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ABSTRACT 

 Medicinal plants are stipulated with bioactive compounds that are used to cure 

various health disorders like infections, cardiovascular and degenerative diseases. 

Different parts of Carissa opaca Stapf ex Hanes are used against jaundice, asthma and 

cardiovascular diseases. Likewise, the whole plant of Rumex hastatus D. Don. is 

considered useful against lung infections, skin diseases, jaundice and rheumatism. Beside 

this fruit of C. opaca and leaves of R. hastatus are feed additive. As both plants are 

widely utilized as functional substance, thus the study was planned to investigate the 

phytochemical constituents and pharmacological effects of both plants.  

 In order to attain their contribution toward potential health benefits, fruits and 

leaves of C. opaca and leaves and roots of R. hastatus were separately extracted with 

methanol. Then each methanol extract was successively separated into n-hexane, ethyl 

acetate, chloroform, butanol and aqueous fractions by liquid-liquid partition. Qualitative 

screening of all the fractions/extracts by standard procedures was performed to monitor 

the quality of every fraction/extract for the presence of plant secondary metabolites. 

Quantitative analysis of total phenolics and flavonoids was also conducted. Thin layer 

chromatography (TLC) and high performance liquid chromatography (HPLC) techniques 

were used to assess the quality and quantity of flavonoids in each sample. Nine 

multifaceted assay systems were established to scrutinize the in vitro antioxidant power 

of all plant samples. The assay system used were such as DPPH, superoxides, hydroxyl, 

hydrogen peroxide and ABTS free radical scavenging assays, phosphomolybdenum 

assay, β-carotene bleaching inhibition, iron chelating assay and reducing power assay. 

Correlation studies of total phenolics and flavonoids with different in vitro assays verified 

their contribution against oxidants/free radicals. 

 For biological assays, antibacterial, antifungal cytotoxic and antitumor activities 

were assessed. The antibacterial activity was determined by agar well diffusion assay 

against eight bacterial strains; Bacillus subtilis, Enterobactor aerogenes, Escherichia 

coli, Klebsiella pneumoniae, Micrococcus luteus, Salmonella typhy, Pseudomonas 

aeroginosa and Staphylococcus aureus. Similarly, antifungal activity was assessed by 

agar tube dilution technique against four strains including, Aspergillus flavus, Aspergillus 

fumigatus, Aspergillus niger and Fusarium solani. All the samples were tested for 

cytotoxic and antitumor potential by brine shrimp lethality assay (BSLA) and potato disc 

assay, respectively. 
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 For in vivo exploration, CCl4 was selected to induce oxidative stress in various 

organs of Sprague Dawley male rats. Four experiments were planned using 96 rats in 

each experiment with 16 groups of 06 rats per group. Group I of control, Group II of 

DMSO + olive oil, Group III of CCl4 (0.5 ml/kg b.w., 20% CCl4/olive oil) twice a week 

for eight weeks. Oral induction of silymarin (50 mg/kg body weight)  to group IV, and 

plant extract/fractions (200 mg/kg body weight) to V, VI, VII, VIII, IX, X groups with 

CCl4 (twice a week) was established twice a week for eight weeks. Groups XI, XII, XIII, 

XIV, XV and XVI were orally administered with plant fractions/extracts alone twice a 

week for eight weeks. 

 At the end of every experiment, urine and blood was collected for further 

biochemical marker tests. Likewise, five major organs including, liver, kidney, lungs, 

heart and testis were screened for organ toxicity test by using enzymatic and non 

enzymatic antioxidant level, DNA fragmentation and ladder assay and histological 

studies of particular organs. 

 According to qualitative investigation, phenolics and flavonoids were found in all 

the fractions or tested samples. Apart of it, alkaloids, anthraquinone, cardiac glycosides, 

coumarins, tannins, terpenoids, and phlobatannins were also accounted in different 

fractions. Highest quantity of total phenolics and flavonoids was found in methanol 

extracts. Chromatographic evaluation (TLC and HPLC) reported eleven known 

(apigenin, myricetin, vitexin, orientin, hyperoside, isovitexin, isoquercetin, rutin, luteolin, 

kaempherol and luteolin-7-glucoside) flavonoids with some unknown compounds.  

 Antimicrobial potential of plant samples varied in different fractions with respect 

to strain. The greatest cytotoxic activity was revealed by chloroform and butanol 

fractions of R. hastatus leaves (CLR, BLR), chloroform fraction of C. opaca fruit (CFC) 

and butanol fraction of R. hastatus root (BRR). Ethyl acetate fraction of R. hastatus 

leaves showed a marked antitumor activity near to positive control. Concerning the in 

vitro antioxidant scavenging activities, chloroform and aqueous fractions of C. opaca 

fruit can be used as functional antioxidant being strong radical scavengers and 

significantly correlated with major phytochemicals. In case of C. opaca leaves, degree of 

contribution of samples to exhibit scavenging activity was different showing non 

significant correlation with total phenolics and flavonoids. The high correlation 

coefficient was found between EC50 values of different scavenging assays and total 

phenolics and flavonoids content of different fractions of R. hastatus leaves. Likewise, 
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butanol and methanol fractions of R. hastatus roots showed the highest scavenging ability 

and strong correlation with major phytochemicals.    

 Hepatotoxicity induced by CCl4 showed disturbed serum levels of aspartate 

transaminase, alanine transaminase, alkaline phosphatase, lactate dehydrogenase and γ-

glutamyltransferase and lipid panel profile (triglycerides, total cholesterol, low density 

lipoproteins, high density lipoproteins). These hepatic functional markers were normally 

regulated by administration of various fractions. Nephrotoxicity was evaluated by urine 

profile pH, specific gravity, RBCs, WBCs, level of urea, creatinine and urobilinogen 

creatinine clearance, albumin, and level of urinary protein and serum profile (proteins, 

albumin, globulin, total bilirubin and direct bilirubin, BUN, urobilinogen, creatinine, 

creatinine clearance and nitrite level). CCl4 distressed the kidney function tests of urine 

and serum while various fractions showed a marked recovering effect. Restoring effects 

of various fractions of plant samples was verified by creatine kinase (CK) and CK-MB of 

serum against CCl4 induced cardiotoxicity. Hormonal level of serum including; 

testosterone, luteinizing hormone (LH), follicle stimulating hormone (FSH), prolactin and 

estradiol for testicular studies showed a repairing potential of plant samples against CCl4 

induced testicular toxicity.   

 Oxidative stress in all five organs was evaluated by examining enzymatic and non 

enzymatic antioxidant level. Reduced antioxidant enzymes like catalase, peroxidase, 

superoxide dismutase and glutathione status (reduced glutathione, glutathione reductase, 

glutathione peroxidase, glutathione-S-tranferase, quinone reductase) in different organs 

were restored by oral administration of various fractions and silymarin. In addition, 

enhanced concentration of lipid peroxidation and H2O2 content was reverted back by oral 

administration of different plant samples and silymarin. Similarly, DNA damage was also 

reduced due to protective effect of different fractions of plants. Histopathological studies 

corresponded to serological, enzymatic and non enzymatic and DNA injuries levels.  

 Exposure of rats to CCl4 revealed the hepatic fibrosis, pulmonary fibrosis, 

necrosis and inflammatory cells infiltration in liver, heart and lungs and kidney, 

degeneration of seminiferous tubules of testis and loss of germ cells. However, various 

fractions of plant samples and silymarin showed repairing potential against histological 

damages. Thus, the results imply that various fractions of tested plant samples have 

pharmacological potential that might be due to their bioactive compounds like phenolics 

and flavonoids. It is recommended to further isolation and verification of bioactive 

compounds.  
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INTRODUCTION 

Plants used to extract pure compounds and development of new drugs have 

supreme frankness of chemical diversity. Natural products derived from plant 

extracts/fractions are novel therapeutic agents for various infectious as well as 

degenerative diseases. People of developed countries have turned back their attention 

towards botanicals as medical care, but countries like Pakistan, China and India seek help 

from botanical healers since centuries to till date because they grant them substitutive 

health care services based on botanicals as an accessible and economical source in 

comparison to synthetic medicines. Hence, medicinal plants are considered as therapeutic 

agents against various diseases. No doubt indigenous use of plants is unlimited, but it is 

necessary to discover the pharmaceutically important agents responsible for protection 

against lethal diseases. It is anticipated that about one quarter of approved modern 

medicines has been derived from botanicals. For example, several anti-cancer drugs 

including, vinblastine and paclitaxel are exclusively derived from botanicals. Similarly, 

aspirin, a recognized pain killer, was actually a derivative of Salix and Spiraea species 

(Katzung, 1995; Pezzuto, 1996). Regarding the excessive use of botanicals as health care 

medicines, it has become an important step to screen the medicinal plants for bioactive 

compounds as a source of new antibiotic and cancer-related drugs. Different techniques 

like robust bioassays with further evaluation of in vitro assays leading to toxicological 

properties in animal models are found imperative to attain the pharmacological status of 

plant.  

1.1. Ethnobotany of selected plants 

Considering the importance of ethnomedicinal approach, new therapeutic agents 

are being discovered that may be useful against infectious and degenerative ailments. 

There is considerable literature about ethnobotanical use of selected plant i.e. Carissa 

opaca and Rumex hastatus but no scientific information or proof was found.  

1.1.1. Carissa opaca 

Carissa opaca Stapf ex Hanes. is a 2-3 meter tall evergreen shrub containing 

glabrous or puberulous branches with opposite and ovate glabrous leaves, hard and sharp 

spines arising between the petiole. Flower color white with 12 mm long slender corolla 

tube. Edible berry fruits with dark purple color after ripening. Distribution of plant in 

Pakistan is from Punjab-Himalayas up to 6000 ft, in Murree. The plant is also reported in 

some areas of India, Burma and Sri Lanka (Nazimuddin and Qaiser, 1983). Jabeen et al. 
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(2009) reported the use of plant against worm infested sores of animals, asthma, 

stimulants and fly repellent. According to Saghir et al. (2001) fruits and leaves are cardiac 

and stimulant. Abbasi et al. (2009) described the traditional use of plant for the treatment 

of hepatitis and jaundice. Researchers have reported that plant is purgative, and give relief 

from cough, diarrhea and fever (Adhikari et al., 2007). Ahmad et al. (2009) described the 

ethnobotanical use of stems, leaves and fruits of C. opaca in eye disorders and reported 

that mixture of fruit of C. opaca with roots of Mimosa pudica is used as aphrodisiac. Rai 

et al. (2006) investigated highly fragrant essential oil of the flowers of C. opaca by GC 

and GC-MS analyses. 

1.1.2. Rumex hastatus 

Rumex hastatus D. Don. belongs to the Polygonaceae family and is popularly 

known as ‘‘khatimal”. The plant is suffrutescent richly branching shrub. It grows up to 

90-120 cm tall and  leaves with petioles of the same length as the blade; blade hastate, 

panicles terminal with erect-divergent, mostly simple branches,  nut up to 2 mm long, 

brown, and long spindle-shaped roots. It is distributed in northern Pakistan, north east 

Afghanistan and south west of China, growing between 700-2500 m, sometimes grows as 

pure population (Qaiser, 2001). Leaves have a pleasant acidic taste and used in chutneys 

and pickles (Manan et al., 2007). It has been reported that the whole plant of R. hastatus 

is used as medicine. It is laxative, alterative, tonic, used in rheumatism (Shinwari and 

Gilani, 2003), skin diseases, bilious complaints, piles, bleeding of lungs (Gorsi and Miraj, 

2002). The juice of plant is used for blood pressure (Manan et al., 2007), in tonsillitis and 

sore throat (Taylor et al., 1996) as flavouring agent, carminative purgative and diuretic 

(Manandhar, 2002; Ullah and Rashid, 2007; Ahmed, 2007). Literature demonstrates that 

Rumex hastatus is reported to possess activity or traditionally used for prevention and 

treatment of sexually transmitted diseases including AIDS (Vermani and Garg, 2002). 

Researchers reported the use of R. hastatus shoots and leaves as cooling agent, refrigerant 

and diuretic (Islam et al., 2006; Hussain et al., 2006). Zhang et al. (2009) by referring the 

use in Chinese herbal system reported seven phenolic compounds from R. hastatus roots. 

According to Uniyal et al. (2006) tribal communities of Chhota Bhangal, Western 

Himalaya believed that cooling properties of R. hastatus leaves help in stopping nasal 

bleeding. During nutritional analysis of R. hastatus D. Don. Hameed and Dastagir (2009) 

showed the presence of moisture, ash, crude fiber, proteins, fats and oils, and 

carbohydrates in proximate percentage. Significant cytotoxic activity of R. hastatus at 

1000 µg/ml was recorded by Hussain et al. (2010) in their cytotoxic and phytotoxic report 
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of some plants of family Polygonaceae. 

Thus, regarding to the cultural/ethnic use of different plant parts of C. opaca and 

R. hastatus in different herbal systems, evaluation of pharmacological status using 

multifaceted bioassays, in vtiro antioxidant assays and toxicological studies in animal 

models has to be planned. 

1.2. Importance of phytochemical screening and chromatographic evaluation  

In spite of the popular use of above mentioned plants, there is no information 

about secondary metabolites. The scientific testimonials about discovery of plants as 

reservoirs of bioactive substances for the deterrence of degenerative and chronic ailments 

are in frequent progress. Indeed, the origin of various remedial therapies is due to plant 

secondary metabolites. Antioxidant activity of plants is due to phenolic compounds that 

protect the cells against oxidative injuries attributed by free radicals (Kahkonen et al., 

1999). Plants that possess flavonoids have strong anti-inflammatory, antiviral, 

antioxidant, antiallergenic, anti-fungal, antibacterial, anticancer, cytotoxic and 

hepatoprotective, activities thus, generated curiosity about flavonoid containing plants. 

It is estimated that broad spectrum of action of plant extracts/fractions is emerging 

due to bioactive compound like saponins, tannins, terpenoids, anthraquinones, glycosides, 

flavonoids, phenolics and alkaloids.  

Flavonoids are one of the important classes of plant secondary metabolites; hence 

their quantity and type determine the worth of plant to be used in health care medicines. 

Antioxidant potential of plant phenolics and flavonoids may be due to their redox 

properties, hydrogen or electron donating aptitude, chelating transition metal ions and 

quenching free radicals. Therefore, plant extracs/fractions full of phenolics are 

increasingly demanding in food industry as they enhance the quality and nutritional value 

of food by preventing the oxidative damage of lipids (Javanraedi et al., 2003). Beside 

this, role of phenolics in the prevention of degenerative disease is also emerging. 

Rievere et al. (2009) reported the antioxidant and antimicrobial potential of 

tannins. Plant secondary metabolites like alkaloids, saponins, tannins, anthraquinones and 

flavonoids are known to have curative activity against several pathogens and therefore 

could suggest the traditional use for the treatment of various illnesses (Hassan et al., 

2004; Usman and Osuji, 2007). The high performance liquid chromatography (HPLC) 

analysis of plant fractions, a chromatogram under standard conditions, can be very useful 

for quality control of phytochemicals especially flavonoids. Although TLC is also an 

influential and easy technique used for this purpose, but it is or should be used for 
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judgment of HPLC findings. HPLC is considered a valuable tool for phytomedicines and 

to characterize species on the basis of their chemical constituents called 

chemosystematics. Recently, researchers have sought to isolate potent natural 

antioxidants like flavonoids by HPLC method that will not only prevent lipid 

peroxidation and auto-oxidation, but also replace synthetic antioxidants. The analysis of 

plant metabolites of C. opaca and R. hastatus by HPLC, still, is rare. To the best of our 

knowledge, two reports have found about secondary metabolites of R. hastatus that 

describes resveratrol, rumexoside, torachrysone-8-yl b-d-glucopyranoside, rutin, nepodin, 

and orientaloside (Zhang et al., 2009) and several anthraquinones (Tiwari and Sinha, 

1980). We could not find any single report on the analysis of flavonoids of C. opaca by 

HPLC. 

1.3. Biological assays 

Biological assays commonly referred to as bioassays are biologically standard 

measures used to decide biological activity, purity and concentrations of constituents in a 

sample, in other words, the activity of plant sample on particular biological organism or 

process is determined. Various bioassays have been used in order to examine the efficacy 

of the plants/compounds. Bioassays are necessary tools to investigate the plant extracts/ 

fractions having bioactive compounds. 

1.3.1. Antimicrobial screening 

In the recent years, medicinal plants are supplementary focused regarding to 

therapeutic properties of traditional medicines in the treatment of various incoming 

diseases. It has become necessary to find out new antimicrobial drugs having diverse 

chemical structures so that they can deactivate new lethal microorganisms. Hence, an 

outstanding chemical diversity found in botanicals may be of great potential to relate with 

new antimicrobial agents. These antimicrobial agents are functional against plant and 

human pathogens. Previous literature reports that the bioassay-guided fractionation and 

antimicrobial activity of plant extracts yield active principles (Rojas et al., 2003). 

Antimicrobial agents of botanicals with massive remedial potential to heal many 

infectious diseases are void of side effects in comparison to synthetic drugs. 

Due to complexity of plants, it must be kept in mind that instead of single 

compound, a combination of compounds substantiating in a synergistic or additive way 

may be responsible for biological (antimicrobial) activity (Van Vuuren, 2007). However, 

many remarkable plant derived antimicrobial compounds such as benzoin and emetine 

have been approved (Cox, 1994). Medicinal plants offer a considerable novel 
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antimicrobial therapeutic potential and adjunct treatment against resistant microbial 

strains.  

Spoilage of food material is observed due to various bacterial and fungal strains. 

Like wise Salmonella typhy and Klebsiella pneumoniae induce typhoid and pneumonia, 

respectively.  Bacterial/microbial resistance against known antimicrobials is increasing 

due to environmental factors that favor microbial growth, permeability variations and 

membrane efflux systems of microbial cell and enzymatic degradation of antibiotics. 

Hence, it has become crucial to explore new antimicrobial agents from natural resources. 

Although the ethnobotanical literature about C. opaca and R. hastatus is well- 

acknowledged, yet very little scientific information about its activity against 

microorganism is available. It is anticipated that this study would lead to formulation of 

new and more potent antimicrobial drugs of natural origin. 

1.3.2. Cytotoxicity and antitumor screening 
Cancer, being a world-wide health problem, is treated with clinical therapies 

including chemotherapy, surgery, radiation therapy and so on by using synthetic 

medicines. Toxic side effects of synthetic medicines have made a comeback for herbal 

medicine to improve our present and future health needs. Thus, development of simple 

suitable and economical assay systems for prescreening of a wide range of samples can 

seek advantageous as alternatives to prolonged animal trials for the discovery of new 

anticancer drugs. Various bioassay methods have been assessed for the antitumor or 

anticancer activity of plant extract/fractions or compounds. Several famous and 

noteworthy discoveries like vincristine, vinblastine the podophyllotoxin derivatives and 

10- hydroxy-campothecin are the outcome of these methods and also derived from 

botanicals. Sharma (2009) reported that diterpene resins of Croton species have been 

possibly prove to be useful in cancer therapy. 

It is reported that regarding to cytotoxicity assays, there is a strong correlation 

between human nasopharyngeal carcinoma and brine shrimp toxicity. Brine shrimp 

lethality assay (BSLA) provide a front-line screen to back up more specific and expensive 

bioassays for isolation of active compounds due to inexpensive and rapid means of 

standardization of bioactivity in heterogeneous botanical products (McLaughlin and 

Rogers, 1998). Brine shrimp lethality test is going to be practiced routinely as an indicator 

of possible cytotoxic properties in order to reveal new anticancer drugs. Cytotoxic assays 

are being frequently applied for the analysis of mycotoxins, anesthetics, dinoflagelate 

toxins and marine toxicants. Thus, using these cytotoxic assays, many novel pesticidal 
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and anticancer natural products have been documented (Meyer et al., 1982; McLaughlin, 

1991). Taxol, a new anticancer drug for the treatment of ovarian, breast and pulmonary 

carcinomas was at first isolated from Taxus brevifolia bark (He et al., 2001), by BSLA. 

Antitumor potato disc assay using Agrobacterium tumefaciens is considered as 

quick, low-priced and consistent prescreening for antitumor agents (Galsky et al., 1980) 

of botanicals. In this assay, specific strains of A. tumefaciens induce a neoplastic disease 

called crown gall tumorigenesis on potato tuber (Solanum tuberosum) discs. Actually, this 

bacterium contains large Ti (tumor-inducing) plasmids which carry genetic information 

(T-DNA) that multiply the plant’s cells by transforming into autonomous tumor cells. 

This tumorigenesis was found to be similar with human and animal cancers at DNA as well 

as histological level (McLaughlin, 1991; Agrios, 1997). Therefore, it is expected that some 

antitumor agents might hamper tumorigenesis in both animal and plant systems. Ferrigni 

et al. (1982) demonstrated the inhibition of P388 (3PS) leukemia in mice by antitumor 

agents. Considering tremendous importance of potato disc bioassay, selected plants are 

supposed to be evaluated for their antitumor potential. 

1.4. Oxidative stress/ROS 

Oxidation is crucial to assemble the energy of living organisms for many 

biological processes. It is commonly accepted that oxidative damage is the response of 

imbalance between the production of free radicals and antioxidant defense system. This 

oxidative biological damage of  reactive oxygen species (ROS), like hydroxyl, peroxyl 

and superoxide radicals has been implicated pathogenesis of a jumble of diseases, 

including  atherosclerosis, neurodegeneration, inflammation, cardiovascular diseases, 

diabetes, cataracts and cancerisation (Aruoma, 1998). ROS are very transient and highly 

reactive species and cause damages to cellular components by interacting with poly 

unsaturated fatty acids of lipids to induce peroxidation of lipid and oxidation of proteins 

and DNA (Halliwell and Gutteridge, 1999). Hence, oxidative damage is concerned with 

development of various disorders and organ dysfunction. 
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Fig. 1.1: Relationship of oxidative stress with human health. Levels of oxidative stress 
contribute towards the development of many disease states (Figure adopted from 
oxidative stress and human health by U.S. Environmental Protection Agency). 
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1.4.1. Plants as antioxidants 

Plants are well-known excellent perspectives for the discovery of new 

therapeutical products. In recent years, an ample interest has been developed in finding 

natural antioxidants from commonly available wild plants, fruits and vegetables that were 

generally mistreated. It is believed that they possess a remarkable potential to overwhelm 

the deadly diseases of modern world. Numerous reports of crude extracts and pure natural 

compounds have been appeared for antioxidant and radical-scavenging activities 

(Umamaheswari and Chatterjee, 2008; Kil et al., 2009).  

Natural antioxidants are of considerable interest as they can quench free radicals 

by chain breaking reactions, reducing hydrogen peroxide, chelating the transitory metal 

ions and scavenging superoxides (Dorman et al., 2003). Food scientists and nutrition 

specialists consent that plants are concerned as a source of natural antioxidants which 

contribute to reduce risks of certain diseases, like cancer and cardio-vascular diseases. In 

this context, plants are supposed to prevent the onset of these diseases. Lipid peroxidation 

is involved in the quality deterioration of lipid containing foods. Synthetic drugs that are 

used to maintain the quality of such foods have health hazards and carcinogenic effects. 

That’s why; their use in food products is strictly documented (Whysner et al., 1994). 

Consequently, it is required to replace these chemical therapeutics/synthetic drugs with 

naturally occurring agents having no or very few side-effects. In fact, literature has 

verified that intake of diets full of vegetables and fruits are allied with a decline in 

degenerative diseases (Ruch et al., 1989; Babu et al., 2001).  

Within the antioxidant compounds, considerable attention has been devoted to flavonoids 

and phenolic acids. Phenolic compounds have conjugated ring with hydroxyl group in 

their structure, so act as antioxidant by preventing free radical mediated diseases. It is 

estimated that their antioxidant capacity is characterized by quenching free radicals like 

lipid peroxy radicals (Torel et al., 1986), singlet oxygen (Husain et al., 1987), superoxide 

anion (Robak and Dryglewski, 1988). Hence, many methods have been implicated to sort 

out the antioxidant tendency of natural resources because no single assay could reflect all 

antioxidants in a mixed or complex nature of phytochemicals. Adedapo et al. (2008) also 

reported the scavenging abilities of extract against free radicals in complex assay systems 

to eradicate the radical-related pathological diseases. Hence, it is mandatory to discover 

new sources of natural antioxidants. However, no reports are available on the antioxidant 

status of focused plants. This feature, allied to the importance of the oxidative stress in 

the etiology of various diseases, encouraged us to better estimate the potential antioxidant 
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nature through various assay systems. The consequences of this study may contribute to 

the overall worth of the therapeutic status of tested plants. 

1.4.2. Carbon tetrachloride (CCl4) as a toxic chemical 

Carbon tetrachloride (CCl4) is a colorless liquid of sweet smell and nonflammable. 

It was originally synthesized by reaction of chloroform with chlorine but now it is mainly 

synthesized from methane. CCl4 is a toxic chemical and yet it is widely used in the dry 

cleaning industry, in filling fire extinguishers, in the fumigation of grains and as an 

insecticide. Thus, people working in industries and agricultural fields are directly 

intoxicated. Recent studies have shown that CCl4 is associated with advanced production 

of free radicals leading to dysfunction of several organs. 

A single dose of CCl4 directs the liver towards oxidative stress leading to steatosis 

and centrilobular necrosis in rats (Recknagel et al., 1989; Weber et al., 2003). Chronic 

CCl4 treatment is a common practice to induce hepatic fibrosis (Nabeshima et al., 2006; 

Shyu et al., 2008) renal, pulmonary and testicular injuries (Abraham et al., 1999) and 

cardiac tissue damage (Mohamed, 2010) in rats as an experimental model. Tissue damage 

by carbon tetrachloride depends upon the amount of dosage and duration of exposure of 

the experimental animals to this toxicant. Its action is based on membrane lipid 

peroxidation and induction of trichloromethyl radical (•CCl3), resulting in severe cell 

damage (He et al., 2006). Free radicals have a prominent role in causing lipid 

peroxidation and DNA damage in cells. It is evidenced that metabolic activation of CCl4 

by cytochrome P450 resulted in the production of trichloromethyl radical (•CCl3) and 

peroxy trichloromethyl radical (•OOCCl3) that in turn, initiate subsequent lipid 

peroxidation, responsible for injuries in various organ like liver and kidney (Adewole et 

al., 2007; Khan et al., 2009). Therefore, it can be stated that CCl4 is the best characterized 

tool for the study of oxidative stress trials as it consistently generates free radicals with 

the implication of pathological environment. These free radicals damage the integrity of 

cell membranes of liver by releasing the cytosolic enzymes like alanine transaminase 

(ALT), aspartate transaminase (AST), alkaline phosphatase (ALP) and lactate 

dehydrogenase (LDH) into the blood stream and elevating thiobarbituric acid reactive 

substances (TBARS) level with subsequent necrosis and inflammatory cell infiltration 

(Singh et al., 2008; Shankar et al., 2008); affect physical parameters of kidney like 

urinary and serum profile (Khan et al., 2009; Khan et al., 2010a; 2010b); increased 

lysosomal enzymes activities of testis and kidney (Abraham et al., 2000); decrease in the 

activity of diagnostic marker enzyme, creatinine phosphokinase (CPK) (an enzyme 
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responsible for ATP regeneration) in cardiac tissue (Mohamed, 2010). The health 

promoting effect of antioxidants on oxidative damage are mostly examined through 

cellular antioxidants including the enzymatic behavior of catalase (CAT), peroxidase 

(POD), superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione-S-

transferase (GST), and glutathione reductase (GR), in addition to TBARS (a product of 

lipid peroxidation) and reduced glutathione (GSH) level (Sreelatha et al., 2009; 

Srivastava and Shivanandappa, 2010) among various tissues.  

Previous studies have shown that antioxidants, including naringenin, N-acetyl 

cysteine, vitamin E, silymarin, quercetin and rhein decrease lipid peroxidation and 

partially ameliorate tissue injuries (Angulo et al., 2000; Zhong et al., 2003). Over the 

years, many researchers have reported that plants containing phenolics and flavonoids 

exhibit a large array of biological activities like hepatoprotection, cardiopprotective and 

reversal of fibrosis. These phytochemicals are widely found in fruits and vegetables as an 

important part of the human diet. Consequently, plant especially dietary substances may 

be reliable guards against tissue damage, as well as a curtailing process in the progression 

to lethal diseases like cancer. 

According to Toklu et al. (2008) silymarin, a flavonoid compound, is a powerful free 

radical scavenger isolated from Silybum marianum seeds has potential to stabilize the 

oxidant-antioxidant status evidenced by biochemical parameters and preserved tissue 

morphology. Additionally, silymarin normalizes the intracellular status of GSH to reduce 

remote organ injury. In recent years, silymarin has received great attention due to its 

unusual flattering behavior as hypocholesterolemic and cardioprotective agent. 
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Fig. 1.2: A simplistic representation of oxidative stress to damage biological targets. 
(Figure adopted from oxidative stress and human health by U.S. Environmental 
Protection Agency). 
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1.5. Aims and objectives 

The present study was planned for determination of bioactive components and 

pharmacological evaluation of fruits and leaves of C. opaca and leaves and roots of R. 

hastatus by in vitro and in vivo assays against CCl4 induced oxidative stress in rats. The 

main objectives of this study are as under:- 

 In vitro studies of fruits and leaves of C. opaca and leaves and roots of R. 

hastatus via; 

 Preliminary phytochemical analysis of various fractions  

 Evaluation of biological activities through antibacterial, antifungal, 

cytotoxic and antitumor characterization 

 Chromatographic evaluation of flavonoids through thin layer 

chromatography (TLC) and high performance chromatography (HPLC) 

  Determination of total phenolics and flavonoid compounds  

 In vitro antioxidant activities via 

1) DPPH free radical scavenging assay  

2) Phosphomolybdenum assay 

3) ABTS radical scavenging assay 

4) ß-carotene bleaching assay 

5) Superoxide radical scavenging assay 

6) Hydroxyl radical scavenging assay 

7) Hydrogen peroxide radical scavenging assay 

8) Reducing power assay 

9) Iron chelating assay 

 Correlation studies of antioxidant activities with total phenolics and 

flavonoid content  

In vivo studies of fruits and leaves of C. opaca and leaves and roots of R. 

hastatus against toxicity provoked by CCl4 in various organs via; 

 To find out either the plants have multiple organ protection 

 Serological studies including enzymatic as well as hormonal for 

hepatic, renal cardiac and testicular function tests  

 Urine analysis  

 Estimation of antioxidant status in enzymatic and non enzymatic 

levels  
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 DNA damages through DNA fragmentation and ladder assay 

 Observation of histological architectures  of studied organs 
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REVIEW OF LITERATURE 

 Undoubtly, medicinal plants are considered as high-quality modulators of immune 

system due to antioxidant properties of phytochemical constituents. Hence, growing 

knowledge about health promoting substances in everyday foods has led to increase 

curiosity about natural resources. With in these compounds, polyphenols aroused special 

attention since they have antioxidative potential against chronic disorders, for example 

atherosclerosis and cardiovascular disease, ischemic heart disease, cancer, Alzheimer’s 

disease, Parkinson’s disease, osteoporosis and aging (Arouma, 2003; Brisibe et al., 2009). 

Natural products, either as standardized plant extracts or as pure compounds are endowed 

with unconstrained prospects of new drugs due to unrivaled accessibility of chemical 

miscellany (Cos et al., 2006).  

 In the current scenario, phytochemistry and pharmacognosy are primarily focused 

areas of research about medicinal plants. Phytochemistry is related with the 

characterization of potential bioactive compounds, followed by their isolation and 

systematic structural analysis. On the other hand, pharmacognosy deals with the 

discovery of possible mode of action of natural drug either as extract, pure compound or 

composite compounds, their biological activity and active target sites selected for 

phytomedicines. 

2.1. Plants and biological assays  

 It is believed that the study of medicinal plants as antimicrobial agents is essential 

to get close into the real value medicinal flora but the use of standard efficient and 

inexpensive methods for investigation is essential. Beside this, a test organism is selected 

on the basis of specific intention for investigation. More et al. (2008) tested the 

antimicrobial activity of eight medicinal plants that were traditionally used in South 

Africa against oral diseases; hence activity was checked against oral microorganisms. The 

study resulted that Gram negative bacteria were found to be more challenging for plant 

extracts as compare to Gram positive bacteria. The results provided an insight into the 

antibacterial properties about traditional use of extracts against oral problems and other 

ailments, as well as chance to classify bioactive extracts for initial fractionation and 

advance studies in antibacterial assays. 

 Rojas et al. (2003) reported the antimicrobial activities of 36 ethanolic extracts of 

various plants that were selected on their relevant ethno-medical use in Peru. Extracts 

were tested for their antimicrobial activity by agar-well diffusion assay with four bacterial 
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strains like Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa and 

Staphylococcus aureus and four fungal strains such as Candida albicans, Microsporum 

gypseum, Sporothrix schenckii and Trichophyton mentagrophytes. Among 36 extracts, 25 

showed some extent of antimicrobial potential against at least one microorganism. The 

results sustain the folkloric use these plants as the selection of strains was based on their 

inflammatory and infectious disorders. 

 Mathabe et al. (2006) conducted their study on antibacterial activity of 21 plant 

species, which were traditionally in medical practice for the cure of diarrhea, in South 

Africa. Different solvents like  acetone, ethanol, methanol, and hot water extracts were 

used against eight bacterial strains including Escherichia coli, Vibro cholera, Salmonella 

typhy, Shigella spp., and  Staphylococcus aureus, (as these are specific to cause diarrhea). 

 Active extracts showed the MIC values ranging from 0.039 to 0.6 mg/ml with 

broadest spectrum of activity of Punica granatum and Ozoroa insignis. The study seems 

to confirm the antibacterial power of examined plants with special reference to diarrhea 

that may be due to infection. According to Lambert and Pearson (2000) MIC assay 

system is highly acknowledged criterion to calculate the propensity of organisms to 

inhibitors as it is supported by majority of microbiologists working on medicinal plants. 

 Biological activities should be correlated with chemical composition in order to 

study the influence of phytochemicals on resultant activity. The correlation integrated 

between phytochemicals and biological activity provide insight into the antimicrobial 

activity (Van Vuuren, 2007) for example, three Salvia spp. showing quantitative deviation 

in the chemical composition have subsequent antimicrobial effects against Klebsiella 

pneumoniae, Escherichia coli, Staphylococcus aureus and Bacillus cereus due to seasonal 

variation (Kamatou et al., 2008). 

 Kuete et al. (2008) demonstrated that presence of antimicrobial active metabolites 

classes such as flavonoids, phenols, triterpenes, anthraquinones and saponins might 

explain the wide spectrum of activity and mechanism of action while evaluating the 

Bersama engleriana (Melianthaceae) against Gram positive bacteria and Gram negative 

bacteria as well as fungal strains. 

  Fatima et al. (2009) discussed the antimicrobial activities of Rumex dentatus with 

their phytochemical constituents. They concluded that methanol extract of R. dentatus 

contain anthraquinones that may be responsible for antibacterial activity while in 

phytochemical analysis flavonoids and chromones were found in hexane extract that 
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might have strong antifungal activity ranged 60-80% against Aspergillus niger, A. flavus, 

Fusarium solani and so on.  

 Cytotoxic studies of methanolic extract of Rumex hastatus leaves were carried out 

by Hussain et al. (2010), using three different concentrations 10, 100, 1000 ppm against 

brine shrimps (Artemia salina) naupili and concluded that it has significant cytotoxic 

activity at 1000 ppm. Peteros and Uy (2010) revealed the phytochemical screening and 

cytotoxic and antioxidant activities and of four Philippine medicinal plants. In 

cytotoxicity LC50 values for brine shrimp lethality assay varied from 37.7 to 89.5 ppm. 

Study revealed that variation in the activity may be indulged because of different plant 

secondary metabolites such as, anthraquinones, coumarins, flavonoids, glycosides, 

steroids, tannins, and triterpenes shown by studied plants. 

 Antitumor potentials of methanol extract of Croton bonplandianum Baill. twigs 

was assessed by Islam et al. (2010) treating three different strains of Agrobacterium 

tumefaciens against three concentrations (10, 100, 1000 ppm) of extract in potato disc 

assay. Tumor inhibition was in direct proportion to concentrations of plant extract thus 

the study suggest that bioactive compounds of this plant must be identified to develop  

new antitumor drugs for human health.  

 Islam et al. (2009) studied the antitumor potential of leaf methanol extract of 

Oldenlandia diffusa (Willd.) Roxb. by using potato disc assays. Moreover, concluded that 

plant might have potential source of antitumor agent that could be used for further drug 

development for tumor treatment in human. According to Kempf et al. (2002) there is 

common pathogenicity strategy in plants and humans  in case of tumor causing bacteria, 

Bartonella henselae in human beings shares the same line of action like plant pathogens 

(A. tumefaciens). Several scientists are using plant pathogenic bacteria since many years 

for the purpose of standardization or quality control of bioactive compounds from 

botanicals that may be further utilized for the benefit of mankind. 

 Hussain et al. (2007) indicated the strong anticancereous potential of Fagonia 

cretica L. after cytotoxic and antitumor and DNA damage analysis. The study was done 

after keeping in view the traditional use of this plant against cancer and tumors. Thus, 

supporting Geoffrey et al. (1994), who reported that the search for anticancer agents can 

be simplified by coupling one or two cytotoxic assays associated with an in vivo murine 

lymphocytic model. 

 

 



Chapter 2                                                                                                Review of literature 

  

                                                                                                                                                

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D.Don. 

17

 

 

2.2. Plants and in vitro radical scavenging assays 

Antioxidant property is a contributory factor to protect defense system of human 

health. Numerous biological activities, such as antimutagen, anti-aging, anticancer and 

many others may initiate from this property (Yang et al., 2001). 

 Several scientists have correlated the antioxidant activity of plants with total 

phenolics and flavonoid contents of that plant. Alothman et al. (2009) found a good 

relationship between antioxidant capacity and total phenol contents of the tropical fruits 

from Malaysia, while used different solvent systems like methanol, ethanol, acetone and 

water. Similarly, Sharififar et al. (2009) reported that major flavonoids of Teucrium 

polium L. like rutin and epigenin have strong antioxidant activity with highest inhibition 

of oxidation of beta-carotene and lipid peroxidation in ammonium thiocyanate methods 

while methoxylated flavonoids exhibited lesser antioxidant potential. The study illustrated 

that strongest antioxidant activity was shown by methanol extract that perhaps attributed 

to the collective effects of phenolics or flavonoids compounds. 

 Emblica fruit that is used as food may be a good source of potential antioxidant, 

for cosmetic and pharmaceutical fields. This statement was concluded by Liu et al. (2008) 

while demonstrating the antioxidant activity of same species of emblica fruit (Phyllanthus 

emblica) that was fluctuated with the locality/region, leading to the considerable variation 

in bioactive compounds. For antioxidant activity multifaceted scavenging assay systems 

were used like DPPH (1, 1-diphenyl-2-picryl-hydrazyl) free radicals, superoxide anion 

radicals, hydroxyl free radicals, reducing power, ferrous ion chelating property and 

prevention of lipid peroxidation and then their correlation was find out with major 

phytochemicals like total phenolics, flavonoids and anthocynins.   

 According to Ao et al. (2008) methanol extract of different parts of Ficus 

microcarpa L. fil. used as traditional medicine and food additive in Japan, demonstrated 

excellent antioxidant activities and good antibacterial activities. For antioxidant activity, 

DPPH radical, ABTS (2, 2 azobis, 3-ethylbenzothiozoline-6-sulphonic acid) radical and 

superoxide radicals scavenging assays were tested. GC-MS and HPLC analysis of best 

fraction showed the presence of twelve phenolic compounds that may be attributed to its 

highest antioxidant activity. 
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 Phenolic compounds have one or more aromatic rings with hydroxyl group that 

have potential ability to serve as singlet oxygen quencher, hydrogen donor and reducing 

agent (Mattie et al., 1998) hence, efficient protector against oxidative stress.  

 Flavonoids are secondary plant phenolics naturally occurring in foods with 

considerable antioxidant and chelating activities in both the hydrophilic and lipophilic 

systems. It is widely believed that the antioxidant ability of flavonoids subsist mainly 

their ability to donate hydrogen atoms and thus scavenge the free radicals generated 

during lipid peroxidation (Amic et al., 2003). 

2.3. Phytochemicals and flavonoids 

Flavonoids are important and largest group of a class of natural compounds with 

wide distribution in plant kingdom. Approximately more than 4000 flavonoids have been 

identified to date, in the leaves, seeds, bark and flowers of plants. These compounds 

provide protection against ultraviolet radiation, pathogens, and attract pollinating insects 

due to presence of anthocyanin are pigments in flowers and also responsible for fruits 

colors (Harborne and Williams, 2000). 

Flavonoids are benzo-γ-pyrone derivatives consisting of phenolic and pyrane rings 

and are classified according to substitutions. Flavonoids are classified into six classes, 

which differ in their chemical structure, flavanols, flavones, flavonols, flavanons, 

isoflavons and anthocyanidins. Many beneficial health effects are attributed to flavonoids, 

mostly due to their antioxidant and chelating abilities, antiviral, anti-inflammatory, and 

enzyme inhibitor (Heim et al., 2002). 

Cristea et al. (2003) demonstrated that HPLC is a sensitive method to quantify the 

flavonoids. By comparing several solvent mixtures and extraction temperatures three 

main flavonoids (luteolin, luteolin-7-glucoside and luteolin-30, 7- diglucoside) were 

evaluated for their extraction kinetics of weld (Reseda luteola L.). 

2.4. Oxidative stress 

 During metabolic processes of cell, reactive oxygen species (ROS) are generated 

spontaneously that bind to macromolecules like lipids, proteins and DNA thereby 

affecting both functional and structural integrity, resulting in malfunctioning of 

physiologic processes and aetiology of diseases. According to the free radical theory, one 

of the practical approaches to put off oxidative stress is hampering or retarding the 

oxidative chain reactions. Therefore, intake of antioxidants or free radical scavengers 

either from plants or any other sources are considered as good defense system by 

participating in cellular antioxidant network. In addition, development of phase II 
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antioxidant metabolizing enzymes and elevation of the antioxidant substance content with 

decline in oxidant reactants are important to upgrade the antioxidant status (Lee et al., 

2007). 

2.5. Affects of CCl4 on antioxidant enzymes 

Nowadays, protective effect of medicinal plants is based on their antioxidant and 

enzymatic activity. In addition to endogenous antioxidant system, exogenous antioxidants 

compounds extracted from medicinal plants are also involved in potential therapeutic 

account against oxidative stress. Likewise, an alarming interest has been developed 

towards natural antioxidants of Chinese medicinal herbs, as candidates of oxidative 

damage inhibition (Shi et al., 2006).  

            Carbon tetrachloride, an industrial solvent is commonly used as model 

hepatotoxin (Tung et al., 2009). It is well documented that CCl4 generates free radical in 

liver tissue as well as other organs like lungs, testis, kidneys, brain, heart and blood 

(Ahmad et al., 1987; Ohta et al., 1997; Ozturk et al., 2003; Jayakumar et al., 2008; 

Preethi and Kuttan, 2009). Carbon tetrachloride reduces the total protein amount in blood 

as well as induce the depletion of hepatic and renal antioxidant enzymes such as 

superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), glutathione peroxidase 

(GPx) and glutathione-S-transferase (GST) indicating increases in lipid peroxidation, 

creatnine and blood urea nitrogen (BUN). The depletion of these antioxidant enzymes are 

due to its redox and detoxifying reactions against oxy radicals produce by the CCl4 

(Adewole et al., 2007). Abraham (1999) suggested that chronic exposure of rats to CCl4 

results in oxidative stress to cellular molecules like nucleic acid, lipids and proteins of 

various organs including kidney, lungs and testis. Similar mechanisms are probably 

responsible for the toxicity of CCl4 in humans. Studies demonstrated that toxic effects of 

CCl4 on liver and kidneys can be ameliorated by the treatment of antioxidants like 

vitamins C and E (Halim et al., 1997). It has been accepted that certain natural extracts 

comprising antioxidants could stabilize the hepatic GSH status and lipid peroxide levels 

that were disturbed due to CCl4 induction (Ko et al., 1995). Hence, it is strongly 

recommended to seek out natural resources having tissue protection. 

 Hamza (2010) induced 20% carbon tetrachloride (CCl4), twice a week for eight 

weeks to cause liver fibrosis in rats. In order to perceive the hepatoprotective effects of 

Moringa oleifera Lam seed, daily oral administration of extract was made possible. The 

protection was associated with its anti-inflammatory reaction, antioxidant behavior and its 

power to suppress the activated hepatic stellate cells. 



Chapter 2                                                                                                Review of literature 

  

                                                                                                                                                

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D.Don. 

20

 Tirkey et al. (2005) correlated the ameliorative effects of hesperidin, a 

bioflavonoid of citrus plant, with its antioxidant effect while, CCl4 induction caused 

hepatic and renal damages as evidenced by remarkable increase in the serum AST, ALT 

and bilirubin coupled with dramatic depletion of SOD and CAT of both tissues. This 

oxidative stress generated by free radicals of CCl4 resulted in dysfunctioning of liver and 

kidney but hesperidin showed significant reparative effect in both organs. 

 According to Mohamed et al. (2010) CCl4 is cardiotoxic agent that was proved by 

the decreased levels of metabolizing enzymes including hexokinase (HK), 

phosphofructokinase (PFK), lactate dehydrogenase (LDH) and CK in cardiac tissues of 

rats in response to CCl4 intoxication. Both L-carnitine and ubiquinone displayed a vital 

role in improvement of cardiac bioenergetics by upregulation of above discussed 

enzymes.  

 Amelioration of oxidative stress incited by carbon tetrachloride in kidney and lung 

tissues of Wistar rats was evaluated by Ganie et al. (2010). Accordingly, protective action 

of ethanolic rhizome extract of Podophyllum hexandrum was possibly attributed to the 

cell membrane stabilization, and activation of antioxidant enzymes like CAT, SOD, GST 

and GPx in rat lungs and kidney.  

 Wang et al., 2008, studied the hepatic safeguard beside CCl4 induced chronic liver 

injury by Noni fruit juice. In 16 week experiment typical hepatic steatosis was observed 

with increased level of liver marker enzymes of serum like alkaline phasphatase (ALP), 

alanine transaminase (ALT), aspartate transaminase (AST), in addition, lipid panel profile 

such as total cholesterol, triglycerides, low-density lipoproteins and high density 

lipoproteins. According to Sreelatha et al. (2008) administration of CCl4 significantly 

elevated the serum marker enzyme level including ALP, ALT, AST, acid phasphatase 

(ACP), and bilirubin with decline in secretion of antioxidant enzymes like catalase 

(CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), and elevated 

(TBARs) lipid peroxidation. According to Singh et al. (2008) potato peel extract showed 

defensive tendency against CCl4 inducted hepatotoxicity in rats. Level of serum marker 

enzymes like ALT, ALP, AST, and LDH was significantly increased in CCl4 treated rat 

which was recovered by various doses of extract. Likewise, suppressed level of 

antioxidant enzymes and TBARS was reversed by to control level after administrating 

potato peel extract. As expected; oxidative stress may contribute to pathological 

conditions of lungs, particularly pulmonary fibrosis (MacNee and Rahman, 1995). In 

addition, according to Zieba et al. (2000) oxidative stress is associated with lung cancer, 



Chapter 2                                                                                                Review of literature 

  

                                                                                                                                                

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D.Don. 

21

expressed as spontaneous production of lipid peroxides in association with clinical 

development of tumorogenesis. Lung tissues appear to defeat the toxic effects of the 

highly reactive species by increasing its detoxification power (Eke et al., 1996) thus 

detoxification of xenobiotics and synthesis of nucleic acids and proteins is maintained by 

antioxidant enzymes and   reduced glutathione (Wang and Ballatori, 1998). 

2.6. Affects of CCl4 on DNA 

Usually, oxidative stress is a condition when cellular antioxidant defense 

mechanism doesn’t have potential to deactivate reactive oxygen species (ROS). As a 

result, it damages not only lipids and proteins but also the nucleic acids. Furthermore, this 

damage of macromolecules show the way towards cell death concomitantly with necrosis 

and apoptosis. Previous studies reported contribution of oxidative stress in cancer related 

diseases through different mechanisms independent to genotoxicity (Dalle-Donne et al., 

2006). Different experimental studies have related the exposure of cardiac muscle to 

ischemia/reperfusion with mitochondrial dysfunction due to increased production of 

reactive free radicals. According to Kalyanaraman et al. (1994) and Richter et al. (1998) 

over production of free radicals resulted in mitochondrial damage that is evidenced by 

alterations DNA, proteins, and lipids of mitochondria.  

Recent reports have revealed the close association of endogenous and exogenous 

oxidants with the tumorogenesis. Exogenous chemicals such as the heavy metals, CCl4 

and alcohol can induce ROS and oxidative DNA damage (Jia et al., 2002; Khan et al., 

2009; Khan et al., 2010a, 2010b). Extensive DNA strand breakages may be consequences 

of cell death and rejuvenation (Jia et al., 2000). In carcinogenesis, ageing and several age-

related degenerative diseases, contributory role of oxidative DNA damage can’t be 

ignored (Fortini et al., 2003; Nishigori et al., 2004). In this respect, a quantitative marker 

for oxidative DNA damage is 8-Oxo-dG (8-Oxo-deoxyguanine) that substitutes adenine 

with cytosine and guanine with thymine. DNA base excision repair pathways have 

compromising ability to repair 8-Oxo-dG in DNA. Thus, improved give up towards 

mutagens and impaired DNA repair show its tendency for genomic instability leading to 

cancer (Fortini et al., 2003). 

Various researches have conducted different experiments via medicinal plant 

extracts to suppress the oxidative DNA damage. Khan et al. (2009) studied protective 

effects of Digera muricata against CCl4 oxidative DNA damages in testis of rats. CCl4 

significantly oxidizes the renal DNA of rat, studied by DNA fragmentation and verify by 
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DNA ladder assay but this oxidative damages was significantly reversed by methanol 

fraction of Digera muricata, due to may be the presence of some bioactive compounds.  

 Nagwani and Tripathi (2010) reported the cisplatin induced nephrotoxicity that 

was confirmed by depletion in antioxidative enzyme and DNA damage levels of kidney. 

The study demonstrated that DNA break/damage of kidney cells might be endorsed to 

modulated activity of DNase I and also documented the ameliorative effect of herbal 

preparations in relation to enhanced activities of superoxide dismutase, catalase and  

glutathione content  concomitant with prevented DNA damage.  

2.7. Affects of CCl4 on histopathology 

In order to confer a major contributing role of CCl4 in oxidative injuries 

histological structure of different tissues is examined. According to Jayakumar et al. 

(2008) treatment of CCl4 significantly affects the histology of kidney and heart tissue. 

These changes include imprecise distal and proximal convoluted tubules and deformed 

renal corpuscles in the kidneys and disrupted blood capillaries in the heart tissue were 

observed. Administration of CCl4 for 16 weeks caused marked changes in histopathology 

of testicular tissue. Khan and Ahmed (2009) reported that administration of CCl4 in rats 

effects the histopathology of testicular tissue which includes, complete atrophy of 

seminiferous tubules, degeneration of the germ cells, and as well as inflammatory cells 

infiltration.  

Ogeturk et al. (2005) documented the abnormalities of CCl4 toxicity in rat 

oxidative stress and nephrotoxicity.  Administration of CCl4 affected glomeruli with mild 

dilatation of Bowman’s capsule, glomerular atrophy, congested capillary loops with 

linked parietal and visceral layers of Bowman’s capsule, infiltrations interstitial 

inflammatory cell, congestion in the peritubular vessels and fibrosis. Treatment of CCl4 

resulted in histological modification of both corticular and medullary portion. An 

apparent tubular degeneration and dilatation, glomerular degeneration in the form of 

atrophy and hypertrophy, interstitial fibrosis and congested capillaries was a 

representation of CCl4 induced toxicity (Khan et al., 2009). Yang et al. (2008) revealed 

extensive liver injuries in CCl4 treated rats, which were characterized by necrosis, 

infiltration of inflammatory cells, fatty modifications and hepatocellular degeneration 

while pycnogenol prevented or reduced the histopathological hepatic lesions by 

decreasing the serum enzymatic markers of liver. 
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MATERIALS AND METHODS 

                In order to discuss the main causative role of Carissa opaca Stapf ex Hanes and 

Rumex hastatus D. Don in drug development and as feed additive, the following 

methodology for in vitro and in vivo studies was followed. 

3.1. Plant collection  

                The leaves and ripened fruits of C. opaca and leaves and roots of R. hastatus 

were collected in March-April 2008 from the Quaid-i-Azam University Islamabad, and 

Abbottabad of Northern Pakistan, respectively. The plants were recognized by their local 

names and then validated by Dr. Mir Ajab Khan, Department of Plant Sciences, Quaid-i-

Azam University, Islamabad and Dr. Saleem Ahmad, Curator, Pakistan Museum of 

Natural History, Islamabad. Voucher specimens with Accession No. 24561 (C. opaca) 

and 27813 (R. hastatus) were deposited at the Herbarium of Pakistan, Museum of Natural 

History, Islamabad. 

3.2. Extract   preparation  

 The collected plant samples were cleaned to get rid of dust particles and then dried 

under shade for one to two weeks. Willy Mill of 60-mesh size was used to prepare 

powder of dried samples and then each powdered plant sample was used for further 

solvent extraction. First of all, 5 kg of each powdered sample was extracted twice with 10 

L of 95% methanol at 25 °C for 48 h. For filtration Whatman No. 1 filter paper was used 

and then filterate was concentrated on rotary evaporator (Panchun Scientific Co., 

Kaohsiung, Taiwan) under reduced pressure at 40 °C.  In order to resolve the compounds 

with escalating polarity, a part of the extract was suspended in distilled water and 

subjected to liquid-liquid partition by using solvents in a sequence of n-hexane, ethyl 

acetate, chloroform, butanol and water to obtain their soluble fractions. After fractioning, 

the solvent of respective fractions was also evaporated by rotary evaporator (Kil et al., 

2009). Extract was dried and then stored at 4 ºC for further in vitro and in vivo 

investigation. 

3.3. Qualitative phytochemical screening   

 Phytochemical screening was performed to perceive the presence of bioactive 

compounds in every fraction of both plant parts by using standard phytochemical 

methods. 

3.3.1. Test for alkaloids 

              Alkaloids in various fractions were detected according to Harborne (1973). 0.4 g 
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of each extracted fraction was mixed with 8 ml of 1% HCl, warmed and filtered. 2 ml of 

each filtrate was titrated separately with (a) potassium mercuric iodide (Mayer’s reagent) 

and (b) potassium bismuth (Dragendroff’s reagent). Turbidity of precipitation indicated 

the existence of alkaloids 

3.3.2. Test for anthraquinones  

              Confirmation for presence of anthraquinones in each fraction was carried out 

according to Trease and Evans (1989). 200 mg of each fraction was boiled with 6 ml of 

1% HCl and filtered. The filtrate was shaked with 5 ml of benzene. The layer was 

removed and 10% NH4OH was added. Formation of pink, violet or red color in the 

alkaline phase confirmed the presence of anthraquinones. 

3.3.3. Cardiac glycosides determination (Keller-Killani test) 

 Cardiac glycosides of each fraction were determined by Trease and Evans (1989) 

method. 5 ml (10 mg/ml in respective solvent) of each fractionated extract was treated 

with 2 ml of glacial acetic acid having one drop of FeCl3 solution followed by 1 ml of 

concentrated H2SO4 to form a layer. The presence of brown ring of the interface indicated 

deoxy sugar characteristic of cardiac glycosides. 

3.3.4. Test for coumarins  

In each fraction, presence of coumarins was determined according to Trease and 

Evans (1989). In a small test tube, 300 mg of each plant fraction was covered with filter 

paper moistened with 1 N NaOH. The test tube was placed, for few minutes, in boiling 

water bath. After removing the filter paper it was examined under UV light, yellow 

florescence indicated the presence of coumarins. 

3.3.5. Test for flavonoids 

The presence of flavonoids in various plant fractions was verified by two methods 

(Sofowara, 1993). 50 mg of each extract was suspended in 100 ml of distilled water to get 

the filtrate. 5 ml of dilute ammonia solution were added to 10 ml of filtrate followed by 

few drops of concentrated H2SO4. Presence of flavonoids was confirmed by yellow 

coloration.  

3.3.6. Test for phlobatannins 

Phlobatannins in various fractions were identified according to Trease and Evans 

(1989). 80 mg of each plant extract was boiled in 1% aqueous hydrochloric acid; the 

deposition of a red precipitate indicated the presence of phlobatannins. 
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3.3.7. Test for saponins  

Determination of saponins in various fractions was carried out according to the 

standard procedure of Harborne (1973). 20 mg of the each fraction was boiled in 20 ml of 

distilled water in a water bath for five minutes and filtered. 10 ml of the each filtrate was 

mixed with 5 ml of distilled water and shaken vigorously for froth formation. 3 drops of 

olive oil was mixed in the froth, shaken vigorously and observed for the formation of 

emulsion. 

3.3.8. Test for tannins 

Presence of tannins in various fractions was determined with the protocol reported 

by Sofowara (1993). 50 mg of each fraction was boiled in 20 ml of distilled water and 

then filtered. A few drops of 0.1% FeCl3 was added in each filtrate and observed for color 

change, the presence of brownish green or a blue-black coloration shows the presence of 

tannins. 

3.3.9. Test for terpenoids (Salkowski test) 

Presence of terpenoids in various fractions was determined according to Harborne 

(1973). 5 ml (1 mg/ml) of each extract was mixed with 2 ml of chloroform, and then 3 ml 

of concentrated H2SO4 was carefully added to form a layer. A reddish brown coloration 

of the inter face confirmed the presence of terpenoids. 

3.4. Quantitative determination of total phenolics and flavonoids 

 Total phenolics and flavonids contents were quantified in each fraction by the 

following methods.  

3.4.1. Determination of total phenolics 

 The total phenolics were determined by the spectrophotometric method (Kim et 

al., 2003). In brief, a 1 ml portion of appropriately diluted extracts was added to a 25 ml 

volumetric flask containing 9 ml of deionised distilled water. Reagent blank using 

deionised distilled water was prepared. One ml of Folin- Ciocalteu’s phenol reagent was 

added to the mixture and then shaken. After 5 min, 10ml of a 7% Na2CO3 solution was 

added with mixing. The mixed solution was then immediately diluted to volume (25 ml) 

with deionised distilled water and mixed thoroughly. After 90 min at 23°C, the 

absorbance was read at 750 nm. The standard curve for total phenolics was made using 

gallic acid standard solution (0-100 mg/l) under the same procedure as above. The total 

phenolics were expressed as milligrams of gallic acid equivalents (GAE) per g of dried 

sample. 
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3.4.2. Determination of flavonoids 

 Flavonoid content was determined following Yong et al. (2008). In a 10 ml test 

tube, 0.3 ml of extracts, 3.4 ml of 30% methanol, 0.15ml of 0.5 mol/l NaNO2 and 0.15 ml 

of 0.3 M AlCl3.6H2O were added and mixed. After 5 min, 1 ml of 1 M NaOH was added. 

The mixture was measured at 506 nm. The standard curve for total flavonoids was made 

using rutin standard solution (0-100 mg/l) under the same procedure as above. The total 

flavonoids were expressed as milligrams of rutin equivalents per g of dried sample. 

3.5. Chromatographic evaluation for flavonoids 

 Thin layer chromatographic and high pressure liquid chromatographic techniques 

were used for qualitative and quantitative estimation of flavonoids in every fraction, 

respectively. Standard compounds were also run for comparison. 

3.5.1. Thin layer chromatography of fractions 

 50 mg of each fraction of C. opaca (fruits and leaves) and R. hastatus (leaves and 

roots) were dissolved in 1 ml of methanol (HPLC grade). Silica gel TLC plates (20 × 20 

cm) were marked 1 cm from each side and heated at 110 °C for 40 min for silica 

activation. 5-10 µl of each sample and standards compounds like rutin, myricetin, vitexin, 

orientin, hyperoside, isovitexin,  isoquercetin, luteolin, apigenin, kaempherol, and 

luteolin-7-glucoside were spotted by jet pointed capillary tube on the line marked at one 

corner of the plate. 150 ml of mobile phase solution composed of a mixture of butanol, 

acetic acid and water (45׃1׃) was poured in tank and covered with a lid for vapors 

saturation. After 20 min, plates were placed in it and allowed to develop. When mobile 

phase reached at upper end (just below 1 cm), plates were removed out. Solvent front was 

marked, air dried, sprayed with 1% ethanolic 2-aminoethyle diphenyl borinate solution. 

Flavonoids have been detected through its characteristic colors under UV at 365 nm. 

Retention factors and their RF values were calculated as; 

RF value = Distance covered by visualized spot / Distance covered by solvent front 

3.5.2. High Performance Liquid Chromatogrhy (HPLC) of fractions 

(i). Sample preparation  

50 mg of each fraction of both plants were extracted with 6 ml of 25% 

hydrochloric acid and 20 ml methanol for 1 hr. The obtained extract was filtered to a 

volumetric flask. The residue was heated twice with 20 ml of methanol for 20 min to 

obtain the extract. The combined extract was diluted with methanol to 100 ml. 5 ml 

portion of the solution was filtered and then was transferred to a volumetric flask and 
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diluted with 10 ml of methanol. The sample (10 µl) was injected into the HPLC 

apparatus. 

(ii). HPLC determination  

Samples were analyzed on Agilent HPLC system. Separation was carried out 

through column 20RBAX ECLIPSE, XDB-C18, (5 μm; 4.6×150 mm, Agilent USA) with 

UV-VIS Spectra-Focus detector, injector-auto sampler. Solvent A (0.05% trifluoroacetic 

acid) and solvent B (0.038% trifluoroacetic acid in 83% acetonitrile (v/v) with the 

following gradient: 0-5 min, 15% B in A, 5-10 min, 70% B in A, 10-15 min, 70% B in A. 

The flow rate was 1 ml/min and injection volume was 10 µl. Eleven standard compounds 

including rutin, myricetin, vitexin, orientin, hyperoside, isovitexin, isoquercetin, luteolin, 

apigenin, kaempherol, and luteolin-7-glucoside were run for comparative detection and 

optimized. The calibration curves were defined for each compound in the range of sample 

quantity 0.02-0.5 µg. All samples were assayed in triplicate. 

3.6. Biological assay screening  

            Four biological assays were assessed for the antimicrobial and anticancer potential 

of different plant fractions. 

3.6.1. Antibacterial assay 

 The antibacterial potency of various fractions of C. opaca (fruits and leaves) and 

R. hastatus (leaves and roots) was carried out through protocol of (Bagamboula et al., 

2003). 

(i). Sample preparation 

All samples were prepared for assay by dissolving 100 mg of each fraction in 10 

ml of DMSO. The stock solution was further diluted. 

(ii). Media for bacteria  

Nutrient broth medium (MERCK) was used to grow bacteria for inoculums 

preparation. It was composed of peptone (5 g/l) and meat extract (3 g/l) while nutrient 

agar medium (MERCK) was composed of peptone (5 g/l), meat extract (3 g/l) and agar-

agar (12 g/l). Nutrient broth medium was prepared by dissolving 0.8 g/100 ml nutrient 

broth in distilled water while nutrient agar medium by dissolving 2 g of nutrient agar in 

100 ml of distilled water (pH 7.0) and was autoclaved. 

(iii). McFarland 0.5 BaSO4 turbidity standard 

To compare the turbidity of bacterial culture, McFarland 0.5 BaSO4 was used. The 

standard was prepared by adding 0.5 ml of 0.048 M BaCl2 to 99.5 ml of 0.36 N H2SO4. 
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Barium sulfate turbidity standard (4 to 6 ml) was taken in screw capped test tube and was 

used to compare the turbidity. 

(iv). Microorganisms  

 Six strains of bacteria were used; which were Bacillus subtilis (ATCC 6633), 

Enterobactor aerogenes (ATCC 13048), Escherichia coli (ATCC 15224), Klebsiella 

pneumoniae (MTCC 618), Micrococcus luteus (ATCC 10240), Pseudomonas aeroginosa 

(ATCC 27853), Salmonella typhy (ATCC 0650), and Staphylococcus aureus (ATCC 

6538). The organisms were maintained on nutrient agar medium at 4 °C. 24 h old culture 

in nutrient broth (MERCK) of selected bacterial strain was mixed with physiological 

saline (0.9% NaCl w/v.) and turbidity was corrected by adding sterile physiological saline 

until a McFarland 0.5 BaSO4 turbidity standard [106 colony forming unit (CFU) per ml 

density was obtained]. These inoculums were used for seeding the nutrient agar. 

(v). Assay procedure (agar diffusion method) 

Nutrient agar medium was prepared by suspending nutrient agar (MERCK) 2 g in 

100 ml distilled water (pH 7.0) and was autoclaved. It was allowed to cool up to 45 °C. 

Then it was seeded with 1 ml of prepared inoculums to have 106 CFU per ml. Petri plates 

(14 cm) were prepared by pouring 75 ml of seeded nutrient agar and allowed to solidify. 

Eleven wells per plate were made with sterile cork borer (8 mm). Using micropipette, 100 

μl of test solutions was poured in respective well. Eight samples, two solutions for 

positive control erythromycin (1 mg/ml) and naldixic acid (1 mg/ml), and one for 

negative control (DMSO) was applied to each petri plate. Finally, the petri plates were 

incubated at 37 °C for 24 h. Then clear (inhibition) zones were detected around each hole. 

DMSO alone (0.1 ml) was used as a control under the same condition for each organism, 

and, by subtracting the diameter of inhibition zone resulting with DMSO from that 

obtained in each case, antibacterial activities were calculated as a mean of 3 replicates. 

Diameter of the clear zones, showing no bacterial growth, around each well was 

measured with the help of vernier caliper. Triplicate plates were prepared for each 

sample. 

3.6.2. Antifungal assay 

 The agar tube dilution method was used for antifungal activity of plant extracts 

was determined according to the protocol reported by Duraipandiyan and Ignacimuthu 

(2009). 

 



Chapter 3                                                                                            Materials and methods 

 

 

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D.Don. 
 

29

(i). Microorganisms used 

 Aspergillus flavus (0064) 

 Aspergillus fumigatus (66) 

 Aspergillus niger (0198) 

 Fusarium solani (0300) 

(ii). Media for antifungal assay 

Sabouraud dextrose agar (MERCK) was used to grow fungus for inoculums 

preparation. It was composed of peptone complex 10 g/l, glucose 40 g/l and agar 15 g/l. 

(iii). Preparation of samples 

The samples for antifungal assay were prepared from initial stock of 12 mg/ml to 

get final concentration of 200 μg/ml. Solutions of terbinafine 12 mg/ml in DMSO were 

prepared for positive control. Pure DMSO was used as negative control. 

(iv). Assay procedure 

Media for fungus was prepared by dissolving 6.5 g/100 ml in distilled water (pH 

5.6). Test tubes were marked to 10 cm mark. The sabouraud dextrose agar (SDA) 

(MERCK) dispensed as 4 ml volume into screw capped tubes or cotton plugged test tubes 

and were autoclaved at 121 °C for 21 min. Tubes were allowed to cool to 50 °C and non-

solidified SDA was loaded with 67 μl of sample pipette from the stock solution. This 

would give the final concentration of 200 μg/ml of the sample. Tubes were then allowed 

to solidify in slanting position at room temperature. The tubes containing solidified media 

and test compound were inoculated with 4mm diameter piece of inoculums, taken from a 

seven days old culture of fungus. Positive and negative control test tubes with DMSO and 

terbinafine were also inoculated. The test tubes were incubated at 28 °C for 7 days. 

Cultures were examined twice weekly during the incubation. Reading was taken by 

measuring the linear length of fungus in slant by measuring growth (mm) and growth 

inhibition was calculated with reference to negative control. Tubes were prepared in 

triplicate for each fungus species. Percentage inhibition of fungal growth for each 

concentration of fractions was determined by the following formula; 

Percentage inhibition of fungal growth; 

= (100 - linear growth in test (mm) / linear growth in control (mm) × 100 
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3.6.3. Cytotoxic brine shrimp assay 

(i). Requirements 

Various fractions of C. opaca (fruits and leaves) and R. hastatus (leaves and 

roots), sea salt (28 g/l of dH2O), Artemia salina (Shrimps eggs), hatching tray, magnetic 

stirrer, magnifying glass, lamp, micropipette, glass vials, vials tray, solvents and dH2O 

according to (Meyer-Alber et al., 1992) was used in this experiment. 

(ii). Sample preparation  

Samples were prepared by dissolving 10 mg of each fraction in respective solvents 

to form stock solution that was used to prepare further dilutions. 

(iii). Saline preparation 

28 g sea commercial sea salt (sigma) was dissolved in one liter of dH2O with 

continuous stirring for 2 h. 

(iv). Hatching of shrimps 

Brine shrimps were hatched in two compartment rectangular tray containing sea 

salt saline. Eggs were sprinkled in dark compartment of tray and after 24 h of shrimps 

hatching larvae was collected by pipette from the lightened side. 

(v). Bioassay 

Drum vials were used in this bioassay. 0.5 ml of each solution (1000 μg/ml, 100 

μg/ml, 10 μg/ml) was taken in vials and evaporated the solvents. Residues was re-

dissolved in saline of 2 ml. 10 shrimps were transferred to each vial and raised the 

volume up to 5 ml and incubate at 25-28 °C. After 24 h of incubation survivors were 

counted with help of 3x magnifying glass and calculation was done using Abbot’s 

formula; 

% Death = (Sample-control/control) × 100 

LD50 was determined through prism graph pad software. 

3.6.4. Antitumor potato disc assay 

The potato disc method was used for anti tumor activity of plant extracts as 

reported by (Ferrigini et al., 1982). 

(i). Microorganisms used 

In this experiment the strain of Agrobacterium tumefaciens used was AT10. 

(ii). Preparation of bacterial culture 

2.5% LB (Luria broth) was prepared by dissolving 2.5 g of LB in 100 ml of 

distilled water and was autoclaved. 20 µl of 50 mg/ml rifampicin stock solution was 
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added to it to make the final volume concentration of rifampicin 10 µl /ml. Single colony 

from culture plate of Agrobacterium tumefaciens (AT10) was inoculated in it. It was 

allowed to grow for 48 h at 28 °C in shaking incubator. 

(iii). Preparation of stock solutions 

 All samples were prepared for assay by dissolving 100 mg of each fraction in 10 

ml of DMSO to prepare 10, 000 μg/ml stock solution. Three work solutions of 1000 

μg/ml, 100 μg/ml and 10 μg/ml were prepared in DMSO from already prepared stock 

solution.  

(iv). Preparation of inoculums 

In order to attain test sample final concentrations of 10 μg/ml, 100 μg/ml and 1000 

μg/ml in the inoculums, 1500 µl of inoculums was prepared as follows. 150 µl of each 

stock solution was added in three autoclaved appendorfs. Then 750 µl of autoclaved 

distilled water and 600 µl of bacterial culture was added to it, so that final volume of 

inoculums was 1500 µl. 

(v). Preparation of control solutions 

Three controls were used in the assay. 

Positive Control 1 

Positive control was prepared by taking 150 µl of DMSO in autoclaved 

appendorfs and adding 1350 µl of autoclaved distilled water in it. 

Negative Control 2 

Negative control was prepared by taking 150 µl of DMSO in autoclaved 

appendorfs and adding 750 µl of autoclaved distilled water and 600 µl of bacterial culture 

in it. 

Control 3 

Blank potato discs were used as control 3. 

All the solutions were prepared in laminar flow hood by considering all precautionary 

measures to avoid contamination. 

(vi). Preparation of agar solution 

1.5% agar solution was prepared in distilled water and was autoclaved. 25 ml of 

agar solution was needed for each petri plate 

(vii). Preparation of agar plates 

Three petri plates were prepared for each concentration of test sample and control. 

Agar solution was poured in autoclaved petri plates and allowed to solidify. 
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(viii). Preparation of potato discs 

Red skinned potatoes were soaked in 0.1% mercuric chloride solution for 10 min. 

With the help of a large size sterilized forceps, potatoes were taken out of mercuric 

chloride solution in large petri plates (autoclaved). Cylinders were made with the help of 

a sterilized borer (8 mm). Cylinders were washed in autoclaved distilled water and 1 cm 

on both ends was cut with the help of a sterilized blade. Cut ends were thrown out. 5 mm 

thick discs of these cylinders were cut in autoclaved petri plates. Discs were washed with 

autoclaved distilled water and were placed on solidified agar plates (10 discs per plate). 

50 µl of inoculums was added on the surface of each disc of respective concentration as 

well as controls. Inoculums were allowed to diffuse for 10–20 min. The edge of each 

Petri plates was sealed with para film strips to make air tight and to prevent moisture loss 

during incubation period. Dish level was kept all the time to keep the inoculums on the 

top of the discs. Petri plates were placed in dark at 28 °C for 21 days. 

(ix). Staining procedure 

Lugol’s solution was prepared in distilled water (10% KI, 5% I). Discs were 

covered with Lugol’s solution for staining purpose and after 30 min discs were observed 

under dissecting microscope with side illumination of light. Distained portions of the 

discs were tumors. Number of tumors per disc was counted and percentage inhibition for 

each concentration was determined as follows: 

%age inhibition = 100 - [(average number of tumors of sample) / (Average number of 

tumors of –ve control)] × 100 

20% tumor inhibition was considered significant. IC50 was recorded using graph prism 

pad software. 

3.7. In vitro antioxidant assays 

 Each sample was dissolved in 95% methanol at a concentration1 mg/ml and then 

diluted to prepare the series concentrations for antioxidant assays. Reference chemicals 

were used for comparison in all assays. 

3.7.1. DPPH radical scavenging activity assay 

 The DPPH (1, 1-diphenyl-2-picryl-hydrazyl) assay was done according to the 

method of Brand-Williams et al. (1995) with some modifications. The stock solution was 

prepared by dissolving 24 mg DPPH with 100 ml methanol and then stored at 20 °C until 

needed. The working solution was obtained by diluting DPPH solution with methanol to 

obtain an absorbance of about 0.980 (± 0.02)   at 517 nm using the spectrophotometer. A 
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3ml aliquot of this solution was mixed with 100 µl of the samples at varying 

concentrations (25-250 µg/ml). The solution in the test tubes were shaken well and 

incubated in the dark for 15 min at room temperature. Then the absorbance was taken at 

517 nm. The scavenging activity was estimated based on the percentage of DPPH radical 

scavenged as the following equation:  

Scavenging effect (%) = [(control absorbance-sample absorbance) / (control absorbance)] 

× 100. 

EC50 value is the effective concentration that could scavenge 50% of the DPPH radicals. 

Ascorbic acid and rutin standard were used as positive references. 

3.7.2. Superoxide anion radical scavenging assay 

 The assay for superoxide anion radical scavenging activity was based on a 

riboflavin-light-NBT system (Beauchamp and Fridovich, 1971). The reaction mixture 

contained 0.5ml of phosphate buffer (50 mM, pH 7.6), 0.3 ml riboflavin (50 mM), 0.25 

ml PMS (20 mM), and 0.1 ml NBT (0.5 mM), prior to the addition of 1 ml methanol 

extract solution. Reaction was started by illuminating the reaction mixture with different 

concentrations of the methanol extracts using a fluorescent lamp. After 20 min of 

incubation, the absorbance was measured at 560 nm. The percent inhibition of superoxide 

anion generation was calculated using the following formula: 

Scavenging activity (%) = (1- absorbance of sample / absorbance of control) × 100 

3.7.3. Phosphomolybdate assay (Total antioxidant capacity assay) 

 The antioxidant activity of samples was evaluated by the phosphomolybdenum 

method according to the procedure of Umamaheswari and Chatterjee (2008). An aliquot 

of 0.1 ml of sample solution was mixed with 1 ml of reagent solution (0.6 M sulphuric 

acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The test tubes were 

capped with silver foil and incubated in a water bath at 95 ºC for 90 min. After the 

samples had cooled to room temperature, the absorbance of the mixture was measured at 

765 nm against a blank. Ascorbic acid was used as standard. The antioxidant capacity was 

estimated using following formula:  

Antioxidant effect (%) = [(control absorbance-sample absorbance) / (control absorbance)] 

×100. 

3.7.4. Hydroxyl radical scavenging assay 

 Hydroxyl radical scavenging activity of extracts was assayed by the method of 

Halliwell and Gutteridge (1981). The reaction mixture contained 500 ml of 2-deoxyribose 
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(2.8 mM) in phosphate buffer (50 mM, pH 7.4), 200 ml of premixed ferric chloride (100 

mM) and EDTA (100 mM) solution (1:1; v/v), 100 ml of H2O2 (200 mM) without or with 

the extract solution (100 ml). The reaction was triggered by adding 100 ml of 300 mM 

ascorbate and incubated for 1h at 37 °C. A solution of TBA in 1 ml (1%; w/v) of 50 mM 

NaOH and 1 ml of 2.8% (w/v; aqueous solution) TCA was added. The mixture was 

heated for 15 min on a boiling water bath and then cooled. The absorbance was measured 

at 532 nm. The scavenging activity on hydroxyl radical was calculated as follows: 

Scavenging activity (%) = (1- absorbance of sample / absorbance of control) × 100 

3.7.5. Hydrogen peroxide-scavenging activity 

 The ability of the extracts to scavenge hydrogen peroxide was determined 

according to the method of Ruch et al. (1989). A solution of hydrogen peroxide (2 mM) 

was prepared in 50 mM phosphate buffer (pH 7.4). Aliquots (0.1 ml) extracts sample was 

transferred into the test tubes and their volumes were made up to 0.4 ml with 50 mM 

phosphate buffer (pH 7.4). After addition of 0.6 ml hydrogen peroxide solution, tubes 

were vortexed and absorbance of the hydrogen peroxide at 230 nm was determined after 

10 min, against a blank. The abilities to scavenge the hydrogen peroxide were calculated 

using the following equation: 

Hydrogen peroxide scavenging activity = (1- absorbance of sample / absorbance of 

control) × 100 

3.7.6 ABTS radical cation scavenging activity 

 The ABTS (2, 2 azobis, 3-ethylbenzothiozoline-6-sulphonic acid) radical cation 

scavenging activity was performed by a slight modification of Re et al. (1999). Briefly, 

ABTS solution (7 mM) was reacted with potassium persulfate (2.45 mM) solution and 

kept for overnight in the dark to yield a dark colored solution containing ABTS radical 

cation. Prior to use in the assay, the ABTS radical cation was diluted with 50% methanol 

for an initial absorbance of about 0.700 (±0.02) at 745 nm, with temperature control set at 

30 °C. Free radical scavenging activity was assessed by mixing 300 µl of test sample with 

3.0 ml of ABTS working standard in a microcuvette. The decrease in absorbance was 

measured exactly one minute after mixing the solution, then up to six minutes. The final 

absorbance was noted. The percentage inhibition was calculated according to the formula: 

Scavenging effect (%) = [(control absorbance-sample absorbance) / (control absorbance)] 

× 100 

The antioxidant capacity of test samples was expressed as EC50, the concentration 
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necessary for 50% reduction of ABTS. 

3.7.7. β-Carotene bleaching assay 

 The assay was performed as given by Elzaawely et al. (2007) and modified 

slightly. First, 2 mg of β-carotene dissolved in 10 ml of chloroform was mixed with 20 

mg of linoleic acid and 200 mg of Tween80 followed by chloroform removing under 

nitrogen and 50 ml of distilled water adding with vigorous shacking to prepare β-carotene 

linoleate emulsion. An aliquot of each sample (30 µl) was mixed with 250 µl of the 

emulsion, and then the absorbance was determined at 470 nm at 45 °C for 2 h. β-Carotene 

bleaching inhibition was estimated as the following equation: 

Bleaching inhibition (%) = (β-carotene content after 2 h of assay/ initial β-carotene 

content) × 100  

EC50 value is the sample concentration that could give 50% antioxidant ability. Catechin 

standard was used as a positive reference. 

3.7.8. Chelating power 

 The ability of the extract to chelate iron (II) was estimated according to the 

method of Dastmalchi et al. (2008). The extracts were dissolved with methanol to prepare 

various sample solutions at 8, 6, 4, 2, 1 mg/ml and 500, 250 µg/ml. An aliquot of each 

sample (200 µl) was mixed with 100 µl of FeCl2.2H2O (2.0 mM/l) and 900 µl of MeOH. 

After 5 min incubation, the reaction was initiated by the addition of 400 µl of ferrozine 

(5.0 mM/l). After 10 min incubation, the absorbance at 562 nm was recorded. The 

chelating activity (%) was calculated as the following equation:  

Chelating activity (%) = [(control absorbance-sample absorbance) / (control absorbance)] 

× 100 

 EC50 value is the effective concentration that could chelate 50% of iron (II). Catechin 

was used as control. 

3.7.9. Reducing power assay 

 The reducing power was determined according to the method of Oyaizu (1986). 

Extract solution (2 ml), phosphate buffer (2 ml, 0.2 M, pH 6.6) and potassium 

ferricyanide (2 ml, 10 mg/ml) were mixed, and then incubated at 50 °C for 20 min. 

Trichloroacetic acid (2 ml, 100 mg/l) was added to the mixture. A volume of 2ml from 

each of the above mixtures was mixed with 2 ml of distilled water and 0.4 ml of 0.1% 

(w/v) ferric chloride in a test tube. After 10-min reaction, the absorbance was measured at 

700 nm. Increased absorbance of the reaction mixture indicated a high reducing power. 
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3.8. In vivo evaluation of fractions 

 For in vivo studies CCl4 was preferred to provoke toxicity in different organs of rat 

model. Five major organs including liver, kidneys, lungs, heart and testis were 

investigated at biochemical, molecular and histological level. 

3.8.1. Animals  

 Three hundred and eight four (384) male Sprague Dawley rats (190-200 g) were 

provided by National Institute of Health (NIH) Islamabad and were kept in ordinary cages 

at room temperature of 25 ±3 ºC with a 12 h dark/light cycle. They were allowed to 

standard laboratory feed and water. The study protocol was approved by Ethical 

Committee of Quaid-i-Azam University Islamabad for animal care and laboratory use. All 

these rats were equally divided into four experiments for in vivo evaluation of the 

fractions against CCl4 induced toxicity in various tissues. 

3.8.2. Experimental plan 

 Six-week-old male Sprague Dawley rats weighing 180 ± 10 g were provided with 

food and water ad libitum and kept at 20-22 °C on a 12-h light–dark cycle. We used only 

male rats because of their constant metabolism compared to the variation in the female 

physiology. All experimental procedures involving animals were conducted in accordance 

with the guidelines of National Institutes of Health (NIH guidelines).The study protocol 

were approved by Ethical committee of Quaid-i-Azam University Islamabad. The rats 

were acclimatized to laboratory condition for 7 days before commencement of 

experiment. 

 For chronic toxicity eight week experiment was designed according to Shyu et al. 

(2008) with some modifications. 96 male albino rats were randomly divided into sixteen 

groups (6 rats of each group). Administration of CCl4 (0.5 ml/kg b.w., 20% CCl4/olive 

oil) was intraperitoneally (i.p.) twice a week for eight weeks. At the same time, the rats 

were administered individually silymarin (50 mg/kg b.w.) and extract (200 mg/kg b.w.) 

orally twice a week for eight weeks. 

EXPERIMENTAL PROTOCOL  

 Following dosing plan was adapted for the experiment 1 in this study. 

Group I: the normal control received only feed  

Group II: Olive oil (0.5 ml/kg b.w., i.p.) + DMSO (0.5 ml/kg b.w. orally) 

Group III: CCl4 twice a week (0.5 ml/kg b.w., i.p., 20% CCl4/olive oil)  

Group IV: CCl4 twice a week (0.5 ml/kg b.w., i.p.) + silymarin (50 mg/kg b.w., orally) 
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Group V: CCl4 twice a week (0.5 ml/kg b.w., i.p.) + HFC (200 mg/kg b.w., orally) 

Group VI: CCl4 twice a week (0.5 ml/kg b.w., i.p.) + EFC (200 mg/kg b.w., orally) 

Group VII: CCl4 twice a week (0.5 ml/kg b.w., i.p.) + CFC (200 mg/kg b.w., orally) 

Group VIII: CCl4 twice a week (0.5 ml/kg b.w., i.p.) + BFC (200 mg/kg b.w., orally) 

Group IX: CCl4 twice a week (0.5 ml/kg b.w., i.p.) + MFC (200 mg/kg b.w., orally) 

Group X: CCl4 twice a week (0.5 ml/kg b.w., i.p.) + AFC (200 mg/kg b.w., orally) 

Group XI: HFC (200 mg/kg b.w., orally) twice a week 

Group XII: EFC (200 mg/kg b.w., orally) twice a week  

Group XIII: CFC (200 mg/kg b.w., orally) twice a week   

Group XIV: BFC (200 mg/kg b.w., orally) twice a week  

Group XV: MFC (200 mg/kg b.w., orally) twice a week  

Group XVI: AFC (200 mg/kg b.w., orally) twice a week  

 Conditions and dose levels for all four experiments were same, but fractions were 

different according to tested plant part. Hence, HFC will be replaced by HLC, HLR, 

HRR; EFC with ELC, ELR, ERR; CFC with CLC, CLR, CRR; BFC with CLC, CLR, 

CRR; MFC with MLC, MLR, MRR; and AFC with ALC, ALR, ARR. 

 At the end of eight weeks, after 24 h of the last treatment, Urine was collected and 

stored at -70 °C for further analysis, and then animals were given chloroform anesthesia 

and dissected from ventral side. All the animals were sacrificed; blood was drawn prior to 

the excision of organ tissues. The serum was stored at -80 °C after separation until it was 

assayed as described below. After taking blood the organs liver, kidneys, lungs, heart and 

testis were removed and washed in ice cold saline. Subsequently, half of all the organs 

were treated with liquid nitrogen and stored at -80°C for further enzymatic and DNA 

damage analysis while the other portion was processed for histology. 

3.8.3. Histopathological study of tissue 

After weighting the portion specifies for histology small pieces of each tissue was 

fixed for 3-4 h in fixative sera followed by dehydration with ascending grades of alcohol 

(80%, 90%, and 100%) and transferred in cedar wood oil. When tissue becomes clear 

then all tissues were embedded in paraplast and prepared blocks for further microtomy. 3-

4 µm thin slides were prepared with microtome; wax was removed, stained with 

hemotoxilin-eosin and photographed under light microscope at 10x and 40x. 
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3.8.4. Biochemical investigations 

In order to evaluate the pharmacological effects of different fractions against the 

toxicity induced with CCl4 in rats following assays had been carried out. 

3.8.4.1. Physical analysis of urine 

Urine samples were assayed for red blood cells (RBCs) count, white blood cells 

(WBCs) count, urobilinogene, pH and specific gravity by using standard diagnostic kits 

(MediScreen Urine Strips, Orgenics, France).  

3.8.4.2. Biochemical analysis of urine and serum 

Estimation of total protein, albumin, urea, creatinine, creatinine clearance was 

carried out with different kits. 

3.8.4.2.1. Assessment of total protein 

(i). Principle 

Total protein in serum and urine was assessed from a colored complex in the 

presence of copper salt in alkaline solution through AMP diagnostics company kit (biuret 

method). 

(ii). Assay procedure 

1 ml reagent (potassium iodide, potassium sodium tartrate, copper sulphate and 

sodium hydroxide) was mixed with 10 µl sample or standard (albumin), 10 µl distilled 

water for blank and take OD (550 nm) after 10 min of incubation at 37 °C. 

Total protein was calculated through formula; 

(OD of sample / OD of standard) × n 

Where n is standard concentration. 

3.8.4.2.2. Assessment of albumin 

(i). Principle 

Colorimetric determination of urine and serum albumin was determined using 

bromocresol green (BCG) at pH 4.20 through kit purchased from AMP diagnostics 

company. 

(ii). Assay procedure 

1 ml reagent (succinate buffer, bromocresol green, Brij 35) with 10 µl sample or 

standard (bovine albumin), 10 µl distilled water for blank and take OD (628 nm) after 5 

min incubation at 37 °C. 

Serum and urine albumin were calculated through formula; 

(OD of sample / OD of standard) × n 
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Where n is standard concentration 

3.8.4.2.3. Assessment of globulin 

 Globulin was assessed by using formula as; Total protein – albumin 

3.8.4.2.4. Determination of urea 

(i). Principle 

Urea was determined using kit purchased from AMP Diagnostics Company. 

Urea + H2O   urease       2NH3 + CO2 

2NH4+ + 2 α-ketoglutarate + 2 NADH     GIDH      2L-glutamate + 2NAD+ + 2H2O 
(ii). Assay procedure 

1 ml reagent (Tris buffer, α-ketoglutarate, urease, GIDH and ADP) was mixed 

with 10 µl blood and urine sample or standard and variation in OD (340 nm) between 30 

sec and 90 sec was recorded. Urea was calculated through formula; 

(OD of sample / OD of standard) × n 

Where n is standard concentration. 

3.8.4.2.5. Determination of creatinine and creatinine clearance 

(i). Principle 

 The rat of formation of a colored complex between creatinine and alkaline pirate 

was measured. Creatinine was determined using kit from AMP Diagnostics Company. 

(ii). Assay procedure 

1 ml working reagent (R) (picric acid) was mixed with 100 µl sample or standard, 

and absorbance was recorded at 500 nm after 25 sec. Exactly 2 min after the first reading 

(A1), 2nd reading (A2) was recorded. 

Creatinine was calculated through the formula; 

(A2-A1 sample / A2-A1 standard) × n 

Where n is standard concentration. 

Creatinine clearance was assessed by using formula Ccr = (Cu/Cs) × V 

Where Cs is the concentration of creatinine in serum, Cu is the concentration of creatinine 

in urine and V is the urine flow rate in ml/min. 

3.8.4.2.6. Determination of urine/serum bilirubin 

(i). Principle 

Sulfanilic acid reacts with sodium nitrate to form diazotized sulfanilic acid. In the 

presence of DMSO total bilirubin reacts with diazotized sulfanilic acid to form 

azobilirubin. In the presence of DMSO only direct bilirubin reacts to give azobilirubin 
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using kit from AMP Diagnostics Company. 

(ii). Assay procedure 

1.5 ml working reagent (R1) (sulfanilic acid, DMSO, HCl), was mixed with 0.5 

ml working reagent (R2) with 100 µl sample or calibrator, 100 µl sample without R2 for 

sample blank and OD (555 nm) was noted after 5 min incubation at 37 °C. 

Serum/urine total bilirubin and direct Bilirubin were calculated through formula; 

(OD of sample - OD of sample blank) × F 

Where F is standard factor concentration. 

3.8.4.3. Serum analysis of rats 

 Sserological studies had been carried out for different parameters, as they indicate 

biomarker of different organs.  

 3.8.4.3.1. Determination of serum cholesterol 

The quantitative determination of cholesterol was done by using kit from AMP 

Diagnostics Company. 

(i). Principle 

The cholesterol present in the sample originates a colored complex, according to 

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 intensity of the color formed is proportional to the cholesterol concentration in the 

sample. 

(ii). Assay procedure 

The assay was done at 37 ºC temperature with wavelength of 505 nm in cm 

optical path. 10 µl of sample or standard was mixed with I ml reagent and incubated for 5 

min. The absorbance of the sample was read against the blank within 60 min. 

Serum cholesterol was assessed by using formula; 

(OD of sample / OD of standard) × n 

Where n is standard concentration 

3.8.4.3.2. Estimation of high density lipoprotein (HDL)-cholesterol  

The in vitro determination of HDL was done by kit from AMP diagnostic 

company. Antihuman β-lipoprotein antibody in R1 binds to lipoproteins. The antigen-

antibody complexes formed with the addition of R2. Cholesterol esterase (CHE) and 
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cholesterol oxidase (CO) in R2 only react with HDL-C. Hydrogen peroxide produced by 

the enzyme reactions with HDL yields a blue color. By measuring the optimum 

wavelength of 593 nm, the HDL concentration in the sample was calculated by 

comparing the absorbance of the HDL-C calibrator. 

(i). Assay procedure 

The whole procedure was done at the temperature of 37 ºC with 1 cm optical path 

at the wavelength of 600 nm against the reagent blank. 2.5 µl of sample was mixed with 

the 2.5 µl calibrator and after 5 min incubation absorbance was measured then R2 of 60 

µl was added and mixed. After incubation for 5 min again the absorbance was checked. 

(ii). Calculation 

(OD2-OD1) sample / (OD2-OD1) Calibrator × n 

n=Calibrator concentration 

(iii). Calibration 

AMP HDL-Calibrator (BR9812) used for calibration. 

3.8.4.3.3. Estimation of low density lipoprotein (LDL)-Cholesterol 

LDL- cholesterol was calculated by the formula: 

LDL= TG/5+ HDL– cholesterol 

3.8.4.3.4. Triglycerides determination 

(i). Assay procedure 

1 ml of the reagent (Mg+2, Potassium ferrocynate, Glycerol kinase, ATP) mixed 

with 10 µl distilled water, standard and sample used as blank, standard and sample, 

incubate at 37 ºC for 10 min and took absorbance at 500 nm.  

(ii). Calculation 

OD of sample/OD of standard × n 

Where n is standard concentration. 

3.8.4.3.5. Aspartate transaminase (AST) 

The assay was performed according to the standard procedure available with kit 

used for in vitro determination of AST according to the method by Vitalab selectra 

Routine chemistry analyzer (Merck) and other photometric systems. 

(i). Priciple of reaction 

L-Aspartate + 2-Oxoglutarate              AST           L-Glutamate + Oxaloacetate 

Oxaloacetate + NADH + H+        MDH       L-Maltate + NAD+ 

The rate of NADH consumption was measured photometrically and was directly 
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proportional to the AST activity in the sample. Two reagents are used in the study. 

Reagent R1 composed of Tris HCl, L-aspartate, malate dehydrogenase and lactate 

dehydrogenase while reagent R2 contained 2- Oxoglutarate, NADH and Pyridoxal-5-

phosphate. 

(ii). Assay procedure 

The reaction was automatically performed by the Slectra Routine Chemistry 

analyzer under the feed program in computer. The temperature for the reaction was 37 °C 

at 340 nm with 1 cm optical path against air blank. 

3.8.4.3.6. Alanine transaminase (ALT) 

For the determination of ALT the photometric method was used based on the 

reference method of the international federation of clinical chemistry 

(i). Principle 

2-Oxoglutarate + L-alanine     ALT          Glutamate + Pyruvate 

Pyruvate + NADH + H+            LDH          Lactate + NAD+ 

The rate of NADH consumption is measured photometrically and is directly 

proportional to the ALT activity in 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 plus 5 

ml start reagent. 

(ii). Procedure 

The reaction was automatically performed by the Spectra Routine Chemistry 

analyzer under the feed program in computer. The temperature for the reaction was 37 °C 

at 340 nm with 1cm optical path against air blank. 

(iii). Calculations for the enzyme activity 

The activity of enzyme was calculated as unite per litter (U/L) by using the 

following formula. 

Enzyme activity = (ΔA/min) x F 

where (ΔA/min) is the average absorbance of samples per min while F is a factor specific 

for each wave length. For 340 nm it is 1746. 
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3.8.4.3.7. Alkaline phosphatase (ALP) 

Alkaline phosphatase (ALP) enzyme was determined according to the 

recommendation of German society of clinical chemistry (DGKC) by vita lab selectra and 

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 reaction was automatically performed by the Slectra Routine Chemistry 

analyzer under the feed program in computer. The temperature for the reaction was 37 °C 

at 405 nm (400-420 nm) with 1 cm optical path against air blank. 20 µl of sample was 

mixed with 1000 µl of mono reagent and absorbance was recorded 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) 

3.8.4.3.8. Lactate dehydrogenase (LDH)  

(i). Principle 

LDH is an oxidoreductase which catalyzes the inter conversion of lactate and 

pyruvate. When disease or injury affects tissues containing LDH, the cells release LDH 

into the blood stream, where it is identified in higher than normal levels. Therefore, LDH 

is most often measured to evaluate the presence of tissue or cell damage. The non-

radioactive colorimetric LDH assay is based on the reduction of the tetrazolium salt MTT 

in a NADH-coupled enzymatic reaction to a reduced form of MTT which exhibits an 

absorption maximum at 565 nm. The intensity of the purple color formed is directly 

proportional to the enzyme activity. 

(ii). Reagent preparation  

 The Working Reagent is prepared by mixing for assay, 14 μl MTT solutions, 8 μl 

NAD solution, 8 μl PMS solution and 170 μl Substrate Buffer. Fresh reconstitution is 
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recommended. 

(iii). Assay procedure using cuvettes 

1. Transferred 50 μl samples into 1-cm cuvettes. 

2. Pippetted 950 μl working reagent to samples and mixed thoroughly. 

3. Read sample OD565 nm shortly after the mixing (ODSO) and again after 25 min 

ODS25). 

4. Read OD565 nm for 1 ml water (ODH2O) and Calibrator (ODCAL). 

3.8.4.3.9. Determination of serum γ-GT 

The quantitative determination of γ-GT was done by using kit from AMP 

Diagnostics Company. 

(i). Principle 

               Gamma-glutamyltransferase (γ-GT) catalyses the transfer of a γ-glutamyl group 

from γ-glutamyl-3-carboxy-4-nitroanilide to glycylglycine with the formation of L-γ-

glutamyl-glycylglycine and 5-amino-2-nitro-benzoate according to the following 

reactions: 

γ-glutamyl-3-carboxy-4-nitroanilide     γ-GT            L-γ-glutamyl-glycylglycine + 5-                        

.                                                            glycylglycine             amino-2-nitro-benzoate                                  

The amount of 5-amino-2-nitro-benzoate formed is proportional to the enzyme activity of 

sample. 

(ii). Assay procedure 

The assay was done at 37 ºC temperature with wavelength of 405 nm in cm 

optical path. 100 µl of sample or standard was mixed with 1 ml reagent and incubated for 

1 min. The absorbance of the sample was read against the blank after 1, 2 and 3 minutes. 

γ-GT activity was assessed by using formula; 

Activity (U/L) = ΔA /min. ×1111 

Where ΔA/min. is average change in absorbance per min. 

3.8.4.3.10. Determination of serum CK 

The quantitative determination of CK was done by using kit from 

AMP Diagnostics Company. 

(i). Principle 

             Creatine kinase (CK) catalyzes the reaction according to following reaction. 

CP + ADP    CK (AMP, NAC) pH 6.5       Creatine + ATP 

ATP + Glucose               HK                 ADP + G6P 
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G6P + NADP+ + H2O        G6P-DH           Gluconate-6P + NADPH + H+ 

The conversion is monitored by the rate of increase in absorbance resulting from the 

reduction of NADP to NADPH proportional to the activity of CK present in the sample. 

(ii). Assay procedure 

The assay was done at 37 ºC temperature with wavelength of 340 nm in 1 cm light 

path. 40 µl of sample or standard was mixed with 1 ml working reagent and incubated for 

3 min. The absorbance of the sample was read against the blank after 1, 2 and 3 minutes. 

CK activity was assessed by using formula; 

CK (U/L) = ΔA /min. ×8095 

Where ΔA/min. is average change in absorbance per min. 

3.8.4.3.11. Determination of serum CK-MB 

CK is dimeric molecule composed of M and B subunits, which are immunologically 

distinct. It exists as three main iso enzymes CK-MM, CK-MB, and CK-BB. CK-MB is 

found mainly in the myocardial cells. Hence the increased level of CK-MB along with 

elevated levels of total CK is a good indicator of myocardial infarction. The CK-MB in 

the sample is completely inhibited by an anti CK-M antibody present in the reagent. Then 

the activity of the CK-B fraction is measured by the CK (NAC act.) method. The CK-MB 

activity is obtained by multiplying the CK-B activity by two. 

(ii). Assay procedure 

           The assay was done at 37 ºC temperature with wavelength of 340 nm in 1 cm light 

path. 50 µl of sample or standard was mixed with 1 ml working reagent and incubated for 

5 min. The absorbance of the sample was read against the blank after 1, 2 and 3 minutes. 

CK.MB activity was assessed by using formula; 

CK - MB activity in (U/L) = ΔA /min. x 6666 

Where ΔA/min. is average change in absorbance per min. 

3.8.5. Radioimmunoassay 

3.8.5.1. Determination of Testosterone 

Testosterone in rat serum was calculated through 13276–Marseille Cedex 9 

France (IM1119) kit purchased from Immunotech Company. 

(i). Principal 

The radioimmunoassay of testosterone is a competition assay. Samples and 

calibrators were incubated with I125-labled testosterone in antibody-coated tubes. After 

incubation the liquid content of tubes was aspirated and the bound reactivity was 
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determined in a gamma counter, a standard curve was prepared. Unknown valves were 

determined from the curve by interpolation 

(ii). Reagents 

 100 Antibody-coated anti-testosterone tubes 

 Iodine label 55 ml testosterone tracer 

 Six calibrators 

 Control 

(iii). Assay procedure 

50 µl of calibrator, control or sample was added to antibody coated tubes and 500 

µl of tracer was added in all tubes and mixed. 500 µl of tracer was added to two blank 

tubes for total count. All the tubes were incubated in water bath at 37 °C for 3 h. After 

incubation all the content of tubes were aspirated except the two tubes of total cpm. 

Bound cpm (B) and total cpm (T) was counted for I min in gamma counter. 

Results were calculated by making standard curve. 

3.8.5.2. Determination of prolactin 

 Prolactin hormone was calculated in rat serum through 10227-Czch Republic 

(IM2121-IM3303) Kit purchased from IMMUNOTECH Company. 

(i). Principal 

The radioimmunoassay of testosterone is a sandwich type assay. The kit utilizes 

mouse monoclonal antibodies directed against two different epitopes of prolactin and 

hence not competing. Samples and calibrators were incubated with I125-labled 

testosterone in antibody-coated tubes. After incubation the liquid content of tubes was 

aspirated and rinsed with washing buffer. The bound reactivity was determined in a 

gamma counter, a standard curve was prepared. Unknown valves were determined from 

the curve by interpolation. 

(ii). Reagents 

 Anti-prolactin monoclonal antibodies-coated tubes 

 Iodine label 55 ml cortisol tracer 

 5 calibrators + one 5 ml zero calibrator ready for use 

 Two control vials 

 20x wash solution 
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(iii). Assay procedure 

 50 µl of calibrator, control or sample was added to antibody coated tubes. 500 µl 

of tracer was added in all tubes and mixed. 500 µl of tracer was added to two blank tubes 

for total count. Incubated all the tubes at 18-25 °C for 1 hr with shaking (>350 rpm). 

After incubation all the content of tubes were aspirated except the two tubes of total cpm. 

All the tubes were washed twice with washing solution. Bound cpm (B) and total cpm (T) 

was counted for I min in gamma counter. Results were calculated by making standard 

curve. 

3.8.5.3. Determination of Estradiol 

Estradiol in serum was determined through 13276 – Marseille Cedex 9 France 

(A21854) Kit purchased from IMMUNOTECH Company. 

(i). Principal 

The radioimmunoassay of estradiol is a competition assay. Samples and 

calibrators were incubated for 3 h with I125-labled estradiol in antibody-coated tubes. 

After incubation the liquid content of tubes was aspirated and the bound reactivity was 

determined in a gamma counter, a standard curve was prepared. Unknown valves were 

determined from the curve by interpolation. 

(ii). Reagents 

 Anti- Estradiol monoclonal antibodies-coated tubes 

 Iodine label 54 ml Estradiol tracer 

 7 calibrators 

 Control 

(iii). Assay procedure 

100 µl of calibrator, control or sample was added to antibody coated tubes. 500 µl 

of tracer was added in all tubes and mixed. 500 µl of tracer was added to two blank tubes 

for total count. All the tubes were incubated at 18-25 °C for 3 h with shaking at 350 rpm. 

After incubation all the content of tubes were aspirated except the two tubes of total cpm. 

Bounded cpm (B) and total cpm (T) was counted for I min in gamma counter. 

3.8.5.4. Determination of follicle stimulating hormone (FSH) 

FSH hormone was calculated in rat serum through 10227-Czch Republic 

(IM2125-IM3301) Kit purchased from IMMUNOTECH Company. 
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(i). Principal 

The radioimmunoassay of FSH is a sandwich type assay. The kit utilizes mouse 

monoclonal antibodies directed against two different epitopes of prolactin and hence not 

competing. Samples and calibrators were incubated with I125-labled testosterone in 

antibody-coated tubes. After incubation the liquid content of tubes was aspirated and 

rinsed with wash buffer. The bound reactivity was determined in a gamma counter, a 

standard curve was prepared. Unknown valves were determined from the curve by 

interpolation. 

(ii). Reagents 

 Anti-Prolactin monoclonal antibodies-coated tubes 

 Iodine label 55 ml Cortisol tracer 

 6 calibrators 

 Two control vials 

 20x wash solution 

(iii). Assay procedure 

100 µl of calibrator, control or sample was added to antibody coated tubes. 50 µl 

of tracer was added in all tubes and mixed. 50 µl of tracer was added to two blank tubes 

for total count. All the tubes were incubated at 18-25 °C for 90 min with shaking (>350 

rpm). After incubation all the content of tubes were aspirated except the two tubes of total 

cpm. All the tubes were washed twice with washing solution. Bounded cpm (B) and total 

cpm (T) was counted for I min in gamma counter. Results were calculated by making 

standard curve. 

3.8.5.5. Determination of luteinizing hormone (LH) 

Luteinizing hormone was calculated in rat serum through 1057-Czch Republic 

(IM2325-IM3302) Kit purchased from IMMUNOTECH Company. 

(i). Principal 

The immunoradiometric assay of luteinizing hormone (LH) is a sandwich-type 

assay. The kit utilizes mouse monoclonal antibodies directed against two different 

epitopes of LH and hence not competing. Samples or calibrators were incubated in tubes, 

coated with the first monoclonal antibody in the presence of the second I125-labeled 

monoclonal antibody. The content of tubes was aspirated and rinsed after incubation and 

bound radioactivity was measured. Values were calculated by interpolation from the 

standard curve. The radioactivity bound was directly proportional to the concentration of 
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LH in the sample. 

(ii). Reagents 

 100 Anti-LH monoclonal antibody coated tubes 

 One I125-labeled monoclonal anti-LH antibody 

 Six vials of Calibrators 

 One vial (lyophilized) of Control serum 

 Wash solution 

(iii). Assay procedure 

100 µl of calibrator, control or sample was added to antibody coated tubes. 50 µl 

of tracer was added in all tubes and mixed. 50 µl of tracer was added to two blank tubes 

for total count. All the tubes were incubated at 18-25 °C for 90 min with shaking (>350 

rpm). After incubation all the content of tubes were aspirated except the two tubes of total 

cpm. All the tubes were washed twice with washing solution. Bounded cpm (B) and total 

cpm (T) was counted for 1 min in gamma counter standard curve was made for 

determination of unknown concentration. 

3.8.6. Assessment of tissue biochemical studies 

 Different tissues had been evaluated for their antioxidant levels. 

3.8.6.1. Protein estimation 

The total soluble protein of homogenate and supernatant of tissues were 

determined by the method described by Lowry et al. (1951). 80 mg tissue of each organ 

was homogenized in phosphate buffer and centrifuged at 10,000 rpm for 20 min at 4 ºC. 1 

ml alkaline solution was mixed with 0.1 ml sample incubated for 10 min, added 1:1 Folin 

Ciocalteu phenol reagent to each tube and vortex to mix thoroughly. After 30 min of 

incubation optical density was noted at 595 nm at smart spec TM spectrophotometer and 

concentration of soluble protein was calculated using bovine serum albumin standard 

curve. 

3.8.6.2. Assessment of antioxidant enzymes 

 10% homogenate of tissue was prepared in 100 mM KH2PO4 buffer containing 1 

mM EDTA (pH 7.4) and centrifuged at 12,000 x g for 30 min at 4oC. The supernatant was 

collected and used for the following parameters as described below.  

3.8.6.2.1. Catalase assay (CAT) 

 CAT activities were determined by the method of Chance and Maehly (1955) with 

some modifications. The reaction solution of CAT activities contained: 2.5 ml of 50 mM 



Chapter 3                                                                                            Materials and methods 

 

 

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D.Don. 
 

50

phosphate buffer (pH 5.0), 0.4 ml of 5.9 mM H2O2 and 0.1 ml enzyme extract. Changes in 

absorbance of the reaction solution at 240 nm were determined after one minute. One unit 

of CAT activity was defined as an absorbance change of 0.01 as units/min. 

3.8.6.2.2. Peroxidase assay (POD) 

 Activities of POD were determined by the method of Chance and Maehly (1955) 

with some modifications. The POD reaction solution contained: 2.5 ml of 50 mM 

phosphate buffer (pH 5.0), 0.1 ml of 20 mM guaiacol, 0.3 ml of 40 mM H2O2 and 0.1 ml 

enzyme extract. Changes in absorbance of the reaction solution at 470 nm were 

determined after one minute. One unit of POD activity was defined as an absorbance 

change of 0.01 units/min. 

3.8.6.2.3. Superoxide dismutase assay (SOD) 

 SOD activity was estimated by the method of Kakkar et al. (1984). Reaction 

mixture of this method contained: 0.1 ml of phenazine methosulphate (186 µM), 1.2 ml of 

sodium pyrophosphate buffer (0.052 mM; pH 7.0), 0.3 ml of supernatant after 

centrifugation (1500 x g for 10 min followed by 10000 x g for 15 min) of lung 

homogenate was added to the reaction mixture. Enzyme reaction was initiated by adding 

0.2 ml of NADH (780 µM) and stopped after 1 min by adding 1 ml of glacial acetic acid. 

Amount of chromogen formed was measured by recording color intensity at 560 nm. 

Results are expressed in units/mg protein. 

3.8.6.2.4. Glutathione-S-transferase assay (GST) 

 Glutathione-S-transferase activity was assayed by the method of Habig et al. 

(1974). The reaction mixture consisted of 1.475 ml phosphate buffer (0.1 mol, pH 6.5), 

0.2 ml reduced glutathione (1 mM), 0.025 ml (CDNB) (1 mM) and 0.3 ml of homogenate 

in a total volume of 2.0 ml. The changes in the absorbance were recorded at 340 nm and 

enzymes activity was calculated as nM CDNB conjugate formed/min/mg protein using a 

molar extinction coefficient of 9.6 × 103M-1cm-1. 

3.8.6.2.5. Glutathione reductase assay (GR) 

 Glutathione reductase activity was determined by method of Carlberg and 

Mannervik (1975). The reaction mixture consisted of 1.65 ml phosphate buffer: (0.1 mol; 

pH 7.6), 0.1 ml EDTA (0.5 mM), 0.05 ml oxidized glutathione (1 mM), 0.1 ml NADPH 

(0.1 mmol) and 0.1 ml of homogenate in a total volume of 2 ml. Enzyme activity was 

quantitated at 25ºC by measuring disappearance of NADPH at 340 nm and was calculated 

as nM NADPH oxidized/min/mg protein using molar extinction coefficient of 6.22 × 103 
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M-1cm-1. 

3.8.6.2.6. Glutathione peroxidase assay (GPx)   

 Glutathione peroxidase activity was assayed by the method of Mohandas et al. 

(1984). The reaction mixture consisted of 1.49 ml phosphate buffer (0.1 M; pH 7.4), 0.1 

ml EDTA (1 mM), 0.1 ml sodium azide (1 mM), 0.05 ml glutathione reductase (1 IU/ml), 

0.05 ml GSH (1 mM), 0.1 ml NADPH (0.2 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 

recorded at 25ºC. Enzyme activity was calculated as nM NADPH oxidized/min/mg 

protein using molar extinction coefficient of 6.22 × 103 M-1cm-1. 

3.8.6.2.7. Quinone reductase assay (QR) 

 The activity of quinone reductase was determined by the method of Benson et al. 

(1980). The 3.0 ml reaction mixture consisted of 2.13 ml Tris-HCl buffer (25 mM; pH 

7.4), 0.7 ml BSA, 0.1 ml FAD, 0.02 ml NADPH (0.1 mM), and 0.l ml of homogenate. 

The reduction of dichlorophenolindophenol (DCPIP) was recorded at 600 nm and enzyme 

activity was calculated as nM of DCPIP reduced/min/mg protein using molar extinction 

coefficient of 2.1 × 104 M-1cm-1 

3.8.6.2.8. Reduced glutathione assay (GSH) 

 Reduced glutathione was estimated by the method of Jollow et al. (1974). 1.0 ml 

sample of homogenate was precipitated with 1.0 ml of (4%) sulfosalicylic acid. The 

samples were kept at 4ºC for 1 h and then centrifuged at 1200 × g for 20 min at 4ºC. The 

total volume of 3.0 ml assay mixture contained 0.1 ml filtered aliquot, 2.7 ml phosphate 

buffer (0.1 M; pH 7.4) and 0.2 ml DTNB (100 mM). The yellow color developed was 

read immediately at 412 nm on a SmartSpecTM plus Spectrophotometer. It was 

expressed as µM GSH/g tissue. 

3.8.6.2.9. Estimation of lipid peroxidation assay (TBARS/LPO) 

 The assay for lipid peroxidation was carried out following the modified method of 

Iqbal et al. (1996). The reaction mixture in a total volume of 1.0 ml contained 0.58 ml 

phosphate buffer (0.1 M; pH 7.4), 0.2 ml homogenate sample, 0.2 ml ascorbic acid (100 

mM), and 0.02 ml ferric chloride (100 mM). The reaction mixture was incubated at 37 ºC 

in a shaking water bath for 1 h. The reaction was stopped by addition of 1.0 ml 10% 

trichloroacetic acid. Following addition of 1.0 ml 0.67% thiobarbituric acid, all the tubes 

were placed in boiling water bath for 20 min and then shifted to crushed ice-bath before 

centrifuging at 2500 × g for 10 min. The amount of TBARS formed in each of the 
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samples was assessed by measuring optical density of the supernatant at 535 nm using 

spectrophotometer against a reagent blank. The results were expressed as nM 

TBARS/min/mg tissue at 37ºC using molar extinction coefficient of 1.56 ×105 M-1cm-1. 

3.8.6.2.10. Hydrogen peroxide assay (H2O2) 

 Hydrogen peroxide (H2O2) was assayed by H2O2-mediated horseradish 

peroxidase-dependent oxidation of phenol red by the method of Pick and Keisari (1981). 

2.0 ml of homogenate sample was suspended in 1.0 ml of solution containing phenol red 

(0.28 nM), horse radish peroxidase (8.5 units), dextrose (5.5 nM) and phosphate buffer 

(0.05 M; pH 7.0) and were incubated at 37ºC for 60 min. The reaction was stopped by the 

addition of 0.01 ml of NaOH (10 N) and then centrifuged at 800 × g for 5 min. The 

absorbance of the supernatant was recorded at 610 nm against a reagent blank. The 

quantity of H2O2 produced was expressed as nM H2O2/min/mg tissue based on the 

standard curve of H2O2 oxidized phenol red. 

3.8.7. Molecular studies 

 DNA had been isolated and its fragmentation percent was quantified in molecular 

studies of in vivo toxicity. 

3.8.7.1. DNA fragmentation assay with diphenylamine reaction 

DNA fragmentation from tissue extract was determined using the procedure of 

Wu et al. (2005). 100 mg tissue was homogenized in TTE solution. 0.1 ml of homogenate 

was labeled B, centrifuged at 200 × g at 4 ºC for 10 min, got supernatant labeled S. S 

tubes were centrifuged at 20,000 × g for 10 min at 4 ºC to separate intact chromatin, was 

labeled T. 1.0 ml of 25 % TCA was added in all tubes T, B, S and incubated over night at 

4 ºC. After incubation precipitated DNA was recovered by pelleting for 10 min at 18,000 

× g at 4 ºC. 160 µl of 5 % TCA was added to each pellet and heated for 15 min at 90 ºC 

then 320 µl of freshly prepared DPA solution was added, vortexed and incubated for 4 hr 

37 ºC. Optical density was read at 600 nm with a spectrophotometer (Smart spec TM Plus, 

catalog # 170-2525). 

3.8.7.2. DNA Isolations and ladder assay 

DNA was isolated by using the methods of Wu et al. (2005), and Gilbert et al. 

(2007). 100 mg of tissue in a petri dish was washed with DNA Buffer and homogenized 

in 1 ml lysis buffer. 100 µl of proteinase K (10 mg/ml) and 240 µl 10% SDS, shaked 

gently, and incubate overnight at 45 °C in a water bath then 0.4 ml of phenol, was added 

shaked for 5-10 min, and centrifuge at 3000 rpm for 5 min at 10 °C. Supernatant was 
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mixed with 1.2 ml phenol, 1.2 ml Chloroform/isoamyl alcohol (24:1); shaked for 5-10 

min, and centrifuged at 3000 rpm for 5 min at 10 °C. 25 µl of 3 M sodium acetate (pH 

5.2) and 5 ml ethanol was added with supernatant, shake until DNA was precipitated. 

DNA was washed with 70 % 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 % agarose gel containing ethidium bromide. Electrophoresis was performed 

for 45 min with 100 V battery, and DNA was observed under digital gel doc system and 

photographed. 

3.9. Statistical analysis 

Data of in vitro assays recorded were analyzed with help computerized Graph 

prism pad software to determined EC50, IC50 and LD50. However to find the different 

treatment effects of in vivo studies one way analysis of variance was carried by computer 

software SPSS 13.0. Level of significance among the various treatments was determined 

by LSD at 0.05% level of probability. 
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RESULTS 

4.1. Biochemical studies 

In the first part of study, biochemical evaluation was carried out to reveal the 

medicinal potential of plant samples. Hence, the present study was concentrated on 

qualitative phytochemical screening, and qualitative as well as quantitative separation of 

secondary metabolites. 

4.1.1. Phytochemical screening of plant samples (Qualitative analysis) 

The therapeutic potential of medicinal plants are possibly due to the presence of 

various secondary metabolites such as alkaloids, flavonoids, saponins, coumarins, 

anthraquinones, cardiac glycosides, phlobatannins, tannins and terpenoids. In this context, 

phytochemical screening of various fractions of different parts of C. opaca (fruit and leaves) 

and R. hastatus (roots and leaves) specify the presence of medicinally active constituents. 

The data of qualitative screening of secondary metabolites of different plant parts is tabulated 

in Table 4.1. 

(a) C. opaca fruit  

Qualitative analysis of methanol extract of C. opaca fruit (MFC) revealed the 

presence of alkaloids, flavonoids, saponins, coumarins, anthraquinones, cardiac glycosides, 

phlobatannins, tannins and terpenoids. Analysis of n-hexane fraction (HFC) only revealed the 

presence of alkaloids, flavonoids, saponins and terpenoids while ethyl acetate fraction (EFC) 

revealed the presence of alkaloids, cardiac glycosides, coumarins, flavonoids and saponins. 

In case of chloroform fraction (CFC) anthraquinones, cardiac glycosides and tannins were 

not determined. Cardiac glycosides, phlobatannins and tannins were not reported in butanol 

fraction (BFC) while phlobatannins and terpenoids were absent in aqueous fraction (AFC) of 

C. opaca fruit.  

(b) C. opaca leaves 

Phytochemical analysis of different fractions of C. opaca leaves demonstrated that 

alkaloids, anthroquinones, coumarins, flavonoids and saponins were present in all the 

fractions (MLC, HLC, ELC, CLC, BLC and ALC). Phlobatannins and tannins showed their 

presence in methanol extract and in butanolic fraction (BLC). Cardiac glycosides were found 

in n-hexane fraction (HLC) along with methanolic extract (MLC). Terpenoids were not 

reported in butanol fraction (BLC) and aqueous fraction (ALC).  
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Table 4.1.  Phytochemical screening of secondary metabolites of various fractions of C. opaca and R. hastatus samples 
 
Plant Parts Extracts Alkaloids Anthra 

quinones
Cardiac 
glycoside
s 

Coumarin
s 

Flavonoid
s 

Phlobatannins Saponins Tannins Terpenoids 

C. opaca fruit MFC + + + + + + + + + 
 HFC + - - - + - + - + 
 EFC + - + + + - + - - 
 CFC + - - + + + + - + 
 BFC + + - + + - + - + 
 AFC + + + + + - + + - 
C. opaca leaves MLC + + + + + + + + + 
 HLC + + + + + - + - + 
 ELC + + - + + - + - + 
 CLC + + - + + - + - - 
 BLC + + - + + + + + + 
 ALC + + - + + - + - - 
R. hastatus  MLR + + + + + + + + + 
Leaves HLR + - + - + - + + + 
 ELR + + + + + + + + - 
 CLR + + - - + - + + + 
 BLR + - + + + - + + + 
 ALR + - - + + + + - - 
R. hastatus 
roots MRR + + + + + + + + + 
 HRR + + - + + - + - - 
 ERR + + + - + - + + - 
 CRR + + - + + - + + + 
 BRR + + + + + + + + + 
 ARR + + - - + - + - + 
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(c) R. hastatus leaves 

Analysis of methanol extract of R. hastatus leaves (MLR) and all its fractions (HLR, 

ELR, CLR, BLR and ALR) revealed the presence of alkaloids, flavonoids and saponins while 

tannins were only absent in ALR. Terpenoids were absent in ELR and ALR. Presence of 

anthraquinones was determined in MLR, ELR and CLR while cardiac glycosides were not 

detected in CLR and ALR. Analysis of HLR and CLR did not reveal the presence of 

coumarins however phlobatannins were found present in MLR, ELR and ALR.  

(d) R. hastatus roots 

At the end phytochemical screening tests of R. hastatus roots showed alkaloids, 

anthraquinones, flavonoids and saponins were present in MRR and its various fractions such 

as HRR, ERR, CRR, BRR and ARR. Presence of tannins was not detected in HRR and ARR 

while terpenoids were remained absent in HRR and ERR. Cardiac glycosides were present in 

MRR, ERR and BRR while coumarins were not reported in ERR and ARR. Analysis of 

phlobatannins revealed their presence only in MRR and BRR.  

4.1.2. Extraction yield, total phenolic and flavonoid contents of C. opaca fruit 

The yield percent of total phenolics and flavonoids of MFC and its various fractions 

is shown in Table 4.2. The extraction yield of these sample varied from 4.5 ± 0.5% to 12.5 ± 

1.45% with a descending order of   MFC > AFC > CFC > EFC > BFC > HFC. So the 

extractions with methanol, water and chloroform resulted in the highest amount of total 

extractable compounds, whereas the extraction yield with butanol and n-hexane was only 

small in comparison with that of the other solvents. Table 4.2 summarizes the total phenolic 

compounds in fractions expressed as gallic acid equivalents (GAE), varied between 25.8 ± 

2.8 mg and 78.9 ± 1.7 mg/g dry weight. MFC exhibited the highest total phenolic content 

(78.9 ± 1.7 mg gallic acid equivalent/g dry fraction), whereas in HFC the total phenolic 

contents were much smaller (25.8 ± 2.8 mg gallic acid equivalent/g dry fraction). The content 

of flavonoids were expressed in rutin equivalents (RTE), varied from 6.4 ± 0.43 to 38.3 ± 2.8 

mg rutin equivalent/g dry fraction. 

4.1.3. Extraction yield, total phenolics and flavonoid contents of C. opaca leaves 

The extraction yield of different fractions of C. opaca leaves varied from 6.2 ± 0.18% 

to 25.5 ± 1.15% with a descending order of MLC > ALC > BLC > ELC > HLC > CLC 

(Table 4.3).  
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Table 4.2. Total phenolics, flavonoid and extraction yield of methanol extract and soluble 
fractions of C. opaca fruit 
  
Plant 
extracts 

Total phenolics (mg 
GAE/g dry fraction) 

Flavonoids (mg 
Rutin equivalent (mg 
RTE/g dry fraction) 

Extraction yield (%) 

MFC 78.9±1.7e 32.5±1.2d 12.5±1.45c 
HFC 25.8±2.8a 6.4±0.43a 4.5±0.5a  
EFC 32.3±5.6b 14.2±1.2b 5.7±0.43a 
CFC 62.7±2.1d 38.3±2.8e 9.2±0.28b 
BFC 46.2±2.2c 21.6±2.9c 4.9±1.11a 
AFC 58.4±3.4d 33.4±2.8d 10.7±0.99b 

 
Each value in the table is represented as mean ± SD (n=3) 
Values in the same column followed by a different letter are significantly different (p< 0.05) 
 
 
 
 
Table 4.3. Total phenolics, flavonoid and extraction yield of methanol extract and soluble 
fractions of C. opaca leaves 
 
Plant 
extracts 

Total phenolics (mg 
GAE/g dry fraction) 

Flavonoids (mg 
Rutin equivalent (mg 
RTE/g dry fraction) 

Extraction yield (%) 

MLC 89.9±5.4d 13.5±1.4a 25.5±1.15e 
HLC 93.1±3.4d 11.3±1.3a 9.5±0.32b 
ELC 38.4±2.6a 30.1±2.5d 10.7±0.51b 
CLC 72.7±4.6c 25.3±1.9c 6.2±0.18a 
BLC 53.2±3.2b 16.6±1.4b 12.5±1.0c 
ALC 85.4±3.6d 13.4±0.98a 15.6±0.79d 

 
Each value in the table is represented as mean ± SD (n=3) 
Values in the same column followed by a different letter are significantly different (p< 0.05) 
 

 

 

 

 

 

 

 



Chapter 4                                                                                                                          Results 

 

 

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

58

Total phenolic compounds in fractions were expressed as gallic acid equivalents (GAE) and 

varied widely, ranging from 38.4 ± 2.6 mg and 93.1 ± 3.4 mg/g dry fraction. HLC exhibited 

the highest total phenolic contents (93.1 ± 3.4 mg gallic acid equivalent/g dry fraction). The 

content of flavonoids expressed as rutin equivalents (RTE), varied from 11.3 ± 1.3 to 30.1 ± 

2.5 mg /g dry fraction. 

4.1.4. Extraction yield, total phenolics and flavonoid contents of R. hastatus leaves 

The extraction yield obtained with various solvents from R. hastatus leaves varied 

from 3.7 ± 0.61% to 9.5 ± 1.27% with a descending order of MLR > ALR > BLR > ELR > 

HLR > CLR (Table 4.4). MLR resulted in the highest amount of total extractable 

compounds, whereas the extraction yield of CLR was only small in comparison with that of 

the other fractions. Total phenolic compounds among fractions varied widely, with highest 

106.3 ± 3.93 mg/g if ELR and lowest in ALR (46.4 ± 2.78 mg/g). On the other hand 

maximum content of flavonoids was obtained in BLR (59.8 ± 1.94 mg/g dry fraction) to 

lowest in ALR (6.4 ± 1.13 mg/g dry fraction). 

4.1.5. Extraction yield, total phenolics and flavonoid contents of R. hastatus roots  

The yield percent of methanol extract of roots of R. hastatus and its different fractions 

is shown in Table 4.5. The extraction yield of these sample varied from 4.5 ± 0.5% to 12.5 ± 

1.45% with a descending order of BRR > MRR > ARR > CRR > ERR > HRR. The total 

phenolic compounds in BRR (128 ± 3.6 mg gallic acid equivalent/g fraction) while the 

minimum in HRR (8.9 ± 1.4 mg gallic acid equivalent/g dry fraction). Flavonoid contents 

varied appreciably and its highest concentration was obtained in BRR (42.6±1.9 mg rutin 

equivalent/g dry fraction) however the lowest concentration was observed in HRR (4.2±0.78 

mg rutin equivalent/g dry fraction). 
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Table 4.4. Total phenolics, flavonoid and extraction yield of methanol extract and soluble 
fractions of R. hastatus leaves 
 
Plant 
extracts 

Total phenolics (mg 
GAE/g dry fraction) 

Flavonoids (mg 
Rutin equivalent (mg 
RTE/g dry fraction) 

Extraction yield (%) 

MLR 89.1±3.71b 47.57±1.27b 9.5±1.27a 
HLR 53.8±2.63d 6.4±1.13d 3.7±0.61d 
ELR 106.3±3.93a 45.72±1.76b 5.32±0.28c 
CLR 87.7±2.77b 38.7±1.83c 2.81±0.73e 
BLR 72.2±3.23c 59.8±1.94a 5.92±0.91c 
ALR 46.4±2.78d 6.54±1.84d 7.7±1.69b 

 
Each value in the table is represented as mean ± SD (n=3) 
Values in the same column followed by a different letter are significantly different (p< 0.05) 
 
 
 
 
Table 4.5. Total phenolics, flavonoid and extraction yield of methanol extract and soluble 
fractions of R. hastatus roots 
 
Plant 
extracts 

Total phenolics (mg 
GAE/g dry fraction) 

Flavonoids (mg 
Rutin equivalent (mg 
RTE/g dry fraction) 

Extraction yield (%) 

MRR 111±3.7c 38.6±2.2c 12.5±1.45d 
HRR 8.9±1.4a 4.2±0.78a 4.5±0.5b 
ERR 11.3±1.6a 7.0±0.52a 5.7±0.66b 
CRR 81.9±2.1b 37.7±2.7c 3.2±0.22a 
BRR 128±3.6d 42.6±1.9d 11.3±1.11d 
ARR 88.1±2.5b 22.4±1.8b 9.1±0.99c 

 
Each value in the table is represented as mean ± SD (n=3) 
Values in the same column followed by a different letter are significantly different (p< 0.05) 
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4.1.6. Thin layer chromatography of fractions 

For qualitative investigation of flavonoids TLC method was used. Eleven standard 

compounds  such as apigenin (Rf =0.86, light green), myricetin (Rf =0.52, orange),  vitexin 

(Rf =0.65, light green), orientin (Rf =0.48, light green), hyperoside (Rf =0.54, orange), 

isovitexin (Rf =0.57, light green),  isoquercetin (Rf =0.73, brown), rutin (Rf =0.42, yellow), 

luteolin (Rf =0.9, fluorescent yellow), kaempherol (Rf =0.81, green), luteolin-7-glucoside (Rf 

=0.57, fluorescent yellow) were run in triplicate to optimize their Rf values.  

Table 4.6 summarized the Rf values and color (under UV light 365 nm) of standard 

compounds. Thin layer chromatogramic Rf values and color of methanol extract and its 

various fractions obtained with n-hexane, ethyl acetate, chloroform, butanol and aqueous 

solvent of C. opaca leaves and fruit are presented in Table 4.7. Bands were characterized by 

Rf values as shown in Fig. 4.1 and 4.2 for C. opaca fruits and leaves, respectively. The color 

of different bands was noted under UV light before and after spraying the plate with 2-

aminoethyl diphenyl borinate.  

In case of C. opaca fruits apigenin, isoquercetin, myricetin and orientin were found in 

MFC, CFC and AFC. Comparatively, BFC had only apigenin, myricetin and orientin. HFC 

and EFC had unknown flavonoids with Rf values of 0.73 (brown) and 0.69 (light green), 

respectively. On the contrary, leaves of C. opaca contained light green vitexin and  brown an 

unknown flavonoid (Rf =0.46) in its HLC; vitexin, myricetin and kaempherol in ELC; while 

CLC was consisted of a brown unknown flavonoid (Rf =0.46). BLC had  hyperoside, vitexin, 

myricetin and kaempherol; MLC had isoquercetin, hyperoside, vitexin, myricetin,  

kaempherol and light green unknown flavonoid (Rf =0.25); ALC was consisted of orientin, 

isoquercetin, hyperoside, vitexin and an unknown flavonoid (Rf =0.25). 

Table 4.8 summarizes the qualitative separation of flavonoids of various fractions of 

R. hastatus leaves and roots by TLC. R. hastatus leaves were infatuated with rutin, luteolin-

7-glucoside, vitexin and light green unknown flavonoid (Rf =0.38) in CLR, BLR, MLR and 

ALR. Luteolin-7-glucoside, isovitexin and two unknown flavonoids (Rf =0.38, light green 

and Rf =0.4, dark orange) were found in ELR. HLR had luteolin-7-glucoside and vitexin (Fig. 

4.3). However, chromatogram of R. hastatus roots contained luteolin in HRR; luteolin, 

luteolin-7-glucoside and light green unknown flavonoid (Rf =0.68) in ERR; luteolin and an 

unknown flavonoid (Rf =0.68) in CRR; rutin, luteolin-7-glucoside and an unknown flavonoid 
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(Rf =0.68) in BRR; rutin, luteolin-7-glucoside and two unknown flavonoids (Rf =0.68, Rf 

=0.75) in MRR;  and two unknown compounds of Rf  values 0.21 (orange) and 0.5 (light 

green) in ARR (Fig. 4.4). 

4.1.7. High performance liquid chromatography (HPLC) of fractions 

In the present study, HPLC-UV was preferred for the qualitative as well as 

quantitative analysis of different fractions of C. opaca leaves and fruit and R. hastatus leaves 

and roots. First of all, the experimental conditions were optimized to get the chromatograms 

with better resolution within a short resolution time and maximum UV absorption of sample. 

Hence, flavonoid standard compounds and the plant samples were quantified by assimilation 

of peak areas at 220 nm within runtime of 20 minutes. The standard solutions were injected 

in duplicate and the curves were constructed with the averages showing good linear 

correlation coefficient in the concentration range. The data of flavonoid compuonds is 

summarized in Table 4.9. All the standard flavonoids confirmed good linearity in a bit large 

concentration range. The limit of detection (LOD) can be defined as the lowest detectable 

concentration of a standard compound. The LOD was calculated by using the formula LOD= 

(b+3σb)/a, where a represent the calibration curve slope; b represent the intercept; and σb is 

used for the standard deviation associated with the intercept. 
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Table 4.6. Qualitative separation of standard flavonoids by TLC 
 
Standard Rf  Value Colour 

Rutin 0.42 Yellow 
Myricetin 0.73 Orange 
Vitexin 0.65 light green 
Orientin 0.48 light green 
Hyperoside 0.54 Orange 
Isovitexin 0.57 light green 
Luteolin 0.9 fluorescent yellow 
Isoquercitin 0.52 Brown 
Apigenin 0.86 light green 
Kaempherol 0.81 Green 
Luteolin-7-glucoside 0.57 fluorescent yellow 
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Table 4.7. Qualitative separation of flavonoids of various fractions of C. opaca fruits and 
leaves by TLC 
 
Plant Parts Extract Colour Rf value Compound 
C. opaca fruit  HFC Brown 0.73 Unknown 
 EFC light green 0.69 Unknown 
 CFC light green 0.48 Orientin 
  Brown 0.52 Isoquercetin 
  Orange 0.73 Myricetin 
  light green 0.86 Apigenin 
 BFC light green 0.48 Orientin 
  Orange 0.73 Myricetin 
  light green 0.86 Apigenin 
 MFC light green 0.48 Orientin 
  Brown 0.52 Isoquercetin 
  Orange 0.73 Myrcetin 
  light green 0.86 Apigenin 
 AFC light green 0.48 Orientin 
  Brown 0.52 Isoquercetin 
  Orange 0.73 Myricetin 
  light green 0.86 Apigenin 
C. opaca leaves  HLC Brown 0.46 Unknown 
  light green 0.65 Vitexin 
 ELC light green 0.65 Vitexin 
  Orange 0.73 Myricetin 
  Green 0.81 Kaempherol 
 CLC Brown 0.46 Unknown 
 BLC Orange 0.54 Hyperoside 
  light green 0.65 Vitexin 
  Orange 0.73 Myricetin 
  Green 0.81 Kaempherol 
 MLC light green 0.25 Unknown 
  Brown 0.52 Isoquercetin 
  Orange 0.54 Hyperoside 
  light green 0.65 Vitexin 
  Orange 0.73 Myricetin 
  Green 0.81 Kaempherol 
 ALC light green 0.25 Unknown 
  light green 0.48 Orientin 
  Brown 0.52 Isoquercetin 
  Orange 0.54 Hyperoside 
  light green 0.65 Vitexin 
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Table 4.8. Qualitative separation of flavonoids of various fractions of R. hastatus leaves and 
roots by TLC 
 

Plant Parts Extract Colour Rf value Compound 
R. hastatus leaves HLR fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.65 Vitexin 
 ELR light green 0.38 unknown 
  dark orange 0.4 unknown 
  fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.57 Isovitexin 
 CLR light green 0.38 unknown 
  Yellow 0.42 Rutin 
  fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.65 Vitexin 
 BLR light green 0.38 unknown 
  Yellow 0.42 Rutin 
  fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.65 Vitexin 
 MLR light green 0.38 unknown 
  Yellow 0.42 Rutin 
  fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.65 Vitexin 
 ALR light green 0.38 unknown 
  Yellow 0.42 Rutin 
  fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.65 Vitexin 
R. hastatus roots HRR fluorescent yellow 0.9 Luteolin 
 ERR fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.68 unknown 
  fluorescent yellow 0.9 Luteolin 
 CRR light green 0.68 unknown 
  fluorescent yellow 0.9 Luteolin 
 BRR Yellow 0.42 Rutin 
  fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.68 unknown 
 MRR Yellow 0.42 Rutin 
  fluorescent yellow 0.57 Luteolin-7-glucoside 
  light green 0.68 unknown 
  light green 0.75 unknown 
 ARR Orange 0.21 unknown 
  light green 0.5 unknown 
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Fig. 4.1. Qualitative separation of flavonoids of various fractions of C. opaca fruit by TLC. 

1, HFC; 2, EFC; 3, CFC; 4, BFC; 5, MFC; 6, AFC.  

 

 

 

 

 

 

Fig. 4.2. Qualitative separation of flavonoids of various fractions of C. opaca leaves by TLC. 

7, HLC; 8, ELC; 9, CLC; 10, BLC; 11, MLC; 12, ALC.  
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Fig. 4.3. Qualitative separation of flavonoids of various fractions of R. hastatus leaves by 

TLC. 13, HLR; 14, ELR; 15, CLR; 16, BLR; 17, MLR; 18, ALR.  

 

 

 

 

 

Fig. 4.4. Qualitative separation of flavonoids of various fractions of R. hastatus roots by 

TLC. 19, HRR; 20, ERR; 21,CRR; 22, BRR; 23, MRR; 24, ARR.  
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Thus the LOD for the standard compounds vary from 0.68 to 3.5 ppm, detected at 220 

nm. Accordingly, the limit of quantification (LOQ) is the lowest measurable compound 

concentration and can be calculated by LOQ= (b+10σb)/a, where variables in the equation 

represent the same as defined for the LOD. The conditions used directed towards the good 

separation of peaks that may be identified in the chromatogram as apigenin (Rt =4.7), 

myricetin (Rt =18.5),  vitexin (Rt =2.5),  orientin (Rt =2.75), hyperoside (Rt =12.5), isovitexin 

(Rt =3.7),  isoquercetin (Rt =6), rutin (Rt =8.7), luteolin (Rt =2.01), kaempherol (Rt =3.4),  

luteolin-7-glucoside (Rt =1.6).  

A sample of 10 µl of solution was injected to the instrument. Identification was done 

by comparing the obtained peaks of chromatogram of samples with the peaks of standard 

flavonoids in respect to retention time and UV-spectra. The chromatogram determining 

flavonoids components of different fractions of C. opaca leaves and fruit and R. hastatus 

leaves and roots are demonstrated in Fig. 4.5 to 4.28. Table 4.10 summarized the flavonoids 

found in the fractions of C. opaca fruits and leaves as well as their retention time. Data 

indicated that in all plant samples methanolic fraction showed maximum number of 

flavonoid constituents. In case of C. opaca leaves and fruits results were like that of TLC 

report represented the same flavonoids in the entire fractions as HFC and EFC showed 

unknown compound with different retention times. Similarly HPLC of R. hastatus leaves and 

roots showed the comparable results like that of TLC reports (Table 4.11).  There were some 

peaks having different retention time could not be identified; however, based on their 

chromatographic behaviors and UV spectra, they may correspond to unknown flavonoids 

compounds as presented in respective chromatogram. 
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Table 4.9. Linear regression analysis of eleven standard flavonoids 
 
Compound Retention 

time 
Regression 
analysis 

R Linear 
range (ppm) 

LOD 
(ppm) 

Rutin 8.7 y=12571.3x-16.62 0.9873 10-250 3 
Myricetin 18.5 y=9643.4x-11.07 0.9919 10-200 3.5 
Vitexin 2.5 y=23085.1x+3.72 0.9932 10-100 1 
Orientin 2.75 y=36421.0x+2.88 0.9869 25-500 3.2 
Hyperoside 12.5 y=22758.9x+1.56 0.9865 10-250 2.3 
Isovitexin 3.7 y=31604.2x+0.98 0.9741 5-150 1.8 
Luteolin 2.01 y=19348.6x+2.08 0.9532 5-100 2.1 
Isoquercetin 6 y=26785.6x+1.60 0.9616 5-500 2.5 
Apigenin 4.7 y=10623.5x-9.82 0.9765 25-250 1.2 
Kaempherol 3.4 y=26182.8x-+2.33 0.9417 10-500 1.34 
Luteolin-7-glucoside 1.6 y=11434.6x-10.72 0.9536 5-100 0.68 
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Table 4.10. HPLC flavonoids profile of different fractions of C. opaca fruits and leaves 
 
Plant Parts Extracts Compound Retention time Concentration µg/mg of dry weight
C. opaca fruit  HFC Unknown 1.75 0.231 
 EFC Unknown 1.75 0.104 
 CFC Orientin 2.75 0.273 
  Isoquercetin 6 0.323 
  Myricetin 18.5 0.481 
  Apigenin 4.7 0.577 
 BFC Orientin 2.75 0.169 
  Myricetin 18.5 0.422 
  Apigenin 4.7 0.433 
 MFC Orientin 2.75 0.387 
  Isoquercetin 6 0.118 
  Myricetin 18.5 0.069 
  Apigenin 4.7 0.188 
 AFC Orientin 2.75 0.235 
  Isoquercetin 6 0.356 
  Myricetin 18.5 0.111 
  Apigenin 4.7 0.098 
C. opaca leaves  HLC Unknown 5.5 0.031 
  Vitexin 2.5 0.104 
 ELC Vitexin 2.5 0.173 
  Myricetin 18.5 0.023 
  Kaempherol 3.4 0.081 
 CLC Unknown 5 0.031 
 BLC Hyperoside 12.5 0.104 
  Vitexin 2.5 0.437 
  Myricetin 18.5 0.309 
  Kaempherol 3.4 0.133 
 MLC Unknown 2 0.067 
  Isoquercitin 6 0.119 
  Hyperoside 12.5 0.062 
  Vitexin 2.5 0.053 
  Myricetin 18.5 0.172 
  Kaempherol 3.4 0.08 
 ALC Unknown 1.75 0.009 
  Orientin 2.75 0.063 
  Isoquercetin 6 0.059 
  Hyperoside 12.5 0.004 
  Vitexin 2.5 0.1 
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Table 4.11. HPLC flavonoids profile of different fractions of R. hastatus leaves and roots 
 

Plant Parts Extracts Compound Retention time Concentration µg/mg of
dry weight 

R. hastatus leaves HLR Luteolin-7-glucoside 1.6 0.325 
  Vitexin 2.5 0.987 
 ELR unknown 8.75 0.854 
  unknown 14.75 0.034 
  Luteolin-7-glucoside 1.6 1.775 
  Isovitexin 3.7 0.478 
 CLR unknown 7 0.675 
  Rutin 8.7 1.009 
  Luteolin-7-glucoside 1.6 2.412 
  Vitexin 2.5 0.524 
 BLR unknown 7 0.468 
  Rutin 8.7 0.614 
  Luteolin-7-glucoside 1.6 1.357 
  Vitexin 2.5 0.989 
 MLR unknown 7 0.321 
  Rutin 8.7 1.481 
  Luteolin-7-glucoside 1.6 1.543 
  Vitexin 2.5 0.777 
 ALR unknown 7 0.321 
  Rutin 8.7 1.218 
  Luteolin-7-glucoside 1.6 1.865 
  Vitexin 2.5 0.549 
R. hastatus roots HRR Luteolin 2.01 0.146 
 ERR Luteolin-7-glucoside 1.6 0.052 
  unknown 11 0.029 
  Luteolin 2.01 0.107 
 CRR unknown 11 0.064 
  Luteolin 2.01 0.765 
 BRR Rutin 8.7 1.989 
  Luteolin-7-glucoside 1.6 0.311 
  unknown 6.9 0.087 
  Vitexin 2.5 0.673 
 MRR Rutin 8.7 0.777 
  Luteolin-7-glucoside 1.6 0.321 
  Luteolin 2.01 1.218 
  unknown 11 1.865 
 ARR Luteolin-7-glucoside 1.6 0.549 
  unknown 1.9 0.062 
  unknown 3.3 0.122 
  unknown 4.25 0.091 
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Fig. 4.5. HPLC flavonoid profile of HFC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 

 
 
Fig. 4.6. HPLC flavonoid profile of EFC. Conditions: mobile phase, ACN-dH2O; flow rate, 1 
ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.7. HPLC flavonoid profile of CFC. Conditions: mobile phase, ACN-dH2O; flow rate, 1  
ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 

 
Fig. 4.8. HPLC flavonoid profile of BFC. Conditions: mobile phase, ACN-dH2O; flow rate, 1 
ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.9. HPLC flavonoid profile of MFC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 

 
 
Fig. 4.10. HPLC flavonoid profile of AFC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.11. HPLC flavonoid profile of HLC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 

 
 
Fig. 4.12. HPLC flavonoid profile of ELC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.13. HPLC flavonoid profile of CLC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 

 
 
Fig. 4.14. HPLC flavonoid profile of BLC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.15. HPLC flavonoid profile of MLC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 

 
 
Fig. 4.16. HPLC flavonoid profile of ALC. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.17. HPLC flavonoid profile of HLR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 4.18. HPLC flavonoid profile of ELR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.19. HPLC flavonoid profile of CLR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 4.20. HPLC flavonoid profile of BLR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.21. HPLC flavonoid profile of MLR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 

 
 
 
 
 
 
 
 
 
Fig. 4.22. HPLC flavonoid profile of ALR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.23. HPLC flavonoid profile of HRR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 4.24. HPLC flavonoid profile of ERR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.25. HPLC flavonoid profile of CRR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
 
 
 
 

 
 
 
 
 
 
 
 
Fig. 4.26. HPLC flavonoid profile of BRR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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Fig. 4.27. HPLC flavonoid profile of MRR. Conditions: mobile phase, ACN-dH2O; flow 
rate, 1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection 
volume, 10 µl.  
 
 
 

 
 
 
 
 
 
 
 
Fig. 4.28. HPLC flavonoid profile of ARR. Conditions: mobile phase, ACN-dH2O; flow rate, 
1 ml min−1; detection wave length, 220 nm; column temperature, 36 °C; injection volume, 10 
µl.  
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4.2. In vitro bioassays 

4.2.1. Antibacterial screening (MIC) 

The in vitro antibacterial activity of various fractions of different parts of C. opaca 

and R. hastatus was evaluated by minimum inhibitory concentration (MIC) values. The MIC 

is the lowest concentration of test sample to inhibit visible growth of bacteria. The 

antibacterial activity was tested against both gram-negative bacteria as well as gram-positive 

bacteria. 

Table 4.12 describes the antibacterial activity as MIC value of various fractions of 

plant samples against tested bacteria. The results obtained from the present study for all 

tested bacteria ranged from 0.1 to 10 mg/ml.  Gram-positive bacteria such as Staphylococcus 

aureus was inhibited by MIC value (1 mg/ml) of HFC, MFC, HLC ,MLC, ALR, MRR;  0.1 

mg/ml of BLC, ALC, HLR; 2.5 mg/ml of CFC, HRR, BRR; 5 mg/ml of BFC, CLR, CRR; 

and 10 mg/ml of AFC, while rest of the fractions didn’t inhibit the growth of Staphylococcus 

aureus. On the other hand, Bacillus subtilis was inhibited by HFC, ERR (0.1 mg/ml); CFC, 

MFC, BLC, MLC, ELR, CLR, MLR, MRR (1 mg/ml); EFC  (1.2 mg/ml); BRR (0.5 mg/ml); 

AFC, ELC, BLR, ARR (2.5mg/ml); HLR, ALR (2 mg/ml); HLC, CRR (5 mg/ml)  while 

remaining fractions did not inhibit the growth of the respective bacteria.  

In case of gram negative bacteria Klebsiella pneumoniae‘s growth was inhibited by 

HFC, BFC (0.1 mg/ml); EFC, CFC, MFC, AFC (1 mg/ml); ALR, MRR (5 mg/ml); BLR, 

MLR (2.5 mg/ml); CLC, HRR, ERR (10 mg/ml) while remaining fractions did not inhibit the 

growth of the respective bacteria. Pseudomonas aeroginosa was inhibited by HFC, MLR, 

ALR (1 mg/ml); CFC, MFC, AFC (10 mg/ml) and rest of the fractions inhibited the growth 

at 0.1 mg/ml.  Growth of Salmonella typhy was inhibited by CFC, AFC, ELC, HRR (0.5 

mg/ml); MLC, BLR, BRR (0.25 mg/ml); HLR (1mg/ml) while rest of the fractions inhibited 

the growth at 0.1 mg/ml. However, HFC, EFC, BFC, AFC, HLR, BLR and BRR inhibited 

the growth of Enterobacter aerogenes with MIC (1 mg/ml); CFC, ELR (0.1 mg/ml); CLR, 

CRR, MRR (2.5 mg/ml); MFC, HLC, MLR, ARR (5 mg/ml); MLC, ALC (0.1 mg/ml) while 

remaining fractions did not show inhibition of the concerned bacteria. MIC against 

Micrococcus luteus and Escherichia coli had no value, showing no antibacterial activity of 

any of the fractions.  
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Table 4.12. Antibacterial screening as MIC (mg/ml) of various fractions of plant samples against pathogenic bacterial strains 
 
Plant Parts Extracts/ 

Antibiotic 
B. subtilis E. aerogenes E. coli K. pneumoniae M. luteus S. typhy P. aeroginosa S. aureus

C. opaca  MFC 1 5 - 1 - 0.1 10 1 
fruit HFC 0.1 1 - 0.1 - 0.1 1 1 
 EFC 1.2 1 - 1 - 0.1 0.1 - 
 CFC 1 0.1 - 1 - 0.5 10 2.5 
 BFC - 1 - 0.1 - 0.1 0.1 5 
 AFC 2.5 1 - 1 - 0.5 10 10 
C. opaca  MLC 1 10 - - - 0.25 0.1 1 
leaves HLC 5 5 - - - 0.1 0.1 1 
 ELC 2.5 - - - - 0.5 0.1 - 
 CLC - - - 10 - 0.1 0.1 - 
 BLC 1 - - - - 0.1 0.1 0.1 
 ALC - 10 - - - 0.1 0.1 0.1 
R. hastatus MLR 1 5 - 2.5 - 0.1 1 - 
leaves HLR 2 1 - - - 1 0.1 0.1 
 ELR 1 0.1 - - - 0.1 0.1 - 
 CLR 1 2.5 - - - 0.1 0.1 5 
 BLR 2.5 1 - 2.5 - 0.25 0.1 - 
 ALR 2 - - 5 - 0.1 1 1 
R. hastatus  MRR 1 2.5 - 5 - 0.1 0.1 1 
roots HRR - - - 10 - 0.5 0.1 2.5 
 ERR 0.1 - - 10 - 0.1 0.1 - 
 CRR 5 2.5 - - - 0.1 0.1 5 
 BRR 0.5 1 - - - 0.25 0.1 2.5 
 ARR 2.5 5 - - - 0.1 0.1 - 
 erythromycin  0.006 0.007 0.009 0.004 0.006 0.001 0.003 0.007 
 nalidixic acid 0.001 0.002 0.07 0.001 0.001 0.007 0.001 0.001 
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4.2.2. Antifungal screening 

The in vitro antifungal activity of various fractions of C. opaca leaves and fruit and R. 

hastatus leaves and roots was evaluated against four fungal strains as shown in Table 4.13. In 

case of C. opaca fruit inhibition in growth of A. niger was ranged between 23.2±1.36% to 

43.3±2.39%, A. flavus ranged between 27.6±1.39% to 65.6±3.44%, A. fumigatus ranged 

between 13.2±1.00% to 52.4±1.54% and F. solani ranged between 10.5±1.02% to  

14.6±1.74%. However, C. opaca leaves inhibited the growth of A. niger ranging from 

22.4±2.46% to 71.3±1.58%, A. flavus at the range of 21.9±1.98% to 51.4±1.44%, A. 

fumigatus at the range of 30.4±3.01% to 61.5±2.08% and F. solani at the range from 

17.7±1.33% to 42.4±2.16%. 

On the other hand, R. hastatus leaves fractions inhibited the growth of A.  niger at the 

range from 33.2±2.56% to 53.3±2.55%, A. flavus at the range from 19.7±1.27% to 53.3±2.46 

%, A. fumigatus at the range from 13.1±2.11% to 53.9±2.68% and F. solani at the range from 

12.2±1.63% to 23.6±2.22 %. While, R. hastatus roots showed the inhibition against A. niger 

ranged from 20.4±2.85% to 68.3±1.48%, A. flavus at the range from 23.6±1.32 %  to  

69.4±3.18 %, A.  fumigatus at the range from 15.5±2.34%  to 51.3±1.67% and F. solani at 

the range from 14.1±1.51% to  34.9±2.28%. 

4.2.3. Cytotoxic Screening 

Cytotoxic screening using brine shrimps bioassays was carried out to provide 

important preliminary data to select plant extracts. Cytotoxic effect of various fractions of C. 

opaca leaves and fruit and R. hastatus leaves and roots was evaluated against brine shrimps 

growth under controlled condition as presented in Table 4.14. Generally this assay indicated 

that the survival of brime shrimps was inversely proportional to the concentration of different 

fractions. LD50 was the lowest concentration of test sample at which 50% death of shrimps 

occurred. Data of present study indicated that the order of LD50 of various fractions of C. 

opaca fruits was CFC > MFC > AFC > BFC > EFC > HFC; while in case of C. opaca leaves 

the ranking order of fractions was CLC > MLC > ALC > BLC > ELC > HLC. In the same 

way, the sequence of fractions of R. hastatus leaves against cytotoxic activity for 50% death 

of shrimps was in descending order as CLR > BLR > ELR > MLR > ALR > HLR.  
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Table 4.13. Antifungal screening of various fractions of plant samples against pathogenic 
fungal strains 
 
Plant Parts Extracts/ 

Antibiotic 
% inhibition of various fungal species 

  A. niger F. solani A. flavus A.  fumigatus 
C. opaca fruit  HFC 23.2±1.36 13.4±2.35 34.7±2.50 13.2±1.00 
 EFC 40.7±2.00 10.6±1.43 29.8±1.62 20.4±1.37 
 CFC 26.5±2.66 14.6±1.98 29.9±2.18 38.1±1.88 
 BFC 32.4±1.08 10.5±1.02 27.6±1.39 47.0±1.72 
 MFC 43.3±2.39 14.6±1.74 53.2±1.42 44.6±1.43 
 AFC 41.2±1.54 13.8±1.42 65.6±3.44 52.4±1.54 
C. opaca leaves  HLC 56.0±2.27 19.4±2.33 47.3±2.33 36.1±1.99 
 ELC 71.3±1.58 31.1±1.67 21.9±1.98 61.5±2.08 
 CLC 40.2±2.46 17.7±1.33 38.2±2.43 30.4±3.01 
 BLC 23.3±1.77 37.1±2.55 42.0±1.19 58.3±2.51 
 MLC 55.5±1.78 25.2±1.69 51.4±1.44 45.2±2.47 
 ALC 22.4±2.46 42.4±2.16 36.5±3.22 49.8±2.19 
R. hastatus leaves HLR 50.3±2.32 15.7±2.24 48.6±1.25 53.9±2.68 
 ELR 33.2±2.56 19.8±1.55 29.7±1.39 23.4±2.27 
 CLR 46.7±1.70 17.3±1.00 53.3±2.46 36.3±3.00 
 BLR 35.1±3.34 12.2±1.63 28.2±1.28 45.2±1.61 
 MLR 48.8±3.21 19.9±1.48 35.8±1.47 28.5±2.44 
 ALR 53.3±2.55 23.6±2.22 19.7±1.27 13.1±2.11 
R. hastatus root HRR 40.2±2.83 15.8±1.39 36.4±1.89 27.0±2.56 
 ERR 48.9±1.66 14.1±1.51 28.0±1.34 43.2±1.80 
 CRR 68.3±1.48 31.7±2.49 36.0±1.68 51.3±1.67 
 BRR 28.4±2.51 15.0±1.30 56.2±2.77 15.5±2.34 
 MRR 39.1±1.39 25.4±2.53 69.4±3.18 22.6±2.32 
 ARR 20.4±2.85 34.9±2.28 23.6±1.32 40.5±1.07 
Positive control Terbinafine 84.5±2.13 81.78±2.12 87.6±2.70 88.4±3.16 
Mean±SE (n=3) 
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In the last part, fractions of R. hastatus roots for cytotoxicity were tested and their 

ranking order for effective cytotoxic was found as BRR > MRR > CRR > ARR > ERR > 

HRR. About all the tested samples proved their toxic effect at 1000 ppm apart from HLC and 

HRR. The maximum cytotoxic activity was revealed by CLR, BLR, CFC and BRR.  

4.2.4. Antitumor screening 
Potato disc assay was performed to reveal the antitumor potential of various fractions 

of C. opaca leaves and fruit and R. hastatus leaves and roots. This assay has been routinely 

used due to its rapid, economical and statistically valid prescreening for antitumor activity. In 

the present study, Agrobacterium tumefaciens (AT 10) was used against three different 

concentrations (10, 100 and 1000 ppm) of different fractions of both plants. Tumour 

inhibition was calculated through IC50 value. The IC50 values of antitumor potential of plant 

samples are summarized in Table 4.15. Data obtained indicated that the order of IC50 of 

various fractions of C. opaca fruits for antitumor screening was BFC > AFC > CFC > MFC 

> EFC and HFC; while in case of C. opaca leaves the ranking order of fractions was MLC > 

CLC > ALC > BLC > ELC > HLC. Similarly, the sequence of fractions of R. hastatus leaves 

for 50% inhibition of tumor activity was in the order of ELR > MLR > BLR > CLR > ALR > 

HLR. Finally, fractions of R. hastatus roots for tumor inhibition were tested and their ranking 

order for effective antitumor screening was found as MRR > BRR > ARR > CRR > ERR > 

HRR. However, from the above all tested samples, ELR showed a marked inhibition in 

tumor formation near to positive control.  
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Table 4.14. Cytotoxic screening of various fractions of plant samples against brine shrimps 
after 24 hours 
 
Plant Parts Extracts 10 ppm 100 ppm 1000 ppm LD50 

(ppm) 
C. opaca fruit  HFC 29.37±1.23 45.28±1.33 60.38±1.43 420 
 EFC 34.62±1.11 50.45±1.01 62.44±1.89 100 
 CFC 48.21±2.11 80.42±2.41 88.44±2.11 20 
 BFC 29.34±3.42 57.3±2.98 72.21±2.33 80 
 MFC 32.13±2.45 71.45±3.42 89.43±1.23 55 
 AFC 40.11±2.99 56.34±2.19 67.42±2.66 60 
C. opaca leaves  HLC 18.74±2.65 29.99±2.62 48.79±2.38 >1000 
 ELC 27.45±3.60 39.43±4.58 55.30±2.09 740 
 CLC 41.33±2.11 55.34±2.63 69.71±1.22 65 
 BLC 37.51±1.50 45.69±3.05 70.18±1.22 265 
 MLC 35.47±1.42 55.00±2.31 80.01±1.00 75 
 ALC 30.49±1.97 50.66±1.15 61.07±1.65 100 
R. hastatus leaves HLR 34.72±1.70 45.28±2.77 58.29±1.99 455 
 ELR 47.33±2.13 59.33±2.67 73.21±3.45 25 
 CLR 50.45±3.90 63.45±2.56 75.53±4.13 10 
 BLR 49.45±2.93 83.32±2.46 89.73±2.57 13 
 MLR 37.12±1.83 60.91±2.42 85.55±2.66 60 
 ALR 30.51±1.79 49.73±2.65 60.61±1.87 210 
R. hastatus root HRR 20.73±1.05 30.32±2.11 45.89±2.18 >1000 
 ERR 27.45±1.66 41.63±1.50 54.36±1.79 705 
 CRR 35.22±2.65 55.55±2.13 70.72±1.52 65 
 BRR 47.37±2.53 80.53±2.81 86.49±3.05 15 
 MRR 33.62±1.76 62.17±2.28 89.15±3.65 60 
 ARR 29.43±3.15 50.66±3.16 64.63±1.72 100 
 Positive control 54.7±1.62 78.77±2.89 89.43±2.75 <10 
Mean±SE (n=3) 
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Table 4.15. Antitumor screening of various fractions of plant samples against potato disc 
tumor after 21 days 
 
Plant Parts Extracts 10 ppm 100 ppm 1000 ppm IC50 (ppm) 
C. opaca fruit  HFC 12.76±1.78 23.22±1.00 30.98±1.33 >1000 
 EFC 19.11±1.62 27.44±1.02 39.56±1.98 >1000 
 CFC 25.76±2.19 69.35±2.36 83.55±3.15 60 
 BFC 40.56±1.82 65.17±2.33 72.44±2.32 40 
 MFC 32.61±1.26 60.45±1.28 80.33±2.99 65 
 AFC 28.27±2.41 70.54±2.52 76.00±2.54 55 
C. opaca leaves  HLC 20.07±0.85 27.11±0.74 37.75±1.27 >1000 
 ELC 26.47±1.44 41.33±2.01 55.43±2.43 655 
 CLC 30.54±1.22 62.45±1.85 69.94±1.25 65 
 BLC 20.51±0.69 58.43±2.58 80.36±1.30 80 
 MLC 39.56±3.21 67.59±2.38 84.54±2.60 45 
 ALC 40.19±1.54 55.67±2.84 74.23±1.64 75 
R. hastatus leaves HLR 15.00±0.98 32.58±1.24 48.72±1.85 >1000 
 ELR 49.55±2.22 80.12±2.43 88.45±0.45 11 
 CLR 10.65±1.63 53.65±2.58 70.65±1.92 95 
 BLR 17.58±1.72 60.57±2.32 72.43±2.35 80 
 MLR 24.47±0.91 67.44±2.56 75.89±2.33 65 
 ALR 25.41±1.01 42.97±0.95 57.89±2.26 575 
R. hastatus root HRR 19.43±0.75 26.00±0.52 37.47±1.08 >1000 
 ERR 35.43±0.38 47.62±0.94 58.17±1.20 340 
 CRR 32.47±1.32 56.80±2.17 75.82±2.63 80 
 BRR 19.86±0.44 64.36±0.77 84.33±1.43 70 
 MRR 26.24±1.20 69.33±1.56 87.00±0.85 60 
 ARR 24.65±0.63 63.33±2.43 78.33±2.61 70 
 Positive control 49.2±1.2 69.5±2.3 88.9±3.2  11   
Mean±SE (n=3) 
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4.3. In vitro antioxidant studies 

Antioxidant activities were evaluated from different solvent fractions of the methanol 

extract of C. opaca fruit, C. opaca leaves, R. hastatus leaves and R. hastatus roots. Medicinal 

potential of plant samples was checked through nine antioxidant assay systems and then their 

correlation with total phenolic and flavonoid contents was studied.  

4.3.1. In vitro antioxidant assays of C. opaca fruit 

In this part of study the antioxidant potential of C. opaca fruit was investigated as a 

part of our efforts to find out pharmacological level of fruit. Since, different solvent systems 

were used for fractionation, six fractions of C. opaca fruit were evaluated for their total 

phenolic and flavonoid contents and their relationship with antioxidant activity was also 

tested. Results obtained in this context are as follows; 

4.3.1.1. DPPH radical scavenging activity of C. opaca fruit 

 Fig .4.29A shows that the DPPH radical scavenging ability of samples can be ranked 

as CFC > AFC > MFC > BFC > EFC > HFC. This indicates that the DPPH radical 

scavenging activities of all the fractions from fruit of C. opaca were related to the amount of 

antioxidant extracted by various solvents. The EC50 values of scavenging DPPH radicals for 

the CFC and AFC were 54.13 ± 2.3 and 59.56 ± 0.9 µg/ml, respectively, while for the HFC 

was >250 µg/ml (Table 4.16). 

4.3.1.2. Superoxide radical scavenging activity of C. opaca fruit 

The superoxide radical scavenging effect of different fractions of methanol extract of 

fruit of C. opaca was compared with same doses of ascorbic acid ranging from 25-250 µg/ml 

as shown in Fig. 4.29B. EC50 values in superoxide scavenging activities were in the order of 

AFC > CFC > MFC > BFC > EFC > HFC (Table 4.16) .All of the fractions had a scavenging 

activity on the superoxide radicals in a dose dependent manner. However, when compared to 

ascorbic acid, the superoxide scavenging activity of the extract was found to be low. This 

could be due to the presence of reactive concentration of bioactive constituents and mixture 

of other nutrients in the extract.  

4.3.1.3. Phosphomolybdate assay (Total antioxidant capacity) of C. opaca fruit 

 Fig. 4.29C depicts the total antioxidant capacity of different fractions of methanol 

extract of fruits of C. opaca that can be ranked in the order of EFC > CFC > AFC > MFC >  
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BFC > HFC. The EC50 values of antioxidant capacity for the EFC and CFC were 86.34 ± 3.4 

and 168.05 ± 3.2 µg/ml, respectively, while for HFC was >500 µg/ml (Table 4.16). However 

the scavenging activity of all the extracts were found to be low when compared to ascorbic 

acid. 

4.3.1.4. Hydroxyl radical scavenging activity of C. opaca fruit 

 The hydroxyl radical scavenging activity shown in Fig. 4.29D can be ranked as CFC 

> AFC > MFC > BFC > EFC > HFC fraction. All results showed antioxidant activity in dose 

dependent manner at concentration 25-250 µg/ml. The EC50 values of scavenging hydroxyl 

radicals for the chloroform fraction was 36.24 ± 1.1µg/ml, while for the HFC fraction was 

>250 µg/ml (Table 4.16). 

4.3.1.5. Hydrogen peroxide radical scavenging activity of C. opaca fruit 

 The scavenging effect of the extracts on hydrogen peroxide is shown in Fig. 4.29E. 

As compared with the EC50 values (Table 4.17), the hydrogen peroxide- scavenging activities 

of CFC (47.28 ± 0.7 µg/ml) and AFC (61.21 ± 1.3 µg/ml) were more effective than that of 

FEC (>250 µg/ml) and HFC (>>250 µg/ml). The scavenging abilities on hydrogen peroxide 

were in descending order of CFC > AFC> MFC > BFC >EFC > HFC. 

4.3.1.6. ABTS radical scavenging activity of C. opaca fruit 

 Fig. 4.29 F shows that the ABTS radical scavenging ability of samples can be ranked 

as AFC > CFC > MFC > BFC > EFC > HFC. The results obtained clearly imply that all the 

tested samples inhibit or scavenge the radical in a concentration dependent manner. The EC50 

values obtained for the AFC (74.14 ± 0.8 µg/ml) was significantly different (p < 0.05) from 

the EC50 values obtained for the EFC (>500 µg/ml) and HFC (>>500µg/ml), which were 

comparable with reference chemicals (Table 4.17). 

4.3.1.7. β-carotene bleaching assay of C. opaca fruit 

 With regard to the β-carotene bleaching assay Fig. 4.29G shows that the antioxidant 

activity of samples can be ranked as EFC > MFC > AFC> BFC > CFC > HFC. β-carotene 

bleaching assay showed the dose response curve for all the fractions at concentrations 

ranging from 50-8000 µg/ml. The EC50 values of EFC and MFC fractions were 233.89 ± 

4.3µg/ml and 433.45 ± 4.9 µg/ml, respectively (Table 4.17) and were comparable with 

catechin. 

 



Chapter 4                                                                                                                          Results 

 

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

92

4.3.1.8. Chelating activity of C. opaca fruit 

 Fig. 4.29 H shows that all fractions were better ferrous ion chelators compared to 

catechin. The chelating activity increased with concentration of each sample. The sequence 

for chelating power was AFC > CFC > BFC> MFC > HFC > EFC. The iron chelating data 

measured at different concentrations (25-250 µg/ml) suggested that ferrous ion chelating 

effects of all the fractions of fruit of C. opaca would be somewhat beneficial to protect 

against oxidative damage. The EC50 value of iron chelating activity for the AFC was 25.14± 

0.2 µg/ml while for the EFC was 46.39 ± 1.9 µg/ml (Table 4.17). 

4.3.1.9. Reducing power activity of C. opaca fruit 

 In the reducing power assay, increasing absorbance at 700 nm indicates an increase in 

reducing ability of Fe+3/ferric cyanide complex to ferrous form. Fig. 4.30 shows the dose-

response curves for the reducing powers of all extracts (25-250 µg/ml) from fruits of C. 

opaca. It was found that the reducing power increased with concentration of each sample. 

The sequence for reducing power was AFC > MFC > EFC > BFC > HFC > CFC. The 

various solvent fractions from fruit of C. opaca exhibited a good reducing power of 1.3 ± 

0.15 and 1.244 ± 0.17 at 0.25mg/ml for AFC and MFC, respectively.  

4.3.2. Correlation of EC50 values of antioxidant activities and phytochemical contents 

 Through correlation analysis for phytochemical contents with EC50 values of radical 

scavenging activity and/or antioxidant ability of extract of C. opaca fruit and its various 

soluble fractions, the contents of phenolics and flavonoids exhibited good correlation 

(R2>0.7159) with DPPH, superoxide, hydroxyl, hydrogen peroxide and ABTS radical 

scavenging activities (Table 4.18). However, non significant correlation was found between 

antioxidant capacity and β-carotene bleaching inhibition. In addition, EC50 of chelating 

power presented significant correlation with flavonoids while non significant with phenolics. 

4.3.3. In vitro antioxidant assays of C. opaca leaves  

 To assess the antioxidant status of fractions of C. opaca leaves nine multifaceted 

assay systems were studied. Results of these circumstances are described below.  

4.3.3.1. DPPH radical scavenging activity of C. opaca leaves 

 The DPPH radical has been widely used to assess the antioxidative activity of plant 

extracts. Fig. 4.31A shows that the scavenging effect of different fractions on DPPH radical 

was in the following order: AFC > MLC > BLC > HLC > EFC and CLC fractions.  



Chapter 4                                                                                                                          Results 

 

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

93

Table 4.16. Antioxidant effect (EC50) on DPPH radicals, superoxide radicals, total 
antioxidant capacity and hydroxyl radicals of methanol extract and soluble fractions of C. 
opaca fruit 
 
Plant 
extracts/chemical EC50 µg/ml 
 Scavanging 

ability on 
DPPH 
radicals  

Scavanging 
ability on 
superoxide 
radicals 

Total 
antioxidant 
capacity 

Scavanging 
ability on 
hydroxyl 
radicals  

MFC  77.76±1.2c 53.27±2.6c 228.46±3.5e 60.17±1.4c 
HFC >>250f >250e >500g >>250f 
EFC >250e >250e 86.34±3.4b >250e 
CFC  54.13±2.3b 48.23±5.6c 168.05±3.2c 36.24±1.1b 
BFC  90.23±0.7d 101.13±3.4d 384.78±4.8f 82.34±0.6d 
AFC  59.56±0.9b 33.43±2.1b 206.18±2.4d 59.72±0.9c 
Ascorbic acid 19.59±0.8a 21.86±0.6a 24.09±2.4a 29.78±1.1a 
Rutin 19.31±0.7a  -  -  -  

Each value in the table is represented as mean ± SD (n=3) 
-, not determined. a-f shows significance at p<0.05 probability level 
 
Table 4.17. Antioxidant effect (EC50) on hydrogen peroxide radicals, ABTS radicals, 
inhibition of β-carotene and chelating power of  methanol extract and soluble fractions of C. 
opaca fruit 
 
Plant 
extracts/chemical EC50 µg/ml 
 Scavanging 

ability on 
hydrogen 
peroxide 
radicals  

Scavanging 
ability on 
ABTS radicals 

β-carotene 
bleaching 
inhibition 

Iron chelation 
ability  

MFC  86.31±1.9e 122.31±2.8d 433.45±4.9c 34.21±0.9e 
HFC >>250h >>500g >8000g 42.35±3.1f 
EFC >250g >500f 233.89±4.3b 46.39±1.9g 
CFC  47.28±0.7c 80.49±1.1c 1007.41±8.6f 27.48±0.5c 
BFC  133.22±2.0f 140.26±2.2e 867.71±5.8e 30.42±0.3d 
AFC  61.21±1.3d 74.14±0.8b 733.90±7.6d 25.14±0.2b 
Ascorbic acid 23.04±0.7a 64.63±1.5a - - 
Catechin - - 133.81±2.8a 21.74±0.5a 
Rutin 29.04±1.5b -  - - 

Each value in the table is represented as mean ± SD (n=3) 
-, not determined. a-f shows significance at p<0.05 probability level 
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Table 4.18. Correlation1 between the EC50 values of antioxidant activities and phenolic and 
flavonoids content of C. opaca fruit 
  
          Correlation R2   
Assays         Phenolics   Flavonoids
EC50of DPPH radical scavenging ability  0.7280a  0.8527b 
EC50 of superoxide radical scavenging ability 0.7919a  0.8853b 
EC50 of antioxidant capacity   0.1446ns  0.2694ns 
EC50of hydroxyl radical scavenging ability  0.7598a  0.8639b 
EC50 of hydrogen peroxide radical scavenging ability 0.7656a  0.9359b 
EC50of ABTS radical scavenging ability  0.7160a  0.8352b 
EC50 of β-carotene bleaching inhibition  0.3518ns  0.4420ns 
EC50 of chelating power     0.4455ns   0.6854a 

1C.  opaca fruit methanol extract and its soluble fractions were used in the correlation. 
Significantly different at a(p< 0.05), b(p<0.01), ns (non significant) 
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Fig. 4.29. Scavenging potential of C. opaca fruits. (A) DPPH radical scavenging activity (B) 
superoxide inhibition (C) total antioxidant capacity (D) hydroxyl percentage inhibition (E) 
hydrogen peroxide percent inhibition (F) ABTS percent inhibition (G) β-carotene percent 
inhibition (H) chelating ability of various fractions of C. opaca fruit at different 
concentrations. Each value represents a mean ± SD (n=3). hfc, n-hexane fraction; efc, ethyl 
acetate fraction; cfc, chloroform fraction; bfc, butanol fraction; mfc, methanol extract; afc, 
aqueous fraction; rt, rutin; asa, ascorbic acid. 
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Fig. 4.30. Reducing power of various fractions of C. opaca fruit at different concentrations. 
Each value represents a mean ± SD (n=3). hfc, n-hexane fraction; efc, ethyl acetate fraction; 
cfc, chloroform fraction; bfc, butanol fraction; mfc, methanol extract; afc, aqueous fraction; 
asa, ascorbic acid. 
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The EC50 values of scavenging DPPH radicals for the AFC and MLC were 38 ± 1.3 and 58 ± 

1.6 µg/ml, respectively, while for the CLC it was >500 µg/ml (Table 4.19). 

4.3.3.2. Superoxide radical scavenging activity of C. opaca leaves 

 The superoxide radical scavenging effect of different fractions of MLC was compared 

with the same doses of ascorbic acid ranging from 25-250 µg/ml as shown in Fig. 4.31B. In 

fact, EC50 values in superoxide scavenging activities were in the order of MLC > CLC > 

HLC > AFC > ELC and BLC (Table 4.19).  

4.3.3.3. Phosphomolybdate assay (Total antioxidant capacity) of C. opaca leaves 

 Fig. 4.31C depicts the total antioxidant capacity of different fractions of MLC that 

can be ranked in the order of MLC > AFC > BLC > HLC > ELC and CLC. The EC50 value 

of antioxidant capacity for the MLC, ALC and BLC was 30 ± 1.5 µg/ml, 81±2.7 µg/ml and 

156±3.9 µg/ml, respectively, while for the rest of the fractions EC50 was >250 µg/ml (Table 

4.19). 

4.3.3.4. Hydroxyl radical scavenging activity of C. opaca leaves  

 In the present investigation, the EC50 value of hydroxyl radical scavenging activity of 

ELC, CLC, BLC and AFC was 18(±) µg/ml while for MLC and HLC fractions was 22(±) 

µg/ml (Table 4.19). In the present study, antioxidant potential of all the fractions of C. opaca 

leaves was significantly higher than that of reference compound. This situation has created a 

certainty for analyzing naturally occurring antioxidant substances which may be used in 

place of synthetic antioxidants. 

4.3.3.5. Hydrogen peroxide radical scavenging activity of C. opaca leaves 

 The scavenging effect of methanol and its different fractions on hydrogen peroxide 

was concentration-dependent (25-250 µg/ml) as shown in Fig. 4.31E. As compared with the 

EC50 values, the hydrogen peroxide- scavenging activity of HLC fraction was 19 ± 1.1 µg/ml 

and was more effective than that of rest of the fractions as well as ascorbic acid (Table 4.20). 

The ability to scavenge hydrogen peroxide radicals of various solvent extracts from C. opaca 

leaves was in the order of HLC > MLC > CLC > ELC > AFC and BLC. 

4.3.3.6. ABTS radical scavenging activity of C. opaca leaves 

 Fig. 4.31F shows that the ABTS radical scavenging ability of samples can be ranked 

as BLC > MLC > HLC > ELC > CLC and ALC. The EC50 values obtained for the BLC (70 ± 
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3.2 µg/ml) was significantly different (p<0.05) from the EC50 values obtained for the ALC 

(187± 3.8 µg/ml), which were comparable (Table 4.20) with reference compound.  

4.3.3.7. β-carotene bleaching assay of C. opaca leaves  

 The antioxidant activity with regard to the β-carotene bleaching assay of extract of C. 

opaca leaves can be ranked as ELC > HLC > MLC > CLC > BLC and AFC. β-carotene 

bleaching assay showed the dose response curve for all the fractions at concentrations 

ranging from 25-250 µg/ml (Fig. 4.31G). The EC50 values of ELC and HLC were 145 ± 4.3 

µg/ml and 157 ± 3.12 µg/ml, respectively (Table 4.20) which was comparable with catechin. 

This data suggested that ELC and HLC fractions have a notable ability to react with free 

radicals to convert them into more stable non-reactive species and to terminate radical chain 

reaction. 

4.3.3.8. Chelating activity of C. opaca leaves 

 Fig. 4.31H shows that all fractions were better ferrous ion chelators. The chelating 

activity was correlated well with the increasing concentration of each sample. The sequence 

for chelating power was HLC > CLC > MLC > BLC > ELC > AFC. The iron chelating data 

measured at different concentrations (25-250 µg/ml) suggested that ferrous ion chelating 

effects of all the fractions of C. opaca leaves would be rather beneficial to protect against 

oxidative damage. The EC50 value of iron chelating activity for the HLC and CLC fractions 

was (±) 16 µg/ml while for the ALC fraction was 137 ± 3.76 µg/ml (Table 4.20). 

4.3.3.9. Reducing power activity of C. opaca leaves 

 Increasing absorbance at 700 nm indicates an increase in reducing ability. Fig. 4.32 

shows the dose-response curves for the reducing powers of all extracts (25-250 µg/ml) from 

C. opaca leaves. It was found that the reducing power increased with concentration of each 

sample. The ranking order for reducing power was AFC > HLC > BLC > CLC > MLC > 

ELC. The MLC exhibited a good reducing power of 1.405 ± 0.14 at 250 µg/ml may be 

attributed to the collective antioxidant effects of phenolics and flavonoid.  

4.3.4. Correlation of EC50 values of antioxidant activities and phytochemical contents 

 Through correlation analysis for phytochemical contents with EC50 values of radical 

scavenging activity of various soluble fractions of C. opaca leaves and the contents of 

phenolics and flavonoids, non significant correlation was found between the total phenolics 

and flavonoids and the antioxidant activity of various fractions (Table 4.21). 
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Table 4.19. Antioxidant effect (EC50) on DPPH radicals, superoxide radicals, total 
antioxidant capacity and hydroxyl radicals of methanol extract and soluble fractions of C. 
opaca leaves 
 
Plant extracts EC50 µg/ml 

 

Scavanging 
ability  
on DPPH 
radicals 

Scavanging 
ability on  
superoxide 
radicals  

Total 
antioxidant 
Capacity 

Scavanging 
ability  
on hydroxyl  
radicals 

MLC 58±1.6c 93±1.92b 30±1.5b 22±1.4b 
HLC 358±4.92e 135±3.6c >250e 22±1.3b 
ELC 444±4.11f 206±4.23e >250e 18±0.7a 
CLC >500g 132±3.6c >250e 18±1.1a 
BLC 170±2.7d 229±5.4f 156±3.9d 18±0.9a 
ALC 38±1.33b 159±2.45d 81±2.7c 18±0.89a 
Ascorbic acid 16±1.6a 21.86±1.3a 22±1.8a 30±1.1c 
Rutin    18±1.19a  - -  -  

-, not determined 
Each value in the table is represented as mean ± SD (n=3)  
Values in the same column followed by a different letter are significantly different (p< 0.05) 

 

Table 4.20. Antioxidant effect (EC50) on hydrogen peroxide radicals, ABTS radicals, 
inhibition of β carotene and chelating power of  methanol extract and soluble fractions of C. 
opaca leaves 
 
Plant 
extracts/chemical 

EC50 µg/ml 

 Scavanging 
ability on 
hydrogen 
peroxide 
radicals 

Scavenging 
ability  
on ABTS 
radicals 

β- carotene 
bleaching 
inhibition 

Chelating 
power 

MLC 155±3.2b 104±4.6b >250c 49±1.9b 
HLC 19±1.1a 133±3.5c 157±3.12b 16±0.98a 
ELC 225±6.39c 176±4.0d 145±4.3b 73±2.9c 
CLC 160±4.7b 181±3.1d >250c 16±1.1a 
BLC >250d 70±3.2a >250c 50±2.3b 
ALC 243±2.5c 187±3.8d >250c 137±3.76d 
Ascorbic acid 23.04±1.7a 67±2.5a - - 
Catechin - - 38±2.8a 20±1.2a 
Rutin  29.04±1.5a -  - - 

-, not determined 
Each value in the table is represented as mean ± SD (n=3),  
Values in the same column followed by a different letter are significantly different (p< 0.05) 
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Table 4.21. Correlations1 between the EC50 values of antioxidant activities and phenolic and 
flavonoids content of C. opaca leaves 
 

Assays          
Correlation 
R2   

         Phenolics   Flavonoids 
EC50 of DPPH radical scavenging ability 0.1774ns  0.5133ns 
EC50 of superoxide radical scavenging ability 0.628a  0.1421ns 
EC50 of antioxidant capacity 0.175ns  0.3276ns 
EC50 of hydroxyl radical scavenging ability 0.4215ns  0.3649ns 
EC50 of hydrogen peroxide radical scavenging ability 0.3411ns  0.1284ns 
EC50 of ABTS radical scavenging ability 0.0033ns  0.2154ns 
EC50 of β-carotene bleaching inhibition 0.1191ns  0.0953ns 
EC50 of chelating power     0.0084ns   0.0079ns 

1C. opaca leaves methanol extract and its soluble fractions were used in the correlation. 
Significantly different depicts that a (p< 0.05), ns (non significant) 
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Fig. 4.31. Scavenging potential of C. opaca leaves. (A) DPPH radical scavenging activity (B) 
superoxide inhibition (C) total antioxidant capacity (D) hydroxyl percentage inhibition (E) 
hydrogen peroxide percent inhibition (F) ABTS percent inhibition (G) β-carotene percent 
inhibition (H) chelating ability of various fractions of C. opaca fruit at different 
concentrations. Each value represents a mean ± SD (n=3). hlc, n-hexane fraction; elc, ethyl 
acetate fraction; clc, chloroform fraction; blc, butanol fraction; mlc, methanol extract; alc, 
aqueous fraction; rt, rutin; asa, ascorbic acid. 
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Fig. 4.32. Reducing power of various fractions of C. opaca leaves at different concentrations. 
Each value represents a mean ± SD (n=3). hlc, n-hexane fraction; elc, ethyl acetate fraction; 
clc, chloroform fraction; blc, butanol fraction; mlc, methanol extract; alc, aqueous fraction; 
rt, rutin; asa, ascorbic acid. 
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4.3.5. In vitro antioxidant assays of R. hastatus leaves 

 For preliminary evidence and validation of R. hastatus leaves as a medicinal plant, 

nine antioxidant assay systems were estimated and correlated with total phenolics and 

flavonoids. The results are given below;   

4.3.5.1. DPPH radical scavenging activity R. hastatus leaves 

 Fig. 4.33A shows that the scavenging effect of samples on DPPH radical was in the 

following order: BLR > MLR > ELR > CLR > HLR and ALR. The EC50 values of 

scavenging DPPH radicals for the BLR and MLR were 140 ± 0.99 and 156 ± 1.98 µg/ml, 

respectively, while for the HLR and ALR was >500 µg/ml (Table 4.22). 

4.3.5.2. Superoxide radical scavenging activity R. hastatus leaves 

 The superoxide radical scavenging effect of different fractions of MLR was compared 

with the same doses of ascorbic acid ranging from 25-250 µg/ml as shown in Fig. 4.33B. In 

fact, EC50 values in superoxide scavenging activities were in the order of ELR > MLR > 

CLR > BLR > HLR and AFC fraction (Table 4.22) .All of the fractions had a scavenging 

activity on the superoxide radicals in a dose dependent manner. 

4.3.5.3. Phosphomolybdate assay (Total antioxidant capacity) R. hastatus leaves 

 Fig. 4.33C depicts the total antioxidant capacity of MLR and its different fractions 

that can be ranked in the order of BLR > MLR > CLR > ELR > HLR > AFC. The EC50 value 

of antioxidant capacity for the BLR and MLR was 31 ± 1.25 µg/ml and 39 ± 2.5 µg/ml, 

respectively, while for the ALR was 153±2.8 µg/ml (Table 4.22). 

4.3.5.4. Hydroxyl radical scavenging activity R. hastatus leaves  

 The effects of MLR and different fractions on the prevention of free radical-mediated 

deoxyribose damage was evaluated by hydroxyl radical scavenging activity ranked as ELR > 

MLR > CLR > HLR > BLR and AFC. All results showed antioxidant activity in dose 

dependent manner at concentration 25-250 µg/ml (Fig. 4.33D). In the present investigation, 

the EC50 value of hydroxyl radical scavenging activity for the ELR and MLR fractions was 

9±0.56 µg/ml and 10±1.02 µg/ml while for the ALR was 20±1.00 µg/ml (Table 4.22). 

4.3.5.5. Hydrogen peroxide radical scavenging activity R. hastatus leaves  

 The scavenging effect of different fractions of R. hastatus leaves on 

hydrogenperoxide was concentration-dependent (25-500 µg/ml) as shown in Fig. 4.33E. As  
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compared with the EC50 values, the hydrogen peroxide- scavenging activities of CLR, ELR 

and MLR was 48 ± 4.89 µg/ml, 158 ± 3.68 µg/ml and  158 ± 4.97 µg/ml, respectively and 

more effective than that of ALR and HLR > 500µg/ml (Table 4.23). The ability to scavenge 

hydrogen peroxide radicals, various solvent extracts from R. hastatus leaves was in the order 

of CLR > ELR > MLR > BLR > HLR and AFC. 

4.3.5.6. ABTS radical scavenging activity R. hastatus leaves 

 Fig. 4.33F shows that the ABTS radical scavenging ability of samples can be ranked 

as ELR > MLR > CLR > BLR > HLR and ALR fraction. The results obtained clearly imply 

that all the tested samples inhibit or scavenge the radical in a concentration dependent 

manner. The ELR, MLR and CLR exhibited the highest radical scavenging activities when 

reacted with the ABTS radicals. On contrary, the HLR and ALR fractions did not show a 

leveling effect at the highest concentration; however their radical scavenging effects were 

much less than rest of the fractions. The EC50 values obtained for the ELR fraction (70 ± 2.46 

µg/ml) was significantly different (p < 0.05) from the EC50 values obtained for the HLR and 

ALR (>500 µg/ml) fractions, which were comparable (Table 4.23) with reference.  

4.3.5.7. β-carotene bleaching assay R. hastatus leaves 

 The antioxidant activity with regard to the β-carotene bleaching assay of extract of R. 

hastatus leaves can be ranked as ELR > MLR > HLR > CLR > BLR and AFC fraction (Fig. 

4.33G). β-carotene bleaching assay showed the dose response curve for all the fractions at 

concentrations ranging from 25-500 µg/ml. The EC50 values of ELR and MLR fractions were 

54 ± 5.67 µg/ml and 122 ± 3.29 µg/ml, respectively (Table 4.23). 

4.3.5.8. Chelating activity R. hastatus leaves 

 The sequence for chelating power was BLR and ELR > HLR > AFC > CLR > MLR 

fraction (Fig. 4.33H). The iron chelating data measured at different concentrations (25-250 

µg/ml) suggested that ferrous ion chelating effects of all the fractions of R. hastatus leaves 

would be rather beneficial to protect against oxidative damage. The EC50 value of iron 

chelating activity for the BLR and ELR fraction was 70± 2.1 µg/ml and 72± 1.03 µg/ml 

while for the ALR fraction was 184 ± 2.81 µg/ml (Table 4.23). 

4.3.5.9. Reducing power activity R. hastatus leaves  

 Fig. 4.34 shows the dose-response curves for the reducing powers of all extracts (25-

250 µg/ml) from R. hastatus leaves.  
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It was found that the reducing power increased with concentration of each sample. The 

ranking order for reducing power was MLR > BLR > CLR > ALR > ELR > HLR fraction. 

The MLR exhibited a good reducing power of 1.332 ± 0.14 µg/ml at 250 µg/ml, may be 

attributed to the collective antioxidant effects of phenolics and flavonoids. 

4.3.6. Correlation of EC50 values of antioxidant activities and phytochemical contents  

 Through correlation analysis for phytochemical contents with  EC50 values of radical 

scavenging activity of  various soluble fractions of R. hastatus leaves and the contents of 

phenolics and flavonoids exhibited good correlation (R2>0.7159) with DPPH, Superoxide, 

and ABTS radical scavenging activities (Table 4.24). However, non significant correlation 

was found in case of iron chelating power and β-carotene bleaching inhibition. In addition, 

EC50 of phosphomolybdate assay, hydrogen peroxide and hydroxyl radical scavenging assays 

presented significant correlation with phenolics while non significant with flavonoids. 

4.3.7. In vitro antioxidant assays of R. hastatus roots 

 Natural antioxidants have a wide range of biological activities by scavenging free 

radicals directly or indirectly. Roots being an ethnopharmacological part of R. hastatus, 

might have potent antioxidant properties against free radicals. To check this supposition, nine 

versatile assays were used and their correlation with total phenolics and flavonoids was also 

studied as under.  

4.3.7.1. DPPH radical scavenging activity of R. hastatus roots  

 Fig. 4.35A shows that the DPPH radical scavenging ability of samples can be ranked 

as BRR > MRR > AFC > CRR > ERR > HRR. The scavenging ability on DPPH radicals at 

0.1 mg/ml of dried extract were 76.12 ± 2.11%, 61.13 ± 4.61%,59.22 ± 2.34%, 50.23 ± 

1.51%, 32.11 ± 2.13% and 30.51 ± 4.13% for BRR, MRR, ARR, CRR, ERR and HRR, 

respectively. The increase in activity at 0.25 mg/ml  was 90.1 ± 2.13%, 86.2 ± 3.44%, 79.8 ± 

1.19%, 77.7 ± 4.12%, 49.26 ± 1.34% and 43.21 ± 2.31% for the same order. The EC50 values 

of scavenging DPPH radicals for the BRR was 68.04 ± 1.7 µg/ml while for the HRR was > 

246 µg/ml (Table 4.25). 
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Table 4.22. Antioxidant effect (EC50) on DPPH radicals, superoxide radicals, total 
antioxidant capacity and hydroxyl radicals of methanol extract and soluble fractions of R. 
hastatus leaves 
 
Plant extracts 
/chemicals 

EC50 µg/ml 

 Scavanging 
ability  
on DPPH 
radicals 

Scavanging 
ability on 
superoxide 
radicals  

Total 
antioxidant 
capacity 

Scavanging 
ability  
on hydroxyl  
radicals 

MLR  156±1.98c 44±0.51b 39± 2.5e 10±1.02e 
HLR >500a >250a 136±1.67b 14±0.23c 
ELR 194±1.34b 40±0.78b 113±2.2c 9±0.56e 
CLR  200±1.56b 49±0.45b 60±1.02d 12±0.61d 
BLR  140±0.99c 53±0.66b 31±1.25e 17±0.92b 
ALR  >500a >250a 153±2.8a 20±1.00a 
Ascorbic acid 16±0.23d 21±0.37c 24±1.1e 6±0.67f 
Rutin    22±0.56d -  -  -  

 
Each value in the table is represented as mean ± SD (n=3)  
Values in the same column followed by a different letter are significantly different (p< 0.05) 
-, not determined 
 
Table 4.23. Antioxidant effect (EC50) on hydrogen peroxide radicals,ABTS radicals, 
inhibition of β-carotene and chelating power of  methanol extract and soluble fractions of R. 
hastatus leaves 
 
Plant extracts 
/chemicals 

EC50 µg/ml 

 Scavanging ability 
on hydrogen 
peroxide radicals 

Scavanging 
ability on ABTS 
radicals 

Β-carotene 
bleaching 
inhibition 

Chelating power 

MLR  158±4.97b 98±1.42c 122±3.29c 184±2.81a 
HLR >500a >500a 226±4.32b 112±2.13c 
ELR 158±3.68b 70±2.46d 54±5.67e 72±1.03d 
CLR  48±4.89c 100±3.13c 464±4.82a 176±2.16a 
BLR  >500a 128±4.51b >500a 70±2.1d 
ALR   >500a >500a >500a 152±3.27b 
Ascorbic acid 26±2.12d 60±1.32e - - 
Catechin - - 74±2.29d 24±0.68e 
Rutin   30±1.98d - -  - 

 
Each value in the table is represented as mean ± SD (n=3)  
Values in the same column followed by a different letter are significantly different (p< 0.05) 
-, not determined 
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Table 4.24. Correlation1 between the EC50 values of antioxidant activities and phenolic and 
flavonoids content of R. hastatus leaves 
 
 Assays         Correlation 

R2 
  

         Phenolics   Flavonoids
EC50 of DPPH radical scavenging ability 0.6763a  0.9610c 
EC50 of superoxide radical scavenging ability 0.7979a  0.8957b 
EC50 of antioxidant capacity 0.2512ns  0.7536a 
EC50 of hydroxyl radical scavenging ability 0.7439a  0.1944ns 
EC50 of hydrogen peroxide radical scavenging ability 0.7024a  0.2008ns 
EC50 of ABTS radical scavenging ability 0.8346a  0.8692b 
EC50 of β-carotene bleaching inhibition 0.3127ns  0.01551ns 
EC50 of chelating power     0.0086ns   0.05942a 

 
1R. hastatus leaves methanol extract and its soluble fractions were used in the correlation. 
Significantly different depicts that a (p<0.05), b (p<0.01), c (p<0.001), ns (non significant) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4                                                                                                                          Results 

 

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

108

 

A 

0 100 200 300 400 500 600
0

20

40

60

80

100

hrl erl crl brl

mrl arl asa rt

Concentration (µg/ml)

D
PP

H 
%

 s
ca

va
ng

in
g

B 

0 50 100 150 200 250 300
0

20

40

60

80

100

hrl erl crl brl

mrl arl asa

Concentration (µg/ml)

Su
pe

ro
xid

e 
%

 s
ca

va
ng

in
g

C 

0 50 100 150 200 250 300
0

20

40

60

80

100

hrl erl crl brl

mrl arl asa

Concentration (µg/ml)

TA
C

 %
 S

ca
va

ng
in

g

D

0 50 100 150 200 250 300
0

20

40

60

80

100

hrl erl crl brl
mrl arl asa

Concentration (µg/ml)

hy
dr

ox
yl

 %
 s

ca
va

ng
in

g

E 

0 100 200 300 400 500 600
0

20

40

60

80

100

hrl erl crl brl
mrl arl asa rt

Concentration (µg/ml)

hy
dr

og
en

 p
er

ox
id

e 
%

 s
ca

va
ng

in
g

F 

0 100 200 300 400 500 600
0

20

40

60

80

100

hrl erl crl brl
mrl arl asa

Concentration (µg/ml)

AB
TS

 %
 s

ca
va

ng
in

g



Chapter 4                                                                                                                          Results 

 

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

109

G 

0 100 200 300 400 500 600
0

20

40

60

80

100

hrl erl crl brl

mrl arl catechin

Concentration (µg/ml)

b-
 c

ar
ot

en
e 

%
 o

xid
at

io
n

H

0 100 200 300 400 500 600
0

20

40

60

80

100

hrl erl crl brl

mrl arl edta

Concentration (µg/ml)

iro
n 

%
 c

he
la

tin
g

    
 
Fig. 4.33: Scavenging potential of R. hastatus leaves. (A) DPPH radical scavenging activity 
(B) superoxide inhibition (C) total antioxidant capacity (D) hydroxyl percentage inhibition 
(E) hydrogen peroxide percent inhibition (F) ABTS percent inhibition (G) β-carotene percent 
oxidation (H) chelating ability of various fractions of R. hastatus leaves at different 
concentrations. Each value represents a mean ± SD (n=3). hlr, n-hexane fraction; elr, ethyl 
acetate fraction; clr, chloroform fraction; blr, butanol fraction; mlr, methanol extract; alr, 
aqueous fraction; rt, rutin; asa, ascorbic acid. 
 
 

0 50 100 150 200 250 300
0

1

2

3

 hlr elr clr blr

mlr alr asa

Concentration (µg/ml)

re
du

ci
ng

 p
ow

er
  7

00
 n

m

 

Fig. 4.34: Reducing power of different fractions from the methanol extract of R. hastatus 
leaves by different solvents at different concentrations. Each value represents a mean ± SD 
(n=3). hlr, n-hexane fraction; elr, ethyl acetate fraction; clr, chloroform fraction; blr, butanol 
fraction; mlr, methanol extract; alr, aqueous fraction; asa, ascorbic acid. 
 
 

 

4.3.7.2. Superoxide radical scavenging activity of R. hastatus roots 
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 The superoxide radical scavenging effect of different fractions of methanol extract of 

roots of R. hastatus was compared with same doses of ascorbic acid ranging from 25-250 

µg/ml as shown in Fig. 4.35 B. EC50 values in hydroxyl scavenging activities were in the 

order of BRR > MRR > AFC > CRR > ERR > HRR (Table 4.25). All of the fractions had a 

scavenging activity on the superoxide radicals in a dose dependent manner. 

4.3.7.3. Phosphomolybdate assay (Total antioxidant capacity) of R. hastatus roots  

 Fig. 4.35C depicts the total antioxidant capacity of different fractions of methanol 

extract of roots of R. hastatus that can be ranked in the order of BRR > MRR > ARR > CRR 

> ELR > HRR. The EC50 values for the BRR and MRR was the same i.e. 21.78 ± 0.8 µg/ml, 

21.21±0.5 µg/ml, respectively while for the HRR it was >250 µg/ml (Table 4.25). The results 

obtained imply that the BRR and MRR have a remarkable ability to act as antioxidant. 

4.3.7.4. Hydroxyl radical scavenging activity of R. hastatus roots 

 The hydroxyl radical scavenging activity is shown in Fig. 4.35D, can be ranked as    

BRR > MRR > ARR > CRR > ERR > HRR. All results showed antioxidant activity in dose 

dependent manner at concentration 25-250 µg/ml. However the scavenging activity of all the 

extracts were found to be low when compared to ascorbic acid. The EC50 values of 

scavenging hydroxyl radicals for the BRR was 36.56 ± 1.6 µg/ml, while for the HRR was 

>250 µg/ml (Table 4.25). 

4.3.7.5. Hydrogen peroxide radical scavenging activity of R. hastatus roots  

 Extracts from R. hastatus roots were capable of scavenging hydrogen peroxide in a 

concentration-dependent manner (25-250 µg/ml). The CRR and BRR fractions were equally 

potent in scavenging hydrogen peroxide, by 61.6 ± 1.21% and 57.1 ± 3.17% at a 

concentration of 100 µg/ml, respectively, while ERR and HRR were considerably less 

effective hydrogen peroxide scavengers (24.11 ± 1.22% and 27.03 ± 1.07%) at the same 

concentration (Fig. 4.35 E). As compared with the EC50 values, the hydrogen peroxide- 

scavenging activities of CRR (75.11 ± 1.7 µg/ml) and BRR (77.02 ± 1.5 µg/ml) were 

comparable, and more effective (p<0.05) than that of ERR (>> 250 µg/ml) and HRR (>250 

µg/ml). EC50 values of all the extracts, in scavenging abilities on hydrogen peroxide, were 

significantly different (p<0.05) from the EC50 values obtained for ascorbic acid (Table 4.26). 

The scavenging abilities on hydrogen peroxide were in descending order of CRR > BRR > 

MRR > ARR > ERR > HRR. 
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4.3.7.6. ABTS radical scavenging activity of R. hastatus roots 

 ABTS radical scavenging ability of samples can be ranked as BRR > MRR > CRR > 

ARR > ERR > HRR (Fig. 4.35F). The percentage inhibition was 87.01 ± 1.12 % , 92.18 ± 

0.08 %  and 82.03 ± 2.24 % for the BRR, MRR and CRR, respectively  while for ARR, ERR 

and HRR  inhibition was 78.01 ± 3.19 %,  47.43 ± 1.45% and  41.1 ± 2.6% at  a 

concentration of  500 µg/ml. The results obtained clearly imply that all the tested samples 

inhibit or scavenge the radical in a concentration dependent manner. The BRR exhibited the 

highest radical scavenging activities when reacted with the ABTS radicals. In contrast, HRR 

and ERR did not show a leveling effect off at the highest concentration, however their radical 

scavenging effects were much less than that BRR and MRR. The EC50 values obtained for 

the BRR (96.17±1.12 µg/ml) was significantly different (p<0.05) from the EC50 values 

obtained for the ERR (>250 µg/ml) and HRR (>>250 µg/ml), which were comparable (Table 

4.26) with reference chemicals. 

4.3.7.7. β-carotene bleaching assay of R. hastatus roots 

 With regard to the β- carotene bleaching assay, the antioxidant activity of samples can 

be ranked as BRR > ARR > MRR > CRR > ERR > HRR (Fig. 4.35G). At 0.1 mg/ml, β- 

carotene bleaching inhibitions were 54.11 ± 2.33% , 48.09 ± 1.44 %, 40.78 ± 3.42%, 39.1 ± 

2.56%, 18.15 ± 2.13 % and  15.37 ± 2.51%  for BRR, ARR, MRR, CRR, ERR and HRR, 

respectively. At 0.5 mg/ml the inhibition was increased to 81.34 ± 2.34 %, 73.12 ± 1.19%, 

78.62 ± 2.67%, 72.18 ± 1.36%, 34.49 ± 2.34% and 29.09 ± 1.45% for the above order. β- 

carotene bleaching assay showed the dose response curve for all the fractions at 

concentrations ranging from 25-500 µg/ml. The EC50 values of BRR and ARR were 84.14 ± 

2.6 µg/ml and 114.89 ± 3.6 µg/ml, respectively (Table 4.26) which were comparable with 

catechin.  

4.3.7.8. Chelating activity of R. hastatus roots 

 Fig. 4.35H shows that except ERR and HRR, all fractions were better ferrous ion 

chelators compared to ascorbic acid. The chelating activity increased with concentration of 

each sample. The sequence for chelating power was MRR > BRR > ARR > CRR > ERR > 

HRR. However, all the fractions presented much lower chelating power than catechin. The 

iron chelating data measured at different concentrations (100-8000 µg/ml) suggested that 
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 ferrous ion chelating effects of BRR and MRR would be somewhat beneficial to protect 

against oxidative damage. The EC50 values of iron chelating activity for the MRR was 

333.11± 2.3 µg/ml while for the HRR it was >8000 µg/ml (Table 4.26). 

4.3.7.9. Reducing power activity of R. hastatus roots 

 Fig. 4.36 shows the dose-response curves for the reducing powers of all extracts (25-

250 µg/ml) from roots of R. hastatus. It was found that the reducing power increased with 

concentration of each sample. The sequence for reducing power was BRR > MRR > CRR > 

ARR > ERR > HRR. The various solvent fractions from roots of R. hastatus exhibited a good 

reducing power of 1.176 ± 0.14, 1.098 ± 0.17 and 0.931 ± 0.10 at 0.25 mg/ml for BRR, MRR 

and CRR, respectively. This data suggested that BRR and MRR have a remarkable ability to 

react with free radicals to convert them into more stable non-reactive species and to terminate 

radical chain reaction. 

4.3.8. Correlation of EC50 values of antioxidant activities and phytochemical contents  

 Through correlation analysis for phytochemical contents with EC50 values of 

radical scavenging activity and/or antioxidant ability of extract of roots of R. hastatus and its 

various soluble fractions, the contents of phenolics and flavonoids exhibited good correlation 

with all the assays (Table 4.27). 
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Table 4.25. Antioxidant effect (EC50) on DPPH radicals, superoxide radicals, total 
antioxidant capacity and hydroxyl radicals of methanol extract and its various fractions of R. 
hastatus roots 
 
Plant extracts/ 
chemical 

EC50 µg/ml 

 Scavenging 
ability on DPPH 
radicals 

Scavenging 
ability on 
super oxide 
radicals 

Total 
antioxidant 
capacity 

Scavenging 
ability on 
hydroxyl 
radicals 

MRR 84.16±3.2c 49.06 ±1.6c 21.21±0.5a 61.87±2.4c 
HRR >246e >250f >250d  >250e 
ERR >241e >250f 242.78±5.4c >248e 
CRR  99.23±2.3d 62.28±3.3e 45.85±1.2b 85.29±2.1d 
BRR  68.04±1.7b 43.19±2.4b 21.78±0.8a 36.56±1.6b 
ARR  85.28±1.9c 56.49±0.9d 23.48±0.4a 63.92±1.9c 
Ascorbic acid 19.59±0.8a 22.36±0.6a 20.79±0.4a 29.78±1.1a 
Rutin  19.31±0.7a -  -  -  
Each value in the table is represented as mean ± SD (n=3)  
Values in the same column followed by a different letter are significantly different (p< 0.05) 
-, not determined 
 
Table 4.26. Antioxidant effect (EC50) on hydrogen peroxide radicals, ABTS radicals, 
inhibition of β-carotene and chelating power of  methanol extract and its various fractions of 
R. hastatus roots    
 
Plant extracts/ 
chemicals 

EC50 µg/ml 

 Scavenging 
ability on 
hydrogen 
peroxide 
radicals 

scavenging 
ability on 
ABTS radicals 

β- carotene 
bleaching 
Inhibition 

Chelating 
power 

MRR  90.21±2.1c 128.01±2.1c 126.67±2.9d 333.11±2.3b 
HRR >>250d >>250e >500f >>8000f 
ERR >250d >250e >500f >8000f 
CRR 75.11±1.7b 136.09±4.1c 138.09±3.3e 1233.24±4.5e 
BRR 77.02±1.5b 96.17±1.12b 84.14±2.6b 600.75±4.1c 
ARR 99.11±3.3c 143.06±1.8d 114.89±3.6c 800.28±2.2d 
Ascorbic acid 23.04±0.7a 65.23±1.5a - - 
Catechin - - 72.41±2.5a 233.72±1.9a 
Rutin  27.10±0.5a - - -   
Each value in the table is represented as mean ± SD (n=3)  
Values in the same column followed by a different letter are significantly different (p< 0.05) 
-, not determined 
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Table 4.27. Correlation1 between EC50 values of antioxidant activities and total phenolics and 
flavonoids of R. hastatus root extract and its various soluble fractions 
  
          Correlation R2   
Assays         Phenolics   Flavonoids
EC50 of DPPH radical scavenging ability  0.9476c  0.8479b 
EC50 of superoxide radical scavenging ability 0.9277b  0.8508b 
EC50 of antioxidant capacity   0.92172b  0.8238b 
EC50 of hydroxyl radical scavenging  ability  0.9605c  0.8478b 
EC50 of hydrogen peroxide radical scavenging ability 0.8973b  0.8836b 
EC50 of ABTS radical scavenging ability  0.9773c  0.9196b 
EC50 of β-carotene bleaching inhibition  0.9296c  0.8389b 
EC50of chelating power     0.9238b   0.8391b 

 

1R hastatus leaves methanol extract and its soluble fractions were used in the correlation. 
Significantly different depicts that b (p<0.01), c (p<0.001) 
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Fig. 4.35: Scavenging potential of R. hastatus roots. (A) DPPH radical scavenging activity 
(B) superoxide inhibition (C) total antioxidant capacity (D) hydroxyl percentage inhibition 
(E) hydrogen peroxide percent inhibition (F) ABTS percent inhibition (G) β-carotene percent 
oxidation (H) chelating ability of various fractions of R. hastatus roots at different 
concentrations. Each value represents a mean ± SD (n=3). hrr, n-hexane fraction; err, ethyl 
acetate fraction; crr, chloroform fraction; brr, butanol fraction; mrr, methanol extract; arr, 
aqueous fraction; rt, rutin; asa, ascorbic acid. 
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Fig. 4.36: Reducing power of different extracts from the methanol extract of R. hastatus 
roots by different solvents at different concentrations. Each value represents a mean ± SD 
(n=3). hrr, n-hexane fraction; err, ethyl acetate fraction; crr, chloroform fraction; brr, butanol 
fraction; mrr, methanol extract; arr, aqueous fraction; asa, ascorbic acid. 
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4.4. In vivo screening   

After in vitro screening, all the plant samples were further testified for protective effects 

against chemical toxicity. Rats were used as model animals while; CCl4 was used to induce 

toxicity. Therefore liver, kidney, lungs, heart and testis were evaluated for the protective 

consequences against the oxidative injuries provoked by CCl4. 

4.4.1. Hepatotoxicity studies 

Liver is a vital organ of the body, responsible for many metabolic and catabolic 

processes of various substances. Toxic chemicals, drugs, and infection of microorganisms can 

led to severe liver ailments. Liver being a highly sensitive organ for toxins results in a variety of 

liver ailments thus, considered as widespread health problem. Hepatotoxins like CCl4 are 

converted into the intermediate reactive radical to exhibit hepatotoxicity, leading to both 

oxidative stress and liver pathologies like fibrosis, necrosis and steatosis. The antioxidants 

reduce the oxidative stress and liver toxicity that can be measured through some familiar 

biomarkers as well as the antioxidant enzymatic level.  

4.4.1.1. Effects of C. opaca fruit against CCl4 induced hepatotoxicity in rat  

C. opaca fruit has been widely used as food additive and for liver ailments. In this study, 

the capacity of C. opaca fruit as antioxidant was assessed against CCl4-induced hepatotoxicity 

in Sprague Dawley rats. CCl4 specifically targets the hepatocytes causing lesions in liver along 

with changes in the liver marker enzymes, biochemical markers and antioxidant defense 

enzymes and chemicals. The results obtained in this context are given below. 

4.4.1.1.1. Effects of C. opaca fruits on serum markers levels and lipid panel changes  

The estimation of serum enzymes is a supportive marker to determine the degree and 

kind of hepatocellular lesions. Since, various enzymes to be found in cytosol are released in to 

the blood as an indicative of cellular damage/leakage. Serum maker enzymes viz; ALT, AST, 

ALP, LDH and γ-GT levels are highly subjected to hepatotoxins like CCl4 serving as an 

indication of liver damage and oxidative stress. Table 4.28 demonstrates the recovery pattern of 

C. opaca fruits on liver function tests of serum in CCl4-induced hepatic insults. CCl4 induction 

for eight weeks resulted in significant elevation of AST, ALT, ALP, LDH and γ-GT. But Co-

administration of different fractions of C. opaca fruit significantly reversed the elevated levels 

of serum marker enzymes following revival towards control group and their values were related 

to that of reference drug silymarin. Lipid panel changes i.e. total cholesterol, triglycerides, low 

density lipoproteins (LDL) and high density lipoproteins (HDL) are tabulated in Table 4.29. 



Chapter 4                                                                                                                               Results 

 

                                                                                                                                                      

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

 

118

Administration of CCl4 increased the lipid levels as opposite to control group. At the same time, 

C. opaca fruit indicated a considerable (p<0.05) protective effects against liver damages 

induced by CCl4. The recovering effects in respect of above all parameters against  CCl4 induced 

pathogenesis was in the order of CFC > AFC > MFC > BFC > EFC > HFC. 

4.4.1.1.2. Effects of C. opaca fruits on liver enzymatic antioxidant levels  

Hepatic fibrosis induced by CCl4 is relevant to oxidative stress and lipid peroxidation. 

Antioxidant enzyme systems play key role in detoxification of reactive oxygen species (ROS) 

and prevent chronic liver damages. Table 4.30 depicts the decrease in hepatic proteins and 

antioxidant enzyme levels by the induction of CCl4. The chloroform and aqueous fraction of C. 

opaca fruit considerably normalized the altered level of tissue proteins and various antioxidant 

enzymes like CAT, POD, SOD and LPO, H2O2 levels, when compared with CCl4-induced 

group. Lipid peroxidation injury mediated by free radicals is extensively measured by MDA 

level. Lipid peroxidation and H2O2 levels of   CCl4 treated group was much higher than control 

group. Conversely, administration with C. opaca fruit and silymarin significantly dropped off 

the elevated MDA, and H2O2 level.  

Table 4.31 summarizes the effects of C. opaca fruits on phase II antioxidant 

metabolizing enzymes like GSH, GR, GPx, GST, QR and % DNA fragmentation. 

Administration of CCl4 decreased the amount of protein while co administration of extracts of 

C. opaca fruit significantly increased the glutathione status near to control. Decrease in QR due 

to administration of CCl4 was recovered by C. opaca fruit near to control. Co-treatment of C. 

opaca fruit ameliorated the CCl4 intoxication. DNA fragmentation was significantly (p<0.05) 

recovered by co-treatment of C. opaca fruits, which erased the % DNA damaging affect of CCl4 

intoxication. These findings indicate the scavenging effects of various fractions of C. opaca 

fruits against free radicals formed by CCl4 intoxication in the liver. Among all the tested 

fractions, the most definite effects for antioxidant enzyme status was shown in the ranking order 

of CFC > AFC > MFC > BFC > EFC > HFC. 

4.4.1.1.3. Effects of C. opaca fruits on DNA damages (ladder assay)  

CCl4 free radicals induce DNA damages in the liver tissues of rats. The effects of 

chloroform and aqueous fractions of C. opaca fruit against CCl4 toxicity is shown in Fig. 4.36. 

No damage was found in DNA of control groups as well as DMSO group, whereas extensive 

DNA damages were recorded in CCl4 group. Co-administration of various fractions of C. opaca 

fruit or silymarin as shown by band pattern of different groups lessened the damages in 
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comparison to CCl4 group. CFC, AFC, MFC and BFC showed almost intact genomic DNA 

while somewhat tailing in band pattern of DNA was noticed in the groups treated with EFC or 

HFC. 

4.4.1.1.4. Effects of C. opaca fruits on liver histoarchitecture  

Hemotoxilin and eosin stained hepatic sections were examined under light microscope. 

Fig. 4.37 A and B depicted typical normal histology of liver parenchyma cells, sinusoids and 

central vein in control groups (group I and II). Administration of CCl4  for eight weeks caused 

severe liver pathology, marked increased in fatty changes, cellular hypertrophy, and necrotic 

foci, degeneration of the lobular architecture, excessive collagen deposition i.e. fibrosis and 

congested blood vessels with disturbed epithelium (Fig. 4.37 C ). Co-administration of various 

fractions of C. opaca fruit ameliorated the hepatic injuries, decreased the collagen deposition 

with very less or no fatty changes and maintained normal lobular architecture near to control 

group. Fig 4.37 E- J shows that CFC, AFC, MFC and BFC had most protective attention near to 

control while microphotographs of groups treated with HFC and EFC representing 

histoarchitecture more close to diseased group. Reference drug silymarin also produced the 

repairing effects against CCl4 intoxication (Fig 4.37 D). The histological observations are 

supporting the serological findings as well as biochemical studies in respect of oxidative stress.  

4.4.1.2. Effects of C. opaca leaves against CCl4 induced hepatotoxicity in rat  

C. opaca leaves may possibly have a defensive or curative effect against chemical-

induced hepatotoxicity. In the present investigation this hypothesis has been tested by 

examining the ability of C. opaca leaves to protect against CCl4-induced hepatotoxicity. The 

protective ability of C. opaca leaves is compared with natural antioxidant silymarin, used to 

cure the liver for many years.  
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Table 4.28: Effects of various fractions of C. opaca fruits on liver function tests 
 
Group AST (U/l)  ALT (U/l)   ALP (U/l) γ-GT (U/l)  LDH (U/l)  
Control 94.17±3.41e 70.46±2.35f 142.87±4.65f 1.84±0.43c 45.34±1.61f 
Oil+DMSO 98.26±2.89e 68.14±2.81f 143.66±3.63f 1.98±0.46c 44.32±2.23f 
CCl4 204.9±6.11a 211.23±5.13a 306.47±6.68a 4.01±0.75a 141.81±4.17a
Sily+CCl4 109.62±4.4d 98.13±3.13d 161.15±3.98e 2.34±0.57b 72.12±2.75d 
HFC+CCl4 170.29±2.38b 169.99±4.28b 252.14±5.31b 2.98±0.24b 110.47±3.68b
EFC+CCl4 167.27±4.87b 174.28±2.38b 247.13±3.72b 3.00±0.11b 104.26±2.75b
CFC+CCl4 103.61±3.5d 88.49±3.74e 184.99±4.85d 2.49±0.34b 65.49±3.10e 
BFC+CCl4 135.48±3.65c 149.26±2.15c 201.87±4.87c 2.82±0.25b 96.26±3.42c 
MFC+CCl4 104.89±2.74d 102.17±2.18d 172.83±3.16d 2.50±0.09b 76.51±2.79d 
AFC+ CCl4 111.61±3.7d 95.22±3.86d 179.16±4.33d 2.37±0.55b 74.48±3.69d 
HFC alone 93.73±4.36e 69.58±1.63f 142.35±1.87f 1.93±0.79c 45.16±1.49f 
EFC alone 97.58±1.47e 68.68±2.42f 143.84±1.92f 1.89±0.83c 46.28±1.10f 
CFC alone 92.45±1.45e 71.78±2.13f 140.45±2.67f 1.85±1.48c 43.15±1.19f 
BFC alone 96.67±2.82e 70.81±1.69f 142.62±2.00f 1.96±1.38c 44.11±1.53f 
MFC alone 94.96±3.61e 71.34±2.04f 141.14±2.05f 1.84±0.28c 43.00±1.23f 
AFC alone 93.23±2.11e 69.15±1.96f 142.16±2.18f 1.92±1.48c 44.52±1.28f 
Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different letters) indicate significance at p<0.05 
 
 
Table 4.29: Effects of various fractions of C. opaca fruits on lipid profile 
 
Group Triglycerides  

(mg/dl)       
Total  Cholesterol 
(mg/dl)       

HDL (mg/dl)  LDL (mg/dl)  

Control 137.34±1.87f 37.24±2.15e 38.81±2.34d 20.25±2.11c 
Oil+DMSO 134.85±2.67f 35.54±1.34e 39.62±2.67d 21.98±2.16c 
CCl4 223.34±4.56a 80.93±2.09a 55.68±3.78a 35.67±3.90a 
Sily+CCl4 142.78±2.94e 50.18±3.76d 40.52±2.09c 26.97±1.97b 
HFC+CCl4 198.35±2.07b 73.25±1.91b 51.70±0.62b 31.45±0.92b 
EFC+CCl4 199.75±1.12b 70.85±1.96b 50.21±0.51b 30.36±0.51b 
CFC+CCl4 152.67±3.57d 54.89±1.96d 42.18±2.86c 28.67±1.98b 
BFC+CCl4 164.38±1.67c 60.47±1.89c 45.13±1.00c 29.15±0.60b 
MFC+CCl4 144.23±1.09e 55.84±2.01d 39.27±1.76c 25.35±0.92b 
AFC+CCl4 149.13±2.18d 53.25±1.77d 45.27±1.98c 29.56±1.88b 
HFC alone 135.56±1.57f 36.33±1.88e 35.36±1.12d 22.18±1.24c 
EFC alone 132.85±1.01f 34.67±0.39e 41.25±0.76d 21.47±1.32c 
CFC alone 136.25±1.89f 34.99±1.83e 40.02.±2.09d 20.86±2.02c 
BFC alone 139.02±0.19f 38.19±1.07e 36.38±1.43d 23.01±1.03c 
MFC alone 136.31±1.82f 39.46±0.53e 40.11.±1.01d 19.35±1.37c 
AFC alone 138.42±2.20f 36.59±1.36e 38.42±1.10d 22.06±2.10c 
Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
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Table 4.30: Effects of various fractions of C. opaca fruits on tissue proteins and antioxidant 
enzyme levels 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD(u/mg
protein)      

TBARS (nM/min
/mg protein)       

H2O2 (nM/min
/mg tissue)  

Control 2.13±0.023d 4.84±0.35d 11.23±0.11d 3.75±0.23e 3.24±0.28c 1.38±0.021f 
Oil+DMSO 2.09±0.041d 4.89±0.23d 1I.34±0.10d 3.78±0.21e 3.45±0.33c 1.42±0.023f 
CCl4 0.86±0.043a 2.65±0.34a 6.14±0.32a 1.08±0.04a 5.97±0.68a 2.884±0.042a 
Sily+ CCl4 1.63±0.016c 3.82±0.21c 9.41±0.26c 2.38±0.13c 4.11±0.47b 1.740±0.061d 
HFC+CCl4 1.09±0.042b 3.00±0.16a 7.89±0.21b 1.56±0.07b 5.21±0.21a 2.34±0.094b 
EFC+CCl4 1.13±0.073b 2.90±0.03a 7.99±0.10b 1.61±0.04b 5.25±0.15a 2.31±0.075b 
CFC+CCl4 1.702±0.031c 3.98±0.25c 9.17±0.38c 2.91±0.16d 4.02±0.31b 1.80±0.039d 
BFC+CCl4 1.23±0.061b 3.24±0.06b 8.42±0.24c 2.25±0.14c 4.46±0.27b 2.00±0.098c 
MFC+CCl4 1.69±0.052c 3.80±0.10c 9.30±0.27c 2.40±0.11c 4.12±0.33b 1.67±0.054e 
AFC+CCl4 1.791±0.042c 4.01±0.15c 8.87±0.52c 2.72±0.12d 4.05±0.42b 1.79±0.047d 
HFC alone 2.12±0.017d 4.90±0.15d 11.28±0.16d 3.78±0.13e 3.56±0.31c 1.38±0.028f 
EFC alone 2.11±0.005d 4.89±0.38d 11.27±0.03d 3.76±0.29e 3.47±0.34c 1.44±0.010f 
CFC alone 2.11±0.013d 4.85±0.26d 11.37±0.31d 3.76±0.23e 3.35±0.53c 1.40±0.039f 
BFC alone 2.10±0.022d 4.86±0.08d 11.28±0.12d 3.77±0.19e 3.26±0.56c 1.39±0.019f 
MFC alone 2.11±0.010d 4.85±0.03d 11.36±0.11d 3.76±0.11e 3.03±0.14c 1.37±0.016f 
AFC alone 2.12±0.051d 4.87±0.27d 11.28±0.14d 3.78±0.26e 3.29±0.65c 1.39±0.026f 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05. 
 
Table 4.31: Effects of various fractions of C. opaca fruits on phase II antioxidant enzymes and 
DNA fragmentation 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 182.39±5.48e 125.41±3.4f 230.11±5.14e 22.87±1.3d 110.48±2.36e 44.12±1.39c
Oil+DMSO 183.37±5.11e 124.91±3.12f 229.81±5.25e 22.43±2.10d 112.31±2.01e 43.33±1.94c
CCl4 97.96±2.15a 71.38±3.15a 140.49±3.26a 10.13±0.67a 60.74±2.13a 67.30±2.15a
Sily+ CCl4 145.12±3.96d 110.48±2.81e 193.81±4.31d 16.23±1.11c 88.76±3.11d 55.00±1.42b
HFC+CCl4 113.21±1.13b 83.20±01.29b 160.14±2.16b 11.35±0.26b 69.78±1.22b 53.73±0.62b
EFC+CCl4 110.16±2.01b 85.22±1.91b 159.76±2.01b 11.77±0.42b 70.21±1.25b 53.17±0.53b
CFC+CCl4 140.85±3.25d 102.31±3.02d 184.33±3.91d 14.66±1.42c 84.27±2.46d 53.67±3.01b
BFC+CCl4 121.64±0.27c 94.13±2.11c 174.97±2.75c 14.02±0.64c 75.35±1.34c 53.30±0.64b
MFC+CCl4 140.23±1.31d 108.74±2.10e 190.86±2.58d 16.17±1.00c 89.35±2.15d 50.25±1.31b
AFC+CCl4 138.46±3.11d 100.79±2.28d 186.75±3.46d 14.77±1.09c 82.66±3.34d 53.13±1.12b
HFC alone 186.36±2.45e 125.55±1.99f 234.65±2.01e 22.78±1.64d 113.65±1.30e 43.37±1.61c
EFC alone 185.87±3.01e 122.76±2.92f 225.66±1.87e 23.22±0.73d 114.89±0.78e 42.16±1.52c
CFC alone 182.99±5.12e 122.46±3.17f 228.75±5.37e 21.52±1.71d 112.36±2.19e 42.25±1.30c
BFC alone 187.11±1.32e 126.74±1.86f 231.21±3.19e 20.57±1.90d 112.44±2.04e 45.00±0.75c
MFC alone 181.67±2.27e 123.33±2.67f 228.45±3.64e 24.01±0.32d 109.46±2.36e 44.65±1.00c
AFC alone 183.46±3.13e 126.78±2.16f 232.11±2.98e 21.90±1.89d 111.14±2.58e 41.33±1.24c

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05. 
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Fig. 4.37: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca fruits. Lanes from left (M) low molecular weight marker; (1) control; (2) 

DMSO + Olive oil group; (3) CCl4 group; (4) Silymarin + CCl4 group; (5) CFC + CCl4 group; 

(6) AFC + CCl4 group; (7) MFC + CCl4 group; (8) BFC + CCl4 group; (9) EFC + CCl4 group; 

(10) HFC + CCl4 group. 
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A B  

C D  

E F  

G H  

I J  

Fig. 4.38: Microphotograph of  rat liver (H & E stain) (A) Representative section of liver from 
the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 group, (D) 
Silymarin + CCl4 group, (E) CFC +CCl4 group, (F) AFC + CCl4 group, (G) MFC +CCl4 group, 
H) BFC +CCl4 group, (I) EFC +CCl4 group, (J) HFC +CCl4 group, ( ) fibrosis, ( ) cellular 

hypertrophy (    ), fatty changes and ballooning( ) necrosis. 
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4.4.1.2.1. Effects of C. opaca leaves on serum markers levels and lipid panel changes 

Serum maker enzymes viz; ALT, AST, ALP, LDH and γ-GT levels are very vulnerable 

to hepatotoxin acting as markers of hepatic oxidative stress. Hepatotoxins are responsible for 

disturbing the serological level by releasing such aminotransferases into blood stream. The 

effects of various fractions of C. opaca leaves on liver functions tests against CCl4-induced 

harm are demonstrated in Table 4.32. Hepatic insults due to CCl4 intoxication resulted in 

marked elevation of AST, ALT, ALP, LDH and γ-GT. Co-administration of different fractions 

of C. opaca leaves caused a consequent recovery by reducing the elevated levels of the serum 

enzymes. The values were about near to silymarin treated groups.  

Table 4.33 summarizes protective effects of different fractions of C. opaca leaves 

against CCl4 induced toxicity in lipids profile of serum. For lipid parameters total triglycerides, 

total cholesterol, HDL, and LDL were investigated.CCl4 disputation markedly increased the 

levels of triglycerides, total cholesterol, and LDL cholesterol while decreased (p<0.01) HDL 

cholesterol as against the control group. Treatment of different fractions of C. opaca leaves 

cancelled the toxicity of CCl4 thus, restoring the serum level of total triglycerides, total 

cholesterol, HDL, and LDL towards the control group. Treatment with silymarin also produced 

similar results. Among all the fractions tested, MLC represented the most prominent effects for 

the above serological observations while HLC and ALC showed less protective effects against 

CCl4 induced toxication. 

4.4.1.2.2. Effects of C. opaca leaves on liver enzymatic antioxidant levels  

Antioxidant play key role in detoxification of reactive oxygen species (ROS) to uphold 

cellular integrity. The hepatic antioxidant enzyme levels were disturbed due to administration of 

CCl4 for eight weeks. The effects of different fractions of C. opaca leaves on tissue protein and 

liver antioxidant enzymes are illustrated in Table 4.34. Chronic administration of CCl4 for eight 

weeks decreased the hepatic antioxidant enzyme levels i.e. CAT, POD and SOD. Different 

fractions of C. opaca leaves significantly normalized the altered levels of CAT, POD and SOD 

versus CCl4 intoxicated group. CCl4 intoxication decreased the protein content of liver while co-

administration of different fractions of C. opaca leaves significantly increased the amount of 

tissue protein near to control. A marked elevation in TBARS and H2O2 levels was recorded in 

CCl4 intoxicated group. In contrast, C. opaca leaves or silymarin noticeably erased the toxic 

effects of CCl4 by decreasing the TBARS and H2O2 level. 
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          Table 4.35 depicts the effects of C. opaca leaves on GSH, GR, GPx and GST, QR and % 

DNA fragmentation. Decrease in glutathione status due to administration of CCl4 was recovered 

by C. opaca leaves near to control. Co-treatment of C. opaca leaves ameliorated the CCl4 

intoxication. %DNA fragmentation was significantly (p<0.05) recovered by Co-treatment of C. 

opaca leaves, which erased the % DNA damaging effects of CCl4. These findings prove the 

ability C. opaca leaves to scavenge free radicals being released in response to CCl4 induced 

toxicity. From the antioxidant enzymatic study, it was evidenced that MLC, ELC, BLC and 

CLC has better protective ability against oxidative stress as compared to HLC and ALC. 

4.4.1.2.3. Effects of C. opaca leaves on DNA damages (ladder assay)  

CCl4 free radicals combine with DNA forming adduct and induces damages in liver of 

rats. The protective effects of various fractions of C. opaca leaves against CCl4 toxicity is 

shown in Fig. 4.39. No damages were observed in control groups; however CCl4 group showed 

extensive DNA damages. Co-administration of different fractions of C. opaca leaves reduced 

the DNA damages depending on respective solvent fraction versus to intoxicated group. MLC , 

ELC, BLC and CLC  showed intact genomic DNA  that showed similarity with DNA band of 

control group, whereas, band pattern of groups treated with HLC and ALC  showed similarity 

with bands of diseased group. 

4.4.1.2.4. Effects of C. opaca leaves on histology of liver 

Hemotoxilin and eosin stained section were examined under light microscope (Fig. 

4.40). Fig. 4.40 A and B shows normal histoarchitecture of hepatic tissue in control group. CCl4 

intoxication for eight weeks resulted in fibrosis. The most remarkable pathological 

characteristics observed were marked increase in fatty changes, cellular hypertrophy, and 

necrotic foci, degeneration of the lobular architecture and the formation of septa and congested 

blood vessels with disturbed epithelium (Fig. 4.40 C).  However, co-administration of various 

fractions of C. opaca leaves attenuated the hepatic injury with very less or no fatty changes, 

dilation of blood vessel, and uniform morphology of hepatocytes near to control group (Fig 4.40 

E-J). Histological pictures of groups treated with MLC, ELC, BLC and CLC shows less 

destructive changes with no fibrosis. On the contrary, HLC and ALC treated groups represented 

more morphological damages as compare to other fractions. Co-treatment with silymarin shows 

hepatic morphology near to control (Fig. 4.40 D).  

 

 



Chapter 4                                                                                                                               Results 

 

                                                                                                                                                      

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

 

126

Table 4.32: Effects of various fractions of C. opaca leaves on liver function tests 
 
Group AST (U/l)  ALT (U/l)   ALP (U/l) γ-GT (U/l)  LDH (U/l)  
Control 99.24±4.35h 75.26±3.23g 152.48±5.78i 1.98±0.23d 41.98±2.36f 
Oil+DMSO 104.12±3.26h 69.94±3.78g 146.34±4.21i 2.01±0.86d 46.77±3.16f 
CCl4 211.56±8.32a 221.64±4.76a 315.67±9.18a 4.61±0.48a 133.89±4.12a
Sily+ CCl4 123.76±7.4f 87.92±6.71f 201.45±6.78g 2.39±0.79c 64.32±3.81e 
HLC+CCl4 171.23±4.61c 169.84±4.63c 278.63±4.20c 2.96±0.47b 88.51±3.52c 
ELC+CCl4 143.37±3.65e 98.24±5.23f 219.32±5.54f 2.69±0.15b 69.42±2.35e 
CLC+CCl4 157.37±3.56d 128.97±4.92d 258.38±4.31d 2.88±0.37b 80.83±3.73d 
BLC+CCl4 148.71±4.08e 109.13±5.38e 240.45±5.27e 2.76±0.26b 75.67±3.64d 
MLC+CCl4 111.61±4.2g 85.62±4.78f 188.39±4.81h 2.39±0.15c 61.58±4.27e 
ALC+CCl4 183.29±4.58b 187.11±4.70b 291.12±5.87b 3.07±0.75b 97.44±4.75b 
HLC alone 103.12±3.98h 69.94±3.23g 156.41±4.27i 2.65±0.15d 42.27±3.10f 
ELC alone 96.24±2.77h 68.45±3.45g 154.37±3.28i 1.88±0.56d 39.14±2.23f 
CLC alone 105.12±2.23h 73.48±2.84g 147.62±3.45i 2.41±0.75d 46.69±3.00f 
BLC alone 102.47±3.55h 77.00±2.34g 142.28±5.23i 1.72±0.23d 44.22±2.82f 
MLC alone 98.38±3.76h 74.34±2.56g 149.45±4.76i 2.00±0.56d 42.46±2.13f 
ALC alone 92.24±4.32h 75.57±1.94g 157.43±3.00i 2.38±0.34d 48.34±2.33f 

Values are Mean±SD (06 number). Sily= Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
 
 
Table 4.33: Effects of various fractions of C. opaca leaves on lipid profile 
 
Group Triglycerides  

(mg/dl)       
Total  Cholesterol 
(mg/dl)       

HDL 
(mg/dl)       

LDL 
(mg/dl)        

Control 130.13±2.97g 39.15±1.43e 32.31±1.08d 15.34±1.34e 
Oil+DMSO 128.76±2.45g 40.24±1.34e 30.32±1.73d 13.56±1.11e 
CCl4 230.19±2.08a 78.99±1.05a 52.36±1.04a 30.61±2.04a 
Sily+ CCl4 159.32±2.42f 49.23±2.33d 40.33±1.27c 20.76±1.73d 
HLC+CCl4 208.49±3.79b 69.08±2.00b 47.88±0.83b 26.56±0.43c 
ELC+CCl4 185.11±2.87d 59.25±2.52c 41.11±2.21c 24.71±0.45c 
CLC+CCl4 198.40±2.56c 67.47±2.14b 46.76±0.70b 24.97±0.51c 
BLC+CCl4 195.06±4.41c 64.73±1.72b 43.23±1.12c 26.26±1.95c 
MLC+CCl4 168.99±2.22e 52.84±2.62d 44.84±1.69c 22.33±1.41d 
ALC+CCl4 199.00±5.46c 70.45±1.91b 45.46±1.04b 28.35±0.76b 
HLC alone 132.37±1.64g 41.43±1.37e 33.62±1.96d 16.86±1.45e 
ELC alone 125.72±1.89g 38.31±1.21e 31.51±1.45d 14.64±1.56e 
CLC alone 128.44±2.36g 40.92±1.05e 30.28±0.73d 15.75±1.23e 
BLC alone 131.27±1.90g 38.38±0.71e 32.71±1.08d 13.37±1.80e 
MLC alone 127.19±1.33g 39.65±1.28e 29.47±1.36d 12.15±1.11e 
ALC alone 134.34±2.63g 42.76±0.81e 34.19±1.72d 17.41±1.98e 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
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Table 4.34: Effects of various fractions of C. opaca leaves on tissue proteins and antioxidant 
enzyme levels 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg protein)  

H2O2 (nM/min
/mg tissue)  

Control 1.678±0.012e 4.67±0.34c 10.78±0.12d 3.58±0.35f 3.56±0.56c 1.473±0.011e 
Oil+DMSO 1.598±0.034e 4.59±0.57c 10.34±0.67d 3.62±0.23f 3.67±0.53c 1.594±0.016e 
CCl4 0.976±0.023a 2.15±0.74a 5.23±0.45a 0.98±0.09a 6.21±0.18a 2.984±0.077a 
Sily+ CCl4 1.492±0.009e 3.99±0.34b 9.34±0.78c 2.98±0.04e 4.51±0.74b 1.640±0.053d 
HLC+CCl4 1.189±0.023b 3.14±0.36a 7.46±0.36b 1.51±0.26b 5.33±0.23b 1.892±0.072b 
ELC+CCl4 1.378±0.023d 3.82±0.28b 8.88±0.18c 2.55±0.07d 4.36±0.56b 1.640±0.024d 
CLC+CCl4 1.200±0.012b 3.22±0.27a 7.67±0.74b 1.89±0.10c 5.34±0.42b 1.711±0.027c 
BLC+CCl4 1.241±0.026c 3.86±0.15b 8.24±0.29b 2.07±0.11c 5.01±0.15b 1.640±0.026d 
MLC+CCl4 1.501±0.081e 4.12±0.35b 9.87±0.52c 3.11±0.14e 4.32±0.91b 1.710±0.0670c 
ALC+CCl4 1.192±0.022b 3.09±0.49a 7.34±0.51b 1.48±0.31b 5.58±0.33b 2.041±0.065b 
HLC alone 1.629±0.078e 5.10±0.64c 9.34±0.39d 3.10±0.28f 3.89±0.74c 1.494±0.045e 
ELC alone 1.517±0.023e 5.37±0.22c 9.83±0.35d 3.28±0.39f 3.09±0.51c 1.442±0.045e 
CLC alone 1.633±0.045e 4.62±0.68c 10.56±0.15d 3.34±0.40f 3.38±0.55c 1.534±0.056e 
BLC alone 1.549±0.016e 4.03±0.78c 10.37±0.82d 3.95±0.21f 4.46±0.67c 1.510±0.078e 
MLC alone 1.691±0.015e 4.70±0.68c 10.93±0.51d 3.63±0.42f 3.41±0.37c 1.421±0.021e 
ALC alone 1.618±0.023e 4.88±0.24c 11.07±0.87d 3.50±0.35f 3.26±0.59c 1.573±0.026e 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
 
Table 4.35: Effects of various fractions of C. opaca leaves on phase II antioxidant enzymes and 
DNA fragmentation 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g 
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 170.89±10.32f 120.5±4.5f 220.67±12.34d 20.45±1.23d 111.10±4.32e 24.33±2.46c
Oil+DMSO 167.89±9.67f 125.91±5.12f 224.78±10.96d 21.34±1.10d 108.53±6.06e 23.33±2.94c
CCl4 98.76±7.45a 70.84±4.68a 134.74±9.72a 11.56±1.67a 58.60±3.53a 57.50±3.68a
Sily+ CCl4 154.23±7.83e 110.56±4.81e 189.48±12.49c 18.48±1.21c 89.24±5.21d 36.00±1.83b
HLC+CCl4 103.48±4.10a 88.76±2.00b 154.43±9.65b 13.57±0.37b 79.69±3.18c 30.27±3.34b
ELC+CCl4 136.13±4.64d 105.46±2.48d 187.23±7.51c 17.65±0.87c 82.64±1.21c 32.32±4.73b
CLC+CCl4 121.77±3.09c 96.29±2.17c 178.29±8.45c 14.23±1.26b 76.50±2.23c 32.64±3.18b
BLC+CCl4 124.37±3.31c 100.35±2.64c 184.18±8.67c 17.17±1.09c 80.72±2.27c 33.08±2.45b
MLC+CCl4 150.78±6.99e 112.79±5.02e 194.23±8.90c 17.67±1.16c 89.80±4.08d 42.67±3.12b
ALC+CCl4 114.19±4.00b 90.17±3.34b 156.54±10.13b 13.28±0.35b 71.23±4.29b 49.90±2.58b
HLC alone 165.18±6.06f 125.47±4.41f 226.07±6.42d 18.30±1.18d 105.23±4.28e 23.92±2.45c
ELC alone 176.66±4.03f 119.51±3.29f 226.82±4.32d 21.35±1.56d 113.60±2.57e 22.31±2.42c
CLC alone 160.34±7.17f 122.35±4.85f 231.18±5.97d 21.14±1.02d 108.53±4.27e 20.60±2.95c
BLC alone 158.56±6.12f 129.04±5.46f 210.63±7.43d 22.66±1.00d 106.99±3.83e 24.41±3.35c
MLC alone 169.12±10.11f 116.29±4.59f 221.23±10.12d 19.89±2.01d 109.34±2.23e 24.12±1.24c
ALC alone 174.29±5.34f 128.29±3.91f 228.67±7.43d 23.46±1.36d 116.10±3.19e 26.51±3.12c
Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
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Fig. 4.39: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca leaves. Lanes from left (M) low molecular weight marker, (1) control, (2) 

DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MLC + CCl4 group, 

(6) ELC + CCl4 group, (7) BLC + CCl4 group, (8) CLC + CCl4 group, (9) HLC + CCl4 group, 

(10) ALC + CCl4 group. 
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A B  

C D  

E F  

G H  

I J  
 
Fig. 4.40: Microphotograph of  rat liver (H & E stain) (A) Representative section of liver from 
the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 group, (D) 
Silymarin + CCl4 group, (E) MLC + CCl4 group, (F) ELC + CCl4 group, (G) BLC + CCl4 
group, (H) CLC + CCl4 group, (I) HLC + CCl4 group, (J) ALC + CCl4 group. ( ) fibrosis, ( ) 

cellular hypertrophy (    ) fatty changes and ballooning ( ) necrosis. 
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4.4.1.3. Effects of R. hastatus leaves against CCl4 induced hepatotoxicity in rats  

This study is paying attention on the opinion and ethnobotanical use of R. hastatus 

leaves against hepatic damages. To test this hypothesis chronic hepatic injury was provoked by 

CCl4. The biomarkers for hepatotoxicity evaluation were based on serological studies i.e. liver 

function tests and lipid tests, antioxidant enzyme levels of tissue, genotoxicity and histological 

variation of liver. 

4.4.1.3.1. Effects of R. hastatus leaves on liver function test and biochemical markers 

The results of CCl4 induced hepatotoxicty on liver function test are summarized in Table 

4.36. CCl4 intoxication exposed a noticeable increase in serum level of ALT, AST, ALP, γ-GT 

and LDH as compared to control group showing CCl4-induced damage in liver cells. These 

enzymes were significantly recovered by oral administration of different fractions of R. hastatus 

leaves. However, treatment of ELR was more effective as compared to other fractions. 

Treatment with silymarin showed similar effects to that of the ELR in erasing the CCl4 

intoxication to rat. To evaluate the CCl4 induced toxicity on lipids parameters, the effects on 

serum level of total triglycerides, total cholesterol, HDL, and LDL were considered (Table 

4.37). CCl4 challenges considerably (p<0.05) raised the levels of total triglycerides, total 

cholesterol, and LDL whereas reduced (p<0.05) HDL in comparison to control group. 

Treatment of different fractions of R. hastatus leaves erased the toxicity of CCl4 thereby, 

reversing the serum level of total triglycerides, total cholesterol, HDL, and LDL towards the 

control group. Treatment with silymarin produced similar results. Finally, hepatoprotective 

activity of various fractions of R. hastatus leaves for serological investigation can be ranked as 

ELR > BLR > MLR > CLR > ALR> HLR. 

4.4.1.3.2. Effects of R. hastatus leaves on protein and antioxidant defense system in rat 

Antioxidant enzymes are very important for detoxification of reactive oxygen species 

(ROS) and maintaining cellular balance. The effects of various fractions of R. hastatus leaves on 

tissue soluble protein, CAT, POD, SOD, TBARS and H2O2 are shown in Table 4.38. 

Administration of CCl4 significantly (p<0.05) decreased the content of tissue soluble protein and 

activity of antioxidant enzymes versus control group. Oral administration of various fractions of 

R. hastatus leaves showed marked improvement against the toxicity of CCl4 by reversing back 

the antioxidant enzyme level near to control group. On the other hand, hepatic TBARS and 

H2O2 levels were significantly (p<0.05) increased due to CCl4 intoxication. Administration of 

fractions (ELR, BLR, MLR and CLR) of R. hastatus leaves significantly reduced their toxic 

level near to control group. In contrast, HLR and ELR showed non significant difference for 
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TBARS and H2O2 against diseased group. Non significant relationship was found by feeding 

various fractions of R. hastatus leaves alone against the control group. 

 The effects of various fractions of R. hastatus leaves on GSH, GR, GPx, GST, QR and 

DNA fragmentation are tabulated in Table 4.39. Administration of CCl4 extensively (p<0.05) 

abridged the GSH, GR, GPx, GST and QR status in hepatic tissue of rats in comparison to 

control group. The activity of GSH, GR, GPx, GST and QR in liver tissue of rats was elevated 

with the co-treatment of different fractions of R. hastatus leaves in against to that of CCl4 group. 

Silymarin (50 mg/kg body weight) treatment significantly (p<0.05) elevated the reduced level of 

GSH, GR, GPx, GST and QR in hepatic tissues of rats in opposition to to CCl4 group. All six 

fractions of R. hastatus leaves showed non significant (p>0.05) changes when used orally at a 

dose level of 200 mg/kg body weight as compare to control. The hepatoprotection of R. hastatus 

leaves against oxidative stress may be ranked as ELR > BLR > MLR > CLR > ALR > HLR. 

4.4.1.3.3. Effects of R. hastatus leaves on DNA damages in rat (DNA ladder assay) 

CCl4 free radicals combine with DNA forming adduct and induces damages in the DNA 

of the liver tissue of rats. The effects of various fractions of R. hastatus leaves and silymarin 

against CCl4 induced toxicities were shown in Fig. 4.41. The DNA ladder assay showed that 

CCl4 treatment induced marked DNA damages in liver tissues of rat. Administration of various 

doses of R. hastatus leaves reversed the DNA damages as shown by DNA band pattern of 

different groups, when compared to CCl4 group. These results suggested that different fraction 

of R. hastatus leaves had distinct repairing potential against the CCl4 induced DNA damages. 

4.4.1.3.4. Effects of R. hastatus leaves on hepatic histology  

Histological studies provide a significant support for the biochemical analysis. The 

graded observations of H & E stained section was shown in Fig. 4.42. Administration of CCl4 

caused marked increased in fatty changes, cellular hypertrophy, necrotic foci, inflammatory 

cells infiltrations, ballooning, degeneration of the lobular shape and the formation of septa, 

dilation of central vein and congestion of blood vessels were observed. Administration of 

various fractions of R. hastatus leaves attenuated the hepatic injuries with very less or no fatty 

changes, dilation of blood vessel and uniform morphology of hepatocytes near to control group. 

Similar observations were recorded by the treatment of silymarin. These histological 

architectures are in good correlation with the serological and hepatic biochemical consequences 

for various fractions of R. hastatus leaves. 
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Table 4.36: Effects of various fractions of R. hastatus leaves on liver function tests 
 
Group AST (U/l)  ALT (U/l)   ALP (U/l) γ-GT (U/l)  LDH (U/l)  
Control 98.51±3.13f 83.93±2.11e 153.57±6.18f 2.23±0.25d 49.72±3.60e 
Oil+DMSO 97.86±3.74f 84.41±2.78e 151.19±4.29f 2.20±0.16d 50.29±2.31e 
CCl4 213.57±5.70a 219.32±3.80a 450.84±6.51a 5.89±0.36a 103.62±3.62a
Sily+ CCl4 134.37±3.42e 129.28±2.72d 223.43±8.83e 3.09±0.52c 68.72±2.13d 
HLR+CCl4 199.91±4.23b 189.37±3.39b 379.39±10.63b 4.79±0.17b 91.18±2.62b 
ELR+CCl4 141.56±4.86e 131.13±2.81d 263.72±12.93d 3.56±0.27c 71.71±2.52d 
CLR+CCl4 184.18±4.61c 162.35±3.52c 305.63±10.71c 4.04±0.35c 82.13±2.31c 
BLR+CCl4 159.91±4.03d 134.82±3.96d 260.91±9.49d 3.32±0.88c 74.24±2.22d 
MLR+CCl4 157.82±3.62d 136.74±2.89d 276.49±11.67d 3.24±0.71c 73.26±2.48d 
ALR+CCl4 194.37±3.65b 192.45±3.63b 385.34±9.90b 4.90±0.38b 89.63±2.49b 
HLR alone 100.43±1.21f 85.21±1.23e 155.25±6.32f 2.30±0.17d 53.27±1.53e 
ELR alone 96.81±3.21f 85.34±1.52e 153.26±8.32f 2.26±0.16d 48.43±1.34e 
CLR alone 99.76±1.72f 84.35±2.23e 152.73±3.24f 2.22±0.21d 52.33±2.74e 
BLR alone 99.46±1.65f 82.54±1.45e 151.82±5.27f 2.17±0.08d 51.21±1.31e 
MLR alone 95.34±2.34f 84.34±2.34e 149.37±7.25f 2.04±0.10d 49.36±2.65e 
ALR alone 99.16±1.27f 84.73±1.41e 154.13±2.11f 2.37±0.13d 52.18±1.22e 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
 
Table 4.37: Effects of various fractions of R. hastatus leaves on lipid profile 
 
Group Triglycerides  

(mg/dl)       
Total  cholesterol 
(mg/dl)       

HDL (mg/dl)  LDL (mg/dl)  

Control 125.56±3.16f 32.43±1.13e 33.45±3.78e 30.52±1.03h 
Oil+DMSO 124.35±2.98f 33.00±2.34e 32.92±1.43e 30.98±1.26h 
CCl4 239.55±2.99a 78.07±1.12a 65.64±2.53a 42.98±0.37a 
Sily+ CCl4 169.75±4.67e 46.83±1.38d 43.98±2.75d 34.67±0.15f 
HLR+CCl4 210.85±3.00b 70.26±1.38b 59.98±1.37b 40.60±0.53b 
ELR+CCl4 177.42±4.25e 40.18±2.28d 40.72±2.49d 35.14±0.11e 
CLR+CCl4 195.23±3.44c 60.82±5.76c 53.86±2.32c 38.23±0.85c 
BLR+CCl4 162.13±4.53e 43.55±3.35d 42.12±3.06d 36.53±0.74d 
MLR+CCl4 187.77±3.54d 50.34±3.18d 46.23±2.98d 33.56±0.08g 
ALR+CCl4 208.36±2.32b 69.17±2.29b 60.25±1.20b 39.77±0.57b 
HLR alone 128.83±1.43f 35.53±0.94e 32.76±1.80e 30.63±1.27h 
ELR alone 121.12±1.44f 30.41±1.24e 30.30±1.01e 29.79±1.00h 
CLR alone 126.87±2.11f 33.22±0.85e 29.51±2.69e 30.17±1.17h 
BLR alone 120.01±2.34f 31.40±0.19e 32.78±2.58e 29.61±1.23h 
MLR alone 122.06±0.89f 30.86±1.26e 28.36±2.90e 30.29±1.31h 
ALR alone 126.28±2.45f 34.23±0.73e 32.08±1.16e 31.86±1.24h 

Values are Mean±SD (06 number). Sily= Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
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Table 4.38: Effects of various fractions of R. hastatus leaves on tissue proteins and antioxidant 
enzyme levels 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg protein) 

H2O2 (nM/min
/mg tissue)  

Control 3.45±0.027h 6.16±0.14d 15.48±0.20d 5.33±0.08d 2.46.±0.15c 2.14±0.43c 
Oil+DMSO 3.53±0.007h 6.19±0.30d 15.48±0.32d 5.21±0.41d 2.48±0.20c 2.10±0.22c 
CCl4 1.26±0.013a 3.02±0.24a 7.54±0.51a 2.06±0.16a 6.83±0.46a 4.53±0.66a 
Sily+ CCl4 2.79±0.018g 5.00±0.46c 12.94±0.18c 4.10±0.52c 3.81±0.42b 2.98±0.28b 
HLR+CCl4 1.88±0.003c 3.90±0.19b 9.21±0.59b 2.98±0.21b 5.69±1.03a 4.04±0.20a 
ELR+CCl4 2.53±0.028e 5.32±0.34c 12.65±0.34c 3.98±0.17c 3.90±0.37b 3.22±0.28b 
CLR+CCl4 2.24±0.016d 4.25±0.21c 10.74±0.28b 3.37±0.42c 4.37±0.21b 3.38±0.31b 
BLR+CCl4 2.65±0.029f 4.90±0.07c 12.28±0.40c 3.92±0.01c 3.95±0.52b 3.04±0.49b 
MLR+CCl4 2.48±0.041e 4.65±0.39c 12.09±0.48c 3.85±0.35c 4.09±0.42b 3.18±0.53b 
ALR+CCl4 1.97±0.014b 3.99±0.10b 9.49±0.50b 3.01±0.54b 5.71±0.98a 4.11±0.13a 
HLR alone 3.50±0.011h 5.96±0.06d 15.30±0.27d 4.90±0.11d 2.37.±0.27c 2.37±0.38c 
ELR alone 3.48±0.008h 6.28±0.22d 15.42±0.17d 5.39±0.18d 2.46.±0.07c 2.14±0.21c 
CLR alone 3.50±0.018h 6.21±0.13d 15.48±0.48d 5.51±0.21d 2.38±0.11c 2.26±0.57c 
BLR alone 3.44±0.017h 6.32±0.11d 15.55±0.23d 5.32±0.27d 2.65±0.09c 1.87±0.28c 
MLR alone 3.47±0.029h 6.40±0.10d 15.76±0.10d 5.52±0.08d 2.73.±0.49c 2.00±0.37c 
ALR alone 3.52±0.005h 5.85±0.14d 15.26±0.31d 4.99±0.09d 2.18±0.30c 2.23±0.19c 

Values are Mean±SD (06 number). Sily= Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
 
Table 4.39: Effects of various fractions of R. hastatus leaves on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/min 

/mg protein)     
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 240.51±6.19e 180.42±3.25g 200.29±3.13f 32.86±3.22c 148.55±2.22g 8.13±1.03e 
Oil+DMSO 248.35±3.75e 179.31±3.56g 202.42±3.16f 33.41±4.05c 149.63±1.79g 8.28±2.08e 
CCl4 125.85±5.79a 83.48±2.39a 103.38±2.87a 12.36±2.68a 78.65±1.37a 43.68±1.37a
Sily+ CCl4 196.00±5.38d 148.84±2.77f 176.32±2.17e 24.75±3.72b 120.17±1.57f 14.02±1.80d
HLR+CCl4 145.66±5.32b 100.58±2.33b 130.24±2.28b 14.00±1.24a 92.38±2.18b 34.31±2.38b
ELR+CCl4 180.58±5.39d 132.23±2.38e 170.73±2.26d 25.27±2.38b 115.17±1.21e 16.31±2.02d
CLR+CCl4 163.79±4.40c 110.34±2.49c 142.31±4.45c 16.38±2.16a 100.47±2.34c 23.42±2.35c
BLR+CCl4 175.61±5.44d 113.72±2.41c 150.99±4.35c 22.00±1.97b 114.26±2.36e 14.27±1.41d
MLR+CCl4 187.48±4.03d 120.78±3.02d 154.92±3.96c 21.58±1.98b 108.75±2.08d 14.19±1.46d
ALR+CCl4 151.52±5.47b 98.18±2.16b 133.71±1.41b 15.20±1.25a 90.26±1.43b 30.11±2.42b
HLR alone 232.81±3.20e 175.85±3.56g 193.19±2.33f 30.18±2.89c 144.22±2.02g 8.36±1.76e 
ELR alone 249.98±3.34e 185.23±2.24g 201.29±4.74f 35.29±2.24c 149.12±1.56g 6.89±1.31e 
CLR alone 248.72±4.36e 179.76±3.83g 199.62±3.34f 33.74±3.60c 148.23±3.36g 8.81±2.79e 
BLR alone 242.57±4.51e 180.11±3.58g 200.62±4.86f 36.37±3.51c 149.65±1.07g 6.68±1.08e 
MLR alone 247.34±3.27e 184.34±2.87g 204.38±3.28f 34.26±2.75c 150.12±1.10g 7.00±1.31e 
ALR alone 234.90±2.55e 177.39±2.45g 195.34±2.22f 30.29±2.25c 145.26±2.65g 8.81±2.13e 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
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Fig. 4.41: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus leaves. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) ELR + CCl4 

group, (6) MLR + CCl4 group, (7) BLR + CCl4 group, (8) CLR + CCl4 group, (9) ALR + CCl4 

group, (10) HLR + CCl4 group. 
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Fig. 4.42: Microphotograph of  rat liver (H & E stain) (A) Representative section of liver from 
the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 group, (D) 
Silymarin + CCl4 group, (E) MLC + CCl4 group, (F) ELC + CCl4 group, (G) BLC + CCl4 
group, (H) CLC + CCl4 group, (I) HLC + CCl4 group, (J) ALC + CCl4 group. ( ) fibrosis, ( ) 

cellular hypertrophy (    ) fatty changes and ballooning ( ) necrosis. 
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4.4.1.4. Effects of R. hastatus roots against CCl4 induced hepatotoxicity in rat 

Hepatotoxicity induced by CCl4 is a frequently used model system to estimate the 

protective effects of plant extracts or isolated compounds against liver injuries. Hence, various 

fractions of R. hastatus leaves were studied to approximate the best fraction that can be used as 

a hepatic protectant against oxidative damage.  

4.4.1.4.1. Effects of R. hastatus roots on liver function test and biochemical markers 

The serological levels of AST, ALT, ALP, γ-GT and LDH are highly vulnerable to 

oxidative stress in liver tissue. The protective effects of various fractions of R. hastatus roots on 

the activity of liver serum marker enzymes are shown in Table 4.40. Chronic CCl4 treatment 

considerably (p<0.05) augmented the levels marker enzymes of liver which was attenuated 

significantly (p<0.05) by oral administration of various fraction of R.  hastatus roots. Similarly, 

silymarin treatment significantly erased (p<0.05) the CCl4 intoxication by returning the serum 

level of above mentioned enzymes near to control group. However, various fractions of R. 

hastatus roots alone showed the same serum enzyme level like that of control group. 

Hepatotoxin reacts with poly unsaturated fatty acids to cause lipid peroxidation by 

disturbing lipid profile. Serum level of triglycerides, total cholesterol, HDL and LDL of the 

entire present study are summarized in Table 4.41. CCl4 administration significantly elevated 

(p<0.05) the level of lipids parameter like triglycerides, total cholesterol and LDL while 

decreased (p<0.05) HDL. These parameters were significantly restored (p<0.05) by various 

fractions of R.  hastatus roots near to control. Similar, protective observations were found by 

treatment of silymarin and were comparable to different fractions of R. hastatus roots. 

Treatment of different fractions of R. hastatus roots alone showed results similar to control 

group. All the groups treated with various fractions of R.  hastatus roots showed a significant 

difference from the diseased group. For serological investigations fractions can be ordered as 

BRR > MRR > ARR > CRR > ERR > HRR. 

4.4.1.4.2. Effects of R. hastatus roots on liver protein and antioxidant defense system 

Antioxidant enzymes have an important position in detoxification of reactive oxygen 

species (ROS). Effects of various fractions on the content of tissue soluble protein, CAT, 

POD, SOD, TBARS and H2O2 are revealed in Table 4.42. Chronic treatment of CCl4 to rats 

showed a marked (p<0.05) reduction in the amount of tissue soluble protein and activities of 

antioxidant enzymes while increase in TBARS and H2O2 was recorded versus control group. 

Oral administration of various fractions of R. hastatus roots attenuated the toxicity of CCl4 and 

reversed the total proteins, enzyme activities and lipid peroxidation level near to control group. 

Similarly, co-treatment of silymarin significantly (p<0.05) erased the CCl4 toxicity and 



Chapter 4                                                                                                                               Results 

 

                                                                                                                                                      

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

 

137

restored the level of above parameters. However, treatment of different fractions of R. hastatus 

roots alone showed the same values like that of control group for above parameters. 

Table 4.43 shows the changes in activity of GST, GPx, GSH, GR, QR and DNA 

fragmentation in various groups of the present study. CCl4 treatment considerably (p<0.05) 

abridged the levels of GST, GPx, GSH, GR, and QR against control group. Activity of these 

enzymes was significantly (p<0.05) recovered by co-treatment of various fractions of R. 

hastatus roots in CCl4 treated rats near to control group. Administration of various fractions 

alone showed non significant (p>0.05) variation as compare to control while silymarin 

administration drastically (p<0.05) erased the CCl4 intoxication and restored the activities of 

GST, GPx, GSH, GR, and QR in comparison to CCl4 treated group. Eventually it can be said 

that all the fractions of R.  hastatus roots had antioxidant activity against hepatic toxicity but the 

most distinct effects was that of BRR and MRR. 

4.4.1.4.3. Effects of R.  hastatus roots on liver DNA damages (ladder assay) 

CCl4 genotoxic agent produces free radicals, which was combine with DNA forming 

adduct and induces DNA damages. The protective effects of various fractions of R. hastatus 

roots against CCl4 toxicities are shown in Fig 4.43. Ladder assay shows that control and DMSO 

treated group not possess DNA damages; while CCl4 group revealed marked DNA damages, 

while various fractions treated groups like HRR, ERR, CRR, BRR, MRR and ARR showed 

potent protection against CCl4 toxicities and minimized the DNA damages as shown by DNA 

bands of different groups. Control like bands were observed in the rats treated with silymarin 

showing hepatoprotective effects. 

4.4.1.4.4. Effects of R. hastatus roots on histopathology of liver 

Sectioned slides of liver tissues were prepared for histopathological study and stained with 

hemotoxilin and eosins are shown in Fig. 4.44.  Fig. 4.44 C depicts that administration of CCl4 

causes fatty changes like ballooning of cells, inflammatory cells infiltrations, dilation of central 

vein, cellular hypertrophy, necrosis, degeneration of the lobular architecture. CCl4 

administration for eight weeks resulted in chronic injury in the form of hepatic fibrosis. Post-

administration of various fractions of R. hastatus roots attenuated the hepatic injuries and 

reversed them such as with very less or no fatty changes, no dilation of blood vessel and 

uniform morphology of hepatocytes near to control group as shown in Fig. 4.44 E-J. Post-

treatment with silymarin showed near to normal morphology. Abnormal changes were not found 

in the morphology of control group, DMSO treated group (Fig. 4.44 A and B). 
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Table 4.40: Effects of various fractions of R. hastatus roots on liver function tests 
 
Group AST (U/l)  ALT (U/l)   ALP (U/l) γ-GT (U/l)  LDH (U/l)  
Control 78.25±2.09g 65.23±1.78e 121.65±2.19f 1.94±0.07c 56.32±1.45f 
Oil+DMSO 76.46±2.94g 64.74±2.02e 123.29±2.55f 1.95±0.16c 55.89±2.13f 
CCl4 240.15±4.19a 198.93±4.27a 350.79±5.31a 5.11±0.53a 126.25±2.61a 
Sily+ CCl4 104.23±3.24f 89.28±2.19d 171.54±2.63e 2.27±0.13b 73.28±2.16e 
HRR+CCl4 213.23±4.21b 130.94±4.18b 235.67±4.86b 3.15±0.48b 100.93±1.34b
ERR+CCl4 202.18±5.23c 128.32±3.15b 229.92±5.95b 3.01±0.36b 99.68±2.63b 
CRR+CCl4 176.33±3.09d 106.23±2.56c 207.11±4.23c 2.79±0.11b 92.34±1.34c 
BRR+CCl4 142.01±3.29e 94.28±2.66d 189.61±2.16d 2.72±0.13b 80.08±2.22d 
MRR+CCl4 139.28±4.13e 99.91±2.73d 193.26±3.42d 2.57±0.32b 79.49±3.08d 
ARR+CCl4 170.45±4.27d 90.34±3.11d 175.24±3.18e 2.33±0.12b 78.13±2.15d 
HRR alone 78.45±1.29g 63.26±1.45e 124.65±1.27f 1.93±0.10c 55.44±2.24f 
ERR alone 75.37±1.55g 65.34±1.34e 122.15±2.67f 1.90±0.09c 56.12±1.13f 
CRR alone 79.43±0.95g 68.86±0.93e 123.15±1.23f 1.92±0.17c 55.34±1.22f 
BRR alone 76.76±1.56g 66.56±2.20e 120.55±2.32f 1.99±0.04c 53.67±2.46f 
MRR alone 74.51±1.34g 62.02±0.74e 125.34±1.22f 1.97±0.07c 57.66±1.01f 
ARR alone 77.45±1.75g 63.36±1.34e 122.20±2.85f 2.01±0.07c 54.76±1.64f 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
 
Table 4.41: Effects of various fractions of R. hastatus roots on lipid profile 
 
Group Triglycerides  

(mg/dl)       
Total  cholesterol 
(mg/dl)       

HDL (mg/dl)  LDL (mg/dl)  

Control 140.00±3.57e 29.14±1.59d 41.23±1.44d 23.25±1.01d 
Oil+DMSO 139.89±4.73e 30.00±1.34d 40.92±1.71d 23.98±1.26d 
CCl4 263.67±2.62a 72.09±1.99a 60.80±2.89a 37.21±1.98a 
Sily+ CCl4 182.14±2.36d 40.80±2.18c 47.29±1.70c 27.83±1.71c 
HRR+CCl4 205.23±3.17c 64.30±1.79b 56.36±0.77b 34.38±0.16b 
ERR+CCl4 213.85±3.25b 60.96±2.64b 54.50±1.24b 33.65±0.84b 
CRR+CCl4 199.13±4.44c 56.36±3.60b 50.97±1.12c 30.35±1.14c 
BRR+CCl4 189.16±3.82c 42.51±2.84c 46.54±1.56c 27.93±1.28c 
MRR+CCl4 194.83±2.92c 44.89±2.06c 45.27±1.46c 29.51±2.08c 
ARR+CCl4 190.65±3.54c 54.57±2.35b 49.35±0.43c 31.23±0.66c 
HRR alone 138.45±1.35e 31.55±1.44d 40.56±1.33d 24.78±0.15d 
ERR alone 137.96±2.50e 32.14±1.32d 41.66±1.45d 23.25±1.35d 
CRR alone 140.26±1.64e 30.23±1.74d 42.55±1.56d 22.98±1.01d 
BRR alone 138.76±1.41e 28.15±1.46d 40.12±1.68d 24.98±0.23d 
MRR alone 141.01±1.62e 33.10±2.81d 42.20±0.72d 22.25±0.95d 
ARR alone 139.78±3.84e 29.14±1.36d 39.23±1.45d 23.25±0.16d 

Values are Mean±SD (06 number). Sily= Silymarin 
a-d (Means with different  letters) indicate significance at p<0.05 
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Table 4.42: Effects of various fractions of R. hastatus roots on tissue proteins and antioxidant 
enzyme levels 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg protein)  

H2O2 (nM/min
/mg issue)  

Control 2.73±0.031f 5.74±0.12d 17.01±0.01e 5.18±0.58c 3.00±0.41c 2.38±0.11d 
Oil+DMSO 2.70±0.025f 5.69±0.21d 16.98±0.10e 5.01±0.61c 2.98±0.23c 2.40±0.32d 
CCl4 1.19±0.033a 2.31±0.11a 7.08±0.28a 1.64±0.44a 7.09±0.68a 4.94±0.56a 
Sily+ CCl4 2.01±0.036e 4.02±0.01c 13.35±0.68d 3.84±0.63b 4.31±0.62b 2.98±0.55c 
HRR+CCl4 1.39±0.049b 3.21±0.13b 9.08±0.51b 2.66±0.23b 5.31±0.64b 4.00±0.17b 
ERR+CCl4 1.42±0.050b 3.26±0.11b 9.68±0.16b 2.75±0.63b 5.38±0.93b 4.09±0.21b 
CRR+CCl4 1.54±0.001c 3.53±0.08c 10.23±0.30c 2.99±0.81b 5.03±0.56b 3.11±0.53c 
BRR+CCl4 1.83±0.059d 3.90±0.16c 11.97±0.12d 3.70±0.31b 4.58±0.92b 3.09±0.38c 
MRR+CCl4 1.89±0.041d 3.81±0.23c 12.31±0.78d 3.51±0.49b 4.65±0.35b 3.00±0.32c 
ARR+CCl4 1.99±0.012e 3.98±0.04c 13.00±0.17d 3.96±0.09b 5.12±0.41b 2.98±0.25c 
HRR alone 2.70±0.017f 5.73±0.17d 17.08±0.32e 5.11±0.63c 3.19±0.26c 2.24±0.78d 
ERR alone 2.73±0.013f 5.65±0.23d 16.41±0.27e 4.98±0.32c 3.10±0.33c 2.34±0.45d 
CRR alone 2.74±0.013f 5.52±0.22d 14.99±0.11e 4.89±0.62c 2.91±0.34c 2.26±0.36d 
BRR alone 2.76±0.021f 5.76±0.31d 16.48±0.31e 5.00±0.43c 2.84±0.11c 2.13±0.15d 
MRR alone 2.78±0.011f 5.58±0.14d 15.67±0.32e 5.23±0.18c 3.13±0.61c 2.18±0.47d 
ARR alone 2.75±0.001f 5.84±0.08d 18.01±0.02e 5.38±0.19c 3.09±0.50c 2.12±0.45d 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
 
Table 4.43: Effects of various fractions of R. hastatus roots on phase II antioxidant enzymes and 
DNA fragmentation 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 201.63±4.17f 148.97±4.74e 250.29±4.79e 26.19±1.12c 130.36±1.36f 6.72±1.39e 
Oil+DMSO 199.17±4.64f 149.21±4.12e 249.52±4.25e 26.64±1.01c 129.61±1.67f 7.08±1.43e 
CCl4 101.68±3.32a 68.16±3.15a 145.91±3.18a 9.53±0.36a 72.04±1.53a 47.21±2.17a
Sily+ CCl4 174.23±3.67e 105.32±2.37d 206.21±3.75d 19.53±1.37b 110.46±2.08e 15.20±1.76d
HRR+CCl4 121.15±2.09b 75.62±2.96b 176.33±3.34b 11.38±0.39b 81.37±2.23b 32.57±1.45b
ERR+CCl4 123.37±2.25b 74.72±2.35b 180.36±2.02b 11.29±0.92b 83.58±3.95b 25.33±2.06c
CRR+CCl4 140.28±3.45c 89.39±3.34c 192.07±4.26c 13.26±1.26b 95.86±2.76c 16.34±1.36d
BRR+CCl4 159.56±3.01d 100.79±3.28d 190.93±2.63c 15.89±1.91b 103.75±2.24d 15.43±2.14d
MRR+CCl4 160.43±2.98d 99.31±3.02d 192.69±2.82c 16.26±1.22b 98.97±2.46c 13.48±1.01d
ARR+CCl4 148.56±5.69c 85.57±3.89c 196.47±3.49c 13.63±1.02b 92.46±2.56c 15.23±1.35d
HRR alone 195.35±3.15f 147.90±3.34e 252.22±2.34e 26.37±1.09c 128.61±0.99f 6.48±1.28e 
ERR alone 195.13±4.22f 146.52±5.82e 250.87±3.53e 24.65±0.96c 130.36±0.83f 7.32±1.73e 
CRR alone 198.95±2.12f 149.53±3.74e 251.26±3.31e 25.34±1.40c 129.61±1.53f 7.37±1.66e 
BRR alone 200.47±2.23f 147.97±4.45e 250.62±3.75e 27.84±0.46c 128.61±1.16f 8.02±0.53e 
MRR alone 204.34±2.46f 151.27±2.12e 253.06±1.23e 28.17±0.30c 132.36±0.53f 5.96±0.96e 
ARR alone 197.87±3.63f 152.85±2.37e 247.23±4.33e 25.91±0.56c 131.36±1.24f 6.42±1.45e 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
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Fig. 4.43: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus roots. Lanes from left (M) low molecular weight marker, (1) control, (2) 

DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MRR + CCl4 group, 

(6) BRR + CCl4 group, (7) ARR + CCl4 group, (8) CRR + CCl4 group, (9) ERR + CCl4 group, 

(10) HRR + CCl4 group. 
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Fig. 4.44: Microphotograph of  rat liver (H & E stain) (A) Representative section of liver from 
the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 group, (D) 
Silymarin + CCl4 group, (E) MLC + CCl4 group, (F) ELC + CCl4 group, (G) BLC + CCl4 
group, (H) CLC + CCl4 group, (I) HLC + CCl4 group, (J) ALC + CCl4 group. ( ) fibrosis, ( ) 

cellular hypertrophy, (    ) fatty changes and ballooning ( ) necrosis. 
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4.4.2. Nephrotoxicity studies   

 CCl4 is a potent nephrotoxin, as it brings out acute as well as chronic toxicity in 

kidneys. Therefore, the study was carried out to assess the pharmacological potential of 

different plant parts and their fractions on CCl4-induced oxidative trauma in kidney. The 

parameters studied in this respect were the kidney function tests viz; serum profile, urine 

profile, genotoxicity, characteristic morphological findings and antioxidant enzymatic level 

of kidneys. 

4.4.2.1. Effects of C. opaca fruit against CCl4 induced nephrotoxicity in rat  

 The present achievements were in order to assess the medicinal potential of different 

fractions of C. opaca fruit against CCl4-induced oxidative damages in rat kidney. The 

biochemical alterations in different group of rats were collaborated by the renal histological 

architectures of respective group. The results obtained in this context are given below. 

4.4.2.1.1. Effects of C. opaca fruits on urine profile of rat 

 The protective effects of various fractions of C. opaca fruits against CCl4 

administration was reviewed by rat renal functions alterations. Table 4.44 presents urine 

profile including urinary pH, specific gravity, RBCs, WBCs and level of urea. Chronic 

toxicity caused by eight week treatment of CCl4 to the rats significantly decreased the pH 

level whereas significant increase was found in case of specific gravity, RBCs, WBCs and 

level of urea in comparison to control group. Table 4.45 demonstrates a marked increase in 

urinary creatinine and urobilinogen while, creatinine clearance, urinary albumin, and level of 

urinary proteins were significantly decreased by CCl4 administration (p<0.05) in contrast to 

control group. Administration of various fractions of C. opaca fruit with CCl4 showed 

protective ability against CCl4 intoxication by restoring the urine levels of rat. Results of 

urine analysis for the groups treated with fractions alone did not show any toxic effects as 

their values were near to control. Data shows that almost all fraction had significant 

pharmacological effects for urine versus diseased group and the protective order of fractions 

in case of urine parameters was CFC > AFC > MFC > BFC > HFC > EFC.  

4.4.2.1.2. Effects of C. opaca fruits on serum profile of rats 

 Effects of different fractions of C. opaca fruits on serum profile of kidneys is 

summarized in Table 4.46 and 4.47. Table 4.46 presents serum protein, albumin, globulin, 

total bilirubin and direct bilirubin of serum. There was a significant reduction in protein, 

albumin and globulin level of serum in CCl4 toxicated group, while total bilirubin and direct 
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bilirubin of serum were improved in CCl4 toxicated group. Table 4.47 summarizes the BUN, 

urobilinogen, creatinine, creatinine clearance and nitrite level of serum. Administration of 

CCl4 significantly enhanced the BUN, urobilinogen, creatinine and nitrite level of serum 

while reduced the creatinine clearance of serum. The serum profile data for kidney shows the 

recovery effects of different fractions of C. opaca fruits was in order of CFC > AFC > MFC 

> BFC > EFC > HFC. Silymarin was used as a reference drug to reduce nephrotoxicity. 

4.4.2.1.3. Effects of C. opaca fruits on liver enzymatic antioxidant levels  

Nature has developed metabolic systems in various organisms to reduce the oxidative 

damage and avoid different lethal damage to cells and tissues. During this natural process 

various oxidative metabolites are formed as by product in the cells. Antioxidant enzymes 

reduce these metabolites in a scavenging process. In this study activities and scavenging 

effects of various antioxidative enzymes was studied. Effects of various fractions of C. opaca 

fruits and CCl4 on tissue soluble protein and antioxidant defense enzyme system such as 

CAT, POD, SOD, TBARS and H2O2 is shown in Table 4.48. CCl4 administration to rats 

significantly decreased tissue protein and disturbs the antioxidative status by lessening the 

renal catalase, peroxidase and superoxidase levels and increasing the lipid peroxidation and 

hydrogen peroxide levels in comparison to control group. Co-administration of various 

fractions of C. opaca fruits with CCl4 enhanced the activity of suppressed enzymes and the 

soluble protein, whereas reduced the activity of elevated enzymes. However, non significant 

change was recorded with the treatment of fractions alone against the control group.  

Table 4.49 shows the level of phase II metabolizing antioxidant enzymes including GST, 

GPx, GR, GSH, QR and DNA fragmentation in renal tissues of different experimental 

groups. CCl4 insults extensively (p<0.05) lessened the level of GST, GPx, GR, GSH and QR 

while of DNA fragmentation was enhanced. Post-administration of various fractions of C. 

opaca fruits along with CCl4 treatment markedly reversed the level of GST, GPx, GR, GSH, 

QR and DNA fragmentation. Data shows that maximum recovery effects were due to CFC 

and AFC. Silymarin administered to intoxicated group completely suppressed the affect of 

CCl4 and increased the level of glutathione enzymatic group while decreased the level of 

DNA injuries. Treatment of rats with CCl4 significantly increased the renal tissue DNA 

damages than those of control group. The groups treated with various fractions of C. opaca 

fruits administered with CCl4 significantly abridged the DNA fragmentation versus the 
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diseased group treated with CCl4 alone. The results of oxidative enzymatic studies are also in 

harmony to the consequences of urinary and serological studies. 

4.4.2.1.4. Effects of C. opaca fruits on DNA damages (ladder assay)  

 DNA was extracted from renal tissues of the treated rats by a step wise method and 

then was loaded on 1.5% agarose gel. Figure 4.45 details the banding pattern of DNA. In 

case of CCl4 intoxicated rats a peculiar fragmentation of DNA can be observed, which was 

absent from the renal tissues of control rats. DNA extracted from the group treated with 

various fractions of C.  opaca fruits administered with CCl4 showed a markedly repaired 

DNA. The group treated with only fractions did not show any kind of DNA damages. 

4.4.2.1.5. Effects of C. opaca fruits on kidney histoarchitecture 

Histoarchitecture of kidneys of different groups is summarized in Fig. 4.46. The 

histopathologically observed changes showed that intraperitoneal injection of CCl4 for eight 

weeks resulted in severe impairment to corticular region of kidneys. The damage induced 

was in different forms of degenerations showing glomerular atrophy by means of dilation and 

disappearance of bowmen’s space, congestion in the capillary loops, dilation in renal tubules 

and foamy look of epithelial cells of tubular region (Fig. 4.46 C). In addition, subchronic 

administration of CCl4 exhibited interstitial inflammatory cells infiltration in both corticular 

and medullary region. The evaluation of kidney section of control and DMSO group had 

normal histological architecture as shown in Fig. 4.46 A and B. Renal sections of rats treated 

with various fractions of C. opaca fruits (HFC, EFC, CFC, BFC, MFC and AFC) reversed 

the CCl4 intoxication and showed mild injury in contrast to control group (Fig. 4.46 E-J). The 

histological appearance of glomeruli and Bowman’s capsule was almost normal, and only 

some of the grlomeruli were degenerated. The least of the damage was observed in CFC and 

AFC while most of the rat treated with HFC showed prominent damages. Mild necrosis in 

the glomeruli and tubules was observed. As a measure of protective effects, silymarin was 

also induced to a group of rats (Fig. 4.46 D). Silymarin treatment erased the CCl4 

pathogenesis, relative to control group. Among all the fractions, the maximum protection was 

observed in case of CFC and AFC. These findings are in agreement to rest of the parameters 

studied. 
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Table 4.44: Effects of various fractions of C. opaca fruits on urine profile including pH 
specific gravity, RBC, WBC and urea 
Group pH Specific 

gravity  
RBC/µl WBC/µl Urea (mg/dl) 

Control 7.01±0.00d 1.04±0.02c 0.01±0.01f 30.72±2.34f 72.23±2.21e 
Oil+DMSO 7.03±0.04d 1.06±0.04c 0.00±0.00f 32.37±1.46f 69.18±2.10e 
CCl4 6.20±0.01a 1.40±0.05a 15.4±2.6a 93.78±3.34a 99.31±3.42a 
Sily+CCl4 6.80±0.07c 1.10±0.02c 4.65±0.17e 46.12±2.57e 78.03±1.85d 
HFC+CCl4 6.34±0.12b 1.28±0.04b 11.65±0.49b 80.18±2.37b 92.34±1.26b 
EFC+CCl4 6.40±0.10b 1.20±0.06b 10.27±0.66b 77.12±2.37b 93.26±1.62b 
CFC+CCl4 6.76±0.08c 1.16±0.03b 5.20±0.38e 48.45±3.76e 80.33±1.38d 
BFC+CCl4 6.50±0.07b 1.24±0.06b 8.39±0.73c 69.49±3.48c 90.17±0.97b 
MFC+CCl4 6.64±0.09c 1.18±0.05b 8.48±0.61c 56.27±3.28d 85.28±1.48c 
SFC+CCl4 6.71±0.09c 1.15±0.02b 6.37±0.90d 54.28±2.88d 84.19±1.37c 
HFC alone 7.03±0.01d 1.07±0.03c 0.0±0.02f 32.47±1.27f 71.28±1.72e 
EFC alone 7.02±0.01d 1.05±0.02c 0.0±0.00f 28.82±1.19f 72.20±1.63e 
CFC alone 7.00±0.00d 1.03±0.02c 0.0±0.0f 29.72±1.24f 68.69±1.38e 
BFC alone 7.01±0.02d 1.08±0.02c 0.0±0.03f 32.17±1.48f 73.16±1.71e 
MFC alone 7.01±0.03d 1.02±0.03c 0.0±0.02f 33.02±1.30f 70.43±1.62e 
AFC alone 7.02±0.03d 1.05±0.02c 0.0±0.0f 31.53±1.16f 69.58±1.20e 

Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
 
Table 4.45: Effects of various fractions of C. opaca fruits on urine profile viz; creatinine, 
creatinine clearance, albumin, urobilinogen and urinary protiens  
Group Creatinine 

(mg/dl) 
Creatinine  
clearance  
(ml/min) 

Albumin 
(mg/dl) 

Urobilinogen 
(mg/dl) 

Urinary protein 
(mg/dl) 

Control 2.04±0.22c 1.63±0.04d 9.67±0.26e 4.42±1.31f 30.42±0.19f 
Oil+DMSO 2.00+0.10c 1.59±0.01d 9.41±0.71e 4.45±1.03f 29.19±0.26f 
CCl4 4.67±1.26a 0.85±0.02a 4.06±0.12a 36.14±1.26a 15.79±0.74a 
Sily+CCl4 2.77±0.32b 1.40±0.06c 7.70±0.25d 10.21±1.78e 26.21±0.36e 
HFC+CCl4 3.60±0.65a 1.00±0.07b 5.10±0.23b 31.27±2.19b 17.11±0.42b 
EFC+CCl4 3.57±0.44a 1.03±0.05b 5.31±0.30b 29.16±2.49b 18.31±0.51b 
CFC+CCl4 2.51±0.18b 1.31±0.07c 7.61±0.45d 16.06±2.56d 23.63±0.39d 
BFC+CCl4 3.51±0.98a 1.10±0.04b 6.10±0.29c 24.41±1.35c 20.24±0.62c 
MFC+CCl4 3.40±0.23a 1.24±0.09c 6.56±0.22c 25.25±2.65c 22.50±0.28d 
SFC+CCl4 2.45±0.12b 1.27±0.08c 7.11±0.31d 20.32±2.85d 22.33±0.51d 
HFC alone 2.13+0.36c 1.60±0.03d 9.48±0.32e 4.58±1.05f 30.07±0.30f 
EFC alone 2.34±0.34c 1.59±0.04d 9.61±0.58e 5.22±1.13f 30.12±0.28f 
CFC alone 1.84±0.32c 1.62±0.03d 8.70±0.26e 4.50±0.81f 30.12±0.23f 
BFC alone 2.47+0.51c 1.62±0.02d 9.59±0.47e 4.95±1.00f 29.39±0.25f 
MFC alone 1.96±0.63c 1.63±0.04d 9.27±0.57e 3.82±0.32f 29.52±0.32f 
AFC alone 2.30+0.20c 1.59±0.02d 9.31±0.81e 5.05±0.93f 28.99±0.41f 
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
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Table 4.46: Effects of various fractions of C. opaca fruits on serum profile like serum 
proteins, albumin, globulin, total bilirubin and direct bilirubin 
Group Serum  

proteins 
(mg/dl) 

Albumin 
(mg/dl) 

Globulin 
(mg/dl) 

Total  
bilirubin 
(mg/dl) 

Direct  
bilirubin 
(mg/dl) 

Control 45.31±0.47d 20.0±0.28f 39.27±1.23e 3.09±0.07d 1.00±0.06d
Oil+DMSO 47.11±0.60d 19.63±0.47f 38.01±1.75e 3.00±0.10d 1.08±0.03d
CCl4 29.79±0.83a 10.38±0.52a 24.19±0.39a 4.34±0.29a 1.86±0.13a 
Sily+CCl4 37.26±0.48c 17.74±0.36e 32.22±1.20d 3.28±0.09c 1.21±0.07c 
HFC+CCl4 30.45±0.57a 11.56±0.35b 26.21±0.62b 4.05±0.07a 1.65±0.05b
EFC+CCl4 30.45±0.63a 11.87±0.31b 26.11±0.28b 3.98±0.04a 1.62±0.04b
CFC+CCl4 34.46±0.22b 15.54±0.44d 30.42±0.36c 3.56±0.16b 1.30±0.08c 
BFC+CCl4 30.18±0.34a 13.47±0.20c 26.40±0.52b 4.00±0.05a 1.61±0.05b
MFC+CCl4 32.24±0.56b 14.34±0.33d 28.37±1.07c 3.62±0.12b 1.45±0.10c 
SFC+CCl4 33.35±0.32b 15.16±0.54d 29.10±0.92c 3.68±0.10b 1.41±0.09c 
HFC alone 47.11±0.60d 19.82±0.49f 39.11±1.37e 3.01±0.12d 1.09±0.03d
EFC alone 47.01±0.28d 19.64±0.33f 40.07±0.63e 3.03±0.07d 1.10±0.02d
CFC alone 46.61±0.36d 20.10±0.11f 38.27±1.57e 2.93±0.06d 1.03±0.03d
BFC alone 47.10±0.34d 19.63±0.40f 38.89±1.56e 2.99±0.10d 1.01±0.05d
MFC alone 46.38±0.80d 19.50±0.25f 39.71±1.24e 3.07±0.09d 1.00±0.04d
AFC alone 45.97±0.37d 19.43±0.43f 40.01±0.45e 3.04±0.05d 1.06±0.03d
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
 
Table 4.47: Effects of various fractions of C. opaca fruits on urine profile including BUN, 
urobilinogen, creatinine, creatinine clearance, and serum nitrite  
Group BUN (mg/dl) Urobilinogen

(mg/dl) 
Creatinine 
(mg/dl) 

Creatinine  
Clearance 
(ml/min) 

Serum nitrite
(µM/ml) 

Control 32.27±1.28f 11.01±2.01e 45.00±2.11d 0.98±0.00c 42.34±1.24e 
Oil+DMSO 33.11±1.10f 10.23±1.92e 44.21±1.54d 0.93±0.04c 44.21±1.43e 
CCl4 62.28±2.19a 40.21±3.10a 72.75±3.45a 0.63±0.03a 81.34±3.45a 
Sily+CCl4 41.71±1.63e 19.30±2.18d 52.15±2.03c 0.84±0.03b 53.34±2.39d 
HFC+CCl4 58.44±1.27b 34.20±1.26b 65.45±2.19b 0.68±0.05a 75.30±1.57b 
EFC+CCl4 57.50±1.68b 33.16±2.27b 63.47±2.33b 0.69±0.03a 74.44±1.64b 
CFC+CCl4 44.34±1.34e 22.33±2.26d 55.61±1.34c 0.80±0.02b 50.63±2.34d 
BFC+CCl4 53.26±1.24c 31.36±2.22b 62.93±2.07b 0.71±0.03a 72.22±2.33b 
MFC+CCl4 51.27±1.73c 27.29±1.19c 58.33±1.56c 0.74±0.05b 63.50±2.52c 
SFC+CCl4 46.41±1.21d 26.32±1.37c 57.52±2.11c 0.79±0.02b 49.81±2.43d 
HFC alone 33.09±1.02f 12.23±1.62e 44.01±1.16d 0.93±0.02c 44.01±0.95e 
EFC alone 32.52±1.10f 10.81±1.03e 46.40±1.10d 0.97±0.03c 43.37±1.20e 
CFC alone 31.07±1.31f 11.51±1.11e 43.80±1.51d 0.95±0.01c 43.54±1.28e 
BFC alone 31.81±1.41f 11.83±1.93e 44.65±1.35d 0.94±0.04c 42.29±1.72e 
MFC alone 32.47±1.90f 12.01±1.42e 46.07±1.42d 0.98±0.01c 43.14±1.11e 
AFC alone 33.10±0.90f 10.93±1.72e 44.13±1.04d 0.96±0.00c 44.08±0.79e 
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
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Table 4.48: Effects of various fractions of C. opaca fruits on tissue proteins and antioxidant 
enzyme levels 
 Group Protein  

(µg/mg tissue) 
CAT  
(U/min) 

POD  
(U/min) 

SOD  
(U/mg  
protein) 

TBARS  
(nM/min/mg 
protein) 

H2O2  
(µM/ml) 

Control 2.20±0.061h 5.04±0.32d 12.35±0.18e 3.44±0.20e 2.97±0.08e 1.31±0.012h
Oil+DMSO 2.21±0.039h 4.96±0.48d 12.31±0.21e 3.38±0.23e 2.95±0.13e 1.25±0.013h
CCl4 0.93±0.019a 2.50±0.18a 6.00±0.32a 1.00±0.08a 6.07±0.66a 2.98±0.019a
Sily+CCl4 1.83±0.038g 4.02±0.39c 10.21±0.41d 2.78±0.33d 3.91±0.17d 1.76±0.031g
HFC+CCl4 1.21±0.033b 3.04±0.38b 7.79±0.22b 1.58±0.12b 5.41±0.11b 2.54±0.064b
EFC+CCl4 1.19±0.047b 2.99±0.31b 7.76±0.23b 1.69±0.21b 5.34±0.13b 2.51±0.065b
CFC+CCl4 1.72±0.073f 3.86±0.29c 9.77±0.50d 2.49±0.21c 3.92±0.31d 2.14±0.019d
BFC+CCl4 1.38±0.046c 3.34±0.13b 8.22±0.16c 2.15±0.32c 5.07±0.17b 2.30±0.038c
MFC+CCl4 1.54±0.028d 3.41±0.39b 8.80±0.42c 2.20±0.31c 4.02±0.23c 1.89±0.074f
SFC+CCl4 1.65±0.062e 3.82±0.18c 9.12±0.48d 2.80±0.23d 4.45±0.32c 1.97±0.027e
HFC alone 2.23±0.047h 5.03±0.15d 11.82±0.56e 3.48±0.25e 2.90±0.29e 1.28±0.019h
EFC alone 2.19±0.034h 4.89±0.43d 12.45±0.13e 3.36±0.26e 2.87±0.25e 1.34±0.010h
CFC alone 2.26±0.032h 4.95±0.29d 11.97±0.41e 3.46±0.24e 2.98±0.23e 1.30±0.019h
BFC alone 2.20±0.031h 4.99±0.51d 12.53±0.12e 3.57±0.13e 2.96±0.16e 1.29±0.010h
MFC alone 2.21±0.022h 4.88±0.40d 12.41±0.61e 3.40±0.21e 3.03±0.12e 1.27±0.006h
AFC alone 2.25±0.011h 5.00±0.20d 11.61±0.32e 3.58±0.27e 3.02±0.35e 1.29±0.016h
Values are Mean±SD (06 number). Sily=Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05  
 
Table 4.49: Effects of various fractions of C. opaca fruits on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/ 

mg protein)    
GPx (nM/ 
mg protein) 

GR (nM/ 
mg protein)  

GSH (µM/g  
tissue) 

QR (nM/ 
mg protein) 

%DNA  
Injuries 

Control 190.51±6.34g 130.56±3.39g 218.32±7.38g 20.97±1.47e 100.28±2.36f 21.72±1.34e
Oil+DMSO 193.38±6.22g 126.41±3.48g 209.46±6.27g 24.64±1.34e 107.34±2.33f 20.13±1.44e
CCl4 95.92±3.15a 75.28±3.18a 117.23±4.64a 10.13±0.83a 65.44±2.56a 57.70±2.24a
Sily+CCl4 155.62±3.38f 112.28±2.27f 195.67±4.58f 17.44±0.91d 94.36±2.41e 25.40±1.37d
HFC+CCl4 112.23±1.13b 83.11±1.68b 150.32±3.56b 12.35±0.46b 70.34±1.35b 33.43±0.64b
EFC+CCl4 114.56±2.01b 84.37±1.27b 152.35±2.41b 11.77±0.52b 71.11±1.20b 33.27±0.45b
CFC+CCl4 140.44±3.84e 106.81±3.87e 180.13±3.43e 14.86±0.72c 88.29±2.40e 25.67±2.48d
BFC+CCl4 121.34±2.47c 90.40±2.80c 161.77±2.19c 13.72±0.24c 74.70±2.32c 33.06±0.91b
MFC+CCl4 130.73±2.51d 100.61±2.78d 190.86±3.99f 16.06±1.00d 90.25±2.49e 30.15±1.31c
SFC+CCl4 143.26±3.09e 95.39±2.48d 173.45±3.76d 14.17±0.89c 80.16±1.47d 27.22±1.09d
HFC alone 191.29±4.39g 126.27±2.59g 214.25±4.49g 21.18±1.86e 103.35±2.40f 13.49±1.51e
EFC alone 195.37±3.29g 131.16±4.32g 215.43±3.72g 25.12±1.99e 104.20±1.63f 18.76±1.54e
CFC alone 192.29±5.52g 132.26±3.18g 208.95±5.29g 23.22±1.19e 102.26±2.20f 20.20±1.36e
BFC alone 197.54±3.31g 129.44±2.81g 211.61±3.51g 20.37±1.39e 106.41±2.21f 15.50±0.29e
MFC alone 199.77±3.23g 127.53±3.49g 220.75±3.29g 24.21±1.72e 109.55±2.39f 14.31±1.22e
AFC alone 193.06±3.62g 129.08±2.36g 212.81±4.93g 22.40±1.30e 101.34±2.53f 19.28±1.11e
Values are Mean±SD (06 number). Sily=Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05  
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Fig. 4.45: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca fruits. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) CFC + CCl4 

group, (6) AFC + CCl4 group, (7) MFC + CCl4 group, (8) BFC + CCl4 group, (9) EFC + 

CCl4 group, (10) HFC + CCl4 group. 
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A B  

C  D  

E  F  

G H  

I J  
Fig. 4. 46: Microphotograph of  rat kidney (H & E stain) (A) Representative section of renal 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) CFC + CCl4 group, (F)AFC + CCl4 group, (G) MFC 
+ CCl4 group, (H) BFC + CCl4 group, (I) EFC + CCl4 group, (J) HFC + CCl4 group, ( ) 
glomerular atrophy, (   ) vascular congestions around the tubules, (  ) alterations in 
Bowmen’s space, (▲) tubular dilations, (    ) distorted renal corpuscles.  
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4.4.2.2. Effects of C. opaca leaves against CCl4 induced nephrotoxicity in rat 

 To evaluate the protective effects of different fractions of C. opaca leaves against 

CCl4-induced oxidative damages in rat kidney renal function test like urine profile and serum 

profile was examined. Enzymatic antioxidant level and histology of the organ was also 

studied to estimate the effects of different fractions of C. opaca leaves. 

4.4.2.2.1. Effects of C. opaca leaves on urine profile of rats 

 To examine the functional status of kidney urine analysis was done. Table 4.50 shows 

the urine level viz; urinary pH, specific gravity, RBCs, WBCs and urea. Administration of 

CCl4 significantly increased the specific gravity, RBCs, WBCs and level of urea in urine 

while reduced the pH versus control group. However, co-administration of various fractions 

of C. opaca leaves ameliorated the CCl4 intoxication results. Highly ameliorated effects were 

recorded with the treatment of ELC, MLC and BLC. Table 4.51 summarized the urine 

analysis viz; urinary creatinine, creatinine clearance, urinary albumin, urobilinogen and level 

of urinary proteins. CCl4 administration significantly increased the urinary creatinine, 

urobilinogen as compare to control group. Conversely, urinary albumin, creatinine clearance 

and level of urinary proteins were decreased due to CCl4 administration. Treatment with 

various fractions of C. opaca leaves showed ameliorated consequences in opposition to CCl4 

induced intoxication. The protective order of fractions in case of urine profile was ELC > 

MLC > BLC > CLC > ALC > HLC. Urine analysis of the rats treated with fractions alone 

represented non significant remarks against control rats. 

4.4.2.2.2. Effects of C. opaca leaves on serum profile of rats 

 Effects of different fractions of C. opaca leaves on serum profile of kidneys are 

summarized in Table 4.52 and 4.53. Serum protein, albumin, globulin, total bilirubin and 

direct bilirubin of serum are exposed in Table 4.52. It showed a considerable reduction in 

protein, albumin and globulin level of serum in CCl4 intoxicated group, while total bilirubin 

and direct bilirubin of serum were amplified in CCl4 intoxicated group. Table 4.53 

summarizes the BUN, urobilinogen, creatinine, creatinine clearance and nitrite level of 

serum. Administration of CCl4 significantly improved the BUN, urobilinogen, creatinine and 

nitrite level of serum while reduced the creatinine clearance of serum. Treatment of various 

fractions significantly restored the altered levels of serum parameters for kidney functioning. 

Data for renal serum profile confirms that recovering effects of different fractions of C. 

opaca leaves was in order of ELC > MLC > BLC > CLC > ALC > HLC. Silymarin, used as 
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a reference drug to reduce nephrotoxicity, showed marked recovery effects. Serum analysis 

specific for kidney functioning proved the non toxic behaviour of fractions as the values were 

similar or non significant to control group.  

4.4.2.2.3. Effects of C. opaca leaves on enzymatic antioxidant levels  

Antioxidant enzymes show a significant role by contributing in defense system of 

body against oxidative stress. In this study assessment of antioxidative enzymes was done to 

estimate the level of toxicity and protection of CCl4 and various fractions of C. opaca leaves 

in rat kidney, respectively. Changes in tissue soluble protein and antioxidant defense system 

such as CAT, POD, SOD, TBARS and H2O2 is shown in Table 4.54. CCl4 administration to 

rats significantly decreased tissue protein and disturbs the antioxidative status by declining 

the potential of renal catalase, peroxidase and superoxide dismutase and increasing the lipid 

peroxidation and hydrogen peroxide levels in comparison to control group. Treatment of 

various fractions of C. opaca leaves after CCl4 intoxication enhanced the activity of 

suppressed enzymes and the soluble protein, whereas reduced the activity of elevated 

enzymes. However, antioxidant level of groups treated with fractions alone was similar to 

control group, and so confirming the non toxic behaviour of plant fractions.  

 Table 4.55 shows the results of various fractions of C. opaca leaves on GST, GPx, 

GR, GSH, QR and DNA injuries in renal tissues. Intoxication of CCl4 was explained by 

noteworthy (p<0.05) decrease in GST, GPx, GR, GSH and QR levels. Furthermore, % level 

of DNA fragmentation was increased due to CCl4 administration. Post-administration of 

various fractions of C. opaca leaves along with CCl4 treatment markedly reversed the level 

of GST, GPx, GR, GSH, QR and DNA injuries. Data shows that all fractions of C. opaca 

leaves and silymarin administered with CCl4 completely suppressed the affect of CCl4 and 

increased the level of glutathione enzymatic group while decreased the level of DNA 

fragmentation. Treatment of rats with CCl4 significantly increased the renal tissue DNA 

damages than those of control group. The groups treated with various fractions of C. opaca 

leaves administered with CCl4 significantly reduced DNA fragmentation. The antioxidant 

status of C. opaca leaves is supporting the results obtained from urinary and serum profile. 

4.4.2.2.4. Effects of C. opaca leaves on DNA damages (ladder assay)  

 DNA was extracted from the kidney tissue of the treated rats by a step wise method and 

then was loaded on 1.5% agarose gel. The banding pattern is shown in Fig. 4.47. In CCl4 

intoxicated rats a peculiar fragmentation of DNA can be observed, which was absent from 
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the renal tissues of control rats. DNA extracted from the group treated with various fractions 

of C.  opaca leaves administered with CCl4 showed a markedly repaired DNA. The group 

treated with only fractions did not show any kind of DNA damages. 

4.4.2.2.5. Effects of C. opaca leaves on kidney histoarchitecture 

Renal histological structure of different groups is exposed in Fig. 4.48. Normal 

architecture of kidney tissue was observed in control and DMSO group (Fig. 4.48 A and B). 

The histopathological examination of the kidney of CCl4 administered rats for eight weeks 

revealed destructive changes such as glomerular atrophy, dilation and disappearance of 

bowmen’s space, congestion in the capillary loops, and dilation in renal tubules with frothy 

look of epithelial cells. CCl4 administration exhibited infiltration in interstitial inflammatory 

cells was found in both corticular and medullary region (Fig. 4.48 C). Histological 

representation of renal tissues of rats treated with different fractions of C. opaca leaves 

revealed reparative signs that were comparable to that of control rats (Fig. 4.48 E-J). The 

histological structure of glomeruli and Bowman’s capsule was almost normal with some 

degenerated glomeruli. Additionally, silymarin group also showed marked decrease in renal 

pathology versus to CCl4 group (Fig. 4.48 D). The MLC is considered the most prominent for 

noticeable improvement in histopathological parameters. Additionally, the histological 

findings mainly sustained the consequences of urine profile, serological tests and antioxidant 

enzymatic levels. 
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Table 4.50: Effects of various fractions of C. opaca leaves on urine profile including pH 
specific gravity, RBC, WBC and urea 
Group pH Specific 

gravity  
RBC/µl WBC/µl Urea (mg/dl)

Control 6.96±0.05d 1.00±0.02c 0.00±0.00f 28.89±2.56f 66.34±2.03f 
Oil+DMSO 7.01±0.03d 1.01±0.03c 0.00±0.01f 30.17±1.16f 64.84±2.34f 
CCl4 6.11±0.02a 1.33±0.05a 19.16±2.34a 86.23±3.86a 102.71±4.87a
Sily+CCl4 6.76±0.06c 1.09±0.03b 3.75±0.39e 48.28±2.23e 73.85±2.57e 
HLC+CCl4 6.48±0.06b 1.24±0.03a 11.95±2.38b 78.47±3.83b 94.38±2.19b 
ELC+CCl4 6.70±0.05c 1.14±0.03b 6.62±2.84d 53.50±2.34d 84.71±2.28c 
CLC+CCl4 6.54±0.04b 1.24±0.05a 9.69±1.71c 66.29±3.48c 91.40±1.37b 
BLC+CCl4 6.65±0.04c 1.15±0.04b 6.88±2.92d 58.19±3.21d 83.27±2.49c 
MLC+CCl4 6.71±0.06c 1.12±0.03b 5.59±1.47d 49.75±1.37e 79.62±1.20d 
ALC+CCl4 6.36±0.07b 1.25±0.04a 14.13±1.39b 71.35±2.73c 93.37±2.28b 
HLC alone 7.02±0.01d 1.00±0.02c 0.00±0.01f 28.99±1.78f 67.14±1.55f 
ELC alone 7.00±0.03d 1.01±0.02c 0.00±0.00f 30.47±1.43f 64.52±1.74f 
CLC alone 7.01±0.02d 1.00±0.03c 0.00±0.01f 30.30±1.37f 65.42±1.65f 
BLC alone 6.99±0.02d 1.00±0.03c 0.00±0.00f 29.65±1.67f 63.17±1.14f 
MLC alone 6.98±0.03d 1.00±0.02c 0.00±0.00f 27.90±1.16f 65.32±1.63f 
ALC alone 7.01±0.02d 1.00±0.02c 0.00±0.02f 31.27±1.08f 68.64±1.86f 
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  

 
Table 4.51: Effects of various fractions of C. opaca leaves on urine profile viz; creatinine, 
creatinine clearance, albumin, urobilinogen and urinary protiens  
Group Creatinine 

(mg/dl) 
Creatinine 
clearance 
(ml/min) 

Albumin  
(mg/dl) 

Urobilinogen
(mg/dl) 

Urinary  
Protein 
(mg/dl) 

Control 1.94±0.05e 1.52±0.03d 8.34±0.37e 3.89±1.43f 27.86±0.55e 
Oil+DMSO 1.98+0.02e 1.49±0.03d 9.03±0.12e 4.15±1.00f 26.91±0.16e 
CCl4 4.63±0.08a 0.93±0.05a 4.52±0.12a 30.74±1.64a 13.45±0.49a 
Sily+CCl4 2.77±0.18d 1.32±0.04c 6.90±0.15d 8.71±1.92e 22.61±0.76d 
HLC+CCl4 3.50±0.03b 1.02±0.05b 5.10±0.34b 24.28±2.20b 14.28±0.81b 
ELC+CCl4 3.07±0.10c 1.22±0.03c 6.30±0.37c 15.48±1.46c 20.41±0.48c 
CLC+CCl4 3.37±0.02c 1.08±0.04b 5.89±0.27c 22.49±2.41b 15.25±0.63b 
BLC+CCl4 3.24±0.11c 1.11±0.05b 6.03±0.58c 19.51±1.38b 16.30±0.59b 
MLC+CCl4 2.84±0.09d 1.25±0.05c 6.49±0.16c 11.60±1.29d 19.55±0.70c 
ALC+CCl4 3.45±0.04b 1.03±0.04b 5.00±0.21b 25.36±1.87b 14.32±0.35b 
HLC alone 1.99±0.04e 1.53±0.03d 9.04±0.20e 4.19±0.75f 26.82±0.33e 
ELC alone 1.95+0.05e 1.48±0.02d 9.13±0.10e 4.10±1.00f 27.77±0.88e 
CLC alone 2.00+0.01e 1.47±0.02d 9.00±0.43e 4.45±1.01f 26.34±0.35e 
BLC alone 1.92±0.04e 1.51±0.03d 8.76±0.28e 3.79±0.64f 28.45±0.78e 
MLC alone 1.94±0.05e 1.50±0.02d 8.64±0.29e 3.90±1.66f 27.31±0.36e 
ALC alone 1.93+0.02e 1.49±0.04d 8.83±0.14e 4.37±0.84f 26.61±0.27e 

Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
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Table 4.52: Effects of various fractions of C. opaca leaves on serum profile like serum 
proteins, albumin, globulin, total bilirubin and direct bilirubin 
Group Serum  

proteins  
(mg/dl) 

Albumin  
(mg/dl) 

Globulin  
(mg/dl) 

Total bilirubin 
(mg/dl) 

Direct  
bilirubin  
(mg/dl) 

Control 40.35±0.43f 24.19±0.43e 42.34±1.45e 2.65±0.10d 1.40±0.03e 
Oil+DMSO 39.57±0.65f 22.35±0.54e 40.21±2.41e 2.50±0.15d 1.38±0.03e 
CCl4 25.56±0.82a 9.54±0.87a 20.39±1.33a 4.78±0.36a 2.00±0.03a 
Sily+CCl4 35.24.±0.94e 18.45±0.86d 33.82±1.70d 3.10±0.09c 1.51±0.05d
HLC+CCl4 27.21±0.37b 11.29±0.35b 22.42±1.53a 4.06±0.20b 1.91±0.04b
ELC+CCl4 31.25±0.33c 13.40±0.21c 27.32±1.18b 3.50±0.30c 1.61±0.04d
CLC+CCl4 28.32±0.66b 11.27±0.35b 23.45±0.84a 3.91±0.07b 1.78±0.06c 
BLC+CCl4 29.16±0.31b 14.19±0.86c 25.11±1.17b 3.72±0.08c 1.74±0.06c 
MLC+CCl4 32.51±0.26d 15.15±0.18c 30.66±1.27c 3.22±0.20c 1.59±0.06d
ALC+CCl4 27.04±0.10b 10.35±0.12a 22.12±1.18a 4.10±0.25b 1.89±0.06b
HLC alone 39.83±0.38f 24.19±0.78e 41.44±1.36e 2.58±0.10d 1.37±0.02e 
ELC alone 39.57±0.19f 23.35±0.34e 38.78±1.40e 2.60±0.05d 1.39±0.04e 
CLC alone 39.67±0.18f 24.05±0.56e 39.51±1.55e 2.50±0.08d 1.40±0.05e 
BLC alone 40.05±0.58f 23.89±0.44e 41.64±1.61e 2.65±0.07d 1.42±0.04e 
MLC alone 38.75±0.28f 22.93±0.70e 40.59±1.18e 2.55±0.10d 1.41±0.03e 
ALC alone 40.17±0.37f 23.63±0.26e 42.11±1.23e 2.59±0.10d 1.38±0.03e 
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  

 
Table 4.53: Effects of various fractions of C. opaca leaves on urine profile including BUN, 
urobilinogen, creatinine, creatinine clearance, and serum nitrite  
Group BUN (mg/dl) Urobilinogen

(mg/dl) 
Creatinine 
(mg/dl) 

Creatinine  
clearance  
(ml/min) 

Serum nitrite
(µM/ml) 

Control 30.82±1.11f 9.41±1.51f 40.00±1.81g 0.76±0.02c 37.45±1.44f 
Oil+DMSO 30.41±1.20f 9.33±1.42f 41.32±1.24g 0.78±0.03c 35.71±1.12f 
CCl4 56.68±2.89a 33.71±2.35a 80.34±3.71a 0.57±0.04a 76.56±3.81a 
Sily+CCl4 38.71±2.33e 14.20±2.58e 49.15±1.93e 0.66±0.01b 50.64±2.53e 
HLC+CCl4 52.27±2.70b 29.31±1.52b 76.56±1.38b 0.60±0.03a 65.33±1.39c 
ELC+CCl4 43.22±2.43d 19.07±2.18d 59.22±1.38d 0.61±0.03a 53.74±2.44e 
CLC+CCl4 50.18±1.46b 24.28±2.43c 73.23±1.45c 0.61±0.02a 60.34±2.78d 
BLC+CCl4 47.37±1.21c 20.18±2.61d 60.43±1.76d 0.62±0.01a 58.36±2.56d 
MLC+CCl4 42.31±2.22d 16.40±1.38e 54.41±1.27e 0.68±0.02b 52.54±2.23e 
ALC+CCl4 52.36±2.19b 28.32±2.71b 75.10±1.57b 0.60±0.02a 68.42±1.30b 
HLC alone 30.72±1.63f 9.01±1.29f 40.66±1.28g 0.80±0.01c 37.36±1.28f 
ELC alone 31.51±1.03f 10.03±1.40f 41.12±1.86g 0.77±0.03c 35.98±1.46f 
CLC alone 31.91±0.87f 9.98±1.21f 40.62±1.38g 0.79±0.02c 37.70±1.63f 
BLC alone 30.02±1.02f 10.11±1.39f 39.97±1.56g 0.75±0.03c 37.15±1.05f 
MLC alone 30.62±1.09f 9.87±1.29f 40.20±1.73g 0.76±0.02c 36.75±1.23f 
ALC alone 30.66±1.52f 9.63±1.38f 41.43±1.29g 0.78±0.03c 36.84±1.04f 
Values are Mean±SD (06 number). Sily=Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05  
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Table 4.54: Effects of various fractions of C. opaca leaves on tissue proteins and antioxidant 
enzyme levels 
Group Protein  

(µg/mg tissue) 
CAT  
(U/min) 

POD  
(U/min) 

SOD  
(U/mg  
protein) 

TBARS  
(nM/min/mg 
protein) 

H2O2  
(µM/ml) 

Control 1.781±0.021e 4.65±0.21d 9.35±0.21d 3.18±0.25e 3.01±0.53d 1.321±0.052g
Oil+DMSO 1.831±0.024e 4.59±0.19d 9.83±0.30d 3.42±0.21e 3.00±0.38d 1.290±0.067g
CCl4 0.888±0.033a 2.12±0.24a 4.92±0.39a 0.84±0.21a 5.61±0.68a 2.825±0.032a
Sily+CCl4 1.602±0.014d 4.02±0.20c 8.45±0.29c 2.57±0.18d 4.05±0.24c 1.530±0.017f
HLC+CCl4 1.159±0.028c 3.00±0.20b 6.15±0.33b 1.21±0.20a 5.43±0.23a 2.242±0.039b
ELC+CCl4 1.527±0.039d 3.78±0.28c 7.67±0.18c 2.43±0.10d 4.80±0.20b 1.724±0.009d
CLC+CCl4 1.263±0.038c 3.21±0.27b 6.54±0.22b 1.39±0.13a 4.74±0.12b 2.087±0.082c
BLC+CCl4 1.300±0.032c 3.89±0.15c 7.00±0.45b 1.77±0.14b 4.52±0.15b 1.831±0.022d
MLC+CCl4 1.563±0.050d 3.90±0.21c 8.03±0.34c 2.01±0.21c 4.12±0.33c 1.600±0.037e
ALC+CCl4 1.102±0.017b 2.73±0.12b 5.84±0.43b 1.25±0.27a 5.28±0.13a 2.481±0.030b
HLC alone 1.829±0.032e 4.80±0.21d 9.74±0.30d 3.39±0.47e 3.21±0.13d 1.303±0.039g
ELC alone 1.773±0.024e 4.77±0.41d 9.90±0.29d 3.22±0.27e 3.10±0.17d 1.367±0.033g
CLC alone 1.813±0.019e 4.62±0.29d 9.86±0.21d 3.40±0.31e 3.40±0.20d 1.258±0.077g
BLC alone 1.689±0.026e 4.61±0.36d 9.77±0.09d 3.37±0.42e 3.37±0.32d 1.271±0.056g
MLC alone 1.790±0.020e 4.52±0.20d 9.53±0.14d 3.15±0.47e 3.00±0.10d 1.300±0.081g
ALC alone 1.808±0.025e 4.55±0.28d 9.97±0.42d 3.51±0.31e 3.29±0.12d 1.345±0.018g
Values are Mean±SD (06 number). Sily=Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05  
 
 
Table 4.55: Effects of various fractions of C. opaca leaves on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/ 

mg protein)    
GPx (nM/ 
mg protein) 

GR (nM/ 
mg protein)  

GSH (µM/g  
tissue) 

QR (nM/ 
mg protein) 

%DNA  
Injuries 

Control 140.43±3.33f 128.35±4.29f 191.31±4.33e 20.32±1.39e 98.20±3.09f 15.37±2.34d
Oil+DMSO 136.26±3.20f 119.34±4.49f 202.46±3.41e 23.05±1.84e 105.73±3.52f 16.45±2.48d
CCl4 85.40±3.29a 69.24±3.40a 104.43±4.39a 10.53±1.42a 50.64±2.13a 47.42±3.00a
Sily+CCl4 121.51±3.42e 108.46±3.54e 170.32±4.28d 17.58±1.67d 90.67±2.48e 20.04±1.68c
HLC+CCl4 90.40±3.25a 78.76±2.10b 145.63±3.69b 12.64±0.34b 64.37±2.58b 28.47±3.88b
ELC+CCl4 107.74±2.29c 90.22±2.23c 172.42±3.41d 15.63±0.87c 80.60±2.54d 20.42±4.76c
CLC+CCl4 96.21±3.21b 84.09±2.21c 151.28±3.47b 14.53±1.94c 70.24±2.51c 22.67±3.72c
BLC+CCl4 100.37±2.01b 86.37±2.44c 178.79±3.60d 14.47±1.29c 73.29±4.63c 21.03±2.99c
MLC+CCl4 114.38±3.34d 97.49±3.32d 161.45±4.62c 17.07±0.97d 84.51±3.30d 22.17±2.60c
ALC+CCl4 89.29±3.50a 75.17±2.33b 146.39±3.10b 12.18±0.24b 61.63±4.45b 32.34±2.34b
HLC alone 147.32±4.87f 120.63±4.33f 194.37±5.39e 22.23±1.28e 102.63±3.49f 12.42±1.98d
ELC alone 148.97±4.49f 123.35±3.67f 196.89±3.19e 22.91±1.20e 104.30±3.55f 13.01±1.26d
CLC alone 144.45±3.39f 125.65±4.27f 200.58±3.62e 19.13±1.19e 106.14±2.40f 14.37±1.34d
BLC alone 139.75±4.21f 121.44±4.30f 200.60±4.27e 20.39±1.00e 100.39±3.32f 13.51±1.46d
MLC alone 149.53±4.30f 121.93±4.81f 201.73±3.33e 21.28±2.10e 101.64±3.61f 12.10±1.29d
ALC alone 150.25±3.12f 128.79±2.39f 198.29±4.30e 20.43±1.22e 99.49±2.87f 13.30±1.87d

Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
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Fig. 4.47: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca leaves. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MLC + CCl4 

group, (6) ELC + CCl4 group, (7) BLC + CCl4 group, (8) CLC + CCl4 group, (9) HLC + 

CCl4 group, (10) ALC + CCl4 group. 
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A B  

C D  

E F  

G H  

I J  
Fig. 4.48: Microphotograph of rat kidney (H & E stain). (A) Representative section of renal 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) MLC + CCl4 group, (F) ELC + CCl4 group, (G) BLC 
+ CCl4 group, (H) CLC + CCl4 group, (I) HLC + CCl4 group, (J) ALC + CCl4 group. ( ) 
glomerular atrophy, (  ) vascular congestions around the tubules, (  ) alterations in 
Bowmen’s space, (▲) tubular dilations, (   ) distorted renal corpuscles.  
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4.4.2.3. Effects of R. hastatus leaves against CCl4 induced nephrotoxicity in rat 

 Current study was carried out to distinguish the defensive status of various fractions 

of R. hastatus leaves against CCl4 induced toxicity in rat kidney. 

4.4.2.3.1. Effects of R. hastatus leaves on urine profile of rats 

Protective effects of various fractions of R. hastatus leaves against CCl4 

administration in renal functions including urinary pH, specific gravity, RBCs, WBCs and 

urea are tabulated in Table 4.56. Administration of CCl4 considerably (p<0.05) increased the 

specific gravity, RBCs, WBCs and urea while decreased (p<0.05) pH of urine. Various 

fractions of R. hastatus leaves markedly erased the toxic effects of CCl4 induced at urine 

level by appreciably (p<0.05) attenuating the above factors of urine near to control group. 

Ameliorating effects of silymarin against the CCl4 toxicity were comparable to the different 

fractions of R. hastatus leaves. Fractions of R. hastatus leaves alone showed non significant 

(p>0.05) variation from control group substantiating the non toxic attitude of plant.  

Effects of various fractions of R. hastatus leaves against CCl4 intoxication on urinary 

creatinine, creatinine clearance, urinary albumin, urobilinogen and urinary proteins level of 

rat as summarized in Table 4.57. Administration of CCl4 notably augmented (p<0.05) the 

level of urinary creatinine, urobilinogen and reduced (p<0.05) urinary albumin, creatinine 

clearance and level of proteins in urine as compare to control group. Administration of 

various fractions of R. hastatus leaves viz; HLR, ELR, CLR, BLR, MLR, ALR significantly 

erased (p<0.05) the intoxication of CCl4 by attenuating these parameters near to control. 

Comparatively, more ameliorating effects were recorded with the ELR and MLR as compare 

to rest of the fractions. Silymarin also alleviate the toxic effects of CCl4. Non toxic behaviour 

of selected dose of plant fractions was proved by insignificant (p>0.05) values of groups 

treated with fractions alone and control group. The ranking of fractions for their protective 

effectiveness in case of urine profile was ELR > MLR > BLR > CLR > ALR > HLR. 

4.4.2.3.2. Effects of R. hastatus leaves on serum profile of rats 

Like urinary profile, serum profile also provides an indication for the proper 

functioning of kidneys. Table 4.58 summarizes the serum tests for kidney viz; Serum 

protein, albumin, globulin, total bilirubin and direct bilirubin. CCl4 conduction to rats 

considerably (p<0.05) decreased the serum protein, globulin and albumin level of kidney 

while direct bilirubin, total bilirubin of blood were increased in response to toxicity. 

Various fractions of R. hastatus leaves ameliorated the toxic effects of CCl4 by recovering 
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the Serum protein, albumin, globulin, total bilirubin and direct bilirubin. However, most 

pronounced effects were shown by administration of ELR or MLR. Administration of 

silymarin in CCl4 intoxicated rats significantly (p<0.05) erased the toxicity caused by CCl4 

and restored the concentrations of Serum protein, albumin, globulin, total bilirubin and 

direct bilirubin near to control group. Selected dose of fractions showed non toxic attitude 

when administered alone, as the values for said parameters were similar to control group. 

Protective effects of various fractions of R. hastatus leaves against CCl4 intoxication 

on the changes of serum BUN, urobilinogen, creatinine, creatinine clearance and nitrite level 

of serum are revealed in Table 4.59. CCl4 administration considerably (p<0.05) increased the 

BUN, urobilinogen, creatinine and serum nitrite while decreased significantly (p<0.05) 

serum creatinine clearance. Various fractions of R. hastatus leaves such as HLR, ELR, CLR, 

BLR, MLR, ALR showed significant protective effects by restoring the serum BUN, 

urobilinogen, creatinine, creatinine clearance and nitrite level of serum near to control group. 

Silymarin treated group also erased the toxic effects of CCl4 by replacing back the above 

serum parameters near to control group. On the contrary, non significant (p>0.05) changes 

were observed by oral administration of various fractions of R. hastatus leaves alone 

corroborating with non toxic level of selected dose. The order of protective effects of various 

fractions of R. hastatus leaves in case of renal serum profile was ELR > MLR > BLR > CLR 

> ALR > HLR. 

4.4.2.3.3. Effects of R. hastatus leaves on enzymatic antioxidant levels 

 Nephrotoxicity is intervened by free radicals or by poor defense system i.e. 

antioxidant defense system, therefore antioxidant enzymes are measured for the assessment 

of toxicity studies. Table 4.60 depicts the changes in tissue soluble protein and antioxidant 

enzymes such as CAT, POD, SOD and TBARS and H2O2 contents in all sixteen groups of 

rats. Chronic administration of CCl4 exposed a noteworthy (p<0.05) decline in the amount of 

protein and CAT, POD and SOD activities in comparison to control group. Conversely, CCl4 

intoxication extensively (p<0.05) augmented the contents of lipid peroxidation and hydrogen 

peroxide. Administration of various fractions of R. hastatus leaves to CCl4-toxicated groups 

appreciably (p<0.05) restored the amount of tissue protein and activity of antioxidant 

enzymes. Significant (p<0.05) recovery effects was revealed by administration of (50 mg/kg 

body weight) silymarin for above mentioned renal parameters near to control group.  
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Changes in activity of different enzymes viz; GST, GPx, GR, GSH, QR and DNA 

fragmentation% in renal tissues are depicted in Table 4.61. CCl4 intoxication considerably 

(p<0.05) abridged the activity of GST, GPx, GR, GSH and QR, whereas the fragmentation 

level of DNA was notably (p<0.05) increased in contrast to control group. Post-induction 

with various fractions of R. hastatus leaves viz; HLR, ELR, CLR, BLR, MLR, ALR to CCl4-

intoxicated rats significantly erased (p<0.05) the toxic effects by reducing DNA damages and 

increasing the glutathione system. However, ELR showed most striking safe guarded effects 

among all the fractions. All fractions of R. hastatus leaves alone showed non significant 

variations (p>0.05) as compare to control group, beside, post-administration of silymarin 

showed results near to control group. The ranking order of fractions of R. hastatus leaves for 

oxidative stress was ELR > MLR > BLR > CLR > ALR > HLR. 

4.4.2.3.4. Effects of R. hastatus leaves on DNA damages (ladder assay)  

CCl4 exposure of rats produces oxygen free radicals, these free radicals combine with 

DNA forming adduct and induces DNA damages in renal tissue. The effects of various 

fractions of R. hastatus leaves against CCl4 toxicities are shown by DNA banding pattern 

(Fig. 4.49). CCl4 intoxication caused DNA damages as continuous tail along the gel. 

Administration of silymarin, HLR, ELR, CLR, BLR, MLR and ALR showed the band 

pattern of DNA that was more close to control group.  

4.4.2.3.5. Effects of R. hastatus leaves on renal histoarchitecture 

Renal histological alterations in different groups are picturized in Fig. 4.50. The 

histological picture of control and DMSO group represents the normal structural integrity of 

renal tubules and Bowmen’s capsule as shown in Fig. 4.50 A and B. Comprehensible damage 

was noticed in renal corticular and medullary parts of CCl4-toxicated rats. CCl4 pathogenesis 

manifested degenerated renal tubules, infiltration in interstitial inflammatory cells, 

outstanding widening of glomerular space with injured Bowman’s capsule, obstructed lumen 

with foamy appearance in the tubular epithelial cells (Fig. 4.50 C). Photomicrograph of 

groups treated with different fractions of R. hastatus leaves viz; HLR, ELR, CLR, BLR, 

MLR, ALR clearly illustrated the repairing effects with somewhat normal structure of 

glomeruli, regular Bowman’s space, tubules with broad lumen and prominent nuclei showing 

prohibited interstitial edema and capillary congestion (Fig. 4.50 E-J). Even so, ELR repaired 

the histological architecture more close to control group. Furthermore, a noticeable decrease 

in renal pathology of silymarin group was found versus to the CCl4 treated group (Fig. 4.50 
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D). Treatment with various fractions of R. hastatus leaves re-established the renal 

histoarchitecture towards control indicating the reversal of CCl4 induced nephrotoxicity and 

also confirming the above other parameters studied. 

4.4.2.4. Effects of R. hastatus roots against CCl4 induced nephrotoxicity in rat 

 Intention of this study was to find out the protective level of diverse fractions of R. 

hastatus roots against renal toxicity that was provoked by CCl4. 

4.4.2.4.1. Effects of R. hastatus roots on urine profile of rats 

Effects of various fractions of R. hastatus roots against CCl4-induced damages in the 

kidney are shown in Table 4.62 and 4.63. Levels of urinary profile of renal damage viz; 

specific gravity, RBCs, WBCs and urea raised significantly while, urinary pH was dropped in 

CCl4-toxicated group in contrast to normal untreated group (Table 4.62). Effects of various 

fractions of R. hastatus roots against CCl4 intoxication on urinary creatinine, creatinine 

clearance, urinary albumin, urobilinogen and urinary proteins level of rat is revealed in Table 

4.63. CCl4 intoxication drastically augmented (p<0.05) the level of urinary creatinine, 

urobilinogen and reduced (p<0.05) urinary albumin, creatinine clearance and proteins of 

urine as compare to control group. Administration of various fractions of R. hastatus roots 

viz; HRR, ERR, CRR, BRR, MRR and ARR significantly erased (p<0.05) the intoxication of 

CCl4 by attenuating these parameters near to control. The levels of urinary profile of above 

all parameters were significantly reversed on treatment with different fractions of R. hastatus 

roots in the order of MRR > BRR > ARR > CRR > ERR > HRR. The activity of the MRR 

and BRR was most effective and analogous to silymarin that was used as reference drug. 

Urine analysis of groups treated with various fractions of R. hastatus roots alone confirms 

that administered dose quantity was non toxic. 

4.4.2.4.2. Effects of R. hastatus roots on serum profile of rats 

The activity of serum profile is a useful marker for the amount of renal injury 

following CCl4 treatment. Table 4.64 demonstrates the renal serum tests viz; serum protein, 

albumin, globulin, total bilirubin and direct bilirubin. There was a considerable (p<0.05) 

decline in protein, albumin, globulin levels of serum in CCl4 treated rats while direct 

bilirubin, total bilirubin were elevated by CCl4 induction as against to control group. 
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Table 4.56: Effects of various fractions of R. hastatus leaves on urine profile including pH 
specific gravity, RBC, WBC and urea 
Group pH Specific gravity RBC/µl WBC/µl Urea (mg/dl)
Control 7.02±0.01d 1.01±0.02c 0.00±0.00e 42.46±2.97f 63.56±4.36e 
Oil+DMSO 7.00±0.02d 1.00±0.04c 0.00±0.00e 45.37±2.57f 67.48±3.50e 
CCl4 6.43±0.01a 1.36±0.06a 20.4±2.32a 97.08±3.53a 93.41±4.98a 
Sily+CCl4 6.86±0.04c 1.13±0.04b 3.44±0.53d 56.42±2.63e 74.03±1.53d 
HLR+CCl4 6.37±0.06a 1.31±0.06a 12.24±1.71b 82.40±2.17b 88.30±1.44b 
ELR+CCl4 6.66±0.05b 1.20±0.03b 4.59±2.72d 60.75±2.74e 75.32±1.65d 
CLR+CCl4 6.64±0.05b 1.30±0.05a 10.38±0.82c 76.32±3.67c 84.26±2.49b 
BLR+CCl4 6.76±0.08c 1.17±0.04b 6.49±2.53d 65.68±3.12d 79.46±1.37c 
MLR+CCl4 6.80±0.05c 1.15±0.05b 5.56±1.28d 62.39±2.23d 78.73±1.99c 
ALR+CCl4 6.34±0.09a 1.32±0.04a 14.54±1.91b 85.12±2.42b 89.13±1.69b 
HLR alone 7.02±0.03d 1.05±0.03c 0.00±0.00e 42.16±2.90f 69.36±4.55e 
ELR alone 7.00±0.02d 1.01±0.03c 0.00±0.01e 40.58±1.36f 63.55±3.19e 
CLR alone 7.01±0.03d 1.04±0.05c 0.00±0.00e 44.07±1.87f 65.49±2.87e 
BLR alone 7.00±0.02d 1.00±0.04c 0.00±0.00e 43.29±1.51f 64.34±3.23e 
MLR alone 7.00±0.01d 1.01±0.02c 0.00±0.00e 41.66±2.46f 62.52±3.38e 
ALR alone 7.00±0.04d 1.02±0.04c 0.00±0.01e 43.48±2.57f 66.08±3.44e 

Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
 
Table 4.57: Effects of various fractions of R. hastatus leaves on urine profile viz; creatinine, 
creatinine clearance, albumin, urobilinogen and urinary proteins  
 
Group Creatinine 

(mg/dl) 
Creatinine  
Clearance  
(ml/min) 

Albumin  
(mg/dl) 

Urobilinogen 
(mg/dl) 

Urinary  
protein 
(mg/dl) 

Control 3.04±0.12d 1.73±0.03e 11.64±0.21e 5.12±0.71h 26.62±0.21e 
Oil+DMSO 2.96+0.30d 1.69±0.02e 12.51±0.33e 5.55±0.63h 28.65±0.45e 
CCl4 5.68±0.42a 0.95±0.03a 5.12±0.17a 41.14±1.11a 13.43±0.62a 
Sily+CCl4 3.68±0.32c 1.50±0.05d 8.70±0.31d 12.11±1.43g 22.71±0.65d 
HLR+CCl4 5.08±0.10b 1.10±0.10a 6.58±0.29b 32.44±1.76c 14.45±0.50a 
ELR+CCl4 3.51±0.21c 1.56±0.05d 8.20±0.25d 17.45±1.97f 22.34±0.32d 
CLR+CCl4 4.56±0.36b 1.27±0.06b 7.09±0.31c 27.09±1.47d 16.71±0.61b 
BLR+CCl4 3.28±0.14c 1.40±0.04c 7.67±0.45c 19.69±1.38f 17.40±0.39b 
MLR+CCl4 3.42±0.23c 1.43±0.06c 8.15±0.22d 23.71±1.90e 20.31±0.60c 
ALR+CCl4 4.88±0.18b 1.08±0.12a 6.49±0.36b 35.65±1.29b 14.39±0.49a 
HLR alone 3.07±0.10d 1.72±0.09e 13.04±0.67e 6.85±0.47h 27.66±0.41e 
ELR alone 2.99±0.20d 1.80±0.02e 13.34±0.38e 6.12±0.39h 29.54±0.38e 
CLR alone 3.10+0.11d 1.70±0.10e 12.99±0.38e 6.65±0.81h 28.97±0.40e 
BLR alone 2.87+0.17d 1.79±0.04e 12.71±0.52e 6.35±0.53h 30.35±0.36e 
MLR alone 3.00±0.16d 1.76±0.03e 11.94±0.41e 6.98±0.61h 29.89±0.23e 
ALR alone 3.06+0.12d 1.73±0.06e 12.86±0.43e 5.98±0.62h 27.71±0.35e 
Values are Mean±SD (06 number). Sily=Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05  
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Table 4.58: Effects of various fractions of R. hastatus leaves on serum profile like serum 
proteins, albumin, globulin, total bilirubin and direct bilirubin 
Group Serum  

proteins 
(mg/dl) 

Albumin 
(mg/dl) 

Globulin  
(mg/dl) 

Total  
bilirubin 
(mg/dl) 

Direct  
bilirubin 
(mg/dl) 

Control 56.41±0.37g 24.08±0.34e 36.26±1.34e 3.67±0.07f 1.28±0.05d 
Oil+DMSO 60.23±0.42g 26.45±0.26e 40.11±1.33e 3.55±0.11f 1.18±0.07d 
CCl4 41.22±0.53a 11.16±0.62a 18.19±0.58a 5.06±0.19a 1.91±0.10a 
Sily+CCl4 51.76.±0.44f 20.43±0.72d 32.44±1.47d 3.92±0.09e 1.41±0.07c 
HLR+CCl4 42.32±0.45b 12.33±0.91a 22.04±1.79b 4.87±0.09b 1.74±0.05b 
ELR+CCl4 49.38±0.27e 19.13±0.65d 30.38±1.50d 3.83±0.12e 1.44±0.07c 
CLR+CCl4 44.06±0.26c 14.46±0.49b 25.64±1.39c 4.72±0.10b 1.72±0.10b 
BLR+CCl4 46.11±0.49d 16.60±0.72c 27.71±1.27c 4.52±0.08c 1.61±0.09b 
MLR+CCl4 49.09±0.38e 18.40±1.19d 30.92±1.49d 4.26±0.10d 1.57±0.08b 
ALR+CCl4 43.16±0.60c 12.27±0.88a 21.42±1.83b 4.82±0.10b 1.78±0.06b 
HLR alone 58.37±0.36g 25.48±0.23e 37.36±1.73e 3.37±0.21f 1.23±0.05d 
ELR alone 61.38±0.45g 27.31±0.23e 41.20±0.84e 3.01±0.30f 1.24±0.03d 
CLR alone 59.49±0.27g 26.42±0.27e 38.33±0.92e 3.15±0.22f 1.25±0.04d 
BLR alone 60.39±0.67g 28.15±0.28e 40.15±1.47e 3.23±0.36f 1.19±0.06d 
MLR alone 60.28±0.33g 27.18±0.12e 39.26±1.32e 3.05±0.43f 1.20±0.07d 
ALR alone 57.43±0.84g 25.36±0.20e 37.41±1.76e 3.35±0.33f 1.26±0.06d 
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
 
Table 4.59: Effects of various fractions of R. hastatus leaves on urine profile including BUN, 
urobilinogen, creatinine, creatinine clearance, and serum nitrite  
Group BUN  

(mg/dl) 
Urobilinogen 
(mg/dl) 

Creatinine 
(mg/dl) 

Creatinine  
clearance  
(ml/min) 

Serum nitrite 
(µM/ml) 

Control 40.07±1.11e 15.01±1.81g 49.50±2.43f 1.10±0.06c 54.34±1.24g 
Oil+DMSO 43.31±1.10e 12.73±1.26g 50.41±1.68f 1.20±0.03c 54.31±1.43g 
CCl4 70.68±2.54a 46.41±2.30a 79.55±2.30a 0.73±0.03a 83.33±2.44a 
Sily+CCl4 53.37±1.46d 21.14±1.65f 59.15±2.35e 0.94±0.08b 62.74±1.87f 
HLR+CCl4 65.49±1.71b 39.94±1.28b 74.43±1.91b 0.77±0.03a 76.78±1.73b 
ELR+CCl4 54.28±1.19d 22.61±1.49f 60.76±1.49e 0.90±0.01b 61.83±1.30f 
CLR+CCl4 64.81±1.28b 33.75±2.82c 72.29±1.29b 0.78±0.00a 73.19±1.92c 
BLR+CCl4 57.17±1.22c 28.46±1.43d 67.53±1.20c 0.84±0.03b 68.91±1.32d 
MLR+CCl4 59.09±1.37c 24.82±1.38e 63.39±1.28d 0.87±0.04b 65.60±1.37e 
ALR+CCl4 65.60±1.63b 41.38±1.50b 75.15±1.00b 0.77±0.01a 78.38±1.61b 
HLR alone 44.01±0.87e 15.19±1.34g 51.32±1.42f 1.17±0.06c 55.26±1.27g 
ELR alone 41.47±1.32e 12.41±1.45g 49.43±1.23f 1.19±0.04c 54.26±1.87g 
CLR alone 42.82±1.06e 13.53±1.34g 50.61±1.69f 1.14±0.08c 53.45±2.36g 
BLR alone 41.61±1.65e 11.62±1.66g 49.71±1.73f 1.22±0.03c 53.26±2.36g 
MLR alone 40.39±1.23e 12.34±1.51g 48.30±1.64f 1.17±0.03c 52.42±2.67g 
ALR alone 43.75±1.39e 16.23±0.98g 50.41±1.33f 1.20±0.03c 54.17±1.36g 
Values are Mean±SD (06 number). Sily=Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05  
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Table 4.60: Effects of various fractions of R. hastatus leaves on tissue proteins and 
antioxidant enzyme levels 
Group Protein  

(µg/mg tissue) 
CAT  
(U/min) 

POD  
(U/min) 

SOD  
(U/mg  
protein) 

TBARS  
(nM/min/mg 
protein) 

H2O2  
(µM/ml) 

Control 3.054±0.019i 5.26±0.24d 14.52±0.33f 4.23±0.15c 2.00.±0.75d 1.84±0.53c
Oil+DMSO 3.136±0.015i 5.16±0.33d 13.34±0.21f 4.01±0.21c 2.08±0.80d 1.90±0.42c
CCl4 1.435±0.023a 2.92±0.50a 6.07±0.63a 1.96±0.26a 5.26±0.66a 3.87±0.45a
Sily+CCl4 2.693±0.018h 4.60±0.46c 11.94±0.28e 3.87±0.60b 3.21±0.62c 2.67±0.20b
HLR+CCl4 1.828±0.042c 3.60±0.12b 8.11±0.45b 2.58±0.31a 4.66±0.83b 3.24±0.10b
ELR+CCl4 2.363±0.062e 4.32±0.31c 11.35±0.19e 3.62±0.27b 3.30±0.47c 2.82±0.18b
CLR+CCl4 2.194±0.038d 4.05±0.07c 9.48±0.20c 3.07±0.12b 4.37±0.51b 3.16±0.11b
BLR+CCl4 2.505±0.029f 4.56±0.27c 10.23±0.22d 3.12±0.31b 3.45±0.22c 3.04±0.29b
MLR+CCl4 2.582±0.041g 4.15±0.25c 11.59±0.48e 3.18±0.75b 3.39±0.50c 2.90±0.33b
ALR+CCl4 1.687±0.026b 3.46±0.10b 8.24±0.37b 2.21±0.44a 4.75±0.67b 3.21±0.13b
HLR alone 3.102±0.078i 5.36±0.36d 13.70±0.67f 4.30±0.16c 2.74.±0.77d 1.93±0.48c
ELR alone 3.185±0.045i 5.44±0.12d 13.72±0.47f 4.69±0.18c 2.26.±0.92d 2.04±0.64c
CLR alone 3.203±0.062i 5.29±0.33d 14.88±0.28f 4.41±0.20c 2.81±0.61d 2.16±0.64c
BLR alone 3.246±0.032i 5.36±0.41d 14.65±0.30f 4.42±0.21c 2.65±0.67d 1.97±0.87c
MLR alone 3.147±0.049i 5.46±0.20d 14.76±0.48f 4.57±0.23c 2.35.±0.59d 2.00±0.79c
ALR alone 3.127±0.028i 5.45±0.38d 13.66±0.41f 4.29±0.29c 2.48±0.56d 1.99±0.49c
Values are Mean±SD (06 number). Sily=Silymarin 
a-i (Means with different  letters) indicate significance at p<0.05  
 
Table 4.61: Effect of various fractions of R. hastatus leaves on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/ 

mg protein)    
GPx (nM/ 
mg protein) 

GR (nM/ 
mg protein)  

GSH (µM/g  
tissue) 

QR (nM/ 
mg protein) 

%DNA  
Injuries 

Control 210.61±4.33h 159.53±3.60g 176.79±3.56h 29.52±2.72d 123.61±3.12e 10.77±1.45e
Oil+DMSO 200.27±3.72h 167.49±3.42g 168.82±3.82h 26.41±3.14d 119.40±2.09e 11.98±2.88e
CCl4 105.75±3.10a 79.55±2.61a 97.88±2.05a 13.46±1.07a 81.95±2.85a 53.65±1.34a
Sily+CCl4 187.66±3.98g 134.14±2.30f 149.12±2.80g 22.78±2.32c 106.60±2.57d 20.29±1.89d
HLR+CCl4 121.16±5.28b 90.58±2.50b 110.52±2.29c 16.10±1.04b 91.08±2.59b 32.36±2.50b
ELR+CCl4 160.78±3.49e 120.23±2.31e 140.63±2.80f 20.37±1.08c 95.00±1.88c 26.62±2.32c
CLR+CCl4 143.39±4.46c 100.34±2.33c 122.41±2.43d 17.18±1.16b 96.17±1.73c 27.45±2.15c
BLR+CCl4 152.71±4.32d 107.70±2.31d 128.76±2.49e 17.00±1.57b 101.16±2.20d 24.41±2.30c
MLR+CCl4 174.62±3.33f 122.80±2.72e 136.45±2.36f 21.08±2.05c 102.32±2.14d 21.38±1.62d
ALR+CCl4 118.32±3.39b 86.53±2.26b 103.34±2.51b 15.20±0.59b 89.12±2.33b 35.91±2.48b
HLR alone 231.01±2.27h 165.80±4.38g 173.58±3.13h 28.48±3.68d 124.42±4.63e 12.06±1.29e
ELR alone 209.68±3.45h 165.53±4.44g 171.19±4.52h 31.79±3.41d 127.17±1.86e 11.09±1.11e
CLR alone 208.42±4.56h 169.76±3.73g 169.32±3.44h 27.54±3.59d 128.53±3.89e 10.71±2.49e
BLR alone 212.37±3.36h 160.31±3.50g 180.02±4.76h 30.31±3.30d 124.55±4.39e 11.68±1.38e
MLR alone 207.74±3.38h 164.24±4.62g 173.58±3.39h 32.25±2.37d 120.82±3.30e 10.80±1.41e
ALR alone 214.27±2.45h 168.79±4.39g 175.28±3.02h 30.56±3.26d 125.31±2.81e 13.21±2.27e

Values are Mean±SD (06 number). Sily=Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05  
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Fig. 4.49: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus leaves. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) ELR + 

CCl4 group, (6) MLR + CCl4 group, (7) BLR + CCl4 group, (8) CLR + CCl4 group, (9) ALR 

+ CCl4 group, (10) HLR + CCl4 group 

. 
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A B  

C D  

E F  

G H  

I J  
Fig. 4.50: Microphotograph of  rat kidney (H & E stain). (A) Representative section of renal 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) ELR + CCl4 group, (F) BLR + CCl4 group, (G) 
MLR+ CCl4 group, (H) CLR+ CCl4 group, (I) ALR + CCl4 group, (J) HLR + CCl4 group, 
( ) glomerular atrophy, (    )vascular congestions around the tubules, (  ) alterations in 
Bowmen’s space, (▲) tubular dilations, (    ) distorted renal corpuscles.  
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Table 4.65 shows the changes found in serum BUN, urobilinogen, creatinine, 

creatinine clearance and nitrite level of serum. CCl4 treated rats depicts marked (p<0.05) 

increase in BUN, urobilinogen, creatinine and serum nitrite while decrease in serum 

creatinine clearance. Different fractions of R. hastatus roots remarkably protected the kidney 

from chronic CCl4 poisoning as verified by serum profile. However, the ranking order of 

fractions in case of serum profile was MRR > BRR > ARR > CRR > ERR > HRR, validating 

the most definite effects of MRR or BRR. Silymarin treatment to CCl4 intoxicated rats 

significantly (p<0.05) erased the toxicity caused by CCl4 and recovered the concentrations of 

above parameters near to control group. Conversely, Non significant (p>0.05) changes by 

feeding fractions alone prove the non toxic dose level of fractions. 

4.4.2.4.3. Effects of R. hastatus roots on enzymatic antioxidant levels  

 The extent of kidney damage was assessed by estimating antioxidant enzyme levels. 

Table 4.66 describes the changes in tissue soluble protein and antioxidant enzymes like CAT, 

POD, SOD and TBARS and H2O2 levels. Chronic administration of CCl4 for eight weeks 

resulted in diminished antioxidative status like decreased activities of renal catalase, 

peroxidase and superoxide dismutase. Treatment of various fractions of R. hastatus roots to 

CCl4 treated rats appreciably (p<0.05) re-established the amount of tissue protein antioxidant 

enzyme levels. Table 4.66 also corresponds to the disturbed levels of lipid peroxidation and 

hydrogen peroxide after CCl4 intoxication. Significant increase was found in renal TBARS 

and H2O2, but different fractions of R. hastatus roots and silymarin treatment showed their 

down regulation towards control. 

Table 4.67 demonstrates the effects of various fractions of R. hastatus roots on 

glutathione enzymes viz; GST, GPx, GR, GSH and QR and DNA fragmentation% in renal 

tissue. CCl4 treatment extensively (p<0.05) abridged the activity of glutathione like GST, 

GPx, GR, GSH as well as QR, whereas the % fragmentation level of DNA was notably 

(p<0.05) increased versus control group. Co-administration of CCl4-intoxicated rats with 

various fractions of R. hastatus leaves viz; HRR, ERR, CRR, BRR, MRR, ARR significantly 

ameliorated (p<0.05) the toxic effects by reducing DNA damages and restoring the activity 

of glutathione system in comparison to control group. Furthermore, noticeable inhibition 

against toxicity was observed in case of MRR or BRR. All fractions of R. hastatus leaves 

alone showed non significant variations (p>0.05) from control group, thus verified that 

administered dose level of fractions was non toxic. Beside this, post-administration of (50 
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mg/kg body weight) silymarin also showed result more close to control group. After 

evaluating the oxidative enzyme levels of different groups, fractions of R. hastatus leaves can 

be ranked as MRR > BRR > ARR > CRR > ERR > HRR 

4.4.2.4.4. Effects of R. hastatus roots on DNA damages (ladder assay)  

            CCl4 treatment caused damages at DNA level, inducing DNA strand breakages in 

renal tissues of rat. DNA ladder assay showed DNA damages as continuous tail along the gel 

in case of CCl4-toxicated group (Fig. 4.51). In contrast, intact genomic DNA banding pattern 

was appeared in case of control group. Post-administration of silymarin and of various 

fractions of R. hastatus roots viz; HRR, ERR, CRR, BRR, MRR and ARR reduced the DNA 

damages when compared with CCl4 intoxicated group. Figure shows that groups treated with 

MRR or BRR has the band pattern like that of control group. 

4.4.2.4.5. Effects of extract of R. hastatus roots on kidney histoarchitecture 

Photomicrographs of histological alterations in kidneys of different groups are shown 

in Fig. 4.52. Fig. 4.52 A and B shows the histology with normal features of renal tubules and 

Bowmen’s capsule of control and DMSO group. Extensive renal injuries were found both in 

corticular and medullary parts of CCl4-treated rats. CCl4 intoxication was characterized by 

degenerated renal tubules, infiltrated interstitial inflammatory cells, injured Bowman’s 

capsule with swollen gomerulus, and obstructed lumen with foamy appearance in the tubular 

epithelial cells (Fig. 4.52 C). Fig. 4.52 E-J  shows the histopathology  of groups treated with 

different fractions of R. hastatus roots viz; HRR, ERR, CRR, BRR, MRR, ARR clearly 

illustrated the repairing effects with somewhat normal structure of glomeruli, uniform 

Bowman’s space, tubules containing wider lumen with prominent nuclei and prevented 

interstitial edema. Among all these fractions MRR and BRR showed the most protective 

effects as the renal structure appeared more close to normal. Besides, an obvious decrease in 

renal pathology of silymarin group was found in comparison with CCl4 group as shown in 

Fig. 4.52 D. Different fractions of R. hastatus roots restored the histological structure of 

kidneys towards control supporting the curative potential resulted from urine profile, serum 

profile, oxidative stress level and DNA damage analysis. 
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Table 4.62: Effects of various fractions of R. hastatus roots on urine profile including pH 
specific gravity, RBC, WBC and urea 
Group pH Specific gravity RBC/µl WBC/µl Urea (mg/dl)
Control 6.91±0.06e 1.00±0.06e 0.00±0.00f 35.46±3.67e 60.27±2.34e 
Oil+DMSO 6.94±0.03e 1.05±0.06e 0.00±0.02f 40.07±3.69e 56.08±2.87e 
CCl4 5.99±0.02a 1.59±0.03a 23.18±4.77a 90.73±3.76a 95.37±2.92a 
Sily+CCl4 6.82±0.04d 1.21±0.02d 3.29±1.85e 52.42±2.64d 72.96±2.55d 
HRR+CCl4 6.22±0.10b 1.45±0.06b 18.39±3.77b 78.48±2.76b 90.29±2.85b 
ERR+CCl4 6.32±0.04b 1.43±0.08b 19.27±3.26b 75.32±3.83b 89.91±2.70b 
CRR+CCl4 6.46±0.05c 1.33±0.06c 13.49±2.20c 70.72±2.48b 82.26±2.61c 
BRR+CCl4 6.81±0.06d 1.25±0.02c 6.83±1.98d 57.52±2.29d 74.76±2.38d 
MRR+CCl4 6.78±0.05d 1.29±0.03c 5.10±1.44d 55.94±3.49d 76.52±2.29d 
ARR+CCl4 6.58±0.07c 1.31±0.05c 10.76±2.94c 64.68±3.22c 80.45±2.45c 
HRR alone 6.95±0.03e 1.04±0.03e 0.00±0.00f 41.15±3.61e 62.08±0.89e 
ERR alone 6.94±0.03e 1.06±0.04e 0.00±0.01f 38.76±3.08e 58.27±1.70e 
CRR alone 6.98±0.02e 1.02±0.05e 0.00±0.01f 39.74±3.70e 61.43±2.88e 
BRR alone 6.96±0.03e 1.02±0.02e 0.00±0.00f 38.43±2.32e 60.45±1.67e 
MRR alone 7.00±0.00e 1.01±0.01e 0.00±0.00f 36.96±1.67e 59.65±1.94e 
ARR alone 6.97±0.02e 1.00±0.02e 0.00±0.00f 37.66±2.35e 60.67±2.35e 
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
 
Table 4.63: Effects of various fractions of R. hastatus roots on urine profile viz; creatinine, 
creatinine clearance, albumin, urobilinogen and urinary protiens  
 
Group Creatinine  

(mg/dl) 
Creatinine 
clearance  
(ml/min) 

Albumin  
(mg/dl) 

Urobilinogen
(mg/dl) 

Urinary protein
(mg/dl) 

Control 2.00±0.32c 1.13±0.11c 10.12±0.06e 4.52±1.67f 40.72±0.56f 
Oil+DMSO 1.93+0.20c 1.09±0.07c 9.51±0.89e 5.15±1.23f 36.58±1.47f 
CCl4 3.94±0.56a 0.75±0.03a 4.36±0.32a 40.67±1.28a 15.79±0.74a 
Sily+CCl4 2.77±0.32b 1.02±0.03b 8.00±0.15d 11.56±1.97e 30.01±0.36e 
HRR+CCl4 3.47±0.29a 0.84±0.02b 5.20±0.21b 33.60±1.84b 17.31±0.47b 
ERR+CCl4 3.41±0.22a 0.82±0.03b 5.43±0.22b 31.67±1.63b 18.40±0.82b 
CRR+CCl4 3.21±0.16a 0.89±0.04b 6.00±0.29c 25.53±1.75c 21.34±0.75c 
BRR+CCl4 2.96±0.04b 0.90±0.02b 7.50±0.11d 16.37±1.34d 27.60±0.93d 
MRR+CCl4 2.89±0.13b 0.96±0.04b 7.82±0.37d 14.39±1.29d 28.53±0.10d 
ARR+CCl4 3.17±0.07a 0.87±0.03b 6.60±0.36c 22.50±1.81c 23.56±0.39c 
HRR alone 2.13+0.12c 1.10±0.02c 9.81±0.24e 5.23±1.25f 39.46±1.51f 
ERR alone 2.06±0.24c 1.11±0.03c 10.02±0.18e 4.76±1.63f 40.78±0.96f 
CRR alone 1.95+0.31c 1.12±0.04c 9.31±0.25e 4.05±1.23f 37.33±1.22f 
BRR alone 1.99+0.30c 1.09±0.03c 9.01±0.19e 5.65±1.27f 37.18±1.04f 
MRR alone 2.10±0.28c 1.10±0.01c 10.00±0.16e 4.78±1.39f 38.52±0.79f 
ARR alone 1.97±0.23c 1.11±0.02c 9.72±0.17e 4.92±1.93f 39.66±1.34f 
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
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Table 4.64: Effects of various fractions of R. hastatus roots on serum profile like serum 
proteins, albumin, globulin, total bilirubin and direct bilirubin 
Group Serum 

proteins 
(mg/dl) 

Albumin 
(mg/dl) 

Globulin 
(mg/dl) 

Total 
bilirubin 
(mg/dl) 

Direct 
bilirubin 
(mg/dl) 

Control 35.19±3.69e 24.00±0.47e 40.58±1.43e 3.89±0.05e 1.13±0.03d 
Oil+DMSO 32.41±2.42e 27.17±0.83e 42.04±1.35e 3.70±0.10e 1.08±0.06d 
CCl4 23.19±0.83a 11.65±0.52a 20.54±0.47a 4.64±0.17a 1.92±0.07a 
Sily+CCl4 30.26.±0.28d 20.88±0.33d 32.21±1.33d 3.58±0.09d 1.23±0.05c 
HRR+CCl4 24.20.±0.39a 13.26±0.51b 23.20±1.71b 4.21±0.17b 1.63±0.09b 
ERR+CCl4 24.36.±0.10a 13.47±0.42b 23.19±1.60b 4.15±0.13b 1.57±0.05b 
CRR+CCl4 26.92.±0.29b 15.38±0.28c 25.76±0.59c 3.91±0.10c 1.47±0.09b 
BRR+CCl4 30.71.±0.65c 19.41±0.47d 31.82±1.97d 3.68±0.07d 1.25±0.05c 
MRR+CCl4 29.19.±0.71c 19.50±0.30d 30.91±1.38d 3.61±0.14d 1.30±0.06c 
ARR+CCl4 27.48.±0.37b 16.29±0.91c 26.41±1.40c 3.88±0.09c 1.42±0.08b 
HRR alone 36.47±1.88e 25.54±0.26e 39.27±1.47e 3.80±0.02e 1.08±0.06d 
ERR alone 35.37±3.25e 24.66±0.47e 40.52±1.52e 3.78±0.07e 1.07±0.08d 
CRR alone 39.26±2.65e 24.27±0.84e 41.94±1.39e 3.70±0.10e 1.08±0.09d 
BRR alone 34.33±2.18e 27.47±0.80e 42.34±1.19e 3.77±0.08e 1.10±0.04d 
MRR alone 36.79±3.56e 28.30±0.71e 43.18±1.37e 3.75±0.06e 1.09±0.03d 
ARR alone 37.51±3.86e 25.40±0.47e 42.57±1.41e 3.79±0.06e 1.12±0.03d 
Values are Mean±SD (06 number). Sily=Silymarin 
a-e (Means with different  letters) indicate significance at p<0.05 
 
Table 4.65: Effects of various fractions of R. hastatus roots on urine profile including BUN, 
urobilinogen, creatinine, creatinine clearance, and serum nitrite  
Group BUN 

 (mg/dl) 
Urobilinogen
(mg/dl) 

Creatinine 
(mg/dl) 

Creatinine  
clearance  
(ml/min) 

Serum nitrite
(µM/ml) 

Control 36.47±2.48d 15.41±2.33g 37.40±2.19e 1.00±0.02d 54.40±1.22c 
Oil+DMSO 32.41±3.10d 13.83±1.72g 40.61±1.04e 1.03±0.01d 52.31±1.03c 
CCl4 69.98±4.59a 46.51±2.40a 81.35±4.15a 0.58±0.06a 92.64±4.15a 
Sily+CCl4 46.46±2.45c 21.54±1.43f 50.15±2.20d 0.87±0.05c 62.33±2.41b 
HRR+CCl4 63.37±2.42a 39.11±2.49b 73.72±2.26b 0.61±0.03a 82.38±3.28b 
ERR+CCl4 62.28±2.05a 37.29±1.74b 70.61±4.23b 0.62±0.06a 79.20±3.47b 
CRR+CCl4 57.40±2.22b 33.44±2.46c 68.10±2.47b 0.69±0.02b 75.51±2.61b 
BRR+CCl4 52.51±2.43b 27.76±1.72d 59.32±2.81c 0.76±0.03b 69.50±3.29b 
MRR+CCl4 51.25±1.37b 24.66±1.57e 55.13±2.19c 0.85±0.05c 65.82±2.38b 
ARR+CCl4 56.17±2.38b 28.34±1.27d 63.45±2.39c 0.72±0.04b 70.34±3.40b 
HRR alone 35.51±2.19d 16.63±1.90g 40.64±1.66e 1.00±0.03d 54.35±1.44c 
ERR alone 36.73±2.33d 15.36±1.88g 39.47±1.31e 1.00±0.03d 54.27±1.55c 
CRR alone 35.46±2.75d 15.03±1.55g 40.45±1.45e 1.00±0.02d 53.26±1.32c 
BRR alone 32.51±2.87d 12.84±1.34g 38.34±1.03e 1.02±0.04d 52.28±1.13c 
MRR alone 33.67±2.35d 13.67±2.52g 36.12±1.34e 1.01±0.02d 51.76±1.23c 
ARR alone 31.07±2.54d 14.46±2.87g 37.25±2.10e 1.00±0.03d 52.36±1.72c 
Values are Mean±SD (06 number). Sily=Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
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Table 4.66: Effects of various fractions of R. hastatus roots on tissue proteins and antioxidant 
enzyme levels 
 
Group Protein  

(µg/mg tissue) 
CAT  
(U/min) 

POD  
(U/min) 

SOD  
(U/mg  
protein) 

TBARS  
(nM/min/mg 
protein) 

H2O2  
(µM/ml) 

Control 2.23±0.051h 5.24±0.43e 15.21±0.45e 4.62±0.37d 2.70±0.71e 2.08±0.31d
Oil+DMSO 2.30±0.065h 5.19±0.32e 14.64±0.23e 4.31±0.42d 2.68±0.63e 2.10±0.42d
CCl4 1.09±0.009a 2.21±0.31a 6.58±0.30a 1.32±0.64a 6.89±0.68a 4.34±0.76a
Sily+CCl4 2.00±0.016g 4.32±0.16d 12.87±0.28d 3.54±0.33c 3.11±0.52d 2.68±0.25b
HRR+CCl4 1.27±0.029b 2.78±0.33b 8.00±0.41b 2.26±0.23b 5.35±0.64b 3.70±0.17a
ERR+CCl4 1.33±0.030c 2.96±0.21b 8.48±0.36b 2.35±0.43b 5.18±0.33b 3.49±0.21a
CRR+CCl4 1.55±0.061d 3.47±0.28c 9.63±0.56c 2.99±0.21b 4.53±0.56c 2.51±0.13c
BRR+CCl4 1.78±0.039e 3.90±0.26c 10.66±0.32c 3.20±0.07c 3.38±0.52d 2.39±0.08c
MRR+CCl4 1.90±0.031f 3.99±0.23c 12.07±0.46d 3.17±0.09c 3.45±0.45d 2.90±0.02b
ARR+CCl4 1.89±0.022f 3.88±0.56c 12.00±0.41d 3.60±0.19c 4.02±0.31c 2.98±0.15b
HRR alone 2.30±0.031h 5.13±0.37e 15.38±0.22e 4.71±0.28d 2.59±0.26e 2.64±0.18d
ERR alone 2.33±0.003h 5.25±0.53e 15.41±0.47e 4.68±0.91d 2.80±0.33e 2.44±0.40d
CRR alone 2.24±0.043h 5.32±0.42e 14.90±0.81e 4.84±0.37d 2.91±0.54e 2.50±0.39d
BRR alone 2.36±0.002h 5.46±0.61e 15.08±0.51e 5.00±0.40d 2.84±0.69e 2.23±0.35d
MRR alone 2.28±0.021h 5.58±0.34e 15.67±0.22e 4.83±0.48d 2.83±0.67e 2.38±0.27d
ARR alone 2.35±0.002h 5.44±0.18e 16.01±0.12e 5.08±0.38d 3.09±0.20e 2.42±0.42d
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
 
Table 4.67: Effects of various fractions of R. hastatus roots on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/ 

mg protein)    
GPx (nM/ 
mg protein) 

GR (nM/ 
mg protein)  

GSH (µM/g  
tissue) 

QR (nM/ 
mg protein) 

%DNA  
Injuries 

Control 187.37±4.49f 120.57±3.24g 207.37±3.58h 23.20±1.29f 117.48±1.60f 9.37±1.75e 
Oil+DMSO 184.42±4.51f 126.41±3.42g 217.22±3.39h 20.34±1.11f 110.41±1.39f 8.38±1.35e 
CCl4 98.74±2.46a 64.76±2.85a 108.67±2.80a 8.03±0.88a 67.54±1.71a 46.11±2.70a
Sily+CCl4 156.13±2.45e 107.62±2.17f 186.51±2.45g 18.43±1.41e 101.39±2.30e 18.90±1.76d
HRR+CCl4 107.55±2.39b 70.52±2.67b 115.28±3.34b 9.68±0.74b 73.30±2.10b 30.51±1.00b
ERR+CCl4 109.67±2.47b 72.71±2.34b 120.46±2.78b 9.90±0.97b 78.98±3.05b 32.64±2.78b
CRR+CCl4 119.38±2.38c 81.26±3.78c 132.67±3.84c 11.46±1.20c 85.65±2.46c 26.45±1.38c
BRR+CCl4 158.57±2.37e 88.67±2.56d 144.33±2.78d 15.45±1.70d 100.45±2.14e 22.33±2.24d
MRR+CCl4 140.83±2.69d 101.63±2.52e 167.69±2.30f 16.36±1.02d 96.99±2.49d 20.28±1.23d
ARR+CCl4 138.86±2.80d 95.34±3.73e 156.89±3.46e 13.43±1.14c 92.76±2.36d 23.13±1.19d
HRR alone 185.36±2.65f 127.49±3.31g 212.52±2.72h 22.27±1.01f 115.57±1.49f 7.28±1.08e 
ERR alone 191.83±3.52f 126.72±3.40g 210.77±3.47h 20.65±0.96f 110.36±2.53f 8.02±1.82e 
CRR alone 188.90±2.92f 129.63±3.48g 221.46±3.51h 23.74±0.50f 109.70±1.23f 7.47±1.89e 
BRR alone 192.87±2.73f 127.58±3.29g 220.12±3.49h 21.94±0.60f 118.49±1.56f 8.19±1.02e 
MRR alone 190.54±2.30f 131.29±3.93g 213.76±2.40h 22.72±0.58f 112.26±2.23f 8.36±1.20e 
ARR alone 187.71±2.83f 132.45±3.94g 217.55±3.30h 24.21±0.78f 111.56±2.44f 7.72±1.67e 
Values are Mean±SD (06 number). Sily=Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
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Fig. 4.51: Agarose gel showing DNA damage by CCl4 and protective effect of various 

fractions of R. hastatus roots. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MRR + CCl4 

group, (6) BRR + CCl4 group, (7) ARR + CCl4 group, (8) CRR + CCl4 group, (9) ERR + 

CCl4 group, (10) HRR + CCl4 group. 

. 
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A B  

C D  

E F  

G H  

I J  
Fig. 4.52: Microphotograph of rat kidney (H & E stain). (A) Representative section of renal 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) BRR + CCl4 group, (F) MRR + CCl4 group, (G) 
ARR+ CCl4 group, (H) CRR + CCl4 group, (I) ERR + CCl4 group, (J) HRR + CCl4 group, 
( ) glomerular atrophy, (    )vascular congestions around the tubules, (  ) alterations in 
Bowmen’s space, (▲) tubular dilations, (    ) distorted renal corpuscles.  
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4.4.3. Pulmonary toxicity studies 

Lungs are one of the largest organs. Damages in respiratory tract system may be 

consequences of inhalation of toxic chemicals, drugs or smoking. Lungs have considerable 

importance in respiratory tract system thus pulmonary diseases as an outcome of inhaled 

toxins considered as dangerous to health. CCl4 is going to be introduced in rat models to 

explore the lung injury. Previous reports suggest that oxidative stress is one of primary 

causes of lung injuries hence it is hypothesized that over production of free radicals by CCl4 

may cause pulmonary injuries. Pulmonary toxicity causes notable pathological distinctions 

such as fibrosis, inflammatory changes and degeneration of epithelial cells. Hence, it was 

certain to estimate the pharmacological outcomes of different plant parts and their fractions 

on CCl4-induced oxidative damages in lungs.  

4.4.3.1. Effects of C. opaca fruit against CCl4 induced pulmonary toxicity in rat  

CCl4 is a powerful pulmonary toxin that induces lung toxicity in acute and chronic 

way. Therefore, it was planned to induce pulmonary toxicity by CCl4 as well as to minimize 

the toxic effects by C. opaca fruit. The parameters studied in this respect were the 

antioxidant enzymatic level, genotoxicity, characteristic histological findings of lungs. 

4.4.3.1.1. Effects of C. opaca fruits on enzymatic antioxidant levels  

Oxidative stress induces pathogenesis that affects almost every organ including 

lungs. ROS (reactive oxygen species) production is the upshot of oxidative stress that 

directly demolish the lipid, proteins and DNA. In reaction to this, body has its own defense 

system that is consisted of mutually supportive team of antioxidant enzymes that are helpful 

to describe the level of damage. Protective effects of different fractions of C. opaca fruits 

against CCl4 induced pulmonary changes in tissue protein and antioxidant level is 

demonstrated in Table 4.68. CCl4 treatment considerably (p<0.05) decreased the tissue 

protein, CAT, POD and SOD levels in comparison to control group. Increase in TBARS 

and H2O2 was due to intoxication of CCl4. Post-administration of various fractions of C. 

opaca fruits appreciably (p<0.05) ameliorated the toxic affects of CCl4 in lung tissues in 

contrast to control group. Similarly, ameliorating effects of silymarin were also illustrated 

by above parameters returning towards control group. Groups inducted with fractions of C. 

opaca fruits alone did not show variation (p>0.05) from control.  

Previous reports disclose that Phase II antioxidant metabolizing enzymes play key 

role in detoxification of oxidative stress hence, activity of phase II antioxidant metabolizing 

enzymes like GST, GPx, GR, GSH and QR and DNA fragmentation are revealed in Table 

4.69. CCl4 insults notably (p<0.05) abridged the status of glutathione such as GST, GPx, 
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GR, GSH as well as QR, while considerably (p<0.05) increased the fragmentation of DNA, 

when compared with control group. Various fractions of C. opaca fruits significantly 

ameliorated the intoxication by increasing the activity of phase II antioxidant enzymes and 

restoring the DNA fragmentation towards control group. Silymarin administration to rats 

significantly (p<0.05) erased the intoxication and restored the activities of GST, GPx, GR, 

GSH and QR in lung tissues. Administration of various fractions of C. opaca fruits alone 

showed non significant (p>0.05) variation as compare to control group. The sequence for 

antioxidative status of C. opaca fruits was CFC > AFC > MFC > BFC > EFC > HFC. 

4.4.3.1.2. Effects of C. opaca fruits on DNA damages (ladder assay)  

CCl4 is a genotoxic chemical and causes DNA damages. The protective effects of 

various fractions of C. opaca fruits against CCl4 induced DNA damages in rats are shown by 

DNA ladder assay in Fig. 4.53. Intact genomic DNA was revealed by ladder assay of control 

group while, CCl4 group showed marked DNA damages. Co-treatment of silymarin and 

various fractions viz; HFC, EFC, CFC, BFC, MFC and AFC proved the recovering effects by 

DNA band pattern showing similarity with control group. However, CFC and AFC treated 

groups represented more intact DNA bands as like that of control. 

4.4.3.1.3. Effects of C. opaca fruits on lung histoarchitecture 

To examine the effects of various fractions of C. opaca fruits against CCl4 induced 

lung injury, histological changes were observed. Histological assessments of lung tissues of 

control and DMSO group confirmed the typical cellular architecture with distinct alveolar 

septa and bronchioles, structured Clara cells and fibroblasts as shown in Fig. 4.54 A and B, 

respectively. Aggregation of fibroblasts, collagen fibres, ruptured alveolar bronchioles and 

walls, disorganized Clara cells showing pulmonary edema and interstitial hemorrhage were 

found in CCl4 intoxicated rats (Fig. 4.54 C).The lung sections of rats treated with various 

fractions of C. opaca fruits viz; HFC, EFC, CFC, BFC, MFC and AFC and intoxicated with 

CCl4 (Fig. 4.54 E-J), showed normal structure of alveolar bronchioles and less degenerative 

changes with various degrees in case of each group, supplementing the protective effects of 

the plant samples. Post-administrations of silymarin reduced the toxic effects of CCl4 and 

reversed the histopathology towards the control group (Fig. 4.54 D). The intensity of 

repairing effects was more in case of CFC and AFC as compared to rest of the fractions. 

Present histological observations are in agreement with the results of pulmonary oxidative 

stress level. 
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Table 4.68: Effects of various fractions of C. opaca fruits on tissue proteins and antioxidant 
enzyme levels 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg protein)  

H2O2 (nM/min
/mg tissue)  

Control 2.01±0.043f 4.11±0.21d 10.42±0.53d 3.40±0.23e 3.13±0.18c 1.21±0.074f 
Oil+DMSO 1.96±0.013f 4.09±0.30d 1I.00±0.20d 3.25±0.21e 3.20±0.13c 1.17±0.051f 
CCl4 0.74±0.013a 2.09±0.24a 5.74±0.42a 1.12±0.02a 5.41±0.68a 2.64±0.062a 
Sily+ CCl4 1.49±0.021e 3.60±0.11c 9.64±0.23c 2.59±0.10d 4.02±0.47b 1.53±0.058e 
HFC+CCl4 0.89±0.032b 2.60±0.16b 6.53±0.32b 1.46±0.10b 4.91±0.11a 2.24±0.035b 
EFC+CCl4 1.05±0.063c 3.02±0.07c 6.89±0.17b 1.51±0.08b 4.89±0.15a 2.21±0.043b 
CFC+CCl4 1.57±0.016e 3.47±0.25c 9.27±0.33c 2.78±0.16d 3.84±0.21b 1.69±0.079d 
BFC+CCl4 1.21±0.081d 3.14±0.06c 7.32±0.44b 1.75±0.20b 4.26±0.27b 2.06±0.062c 
MFC+CCl4 1.35±0.078d 3.30±0.10c 7.80±0.17b 2.20±0.13c 4.07±0.23b 1.99±0.094c 
AFC+CCl4 1.53±0.032e 3.31±0.12c 8.76±0.41c 2.82±0.12d 3.90±0.12b 1.80±0.087d 
HFC alone 2.02±0.012f 4.30±0.32d 11.10±0.23d 3.18±0.28e 3.16±0.21c 1.18±0.038f 
EFC alone 2.01±0.020f 4.33±0.30d 10.72±0.53d 3.56±0.14e 3.17±0.05c 1.24±0.050f 
CFC alone 2.03±0.060f 4.25±0.38d 10.87±0.39d 3.16±0.51e 3.27±0.23c 1.20±0.037f 
BFC alone 2.04±0.039f 4.06±0.58d 10.98±0.62d 3.37±0.29e 3.28±0.16c 1.29±0.009f 
MFC alone 1.95±0.047f 4.12±0.40d 10.56±0.75d 3.46±0.30e 3.13±0.14c 1.27±0.026f 
AFC alone 1.98±0.051f 4.27±0.26d 11.08±0.34d 3.28±0.38e 3.39±0.15c 1.26±0.064f 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
 
Table 4.69: Effects of various fractions of C. opaca fruits on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 170.29±4.28h 114.21±3.29g 247.01±6.00g 27.07±1.41e 119.18±3.03g 12.82±1.38e
Oil+DMSO 177.43±4.31h 108.48±3.12g 236.23±5.73g 24.23±1.50e 124.27±3.68g 13.53±1.98e
CCl4 92.13±3.48a 65.08±3.32a 136.24±3.72a 10.23±0.65a 60.74±2.13a 61.42±2.70a
Sily+ CCl4 161.34±3.22g 101.48±2.81f 192.41±4.07e 20.53±1.41d 104.47±3.22f 19.19±1.48d
HFC+CCl4 99.61±2.03b 73.40±1.45b 149.32±4.56b 11.65±0.46b 66.18±2.87b 33.26±0.72b
EFC+CCl4 105.34±2.51c 72.02±1.81b 154.66±4.39b 11.90±0.57b 73.30±3.17c 33.47±0.48b
CFC+CCl4 150.61±3.02f 94.52±3.42e 204.63±3.23f 17.26±1.31c 110.17±2.41g 18.27±3.32d
BFC+CCl4 111.73±3.24d 78.73±2.45c 162.17±3.11c 14.02±0.65c 85.32±2.54d 23.54±0.60c
MFC+CCl4 130.80±3.73e 83.52±2.40d 177.46±4.29d 15.79±1.00c 91.26±2.32e 20.33±1.54d
AFC+CCl4 153.13±3.20f 90.43±2.27e 200.35±3.51f 16.47±1.53c 102.32±3.56f 17.83±1.30d
HFC alone 176.33±3.75h 115.25±2.73g 244.37±4.49g 26.48±1.84e 123.35±1.40g 13.28±1.32e
EFC alone 175.17±3.91h 112.36±3.28g 245.46±3.29g 24.12±1.43e 124.46±1.65g 12.76±1.12e
CFC alone 172.81±4.56h 112.66±3.38g 238.75±5.44g 26.43±1.44e 122.06±1.21g 12.05±1.33e
BFC alone 178.21±3.62h 116.14±2.19g 241.92±4.49g 28.07±1.62e 122.28±2.74g 11.00±0.55e
MFC alone 179.24±2.87h 113.83±3.30g 248.29±3.21g 24.31±1.72e 119.16±1.56g 14.35±1.09e
AFC alone 173.50±3.45h 116.68±2.39g 242.61±4.78g 25.60±1.65e 121.38±2.20g 11.43±1.21e

Values are Mean±SD (06 number). Sily= Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05. 
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Fig. 4.53: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca fruits. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) CFC + CCl4 

group, (6) AFC + CCl4 group, (7) MFC + CCl4 group, (8) BFC + CCl4 group, (9) EFC + 

CCl4 group, (10) HFC + CCl4 group. 
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A B  

C  D  

E  F  

G H  

I J  
Fig. 4.54: Microphotograph of  rat lungs (H & E stain) (A) Representative section of lungs 
from the control group showing normal histology , (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) CFC + CCl4 group, (F) AFC + CCl4 group, (G) MFC 
+ CCl4 group, (H) BFC + CCl4 group, (I) EFC + CCl4 group, (J) HFC + CCl4 group. (al) 

alveolar space, ( br) bronchioles, ( ) collapsed inner epithelial layer, ( ) ruptured 
muscular layer with disorganized Clara cells, (▲) aggregation of fibroblasts. 
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4.4.3.2. Effects of C. opaca leaves against CCl4 induced pulmonary toxicity in rat 

The current study was paying attention on the assessment of ameliorated effects of C. 

opaca leaves against pulmonary toxicity provoked by CCl4. The biomarkers examined for 

pulmonary toxicity estimation were antioxidant enzyme levels, genotoxicity and 

histoarchitecture of lungs. 

4.4.3.2.1. Effects of C. opaca leaves on enzymatic antioxidant levels  

Among antioxidant enzymes, SOD participates by dismutating the superoxide radical 

to H2O2, while CAT/POD converts H2O2 to water. The affect of CCl4 on the antioxidant 

profile are presented in Table 4.70. CCl4 disputation drastically (p<0.05) lessened the tissue 

proteins and levels of CAT, POD and SOD (antioxidant enzymes), when compared with 

control. Post-treatment of various fractions of C. opaca leaves markedly ameliorated the 

affects of CCl4 intoxication, and increased (p<0.05) tissue protein and CAT, POD and SOD 

level of lungs. Silymarin group of this study also confirmed equivalent protective upshots. 

Treatment of HLC, ELC, CLC, BLC, MLC and ALC alone showed non significant changes 

(p>0.05) for above parameters when compared with control group. 

Table 4.71 summarizes the changes in phase II antioxidant enzymes including GST, 

GPx, GR, GSH and QR as well as DNA fragmentation% in lung tissues of rat. CCl4 

challenges showed extensive (p<0.05) decline in the activity of GST, GPx, GR, GSH and QR 

whereas,  %  level of DNA fragmentation was increased in comparison to non treated control 

group. Post-administered fractions of C. opaca leaves HLC, ELC, CLC, BLC, MLC and 

ALC attenuated the intoxication of CCl4 and restored the enzymes activity near to control 

rats. Silymarin treatment showed a remarkable (p<0.05) decrease in the percentage of 

fragmentation level of DNA while, increased (p<0.05) the action of GST, GSR, GPx and QR, 

similar to the effects of plant fractions. Treatment with various fractions of C. opaca leaves 

alone showed non significant variation (p>0.05) as compare to control. The protective effects 

of C. opaca leaves with regards to the oxidative stress of CCl4 on pulmonary tissues can be 

ranked as ELC > MLC > BLC > CLC >ALC > HLC. 

4.4.3.2.2. Effects of C.  opaca leaves on DNA damages (ladder assay)  

 DNA ladder assay had adequate sensitivity to assess the level of DNA damages in CCl4 

intoxicated groups. DNA ladder assay showed that damages were not found in control group 

of lung tissues of rats Fig. 4.55. CCl4 intoxication caused extensive DNA damages because 

the free radical of CCl4 causes DNA strand breakages in rats. Post-administration of 
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silymarin and different fractions of C. opaca leaves viz; HLC, ELC, CLC, BLC, MLC and 

ALC showed a remarkable reduction in DNA damages as DNA band patterns were more 

similar to control group. 

4.4.3.2.3. Effects of C. opaca leaves on lungs histoarchitecture 

A histological examination of the lung tissue from the CCl4 treated group showed 

severe infiltration in alveolar septa, disruption of the connective tissues and elastic fibers 

with congestion of the blood capillaries, aggregation of fibroblasts indicate tumerous 

condition showing pulmonary edema and interstitial hemorrhage. The alveolar bronchiole 

also showed disorganized inner epithelium and Clara cells thus blocking the air breathing 

passage (Fig. 4 .56). Normal histology, possessing normal alveoli, with no alveolar breakage 

and alveolar bronchiole with normal pear shaped Clara cells were observed in control and 

DMSO group (Fig. 4.56 A & B). Administrations of various fractions of C. opaca leaves like 

HLC, ELC, CLC, BLC, MLC and ALC erased the toxic effects of CCl4 and improved the 

histopathological changes; alveolar bronchioles possesses minor cell degeneration and 

somewhat organized Clara cells, normal pneumocytes PNI and PNII. The ameliorating 

effects of the MLC or ELC were more remarkable and similar to the protective effects of 

reference drug silymarin, a potent antioxidant, as compared to the rest of the fractions. The 

results obtained through histological examination were in conformity to the results of 

pulmonary antioxidative enzyme levels and genotoxic studies. 

4.4.3.3. Effects of R. hastatus leaves against CCl4 induced pulmonary toxicity in rat 

The purpose of current study was to examine the curative effects of R. hastatus leaves 

against CCl4 induced pulmonary toxicity. As a consequence, various fractions of R. hastatus 

leaves and a reference drug silymarin was studied to estimate the best fraction that can be 

used as a pulmonary protective agent against oxidative lung injuries.  

4.4.3.3.1. Effects of R. hastatus leaves on pulmonary enzymatic antioxidant levels  

Oxidative stress causes damages in the lung tissues by disturbing the defense system 

i.e. antioxidant enzyme level. In this study assessment of antioxidative enzymes was done to 

estimate the effects of various fractions of R. hastatus leaves against oxidative damage 

caused by CCl4 in pulmonary tissues of rats. Changes in tissue soluble protein and 

antioxidant defense system such as CAT, POD, SOD, LPO and H2O2 is summarized in Table 

5.72. CCl4 administration to rats significantly decreased tissue protein and disturbs the  
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Table 4.70: Effects of various fractions of C. opaca leaves on tissue proteins and antioxidant 
enzyme levels 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg protein) 

H2O2 (nM/min
/mg tissue)  

Control 1.53±0.042g 4.07±0.24c 10.10±0.12c 3.02±0.30e 3.16±0.16b 1.84±0.021g 
Oil+DMSO 1.58±0.054g 4.19±0.17c 9.99±0.27c 3.12±0.24e 3.25±0.13b 1.90±0.044g 
CCl4 0.67±0.013a 2.01±0.22a 4.89±0.58a 0.94±0.12a 5.71±0.43a 3.08±0.028a 
Sily+ CCl4 1.32±0.021f 3.52±0.24b 8.62±0.53b 2.68±0.07d 4.15±0.44b 2.14±0.033f 
HLC+CCl4 1.04±0.023c 2.76±0.26b 6.00±0.20b 1.11±0.20a 5.01±0.15b 2.82±0.019b 
ELC+CCl4 1.37±0.041f 3.72±0.38b 7.65±0.36b 2.35±0.10d 4.06±0.36b 2.62±0.023d 
CLC+CCl4 1.16±0.010d 3.00±0.20b 6.77±0.56b 1.59±0.13b 4.54±0.42b 2.73±0.037c 
BLC+CCl4 1.22±0.031e 3.15±0.23b 7.11±0.19b 2.00±0.16c 4.61±0.13b 2.60±0.017d 
MLC+CCl4 1.40±0.036f 3.86±0.30b 8.00±0.60b 2.41±0.21d 3.92±0.21b 2.47±0.037e 
ALC+CCl4 0.92±0.012b 2.59±0.17b 5.84±0.23b 1.12±0.24a 4.99±0.20b 2.94±0.015b 
HLC alone 1.52±0.068g 4.40±0.14c 9.54±0.54c 2.90±0.23e 3.19±0.24b 1.89±0.015g 
ELC alone 1.57±0.043g 4.57±0.22c 9.83±0.45c 3.25±0.47e 3.29±0.11b 1.84±0.025g 
CLC alone 1.53±0.075g 4.62±0.37c 10.16±0.35c 3.04±0.41e 3.28±0.15b 1.93±0.046g 
BLC alone 1.55±0.049g 4.43±0.24c 10.07±0.32c 2.95±0.62e 3.10±0.07b 1.91±0.038g 
MLC alone 1.49±0.065g 4.20±0.18c 9.93±0.50c 3.13±0.40e 3.11±0.25b 1.82±0.026g 
ALC alone 1.50±0.043g 4.38±0.16c 9.67±0.28c 3.00±0.33e 3.36±0.19b 1.87±0.032g 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
 
Table 4.71: Effects of various fractions of C. opaca leaves on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 162.45±4.76e 116.47±4.37g 229.71±6.30g 15.35±1.03d 98.46±4.21f 14.83±2.40e
Oil+DMSO 157.19±4.77e 107.61±4.66g 234.31±5.53g 17.27±1.10d 92.32±3.06f 13.33±2.34e
CCl4 68.23±3.36a 59.38±4.32a 143.04±4.82a 9.16±0.56a 42.50±3.20a 57.40±3.76a
Sily+ CCl4 124.23±3.83c 100.56±3.81f 204.43±3.22f 13.15±0.32c 83.44±2.21e 20.10±1.97d
HLC+CCl4 104.37±4.23b 70.34±2.30b 154.93±3.44b 10.27±0.24b 53.39±2.61b 35.49±3.55b
ELC+CCl4 136.53±4.51d 90.46±3.48e 190.22±3.54e 12.15±0.57c 70.14±3.45d 22.47±4.22d
CLC+CCl4 111.29±5.19b 76.63±2.42c 168.81±4.27c 11.23±0.31c 60.20±2.53c 30.74±3.33c
BLC+CCl4 125.21±3.64c 82.52±2.64d 181.32±4.11d 11.17±0.11c 62.12±2.32c 23.78±2.32d
MLC+CCl4 140.80±3.24d 92.79±3.02e 193.53±3.90e 12.27±1.13c 79.20±2.28e 22.27±3.54d
ALC+CCl4 99.42±3.52b 68.60±2.48b 152.74±3.33b 10.28±0.30b 51.43±3.70b 39.76±2.08b
HLC alone 155.08±3.66e 115.22±3.82g 240.67±4.62g 15.50±1.68d 95.52±4.25f 13.32±2.41e
ELC alone 157.52±4.33e 119.73±3.39g 236.82±5.19g 18.73±1.06d 93.37±3.14f 12.63±2.22e
CLC alone 160.64±4.04e 112.15±4.68g 231.48±5.07g 16.64±1.52d 98.73±3.17f 10.30±2.62e
BLC alone 158.36±3.62e 109.61±3.44g 230.23±4.63g 17.31±1.20d 96.19±4.23f 14.41±2.31e
MLC alone 159.62±4.51e 114.54±4.52g 231.53±5.33g 18.23±1.10d 99.28±3.20f 14.09±1.43e
ALC alone 154.14±3.84e 108.38±3.70g 228.38±5.12g 15.22±1.91d 96.35±4.38f 14.21±2.77e
Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
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Fig. 4.55: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca leaves. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MLC + CCl4 

group, (6) ELC + CCl4 group, (7) BLC + CCl4 group, (8) CLC + CCl4 group, (9) HLC + 

CCl4 group, (10) ALC + CCl4 group. 
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A B  

C D  

E F  

G H  

I J  
Fig. 4.56: Microphotograph of  rat lungs (H & E stain) (A) Representative section of lungs 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) MLC + CCl4 group, (F) ELC + CCl4 group, (G) BLC 
+ CCl4 group, (H) CLC + CCl4 group, (I) HLC + CCl4 group, (J) ALC + CCl4 group. (al) 

alveolar space, ( br) bronchioles, ( ) collapsed inner epithelial layer, ( ) ruptured 
muscular layer with disorganized Clara cells, (▲) aggregation of fibroblasts. 
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antioxidant status by decreasing the intensity of pulmonary CAT, POD and SOD and 

increasing the contents of TBARS and H2O2 in comparison to control group.Co-

administration of various fractions of R. hastatus leaves with CCl4 enhanced the activity of 

suppressed enzymes and the soluble protein, whereas reduced the activity of elevated 

enzymes. However, non significant change was recorded with the treatment of fractions 

alone when compared with control group.  

  Table 4.73 illustrates the effects of various fractions of R. hastatus leaves on GST, 

GPx, GR, GSH, QR and DNA fragmentation% in pulmonary tissues. Chronic administration 

of CCl4 for eight weeks notably (p<0.05) lessened the level of GST, GPx, GR, GSH and QR 

while increased (p<0.05) the percentage of DNA fragmentation. Post-administration of 

various fractions of R. hastatus leaves along with CCl4 treatment markedly reversed the level 

of GST, GPx, GR, GSH, QR and %DNA. Data shows that ELR, MLR and silymarin 

administered with CCl4 completely suppressed the affect of CCl4 and increased the level of 

glutathione enzymatic group while decreased the level of DNA fragmentation%. Treatment 

of rats with CCl4 significantly increased the pulmonary DNA damages when compared with 

non treated control group. Induction of various fractions of R. hastatus leaves with CCl4 

significantly reduced DNA fragmentation in opposition to CCl4 treated rats. In the context of 

results tabulated in Table 4.72 and 4.73 the fractions of R. hastatus leaves may be ordered as 

ELR > MLR > BLR > CLR > HLR > ALR.  

4.4.3.3.2. Effects of R. hastatus leaves on DNA damages (ladder assay)  

 The genotoxic effect was assessed by DNA ladder assay. The banding pattern of 

different groups of DNA is shown in Fig. 4.57. CCl4 treated group showed an anomalous 

pattern of DNA which was different from the pulmonary tissues of control rats. DNA 

extracted from the group treated with various fractions of R. hastatus leaves administered 

with CCl4 showed a distinctly repaired DNA. The group treated with only fractions did not 

show any kind of DNA damages. 

4.4.3.3.3. Effects of R. hastatus leaves on lungs histoarchitecture 

 Pulmonary sections prepared for histopathological examination revealed that lungs of 

control rats possessed normal alveoli having thin intralveolar septum and clearly visible type 

I and type II pneumocytes (Fig. 4.58A). The alveolar bronchiole showed their normal shape 

with pear shaped Clara cells. Administration of CCl4 to rats induced the degeneration of the 

alveolar septa and connective tissues, infiltration in inflammatory cells and elastic fibers 
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including edema, interstitial hemorrhage, and the congestion of the blood capillaries which 

were also blocked with large aggregation of the blood cells. The alveolar bronchiole also 

showed disorganized inner epithelium and Clara cells (Fig. 4.58C). Post-administrations of 

silymarin and various fractions of R. hastatus leaves viz; HRL, ERL, CRL, BRL, MRL and 

ARL attenuated the poisonous effects of CCl4 and reversed the histopathology towards the 

control group (Fig. 4.58 D-J). The most dominating effects were in case of ERL and MLR in 

addition to silymarin. These results are trustworthy with the results of pulmonary antioxidant 

enzyme levels and DNA damage analysis.  

4.4.3.4. Effects of R. hastatus roots against CCl4 induced pulmonary toxicity in rat 

The fact that CCl4 is a pulmonary toxin, it was very essential to assess the toxic 

effects of CCl4 against pulmonary toxicity. Therefore beside other plant samples, R. hastatus 

roots were also assessed for the pharmacological evaluation. The parameters studied were the 

same as for above other plant samples for pulmonary toxicity. 

4.4.3.4.1. Effects of R. hastatus roots on pulmonary enzymatic antioxidant levels  

Naturally occurring metabolic systems in various organisms reduce the oxidative 

stress. Antioxidant enzymes as a biomarkers reduce the production of oxidative metabolites. 

In the present study scavenging effects of various antioxidative enzymes was assessed. The 

results of the effects of various fractions of R. hastatus roots against CCl4 intoxication on 

tissue soluble protein and antioxidant defense enzyme system such as CAT, POD, SOD, LPO 

and H2O2 are reported in Table 4.74. Free radicals of CCl4 show aggression by attacking 

phospholipids of cell membrane to generate lipid peroxides, leading to significant elevation 

of TBARS, H2O2 contents. Our results point to the ability of CCl4 on tissue to cause 

significant damage by decreasing the tissue protein as well as levels of CAT, POD and SOD 

and increasing the lipid peroxidation and hydrogen peroxide contents in comparison to 

control group. Induction of various fractions of R. hastatus roots with CCl4 enhanced the 

activity of concealed enzymes and the soluble protein, whereas reduced the activity of 

TBARS and H2O2. However, non significant change was recorded with the treatment of 

fractions alone when compared with control group.  
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Table 4.72: Effect of various fractions of R. hastatus leaves on tissue proteins and antioxidant 
enzyme levels 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD 
(U/mg 
protein)       

TBARS  
(nM/min 
/mg Protein)  

H2O2 
(nM/min 
/mg tissue)  

Control 2.25±0.035f 5.16±0.34c 13.28±0.60f 6.00±0.68c 2.01±0.55c 2.04±0.44c 
Oil+DMSO 2.13±0.028f 5.09±0.50c 12.98±0.42f 6.11±0.61c 2.14±0.70c 1.97±0.48c 
CCl4 1.26±0.013a 2.82±0.34a 5.34±0.74a 3.32±0.40a 5.23±0.49a 3.83±0.36a 
Sily+ CCl4 1.79±0.038d 4.30±0.26b 10.34±0.18e 5.02±0.32b 3.01±0.35b 2.48±0.18b 
HLR+CCl4 1.58±0.023c 3.23±0.17a 7.01±0.39b 3.68±0.32a 4.69±0.30a 3.44±0.27a 
ELR+CCl4 1.78±0.023d 4.00±0.15b 10.38±0.22e 4.89±0.17b 3.93±0.27b 2.52±0.22b 
CLR+CCl4 1.64±0.046c 3.76±0.20b 8.80±0.18c 4.10±0.22a 4.00±0.11b 3.38±0.30a 
BLR+CCl4 1.75±0.024d 3.85±0.17b 9.25±0.20d 4.62±0.21b 3.55±0.47b 2.24±0.19b 
MLR+CCl4 1.88±0.051e 4.15±0.32b 10.09±0.25e 4.67±0.15b 3.49±0.62b 2.79±0.13b 
ALR+CCl4 1.49±0.027b 3.16±0.11a 6.49±0.20b 3.57±0.14a 4.71±0.23a 3.51±033a 
HLR alone 2.18±0.015f 5.25±0.30c 13.49±0.27f 5.55±0.23c 2.47±0.28c 2.27±0.28c 
ELR alone 2.24±0.006f 5.58±0.10c 13.71±0.17f 6.49±0.28c 2.29±0.37c 2.16±0.31c 
CLR alone 2.19±0.022f 5.33±0.24c 13.58±0.48f 6.33±0.15c 2.38±0.16c 2.06±0.37c 
BLR alone 2.22±0.013f 5.27±0.21c 13.52±0.23f 6.38±0.18c 2.24±0.29c 1.97±0.48c 
MLR alone 2.27±0.024f 5.42±0.15c 13.60±0.10f 6.46±0.12c 2.23.±0.23c 2.00±0.27c 
ALR alone 2.20±0.007f 5.29±0.29c 12.56±0.31f 5.39±0.29c 2.39±0.17c 2.13±0.19c 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
 
Table 4.73: Effects of various fractions of R. hastatus leaves on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 210.11±4.22g 150.56±3.76f 160.39±3.64h 29.37±3.77c 128.46±1.72f 8.13±1.03e 
Oil+DMSO 208.25±3.45g 159.55±4.69f 168.58±3.76h 30.51±4.24c 129.20±2.07f 8.28±2.08e 
CCl4 105.50±4.13a 71.22±3.94a 84.62±5.66a 13.46±2.27a 70.47±1.63a 45.68±1.37a
Sily+ CCl4 181.34±4.30f 125.44±3.29e 146.72±3.97g 23.15±1.52b 110.36±1.83e 15.62±1.61d
HLR+CCl4 125.66±3.12c 84.78±2.65b 100.14±1.26c 15.11±0.74a 83.40±2.38b 34.68±2.38b
ELR+CCl4 180.58±5.25f 112.22±2.37d 142.43±2.52g 22.17±1.04b 101.86±1.48d 21.47±2.32c
CLR+CCl4 141.79±6.37d 93.53±2.83c 108.55±3.60d 17.08±1.95a 90.57±2.39c 23.52±2.10c
BLR+CCl4 165.11±5.24e 113.32±2.72d 120.39±3.90e 21.30±1.32b 100.96±1.86d 13.63±1.61d
MLR+CCl4 167.46±4.29e 110.08±3.62d 135.22±2.86f 21.58±1.05b 103.21±2.10d 17.39±1.46d
ALR+CCl4 117.52±2.07b 80.62±3.41b 94.41±1.51b 15.20±0.63a 79.49±2.12b 30.71±2.32b
HLR alone 211.60±4.37g 155.39±3.33f 161.20±3.55h 28.43±3.49c 124.42±2.72f 8.66±1.76e 
ELR alone 210.54±4.22g 160.34±3.37f 166.24±4.24h 30.79±2.84c 129.32±1.56f 7.89±1.31e 
CLR alone 208.44±3.29g 154.46±4.59f 163.47±3.41h 33.52±2.40c 128.51±2.36f 8.51±1.43e 
BLR alone 213.39±3.47g 157.22±4.44f 167.33±4.33h 33.87±1.51c 129.15±2.07f 7.68±1.18e 
MLR alone 212.48±4.30g 161.27±4.54f 171.42±3.15h 32.16±3.34c 130.02±2.10f 7.80±1.29e 
ALR alone 209.52±3.51g 153.52±4.40f 162.18±3.16h 30.69±3.29c 125.38±2.69f 7.81±2.03e 
Values are Mean±SD (06 number). Sily= Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
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Fig. 4.57: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus leaves. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) ELR + 

CCl4 group, (6) MLR + CCl4 group, (7) BLR + CCl4 group, (8) CLR + CCl4 group, (9) ALR 

+ CCl4 group, (10) HLR + CCl4 group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 4                                                                                                                          Results 

                                                                                                                                                  

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

188

A B  

C D  

E F  

G H  

I J  
Fig. 4.58: Microphotograph of  rat lungs (H & E stain) (A) Representative section of renal 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) ELR + CCl4 group, (F) BLR + CCl4 group, (G) 
MLR+ CCl4 group, (H) CLR+ CCl4 group, (I) ALR + CCl4 group, (J) HLR + CCl4 group. 

(al) alveolar space, ( br) bronchioles, ( ) collapsed inner epithelial layer, ( ) ruptured 
muscular layer with disorganized clara cells, (▲) aggregation of fibroblasts. 
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Table 4.75 focused on the effects of various fractions of R. hastatus roots on GST, 

GPx, GR, GSH, QR and DNA fragmentation% in lung tissues. CCl4 insults for eight weeks 

showed a drastic (p<0.05) decline in the level of GST, GPx, GR, GSH and QR with 

augmented (p<0.05) percentage of DNA fragmentation. Dosage of various fractions of R. 

hastatus roots along with CCl4 treatment markedly reversed the level of GST, GPx, GR, 

GSH, QR and DNA fragmentation. Data shows that most healing effects was due to 

silymarin, and ARR. Silymarin administered to toxicated group completely suppressed the 

affect of CCl4 and increased the level of glutathione enzymatic group while decreased the 

level of DNA fragmentation%. Treatment of rats with CCl4 significantly increased the 

pulmonary tissue DNA damages than those of control group. The groups treated with various 

fractions of R. hastatus roots significantly reduced DNA fragmentation as compared to the 

CCl4 toxicated diseased rats. The groups administered with the fractions of R. hastatus roots 

alone showed results of DNA fragmentation % similar to the control group. In fact, 

protective effects of various fractions of R. hastatus roots were in following order: MRR > 

BRR > ARR > CRR > ERR > HRR. 

4.4.3.4.2. Effects of R. hastatus roots on DNA damages (ladder assay)  

The protective effects of various fractions of R. hastatus roots against CCl4 induced 

DNA damages in rats were assessed by DNA ladder assay. Figure 4.59 illustrates the intact 

genomic DNA in control group concurrently, CCl4 group give an idea about DNA damages. 

Silymarin and various fractions viz; HRR, ERR, CRR, BRR, MRR and ARR showed 

reduction in DNA damages by a bit intact genomic DNA related to the control group. 

4.4.3.4.3. Effects of R. hastatus roots on lungs histoarchitecture 

        Fig. 8 presents the H&E stained histology of lungs after different treatments. Light 

microscopic examination of control and DMSO treated groups showed normal histology, 

possessing normal alveoli, with no alveolar breakage and alveolar bronchiole with normal 

pear shaped Clara cells (Fig. 4.60 A & B). In contrast, CCl4 insults showed rigorous damage 

in lung tissue with marked disruption of the connective tissues and elastic fibers and 

congestion of the blood capillaries, alveolar bronchiole showing disorganized inner 

epithelium and Clara cells, infiltration in alveolar septa, aggregation of fibroblasts indicating 

pulmonary edema and interstitial hemorrhage (Fig. 4.60 C). Histological structure of the lung 

tissues administered with various fractions of R. hastatus roots viz; HRR, ERR, CRR, BRR, 

MRR and ARR ameliorated the toxic effects of CCl4 and improved the histopathological 
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changes; reduced alveolar collapse and somewhat organized Clara cells, normal pneumocytes 

PNI and PNII (Fig. 4.60 E-J) . MRR and BRR showed more remarkable protective effects in 

comparison to the rest of the fractions. The results obtained through this study were in 

consistency to the results of pulmonary antioxidative enzyme levels and genotoxic studies. 
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Table 4.74: Effects of various fractions of R. hastatus roots on tissue proteins and antioxidant 
enzyme levels 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg protein)  

H2O2 (nM/min
/mg issue)  

Control 2.13±0.021f 5.20±0.32f 14.41±0.21e 5.91±0.48d 3.07±0.16c 2.57±0.19c 
Oil+DMSO 2.20±0.012f 5.19±0.40f 15.28±0.39e 6.01±0.31d 3.15±0.20c 2.69±0.20c 
CCl4 1.32±0.044a 2.01±0.23a 7.18±0.67a 2.34±0.70a 7.43±0.38a 4.54±0.37a 
Sily+ CCl4 1.85±0.016e 4.62±0.14e 12.15±0.54d 4.84±0.43c 4.01±0.22b 3.33±0.45b 
HRR+CCl4 1.39±0.012b 2.61±0.23b 8.54±0.51b 3.36±0.23b 6.35±0.52b 4.01±0.05b 
ERR+CCl4 1.42±0.033b 2.86±0.28b 8.86±0.38b 3.45±0.31b 5.78±0.83b 4.09±0.06b 
CRR+CCl4 1.55±0.031c 3.20±0.09b 9.23±0.39b 3.99±0.27b 5.03±1.21b 3.91±0.13b 
BRR+CCl4 1.73±0.039d 4.10±0.32d 10.87±0.12c 4.90±0.31c 3.98±0.32b 3.65±0.22b 
MRR+CCl4 1.69±0.051d 4.01±0.23d 11.01±0.38c 5.01±0.29c 3.85±0.35b 3.40±0.33b 
ARR+CCl4 1.58±0.042c 3.58±0.14c 10.10±0.42c 4.46±0.09c 4.72±1.30b 3.88±0.15b 
HRR alone 2.10±0.028f 5.13±0.34f 14.64±0.62e 6.10±0.43d 3.28±0.18c 2.44±0.28c 
ERR alone 2.13±0.046f 5.15±0.24f 15.18±0.47e 4.73±0.50d 3.20±0.09c 2.54±0.35c 
CRR alone 2.14±0.033f 5.32±0.19f 14.76±0.51e 5.64±0.42d 3.21±0.14c 2.46±0.26c 
BRR alone 2.26±0.026f 5.26±0.27f 15.38±0.29e 6.00±0.13d 2.94±0.11c 2.73±0.19c 
MRR alone 2.18±0.028f 5.28±0.30f 15.35±0.43e 5.63±0.28d 3.12±0.04c 2.58±0.27c 
ARR alone 2.25±0.037f 5.34±0.13f 15.00±0.22e 6.28±0.39d 3.30±0.00c 2.62±0.15c 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
 
Table 4.75: Effects of various fractions of R. hastatus roots on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 187.43±3.72e 152.57±4.26f 240.52±4.39g 30.42±1.62e 135.28±4.96f 8.12±1.54f 
Oil+DMSO 179.37±3.54e 159.34±4.19f 239.48±4.33g 29.24±1.71e 140.62±4.57f 8.47±1.93f 
CCl4 86.48±3.89a 70.56±3.35a 120.41±3.18a 12.68±1.06a 70.38±2.93a 49.11±1.59a
Sily+ CCl4 154.11±3.63d 125.62±2.47e 210.51±3.64f 21.33±1.55c 120.21±3.04e 16.40±1.66e
HRR+CCl4 91.56±2.79a 82.32±3.06b 136.53±4.83b 13.58±0.59a 76.39±2.43b 32.47±1.85b
ERR+CCl4 93.87±2.82a 84.15±3.75b 150.42±5.92c 13.29±0.90a 79.48±3.52b 35.53±2.46b
CRR+CCl4 120.88±3.59b 93.49±4.36c 165.67±6.71d 16.36±1.76b 88.51±2.44c 26.14±1.51c
BRR+CCl4 139.26±3.21c 110.49±3.42d 211.33±4.43f 25.29±1.31d 103.05±3.74d 19.23±2.44d
MRR+CCl4 140.52±2.47c 114.51±3.52d 207.69±3.90f 24.06±1.02d 105.47±3.32d 15.48±1.81e
ARR+CCl4 128.56±3.48c 100.22±3.24c 186.83±7.64e 17.59±1.42b 96.23±4.06d 21.29±1.32d
HRR alone 183.65±3.49e 153.44±3.41f 242.02±3.27g 30.27±1.16e 137.31±2.73f 7.49±1.58f 
ERR alone 185.53±4.42e 156.46±3.26f 240.37±3.73g 29.45±1.82e 140.47±2.51f 8.62±1.63f 
CRR alone 188.29±2.32e 159.50±3.37f 241.13±3.56g 30.04±1.37e 139.28±2.33f 7.77±1.87f 
BRR alone 180.67±3.43e 157.61±3.03f 240.49±3.25g 31.52±1.06e 142.67±2.16f 8.42±0.37f 
MRR alone 184.41±3.66e 155.27±3.32f 243.06±2.53g 28.93±1.40e 138.53±2.39f 7.66±0.56f 
ARR alone 187.37±3.53e 152.35±4.14f 237.83±4.40g 31.61±1.22e 141.40±2.01f 8.52±1.29f 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
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Fig. 4.59: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus roots. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MRR + CCl4 

group, (6) BRR + CCl4 group, (7) ARR + CCl4 group, (8) CRR + CCl4 group, (9) ERR + 

CCl4 group, (10) HRR + CCl4 group. 
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A B  

C  D  

E F  

G H  

I J  
Fig. 4.60: Microphotograph of  rat lungs (H & E stain) (A) Representative section of renal 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) BRR + CCl4 group, (F) MRR + CCl4 group, (G) 
ARR+ CCl4 group, (H) CRR + CCl4 group, (I) ERR + CCl4 group, (J) HRR + CCl4 group, 

(al) alveolar space, ( br) bronchioles, ( ) collapsed inner epithelial layer, ( ) ruptured 
muscular layer with disorganized clara cells, (▲) aggregation of fibroblasts. 
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4.4.4. Cardiotoxicity studies   

CCl4 is a potent toxic chemical that can cause severe pathological damage to the 

myocardial tissue. ROS (reactive oxygen species) production is concerned with 

pathophysiology of many diseases such as inflammation, ischemic heart diseases and many 

more. The present study was conducted to examine the toxic upshots of CCl4 plus to compare 

the beneficial effects of plant extracts on heart tissue of various experimental groups.  In this 

respect, several parameters regarding the myocardial injury were studied. 

4.4.4.1. Effects of C. opaca fruit against CCl4 induced cardio toxicity in rat  

Fruit of C. opaca is traditionally used by heart patients and as feed additive. The 

topical plan of study was to assess the capacity of C. opaca fruit as an antioxidant that may 

lead to protect the cardiac histological, biochemical and serological changes caused by the 

treatment of CCl4. The results are given below. 

4.4.4.1.1. Effects of C. opaca fruits on cardiac marker enzymes of serum  

CK and CKMB activity of serum was increased (p<0.05) with CCl4 treatment in 

contrast to control group (Table 4.76). Toxicity of CCl4 was ameliorated with the treatment 

of different fractions of C. opaca fruits returned towards the normal level and this effect was 

more pronounced in case of CFC and AFC. However, different fractions of C. opaca fruits 

alone did not change the CK and CKMB activity in serum as against the control group. 

4.4.4.1.2. Effects of C. opaca fruits on cardiac enzymatic antioxidant levels  

CCl4 toxicity is mostly due to free radical mediated damage that disturbs the 

antioxidant level. Thus, enzymatic antioxidant levels were used to enumerate the oxidative 

damage. The extent of cardiac damage was assessed by estimating tissue soluble protein, 

CAT, POD, SOD, LPO and H2O2 as shown in Table 4.77. CCl4 administered group showed a 

marginal decrease in the contents of tissue soluble protein and antioxidative status of cardiac 

CAT, POD and SOD and raised the lipid peroxidation and hydrogen peroxide levels when 

compared with control group. Post-induction of a range of fractions of C. opaca fruits 

boosted up the activity of suppressed enzymes and the soluble protein, whereas dropped the 

levels of TBARS and H2O2 near to control group. However, treatment of fractions alone did 

not significantly differ from control group.  

The effects of various fractions of C. opaca fruits on glutathione status i.e. GST, GPx, 

GR, GSH, QR and DNA fragmentation% of myocardial tissue is explained in Table 4.78. A 

marked decline in the level of GST, GPx, GR, GSH and QR was noted due to CCl4 



Chapter 4                                                                                                                         Results 

 

                                                                                                                                                  

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

195

intoxication. Beside this, DNA fragmentation% was appreciably (p<0.05) higher in CCl4 

treated rats. Post-administration of various fractions of C. opaca fruits along with CCl4 

treatment markedly reversed the level of GST, GPx, GR, GSH, QR and DNA injury. Data 

shows that maximum recovery effect was due to CFC and AFC. Silymarin administered to 

intoxicated group completely suppressed the affects of CCl4 and increased the status of 

glutathione enzymatic group while decreased the content of fragmentation of DNA. 

Treatment of rats with CCl4 significantly increased the cardiac tissue DNA damages than 

those of control group. The groups treated with various fractions of C. opaca fruits 

administered with CCl4 significantly reduced DNA fragmentation% in comparison to CCl4 

treated group. The groups that were administered with the fractions of C. opaca fruits alone 

showed non significant alterations for above all parameters in comparison to control group. 

The sequence for antioxidative activity of C. opaca fruits against cardiac oxidative stress was 

CFC > AFC > MFC > BFC > EFC > HFC. 

4.4.4.1.3. Effects of C. opaca fruits on DNA damages (ladder assay)  

 To further confirm the possible role of CCl4 in genotoxicity and protective effects of 

different fractions of C. opaca fruits, DNA ladder assay was assessed. The results of the 

DNA ladder assay are summarized in Fig. 4.61. It is evident that banding pattern of CCl4 

group was different than control group. Nevertheless, various fractions of C. opaca fruits viz; 

HFC, EFC, CFC, BFC, MFC and AFC showed repairing effects as provoked by intact 

genomic DNA more similar to the DNA of control group. 

4.4.4.1.4. Effects of extract of C. opaca fruits on cardiac histoarchitecture 

Fig. 4.62 A and, B shows normal architecture of rat heart representing control and DMSO 

groups, respectively. Light microscopic investigation of the heart tissue showed a normal 

myofibrillar structure with striations, branched appearances and continuity with adjacent 

myofibrils in untreated group. Cardiac muscle displays some of the features as in the skeletal 

muscle fibers. Each cardiac muscle is shorter than the skeletal muscle and contains a single, 

centrally located nucleus. The cardiac muscle has a vast blood supply. Numerous small blood 

vessels and capillaries are found in the connective tissue. The heart sections from the groups 

that received CCl4 showed characteristics appearance of cardiotoxicity apparent by disruption 

of cardiac blood capillaries and interference in the trabeculae. The cardiac histological 

section of CCl4 group showed focal lesions with fragmented myofibril structure. Besides, 

clear sequestered mucoid edema and necrosis were also observed as demonstrated in Fig.4.62 
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C.  Post-treatment with various fractions of C. opaca fruits, supposed as a powerful 

antioxidant, safeguard the cardiac structural design, with few lesion in rats exposed to CCl4. 

Cardiac tissue from these groups showed lesser extent of abnormal findings in heart at few 

sites as shown in Fig. 4.62 E-J. A marked improvement in CFC and AFC group of CCl4 

intoxicated rats was observed with less capillary dilatation and vacuolar changes near to 

control group. 

 4.4.4.2. Effects of C. opaca leaves against CCl4 induced cardio toxicity in rat 

In order to evaluate the protective of different fractions of C. opaca leaves against 

CCl4-induced cardiac injuries, the level of antioxidant enzymes, an indicator of oxidative 

damage, was monitored. Cardiac function test and histology of the organ was also inspected 

to estimate the effects of different fractions of C. opaca leaves. 

4.4.4.2.1. Effects of C. opaca leaves on cardiac function tests of rats 

Table 4.79 summarizes the CK and CKMB level of serum. CCl4 intoxication 

markedly raised the content of CK and CKMB versus the control group. Different fractions 

of C. opaca leaves ameliorated the toxic effects of CCl4 and reversed towards the normal 

level. Alternatively, non significant difference was noted in case of fractions alone for the 

above parameter as compare to the control group. 

4.4.4.2.2. Effects of C. opaca leaves on cardiac enzymatic antioxidant levels  

Since the damaging effects of CCl4 induce oxidative stress. Thus, antioxidant status of 

CCl4 treated models is investigated to check the scavenging effects of various fractions of C. 

opaca leaves in cardiac tissues of rats. Alteration in tissue soluble protein and antioxidant 

defense system such as CAT, POD, SOD, TBARS and H2O2 is explained in Table 4.80. CCl4 

intoxication markedly lessened the tissue protein and decreased the antioxidative status of 

cardiac catalase, peroxidase and superoxide dismutase while increased the lipid peroxidation 

and hydrogen peroxide levels in comparison to control group. The present study revealed that 

various fractions of C. opaca leaves ameliorated the toxic effects of CCl4 near to control by 

elevating the activity of suppressed antioxidant enzymes and reducing the level lipid 

peroxidation and hydrogen peroxide. However, fractions alone confirmed non significant 

alteration as compared to control group.  
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Table 4.76: Effects of various fractions of C. opaca fruits on heart function tests 

Group CK (U/l) CKMB (U/l) 
Control 85.23±4.14h 104.32±5.22f 
Oil+DMSO 83.73±3.69h 101.11±6.60f 
CCl4 989.21±5.76a 260.23±7.89a 
Sily+ CCl4 211.33±5.44g 136.33±3.26e 
HFC+CCl4 654.32±7.22b 219.26±7.49b 
EFC+CCl4 598.37±8.44c 223.11±5.67b 
CFC+CCl4 235.45±7.99f 140.28±3.29e 
BFC+CCl4 476.33±9.20d 173.43±4.54c 
MFC+CCl4 445.84±11.39e 180.34±6.23c 
AFC+CCl4 242.38±8.49f 153.39±2.89d 
HFC alone 88.23±7.88h 107.52±4.33f 
EFC alone 83.13±8.22h 111.36±3.71f 
CFC alone 86.23±8.12h 110.45±5.65f 
BFC alone 80.13±6.29h 105.18±7.38f 
MFC alone 80.23±9.87h 103.72±4.20f 
AFC alone 87.13±5.29h 100.76±6.32f 

Values are Mean±SD (06 number). Sily= Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 

 

Table 4.77: Effects of various fractions of C. opaca fruits on tissue proteins and antioxidant 
enzyme levels 
 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg protein) 

H2O2 (nM/min
/mg tissue)  

Control 2.678±0.046g 4.56±0.27e 10.00±0.08e 3.57±0.21d 3.15±0.31c 1.20±0.025h 
Oil+DMSO 2.731±0.061g 4.63±0.25e 10.54±0.11e 3.65±0.16d 3.07±0.23c 1.16±0.018h 
CCl4 0.932±0.023a 2.40±0.30a 5.44±0.33a 1.36±0.05a 5.69±0.18a 2.64±0.022a 
Sily+ CCl4 1.907±0.027f 3.78±0.20d 9.07±0.16d 2.66±0.14c 4.04±0.32b 1.54±0.077g 
HFC+CCl4 1.179±0.023b 2.86±0.06b 6.88±0.11b 1.53±0.09b 5.10±0.05b 2.11±0.046b 
EFC+CCl4 1.203±0.017b 2.90±0.03b 7.10±0.15b 1.60±0.05b 4.99±0.13b 2.01±0.035c 
CFC+CCl4 1.825±0.051f 3.40±0.16c 8.03±0.28c 2.80±0.12c 4.22±0.41b 1.67±0.029f 
BFC+CCl4 1.423±0.041c 3.09±0.08c 7.62±0.31c 2.21±0.10c 4.89±0.26b 1.88±0.053d 
MFC+CCl4 1.666±0.032d 3.27±0.10c 8.70±0.17c 2.45±0.10c 3.95±0.17b 1.59±0.083g 
AFC+CCl4 1.731±0.022e 3.92±0.12d 8.21±0.42c 2.73±0.11c 4.75±0.32b 1.73±0.026e 
HFC alone 2.702±0.012g 4.50±0.19e 10.31±0.14e 3.70±0.13d 3.35±0.21c 1.18±0.014h 
EFC alone 2.697±0.015g 4.59±0.54e 10.50±0.11e 3.46±0.27d 3.37±0.14c 1.14±0.021h 
CFC alone 2.712±0.010g 4.80±0.27e 10.40±0.32e 3.56±0.20d 3.25±0.23c 1.20±0.029h 
BFC alone 2.640±0.012g 4.66±0.18e 10.27±0.17e 3.54±0.15d 3.16±0.26c 1.24±0.011h 
MFC alone 2.651±0.010g 4.65±0.23e 10.62±0.10e 3.66±0.21d 3.09±0.14c 1.23±0.018h 
AFC alone 2.742±0.021g 4.77±0.31e 10.48±0.21e 3.68±0.27d 3.20±0.15c 1.25±0.022h 

Values are Mean±SD (06 number). Sily= Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
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Table 4.78: Effects of various fractions of C. opaca fruits on phase II antioxidant enzymes 
and DNA fragmentation 
 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 160.22±4.20f 110.32±3.33f 205.45±5.38g 20.45±1.43d 100.88±2.35f 8.09±1.35d 
Oil+DMSO 163.17±4.35f 116.45±3.28f 200.63±5.41g 21.23±2.60d 106.01±2.27f 7.44±1.75d 
CCl4 90.06±5.61a 67.08±3.20a 123.37±3.38a 10.09±0.87a 60.00±2.42a 37.61±2.44a
Sily+ CCl4 145.22±3.26e 102.11±2.10e 183.73±3.43f 16.45±1.08c 92.55±2.20e 15.40±1.34b
HFC+CCl4 109.41±2.53b 73.09±1.28b 142.49±2.76b 11.05±0.06a 68.08±1.78b 18.27±1.62b
EFC+CCl4 114.27±3.21b 75.35±1.63b 147.16±2.89b 11.15±0.22a 67.81±1.38b 17.29±1.53b
CFC+CCl4 136.45±2.35e 92.20±2.62d 177.29±3.09e 13.87±0.92b 84.42±2.95d 13.53±2.01b
BFC+CCl4 122.46±2.87c 80.13±2.61c 164.44±2.15c 12.42±0.34b 73.43±1.23c 13.20±1.64b
MFC+CCl4 142.13±2.91e 98.21±3.30e 185.86±2.58f 15.89±1.00c 89.15±2.45e 10.87±1.31c
AFC+CCl4 130.56±2.61d 85.36±2.17c 170.09±2.41d 13.07±0.59b 79.66±3.59d 13.69±1.12b
HFC alone 156.26±2.74f 115.25±4.23f 204.53±3.34g 20.34±1.64d 100.35±2.27f 9.30±1.11d 
EFC alone 163.42±3.52f 112.46±3.57f 198.40±4.87g 19.72±1.34d 99.67±2.34f 7.46±1.44d 
CFC alone 162.29±3.32f 118.06±2.67f 208.70±5.37g 21.38±1.69d 102.21±2.38f 8.29±1.43d 
BFC alone 167.18±2.55f 119.64±2.67f 199.61±3.21g 20.87±1.70d 98.41±2.63f 7.50±1.64d 
MFC alone 171.48±2.61f 113.53±3.77f 201.75±3.64g 22.51±1.47d 109.36±2.87f 7.71±1.08d 
AFC alone 165.72±3.51f 116.38±2.56f 202.81±4.98g 22.70±1.72d 108.74±2.26f 8.34±1.32d 
Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 

 

 

Fig. 4.61: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca fruit. Lanes from left (M) low molecular weight marker, (1) control, (2) 

DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) CFC + CCl4 

group, (6) AFC + CCl4 group, (7) MFC + CCl4 group, (8) BFC + CCl4 group, (9) EFC + 

CCl4 group, (10) HFC + CCl4 group. 
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I J  
Fig. 4.62: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative section 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) CFC + CCl4 group, (F) AFC + CCl4 group, (G) MFC 
+ CCl4 group, (H) BFC + CCl4 group, (I) EFC + CCl4 group (J) HFC +CCl4 group.  
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             In fact, the coordinate action of various antioxidants is important so, phase II 

metabolizing enzymes play a vital role in for detoxification of free radicals. Table 4.81 

illustrates the effects of various fractions of C. opaca leaves on GST, GPx, GR, GSH, QR 

and DNA fragmentation% in myocardial tissue. Chronic treatment of CCl4 showed a drastic 

(p<0.05) decline in the level of GST, GPx, GR, GSH and QR which was restored to normal 

level by post-treatment of different fractions of C. opaca leaves. Further, DNA 

fragmentation% was noticeably increased (p<0.05) due to CCl4 intoxication. Post-

administration of different fractions of C. opaca leaves reversed the level of DNA 

fragmentation% near to control group. The results indicate that ELC or MLC administered 
with CCl4 completely suppressed the affect of CCl4 and increased the level of glutathione 

group while lessened the fragmentation level of DNA. The group of rats administered with 

the fractions of C. opaca leaves alone showed non significant alterations and were related to 

the control group. In case of antioxidant status, the ranking order of fractions of C. opaca 

leaves was ELC > MLC > BLC > CLC > HLC >ALC. 

4.4.4.2.4. Effects of C. opaca leaves on DNA damages (ladder assay)  

 DNA was extracted from the cardiac tissue of the treated rats and the banding pattern 

was observed in Fig. 4.63. Treatment of rats with CCl4 increased the cardiac tissue DNA 

damages than those of control group. A different banding pattern was observed in case of 

CCl4 treated rats that was absent from the cardiac tissues of control rats. DNA extracted from 

the group treated with various fractions of C. opaca leaves administered with CCl4 showed a 

markedly repaired DNA. The group treated with only fractions did not show any kind of 

DNA damages. 

4.4.4.2.5. Effects of C. opaca leaves on cardiac histoarchitecture 

The cardiac sections of different treated groups showed differences. The histological 

architecture of heart  from different experimental groups showed series of variations from no 

damage (control group) to mild lesions (extract treated group) to highly severe (CCl4 

group).Control and DMSO groups showed normal cardiac histology of rat as represented by 

Fig. 4.64 A and B, respectively. In these groups heart tissue showed a normal myofibrillar 

structure with striations, branched appearances and continuity with adjacent myofibrils. 

Cardiac muscle displays several small blood vessels and capillaries in the connective tissue. 

The heart section of CCl4 treated rats showed distinctive appearance of cardiotoxicity with 

various degrees of focal damages, distortion in blood capillaries, and intrusion in the 



Chapter 4                                                                                                                         Results 

 

                                                                                                                                                  

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

201

trabeculae of heart and retrogressive lesions in muscle fibres. Additionally, hyaline necrosis 

and appropriate mucoid edema with vacuolar changes were noticed in CCl4 treated rats as 

illustrated in Fig. 4.64 C. Post-treatment with different fractions of C. opaca leaves 

administered with CCl4 confirms its constructive effects by less capillary dilatation and 

vacuolar changes and leukocyte infiltration in comparison to compared to that of CCl4 treated 

groups (Fig. 4.64 E-J). The heart tissue from silymarin group also showed repairing 

consequences of cardiotoxicity with less abnormal findings as compared to CCl4 intoxicated 

group (Fig. 4.64 D). 

 4.4.4.3. Effects of R. hastatus leaves against CCl4 induced cardio toxicity in rat 

Rationale of study was to know the pharmacological potential of different fractions of 

R. hastatus leaves against CCl4 induced cardiac toxicity in rats. Data on pharmacological 

effects of R. hastatus leaves against CCl4 induced oxidative stress of cardiac tissue is given 

below. 

4.4.4.3.1. Effects of R. hastatus leaves on cardiac function tests of serum 

Data from the serological markers for cardiac function, like CK and CKMB are 

shown in Table 4.82. CCl4 intoxication markedly raised the content of CPK and CKMB 

against control group. Different fractions of R. hastatus leaves and silymarin erased the toxic 

effects of CCl4 and recovered the levels of CK and CKMB towards the normal level. On the 

contrary, non significant difference was noticed in case of fractions alone as compare to the 

control group. 

4.4.4.3.2. Effects of R. hastatus leaves on cardiac enzymatic antioxidant levels  

Cardiotoxicity is relevant to oxidative stress induced by CCl4. A supplementary 

decline of antioxidative status plays a significant role in pathogenesis of chronic cardiac 

ailments. Data on effects of R. hastatus leaves on CCl4 induced alterations in tissue soluble 

protein, CAT, POD, SOD, TBARS and H2O2 is presented in Table 4.83. CCl4 administration 

markedly decreased the amount of cardiac soluble protein, and CAT, POD and SOD 

activities demonstrating oxidative stress. Conversely, CCl4 challenge considerably (p<0.05) 

augmented the amount of TBARS and H2O2 contents. Post-treatment of various fractions of 

R. hastatus leaves and silymarin to CCl4 treated rats significantly (p<0.05) recovered the 

cardiac protein and activity of antioxidant enzymes. Among all the tested samples, significant 

(p<0.05) recovering effect was revealed by administration of (50 mg/kg body weight) 

silymarin and ERL or MLR that was more close to control group.  
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Table 4.79: Effects of various fractions of C. opaca leaves on heart function tests 
 
Group CK (U/l) CKMB (U/l)
Control 94.36±3.48g 118.97±5.42g 
Oil+DMSO 100.13±5.44g 111.41±3.09g 
CCl4 910.46±9.66a 259.23±3.55a 
Sily+ CCl4 295.78±8.37f 156.28±3.00f 
HLC+CCl4 630.66±9.56b 239.68±3.37b 
ELC+CCl4 398.10±8.29e 190.01±4.17e 
CLC+CCl4 470.85±9.48d 208.42±3.15d 
BLC+CCl4 390.73±6.19e 166.51±4.02f 
MLC+CCl4 311.66±9.09f 158.68±4.40f 
ALC+CCl4 542.29±7.72c 223.94±4.29c 
HLC alone 98.13±3.76g 107.32±2.43g 
ELC alone 93.11±4.93g 115.16±3.76g 
CLC alone 99.43±5.17g 109.55±3.83g 
BLC alone 103.57±4.03g 115.86±3.29g 
MLC alone 94.98±4.50g 113.02±4.59g 
ALC alone 97.60±3.43g 110.37±4.12g 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
 

Table 4.80: Effects of various fractions of C. opaca leaves on tissue proteins and antioxidant 
enzyme levels 
 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)      

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg Protein) 

H2O2 (nM/min
/mg tissue)  

Control 1.421±0.014e 4.21±0.19c 9.05±0.30d 3.00±0.27c 2.87±0.36c 1.432±0.011f 
Oil+DMSO 1.492±0.031e 4.13±0.26c 8.84±0.27d 3.12±0.21c 2.67±0.33c 1.480±0.016f 
CCl4 0.990±0.021a 2.47±0.34a 5.03±0.71a 1.05±0.10a 4.11±0.08a 2.524±0.077a 
Sily+ CCl4 1.302±0.006d 3.66±0.20b 8.24±0.78d 2.63±0.14b 3.47±0.14b 1.548±0.027e 
HLC+CCl4 0.999±0.023a 3.34±0.16b 5.56±0.39a 1.11±0.23a 4.03±0.13a 2.272±0.078b 
ELC+CCl4 1.207±0.022c 3.32±0.22b 7.80±0.68c 1.95±0.27b 3.36±0.06b 1.744±0.072e 
CLC+CCl4 1.090±0.012b 3.02±0.17b 6.67±0.34b 1.79±0.12b 3.54±0.12b 2.091±0.071c 
BLC+CCl4 1.186±0.013c 3.36±0.25b 7.34±0.19c 1.77±0.15b 3.41±0.15b 1.896±0.069d 
MLC+CCl4 1.265±0.030d 3.75±0.15b 8.07±0.52d 2.21±0.36b 3.32±0.10b 1.617±0.092e 
ALC+CCl4 0.992±0.022a 3.29±0.05b 5.43±0.48a 1.08±0.21a 4.08±0.10a 2.341±0.089b 
HLC alone 1.461±0.068e 4.10±0.13c 9.64±0.30d 3.20±0.20c 2.89±0.24c 1.494±0.035f 
ELC alone 1.512±0.043e 4.27±0.12c 9.41±0.30d 3.08±0.19c 2.99±0.21c 1.442±0.045f 
CLC alone 1.435±0.045e 4.22±0.24c 9.50±0.15d 3.14±0.27c 2.78±0.15c 1.514±0.026f 
BLC alone 1.506±0.026e 4.23±0.28c 9.27±0.32d 3.25±0.21c 2.56±0.37c 1.470±0.028f 
MLC alone 1.491±0.015e 4.20±0.18c 9.23±0.51d 3.10±0.12c 3.01±0.17c 1.421±0.041f 
ALC alone 1.452±0.083e 4.18±0.21c 9.17±0.27d 3.30±0.15c 2.76±0.39c 1.453±0.019f 

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
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Table 4.81: Effects of various fractions of C. opaca leaves on phase II antioxidant enzymes 
and DNA fragmentation 
 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 146.34±5.62d 100.5±4.38c 164.37±6.31e 18.15±1.36c 97.70±4.12d 10.47±2.46d
Oil+DMSO 139.19±4.17d 105.91±4.72c 158.81±5.96e 19.04±1.50c 102.13±3.26d 11.23±3.94d
CCl4 105.50±4.23a 78.64±2.38a 104.33±3.33a 11.26±0.65a 63.30±2.36a 43.37±3.66a
Sily+ CCl4 130.53±3.13c 90.56±1.81b 147.18±2.49d 15.28±1.40b 89.14±2.71c 16.40±1.34c
HLC+CCl4 105.48±2.14a 78.76±1.06a 110.43±3.65a 13.17±0.47b 65.09±2.18a 32.30±3.71b
ELC+CCl4 114.73±2.94b 84.06±1.47b 133.23±3.62d 14.25±0.47b 75.14±2.21b 15.22±3.23c
CLC+CCl4 113.45±2.09b 83.29±1.17b 118.29±3.20b 13.83±0.36b 68.40±2.13a 29.10±3.11b
BLC+CCl4 112.17±1.55b 83.35±1.04b 125.41±3.17c 13.97±0.09b 70.32±2.11a 13.28±2.32c
MLC+CCl4 122.08±3.49c 87.09±2.02b 142.51±2.20d 14.17±1.16b 80.42±4.08b 14.17±3.02c
ALC+CCl4 104.19±2.06a 79.17±1.05a 106.74±4.13a 13.28±0.65b 64.63±2.09a 36.54±2.34b
HLC alone 145.58±3.06d 105.34±3.82c 161.27±5.48e 18.90±1.10c 101.53±3.16d 13.61±2.43d
ELC alone 146.16±4.00d 109.57±4.21c 169.62±4.34e 21.05±0.66c 103.80±3.28d 12.01±2.20d
CLC alone 140.24±3.47d 102.61±4.42c 164.52±5.78e 20.14±1.32c 98.70±4.42d 10.53±3.75d
BLC alone 148.66±3.42d 100.98±3.35c 170.31±3.58e 19.66±1.20c 96.99±3.24d 14.11±2.08d
MLC alone 149.72±4.01d 106.66±2.33c 162.73±4.42e 20.73±2.37c 100.64±4.23d 10.32±1.50d
ALC alone 144.34±4.12d 108.19±3.75c 168.45±4.56e 20.86±1.21c 99.80±3.15d 12.73±3.22d

Values are Mean±SD (06 number). Sily= Silymarin 
a-e (Means with different  letters) indicate significance at p<0.05 
 

 

Fig. 4.63: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca leaves. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MLC + CCl4 

group, (6) ELC + CCl4 group, (7) BLC + CCl4 group, (8) CLC + CCl4 group, (9) HLC + 

CCl4 group, (10) ALC + CCl4 group 
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Fig. 4.64: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative section of 
lungs from the control group showing normal histology, (B) DMSO + Olive oil group, (C) 
CCl4 group, (D) Silymarin + CCl4 group, (E) MLC + CCl4 group, (F) ELC + CCl4 group, (G) 
BLC + CCl4 group, (H) CLC + CCl4 group, (I) HLC + CCl4 group, (J) ALC + CCl4 group.   
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Nevertheless, non-significant (p>0.05) alterations were recorded against control group after 

administrating fractions alone.  

Alterations in activity of different enzymes viz; GST, GPx, GR, GSH, QR and DNA 

fragmentation% in renal tissues are depicted in Table 4.84. CCl4-treatment to rats diminished 

the antioxidant status by reducing the activity of glutathione system viz; GST, GPx, GR and 

GSH. However, percentage of DNA fragmentation was extensively (p<0.05) increased 

against to that of control group. Post-induction of CCl4-intoxicated rats with various fractions 

of R. hastatus leaves viz; HLR, ELR, CLR, BLR, MLR, ALR significantly erased (p<0.05) 

the toxic effects by reducing DNA damages and increasing the glutathione system when 

compared with control group. However, more conspicuous ameliorating outcomes were 

recorded in case of ELR. All fractions of R. hastatus leaves alone showed non significant 

variations (p>0.05) as compare to control group. DNA damages were remained unchanged 

with all the fractions alone versus to control group. The protective upshots of R. hastatus 

leaves with regards to the oxidative stress of CCl4 on cardiac tissues can be ranked as ELR > 

MLR > BLR > CLR > HLR > ALR. 

4.4.4.3.3. Effects of R. hastatus leaves on DNA damages (ladder assay)  

CCl4 exposure produces free radicals, these free radicals induces DNA damages in 

different tissues. DNA ladder assay is capable of detecting DNA damage. The effects of 

various fractions of R. hastatus leaves against CCl4 intoxication are shown by DNA banding 

pattern (Fig. 4.65). CCl4 intoxication caused DNA damages as continuous tail along the gel. 

Administration of silymarin, HLR, ELR, CLR, BLR, MLR and ALR showed the band 

pattern of DNA more like to that of control groups 

4.4.4.3.4. Effects of R. hastatus leaves on cardiac histoarchitecture 

H & E stained heart sections were examined to compare the alterations induced by various 

fractions of R. hastatus leaves against CCl4 intoxication on myofibril structure of heart. Fig. 

4.66 A and B depicts a representative normal histology of heart of untreated and DMSO 

groups. In CCl4 intoxicated rats, the cardiac injury was manifested and extensive including 

disruption of blood capillaries, interference in the trabeculae of heart and confluent 

retrogressive lesions in muscle fibers. Consequently, a noticeable confiscated hyaline 

necrosis with vacuolar alterations and mucoid edema were evident in CCl4 treated rats as 

shown in Fig. 4.66 C. Treatment with various fractions of R. hastatus leaves markedly 

attenuated CCl4-induced liver damage by showing lesser extent of cardiotoxicity. In Fig. 4.66 
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D and E represent the effects of silymarin and ELR, respectively, on histological architecture 

of heart, and was most evidently close to control group. On the other hand, HLR or ALR 

showed less protection against CCl4 intoxication (Fig. 4.66 J) as the section has 

supplementary resemblance with diseased group. 

 4.4.4.4. Effects of R. hastatus roots against CCl4 induced cardiac toxicity in rat 

In this study, to investigate the protective effects of different fractions of R. hastatus 

roots against CCl4 induced myocardial toxicity in rat, the biochemical alterations in different 

group of rats were collaborated by different parameters given below. 

4.4.4.4.1. Effects of R. hastatus roots on cardiac function test of serum 

Data from cardiac function tests of serum CK and CKMB are shown in Table 4.85. Elevated 

levels of serum CPK and CKMB indicate the sign of heart cell damage due to CCl4 

intoxication. Different fractions of R. hastatus roots and silymarin erased the toxic effects of 

CCl4 and recovered the levels of CK and CKMB towards the normal level. In addition, non 

significant difference was noticed in case of fractions alone when compared with the control 

group.  

4.4.4.4.2. Effects of R. hastatus roots on cardiac enzymatic antioxidant levels  

The extent of cardiac damage was assessed by estimating antioxidant enzyme levels. 

Table 4.86 reveals the changes in tissue soluble protein and antioxidant enzymes such as 

CAT, POD, SOD, TBARS and H2O2 of heart. Chronic treatment of CCl4 for eight weeks, 

flew away the antioxidant status of rat hearts by decreasing the activities of cardiac catalase, 

peroxidase and superoxide dismutase.  Treatment of various fractions of R. hastatus roots to 

CCl4 treated rats significantly (p<0.05) re-established the amount of tissue protein and 

activity of antioxidant enzymes. Disturbed levels of lipid peroxidation and hydrogen 

peroxide were observed in CCl4 intoxicated rats. Significant increase was found in 

myocardial TBARS and H2O2 contents that were appreciably down regulated towards control 

by R. hastatus roots or silymarin treatment. 
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Table 4.82: Effects of various fractions of R. hastatus leaves on heart function tests 
 
Group CK (U/l) CKMB (U/l) 
Control 96.82±2.75g 110.62±3.65g 
Oil+DMSO 96.78±4.22g 116.10±4.65g 
CCl4 1009.62±8.22a 210.78±3.94a 
Sily+ CCl4 288.57±5.34f 139.13±3.16f 
HLR+CCl4 754.22±9.61b 189.43±3.62b 
ELR+CCl4 358.53±6.43e 133.00±4.57f 
CLR+CCl4 495.70±11.19d 164.08±3.86d 
BLR+CCl4 376.13±5.00e 153.56±3.39e 
MLR+CCl4 366.64±9.99e 140.79±3.71f 
ALR+CCl4 542.71±10.42c 178.48±2.33c 
HLR alone 98.59±5.56g 109.02±4.26g 
ELR alone 93.12±6.78g 119.60±3.88g 
CLR alone 94.74±5.67g 110.25±4.58g 
BLR alone 100.63±6.35g 115.48±4.40g 
MLR alone 95.58±4.67g 113.63±4.19g 
ALR alone 97.42±5.25g 120.35±4.65g 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
 

Table 4.83: Effects of various fractions of R. hastatus leaves on tissue proteins and 
antioxidant enzyme levels 
 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg Protein) 

H2O2 (nM/min
/mg tissue)  

Control 2.56±0.041i 5.32±0.28d 11.20±0.52d 3.74±0.18c 2.14.±0.11c 1.84±0.41d 
Oil+DMSO 2.49±0.027i 5.58±0.42d 10.79±0.62d 3.51±0.26c 2.03±0.20c 1.90±0.32d 
CCl4 1.46±0.016a 2.87±0.31a 6.05±0.69a 1.96±0.16a 3.93±0.53a 3.61±0.35a 
Sily+ CCl4 2.25±0.021g 4.60±0.36c 9.54±0.37c 2.90±0.32b 2.53±0.29b 2.26±0.47c 
HLR+CCl4 1.68±0.013c 3.25±0.16b 7.21±0.39b 2.28±0.12b 3.09±0.23b 2.94±0.25b 
ELR+CCl4 1.83±0.040d 3.77±0.34c 8.88±0.30c 2.34±0.15b 2.90±0.11b 2.52±0.08c 
CLR+CCl4 2.64±0.022h 3.20±0.21b 7.90±0.26b 2.27±0.12b 3.00±0.09b 2.98±0.11b 
BLR+CCl4 2.05±0.039e 4.06±0.17c 8.55±0.51c 2.42±0.11b 2.93±0.22b 2.53±0.19c 
MLR+CCl4 2.18±0.031f 4.25±0.29c 9.13±0.24c 2.85±0.44b 2.79±0.12b 2.48±0.33c 
ALR+CCl4 1.57±0.024b 3.09±0.12b 7.49±0.43b 2.21±0.07b 3.01±0.28b 3.01±0.14b 
HLR alone 2.47±0.041i 5.56±0.16d 10.20±0.25d 3.90±0.11c 2.17.±0.07c 1.97±0.38d 
ELR alone 2.58±0.058i 5.24±0.42d 11.37±0.19d 3.59±0.28c 2.06.±0.13c 1.84±0.21d 
CLR alone 2.50±0.042i 5.31±0.23d 11.52±0.47d 3.57±0.26c 2.18±0.11c 1.86±0.27d 
BLR alone 2.54±0.047i 5.61±0.31d 10.46±0.28d 3.65±0.36c 2.05±0.19c 1.87±0.24d 
MLR alone 2.57±0.032i 5.44±0.30d 11.26±0.37d 3.92±0.18c 2.13.±0.18c 1.86±0.37d 
ALR alone 2.52±0.035i 5.38±0.12d 10.35±0.37d 3.79±0.23c 2.18±0.11c 1.93±0.29d 

Values are Mean±SD (06 number). Sily= Silymarin 
a-i (Means with different  letters) indicate significance at p<0.05 
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Table 4.84: Effects of various fractions of R. hastatus leaves on phase II antioxidant enzymes 
and DNA fragmentation 
 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 187.44±4.65d 153.73±3.80d 172.29±3.13e 26.49±2.18c 108.62±2.46d 10.23±1.33f
Oil+DMSO 175.59±3.27d 146.56±3.21d 164.51±3.16e 27.57±2.23c 100.43±2.91d 11.34±1.28f
CCl4 130.51±4.32a 92.54±3.66a 111.43±3.90a 14.62±1.43a 75.50±2.54a 46.46±1.16a
Sily+ CCl4 162.10±3.08c 114.44±2.49c 152.29±2.65d 21.22±2.65b 90.43±1.87c 15.52±1.40e
HLR+CCl4 138.41±3.12b 95.04±1.58a 120.22±2.30b 17.42±0.24b 78.32±2.08b 34.36±1.12b
ELR+CCl4 160.35±3.37c 112.23±2.38c 139.49±3.42c 20.15±2.28b 85.43±1.24b 16.44±2.45e
CLR+CCl4 139.29±2.07b 100.11±2.09b 125.18±3.31b 17.37±0.66b 79.11±1.56b 23.02±2.22c
BLR+CCl4 145.21±3.16b 99.34±2.64b 137.85±2.19c 19.48±1.42b 80.59±2.96b 19.76±1.21d
MLR+CCl4 154.43±3.61c 107.63±3.32c 145.18±3.67c 20.52±2.37b 84.61±2.83b 16.60±1.46e
ALR+CCl4 141.39±3.29b 95.00±2.37a 119.43±2.11b 17.20±0.25b 80.43±1.30b 37.67±2.60b
HLR alone 182.45±3.56d 155.76±2.78d 167.49±2.53e 28.18±2.59c 100.42±2.54d 10.24±1.22f
ELR alone 189.28±3.64d 148.45±2.74d 171.81±4.26e 27.79±2.27c 104.22±1.52d 10.19±1.32f
CLR alone 188.17±3.20d 149.49±3.32d 169.37±3.24e 27.40±3.30c 103.63±1.28d 9.55±2.40f 
BLR alone 182.49±4.21d 150.60±3.65d 170.52±4.55e 26.67±3.19c 109.65±1.61d 9.34±1.32f 
MLR alone 187.50±3.75d 154.74±2.12d 164.98±3.89e 26.56±2.38c 101.38±1.21d 10.12±1.22f
ALR alone 184.29±4.37d 147.38±2.19d 165.54±2.82e 26.39±2.36c 105.66±2.34d 10.21±2.76f

Values are Mean±SD (06 number). Sily= Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 

 

Fig. 4.65: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus leaves. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) ELR + 

CCl4 group, (6) MLR + CCl4 group, (7) BLR + CCl4 group, (8) CLR + CCl4 group, (9) ALR 

+ CCl4 group, (10) HLR + CCl4 group. 
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Fig. 4.66: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative section 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) ELR + CCl4 group, (F) BLR + CCl4 group, (G) 
MLR+ CCl4 group, (H) CLR+ CCl4 group, (I) ALR + CCl4 group, (J) HLR + CCl4 group. 
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           Table 4.87 demonstrates the effects of various fractions of R. hastatus roots on 

glutathione enzymes viz; GST, GPx, GR, GSH and QR and DNA fragmentation% in cardiac 

tissue. CCl4 treatment is attributed to the significant (P < 0.01) reduction of glutathione status 

such as GST, GPx, GR, GSH as well as QR, whereas level of % fragmentation of DNA was 

increased versus to control group. Induction of CCl4-intoxicated rats with various fractions of 

R. hastatus leaves viz; HRR, ERR, CRR, BRR, MRR, ARR significantly ameliorated 

(p<0.05) the toxic effects by reducing DNA damages and restoring the activity of glutathione 

system near to control group. However, additional inhibiting effects were studied in case of 

MRR or BRR. All fractions of R. hastatus roots alone showed non significant variations 

(P>0.05) in comparison to control group. In the perspective of consequences tabulated in 

Table 4.86 and 4.87 the fractions of R. hastatus roots may be ordered as MRR > BRR > ARR 

> CRR > ERR > HRR. 

4.4.4.4.3. Effects of R. hastatus roots on DNA damages (ladder assay)  

 CCl4 caused damages by inducing DNA strand breakages in cardiac tissues of rats. 

DNA ladder assay is a helpful tool for detecting DNA damages. Intact genomic DNA 

banding pattern was found in case of control group. Conversely, a continuous tail along the 

gel was appeared in case of CCl4 intoxicated group (Fig. 4.67). In contrast, post-

administration of silymarin and of various fractions of R. hastatus roots viz; HRR, ERR, 

CRR, BRR, MRR and ARR reduced the DNA damages by showing repairing effects when 

compared with CCl4 intoxicated group. 

4.4.4.4.4. Effects of R. hastatus roots on cardiac histoarchitecture 

The cardiac histopathological examinations are shown in Fig. 4.68. The cardiac 

histological examinations vary in severity from highly damaged (CCl4 group) to mild 

damages (extract treated group) to normal structure (control group). Normal myofibrillar 

structure with striations, branched appearances and continuity with adjacent myofibrils 

representing the control and DMSO group is shown in Fig. 4.68 A and B, respectively. By 

comparing control group with CCl4 treated group, extensive cardiac lesions, characterized by 

disruption in blood capillaries, and intrusion in the trabeculae of heart and retrogressive 

lesions in muscle fibres of cardiac tissue of CCl4 group. Furthermore, hyaline necrosis with 

vacuolar changes and appropriate mucoid edema were evident in CCl4 treated groups (Fig. 

4.68 C). However, the cardiac histopathological lesions administered with CCl4 were 

remarkabely ameliorated by post-treatment of different fractions of R. hastatus roots viz; 



Chapter 4                                                                                                                         Results 

 

                                                                                                                                                  

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

211

HRR, ERR, CRR, BRR, MRR and ARR confirms recuperating in CCl4-induced alterations 

like capillary dilatations with vacuolar changes, leukocyte infiltration and edema (Fig. 4.68 

E-J). The cardiac tissue from silymarin group shows repairing consequences of cardiotoxicity 

with less abnormal findings versus CCl4 intoxicated group (Fig. 4.68 D). These findings were 

in good harmony to the outcomes of cardiac function tests and antioxidant level. 
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Table 4.85: Effects of various fractions of R. hastatus roots on heart function tests 
 
Group CK (U/l) CKMB (U/l) 
Control 80.44±2.89h 100.26±3.85e 
Oil+DMSO 82.65±3.39h 101.48±3.11e 
CCl4 875.59±9.33a 226.55±3.62a 
Sily+ CCl4 259.75±7.51g 126.13±3.25d 
HRR+CCl4 644.52±7.40b 204.43±7.19b 
ERR+CCl4 567.07±5.97c 198.00±5.07b 
CRR+CCl4 475.15±7.19d 160.17±3.59c 
BRR+CCl4 263.41±8.20g 143.58±4.67c 
MRR+CCl4 287.50±6.31f 150.46±3.98c 
ARR+CCl4 439.38±7.09e 153.63±4.42c 
HRR alone 85.81±2.75h 100.43±3.43e 
ERR alone 85.27±3.62h 97.16±3.89e 
CRR alone 86.49±3.43h 100.63±2.60e 
BRR alone 83.56±4.85h 105.25±2.59e 
MRR alone 80.13±3.87h 103.48±2.18e 
ARR alone 82.42±3.93h 101.36±3.42e 
Values are Mean±SD (06 number). Sily= Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
 
Table 4.86: Effects of various fractions of R. hastatus roots on tissue proteins and antioxidant 
enzyme levels 
 
Group Protein (μg 

/mg tissue) 
CAT 
(U/min)      

POD  
(U/min)       

SOD (U/mg
protein)      

TBARS  
(nM/min 
/mg protein)  

H2O2 (nM/min
/mg issue)  

Control 2.03±0.024g 4.56±0.27f 15.26±0.27e 4.08±0.48c 2.68±0.42d 1.78±0.21d 
Oil+DMSO 2.10±0.017g 4.50±0.39f 14.65±0.30e 4.31±0.31c 2.32±0.71d 1.67±0.24d 
CCl4 1.25±0.012a 2.10±0.13a 7.90±0.41a 1.80±0.24a 5.16±0.42a 3.47±0.33a 
Sily+ CCl4 1.86±0.010f 4.00±0.11e 13.29±0.47d 3.20±0.33b 3.61±0.30c 2.18±0.25c 
HRR+CCl4 1.37±0.050b 2.31±0.10a 9.14±0.31b 2.06±0.23a 4.91±0.14a 3.18±0.12a 
ERR+CCl4 1.43±0.042b 2.34±0.11a 9.52±0.16b 2.05±0.13a 4.88±0.13a 3.20±0.11a 
CRR+CCl4 1.50±0.007c 2.53±0.28a 10.43±0.33b 2.29±0.12a 4.53±0.06b 3.00±0.03b 
BRR+CCl4 1.61±0.029d 3.20±0.13c 11.35±0.22c 2.89±0.21b 3.48±0.32c 2.80±0.08b 
MRR+CCl4 1.74±0.014e 3.73±0.20d 12.11±0.53d 3.01±0.29b 3.90±0.43c 2.73±0.22b 
ARR+CCl4 1.77±0.028e 2.98±0.04b 12.70±0.17d 2.76±0.09b 4.02±0.21c 2.99±0.05b 
HRR alone 2.10±0.023g 4.73±0.19f 15.28±0.29e 4.11±0.35c 3.10±0.46d 1.54±0.30d 
ERR alone 2.13±0.003g 4.60±0.12f 16.11±0.35e 3.99±0.22c 2.62±0.32d 1.64±0.20d 
CRR alone 2.14±0.003g 4.52±0.22f 14.89±0.71e 3.83±0.52c 2.90±0.64d 1.36±0.19d 
BRR alone 2.06±0.049g 4.66±0.24f 15.38±0.41e 4.20±0.33c 2.87±0.61d 1.53±0.16d 
MRR alone 2.08±0.028g 4.58±0.14f 15.57±0.30e 4.23±0.38c 2.63±0.54d 1.45±0.23d 
ARR alone 2.05±0.041g 4.74±0.08f 14.71±0.62e 4.58±0.29c 3.09±0.70d 1.42±0.25d 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
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Table 4.87: Effects of various fractions of R. hastatus roots on phase II antioxidant enzymes 
and DNA fragmentation 
 
Group GST (nM/min 

/mg protein)    
GPx (nM/ 
min/mg  
protein)   

GR (nM 
/min/mg  
protein)     

GSH (μM/g  
tissue) 

QR (nM/ 
min/mg  
protein) 

DNA  
damages 
%  

Control 158.23±4.21e 124.71±3.46g 180.27±4.62f 23.37±1.82e 109.36±3.22f 8.22±1.34f 
Oil+DMSO 149.56±4.44e 129.30±3.10g 189.52±4.31f 21.84±1.41e 116.54±3.43f 9.30±1.65f 
CCl4 102.36±4.36a 65.37±3.24a 125.74±3.67a 8.78±0.89a 76.64±2.69a 38.71±2.07a
Sily+ CCl4 140.33±2.70d 116.42±2.59f 171.23±3.76e 17.83±1.77d 100.26±2.16e 12.40±1.44e
HRR+CCl4 107.35±2.06a 79.05±3.56b 126.33±2.14a 10.38±0.40b 81.00±1.40b 29.57±2.69b
ERR+CCl4 110.06±2.46a 78.12±3.39b 130.36±1.02b 10.14±0.81b 80.18±1.62b 22.93±2.73c
CRR+CCl4 118.48±1.65b 87.26±3.43c 134.07±3.26b 12.06±0.46c 85.42±2.06c 16.78±1.84d
BRR+CCl4 129.56±3.11c 94.90±2.37d 160.93±2.57d 15.69±0.91d 91.05±2.14d 10.75±2.29e
MRR+CCl4 135.53±2.65d 104.71±3.65e 155.54±2.72d 14.76±1.52d 93.19±2.08d 10.37±1.32e
ARR+CCl4 128.16±2.39c 86.34±3.51c 146.47±3.32c 13.53±0.62d 87.16±1.56c 12.99±1.29e
HRR alone 151.23±3.55e 127.10±3.61g 182.45±3.57f 21.25±1.19e 117.31±3.59f 8.70±1.48f 
ERR alone 155.43±4.12e 126.37±3.80g 180.35±3.47f 24.36±0.96e 110.48±3.20f 7.27±1.92f 
CRR alone 158.05±3.42e 129.63±3.51g 185.16±3.64f 22.44±1.40e 119.52±2.13f 7.56±1.81f 
BRR alone 160.04±1.03e 127.24±3.15g 190.82±3.48f 22.04±1.52e 118.37±2.56f 8.62±1.53f 
MRR alone 154.54±2.38e 131.48±2.38g 183.76±4.27f 23.18±0.26e 112.22±3.17f 8.56±1.96f 
ARR alone 157.16±4.22e 132.55±2.42g 187.73±4.71f 24.11±0.46e 111.48±3.92f 9.42±1.63f 

Values are Mean±SD (06 number). Sily= Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05 
 

 
Fig. 4.67: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus roots. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MRR + CCl4 

group, (6) BRR + CCl4 group, (7) ARR + CCl4 group, (8) CRR + CCl4 group, (9) ERR + 

CCl4 group, (10) HRR + CCl4 group. 
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Fig. 4.68: Microphotograph of  rat heart (H & E stain) (A) Cardiac representative section 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 
group, (D) Silymarin + CCl4 group, (E) BRR + CCl4 group, (F) MRR + CCl4 group, (G) 
ARR+ CCl4 group, (H) CRR + CCl4 group, (I) ERR + CCl4 group, (J) HRR + CCl4 group. 
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4.4.5. Testicular toxicity studies 

           Previous studies reported that liver is not the just target organ of CCl4; it can actually 

distress other vital organs including kidney, lungs, heart and testis. Consequently, the 

intention of the current study was to assess the CCl4 as one of the male reproductive toxicant, 

hence alteration in the male reproductive hormones, antioxidant levels and histopathological 

changes of the testes were investigated. 

4.4.5.1. Effects of C. opaca fruit against CCl4 induced testicular toxicity in rats  

 To assess the pharmacological effects of C. opaca fruit against CCl4 induced 

testicular toxicity hormonal study, genotoxicity, antioxidant level and histological alterations 

were explored.  

4.4.5.1.1. Effects of C. opaca fruits on male reproductive hormones of rats 

Reproductive hormones are considered as potential biomarkers of testicular toxicity. 

CCl4 also effects secretion of various pituitary and endocrine glands. The effects of various 

fractions of C. opaca fruit against CCl4-induced toxicity on the serum level of testosterone, 

luteinizing hormone (LH), follicle stimulating hormone (FSH), prolactin and esteradiol are 

revealed in Table 4.88. Treatment of CCl4 in rats significantly (p<0.05) decreased the 

testosterone, LH and FSH levels while (p<0.05) augmented the level of prolactin and 

esteradiol. The testosterone, LH, FSH, prolactin and estradiol levels were returned back 

significantly (p<0.05) towards control by oral administration of various fractions of C. opaca 

fruit excluding AFC that represented non significant behaviour against testosterone and 

follicle stimulating hormone. Silymarin treatment erased CCl4 intoxication and decreased the 

level of LH, testosterone, prolactin, estradiol while increased the FSH concentration in serum 

of rat. However, serum level of these hormones was found near to control group by 

administrating fractions of C. opaca fruit alone. The overall progression of different fractions 

of C. opaca fruit against testicular hormonal level found was more in case of CFC, AFC, 

MFC, BFC and comparatively less for HFC and EFC. 

4.4.5.1.2. Effects of C. opaca fruits on testis enzymatic antioxidant levels  

Table 4.89 presents the tissue soluble protein and activities of antioxidant enzymes in 

different experimental groups. SOD causes dismutation of superoxide radicals while CAT 

and POD converts hydrogen peroxide into water and protect the cells from oxidative stress. 

Treatment of CCl4 significantly (p<0.05) reduced soluble tissue protein and activities of 

CAT, POD and SOD in homogenate of testis. This reduction of tissue protein and activity of 
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catalase and super oxide dismutase was restored (p<0.05) by administration of various 

fractions of C. opaca fruit viz; HFC, EFC, CFC, BFC, MFC and AFC near to control group. 

Administration of various fractions of C. opaca fruits significantly (p<0.05) ameliorated the 

toxic affects of CCl4 in testis by reducing the elevated level of TBARS and H2O2 due to CCl4 

intoxication. Treatment of 50 mg/kg body weight of silymarin in CCl4 treated rats attenuated 

the toxicity and restored the protein concentration and activities of these enzymes, 

comparable to different fractions of C. opaca fruit. However, various fractions viz; HFC, 

EFC, CFC, BFC, MFC and AFC alone showed normal level of above all parameters.  

Inhibitory effects of various fractions of C. opaca fruit against CCl4 intoxication on 

antioxidant phase II enzymes like GST, GPx, GR, GSH, QR and % DNA fragmentation of 

testis is shown in Table 4.90. Chronic treatment of CCl4 for eight weeks considerably 

(p<0.05) decreased the activities of GST, GPx, GR, GSH and QR while increased (p<0.05) 

the percentage of DNA fragmentation in testicular tissue in comparison to control group. 

Post-administration of various fractions of C. opaca fruit restored the glutathione status GST, 

GPx, GR, GSH and QR at various levels, while lessened the percentage of DNA 

fragmentation at the same dose. Silymarin treatment to CCl4 treated rats ameliorated the 

toxicity of CCl4 and reversed the activities towards the control group. However, groups 

treated with fractions of C. opaca fruit alone showed non toxic dose level as levels of above 

parameters were near to control group. The antioxidant level of different fractions of C. 

opaca fruit for testis tissue can be ranked as: CFC > AFC > MFC > BFC > HFC > EFC. 

4.4.5.1.3. Effects of C. opaca fruits on DNA damages (ladder assay)  

As shown by DNA ladder assay in Fig. 4.69, CCl4 induced DNA damages in the 

testicular tissues of rat. Figure shows that no damage was found in control group. DNA of 

CCl4 treated group was extensively damaged due to reaction between free radicals of CCl4 

and DNA strands. Post-administration of silymarin, HFC, EFC, CFC, BFC, MFC and AFC 

reduced the DNA damages that might be due the presence of antioxidant ability of the 

extract, which inhibit DNA adducts formation as shown by DNA band pattern of different 

groups as compared to CCl4 group. 

4.4.5.1.4. Effects of C. opaca fruits on testis histoarchitecture 

 Fig. 4.70 shows the testicular histoarchitecture of different treated groups. 

Histopathology of testis section revealed that normal testicular structural design was 

disturbed by CCl4 intoxication. Male reproductive system of control group showed normal 
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histology possessing normal seminiferous tubules, normal germ cells, sperms with normal 

morphology and concentration and inconspicuous sertoli cells. CCl4 intoxication showed 

testicular destruction and degeneration, dislocate the interstitial cells away from the basement 

membrane and seminiferous tubules (Fig. 4.70 C).  Fig. 4.70 E-J shows that the sections 

obtained from the rats treated with various fractions of C. opaca fruit and intoxicated with 

CCl4, the typical cellular configuration were maintained as compared to CCl4 toxicated 

group, thus confirming the serological and homogenate study of the organ. Silymarin also 

produced a marked protective effect against CCl4 pathogenesis (Fig. 4.70 D). 

4.4.5.2. Effects of C. opaca leaves against CCl4 induced testicular toxicity in rat 

 The current study was paying attention on the estimation of ameliorating potential of 

C. opaca leaves against testicular toxicity provoked by CCl4. The biomarkers for testicular 

toxicity evaluation were based on serological studies, antioxidant enzyme levels of tissue, 

genotoxicity and histological variation of testis. 

4.4.5.2.1. Effects of C. opaca leaves on male reproductive hormones of rats 

Data from the serological markers for reproductive status such as testosterone, 

luteinizing hormone (LH), follicle stimulating hormone (FSH), prolactin and estradiol is 

summarized in Table 4.91. CCl4 intoxication drastically (p<0.05) reduced the serum level of 

testosterone, LH and FSH, while notably (p<0.05) increased the intensity of prolactin and 

estradiol. The serum level of above said reproductive hormones was re-established (p<0.05) 

by oral administration of various fractions of C. opaca leaves near to control group. 50 

mg/kg body weight of silymarin treatment erased CCl4 intoxication and restored the level of 

all tested reproductive hormones in serum of rats. However, groups treated with fractions of 

C. opaca leaves alone confirmed the non toxic dose level, as the values for above discussed 

parameters were like that of control group. The overall progression of different fractions of 

C. opaca leaves against testicular hormonal level found was more in case of CLC, MLC, 

BLC, ELC and comparatively less for HLC and ALC. 
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Table 4.88: Effects of various fractions of C. opaca fruits on male reproductive hormonal 
level 
Group Testosterone  

(ng/ml) 
Luteinizing 
Hormone  
(ng/ml) 

Follicle Stimulating
Hormone (ng/ml) 

Prolactin  
(ng/ml) 

Estradiol  
(ng/ml) 

Control 3.17±0.09d 1.88±0.06d 24.18±0.27e 14.28±0.18f 19.28±0.25f 
Oil+DMSO 3.27±0.11d 1.78±0.04d 25.28±0.18e 15.08±0.09f 18.06±0.16f 
CCl4 1.34±0.11a 1.02±0.07a 15.29±0.15a 20.01±0.11a 29.16±0.27a 
Sily+CCl4 2.67±0.08c 1.54±0.06c 21.24±0.30d 16.21±0.05e 21.38±0.45e 
HFC+CCl4 2.12±0.09b 1.16±0.02b 17.04±0.23b 18.41±0.11b 27.38±0.41b
EFC+CCl4 2.17±0.06b 1.20±0.08b 17.24±0.15b 18.51±0.09b 27.26±0.30b
CFC+CCl4 2.54±0.09c 1.59±0.08c 20.54±0.24d 16.01±0.13e 22.23±0.26d
BFC+CCl4 2.43±0.04c 1.24±0.07b 18.34±0.25c 17.51±0.10c 25.08±0.69c 
MFC+CCl4 2.48±0.12c 1.34±0.06b 21.67±0.30d 17.21±0.05c 23.13±0.38d
SFC+CCl4 2.61±0.05c 1.50±0.08c 20.17±0.21d 16.85±0.09d 22.65±0.34d
HFC alone 3.06±0.13d 1.74±0.05d 24.45±0.41e 15.11±0.27f 19.33±0.48f 
EFC alone 3.10±0.07d 1.80±0.09d 22.78±0.63e 14.32±0.19f 19.12±0.52f 
CFC alone 3.30±0.09d 1.90±0.06d 25.31±0.35e 14.76±0.38f 17.99±0.14f 
BFC alone 3.24±0.11d 1.78±0.03d 23.64±0.47e 15.74±0.10f 18.35±0.47f 
MFC alone 3.18±0.08d 1.81±0.07d 24.51±0.30e 14.15±0.21f 18.67±0.16f 
AFC alone 3.28±0.05d 1.84±0.08d 25.42±0.46e 13.88±0.59f 18.06±0.34f 
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
 
Table 4.89: Effects of various fractions of C. opaca fruits on tissue proteins and antioxidant 
enzyme levels 
Group Protein  

(µg/mg tissue) 
CAT  
(U/min) 

POD  
(U/min) 

SOD  
(U/mg  
protein) 

TBARS  
(nM/min/mg 
protein) 

H2O2  
(µM/ml) 

Control 1.43±0.035d 4.16±0.30d 9.64±0.30d 2.98±0.21e 2.94±0.26c 1.21±0.019h
Oil+DMSO 1.29±0.019d 4.38±0.21d I0.13±0.21d 3.06±0.18e 3.05±0.35c 1.14±0.015h
CCl4 0.76±0.022a 2.36±0.16a 5.22±0.16a 1.00±0.10a 5.29±0.20a 2.44±0.035a
Sily+CCl4 1.30±0.051c 3.75±0.23c 8.57±0.34c 2.56±0.21d 3.60±0.10b 1.37±0.041g
HFC+CCl4 0.89±0.032b 2.65±0.10b 6.09±0.32b 1.36±0.09b 4.62±0.26b 2.11±0.009b
EFC+CCl4 1.00±0.073c 2.70±0.09b 6.24±0.12b 1.51±0.08b 4.65±0.19b 2.06±0.037c
CFC+CCl4 1.23±0.043c 3.66±0.20c 8.17±0.23c 2.41±0.13d 3.72±0.23b 1.54±0.037f 
BFC+CCl4 1.10±0.081c 2.83±0.13b 7.42±0.45c 1.85±0.13c 4.24±0.40b 2.00±0.059c
MFC+CCl4 1.15±0.075c 3.05±0.15b 7.60±0.23c 1.99±0.16c 4.12±0.30b 1.87±0.051d
SFC+CCl4 1.18±0.074c 3.21±0.17b 7.97±0.62c 2.32±0.14d 3.75±0.12b 1.69±0.040e
HFC alone 1.25±0.026d 3.96±0.12d 10.19±0.25d 3.18±0.03e 3.06±0.14c 1.18±0.012h
EFC alone 1.31±0.085d 4.09±0.24d 10.26±0.08d 3.06±0.19e 3.17±0.24c 1.20±0.013h
CFC alone 1.45±0.032d 4.25±0.25d 9.75±0.35d 2.96±0.03e 3.35±0.10c 1.14±0.029h
BFC alone 1.20±0.023d 4.16±0.10d 9.68±0.10d 3.07±0.09e 2.96±0.26c 1.21±0.019h
MFC alone 1.41±0.074d 4.05±0.10d 10.21±0.16d 3.26±0.01e 3.03±0.18c 1.17±0.017h
AFC alone 1.37±0.060d 4.17±0.23d 10.11±0.18d 3.18±0.06e 2.89±0.25c 1.19±0.026h
Values are Mean±SD (06 number). Sily=Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05  
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Table 4.90: Effects of various fractions of C. opaca fruits on phase II antioxidant enzymes 
and DNA fragmentation 
Group GST (nM/ 

mg protein)    
GPx (nM/ 
mg protein) 

GR (nM/ 
mg protein)  

GSH (µM/g  
tissue) 

QR (nM/ 
mg protein) 

%DNA  
Injuries 

Control 165.39±4.45e 115.34±3.86e 198.35±4.86e 24.15±1.22f 105.46±2.77f 14.66±1.22f
Oil+DMSO 161.97±4.31e 110.32±3.25e 209.97±3.65e 22.34±2.23f 100.35±2.42f 16.73±1.74f
CCl4 80.67±3.54a 67.83±2.64a 130.65±3.23a 11.03±0.54a 57.89±2.25a 57.26±2.34a
Sily+CCl4 132.45±2.66d 100.33±2.45d 183.45±3.81d 19.43±1.00e 90.36±3.61e 25.31±1.56e
HFC+CCl4 93.32±1.14b 73.60±1.22b 146.64±3.19b 12.27±0.28b 65.32±1.23b 45.63±0.34b
EFC+CCl4 90.15±2.67b 75.95±1.55b 151.56±2.41b 12.67±0.43b 68.63±1.54c 43.37±0.43c
CFC+CCl4 120.65±3.24c 102.27±2.22d 176.39±3.14d 17.23±1.11d 87.34±2.75e 27.77±3.40e
BFC+CCl4 113.34±1.78c 74.89±2.64b 160.37±2.21c 14.05±0.60c 73.15±3.28d 40.10±0.65d
MFC+CCl4 120.22±1.65c 98.34±2.18d 181.81±2.34d 14.19±1.02c 78.54±2.56d 30.45±1.32e
SFC+CCl4 116.40±2.34c 88.26±2.26c 180.70±3.56d 17.26±1.03d 84.16±2.11e 28.03±1.43e
HFC alone 166.16±1.23e 115.45±2.67e 204.75±3.01e 22.70±1.45f 103.23±2.32f 13.36±1.23f
EFC alone 165.27±2.01e 112.76±2.26e 205.16±2.87e 23.62±0.23f 104.36±1.23f 12.46±1.22f
CFC alone 162.19±3.45e 112.46±2.47e 199.25±4.53e 21.42±1.61f 102.36±2.32f 12.55±1.20f
BFC alone 167.01±1.00e 116.14±2.35e 211.41±3.45e 20.57±1.56f 99.24±2.12f 15.50±0.35f
MFC alone 161.97±1.45e 113.73±2.89e 200.37±3.63e 24.41±0.30f 105.61±1.35f 14.95±1.30f
AFC alone 163.36±2.53e 116.18±2.17e 212.31±2.09e 23.30±1.71f 100.24±2.45f 14.83±1.14f

Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  

 

 

Fig. 4.69: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca fruits. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) CFC + CCl4 

group, (6) AFC + CCl4 group, (7) MFC + CCl4 group, (8) BFC + CCl4 group, (9) EFC + 

CCl4 group, (10) HFC + CCl4 group. 
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Fig. 4.70: Microphotograph of rat testis (H & E stain). (A) Representative section of testis 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 

group, (D) Silymarin + CCl4 group, (E) CFC + CCl4 group, (F) AFC + CCl4 group, (G) MFC 

+CCl4 group, (H) BFC +CCl4 group, (I) EFC + CCl4 group, (J) HFC +CCl4 group. ( ) 
distorted and less concentration of germ cells, (▲) displaced interstitial cells away from the 
seminiferous tubules. 



Chapter 4                                                                                                                        Results 

 

                                                                                                                                                  

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

221

4.4.5.2.2. Effects of C. opaca leaves on testis enzymatic antioxidant levels  

 Oxidative stress produced by CCl4 upsets the cellular antioxidant defense system. The 

protective effects of various fractions of C. opaca leaves viz; HLC, ELC, CLC, BLC, MLC 

and ALC against CCl4 toxicity on the antioxidant profile are presented in Table 4.92.  

Administration of CCl4 for eight weeks caused noteworthy (p<0.05) decrease in the tissue 

soluble protein and CAT, POD and SOD activities as opposite to control group. Post-

treatment of various fractions of C. opaca leaves markedly ameliorated the affects of CCl4 

intoxication, and distinctly enhanced (p<0.05) testicular protein and CAT, POD and SOD 

levels of testicular tissue. Lipid peroxidation is umpired via free radicals produced by CCl4 

intoxication. The significant decline in H2O2 and TBARS level of testicular tissue 

corroborates with protective power of C. opaca leaves against testicular CCl4 induced lipid 

peroxidation in testis tissue. Similar protective effects were reported, while treating with 

silymarin. Treatment of fractions alone showed non toxic dose level as the values were like 

that of control group. 

 Alterations in phase II antioxidant metabolizing enzymes viz; GST, GPx, GR, GSH 

and QR as well as DNA fragmentation% testicular tissues of rat are demonstrated in Table 

4.93. Chronic administration of CCl4 , extensively (p<0.05) abridged the glutathione status of 

GST, GPx, GR, GSH and QR whereas, percentage of DNA fragmentation was increased in 

comparison to non treated control group. Post-treatment with various fractions of C. opaca 

leaves HLC, ELC, CLC, BLC, MLC and ALC attenuated the intoxication of CCl4 and 

restored the enzymes activity near to control rats. Silymarin treatment markedly lessened the 

DNA fragmentation% while, increased the GST, GSH, GR, GPx and QR activation similar to 

the effects of different fractions. Treatment with various fractions of C. opaca leaves alone 

showed non significant variation (p>0.05) as compare to control. The antioxidative status of 

different fractions of C. opaca leaves for testis tissue can be stated as: all the fractions 

showed remarkable potential against CCl4 induced oxidative damage in testicular tissues. 

4.4.5.2.3. Effects of C. opaca leaves on DNA damages (ladder assay)  

Protective effects of different fractions of C. opaca leaves versus CCl4 induced 

DNA damage in the testicular tissues of rats is shown by DNA ladder assay in Fig. 4.71. 

Extensive DNA breakages in testis were portrayed by the treatment of CCl4 to rats. Post-

administration of silymarin and various fractions of C. opaca leaves viz; HLC, ELC, CLC, 
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BLC, MLC and ALC prevented the DNA damages induced by CCl4 indicating the 

protective effects of C. opaca leaves. 

4.4.5.2.4. Effects of C. opaca leaves on testis histoarchitecture 

 The histoarchitecture of testis after different treatments is presented in Fig. 4.72. 

Light microscope evaluation of H & E stain showed normal testicular architecture possessing 

normal seminiferous tubules, normal concentration of germ cells, sperms with normal 

morphology and concentration and inconspicuous sertoli cells (Fig. 4.72 A and B). The CCl4 

intoxication resulted in ruthless testicular injuries with imperative decrease in germ cells, 

vacuolization of germinative epithelium and dislocated interstitial cells away from basement 

membrane and seminiferous tubules as shown in Fig. 4.72 C. The silymarin group also 

showed almost normal structure of testis as compare to CCl4 intoxicated group (Fig. 4.72 D). 

Groups treated with different fractions of C. opaca leaves showed improved concentration of 

sperms and stabilization of organized seminiferous tubules. The maximum protection against 

testicular injury was achieved by MLC (Fig. 4.72 E). In addition to this, about normal 

testicular histology was observed in case of groups treated with other fractions as shown in 

Fig. 4.72 F-J. The results obtained from histological architecture were in consistency with the 

hormonal studies as well as antioxidant status. 

4.4.5.3. Effects of R. hastatus leaves against CCl4 induced testicular toxicity in rat 

 The current study was performed to explore the remedial effects of R. hastatus leaves 

beside CCl4 induced toxicity in testicular tissues of rats. As a consequence, various fractions 

of R. hastatus leaves were studied to approximate the best fraction that can be used as a 

testicular protection against oxidative damage.  

4.4.5.3.1. Effects of R. hastatus leaves on male reproductive hormones of rats 

The hormonal profile is a valuable marker for the estimation of testicular injury by 

CCl4 intoxication. Table 4.94 demonstrates the consequences of various fractions of R. 

hastatus leaves against CCl4 mediated intoxication on hormonal level of testosterone, 

luteinizing hormone (LH), follicle stimulating hormone (FSH), prolactin and estradiol. 

Treatment of CCl4 significantly (p<0.05) lessened the testosterone, LH and FSH level of 

serum while (p<0.05) increased the prolactin and estradiol level. Oral administration of 

various fractions of R. hastatus leaves viz; HRL, ERL, CRL, BRL, MRL and ARL restored 

the level of testosterone, LH, FSH, prolactin and estradiol near to control group.  
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Table 4.91: Effects of various fractions of C. opaca leaves on male reproductive hormonal 
level 
Group Testosterone  

(ng/ml) 
Luteinizing 
Hormone  
(ng/ml) 

Follicle Stimulating
Hormone (ng/ml) 

Prolactin  
(ng/ml) 

Estradiol  
(ng/ml) 

Control 4.20±0.07d 2.28±0.09c 40.37±0.14h 10.43±0.34e 17.43±0.32g
Oil+DMSO 4.11±0.13d 2.23±0.010c 39.12±0.36h 11.23±0.32e 15.24±0.43g
CCl4 1.89±0.08a 1.10±0.08a 16.68±0.21a 22.11±0.44a 30.16±0.65a 
Sily+CCl4 3.54±0.10c 1.89±0.12b 32.87±0.48g 14.43±0.22d 20.23±0.63f 
HLC+CCl4 2.38±0.08b 1.36±0.13b 19.26±0.61b 20.13±0.30b 25.71±0.19b
ELC+CCl4 3.06±0.10c 1.77±0.12b 25.38±0.62e 17.56±0.14c 21.27±0.33e 
CLC+CCl4 2.89±0.07c 1.47±0.06b 21.34±0.38c 18.34±0.71c 23.46±0.18c 
BLC+CCl4 2.94±0.10c 1.59±0.10b 22.07±0.19d 19.67±0.56b 23.39±0.43c 
MLC+CCl4 3.30±0.23c 2.01±0.13b 28.15±0.49f 16.23±0.21c 22.43±0.25d
ALC+CCl4 2.03±0.12a 1.31±0.10b 18.89±0.35b 21.20±0.61a 26.83±0.59b
HLC alone 3.89±0.19d 2.28±0.11c 41.05±0.16h 10.68±0.63e 17.92±0.34g
ELC alone 3.97±0.14d 2.33±0.08c 39.90±1.06h 11.10±0.19e 16.83±0.34g
CLC alone 4.10±0.04d 2.30±0.04c 40.20±0.78h 11.18±0.43e 16.18±0.87g
BLC alone 4.08±0.08d 2.28±0.07c 41.00±0.10h 9.90±0.52e 15.52±0.66g
MLC alone 4.00±0.07d 2.36±0.09c 40.85±0.62h 12.27±0.30e 14.37±0.30g
ALC alone 4.15±0.10d 2.23±0.05c 39.83±0.78h 10.72±0.75e 15.74±0.23g
Values are Mean±SD (06 number). Sily=Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05  

 
Table 4.91: Effects of various fractions of C. opaca leaves on tissue proteins and antioxidant 
enzyme levels 
Group Protein  

(µg/mg tissue) 
CAT  
(U/min) 

POD  
(U/min) 

SOD  
(U/mg  
protein) 

TBARS  
(nM/min/mg 
protein) 

H2O2  
(µM/ml) 

Control 1.421±0.023d 3.92±0.22d 9.38±0.13c 3.08±0.23d 2.97±0.16d 1.123±0.010c
Oil+DMSO 1.495±0.026d 4.02±0.55d 9.04±0.34c 3.12±0.14d 3.10±0.27d 1.244±0.012c
CCl4 0.834±0.029a 2.02±0.11a 4.76±0.51a 0.88±0.07a 5.71±0.48a 2.536±0.023a
Sily+CCl4 1.312±0.008c 3.54±0.34c 8.58±0.38b 2.75±0.07c 3.80±0.33c 1.560±0.091b
HLC+CCl4 1.134±0.022b 2.64±0.36b 5.90±0.35b 1.49±0.32b 5.17±0.04b 2.081±0.093b
ELC+CCl4 1.356±0.021c 3.32±0.21c 7.87±0.45b 2.07±0.10b 4.34±0.52c 1.781±0.072b
CLC+CCl4 1.185±0.052b 2.89±0.27b 6.60±0.72b 1.68±0.36b 5.08±0.11b 1.974±0.068b
BLC+CCl4 1.182±0.023b 3.05±0.45c 7.19±0.55b 1.81±0.22b 4.63±0.13c 1.888±0.085b
MLC+CCl4 1.344±0.073c 3.25±0.32c 8.37±0.41b 2.29±0.11b 4.01±0.25c 1.644±0.065b
ALC+CCl4 1.092±0.020b 2.59±0.39b 5.76±0.45b 1.48±0.28b 5.08±0.12b 2.145±0.038b
HLC alone 1.429±0.057d 4.00±0.64d 9.56±0.78c 3.10±0.08d 2.89±0.45d 1.194±0.055c
ELC alone 1.437±0.021d 3.94±0.22d 9.93±0.62c 3.78±0.26d 3.02±0.31d 1.142±0.078c
CLC alone 1.433±0.033d 3.99±0.68d 10.22±0.42c 3.32±0.18d 2.88±0.54d 1.134±0.078c
BLC alone 1.449±0.013d 3.97±0.78d 10.19±0.29c 3.55±0.11d 2.96±0.29d 1.210±0.097c
MLC alone 1.441±0.012d 3.95±0.68d 10.00±0.61c 3.63±0.13d 2.91±0.33d 1.121±0.045c
ALC alone 1.418±0.019d 4.01±0.24d 10.01±0.43c 3.50±0.22d 3.10±0.20d 1.173±0.034c
Values are Mean±SD (06 number). Sily=Silymarin 
a-d (Means with different  letters) indicate significance at p<0.05  
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Table 4.93: Effects of various fractions of C. opaca leaves on phase II antioxidant enzymes 
and DNA fragmentation 
 
Group GST (nM/ 

mg protein)    
GPx (nM/ 
mg protein) 

GR (nM/ 
mg protein)  

GSH (µM/g  
tissue) 

QR (nM/ 
mg protein) 

%DNA  
Injuries 

Control 150.23±5.34g 110.17±4.46f 198.34±5.78e 16.25±1.11c 99.90±4.97f 14.53±2.57f
Oil+DMSO 157.17±4.45g 105.55±4.55f 204.73±6.47e 15.74±1.31c 107.03±4.42f 13.33±2.24f
CCl4 78.37±4.33a 63.33±3.11a 103.14±4.66a 9.60±1.34a 52.40±4.16a 57.50±3.34a
Sily+CCl4 133.67±2.43f 98.46±2.22e 179.56±4.45d 13.75±0.32b 89.14±2.56e 20.18±3.73e
HLC+CCl4 97.66±2.50b 75.55±1.67c 141.69±3.17b 11.48±0.16b 61.21±1.90b 39.24±2.71c
ELC+CCl4 112.49±2.20d 90.79±2.29e 163.59±3.57c 12.73±0.36b 77.89±2.49c 22.47±3.34e
CLC+CCl4 98.79±2.00b 85.67±2.74d 156.22±5.13c 11.82±0.25b 65.13±2.29b 29.45±2.66d
BLC+CCl4 103.68±2.21c 83.56±1.80d 154.63±5.81c 12.07±0.27b 72.31±2.18c 20.26±3.78e
MLC+CCl4 124.12±2.81e 94.65±2.16e 170.68±4.97d 13.29±0.46b 82.56±3.67d 23.56±2.36e
ALC+CCl4 98.41±2.02b 71.81±1.55b 136.90±4.20b 11.10±0.27b 62.11±2.02b 49.30±2.29b
HLC alone 153.10±4.23g 107.17±4.46f 196.01±3.13e 16.31±1.45c 101.45±3.22f 13.94±2.45f
ELC alone 156.46±4.13g 110.12±3.41f 206.61±4.45e 16.15±1.36c 103.80±3.23f 13.56±2.42f
CLC alone 150.23±3.51g 112.55±3.51f 211.43±5.76e 15.64±2.02c 100.55±2.23f 11.53±2.44f
BLC alone 158.16±4.06g 109.14±3.32f 210.21±5.78e 17.56±1.30c 106.15±3.45f 14.78±3.35f
MLC alone 159.31±3.21g 112.40±3.26f 201.25±4.12e 17.59±1.45c 109.34±2.23f 12.55±1.27f
ALC alone 154.34±4.23g 108.34±3.73f 208.34±4.88e 16.40±1.77c 111.23±3.12f 10.41±3.12f
Values are Mean±SD (06 number). Sily=Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05  

 

 

Fig. 4.71: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of C. opaca leaves. Lanes from left (M) low molecular weight marker, (1) control, 

(2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MLC + CCl4 

group, (6) ELC + CCl4 group, (7) BLC + CCl4 group, (8) CLC + CCl4 group, (9) HLC + 

CCl4 group, (10) ALC + CCl4 group. 
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A B  

C D  

E F  

G H  

I J  
Fig. 4.72: Microphotograph of rat testis (H & E stain). (A) Representative section of testis 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 

group, (D) Silymarin + CCl4 group, (E) MLC + CCl4 group, (F) ELC + CCl4 group, (G) BLC 

+ CCl4 group, (H) CLC + CCl4 group, (I) HLC + CCl4 group, (J) ALC + CCl4 group.. ( ) 
distorted and less concentration of germ cells, (▲) displaced interstitial cells away from the 
seminiferous tubules. 
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Nevertheless, the most prominent effect was found in case of rats treated with 200 mg/kg 

body weight of MRL or BRL. Reference drug silymarin erased the toxic effects of CCl4 by 

presenting relatively normal concentrations of testosterone, LH, FSH, prolactin and estradiol 

of serum. On the contrary, fractions of R. hastatus leaves alone did not show variation from 

control group. On the basis of reproductive hormonal data it is stated that MLR and BLR 

may have a remarkable protective effects against CCl4 toxicity. 

4.4.5.3.2. Effects of R. hastatus leaves on testis enzymatic antioxidant levels  

In the present study antioxidant level was measured to assess the effects of various 

fractions of R. hastatus leaves against oxidative damage caused by CCl4 in testicular tissues 

of rats. Table 4.95 demonstrates the changes in tissue soluble protein and antioxidant defense 

system such as CAT, POD, SOD, TBARS and H2O2 is summarized in. CCl4 administration 

to rats significantly decreased tissue protein and disturbs the antioxidative status by 

decreasing the pulmonary CAT, POD and SOD levels and increasing the contents of TBARS 

and H2O2 in opposition to control group. Co-treatment with various fractions of R. hastatus 

leaves enhanced the activity of suppressed enzymes and the soluble protein, whereas reduced 

the activity of elevated enzymes. However, treatment of fractions alone verified the harmless 

dose level, as the values for antioxidant enzymes and LPO and H2O2 contents were similar to 

control group.  

 The effects of various fractions of R. hastatus leaves on GST, GPx, GR, GSH, QR 

and DNA fragmentation% of testicular tissues are determined in Table 4.96. Chronic 

administration of CCl4 considerably (P<0.05) lessened the glutathione level of GST, GPx, 

GR, GSH and QR while augmented % fragmentation of DNA. Post-administration of various 

fractions of R. hastatus leaves to CCl4 treated rats markedly reversed the level of GST, GPx, 

GR, GSH, QR and %DNA injuries. Data shows that MLR, BLR and ELR administered with 

CCl4 completely suppressed the affect of CCl4 and increased the level of glutathione class 

like that of silymarin. The groups treated with various fractions of R. hastatus leaves 

administered with CCl4 significantly reduced DNA fragmentation in comparison to CCl4 

treated rats. The group of rats administered with the fractions of R. hastatus leaves alone 

showed the same results as that of control group. The ranking of protective effects of various 

fractions of R. hastatus leaves for testicular antioxidant status may be structured as: ELR > 

MLR > BLR > CLR > ALR > HLR. 
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4.4.5.3.3. Effects of R. hastatus leaves on DNA damages (ladder assay)  

            CCl4 as a genotoxic agent produces free radicals that combine with DNA forming 

adduct and induces DNA damages. DNA ladder assay shows that control and DMSO treated 

group did not acquire DNA damages; while CCl4 group markedly revealed DNA damages. 

On the contrary, groups treated with various fractions of R. hastatus leaves showed potent 

protection against CCl4 toxicities and minimized the DNA damages by representing DNA 

bands more similar to control group (Fig. 4.73). The group of rats administered with the 

fractions of R. hastatus leaves alone showed intact genomic DNA and were related to the 

control group. (iv). Effects of R. hastatus leaves on testis histoarchitecture 

 Histopathological study is summarized in Fig. 4.74. Histological appearance of testis 

showed variety in alteration from normal structure of cells (control and DMSO group; Fig. 

4.74 A and B) to mild (plant sample with CCl4 treated groups; Fig.3 E-J) to severe (CCl4 

treated group; Fig. 4.74 C). The characteristics of the pathological lesions of CCl4 toxicated 

group showed testicular destruction and degeneration represented by decreased concentration 

of germ cells, vacuolization of germinative epithelium, interrupted meiosis, distorted the 

morphology and concentration of sperms and disorganized seminiferous tubules (Fig. 4.74C). 

These changes are alleviated by post treatment of different fractions of R. hastatus leaves. 

There was an evident decrease in destruction of testicular tissues of those groups which were 

treated with fractions of R. hastatus leaves representing an indication of protective effects of 

plant samples. BLR, ELR, MLR and silymarin treated groups showed maximum protection 

against CCl4-induced intoxication as shown in Fig. 4.74 E, F, G and D. Histological pictures 

of rats treated with various  fractions of R. hastatus leaves administered with CCl4 revealed 

normal concentration of germ cells, distinct the morphology and concentration of sperms and 

organized seminiferous tubules confirming a marked repairing effects of fraction 

.histopathlogical studies are in conformity not only to the hormonal alterations but also with  

antioxidant level and DNA damage band patterns. 
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Table 4.94: Effects of various fractions of R. hastatus leaves on male reproductive hormonal 
level 
Group Testosterone  

(ng/ml) 
Luteinizing 
Hormone  
(ng/ml) 

Follicle Stimulating
Hormone (ng/ml) 

Prolactin  
(ng/ml) 

Estradiol  
(ng/ml) 

Control 5.03±0.10e 3.88±0.12c 42.63±0.36g 11.35±0.61d 21.23±0.56e 
Oil+DMSO 5.27±0.18e 3.78±0.16c 42.35±0.32g 13.14±0.09d 20.31±0.64e 
CCl4 2.02±0.12a 1.97±0.21a 20.14±0.51a 25.22±0.43a 35.36±0.51a 
Sily+CCl4 4.64±0.18d 3.04±0.36b 36.46±0.63f 16.36±0.40c 25.37±0.70d
HLR+CCl4 3.14±0.36b 2.28±0.03b 23.19±0.67b 23.33±0.22b 33.15±0.31b
ELR+CCl4 3.94±0.18c 2.56±0.19b 26.17±0.57c 21.76±0.81b 30.29±0.70b
CLR+CCl4 3.78±0.27c 2.44±0.16b 28.62±0.22d 22.97±0.37b 31.72±0.53b
BLR+CCl4 4.32±0.26c 2.94±0.23b 31.43±0.83e 17.74±0.34c 28.38±0.63c 
MLR+CCl4 4.26±0.14c 2.87±0.37b 32.28±0.74e 18.67±0.51c 27.41±0.37c 
ALR+CCl4 2.74±0.29b 2.24±0.02b 24.44±0.88b 23.60±0.27b 32.73±0.29b
HLR alone 5.00±0.16e 3.81±0.19c 41.68±0.73g 11.15±0.87d 21.27±0.66e 
ELR alone 5.09±0.21e 3.82±0.21c 40.83±1.07g 12.28±0.52d 21.51±0.95e 
CLR alone 5.21±0.11e 3.75±0.20c 42.55±0.63g 10.14±0.70d 20.40±0.37e 
BLR alone 5.17±0.10e 4.00±0.07c 43.05±0.27g 11.06±0.09d 19.83±0.76e 
MLR alone 5.00±0.08e 3.99±0.09c 41.86±0.63g 10.75±0.58d 20.62±0.48e 
ALR alone 5.13±0.13e 3.70±0.18c 42.31±0.54g 13.33±0.41d 10.11±0.23e 
Values are Mean±SD (06 number). Sily=Silymarin 
a-g (Means with different  letters) indicate significance at p<0.05  
 
Table 4.95: Effects of various fractions of R. hastatus leaves on tissue proteins and 
antioxidant enzyme levels 
Group Protein  

(µg/mg tissue) 
CAT  
(U/min) 

POD  
(U/min) 

SOD  
(U/mg  
protein) 

TBARS  
(nM/min/mg 
protein) 

H2O2  
(µM/ml) 

Control 2.31±0.010f 5.32±0.17c 12.93±0.33c 4.53±0.10d 2.05.±0.62c 1.76±0.33c
Oil+DMSO 2.17±0.009f 5.10±0.20c 13.28±0.41c 4.34±0.21d 2.12±0.79c 1.80±0.46c
CCl4 1.04±0.007a 2.92±0.21a 6.26±0.56a 1.96±0.19a 5.71±0.98a 3.96±0.25a
Sily+CCl4 2.09±0.016e 4.53±0.33b 10.94±0.18b 3.81±0.38c 3.11±0.52c 2.28±0.28b
HLR+CCl4 1.69±0.013c 2.87±0.32a 8.31±0.34b 2.28±0.11b 4.66±0.20a 3.04±0.20b
ELR+CCl4 2.00±0.049d 4.32±0.51b 10.05±0.69b 3.08±0.17c 4.00±0.19b 2.72±0.33b
CLR+CCl4 1.84±0.028d 3.80±0.24b 8.64±0.71b 2.56±0.32b 4.17±0.17b 2.98±0.11b
BLR+CCl4 1.90±0.068d 3.96±0.21b 9.38±0.19b 2.62±0.21b 3.95±0.15b 2.64±0.59b
MLR+CCl4 2.08±0.011e 4.05±0.17b 10.09±0.29b 3.15±0.27c 3.99±0.22b 2.42±0.73b
ALR+CCl4 1.57±0.023b 2.79±0.23a 7.49±0.56b 2.30±0.14b 4.79±0.16a 3.10±0.13b
HLR alone 2.30±0.010f 4.96±0.21c 13.20±0.57c 4.60±0.41d 2.07±0.87c 1.87±0.98c
ELR alone 2.28±0.017f 5.28±0.21c 14.42±0.27c 4.49±0.38d 2.06±1.99c 1.94±0.71c
CLR alone 2.20±0.014f 5.31±0.18c 14.18±0.49c 4.51±0.31d 2.08±1.00c 2.06±0.57c
BLR alone 2.24±0.037f 5.27±0.17c 14.35±0.28c 4.37±0.26d 2.05±0.55c 2.00±0.08c
MLR alone 2.27±0.028f 5.30±0.14c 13.86±0.18c 4.57±0.12d 2.10±0.37c 1.90±0.87c
ALR alone 2.32±0.018f 5.05±0.24c 13.66±0.61c 4.59±0.29d 2.10±0.76c 1.93±0.67c
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05  
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Table 4.96: Effects of various fractions of R. hastatus leaves on phase II antioxidant enzymes 
and DNA fragmentation 
 
Group GST (nM/ 

mg protein)    
GPx (nM/ 
mg protein) 

GR (nM/ 
mg protein)  

GSH (µM/g  
tissue) 

QR (nM/ 
mg protein) 

%DNA  
Injuries 

Control 185.51±4.31e 130.72±3.36e 166.56±3.57h 28.66±2.32c 119.16±3.34e 6.43±2.33d 
Oil+DMSO 178.54±4.45e 139.12±3.18e 158.44±3.23h 26.57±2.38c 124.29±3.47e 7.10±2.79d 
CCl4 102..25±3.61a 69.69±2.55a 85.77±3.67a 10.21±1.23a 72.31±2.34a 49.58±3.67a
Sily+CCl4 156.35±3.21d 118.34±3.54d 139.65±2.31g 23.33±2.45b 105.37±2.52d 19.42±3.46c
HLR+CCl4 119.46±3.38b 90.40±2.65b 93.40±1.41b 13.23±1.39b 83.78±2.83b 35.53±1.29b
ELR+CCl4 154.38±3.19d 119.55±2.23d 110.43±2.47d 21.17±2.31b 95.35±1.48c 24.28±2.37c
CLR+CCl4 127.29±4.47c 100.85±2.37c 102.58±3.28c 14.28±2.46b 90.17±2.74c 23.61±1.28c
BLR+CCl4 145.09±3.42d 113.42±2.38d 120.69±1.73e 16.30±1.42b 94.27±2.58c 22.39±1.43c
MLR+CCl4 150.35±3.22d 120.58±3.27d 126.25±1.39f 18.28±2.23b 102.75±2.47d 20.59±1.27c
ALR+CCl4 117.12±3.28b 87.34±2.29b 94.73±1.78b 13.40±1.49b 81.56±1.07b 33.35±1.91b
HLR alone 180.51±3.49e 135.43±2.66e 163.59±3.73h 28.88±2.39c 130.32±2.32e 8.76±1.58d 
ELR alone 189.48±3.39e 135.22±3.64e 161.29±4.89h 30.62±3.20c 124.15±2.26e 7.09±1.41d 
CLR alone 188.32±4.12e 139.19±3.63e 159.42±3.64h 26.70±3.57c 128.43±2.47e 6.91±2.56d 
BLR alone 182.47±3.37e 130.51±3.35e 160.48±4.80h 29.57±3.29c 129.35±2.43e 7.48±1.53d 
MLR alone 187.24±3.19e 134.64±2.23e 164.33±3.29h 28.46±3.36c 120.42±12.23e 7.24±1.42d 
ALR alone 184.60±3.45e 137.38±2.15e 165.26±4.52h 25.39±3.15c 125.21±2.12e 8.83±2.49d 

Values are Mean±SD (06 number). Sily=Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05  

 

 
Fig. 4.73: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus leaves. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) ELR + 

CCl4 group, (6) MLR + CCl4 group, (7) BLR + CCl4 group, (8) CLR + CCl4 group, (9) ALR 

+ CCl4 group, (10) HLR + CCl4 group 



Chapter 4                                                                                                                        Results 

 

                                                                                                                                                  

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D. Don. 
 

230

A B  

C D  

E F  

G H  

I J  
Fig. 4.74: Microphotograph of rat testis (H & E stain). (A) Representative section of testis 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 

group, (D) Silymarin + CCl4 group, (E) ELR + CCl4 group, (F) BLR + CCl4 group, (G) 
MLR+ CCl4 group, (H) CLR+ CCl4 group, (I) ALR + CCl4 group, (J) HLR + CCl4 group. 

( ) distorted and less concentration of germ cells, (▲) displaced interstitial cells away 
from the seminiferous tubules. 
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4.4.5.4. Effects of R. hastatus roots against CCl4 induced testicular toxicity in rat 

 To test this hypothesis that CCl4 is a testicular toxin, it was crucial to assess the toxic 

effects of CCl4 against testicular toxicity. Therefore beside other plant samples, R. hastatus 

roots were also tested for pharmacological evaluation. The study was conducted on testis 

function test of serum, antioxidant and genotoxic level of tissue. Beside this histology of the 

organ was also examined for the verification of protective effects of respective plant.  

4.4.5.4.1. Effects of R. hastatus roots on male reproductive hormones of rats 

To estimate the testicular toxicity, reproductive hormones act as effective biomarkers. 

CCl4 intoxication alters the secretion of pituitary and endocrine glands resulting in disturbed 

reproductive hormonal level. The effects of various fractions of R. hastatus roots against 

CCl4 toxicity on hormonal level of testosterone, luteinizing hormone (LH), follicle 

stimulating hormone (FSH), prolactin and estradiol is summarized in Table 4.97. CCl4 

intoxicated rats considerably (p<0.05) decreased the testosterone, FSH and LH concentration 

of serum while significantly (p<0.05) raised the prolactin and estradiol level. The serum level 

of LH, testosterone, prolactin and esteradiol were restored (p<0.05) by oral administration of 

various fractions of R. hastatus roots near to control group except HRR and ERR that showed 

non significance for luteinizing hormone with the diseased group. Silymarin treatment erased 

CCl4 intoxication by balancing the above mentioned hormones in serum of rats. In contrast, 

non significant (p>0.05) variation was found by all fractions of R. hastatus roots alone in the 

serum level of these hormones as the values were comparable to control group. The ranking 

order of fractions of R. hastatus roots for reproductive hormonal level may be described as:  

MRR > BRR > ARR > CRR > ERR > HRR.   

4.4.5.4.2. Effects of R. hastatus roots on testis enzymatic antioxidant levels  

In the present study scavenging effects of various antioxidant enzymes was assessed. 

The results of the effects of various fractions of R. hastatus roots against CCl4 intoxication on 

tissue soluble protein and antioxidant enzyme system such as CAT, POD, SOD, TBARS and 

H2O2 testis are reported in Table 4.98. Free radicals of CCl4 disturb the integrity of cell 

membrane by hitting the phospholipids thus leading to lipid peroxidation, caused significant 

elevation of TBARS and H2O2 content. Our results point to the ability of CCl4 on tissue to 

cause significant damage by decreasing the tissue protein as well as CAT, POD and SOD 

activities in addition to, increasing the lipid peroxidation and hydrogen peroxide contents 

versus control group. Co-treatment of various fractions of R. hastatus roots with CCl4 
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improved the activity of reduced enzymes and the soluble protein, whereas reduced the 

concentration of TBARS and H2O2. Conversely, non significant alterations were recorded 

with the treatment of fractions alone in comparison with control group.  

 The effects of various fractions of R. hastatus roots on phase II antioxidant enzymes 

like GST, GPx, GR, GSH, QR and DNA fragmentation% of testicular tissue is presented in 

Table 4.99. Administration of CCl4 significantly (p<0.05) decreased the glutathione status of 

GST, GPx, GR, GSH and QR while amplifying the % fragmentation of DNA. Co-treatment 

of various fractions of R. hastatus roots along with CCl4 treatment markedly reversed the 

level of GST, GPx, GR, GSH, QR and DNA fragmentation%. Data shows that most healing 

effects was due to BRR and MRR. Silymarin administered to toxicated group completely 

erased the affect of CCl4 and increased the level of glutathione system while decreased the 

level of DNA fragmentation%. CCl4 treatment significantly increased the testicular tissue 

DNA damages but post treatment with various fractions of R. hastatus roots erased DNA 

fragmentation leveling comparison with diseased group. The groups administered with the 

fractions of R. hastatus roots alone showed results similar to the control group.  On the basis 

of data obtained from antioxidative status of R. hastatus roots the fractions may be ordered as 

MRR > BRR > ARR > CRR > ERR > HRR. 

4.4.5.4.3. Effects of R. hastatus roots on DNA damages (ladder assay)  

 CCl4 induces DNA damages in the testicular tissues of rats. DNA ladder assay showed 

that intact genomic DNA was found in control as well as DMSO treated group. Conversely, 

CCl4 group showed severe DNA damages. Post-administration of silymarin and different 

fractions of R. hastatus roots showed reduction in DNA damages as DNA band patterns of 

these groups were more similar to control group (Fig. 4.75). 

4.4.5.4.4. Effects of R. hastatus roots on testis histoarchitecture 

Fig. 4.76 illustrates the histological examination of testicular tissues of different 

treatment groups. Microscopic assessment of male reproductive system revealed the normal 

semeniferous tubules, sperms with normal morphology and concentration in control and 

DMSO group as shown in Fig 4.76 A and B. Histological structure of germ cells was found 

to be normal in appearance.  Fig. 4.76 C demonstrate that CCl4 intoxication caused 

degenerative changes such as loss of germ cells, abnormality of germinative epithelium, 

interruption in meiosis, sperm with abnormal shape and concentration, and delocalization of 

seminiferous tubules. These changes were markedly reduced with oral administration of 
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various fractions of R. hastatus roots or silymarin revealing a marked repairing of testicular 

abnormalities. Among all the tested samples of R. hastatus roots, BRR and MRR as shown in 

Fig. 4.76 E and F respectively, demonstrated maximum antioxidant and healing effects 

against CCl4 induced damage showing sperm with normal morphology and concentration 

near to control group. Histopathological findings are in accord with the results of above 

studied parameters for testicular toxicity.   
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Table 4.97: Effects of various fractions of R. hastatus roots on male reproductive hormonal 
level 
Group Testosterone 

(ng/ml) 
Luteinizing 
Hormone  
(ng/ml) 

Follicle Stimulating
Hormone (ng/ml) 

Prolactin  
(ng/ml) 

Estradiol  
(ng/ml) 

Control 2.87±0.09h 3.08±0.06d 45.63±0.27h 10.23±1.41f 15.23±0.78g
Oil+DMSO 2.82±0.05h 2.98±0.09d 45.28±0.37h 12.26±1.45f 16.74±0.45g
CCl4 1.12±0.06a 1.21±0.10a 20.69±0.39a 25.61±0.32a 32.45±0.19a
Sily+CCl4 2.55±0.08g 2.67±0.14c 38.96±0.60g 15.45±0.74e 19.48±0.90f
HRR+CCl4 1.40±0.04b 1.34±0.06a 22.34±0.42b 22.05±0.80b 29.04±0.45b
ERR+CCl4 1.45±0.10b 1.33±0.09a 22.31±0.38b 23.14±0.62b 28.92±0.36b
CRR+CCl4 1.75±0.11c 1.64±0.10b 25.62±0.71c 20.55±0.70c 25.24±0.74c
BRR+CCl4 2.30±0.07f 2.26±0.11c 33.61±0.32e 17.90±0.63d 23.51±0.17d
MRR+CCl4 2.25±0.06e 2.44±0.12c 34.37±0.25f 18.26±0.56d 21.35±0.78e
ARR+CCl4 2.02±0.05d 2.04±0.13c 28.55±0.65d 20.31±0.38c 25.37±0.28c
HRR alone 2.80±0.08h 2.93±0.11d 45.22±0.47h 12.11±0.65f 16.73±0.47g
ERR alone 2.78±0.16h 2.88±0.18d 45.53±0.60h 10.53±0.71f 17.03±0.80g
CRR alone 2.99±0.09h 3.00±0.10d 45.48±0.49h 13.06±1.06f 16.61±0.35g
BRR alone 2.75±0.05h 3.18±0.09d 45.78±0.46h 9.76±1.93f 16.74±0.65g
MRR alone 2.98±0.09h 3.11±0.06d 46.05±0.26h 10.45±1.48f 14.63±0.97g
ARR alone 2.93±0.10h 3.08±0.07d 46.13±0.58h 12.17±1.42f 15.47±0.87g
Values are Mean±SD (06 number). Sily=Ssilymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
 
Table 4.98: Effects of various fractions of R. hastatus roots on tissue proteins and antioxidant 
enzyme levels 
Group Protein  

(µg/mg tissue) 
CAT  
(U/min) 

POD  
(U/min) 

SOD  
(U/mg  
protein) 

TBARS  
(nM/min/mg 
protein) 

H2O2  
(µM/ml) 

Control 2.27±0.020f 4.80±0.10d 14.31±0.25d  4.33±0.46d 2.30±0.41c 1.89±0.10c
Oil+DMSO 2.30±0.010f 4.75±0.15d 13.90±0.20d 4.10±0.28d 2.08±0.33c 1.78±0.12c
CCl4 1.05±0.021a 2.10±0.07a 6.67±0.17a 1.23±0.54a 6.52±0.58a 3.54±0.26a
Sily+CCl4 1.91±0.023e 3.97±0.06c 11.67±0.44c 3.14±0.43c 3.11±0.80b 2.18±0.31b
HRR+CCl4 1.42±0.009b 2.92±0.32b 9.09±0.34b 1.96±0.16b 6.00±0.54a 3.40±0.17a
ERR+CCl4 1.43±0.010b 3.07±0.20b 9.57±0.21b 2.05±0.21b 6.18±0.33a 3.29±0.11a
CRR+CCl4 1.50±0.013c 3.63±0.17c 10.13±0.64c 2.38±0.31b 5.03±0.26b 2.89±0.20b
BRR+CCl4 1.82±0.085e 3.99±0.15c 11.01±0.24c 2.90±0.15c 4.18±0.92b 2.69±0.31b
MRR+CCl4 1.78±0.060e 4.00±0.26c 11.61±0.75c 3.32±0.43c 3.65±0.75b 2.27±0.42b
ARR+CCl4 1.65±0.014d 3.80±0.10c 10.60±0.55c 2.96±0.18c 4.62±0.71b 2.77±0.25b
HRR alone 2.30±0.011f 4.71±0.12d 14.68±0.62d 4.21±0.50d 2.19±0.74c 1.82±0.34c
ERR alone 2.33±0.019f 4.65±0.24d 14.71±0.71d 4.78±0.36d 2.34±0.82c 1.84±0.57c
CRR alone 2.44±0.010f 4.91±0.27d 14.99±0.53d 4.64±0.45d 2.52±0.67c 1.96±0.77c
BRR alone 2.26±0.009f 4.96±0.41d 14.66±0.45d 4.71±0.33d 2.24±0.63c 1.93±0.61c
MRR alone 2.38±0.028f 4.86±0.21d 15.07±0.23d 4.73±0.21d 2.18±0.64c 2.01±0.49c
ARR alone 2.35±0.012f 4.84±0.15d 15.01±0.10d 4.58±0.26d 2.39±0.45c 1.92±0.70c
Values are Mean±SD (06 number). Sily=Silymarin 
a-f (Means with different  letters) indicate significance at p<0.05 
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Table 4.99: Effects of various fractions of R. hastatus roots on phase II antioxidant enzymes 
and DNA fragmentation 
 
Group GST (nM/ 

mg protein)    
GPx (nM/ 
mg protein) 

GR (nM/ 
mg protein)  

GSH (µM/g  
tissue) 

QR (nM/ 
mg protein) 

%DNA  
Injuries 

Control 150.21±4.11g 110.71±3.23e 198.47±4.72h 17.69±1.11e 105.33±1.34g 9.21±1.30e 
Oil+DMSO 146.34±4.10g 104.56±3.10e 190.69±4.39h 15.40±1.30e 107.12±1.46g 8.38±1.63e 
CCl4 87.48±3.45a 57.86±2.67a 120.76±3.02a 7.63±0.75a 63.34±1.01a 51.11±2.02a
Sily+CCl4 122.22±3.18e 94.62±2.47d 158.61±2.35g 13.73±0.73d 91.54±2.11f 22.43±1.57d
HRR+CCl4 94.05±2.56b 68.44±2.37b 127.11±2.34b 10.08±0.39b 69.69±1.72b 42.22±1.27b
ERR+CCl4 95.67±2.48b 70.37±2.42b 127.51±2.55b 10.25±0.36b 71.47±1.95b 35.33±2.15c
CRR+CCl4 100.28±2.27c 76.22±2.71c 132.17±2.33c 11.17±0.28c 75.56±1.38c 26.44±1.73d
BRR+CCl4 119.16±3.15e 80.51±2.33c 144.43±2.26e 12.19±0.43d 83.24±2.82e 25.53±2.15d
MRR+CCl4 130.53±2.34f 88.61±2.20c 150.39±2.41f 12.36±0.15d 90.97±2.61f 23.78±1.23d
ARR+CCl4 108.26±3.68d 85.47±2.62c 139.40±2.16d 11.53±0.32c 79.87±2.28d 25.73±1.56d
HRR alone 149.67±3.63g 107.34±3.57e 192.22±2.23h 16.22±0.50e 108.34±1.41g 7.66±1.27e 
ERR alone 155.87±4.58g 106.48±4.53e 201.47±3.50h 18.37±0.38e 100.44±1.70g 7.22±1.43e 
CRR alone 148.51±3.45g 109.38±3.22e 191.71±3.00h 15.30±0.38e 109.34±1.24g 7.80±1.28e 
BRR alone 156.63±4.43g 107.68±4.34e 195.45±3.45h 17.04±0.38e 108.45±1.89g 8.34±0.28e 
MRR alone 156.52±3.23g 111.51±3.38e 200.10±2.69h 18.10±0.23e 110.71±1.57g 8.23±0.93e 
ARR alone 157.77±3.76g 102.57±3.43e 197.53±4.02h 15.37±0.20e 109.34±1.45g 6.78±1.73e 
Values are Mean±SD (06 number). Sily=Silymarin 
a-h (Means with different  letters) indicate significance at p<0.05 
 

 
Fig. 4.75: Agarose gel showing DNA damage by CCl4 and protective effects of various 

fractions of R. hastatus leaves. Lanes from left (M) low molecular weight marker, (1) 

control, (2) DMSO + Olive oil group, (3) CCl4 group, (4) Silymarin + CCl4 group, (5) MRR 

+ CCl4 group, (6) BRR + CCl4 group, (7) ARR + CCl4 group, (8) CRR + CCl4 group, (9) 

ERR + CCl4 group, (10) HRR + CCl4 group. 
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A B  

C D  

E F  

G H  

I J  
Fig. 4.76: Microphotograph of rat testis (H & E stain). (A) Representative section of testis 
from the control group showing normal histology, (B) DMSO + Olive oil group, (C) CCl4 

group, (D) Silymarin + CCl4 group, (E) BRR + CCl4 group, (F) MRR + CCl4 group, (G) 
ARR+ CCl4 group, (H) CRR + CCl4 group, (I) ERR + CCl4 group, (J) HRR + CCl4 group. 

( ) distorted and less concentration of germ cells, (▲) displaced interstitial cells away 
from the seminiferous tubules. 
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DISCUSSION 

 Plants and plant fractions are used for medication since prehistory. As reported by 

World Health Organization (WHO) about 80% of the world’s population depends mainly 

on conventional medicines that involve the use of plant extracts (WHO, 1993). The use of 

medicinal plants on synthetic drugs is preferred due to their less or no side effects, low 

cost of treatment and easy availability. Medicinal plants are good source to obtain a wide 

range of drugs in view of the fact that, a single plant can be used to treat more than one 

ailment. In fact, in recent years, traditional medicines are of extensive use. Food scientists 

and nutrition specialists consent that plants, characterized as huge source of natural 

antioxidants, contributes to reduce risks of certain diseases, like cancer, hepatitis, 

arthrosclerosis, inflammation and cardio-vascular diseases. In this context, concerned 

plants are supposed to have a significant position in the prevention of these diseases. 

Therefore, the rationale of present study was to explore the pharmacological status of 

plant samples. 

5.1. Phytochemical screening 

 Phytochemical screening is carried out to allow isolation of novel or valuable 

components with potential activities at the earliest stages thus economically very 

important. Present study exposed the naturally occurring dietary substances such as 

alkaloids, flavonoids, saponins, tannins and other bioactive metabolites in various 

fractions of plant samples. Methanol fractions of all the tested plant samples showed 

maximum number of plant constituents. Bioactive substances possess anti- disease wealth 

particularly minimizes the risk of oxidative injuries (Etuk et al., 2009). In literature, many 

medicinal plants indicated their strength through antioxidant behavior that was endorsed 

with high concentration of flavonoids and alkaloids (Miller and Rice-Evans, 1997; 

Sharififar et al., 2009). 

 Flavonoids, a large group of phenolics also described as nature loving drugs, 

owned various biological actions (Peteros and Uy, 2010) like anti-inflammatory aptitude 

flavonoid containing Chinese medicine (Jiang et al., 2008; Wu et al., 2008). Thereby, 

presence of flavonoids in various fractions of C. opaca and R. hastatus plant parts can 

verify their folkloric use against hepatitis, skin infections and rheumatism. 

 In modern medicine, alkaloids are used against nervous system disorders, like 

Alzheimer’s disease (Maelicke et al., 2001) while, saponins are reported as nephro-

protective agent (Jeong et al., 1996). Tannins, as polymeric phenolic substances having 
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astringent property, are important in pharmaceutical preparations (Cowan, 1999). In 

addition, antifungal activity (Adekunle and Ikumapayi, 2006) and anticarcinogenic 

activity in tannins of tea polyphenols was also observed (Chung et al., 1998; Kaur et al., 

1998). Aguinaldo et al., (2005) reported cytotoxic and/or antineoplastic activities of 

tannins. Therefore, presence of tannins in the tested plant samples may confirm their 

traditional use as medicine.  

 The folkloric use of different plant parts of C. opaca and R. hastatus for treating 

infections may be justified by the charisma of anthraquinones as they possess 

antimicrobial (Cowan, 1999) and antiparasitic properties (Pieters and Vlietinck, 2005). 

Coumarins are known as antioxidant, anti-inflammatory, antiviral, anticarcinogenic and 

hepatoprotective agent like hydroxycoumarins have ability to chelate metal ions and 

scavenge free radicals (Kostova, 2005). Present study supports the examined plant parts 

as large sources of bioactive chemicals specifically with reference to alkaloids, 

anthraquinones, coumarins, flavonoids, tannins and saponins that ought to be isolated and 

monitored for biological activities as reported in traditional and therapeutic utilization. 

Summing preliminary screening tests, it is believable that detection of bioactive 

secondary metabolites may lead to the drug discovery and development. However, the 

qualitative analysis alone may not ascertain the pharmacological action of the plant. 

5.2. Biological assays 

 In the present study different bioassays were used to characterize the plant parts. 

The ethno botanical approach offers strong clues to the biological activity of plant 

samples. The high percentage of positive results assures their antimicrobial activity. The 

MIC measurement is a quantitative method, corresponds to the lowest applied amount of 

test material able to inhibit any visible microbial growth. According to Lambert and 

Pearson (2000), MIC is a standard measure documented for the susceptibility of 

organisms to inhibitors in biological assays. The results obtained in the course of present 

study demonstrated that different bioactive compounds like flavonoids and phenolics as 

reported in the phytochemical screening may have apt for antimicrobial potential. 

Numbers of authors have focused on antibacterial and antifungal potency of flavonoids 

(Bruneton, 1999; Cowan, 1999; Kuete et al., 2007). Antimicrobial activity may be 

attributed to plant bioactive compounds to make complex with bacterial cell wall (Cowan, 

1999) and thus inhibiting the microbial growth. The present study provides basis for the 

use of fractions from the fruits and leaves of C. opaca as well as leaves and roots of R. 

hastatus for the treatment of infections associated with the studied microorganisms. The 
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activity against both type of bacteria (gram-positive and gram-negative bacteria) indicate 

that fractions contain broad spectrum of antibiotic compounds or metabolic toxins. These 

fractions may possibly be functional for the strengthening of new antimicrobial drugs. At 

present, pharmacological and toxicity studies were also conducted to confirm this 

hypothesis. Our results are in harmony with Kuete et al. (2008) who accounted that plant 

extracts might have potential source for the development of antimicrobial preparations. 

 This study is a preliminary estimation of antimicrobial activity of different 

fractions of plant parts. The results of the antibacterial and antifungal activity vary with 

the fractions of the plants studied. It could result in the discovery of new chemical classes 

that may possibly proceeded as biochemical tools to study infectious diseases and 

endowed with selective agents for antibiotics. Our results suggest that antimicrobial 

activity of plant fractions doesn’t depends on only phenolics but other secondary 

metabolites are also involved. Previous studies revealed that plant extracts have 

bactericidal effects and consequently seems to be promising in for treatment of 

microorganisms (Zampini et al., 2009). Tannins in the plant extracts are responsible for 

the bactericidal activity as they reduce the ability of the organism to coagulate plasma and 

form antibiotic resistant bacterial biofilms in wounds (Akiyama et al., 2001). Another 

interesting point is that none of the fractions showed activity against the Gram positive 

bacteria, Micrococcus luteus and the Gram negative bacteria, Escherichia coli and 

consequently for rest of the strains they were active. Flavonoids are known to possess 

antibacterial activity and, according to Tsuchiya et al. (1996), dihydroxylation of the A 

and B rings and substitution with a specific aliphatic group are important for the 

antimicrobial activity of certain flavanones. 

 Our results of antibacterial activity are in accord to the results of Kil et al. (2009) 

and Martini and Eloff (1998) who reported antimicrobial activity of different fractions of 

Sorghum and Cicer erythrophyllum, respectively. As previous reports suggest that Gram 

negative bacteria are additionally resistant as compare to Gram positive bacteria, the non 

polar fractions were the only ones to show activity against Gram-negative bacteria 

(Martini and Eloff, 1998). But in our findings other polar fractions also showed higher 

activity against Gram-negative bacteria representing combined effects of different 

phytochemicals found in each fraction. It may be possible that polarity of the polar 

chemicals like tannins, flavonoids and alkaloids present in fractions can interact with the 

chemical composition of the polar cell structure of this type of bacteria. 

 Fyhrquist et al. (2002) reported that the antifungal activity exhibited by 
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Terminalia sericea, could be due to saponins and tannins. Flavonoids as well as 

triterpenoids and alkaloids could be responsible for the antimicrobial (antibacterial and 

antifungal) activities (Al-Fatimi et al., 2007). Most of the tested plant fractions showed 

substantial antimicrobial activities, which is in accordance with the spacious use of tested 

plant samples in primary health care. It can be concluded that, studied plant parts are 

accessible source of ethno pharmacy as they are consumed in different areas of Pakistan 

with ultimate health compensations. 

 For the investigation of bioactive compounds, biological assays especially brine 

shrimp lethality assay (BSLA) is considered as necessary and suitable tools. The variation 

in BSLA results showed the presence and synergistic effects of a variety of bioactive 

compounds. Our observations were in accordance with Peteros and Uy (2010) who 

reported that the quantity and quality of secondary metabolites like flavonoids, tannins 

etc. determine the potential of cytotoxicity of extracts, possibly responsible for difference 

in results. According to Meyer et al. (1982) who categorized crude extracts and pure 

compounds into toxic (LC50 value < 1000 ppm) and non-toxic (LC50 value > 1000 ppm), 

all tested showed good brine shrimp larvicidal activity excluding HLC and HRR. 

Moreover, Peteros and Uy (2010) signified the presence of effective cytotoxic substances 

of plant extracts having LC50 values < 100 ppm to brine shrimp lethality.  

 Our findings were in strong accordance to that of Peteros and Uy (2010) and 

suggest isolating new active compounds. A previous report shows that different solvent 

extracts of plants represent different mortality rates as aqueous extract of Indian 

medicinal plants represented significant cytotoxicity against brine shrimps (Artemia 

salina) (Krishnaraju et al., 2005). The larvicidal activity of R. hastatus were in consistent  

with the Hussain et al. (2010) who reported the cytotoxic activity of methanol extracts of 

Rumex species and found that R. hastatus showed significant activity against brine shrimp 

larvae. It is considered that presence of a wide range of biologically active compounds 

with different structures and their synergistic effects may add to the overall activity of 

particular fraction. Our results are in harmony with da Costa et al. (2010) who reported 

that extracts with significant biological activities are brimful with diversity of natural 

product classes.  

 Antitumor potato disc assay is one of the bench top bioassays, useful in the 

detection of biologically active components of botanical extracts (McLaughlin and 

Rogers, 1998). As Agrobacterium tumefaciens is a gram negative bacterium and tested 

samples showed the resistance against gram negative bacteria in the antibacterial 
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screening so it was hypothesized that plant samples might have antitumor activity. A. 

tumefaciens has been chosen as the tumor causing agent in potato disc assays because of 

some reasons; 1) its distinctive ability to transfer hereditary material between eukaryotes 

and prokaryotes called as trans- kingdom sex (Stachel and Zambryski, 1998). 2) Tumor 

inducing plasmid multiply the plant’s cells excluding apoptosis phase and ultimately 

tumor is formed that has similarity with human and animal cancers, histology and nucleic 

acid (McLaughlin, 1991; Agrios, 1997). 3) Several scientists have been used these 

methods over the past 15 years, and they appear to be adaptable to the purpose of 

standardization or quality control of bioactive compounds in such heterogeneous 

botanicals (Jerry and Lingling, 1998).  

 Different strains can be used to induce tumor on potato discs but strain Atl0 was 

found more prominent for producing tumor (Hussain et al., 2007; Islam et al., 2010). Our 

results are in accord to other studies (Hussain et al., 2007; Fatima et al., 2009; Islam et 

al., 2009) who reported that tumor inhibition rates on potato discs are dependent on the 

concentration of the samples. Our findings confirm the previous reports of Islam et al. 

(2009) who reported that the antitumor activity perhaps endorsed with the nature of 

biological active compounds and their strong solubility with appropriate solvent and also 

justifying the statement of Fatima et al. (2009) that tumor induction was variable in case 

of different solvent extracts. 

 Numerous approved anti-cancer drugs for example vincristine, vinblastine, taxol, 

etoposide, taxotere, teniposide, irinotecan and topotecan are derived from plants 

(Syrovets and Laumonnier, 2009). The uses of these bioassays offer numerous advantages 

not only to short list the fractions of plants for discovery of novel compounds and 

anticancerous drugs but also provide option against prolonged animal testing in search of 

new drugs. 

5.3. Chromatographic evaluation for flavonoids 

 As already mentioned in chapter 1 that there was no study on the bioactive 

phytochemical constituents of C. opaca and R. hastatus so in this consequence 

chromatographic evaluation of plant samples was done. According to preliminary 

screening, different plant secondary metabolites were present in different fractions but 

flavonoids were found in all the fractions. Flavonoids are of considerable interest because 

of their possible inverse association with various chronic diseases like coronary heart 

disease (Hertog et al., 1995) several forms of cancer (Barnes et al., 1996) especially 

breast cancer (Peterson et al., 2003). Thin layer chromatography (TLC) is easy and 
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inexpensive methods to detect plant constituents as it is entailed with less equipment 

(Marston et al., 1997). Chromatogram of TLC was an overall report for the presence of 

various flavonoids. Our findings are in opposition to Ivancheva, et al. (2000) who 

claimed that TLC methods for separation of flavonoids could not be well resolved. Our 

results are in confirmation to this postulate that TLC methods are helpful to determine the 

quality of fractions in respect to bioactive compounds. 

 The HPLC quantification is the most accurate analytical method for the flavonoid 

compounds of plant fractions. It consents to the identification and quantification of 

flavonoids at the same time. The data of HPLC profile showed that contents of the eleven 

determined flavonoids in tested plant samples varied considerably in each solvent 

fraction. Previous reports suggested that hyperoside, quercetin and kaempferol isolated 

from plants have various pharmacological activities, such as improving the body’s 

immune and endocrine system and antioxidation, which to some extent can reflect the 

herb’s clinical effects (Chen et al., 1989; Wang et al., 1995; Ye et al., 2002).  

 The flavonoid components of C. opaca fruits and leaves and R. hastatus leaves 

and roots have never been reported previously. The four flavonoids; orientin, 

isoquercetin, myricetin and apigenin can be considered as of characteristic importance for 

the identification and quality evaluation of C. opaca fruits. In addition, HPLC profile of 

CFC, MFC and AFC were quite similar, but different from HFC and EFC. In vitro 

antioxidant studies also suggested that medicinal potential of former fractions was 

superior to those of the later ones. There were also differences between the flavonoid 

contents of different fractions of C. opaca leaves. Accordingly, isoquercetin, hypersoid, 

vitexin, myrcetin and kaempherol were among the known flavonids of MLC. Myrcetin 

and isoquercetin were recorded in higher amounts in MLC. Our results can be another 

support for invitro and invivo studies of C. opaca leaves as MLC being the most effective 

fraction. Type and amount of flavonoid compounds can be important evidence in the 

identification and evaluation of the best fraction. Other studies reported the presence of 

same phytochemicals during HPLC analysis like those of Ye et al., 2002; Cristea et al., 

2003. 

            In case of R. hastatus leaves luteolin-7-glucoside was recorded in higher amounts 

in all the fractions hence, could be consumed as a new source of this bioactive compound. 

Our findings are in accordance with the Nikolova et al. (2004) who found quercetagetin 

and quercetin as the main source of  flavonoid aglycones in Artemisia annua L. and A.  

vulgaris L. by using another mobile phase. HPLC chromatograms showed that CLR, 
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BLR, MLR and ALR possess about similar bioactive compounds but in different 

concentrations. 

 HPLC profiles of the R. hastatus roots were quite different from TLC indicating 

that they contained some chemical constituents that cannot be detected by TLC. Data 

shows that HPLC profile of R. hastatus roots provide support to in vitro and in vivo 

studies in which above mentioned fractions appeared to maintain strong pharmacological 

effects. In identification and quantificative HPLC analysis of weed (Reseda luteola L.) 

three flavonoids were detected by Cristea et al. (2003); two of them luteolin and luteolin-

7-glucoside were the same phytochemicals as reported in our study. The study of Deineka 

et al. (2004) showed similarity with our results obtained during HPLC analysis of 

flavonoids: determining rutin in plant extracts, using same mobile phase. Data analysis 

represented here proves that HPLC and TLC act as excellent techniques for quality 

control of botanicals. 

5.4. In vitro antioxidant screening 

 In the recent years, traditional medicines are of extensive use. Due to a close 

relationship of natural antioxidants with medicinal properties, bioavailabilities of 

medicinal plants and foodstuffs have been widely studied for their antioxidant activities. 

In this respect, a variety of reaction characteristics and mechanisms have been employed 

in multiple model systems to certify the success of natural antioxidants. Hence, present 

study contained 9 antioxidant assay models with 6 solvent systems of special polarities, 

that is n-hexane, ethyl acetate, chloroform, butanol, methanol and water as a first record 

on antioxidant tendency of selected plant samples.  

 Total phenolics and flavonoids amounts of tested samples were equivalent to 

results of other plant products represented in previous literature (Ao et al., 2008; Jeong et 

al., 2010; Manian et al., 2008). As the plant derived polyphenols exhibit typical inhibitory 

trend against in vitro and in vivo oxidative reactions (Bahramikia et al., 2009) due to 

redox properties (Zheng and Wang, 2001) therefore, it can be stated that tested plant 

samples may have important role to scavenge free radicals as they contain substantial 

quantity of phenolics and flavonoids. According to Sharififar, et al. (2009) dietary intake 

of flavonoid-containing foods was suggested to be of benefit as free radical stabilizers can 

replace the synthetic antioxidants by retarding lipid peroxidation. However, results 

obtained in the present study revealed that phenolics and flavonoids are main constituents 

of the plant having pharmacological tendency.  
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 DPPH, a stable free radical, changes its color from violet to yellow after reduction 

by antioxidant or radical scavenger donating hydrogen- or electron (Brand-Williams et 

al., 1995). The DPPH free radical has been commonly used to assess the antioxidative 

potential of plant extracts and foods. It has been recommended that extracts rich in 

phenolics and flavonoids are involved in several biological activities including 

antioxidant ones. The study presented that power of fractions from fruits and leaves of C. 

opaca   plus leaves and roots of R. hastatus to scavenge DPPH radicals was associated 

with phytochemicals extracted by different solvents. Though, in most of cases ascorbic 

acid and rutin proved more scavenging potential against DPPH free radical as compared 

to fractions but some fractions like CFC, AFC, ALC, MLC, BLR, MLR, BRR and MRR 

can also possibly act as primary antioxidant. 

 The superoxide anion is the more frequently produced free radical. Under 

oxidative stress, intense increase in superoxides results in cell and DNA damage which 

ultimately causes several pathological diseases (Gülçin et al., 2007). It was therefore 

anticipated to calculate the relative ability of fractions to quench the superoxide free 

radicals. Several in vitro methods are accessible to generate superoxide free radicals 

(Vani et al., 1997). In the present study, CFC, AFC, CLC, MLC, ELR, MLR, BRR and 

MRR behaved as strong superoxide anion quenchers among all the tested samples. The 

quenching ability of fractions may be the result of reactive concentration of bioactive 

compounds like phenolics and flavonoids and may help to put off oxidative damage of the 

major bio-molecules. 

 Total antioxidant capacity of fractions/extracts has been estimated by 

phosphomolybdate method (Prieto et al., 1999). In this method, antioxidants reduce the 

Mo (VI) into Mo (V). The results obtained imply that EFC, CFC, AFC, MLC, ALC, 

BLC, BLR, MLR, BRR and MRR have notable antioxidant ability as compared to 

reference (ascorbic acid) antioxidant. This strong activity of various fractions of fruits and 

leaves of C. opaca plus leaves and roots of R. hastatus might be a certificate for 

antioxidant behaviour of phenolic compounds. Recent reports of Sharififar et al. (2009) 

also revealed that total antioxidant activity of medicinal plants is interlinked with 

flavonoids. Hence it offers an opportunity to develop less contemptible natural 

antioxidants. 

 The hydroxyl radical is being concerned as highly reactive and detrimental species 

for about every molecule of biological system cause pathophysiological diseases. It has a 

potential to react with lipids, proteins and nucleotides of DNA causing oxidative damage. 
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It was therefore proposed by Babu et al. (2001) that hydroxyl radical scavenging ability is 

frankly allied with antioxidant activity. The effects of different fractions of C. opaca 

fruits and leaves as well as R. hastatus leaves and roots on the prevention of hydroxyl 

radical-mediated damage were evaluated. In the present study, antioxidant potential of all 

the fractions of C. opaca leaves was significantly higher than that of reference compound. 

This condition has produced a certainty for analyzing natural antioxidant to replace the 

synthetic antioxidants. On the other hand, CFC, AFC, ELR, MLR, CLR, BRR and MRR 

also reacted as strong hydroxyl quenchers. Thus, hydroxyl radical scavenging ability 

seems to be directly linked with prevention of lipid peroxidation and reduction of chain 

reactions. 

 Hydrogen peroxide itself is not very reactive, but it may produce hydroxyl free 

radicals that are very toxic to cells (Halliwell, 1991). Inspite of this, previous researchers 

have focused on the hydrogen peroxide scavenging ability to find out the antioxidant 

status of the plant extract or pure compounds. Among all the tested fractions CFC, AFC, 

MFC, HLC, MLC, CLC, CLR, ELR, MLR, CRR and BRR showed most valuable 

hydrogen peroxide scavenging ability as their values were analogous to that of reference 

compound. According to Hagerman et al. (1998) phenolics with high molecular 

weight have additional capacity to quench free radicals like ABTS and their efficiency is 

more allied with number of aromatic rings and nature of hydroxyl group’s substitution as 

compare to functional groups. It can therefore be estimated that free radical (ABTS) 

scavenging action of AFC, CFC, BLC, MLC, HLC, ELR, MLR, CLR, BRR, MRR and 

CRR might be accredited with high molecular weight phenolics in addition to the 

flavonoids. 

 β-carotene bleaching inhibition was accounted in different solvent extracts of dill 

(Anethum graveolens) flower (Shyu et al., 2009). The efficacy of plant fractions to 

hamper oxidation of linoleic acid emulsion is an indication of complex composition of 

fractions to interact with emulsion components. This data suggested that EFC, MFC, 

ELC, HLC, ELR, MLR, BRR and ARR have a notable propensity to scavenge free 

radicals that result in more stable non-reactive substances and to terminate radical chain 

reactions. 

 Chelting metal ions are also a significant system of antioxidant activity. 

According to Manian et al. (2008) antioxidants that act as chelating agents are able to 

reduce or stabilize the oxidized metal ions. It was then anticipated that scrutinization of 

iron chelating agents from fractions is of utmost importance. Iron chelating data shows 
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that various fraction  possibly have talent to act against oxidative damage by chelating 

iron ions that may otherwise participate in decomposition of metal- catalyzed hydro 

peroxide and Fenton-Type reactions (Dorman et al., 2003). The iron sequestering 

frequency of various fractions measured at different concentrations (100-8000 µg/ml) 

proves that AFC, CFC, HLC, CLC, BLR, ELR, BRR and MRR may act as chelating 

agents against metallic ions. Accordingly it can be entailed that endogenous chelating 

agents like phenolics and flavonoids may be credited for iron chelating properties of 

various fractions. In addition, some phenolic compounds having well oriented functional 

groups possess the ability to protect against oxidative damage by chelating metal ions. 

 In the reducing power assay, donation of an electron is required to convert 

Fe+3/ferric cyanide complex to ferrous form that necessitate antioxidant. The total ferrous 

complex can be scrutinized by computing the development of Perl’s Prussian blue at 700 

nm. Previous reports suggested that the reducing properties have been shown to exert 

antioxidant action by donating a hydrogen atom or electron to break the free radical chain 

reaction (Gordon, 1990). Data suggested that AFC, MFC, ALC, HLC, BLR, MLR, BRR 

and MRR have a noteworthy power to react with free radicals by converting them into 

more stable substances and to stop radical chain reactions. Activity may be endorsed with 

the collective antioxidant effects of phytochemicals especially phenolics and flavonoids.  

 Through correlation analysis for phytochemical contents with EC50 values of 

radical scavenging activity and/or antioxidant ability of extract of C. opaca fruit and its 

various soluble fractions, the contents of phenolics and flavonoids exhibited good 

correlation (R2>0.7159) with DPPH, superoxide, hydroxyl, hydrogen peroxide and ABTS 

radical scavenging activities. However, non significant correlation was found with 

antioxidant capacity and β-carotene bleaching inhibition. In addition, EC50 of chelating 

power presented significant correlation with flavonoids while non significant with 

phenolics. In case of C. opaca leaves, though, non significant correlation was observed 

yet it is conditional that total phenolics were found in rational amount. Previous reports 

also imply negative relationship between the phenol content and the antioxidant activity 

of some plants (Subhasree et al., 2009). In this context, it is recommended that each plant 

extract or fraction have diversity of chemicals contributing to antioxidant activity. The 

extract/fraction is a mixture of multifaceted heterogeneous compounds in comparison to 

pure phenolic compounds. Thus it can be concluded that antioxidant potential of various 

fractions perhaps caused by the nature of phenolics and flavonoids extracted by each 

solvent. Results also imply that the synergistic effects of different phenolics and 
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flavonoids may be attributed to their total antioxidant activity. 

 The results indicate that phenolics and flavonoids are responsible for the 

antioxidant activities of fractions of R. hastatus leaves, and decorated the importance of 

phenolic compounds in the antioxidant measures of plant fractions. A noticeable 

correlation among different tests confirmed the viability and consistency of selected 

antioxidant assay systems. Our results are in agreement with Ao et al. (2008) who 

reported strong relationship with DPPH and ABTS as compare to β-carotene. Correlation 

studies of R. hastatus roots proved the role of phytochemicals especially phenolics and 

flavonoids in antioxidant potential of plant. 

 Antioxidant activity in an in vitro experiment is considered as the first step to 

point out potential health power of these fractions. Indeed, the study verified the role of 

phenolic and flavonoid contents extracted through different solvents against oxidative 

injuries. Thus, our results suggested that the extract can be exploited as an efficient and 

valuable antioxidant source, as some of the fractions showed highest scavenging ability 

than that of synthetic compounds.  Fruit of C. opaca as well as leaves of R. hastatus 

consumed as a foodstuff in various regions of Pakistan, can be utilized as an available 

source of natural antioxidants with subsequent health remunerations. In fact, natural 

constituents could also be utilized as commercial feed additives for human and animal 

health. Consequently, it can be stated that polyphenolic compounds have inhibitory 

property against mutagenic and carcinogenic agents in humans when ingested daily from 

a diet rich in fruits and vegetables. 

5.5. In vivo toxicity studies 

 It is commonly accepted that oxidative stress comprises a disparity between the 

production and scavenging rate of free radicals and cannot be safeguarded by the body’s 

own system. Hence, various pathological conditions have been implicated as a 

consequence of this oxidative biological damage. Carbon tetrachloride (CCl4) has been 

frequently used chemical in animal models, as it is potent hepatotoxin (Ruprah et al., 

1985), nephrotoxin (Tombolini and Cingolani, 1996), and comprises sound damaging 

effects on other organs due to over production of free radicals. In general, traditional 

utilization of plants as medicines is considered not detrimental since centuries. In order to 

realize new nontoxic and economical natural antioxidants or to exploit new drug 

development for tissue related human and animal health, CCl4 was used as chemical 

toxicant for different organs in the present study.    
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5.5.1. Hepatotoxicity studies 

 As CCl4 generates highly reactive free radicals, which attacks DNA, proteins and 

lipids to cause oxidative DNA damage, disturbed enzymatic level and enhanced lipid 

peroxidation, respectively ensuing tissue injury. Hepatic fibrogenesis due to chronic 

administration of CCl4 for eight weeks was allied with elevated levels of those serum 

enzymes that represent hepatic functionality. Our results are in agreement with Wang et 

al. (2000) that CCl4-injected rats showed elevated serum enzyme levels with damaged 

hepatocellular membrane integrity. In the present investigations administration of various 

fractions of tested plant samples displayed reduction in elevated levels of AST, ALT, 

ALP. γ-GT and LDH to maintain the structural consistency of the hepatocellular 

structure. Our outcomes are in agreement with Xu et al. (2002) who reported the 

antifibrotic effects may be caused by antioxidant activity. It can be postulated that  

augmented levels of AST, ALT, ALP, LDH and γ-GT of serum is connected with 

membranal damage of liver cells, because of cytoplasmic location of above enzymes that 

are leaked out into plasma due to damaged membrane. According to Singh et al. (2008) 

rise in above serum markers has association with immense centrilobular necrosis, cellular 

infiltration and ballooning of liver. 

 It is well known that chronic exposure of CCl4 in animals and humans 

simultaneously develop hepatic disorders. Up regulation and down regulation of 

lipoproteins in plasma have correlation with proper functioning of liver tissue. Thus, 

high-density lipoprotein (HDL) and low-density lipoprotein (LDL) are essential in the 

lipoprotein transport. CCl4-induced chronic-hepatic fibrosis with disturbed total 

cholesterol (TC), triglycerides and LDL levels showed a relationship with the series of 

liver and heart diseases in humans. Presence of significantly increased concentration of 

serum triglycerides, total cholesterol and LDL while decreased HDL demonstrated the 

hepatoprotective effects of various fractions of tested plant samples. Similar 

investigations were reported by Wang et al. (2008) while working on female rats to assess 

hepatic protection of Noni fruit juice against CCl4 induced chronic liver damage. 

 According to Nevin and Vijayammal (2005) toxicological nature of various 

chemicals has been regularly tested by total protein estimation. Liver tissues showed a 

decline in total protein contents due to CCl4 intoxication. The ability of various fractions 

of tested plant samples to sustain the total protein level may be due to the antioxidant 

components of fractions.  

 Among the cellular antioxidants SOD, POD, CAT, GST, GPx, and GR are widely 
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studied because of their vital role in defense system. SOD, extremely effective 

antioxidant enzyme, catalyses the dismutation of super oxides to H2O2 and O2 while CAT, 

a ubiquitous enzyme but most abundant in liver, further involves in decomposition of 

H2O2 to water and oxygen (Reiter et al., 2000). Similarly, POD involves the conversion 

of active oxygen species into non-toxic molecules. GPx also act like CAT by catalyzing 

the decomposition of H2O2 to water. In the glutathione reaction system, GSH is oxidized 

to GSSG by GPx, then GSSG is again converted back to GSH by the reducing ability of 

GR. GSH is also a cofactor for GST that is found equally in the cytosol and endoplasmic 

reticulum, mainly involve in catalyzing the formation of GSH-electrophile conjugate thus 

detoxify xenobiotics to form stable compounds (Boyer et al., 1984; Hayes et al., 2005). In 

the present study, hepatic antioxidant content of SOD, POD, CAT, GST, GPx, GSH, GR 

and QR showed a significant decline in CCl4-injected rats versus control rats. Decline in 

GSH level might be due to its more consumption by the hepatocytes in scavenging toxic 

radicals of CCl4. Kamalakkannan et al. (2005) also reported the decreased activities of all 

above enzymes and GSH content in various tissues by CCl4 administration. Thus, it can 

be suggested that cellular antioxidants enzymes act as mutual defensive team against 

toxic radicals in an organized mechanism. The protective effects of various fractions of 

tested plant recovered level of antioxidant enzymes such as CAT, POD, SOD, GST, GSH, 

GR, GPx, and QR  that was decreased due to CCl4 intoxication. Similar comments were 

also reported by using Coriandrum sativum against CCl4 induced oxidative stress in liver 

(Sreelatha et al., 2009). 

 TBARS level and H2O2 content are considered main markers of CCl4-induced 

oxidative stress as lipid peroxidation is inflicted by the reaction of CCl4 derived free 

radicals with hepatocyte membranes (Weber et al., 2003).  It has shown that peroxidation 

of lipids induce genetic overexpression of fibrogenic cytokines by stimulating the 

synthesis of collagen and activating hepatic stellate cells (Parola and Robino, 2001). In 

the present study, the TBARS level and H2O2 content moved towards normal control after 

treating with various fractions of plant samples. This restoration may be accompanied 

with enhancement of antioxidant enzymes. Our results are compatible with other reports 

(Sreelatha et al., 2009; Srivastava and Shivanandappa, 2010) about liver. 

 According to Marnett (2000) the product of lipid peroxidation react with DNA to 

form adducts MIG, the mutagenic pirimedopurinone adduct of deoxyguanosine. Like 

other macromolecules such as lipids and proteins, nucleic acids are also attacked by free 

radicals to cause oxidative DNA damage. In the present study, carbon tetrachloride 
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degrades the DNA of liver tissue of rats by generating free radicals. On the other hand, 

co-treatment of various fractions of tested plant samples appreciably reduced the DNA 

fragmentation % which also exposed by DNA ladder assay banding pattern. Similar 

results were reported by Khan et al. (2009) while studying the protective effects of 

Digera muricata against CCl4 induced oxidative stress in kidneys of rats. 

 According to Sadasivan et al. (2006) hepatic regeneration has a considerable role 

in resistance against chemical induced damage. The histological structures are direct 

means for assessing the protective effects of the extract and also carry on the results of 

serum and tissue enzyme assays. A dramatic variation in liver function tests strongly 

symbolizes the histological confirmation of hepatic fibrosis. Fibrosis not only 

disentangles the normal structural design but also disrupts the blood flow to stop the 

supply of nutrients to hepatocytes (Chavez et al., 2008). Hepatohistology of CCl4 

intoxicated rats revealed nasty necrosis, immense fatty changes, cellular hypertrophy, 

infiltrated kupffer cells and lymphocyte, fibrosis collagen deposition, and nuclear 

degeneration in some areas, which was markedly diminished by induction of various 

fractions of tested plant samples. Our study revealed similar investigation which is an 

agreement with earlier findings (Shyu et al., 2008) while evaluating the medicinal activity 

of plants against CCl4 stimulated hepatotoxicity in rats. It is suggested that various 

fractions of tested plant samples behave like silymarin acts by stabilizing the plasma 

membrane.  

5.5.2. Nephrotoxicity studies 

 As investigated plant samples are rich in active compounds such as phenolics and 

flavonoids hence, it is proposed that these fractions might have protection against 

degenerative diseases caused by oxidative stress. CCl4 intoxication generates free radicals 

that trigger a cascade of events resulting in nephrotoxicity. Activation of cytochrome P450 

oxygenase system yields highly reactive trichloromethyl peroxy radical that initiate lipid 

peroxidation (Lee and Jeong, 2002). The lipid peroxidation may cause peroxidative tissue 

damage (Bhadauria and Nirala, 2009). Relevant to the latter findings, plant extract and its 

fractions comprehensively ameliorate the injuries induced through CCl4 intoxication and 

affects the activity of biochemical enzymes, DNA strand breakage and increases activity 

of telomerase cancer marker enzyme of kidney tissue (Khan et al., 2010a). 

 Previous studies reported that urine analysis provide information about functional 

status of kidneys. It can be said that malfunctioning of kidney resulted in distressed urine 

profile. Urobilinogen, RBCs and acidic pH are not the component of urine in normal 
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conditions, however the presence of significantly higher amount of urobilinogen, RBCs 

and acidic pH were observed in urine that may be the result of oxidative damage in 

kidney of CCl4 intoxicated rats. Beside this, the elevated levels of WBCs, urinary 

creatinine and urea and decline in creatinine clearance, albumin and proteins of urine 

were indication of severe damages in kidney. Similarly, specific gravity of urine 

correlates with osmolaity (Khan et al., 2009) and increased specific gravity is one of the  

symptoms of kidney damages like dehydration, renal artery steatosis, necrosis, decreased 

blood flow to kidneys and proteinuria (Kavouras, 2002; Khan et al., 2010a, 2010b). The 

present study exposed that various fractions of tested plant samples showed different 

levels of ameliorating effects by normalization of urinary profile.  

 Sedlak and Snyder (2004) reported the bilirubin as an important physiological 

cytoprotectant due to its antioxidant ability. At present, administration of CCl4 indicated 

the risk of impaired-renal function by elevation of serum creatinine (Tortora and 

Grabowski, 1996) BUN (Xu et al., 2010), nitrite level (Srinivasan et al., 2005), 

urobilinogen, total bilirubin and direct bilirubin (Adewole et al., 2007; Bhadauria et al., 

2008; Bhadauria & Nirala, 2009). Decrease in total globulin (Asmenskaite et al., 2007) 

and albumin of serum pointed towards leakage due to worth mentioning injuries in kidney 

(Khan et al., 2010a). Decrease in serum creatinine, BUN, nitrite level, urobilinogen, total 

and direct bilirubin concentrations of groups that were treated with different plant 

fractions confirm contributory mechanism of reduced oxidative stress. Previous studies 

have also revealed the similar conclusions against CCl4 induced oxidative stress in kidney 

while dealing with different plant extracts/fractions or boiflavonoids (Tirkey et al., 2005; 

Khan et al., 2010a). But our results discord as well as confirm the findings of Ogeturk et 

al. (2005) who reported non significant change but increase in serum creatinine level after 

one month of CCl4 intoxication. Confliction may be attributed to lesser period of dosage 

administration. Urinary and serum profile studies proved their concomitance with renal 

functionality.  

 CCl4 intoxication alter the gene expression level by depleting renal superoxide 

dismutase and catalase (Szymonik-Lesiuk et al., 2003) while our tested fractions of plant 

samples ameliorated the renal toxicity by alleviated level of catalase, peroxidase and 

superoxide dismutase. 

 GSH acts as a non enzymatic protein thiol contributing in defense system against 

oxidative damages of both intracellular and extracellular environment. It participates in 

various enzymatic processes to reduce the concentration of peroxides by its redox and 



Chapter 5                                                                                                               Discussion 

 

                                                                                                                                                  

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D.Don. 

252

detoxification reaction (Kadiska et al., 2000). Under oxidative stress conditions reduced 

glutathione (GSH) is oxidized thus it specifies that depletion in GSH content and increase 

in TBARS and H2O2 of kidney tissue is an indication of strong renal injuries. 

Administration of different fractions of tested plant samples showed a clear cut elevation 

in the amount of GSH that was concomitant with reduction in TBARS and H2O2 contents, 

hence verifying the protection against CCl4 challenges. These findings were consistent 

with the literature (Abraham et al., 1999; Khan et al., 2009, Sreelatha et al., 2009; Khan 

et al., 2010a, 2010b). Our consequences are in consistency to Soni et al. (2008) who 

reported that CCl4-induced oxidation caused increase in TBARS content and lessened 

antioxidant enzymatic and non-enzymatic indicators of serum and renal tissue. Present 

observations are in unity of previous demonstrations that hesperidin a bioflavonoid, 

reduce the production of CCl4 induced free radical by improving GSH levels of kidneys 

and a decreasing the concentration of 8-hydroxydeoxyguanosine (8- OH-dG), a marker of 

DNA fragmentation (Miyake et al., 1998). Consequently, improvement in antioxidant 

enzyme levels like, CAT, POD, SOD and phase II metabolizing enzymes (GST, GR, GPx 

and QR) in contrast to CCl4 injected rats revealed the antioxidative trend of different 

fractions of tested plant samples. 

 Increased DNA damage ultimately turn into cell proliferation and apoptosis 

(Khanna and Jackson, 2001; Jia et al., 2002; Poirier, 2004). CCl4 administration is the 

major cause of oxidative stress and ROS in the cell. It enhances the formation of the lipid 

peroxide radicals which accelerate the breakdown of polyunsaturated fatty acids 

(PUFA’S). Persistent oxidative stress induces DNA damage by modifying base products 

and resulting in strand breaks which may lead to further mutation and chromosomal 

aberrations (Toyokuni et al., 1995). Endonucleases degrade the cellular DNA to induce 

tubular epithelial cell death of kidney tissue. Over production of free radicals trigger the 

activity of DNase I (Kawai et al., 2006). Deoxyribonuclease I (DNase I), a highly reactive 

renal endonuclease I, characterizes for about 80% of the total endonuclease action in renal 

tissues (Basnakian et al., 2005). Under these circumstances it can be possible that 

prevention of CCl4 induced renal DNA damage might be due to modulation of DNase I 

activity. Our findings are in consistence with Nagwani and Tripathi (2010) who reported 

the similar results in amelioration of cisplatin induced nephrotoxicity by PTY: a herbal 

preparation. 

The histopathological findings in kidney correlate with biochemical estimations of 

studied experimental groups. CCl4 challenges produced an ischemic environment leading 
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to glomeular and tubular lesions with vasocongestion in kidney. Similar histopathological 

architecture was observed by Dogukan et al. (2003) in renal tissue of rats in response to 

chronic administration of CCl4 for seven weeks. It is also thought that histopathological 

alterations may be associated with the absorption power of renal tubules that introduce 

functional overloading of nephrons with subsequent renal dysfunction (Adewole et al., 

2007). Regarding to other kidney function test, It can be revealed that the mechanism of 

CCl4 to intend nephrotoxicity, hepatotoxicity is probably the same (Ogeturk et al., 2005). 

It can be concluded that natural antioxidant like flavonoids or plant fractions are direct 

means to protect the cell against potent toxins and chemicals hence, present study proves 

the enhanced repairing effects of different fractions of tested plant materials. Our findings 

are in harmony with other studies (Khan et al., 2009; Khan et al., 2010a, 2010b) who 

reported that different fractions of plants have pharmacological effects by erasing the 

CCl4 insults and reverting towards normalcy. 

5.5.4. Pulmonary toxicity studies 

 In the continuation of the life, lung is one of the main organs to support 

homeostasis (Noyan, 1993) that could easily be injured by toxic substances. Many 

xenobiotics that stimulates the overproduction of ROS are capable of producing 

pulmonary injuries especially fibrosis (Ozyurt et al., 2004; El-Medany et al., 2005). Lung 

tissue is damaged due to super oxide anion which is extremely reactive to harm proteins 

and lipid structure in the form of hydrogen peroxide, hydroxyl radicals (Husain et al., 

2001). Abraham et al. (1999) reported in his findings that chronic exposure of rats to 

CCl4 results in oxidative harm to pulmonary lipids and proteins that are possibly 

responsible for the toxicity of CCl4 in humans.  

 CCl4 induced lung injury was evident biochemically by antioxidant enzymatic and 

non enzymatic mechanisms. Imbalance between oxidation and antioxidant systems may 

have contribution in prevalence of pulmonary diseases (MacNee and Rahman, 1995). 

 Lung cancer tissue shows decreased levels of superoxide dismutase and catalase 

due to detoxification (Guner et al., 1996). According to Dimitrova et al. (1994) 

superoxide radicals by themselves or after their transformation to H2O2 cause an 

oxidation of the cysteine in the enzymes and decrease in enzymatic activities. Further, the 

instability of superoxide radicals has been reported to hamper catalase activity (Regoli 

and Principato, 1995). Consequently, the decreased SOD and CAT activity might have 

reflected a cellular oxidative stress of lungs. Glutathione, found in all tissues including 

lungs, play important role in the protection of lungs from oxidative trauma due to 
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endogenous or exogenous substances (Kinnula et al., 1995). However, decline in 

glutathione system (GPx, GR, GST and GSH) in the pulmonary tissues by CCl4 induction 

was related with the pulmonary damage. On the other hand, increased activities of SOD, 

CAT, POD, GPx, GR, GST and GSH content of pulmonary tissues may be considered as 

protective responses of tested plant samples to eliminate reactive free radicals produced 

by CCl4 intoxication. Similar findings were recorded by Sener et al. (2007) to examine 

the effects of resveratrol, an antioxidant agent, against bleomycin-induced pulmonary 

fibrosis and oxidative damage. 

 Previous studies associate increased lipid peroxidation with lung injuries. Based 

on earlier investigations, increased levels of DNA damages are primarily caused by 

reactive oxygen species. CCl4 intoxication generates free radicals that enhance the lipid 

peroxidation which accelerate the breakdown of PUFA’S. Persistent oxidative stress 

induces DNA damage by modifying base products and resulting in strand breaks which 

may lead to further mutation and chromosomal aberrations (Toyokuni et al., 1995). From 

previous studies it is well known that highest dose of CCl4 significantly alter the 

expression level of 15 genes (Bartosiewicz et al., 2001). High levels of fragmentation in 

CCl4 intoxicated group specify the DNA damage caused by CCl4 toxicosis in comparison 

to control group. Comparatively less degree of fragmentation in groups that were 

administered with various fractions of tested samples confirms their protective effects for 

pulmonary tissues that were also exposed by DNA ladder assay. 

 The disturbed histological architecture of lung tissues may be inclined to enlighten 

the power of oxidative stress elicited by CCl4 to damage the lung tissue. Tested plant 

samples minimized CCl4 induced toxicosis in lung tissues as revealed by marked 

reduction in interstitial infiltration and collagen content. Deleterious affects in CCl4 

treated rat shows that pulmonary tissues are more susceptible for in vivo infection and 

inflammation. Thus, inhibition of lung inflammations may be essential for defensive 

against CCl4 toxicosis in pulmonary tissue. Lung inflammatory responses and edema are 

positively correlated with pulmonary function, including airway pressure and oxygenation 

index (Mukhopadhyay et al., 2006; Cayabyab et al., 2007; Kullowatz et al., 2008). 

Inhibiting ROS productions attenuate lung inflammation and injury in different models. 

Effects of CCl4 are like that of bleomycin- induced toxicity (El-Medany et al., 2005) 

showing  severe epithelial degeneration, collapsed alveoli, significantly thick inter 

alveolar septa with collagen deposition, and fibroblasts and inflammatory cell’s 

infiltration. Groups treated with both CCl4 and tested plant samples represented 
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significant decrease in number of alveolar macrophages with suppression of inflammatory 

cellular infiltration and epithelial degeneration. Similar results in inhibition of pulmonary 

fibrosis via caffeic acid (3,4-dihydroxycinnamic acid) phenethyl ester a structural relative 

of flavonoids having antioxidant and free radical scavenger properties were reported by 

the study of Ozyurt et al. (2004) that ROS generated in normal physiological processes 

are considered as responsible agents for pulmonary fibrosis/injury. 

5.5.3. Cardiotoxicity studies 

 In the literature it has been studied that CCl4 can generate oxidative stress in 

tissues other than liver, such as kidneys, heart, lung, testis, brain and blood (Ahmad et al., 

1987; Ohta et al., 1997; Jayakumar etal., 2008). Thus, oxidative insults induced by CCl4 

resulted in degenerative processes of various tissues. As cardiac tissue has affinity for 

CCl4 due to cytochrome P450. So, oxidative damage to lipids and proteins of heart tissues 

probably occurred due to CCl4 intoxication. In view of that, natural resources are being 

soughted for their potential tissue protective effects. 

 An approach for detection of cardiac injury, tissue ischemia and myocardial 

infarction involves measurements of the well known cardiac marker enzymes for 

example, creatine kinase (CK), cardiac creatine kinase-MB fraction (CK-MB), AST, 

ALT, ALP, LDH, and cholesterol in serum (Chrostek and Szmitkowski, 1989; Mair, 

1997; Waring et al., 2000). The important point is that all of the above discussed enzymes 

are not restricted to cardiac tissue except CK and CKMB, their increased activity in 

serum is responsible for in non-cardiac tissue injuries like liver. CKMB, a myocardial 

enzyme determines the degree of myocyte injury that’s why WHO accepted it as gold 

standard indicator of myocardial injury (Adams et al., 1994). The integrity of cardiac cell 

membrane gets disturbed as a consequence of peroxidation of membrane by oxygen-

derived free radicals (Han et al., 1997) causing leakage of enzymes. This accounts for the 

decreased activities of these enzymes in heart tissue because these enzymes enter into the 

plasma thus increasing their concentration in the serum as an indicator of myocyte injury 

(Kurian et al., 2005; Prabhu et al., 2006; Rajadurai and Prince, 2007; Zhou et al., 2008). 

CCl4 intoxication was responsible for excess release of CK and CKMB in the serum of 

rats and this study correlates with the commonly reported study that Dox-induced free 

radical generation activates cardiac myocytes disruption and peroxidation of membrane, 

which boosted the CKMB level of serum (Liu et al., 2002). A marked reduction in the 

levels of CK and CK-MB, being marker parameters of heart damage in experimental 

groups treated with various fractions of tested samples proves improved cardiac function 
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in CCl4-treated group. These serological studies have a superb correlation with 

histological examination of cardiac tissue of rats.  

 There is considerable evidence that induction of CAT, POD, SOD and phase-II 

detoxifying enzymes, including GPx, GR and GST can adjust the verge for chemical 

carcinogenesis by increasing resistance against toxic substances. Cellular antioxidant 

enzymes like SOD, GPx, CAT and GST are important cellular guards due to detoxifying 

ability against free radicals. Numerous diverse results have been reported for the variation 

of these antioxidant enzyme activities in rat model against CCl4 challenges (Jayakumar et 

al., 2008). In cellular defense system, GSH has the conjugating aptitude with 

metabolites/free radicals, thus stabilizing the membranes from detrimental effects of lipid 

peroxides. Depletion in GSH content indicates the condition of oxidative stress caused by 

adriamycin administration (Illiskovic et al., 1999). It also has been reported that cellular 

GSH depletion is closely related with lipid peroxidation induced by toxic agents (Kyle et 

al., 1998). Lipid peroxidation is also involved in pathogenesis of adriamycin-induced 

cardiomyopathy (Daosukho et al., 2007). The present remarks are in conformity with 

previous reports of Daosukho et al. (2007), which showed that myocardial antioxidant 

defense mechanism was working at a lower rate regardless of higher degree of oxidative 

trauma in CCl4-induced cardiomyopathy state. In the present investigation, rats treated 

with various fractions of tested samples practiced abridged lipid peroxidation with 

enhanced GSH level and GPx , GST and GR activities. It appears therefore that various 

fractions of tested samples protects the cardiac tissue against CCl4-induced lipid 

peroxidation and has the antioxidant propensity. 

 ROS have an immense damage to DNA, causing DNA mutations (Fickle and 

Holbrook, 2000) responsible for various degenerative diseases. Several specific and 

unspecific repair enzymes remove oxidative DNA modifications. Since oxidative DNA 

damage is continuously induced and repaired, a steady-state level of oxidative DNA 

damage is expected under normal conditions. Oxidative stress causes an increase in 

oxidative DNA damage (Floyd, 1990; Loft and Poulsen, 1996). Regarding to present 

findings CCl4 cause the degradation of DNA by generating free radicals. Similar finding 

have also been described by Manierea et al. (2005) that the chemicals such as CCl4, and 

other xenobiotic compounds induce the production of reactive free radicals which cause 

the oxidative damage to DNA, with formation of DNA adducts and genetic mutations 

(Collins et al., 2004). The DNA damage in various tissues like brain, testis, adrenal and 

liver was reported (Manierea et al., 2005) but data for DNA damage is scanty for cardiac 
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tissue. Administration of various fractions of tested samples in experimental groups to 

CCl4 intoxicated rats confined the cardiac tissues and there was a marked decline in 

percentage of fragmented DNA that was further confirmed by DNA ladder assay. 

 The microscopic structural changes in the heart tissues of CCl4 intoxicated rats 

had similarity with previous report of Jayakumar et al. (2008). Co-treatment with various 

fractions of tested samples in experimental groups showed substantial avoidance in the 

structural alterations. This indicates that administration of various fractions of tested 

samples scavenged the free radicals to stop cellular damages. Previous reports have also 

confirmed the beneficial effects of supplementation of antioxidants in adriamycin induced 

myocardial injury (Balanehru and Nagarajan, 1992). Histopatholgical studies revealed 

myocardial atrophy, nuclear pyknosis, and cytoplasmic vacuoles in the CCl4 treated 

hearts. Similar observations have also been made in earlier studies on acute doxorubicin 

induced cardiotoxicity (Morishima et al., 1998; Saad et al., 2001). Regarding the 

comparative studies of CCl4 with other toxic chemicals on cardiac tissue, similar toxic 

effects were reported by adriamycin (Rajaprabhu et al., 2007), doxorubicin (Shah et al., 

2008) and isoproterenol (Raju et al., 2008). In the present study the main effects of CCl4 

was the prominent fatty change congestion in the blood vessel clearing of cytoplasm with 

foamy appearance and nuclear degeneration in some area was observed which was 

significantly recovered by various fractions of tested samples that may be attributed to the 

individuals or combined action of bioactive compounds present in respective fraction. 

Similar results were reported by the study of El-Shitany et al. (2008) that silymarin 

ameliorated the adriamycin-induced cardiotoxicity of male albino rats. 

5.5.5. Testicular toxicity 

 Concerning the reproductive toxicities of CCl4, histological and hormonal levels 

studies were also conducted in the course of antioxidant level of testicular tissue. Previous 

findings demonstrate that unintentional ingestion of CCl4 causes accumulation of CCl4 in 

the testicular tissue of humans (Tombolini and Cingolani, 1996). Our speculation that 

CCl4 mediates its testicular toxic effects support the findings of Abraham and Wilfred 

(2000) who reported that chronic exposure of CCl4 recommends augmented catabolic 

tissue and cellular autophagy with  potential development of  testicular damage induced 

by CCl4. 

 Like testicular histology, serum gonadotropin releasing hormone (GnRH) 

including LH and FSH levels may facilitate in discovering conclusion about toxicosis. 

The reduction in serum testosterone levels indicates either a direct effects of chemical 
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(CCl4) at Leydig cell level or an indirect effects by disturbing the hormonal environment 

at hypothalamo-pituitary axis (Latif et al., 2008) due to oxidative trauma in CCl4 treated 

rats. Tohda et al. (2001) also reported that abnormal level of intra testicular testosterones 

inhibits spermatogenesis The production of testosterone in Leydig cells is stimulated by 

LH, which activates FSH to bind with sertoli cells to stimulate spermatogenesis (Conn, 

1986). CCl4 insults revealed the suppression in FSH level of serum that was in 

consistency with Almaida et al. (2000) who reported significant reduction in serum FSH 

level in amlodipine treated rats. CCl4 intoxicated rats show the malfunctioning of 

pituitary to secrete FSH and LH indicating testicular dysfunction leading to infertility. 

Thus, proves consistency with previous results of Khan and Ahmed, 2009. Estradiol 

directly stimulates the pituitary by determining prolactinemia, with hypothalamic 

dysfunction in case of hypogonadism. Thus increased level of estradiol and prolactin may 

also be liable for origin of hypogonadism in present study. 

 GSH levels are dependent upon the activities of glutathione reductase (GR) and 

NADH (Meister and Anderson, 1983). Glutathione system including GPx, GR, GST, as 

well as SOD and CAT represent a mutually loyal team of defense against ROS 

(Bandhopadhy et al., 1999). Enhanced lipid peroxidations expressed in terms of TBARS 

determine structural and functional alterations of cellular membranes (Halliwell et al., 

1995). In the present study, administration of various fractions of plant samples in 

different experimental groups improved the antioxidant enzymatic (SOD, CAT, POD, 

GPx, GST, GR and QR) as well as non enzymatic (GSH, TBARS and H2O2) levels of 

CCl4-intoxicated testis towards normalcy in warfare of oxidative trauma in vivo. Hence, 

the present results regarding chronic toxicity of CCl4 are in accordance with previous 

repots of Khan and Ahmed, 2009, while studying the protective effects of Digera 

muricata (L.) Mart. on testis against oxidative stress of CCl4. 

 Abraham et al. (1999) reported that CCl4 resulted in the oxidative damage to 

testicular proteins in rats. Oxidative damage to proteins is very important as it can 

contribute secondary damage resulting in hampering the DNA repair enzymes and loss of 

reliability of damage polymerases during DNA replication. The DNA damage in various 

tissues like brain, testis and liver was reported by Manierea et al. (2005). From the 

present study, it can be assumed that chronic exposure of CCl4 may cause accumulation 

of many toxic species in cells thus damaging both DNA and lipids. In fact, treatment with 

various fractions of plant samples ameliorated the toxic effects on DNA as revealed by 

DNA fragmentation % and ladder assay. The present study clearly augments the 
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defensive mechanism of various samples against oxidative stress induced by CCl4 and 

provides confirmation about its therapeutic use in reproductive abnormalities. 

 Previous studies on histomorphology of testis showed shrinkage of the tubular 

diameter and testicular atrophy leading to degenerative changes in the germinal 

epithelium (Debnath and Mandal, 2000) after exposure to toxic chemical. Similar 

destructive effects were also accounted in CCl4 treated groups.  The CCl4 challenge 

revealed testicular destruction and degeneration in histological architecture like that of 

profenofos that was recorded by Moustafa et al. (2007) who represented damaged 

columnar epithelial layer, vacuolated spermatogonial cells, oedematous alterations in the 

seminiferous tubules and extra elongated Leydig cells. Data of the present study revealed 

that CCl4 may hamper continuing proliferative behavior of testicular cells thus obstruct 

reproduction. Deformities in spermatogenesis and partial degeneration of germ and 

Leydig cells have been displayed by CCl4-treated rats. However, groups administered 

various fractions of plant samples in different experiments demonstrated a quality active 

spermatogenesis, thin basement membranes and normal seminiferous tubules in most of 

the part of testis. Same histopathology was noticed by Manjrekar et al. (2008), while 

evaluating the protective effects of Phyllanthus niruri Linn. treatment on testis against 

CCl4 intoxication. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 5                                                                                                               Discussion 

 

                                                                                                                                                  

Pharmacological evaluation of Carissa opaca Stapf ex Hanes and Rumex hastatus D.Don. 

260

CONCLUSIONS 

 Phytochemical screening of various fractions of fruits and leaves of C. opaca as 

well as leaves and roots of R. hastatus showed the presence of active secondary 

metabolites including, alkaloids, anthraquinones, cardiac glycosides, coumarins, 

flavonoids, phlobatannins, saponins, tannins and terpenoids that was attributed 

with strong pharmacological behaviour. 

 Considering the results of biological assays it can be concluded that most of the 

tested fractions appeared as an important source for the discovery of new 

antimicrobial drugs and antitumor agents not only for the therapeutic use of 

animals and humans but also for plant infections like crown gall disease. 

 In chromatographic evaluation, data obtained by analyzing 24 samples of tested 

plants inform the presence of eleven different flavonoids as well as some 

unknown compounds in different quantities. In fact, these fractions may be a good 

source of respective flavonoid for preparation of drugs. 

 The results obtained by in vitro studies are remarkable with regard to the 

antioxidant activities of tested plant samples particularly, CFC, AFC, MLC, ELR, 

MLR, BRR, MRR attributed due to the phenolic and flavonoid contents. It can be 

concluded that such notorious potential and natural modules could be exploited as 

efficient food/feed additives for the health of mankind. 

 The in vivo studies indicated that CCl4 play a devastating role by affecting DNA, 

lipids, protein, carbohydrates of cellular homeostasis while generating several 

recorded types of organ toxicity like hepatic, nephro/renal, pulmonary, cardio and 

testicular toxicity. Various fractions of tested plant samples showed contribution 

in amelioration by repairing DNA damage, by improving the activities of 

antioxidant enzymatic and non enzymatic levels and normalizing the histological 

architecture of particular organ. Serological studies for liver, renal, cardiac and 

testicular function tests also verified the organ normalcy. The most overwhelming 

effects in organ toxicity was revealed by CFC, AFC, MLC, ELR, MLR, BRR and 

MRR. 

 Thus the study authenticated the pharmacological use of the tested plant samples 

with special reference to most promising fractions. 
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FUTURE PERSPECTIVES 

 Indeed, examined plant parts may be considered as a grand natural source to 

develop new drugs and may provide a viable mean of treating cancers and other diseases 

in the developing world. Hence, further studies should be conducted to isolate new plant 

derived bioactive molecules responsible for the pharmaceutical effects of these plant 

parts. 
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FUTURE PERSPECTIVES 

 
 Indeed, examined plant parts may be considered as a grand natural source to 

develop new drugs and may provide a viable mean of treating cancers and other diseases 

in the developing world. Hence, further studies should be conducted to isolate new plant 

derived bioactive molecules responsible for the pharmaceutical effects of these plant 

parts. 
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