show DNA damage.  
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Table 4.69: Effect of P. aphylla on urine profile including pH specific gravity, RBC, 

WBC and urobilinogen in paracetamol induced nephrotoxicity in rats 

Treatment 

mg/kg bw 

pH Specific 

gravity 

RBC/µl WBC/µl Urobilinogen 

(mg/dl) 

Control (Saline) 7.05±0.07
d 

1.06±0.03
c 

0.03±0.01
d 

13.51±0.76
d 

4.38±0.12
d 

Paracetamol 400 6.28±0.15
a
 1.43±0.05

a
 10.45±1.16

a
 78.43±1.69

a 
32.65±1.25

a
 

PCM + Sily 50 6.92±0.02
c
 1.04±0.02

c
 1.78±0.15

c
 18.12±0.53

c
 7.41±0.82

d
 

PCM + PAME 200 6.55±0.22
b
 1.25±0.15

b
 5.98±0.13

b
 47.28±1.84

b
 23.86±1.15

b
 

PCM + PAME 400 6.85±0.61
c
 1.08±0.04

c
 2.65±0.01

c
 21.62±0.65

c
 10.11±0.54

c
 

PAME 400 7.04±0.13
d 

1.05±0.02
c 

0.02±0.00
d 

12.17±0.44
d 

4.95±0.63
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract 

 

 

Table 4.70: Effect of P. aphylla on serum urea, creatinine and albumin in 

paracetamol induced toxicity in rats 

Treatment 

mg/kg bw 

UR (mg/dl) CR (mg/dl) Albumin (mg/dl) 

Control (Saline)  28.78 ± 1.59
d 

0.89 ± 0.01
c 

36.44 ± 0.56
c 

Paracetamol 400  47.66 ± 2.86
a
 1.98 ± 0.07

a
 19.61 ± 0.34

a
 

PCM + Sily 50  28.76 ± 1.71
d 

0.79 ± 0.01
d 

35.74 ± 0.28
c 

PCM + PAME 200  41.25 ± 2.98
b
 1.36 ± 0.04

b 
27.82 ± 0.76

b
 

PCM + PAME 400  33.81 ± 1.33
c
 0.88 ± 0.02

c
 34.60 ± 0.92

c
 

PAME 400  26.45 ± 1.21
d
 0.73 ± 0.01

d
 37.42 ± 0.50

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract 
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Table 4.71: Effect of P. aphylla on antioxidant enzyme activities in paracetamol 

induced nephrotoxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  5.25 ± 1.21
d 

5.64 ± 0.25
d 

96.75 ± 0.83
d 

182.63 ± 3.14
d 

Paracetamol 400  2.57 ± 0.60
a
 1.82 ± 0.94

a
 42.46 ± 1.37

a
 112.59 ± 2.02

a
 

PCM + Sily 50  4.80 ± 0.43
c 

5.04 ± 0.51
c 

95.57 ± 1.81
d 

176.44 ± 1.65
c 

PCM + PAME 200  3.63 ± 0.54
b
 3.15 ± 0.65

b
 63.54 ± 1.23

b
 135.12 ± 2.75

b
 

PCM + PAME 400  5.15 ± 0.91
c
 4.98 ± 0.59

c
 84.70 ± 1.30

c
 177.19 ± 1.47

c
 

PAME 400  5.31 ± 0.63
d 

5.71 ± 0.46
d 

98.29 ± 1.53
d 

184.24 ± 2.84
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract 

 

Table 4.72: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced nephrotoxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  28.45 ± 1.75
d 

3.24 ± 0.84
c 

10.51 ± 0.05
d 

Paracetamol 400  10.80 ± 0.37
a
 5.35 ± 0.21

a
 45.29 ± 0.01

a
 

PCM + Sily 50  30.32 ± 1.84
d 

3.18 ± 0.63
c 

12.15 ± 0.14
d
 

PCM + PAME 200  21.46 ± 0.93
b
 4.38 ± 0.28

b
 22.31 ± 0.07

b
 

PCM + PAME 400  25.92 ± 0.48
c
 3.20 ± 0.51

c
 16.64 ± 0.13

c
 

PAME 400  31.37 ± 1.21
d 

3.31 ± 0.65
d 

11.45 ± 0.02
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract 
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Fig. 4.44: Effect of P. aphylla on Paracetamol induced histopathology of kidney (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw P. aphylla treated group (E) Paracetamol + 400 mg/kg bw P. aphylla 

extract treated group, (F) 400 mg/kg bw P. aphylla extract. (Scale bar, 100 µm). 
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Fig. 4.45: Agarose gel showing integrity of DNA after treatment with Paracetamol 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) liver control (2) kidney control (3) Paracetamol 400 mg/kg bw of liver 

sample (4) Paracetamol 400 mg/kg bw of kidney sample (5) Paracetamol 400 mg/kg 

bw + silymarin 50 mg/kg of liver sample (6) Paracetamol 400 mg/kg bw + silymarin 

50 mg/kg of kidney sample (7) Paracetamol 400 mg/kg bw + P. aphylla 200 mg/kg 

bw of liver sample (8) Paracetamol 400 mg/kg bw + P. aphylla 200 mg/kg bw of 

kidney sample (9) Paracetamol 400 mg/kg bw + P. aphylla 400 mg/kg bw of liver 

sample (10) Paracetamol 400 mg/kg bw + P. aphylla 400 mg/kg bw of kidney sample.  
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4.15.4. Effects of P. aphylla on paracetamol-induced cardiotoxicity  

4.15.4.1. Effects of P. aphylla on antioxidant enzymes  

The activity of antioxidant enzymes (CAT, SOD, GSH-Px, GR) were decreased in 

the cardiac tissue of paracetamol administered group compared to the control group. 

P. aphylla extract co-administration (200 and 400 mg/kg) recovered the enzyme 

activities significantly as against the paracetamol treated rats (P<0.05). Treatment of 

silymarin (50 mg/kg) erased the paracetamol adverse effects by reversing the 

activities of these enzymes towards control level. However, no remarkable 

variations (P>0.05) were detected in P. aphylla only administered group compared 

to control (Table 4.73). 

4.15.4.2. Effects of P. aphylla on GSH, LPO and DNA damage 

Protective effects of P. aphylla methanol extract against paracetamol toxicity on GSH 

activity, lipid peroxidation and % DNA fragmentation in cardiac tissues are depicted 

in Table 4.74. The GSH activity reduced appreciably in the paracetamol treated rats 

(p<0.05), whereas the % DNA fragmentation was enhanced comparatively to the 

control rats. GSH activity was recovered significantly by co-treatment of P. aphylla in 

paracetamol treated rats towards the control level, dose dependently (200 and 400 

mg/kg). Administration of P. aphylla alone displayed non significant (P>0.05) 

alterations compared to control rats while, 50 mg/kg of silymarin erased the 

paracetamol intoxication and maintained the GSH activity and % DNA fragmentation 

towards control. 

The TBARS contents in the cardiac tissue was significantly elevated by the 

treatment of paracetamol (400 mg/kg) compared to control rats (P<0.05). Co-

treatment of P. aphylla methanolic extract (200 and 400 mg/kg) to paracetamol 

treated rats significantly reduced TBARS contents, dose dependently, compared to 

control rats. Treatment of 50 mg/kg of silymarin extensively erased the paracetamol 

toxicity and the level of this parameter returned towards control, however 

insignificant (P>0.05) changes were established by administration of P. aphylla 

alone. 

4.15.4.3. Histopathological analysis of heart  

Histological studies of the heart tissue in the control group showed normal 

architecture characterized by cross striation and inter-digitations of the myofibrils 

with well stained myoplasm and nuclei (Fig. 4.46 A). The myocardium of the 
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paracetamol treated group had blood stains and myofibrils cannot be properly 

distinguished as individual cells compared to the control although, the nuclei are well 

stained (Fig. 4.46 B). The cross striation of the cardiac muscle in the paracetamol + P. 

aphylla extract fed group were similar to control except with slightly thicker muscular 

wall (Fig. 4.46 D & E). Normal myocardium architecture with regular cell distribution 

was observed in hearts of P. aphylla methanolic extract only group (Fig. 4.46 F). 

4.15.4.4. Effect of P. aphylla on heart DNA damage 

It has been shown in DNA ladder assay that no damage was observed in control and 

P. aphylla alone groups, however DNA damage was found in heart of paracetamol 

treated rats. These DNA damages were attenuated by co-administration of P. aphylla 

(200 and 400 mg/kg) and silymarin (50 mg/kg) as indicated by DNA band pattern of 

these groups (Fig. 4.47). 

4.15.5. Effects of P. aphylla on paracetamol-induced lungs toxicity  

4.15.5.1. Effects of P. aphylla on antioxidant enzymes  

The effects of paracetamol on the pulmonary antioxidant enzymes activities are 

depicted in Table 4.75. The CAT, SOD, GPx and GR activities were reduced 

notably (P<0.05) in the paracetamol administered rats comparatively to the control. 

Co-treatment of P. aphylla markedly augmented the effects of paracetamol 

intoxication and increased antioxidant enzymes activities in pulmonary tissues dose 

dependently (200 and 400 mg/kg). Same activities were reported from silymarin (50 

mg/kg). No considerable changes (P>0.05) were detected in the enzyme activities of 

P. aphylla alone treated group compared to control rats. 

4.15.5.2. Effects of P. aphylla on GSH, LPO and DNA damage 

Table 4.76 shows the changes in pulmonary GSH activity, lipid peroxidation and % 

DNA fragmentation. The GSH activity declined after the administration of 

paracetamol (400 mg/kg) considerably (P<0.05), whereas, the TBARS contents and % 

DNA fragmentation was increased compared to the control group. Co-administration 

of rats with P. aphylla alleviated the toxic effects of paracetamol and recovered, dose 

dependently, the enzymes activity towards control. 50 mg/kg of silymarin 

administration decreased the TBARS level and % DNA fragmentation while, 

increased the activity of GSH similar to the higher dose of P. aphylla (400 mg/kg 

bw). Treatment with P. aphylla alone showed non-significant variation (P>0.05) 

compared to the control. 
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Table 4.73: Effect of P. aphylla on antioxidant enzyme activities in paracetamol 

induced cardiotoxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  4.34 ± 0.56
c 

3.42 ± 0.68
d 

142.78 ± 2.42
d 

196.34 ± 3.01
d 

Paracetamol 400  2.56 ± 0.15
a
 1.31 ± 0.02

a
 75.63 ± 1.29

a
 106.75 ± 2.61

a
 

PCM + Sily 50  4.57 ± 0.71
c
 3.19 ± 0.49

c
 134.82 ± 3.15

c
 189.42 ± 2.27

c 

PCM + PAME 200  3.54 ± 0.89
b 

2.15 ± 0.34
b 

96.32 ± 1.34
b
 157.94 ± 1.28

b
 

PCM + PAME 400  4.46 ± 0.45
c
 3.33 ± 0.18

c
 126.54 ± 2.22

c
 194.52 ± 1.43

c
 

PAME 400  4.64 ± 0.53
c
 3.48 ± 0.37

d
 145.89 ± 3.13

d
 198.29 ± 1.78

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

 

 

Table 4.74: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced cardiotoxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  19.43 ± 1.31
d 

3.82 ± 0.27
d 

7.29 ± 0.84
d 

Paracetamol 400  12.75 ± 0.45
a
 5.63 ± 0.46

a
 28.34 ± 1.25

a
 

PCM + Sily 50  16.32 ± 1.14
c 

3.48 ± 0.91
c
 15.21 ± 1.16

c
 

PCM + PAME 200  15.43 ± 0.27
b
 4.95 ± 0.58

b
 20.11 ± 1.97

b
 

PCM + PAME 400  17.87 ± 1.10
c
 3.42  ± 0.30

c
 14.70 ± 1.32

c
 

PAME 400  20.64 ± 1.21
d
 3.93 ± 0.64

d
 8.27 ± 0.25

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Fig. 4.46: Effect of P. aphylla on Paracetamol induced histopathology of heart (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw P. aphylla treated group (E) Paracetamol + 400 mg/kg bw P. aphylla 

extract treated group, (F) 400 mg/kg bw P. aphylla extract. (Scale bar, 100 µm). 
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Fig. 4.47: Agarose gel showing integrity of DNA after treatment of rats with 

paracetamol and preventive effects of P. aphylla in different groups. Lane from left 

(M) DNA marker (1) heart control (2) Paracetamol 400 mg/kg bw (3) Paracetamol 

400 mg/kg bw + Silymarin 50 mg/kg bw (4) Paracetamol 400 mg/kg bw + P. aphylla 

200 mg/kg bw (5) Paracetamol 400 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. 

aphylla 400 mg/kg bw. 
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4.15.5.3. Histopathological analysis of lungs 

The histological examination of the lung tissues revealed that control and P. aphylla 

alone treated groups showed normal alveolar, bronchial walls and normal lung 

architecture (Fig. 4.48 A and F). However, lung tissues in paracetamol group 

exhibited a mild thickening of alveolar walls, pulmonary inflammation and leukocytes 

infiltration with slight damage to lung architecture. Additionally, moderate collagen 

deposition was observed within the lung tissues (Fig. 4.48 B). Administration of P. 

aphylla (200 and 400 mg/kg) showed mild-moderate inflammation and leukocytes 

infiltration with a higher fibrosis compared to control group but lower fibrosis 

compared to paracetamol group (Fig. 4.48 D & E). 

4.15.5.4. Effect of P. aphylla on lungs DNA damage (DNA ladder assay) in rats 

The DNA damage induced by paracetamol in the lung tissues of rats is shown in Fig. 

4.49. The control group showed intact genomic DNA as depicted by the DNA 

banding pattern on the agarose gel. However, paracetamol group revealed noticeable 

DNA damage. Co-administration of silymarin and P. aphylla decreased DNA 

fragmentation as shown by DNA band of different treatments. Treatment of P. 

aphylla decreased DNA damages to that of the paracetamol group. Treatment of P. 

aphylla alone gave almost the similar DNA banding pattern to that of the control rats.  

4.15.6. Effects of P. aphylla on paracetamol-induced testicular toxicity  

4.15.6.1. Effects of P. aphylla on antioxidant enzymes  

Table 4.77 presents the antioxidant enzymes activities in different treated groups. 

Treatment of paracetamol considerably reduced the CAT, SOD, GPx and GR 

activities of testis (p<0.05). This reduction of activity of these enzymes was restored 

by administration of P. aphylla near to control group dose dependently (200 and 400 

mg/kg). Treatment of 50 mg/kg of silymarin in paracetamol treated rats attenuated the 

toxicity and recovered the enzymes activities, comparable to the higher doses of P. 

aphylla (400 mg/kg). However, P. aphylla alone did not exhibit chronic toxicity 

(P>0.05).  

4.15.6.2. Effects of P. aphylla on GSH, LPO and DNA damage 

Effect of P. aphylla against paracetamol intoxication in rats on activity of GSH, lipid 

peroxidation and % DNA fragmentation is shown in Table 4.78. Treatment of 

paracetamol significantly (P<0.05) decreased the GSH activity and enhanced the % 

DNA fragmentation comparatively to control rats. P. aphylla extract treatment  
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Table 4.75: Effect of P. aphylla on antioxidant enzyme activities in paracetamol 

induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  2.71 ± 0.16
d 

8.31 ± 0.15
d 

108.50 ± 2.42
c 

240.67 ± 1.76
d 

Paracetamol 400  1.52 ± 0.12
a
 4.20 ± 0.01

a
 58.21 ± 1.51

a
 121.45 ± 2.36

a
 

PCM + Sily 50  2.54 ± 0.28
c
 7.28 ± 0.14

c
 100.32 ± 3.74

c
 183.73 ± 2.25

c
 

PCM + PAME 200  1.67 ± 0.15
b
 7.11 ± 0.56

b
 81.59 ± 1.83

b
 154.52 ± 1.89

b
 

PCM + PAME 400  2.63 ± 0.33
c
 8.25 ± 0.22

c
 102.64 ± 1.27

c
 228.31 ± 1.35

c
 

PAME 400  2.68 ± 0.41
d
 8.41 ± 0.39

d
 109.55 ± 2.59

c
 243.62 ± 1.78

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

 

Table 4.76: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced pulmonary toxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  0.59 ± 0.015
d 

21.74 ± 0.31
c 

7.94 ± 0.53
c 

Paracetamol 400  0.28 ± 0.003
a
 42.87 ± 0.55

a
 33.18 ± 2.19

a
 

PCM + Sily 50  0.54 ± 0.011
c
 23.52 ± 1.23

c
 8.47 ± 0.84

c
 

PCM + PAME 200  0.45 ± 0.007
b
 28.90 ± 0.21

b
 19.67 ± 1.94

b
 

PCM + PAME 400  0.58 ± 0.005
c
 22.35 ± 0.41

c
 8.32 ± 0.95

c
 

PAME 400  0.59 ± 0.010
d
 21.98 ± 0.52

c
 8.56 ± 0.13

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Fig. 4.48: Effect of P. aphylla on Paracetamol induced histopathology of lungs (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw P. aphylla treated group (E) Paracetamol + 400 mg/kg bw P. aphylla 

extract treated group, (F) 400 mg/kg bw P. aphylla extract. (Scale bar, 100 µm). 

 

 



Chapter 4                                                                                                                               Results 

192 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

 

Fig. 4.49: Agarose gel showing DNA integrity after treatment of rats with 

Paracetamol and preventive effects of P. aphylla in different groups. Lane from left 

(M) DNA marker (1) lungs control (2) Paracetamol 400 mg/kg bw (3) Paracetamol 

400 mg/kg bw + Silymarin 50 mg/kg bw (4) Paracetamol 400 mg/kg bw + P. aphylla 

200 mg/kg bw (5) Paracetamol 400 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. 

aphylla 400 mg/kg bw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4                                                                                                                               Results 

193 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

restored the activity of GSH at 400 and 200 mg/kg while reducing the % DNA 

fragmentation at both concentrations. 50 mg/kg of silymarin co-administration to 

paracetamol treated rats augmented the toxicity of paracetamol and brought the 

activities towards the control level. However, no significant (P>0.05) variations were 

found in P. aphylla alone group (400 mg/kg) compared to control. 

Paracetamol administration (400 mg/kg) significantly enhanced the TBARS contents 

compared to control (p<0.05). TBARS contents were recovered by P. aphylla at 200 

and 400 mg/kg compared to paracetamol treated group. Protective effects of silymarin 

were comparable to the higher doses P. aphylla (400 mg/kg b.w). However, these 

parameters were not changed appreciably (P>0.05) by the administration of P. aphylla 

alone. 

4.15.6.3. Histopathological analysis of testes 

The control and P. aphylla alone groups demonstrated normal testicular histology 

with a high population of interstitial cells (Fig. 4.50 A and F). Testicular sections 

from the paracetamol group showed mild edema and hyperemia (Fig. 4.50 B). 

Necrosis and spermatogenic arrest were evident in some seminiferous tubules. The 

interstitial cell population was reduced, and there were indications of reduced 

spermatogenesis in some of the tubules (Fig. 4.50 B). Testes from the paracetamol + 

P. aphylla extract and silymarin groups showed a minor difference from the normal 

histologic features (Fig. 4.50 C, D & E), with no edema and hyperemia, and an 

appreciable population of interstitial cells. There was no necrosis, disintegration of 

spermatocyctes, tubular damage, or spermatogenic arrest; spermatogenesis was 

evident in most tubules (Fig. 4.50). 

4.15.6.4. Effect of P. aphylla on testicular DNA damage (DNA ladder assay) in 

rats 

No DNA damage was found in control group of rats as shown by the DNA ladder 

assay (Fig. 4.51). However, DNA damage was observed in the testicular tissues of 

paracetamol group. Co-administration of P. aphylla and silymarin decreased the DNA 

damages as revealed by DNA band pattern of various groups in comparison to 

paracetamol rats. Treatment of P. aphylla alone gave almost the similar DNA banding 

pattern to that of the control rats.  
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Table 4.77: Effect of P. aphylla on antioxidant enzyme activities in paracetamol 

induced testicular toxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  2.69 ± 0.05
d 

6.98 ± 0.23
d 

143.11 ± 2.22
c 

131.53 ± 3.41
c 

Paracetamol 400  0.91 ± 0.01
a
 3.52 ± 0.16

a
 73.19 ± 1.36

a
 55.14 ± 1.33

a
 

PCM + Sily 50  2.54 ± 0.16
c
 6.91 ± 0.31

c
 139.27 ± 2.41

c
 136.38 ± 2.89

c
 

PCM + PAME 200  1.21 ± 0.14
b 

4.72 ± 0.28
b 

121.73 ± 1.15
b
 94.21 ± 1.56

b 

PCM + PAME 400  2.42 ± 0.23
c
 6.46 ± 0.18

c
 142.95 ± 2.69

c
 129.47 ± 1.90

c
 

PAME 400  2.85 ± 0.14
d
 7.39 ± 0.25

d
 144.67 ± 1.81

c
 135.66 ± 2.51

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

 

 

Table 4.78: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced testicular toxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  0.981 ± 0.02
d 

1.72 ± 0.61
c 

5.83 ± 0.18
c 

Paracetamol 400  0.664 ± 0.01
a
 3.96 ± 0.59

a
 30.14 ± 2.67

a
 

PCM + Sily 50  0.895 ± 0.01
c
 1.70 ± 0.63

c
 6.94 ± 0.25

c
 

PCM + PAME 200  0.723 ± 0.02
b
 2.15 ± 0.58

b 
17.82 ± 1.92

b
 

PCM + PAME 400  0.851 ± 0.01
c
 1.86 ± 0.43

c
 5.91 ± 1.12

c
 

PAME 400  0.982 ± 0.03
d
 1.58 ± 0.32

d
 6.06 ± 0.58

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Fig. 4.50. Effect of P. aphylla on Paracetamol induced histopathology of testes (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw P. aphylla treated group (E) Paracetamol + 400 bw mg/kg P. aphylla 

extract treated group, (F) 400 mg/kg bw P. aphylla extract. (Scale bar, 100 µm). 
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Fig. 4.51: Agarose gel showing integrity of DNA after treatment with Paracetamol 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) testes control (2) Paracetamol 400 mg/kg bw (3) Paracetamol 400 mg/kg 

bw + Silymarin 50 mg/kg bw (4) Paracetamol 400 mg/kg bw + P. aphylla 200 mg/kg 

bw (5) Paracetamol 400 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 

mg/kg bw. 
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4.15.7. Effects of P. aphylla on paracetamol-induced neurotoxicity 

4.15.7.1. Effects of P. aphylla on antioxidant enzymes 

Treatment of rats with paracetamol decreased the antioxidant enzymes (CAT, SOD, 

GPx and GR) activities than control (P<0.05). P. aphylla extract administration (200 

and 400 mg/kg) attenuated paracetamol toxicity and restored the enzyme activities, 

dose dependently, near to control level. Similarly, co-treatment of 50 mg/kg of 

silymarin erased the paracetamol toxicity and restored the level of above parameters. 

Protective effects of silymarin were comparable to the higher dose of P. aphylla (400 

mg/kg bw). However, treatment of P. aphylla only to rats did not produce significant 

variation in these parameters compared to the control rats as presented in Table 4.79.  

4.15.7.2. Effects of P. aphylla on GSH, LPO and DNA damage 

Table 4.80 depicts the variations in activity of GSH, lipid peroxidation and % DNA 

fragmentation in various groups of the present study. 400 mg/kg of paracetamol 

treatment to rats considerably (P<0.05) decreased the GSH activity while enhanced 

the % DNA fragmentation as compared to control rats. Activity of these enzymes was 

recovered by co-treatment of P. aphylla in paracetamol administered group near to 

control in a dose dependent manner (200 and 400 mg/kg). Administration of P. 

aphylla alone displayed non-significant (P>0.05) variation compared to control while 

50 mg/kg of silymarin administration considerably removed the paracetamol toxicity 

and restored the activity of GSH in paracetamol treated group.  

Paracetamol administration induced significant elevation (P<0.05) in the TBARS 

contents than control. Co-administration of P. aphylla in paracetamol treated rats 

significantly reduced TBARS contents by detoxifying the paracetamol oxidative stress 

dose dependently (200 and 400 mg/kg). Treatment of silymarin (50 mg/kg) revealed 

similar observations while ameliorating the paracetamol intoxication in rats, however, 

the level of these parameters remained unchanged by 400 mg/kg bw administration of 

P. aphylla alone. 

4.15.7.3. Histopathological analysis of brain 

The microscopic structures of the brain did not show noticeable differences between 

the control and P. aphylla alone groups (Fig. 4.52 A and F). The microscopic study 

revealed that the brain from the paracetamol group showed mild and moderate 

neuronal degeneration, edema and vascular congestion Fig. 4.52 B. There was no 

unfavorable effect or alteration observed in cell structure of silymarin and P. aphylla 
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extract co-treated rats. The cell structure in extract treated groups is more or less 

similar when compared with the control group (Fig. 4.52 C, D and E). 

4.15.7.4. Effect of P. aphylla on brain DNA damage (ladder assay) in rat 

The effects of P. aphylla against paracetamol toxicity are shown by DNA banding 

(Fig. 4.53). DNA ladder assay of the control group of rats showed normal DNA 

bands, while paracetamol treatment to rats revealed marked induction in DNA 

damage. DNA damage was decreased by the co-administration of silymarin and P. 

aphylla depending on dose as indicated by bands of different groups, compared to 

paracetamol group. However, no DNA damage was observed in P. aphylla alone. 
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Table 4.79: Effect of P. aphylla on antioxidant enzyme activities in paracetamol 

induced brain toxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  9.54 ± 0.16
d 

7.92 ± 2.65
c 

70.12 ± 1.44
d 

82.74 ± 1.12
d 

Paracetamol 400  3.92 ± 0.09
a
 9.67 ± 1.71

a
 41.74 ± 0.25

a
 35.17 ± 2.65

a
 

PCM + Sily 50  8.21 ± 0.27
c
 7.21 ± 0.98

d
 61.33 ± 1.42

c
 73.92 ± 2.26

c
 

PCM + PAME 200  6.62 ± 0.34
b 

8.87 ± 2.14
b 

53.60 ± 0.15
b
 65.39 ± 1.88

b 

PCM + PAME 400  7.84 ± 0.65
c
 7.42 ± 1.66

d
 64.32 ± 1.30

c
 76.48 ± 1.34

c
 

PAME 400  9.65 ± 0.49
d
 7.11 ± 0.52

d
 78.15 ± 0.56

d
 88.73 ± 1.57

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 

 

 

Table 4.80: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced brain toxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  75.34 ± 2.10
d 

102.34 ± 2.50
d 

9.22 ± 0.16
d 

Paracetamol 400  34.07 ± 1.18
a
 174.65 ± 1.24

a
 34.07 ± 1.72

a
 

PCM + Sily 50  65.87 ± 2.35
c
 120.53 ± 2.19

c 
8.15 ± 0.55

d
 

PCM + PAME 200  40.53 ± 1.33
b 

144.72 ± 2.50
b
 24.66 ± 1.28

b
 

PCM + PAME 400  60.32 ± 2.14
c
 126.87 ± 1.37

c
 17.62 ± 1.76

c
 

PAME 400  81.22 ± 2.56
d
 107.40 ± 2.08

d
 10.36 ± 1.63

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, PAME; P. aphylla methanol extract. 
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Fig. 4.52: Effect of P. aphylla on Paracetamol induced histopathology of brain (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw P. aphylla treated group (E) Paracetamol + 400 mg/kg bw P. aphylla 

extract treated group, (F) 400 mg/kg bw P. aphylla extract. (Scale bar, 100 µm). 
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Fig. 4.53: Agarose gel showing integrity of DNA after treatment with Paracetamol 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) brain control (2) Paracetamol 400 mg/kg bw (3) Paracetamol 400 mg/kg 

bw + Silymarin 50 mg/kg bw (4) Paracetamol 400 mg/kg bw + P. aphylla 200 mg/kg 

bw (5) Paracetamol 400 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 

mg/kg bw. 
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4.16. Effect of F. olivieri on Paracetamol induced toxicity 

4.16.1. Effects of F. olivieri on Paracetamol-induced general toxicity 

4.16.1.1. Effects of F. olivieri on body weight 

The protective effects of F. olivieri against paracetamol induced variations in the 

body weights are presented in Table 4.81. There was a decline in percent increase of 

body weights in rats of paracetamol-treated group (400 mg/kg) comparatively to 

control rats. Orally co-administration of these rats with methanolic extract of F. 

olivieri considerably (P<0.05) maintained the body weight changes near to control 

levels. Similar effects were studied on the body weights of rats treated with silymarin 

and are comparable to the higher doses (400 mg/kg bw) of F. olivieri. Administration 

of F. olivieri only to rats was unable to change the body weights. 

4.16.1.2. Effects of F. olivieri on different organ weights 

There was a considerable decline observed in the absolute and relative weights of 

liver, kidney, heart, lungs, testes and brain of paracetamol control rats comparatively 

to control group (P<0.05). FOME (200 and 400 mg/kg) maintained the organ weights 

towards control when compared with paracetamol treated animals (Table 4.59). 

Similar, results were also observed with the co-administration of silymarin (50 

mg/kg). Treatment of rats with FOME alone in this experiment did not significantly 

change the organ weights as against the control group. 

4.16.1.3. Effects of F. olivieri on haematological parameters  

A significant decline was observed in the values of PCV, Hb, MCHC and MCH while 

increase in MCV values in rats after paracetamol administration (P<0.05). Both the 

doses of F. olivieri (200 and 400 mg/kg bw) were able to revert these values towards 

control (Table 4.85). Administration of F. olivieri alone showed non significant 

(P>0.05) alterations compared to control while silymarin administration (50 mg/kg 

bw) considerably (P<0.05) removed the paracetamol toxicity and restored the values 

of PCV, Hb, MCHC, MCV and MCH. 

After paracetamol treatment, the values of WBC and neutrophils were decreased 

significantly in comparison to control animals. In contrast, TLC, PLT, lymphocytes 

and granulocytes values enhanced in paracetamol treated animals compared to 

control. The values of WBC and neutrophils increased significantly in the F. olivieri 

extract treated groups (200 and 400 mg/kg bw), while significantly decreasing the 

TLC, PLT, lymphocytes and granulocytes. Treatment of silymarin (50 mg/kg bw) 
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showed similar observations while ameliorating (P<0.05) the paracetamol intoxication 

in rats. There was no significant change in WBC, neutrophils, TLC, PLT, 

lymphocytes and granulocytes in the rats which were given 400 mg/kg bw of F. 

olivieri extract alone (Table 4.86). 

4.16.1.4. Effects of F. olivieri on lipid profile 

The cholesterol, triglyceride, HDL and LDL levels increased significantly by 

paracetamol administration compared to control (P<0.05). The treatment of rats with 

FOME (200 and 400 mg/kg bw) reduced these values near to control level (Table 

4.87). Ameliorating effects of silymarin against the paracetamol toxicity were 

comparable to the higher dose of F. olivieri (400 mg/kg bw). FOME alone displayed 

non significant variation. 

4.16.2. Effect of F. olivieri on hepatotoxicity induced with paracetamol 

4.16.2.1. Effects of FOME on liver marker enzymes 

The values for liver marker enzymes for paracetamol, silymarin, F. olivieri treated 

rats and control group are depicted in Table 4.88 and 4.89. The serum values of AST, 

ALT and ALP were increased significantly due to paracetamol administration 

indicating liver injury. The levels of total bilirubin, glucose and LDH also increased 

significantly (p<0.05) by paracetamol treatment. In contrast, the total protein reduced 

significantly in the paracetamol treated group compared to the control group. Co-

treatment of F. olivieri extract significantly improved the paracetamol caused 

alterations in dose related pattern (200 and 400 mg/kg). Similarly, 50 mg/kg of 

silymarin erased the toxicity of paracetamol and the values of above mentioned serum 

parameters brought back towards control. Administration of F. olivieri alone 

displayed non significant variations (P>0.05). 

4.16.2.2. Effect of FOME on antioxidant enzyme armory of liver  

As shown in Table 4.90, the paracetamol treatment resulted in reduced activities of 

hepatic tissue CAT, SOD, GPx and GR comparatively to control rats. Co-

administration of F. olivieri extract (200 and 400 mg/kg) to paracetamol treated group 

significantly improved the level of the above mentioned anti-oxidant enzymes 

towards control value in liver tissue (P<0.05). Co-treatment of silymarin (50 mg/kg) 

also maintained the enzyme activities in comparison to paracetamol treated rats. 

Treatment of F. olivieri alone did not change the activities of these enzymes (P>0.05). 
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Table 4.81: Effect of methanol extract of F. olivieri on percent increase in body 

weight in paracetamol treated rats 

Treatment 

mg/kg bw 

Body weight (g) 

Initial body 

weight (g) 

Final body weight 

(g) 

Percent increase 

in body weight 

Control (Saline) 152.82 ± 2.16 214.83 ± 2.21 40.57 ± 2.34
d 

Paracetamol 400 153.33 ± 1.60 197.62 ± 4.85 28.88 ± 1.53
a 

PCM + Sily 50 156.00 ± 3.00 215.50 ± 1.88 38.14 ± 2.26
c 

PCM + FOME 200 154.83 ± 1.24 204.23 ± 2.80 31.90 ± 1.75
b 

PCM + FOME 400 153.33 ± 1.56 210.67 ± 1.65 37.39 ± 2.92
c 

FOME 400 158.67 ± 1.18 220.16 ± 1.12 38.75 ± 1.64
c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

Table 4.82: Effect of methanol extract of F. olivieri on absolute and relative weights 

of liver and kidneys in paracetamol treated rats 

Treatment 

mg/kg bw 

Absolute 

Liver weight 

(g) 

Relative liver 

weight (% to 

body weight) 

Absolute 

Kidney weight 

(g) 

Relative 

kidney weight 

(% to body 

weight) 

Control (Saline) 7.78 ± 1.84
c 

0.077±0.0003
d 

1.93 ± 0.11
d 

0.019 ± 0.0002
d 

Paracetamol 400 3.08 ± 0.53
a
 0.030±0.0001

a
 1.28 ± 0.02

a
 0.012 ± 0.0003

a
 

PCM + Sily 50 7.53 ± 1.62
c 

0.075±0.0004
c
 1.86 ± 0.21

d 
0.018 ± 0.0001

d 

PCM + FOME 200 5.39 ± 0.25
b
 0.053±0.0007

b
 1.47 ± 0.54

b
 0.014 ± 0.0002

b
 

PCM + FOME 400 7.56 ± 0.38
c
 0.075±0.0002

c
 1.65 ± 0.07

c
 0.016 ± 0.0005

c
 

FOME 400 7.84 ± 1.57
c 

0.078±0.0001
d
 2.13 ± 0.10

e 
0.021 ± 0.0001

e
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P<0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

 

 



Chapter 4                                                                                                                               Results 

205 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.83: Effect of methanol extract of F. olivieri on absolute and relative weights 

of heart and lungs in paracetamol treated rats 

Treatment 

mg/kg bw 

Absolute 

Heart weight 

(g) 

Relative heart 

weight (% to 

body weight) 

Absolute 

Lungs weight 

(g) 

Relative Lungs 

weight (% to 

body weight) 

Control (Saline) 1.34 ± 0.02
c 

0.013±0.0002
c 

1.86 ± 0.03
d 

0.018 ± 0.0004
c 

Paracetamol 400 0.88 ± 0.03
a
 0.008±0.0003

a
 0.77 ± 0.01

a
 0.007 ± 0.0001

a
 

PCM + Sily 50 1.32 ± 0.01
c 

0.013±0.0001
c 

1.82 ± 0.02
c
 0.018 ± 0.0005

c
 

PCM + FOME 200 1.11 ± 0.08
b
 0.011±0.0002

b
 0.94 ± 0.06

b
 0.009 ± 0.0001

b
 

PCM + FOME 400 1.36 ± 0.05
c
 0.013±0.0001

c
 1.80 ± 0.01

c
 0.018 ± 0.0005

c
 

FOME 400 1.37 ± 0.01
c
 0.013±0.0001

c
 1.91 ± 0.07

d
 0.019 ± 0.0003

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P<0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

Table 4.84: Effect of methanol extract of F. olivieri on absolute and relative weights 

of testes and brain in paracetamol treated rats 

Treatment 

mg/kg bw 

Absolute 

Testes 

weight 

(g) 

Relative 

Testes weight 

(% to body 

weight) 

Absolute 

Brain weight 

(g) 

Relative Brain 

weight (% to 

body weight) 

Control (Saline) 7.28 ± 0.13
c 

0.072±0.0001
c 

1.45 ± 0.01
d 

0.014 ± 0.0001
c 

Paracetamol 400 4.74 ± 0.01
a
 0.047±0.0001

a
 0.77 ± 0.03

a
 0.007 ± 0.0001

a
 

PCM + Sily 50 7.22 ± 0.22
c
 0.072±0.0002

c
 1.42 ± 0.01

d 
0.014 ± 0.0001

c 

PCM + FOME 200 6.13 ± 0.16
b
 0.061±0.0001

b
 0.94 ± 0.06

b
 0.009 ± 0.0001

b
 

PCM + FOME 400 7.19 ± 0.21
c
 0.071±0.0002

c
 1.36 ± 0.02

c
 0.013 ± 0.0002

c
 

FOME 400 7.38 ± 0.17
c
 0.073±0.0003

c
 1.52 ± 0.01

d
 0.015 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Table 4.85: Effect of methanol extract of F. olivieri on full blood counts in 

paracetamol induced toxicity in rats 

Treatment 

mg/kg bw 

PCV (%) Hb (g/L) MCV (fl) MCHC 

(g/dL) 

MCH (pg) 

Control (Saline) 37.23±2.13
d 

13.35±0.32
e 

60.23±1.50
d 

33.73±1.25
d 

18.62±1.28
c 

Paracetamol 400  32.15±2.01
a
 8.19±0.63

a 
64.47±2.55

a 
28.38±0.52

a 
15.22±1.67

a 

PCM + Sily 50  37.11±1.15
d 

12.93±0.31
d 

61.13±1.42
c 

33.19±1.51
d 

18.14±1.11
c 

PCM + FOME 200 34.44±1.27
b
 9.74±0.16

b
 63.80±2.13

b 
31.19±1.52

b 
16.15±0.90

b 

PCM + FOME 400 36.32±2.05
c
 10.32±0.42

c
 61.69±3.82

c 
32.62±1.59

c 
18.19±2.50

c 

FOME 400 38.01±2.63
e 

12.17±0.15
d 

59.22±2.41
e 

34.85±0.84
e 

19.25±2.16
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

 

Table 4.86: Haematological findings of rats treated with methanolic extract of F. 

olivieri on paracetamol intoxicated rats 

Treatment 

mg/kg bw 

WBC 

(10
3
/μL) 

TLC (x 

10
3
/μL) 

PLT (x 

10
3
/μL) 

Lymph 

(%) 

Neut (%) Gran (%) 

Control (Saline) 7.1±0.20
b 

5.31±0.47
c 

710.1±10.64
c 

37.1±3.45
c 

60.1±3.20
c 

9.5±0.52
e 

Paracetamol 400  5.6±0.22
a 

7.62±0.25
a 

865.2±118.32
a 

59.4±1.53
a 

35.5±1.21
a 

15.1±2.01
a 

PCM + Sily 50  7.6±0.14
d 

5.11±0.43
c 

702.1±4.01
c 

40.7±2.15
c 

62.8±0.52
c 

11.7±0.84
d 

PCM + FOME 200 7.4±0.45
c 

6.51±0.75
b
 706.5±56.36

c 
47.1±2.11

b 
41.3±1.90

b 
11.2±2.18

d 

PCM + FOME 400 7.8±0.54
d 

5.63±0.12
c 

843.1±23.17
b 

39.2±1.22
c 

58.7±0.95
c 

14.5±0.33
b 

FOME 400 7.5±0.29
c
 5.10±0.19

c 
708.1±7.89

c 
34.1±1.28

c 
63.4±1.18

c 
12.9±0.31

c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Table 4.87: Effect of methanol extract of F. olivieri on lipid profile in paracetamol 

induced toxicity in rats 

Treatment 

mg/kg bw 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL (mg/dl) LDL (mg/dl) 

Control (Saline) 96.60 ± 3.12
b 

136.40 ± 2.54
c 

66.42 ± 2.54
c 

28.33 ± 1.41
d 

Paracetamol 400  126.67 ± 3.01
a
 232.00 ± 3.02

a
 128.65 ± 1.32

a
 67.60 ± 2.68

a
 

PCM + Sily 50  61.12 ± 1.31
d
 144.36 ± 1.19

c 
69.30 ± 2.07

c 
30.28 ± 0.12

c 

PCM + FOME 200 98.00 ± 3.07
b 

183.40 ± 2.27
b 

108.23 ± 1.17
b
 44.00 ± 1.15

b
 

PCM + FOME 400 64.00 ± 2.12
d
 141.40 ± 2.38

c
 72.21 ± 1.56

c
 31.60 ± 1.56

c
 

FOME 400 74.26 ± 1.52
c
 128.93 ± 1.15

d
 63.29 ± 1.68

d 
25.49 ± 1.85

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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4.16.2.3. Effect of FOME on GSH, lipid peroxides and DNA fragmentation in 

hepatic samples of rat  

The GSH activity was decreased significantly in the paracetamol treated group of rats 

compared to control rats (P<0.05). Co-administration of paracetamol intoxicated rats 

with FOME (200 and 400 mg/kg) showed the ameliorating effects on the GSH 

towards the control levels. Treatment of silymarin (50 mg/kg) alleviated the adverse 

effects of paracetamol and restored the above parameters towards control.  

In the paracetamol treated rats, the value of TBARS increased significantly compared 

to control rats (p<0.05). TBARS contents were appreciably restored to the control 

level by the co-administration of F. olivieri extract (200 and 400 mg/kg) (Table 4.91). 

The DNA fragmentation % increased significantly in the paracetamol treated rats 

which was recovered by the treatment of F. olivieri extract dose dependently 

(P<0.05). Similar effects were also reported in rat group treated with silymarin (50 

mg/kg). Non significant variation was observed in the above parameters in F. olivieri 

alone as compared to control rats (P>0.05). 

4.16.2.4. Histopathological analysis of liver  

Normal hepatic architecture was observed in the liver sections of normal and FOME 

administered rats, with distinct hepatocytes surrounding the central vein with clear 

cell membrane and nuclear structure (Fig. 4.54 A and F). Liver sections of vehicle 

treated hepatotoxic animal showed hepatic degeneration, periportal inflammation, 

severe centrilobular necrosis with vacuolar cytoplasmic degeneration and nuclear 

pycnosis around the central vein (Fig. 4.54 B). Silymarin co-treated liver sample 

showed improvement in the liver architecture with mild degeneration as compared to 

the paracetamol group (Fig. 4.54 C). Administration of F. olivieri extracts results in 

the reduction of paracetamol induced hepatocyte necrosis and brought the liver 

morphology to near normal (Fig. 4.54 D & E).  

4.16.3. Effects of F. olivieri on paracetamol-induced nephrotoxicity 

4.16.3.1. Effect of F. olivieri on urine profile 

Preventive activities of F. olivieri against paracetamol administration on urine profile 

including pH, specific gravity, RBC, WBC and urobilinogen are shown in Table 4.92. 

Administration of paracetamol elevated the urinary specific gravity, RBC, WBC and 
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Table 4.88: Effect of F. olivieri on liver marker enzymes in paracetamol induced 

toxicity in rats 

Treatment 

mg/kg bw 

AST (U/L) ALT (U/L) ALP (U/L) 

Control (Saline) 31.90 ± 2.31
d
 25.93 ± 5.11

d
 158.65 ± 3.00

d
 

Paracetamol 400  71.49 ± 2.98
a
 67.99 ± 3.01

a
 325.11 ± 2.80

a
 

PCM + Sily 50  63.24 ± 1.23
b
 54.87 ± 2.67

a
 231.42 ± 2.12

b
 

PCM + FOME 200 53.71 ± 2.09
b
 46.78 ± 1.76

b
 187.64 ± 2.45

c
 

PCM + FOME 400 44.39 ± 2.31
c
 38.75 ± 2.45

c
 146.73 ± 1.91

d
 

FOME 400 35.30 ± 1.22
d
 27.33 ± 0.91

d
 142.19 ± 2.28

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

Table 4.89: Effect of F. olivieri on serum billirubin, total protein, glucose and LDH 

in paracetamol induced toxicity in rats 

Treatment 

mg/kg bw 

Total 

Bilirubin 

(mg/dl) 

Total protein 

(μg/mg tissue) 

GLU (mg/dl) LDH (U/L) 

Control (Saline) 1.18 ± 0.17
c
 4.90 ± 0.17

d
 83.63 ± 0.82

b 
53.21 ± 1.46

d 

Paracetamol 400 2.16 ± 0.64
a
 2.58 ± 0.52

a
 159.49 ± 1.54

a
 86.52 ± 1.58

a
 

PCM + Sily 50 2.08 ± 0.12
a
 3.96 ± 0.63

b
 89.51 ± 2.48

b 
59.38 ± 1.34

c 

PCM + FOME 200 1.82 ± 0.45
b
 2.87 ± 0.52

a
 87.46 ± 1.03

b
 71.69 ± 2.03

b
 

PCM + FOME 400 1.29 ± 0.58
c
 3.64 ± 0.13

c
 91.22 ± 0.59

b 
56.03 ± 1.32

c
 

FOME 400 1.25 ± 0.13
c
 4.45 ± 0.22

d
 78.32 ± 0.73

c
 51.84 ± 1.11

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Table 4.90: Effect of FOME on antioxidant enzyme activities in paracetamol induced 

hepatotoxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control (Saline) 5.85 ± 0.13
c 

4.23 ± 0.22
d 

114.75 ± 0.97
c 

127.53 ± 1.90
d 

Paracetamol 400  2.44 ± 0.04
a
 1.18 ± 0.25

a
 69.82 ± 0.20

a
 75.82 ± 1.65

a
 

PCM + Sily 50  5.68 ± 0.21
c
 4.32 ± 0.12

d
 116.14 ± 0.31

c
 125.31 ± 2.29

c
 

PCM + FOME 200 3.95 ± 0.02
b
 2.82  ± 0.10

b
 81.52 ± 1.25

b
 97.25 ± 1.85

b 

PCM + FOME 400 5.71 ± 0.15
c
 3.78 ± 0.57

c
 110.59 ± 2.18

c
 116.84 ± 1.39

c 

FOME 400 5.89 ± 0.43
c
 4.27 ± 0.49

d
 118.72 ± 0.66

c
 129.58 ± 1.75

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

Table 4.91: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced hepatotoxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 25.52 ± 0.63
d 

1.85 ± 0.01
d 

6.12 ± 0.01
d 

Paracetamol 400  10.96 ± 0.25
a
 5.17 ± 0.18

a
 32.18 ± 1.23

a
 

PCM + Sily 50  25.01 ± 0.64
d
 1.71 ± 0.04

d 
7.11 ± 0.16

d
 

PCM + FOME 200 17.23 ± 0.15
b
 3.63 ± 0.53

b 
22.85 ± 1.05

b
 

PCM + FOME 400 22.76 ± 0.14
c
 2.51 ± 0.16

c
 15.42 ± 1.32

c
 

FOME 400 25.14 ± 0.31
d
 1.21 ± 0.50

e
 8.31 ± 0.03

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Fig. 4.54: Effect of F. olivieri on Paracetamol induced histopathology of liver (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg F. olivieri treated group (E) Paracetamol + 400 mg/kg F. olivieri extract 

treated group, (F) 400 mg/kg F. olivieri extract. (Scale bar, 100 µm). 
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urobilinogen while decreased pH (P<0.05). F. olivieri markedly augmented the toxic 

effects of paracetamol induced at urine level and significantly decreased the specific 

gravity, RBC, WBC and urobilinogen while increased pH of urine in a dose 

dependent manner (200 and 400 mg/kg). Ameliorating effects of 50 mg/kg of 

silymarin against the paracetamol toxicity were comparable to the higher dose of the 

F. olivieri (400 mg/kg). F. olivieri alone displayed non significant variation (P>0.05). 

4.16.3.2. Effect of F. olivieri on serum urea, creatinine and albumin of rats 

Table 4.93 shows the effects of different doses of F. olivieri on kidney marker tests 

including urea, creatinine and albumin against paracetamol induced toxicity. The 

serum concentrations of urea, creatinine and albumin were elevated significantly 

(P<0.05) by paracetamol treatment (400 mg/kg). Administration of both doses of F. 

olivieri erased the toxicity caused by paracetamol at serum profile, and significantly 

recovered the serum urea, creatinine and albumin, dose dependently (400 and 200 

mg/kg), towards control. Serum concentrations of these parameters recovered 

significantly by the co-administration of silymarin (50 mg/kg). No significant 

variations were observed in the F. olivieri extract alone treated group (P>0.05).  

4.16.3.3. Effects of F. olivieri on renal antioxidant enzymes 

As depicted in Table 4.94, the levels of renal antioxidant enzymes i.e. CAT, SOD, 

GPx and GR were decreased significantly due to paracetamol administration 

compared to the control group (p<0.05). The co-treatment of F. olivieri extract (200 

and 400 mg/kg) appreciably maintained the enzyme activities towards control. 

Insignificant changes are establish by F. olivieri alone (400 mg/kg) in comparison to 

control rats while significant effects were reported by administration of  silymarin 

(50 mg/kg b.w) on activities of antioxidant enzymes caused due to paracetamol 

toxicity  (p>0.05). 

4.16.3.4. Effects of F. olivieri on GSH, LPO and DNA damage 

The activity of GSH was decreased significantly by the treatment of paracetamol 

compared to the control group (p<0.05). Co-treatment of silymarin (50 mg/kg), 200 

and 400 mg/kg of F. olivieri in paracetamol administered group showed attenuating 

effects and brought the GSH, contents towards the level of control rats. However, 

treatment of F. olivieri alone showed non significant changes compared to control 

rats (p>0.05).  
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TBARS level was considerably enhanced in the renal homogenate of paracetamol 

administered group compared to control group (p<0.05).  The co-treatment of F. 

olivieri extract (200 and 400 mg/kg) along with paracetamol produced a significant 

decline in paracetamol induced TBARS (Table 4.95).  

The DNA fragmentation was enhanced significantly in the renal tissues due to 

paracetamol treatment (p<0.05). Co-treatment of F. olivieri extract (200 and 400 

mg/kg) markedly protected the DNA fragmentation level (Table 4.95). F. olivieri 

alone showed non significant variations as compare to control rats (p>0.05). Effect of 

silymarin (50 mg/kg) on TBARS level and % DNA fragmentation in paracetamol 

intoxicated rats was similar to that of the higher dose of the F. olivieri (400 mg/kg 

b.w). 

4.16.3.5. Histopathological analysis of kidney 

The animals in the control and F. olivieri extract alone treated groups showed normal 

renal architecture in histopathological study (Fig. 4.55 A and F). The treatment with 

paracetamol results in interstitial and glomerular congestions, severe tubular necrosis, 

tubular degeneration and cellular infiltration in renal tissues (Fig. 4.55 B). There was 

no interstitial and glomerular congestion while moderate necrosis, tubular 

degeneration, and cellular infiltration were found in the kidney tissue of rats which 

were co-administered with silymarin and F. olivieri (200 and 400 mg/kg) extracts thus 

producing marked improvement in renal architecture (Fig. 4.55 C, D and E) in 

comparison with paracetamol treated rats (Fig. 4.55 B). 

4.16.3.6. Effect of F. olivieri on liver and kidney DNA ladder assay 

No DNA damage was found in the kidney and liver of control group as shown by the 

ladder assay. There were marked DNA damages found both in the liver and kidney 

tissues of paracetamol administered group. The co-administration of silymarin and F. 

olivieri extracts protected the DNA injuries as indicated by DNA band pattern, 

compared to the paracetamol treated group. These results suggested that F. olivieri 

had marked repairing potential against the paracetamol induced DNA damages. F. 

olivieri alone treated rats showed control like bands (Fig. 4.56). 

 

 

 



Chapter 4                                                                                                                               Results 

214 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.92: Effect of FOME on urine profile including pH specific gravity, RBC, 

WBC and urobilinogen in paracetamol induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

pH Specific 

gravity 

RBC/µl WBC/µl Urobilinogen 

(mg/dl) 

Control (Saline) 7.07±0.02
d 

1.03±0.01
c 

0.02±0.01
d 

28.59±0.88
d 

3.87±0.10
d 

Paracetamol 400  6.35±0.18
a
 1.38±0.02

a
 9.34±0.19

a
 84.16±2.34

a 
38.52±1.12

a
 

PCM + Sily 50  7.02±0.04
c
 1.01±0.03

c
 1.12±0.13

c
 32.52±0.45

c
 5.54±0.56

c
 

PCM + FOME 200 6.64±0.15
b
 1.15±0.16

b
 3.12±0.11

b
 51.07±1.90

b
 21.33±1.77

b
 

PCM + FOME 400 7.01±0.78
c
 1.06±0.05

c
 1.19±0.01

c
 34.36±1.52

c
 7.19±0.32

c
 

FOME 400 7.09±0.12
d 

1.02±0.01
c 

0.01±0.00
d 

25.78±0.62
d 

2.76±0.95
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

Table 4.93: Effect of F. olivieri on serum urea, creatinine and albumin in paracetamol 

induced toxicity in rats 

Treatment 

mg/kg bw 

UR (mg/dl) CR (mg/dl) Albumin (mg/dl) 

Control (Saline) 32.16 ± 0.25
c 

0.82 ± 0.01
c 

24.34 ± 0.55
d 

Paracetamol 400 51.84 ± 1.03
a
 1.28 ± 0.13

a
 13.76 ± 0.23

a
 

PCM + Sily 50 30.22 ± 1.51
c 

0.76 ± 0.01
d
 22.21 ± 0.15

c
 

PCM + FOME 200 45.38 ± 2.11
b 

0.91 ± 0.02
b
 18.85 ± 0.84

b
 

PCM + FOME 400 37.93 ± 0.26
c
 0.83 ± 0.01

c 
23.44 ± 0.72

c 

FOME 400 35.48 ± 0.34
c 

0.71 ± 0.05
d 

25.72 ± 0.69
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Table 4.94: Effect of FOME on antioxidant enzyme activities in paracetamol induced 

nephrotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 5.59 ± 0.11
d 

3.82 ± 0.13
d 

127.95±2.21
d 

193.85 ± 2.15
d 

Paracetamol 400  2.75 ± 0.06
a
 1.16 ± 0.01

a
 75.43±1.56

a
 107.10 ± 1.82

a
 

PCM + Sily 50  5.16 ± 0.02
d 

3.68 ± 0.12
c 

126.21±1.43
d 

185.27 ± 2.75
c 

PCM + FOME 200 3.16 ± 0.10
b
 2.26 ± 0.71

b
 97.10±1.54

b 
138.12 ± 1.44

b
 

PCM + FOME 400 4.92 ± 0.11
c
 3.76 ± 0.54

c
 117.72±1.52

c
 187.13 ± 1.87

c
 

FOME 400 5.64 ± 0.27
d
 3.98 ± 0.60

d 
128.13±1.10

d 
195.25 ± 2.81

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

Table 4.95: Effect of FOME on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced nephrotoxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 19.84 ± 0.22
c 

3.38 ± 0.46
d 

15.88 ± 1.75
d 

Paracetamol 400 9.25 ± 0.16
a
 5.37 ± 0.18

a
 36.15 ± 2.16

a
 

PCM + Sily 50 20.32 ± 0.19
c 

3.40 ± 0.22
c 

16.32 ± 1.43
d
 

PCM + FOME 200 15.77 ± 0.54
b 

4.05 ± 0.57
b
 28.71 ± 1.66

b
 

PCM + FOME 400 18.41 ± 0.18
c
 3.26 ± 0.40

c
 20.53 ± 1.18

c
 

FOME 400 22.45 ± 0.23
c
 3.55 ± 0.12

d 
17.24 ± 1.42

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Fig. 4.55: Effect of F. olivieri on Paracetamol induced histopathology of kidney (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw F. olivieri treated group (E) Paracetamol + 400 mg/kg bw F. olivieri 

extract treated group, (F) 400 mg/kg bw F. olivieri extract. (Scale bar, 100 µm). 
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Fig. 4.56: Agarose gel showing integrity of DNA after treatment with Paracetamol 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) liver control (2) kidney control (3) paracetamol 400 mg/kg bw of liver 

sample (4) paracetamol 400 mg/kg bw of kidney sample (5) paracetamol 400 mg/kg 

bw + silymarin 50 mg/kg of liver sample (6) paracetamol 400 mg/kg bw + silymarin 

50 mg/kg of  kidney sample (7) paracetamol 400 mg/kg bw + F. olivieri 400 mg/kg 

bw of liver sample (8) paracetamol 400 mg/kg bw + F. olivieri 400 mg/kg bw of 

kidney sample. 
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4.16.4. Effects of F. olivieri on paracetamol-induced cardiotoxicity  

4.16.4.1. Effects of F. olivieri on antioxidant enzymes 

Paracetamol induced modifications in cardiac antioxidant enzymes activities in all 

the treated groups are depicted in Table 4.96. The CAT, SOD, GPx and GR levels 

were reduced drastically (P<0.05) in paracetamol administered group of rats 

comparatively to control rats. Co-treatment of FOME to paracetamol administered 

group significantly improved the activities of antioxidant enzymes dose dependently 

(400 and 200 mg/kg). No major differences (P>0.05) were established by F. olivieri 

only in comparison to control group while significant activities were reported by the 

treatment of silymarin (50 mg/kg) on effects of CAT, SOD, GPx and GR caused due 

to paracetamol toxicity. 

4.16.4.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Changes in activity of GSH, lipid peroxidation and % DNA fragmentation in cardiac 

tissues are depicted in Table 4.97. Administration of paracetamol significantly 

elevated TBARS level (P<0.05) compared to control rats. Administration of 

silymarin and F. olivieri (200 and 400 mg/kg) in paracetamol administered group 

showed attenuating effects and significantly brought the TBARS contents towards 

the level of control rats. However, treatment of F. olivieri alone showed non-

significant changes comparatively to control rats (P>0.05). 

Treatment of paracetamol notably (P<0.05) decreased the GSH activity, whereas the 

% DNA fragmentation was appreciably increased compared to control rats. Co-

administration of FOME (200 and 400 mg/kg bw) significantly decreased the % DNA 

fragmentation while appreciably enhanced the GSH activity compared to control rats. 

While most significant behavior was observed at the higher dose of the F. olivieri 

(400 mg/kg bw). F. olivieri alone displayed non significant variations compared to 

control rats, while co-treatment of silymarin (50 mg/kg bw) resulted in non-significant 

variations compared to control rats (P>0.05). 

4.16.4.3. Histopathological analysis of heart  

The histopathological section of the control and F. olivieri alone groups showed 

normal myocardium architecture, with intact muscle fibres (Fig. 4.57 A and F). The 

heart tissue of the paracetamol treated rats showed mild vascular congestion and 

inflammatory changes for instance myocyte coagulation (Fig. 4.57 B). The heart 

tissue of silymarin and paracetamol treated rats showed no changes in cardiac 



Chapter 4                                                                                                                               Results 

219 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

structure in comparison to that of the control rats (Fig. 4.57 C). In the hearts of F. 

olivieri co-treated rats, minimal damage was observed along with mild swelling of 

focal cardiac muscle fibres and muscle cells. Hence, F. olivieri prevents paracetamol 

induced adverse effects on the myocardium (Fig. 4.57 D and E). 

4.16.4.4. Effect of F. olivieri on heart DNA ladder assay 

The protective effects of F. olivieri against paracetamol toxicities are shown in Fig. 

4.58. Ladder assay shows that control group does not possess DNA damage; while 

paracetamol group revealed marked DNA damages. Various treated groups like 

silymarin and F. olivieri showed potent protection against paracetamol toxicities and 

minimized the fragmentation of DNA depending on dose quantity as indicated by 

DNA bands of different treated groups compared to paracetamol group. F. olivieri 

alone treated group showed control like bands. 

4.16.5. Effects of F. olivieri on paracetamol-induced pulmonary toxicity 

4.16.5.1. Effects of F. olivieri on antioxidant enzymes  

Protective effects of F. olivieri against paracetamol induced pulmonary changes on 

antioxidant enzymes are shown in Table 4.98. Treatment of paracetamol (400 

mg/kg) leads to a significant decline in the CAT, SOD, GPx and GR activities 

compared to control rats (P<0.05). Co-treatment of F. olivieri (200 and 400 mg/kg 

bw) considerably improved the paracetamol toxicity in lung tissues compared to the 

control. Similarly, the levels of above parameters were returned towards the control 

group by the co-treatment of silymarin (50 mg/kg bw). There were no changes found 

in the activity level of these enzymes due to the treatment of F. olivieri alone 

(P>0.05).  

4.16.5.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Paracetamol induced changes in activity of GSH, lipid peroxidation and % DNA 

fragmentation are shown in Table 4.99. Treatment of paracetamol significantly 

amplified the TBARS contents compared to the control (P<0.05). Co-treatment of 

FOME (200 and 400 mg/kg) to paracetamol administered group augmented the toxic 

effects of paracetamol and the contents of TBARS in lung tissues were altered 

towards the control rats. Similarly, treatment of silymarin (50 mg/kg bw) along with 

paracetamol erased the toxicity of paracetamol and recovered the contents of 

TBARS towards control. F. olivieri alone showed non-significant variation 

comparatively to control (P>0.05). 
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Table 4.96: Effect of F. olivieri on antioxidant enzyme activities in paracetamol 

induced cardiotoxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 4.81 ± 0.39
d 

3.14 ± 0.35
c 

104.32 ± 2.17
c 

187.15 ± 2.23
d 

Paracetamol 400  2.12 ± 0.06
a
 1.29 ± 0.08

a
 62.17 ± 1.52

a
 82.87 ± 1.32

a
 

PCM + Sily 50  4.78 ± 0.47
c
 3.56 ± 0.14

c
 107.65 ± 2.61

c 
175.55 ± 1.17

c 

PCM + FOME 200 3.45 ± 0.52
b
 2.67 ± 0.54

b
 86.88 ± 1.48

b 
139.07 ± 2.18

b 

PCM + FOME 400 4.62 ± 0.43
c
 3.35 ± 0.47

c
 101.12 ± 1.15

c
 178.35 ± 3.16

c 

FOME 400 4.83 ± 0.13
d
 3.87 ± 0.12

d
 106.29 ± 0.67

c
 189.04 ± 2.11

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

Table 4.97: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced cardiotoxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 24.28 ± 1.12
c 

2.83 ± 0.45
c 

9.28 ± 0.18
d 

Paracetamol 400  12.16 ± 0.15
a 

4.90 ± 0.58
a
 35.64 ± 1.69

a
 

PCM + Sily 50  22.27 ± 1.22
c 

2.78 ± 0.61
c 

17.79 ± 0.99
c
 

PCM + FOME 200 15.78 ± 0.18
b 

3.45 ± 0.43
b 

31.96 ± 1.05
b
 

PCM + FOME 400 23.95 ± 1.10
c 

2.87 ± 0.84
c 

18.45 ± 1.36
c
 

FOME 400 26.54 ± 1.14
c 

2.72 ± 0.76
c
 8.41 ± 0.23

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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 Fig. 4.57: Effect of F. olivieri on Paracetamol induced histopathology of heart (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw F. olivieri treated group (E) Paracetamol + 400 mg/kg bw F. olivieri 

extract treated group, (F) 400 mg/kg bw F. olivieri extract. (Scale bar, 100 µm). 
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Fig. 4.58: Agarose gel showing integrity of DNA after treatment with Paracetamol 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) heart control (2) Paracetamol 400 mg/kg bw (3) Paracetamol 400 mg/kg 

bw + Silymarin 50 mg/kg bw (4) Paracetamol 400 mg/kg bw + F. olivieri 200 mg/kg 

bw (5) Paracetamol 400 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 

mg/kg bw. 
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Treatment of paracetamol considerably (p<0.05) reduced the GSH activity while 

increased the % DNA fragmentation compared to the control. F. olivieri extracts 

(200 and 400 mg/kg) significantly augmented the paracetamol intoxication and 

decreased the activity of % DNA fragmentation while, increase in the activity of 

GSH as compared to the control. 50 mg/kg bw of silymarin administration to rats 

significantly erased the paracetamol intoxication and restored the activity of GSH in 

lung tissues. Administration of F. olivieri alone showed non-significant variation 

compared to control group (P>0.05).  

4.16.5.3. Histopathological analysis of lungs  

Histological analysis of the lungs from control and F. olivieri alone treated groups 

showed normal lung histology (Fig. 4.59 A and F). In contrast, histological sections of 

lung tissues from paracetamol treated rats exhibited mild pulmonary congestion, 

lymphocytes and sub mucosal edema of the lungs and infiltration of eosinophils (Fig. 

4.59 B). Treatment with silymarin and F. olivieri prevented the tissue edema and 

pulmonary congestion (Fig. 4.59 C, D and E). 

4.16.5.4. Effect of F. olivieri on lungs DNA damage (DNA ladder assay) 

There was no DNA damage observed in the lung tissues of the control group. 

However, DNA damage was found in the lungs of the paracetamol treated group. The 

DNA damage was reduced by the co-treatment of silymarin and F. olivieri as 

indicated by DNA banding of various treated rats as compared to the paracetamol 

group. DNA damage was not seen in the F. olivieri alone group (Fig. 4.60).  

4.16.6. Effects of F. olivieri on paracetamol-induced testicular toxicity  

4.16.6.1. Effects of F. olivieri on antioxidant enzymes 

Effects of F. olivieri on testis antioxidant enzymes are depicted in Table 4.100. The 

levels of CAT, SOD, GPx and GR decreased in the testes of paracetamol treated rats 

in comparison to control rats (P<0.05). Co-treatment of F. olivieri methanolic extract 

brought back the reduced values of CAT, SOD, GPx and GR near to control group 

dose dependently (400 and 200 mg/kg bw). The co-treatment of silymarin (50 mg/kg 

bw) improved these values towards control similar to the higher doses of F. olivieri 

(400 mg/kg bw). Non-significant variations were observed in the F. olivieri alone rats 

as comparatively to control (P>0.05).   
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Table 4.98: Effect of FOME on antioxidant enzyme activities in paracetamol induced 

pulmonary toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  2.96 ± 0.23
d 

7.12 ± 0.36
c 

132.87 ± 1.38
c 

234.78 ± 3.21
d 

Paracetamol 400  0.74 ± 0.01
a
 4.64 ± 0.20

a
 72.54 ± 1.23

a
 138.43 ± 2.16

a
 

PCM + Sily 50  2.28 ± 0.26
c
 6.89 ± 0.41

c
 130.27 ± 2.37

c
 186.31 ± 1.97

c
 

PCM + FOME 200  1.92 ± 0.14
b
 6.53 ± 0.25

b
 122.53 ± 1.09

b
 153.78 ± 1.65

b
 

PCM + FOME 400  2.15 ± 0.18
c
 7.07 ± 0.23

c
 131.76 ± 1.67

c
 181.26 ± 1.38

c 

FOME 400  2.03 ± 0.24
c
 7.22 ± 0.52

d
 143.55 ± 1.54

d
 238.32 ± 2.17

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

Table 4.99: Effect of FOME on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced pulmonary toxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  0.54 ± 0.013
d 

11.21 ± 0.52
c 

14.63 ± 0.21
c 

Paracetamol 400  0.21 ± 0.001
a
 17.36 ± 0.43

a
 56.15 ± 2.95

a
 

PCM + Sily 50  0.45 ± 0.015
c 

10.42 ± 0.85
c
 15.28 ± 0.18

c
 

PCM + FOME 200  0.38 ± 0.002
b
 14.20 ± 0.31

b
 27.61 ± 0.39

b
 

PCM + FOME 400  0.53 ± 0.017
c
 9.15 ± 0.73

c
 17.42 ± 0.26

c
 

FOME 400  0.55 ± 0.014
d
 9.03 ± 0.35

c
 15.11 ± 0.63

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Fig. 4.59: Effect of F. olivieri on Paracetamol induced histopathology of lungs (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw F. olivieri treated group (E) Paracetamol + 400 mg/kg bw F. olivieri 

extract treated group, (F) 400 mg/kg bw F. olivieri extract. (Scale bar, 100 µm). 
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Fig. 4.60: Agarose gel showing integrity of DNA after treatment with Paracetamol 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) lungs control (2) Paracetamol 400 mg/kg bw (3) Paracetamol 400 mg/kg 

bw + Silymarin 50 mg/kg bw (4) Paracetamol 400 mg/kg bw + F. olivieri 200 mg/kg 

bw (5) Paracetamol 400 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 

mg/kg bw. 
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 4.16.6.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Protective effects of F. olivieri against paracetamol toxicity on the activity level of 

GSH, lipid peroxidation and % DNA fragmentation are shown in Table 4.101. The 

TBARS level was enhanced in the testes by the treatment of paracetamol compared to 

control rats (p<0.05). Co-treatment of F. olivieri methanol extract (200 and 400 

mg/kg bw) recovered the TBARS level appreciably towards control. Similarly, co-

treatment of silymarin (50 mg/kg bw) erased the paracetamol toxicity and restored the 

TBARS level near to control group. The treatment of F. olivieri alone did not induce 

significant variations in TBARS level comparatively to control rats (P>0.05). 

The paracetamol administration significantly reduced the GSH activity while 

increasing the % DNA fragmentation in the testicular tissue compared to the control 

(P<0.05). These values were recovered significantly by the co-administration of F. 

olivieri methanol extract. Comparable results with higher doses of F. olivieri were 

recorded with silymarin treatment (50 mg/kg bw) to rats. F. olivieri alone displayed 

non-significant deviation compared to control (P>0.05). 

 4.16.6.3. Histopathological analysis of testes  

Histological examination of testes of control and F. olivieri alone groups showed 

normal architecture with intact interstitium, normal seminiferous epithelium and 

numerous spermatozoa within their lumen (Fig. 4.61 A and F). There were 

degenerative changes found in paracetamol treated rats including vacuolization of the 

interstitium, hypospermatozoa formation and interstitial edema (Fig. 4.61 B). The 

testes of silymarin and F. olivieri extract (200 and 400 mg/kg) treated rats showed 

normal histological profiles to those of the control rats (Fig. 4.61 C, D and E).  

4.16.6.4. Effect of F. olivieri on testicular DNA damage (ladder assay) in rats 

DNA ladder assay showed the protective effects of F. olivieri against paracetamol 

induced DNA injuries in testicular tissue (Fig. 4.62). DNA ladder assay showed that 

control group had intact genomic DNA. However, paracetamol treatment produced 

marked DNA injuries. Co-administeration of silymarin and F. olivieri caused 

reduction in the DNA fragmentation as revealed by DNA bands of various groups as 

compared to the paracetamol group. DNA damage was not recorded as revealed by 

the DNA ladder assay in F. olivieri alone group of rats. 
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Table 4.100: Effect of F. olivieri on antioxidant enzyme activities in paracetamol 

induced testicular toxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  2.86 ± 0.04
d 

4.54 ± 0.12
d 

138.95 ± 2.81
c 

133.53 ± 2.56
c 

Paracetamol 400  1.19 ± 0.03
a
 1.83 ± 0.04

a
 69.72 ± 1.16

a
 62.85 ± 1.42

a 

PCM + Sily 50  2.75 ± 0.18
c
 4.38 ± 0.10

c
 135.50 ± 1.98

c
 136.64 ± 3.41

c
 

PCM + FOME 200  2.13 ± 0.02
b
 2.18 ± 0.17

b 
114.21 ± 1.54

b
 75.81 ± 1.90

b 

PCM + FOME 400  2.77 ± 0.02
c
 4.60 ± 0.11

d 
139.06 ± 2.69

c
 132.79 ± 2.67

c
 

FOME 400  2.91 ± 0.07
d
 4.93 ± 0.15

d
 145.62 ± 3.24

c
 138.44 ± 2.35

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

 

Table 4.101: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced testicular toxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  0.709 ± 0.01
d 

1.41 ± 0.87
c 

7.23 ± 0.74
c 

Paracetamol 400  0.224 ± 0.02
a
 4.58 ± 1.23

a
 38.27 ± 1.15

a
 

PCM + Sily 50  0.611 ± 0.01
c
 1.45 ± 0.85

c
 11.19 ± 1.07

c
 

PCM + FOME 200  0.459 ± 0.01
b
 3.13 ± 1.79

b
 20.42 ± 1.63

b
 

PCM + FOME 400  0.652 ± 0.01
c
 1.56 ± 0.46

c
 8.20 ± 0.19

c
 

FOME 400  0.717 ± 0.02
d
 1.22 ± 0.73

d
 7.16 ± 0.62

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Fig. 4.61: Effect of F. olivieri on Paracetamol induced histopathology of testes (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw F. olivieri treated group (E) Paracetamol + 400 mg/kg bw F. olivieri 

extract treated group, (F) 400 mg/kg bw F. olivieri extract. (Scale bar, 100 µm). 
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Fig. 4.62: Agarose gel showing integrity of DNA after treatment with Paracetamol 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) testes control (2) Paracetamol 400 mg/kg bw (3) Paracetamol 400 mg/kg 

bw + Silymarin 50 mg/kg bw (4) Paracetamol 400 mg/kg bw + F. olivieri 200 mg/kg 

bw (5) Paracetamol 400 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 

mg/kg bw. 
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4.16.7. Effects of F. olivieri on paracetamol-induced neurotoxicity  

4.16.7.1. Effects of F. olivieri on antioxidant enzymes 

Paracetamol effects on the activities of brain antioxidant enzymes of control and 

treated rats are given in Table 4.102. The paracetamol treatment results in significant 

decline in the CAT, SOD, GPx and GR activities compared to the control. These 

values were recovered significantly by the co-administration of F. olivieri 

methanolic extract (200 and 400 mg/kg). Treatment of silymarin (50 mg/kg) erased 

paracetamol toxicity as compared to the higher doses of the F. olivieri by increasing 

the activities of brain antioxidant enzymes in rats. However, non significant 

alterations were recorded by treatment of F. olivieri only (P>0.05). 

4.16.7.2. Effects of F. olivieri on GSH, LPO and DNA damage 

The protective effects of F. olivieri against the paracetamol toxicity on GSH, lipid 

peroxidation and % DNA fragmentation in brain of rats are given in Table 4.103. A 

significant rise was found in the TBARS contents of brain in the paracetamol 

administered rats compared to control (p<0.05).  F. olivieri extract treatment to 

paracetamol intoxicated rats restored TBARS concentration in brain near to control 

levels. Similarly, silymarin co-administration led to a significant decline in TBARS 

contents compared to paracetamol treated rats.  

Paracetamol treatment causes considerable decrease in the GSH activity while 

enhancing % DNA fragmentation in the brain tissue compared to control. Co-

treatment of F. olivieri methanolic extract and silymarin significantly recovered these 

parameters towards control. Treatment of the F. olivieri alone showed non-significant 

(P>0.05) changes compared to control rats. 

4.16.7.3. Histopathological analysis of brain  

The brain tissue of control and F. olivieri methanolic extract alone treated groups 

showed normal cytoplasm, blood vessels and nucleus in neurons (Fig. 4.63 A and F). 

In the brain of paracetamol treated rats dialated blood vessels, cerebral edema and 

necrosis with hemorrhage were observed. Moreover inflammation was also observed 

in the brain which is indicated by the presence of some multinucleated giant cells 

(Fig. 4.63 B). The co-administration of silymarin and F. olivieri methanolic extract 

protected these changes towards control (Fig. 4.63 C, D and E).  
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4.16.7.4. Effect of F. olivieri on brain DNA damages (DNA ladder assay) in rats 

There was no DNA injury observed in the brain tissue of control rats as indicated by 

DNA banding pattern Fig. 4.64. However, DNA damage was found in paracetamol 

group. Co-administration of silymarin and F. olivieri decreased the DNA injuries as 

indicated by DNA band pattern of various treatment groups as compared to 

paracetamol rats. However, no damage was observed in F. olivieri alone. 
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Table 4.102: Effect of FOME on antioxidant enzyme activities in paracetamol 

induced brain toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  9.08 ± 0.71
d 

7.98 ± 0.40
c 

72.31 ± 2.90
d 

84.39 ± 2.81
d 

Paracetamol 400  3.41 ± 0.15
a
 9.30 ± 0.74

a 
34.27 ± 1.21

a
 32.90 ± 1.23

a
 

PCM + Sily 50  8.52 ± 0.48
c
 7.64 ± 0.32

c 
65.11 ± 3.64

c
 78.41 ± 0.98

c
 

PCM + FOME 200  7.45 ± 0.16
b
 8.53 ± 0.67

b 
48.13 ± 2.17

b
 64.56 ± 1.18

b
 

PCM + FOME 400  8.21 ± 0.23
c
 7.16 ± 0.51

d 
62.75 ± 0.73

c
 76.41 ± 1.31

c
 

FOME 400  10.14 ± 0.85
d
 7.31 ± 0.90

d 
85.74 ± 1.76

d
 86.72 ± 3.45

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 

 

 

Table 4.103: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

paracetamol induced brain toxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  74.33 ± 2.11
d 

105.23 ± 2.83
d 

7.16 ± 0.24
d 

Paracetamol 400  39.52 ± 1.54
a
 178.48 ± 3.40

a
 34.31 ± 2.19

a
 

PCM + Sily 50  68.44 ± 2.18
c
 123.91 ± 2.33

c
 8.17 ± 0.75

d
 

PCM + FOME 200  43.26 ± 1.32
b 

151.46 ± 1.56
b
 23.82 ± 1.60

b
 

PCM + FOME 400  64.36 ± 2.13
c
 124.28 ± 1.74

c
 16.31 ± 2.11

c
 

FOME 400  82.17 ± 3.28
d
 115.76 ± 2.65

d
 9.15 ± 0.75

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). PCM; 

Paracetamol, FOME; F. olivieri methanol extract. 
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Fig. 4.63: Effect of F. olivieri on Paracetamol induced histopathology of brain (A) 

Control, (B) Paracetamol treated, (C) Paracetamol + Silymarin, (D) Paracetamol + 

200 mg/kg bw F. olivieri treated group (E) Paracetamol + 400 mg/kg bw F. olivieri 

extract treated group, (F) 400 mg/kg bw F. olivieri extract. (Scale bar, 100 µm). 
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Fig. 4.64: Agarose gel showing integrity of DNA after treatment with paracetamol 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) brain control (2) Paracetamol 400 mg/kg bw (3) Paracetamol 400 mg/kg 

bw + Silymarin 50 mg/kg bw (4) Paracetamol 400 mg/kg bw + F. olivieri 200 mg/kg 

bw (5) Paracetamol 400 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 

mg/kg bw. 
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4.17. Effect of P. aphylla on gentamicin induced toxicity  

4.17.1. Effects of P. aphylla on gentamicin-induced general toxicity 

4.17.1.1. Effects of P. aphylla on body weight  

In comparison to the control rats, the gentamicin treated rats showed significant 

reduction in percent increase in body weights (P<0.05). Administration with P. 

aphylla (200 and 400 mg/kg) recovered this loss induced by gentamicin. A dose of 50 

mg/kg of silymarin augmented the gentamicin intoxication of this parameter and 

returned body weights towards the control group. Treatment of P. aphylla alone, was 

unable to change (P>0.05) the body weight (Table 4.104). 

4.17.1.2. Effects of P. aphylla on different organ weights  

Effect of gentamicin treatment and protective effects of P. aphylla on different organ 

weights are shown in Tables 4.105-7. The absolute and relative weights of the liver, 

kidneys, heart, lungs, testes and brain were reduced considerably (P<0.05) in the 

gentamicin administered rats. PAME (200 and 400 mg/kg) improved the alterations in 

the organ weights in a statistically significant manner (P<0.05). Treatment of 

silymarin (50 mg/kg) erased the intoxication of gentamicin and improved the weights 

of the liver, kidneys, heart, lungs, testes and brain. However, the organ weights were 

not changed (P>0.05) by the treatment of P. aphylla alone. 

4.17.1.3. Effects of P. aphylla on haematological parameters  

Table 4.108 shows the levels of PCV, Hb, MCV, MCHC and MCH in non treated 

control as well as treated groups. Gentamicin treatment notably (p<0.05) decreased 

the concentration of PCV, Hb and MCH while increased the levels of MCV and 

MCHC comparatively control. The concentration of PCV, Hb, MCV, MCHC and 

MCH was significantly recovered near to control by co-treatment of PAME (200 and 

400 mg/kg).  Silymarin treatment (50 mg/kg) significantly returned the concentration 

of PCV, Hb, MCV, MCHC and MCH towards the control level. However, non 

significant variations were shown by P. aphylla alone compared to the control 

(P>0.05). 

Variations in the haematological parameters due to gentamicin toxicity in rats viz; 

WBC, TLC, PLT, lymphocytes, neutrophils and granulocytes are depicted in Table 

4.109. Administration of gentamicin appreciably (P<0.05) reduced the WBC and 

neutrophil levels, whereas, the TLC, PLT, lymphocytes and granulocytes levels were 

appreciably (p<0.05) amplified as control rats. Orally co-treatment of gentamicin-
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treated rats with PAME significantly decreased the TLC, PLT, lymphocytes and 

granulocytes levels and increased the WBC and neutrophil levels. Treatment of 

silymarin (50 mg/kg) decreased the gentamicin toxicity and restored these parameters. 

However, administration of methanol extract of P. aphylla alone showed non 

significant variations (P>0.05) compared to the control rats. 

4.17.1.4. Effect of P. aphylla on lipid profile 

The effects of gentamicin and P. aphylla on serum lipid profile of rats are depicted in 

Table 4.110. The triglycerides, cholesterol, HDL and LDL levels increases 

considerably in rats by gentamicin treatment (P<0.05). These changes induced by 

gentamicin toxicity were brought towards control in rats administered with P. aphylla 

(200 and 400 mg/kg). Similar, protective observations were found by treatment with 

50 mg/kg of silymarin and were comparable to the higher dose of the P. aphylla (400 

mg/kg). Treatment of P. aphylla only did not change (P>0.05) compared to control 

rats. 

4.17.2. Effect of P. aphylla on hepatotoxicity induced with gentamicin 

4.17.2.1. Effects of PAME on liver marker enzymes  

The i.p. administration of gentamicin (80 mg/kg) induced a considerable rise in liver 

function enzymes i.e. ALT, AST and ALP (P<0.05). The co-treatment of methanol 

extract of P. aphylla along with gentamicin decreased the level of these enzymes 

towards control in a significant and dose dependent manner (400 and 200 mg/kg) 

(Table 4.111). The total bilirubin, total protein and LDH levels increased significantly 

after gentamicin treatment in comparison to saline treated rats. The P. aphylla extracts 

prevented these changes significantly (P<0.05) towards control. 

Co-administration of 50 mg/kg of silymarin erased the gentamicin intoxication and 

restored the liver marker enzymes levels compared to the gentamicin rats. The serum 

level of liver marker enzymes remained unchanged (P>0.05) with the administration 

of PAME only as against the control rats (Table 4.112). 

4.17.2.2. Effect of PAME on antioxidant enzyme armory of liver 

A significant decline was observed in the liver antioxidant enzymes (SOD, CAT, 

GSH-Px and GR) levels which was appreciably (P<0.05) brought back to control 

level after treatment with PAME (200 and 400 mg/kg). Co-administration of rats with 

50 mg/kg of silymarin maintained the above parameters towards the control level. 

However, no considerable (p>0.05) variations in antioxidant enzymes activities were 
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Table 4.104: Effect of methanol extract of P. aphylla on percent increase in body 

weight in gentamicin treated rats  

Treatment 

mg/kg bw 

Body weight (g) 

Initial body 

weight (g) 

Final body weight (g) Percent increase 

in body weight 

Control (Saline)  190.66 ± 2.11 267.18 ± 3.43 40.13 ± 2.21
c 

Gentamicin 80  202.55 ± 3.65 254.98 ± 2.32 25.88 ± 1.54
a
  

GM + Sily 50  208.10 ± 1.84 282.60 ± 2.78 35.80 ± 1.75
b 

GM + PAME 200  211.76 ± 2.24 273.47 ± 2.75 29.14 ± 1.89
a 

GM + PAME 400  217.97 ± 1.97 288.36 ± 1.84 32.29 ± 1.62
b 

PAME 400  210.12 ± 1.02 290.14 ± 2.23 38.06 ± 2.58
c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-c)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

Table 4.105: Effect of methanolic extract of P. aphylla on absolute and relative 

weights of liver and kidneys in gentamicin treated rats  

Treatment 

mg/kg bw 

Absolute 

Liver weight 

(g) 

Relative liver 

weight (% to 

body weight) 

Absolute 

Kidney weight 

(g) 

Relative 

kidney weight 

(% to body 

weight) 

Control (Saline)  7.55 ± 1.03
d 

0.075±0.0003
d 

1.35 ± 0.04
d 

0.013 ± 0.0002
c 

Gentamicin 80  4.28 ± 0.12
a
 0.042±0.0001

a
 0.52 ± 0.01

a
 0.005 ± 0.0003

a
 

GM + Sily 50  6.65 ± 1.15
c 

0.066±0.0004
c
 1.33 ± 0.05

c 
0.013 ± 0.0001

c 

GM + PAME 200  5.81 ± 0.59
b 

0.058±0.0007
b
 0.92 ± 0.03

b
 0.009 ± 0.0008

b
 

GM + PAME 400  6.59 ± 1.18
c
 0.065±0.0002

c
 1.34 ± 0.04

c
 0.013 ± 0.0005

c
 

PAME 400  7.94 ± 1.64
d
 0.079±0.0001

e
 1.36 ± 0.01

d
 0.013 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Table 4.106: Effect of methanol extract of P. aphylla on absolute and relative weights 

of heart and lungs in gentamicin treated rats  

Treatment 

mg/kg bw 

Absolute 

Heart weight 

(g) 

Relative Heart 

weight (% to 

body weight) 

Absolute 

Lungs weight 

(g) 

Relative Lungs 

weight (% to 

body weight) 

Control (Saline)  1.28 ± 0.02
d 

0.012±0.0002
c 

1.65 ± 0.03
c 

0.016 ± 0.0004
c 

Gentamicin 80  0.67 ± 0.03
a
 0.006±0.0003

a
 0.86 ± 0.01

a
 0.008 ± 0.0001

a
 

GM + Sily 50  1.22 ± 0.01
c 

0.012±0.0001
c 

1.62 ± 0.02
c
 0.016 ± 0.0002

c
 

GM + PAME 200  0.91 ± 0.08
b
 0.009±0.0001

b
 0.98 ± 0.01

b
 0.009 ± 0.0002

b
 

GM + PAME 400  1.20 ± 0.05
c
 0.012±0.0005

c
 1.60 ± 0.01

c
 0.016 ± 0.0005

c
 

PAME 400  1.32 ± 0.01
d
 0.013±0.0001

d
 1.67 ± 0.07

c
 0.016 ± 0.0003

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

Table 4.107: Effect of methanol extract of P. aphylla on absolute and relative weights 

of testes and brain in gentamicin treated rats  

Treatment 

mg/kg bw 

Absolute 

Testes 

weight 

(g) 

Relative 

Testes weight 

(% to body 

weight) 

Absolute 

Brain weight 

(g) 

Relative Brain 

weight (% to 

body weight) 

Control (Saline)  7.15 ± 0.13
d 

0.071±0.0002
c 

1.36 ± 0.03
c 

0.013 ± 0.0001
c 

Gentamicin 80  4.34 ± 0.01
a
 0.043±0.0003

a
 0.67 ± 0.01

a
 0.006 ± 0.0001

a
 

GM + Sily 50  7.09 ± 0.22
d
 0.070±0.0002

c
 1.32 ± 0.02

c 
0.013 ± 0.0001

c 

GM + PAME 200  5.83 ± 0.16
b
 0.058±0.0001

b
 0.94 ± 0.01

b
 0.009 ± 0.0001

b
 

GM + PAME 400  6.92 ± 0.11
c
 0.069±0.0002

c
 1.30 ± 0.02

c
 0.013 ± 0.0002

c
 

PAME 400  7.21 ± 0.17
d
 0.072±0.0001

c
 1.42 ± 0.01

d
 0.014 ± 0.0003

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Table 4.108: Effect of P. aphylla methanol extract on full blood counts in gentamicin 

induced toxicity in rats 

Treatment 

mg/kg bw 

PCV (%) Hb (g/L) MCV (fl) MCHC 

(g/dL) 

MCH (pg) 

Control (Saline)  45.82 ± 2.35
c 

13.16 ± 1.27
c 

59.32 ± 2.41
c 

29.87 ± 1.05
b 

17.68 ± 0.52
c 

Gentamicin 80  38.19 ± 1.08
a
 8.66 ± 0.43

a
 62.17 ± 0.76

a 
30.12 ± 0.52

a 
15.97 ± 1.34

a 

GM + Sily 50  47.33 ± 1.75
c
 13.85 ± 0.74

d
 58.44 ± 1.90

d 
28.34 ± 1.73

c 
17.54 ± 1.28

c 

GM + PAME 200  51.24 ± 1.56
e 

12.54 ± 0.28
b 

61.88 ± 2.15
b 

30.17 ± 2.20
a 

16.47 ± 0.39
b 

GM + PAME 400  43.05 ± 2.17
b 

12.87 ± 0.11
b
 59.93 ± 1.47

c 
30.28 ± 1.47

a 
17.85 ± 1.63

c 

PAME 400  46.20 ± 0.88
d
 13.79 ± 0.83

d
 58.43 ± 0.42

d 
29.10 ± 1.55

b 
17.32 ± 0.49

c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.109: Haematological findings of rats treated with P. aphylla methanol extract 

on gentamicin intoxicated rats 

Treatment 

mg/kg bw 

WBC 

(103/μL) 

TLC (x 

103/μL) 

PLT (x 103/μL) Lymphocytes 

(%) 

Neutrophil

s (%) 

Granulocytes 

(%) 

Control (Saline)  10.12±0.47c 5.12±0.61d 982.14±15.38c 34.99±1.54c 54.63±1.20c 12.61±0.48e 

Gentamicin 80  9.21±0.11a 6.34±0.58a 1070.31±130.53a 67.25±1.78a 30.94±0.67a 18.33±1.72a 

GM + Sily 50  10.65±0.30d 4.83±0.17e 954.59±12.54d 38.04±0.85c 55.48±0.51c 17.49±0.81b 

GM + PAME 200  9.74±0.63b 5.67±0.09c 1051.22±53.82b 55.45±2.73b 45.09±1.75b 16.41±1.67c 

GM + PAME 400  9.13±0.74a 6.11±0.77b 1023.65±25.33c 40.19±1.80c 53.17±0.63c 14.62±0.91d 

PAME 400  10.56±0.28d 5.28±0.18d 972.19±10.21d 31.38±2.33c 58.66±1.86d 17.89±0.77b 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Table 4.110: Effect of methanol extract of P. aphylla on lipid profile in gentamicin 

induced toxicity in rats 

Treatment 

mg/kg bw 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL (mg/dl) LDL (mg/dl) 

Control (Saline)  49.64 ± 0.53
c 

143.45 ± 1.04
d 

43.43 ± 0.53
d 

45.89 ± 2.14
d 

Gentamicin 80  65.77 ± 1.26
a
 261.73 ± 2.37

a
 82.64 ± 1.63

a
 70.18 ± 1.19

a
 

GM + Sily 50  48.35 ± 2.67
c 

139.91 ± 0.64
d 

45.79 ± 0.95
d 

44.54 ± 1.22
d 

GM + PAME 200  50.28 ± 3.32
b
 213.26 ± 1.52

b
 73.82 ± 1.52

b
 61.99 ± 1.62

b
 

GM + PAME 400  54.13 ± 0.95
b
 157.13 ± 2.63

c 
56.44 ± 0.57

c
 53.10 ± 0.13

c
 

PAME 400  48.25 ± 0.54
c
 142.18 ± 1.13

d
 37.20 ± 0.11

d
 43.23 ± 0.25

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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recorded by the treatment of PAME only as comparatively to control rats (Table 

4.113). 

4.17.2.3. Effect of PAME on GSH, lipid peroxides and DNA fragmentation in 

hepatic samples of rat  

The effects of P. aphylla extract on gentamicin induced alterations in lipid 

peroxidation, GSH and DNA fragmentation are depicted in Table 4.114. 

Administration of gentamicin to rats results in significant decline (P<0.05) of GSH 

contents as comparatively to control rats. Level of GSH contents was significantly 

increased by P. aphylla when compared to the gentamicin group dose dependently 

(400 and 200 mg/kg).  

The gentamicin treatment enhanced the TBARS level significantly in the liver tissue 

(P<0.05). The PAME especially the higher dose (400 mg/kg) significantly brought the 

TBARS level towards control values (P<0.05). Similarly the fragmentation level of 

hepatic DNA was notably increased in gentamicin treated group in contrast to control 

rats (P<0.05). The DNA injuries caused by gentamicin were appreciably reduced in 

the rats co-administered with methanolic extract of P. aphylla. Administration of 

silymarin (50 mg/kg) produced similar results to that of the higher doses of P. aphylla 

and reverted the level of the above parameters towards control. Treatment of P. 

aphylla alone did not cause any change (P>0.05) in these parameters compared to 

control group. 

4.17.2.4. Histopathological analysis of liver 

The normal histoarchitecture of the liver tissue was found in the control and P. 

aphylla methanol extract alone treated rats under light microscopic examination (Fig. 

4.65 A and F). The gentamicin induced liver histopathological alterations are shown 

in Fig. 4.65 B. The gentamicin treatment caused severe histological damage in the 

liver structure of rats along with disarrangement of hepatic strands and necrosis in 

various cells. Furthermore, sinusoids enlargement and formation of vacuole in 

hepatocytes, dilation, and blood vessels congestion with hemorrhage and leucocytes 

infiltrations were observed in rat liver due to gentamicin exposure. The co-treatment 

with silymarin and P. aphylla methanol extract brought back the blood vessels to 

normal condition. It also helped to reduce necrosis and bring back the cellular 

arrangement around the central vein (Fig. 4.65 C, D and E).  
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Table 4.111: Effect of P. aphylla on liver marker enzymes in gentamicin induced 

toxicity in rats  

Treatment 

mg/kg bw 

AST (U/L) ALT (U/L) ALP (U/L) 

Control (Saline)  48.34 ± 1.57
c
 78.05 ± 1.75

d 
138.61 ± 0.47

d 

Gentamicin 80  89.17 ± 2.73
a
 171.94 ± 2.64

a
 264.03 ± 1.85

a
 

GM + Sily 50  47.25 ± 0.94
c
 82.73 ± 1.82

d 
130.11 ± 0.53

d 

GM + PAME 200  73.28 ± 1.04
b
 143.28 ± 3.11

b
 204.46 ± 2.74

b 

GM + PAME 400  58.15 ± 0.54
c
 128.85 ± 1.47

c
 162.85 ± 1.19

c
 

PAME 400  43.92 ± 1.79
c
 83.70 ± 2.05

d 
132.68 ± 1.95

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.112: Effect of P. aphylla on serum billirubin, total protein, and LDH in 

gentamicin induced toxicity in rats  

Treatment 

mg/kg bw 

Total Bilirubin 

(mg/dl) 

Total protein 

(μg/mg tissue) 

LDH (U/L) 

Control (Saline)  0.69 ± 0.01
c 

2.76 ± 0.17
c
 45.19 ± 1.71

d 

Gentamicin 80  1.93 ± 0.05
a
 4.09 ± 1.05

a
 130.93 ± 2.05

a
 

GM + Sily 50  0.71 ± 0.04
c 

2.41 ± 1.43
c
 50.21 ± 1.44

c 

GM + PAME 200  1.16 ± 0.02
b
 3.89 ± 0.28

b
 102.86 ± 2.52

b
 

GM + PAME 400  0.75 ± 0.01
c
 3.69  ± 1.54

b
 80.75 ± 1.69

c
 

PAME 400  0.56 ± 0.02
d
 2.37 ± 0.42

c
 40.18 ± 1.82

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Table 4.113: Effect of P. aphylla on antioxidant enzyme activities in gentamicin 

induced hepatotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control (Saline)  6.17 ± 0.12
d 

5.63 ± 0.36
d 

111.54 ± 2.11
c 

123.42 ± 2.11
d 

Gentamicin 80  1.38 ± 0.65
a
 1.16 ± 2.51

a
 80.33 ± 1.25

a 
66.50 ± 1.72

a
 

GM + Sily 50  6.74 ± 0.43
d 

4.17 ± 1.18
c
 112.22 ± 1.86

c 
118.27 ± 1.45

c 

GM + PAME 200  3.56 ± 0.22
b 

2.64 ± 0.37
b 

91.73 ± 1.35
b 

81.12 ± 2.74
b
 

GM + PAME 400  5.88 ± 0.16
c 

3.90 ± 1.69
c
 109.31 ± 1.32

c 
117.19 ± 1.47

c
 

PAME 400  6.28 ± 0.43
d
 5.75 ± 0.54

d
 114.17 ± 2.67

c 
126.55 ± 3.81

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

Table 4.114: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced hepatotoxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  21.50 ± 0.81
d 

3.19 ± 0.13
c 

7.54 ± 0.01
d 

Gentamicin 80  12.45 ± 0.65
a
 5.89 ± 0.02

a
 32.17 ± 1.24

a
 

GM + Sily 50  22.18 ± 0.12
d
 2.97 ± 0.18

c 
8.99 ± 0.02

d
 

GM + PAME 200  17.37 ± 0.33
b 

4.24 ± 0.14
b 

24.32 ± 1.19
b
 

GM + PAME 400  19.24 ± 0.74
c
 3.16 ± 0.06

c
 19.07 ± 1.13

c
 

PAME 400  22.93 ± 0.35
d
 3.27 ± 0.03

d 
9.06 ± 0.07

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Fig. 4.65: Effect of methanol extract of P. aphylla on gentamicin-induced 

hepatotoxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: 

Treated with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + P. 

aphylla (200 mg/kg bw); E: Treated with gentamicin + P. aphylla (400 mg/kg bw); F: 

Treated with P. aphylla (400 mg/kg bw). (Scale bar, 100 µm). 
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4.17.3. Effects of P. aphylla on gentamicin-induced nephrotoxicity 

4.17.3.1. Effect of P. aphylla on urine profile in rat  

Table 4.115 depicts the variations in urine profile i.e. pH, specific gravity, RBC, 

WBC and urobilinogen level. The treatment of gentamicin considerably (P<0.05) 

enhanced the specific gravity, RBC, WBC and urobilinogen levels, while reduced the 

urinary pH than control. P. aphylla attenuated the gentamicin intoxication, and 

reduced the specific gravity, RBC, WBC and urobilinogen while increased the pH of 

urine (200 and 400 mg/kg). Treatment of 50 mg/kg of silymarin erased the toxicity 

caused by gentamicin at urinary level thereby, brought the above parameters towards 

the control group. However, P. aphylla alone displayed non significant variation in 

comparatively to control rats (P>0.05). 

4.17.3.2. Effect of P. aphylla on serum urea, creatinine and albumin 

The creatinine, urea and albumin concentrations increase significantly due to 

gentamicin intoxication. The highest dose of P. aphylla extract (400 mg/kg) more 

significantly improved these gentamicin induced alterations as compared to the lower 

dose (200 mg/kg) (P<0.05). Silymarin treatment (50 mg/kg) erased the toxicity of 

gentamicin treatment and restored these parameters near to control level. However, no 

significant variations (P>0.05) were shown by 400 mg/kg of PAM alone 

comparatively to the control rats (Table 4.116). 

4.17.3.3. Effects of P. aphylla on antioxidant enzymes 

Those animals which received gentamicin alone exhibited considerable decline in 

CAT, SOD, GPx and GR activity in renal tissues (P<0.05) compared to control values 

(Table 4.117). A significant rise was observed in these parameters due to P. aphylla 

extract administration (200 and 400 mg/kg) in comparison to gentamicin treated rats. 

Protective effects of silymarin (50 mg/kg) were comparable to the higher dose of P. 

aphylla (400 mg/kg). However, treatment of P. aphylla only (400 mg/kg) to rats did 

not cause significant variation to these parameters in comparison to the control rats 

(p>0.05). 

4.17.3.4. Effects of P. aphylla on GSH, LPO and DNA damage 

Gentamicin treatment significantly depleted (P<0.05) the GSH contents compared to 

the control. Co-administration of P. aphylla in gentamicin treated rats significantly 

increased the GSH contents by detoxifying the gentamicin oxidative stress dose 

dependently (400 and 200 mg/kg). Treatment of silymarin (50 mg/kg) showed similar 
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observations while ameliorating (P<0.05) the gentamicin intoxication in rats, 

however, the level of these parameters remained unchanged by 400 mg/kg of P. 

aphylla alone treatment (P>0.05). 

The LPO increases in the renal tissues of rats as shown by increase in TBARS 

contents induced by gentamicin treatment by i.p. route. The co-treatment with P. 

aphylla extract (400 and 200 mg/kg) considerably decreased the TBARS contents 

towards control (P<0.05). 

The % DNA fragmentation increased in the renal tissues of gentamicin administered 

rats which appreciably (P<0.05) declined due to co-administration of the P. aphylla 

extract (400 and 200 mg/kg). 50 mg/kg of silymarin (P>0.05) treatment significantly 

erased gentamicin intoxication and returned TBARS level and % DNA fragmentation 

towards the control level. Non significant variation (p>0.05) was shown in P. aphylla 

only group (Table 4.118). 

4.17.3.5. Histopathological analysis of kidney  

Normal tubular and glomerular histology was observed in kidney tissues of control 

and P. aphylla extract alone administered rats (Fig. 4.66 A and F). Inflammatory cells, 

blood vessel and peritubular congestion was observed in gentamicin treated renal 

tissue. Necrosis, vacuolization and hyaline changes were found in the proximal 

tubular epithelial cells. Interstitial edema and mononuclear cell infiltration was also 

seen in gentamicin group (Fig. 4.66 B). These changes were reduced by silymarin and 

P. aphylla methanolic extract treatment. It could prevent the cell damage like 

interstitial edema, glomerular congestion and tubular vacuolization (Fig. 4.66 C, D 

and E). 

4.17.3.6. Effect of P. aphylla on renal DNA damage 

The protective effects of P. aphylla extract (200 and 400 mg/kg) against gentamicin 

induced DNA damage is shown in the Fig 4.67.  There was no DNA damage in 

control group.  However gentamicin group showed extensive DNA damage in kidney 

tissues. Co-administration of P. aphylla extract reduced the DNA damages as 

compared to control group. Control like bands were found in the P. aphylla alone 

treated rats. 
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Table 4.115: Effect of P. aphylla on urine profile including pH specific gravity, RBC, 

WBC and urobilinogen in gentamicin induced nephrotoxicity in rats 

Treatment 

mg/kg bw 

pH Specific 

gravity 

RBC/µl WBC/µl Urobilinogen 

(mg/dl) 

Control (Saline) 7.06±0.01
c 

1.02±0.01
c 

0.04±0.01
d 

25.43±1.25
c 

4.56±0.12
d 

Gentamicin 80  6.24±0.13
a
 1.36±0.07

a
 8.72±0.15

a
 63.76±1.09

a 
32.34±1.76

a
 

GM + Sily 50  7.04±0.02
c
 1.04±0.02

c
 1.04±0.08

c
 22.87±0.43

c
 6.75±0.34

c
 

GM + PAME 200  6.73±0.11
b
 1.22±0.14

b
 4.52±0.05

b
 45.32±1.64

b
 22.51±1.82

b
 

GM + PAME 400  7.02±0.65
c
 1.08±0.03

c
 1.33±0.01

c
 28.23±1.52

c
 5.49±0.37

c
 

PAME 400  7.08±0.18
c 

1.01±0.01
c 

0.02±0.00
d 

23.67±0.41
d 

3.62±0.75
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

Table 4.116: Effect of P. aphylla on serum urea, creatinine and albumin in 

gentamicin induced toxicity in rats 

Treatment 

mg/kg bw 

Urea (mg/dl) Creatinine (mg/dl) Albumin (mg/dl) 

Control (Saline) 20.14 ± 1.24
d 

0.60 ± 0.05
d 

38.87 ± 0.21
d 

Gentamicin 80 127.62 ± 3.43
a
 2.84 ± 0.69

a
 21.94 ± 0.33

a
 

GM + Sily 50 25.99 ± 1.74
c 

0.63 ± 0.17
d 

36.77 ± 0.67
c 

GM + PAME 200 119.54 ± 3.35
b 

2.27 ± 0.28
b 

27.53 ± 0.39
b 

GM + PAME 400 34.13 ± 1.54
c
 1.02 ± 0.13

c
 35.62 ± 0.45

c
 

PAME 400 17.49 ± 0.85
d 

0.57 ± 0.02
d 

40.72 ± 0.53
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Table 4.117: Effect of P. aphylla on antioxidant enzyme activities in gentamicin 

induced nephrotoxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  5.56 ± 0.87
d 

5.34 ± 1.64
d 

87.25 ± 1.21
d 

143.74 ± 2.14
d 

Gentamicin 80  2.12 ± 0.66
a
 1.23 ± 2.52

a
 34.81 ± 0.64

a
 63.85 ± 1.22

a
 

GM + Sily 50  5.76 ± 1.37
d 

5.19 ± 0.47
d 

85.73 ± 1.95
d 

137.41 ± 1.85
d 

GM + PAME 200  3.78 ± 0.12
b
 2.90 ± 1.89

b
 56.16 ± 1.18

b
 102.79 ± 1.74

b
 

GM + PAME 400  5.12 ± 0.59
c
 4.83 ± 0.83

c
 77.54 ± 1.35

c
 129.32 ± 1.48

c
 

PAME 400  5.72 ± 0.54
d 

5.42 ± 1.32
d 

89.93 ± 1.11
d 

149.82 ± 2.61
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.118: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced nephrotoxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 33.57 ± 1.63
c 

3.19 ± 0.36
c 

8.31 ± 0.61
d 

Gentamicin 80 14.00 ± 1.19
a
 5.35 ± 0.73

a
 48.52 ± 1.75

a
 

GM + Sily 50 30.41 ± 1.43
c 

3.23 ± 0.52
c 

9.05 ± 0.46
d
 

GM + PAME 200 22.44 ± 2.64
b
 4.22 ± 0.11

b
 28.93 ± 0.92

b
 

GM + PAME 400 31.57 ± 0.87
c
 3.15 ± 0.16

c
 21.79 ± 0.78

c
 

PAME 400 35.16 ± 0.28
c
 3.22 ± 0.12

c 
10.62 ± 0.42

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Fig. 4.66: Effect of methanol extract of P. aphylla on gentamicin-induced 

nephrotoxicity in rats A: Control; B: Treated with gentamicin (80 mg/kg bw, i.p); C: 

Treated with gentamicin + Silymarin (50 mg/kg bw); D: Treated with gentamicin + P. 

aphylla (200 mg/kg bw); E: Treated with gentamicin + P. aphylla (400 mg/kg bw); F: 

Treated with P. aphylla (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.67: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of F. olivieri in different groups. Lane from left (M) DNA marker 

(1) Kidney control (2) gentamicin 80 mg/kg bw + Silymarin 50 mg/kg bw (3) 

gentamicin 80 mg/kg bw  (4) P. aphylla 400 mg/kg bw  (5) gentamicin 80 mg/kg bw 

+ P. aphylla 200 mg/kg bw (6) gentamicin 80 mg/kg bw + P. aphylla 400 mg/kg bw. 
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4.17.4. Effects of P. aphylla on gentamicin-induced cardiotoxicity 

4.17.4.1. Effects of P. aphylla on antioxidant enzymes 

Table 4.119 depicts the alterations in antioxidant enzymes of heart tissue in all the 

treated groups of rats. Treatment of gentamicin appreciably reduced the index of 

antioxidant status for instance CAT, SOD, GPx and GR activities comparatively to 

control rats (P<0.05). Methanol extract of P. aphylla treatment to rats recovered the 

toxicity of gentamicin in heart tissue depends upon the amount of dose (200 and 400 

mg/kg). The silymarin co-treatment significantly healed gentamicin intoxication at 

antioxidant enzymes level (P<0.05). Administration of P. aphylla alone caused non 

significant variations in the antioxidant enzyme activities (P>0.05). 

4.17.4.2. Effects of P. aphylla on GSH, LPO and DNA damage 

The effects of P. aphylla on GSH, lipid peroxidation and % DNA fragmentation are 

depicted in Table 4.120. Treatment of gentamicin appreciably enhanced (P<0.05) the 

TBARS contents in comparison to the control rats. P. aphylla extract decreased the 

TBARS level dose dependently (400 and 200 mg/kg). Likewise, treatment of 

silymarin (50 mg/kg) clearly reduced the intoxication of gentamicin and recovered 

this parameter towards control. However, treatment of P. aphylla alone showed non-

significant changes comparatively to control rats (P>0.05). 

Gentamicin treatment (80 mg/kg bw) to rats remarkably depleted GSH activity, 

whereas the % DNA fragmentation was elevated in comparison to the control rats 

(p<0.05). P. aphylla markedly modulated the gentamicin intoxications, and reduced % 

DNA fragmentation while enhancing the GSH activity dose dependently (400 and 200 

mg/kg). However, more striking defensive effects were found at the higher dose (400 

mg/kg) of P. aphylla. P. aphylla alone displayed non-significant variations (P>0.05) 

compared to control rats. Co-treatment of 50 mg/kg of silymarin displayed 

considerable protection (P<0.05) when compared to gentamicin treated rats.  

4.17.4.3. Histopathological analysis of heart 

Heart sections of the control rats revealed normal histoarchitecture of the myocardium 

with branching and anastomosing cardiac muscle fibers running in different 

directions. Cardiomyocytes revealed normal vesicular nuclei. Nuclei of connective 

tissue cells could be noticed in the interstitial tissue between the cardiac muscle fibers 

(Fig. 4.68 A).  
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The heart sections from rats injected with gentamicin alone showed foci of 

hyalinization and homogenicity of cardiomyocytes with increased eosinophilia. 

Fragmentation of cardiac muscle fibers was noted in other foci. Some of the 

fragmented cardiomyocytes lost their nuclei while others revealed pyknotic nuclei. 

Cardiac muscle fibers were seen widely separated by empty spaces. There was also 

infiltration with mononuclear cells and some of the blood vessels appeared congested 

(Fig. 4.68 B).  

Compared to gentamicin treated rats, the heart sections from rats which received 

silymarin and P. aphylla along with gentamicin showed milder changes. Foci of 

myocardial fragmentation, interstitial edema and mononuclear cellular infiltration 

were hardly detected in different sections (Fig. 4.68 D & E). Also, congestion and 

hemorrhage were less frequently observed. Heart sections from rats which received P. 

aphylla only revealed a similar histological picture to that of rats of the control group 

(Fig. 4.68 F). 

4.17.4.4. Effect of P. aphylla on DNA injuries in heart of rats (DNA ladder assay) 

DNA damage induced by gentamicin in the heart tissues is shown in Fig. 4.69. DNA 

ladder assay displayed the intact genomic DNA in control group. However, 

gentamicin group showed DNA damage as indicated by the continuous band 

formation. The DNA damage was reduced by administration of silymarin and P. 

aphylla as revealed by DNA band pattern of these groups in comparison to 

gentamicin administered rats. Treatment of P. aphylla decreased DNA damage to that 

of the gentamicin group. DNA damage was not found in the P. aphylla alone treated 

group. 

4.17.5.1. Effects of P. aphylla on antioxidant enzymes 

Table 4.121 shows the changes in lungs antioxidant enzymes in all the treated groups. 

The levels of CAT, SOD, GPx and GR in the lungs were considerably reduced by the 

treatment of gentamicin compared to control rats (P<0.05). PAME treatment distinctly 

ameliorated the effects of gentamicin toxicity, and restored the antioxidant enzymes 

activities in lung tissues dose dependently (400 and 200 mg/kg). Similar, protecting 

effects of silymarin (50 mg/kg) were also depicted in this study. Treatment of P. 

aphylla alone showed insignificant change in the antioxidant enzyme activities 

comparatively to control rats (P>0.05).  
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Table 4.119: Effect of P. aphylla on antioxidant enzyme activities in gentamicin 

induced cardiotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  4.67 ± 0.23
d 

2.91 ± 0.45
d 

105.72 ± 1.88
d 

188.11 ± 2.75
d 

Gentamicin 80  2.21 ± 0.19
a
 1.34 ± 0.06

a
 83.10 ± 2.40

a
 116.27 ± 2.18

a
 

GM + Sily 50  4.26 ± 0.68
c
 2.62 ± 0.32

c
 95.41 ± 2.21

c
 182.68 ± 2.25

c
 

GM + PAME 200  3.69 ± 0.11
b
 1.75 ± 0.08

b 
88.67 ± 1.60

b 
158.74 ± 1.83

b 

GM + PAME 400  4.38 ± 0.30
c
 2.56 ± 0.13

c
 97.43 ± 1.97

c
 175.36 ± 1.37

c
 

PAME 400  4.71 ± 0.17
d
 3.05 ± 0.15

d
 108.62 ± 2.12

d
 191.28 ± 1.76

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

Table 4.120: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced cardiotoxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  21.64 ± 0.17
d 

3.67 ± 0.68
d 

12.52 ± 1.61
d 

Gentamicin 80  13.82 ± 0.56
a
 5.88 ± 0.40

a
 40.37 ± 2.79

a
 

GM + Sily 50  17.31 ± 1.29
c 

3.56 ± 0.31
d 

21.75 ± 2.43
c
 

GM + PAME 200  15.66 ± 2.38
b 

4.32 ± 0.95
b 

37.42 ± 0.40
b
 

GM + PAME 400  18.57 ± 1.65
c
 3.91 ± 0.72

c
 28.53 ± 1.32

c
 

PAME 400  22.51 ± 2.90
d
 3.59 ± 0.53

d
 11.31 ± 2.80

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Fig. 4.68: Effect of methanolic extract of P. aphylla on gentamicin-induced 

cardiotoxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: 

Treated with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + P. 

aphylla (200 mg/kg bw); E: Treated with gentamicin + P. aphylla (400 mg/kg bw); F: 

Treated with P. aphylla (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.69: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of P. aphylla in different groups. Lane from left (M) DNA marker 

(1) testes control (2) gentamicin 80 mg/kg bw (3) gentamicin 80 mg/kg bw + 

silymarin 50 mg/kg bw (4) gentamicin 80 mg/kg bw + P. aphylla 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 mg/kg bw. 
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4.17.5. Effects of P. aphylla on gentamicin-induced lungs toxicity 

4.17.5.2. Effects of P. aphylla on GSH, LPO and DNA damage 

Changes in GSH, lipid peroxidation and DNA damages are presented in Table 4.122. 

Gentamicin treatment appreciably enhanced (P<0.05) the TBARS contents in 

comparison to control rats. Treatment of P. aphylla along with gentamicin augmented 

the toxic effects of gentamicin dose dependently (400 and 200 mg/kg), restored the 

TBARS contents towards the control level. Co-treatment of silymarin (50 mg/kg bw) 

along with gentamicin erased the gentamicin toxicity and decreased the contents of 

TBARS in comparison to the gentamicin treated rats. No significant variation was 

found by administration of P. aphylla only compared to control rats (P>0.05). 

GSH activity decreased significantly by gentamicin treatment to rats (p<0.05), 

whereas the % DNA fragmentation was increased as compared to control rats. PAME 

treatment alleviated gentamicin toxic effects and the % DNA fragmentation 

decreased, whereas the activity of GSH, dose dependently, increased as compared to 

the control rats. However, more clear protection was observed in rats given with a 

higher dose of the P. aphylla (400 mg/kg). Similar, protective effects were also shown 

with the administration of silymarin (50 mg/kg) that were similar to the higher dose of 

P. aphylla (400 mg/kg). Treatment with P. aphylla only showed a non-significant 

change (P>0.05) comparatively to control rats. 

4.17.5.3. Histopathological analysis of lungs 

The lungs histological architecture of the control group was normal with many 

alveoli, alveolar ducts, alveolar sac, blood vessels, bronchioles and thin inter-alveolar 

septum (Fig. 4.70 A). The gentamicin treated rats showed alveoli with thick 

interalveolar septa encroaching on alveoli (collapsed alveoli), dilated congested blood 

vessels, cellular infiltration and extravasated red blood cells (Fig. 4.70 B). In sections 

of rat tissues treated with silymarin and P. aphylla methanolic extract lung 

architecture, thick interalveolar septa, alveoli, congested blood vessels and cellular 

infiltration appeared similar to those of the control rats (Fig. 4.70 C, D & E). Sections 

of P. aphylla alone group showed alveoli with apparently thin interalveolar septa, few 

extravasated red blood cells and cellular infiltrations (Fig. 4.70 F). 

4.17.5.4. Effect of P. aphylla on pulmonary DNA damage (DNA ladder assay) 

DNA damage induced by gentamicin in pulmonary tissues is shown in Fig. 4.71. 

DNA ladder assay indicated the intact genomic DNA in controls. However, 
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gentamicin group showed DNA damages as confirmed by the continuous tailing of 

DNA fragments. The DNA damages reduced dose dependently by administration of 

silymarin and P. aphylla as shown by DNA band pattern of different groups 

comparatively to gentamicin administered rats. However, no DNA damage was found 

in P. aphylla alone group. 

4.17.6. Effects of P. aphylla on gentamicin-induced testicular toxicity 

4.17.6.1. Effects of P. aphylla on antioxidant enzymes 

Changes induced with P. aphylla versus the toxicity of gentamicin in rats on testis 

antioxidant enzymes are depicted in Table 4.123. Gentamicin administration 

appreciably reduced (p<0.05) the CAT, SOD, GPx and GR levels as comparatively to 

control rats. Antioxidant enzymes activities were recovered by administration of P. 

aphylla, dose dependently (400 and 200 mg/kg). Protective effects of silymarin (50 

mg/kg) against the gentamicin administration were similar to the higher dose of P. 

aphylla (400 mg/kg bw). Non significant (P>0.05) changes were depicted by P. 

aphylla only treatment comparatively to control group.  

4.17.6.2. Effects of P. aphylla on GSH, LPO and DNA damage 

Effect of gentamicin intoxication on GSH, lipid peroxidation and % DNA 

fragmentation in testis of rats is presented in Table 4.124. Gentamicin treatment 

considerably (p<0.05) enhanced the contents of TBARS in testis comparatively to 

control. TBARS contents were significantly reduced by P. aphylla, dose dependently 

(400 and 200 mg/kg). Silymarin administration (50 mg/kg) to rats appreciably erased 

the gentamicin toxicity and maintained the above marker towards the control group. 

Protective effects exerted by silymarin were comparable to the higher dose of P. 

aphylla (400 mg/kg b.w). Treatment of rats with P. aphylla only (400 mg/kg) did not 

cause considerable variations in the TBARS level comparatively to control rats. 

Gentamicin administration notably decreased the GSH activity while increased the % 

DNA fragmentation in comparison to the control rats (P<0.05). P. aphylla extract co-

treatment increased the activity of GSH while reduced the % DNA fragmentation, 

dose dependently (400 and 200 mg/kg) than control rats. Co-treatment of silymarin 

(50 mg/kg) protected the above parameters by alleviating the toxicity of gentamicin 

treatment. However, insignificant (p>0.05) variation was found by 400 mg/kg bw of 

P. aphylla alone. 

 



Chapter 4                                                                                                                               Results 

 

259 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.121: Effect of P. aphylla on antioxidant enzyme activities in gentamicin 

induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  2.51 ± 0.12
d 

8.71 ± 0.35
d 

108.41 ± 0.24
c 

238.41 ± 1.03
d 

Gentamicin 80  1.38 ± 0.04
a
 4.93 ± 0.03

a
 57.18 ± 0.71

a
 143.75 ± 0.56

a
 

GM + Sily 50  2.88 ± 0.71
d
 8.67 ± 0.21

d
 105.86 ± 1.20

c
 196.23 ± 2.52

c
 

GM + PAME 200  1.67 ± 0.11
b
 7.54 ± 0.46

b 
83.64 ± 2.83

b
 176.43 ± 1.88

b 

GM + PAME 400  2.23 ± 0.23
c
 8.35 ± 0.64

c
 104.25 ± 1.42

c
 210.51 ± 1.39

c
 

PAME 400  2.68 ± 0.27
d
 8.89 ± 0.28

d
 112.78 ± 2.75

c
 243.62 ± 1.73

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.122: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  1.98 ± 0.041
d 

13.64 ± 0.27
c 

5.94 ± 0.35
c 

Gentamicin 80  0.62 ± 0.001
a
 24.76 ± 1.36

a
 35.72 ± 2.66

a
 

GM + Sily 50  1.59 ± 0.022
c
 15.89 ± 1.53

c
 6.85 ± 0.89

d
 

GM + PAME 200  0.76 ± 0.015
b
 19.43 ± 0.83

b 
17.92 ± 0.60

b
 

GM + PAME 400  0.95 ± 0.012
c
 14.28 ± 1.41

c
 6.51 ± 0.35

c
 

PAME 400  1.68 ± 0.003
d
 13.98 ± 2.52

c
 6.80 ± 0.23

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Fig. 4.70: Effect of methanolic extract of P. aphylla on gentamicin-induced 

pulmonary toxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: 

Treated with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + P. 

aphylla (200 mg/kg bw); E: Treated with gentamicin + P. aphylla (400 mg/kg bw); F: 

Treated with P. aphylla (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.71: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of P. aphylla in different groups. Lane from left (M) DNA marker 

(1) lungs control (2) gentamicin 80 mg/kg bw (3) gentamicin 80 mg/kg bw + 

silymarin 50 mg/kg bw (4) gentamicin 80 mg/kg bw + P. aphylla 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 mg/kg bw. 
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4.17.6.3. Histopathological analysis of testes 

Histological appearance of testicular architecture of Sertoli cells, seminiferous tubules 

and spermatogenesis of the control rats was normal (Fig. 4.72 A). In the gentamicin 

alone treated group, normal disturbances in the testicular architecture were observed 

including loss of sperm bundles, necrotic spermatogonoium, scanty spermatocytes, 

pycnotic spermatogonia, vacuoles in sertoli cells and disintegrated cyst wall (Fig.  

4.72 B). There was significant improvement in the histological structure with normal 

sertoli cells and seminiferous tubules and due to co-administration of silymarin and P. 

aphylla methanolic extract to gentamicin treated rats as compared to gentamicin alone 

treated group (Fig.  4.72 C, D & E). In the P. aphylla alone group, normal histological 

structure and pattern of seminiferous tubules and normal spermatogenesis was 

observed (Fig. 4.72 F). 

4.17.6.4. Effect of P. aphylla on testicular DNA damage (ladder assay) 

The effects of P. aphylla against gentamicin DNA damages are shown by DNA 

banding pattern (Fig. 4.73). DNA damage was not seen in the control group; however 

gentamicin induced DNA damages in the cells which formed a continuous tailing 

pattern in the gel. Treatment of P. aphylla and silymarin reduced the DNA 

fragmentations depending on the dose as revealed by banding pattern of various 

groups, compared to gentamicin group. No damage was recorded by P. aphylla 

treatment alone. 

4.17.7. Effects of P. aphylla on gentamicin-induced neurotoxicity 

4.17.7.1. Effects of P. aphylla on antioxidant enzymes 

Effects of P. aphylla on antioxidant enzymes of rat brain are given in Table 4.125. 

The activity level of CAT, SOD, GPx and GR in brain homogenate reduced 

appreciably (P<0.05) in gentamicin administered group. The level of above enzymes 

was recovered near to control group by treatment of P. aphylla at (200 and 400 

mg/kg). Silymarin treatment (50 mg/kg) considerably enhanced the activity of 

antioxidant enzymes near to control level (P<0.05). No significant alteration was 

recorded (P>0.05) by the treatment of P. aphylla alone (400 mg/kg bw) compared to 

the control. 
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Table 4.123: Effect of P. aphylla on antioxidant enzyme activities in gentamicin 

induced testicular toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  6.76 ± 0.17
d 

6.85 ± 0.17
d 

98.65 ± 2.50
c 

125.61 ± 1.86
c 

Gentamicin 80  1.28 ± 0.02
a
 3.29 ± 0.03

a
 27.55 ± 1.66

a
 64.38 ± 1.15

a
 

GM + Sily 50  6.43 ± 0.14
c
 6.18 ± 0.12

c 
99.16 ± 1.37

c
 123.22 ± 2.53

c
 

GM + PAME 200  3.11 ± 0.18
b
 4.51 ± 0.18

b 
57.31 ± 1.52

b
 86.54 ± 1.78

b 

GM + PAME 400  6.28 ± 0.01
c
 6.50 ± 0.18

c
 96.84 ± 1.98

c
 120.48 ± 2.34

c
 

PAME 400  6.94 ± 0.05
d
 6.91 ± 0.17

d
 101.27 ± 2.45

c
 127.32 ± 2.17

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

Table 4.124: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced testicular toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  0.92 ± 0.02
c 

1.54 ± 0.23
d 

14.93 ± 1.06
c 

Gentamicin 80  0.58 ± 0.01
a
 4.61 ± 0.87

a 
32.51 ± 2.65

a
 

GM + Sily 50  0.93 ± 0.03
c
 1.58 ± 0.30

d 
14.29 ± 1.28

c
 

GM + PAME 200  0.72 ± 0.01
b 

3.57 ± 0.26
b 

26.32 ± 1.92
b
 

GM + PAME 400  0.86 ± 0.02
c
 1.76 ± 0.13

c 
14.80 ± 1.37

c
 

PAME 400  1.05 ± 0.05
d
 1.52 ± 0.14

d 
13.45 ± 1.55

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Fig. 4.72. Effect of methanolic extract of P. aphylla on gentamicin-induced testicular 

toxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: Treated 

with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + P. aphylla 

(200 mg/kg bw); E: Treated with gentamicin + P. aphylla (400 mg/kg bw); F: Treated 

with P. aphylla (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.73: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of P. aphylla in different groups. Lane from left (M) DNA marker 

(1) testes control (2) gentamicin 80 mg/kg bw (3) gentamicin 80 mg/kg bw + 

Silymarin 50 mg/kg bw (4) gentamicin 80 mg/kg bw + P. aphylla 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 mg/kg bw. 
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4.17.7.2. Effects of P. aphylla on GSH, LPO and DNA damage 

The effect of P. aphylla on GSH, lipid peroxidation and % DNA fragmentation is 

depicted in Table 4.126. Treatment of gentamicin significantly enhanced the TBARS 

level in brain of rats compared to the control rats (P<0.05). Co-administeration of P. 

aphylla (200 and 400 mg/kg) augmented the toxic effects of gentamicin in rats and 

showed significant protection against these oxidative damages and maintained the 

level of these parameters towards control. Treatment of silymarin (50 mg/kg) showed 

preventive effects equivalent to the higher dose of P. aphylla (400 mg/kg) and 

recovered the contents of TBARS to control rats. The treatment of P. aphylla alone 

did not change TBARS level significantly (P>0.05). 

Treatment of gentamicin reduced the enzyme activity of GSH and enhanced the % 

DNA fragmentation of brain significantly (P<0.05). Administration of P. aphylla 

increased the enzyme activity of GSH while markedly decreased the % DNA 

fragmentation. 50 mg/kg of silymarin administration showed considerable effects in 

the recovery of GSH and % DNA fragmentation in comparison to gentamicin treated 

rats. Protective effects of silymarin were comparable to the higher dose of P. aphylla. 

P. aphylla showed non significant (P>0.05) variations when orally administered at 

400 mg/kg comparatively to control rats. 

4.17.7.3. Histopathological analysis of brain 

Well developed neurons with no haemorrhages or vascular damage were found in the 

brain histology of control group (Fig. 4.74 A). The brain of gentamicin administered 

rats showed tissue necrosis, pyknosis of nuclei and vacuolization. There were large 

vascular spaces around cells which were  bigger in size (Fig. 4.74 B). The co-

treatment of silymarin and PAME (200 and 400 mg/kg) to gentamicin intoxicated rats 

caused improvement in the brain histology except for the vacuolization. However, 

better recovery was observed in the higher dose with no sign of damage (Fig. 4.74 C, 

D and E). There were no histological differences found in the P. aphylla alone treated 

rats as compared to control rats (Fig. 4.74 F). 

4.17.7.4. Effect of P. aphylla on brain DNA damage (ladder assay) 

Gentamicin treatment caused DNA damage, inducing DNA strand breakages in brain 

tissues of rats. This DNA damage appeared as continuous tail along the gel (Fig. 

4.75). DNA ladder assay indicates intact genomic DNA banding pattern of control 

group. Treatment with P. aphylla and silymarin improved the DNA fragmentation, in 
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comparison to gentamicin treated rats. However, no DNA damage was observed in P. 

aphylla alone group. 
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Table 4.125: Effect of P. aphylla on antioxidant enzyme activities in gentamicin 

induced brain toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  9.42 ± 0.25
e 

6.90 ± 0.41
d 

81.45 ± 1.64
d 

80.71 ± 1.63
d 

Gentamicin 80  2.28 ± 0.07
a
 9.27 ± 0.39

a
 22.39 ± 0.43

a
 34.78 ± 2.46

a
 

GM + Sily 50  6.75 ± 0.24
d
 7.92 ± 0.48

c
 61.21 ± 1.96

c
 74.52 ± 2.28

c
 

GM + PAME 200  4.24 ± 0.11
b 

4.76 ± 0.20
b 

37.83 ± 1.15
b
 52.38 ± 1.89

b 

GM + PAME 400  5.63 ± 0.55
c 

7.78 ± 0.56
c
 52.94 ± 1.70

c 
68.46 ± 1.13

c
 

PAME 400  10.27 ± 0.29
f
 7.95 ± 0.35

d
 88.32 ± 1.32

d
 82.65 ± 1.67

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-f)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 

 

 

 

Table 4.126: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced brain toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 71.84 ± 1.15
d 

98.28 ± 1.79
d 

6.43 ± 1.82
d 

Gentamicin 80 42.75 ± 2.38
a
 176.12 ± 2.54

a
 33.11 ± 2.79

a
 

GM + Sily 50 65.29 ± 1.27
c
 105.51 ± 1.12

c
 8.16 ± 0.15

d
 

GM + PAME 200 50.68 ± 1.83
b
 130.94 ± 2.77

b
 23.50 ± 2.06

b
 

GM + PAME 400 61.39 ± 3.22
c
 110.65 ± 2.60

c 
16.12 ± 1.11

c
 

PAME 400 73.64 ± 1.59
d
 94.34 ± 1.22

d
 9.35 ± 0.13

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, PAME; P. aphylla methanol extract. 
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Fig. 4.74: Effect of methanol extract of P. aphylla on gentamicin-induced brain 

toxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: Treated 

with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + P. aphylla 

(200 mg/kg bw); E: Treated with gentamicin + P. aphylla (400 mg/kg bw); F: Treated 

with P. aphylla (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.75: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of P. aphylla in different groups. Lane from left (M) DNA marker 

(1) brain control (2) gentamicin 80 mg/kg bw (3) gentamicin 80 mg/kg bw + 

silymarin 50 mg/kg bw (4) gentamicin 80 mg/kg bw + P. aphylla 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 mg/kg bw. 
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4.18. Effect of F. olivieri on gentamicin induced toxicity  

4.18.1. Effects of F. olivieri on gentamicin-induced general toxicity  

4.18.1.1. Effects of F. olivieri on body weights 

Effect of methanolic extract of F. olivieri against the toxicity of gentamicin on percent 

increase in body weight is revealed in Table 4.127. Administration of gentamicin 

significantly (P<0.05) reduced the percent increase in body weights compared to 

control rats. Co-administration of F. olivieri augmented the gentamicin intoxication 

and increased the body weight versus the control group. 50 mg/kg of silymarin 

administration to gentamicin treated rats augmented the toxicity of gentamicin and 

improved the body weight towards the control level. However, no significant (P>0.05) 

variation was found by 400 mg/kg bw of F. olivieri alone comparatively to control. 

4.18.1.2. Effects of F. olivieri on different organ weights 

There was found to be a significant rise in the absolute and relative liver, kidney, 

heart, lungs, testes and brain weights of the gentamicin administered group 

comparatively to the control rats (P<0.05). These alterations were protected by the co-

administration of FOME (200 and 400 mg/kg) (Table 4.128-30). Treatment of 

silymarin (50 mg/kg) to gentamicin treated rats attenuated the toxicity and restored the 

organ weights, comparable to the higher doses of F. olivieri (400 mg/kg). However, 

F. olivieri alone showed no significant change (P>0.05).  

4.18.1.3. Effects of F. olivieri on haematological parameters  

Administration of rats with gentamicin (80 mg/kg bw) increased concentrations of 

MCV while decreasing the concentrations of PCV, Hb, MCHC and MCH as 

summarized in Table 4.131. Co-administration of methanol extract of F. olivieri 

recovered these haematological parameters near to control rats (P<0.05). Treatment of 

silymarin (50 mg/kg) against gentamicin showed significant amelioration in the 

gentamicin intoxication of haematological parameters. The protective effects were 

comparable to the higher dose of methanol extract of F. olivieri (400 mg/kg). 

However, no considerable (P>0.05) variations were detected in F. olivieri only 

administered group.  

Effect of methanol extract of F. olivieri along with gentamicin treated rats on 

haematological parameters is shown in Table 4.132. Administration of 80 mg/kg of 

gentamicin considerably (p<0.05) reduced the WBC and neutrophil count while 

increasing the TLC, PLT, lymphocytes and granulocytes than control. This reduction 
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was restored when rats were orally administered with FOME at 200 and 400 mg/kg. 

Similarly, 50 mg/kg of silymarin treatment significantly alleviated the gentamicin 

toxicity and returned the level of haematological parameters towards the control level. 

Protective effects of the silymarin were comparable to the higher dose of F. olivieri 

(400 mg/kg bw). However, the level of WBC TLC, PLT, lymphocytes, neutrocytes 

and granulocytes remained unchanged by the methanol extract of F. olivieri compared 

to the control rats (P>0.05). 

4.18.1.4. Effect of F. olivieri on Lipid profile 

The significant rise was found in the serum cholesterol, triglycerides, HDL and LDL 

in gentamicin treated rats comparatively to control animals (P<0.05).  These 

alterations in serum lipid profile were brought to near control in rats which 

administered gentamicin with F. olivieri extracts (200 and 400 mg/kg). Comparable 

results with higher doses of F. olivieri were recorded with 50 mg/kg of silymarin 

treatment to rats. F. olivieri alone showed non significant (P>0.05) deviation 

compared to control (Table 4.133). 

4.18.2. Effect of F. olivieri on hepatotoxicity induced with gentamicin 

4.18.2.1. Effects of FOME on liver marker enzymes  

Data in Table 4.134 showed that the gentamicin treated rat group resulted in a 

significant rise of serum enzymes (AST, ALT, ALP) compared to saline treated 

animals (p<0.05). The rats administered with FOME (200 and 400 mg/kg) displayed a 

considerable decline in liver marker enzymes levels compared to the gentamicin 

administered rats.  

The total bilirubin, total protein and LDH levels increased significantly in the serum 

of gentamicin administered group compared to the control rats (P<0.05). 

Administration of rats with FOME proved more promising as it significantly restored 

serum concentrations of total bilirubin, total protein and LDH towards control (200 

and 400 mg/kg). Treatment of silymarin (50 mg/kg) erased the gentamicin 

intoxication thereby returning the serum level of these parameters towards control. No 

considerable alterations (P>0.05) were shown by F. olivieri only treatment compared 

to control (Table 4.135). 
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Table 4.127: Effect of methanol extract of F. olivieri on percent increase in body 

weight in control and gentamicin treated rats 

Treatment 

mg/kg bw 

Body weight (g) 

Initial body 

weight (g) 

Final body weight 

(g) 

Percent increase 

in body weight 

Control (Saline)  188.66 ± 2.11 258.18 ± 3.43 36.84 ± 2.67
d 

Gentamicin 80  172.55 ± 3.65 206.98 ± 2.32 19.95 ± 1.22
a 

GM + Sily 50  180.10 ± 1.84 240.60 ± 2.78 33.59 ± 2.89
c 

GM + FOME 200  178.76 ± 2.24 223.47 ± 2.75 25.01 ± 2.77
b 

GM + FOME 400  185.97 ± 1.97 242.36 ± 1.84 30.32 ± 1.76
c 

FOME 400  174.12 ± 1.02 239.18 ± 2.23 37.31 ± 2.84
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.128: Effect of methanol extract of F. olivieri on absolute and relative weights 

of liver and kidneys in gentamicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Liver weight 

(g) 

Relative liver 

weight (% to 

body weight) 

Absolute 

Kidney weight  

(g) 

Relative 

kidney weight 

(% to body 

weight) 

Control (Saline)  8.2 ± 1.42
d 

0.082± 0.0003
d 

1.63 ± 0.11
d 

0.016 ± 0.0002
c 

Gentamicin 80  5.18± 0.16
a
 0.051± 0.0001

a
 0.88 ± 0.05

a
 0.008 ± 0.0003

a
 

GM + Sily 50  7.62± 1.43
c 

0.076± 0.0004
c
 1.56 ± 0.89

c 
0.015 ± 0.0001

c 

GM + FOME 200  6.86± 0.13
b
 0.068± 0.0007

b
 1.15 ± 0.15

b
 0.011 ± 0.0008

b
 

GM + FOME 400  7.78± 0.25
c
 0.077± 0.0002

c
 1.57 ± 0.26

c
 0.015 ± 0.0005

c
 

FOME 400  8.44± 1.54
d 

0.084± 0.0001
e
 1.65 ± 0.02

d 
0.016 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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Table 4.129: Effect of methanol extract of F. olivieri on absolute and relative weights 

of heart and lungs in gentamicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Heart weight 

(g) 

Relative Heart 

weight (% to 

body weight) 

Absolute 

Lungs weight 

(g) 

Relative lungs 

weight (% to 

body weight) 

Control (Saline)  1.15± 0.02
d 

0.011± 0.0002
c 

1.71 ± 0.03
c 

0.017 ± 0.0004
d 

Gentamicin 80  0.82± 0.03
a
 0.008± 0.0003

a
 0.74 ± 0.01

a
 0.007 ± 0.0007

a
 

GM + Sily 50  1.12± 0.01
c 

0.011± 0.0001
c 

1.68 ± 0.02
c
 0.016 ± 0.0002

c
 

GM + FOME 200  0.96± 0.08
b
 0.009± 0.0001

b
 0.92 ± 0.06

b
 0.009 ± 0.0002

b
 

GM + FOME 400  1.11± 0.05
c
 0.011± 0.0003

c
 1.65 ± 0.01

c
 0.016 ± 0.0005

c
 

FOME 400  1.18± 0.01
d
 0.011± 0.0001

c
 1.82 ± 0.07

d
 0.018 ± 0.0001

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.130: Effect of methanol extract of F. olivieri on absolute and relative weights 

of testes and brain in gentamicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Testes 

weight 

(g) 

Relative 

Testes weight 

(% to body 

weight) 

Absolute 

Brain weight 

(g) 

Relative Brain 

weight (% to 

body weight) 

Control (Saline)  7.14± 0.12
c 

0.071± 0.0002
c 

1.28 ± 0.01
c 

0.012 ± 0.0001
c 

Gentamicin 80  4.63± 0.05
a
 0.046± 0.0001

a
 0.56 ± 0.01

a
 0.005 ± 0.0001

a
 

GM + Sily 50  7.12± 0.41
c
 0.071± 0.0001

c
 1.22 ± 0.04

c 
0.012 ± 0.0001

c 

GM + FOME 200  5.74± 0.16
b
 0.057± 0.0002

b
 0.87 ± 0.02

b
 0.008 ± 0.0001

b
 

GM + FOME 400  7.05± 0.35
c
 0.070± 0.0003

c
 1.26 ± 0.05

c
 0.012 ± 0.0002

c
 

FOME 400  7.23± 0.27
d
 0.072± 0.0001

c
 1.36 ± 0.08

d
 0.013 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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Table 4.131: Effect of methanol extract of F. olivieri on full blood counts in 

gentamicin induced toxicity in rats 

Treatment 

mg/kg bw 

PCV (%) Hb (g/L) MCV (fl) MCHC 

(g/dL) 

MCH (pg) 

Control (Saline)  43.95±1.78
c 

12.64±0.26
d 

60.46±1.85
d 

33.28±0.92
d 

19.39±1.81
c 

Gentamicin 80  35.42±1.18
a
 8.21±0.49

a
 66.78±0.14

a 
29.45±0.67

a 
17.01±1.90

a 

GM + Sily 50  44.26±1.28
d
 12.72±0.67

d
 61.32±1.73

c 
32.53±1.84

c 
19.11±1.40

c 

GM + FOME 200  39.85±2.69
b 

11.53±0.48
b 

63.11±2.56
b 

30.61±1.17
b 

18.96±0.63
b 

GM + FOME 400  41.61±1.95
c 

12.02±0.71
c
 61.21±3.05

c 
32.51±2.18

c 
19.57±1.29

c 

FOME 400  44.07±2.72
d
 12.86±0.56

d
 59.83±1.63

e 
34.14±1.05

e 
20.29±2.72

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.132:  Haematological findings of rats treated with methanol extract of F. 

olivieri on gentamicin intoxicated rats 

Treatment 

mg/kg bw 

WBC 

(10
3
/μL) 

TLC (x 

10
3
/μL) 

PLT (x 10
3
/μL) Lymph (%) Neut (%) Gran (%) 

Control (Saline)  9.7±0.39
c 

5.8±0.58
c 

971.4±12.94
d 

35.3±2.76
c 

42.7±3.19
c 

10.6±0.37
e 

Gentamicin 80  7.7±0.38
a 

6.7±0.51
a 

1058.3±122.19
a
 69.8±1.22

a 
28.5±0.98

a
 17.8±1.95

a
 

GM + Sily 50  9.9±0.32
c 

5.6±0.57
c 

942.1±4.51
d
 36.8±2.99

c 
43.1±0.47

c 
11.5±0.91

d
 

GM + FOME 200  8.4±0.51
b 

6.1±0.42
b 

1038.7±42.18
b
 50.1±2.74

b 
36.9±1.12

b 
15.2±2.71

b 

GM + FOME 400  9.1±0.69
c 

6.5±0.58
b 

1016.1±26.55
c 

32.7±1.63
c 

42.8±0.75
c
 13.4±0.38

c 

FOME 400  9.8±0.13
c 

5.8±0.39
c 

957.2±9.56
d
 32.9±1.64

c 
48.5±1.41

d 
10.3±0.62

e
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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Table 4.133: Effect of methanol extract of F. olivieri on lipid profile in gentamicin 

induced toxicity in rats 

Treatment 

mg/kg bw 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL (mg/dl) LDL (mg/dl) 

Control (Saline) 43.05 ± 1.32
c 

139.25 ± 3.36
d 

38.05 ± 2.55
d 

25.89 ± 2.12
c 

Gentamicin 80 65.12 ± 2.21
a
 257.08 ± 1.15

a
 79.81 ± 3.61

a
 50.18 ± 1.18

a
 

GM + Sily 50 42.37 ± 1.72
c 

135.11 ± 0.34
d 

41.76 ± 1.64
d 

24.54 ± 1.22
c 

GM + FOME 200 56.80 ± 4.12
b
 199.78 ± 2.62

b
 61.32 ± 3.12

b
 36.99 ± 1.65

b
 

GM + FOME 400 48.15 ± 1.43
c
 153.43 ± 0.52

c
 47.78 ± 2.73

c
 23.10 ± 2.19

c
 

FOME 400 45.34 ± 1.19
c 

132.48 ± 0.96
d 

35.14 ± 1.41
d 

22.29 ± 1.25
c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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4.18.2.2. Effect of FOME on antioxidant enzyme armory of liver  

Administration of gentamicin caused a considerable decline (P<0.05) in hepatic 

antioxidant enzymes i.e. CAT, SOD, GPx and GR activities, with reversal of these 

trends towards control in the rats given F. olivieri extract (200 and 400 mg/kg). 

Treatment of silymarin (50 mg/kg) significantly augmented the gentamicin 

intoxication similar to the higher dose of the F. olivieri (400 mg/kg bw). Variations 

recorded for CAT, SOD, GPx and GR remained unchanged (P>0.05) by FOME alone 

(Table 4.136). 

4.18.2.3. Effect of FOME on GSH, lipid peroxides and DNA fragmentation in 

hepatic samples of rat  

Table 4.137 depicts the effect of F. olivieri extract on GSH, lipid peroxidation and 

DNA fragmentation in gentamicin (80 mg/kg, i.p.) administered rats. Gentamicin 

treatment considerably decreased (p<0.05) the GSH activity compared to control rats. 

Activity of GSH, was recovered by co-administration of F. olivieri, in a dose 

dependent manner, compared to the control rats (400 and 200 mg/kg).  

Gentamicin treatment resulted in a concomitant rise of hepatic TBARS content. 

However, this trend was restored to control in the F. olivieri extract administered 

group of rats. Likewise, the gentamicin treatment leads to an increased level of DNA 

fragmentation in liver tissues of the rats. The F. olivieri extract co-administration 

significantly improved the DNA injuries dose dependently (P<0.05) (400 and 200 

mg/kg). Treatment of silymarin at 50 mg/kg erased the gentamicin toxicity and 

recovered these parameters towards control while, FOME alone showed non 

significant (P>0.05) variation compared to control rats (Table 4.137). 

4.18.2.4. Histopathological analysis of liver 

Histopathological changes induced by gentamicin in liver tissue are shown in Fig. 

4.76. Normal histological structure was observed in the liver of control and F. olivieri 

methanol extract alone treated rats (Fig. 4.76 A). Severe histological changes were 

found in gentamicin treated group. The microscopic examination of liver showed 

derangement of hepatic cords with granular changes in cytoplasm. Multifocal 

swelling of hepatocytes was observed with congestion of central and portal blood 

vessels with sinusoidal congestion. Focal degenerative and necrotic changes along 

with mononuclear cell infiltration were also evident (Fig. 4.76 B). The 

histopathological changes in rats co-treated with silymarin and F. olivieri methanol 
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extract were only of mild nature that consisted of focal congestion of central vein with 

sinusoidal congestion with focal cellular swelling of hepatocytes (Fig. 4.76 C, D and 

E). 

4.18.2.5. Effect of F. olivieri on liver DNA damage 

There was no DNA damage present in liver tissue of control rats as shown by DNA 

ladder assay. However, gentamicin treated rats showed severe DNA damage. F. 

olivieri and silymarin treatment along with gentamicin decreased the DNA damages 

as indicated by DNA band of different treated groups as compared to gentamicin 

treated rats (Fig. 4.77). Treatment of F. olivieri alone did not cause DNA damage.    

4.18.3. Effects of F. olivieri on gentamicin-induced nephrotoxicity 

4.18.3.1. Effect of F. olivieri on urine profile in rat 

Table 4.138 shows the toxicity induced by gentamicin on rat urine profile like pH, 

specific gravity, RBC, WBC and urobilinogen. Administration of gentamicin (80 

mg/kg) notably (P<0.05) enhanced the specific gravity, RBC, WBC and urobilinogen 

of urine while decreased urinary pH in comparison to control rats. Co-administration 

of F. olivieri augmented the toxic effects of gentamicin and restored urine levels of 

pH, specific gravity, RBC, WBC and urobilinogen in dose dependent manner (400 

mg/kg and 200 mg/kg). F. olivieri alone group displayed non significant variations in 

the urine profile as control group (P>0.05) while oral treatment of silymarin (50 

mg/kg) significantly recovered the urine profile.  

4.18.3.2. Effect of F. olivieri on serum urea, creatinine and albumin 

Effects of F. olivieri on serum urea, creatinine and albumin are presented in Table 

4.139. In the gentamicin treated group, serum concentration of urea and creatinine 

was significantly enhanced, while albumin was decreased (p<0.05) in comparison to 

control rats. Significant decline was found in urea and creatinine, whereas increase in 

albumin in rat groups which administered gentamicin along with FOME (200 and 400 

mg/kg) compared to gentamicin treated group. Treatment of silymarin (50 mg/kg) 

recovered these parameters similar to the higher dose of F. olivieri (400 mg/kg). 

However, non significant changes were found in FOME alone as against the control 

rats (P>0.05). 
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Table 4.134: Effect of F. olivieri on liver marker enzymes in gentamicin induced 

toxicity in rats  

Treatment 

mg/kg bw 

AST (U/L) ALT (U/L) ALP (U/L) 

Control (Saline)  55.11 ± 2.01
c
 62.43 ± 2.31

d 
143.78 ± 6.24

d 

Gentamicin 80  94.89 ± 0.53
a
 152.31 ± 0.93

a
 271.31 ± 15.37

a
 

GM + Sily 50  52.71 ± 1.83
c
 69.80 ± 1.43

c 
135.36 ± 5.84

d 

GM + FOME 200  76.34 ± 1.42
b
 106.42 ± 1.65

b
 212.39 ± 11.16

b
 

GM + FOME 400  62.43 ± 1.32
b
 72.53 ± 3.81

c
 166.74 ± 9.58

c
 

FOME 400  50.32 ± 1.12
c
 60.47 ± 0.67

d 
137.75 ± 4.39

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.135: Effect of F. olivieri on serum billirubin, total protein, glucose and LDH 

in gentamicin induced toxicity in rats  

Treatment 

mg/kg bw 

Total Bilirubin 

(mg/dl) 

Total protein 

(μg/mg tissue) 

LDH (U/L) 

Control (Saline)  0.73 ± 0.03
c 

2.67 ± 0.69
c
 41.19 ± 1.32

d 

Gentamicin 80  1.84 ± 0.41
a
 4.54 ± 0.15

a
 80.93 ± 2.64

a
 

GM + Sily 50  0.76 ± 0.63
c
 2.38 ± 0.51

c
 42.21 ± 1.63

c
 

GM + FOME 200  1.05 ± 0.02
b
 3.94 ± 0.76

b
 61.86 ± 1.72

b
 

GM + FOME 400  0.78 ± 0.05
c
 3.74 ± 0.38

b
 46.75 ± 1.85

c
 

FOME 400  0.67 ± 0.01
c 

2.44 ± 0.32
c
 38.15 ± 0.73

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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Table 4.136: Effect of F. olivieri on antioxidant enzyme activities in gentamicin 

induced hepatotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control (Saline)  4.78 ± 0.39
d 

2.61 ± 0.05
c 

110.79 ± 1.26
d 

135.98 ± 3.14
d 

Gentamicin 80  2.06 ± 0.04
a
 1.94 ± 0.15

a
 59.29 ± 0.97

a 
67.34 ± 1.02

a
 

GM + Sily 50  4.22 ± 0.61
c 

2.69 ± 0.26
d 

111.37 ± 2.43
d 

127.47 ± 2.35
c 

GM + FOME 200  3.80 ± 0.23
b 

2.21 ± 0.18
b
 85.31 ± 2.21

b 
82.71 ± 3.24

b
 

GM + FOME 400  4.52 ± 0.01
c
 2.57 ± 0.23

c
 98.67 ± 1.81

c 
119.83 ± 2.47

c
 

FOME 400  4.82 ± 0.94
d 

2.74 ± 0.33
d 

115.48 ± 1.52
d 

139.72 ± 2.89
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

Table 4.137: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced hepatotoxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  25.56 ± 1.25
c 

1.15 ± 0.01
d 

5.82 ± 0.02
d 

Gentamicin 80  13.69 ± 1.62
a
 4.18 ± 0.03

a
 35.41 ± 2.31

a
 

GM + Sily 50  26.05 ± 0.54
c 

1.19 ± 0.05
c
 6.23 ± 0.12

d
 

GM + FOME 200  18.92 ± 0.51
b
 2.41 ± 0.16

b
 25.31 ± 1.46

b
 

GM + FOME 400  25.71 ± 1.24
c
 1.23 ± 0.29

d
 18.29 ± 1.55

c
 

FOME 400  26.79 ± 0.53
c 

1.03 ± 0.47
e 

6.17 ± 0.03
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 



Chapter 4                                                                                                                                Results 

 

281 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

 

 

Fig. 4.76: Effect of methanolic extract of F. olivieri on gentamicin-induced 

hepatotoxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: 

Treated with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + F. 

olivieri (200 mg/kg); E: Treated with gentamicin + F. olivieri (400 mg/kg bw); F: 

Treated with F. olivieri (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.77: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of F. olivieri in different groups. Lane from left (M) DNA marker 

(1) liver control (2) gentamicin 80 mg/kg bw + silymarin 50 mg/kg bw (3) gentamicin 

80 mg/kg bw (4) gentamicin 80 mg/kg bw + F. olivieri 200 mg/kg bw (5) gentamicin 

80 mg/kg bw + F. olivieri 400 mg/kg (6) F. olivieri 400 mg/kg bw. 
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4.18.3.3. Effects of F. olivieri on antioxidant enzymes  

Data in Table 4.140 depicts the renal antioxidant enzymes (CAT, SOD, GPx and 

GR) activities were significantly reduced compared to control rats (P<0.05). The rats 

which administered F. olivieri extract along with gentamicin caused a considerable 

decline in renal CAT, SOD, GPx and GR in comparison with gentamicin group. Co-

treatment of silymarin (50 mg/kg) erased the toxicity of gentamicin and significantly 

increased the CAT, SOD, GPx and GR activities, but treatment with F. olivieri alone 

shows non significant (P>0.05) variations in comparison to control rats. 

4.18.3.4. Effects of F. olivieri on GSH, LPO and DNA damage 

Gentamicin treatment (80 mg/kg) considerably decreased (P<0.05) the reduced 

glutathione (GSH) activity in comparison to the control rats. GSH activity was 

significantly recovered by co-administration of F. olivieri near to control group. In 

contrast, the gentamicin administration resulted in a significant rise in TBARS level 

compared to saline treated rats (P<0.05). Co-treatment of F. olivieri methanolic 

extract (200 and 400 mg/kg) reduced the gentamicin induced increase in LPO 

significantly.   

Likewise, the DNA fragmentation was significantly augmented due to gentamicin 

intoxication in the renal tissues (P<0.05). Co-treatment of F. olivieri extract 

significantly decreased the DNA injuries in comparison to gentamicin administered 

rats. Co-treatment of silymarin (50 mg/kg bw) erased the gentamicin toxicity and 

recovered significantly the values of GSH, TBARS and DNA fragmentation near to 

control group while, F. olivieri alone showed non significant (P>0.05) changes 

comparatively to control rats (Table 4.141). 

4.18.3.5. Histopathological analysis of kidney 

The control group of rats showed normal renal architecture (Fig. 4.78 A and F). In 

gentamicin treated group, there was acute tubular degeneration with protein 

inclusions. Few eosinophilic homogenous casts were observed in the lumen of the 

tubules (Fig. 4.78 B). Silymarin administered group showed eosinophilic homogenous 

casts in the lumen and mild tubular degeneration with protein inclusion. Regenerating 

tubules were also observed (Fig. 4.78 C). In F. olivieri 200 mg/kg group mild tubular 

injury was found whereas in F. olivieri 400 mg/kg group the necrosis and tubular 

epithelial degeneration was negligible and the structure was normal (Fig. 4.78 D and 

E).  
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4.18.3.6. Effect of F. olivieri on DNA damage 

The DNA of kidney tissues was observed to be damaged in gentamicin administered 

group in comparison to control rats which was intact. The treatment of F. olivieri 

extracts (200 and 400 mg/kg) improved the damage comparatively to gentamicin 

treated rats. Administration of F. olivieri alone showed no DNA damage (Fig. 4.79).  

4.18.4. Effects of F. olivieri on gentamicin-induced cardiotoxicity 

4.18.4.1. Effects of F. olivieri on antioxidant enzymes 

The effects of F. olivieri on antioxidant enzymes in cardiac tissues are given in Table 

4.142. Treatment of gentamicin markedly decreased the CAT, SOD, GPx and GR 

activities comparatively to control rats (P<0.05). Oral application of F. olivieri 

methanol extract (200 and 400 mg/kg) displayed marked recovery effects against the 

gentamicin toxicity and the level of cardiac antioxidant enzymes was brought towards 

rats of control group. Treatment of silymarin (50 mg/kg) to rats gave similar response 

to the higher dose of F. olivieri (400 mg/kg) compared to the control rats. There were 

found non-significant changes by feeding of F. olivieri alone as against the control 

rats (P>0.05).   

4.18.4.2. Effects of F. olivieri on GSH, LPO and DNA damage 

The effects of F. olivieri on GSH, lipid peroxidation and % DNA fragmentation are 

shown in Table 4.143. Gentamicin treatment in rats caused oxidative stress and 

caused significantly (P<0.05) enhanced TBARS and % DNA fragmentation in heart 

tissues of the rats. TBARS level and % DNA fragmentation was reduced by the 

treatment of 200 and 400 mg/kg doses of F. olivieri near to control group. The 

silymarin co-treatment reduced the oxidative stress of gentamicin similar to the higher 

dose of F. olivieri (400 mg/kg). No significant (P>0.05) variations were produced due 

to the treatment of F. olivieri only. 

Treatment of gentamicin significantly reduced the GSH activity in heart tissue of rats 

(P<0.05) as compared to control rats. GSH in heart tissue of rats was elevated with the 

treatment of F. olivieri, dose dependently (200 and 400 mg/kg), in comparison with 

the rats receiving gentamicin. Treatment with silymarin (50 mg/kg) recovered 

considerably the GSH activity in heart tissues of rats in comparison to gentamicin 

group. F. olivieri  
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Table 4.138: Effect of F. olivieri on urine profile including pH specific gravity, RBC, 

WBC and urobilinogen in gentamicin induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

pH Specific 

gravity 

RBC/µl WBC/µl Urobilinogen 

(mg/dl) 

Control (Saline)  7.10±0.03
d 

1.04± 0.01
c 

0.01± 0.00
d 

22.3 ± 1.23
c 

3.68 ± 0.15
c 

Gentamicin 80  6.13±0.14
a
 1.35± 0.03

a
 22.52± 1.27

a
 76.52± 1.67

a 
30.22 ± 1.09

a
 

GM + Sily 50  7.08±0.05
c
 1.06± 0.01

c
 1.89± 0.03

c
 20.46± 0.75

c
 4.97 ± 0.55

c
 

GM + FOME 200  6.52±0.12
b
 1.22± 0.14

b
 12.34± 0.95

b
 48.12± 1.88

b
 18.54 ± 1.21

b
 

GM + FOME 400  7.08±0.67
c
 1.09± 0.02

c
 1.96± 0.02

c
 24.85± 1.13

c
 6.23 ± 0.18

c
 

FOME 400  7.11±0.15
d 

1.03± 0.01
c 

0.01± 0.00
d 

20.11± 0.78
c 

2.15 ± 0.01
c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

Table 4.139: Effect of F. olivieri on serum urea, creatinine and albumin in gentamicin 

induced toxicity in rats 

Treatment 

mg/kg bw 

UR (mg/dl) CR (mg/dl) Albumin (mg/dl) 

Control (Saline)  36.22 ± 2.21
d 

0.41 ± 0.01
d 

32.52 ± 0.29
c 

Gentamicin 80  94.03 ± 2.28
a
 3.35 ± 0.28

a
 18.82 ± 0.34

a
 

GM + Sily 50  42.15 ± 1.55
c
 0.55 ± 0.02

c
 31.75 ± 0.72

c
 

GM + FOME 200  61.78 ± 2.52
b 

0.94 ± 0.13
b
 25.17 ± 0.85

b
 

GM + FOME 400  52.11 ± 1.44
c
 0.63 ± 0.05

c
 30.46 ± 0.91

c
 

FOME 400  33.19 ± 1.54
d 

0.38 ± 0.03
d 

34.92 ± 0.56
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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Table 4.140: Effect of F. olivieri on antioxidant enzyme activities in gentamicin 

induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  6.11 ± 1.51
d 

3.61 ± 0.21
c 

91.14 ± 1.26
d 

150.41 ± 1.16
d 

Gentamicin 80  3.10 ± 0.12
a
 1.24 ± 0.11

a
 39.56 ± 1.15

a 
53.16 ± 1.22

a
 

GM + Sily 50  5.25 ± 0.35
c 

3.59 ± 0.24
c 

92.75 ± 1.39
d 

147.27 ± 1.75
c 

GM + FOME 200  4.83 ± 0.42
b 

2.21 ± 0.15
b
 65.31 ± 1.43

b 
96.12 ± 1.84

b
 

GM + FOME 400  5.15 ± 0.65
c
 3.57 ± 0.18

c
 84.54 ± 1.86

c 
141.19 ± 1.47

c
 

FOME 400  6.36 ± 1.22
d 

3.76 ± 0.41
d 

92.31 ± 0.46
d 

152.26 ± 2.71
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.141: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  25.56 ± 0.42
c 

3.15 ± 0.16
d 

8.41 ± 0.24
c 

Gentamicin 80  12.59 ± 0.84
a
 5.18 ± 0.53

a
 18.33 ± 1.41

a
 

GM + Sily 50  23.05 ± 1.68
c 

2.95 ± 0.86
e
 9.20 ± 0.76

c
 

GM + FOME 200  18.92 ± 1.43
b
 4.03 ± 0.32

b
 12.64 ± 0.48

b 

GM + FOME 400  24.71 ± 0.92
c
 3.27 ± 0.53

c
 9.43 ± 0.82

c
 

FOME 400  25.83 ± 0.36
c 

3.12 ± 0.11
d
 7.30 ± 0.65

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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Fig. 4.78: Effect of methanolic extract of F. olivieri on gentamicin-induced 

nephrotoxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw, i.p); C: 

Treated with gentamicin + Silymarin (50 mg/kg bw); D: Treated with gentamicin + F. 

olivieri (200 mg/kg bw); E: Treated with gentamicin + F. olivieri (400 mg/kg bw); F: 

Treated with F. olivieri (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.79: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of F. olivieri in different groups. Lane from left (M) DNA marker 

(1) Kidney control (2) gentamicin 80 mg/kg bw + silymarin 50 mg/kg bw (3) 

gentamicin 80 mg/kg bw (4) gentamicin 80 mg/kg bw + F. olivieri 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 mg/kg bw. 
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showed non-significant (P>0.05) variations when used orally at 400 mg/kg 

comparatively to control rats. 

4.18.4.3. Histopathological analysis of heart  

The myocardial tissue of the control and F. olivieri alone treated rats showed clear 

integrity and normal cardiac fibers without any infarction (Fig. 4.80 A and F). The 

heart sections obtained from gentamicin treated animals showed abundant areas of 

necrosis and aggregation of acute inflammatory cells and damaged vascular spaces 

(Fig. 4.80 B). The animals treated with silymarin (50 mg/kg) showed marked reversal 

of gentamicin induced histolopathological changes (Fig. 4.80 C). F. olivieri (200 and 

400 mg/kg) treated rats showed a better protection against gentamicin toxicity by 

improvement in the cell integrity evidenced by decreased necrotic area and reduction 

in infiltration of inflammatory cells (Fig. 4.80 D and E).  

4.18.4.4. Effect of F. olivieri on heart DNA damage (DNA ladder assay) 

The effects of silymarin and F. olivieri against gentamicin induced DNA injury are 

shown in Fig. 4.81. The DNA ladder assay showed that gentamicin treatment induced 

marked DNA damage in heart tissues of rats. Administration of F. olivieri prevented 

the DNA damages depending on amount of dose as indicated by DNA band pattern of 

various groups, in comparison to gentamicin group. These results suggested that F. 

olivieri had marked repairing potential against the gentamicin induced DNA damages. 

4.18.5. Effects of F. olivieri on gentamicin-induced lungs toxicity 

4.18.5.1. Effects of F. olivieri on antioxidant enzymes 

Table 4.144 shows the changes in antioxidant enzymes i.e. CAT, SOD, GPx and GR 

in all the treated groups. The activities of these enzymes were reduced significantly 

due to gentamicin treatment to that of control rats (P<0.05). Administration of F. 

olivieri considerably augmented the effects of gentamicin intoxicity in lung tissues. 

The activities of antioxidant enzymes were appreciably enhanced (P<0.05) by F. 

olivieri at 200 and 400 mg/kg. Ameliorating effects with silymarin treatment were 

found similar as the higher doses of F. olivieri (400 mg/kg). Treatment of F. olivieri 

alone did not change the antioxidant enzymes activities (P>0.05). 
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Table 4.142: Effect of F. olivieri on antioxidant enzyme activities in gentamicin 

induced cardiotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  4.21 ± 0.01
d 

7.45 ± 0.28
d 

91.65 ± 2.18
d 

182.84 ± 1.90
c 

Gentamicin 80  2.49 ± 0.14
a
 3.92 ± 0.04

a
 72.14 ± 3.25

a
 110.41 ± 2.62

a
 

GM + Sily 50  4.33 ± 0.08
d
 6.38 ± 0.18

c
 83.22 ± 2.32

c
 175.39 ± 2.12

c
 

GM + FOME 200  3.63 ± 0.06
b
 5.17 ± 0.21

b
 78.41 ± 2.28

b
 129.11 ± 1.28

b
 

GM + FOME 400  4.12 ± 0.15
c
 6.31 ± 0.45

c
 82.19 ± 1.26

c
 178.27 ± 1.13

c
 

FOME 400  4.27 ± 0.08
d
 7.56 ± 0.18

d
 93.78 ± 1.45

d
 185.21 ± 1.74

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.143: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced cardiotoxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  19.35 ± 0.58
d 

2.54 ± 0.19
c 

11.63 ± 0.12
d 

Gentamicin 80  11.74 ± 0.61
a
 4.37 ± 1.55

a
 38.75 ± 3.23

a
 

GM + Sily 50  16.36 ± 0.54
c
 2.51 ± 0.22

c
 21.68 ± 1.94

c
 

GM + FOME 200  13.67 ± 0.25
b
 3.82 ± 0.76

b
 27.61 ± 1.65

b
 

GM + FOME 400  17.34 ± 0.49
c
 2.65 ± 0.38

c
 22.89 ± 3.48

c
 

FOME 400  21.67 ± 1.12
d
 2.13 ± 0.14

d
 13.16 ± 1.03

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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Fig. 4.80: Effect of methanolic extract of F. olivieri on gentamicin-induced 

cardiotoxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: 

Treated with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + F. 

olivieri (200 mg/kg bw); E: Treated with gentamicin + F. olivieri (400 mg/kg bw); F: 

Treated with F. olivieri (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.81: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of F. olivieri in different groups. Lane from left (M) DNA marker 

(1) heart control (2) gentamicin 80 mg/kg bw (3) gentamicin 80 mg/kg bw + 

Silymarin 50 mg/kg bw (4) gentamicin 80 mg/kg bw + F. olivieri 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 mg/kg bw. 
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4.18.5.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Alterations in GSH, lipid peroxidation and % DNA fragmentation are depicted in 

Table 4.145. Treatment of gentamicin considerably improved (P<0.05) the TBARS 

contents than control rats. F. olivieri extract administration to rats intoxicated with 

gentamicin with showed the ameliorating effects on the TBARS contents towards the 

control levels (200 and 400 mg/kg). Similarly, silymarin (50 mg/kg) erased the 

toxicity of gentamicin and the contents of TBARS altered towards control. 

Administration of F. olivieri alone displayed non significant variations (P>0.05). 

Gentamicin treatment (80 mg/kg) considerably (P<0.05) reduced the GSH activity 

while the % DNA fragmentation was enhanced than the control rats. Treatment of 

gentamicin intoxicated rats with F. olivieri clearly reduced the % DNA fragmentation 

while improved the activity of GSH which was dose dependent (400 mg/kg and 200 

mg/kg). Nonetheless, more noticeable mitigating impacts were investigated at the 

higher dose of F. olivieri (400 mg/kg). Similar effects were also reported with rat 

groups administered with silymarin (50 mg/kg). Administration of F. olivieri alone 

did not significantly change the GSH level and DNA fragmentation percentage 

comparatively to control rats (P>0.05).  

4.18.5.3. Histopathological examination of lungs 

The lungs of control rats displayed normal architecture (Fig. 4.82 A). The lungs of 

gentamicin treated rats showed accumulation of collagen, increase in the thickness of 

the intra-alveolar septa, fibrosis and infiltration of inflammatory cells in alveolar 

spaces (Fig. 4.82 B). The gentamicin induced pathological changes were prevented by 

the co-treatment of silymarin and F. olivieri. Collagen deposition, inflammatory cell 

infiltration and lung fibrosis were reduced in these groups (Fig. 4.82 D). The greatest 

improvement was observed in the group received higher dose of F. olivieri (400 

mg/kg), similar to the control rats (Fig. 4.82 E). Lungs of F. olivieri alone treated rats 

showed normal thickening of alveolar septa and normal alveolar spaces (Fig. 4.82 F). 

F. olivieri could diminish the severity of lung damage. 

4.18.5.4. Effect of F. olivieri on DNA damage in lungs of rat (DNA ladder assay) 

DNA damages induced by gentamicin in pulmonary tissues are shown in Fig. 4.83. 

DNA ladder assay revealed the intact genomic DNA in the control rats. However, 

gentamicin induced DNA damage which was found as continuous band in the gel. 

Administration of silymarin and F. olivieri (200 and 400 mg/kg) decreased the DNA 
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injuries, as indicated by DNA band pattern of various groups as compared to 

gentamicin treated rats. Treatment of F. olivieri alone did not show DNA damages. 

4.18.6. Effects of F. olivieri on gentamicin-induced testicular toxicity 

4.18.6.1. Effects of F. olivieri on antioxidant enzymes 

Effect of F. olivieri versus gentamicin intoxication on antioxidant enzymes are 

presented in Table 4.146. Gentamicin treatment decreased the activities of antioxidant 

enzymes (CAT, SOD, GPx and GR) considerably (P<0.05). Administeration of 

gentamicin intoxicated rats with F. olivieri markedly recovered the amount of 

antioxidant enzymes at both low and higher doses near to control group (200 and 400 

mg/kg). Similar observation was noted when gentamicin intoxicated rats were treated 

with 50 mg/kg silymarin orally. Non significant variation was found by F. olivieri 

alone when orally administered to rats (P>0.05). 

4.18.6.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Effect of administration of F. olivieri against gentamicin toxication on activity of 

GSH, lipid peroxidation and % DNA fragmentation is shown in Table 4.147. 

Gentamicin administration considerably increased (P<0.05) the contents of TBARS. 

TBARS contents were maintained by F. olivieri extract (200 and 400 mg/kg) near to 

control level. Treatment of 50 mg/kg of silymarin to gentamicin treated rats also 

augmented the gentamicin toxicity and the TBARS level towards the control rats. 

However, no significant variations were found in F. olivieri only (400 mg/kg b.w) 

treated group (P>0.05). 

Gentamicin (80 mg/kg) administration considerably (p<0.05) depleted the activity of 

GSH while elevated significantly the % DNA fragmentation. Administration of F. 

olivieri at 200 and 400 mg/kg, considerably augmented the enzyme activity of GSH 

while decreased the % DNA fragmentation dose dependently. Administration of 

silymarin (50 mg/kg) showed marked effects in restoring of these parameters, 

however non significant variation was recorded by 400 mg/kg of b.w treatment of F. 

olivieri alone (P>0.05). 
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Table 4.144: Effect of F. olivieri on antioxidant enzyme activities in gentamicin 

induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  2.92 ± 0.17
d 

7.64 ± 0.56
d 

105.24 ± 2.44
c 

241.53 ± 3.82
d 

Gentamicin 80  1.12 ± 0.06
a
 4.38 ± 0.49

a
 42.71 ± 1.23

a
 142.65 ± 2.07

a
 

GM + Sily 50  2.74 ± 0.62
c
 7.51 ± 0.58

c
 98.29 ± 1.37

c
 236.24 ± 2.16

c
 

GM + FOME 200  1.49 ± 0.02
b
 6.12 ± 0.46

b
 81.65 ± 1.76

b
 165.36 ± 3.54

b
 

GM + FOME 400  2.82 ± 0.18
c
 7.43 ± 0.70

c
 102.57 ± 3.90

c
 222.51 ± 1.35

c
 

FOME 400  2.95 ± 0.97
d
 7.86 ± 0.35

d
 109.26 ± 2.35

c
 245.78 ± 1.67

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

Table 4.145: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  0.76 ± 0.015
d 

7.37 ± 0.31 7.62 ± 0.31
c 

Gentamicin 80  0.38 ± 0.004
a
 11.29 ± 0.46

a
 24.85 ± 1.60

a
 

GM + Sily 50  0.62 ± 0.017
c
 8.82 ± 0.35

c
 8.71 ± 0.58

c
 

GM + FOME 200  0.51 ± 0.002
b
 8.54 ± 0.32

c
 11.29 ± 0.50

b
 

GM + FOME 400  0.68 ± 0.010
c
 8.26 ± 0.25

c
 9.53 ± 0.63

c
 

FOME 400  0.79 ± 0.005
d
 7.08 ± 0.36

d
 7.94 ± 0.25

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

  



Chapter 4                                                                                                                                Results 

 

296 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

 

 

Fig. 4.82: Effect of methanol extract of F. olivieri on gentamicin-induced pulmonary 

toxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: Treated 

with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + F. olivieri 

(200 mg/kg bw); E: Treated with gentamicin + F. olivieri (400 mg/kg bw); F: Treated 

with F. olivieri (400 mg/kg bw). (Scale bar, 100 µm). 
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Fig. 4.83: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of F. olivieri in different groups. Lane from left (M) DNA marker 

(1) lungs control (2) gentamicin 80 mg/kg bw (3) gentamicin 80 mg/kg bw + 

silymarin 50 mg/kg bw (4) gentamicin 80 mg/kg bw + F. olivieri 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 mg/kg bw. 
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4.18.6.3. Histopathological analysis of testes  

The seminiferous tubules of control rats were oval in outline with intact interstitium 

and normal epithelium (Fig. 4.84 A). In animals treated with gentamicin, degenerative 

changes were found in the seminiferous epithelium including vacuolization of the 

interstitium and interstitial edema. There was partial disappearance of  ground 

substance within the interstitium which was replaced by inflammatory cells and 

fibroblast (Fig. 4.84 B).The gentamicin rats treated with silymarin and F. olivieri 

showed mild degenerative changes and improved the seminiferous epithelium and 

interstitium (Fig. 4.84 C, D and E). The histological architecture of the testes of F. 

olivieri alone group was comparable to that of the control rats (Fig. 4.84 F). 

4.18.6.4. Effect of F. olivieri on DNA damage in testes of rat (ladder assay) 

Fig. 4.85 presents banding pattern of DNA in various experimental groups. DNA 

ladder assay show that DNA bands of control indicated the intact genomic DNA. 

However, gentamicin group showed marked DNA damages as shown by the 

appearance of continuous banding pattern of DNA. Administration of F. olivieri 

markedly recovered the DNA damages, as indicated by band pattern of different 

groups as compared to gentamicin rats. Treatment of F. olivieri alone gave almost the 

similar DNA banding pattern to that of the control group.  

4.18.7. Effects of F. olivieri on gentamicin-induced neurotoxicity 

4.18.7.1. Effects of F. olivieri on antioxidant enzymes 

Effects of F. olivieri and gentamicin on antioxidant defense enzyme system including 

CAT, SOD, GPx and GR are presented in Table 4.148. Gentamicin administration 

considerably (P<0.05) decreased the brain antioxidant enzymes levels in rats as 

compared to control group. Treatment of both doses of F. olivieri protected the level 

of CAT, SOD, GPx and GR (200 and 400 mg/kg). Antioxidant effect of silymarin (50 

mg/kg) was comparable to that of the higher dose of F. olivieri. Administration of 400 

mg/kg b.w of F. olivieri only caused non-significant (P>0.05) variations as 

comparatively to control rats. 

4.18.7.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Table 4.149 shows the effects of F. olivieri on tissue GSH, lipid peroxidation and 

percentage DNA fragmentation. Treatment of gentamicin considerably (p<0.05) 

enhanced the TBARS contents in comparison to control rats. Contents of TBARS  
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Table 4.146: Effect of F. olivieri on antioxidant enzyme activities in gentamicin 

induced testicular toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  7.89 ± 0.56
c 

6.13 ± 0.08
c 

92.85 ± 2.52
c 

149.64 ± 2.85
c 

Gentamicin 80  2.74 ± 0.15
a
 3.82 ± 0.03

a
 28.19 ± 1.84

a
 68.59 ± 1.61

a
 

GM + Sily 50  7.61 ± 0.89
c
 6.38 ± 0.10

c
 89.04 ± 1.91

c
 142.13 ± 2.28

c
 

GM + FOME 200  6.23 ± 0.27
b
 5.17 ± 0.19

b 
45.96 ± 1.62

b
 85.72 ± 1.73

b
 

GM + FOME 400  7.75 ± 0.48
c
 6.53 ± 0.11

d 
91.82 ± 1.14

c
 140.53 ± 1.40

c 

FOME 400  7.95 ± 0.21
c
 6.72 ± 0.15

d
 94.51 ± 2.05

c
 152.16 ± 1.87

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

Table 4.147: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced testicular toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  0.801 ± 0.02
d 

1.74 ± 0.32
c 

4.92 ± 0.12
c 

Gentamicin 80  0.582 ± 0.01
a
 4.26 ± 0.17

a
 14.81 ± 1.85

a
 

GM + Sily 50  0.781 ± 0.03
c
 1.75 ± 0.43

c
 5.50 ± 0.19

c
 

GM + FOME 200  0.726 ± 0.01
b
 2.88 ± 0.21

b
 9.61 ± 0.26

b
 

GM + FOME 400  0.792 ± 0.01
c
 1.89 ± 0.08

c
 4.72 ± 0.11

c
 

FOME 400  0.854 ± 0.02
d
 1.66 ± 0.29

d
 5.02 ± 0.14

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 



Chapter 4                                                                                                                                Results 

 

300 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

 

      

Fig. 4.84. Effect of methanolic extract of F. olivieri on gentamicin-induced testicular 

toxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg bw); C: Treated 

with gentamicin + silymarin (50 mg/kg bw); D: Treated with gentamicin + F. olivieri 

(200 mg/kg bw); E: Treated with gentamicin + F. olivieri (400 mg/kg bw); F: Treated 

with F. olivieri (400 mg/kg). (Scale bar, 100 µm). 
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Fig. 4.85: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of F. olivieri in different groups. Lane from left (M) DNA marker 

(1) testes control (2) gentamicin 80 mg/kg bw (3) gentamicin 80 mg/kg bw + 

silymarin 50 mg/kg bw (4) gentamicin 80 mg/kg bw + F. olivieri 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 mg/kg bw. 
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were significantly decreased by the administration of F. olivieri extract (200 and 400 

mg/kg) along with gentamicin. Treatment of silymarin (50 mg/kg) along with 

gentamicin notably erased the gentamicin intoxication while non significant changes 

were shown by F. olivieri alone (P>0.05). 

The GSH activity was considerably decreased by gentamicin administration while % 

DNA fragmentation increased considerably (p<0.05) than control group. Treatment of 

F. olivieri (200 and 400 mg/kg bw) along with gentamicin treatment markedly 

prevented the activity of GSH, dose dependently. Toxicity of gentamicin was 

significantly augmented with silymarin and the results obtained were comparable to 

the higher dose of F. olivieri (400 mg/kg bw).  

4.18.7.3. Histopathological analysis of brain  

Histopathology of the brain showed that the histoarchitecture of both the control and 

F. olivieri treated rats presents normal pattern of organization without any evidence of 

necrosis or degenerative changes (Fig. 4.86 A and F).The brain of the gentamicin 

treated rats showed slight congestion in blood vessels, hemorrhage and mild edema 

(Fig. 4.86 B). There was a protective effect of silymarin in the gentamicin treated 

group on the brain tissue as it had the normal histological appearance with congestion 

of some blood vessels (Fig. 4.86 C). In animals treated with F. olivieri + gentamicin 

there was a complete protective effect in the brain tissue (similar to those of control) 

at both doses (Fig. 4.86 D and E). 

4.18.7.4. Effect of F. olivieri on DNA damage in brain tissue of rats (DNA ladder 

assay) 

Gentamicin induced DNA damage is shown in Fig. 4.87. DNA ladder assay showed 

that no damage was present in control rats. However, gentamicin treated rats showed 

DNA damages in the form of continuous band in the ladder assay. Administration of 

silymarin and F. olivieri decreased the DNA injuries in a dose dependent manner as 

indicated by DNA band pattern of various groups. Treatment of F. olivieri decreased 

the DNA damage to that of the gentamicin group. However, no DNA damage was 

found in F. olivieri alone. 
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Table 4.148: Effect of F. olivieri on antioxidant enzyme activities in gentamicin 

induced brain toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  3.42 ± 0.15
d 

7.24 ± 0.23
c 

81.67 ± 2.15
d 

78.25 ± 1.74
d 

Gentamicin 80  1.65 ± 0.02
a
 9.38 ± 0.37

a 
34.15 ± 1.24

a
 39.48 ± 0.66

a
 

GM + Sily 50  3.11 ± 0.06
c
 7.55 ± 0.20

c 
92.71 ± 2.67

d
 67.86 ± 2.28

c
 

GM + FOME 200  2.34 ± 0.07
b
 8.65 ± 0.39

b 
26.54 ± 2.38

b
 58.12 ± 1.84

b 

GM + FOME 400  2.98 ± 0.05
c
 7.57 ± 0.84

c 
57.32 ± 1.32

c
 71.25 ± 1.36

c
 

FOME 400  3.64 ± 0.04
d
 6.73 ± 0.71

d 
94.55 ± 2.05

d
 80.54 ± 1.27

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.149: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

gentamicin induced brain toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  64.89 ± 2.17
d 

104.21 ± 2.29
d 

5.22 ± 1.98
d 

Gentamicin 80  32.56 ± 1.12
a
 142.89 ± 3.38

a
 30.14 ± 0.27

a
 

GM + Sily 50  66.76 ± 2.05
d
 108.75 ± 1.62

c
 6.10 ± 0.52

d
 

GM + FOME 200  43.82 ± 1.41
b
 128.52 ± 2.16

b
 21.54 ± 1.39

b
 

GM + FOME 400  52.18 ± 2.13
c
 102.35 ± 1.89

c
 14.32 ± 1.63

c
 

FOME 400  68.21 ± 1.16
d
 105.42 ± 1.24

d
 7.42 ± 0.36

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). GM; 

Gentamicin, FOME; F. olivieri methanol extract. 
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Fig. 4.86: Effect of methanolic extract of F. olivieri on gentamicin-induced brain 

toxicity in rats. A: Control; B: Treated with gentamicin (80 mg/kg); C: Treated with 

gentamicin + silymarin (50 mg/kg); D: Treated with gentamicin + F. olivieri (200 

mg/kg); E: Treated with gentamicin + F. olivieri (400 mg/kg); F: Treated with F. 

olivieri (400 mg/kg). (Scale bar, 100 µm). 
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Fig. 4.87: Agarose gel showing integrity of DNA after treatment with gentamicin and 

preventive effects of F. olivieri in different groups. Lane from left (M) DNA marker 

(1) brain control (2) gentamicin 80 mg/kg bw (3) gentamicin 80 mg/kg bw + 

silymarin 50 mg/kg bw (4) gentamicin 80 mg/kg bw + F. olivieri 200 mg/kg bw (5) 

gentamicin 80 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 mg/kg bw. 
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4.19. Effect of P. aphylla on doxorubicin induced toxicity  

4.19.1. Effects of P. aphylla on doxorubicin-induced general toxicity 

4.19.1.1. Effects of P. aphylla on body weight 

The doxorubicin administration reduced percent increase in body weight of rats 

significantly. Co-administration of P. aphylla (200 and 400 mg/kg) along with 

doxorubicin significantly improved the doxorubicin induced decrease in weights 

towards control values. Silymarin treatment (50 mg/kg) erased doxorubicin 

intoxication and increased the body weight of rats (P<0.05). However, no significant 

variations (P>0.05) were present in the body weight of P. aphylla only (400 mg/kg) 

treated group compared to the control (Table 4.150). 

4.19.1.2. Effects of P. aphylla on different organ weights 

Protective effects of P. aphylla against doxorubicin administration in rats on 

absolute and relative weights of liver, kidney, heart, lungs, testes and brain are given 

in Table 4.151-53. Administration of doxorubicin considerably decreased (P<0.05) 

the organ weights in comparison to control rats. The organ weights were 

significantly restored by co-administration of PAME (400 and 200 mg/kg). 

Silymarin treatment (50 mg/kg) erased doxorubicin intoxication and returned 

(P<0.05) the level of organ weights towards control while, no considerable (P>0.05) 

differences were detected in P. aphylla only (400 mg/kg) group compared to the 

control. 

4.19.1.3. Effects of P. aphylla on haematological parameters  

Table 4.154 shows the levels of PCV, Hb, MCHC, MCH and MCV in non treated 

control as well as treated groups. Administration of doxorubicin significantly reduced 

the concentration of PCV, Hb, MCHC and MCH while increased the level of MCV 

compared to the control (P<0.05). All these parameters were brought towards control 

by treatment of P. aphylla at 400 and 200 mg/kg. Similarly silymarin treatment 

returned the concentration of PCV, Hb, MCHC, MCH and MCV towards the control 

level. However, no significant (P>0.05) differences were detected in P. aphylla only 

group (400 mg/kg) compared to the control. 

The effect of doxorubicin intoxication on WBC, TLC, PLT, lymphocytes, neutrophils 

and granulocytes are presented in Table 4.155. Treatment of doxorubicin significantly 

(p<0.05) elevated the TLC, PLT, Lymph and Gran while decreased the levels of WBC 

and neutrophils as that of control group. Co-administration with methanol extract of 
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P. aphylla significantly erased the doxorubicin effects and normalized the level of 

these parameters near to control group in dose dependent manner (400 and 200 

mg/kg). 50 mg/kg of silymarin administration removed the doxorubicin induced 

toxicity and significantly prevented the WBC, TLC, PLT, lymphocytes, neutrophils 

and granulocytes level towards the control level. However, administration of P. 

aphylla alone (400 mg/kg) did not cause noteworthy variations in these 

haematological parameters (P>0.05). 

4.19.1.4. Effect of P. aphylla on lipid profile 

The doxorubicin treatment increased the cholesterol, triglyceride, HDL and LDL 

levels significantly compared to the control rats (P<0.05). P. aphylla extract 

administration significantly prevented these alterations dose dependently (400 and 

200 mg/kg). Treatment of silymarin to doxorubicin treated rats attenuated the toxicity 

and restored the cholesterol, triglyceride, HDL and LDL levels, comparable to the 

higher dose of P. aphylla. However, P. aphylla extract alone (400 mg/kg) caused no 

toxicity (P>0.05) (Table 4.156). 

4.19.2. Effect of P. aphylla on hepatotoxicity induced with doxorubicin 

4.19.2.1. Effects of PAME on liver marker enzymes  

The liver marker enzymes (ALT, ALP and AST) were considerably enhanced in the 

doxorubicin administered rats compared to the control group (P<0.05). The values of 

these enzymes were significantly decreased towards control in the silymarin (50 

mg/kg) and P. aphylla extract administered rats (200 and 400 mg/kg) in comparison 

to doxorubicin alone group (Table 4.157).   

The level of total protein decreased whereas total bilirubin and LDH increased 

significantly by doxorubicin treatment compared to control rats (P<0.05). The higher 

dose of P. aphylla extract i.e. 400 mg/kg significantly reverted the values towards the 

control more efficiently than the lower dose (200 mg/kg). Administration of PAME 

alone (400 mg/kg) caused non significant variation compared to the control (P>0.05) 

while, 50 mg/kg bw of silymarin administration erased the doxorubicin intoxication 

and inverted these activities towards the control group (Table 4.158).  

4.19.2.2. Effect of PAME on antioxidant enzyme armory of liver  

The hepatic antioxidant enzymes levels (CAT, SOD, GPx and GR) were reduced 

significantly in the doxorubicin administered rats (P<0.05). These activities in P. 

aphylla + DOX group were significantly restored to near control values. Protective  
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Table 4.150: Effect of methanol extract of P. aphylla on percent increase in body 

weight in doxorubicin treated rats 

Treatment 

mg/kg bw 

Body weight (g) 

Initial body 

weight (g) 

Final body weight 

(g) 

Percent increase 

in body weight 

Control (Saline)  187.66 ± 2.11 255.18 ± 3.43 35.97 ± 1.36
c 

Doxorubicin 4.67  158.55 ± 3.65 187.98 ± 2.32 18.56 ± 1.78
a 

DOX + Sily 50  178.10 ± 1.84 235.60 ± 2.78 32.28 ± 2.30
c 

DOX + PAME 200  182.76 ± 2.24 223.47 ± 2.75 22.27 ± 1.33
b 

DOX + PAME 400  186.97 ± 1.97 238.36 ± 1.84 27.48 ± 2.39
b 

PAME 400  183.12 ± 1.02 252.17 ± 2.23 37.66 ± 1.38
c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-c)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

Table 4.151: Effect of methanol extract of P. aphylla on absolute and relative weights 

of liver and kidneys in doxorubicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Liver weight 

(g) 

Relative liver 

weight (% to 

body weight) 

Absolute 

Kidney weight 

(g) 

Relative 

kidney weight 

(% to body 

weight) 

Control (Saline)  9.65 ± 1.13
c 

0.096±0.0003
d 

1.92 ± 0.32
d 

0.019 ± 0.0002
d 

Doxorubicin 4.67  6.87 ± 0.54
a
 0.068± 0.0001

a
 0.78 ± 0.11

a
 0.007 ± 0.0003

a
 

DOX + Sily 50  9.52 ± 1.44
c 

0.09 ± 0.0007
d
 1.61 ± 0.18

c 
0.016 ± 0.0001

c 

DOX + PAME 200  7.78 ± 1.72
b
 0.07 ± 0.0005

b
 0.98 ± 0.02

b 
0.009 ± 0.0001

b
 

DOX + PAME 400  9.12 ± 1.56
c
 0.09 ± 0.0002

c
 1.86 ± 0.13

d
 0.018 ± 0.0005

d
 

PAME 400  10.16 ± 1.65
d 

0.01 ± 0.0001
e
 1.97 ± 0.67

d 
0.019 ± 0.0001

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P<0.05). DOX; 

Doxorubicin, PAM; P. aphylla methanol extract. 
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Table 4.152: Effect of methanol extract of P. aphylla on absolute and relative weights 

of heart and lungs in doxorubicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Heart 

weight (g) 

Relative Heart 

weight (% to 

body weight) 

Absolute 

Lungs weight 

(g) 

Relative lungs 

weight (% to 

body weight) 

Control (Saline) 1.26 ± 0.02
d 

0.012± 0.0002
d 

1.58 ± 0.03
d 

0.015 ± 0.0001
c 

Doxorubicin 4.67 0.85 ± 0.03
a
 0.008± 0.0001

a
 0.71 ± 0.01

a
 0.007 ± 0.0001

a
 

DOX + Sily 50 1.24 ± 0.01
d 

0.012± 0.0001
d 

1.53 ± 0.02
c
 0.015 ± 0.0002

c
 

DOX + PAME 200 0.97 ± 0.01
b
 0.009± 0.0001

b
 0.92 ± 0.01

b
 0.009 ± 0.0001

b
 

DOX + PAME 400 1.18 ± 0.05
c
 0.011± 0.0005

c
 1.52 ± 0.01

c
 0.015 ± 0.0003

c
 

PAME 400 1.32 ± 0.01
e
 0.013± 0.0001

e
 1.60 ± 0.07

d
 0.016 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

Table 4.153: Effect of methanolic extract of P. aphylla on absolute and relative 

weights of testes and brain in doxorubicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Testes 

weight 

(g) 

Relative 

Testes weight 

(% to body 

weight) 

Absolute 

Brain weight 

(g) 

Relative Brain 

weight (% to 

body weight) 

Control (Saline) 6.78 ± 0.64
c 

0.06 ± 0.0002
c 

1.42 ± 0.06
d 

0.014 ± 0.0002
c 

Doxorubicin 4.67 3.82 ± 0.02
a
 0.038± 0.0001

a
 0.82 ± 0.03

a
 0.008 ± 0.0001

a
 

DOX + Sily 50 6.71 ± 0.11
c 

0.067± 0.0002
c
 1.40 ± 0.08

d 
0.014 ± 0.0001

c 

DOX + PAME 200 5.25 ± 0.34
b
 0.052± 0.0003

b
 1.11 ± 0.05

b
 0.011 ± 0.0001

b
 

DOX + PAME 400 6.66 ± 0.53
c
 0.066± 0.0001

c
 1.35 ± 0.02

c
 0.013 ± 0.0002

c
 

PAME 400 6.88 ± 0.25
c 

0.068± 0.0002
c
 1.46 ± 0.01

d
 0.014 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Table 4.154: Effect of P. aphylla methanol extract on full blood counts in 

doxorubicin induced toxicity in rats  

Treatment 

mg/kg bw 

PCV (%) Hb (g/L) MCV (fl) MCHC 

(g/dL) 

MCH (pg) 

Control (Saline)  35.30±1.73
d 

14.56±0.17
d 

58.26±3.72
d 

34.55±1.67
c 

18.84±1.53
c 

Doxorubicin 4.67  31.85±1.27
a
 10.81±0.58

a 
63.10±1.56

a 
30.73±0.29

a 
16.59±2.78

a 

DOX + Sily 50  36.08±1.34
e 

13.56±0.39
c 

60.37±1.89
c 

34.61±1.95
c 

18.38±1.75
c 

DOX + PAME 200  33.22±0.58
b
 11.62±0.21

b
 62.72±2.64

b 
32.80±1.82

b 
17.76±0.17

b 

DOX + PAME 400  34.47±2.67
c
 13.77±0.54

c
 60.31±1.78

c 
34.15±1.17

c 
18.89±1.45

c 

PAME 400  36.19±0.45
e 

14.78±0.62
d 

57.89±2.75
e 

35.23±0.62
d 

19.75±1.19
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.155: Haematological findings of rats treated with P. aphylla methanol extract 

on doxorubicin intoxicated rats 

Treatment 

mg/kg bw 

WBC 

(10
3
/μL) 

TLC (x 

10
3
/μL) 

PLT (x 

10
3
/μL) 

Lymph 

(%) 

Neut (%) Gran (%) 

Control (Saline)  8.8±0.15
c 

6.8±0.76
c 

723.8±13.67
c 

37.2±1.10
c 

58.3±1.54
d 

9.1±0.24
f 

Doxorubicin 4.67  5.1±0.67
a 

9.1±0.97
a 

875.5±128.62
a 

64.4±2.73
a 

23.7±1.78
a 

14.3±1.71
a 

DOX + Sily 50  8.2±0.59
c 

6.4±0.13
c 

716.9±12.14
c 

39.3±1.26
c 

51.1±0.43
c 

10.5±0.49
e 

DOX + PAME 200  6.0±0.16
b 

8.1±0.86
b
 721.3±45.88

c 
46.2±1.34

b 
39.0±1.69

b 
11.0±1.43

d 

DOX + PAME 400  8.5±0.83
c 

6.8±0.34
c 

851.7±20.41
b 

32.7±1.66
c 

49.4±0.77
c 

13.7±0.40
b 

PAME 400  8.9±0.45
c
 6.4±0.17

c 
720.3±3.32

c 
33.1±1.18

c 
61.8±1.44

d 
12.1±0.25

c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-f)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Table 4.156: Effect of methanolic extract of P. aphylla on lipid profile in doxorubicin 

induced toxicity in rats.  

Treatment 

mg/kg bw 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL (mg/dl) LDL 

(mg/dl) 

Control (Saline)  94.71 ± 4.72
c 

95.84 ± 3.31
c 

34.54 ± 1.14
d 

38.23±2.03
d 

Doxorubicin 4.67  139.36 ± 7.34
a
 155.18 ± 1.97

a
 76.63 ± 2.50

a
 78.60± 8.16

a
 

DOX + Sily 50  97.28 ± 1.23
d
 89.93 ± 3.43

c
 36.15 ± 1.58

d
 35.67± 1.25

d
 

DOX + PAME 200  105.30 ± 4.21
b
 136.27 ± 2.15

b
 62.64 ± 2.13

b
 62.18± 6.21

b 

DOX + PAME 400  90.15 ± 2.64
c
 91.05 ± 1.77

c
 48.11 ± 1.42

c
 41.31± 2.53

c
 

PAME 400  92.46 ± 2.34
c
 87.13 ± 1.16

c
 32.28 ± 1.60

d
 36.56± 1.24

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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effects of silymarin (50 mg/kg) were comparable to the higher doses (400 mg/kg) of 

P. aphylla. However, the antioxidant enzymes activities were not changed (P>0.05) 

by the administration of P. aphylla alone (Table 4.159). 

4.19.2.3. Effect of PAME on GSH, lipid peroxides and DNA fragmentation in 

hepatic samples of rat  

Effects of P. aphylla extract on GSH, lipid peroxidation (TBARS) and DNA 

fragmentation against doxorubicin induced toxicity are shown in Table 4.160. 

Treatment of doxorubicin (4.67 mg/kg) considerably (P<0.05) reduced the GSH 

activity compared to control. GSH contents were significantly recovered by P. 

aphylla at 200 and 400 mg/kg compared to doxorubicin treated rats.  

TBARS level was enhanced due to doxorubicin administration in the liver tissue of 

rats (P<0.05). The co-treatment of P. aphylla extract (200 and 400 mg/kg) decreased 

the TBARS levels appreciably in comparison to the doxorubicin treated group. 

The doxorubicin intoxication resulted in increased levels of DNA fragmentation. P. 

aphylla extract co-treatment significantly protected the DNA damage in liver tissues 

against doxorubicin toxicity (P<0.05). 50 mg/kg of silymarin augmented the 

doxorubicin intoxication of all these parameters and returned their level towards the 

control group. Treatment of P. aphylla alone (400 mg/kg), did not cause considerable 

variation in these parameters (P>0.05) (Table 4.160). 

4.19.2.4. Histopathological analysis of liver 

Normal hepatocytes were observed in the liver of control rats (Fig. 4.88 A). The 

normal hepatocyte architecture was lost in doxorubicin treated rats along with fatty 

changes and inflammatory cell infiltration, marked central vein congestion, dilation of 

sinusoidal spaces and marked degenerative changes (Fig. 4.88 B). Treatment of 

silymarin along with doxorubicin showed mild parenchymatous degeneration (Fig. 

4.88 C). Co-treatment with P. aphylla (200 and 400 mg/kg) protected these alterations 

and normal architecture of liver was observed, with congestion of central veins and 

few inflammatory cells in the P. aphylla co-treated rats (Fig. 4.88 D and E). The rats 

treated with P. aphylla alone did not reveal any significant lesions of pathological 

importance (Fig. 4.88 F).  

4.19.2.5. Effect of P. aphylla on DNA damage 

Extensive DNA damage was found in liver tissues of doxorubicin treated rats in 

comparison to control rats. The silymarin (50 mg/kg) and PAME (200 and 400 
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mg/kg) administration together with doxorubicin caused improvement in DNA 

damage as shown in the (Fig. 4.89). However, no changes were observed by the 

treatment of P. aphylla only (400 mg/kg) to rats compared to control rats.   

4.19.3. Effects of P. aphylla on doxorubicin-induced nephrotoxicity 

4.19.3.1. Effects of P. aphylla on urine profile of rat 

Table 4.161 presents urine profile including urinary pH, specific gravity, RBCs, 

WBCs and urobilinogen levels. Treatment of doxorubicin to the rats significantly 

decreased the pH level whereas significant increase was found in case of specific 

gravity, RBCs, WBCs and urobilinogen levels compared to control rats (P<0.05). 

Treatment of silymarin (50 mg/kg) and P. aphylla (200 and 400 mg/kg) with 

doxorubicin showed preventive effects against doxorubicin induced toxicity by 

recovering the urinary levels of pH, specific gravity, RBCs, WBCs and urobilinogen 

in rats. Results of urine analysis for the groups treated with P. aphylla alone (400 

mg/kg) did not reveal any adverse effects as their values were near to control 

(P>0.05).  

4.19.3.2. Effect of P. aphylla on serum urea, creatinine and albumin 

The levels of urea and creatinine in the serum of doxorubicin administered rats were 

increased significantly while level of albumin deceases in comparison to the control 

rats (P<0.05). P. aphylla extract administration along with doxorubicin brought back 

these altered values towards control (200 and 400 mg/kg). 

Silymarin treatment erased doxorubicin intoxication and restored the values of urea, 

creatinine and albumin. The treatment of PAME alone (400 mg/kg) did not produce 

considerable variation (P>0.05) in these parameters compared to the control (Table 

4.162). 

4.19.3.3. Effects of P. aphylla on antioxidant enzymes 

A significant decline was found in the renal antioxidant enzymes i.e. CAT, SOD, GPx 

and GR activities due to doxorubicin treatment compared to the control rats. 

Concomitant administration of doxorubicin with P. aphylla (200 and 400 mg/kg) 

restored renal enzymes values to levels statistically comparable to control. Co-

treatment of silymarin significantly returned the values of all these enzymes (P<0.05), 

whereas no abnormal variation was observed by P. aphylla alone (Table 4.163). 
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Table 4.157: Effect of P. aphylla on liver marker enzymes in doxorubicin induced 

toxicity in rats  

Treatment 

mg/kg bw 

AST (U/L) ALT (U/L) ALP (U/L) 

Control (Saline)  73.92 ± 0.32
c
 32.08 ± 2.52

c
 121.89 ± 0.52

d 

Doxorubicin 4.67  182.16 ± 1.65
a
 60.57 ± 2.12

a
 245.75 ± 3.76

a
 

DOX + Sily 50  76.89 ± 0.54
c
 29.56 ± 1.77

c
 125.98 ± 3.62

d 

DOX + PAME 200  106.48 ± 2.23
b
 48.86 ± 3.42

b
 202.34 ± 2.28

b
 

DOX + PAME 400  89.43 ± 1.67
c
 42.81 ± 1.58

b
 170.52 ± 0.55

c
 

PAME 400  76.85 ± 2.54
c
 33.27 ± 0.54

c
 119.73 ± 2.37

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

Table 4.158: Effect of P. aphylla on serum billirubin, total protein and LDH in 

doxorubicin induced toxicity in rats  

Treatment 

mg/kg bw 

Total Bilirubin 

(mg/dl) 

Total protein 

(μg/mg tissue) 

LDH (U/L) 

Control (Saline)  2.22 ± 0.05
c 

6.83 ± 0.10
c 

46.05 ± 1.55
d 

Doxorubicin 4.67  3.07 ± 0.19
a
 3.65 ± 0.54

a
 88.27 ± 2.94

a
 

DOX + Sily 50  2.17 ± 0.01
c 

6.76 ± 0.33
c 

51.93 ± 1.62
c 

DOX + PAME 200  2.61 ± 0.03
b 

5.42 ± 0.28
b 

57.45 ± 1.23
b 

DOX + PAME 400  2.33 ± 0.16
c
 6.72 ± 0.59

c
 47.38 ± 1.54

c
 

PAME 400  2.85 ± 0.12
b
 6.96 ± 0.11

c 
41.52 ± 1.33

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Table 4.159: Effect of P. aphylla on antioxidant enzyme activities in doxorubicin 

induced hepatotoxicity in rats.  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control (Saline)  5.89 ± 0.41
d 

2.32 ± 0.02
d 

95.47 ± 1.59
d 

146.21 ± 2.32
d 

Doxorubicin 4.67  2.83 ± 0.26
a
 0.61 ± 0.01

a
 32.09 ± 1.32

a
 61.08 ± 0.27

a 

DOX + Sily 50  5.11 ± 0.12
c 

2.67 ± 0.01
e 

94.85 ± 2.26
d 

142.26 ± 0.58
c 

DOX + PAME 200  3.23 ± 0.18
b
 1.31 ± 0.02

b
 54.11 ± 1.17

b
 94.73 ± 0.77

b 

DOX + PAME 400  5.24 ± 0.15
c
 1.87 ± 0.04

c
 85.24 ± 0.85

c
 135.98 ± 0.64

c 

PAME 400  5.81 ± 0.32
d
 2.36 ± 0.03

d
 98.57 ± 0.91

d
 148.10 ± 0.05

d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

Table 4.160: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced hepatotoxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  28.57 ± 1.08
c 

2.68 ± 0.12
c 

10.56 ± 0.43
d 

Doxorubicin 4.67  11.02 ± 0.17
a
 4.67 ± 0.22

a
 31.63 ±  1.22

a
 

DOX + Sily 50  27.31 ± 0.14
c 

2.13 ± 0.33
d 

16.52 ±  0.95
c
 

DOX + PAME 200  19.53 ± 0.21
b
 3.67 ± 0.24

b
 23.11 ± 1.36

b 

DOX + PAME 400  25.96 ± 0.42
c
 2.49 ± 0.17

c
 17.42 ± 1.24

c
 

PAME 400  29.73 ± 1.56
c
 2.23 ± 0.14

d
 9.31 ± 0.73

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Fig. 4.88: Histopathological images of liver treated with methanol extract of P. 

aphylla by doxorubicin induced hepatotoxicity. (A) Control group, (B) Doxorubicin 

group, (C) Silymarin + P. aphylla extract, (D) DOX + P. aphylla extract: 200 mg/kg 

bw, (E) DOX + P. aphylla extract: 400 mg/kg bw, (F) P. aphylla extract: 400 mg/kg 

bw. (Scale bar, 100 µm). 
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Fig. 4.89: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) Liver control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg (4) doxorubicin 4.67 mg/kg bw + P. aphylla 200 mg/kg bw 

(5) doxorubicin 4.67 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 mg/kg 

bw. 
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4.19.3.4. Effects of P. aphylla on GSH, LPO and DNA damage 

Treatment of doxorubicin depleted the GSH contents compared to the control. 

Doxorubicin toxicity to rats was attenuated by the treatment of P. aphylla methanolic 

extract (200 and 400 mg/kg). In contrast, doxorubicin significantly increased renal 

TBARS in comparison to control rats. P. aphylla extract administration (200 and 400 

mg/kg) to doxorubicin treated rats brought the TBARS level towards control values.  

There was a noticeable increase in the DNA fragmentation % due to doxorubicin 

intoxication (P<0.05). P. aphylla extract markedly improved the DNA damage dose 

dependently (400 and 200 mg/kg). 50 mg/kg of silymarin treatment attenuated the 

doxorubicin intoxication and restored the GSH, TBARS as well as % DNA 

fragmentation, while no significant variations were reported by P. aphylla alone 

versus the control group (P>0.05) (Table 4.164). 

4.19.3.5. Histopathological analysis of kidney 

The renal architecture of control rat kidney tissues was normal (Fig. 4.90 A). The 

renal architecture was distorted by doxorubicin administration where glomerular 

hyperaemia, atrophy of glomerulus with tubular necrosis was observed (Fig. 4.90 B). 

The normal renal architecture was significantly prevented by the co-treatment of 

silymarin (Fig 4.90 C). Furthermore, there were clear protective effects of P. aphylla 

co-treatment in the tubules and glomeruli and the tubular epithelial cells morphology, 

as well as in renal corpuscles dose dependently (200 mg/kg and 400 mg/kg) (Fig. 4.90 

D and E). The glomeruli and tubule-interstitium were fairly intact in P. aphylla alone 

treated group of rats (Fig. 4.90 F). 

4.19.3.6. Effect of P. aphylla on DNA damage 

The DNA of control kidneys was intact. Doxorubicin administration caused severe 

damage to the DNA which is shown in the Fig. 4.91. Co-treatment with the silymarin 

(50 mg/kg) and of PAME (200 and 400 mg/kg) improved the DNA damage which 

shows the protective effects of P. aphylla. Treatment of P. aphylla alone (400 mg/kg) 

did not cause DNA damage in the kidneys of rats.    
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Table 4.161: Effect of P. aphylla on urine profile including pH specific gravity, RBC, 

WBC and urobilinogen in doxorubicin induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

pH Specific 

gravity 

RBC/µl WBC/µl Urobilinogen 

(mg/dl) 

Control (Saline)  7.08± 0.04
d 

1.05± 0.01
c 

0.01 ± 0.00
d 

18.42 ±0.67
d 

4.28 ± 0.17
d 

Doxorubicin 4.67  6.22± 0.21
a
 1.42± 0.05

a
 26.72±2.78

a
 82.34± 2.11

a 
35.67 ± 1.84

a
 

DOX + Sily 50  7.07± 0.14
c
 1.08± 0.01

c
 0.85 ±0.01

c
 16.7 ± 0.56

d
 6.72 ± 0.92

c
 

DOX + PAME 200  6.70± 0.13
b
 1.11± 0.12

b
 4.53 ± 0.15

b
 52.09± 1.53

b
 25.81 ± 1.53

b
 

DOX + PAME 400  7.05± 0.52
c
 1.02± 0.03

c
 1.06 ± 0.01

c
 26.19± 0.54

c
 7.49 ± 0.65

c
 

PAME 400  7.09± 0.16
d 

1.03± 0.01
c 

0.01 ± 0.00
d 

16.3 ± 0.14
d 

3.73 ± 0.01
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.162: Effect of P. aphylla on serum urea, creatinine and albumin in 

doxorubicin induced toxicity in rats. 

Treatment 

mg/kg bw 

UR (mg/dl) CR (mg/dl) Albumin (mg/dl) 

Control (Saline)  37.05 ± 1.25
d 

0.47 ± 0.01
d 

30.55 ± 0.56
d 

Doxorubicin 4.67  65.24 ± 2.32
a
 0.98 ± 0.03

a
 16.90 ± 0.34

a
 

DOX + Sily 50  50.24 ± 1.44
c 

0.45 ± 0.01
d 

27.12 ± 0.89
c 

DOX + PAME 200  57.25 ± 2.13
b
 0.78 ± 0.02

b
 22.78 ± 0.25

b
 

DOX + PAME 400  49.78 ± 1.04
c
 0.57 ± 0.01

c
 27.62 ± 0.31

c
 

PAME 400  42.61 ± 1.59
d 

0.49 ± 0.01
d 

32.54 ± 0.16
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Table 4.163: Effect of P. aphylla on antioxidant enzyme activities in doxorubicin 

induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 5.47 ± 0.12
d 

5.42 ± 0.23
c 

134.76 ± 2.74
c 

161.86 ± 1.15
d 

Doxorubicin 4.67 2.16 ± 0.43
a
 1.31 ± 0.06

a
 80.86 ± 1.29

a
 70.32 ± 1.02

a
 

DOX + Sily 50 5.64 ± 0.29
d 

5.64 ± 0.63
c 

128.52 ± 1.95
c 

154.27 ± 1.45
c 

DOX + PAME 200 4.12 ± 0.43
b
 3.29 ± 0.28

b
 112.44 ± 1.68

b 
127.12 ± 2.24

b
 

DOX + PAME 400 5.28 ± 0.26
c 

5.78 ± 0.15
c
 129.82 ± 1.43

c
 158.19 ± 2.47

c
 

PAM 400 5.84 ± 0.12
e 

5.85 ± 0.76
c 

136.73 ± 1.18
c 

164.83 ± 2.76
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

Table 4.164: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  43.64 ± 1.32
d 

1.17 ± 0.02
d 

9.53 ± 0.13
d 

Doxorubicin 4.67  17.97 ± 1.24
a
 4.81 ± 0.12

a
 42.11 ± 2.81

a
 

DOX + Sily 50  38.61 ± 0.94
c 

1.43 ± 0.18
d 

10.39 ± 1.14
d
 

DOX + PAME 200  25.42 ±  2.01
b
 3.67 ± 0.25

b
 25.84 ± 1.27

b
 

DOX + PAME 400  39.75 ± 0.76
c 

2.60 ± 0.12
c
 18.50 ± 1.51

c
 

PAME 400  46.29 ± 2.32
d 

1.82 ± 0.38
d 

11.51 ± 0.64
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Fig. 4.90: Histopathological images of kidney treated with methanol extract of P. 

aphylla by doxorubicin induced nephrotoxicity. (A) Control group, (B) Doxorubicin 

group, (C) Silymarin + P. aphylla extract, (D) DOX + P. aphylla extract: 200 mg/kg 

bw, (E) DOX + P. aphylla extract: 400 mg/kg bw, (F) P. aphylla extract: 400 mg/kg 

bw. (Scale bar, 100 µm). 
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Fig. 4.91: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) Kidney control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg (4) doxorubicin 4.67 mg/kg bw + P. aphylla 200 mg/kg bw 

(5) doxorubicin 4.67 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 mg/kg 

bw. 
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4.19.4. Effects of P. aphylla on doxorubicin-induced cardiotoxicity 

4.19.4.1. Effect of P. aphylla on serum CK and CK-MB 

Cardiac markers (CK, CK-MB) are measured to evaluate heart function.  Treatment of 

doxorubicin significantly increased the serum level of these enzymes comparatively to 

control rats (P<0.05). Co-administration with silymarin (50 mg/kg) and P. aphylla 

methanol extract (200 and 400 mg/kg) reduced their values significantly towards 

control values. P. aphylla only (400 mg/kg) administered group did not display 

remarkable changes (P>0.05) comparatively to control rats (Table 4.165). 

4.19.4.2. Effects of P. aphylla on antioxidant enzymes  

The antioxidant enzyme (CAT, SOD, GSH-Px and GR) activities of heart tissue 

decreased significantly in doxorubicin administered rats in comparison to control rats. 

Co-treatment of P. aphylla extract (200 and 400 mg/kg) improved the above values 

significantly (P<0.05). Administration of 50 mg/kg bw of silymarin removed the 

doxorubicin induced toxic effects and significantly brought the enzymes activities 

towards the control level. P. aphylla alone (400 mg/kg) treatment did not cause 

considerable variations in the activities of these enzymes (P>0.05) (Table 4.166). 

4.19.4.3. Effects of P. aphylla on GSH, LPO and DNA damage 

Treatment of doxorubicin significantly reduced the GSH activity comparatively to 

control (P<0.05). The GSH activity was significantly recovered near to control by co-

administration of P. aphylla.  Silymarin treatment (50 mg/kg) significantly returned 

the concentration of GSH towards control. No significant alterations (P>0.05) were 

detected in P. aphylla alone group (400 mg/kg b.w) compared to the control group. 

TBARS level was significantly elevated in the cardiac tissue of the doxorubicin 

administered rats (P<0.05). The DNA fragmentation was increased by the doxorubicin 

treatment in the heart tissues of the rats (P<0.05). The TBARS level and DNA 

damage was recovered significantly by the P. aphylla extract treatment along with 

doxorubicin (200 and 400 mg/kg). 

Silymarin treatment minimized the toxicity and maintained the TBARS level and % 

DNA fragmentation towards the control level. Treatment of P. aphylla alone (400 

mg/kg) did not cause considerable variation (P>0.05) (Table 4.167) 

4.19.4.4. Histological studies of heart tissue   

The cardiac tissue histology of normal physiological saline treated rats demonstrates 

normal morphological appearance (Fig. 4.92 A). While heart section of doxorubicin 
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treated rats shows huge necrosis of muscle fibers, interfibrillar hemorrhages, 

congestion, and focal areas of disrupted cardiac muscle fibers (Fig. 4.92 B). The 

sections of heart in silymarin treated group showed moderate hemorrhages and mild 

disruption of cardiac muscle fibers (Fig. 4.92 C). The myocardium of heart section of 

rats treated with P. aphylla 200 mg/kg + DOX was mildly degenerated and shows 

moderate amount of inflammatory cell infiltrate and mild interstitial edema (Fig. 4.92 

D). On the other hand, myocardium of P. aphylla 400 mg/kg + DOX treated heart 

section appeared almost normal with the absence of necrosis and very mild 

inflammatory cell infiltrate (Fig. 4.92 E). P. aphylla alone group did not show any 

significant lesions of pathological importance (Fig. 4.92 F). 

4.19.5. Effects of P. aphylla on doxorubicin-induced pulmonary toxicity 

4.19.5.1. Effects of P. aphylla on antioxidant enzymes  

The levels of antioxidant enzymes (CAT, SOD, GPx and GR) declined due to 

doxorubicin intoxication (P<0.05). These alterations were recovered considerably by 

the P. aphylla extract dose dependently (400 and 200 mg/kg).  Treatment of 50 mg/kg 

of silymarin alleviated the toxicity of doxorubicin as similar to the higher dose of the 

P. aphylla (400 mg/kg). However, no considerable variations (P>0.05) were found in 

the antioxidant enzymes in P. aphylla alone (400 mg/kg bw) group (Table 4.168). 

4.19.5.2. Effects of P. aphylla on GSH, LPO and DNA damage 

Table 4.169 presents the effects of P. aphylla against doxorubicin administration on 

GSH, lipid peroxidation and % DNA fragmentation in rats. TBARS level was 

increased significantly in the doxorubicin administered rats (P<0.05). The elevated 

level was brought back to control by the co-treatment of 50 mg/kg of silymarin and 

PAME (200 and 400 mg/kg).  

A considerable decline was found in the activity of GSH in doxorubicin administered 

rats (P<0.05) whereas % DNA fragmentation increased in comparison to control rats. 

However, co-administration of P. aphylla (400 and 200 mg/kg) notably reduced these 

abnormalities and returned them near to the control group. Similarly, 50 mg/kg of 

silymarin augmented the doxorubicin adverse effects and significantly recovered the 

GSH and % DNA damages in comparison to doxorubicin treated rats. However, GSH 

and % DNA damages were non-significantly (P>0.05) changed with P. aphylla alone 

(400 mg/kg). 

 



Chapter 4                                                                                                                                Results 

 

325 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.165: Effect of P. aphylla on cardiac marker enzymes in doxorubicin induced 

toxicity in rats  

Treatment 

mg/kg bw 

CK-MB (IU/L) CK  (U/L) 

Control (Saline)  83.49 ± 2.16
c 

114.85 ± 2.07
d 

Doxorubicin 4.67  258.64 ± 3.11
a
 400.64 ± 5.12

a
 

DOX + Sily 50  94.39 ± 1.54
c
 165.48 ± 3.17

c
 

DOX + PAME 200  112.21 ± 4.32
b
 189.62 ± 2.73

b
 

DOX + PAME 400  97.27 ± 2.22
c
 173.56 ± 2.42

c
 

PAME 400  87.52 ± 2.61
c
 128.41 ± 3.81

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.166: Effect of P. aphylla on antioxidant enzyme activities in doxorubicin 

induced cardiotoxicity in rats 

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control (Saline)  7.03 ± 0.36
d 

2.59 ± 0.11
d 

121.38 ± 2.16
c 

208.54 ± 3.56
d 

Doxorubicin 4.67  2.66 ± 0.24
a
 1.08 ± 0.26

a
 64.80 ± 1.42

a
 113.17 ± 2.38

a
 

DOX + Sily 50  4.63 ± 0.13
c 

2.33 ± 0.28
c 

120.56 ± 3.55
c 

205.01 ± 3.20
c 

DOX + PAME 200  3.36 ± 0.15
b
 1.96 ± 0.01

b
 86.18 ± 1.22

b 
166.14 ± 1.45

b
 

DOX + PAME 400  4.88 ± 0.21
c
 2.38 ± 0.02

c
 127.16 ± 4.12

c
 203.91 ± 2.74

c
 

PAME 400  7.54 ± 0.52
d 

3.26 ± 0.05
e 

136.42 ± 1.65
d 

210.54 ± 1.43
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Table 4.167: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced cardiotoxicity in rats. 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  25.24 ± 1.22
c 

3.24 ± 0.15
d 

7.12 ± 0.16
d 

Doxorubicin 4.67  11.68 ± 0.12
a
 5.88 ± 0.24

a
 39.06 ± 0.42

a
 

DOX + Sily 50  26.03 ± 1.48
d 

3.63 ± 0.62
c 

8.19 ± 0.16
d
 

DOX + PAME 200  18.89 ± 1.22
b 

4.61 ± 0.42
b
 18.73 ± 0.13

b
 

DOX + PAME 400  23.62 ± 1.37
c
 3.52 ± 0.32

c
 11.54 ± 0.05

c
 

PAME 400  28.31 ± 1.21
d 

3.22 ± 0.21
d 

8.94 ± 0.02
d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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 Fig. 4.92: Histopathological images of heart treated with methanol extract of P. 

aphylla by doxorubicin induced cardiac toxicity. (A) Control group, (B) Doxorubicin 

group, (C) Silymarin + P. aphylla extract, (D) DOX + P. aphylla extract: 200 mg/kg 

bw, (E) DOX + P. aphylla extract: 400 mg/kg bw, (F) P. aphylla extract: 400 mg/kg 

bw. (Scale bar, 100 µm). 
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Fig. 4.92: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) Heart control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg (4) doxorubicin 4.67 mg/kg bw + P. aphylla 200 mg/kg bw 

(5) doxorubicin 4.67 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 mg/kg 

bw. 
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4.19.5.3. Histopathological analysis of lungs 

The lungs of the control rats displayed normal histological architecture, with normal 

thin septa and distribution of collagen fibers (Fig. 4.94 A). Lung sections from 

doxorubicin administered rats exposed several histopathological damages for instance 

thickened alveoli septa containing inflammatory cells partially demolished the air 

spaces, thickened walls of pulmonary bronchiole, enhanced mitotic activity, the 

pulmonary tissue full of inflammatory cells primarily lymphocytes (Fig. 4.94 B). 

There were mild degenerative changes in the P. aphylla extract treated groups (200 

mg/kg and 400 mg/kg) (Fig. 4.94 D and E). Section of lungs from rats treated with P. 

aphylla alone also showed normal appearance of the cells, normal distribution of 

collagen fibers and septa of the pulmonary tissue (Fig. 4.94 F).  

4.19.5.4. Effect of P. aphylla on lungs DNA damages in rats 

DNA damage was induced by doxorubicin in the rat lung tissue as shown by DNA 

banding pattern (Fig. 4.95).  Co-treatment of silymarin and P. aphylla reduced the 

DNA fragmentation, depending on the dose (200 and 400 mg/kg) as indicated by 

DNA band pattern of these groups as compared to doxorubicin treated rats. 

Administration of P. aphylla alone did not show DNA damage comparative to 

control group.  

4.19.6. Effects of P. aphylla on doxorubicin-induced testicular toxicity  

4.19.6.1. Effects of P. aphylla on antioxidant enzymes  

A significant decline was observed in CAT, SOD, GPx and GR activities in testes of 

doxorubicin administered rats (P<0.05). Co-administration of P. aphylla extracts (200 

and 400 mg/kg) along with doxorubicin produced significant improvement in the 

enzyme activities. Silymarin (50 mg/kg) administration to rats appreciably erased the 

doxorubicin toxicity and brought the above enzyme activities towards the control 

group. Protective effects exerted by silymarin were comparable to the higher dose of 

P. aphylla (400 mg/kg bw). Treatment of rats with P. aphylla only did not induce any 

considerable variation in these enzymes activities as compared to control rats 

(P>0.05) (Table 4.170). 

4.19.6.2. Effects of P. aphylla on GSH, LPO and DNA damage 

Doxorubicin administration significantly decreased the activity of GSH comparatively 

to control rats (P<0.05). Co-administration of PAME considerably enhanced the 

activity of GSH dose dependently (400 and 200 mg/kg). Treatment of 50 mg/kg of  
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Table 4.168: Effect of P. aphylla on antioxidant enzyme activities in doxorubicin 

induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 2.36 ± 0.17
d 

7.52 ± 0.51
d 

107.42 ± 2.52
d 

231.74 ± 1.55
d 

Doxorubicin 4.67 1.15 ± 0.05
a 

3.91 ± 0.02
a 

58.01 ± 1.16
a
 145.21 ± 2.68

a
 

DOX + Sily 50 2.33 ± 0.51
c 

7.44 ± 0.85
d 

92.84 ± 1.84
c 

201.89 ± 1.74
c
 

DOX + PAME 200 1.58 ± 0.01
b 

6.25 ± 0.18
b 

82.17 ± 1.36
b 

173.58 ± 2.35
b 

DOX + PAME 400 2.25 ± 0.12
c 

7.28 ± 0.64
c 

96.34 ± 2.49
c 

219.23 ± 1.15
c
 

PAME 400 2.38 ± 0.54
d 

7.74 ± 0.36
d 

109.72 ± 4.37
d
 243.87 ± 1.76

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.169: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  0.56 ± 0.007
d 

21.88 ± 0.07
d 

9.65 ± 0.73
d 

Doxorubicin 4.67  0.28 ± 0.001
a
 42.51 ± 0.82

a
 23.79 ± 0.24

a
 

DOX + Sily 50  0.49 ± 0.010
c
 26.34 ± 0.64

c 
9.12 ± 1.67

d
 

DOX + PAME 200  0.36 ± 0.011
b
 25.14 ± 0.75

b 
19.53 ± 0.25

b
 

DOX + PAME 400  0.45 ± 0.012
c
 21.78 ± 0.15

c
 12.78 ± 0.54

c
 

PAME 400  0.59 ± 0.021
d
 18.05 ± 1.55

d
 8.65 ± 0.62

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Fig. 4.94. Histopathological images of lungs treated with methanol extract of P. 

aphylla by doxorubicin induced pulmonary toxicity. (A) Control group, (B) 

Doxorubicin group, (C) Silymarin + P. aphylla extract, (D) DOX + P. aphylla extract: 

200 mg/kg bw, (E) DOX + P. aphylla extract: 400 mg/kg bw, (F) P. aphylla extract: 

400 mg/kg bw. (Scale bar, 100 µm). 
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Fig. 4.95: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) lungs control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg bw (4) doxorubicin 4.67 mg/kg bw + P. aphylla 200 mg/kg 

bw (5) doxorubicin 4.67 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 

mg/kg bw. 
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silymarin maintained the level of GSH towards control by alleviating the toxicity of 

doxorubicin treatment. However, insignificant (p>0.05) variation was found by P. 

aphylla alone (400 mg/kg b.w). 

The doxorubicin treatment increases the TBARS level in testicular tissues of rats 

which was ameliorated by the P. aphylla extract co-administration. Likewise, the 

DNA fragmentation was augmented in the testes of doxorubicin treated rats in 

comparison to control rats. Co-administration of P. aphylla extract restored the 

doxorubicin induced DNA injuries significantly (P<0.05). Similarly, 50 mg/kg bw of 

silymarin treatment returned the TBARS and % DNA fragmentation levels towards 

control and its effect was similar to the higher dose of P. aphylla (400 mg/kg). 

However, no significant (P>0.05) alterations were detected in P. aphylla only group 

comparatively to control rats (Table 4.171). 

4.19.6.3. Histopathological analysis of testes  

The testes of control group rats showed normal architecture (Fig. 4.96 A). The testes 

morphology was drastically changed due to doxorubicin treatment. The seminiferous 

tubules were shrunk and showed severe germ cell aplasia. There was rupturing and 

thickening of basement membrane, vacuolization, edematous fluid accumulation, 

marked sub-capsular hemorrhages and fibrosis in peritubular and interstitial tissue. 

Leydig cells were appeared with pyknotic nuclei and degenerated. The sertoli cells 

lost their junction with germ cells and they appeared amorphous with smaller and 

irregular nuclei (Fig. 4.96 B). These changes were restored towards control by the 

treatment of silymarin along with doxorubicin (Fig. 4.96 C). The section of 200 

mg/kg of P. aphylla + DOX group showed moderate sub-capsular congestion and 

mild damage to tubular epithelium (Fig. 4.96 D). 400 mg/kg of P. aphylla + DOX 

group showed focal areas of congestion (Fig. 4.96 E). P. aphylla alone group did not 

show any lesions of pathological significance (Fig. 4.96 F). 

4.19.6.4. Effect of P. aphylla on testes DNA damage 

The effects of methanol extract of P. aphylla (200 and 400 mg/kg) against 

doxorubicin toxicity are shown in the Fig. 4.97.  There was no DNA damage 

observed in control group. The doxorubicin treated rats showed severe damage to 

DNA in testes of rats. The co-treatment of silymarin and P. aphylla methanolic 

extract lessened the DNA damage in comparison to doxorubicin treated rats. No 

DNA damage was observed in P. aphylla alone group (400 mg/kg).  
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Table 4.170: Effect of P. aphylla on antioxidant enzyme activities in doxorubicin 

induced testicular toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 7.56 ± 0.16
d 

4.96 ± 0.25
d 

141.16 ± 2.65
c 

135.93 ± 2.13
c 

Doxorubicin 4.67 3.63 ± 0.05
a
 2.39 ± 0.19

a
 71.83 ± 1.21

a
 60.71 ± 1.02

a
 

DOX + Sily 50 7.54 ± 0.32
c
 4.89 ± 0.15

c
 144.32 ± 2.17

c
 132.27 ± 2.65

c 

DOX + PAME 200 5.31 ± 0.85
b 

3.56 ± 0.74
b 

95.57 ± 1.46
b
 84.12 ± 1.54

b
 

DOX + PAME 400 6.82 ± 0.17
c
 4.68 ± 0.14

c
 144.89 ± 2.15

c
 126.17 ± 1.47

c
 

PAME 400 7.39 ± 0.52
d
 4.91 ± 0.11

d
 145.11 ± 3.21

c
 138.26 ± 2.78

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

 

Table 4.171: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced testicular toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 0.93 ± 0.02
c 

1.23 ± 0.05
c 

7.49 ± 1.61
d 

Doxorubicin 4.67 0.65 ± 0.01
a
 4.74 ± 0.51

a 
39.42 ± 2.35

a
 

DOX + Sily 50 0.97 ± 0.03
c
 1.37 ± 0.02

c 
8.31 ± 0.15

d
 

DOX + PAME 200 0.56 ± 0.01
b
 3.48 ± 0.08

b 
26.55 ± 1.22

b
 

DOX + PAME 400 0.92 ± 0.02
c
 1.84 ± 0.06

d 
16.89 ± 1.08

c
 

PAME 400 1.11 ± 0.05
d
 1.18 ± 0.09

d 
9.10 ± 0.21

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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 Fig. 4.96: Histopathological images of testes treated with methanol extract of P. 

aphylla by doxorubicin induced testicular toxicity. (A) Control group, (B) 

Doxorubicin group, (C) Silymarin + P. aphylla extract, (D) DOX + P. aphylla extract: 

200 mg/kg bw, (E) DOX + P. aphylla extract: 400 mg/kg bw, (F) P. aphylla extract: 

400 mg/kg bw. (Scale bar, 100 µm). 

 

   



Chapter 4                                                                                                                                Results 

 

336 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

 

Fig. 4.97: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) Testes control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg (4) doxorubicin 4.67 mg/kg bw + P. aphylla 200 mg/kg bw 

(5) doxorubicin 4.67 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 mg/kg 

bw. 
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4.19.7. Effects of P. aphylla on doxorubicin-induced neurotoxicity 

4.19.7.1. Effects of P. aphylla on antioxidant enzymes  

The toxic effect of doxorubicin on brain antioxidant enzymes are shown in Table 

4.172. Treatment of doxorubicin significantly reduced the CAT, SOD, GPx and GR as 

against the control group (P<0.05). P. aphylla showed significant protection against 

these oxidative damages and markedly protected these contents towards the control 

group, caused significant increase in SOD, CAT, GPx and GR contents of brain dose 

dependently (400 and 200 mg/kg). Treatment of 50 mg/kg of silymarin alleviated the 

doxorubicin adverse effects and restored the activities of enzymes towards control. 

However, insignificant (P>0.05) changes were found in P. aphylla alone (400 mg/kg 

bw). 

4.19.7.2. Effects of P. aphylla on GSH, LPO and DNA damage 

The effects of doxorubicin administration on GSH, lipid peroxidation and % DNA 

fragmentation are summarized in Table 4.173. Doxorubicin administration 

significantly (P<0.05) enhanced the TBARS contents in brain comparatively to 

control. TBARS contents were significantly reduced by PAME, dose dependently 

(400 and 200 mg/kg). 

Administration of 4.67 mg/kg b.w of doxorubicin significantly elevated the 

percentage DNA fragmentation and reduced the GSH activitiy of rats in comparison 

to control rats (P<0.05). However, co-treatment of P. aphylla improved the 

doxorubicin toxic effects and considerably restored (P<0.05) them. The doxorubicin 

toxic effects were significantly attenuated by the treatment of silymarin (50 mg/kg) 

and these parameters were brought towards control. The above parameters were not 

changed significantly due to the treatment of P. aphylla alone (400 mg/kg bw) to rats 

(P>0.05).  

4.19.7.3. Histopathological analysis of brain  

Normal histologic parameters were observed in the brain of the control group (Fig. 

4.98 A). The brain tissue of doxorubicin treated rats showed alterations in the form of 

haemorrhages and an extensive vascular congestion from the various vasculatures. 

Moreover, neuronal degenerations (with vacuolation), perivascular cuffing with 

lymphocytes, necrosis and diffuse areas of gliosis (Fig. 4.98 B) were also detected. 

Regarding groups of silymarin and P. aphylla extract along with doxorubicin treated 

rats, milder lesions were observed such as focal and diffuse gliosis, vascular 
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congestion and minimal erythrocytic extravasations (Fig. 4.98 C, D and E). P. aphylla 

extract alone group did not show any lesions of pathological significance (Fig. 4.98 

F). 

4.19.7.4. Effect of P. aphylla on DNA damages in brain of rats 

Fig. 4.99 shows the DNA damage induced by doxorubicin in brain and the recovery 

potential of the different doses of P. aphylla in rat. 4.67 mg/kg b.w of doxorubicin 

induced DNA damages in the brain tissue, as indicated by DNA banding pattern. 

Co-treatment of silymarin (50 mg/kg) and P. aphylla extract reduced the DNA 

damage depending on amount of dose (200 and 400 mg/kg) as indicated by DNA 

bands of these groups compared to doxorubicin group. However, no DNA damage 

was observed in brain tissue of P. aphylla alone (400 mg/kg bw) treated group. 
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Table 4.172: Effect of P. aphylla on antioxidant enzyme activities in doxorubicin 

induced brain toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline)  10.28 ± 1.12
d 

7.12 ± 0.87
d 

86.71 ± 2.53
d 

83.20 ± 1.51
d 

Doxorubicin 4.67  2.45 ± 0.84
a
 10.42 ± 1.15

a
 28.29 ± 1.16

a
 37.91 ± 2.67

a
 

DOX + Sily 50  6.28 ± 0.12
c
 7.19 ± 0.42

d
 67.78 ± 1.51

c
 76.54 ± 2.12

c
 

DOX + PAME 200  4.50 ± 0.51
b 

9.05 ± 0.10
b
 39.55 ± 1.23

b
 54.61 ± 1.52

b 

DOX + PAME 400  5.89 ± 0.94
c
 8.64 ± 0.69

c
 56.28 ± 1.45

c
 69.56 ± 1.14

c
 

PAME 400  10.85 ± 1.18
d
 7.58 ± 0.45

d
 89.45 ± 2.12

d
 84.47 ± 1.89

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 

 

Table 4.173: Effect of P. aphylla on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced brain toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline)  73.54 ± 2.28
d 

96.41 ± 1.12
d 

9.14 ± 1.22
c 

Doxorubicin 4.67  43.89 ± 1.12
a
 165.37 ± 2.44

a
 28.15 ± 1.25

a
 

DOX + Sily 50  67.20 ± 1.19
c
 99.73 ± 1.02

c
 9.12 ± 0.26

c
 

DOX + PAME 200  42.09 ± 1.15
b
 134.98 ± 1.76

b 
25.94 ± 2.08

a
 

DOX + PAME 400  64.17 ± 2.09
c
 101.52 ± 2.61

c
 17.42 ± 1.33

b
 

PAME 400  75.33 ± 1.18
d
 87.37 ± 3.28

d
 10.61 ± 1.05

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, PAME; P. aphylla methanol extract. 
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Fig. 4.98: Histopathological images of brain treated with methanol extract of P. 

aphylla by doxorubicin induced neurotoxicity. (A) Control group, (B) Doxorubicin 

group, (C) Silymarin + P. aphylla extract, (D) DOX + P. aphylla extract: 200 mg/kg 

bw, (E) DOX + P. aphylla extract: 400 mg/kg bw, (F) P. aphylla extract: 400 mg/kg 

bw. (Scale bar, 100 µm). 
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Fig. 4.99: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of P. aphylla in different groups. Lane from left (M) DNA 

marker (1) brain control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + silymarin 50 mg/kg bw (4) doxorubicin 4.67 mg/kg bw + P. aphylla 200 mg/kg 

bw (5) doxorubicin 4.67 mg/kg bw + P. aphylla 400 mg/kg bw (6) P. aphylla 400 

mg/kg bw. 
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4.20. Effect of F. olivieri on doxorubicin induced toxicity 

4.20.1. Effects of F. olivieri on doxorubicin-induced general toxicity 

4.20.1.1. Effects of F. olivieri on body weight 

The effects of F. olivieri on body weights of rats are given in Table 4.174. A 

significant decline in the percent increase of body weights in doxorubicin treated rats 

was observed than that in the control group. These variations in body weights were 

considerably prevented (P<0.05) by F. olivieri dose dependently (400 mg/kg and 200 

mg/kg).  F. olivieri alone caused non significant variations (P>0.05) compared to 

control rats, while co-treatment of silymarin (50 mg/kg) showed significant recovery 

compared to control rats.  

4.20.1.2. Effects of F. olivieri on different organ weights  

The doxorubicin treatment to rats caused reduction in absolute and relative weights of 

liver, kidney, heart, lungs, testes and brain (P<0.05) in comparison to the control rats. 

Co-treatment of F. olivieri at both (400 and 200 mg/kg) reduced the doxorubicin 

intoxication and maintained the changes in organ weights dose dependently near to 

control rats. Similarly, co-treatment of 50 mg/kg of silymarin attenuated the 

doxorubicin toxicity and brought the organ weights towards control. However, no 

significant variations were reported by treatment of F. olivieri alone (P>0.05) (Table 

4.175-77). 

4.20.1.3. Effects of F. olivieri on haematological parameters 

The effects of doxorubicin administration and the modulatory activities of F. olivieri 

on the haematological parameters of the rats are shown in Tables 4.178 and 4.179. 

There was a reduction in the PCV, Hb concentration, MCHC and MCH values while 

MCV was higher (P<0.05) in the groups that were administered with doxorubicin 

without co-treatment with FOME (400 and 200 mg/kg). However, co-administration 

of silymarin and FOME restored the altered parameters comparatively to control. 

WBCs count and percentage lymphocytes were reduced in doxorubicin administered 

rats comparatively to the control rats. The TLC, PLT, neutrophils and granulocytes 

levels were enhanced in doxorubicin treated rats. These changes were brought back 

towards control in silymarin (50 mg/kg) and FOME treated rats. Level of all these 

haematological parameters was not altered by the treatment of FOME alone to rats in 

comparison to control rats (P>0.05). 
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4.20.1.4. Effect of F. olivieri on serum Lipid profile  

Animals treated with doxorubicin produced significant elevation in the cholesterol, 

triglycerides, HDL and LDL levels comparatively to control group (P<0.05). F. 

olivieri methanolic extract (200 and 400 mg/kg) effectively brought back to the 

altered values of cholesterol, triglycerides, HDL and LDL to near control (P<0.05). 

Similar effects were obtained by the administration of silymarin (50 mg/kg) and 

considerably erased the doxorubicin intoxication in rats in this study while no 

significant variation (P>0.05) was found in FOME alone group (Table 4.180). 

4.20.2. Effects of F. olivieri on doxorubicin-induced hepatotoxicity 

4.20.2.1. Effects of FOME on liver marker enzymes 

The administration of doxorubicin increased the activities of AST, ALP, and ALT 

comparatively to saline treated rats (P<0.05). Co-treatment of silymarin (50 mg/kg) 

and F. olivieri methanol extract (200 and 400 mg/kg) normalized these enzymes 

activities in doxorubicin treated group (Table 4.181). 

Doxorubicin treatment significantly increased the total bilirubin and LDH levels while 

decreased the total protein levels in the serum. F. olivieri extract significantly 

recovered these values toward control (P<0.05). Treatment of silymarin (50 mg/kg 

bw) to doxorubicin intoxicated rats significantly restored these parameters towards 

control. However, F. olivieri administration alone showed non significant (P>0.05) 

changes (Table 4.182). 

4.20.2.2. Effects of F. olivieri on antioxidant enzymes 

The liver antioxidant enzymes activities (CAT, SOD, GPx and GR) were depleted 

appreciably in the doxorubicin administered rats compared to the control rats 

(P<0.05). These enzyme activities were restored by the co-administration of F. 

olivieri methanolic extract along with doxorubicin dose dependently (400 and 200 

mg/kg). Administration of silymarin (50 mg/kg) significantly enhanced the 

antioxidant enzymes activities towards control. Non significant variation was 

observed by the treatment of F. olivieri alone comparatively to control (P>0.05) 

(Table 4.183). 

4.20.2.3. Effects of F. olivieri on GSH, LPO and DNA damage 

Administration of doxorubicin significantly decreased GSH level in the hepatic tissue 

of rats comparatively to control rats (P<0.05). F. olivieri methanolic extract treatment  
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Table 4.174: Effect of methanol extract of F. olivieri on percent increase in body 

weight in doxorubicin treated rats  

Treatment 

mg/kg bw 

Body weight (g) 

Initial body 

weight (g) 

Final body weight 

(g) 

Percent increase 

in body weight 

Control (Saline)  174.66 ± 2.11 250.18 ± 3.43 43.23 ± 1.29
e 

Doxorubicin 4.67  185.55 ± 3.65 220.98 ± 2.32 19.09 ± 1.54
a 

DOX + Sily 50  177.10 ± 1.84 245.60 ± 2.78 38.67 ± 2.37
d 

DOX + FOME 200  189.76 ± 2.24 243.47 ± 2.75 28.30 ± 1.86
b 

DOX + FOME 400  186.97 ± 1.97 248.36 ± 1.84 32.83 ± 1.25
c 

FOME 400  175.12 ± 1.02 253.14 ± 2.23 44.52 ± 2.74
e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract  

 

Table 4.175: Effect of methanolic extract of F. olivieri on absolute and relative 

weights of liver and kidneys in doxorubicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Liver weight 

(g) 

Relative liver 

weight (% to 

body weight) 

Absolute 

Kidney weight 

(g) 

Relative 

kidney weight 

(% to body 

weight) 

Control (Saline) 10.68±1.48
d 

0.010±0.0001
d 

1.79 ± 0.31
c 

0.017 ± 0.0002
c 

Doxorubicin 4.67 6.90±0.75
a
 0.069±0.0001

a
 0.67 ± 0.11

a
 0.006 ± 0.0003

a
 

DOX + Sily 50 9.56±1.52
c
 0.095±0.0004

c
 1.73 ± 0.47

c
 0.017 ± 0.0001

c 

DOX + FOME 200 8.15±0.62
b
 0.081±0.0007

b
 0.85 ± 0.07

b
 0.008 ± 0.0003

b
 

DOX + FOME 400 9.53±1.58
c
 0.095±0.0002

c
 1.75 ± 0.22

c
 0.017 ± 0.0005

c
 

FOME 400 10.71±1.31
d
 0.010±0.0001

d
 1.84 ± 0.42

d
 0.018 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  
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Table 4.176: Effect of methanol extract of F. olivieri on absolute and relative weights 

of heart and lungs in doxorubicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Heart weight 

(g) 

Relative Heart 

weight (% to 

body weight) 

Absolute 

Lungs weight 

(g) 

Relative lungs 

weight (% to 

body weight) 

Control (Saline) 1.15 ± 0.02
d 

0.011±0.0002
c 

1.73 ± 0.03
c 

0.017 ± 0.0004
c 

Doxorubicin 4.67 0.83 ± 0.03
a
 0.008±0.0003

a
 0.74 ± 0.01

a
 0.007 ± 0.0001

a
 

DOX + Sily 50 1.12 ± 0.01
c 

0.011±0.0001
c 

1.71 ± 0.02
c
 0.017 ± 0.0002

c
 

DOX + FOME 200 0.91 ± 0.08
b
 0.009±.0001

b
 1.14 ± 0.06

b
 0.011 ± 0.0002

b
 

DOX + FOME 400 1.10 ± 0.05
c
 0.011±0.0002

c
 1.69 ± 0.01

c
 0.016 ± 0.0005

c
 

FOME 400 1.18 ± 0.01
d
 0.011±0.0001

c
 1.75 ± 0.07

c
 0.017 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  

 

Table 4.177: Effect of methanolic extract of F. olivieri on absolute and relative 

weights of testes and brain in doxorubicin treated rats 

Treatment 

mg/kg bw 

Absolute 

Testes 

weight 

(g) 

Relative 

Testes weight 

(% to body 

weight) 

Absolute 

Brain weight 

(g) 

Relative Brain 

weight (% to 

body weight) 

Control (Saline) 7.45 ± 0.15
c 

0.074±0.0001
c 

1.21 ± 0.05
c 

0.012 ± 0.0002
c 

Doxorubicin 4.67 4.74 ± 0.02
a
 0.047±0.0002

a
 0.75 ± 0.01

a
 0.007 ± 0.0001

a
 

DOX + Sily 50 7.42 ± 0.18
c
 0.074±0.0001

c
 1.22 ± 0.08

c 
0.012 ± 0.0001

c 

DOX + FOME 200 6.18 ± 0.43
b
 0.061±0.0002

b
 0.98 ± 0.02

b
 0.009 ± 0.0001

b
 

DOX + FOME 400 7.37 ± 0.22
c
 0.073±0.0001

c
 1.26 ± 0.07

c
 0.012 ± 0.0002

c
 

FOME 400 7.51 ± 0.16
d
 0.075±0.0003

c
 1.37 ± 0.05

d
 0.013 ± 0.0001

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  
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Table 4.178: Effect of methanol extract of F. olivieri on full blood counts in 

doxorubicin induced toxicity in rats 

Treatment 

mg/kg bw 

PCV (%) Hb (g/L) MCV (fl) MCHC 

(g/dL) 

MCH (pg) 

Control (Saline) 38.25 ± 1.16
c 

14.28 ± 0.51
d 

59.82 ± 1.34
d 

35.19 ± 1.41
d 

17.26±1.74
c 

Doxorubicin 4.67 31.88 ± 2.54
a
 8.56 ± 0.87

a 
62.27 ± 2.89

a 
29.53 ± 0.28

a 
15.83±1.52

a 

Silymarin 50 38.82 ±1.75
c 

13.54 ± 0.10
c 

59.76 ± 1.12
d 

34.74 ± 1.76
c 

17.17±1.80
c 

DOX + FOME 200 35.11 ± 1.62
b
 10.42 ± 0.34

b
 61.84 ± 2.67

b 
31.57 ± 1.89

b 
16.72±0.95

b 

DOX + FOME 400 38.37 ± 2.65
c
 13.89 ± 0.78

c
 60.42 ± 2.43

c 
34.75 ± 1.24

c 
17.38±1.64

c 

FOME 400 40.21 ± 1.67
d 

14.65 ± 0.32
d 

58.19 ± 1.78
e 

35.81 ± 0.95
d 

18.27±1.36
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  

 

Table 4.179: Haematological findings of rats treated with methanolic extract of F. 

olivieri on doxorubicin intoxicated rats 

Treatment 

mg/kg bw 

WBC 

(10
3
/μL) 

TLC (x 

10
3
/μL) 

PLT (x 

10
3
/μL) 

Lymph 

(%) 

Neut (%) Gran (%) 

Control (Saline) 9.72 ± 0.6
d 

5.78 ± 0.2
d 

732.5 ± 11.3
c 

37.4 ± 1.5
c 

51.5 ± 2.3
d 

10.2±0.3
d 

Doxorubicin 4.67 5.83 ± 0.2
a 

8.12 ± 0.7
a 

883.5 ± 13.6
a 

58.3 ± 2.7
a 

27.6 ± 1.6
a 

14.9±1.5
a 

DOX + Sily 50 9.16 ± 0.8
d 

5.87 ± 0.2
d 

735.6 ± 13.2
c 

33.5 ± 1.2
c 

48.7 ± 0.6
c 

11.9±0.7
c 

DOX + FOME 200 7.92 ± 0.5
b 

7.83 ± 0.8
b
 840.4 ± 52.7

b 
48.3 ± 1.7

b 
37.2 ± 1.8

b 
13.6±1.7

b 

DOX + FOME 400 8.36 ± 0.4
c 

6.91 ± 0.9
c 

756.2 ± 22.5
c 

35.2 ± 1.9
c 

45.6 ± 0.7
c 

11.3±0.5
c 

FOME 400 9.93 ± 0.6
d
 5.43 ± 0.4

d 
720.6 ± 6.7

c 
30.3 ± 1.1

d 
54.6 ± 1.4

d 
9.5±0.2

e 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOM; F. olivieri methanol extract.  
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Table 4.180: Effect of methanol extract of F. olivieri on lipid profile in doxorubicin 

induced toxicity in rats  

Treatment 

mg/kg bw 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL (mg/dl) LDL (mg/dl) 

Control (Saline) 39.30±1.98
d 

127.22 ± 2.31
c 

39.50 ± 0.15
d 

35.89 ± 2.12
c 

Doxorubicin 4.67 91.34±3.21
a
 243.46 ± 0.64

a
 81.82 ± 2.32

a 
60.18 ± 1.19

a
 

DOX + Sily 50 74.32±2.75
 c
 134.44 ± 1.47

c 
43.34 ± 2.01

c 
40.54 ± 0.16

c 

DOX + FOME 200 84.38±1.43
b
 188.10 ± 0.82

b
 63.34 ± 0.54

b 
46.99 ± 0.63

b
 

DOX + FOME 400 66.04±1.32
c
 137.10 ± 0.42

c
 45.06 ± 2.35

c 
38.10 ± 0.13

c
 

FOME 400 35.13±1.21
d
 129.42 ± 0.51

c 
38.17 ± 1.74

d 
31.23 ± 0.25

c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  
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improved the toxic effects of doxorubicin in rats and brought the level of GSH to 

control rats. Similarly, TBARS level was enhanced significantly in the doxorubicin 

administered rats in comparison to the saline treated rats. The combined treatment of 

doxorubicin with F. olivieri significantly restored the TBARS level towards control 

values (P<0.05).  

Percentage DNA fragmentation was enhanced significantly in liver tissue of 

doxorubicin treated rats in contrast to control rats (P<0.05). Co-treatment of FOME 

(200 and 400 mg/kg) considerably protected the DNA damage caused by doxorubicin 

(P<0.05). Treatment of silymarin (50 mg/kg) showed protective effects similar to the 

higher doses of F. olivieri (400 mg/kg) and recovered the GSH, TBARS and DNA 

fragmentation levels near to control. However, F. olivieri only group showed non 

significant (P>0.05) variations (Table 4.184). 

4.20.2.4. Histopathological analysis of liver 

Normal hepatic architecture was seen in liver sections of control rats (Fig. 4.100 A). 

Light microscopic observation discovered that administration of doxorubicin induced 

a massive hepatotoxicity, which was indicated by marked central vein congestion, 

dilation of sinusoidal spaces, marked bile duct hyperplasia, and some sections showed 

marked degenerative changes compared to control group (Fig. 4.100 B). Treatment 

with silymarin and both lower and higher doses of F. olivieri on doxorubicin induced 

hepatotoxicity in rats markedly restored the hepatic configuration. Most nuclei 

exhibited normal shape with edema (Fig. 4.100 C, D and E), and inflammatory 

changes were found. F. olivieri alone did not reveal any significant lesions of 

pathological importance (Fig. 4.100 F). 

4.20.2.5. Effect of F. olivieri on liver DNA damage 

The DNA of liver tissues in doxorubicin treated rats showed extensive damage in 

comparison to control group. Co-treatment of silymarin (50 mg/kg) and F. olivieri 

extracts restored DNA damage dose dependently (200 and 400 mg/kg). F. olivieri 

alone (400 mg/kg) treatment did not cause DNA damage in liver tissues (Fig 4.101).   
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Table 4.181: Effect of F. olivieri on liver marker enzymes in doxorubicin induced 

toxicity in rats  

Treatment 

mg/kg bw 

AST (U/L) ALT (U/L) ALP (U/L) 

Control (Saline) 61.45 ± 0.52
c 

35.42 ± 1.27
c 

118.43 ± 0.86
d 

Doxorubicin 4.67 191.13 ± 3.56
a
 62.31 ± 2.69

a
 221.37 ± 4.34

a
 

DOX + Sily 50 63.42 ± 2.38
c 

30.67 ± 0.76
c 

132.76 ± 3.59
c 

DOX + FOME 200 108.19 ± 3.64
b
 55.84 ± 2.45

b
 210.44 ± 3.51

a
 

DOX + FOME 400 95.54 ± 2.44
b
 44.90 ± 1.19

b
 178.78 ± 2.33

b
 

FOME 400 58.83 ± 2.42
c 

31.75 ± 1.32
c 

112.68 ± 2.42
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  

 

 

Table 4.182: Effect of F. olivieri on serum billirubin, total protein and LDH in 

doxorubicin induced toxicity in rats  

Treatment 

mg/kg bw 

Total Bilirubin 

(mg/dl) 

Total protein 

(μg/mg tissue) 

LDH (U/L) 

Control (Saline) 0.42 ± 0.01
c 

6.57 ± 0.15
c 

43.18 ± 1.12
d 

Doxorubicin 4.67 1.98 ± 0.05
a
 3.88 ± 0.12

a
 148.21 ± 2.42

a
 

DOX + Sily 50 0.39 ± 0.07
c 

6.41 ± 0.52
c 

76.95 ± 1.61
c 

DOX + FOME 200 1.12 ± 0.04
b 

5.32 ± 0.28
b
 117.69 ± 3.34

b 

DOX + FOME 400 0.39 ± 0.02
c
 6.27 ± 0.54

c
 82.35 ± 1.86

c
 

FOME 400 0.43 ± 0.01
c 

7.45 ± 0.19
d 

43.55 ± 1.59
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  
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Table 4.183: Effect of F. olivieri on antioxidant enzyme activities in doxorubicin 

induced hepatotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD 

(U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

Control (Saline) 6.44 ± 0.12
d 

4.81 ± 0.65
e 

135.62 ± 2.65
d 

122.30 ± 1.32
d 

Doxorubicin 4.67 1.19 ± 0.54
a
 1.69 ± 0.31

a
 86.01 ± 1.43

a
 87.91 ± 2.05

a
 

DOX + Sily 50 6.17 ± 0.18
d
 4.54 ± 0.76

d
 126.90 ± 2.79

c
 119.30 ± 3.47

c 

DOX + FOME 200 3.21 ± 0.42
b
 2.99 ± 0.84

b 
112.02 ± 3.56

b
 98.27 ± 1.65

b
 

DOX + FOME 400 5.74 ± 0.32
c
 3.76 ± 0.56

c
 124.51 ± 2.54

c
 117.56 ± 1.05

c
 

FOME 400 6.45 ± 0.28
d
 4.94 ± 0.81

e 
137.41 ± 1.11

d
 126.11 ± 1.35

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.184: Effect of FOME on GSH, lipid peroxides and DNA fragmentation in 

hepatic samples of rat  

Treatment 

mg/kg bw 

GSH (μM/g 

tissue) 

LPO (nM/min 

/mg protein) 

DNA 

fragmentation % 

Control (Saline) 46.75 ± 1.55
c 

2.08 ± 0.15
d 

7.15 ± 0.06
d 

Doxorubicin 4.67 17.31 ± 0.82
a
 5.98 ± 0.81

a
 38.72 ± 1.45

a
 

DOX + Sily 50 48.34 ± 2.21
c 

2.05 ± 0.42
d
 8.29 ± 0.05

d
 

DOX + FOME 200 28.62 ± 1.62
b
 3.97 ± 0.25

b
 28.90 ± 1.13

b
 

DOX + FOME 400 44.39 ± 2.81
c 

2.57 ± 0.62
c
 23.13 ± 1.57

c
 

FOME 400 46.23 ± 2.12
c
 1.94 ± 0.85

d
 8.62 ± 0.41

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 
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Fig. 4.100: Histopathological images of liver treated with methanol extract of F. 

olivieri by doxorubicin induced hepatotoxicity. (A) Control group, (B) Doxorubicin 

group, (C) Silymarin + DOX, (D) DOX + F. olivieri extract: 200 mg/kg bw, (E) DOX 

+ F. olivieri extract: 400 mg/kg bw, (F) F. olivieri extract: 400 mg/kg bw. (Scale bar, 

100 µm). 
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Fig. 4.101: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) Liver control (2) doxorubicin 4.67 mg/kg bw + Silymarin 50 mg/kg bw (3) 

doxorubicin 4.67 mg/kg bw (4) doxorubicin 4.67 mg/kg bw + F. olivieri 200 mg/kg 

bw (5) doxorubicin 4.67 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 

mg/kg bw. 
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4.20.3. Effects of F. olivieri on doxorubicin-induced nephrotoxicity 

4.20.3.1. Effects of F. olivieri on urine profile of rats 

Table 4.185 shows the urine levels of pH, specific gravity, RBCs, WBCs and 

urobilinogen. Administration of doxorubicin significantly increased the specific 

gravity, RBCs, WBCs and level of urobilinogen in urine while it reduced the pH 

versus control rats (P<0.05). However, co-administration of F. olivieri (200 and 400 

mg/kg) ameliorated the doxorubicin intoxication results. Similarly treatment with 

silymarin (50 mg/kg) showed improvement in the above parameters in opposition to 

doxorubicin induced intoxication. Urine analysis of the rats treated with F. olivieri 

alone (400 mg/kg b.w) represented non significant changes against control rats 

(P>0.05). 

4.20.3.2. Effect of F. olivieri on urea, creatinine and albumin levels 

The serum levels of urea and creatinine were increased, whereas albumin decreased 

significantly in doxorubicin treated rats (P<0.05). However, supplementations with 

FOME (200 and 400 mg/kg) significantly prevented variations of urea, creatinine and 

albumin with obvious effects observed in the DOX + 400 mg/kg extract group. No 

significant alterations were found in serum creatinine, urea and albumin levels in the 

F. olivieri extract alone treated group in comparison to control rats (P>0.05). 

Treatment of 50 mg/kg of silymarin along with doxorubicin erased the toxicity of 

doxorubicin (Table 4.186). 

4.20.3.3. Effects of F. olivieri on antioxidant enzymes  

The renal antioxidant enzymes (CAT, SOD, GPx and GR) activities in doxorubicin 

alone and doxorubicin plus F. olivieri groups are depicted in Table 4.187. The 

activities of these enzymes were appreciably reduced in the doxorubicin administered 

rats comparatively to the control rats (P<0.05). Administration of F. olivieri 

methanolic extract (200 and 400 mg/kg) together with doxorubicin could significantly 

protect the doxorubicin-induced decline of these enzyme activities. Treatment of 

silymarin (50 mg/kg) significantly erased the doxorubicin intoxication and restored 

the above parameters near to control while no significant alterations (P>0.05) were 

detected by treatment of F. olivieri only (400 mg/kg b.w). 

4.20.3.4. Effects of F. olivieri on GSH, LPO and DNA damage 

Treatment of doxorubicin considerably decreased (P<0.05) the GSH contents in 

comparison to control rats. Treatment of F. olivieri along with doxorubicin 
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augmented the toxic effects of doxorubicin dose dependently (400 and 200 mg/kg), 

recovered the GSH contents towards the control rats. In contrast, the TBARS level 

was significantly enhanced in doxorubicin treated rats. Administration of F. olivieri 

could significantly protect the doxorubicin-induced elevation of TBARS level 

(P>0.05).  

Doxorubicin resulted in enhanced DNA fragmentation % in the renal tissues 

compared to control rats. F. olivieri extract administration (200 and 400 mg/kg) 

markedly prevented the DNA injury (P<0.05). Treatment of 50 mg/kg of silymarin 

together with doxorubicin erased the toxicity of doxorubicin and increased the 

contents of GSH while decreased the TBARS level and % DNA fragmentation in 

comparison to the doxorubicin group. Non significant variation was found by 

administration of F. olivieri only (P>0.05) comparatively to control rats (Table 

4.188). 

4.20.3.5. Histological studies of kidney tissue  

In the light microscopic examination, there were no abnormal changes found in the 

kidney of control and F. olivieri extract administered rats (Fig. 4.102 A and F). 

Whereas the microscopic analysis of rat kidneys showed glomerulopathy 

characterized by mild hyperplasia of mesangium, glomerular basement membrane 

thickening and moderate tubular atrophy and dilation was observed in doxorubicin 

alone (Fig. 4.102 B). Kidney of the silymarin group revealed mild swelling of tubular 

epithelial lining in comparison with the control (Fig. 4.102 C). In F. olivieri (200 

mg/kg) treated rats showed mild microscopically changes in hyperplasia of 

mesangium, glomerular basement membrane, no tubular atrophy and dilation in F. 

olivieri plus doxorubicin (Fig. 4.102 D). No anomalous microscopy was observed in 

the kidney of doxorubicin plus F. olivieri (400 mg/kg) groups in the light microscopic 

examination (Fig. 4.102 E).  

4.20.3.6. Effect of F. olivieri on renal DNA damage 

The kidney tissues in control group rats showed intact DNA. The doxorubicin 

administration caused severe damage to the renal DNA as shown in the Fig. 4.103. 

The co-administration of silymarin (50 mg/kg) and F. olivieri extracts (200 and 400 

mg/kg) reduced the DNA damage as compared to doxorubicin treated rats. F. olivieri 

alone treated group showed almost intact DNA (Fig. 4.103).   
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Table 4.185: Effect of F. olivieri on urine profile including pH specific gravity, RBC, 

WBC and urobilinogen in doxorubicin induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

pH Specific 

gravity 

RBC/µl WBC/µl Urobilinogen 

(mg/dl) 

Control (Saline) 7.12 ± 0.03d 1.06 ± 0.01d 0.01 ± 0.00d 17.85 ± 0.13d 4.15 ± 0.01c 

Doxorubicin 4.67 6.05 ± 0.16a 1.31 ± 0.03a 13.41 ± 0.15a 78.45 ± 2.67a 27.81 ± 1.15a 

DOX + Sily 50 7.08 ± 0.01c 1.10 ± 0.02c 0.78 ± 0.02c 19.63 ± 0.18d 5.69 ± 0.14c 

DOX + FOME 200 6.74 ± 0.17b 1.24 ± 0.11b 2.64 ± 0.01b 41.22 ± 1.77b 15.48 ± 1.92b 

DOX + FOME 400 7.06 ± 0.05c 1.12 ± 0.05c 1.03 ± 0.02c 24.15 ± 1.82c 8.53 ± 0.11c 

FOME 400 7.13 ± 0.11d 1.04 ± 0.01d 0.01 ± 0.00d 15.66 ± 0.90d 3.90 ± 0.05c 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 

 

Table 4.186: Effect of F. olivieri on serum urea, creatinine and albumin in 

doxorubicin induced toxicity in rats  

Treatment 

mg/kg bw 

UR (mg/dl) CR (mg/dl) Albumin (mg/dl) 

Control (Saline) 32.64 ± 1.55
c 

0.39 ± 0.01
d 

25.11 ± 0.21
d 

Doxorubicin 4.67 64.32 ± 1.21
a
 1.78 ± 0.03

a
 12.89 ± 0.33

a
 

DOX + Sily 50 31.23 ± 1.72
c 

0.44 ± 0.01
c 

22.46 ± 0.67
c 

DOX + FOME 200 48.70 ± 1.89
b
 1.47 ± 0.04

b
 16.50 ± 0.24

b
 

DOX + FOME 400 32.12 ± 1.77
c
 0.57 ± 0.03

c
 21.13 ± 0.53

c
 

FOME 400 28.27 ± 1.15
c 

0.29 ± 0.02
d 

26.62 ± 0.42
d 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  
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Table 4.187: Effect of F. olivieri on antioxidant enzyme activities in doxorubicin 

induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 4.96 ± 0.02
d 

3.42 ± 0.32
d 

137.10 ± 0.42
c 

153.21 ± 1.75
d 

Doxorubicin 4.67 2.16 ± 0.14
a
 1.31 ± 0.03

a
 73.61 ± 1.22

a
 64.77 ± 1.02

a
 

DOX + Sily 50 4.53 ± 0.29
c
 3.58 ± 0.75

c
 131.53 ± 0.66

c
 148.36 ± 1.61

d 

DOX + FOME 200 3.12 ± 0.38
b
 2.29 ± 0.12

b
 95.25 ± 2.75

b
 112.63 ± 1.44

b
 

DOX + FOME 400 4.28 ± 0.55
c
 3.38 ± 0.34

c
 132.72 ± 0.59

c
 139.51 ± 1.67

c
 

FOME 400 4.84 ± 0.02
d
 3.45 ± 0.41

d
 139.56 ± 1.47

c
 158.35 ± 1.48

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 

 

Table 4.188: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced nephrotoxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 36.64 ± 2.16
d 

1.17 ± 0.04
d 

12.84 ± 0.21
c 

Doxorubicin 4.67 14.97 ± 1.32
a
 3.81 ± 0.23

a
 49.45 ± 1.43

a
 

DOX + Sily 50 34.73 ± 1.69
c
 1.45 ± 0.03

c
 15.61 ± 0.64

c
 

DOX + FOME 200 28.42 ± 1.43
b
 2.87 ± 0.82

b
 23.63 ± 1.19

b
 

DOX + FOME 400 32.75 ± 1.24
c
 1.60 ± 0.01

c
 15.91 ± 0.52

c
 

FOME 400 38.29 ± 2.25
d
 1.82 ± 0.54

d
 13.29 ± 0.63

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 
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Fig. 4.102: Histopathological images of kidneys treated with methanol extract of F. 

olivieri by doxorubicin induced nephrotoxicity. (A) Control group, (B) Doxorubicin 

group, (C) Silymarin + DOX, (D) DOX + F. olivieri extract: 200 mg/kg bw, (E) DOX 

+ F. olivieri extract: 400 mg/kg bw, (F) F. olivieri extract: 400 mg/kg bw. (Scale bar, 

100 µm). 
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Fig. 4.103: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) Kidney control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg (4) doxorubicin 4.67 mg/kg bw + F. olivieri 200 mg/kg bw 

(5) doxorubicin 4.67 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 mg/kg 

bw. 
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4.20.4. Effects of F. olivieri on doxorubicin-induced cardiotoxicity 

4.20.4.1. Effect of F. olivieri on serum CK and CK-MB 

A considerable rise in serum concentrations of CK and CK-MB was observed in the 

doxorubicin administered rats comparatively to control rats. Co-treatment of FOME 

(200 and 400 mg/kg) decreased the levels of the cardiac marker enzymes towards 

control. Co-administration of silymarin (50 mg/kg) improved the doxorubicin induced 

alterations in the above enzyme levels. FOME alone did not cause significant 

variations in these enzymes in comparison to control rats (P>0.05) (Table 4.189).   

4.20.4.1. Effects of F. olivieri on antioxidant enzymes 

Cardiotoxicity by doxorubicin in rats resulted in the decreased activities of cardiac 

antioxidant enzymes i.e. SOD, CAT, GSH-Px and GR in comparison to the control 

rats (P<0.05). Co-treatment of silymarin (50 mg/kg) and FOME (200 and 400 mg/kg) 

prevented the doxorubicin induced cardiac injury by considerable rise in the activity 

level of cardiac antioxidant enzymes. The treatment of FOME alone (400 mg/kg) to 

rats did not induce alterations in the above enzymes (P>0.05) (Table 4.190). 

4.20.4.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Animals treated with doxorubicin showed a significant decrease in GSH activity and 

rise in the concentration of lipid and % fragmentation of DNA in the cardiac tissues 

compared to the control rats. Co-treatment of silymarin (50 mg/kg) along with 

doxorubicin enhanced the concentration of GSH but this rise in GSH was similar to 

the higher dose of FOME (400 mg/kg) (P<0.05). The lipid peroxidation and % DNA 

fragmentation was more efficiently improved with co-treatment of silymarin than at 

the higher dose of FOME (400 mg/kg).  However, FOME alone (400 mg/kg) did not 

produce any statistical difference in these indices of heart tissues (P>0.05) (Table 

4.191).  

4.20.4.3. Histopathological analysis of heart 

Normal myocardium architecture and regular cell distribution were observed in heart 

sections from control and F. olivieri alone treated groups (Fig. 4.104 A and F). 

Doxorubicin treated rats showed severe cytoplasmic vascular degeneration, fibrotic 

bands and interstitial edema in the heart sections (Fig. 4.104 B). Administration of the 

silymarin and F. olivieri methanol extract (200 and 400 mg/kg) in addition to 

doxorubicin showed mild improvement in the altered histopathological pattern as 

compared to the doxorubicin group (Fig. 4.104 C, D and E). 
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4.20.4.4. Effect of F. olivieri on heart DNA damage 

There was no damage in DNA of heart tissues in control group. The administration of 

doxorubicin caused DNA damage as observed by band patterns in DNA ladder assay.  

The co-treatment of silymarin and F. olivieri methanolic extracts (200 and 400 

mg/kg) improved the damage dose dependently. There was no DNA damage found in 

F. olivieri alone (Fig. 4.105).   

4.20.5. Effects of F. olivieri on doxorubicin-induced pulmonary toxicity  

4.20.5.1. Effects of F. olivieri on antioxidant enzymes  

There was a considerable decline in the antioxidant enzymes (CAT, SOD, GPx and 

GR) activities in the lung tissue of doxorubicin administered group (P<0.05) 

compared to the control rats. These changes were brought back to control 

significantly by the F. olivieri at 200 and 400 mg/kg. Treatment of silymarin (50 

mg/kg) protected the activities of above enzymes significantly and its effects were 

comparable to the higher dose of FOME (400 mg/kg) to doxorubicin treated rats. 

Treatment of F. olivieri alone (400 mg/kg) cause non significant variation (p>0.05) in 

comparison to control rats (Table 4.192). 

4.20.5.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Table 4.193 depicts the alterations in GSH, lipid peroxidation and % DNA 

fragmentation in lung tissues of rats. The contents of TBARS were significantly 

enhanced in the lungs due to doxorubicin treatment (P<0.05). The TBARS level was 

reduced significantly towards control by the co-treatment of F. olivieri (200 and 400 

mg/kg).  

The treatment of doxorubicin (4.67 mg/kg bw) to rats decreased GSH activity 

significantly (P<0.05), whereas, the % DNA fragmentation was increased compared 

to control rats. Co-treatment of F. olivieri methanolic extract attenuated the 

intoxication of doxorubicin and restored, dose dependently (400 and 200 mg/kg), the 

enzymes activity towards control. Silymarin co-administration (50 mg/kg bw) 

significantly decreased the TBARS contents and % DNA fragmentation while, 

improved the activity of GSH similar to the higher doses of F. olivieri (400 mg/kg). 

No considerable variations (p>0.05) were observed in F. olivieri alone (400 mg/kg) 

group compared to control (Table 4.193). 
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Table 4.189: Effect of FOME on cardiac marker enzymes in doxorubicin induced 

toxicity in rats  

Treatment 

mg/kg bw 

CK-MB (IU/L) CK  (U/L) 

Control (Saline) 78.54 ± 1.26
d 

108.42 ± 2.39
d 

Doxorubicin 4.67 236.12 ± 2.75
a
 423.89 ± 6.78

a
 

DOX + Sily 50 87.42 ± 0.55
c
 124.06 ± 3.16

c
 

DOX + FOME 200 123.75 ± 2.48
b
 189.66 ± 2.74

b
 

DOX + FOME 400 92.89 ± 2.33
c
 156.32 ± 2.85

c
 

FOME 400 74.21 ± 1.90
d
 102.75 ± 1.90

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  

 

Table 4.190: Effect of FOME on antioxidant enzyme activities in doxorubicin 

induced cardiotoxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 5.08 ± 0.12
c 

3.38 ± 0.21
d 

115.14 ± 2.15
d 

198.23 ± 2.81
d 

Doxorubicin 4.67 3.43 ± 0.05
a
 1.76 ± 0.08

a
 71.83 ± 1.96

a
 120.70 ± 1.54

a
 

DOX + Sily 50 5.29 ± 0.32
d
 3.75 ± 0.49

d
 112.32 ± 2.17

c
 190.27 ± 2.69

c 

DOX + FOME 200 4.19 ± 0.06
b
 2.56 ± 0.05

b
 93.97 ± 1.83

b
 149.12 ± 2.14

b
 

DOX + FOME 400 5.03 ± 0.75
c
 3.19 ± 0.84

c
 110.89 ± 1.25

c
 184.19 ± 1.47

c
 

FOME 400 5.15 ± 0.22
d
 3.68 ± 0.56

d
 118.15 ± 2.21

d
 201.24 ± 2.94

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  

 

 

 

 



Chapter 4                                                                                                                               Results 

362 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

Table 4.191: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced cardiotoxicity in rats 

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 22.75 ± 1.24
c 

2.86 ± 0.18
c 

8.90 ± 0.12
d 

Doxorubicin 4.67 10.34 ± 0.12
a
 5.54 ± 0.25

a
 37.47 ± 1.65

a
 

DOX + Sily 50 19.73 ± 0.14
c 

2.63 ± 0.12
c
 10.63 ± 1.14

c
 

DOX + FOME 200 15.05 ± 0.17
b
 3.79 ± 0.33

b
 28.05 ± 1.48

b
 

DOX + FOME 400 23.80 ± 1.13
c
 2.91 ± 0.16

c
 15.59 ± 1.32

c
 

FOME 400 25.28 ± 1.25
d 

2.88 ± 0.14
c
 9.58 ± 0.15

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract.  
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Fig. 4.104: Histopathological images of heart co-treated with methanol extract of F. 

olivieri by doxorubicin induced cardiac toxicity. (A) Control group, (B) Doxorubicin 

group, (C) Silymarin + F. olivieri extract, (D) DOX + F. olivieri extract: 200 mg/kg 

bw, (E) DOX + F. olivieri extract: 400 mg/kg bw, (F) F. olivieri extract: 400 mg/kg 

bw. (Scale bar, 100 µm). 
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Fig. 4.105: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) Heart control (2) doxorubicin 4.67 mg/kg bw + Silymarin 50 mg/kg bw (3) 

doxorubicin 4.67 mg/kg bw (4) F. olivieri 400 mg/kg bw (5) doxorubicin 4.67 mg/kg 

bw + F. olivieri 200 mg/kg bw (6) doxorubicin 4.67 mg/kg bw + F. olivieri 400 

mg/kg bw. 
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4.20.5.3. Histological studies of lungs tissue 

The histological examination of the lung tissues revealed that control and F. olivieri 

alone treated groups showed normal alveolar, bronchial walls and normal lung 

architecture (Fig. 4.106 A and F). However, lung tissues in DOX group exhibited a 

marked thickening of alveolar walls, pulmonary inflammation, subpleural edema and 

leukocytes infiltration with damage to lung architecture. Additionally, excessive 

collagen deposition was observed within lung structure (Fig. 4.106 B). The rats co-

treated with the silymarin showed mild-moderate inflammation and leukocytes 

infiltration (Fig. 4.106 C). Administration of F. olivieri (200 and 400 mg/kg) 

suppressed DOX-induced pulmonary inflammation and improved the 

histopathological picture of the lungs compared to DOX group (Fig. 4.106 D and E).  

4.20.5.4. Effect of F. olivieri on lung DNA damages in rats 

DNA injuries in the pulmonary tissue of all the treated groups are given in Fig. 4.107. 

DNA damage was not recorded as revealed by the DNA ladder assay in control rats. 

Extensive DNA damage was found in doxorubicin group as depicted by the formation 

of continuous banding pattern. Co-administration of silymarin (50 mg/kg) and F. 

olivieri methanolic extract decreased the DNA damages, dose dependently (400 and 

200 mg/kg), as indicated by DNA band pattern of different groups comparatively to 

doxorubicin administered rats. Administration of F. olivieri alone (400 mg/kg) 

showed no DNA damage.  

4.20.6. Effects of F. olivieri on doxorubicin-induced testicular toxicity 

4.20.6.1. Effects of F. olivieri on antioxidant enzymes  

Treatment of doxorubicin significantly decreased CAT, SOD, GPx and GR activities 

(P<0.05). Co-administration of rats with F. olivieri methanol extract (200 and 400 

mg/kg) significantly improved these values towards control. Dose of 50 mg/kg of 

silymarin significantly erased doxorubicin intoxication and maintained the levels of 

above enzymes towards control while, no significant variations (p>0.05) were 

detected in FOME alone (400 mg/kg b.w) group comparatively to the control rats 

(Table 4.194). 

4.20.6.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Treatment of doxorubicin (4.67 mg/kg) considerably depleted (p<0.05) GSH 

comparatively to control rats. Co-treatment of F. olivieri methanolic extract in 

doxorubicin treated rats significantly increased the GSH contents, dose dependently  
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Table 4.192: Effect of F. olivieri on antioxidant enzyme activities in doxorubicin 

induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 3.19 ± 0.22
d 

7.67 ± 0.16
d 

128.56 ± 1.16
d 

242.67 ± 2.95
d 

Doxorubicin 4.67 1.32 ± 0.04
a
 4.38 ± 0.08

a
 72.37 ± 2.49

a
 150.71 ± 1.62

a
 

DOX + Sily 50 3.11 ± 0.75
c
 7.84 ± 0.27

d
 110.20 ± 0.57

c
 211.36 ± 1.12

c
 

DOX + FOME 200 2.98 ± 0.53
b
 6.96 ± 0.51

b
 97.16 ± 1.28

b
 182.17 ± 2.28

b 

DOX + FOME 400 3.05 ± 0.17
c
 7.30 ± 0.11

c
 113.41 ± 0.63

c
 233.25 ± 3.13

c
 

FOME 400 3.35 ± 0.16
d
 7.81 ± 0.63

d
 131.52 ± 2.21

d
 246.89 ± 2.74

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 

 

Table 4.193: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced pulmonary toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 1.27 ± 0.012
d 

3.56 ± 0.08
d 

13.63 ± 1.12
d 

Doxorubicin 4.67 0.54 ± 0.008
a
 5.81 ± 0.63

a
 52.90 ± 2.23

a
 

DOX + Sily 50 0.96 ± 0.007
c 

4.13 ± 0.54
c
 23.18 ± 1.64

c
 

DOX + FOME 200 0.71 ± 0.006
b 

5.11 ± 0.05
d
 39.52 ± 1.25

b 

DOX + FOME 400 1.13 ± 0.061
c
 4.31 ± 0.5

c
 28.41 ± 1.58

c
 

FOM E 400 1.35 ± 0.019
d
 3.27 ± 0.61

d
 12.19 ± 1.73

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 
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Fig. 4.106: Histopathological images of lungs treated with methanol extract of F. 

olivieri by doxorubicin induced pulmonary toxicity. (A) Control group, (B) 

Doxorubicin group, (C) Silymarin + F. olivieri extract, (D) DOX + F. olivieri extract: 

200 mg/kg bw, (E) DOX + F. olivieri extract: 400 mg/kg bw, (F) F. olivieri extract: 

400 mg/kg bw. (Scale bar, 100 µm). 
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Fig. 4.107: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) lungs control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg bw (4) doxorubicin 4.67 mg/kg bw + F. olivieri 200 mg/kg 

bw (5) doxorubicin 4.67 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 

mg/kg bw. 
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(400 and 200 mg/kg), comparatively to control rats. Doxorubicin administration 

increases the levels of TBARS in the testes of rats comparatively to control rats. Co-

treatment of FOME reduced these elevated values significantly towards control 

(P<0.05). Similarly, % DNA fragmentation was increased significantly in the testes of 

doxorubicin administered group comparatively to control rats (P<0.05). DNA damage 

was significantly prevented by F. olivieri extract administration (200 and 400 mg/kg).   

Treatment of silymarin (50 mg/kg) extensively erased the doxorubicin toxicity and the 

level of GSH returned towards the control level, however insignificant (p>0.05) 

change was established by treatment of F. olivieri alone (400 mg/kg b.w) (Table 

4.195). 

4.20.6.3. Histological studies of testes tissue 

The testicular tissues of control rats showed well preserved sertoli cells, normal 

spermatogenesis and well delineated tubular basement membrane (Fig. 4.108 A). 

Doxorubicin treatment results in fibroid debris and vacuolization in the seminiferous 

tubules. Moreover, seminiferous tubules were shrunk along with the loss of germ 

cells. In the interstitial tissues, severe vacuolization and interstitial space widening 

were observed (Fig. 4.108 B). These changes were restored towards normal by the co- 

administration of silymarin and F. olivieri extract (200 and 400 mg/kg) together with 

doxorubicin (Fig. 4.108 D and E). There were no noticeable changes observed in 

testicular histology of rats given F. olivieri alone relative to control (Fig. 4.108 F). 

4.20.6.4. Effect of F. olivieri on DNA damage 

The DNA of testes showed extensive damage in the doxorubicin treated rats 

compared to the control rats. Co-treatment of silymarin (50 mg/kg) and F. olivieri 

extracts (200 and 400 mg/kg) prevented the DNA damage as shown by DNA band 

pattern in comparison to doxorubicin treated rats. Treatment of F. olivieri only (400 

mg/kg) to rats showed no DNA damage in testes comparatively to control group (Fig 

4.109).    

4.20.7. Effects of F. olivieri on doxorubicin-induced neurotoxicity  

4.20.7.1. Effects of F. olivieri on antioxidant enzymes  

Table 4.196 shows the effects of 4.67 mg/kg b.w intraperitoneal administration of 

doxorubicin on brain antioxidant enzymes activities (CAT, SOD, GPx and GR). The 

antioxidant enzymes were decreased appreciably due to doxorubicin treatment  
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Table 4.194: Effect of F. olivieri on antioxidant enzyme activities in doxorubicin 

induced testicular toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 7.39 ± 0.32
d 

4.83 ± 0.51
d 

129.14 ± 1.35
c 

144.23 ± 2.71
d 

Doxorubicin 4.67 3.85 ± 0.11
a
 2.34 ± 0.18

a
 71.83 ± 1.81

a
 75.70 ± 1.42

a
 

DOX + Sily 50 7.51 ± 0.41
d
 4.71 ± 0.11

c
 124.32 ± 1.47

c
 143.13 ± 2.35

c 

DOX + FOME 200 5.90 ± 0.58
b 

3.43 ± 0.27
b 

93.97 ± 1.13
b
 96.40 ± 1.14

b
 

DOX + FOME 400 6.82 ± 0.26
c
 4.72 ± 0.13

c
 126.89 ± 2.75

c
 132.78 ± 1.87

c
 

FOME 400 7.45 ± 0.18
d
 4.86 ± 0.17

d
 132.11 ± 2.21

c
 147.53 ± 2.60

c
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.195: Effect of F. olivieri on GSH, lipid peroxides and antioxidant enzyme 

activities in doxorubicin induced testicular toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 0.95 ± 0.02
c 

1.27 ± 0.03
d 

6.29 ± 0.15
d 

Doxorubicin 4.67 0.62 ± 0.01
a
 3.76 ± 0.21

a
 36.37 ± 2.41

a
 

DOX + Sily 50 0.96 ± 0.02
c
 1.29 ± 0.08

d
 7.84 ± 0.25

d
 

DOX + FOME 200 0.75 ± 0.01
b 

2.65 ± 0.23
b
 27.18 ± 1.15

b
 

DOX + FOME 400 0.98 ± 0.02
c
 1.46 ± 0.04

c
 19.49 ± 1.23

c
 

FOME 400 1.06 ± 0.05
d
 1.25 ± 0.16

d
 8.31 ± 0.07

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 
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Fig. 4.108: Histopathological images of testes treated with methanol extract of F. 

olivieri by doxorubicin induced testicular toxicity. (A) Control group, (B) 

Doxorubicin group, (C) Silymarin + DOX, (D) DOX + F. olivieri extract: 200 mg/kg 

bw, (E) DOX + F. olivieri extract: 400 mg/kg bw, (F) F. olivieri extract: 400 mg/kg 

bw. (Scale bar, 100 µm). 
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Fig. 4.109: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) Testes control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg (4) doxorubicin 4.67 mg/kg bw + F. olivieri 200 mg/kg bw 

(5) doxorubicin 4.67 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 mg/kg 

bw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4                                                                                                                               Results 

373 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

 (p<0.05). These activities were brought back towards control by co-treatment with F. 

olivieri dose dependently (400 and 200 mg/kg). Treatment of silymarin (50 mg/kg) 

significantly increased the enzymes activities as against the doxorubicin group. F. 

olivieri only (400 mg/kg) group displayed non significant differences comparatively 

to the control rats (P>0.05).  

4.20.7.2. Effects of F. olivieri on GSH, LPO and DNA damage 

Table 4.197 shows the effects of F. olivieri on GSH, lipid peroxidation and DNA 

fragmentation. Administration of doxorubicin significantly reduced the enzyme 

activity of GSH while it enhanced the percentage of DNA fragmentation in brain 

tissues of rats. Co-administration with F. olivieri methanolic extract in 4.67 mg/kg of 

doxorubicin administered group, dose dependently (400 and 200 mg/kg), protected the 

activities of these enzymes towards the control level (P<0.05). Treatment of 50 mg/kg 

of silymarin showed considerable effects in the recovery of GSH and DNA 

fragmentation as compared to doxorubicin. F. olivieri alone group (400 mg/kg) 

displayed non-significant changes compared to control rats (P>0.05). 

4.20.7.3. Histological studies of brain tissue 

The results showed that the brain sections from control and F. olivieri alone treated 

groups presented normal features (Figure 4.110 A and F). On the contrary, the brain 

sections from test groups presented histological signs of tissue damage. Specifically, 

doxorubicin group sections presented degeneration, cellular necrosis and vacoulations 

(Figure 4.110 B). The severity decreased in the groups co-treated with silymarin and 

FOME (200 and 400 mg/kg bw) (Figure 4.110 C, D & E). 

4.20.7.4. Effect of F. olivieri on brain DNA damages 

Intact genomic DNA was observed in brain of control and non treated F. olivieri 

alone (400 mg/kg) groups as indicated by DNA ladder assay. Treatment of 

doxorubicin induced DNA damage in the brain tissue as indicated by DNA ladder 

assay (Fig 4.111). Co-treatment of F. olivieri and silymarin reduced the DNA damage 

dose dependently (400 and 200 mg/kg) as indicated by DNA banding patterns of 

various groups in comparison to doxorubicin group. 
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Table 4.196: Effect of F. olivieri on antioxidant enzyme activities in doxorubicin 

induced brain toxicity in rats  

Treatment 

mg/kg bw 

Catalase 

(U/min) 

SOD (U/mg 

protein) 

GSH-Px 

(nM/min/mg 

protein) 

GR (μg/mg 

protein) 

Control (Saline) 9.78 ± 0.57
d 

7.17 ± 0.34
d 

72.96 ± 1.52
d 

88.12 ± 1.67
d 

Doxorubicin 4.67 3.56 ± 0.16
a
 9.37 ± 0.98

a 
43.54 ± 0.37

a
 39.60 ± 1.25

a
 

DOX + Sily 50 8.65 ± 0.73
c
 7.34 ± 0.16

d 
63.61 ± 1.95

c
 78.29 ± 2.60

c
 

DOX + FOME 200 6.95 ± 0.15
b 

8.63 ± 0.55
b 

55.14 ± 0.44
b 

66.05 ± 1.81
b 

DOX + FOME 400 8.16 ± 0.39
c
 7.88 ± 0.79

c 
66.38 ± 1.67

c
 78.34 ± 1.43

c
 

FOME 400 9.84 ± 0.25
d
 6.85 ± 0.73

e 
80.26 ± 0.48

d
 91.65 ± 1.79

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-e)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 

 

 

Table 4.197: Effect of F. olivieri on GSH, lipid peroxides and DNA fragmentation in 

doxorubicin induced brain toxicity in rats  

Treatment 

mg/kg bw 

GSH (µM/g 

tissue) 

LPO (nM/min/mg 

protein) 

DNA 

fragmentation % 

Control (Saline) 78.41 ± 2.01
d 

105.83 ± 1.40
d 

7.78 ± 0.27
d 

Doxorubicin 4.67 38.10 ± 1.49
a
 178.12 ± 1.52

a
 35.90 ± 2.43

a
 

DOX + Sily 50 67.15 ± 2.23
c
 125.43 ± 2.79

c 
8.16 ± 0.89

d
 

DOX + FOME 200 43.52 ± 1.40
b 

147.90 ± 2.63
b
 25.31 ± 2.60

b
 

DOX + FOME 400 63.14 ± 2.38
c
 120.55 ± 1.94

c
 17.33 ± 1.24

c
 

FOME 400 82.58 ± 1.34
d
 108.46 ± 1.35

d
 9.45 ± 0.77

d
 

Values are expressed as mean ± SEM (06). Means ± SEM with different superscript 

letter 
(a-d)

 within the column indicate significant difference (P < 0.05). DOX; 

Doxorubicin, FOME; F. olivieri methanol extract. 
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Fig. 4.110: Histopathological images of brain treated with methanol extract of F. 

olivieri by doxorubicin induced neurotoxicity. (A) Control group, (B) Doxorubicin 

group, (C) Silymarin + DOX, (D) DOX + F. olivieri extract: 200 mg/kg bw, (E) DOX 

+ F. olivieri extract: 400 mg/kg bw, (F) F. olivieri extract: 400 mg/kg bw. (Scale bar, 

100 µm). 
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Fig. 4.111: Agarose gel showing integrity of DNA after treatment with doxorubicin 

and preventive effects of F. olivieri in different groups. Lane from left (M) DNA 

marker (1) brain control (2) doxorubicin 4.67 mg/kg bw (3) doxorubicin 4.67 mg/kg 

bw + Silymarin 50 mg/kg bw (4) doxorubicin 4.67 mg/kg bw + F. olivieri 200 mg/kg 

bw (5) doxorubicin 4.67 mg/kg bw + F. olivieri 400 mg/kg bw (6) F. olivieri 400 

mg/kg bw. 
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Discussion 

Plants have been utilized for the cure of different diseases since ancient times. The 

medicinal uses of plants growing throughout the world lie in the active constituents 

having direct action in the body. They are used in conventional as well as herbal 

medicine. Hence mankind is provided with a valuable gift by nature in the form of 

herbal drugs (Saxena et al., 2011). 

5.1. Phytochemistry 

Medicinal importance of the plants is due to presence of phytochemicals having 

specific physiological action on the human body.  A wide variety of activities have 

been found in these phytochemicals which might help in preventing chronic disorders. 

Alkaloids have been used for medicinal purposes for many years (Nobori et al., 

1994). Besides cytotoxicity, they have been reported to have antispasmodic, analgesic 

(Antherden, 1969; Harborne, 1973) and antibacterial properties (Stray, 1998; Okwu 

and Okwu, 2004).  

The phytochemical analysis of P. aphylla and F. olivieri has also revealed that they 

contain saponins. Saponins are major ingredients in Chinese traditional medicine (Liu 

and Henkel, 2002). They have been acknowledged to inhibit inflammation, have 

antibiotic potential and defend against hypercholesterolemia (Just et al., 1998). 

Saponins can coagulate and precipitate red blood cells and are involved in central 

nervous system activities. Moreover, they can form foams in aqueous solutions and 

possess hemolytic, bitterness and cholesterol binding properties (Sodipo et al., 2000; 

Okwu and Okwu, 2004). Thus these characteristics of saponins and their presence in 

the plant extracts tends to validate the use of P. aphylla and F. olivieri in traditional 

medicine.        

Several triterpenoids isolated from plants displayed good analgesic and anti-

inflammatory properties (Fernandez et al., 2001; Ismaili et al., 2002). Some of the 

pentacyclic triterpenoids are used in medicine because of their broad range of 

biological activities including cytotoxic, anti-bacterial, anti-fungal, anti-viral, anti-

inflammatory, analgesic, anti-allergic and anti-cancer (Patocka, 2003).   

Tannins have been used to treat ulcerated or inflamed tissues and they have 

significant activity in the prevention of cancer (Motar et al., 1985; Ruch et al., 

1989).Tannins interfere with protein synthesis and bind to proline rich protein. Thus 

phytotherapeutically, the plants containing tannins are used to treat throat and mouth 
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inflammations, skin injuries and nonspecific diarrhea (Westendarp, 2006). Since 

tannins can precipitate proteins, they protect the underlying layers by acting as 

waterproof to the external layers of the exposed tissues. Moreover, tannins are also 

known to possess different physiological effects such as antisecretolytic, anti-irritant, 

antiphlogistic, antiparasitic and antimicrobial activities (Lutterodt et al., 2005).  

One of the ubiquiteous and leading groups of plant metabolites are phenolic 

compounds (Singh et al., 2007). The biological properties of phenolic compounds 

include antiatherosclerosis, antiinflammation, endothelial function improvement, 

anticancer, antiapoptosis, cardiovascular protection, cell proliferation and 

angiogenesis inhibition activities (Han et al., 2007). The medicinal plants rich in 

phenolic compounds have been reported to have antioxidant properties in many 

studies (Mandal et al., 2013). The natural antioxidants derived from the plants are 

mostly in the form of phenolic compounds for instance phenolic acids, flavonoid, 

tocopherols (Ali et al., 2008). Phenols have been useful in the preparation of cresol 

and dettol which are antimicrobial compounds. The antioxidative properties and use 

of P. aphylla and F. olivieri in different diseases are due to the presence of these 

phenolic compounds.  

Flavonoids produced by plants in reaction to microbial infection are hydroxylated 

phenolic compounds and they have been shown to have antimicrobial activity against 

a broad range of microorganisms in in vitro studies. This activity might be due to their 

ability to form complexes with bacterial cell wall and extracellular soluble proteins 

(Marjorie, 1996). Flavonoids show anticancer activities and are effective antioxidants 

(Akinmoladun et al., 2007).  

Flavonoids have been found to act by affecting membrane permeability and inhibiting 

membrane-bound enzymes like phospholipase A2 and ATPase (Li et al., 2008), and 

the antioxidant action mechanism of P. aphylla and F. olivieri may be explained by 

this property. Moreover, flavonoids as a result of their anion radicals serve as health 

promoting compounds (Hausteen, 1983). 

The results found in our study imply that these phytochemical compounds might be 

the bioactive constituents in P. aphylla and F. olivieri thus making these plants an 

important reservoir of medicinally important bioactive compounds.  
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5.2. Anti-microbial 

The plants provide potentially valuable structures in order to develop novel 

chemotherapeutic agents. In order to achieve this target, in vitro antibacterial assay is 

a first step (Tona et al., 1998). A number of reports are accessible during the past 

years on the antibacterial potential of plant extracts against human pathogenic bacteria 

(Samy and Ignacimuthu, 2000; Palombo and Semple, 2001; Kumaraswamy et al., 

2002; stepanovic et al., 2003; Bylka et al., 2004; Behera and Misra, 2005; 

Govindarajan et al., 2006).  

The synthetic antimicrobials are frequently coupled with side effects, whereas the 

plant derived antimicrobials having vast therapeutic potential can serve the rationale 

with less adverse effects (Iwu et al., 1999). Therefore, there is a requirement to 

constantly explore plant derived antimicrobials. More research is required to identify 

and resolve the full scale efficiency of antibacterial compounds from these plants.  

In this study, the test organisms used are linked with various types of human 

infections. For example, E. coli can infect the meninges wounds, gall bladder, lungs 

and skin injuries (Black, 1996), and also numerous food related diseases that manifest 

themselves in the form of diarrhoea (Adams and Moss, 1999). S. aureus causes ulcers, 

boil, food poisoning, pneumonia and toxic shock while Streptococcus causes 

brouchitis, otitis media, sore throat, etc. 

According to our results, the plant extracts were active against Gram negative as well 

as Gram positive bacteria. This might be an indication of the presence of a wide range 

of antibiotic compounds or general metabolic toxins, in addition to the 

pharmacological active metabolites such as flavonoid glycosides (Saleh et al., 1982), 

spirostanol and furostanol saponins (Kostova and Dinchev, 2005), amides and 

phytoterols (Xu et al., 2000).  

Antimicrobial potential of the plants is perhaps due to high percentage of phenolics as 

both are always linked together (Ravikumar et al., 2009). It can also be due to the 

presence of different phytochemical constituents for example flavonoids, terpenoids, 

alkaloids, saponins and tannins in the plant extracts. 

The toxicity of saponins to parasite worms (anthelmintic activity), insects (insecticidal 

activity), fish (piscidal activity), molluscs (molluscicidal), their antibacterial, 

antifungal and antiviral activities are well known (Lacaille-Dubois and Wagner, 1996; 

Milgate and Roberts, 1995). The membranolytic properties of saponins are involved 
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in their antibacterial effects instead of simply changing the surface tension of 

extracellular medium, therefore they are affected by population density of microbes 

(Killeen et al., 1998). 

Flavonoids, and tannins present in the extracts have been associated with 

antimicrobial effects in various studies using plant extracts (Abo et al., 1999). 

Flavonoids are known to be inhibitory to S. aureus and it has been used as a cure for 

inflamed tissues (Ali et al., 1996). 

Plant derived alkaloids are usually found to have antimicrobial potential (Omulokoli 

et al., 1997). Alkaloids may be helpful against AIDS associated intestinal infections 

(McDevitt et al., 1996) as well as HIV infection (Sethi, 1979). 

Persistent opportunistic fungal infections have turned out to be a main factor for 

mortality and morbidity in immunocompromised patients (Bodey and Anaissie, 

1989). The common fungal infections are mostly caused by the Candida and 

Aspergillus species. Recent trends in epidemiology have pointed out a shift towards 

infection caused by Aspergillus and non-albicans Candida (Groll et al., 1996). 

The range of antimicrobial activities showed by these extracts could perhaps be 

explained by the presence of flavonoids, tannins, saponins and steroids. The microbes 

may inhibit more potently by purified components. Our results signify the potential of 

P. aphylla and F. olivieri as medicinal agent’s sources, which may give leads in the 

constant exploration for antimicrobial agents from plants. Further studies on the 

purification of bioactive components and phytoconstituents can disclose the precise 

potential of the plant to restrain numerous pathogenic microorganisms. Thus, anti-

microbial activity displayed by the extracts against different bacterial and fungal 

strains that are linked with different infectious diseases, may provide scientific 

validation for the ethnomedicinal uses of these plants. 

5.3. Brine shrimp lethality assay 

Toxicity is pharmacology at lower doses that is why medicinal plant extracts are 

tested for cytotoxicity. A simple, fast and economical bioassay to test bioactivity of 

plant extracts is brine shrimp lethality assay which mostly associates well with anti-

tumor and cytotoxic properties (McLauglin et al., 1993). Brine shrimps have been 

known to be utilized in different applications including the analyses of mycotoxins, 

stream pollutants, pesticidal residues, morphine-like compounds, dinoflagelate toxins, 

anesthetics, carcinogenicity of toxicants and phorbol esters in marine environment. 
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This bioassay has led to the isolation of numerous pesticidal and antitumor 

compounds from natural products (Meyer et al., 1982; McLaughlin et al., 1991; Sam, 

1993).  

The differences in quantity and type of cytotoxic substances present in the extracts 

including flavonoids, tannins and terpenoids cause variations in brine shrimp assay 

results. The methanolic extract and fractions of F. olivieri and P. aphylla showed 

good activity against brine shrimps. This significant activity of crude plant extracts 

against brine shrimps indicates the presence of potent cytotoxic compounds which 

necessitates further study. The results of this assay are useful to lead the researchers 

on which fraction to prefer for further fractionation and isolation of cytotoxic 

compounds. Later on, specific bioassays and other cytotoxic tests may be performed 

on the isolated bioactive compounds.      

The methanol extracts of many plant species have been reported to possess potent 

cytotoxic activity. The cytotoxic activities of methanolic and ethyl acetate fraction of 

Rubus imperialis C. were reported by Kanegusuku et al., (2002). Another study 

depicted cytotoxic activity of sixty medicinal plants of Brazil against brine shrimps 

(Maria et al., 2000). In another study, 226 methanolic and aqueous extracts were 

screened for their lethality towards brine shrimp larvae which led to the identification 

of various cytotoxic plant species (Jacques et al., 2003).   

5.4. Anti-oxidant studies 

Free radical scavenging activity has been reported in the plants having antioxidant 

potential (Das and Pereira, 1990). Free radicals mainly contribute to a number of 

clinical diseases for instance diabetes mellitus, renal failure, liver diseases, cancer and 

degenerative disorders due to poor defense mechanism by natural antioxidants (Parr 

and Bolwell, 2000).    

Polyphenols or phenolics are secondary metabolites which are generally found in 

plant and their products. A great antioxidant potential has been revealed by most of 

the phenolics (Razali et al., 2008). Phenolics are proficient radical scavangers and can 

also act as metal chelators, thus have gained a lot of interest as potential natural 

antioxidants. Therefore, the study of total phenolic content of plant extracts is very 

useful. The overall antioxidant potential of plants is contributed by the phenolic 

compounds largely because of their redox properties. In general, the phenolic 

compounds antioxidant mechanism include lipid free radicals neutralization and to 
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prevent hydroperoxides decomposition into free radicals (Javanmardi et al., 2003; Li 

et al., 2009). Phenolic acids have repetitively been implicated as natural antioxidants 

in vegetables, fruits and other plants. For example, vanillic acid, caffeic acid and 

ferulic acid are broadly distributed in the plant kingdom (Larson, 1988). 

Different polarity solvents are used to extract antioxidant substances of different 

chemical structures. It has been found in several studies that high concentrations of 

phenolics are present in the extracts obtained using polar solvents (Canadanovic-

Brunet et al., 2008). The extracts which are rich in phenolics execute high antioxidant 

activity.   

5.5. HPLC analysis 

In order to characterize chemicals, the best mean is HPLC fingerprinting (Bauer and 

Tittel 1996; Springfield et al., 2005). This technique has been used in our study in 

order to identify active phenolic acids which have antioxidant, anti-inflammatory, 

antibacterial and antifungal activities. There are several compounds present in the 

herbal medicines and their products. Therefore to assess their quality HPLC/DAD 

fingerprint should be considered all over the world (Giri et al., 2010).   Highest 

concentrations of phenolics and flavonoids are found in methanol, ethyl acetate, n-

butanol and aqueous fractions. So we have carried out HPLC analysis of these 

fractions for the identification and quantification of essential phenolic compounds 

including rutin, gallic acid, caffeic acid, catechin, quercetin, myricetin, kaempferol, 

apigenin and salicylic acid. These compounds were identified in our samples by 

comparing their retention times and UV absorption spectrum with those of the 

standards. Five phenolic compounds i.e. rutin, catechin, gallic acid, myricetin and 

caffeic acid with varying amounts have been identidified/demonstrated in the crude 

extracts of P. aphylla and F. olivieri and their fractions in HPLC fingerprints. 

Gallic acid is derived from benzoic acid and has a broad distribution in a variety of 

plants and foods. The various biological properties of gallic acids include anti-tumour, 

pro-apoptotic and anti-proliferative activity (Kaur et al., 2009). Rutin (quercetin 3-O-

rhamnoglucoside) which is generally found in plants, upon the hydrolysis of the 

glycoside bond produces quercetin, a highly antioxidative aglycon. This flavonoid is 

an active and natural antioxidant, implicated in protection and prevention of 

pathologies for example diabetes mellitus (Fernandes et al., 2010), caffeic acid with 

anti-inflammatory (Fernandez et al., 1998), antibacterial and antifungal activities 
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(Ravn et al., 1989). Catechin is a polyphenolic antioxidant plant metabolite. Catechins 

are the major building blocks of tannins and also known as procyanidins. These 

compounds are most common in the seeds and skins of fruits that have not fully 

ripened. The phenolics present on the seed surface during maturation of fruit combine 

with other compounds to form the seed coat. Catechin on enzymatic oxidation forms 

theaflavin which further oxidizes to thearubigins. Catechins have been reported to 

possess antioxidant, anticarcenogenic, antiatherogenic, enzymatic, antibacterial, 

antibioctic and antidiabetic activities.  

5.6. GC-MS analysis 

For the metabolite profiling of plants as well as non-plant species, gas-

chromatography mass-spectrometry has become firmly established as a key 

technological platform in the last few years (Fiehn, 2002; Sumner et al., 2003; Fernie 

et al., 2004; Kell et al., 2005; Robertson, 2005). Gas-chromatography mass-

spectrometry instrumentation was accessible to a few plant research laboratories until 

recently. However, it is increasingly becoming more commonplace. The relative 

concentrations of different compounds which are eluted as a function of retention time 

are shown by gas chromatogram. The relative concentrations of the constituents 

present in P. aphylla and F. olivieri are indicated by the peak heights. The structure 

and nature of compounds eluted at different times are identified by the mass 

spectrometer analysis. The larger compounds get fragmented into smaller compounds 

which appeared as peaks at different m/z ratios. These mass spectra which are 

fingerprint of that compound can be identified from the data library. 

The compounds identified in P. aphylla and F. olivieri possess many biological 

properties. For example, among the identified phytochemicals, hexadecanoic acid has 

antioxidant, anti-inflammatory and antimicrobial potentials (Bodoprost and 

Rosemeyer, 2007). The presence of Hexadecanoic acid may be used as potential 

antifeedant agents against insects (Kumar et al., 2010). Palmitic acid is known as an 

anti-oxidant (Cho et al., 2010), as well as a nematicide (Munakata, 1983). Loliolide is 

a monoterpenoid and it has an antioxidant potential (Xiudong and You-Jin, 2011). 

Coumaran is reported to be a potent biofumigant which can be used as a biopesticide 

(Rajashekar et al., 2014). Stigmasta-5,24(28)-dien-3-ol, (3a,24Z)- is a steroid having 

anti-microbial, anti-inflammatory, anti-asthma and diuretic properties. Pyrrolidine, 1-

(6-phenyl-1-cyclohexen-1-yl)- (CAS) has antidiabetic potential. N-
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methyldeacetylcolchicine (demecolcine) is a highly potent anti-leukemic agent 

(Brossi and  Kerekes, 1985). 

Vitamin E possesses anti-oxidant, hypocholesterolemic, cancer preventive and anti-

coronary properties. Vitamin E is a blood thinner which is another significant health 

benefit. In other words, it prevents the clumping of blood platelets. The risk of 

sunstroke is reduced by high levels of vitamin E (Basu et al., 2014).  

5.7. Activity guided isolation of antibacterial compound  

Plant parts such as roots, leaves, stem, and rhizomes possess a myriad of chemical 

constituents that are biologically active against various disease conditions (Wyk and 

Wink, 2004). Recently the attention on biologically active compounds isolated from 

plant extracts has been increased (Sharma et al., 2013). The plant extracts are 

continuously screened for antibacterial activity in order to find new antibacterial 

compound (Manubolu et al., 2013). 

In our study, aqueous extract of F. olivieri showed higher activity against the test 

bacteria methicillin-resistant Staphylococcus aureus, MRSA. The isolated compound 

which showed excellent anti-bacterial activity is characterized and identified as 

Piscidic acid (Phenolic acid) by using different spectroscopic techniques. Organic 

solvent extraction is appropriate to confirm the antimicrobial potential of therapeutic 

plants and the method of isolation is simple, efficient and cost effective. 

Piscidic acid is one of the constituents of narcotic and hypnotic extracts of Piscidia 

erythrina L. (Jamaica dogwood). It is also a component of the antitussic extracts 

isolated from Dioscorea nipponica, which is utilized in the treatment of chronic 

bronchitis (Burke et al., 2006). This is the first report of the presence of Piscidic acid 

in F. olivieri. 

5.8. Anti-inflammatory properties 

The organisms respond to several factors like infections caused by injury, microbes 

and immunological mechanisms in the form of inflammatory processes. Carrageenan 

induced edema is extensively employed as a working model of inflammation in the 

hunt for novel anti-inflammatory agents (Valencia et al., 1994) and emerged to be the 

basis for the finding of Indomethacin, an anti-inflammatory drug (Winter et al., 1963). 

Carrageenan induced inflammation is associated with infilteration of neutrophils 

along with free radicals and mediators produced and released from neutrophils.  
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Carrageenin-induced paw edema was taken as a prototype of exudative phase of 

inflammation. This edema depends on the involvement of polymorphonuclear 

leukocytes, kinins and their pro-inflammatory factors like prostaglandins (Damas et 

al., 1986). The edema which is developed in rat paw after injecting carrageenan is 

illustrated as a biphasic event (Vinegar et al., 1969). Serotonin and histamine are 

liberated in the first phase of inflammation which initiates instantly after injection and 

reduces within an hour (Crunkhon and Meacock, 1971). Prostaglandin and 

leucotrienes are released in the second phase of swelling which starts at 1 hr and stays 

up to 3 hr (Vinegar et al., 1969). The second phase is sensitive to steroidal and non-

steroidal anti-inflammatory drugs.  Usually non-steroidal drugs strongly restrain the 

second phase of edema whereas several other drugs hinder both phases.     

The paw edema is sensitive to cyclooxygenase inhibitors. Hence this model is 

employed to assess the effect of non-steroidal anti-inflammatory drugs which mostly 

inhibits the cyclooxygenase involved in prostaglandin synthesis (Furst and Muster, 

1998).   

The significant anti-inflammatory effect revealed by the aqueous, methanol and n-

butanol extracts of P. aphylla extract may be due to inhibition of prostaglandin-like 

substances. Anti-inflammatory potential of the methanol, aqueous and n-butanol 

extracts of the plant could be assigned to chemical compounds like flavonoids, 

tannins, saponins, triterpens and sterols. Tannins and flavonoids are known to inhibit 

prostaglandin synthesis (Alcaraz and Ferrandiz, 1987). 

5.9. Anti-depressant activities  

Recent life style directs to various stress conditions, amongst which depression and 

anxiety are general and commonly prevailing senile neurological disorders. The 

generally used animal model for evaluating antidepressant activity in small animals is 

forced swimming test following acute or short-term treatment (Porsolt et al., 1977; 

Cryan et al., 2002). It is anticipated that immobility happen in this test will be a sign 

of behavioral desolation or incapable to adapt the stress as seen in human (Borsini and 

Meli, 1988; Wilner, 1997). In central concept of forced swimming test, animal will 

get immobile stance when subjected to the short-term or unavoidable stress. This test 

is sensitive and quite specific to all major classes of antidepressants including MAO 

inhibitors, serotonin selective reuptake inhibitors and tricyclics (Borsini and Meli, 

1988; Detke et al., 1995). 
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Immobility is the symbol of depression. Antidepressants that selectively inhibit 

norepinephrine uptake decrease immobility and selectively augment climbing without 

upsetting swimming (Detke and Lucki, 1996). 

In evaluating antidepressant effects by the swimming test, when rats are forced to 

swim in a restricted space, they rapidly abandon swimming and stand immobile. 

Many antidepressant drugs lessen this despair behavior of rats which showed that this 

immobility behavior might be a measure of lowered mood in the rats. Drugs that 

potentiate central dopaminergic and alpha adrenergic systems reduce immobility 

behavior of rats in this test (Porsolt, 1979). Fluoxetine is selective serotonin reuptake 

inhibitor facilitates serotonergic neurotransmission. 

In our tests, P. aphylla methanolic and butanolic extracts showed antidepressant-like 

effects with decline in the immobility time which goes along with the boost in 

swimming time. It has been reported that swimming behavior is sensitive to 

serotoninergic agents, for instance fluoxetine (Cryan and Lucki, 2000, Cryan et al., 

2002, Detke et al., 1995), the selective serotonin reuptake inhibitor (SSRI). Based on 

these findings, it can be recommended that the P. aphylla extracts which are capable 

of decreasing the immobility time and increases swimming behavior in the rats 

exposed to these paradigms can put forth its effect through a mechanism comparable 

to that of the fluoxetines via the serotonin system. 

Several neural pathways are implicated in the pathophysiology of anxiety states and 

depression. Therefore, a large number of neurotransmitters are thought to engross in 

underlying mechanisms of these diseases, as apparent by the antidepressant and 

anxiolytic drugs. 

The antidepressant and anti-inflammatory potentials of P. aphylla methanol extract 

might be due to a combination of diverse biologically constituents relatively than any 

single compound, being the most remarkable are alkaloids, flavonoids and the 

triterpenoids. Latest reports have also pointed out that various flavonoids have anti-

inflammatory activity (Alcaraz and Ferrandiz, 1987; Shahidi et al., 1998). 

5.10. Anti-diabetic properties  

Diabetes is perhaps the world’s fastest emergent metabolic disease, so there is a need 

for more suitable treatment to be discovered. Managing diabetes without any ill effect 

is still a challenge to the health community. This worry has led to an increased 

requirement to search for plants having antihyperglycaemic potential with less 
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adverse effects. Utilization of conventional plant medicines has been carried out for 

centuries at different areas of the world, more so than others to improve diabetic 

symptoms. Regardless of inadequate evidences to maintain its therapeutic efficiency, 

the use of herbal medicine has increased significantly. 

Glucose is the simplest metabolic end-product of carbohydrate metabolism, which is 

most readily absorbed into the porta blood from the gastro-intestinal tract, following 

its oral ingestion (Guyton, 1991). Its postabsorptive state is manifested by 

postpandrial hyperglycaemic state that frequently go along with augmented pancreatic 

insulin secretion (hyperinsulinaemia), mainly in the first few hours postpandrial 

(Guyton, 1991). 

In animals diabetes induced experimentally provides a good approach to study the 

biochemical and physiologic derangement of the diabetic state. Several of the 

derangements have been illustrated in hyperglycemic animals. Considerable alteration 

in structure and lipid metabolism also occurs in diabetes (Sochar et al., 1985). 

Antihyperglycemic potential of aqueous extract of F. olivieri was signified, when its 

treatment reduced the fasting glucose to appreciably normal level thus attaining good 

glycemic control. Body weight is an additional significant factor in diabetes. The 

streptozotocin induced decrease in body weight was also improved with F. olivieri 

aqueous extract treatment. Control and F. olivieri extract treated rats steadily gained 

body weight in contrast to diabetic rats that continuously lost their weights.  

Anti-hyperglycemic effect of F. olivieri has been reported for the first time in our 

study. It is suggested that the active principle from this plant could be useful in 

treating diabetes. The increase in peripheral glucose consumption might be 

responsible for the blood glucose lowering effect of F. olivieri aqueous extract which 

was observed both in normal fasted rats and streptozotocin diabetic rats. Blood 

glucose lowering effect may also be improved by inhibiting proximal tubular re-

absorption mechanism in the kidney for glucose (Dhasarathan and Theriappan, 2011). 

Higher contents of flavonoids (Oladele et al., 1995; Rao and Rao, 2001; Sharma et 

al., 2008), alkaloids, terpenoids (Reher et al., 1991, Shane-McWhorter, 2001) and 

steroid glycosides (Ivorra et al., 1989; Adallu and Radhika, 2000) have been usually 

reported in anti-diabetic and anti-hyperglycemic medicinal plants. Higher 

concentration of these phytoconstituents in the extract could explain its significant 

hypoglycemic effect, either separately or in synergy with one another. 
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5.11. Protective effects against paracetamol induced toxicity 

Acetaminophen (Paracetamol) is an efficient, household, well-tolerated, antipyretic 

and over-the-counter analgesic substitute for aspirin. The chronic use of paracetamol 

or intake in large doses is usually related with hepato- and nephrotoxicity in animals 

and humans (Schnellman, 2001). Paracetamol induced liver toxicity has been 

employed as a reliable method for the screening of hepatoprotective agents. 

Blood perform vital functions in the body including transport of substances making it 

susceptible to intoxication by xenobiotics, making hematopoietic system an important 

target system (Adeneye et al., 2008), which might be the reason of effect seen on 

haematological values thereof. Rats of control and extract alone group showed 

haematological values within the normal range. Rats of the paracetamol treated group 

showed a significant decrease in mean values of PCV, Hb, MCHC, MCH, WBC and 

neutrophils compared with rats of control group. Values of PCV, Hb, MCHC, MCH, 

WBC and neutrophils in rats of groups treated with P. aphylla and F. olivieri were 

significantly improved compared to the paracetamol group and were at a level with 

haematological values in healthy control group rats, which indicates that the treatment 

with these extracts significantly (P<0.05) improved the reduced PCV, Hb, MCHC 

MCH, WBC and neutrophils levels in paracetamol induced toxicity. Previous studies 

on haematological changes in paracetamol toxicity reported significant decrease in 

haematological parameters of paracetamol treated rats and increase of these 

parameters near to normal by various plant extract treatment which are in accordance 

with the findings of present study (Elhabib et al., 2007; Nwodo et al., 2010; Dougnon 

et al., 2011). The oral treatment with doses of P. aphylla and F. olivieri also reversed 

the significant decrease in the TLC, PLT, Lymph and Gran value recorded for 

paracetamol hematotoxicity. These results indicate that extracts could contain active 

biological principles which reversed the hematotoxic effect of paracetamol and 

increases hematopoiesis (Shaik et al., 2012). 

Oral administration of paracetamol results in increased serum levels of triglyceride, HDL, 

LDL and total cholesterol. Paracetamol seems to cause alterations in cholesterol 

metabolism and impaired lipoprotein metabolism (Kobashigania and Kasiska, 1997). 

These results agrees with Raghavendran et al., (2005) who reported that paracetamol 

treated animals showed increased concentrations of cholesterol, total lipids, LDL and 

triglycerides. When F. olivieri and P. aphylla were co-administered at the doses of (200 
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and 400 mg/kg b.w), the elevated levels of the above changes showed a considerable 

decline to those of near normal control rats. Flavonoids and phenolic compounds are 

reported to inhibit oxidation processes and act cytotoxically, resulting in development of 

different diseases, decrease in LDL levels in hypercholesteremic and hepatotoxic rats 

(Duda-Chodak and Tarko, 2007). Flavonoids, polyphenols, and antioxidant contents 

found in these extracts could therefore be considered favorable in decreasing triglyceride, 

LDL and total cholesterol in extract treated groups. 

The liver performs a key part in metabolism and has several roles in the body such as 

red blood cells decomposition, glycogen storage, detoxification and plasma protein 

synthesis. An interest has been developed in the latest years, on the role of 

biotransformation of chemicals to highly reactive metabolites that commence cellular 

toxicity. Several clinically valuable compounds and drugs through metabolic 

activation of the chemicals to highly reactive compounds like free radicals, nitrenes 

and carbenes can cause cell damage (Gupta et al., 2004).    

A paracetamol fraction is transformed into a highly toxic metabolite, N–acetyl–p–

benzoquinamine (NAPQI) via cytochrome P450 pathway, which is usually conjugated 

with glutathione and excreted in urine (Ghosh and Sil, 2009). Paracetamol overdose 

can lead to mitochondrial dysfunction by draining stores of glutathione (Kaplowitz, 

2004), NAPQI accumulation and acute hepatic necrosis development. In the 

bioactivation of paracetamol to NAPQI, a number of P450 enzymes play a vital role. 

The primary enzymes for paracetamol bioactivation in liver microsomes are P450 2E1 

(CYP2E1). The substances which can manipulate P450 activity, can amend liver 

toxicity induced by paracetamol (Sharma et al., 2008). 

Determination of enzymes levels for instance ALT, AST is mostly used for the 

evaluation of hepatic injury. Intracellular enzymes can be measured in the serum after 

they released into circulation due to membrane damage or necrosis. Elevated levels of 

AST specifies hepatic injury, for instance which is caused by cardiac infarction, 

muscle damage and viral hepatitis. The alanine is converted to glutamate and pyruvate 

which is catalysed by ALT and released in likely manner. Hence, ALT is a better 

parameter to identify hepatic damage as it is more specific to the liver. The higher 

concentrations of enzymes in the serum indicate loss of hepatic membrane functional 

integrity and cell leakage (Drotman and Lawhorn, 1978). Serum ALP, total protein 

and bilirubin are also linked to the liver cell function. The elevation in ALP is because 
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of improved synthesis, in the presence of rising biliary pressure (Muriel et al., 1992). 

Paracetamol administration caused a significant rise of enzyme levels including AST, 

ALP, ALT, total bilirubin and decline in total protein in comparison to normal. P. 

aphylla and F. olivieri extracts administration significantly restored these enzyme 

levels dose dependently. This reversal of the enzyme levels by the extracts is probably 

because of their membrane stabilizing activity which prevents leakage of intracellular 

enzymes. This is in accordance with the generally established view that serum 

concentrations of transaminases restored to control with the regeneration of liver cells 

and healing of liver parenchyma (Thabrew and Joice, 1987).     

Nephrotoxicity is important concern during drug development when selecting new 

drug. At present the world population is having lots of kidney disorders, which has 

several reasons to be explained for the causes of these disorders. Kidneys are the 

major organs responsible for various functions in our body like the regulation of 

blood composition and volume, help to regulate blood pressure, release 

erythropoietin, synthesize glucose and excrete wastes in the urine (Jain and Agrawal, 

2008). 

In the current study, there was a significant elevation in creatinine and urea 

concentration after paracetamol administration. This might be due to dystrophic and 

dysfunctional alterations in the kidney and liver. The serum concentration of the urea 

rises rapidly while its excretion drops due to intense renal injury. Serum creatinine has 

been used for the estimation of glomerular filteration rate. The failure in the normal 

uptake, conjugation and excretion of the total bilirubin, triglycerides and albumin by 

the injured liver parenchyma might cause their elevation in serum. A very high level 

of hypercholesterolaemia may be attained in paracetamol induced toxicity, which 

frequently occurs in biliary obstruction (Rajesh and Latha, 2001). Triglycerides 

accumulation might be due to the disturbance or inhibition of triglycerides secreting 

mechanism (Rajesh and Latha, 2004). Treatment with P. aphylla and F. olivieri 

extracts almost entirely recovered these alterations in the triglycerides metabolism.  

The paracetamol induced rise in tissues (liver, kidney, heart, lungs, testes, brain) LPO 

levels propose increased lipid peroxidation which leads to tissue injury and collapse 

of antioxidant defence mechanism. The lipid peroxidation is frequently observed with 

oxidative stress. NAPQI is likely to be unable to initiate a radical hydrogen 

abstraction from lipid molecules. Hence, reactive oxygen species including hydrogen 
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peroxide, superoxide anions and hydroxyl radicals are required for initiation of lipid 

peroxidation. Nevertheless, decrease of NAPQI, which might take place due to the 

presence of flavoproteins, followed by reoxidation by oxygen could give rise to 

superoxide anions with a subsequent formation of reactive reduced oxygen species. 

Even protein bound NAPQI was suggested to be prone to one electron reduction. In 

the toxicity mechanism of paracetamol, lipid peroxidation is considered to be a main 

initiation incident (Thabrew and Joice, 1987). P. aphylla and F. olivieri treatment to 

the rats significantly decreased the high levels of lipid peroxidation in a dose 

dependent manner.  

One of the sensitive indexes in cell injury is a decline of SOD enzyme activity 

(Wendel et al., 1982). Superoxide dismutase is one of the vital enzymes in the 

enzymatic antioxidant defense system. It diminishes the toxic effect caused by 

superoxide anion by converting it into hydrogen peroxide. P. aphylla and F. olivieri 

extracts produce a significant elevation in superoxide dismutase activity and thus 

lessen free radical induced oxidative injury to organs (liver, kidney, heart, lungs, 

testes, brain).  

Catalase is an antioxidant enzyme which is commonly present in all animal tissues 

and the highest activity is observed in liver and red blood cells. Catalase defends the 

tissues from highly reactive hydroxyl radicals by decomposing hydrogen peroxide 

(Curtis et al., 1972). Therefore a decline in catalase activity may cause various 

harmful effects due to hydrogen peroxide and superoxide radical assimilation. The 

standard hepatoprotective drug silymarin and the higher dose of extracts in our study 

i.e. 400 mg/kg have increased the catalase level.    

Glutathione (GSH), a non-enzymatic antioxidant, is one of the most plentiful 

tripeptides found in the liver. It gets rid of the reactive oxygen species such as 

superoxide radicals, hydrogen peroxide, and preserves protein thiols of membrane.  In 

paracetamol intoxicated rats, the reduced levels of GSH are linked with increased 

lipid peroxidation. P. aphylla and F. olivieri administration significantly improved the 

level of GST and GPx dose dependently.  

The presence of flavonoids was disclosed in preliminary phytochemical assessment of 

P. aphylla and F. olivieri methanolic extracts. The observed hepatoprotective and 

antioxidant activities of P. aphylla and F. olivieri extracts might be due to presence of 
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flavonoids, as they are acknowledged as hepatoprotectives (Chance et al., 1952; 

Scevola et al., 1984; Wegner et al., 1999).  

The histopathological analysis of liver confirmed the observed modification of serum 

enzymatic levels to liver injury and their attributes on health. The normal hepatic 

tissue in our study demonstrated the usual architecture with hepatocytes radiating 

from central vein. The portal triad consisted of hepatic artery, portal vein and bile duct 

which constituted different zones (1, 2 & 3) surrounding these areas. Paracetamol 

administration resulted in centrizonal necrosis (zone 3), hydropic and fatty changes 

with sinusoids congestion (Grawford, 2005). 

Co-treatment with P. aphylla and F. olivieri repaired the liver structure and prevented 

the hepatic tissue from degenerative and fatty alterations, by averting the oxidative 

stress, toxic chemical reaction, molecular changes in the liver tissues, lipid 

peroxidation, micro and macro vesicular fatty changes eventually leading to necrosis 

(Koul and Kapil, 1994; Handa and Sharma, 1990).  

Administration of paracetamol produced histological and DNA injuries in the tissues 

(kidney, heart, lungs, testes, brain) which are also reported in other studies (Bahadir et 

al., 2014; Selvam et al., 2014; Mohammed and Safwat, 2013). The damage induced 

by paracetamol to histological architecture and DNA of various tissues is prevented 

by the co-administration of silymarin and plant extracts of P. aphylla and F. olivieri.  

5.12. Protective effects against gentamicin induced toxicity 

The gentamicin is an aminoglycoside antibiotic having a broad range of activities 

against Gram-negative and Gram-positive bacterial infections but with high 

inclination for the former (Chambers, 2001). The use of gentamicin has its side-

effects mostly in the form of nephrotoxicity (Apple, 1982; Barry et al., 2000). Hence, 

gentamicin-induced nephrotoxicity is a reputable experimental model of drug-induced 

kidney damage (Emeigh Hart et al., 1994; Cojocel, 1997).  

The precise mechanism of gentamicin induced nephrotoxicity is not known, 

nevertheless, it has been facts propose to be a part of reactive oxygen species in this 

damage; it has been found that O2-, H2O2 and hydroxyl radicals increase with 

gentamicin-treatment (Walker and Shah, 1987,1988; Guidet and Shah, 1989; Yang et 

al., 1995; Cuzzocrea et al., 2002), though, a number of agents and plants that reduce 

production of reactive oxygen species effectively improve gentamicin-induced renal 



Chapter 5                                                                                                         Discussion 

393 

Evaluation of pharmacological potentials and biological activities of Periploca 

aphylla Decne. and Fagonia olivieri DC. 

injury (Ademuyiwa et al., 1990; Nakajima et al., 1994; Erdem et al., 2000; Ali, 2003; 

Cuzzocrea et al., 2002; Pedraza et al., 2000).  

Body weight is an important indicator of adverse effects of xenobiotics and it is 

considered a determinant parameter of toxicity testing. A highly significant decrease 

in body weight gain was observed in gentamicin intoxicated control rat. These results 

were in agreement with Bello and Chika study (Bello and Chika, 2009). It has been 

reported that gentamicin causes appetite loss, along with the increase in catabolism, 

seen in gentamicin induced renal damage, results in acidosis accompanied by anorexia 

(Erdem et al. 2000). Thus oral intake of food decline might result in loss of body 

weight. However, the observed increase in body weight of P. aphylla and F. olivieri 

treated groups may be due to extract induced increase in appetite. This together with 

their antioxidant and anti-inflammatory potential possibly avert the toxic effect of 

gentamicin, and may be liable for improvement of body weight. 

Treatment of gentamicin caused a significant decrease in PCV, Hb, MCHC and MCH 

levels in comparison to the normal control group. P. aphylla and F. olivieri extracts 

significantly ameliorate the decrease in these parameters which significantly elevate 

PCV, Hb, MCHC and MCH. These results are compatible with those recorded by El 

Badwi et al. (2012) and Hasan et al. (2013) in rats and mice respectively. Treatment 

with these extracts improved hematological parameters due to their antioxidant 

parameters and enhanced hematopoiesis. 

Hypercholesterolemia and hypertriglyceridemia are risk factors for predicting 

coronary heart disease. Current study demonstrates a rise in the level of triglycerides, 

cholesterol, HDL and LDL levels of gentamicin-administered rats. HDL performs a 

vital part in the transport of cholesterol to the liver for excretion into bile. 

Furthermore, impaired hepatic function may also have affected cholesterol 

metabolism leading to hypercholesterolemia and hypertriglyceridemia. While the 

observed improvement in lipid/cholesterol homeostasis in the extract administered 

groups might be owing to hypocholesterolemic and hypolipidemic properties of P. 

aphylla and F. olivieri (Bliddal et al., 2000; Penna et al., 2003; Cady et al., 2005). In 

addition, improvement in liver function on the other hand could have contributed to 

this observed lipid homeostasis. 

Moreover, gentamicin toxicity alters cell membrane permeability and causes a release 

of AST and ALT from the cell thus leads to increased serum concentration of these 
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enzymes which are generally considered as sensitive markers of liver function (Khan 

et al., 2011). Two isoenzymes are presented by AST, one to be found in cytoplasm 

and the other in mitochondria. The presence of these enzymes outside the cell 

corresponds to liver cell damage. Increased activity of alkaline phosphatase, a marker 

enzyme for endoplasmic reticulumn and plasma membrane (Wright and Plummer, 

1974) was observed. It is frequently used to evaluate the plasma membrane integrity 

(Akanji et al., 1993), as it is contained mainly in microvilli of bile canaliculi located 

in plasma membrane.  

TBARS are an indirect marker of increase in the production of free radicals and 

considered to be the index of endogenous lipid peroxidation. In our study, the 

gentamicin treatment caused elevation in TBARS levels of organs (liver, kidney, 

heart, lungs, testes, brain) which were improved significantly by extracts co-

admininstration. The part of LPO in gentamicin-induced acute renal failure has also 

been depicted in earlier studies (Cuzzocrea et al., 2002).  

The gentamicin induced renal injury has also been characterized by a rise in urea and 

creatinine concentrations in serum. P. aphylla and F. olivieri treatment inhibit the 

gentamicin induced elevations in serum urea and creatinine in a dose dependent 

manner. The rise in serum creatinine along with urea and uric acid indicates a drop in 

glomerular filtration rate due to clear renal parenchymal damage. Nephrotoxicity and 

oxidative stress relationship has been well established in several experimental animal 

models. 

Toxic effects of lipid peroxidation to the cells are known to be shielded by GSH 

which act as free radical scavenger. Superoxide dismutase (SOD) converts superoxide 

radical into molecular oxygen and hydrogen peroxide, and hence provides an essential 

defence system. These results also established that SOD, catalase, GSH and GST 

levels were considerably decreased by gentamicin treatment. Similar results were 

observed by Ozbek et al. (2000) and Adaikpoh et al. (2007). These biochemical 

indications of antioxidant status and oxidative stress were reversed by P. aphylla and 

F. olivieri treatment. 

Our findings are also validated by the histopathological analysis of tissues (liver, 

kidney, lungs, brain, testes, heart). The necrotic and degenerative changes seen in the 

tissues of gentamicin administered group, have been found to be reversed in 

silymarin-treated rats with both doses of extracts. The preventive effects of extracts 
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may be credited to an improvement in the antioxidant potential and cell membrane 

regeneration (Bafna and Balaraman, 2005).  

Presence of flavonoids has been shown by preliminary phytochemical investigation. 

The best-illustrated property of all groups of flavonoids is their ability to act as 

antioxidants. Flavonoids can avoid damage caused by free radicals by their significant 

free radical scavenging activity (Robert et al., 2001). The flavonoids have been 

reported to inhibit xenobiotic-induced renal toxicity in experimental animal models 

due to their effective antioxidant potential in many nephroprotective medicinal plants. 

Hence, it is likely for this biological principle and other active principles present in P. 

aphylla and F. olivieri, be accountable for the preventive effects of the extracts. The 

probable mechanism of protection by methanol extracts of P. aphylla and F. olivieri 

might be attributed to their free radical scavenging and antioxidant property which 

enhances renal mitochondrial antioxidant system (Po et al., 2008), thereby protecting 

against gentamicin induced toxicity. 

5.13. Protective effects against doxorubicin induced toxicity 

Anticancer therapy generally destroys the physiological homoeostasis and influences 

many organs during the treatment process. Toxicity of anthracyclines to a variety of 

organs restricts effectual anticancer therapy (Hertzan-Levy et al., 2000; Wang et al., 

2000). Doxorubicin is a very strong antitumor antibiotic. The semiquinone form of 

doxorubicin is a short-lived toxic metabolite which interacts with molecular oxygen 

and begins a cascade of reactions, producing free radicals. It has been suggested that 

lipid peroxidation and free radicals generation are liable for doxorubicin-induced 

hepato, cardio and nephrotoxicity (Psotova et al., 2002; El-Shitany et al., 2008; Injac 

et al., 2008; Injac et al., 2009).  

The precise mechanisms of doxorubicin induced toxicity still needs to be determined 

even though different propositions have been proposed, which includes triggering of 

Ca
2+

 discharge from the channels of sarcoplasmic reticulum (Pessah, 1992) and 

disturbance of myocardial energy metabolism (Tokarska-Schlattner et al., 2008). In 

short, there are no doubts about elevation of oxidative stress and overpowering of the 

antioxidant defense by doxorubicin (Dalloz et al., 1999; Yagmurca et al., 2003). The 

anti-tumour activity and toxic effects caused by anthracyclines are due to the 

generation of free radicals assisted by transition metals (Gianni and Myers, 1992). 

The enzymatic and non-enzymatic antioxidants can scavenge the reactive oxygen 
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species generated in the tissue (Seo et al., 2003). Superoxide dismutase (SOD), an 

antioxidant enzyme, is liable for dismutation of O2- generated during metabolism of 

doxorubicin to H2O2, which are substrates for the peroxisomal catalase and cytosolic 

glutathione peroxidase enzymes (Singal et al., 2000). 

There is a need for more effective approaches to increase the therapeutic potential of 

anticancer drugs and decrease the systemic toxicity. Therefore, a large interest has 

been focused on combination chemotherapy for improvements (Nabekura et al., 2008; 

Siegelin et al., 2009). 

In this study, we utilized a rat model of doxorubicin-induced toxicity and it was 

observed that these animals have scruffy fur in addition to significantly decreased 

body and organ weights (You et al., 2006). In our study, decrease in body weight 

agrees with other studies (Hoekman et al., 1999; Herman et al., 2000) and it may be 

attributed to reduced food intake and inhibition of protein synthesis due to 

doxorubicin. Methanol extracts of P. aphylla and F. olivieri demonstrated body 

weight gain along with the increase in organs weight. This provides evidence that 

both plants directly protect doxorubicin general toxicity. 

The cardiac damage can be detected by measuring levels of cardiac marker enzymes, 

for instance serum lipid profile, LDH and creatinine kinase-MB fraction (CK-MB) in 

the serum. The extent of damage to myocardial tissues can be roughly estimated by 

LDH levels whereas the early stage of myocardial ischemia is indicated by serum 

creatinine kinase activity. Release of these biomarkers in serum indicates myocardial 

injury and their presence in heart tissue homogenate implies myocardial integrity. A 

non-specific change in the plasma membrane integrity is reflected by the liberation of 

cellular enzymes. There was an increase in activities in serum in doxorubicin induced 

myocardial damage in our study. Our results are consistent with those of Abd El-

Gawad and El-Sawalhi, (2004), Abd-Allah et al., (2002), and Venkatesan, (1998). 

Oral co-treatment with P. aphylla and F. olivieri refurbish these enzymes activities in 

the serum close to normal. The cellular levels of these enzymes in blood are directly 

linked to the intactness of cardiac cell plasma membrane. Thus, inhibition of 

doxorubicin induced increase and dose dependent decrease in serum level of CK-MB 

and LDH by P. aphylla and F. olivieri extracts, which could be due to their action on 

retaining cardiac membrane integrity and limiting the leakage of these enzymes (Chen 

et al., 2008). 
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Liver is the main site of adriamycin metabolism. A number of studies indicate that 

enzyme activation of adriamycin begins with the drug conversion to a semiquinone 

free radical (Bartoszek, 2002). Reduction of side chain carbonyl group yields a more 

toxic metabolite. Such metabolite accumulates in heart and contributes to heart failure 

(Olson et al., 1988). The liver may play significant part in cardiac injury. Also the 

improvement of liver toxicity may prevent cardiac damage. 

Our results established that myocardial damage activated aspartate aminotransferase 

and alanine aminotransferase levels in the animals treated with doxorubicin, which is 

consistent with the change of serum biochemistry caused by doxorubicin (Andreadou 

et al., 2007). Mild elevations of AST have been linked with myocardial infarction or 

liver injury. Higher the activity of AST, the larger is the injury size (Kahn et al., 

1979). P. aphylla and F. olivieri extracts could significantly modulate the cardio 

toxicity as evident from decline in serum marker enzymes in drug treated groups, 

which is in agreement with other studies on doxorubicin toxicities (Koti et al., 2009). 

The biochemical indices that are frequently used in prediction of cardiovascular 

disease risk, include alterations in lipid metabolism, serum levels of cholesterol and 

triglyceride (Wilson et al., 1998). Higher concentrations of LDL are related with 

cardiovascular diseases and encourage atherosclerotic progression (Crowwell and 

Otvos, 2004). As shown in the present study, capability of P. aphylla and F. olivieri to 

improve the lipid profile of rats administered doxorubicin, depicts good signal for 

cardioprotection. 

Lipids are possibly important vehicles for inflicting oxidative damage on cells, 

resulting in the formation of lipid peroxides that trigger a cascade reaction involving 

other lipid molecules. LPO level is a direct indication of oxidative damage of cells as 

observed in atherosclerosis, aging and other pathological disorders. The current study 

showed an increase in tissue TBARS levels, where malondialdehyde is the end 

product of lipid peroxidation (Nowak et al., 1995) in doxorubicin administered rats, 

compared to control rats. Evidence has been provided for doxorubicin induced lipid 

peroxidation (Wang et al., 2007; Hamza et al., 2008) as a reasonable result for 

oxidative stress (Singal et al., 2000). Free radical generation by doxorubicin in the 

form of doxorubicin semiquinone has been recommended to play a main part in its 

cardiotoxic effects (Bachur et al., 1979), by inducing the peroxidation of unsaturated 

lipids within the membranes (Myers et al., 1977) and increasing oxygen free radical 
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activity (Lee et al., 1991). Under aerobic conditions, semiquinones are unstable thus 

generating superoxide anion radicals. Antioxidants for instance Vitamin E protects 

from cardiac cell injury by decreasing lipid peroxidation (Machlin, 1991). 

P. aphylla and F. olivieri extracts co-administration with doxorubicin significantly 

decreased lipid peroxidation as indicated by low TBARS levels, thus restrains lipid 

peroxidation by scavenging free radicals and lipid chain reaction blocking similar to 

α-tocopherol (Venkatesan, 1998). 

Glutathione is considered to be the master antioxidant of the body and is found in 

most living cells. Reduced glutathione is a main endogenous antioxidant which 

controls the enzymatic and nonenzymatic detoxification of reactive oxygen species 

generated by many compounds (Venkatesan, 1998). SOD is extensively distributed in 

all cells and has a significant shielding role against oxidative injury induced by ROS. 

It transforms superoxide ion (O2
–
) to hydrogen peroxide (H2O2), which is later acted 

upon by CAT and GPx. One of the most efficient defense mechanism against various 

diseases might be to scavenge superoxide ions and hydroxyl radicals.  

In our study, there was s significant decline in CAT and SOD activities of DOX-

treated rats in both kidney and liver as compared to control rats as reported 

previously. The buildup of these highly reactive free radicals led to reduced activity of 

CAT and SOD, which in turn results in damaging effects in the form of loss of cell 

membrane function and integrity. However, decrease in CAT and SOD activity may 

be related to an increase in intracellular H2O2 levels. Catalase has been reported to be 

liable for detoxification of H2O2, which is an efficient inhibitor of SOD (Damodara et 

al., 2007; Mahesh et al., 2009; Mohan et al., 2010; Salim, 2012; Tu et al., 2010).  

Reduction of GSH level in tissues may result in peroxidative damage and injury of the 

cellular defense against ROS. Our findings are consistent with earlier reports that 

showed a decline in GSH concentration upon doxorubicin treatment. GSH acts as a 

substrate for GPx, besides being a direct free radical scavenger. However, 

doxorubicin treatment led to a reduction in the activity of GPx, which may be due to 

unavailability of GSH. P. aphylla and F. olivieri extracts (200 and 400 mg/kg) 

administration appreciably improved the alterations in antioxidant levels stimulated 

by doxorubicin treatment. GR restores the level of GSH by reduction of oxidized 

product of glutathione. The activity of GR was also decreased upon doxorubicin 

treatment as compared to control rats, as reported in the earlier findings (Oz and Ilhan, 
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2006; Santos et al., 2007; Injac et al., 2008; Injac et al., 2009; Ayla et al., 2011; 

Mohan et al., 2011; Raskovic et al., 2011; Ali, 2012). We observed that SOD activity 

was significantly increased by treatment with P. aphylla and F. olivieri extracts as 

compared to control, but this rise was much more in doxorubicin treated animals 

suggesting that the antioxidant enzyme activity is accelerated under oxidative stress.  

The present investigation showed many histopathological and ultrastructural 

aberrations in the liver including marked disruption of hepatic cords, dilated central 

vein, blood sinusoids, inflammatory infiltration and deposition of collagen fibers. 

Adriamycin has been shown to induce accumulation of inflammatory cells indicating 

hepatic damage (Saad et al., 2001). The present results agree with the previous 

research where periportal fibrosis was detected after adriamycin administration (El-

Sayyad et al., 2009).  

Many hepatocytes showed degeneration and necrosis with karyorrehexis indicating 

apoptosis. Adriamycin is thought to kill cells primarily by DNA fragmentation and 

causing cell death by apoptosis (Ray and Jena, 2000). Apoptosis is a common feature 

of hepatotoxicity induced by many chemicals, as thioacetamide and acetaminophen 

(Ledda-Columbano et al., 1991; Knight et al., 2003). Vacuole like defects appeared in 

the heterochromatin region of hepatocytes of adriamycin treated group. Nuclear 

vacuolation in hepatocytes is a marker of senescence and likely to be a result of 

hepatic damage. Adriamycin affects many intracellular targets in hepatic cells. 

Mitochondria have been considered as one of the targets in adriamycin-induced 

subcellular injury. P. aphylla and F. olivieri treatment significantly reversed the 

DOX-induced liver damage in a dose dependent manner. 

Also, doxorubicin-induced glomerulopathy is apparent by a decline in total proteins 

and creatinine, related to moderate tubular atrophy and dilation; vacuolation and 

swelling of epithelial cells; congestion of interstitial capillaries and marked albumin 

(hyaline) casts formation. These results are in agreement with earlier studies reported 

by other researchers (Jovanovic et al., 1996; Lebrecht et al., 2004). 

It was clearly evident from the histopathological examination of kidney tissues that P. 

aphylla and F. olivieri significantly prevented disruption of the normal renal 

architecture, which was distorted by doxorubicin administration. Normal renal 

architecture was observed in control animals whereas renal lesions, inflammation, 

glomerular congestion and interstitial hemorrhage were seen in doxorubicin-treated 
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groups. The lesions were reduced significantly in P. aphylla and F. olivieri treated 

groups in a dose dependent manner. 

In the present study, by using light microscopy, doxorubicin injected group, showed 

increased diameter of cardiac myocytes. There was a massive nuclear change in the 

form of pyknosis, chromatin margination and karyolysis; previous changes were 

confirmed by electron microscopy which revealed disorganization of cardiac 

myocytes and nuclei with loss of cross striation. These obtained results were 

consistent with other workers who reported increase myocytes diameter, 

hyperchromatic nuclei, disorganization of myofibrils and loss of cross striation of 

cardiac myocytes (Maiim, 2005). 

Also using electron microscopy some investigators (Mukherjee et al., 2003; 

Lushnikova et al., 2005) found that after injection of doxorubicin, the cardiac muscle 

showed peripheral chromatin condensation, deformity, fragmentation of the nuclei 

and apoptosis (Saraste et al., 1999), which explained that myocardial apoptosis is a 

common mechanism of acute and chronic doxorubicin cardiotoxicity.  

The results of the rats injected with doxorubicin and extracts showed marked 

reduction in the histopathological changes induced by doxorubicin. There was 

significant reduction in the vascular congestion between myocytes. There was also 

marked decrease in necrotic changes of cardiac myocytes represented by less number 

of pyknotic and karyolitic nuclei, compared with the doxorubicin injected group. 

Organization of cardiac myofibrils was preserved to a great extent when compared 

with the doxorubicin injected group (Abeer et al., 2000). 

From those mechanisms described above, combining exogenous antioxidants as 

supportive in chemotherapy regimen seems to be very promising in an attempt to 

protect tissues from oxidative damage due to its ability in scavenging free radicals. 

The results obtained thus indicate that the methanol extracts of P. aphylla and F. 

olivieri have potent antioxidant activity and it may be due to synergistic effect of the 

major phytoconstitutents like flavonoids, phenols and lignans. Flavonoids comprise a 

family of compounds that possess radical scavenging and iron chelating properties 

(Arafa et al., 2005). Flavonoids have been observed to prevent the heart from 

doxorubicin induced toxicity when co-administered with doxorubicin in mice (Van 

Acker et al., 1993), which implies that flavonoids are potential cardioprotectors 

against doxorubicin-induced cardiotoxicity. Thus, in conclusion the above data 
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suggest that P. aphylla and F. olivieri which are rich in flavonoids have the potential 

in preventing the toxic effects induced by doxorubicin. 

CONCLUSIONS 

 Phytochemical evaluation of P. aphylla and F. olivieri extracts and their 

fractions reveals the presence of bioactive/medicinally important constituents 

including flavonoids, cardiac glycosides, alkaloids, terpenoids, tannins and 

saponins. 

 P. aphylla and F. olivieri extracts demonstrated a broad spectrum of activity 

against both Gram-negative and Gram-positive bacteria as well as fungal 

species.  These results signify their potential as a source of therapeutic agents 

and may provide leads in the continuing search for antimicrobial agents from 

plants. 

 Extracts of P. aphylla and F. olivieri have shown profound cytotoxic 

activities. Hence they might be potential producers of cytotoxic secondary 

metabolites and can be utilized for the development of novel anticancer drug 

leads.  

 The extracts and their fractions possess potent antioxidant potential which was 

related to high contents of phenolics and flavonoids. Thus offering effective 

protection from free radicals and are a promising source of natural 

antioxidants of high significance.  

 Chemical fingerprint profiles of phenolic compounds of the plant may be 

helpful in identification and quality assessment of drugs based on plants. The 

phenolic acids identified in present study may enable drug manufacturers to 

adjust the herbs proportion and get a standardized product with consistent 

biological activity. 

 P. aphylla and F. olivieri extracts displayed remarkable anti-inflammatory and 

anti-depressant activities. Therefore, these plants can be helpful for treating 

inflammatory disorders and may serve as a potential resource for natural 

psychotherapeutic agent against stress related disorders such as anxiety and 

depression. 

 The butanol fraction of P. aphylla and aqueous extract of F. olivieri exerts 

significant hypoglycemic effect in diabetic rats which supports the traditional 
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use of these plants for controlling hyperglycemia in diabetics. It seems to be 

promising for the development of phytomedicines for diabetes mellitus.   

 The methanolic extracts of P. aphylla and F. olivieri possess protective and 

antioxidant action on paracetamol induced toxicity in rats as indicated by 

biochemical and hitopathological analysis. These findings also point out that 

both plants warrants future detailed investigation as promising 

hepatoprotective and nephroprotective agents. 

 Oral administration of methanol extracts of P. aphylla and F. olivieri also 

produces significant protective effects in gentamicin treated rats which can be 

attributed to their antioxidant potential.   

 Multiple organ toxicity induced by doxorubicin is significantly ameliorated by 

methanolic extracts of P. aphylla and F. olivieri. Thus, they possess the 

potential to be applied clinically in order to improve medicinal benefits of 

doxorubicin. 

FUTURE PERSPECTIVES 

This study has discovered new research areas to develop better remedial agents for 

heart, kidney, liver and other organs’ disorders and dysfunctions. These plants are 

important potential sources of bioactive materials and natural antioxidants, which 

would enhance shelf life of foods, reinforce against peroxidative injury in living 

systems regarding carcinogenesis and aging. Further research on characterization and 

isolation of active principles from these plants and their pharmacodynamic study 

using advanced methods would be of great value. The knowledge about the 

conventional sources of medicinal plants can be extended for future analysis into the 

fields of ethnobotany, phytochemistry, pharmacology and other biological actions for 

drug discovery. 
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