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Abstract 
In view of importance of biomedical analysis of phytopharmaceuticals present investigations 

/ studies have been taken into consideration to evaluate and report the biological activities of 

three plants species commonly available in Pakistan. The biomedical analysis / procedure 

comprises of different techniques which ultimately helps to ascertain and establish the uses 

and application of phytopharmaceuticals as a therapeutic agent on the basis of results. Based 

on these guidelines and research activities (i.e., bioactivity results) alternative system of 

medicine supports treatment and prophylaxis of a number of disease to a vast number of 

people worldwide. One of such system is very popularly known as ―Herbal System of 

Medicine‖, while the products of this system of medicine are classified as ―Herbal 

Medicine‖. The herbal medicines are widely used to prevent and treat diseases either in the 

form of crude or standardized extracts on the basis of the presence of one or two very 

promising pure compounds established through biochemical analysis. Phytopharmaceuticals 

have made great contribution in promoting and establishing human health. Recent studies 

have indicated their significant role in the development of new drugs, commonly classified as 

phytomedicines. These phytomedicines have great therapeutic potential and a number of 

prominent molecules are under phase II and III clinical trials.  

 

Present studies were also designed to conduct biomedical analysis on three plant species with 

the aim to explore their biological activities and to authenticate their earlier usage and 

application with scientific justification as well as to see the possibility of using in some new 

indications. The medicinal plants include; Adenanthera pavonina, Peltophorum pterocarpum 

and Piper nigrum while the biological activities include;  anti-oxidant, anti-bacterial,  anti-

inflammatory / analgesic, neuropharmcological and hepatoprotactive activities along with 

acute toxicity assessments using  hexane and ethanol extracts and three pure compounds; β-

Sitosterol glucoside, Bergenin and Piperine consequently, the dissertation has been divided 

into below mentioned five parts.  

 

 Part I: This has two chapters. 

 

 Chapter one deals with the role of phytopharmaceuticals derived from various 

sources, information about production in different phytogeographical regions 
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of Pakistan, medicinal market (size and value) and therapeutic usage and 

application.  

 

 Chapter two covers the botanical description of selected plants (Adenanthera 

pavonina, Peltophorum pterocarpum and Piper nigrum)along with their 

traditional and modern medicinal uses based on literature survey reports 

biological and pharmacological activities.  

 

 Part II: Describes the methods adopted for pharmacognostic analysis. This included 

extraction, screening of phytoconstituents, isolation and identification of pure 

compounds β-sitosterol glucoside, bergenin and piperine from leaves of Adenanthera 

pavonina, Peltophorum pterocarpum and fruits of Piper nigrum respectively using 

standard test methods and biological activities include anti-oxidant, anti-bacterial, 

analgesic, anti-inflammatory, neuropharmcological and hepatoprotactive assays of 

selected plants. 

 

 Part III: Comprises the results obtained from different biomedical analysis. 

 

 Part IV: Deals with the overall assessment and discussion on results, while 

 

 Part V: The fifth and last part consists of conclusion and suggestions.      

 

 

Part I: 

Recent research has supported to impel the precise knowledge of different plants around the 

world including Pakistan, to expedite the strengthening of new medicines and supplements. 

Scientific knowledge of the phytomedicines has started to link traditional medicines, based 

on pharmaceutical research and development. This has vitalize the requirement of medicinal 

plants as a source of therapeutic agent in modern system of medicine, and Pakistan has been 

reported as one of the most important country in South Asia delivering a large number of 

medicinal plant having therapeutic potential. Accordingly, Pakistan has been divided into 

four phytogeographical zones by some investigators such as Saharo-Sindian, Indian element, 

Irano-Turanian and Sino-Himalavian, the highest being Irano-Turanian region delivery 

around 45% plant species. While other investigators have divided Pakistan into five 
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geographical region such as Hazara, Malakand, Muree Hills, Azad Kashmir and Northern 

areas, the highest being Hazara region which produces around 500 tons of medicinal plants 

annually.  

 

Chapter two of part I in the present study includes description of three plants,Adenanthera 

pavonina and Peltophorum pterocarpum belong to family Fabaceae while Piper nigrum 

belongs to family Piperaceae. The traditional uses and application have been noted quite 

interesting and a detailed correlation have been made in the discussion part which is based on 

the results of the present study as well as scientific information available elsewhere.  

 

Part II: 

Therapeutic potential of the test plants mainly results from the chain of phytoconstituents 

present in plants such as alkaloids, phenol, steroids, tannins, flavonoids, steroids, resins, and 

fatty acids which are capable of stimulating distinct physiological effect in body. Present 

work indicated that the solvents play a vital role in extraction of the phytoconstituents and 

isolation of pure compounds. 

The development of novel technologies that support prompt isolation and characterization of 

reputed principle molecules and these technologies should suspect the biological activity of 

plant extracts and pure compounds are generally results from their synergistic strength. As 

ethanol is distinctly polar among the other solvents therefore it extracts most and high content 

of bioactive phytochemicals. So preliminary screening tests may be valuable in the estimation 

and qualitative analysis of pharmacologically potent compounds. This is specifically true for 

phytochemicals that are well documented for their pharmacological activities such as 

alkaloids, flavonoids, tannins sterols and resins possess significant anti-nociceptive, sedative 

and anti-psychotic effects. Moreover saponins are well known for their ability to inhibit pain 

perception and anti-inflammatory as well as sedative properties and decreased spontaneous 

motor activity. Different classes of polyphenols like flavonoids, flavonols, flavones and 

tannins can exhibit anti-oxidant and hepatoprotactive activities.  
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Part III: 

 Pharmacognostic evaluation includes detection of variousplants metabolites using ethanol 

extracts of all three test plants species. While isolation of pure compounds based on detection 

of MP, TLC, and IR analysis. The biomedical analysis includes acute systemic toxicity 

assessment, anti-oxidant, anti-bacterial, analgesic, anti-inflammatory, neuropharmacological 

and hepatoprotactive activities using standard test procedures. Results of the present study 

have been noted quite encouraging to use in future research studies and in authentication of 

early reported uses and applications.  

 

Part IV: 

Review of literature revealed that the plant Adenanthera pavonina has been reported to 

contain (β-sitosterol, β- sitosterol-3β -D- glucoside) and saponins. Earlier scientific 

investigation of Adenanthera pavonina showed that the crude extract possessed anti-fungal, 

anti-oxidant and anti-inflammatory activities. Leaves of plant aretraditionally used to treat 

gout and rheumatism.  

 

Review of literature showed that different parts of Peltophorum pterocarpum tree are used to 

treat different diseases like embrocation for pains and sores. The traditional healers use the 

leaves in the form of decoction for treating skin disorders. Stem infusion and flowers of 

Peltophorum pterocarpum is used in muscular pain. A large number of chemical constituents 

have been reported from different parts of the tree and these chemical constituents are known 

to exhibit some important biological activities such as anti-microbial and anti-oxidant 

activities.  

 

Many therapeutic activities of Piper nigrum attributed to the presence of major pungent 

alkaloid piperine apart from other chemical constituents. It is widely used in different 

traditional systems of medicine like Ayurvedic and Unanii System of medicines as 

rheumatoid arthritis.Piperine exhibits diverse pharmacological actions like anti-oxidant, 

analgesic, anti-inflammatory, anti-depressant, hepato-protective, anti-bacterial activities.  
 

The presence of valuable phytoconstituents were detected in respective extract of selected 

plants (Adenanthera pavonina, Peltophorum pterocarpum andPiper nigrum) include 

saponins, alkaloids, carbohydrates, cardiac glycosides, tannins, flavonoids, steroids, and 

resins.A pale yellow amorphous solid of β-sitosterol glucoside was obtained from ethanol 
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extract of Adenanthera pavonina leaves. White crystals of bergenin were isolated from 

methanol extract of Peltophorum pterocarpum leaves, while yellow needle shaped crystals of 

piperine were delivered from ethanol extract of Piper nigrum fruits. 

 

It is crucial to conduct toxicity study for safety and efficacy of phytopharmaceuticals / herbal 

products. The estimation of LD50 and ED50 values obtained from the present study showed 

that test samples that administered intra peritoneal (in mice) and oral (in rats) at different 

tested dose level were safe and nontoxic.   

 

Invitro anti-oxidant analysis usually provides a reliable method to evaluate 

phytopharmaceuticals to authenticate their usage and application to cure inflammatory 

conditions. In the present study the tested plants were found to be magnificent in anti-oxidant 

property and can act as a reducing agent because of the hydroxyl group present in major 

phytochemicals. Results of anti-oxidant analysis indicated that the piperine possessed highest 

reducing power (1.039) along with high percentage of reducing power capacity (72.1%). Pure 

isolated compounds β-sitosterol glucoside from Adenanthera pavonina leaves, bergenin from 

Peltophorum pterocarpum leaves and piperine from Piper nigrum fruits showed significant 

anti-oxidant effect among all tested samples in a concentration dependent manner but less 

than standard drug ascorbic acid. 

 

The anti-bacterial activity of test samples of three selected plants were evaluated against 

Gram positive and Gram negative bacterial strains. Test extracts and pure compounds had 

shown enhanced activity against both groups of bacterial strains indicating broad spectrum 

activity which may play an important role in the management of bacterial infection by 

decreasing expression of bacterial genes or inhibiting bacterial growth and reducing the 

production of bacterial toxins. Piperine isolated from Piper nigrum fruits possessed highest 

zone of inhibition (20 mm) against Gram negative bacteria Acinetobacter baumannii. 

Minimum inhibitory concentration (0.195%) showed by ethanol extract of Piper nigrum 

fruits and pure compound bergenin of Peltophorum pterocarpumleaves against Gram 

negative bacteria Acinetobacter baumannii and Klebsiella pneumoniae respectively. Time to 

kill Escherichia coli by piperine started to produce action at 60 minutes that was lasted for 

long duration (1440 minutes) with log cfu/ml 0.2. While pure compound bergenin of 

Peltophorum pterocarpum leaves was started its bactericidal activity at 120 minutes that was 

lasted till 240 minutes and showed strong log cfu/ml 0.03 but for short period of time. 
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The anti-nociceptive and anti-inflammatory studies were under taken to evaluate and validate 

the analgesic and anti-inflammatory potential of selected plants species against different pain 

models. Test samples demonstrated analgesic activity in dose dependent manner and 

indicated both central and peripheral analgesic mechanism. This may due to higher 

concentration of polyphenols and flavonoids present. These compounds mediate anti-oxidant 

activity by activating anti-oxidant enzymes like SOD (super oxide dismutase), CAT 

(catalase), GP (glutathione peroxidase) and responsible for free radical scavenging activity, 

as free radicals are involved in pain stimulation. Anti-nociceptive activity of isolated 

compounds, hexane and ethanol extracts of Adenanthera pavonina and Peltophorum 

pterocarpumleaves demonstrated in dose dependent manner,piperine and ethanol extract from 

Piper nigrumfruits exhibited its analgesic effect at moderate doses (10 mg/kg body weight) 

both centrally and peripherally. Among all tested samples, β-sitosterol glucoside an isolated 

pure compound of Adenanthera pavonina leaves was found more effective against pain 

induced by thermal method (tail immersion assay) as compared to hexane extract of 

Peltophorum pterocarpum leaves and pure compound piperine isolated from Piper 

nigrumfruits. According to the results of second thermal method (hot plate assay) analgesic 

activity of piperine, an isolated pure compound from Piper nigrum fruits was found stronger 

than ethanol extract of Peltophorum pterocarpum leaves and hexane extract of Adenanthera 

pavoninaleaves. Analgesic strength of test samples were evaluated by mechanical method 

(pain induced by analgesy meter) and the results were demonstrated in a particular order β-

sitosterol glucoside, was observed most effective than bergenin an isolated pure compound of 

Peltophorum pterocarpum leaves and ethanol extract of Piper nigrumfruits. Significant 

reductions in writhes induced by acetic acid (chemical method) were presented by 

Peltophorum pterocarpum.      

 

The inflammatory effect induced by carrageenan could be associated with free radical attack 

on plasma membrane. Free radical, prostaglandin and nitric oxide will be released when 

administrating with Carrageenan for 1to5  hours. The response of test samples in suppression 

of edema induced by carrageenan was noted in second phase of inflammation in dose 

dependent mode. This possible mechanism could be due to inhibition of free radicals 

generated like nitric oxide, hydroxyl radicals and superoxide anions showing the anti-

histamine property. 
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Among all tested plants anti-inflammatory evaluation of ethanol extract  ofPiper nigrum 

showed highest suppression of edema (0.149, 97.450%) induced by carrageenan in second 

phase of inflammation in dose dependent manner which confirmed the anti-histamine 

property of tested samples.  

 

Neuropharmcological assessment by using different behavioral test revealed that ethanol 

extract of Adenanthera pavonina leaves and Piper nigrum fruits as well as the hexane extract 

of Peltophorum pterocarpum leaves had significant anxiolytic (forced swimming test), 

exploratory (head dip and open field test) and neuro activator activity(stationary rod test).  

 

The estimation of hepatoprotactive effect of selected plants species showed a potential of 

liver protection both in prophylactic and therapeutic model in a dose dependent manner 

against liver injury induced by CCl4. It decreased the serum enzyme activity by induction of 

hepatic microsomal enzymes when compared to toxicant group. But more significant results 

of enzymes suppression (ALP 129.80 IU/L, ALT 31.00 IU/L, γ-GT 0.80 IU/L, DB 0.04 

mg/dl and TB 0.20 mg/dl were seen in prophylactic model by bergenin at a dose of 100 

mg/kg body weight. This was an effective investigation test with high negative prognostic 

value of liver diseases that were supplemented with histopathological examination of rat liver 

section. Present study also indicated the treatment of liver diseases with pure compounds of 

all tested plants had maximum hepatoprotactive activity at high dose in prophylactic model. 

This reduction indicated that pure compounds might have protected both plasma membrane 

and liver cells against damage thereby decreasing the leakage of serum enzymes into blood 

circulation may be due to anti-oxidant activity of phytochemicals, which may be helpful in 

controlling complication during degenerative liver diseases.  

 

Part V: 

The obtained data of present study suggested that Adenanthera pavonina, Peltophorum 

pterocarpum and Piper nigrum possess pharmacological potential to be used as therapeutic 

agent.These selected plants indicated a quite distinct feature from pharmacognostic 

evaluation and revealed comprehensive and distinct biological activities in animal’s modules.  
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However the application of these plants in some specific indication needs further study to 

investigate other constituents and to use standardized extracts for correlation with narrowing 

the differences in biological activities as well as to explore detailed pharmacological 

characteristics. Different pharmaceutical formulation can be prepared using these plants for 

further studies.                           
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1.0 INTRODUCTION 
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The importance of biomedical analysis and studies of phytopharmaceuticals have gained 

prominent place in recent years both in the therapeutic and prophylactic medicine 

categories. There is hardly any doubt in mentioning and documenting the role of 

phytochemicals, both in the crude (as raw and extracts) and purified form (pure 

compound) in the treatment and prophylaxis of various human and animal diseases. The 

recent and advanced techniques, tools and methodologies had contributed significant role 

in the introduction of phytopharmaceuticals in standardized as well as finished dosage 

forms, such as tablets (both immediate and modified release) , capsules and sachet 

(containing powder and granules), creams and ointments etc. The ethnopharmacology 

has played comprehensive role in the discovery of novel phytopharmaceuticals and 

similar products identified and described as herbal medicines in some countries. The 

continuous scientific studies and various reports published elsewhere have triggered the 

industries to work on medicinal and aromatic plants using their extracts and pure 

compounds to develop new phytopharmaceuticals with prominent biomedical 

importance. This approach has certainly enhanced the commercialization of the products 

worldwide. However, the phytopharmaceuticals need very well controlled studies on 

animal modules to establish and ascertain their therapeutic effect at a same level as 

performed for patented pharmaceutical products available globally. These studies will 

not only be useful in controlling the therapeutic potential but at the same time will also 

be helpful in attaining recognition by the practitioners of modern medical system and in 

fulfilling the necessity of efficacy, safety and quality. 

 

Despite the fact that considerable focus and attention has been drawn to establish the 

biomedical importance, the present status of phytopharmaceuticals (herbal or botanical 

drugs) with regard to US FDA approval is very much disappointing. So far only two 

phytopharmaceuticals, i.e., Veregen (an extract from green tea) and Fulyzaq (obtained 

from the sap of Croton lechleri) have been approved by US FDA. Both drugs are 

available only on prescriptions. Veregen, in the form of topical application is 

recommended to treat genital warts due to human papilloma virus, whereas Fulyzaq is 

used to treat HIV associated diarrhea (Mahmood and Mahmood, 2013 and 2015). More 

than 80% medicinal plant have now been identified in the form of standardized extract or 

pure compounds and their analogues have always made a significant contribution in the 

growth, advancement and marketing of modern medicine. Various reports and research 
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data published during 1981 to 2007 revealed that almost half of the drugs approved were 

based on natural products (Katiyar et al., 2012).  

 

A vast majority of people are being reported to use or dependent upon 

phytopharmaceuticals in the form of crude extracts or poly herbal formulations to 

manage or treat different diseases. With the expected rise in population in most under 

developing countries, the global scenario in the health care system is also expected to 

change with the demand of more phytopharmaceuticals both in urban and ruler areas to 

support people because of disappointment with allopathic medicine, increase in the cost 

of treatment with modern medicine, the perception that botanicals are safe and have less 

side effects, that are more affordable. 

 

Pakistan has magnificent practice in the application of therapeutic plants for the therapy 

of various complications, established largely in the Arabic Unaniisystem of medicine 

that proceeds to the Indus valley culture. This folk pharmaceutical zone has grown as a 

prime reference of medical management, especially in rural and tribal nations. As for 

herbal medicine, Pakistan is among the eight main traders of medicinal plants. Over all 

Pakistan acquires 80943 km
2
 domain and bears around 6000 breeds of plants, among 

these 600 to 700 genera investigated and have remedial value. It is concluded that 70% 

of the species are uni-sector and about 30% are bi-sector. These plants are gathered, 

dried, formulated / treated and depleted in the national trade or delivered to other states. 

Pakistan acquires more than 80 % of its botanicals from adulatory herbs and about 12% 

of Pakistani floras are utilized in medication and over 300 therapeutic species are 

marketed. In last two decades this consumption increased numerous (Shinwari, 2010). 

According to this report Pakistan divided into four phytogeographical zones. Detail of 

the phytogeographical region and the percentage of plant species found in the each 

region have been presented in (Table-1). The highest percentage of plant species (45%) 

are found in Irano-Turanian region. Hence according to another published report (Saeed, 

2003) the author divided Pakistan into five different geographical regions with maximum 

number (500 tons) of plant species / there production in Hazara and Malakand regions 

(Table-2). 
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Table-1: Phytogeographical zones of Pakistan  
 

S. No. Phytogeographical region Species 

1. Saharo-Sindian 9.5% 

2. Indian element 6% 

3. Irano-Turanian 45% 

4. Sino-Himalayian 10% 

(Shinwari, 2010) 

 

Table-2: Reported study carried out by the Pakistan Forest Institute 
 

S. No. Region Medicinal Plant Production 

1. Hazara 500 tons 

2. Malakand 500 tons 

3. Murree Hills 16 tons 

4. Azad Kashmir 38 tons 

5. Northern Areas 24 tons 

(Saeed, 2003) 

Historically human have been depending on natural herbs for the treatment, rehabilitate, 

prohibition, revitalization for many diseases. Numerous thousands of chemical 

substances have been recognized from natural sources which are safe and show 

effectiveness. Generally natural herbal products have been found with a little known 

toxicity and acceptable for long term use in healthy peoples. Fruits, vegetables and plants 

contain many low molecular weight secondary metabolites collectively known as 

phytochemicals (Vasanthi et al., 2014). 

 

The development and justification of phytopharmaceuticals for the treatment of chronic 

diseases generated new great interest in the research workers to develop novel medicine. 

The modern science has also accepted the power of plant kingdom as a source of new 

biodynamic constituents (Kokate et al.,2008). Alteration of traditional remedies into 

phytomedicines, nutraceuticals and dietary supplements is based on the role of 

phytochemicals which are constantly approved as a regulator of cell signaling. Because 

of greater consumption of dietary supplements containing vitamins, minerals, herbs etc. 

prevents or delays the onset of chronic diseases. The business is growing >20% per year. 
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The global herbal additives and drugs demand is predict to extend US $ 93.15 billion by 

the year 2015, and $ 107 billion by the year 2017 (Stoia and Oancea, 2013). 

 

Toxic effects of various synthetic drugs which have impel the researchers including 

academics and doctors to consider some steps for preventing the misuse of such drugs. 

Constant use of synthetic drugs is always being too scared throughout the therapy of 

chronic diseases because of the existence of side effect. The reasons which led the 

authorities in the field to reconsider usage of medicinal herbs in the form of finished 

products and the development of phytopharmaceuticals and looking for enhancing the 

level of phytonutrients in traditional products. 

 

Till the beginning of the time period of natural products chemistry i.e. mid-19
th

 century 

higher plants as a source of medicine remained structurally dormant. In modern age of 

advancement in instrumentation technology like NMR, spectroscopy and MS have 

markedly reduced the time and efforts required for determination of structure. The 

natural herbal products collection can be categorized into three categories i.e. plants, 

microbes and marine organism and scientist are highly concerned about the searching for 

anticancer, antiviral (including AIDS), antibiotics, antiprotozoal agents, anti-aging and 

memory enhancing agents (Kokate et al., 2008). 

 

An increase in growing rate of certain foods from crude origin including plants, animals, 

microorganisms, and marine organisms, which resulted in generation of two current 

category of compounds ―functional foods‖ and ―nutraceuticals‖ .Functional foods are 

rich in functional constituents and provide curative and biological sake and reduce the 

possibility of chronic diseases,whereas nutraceuticals are bioactive materials isolated 

from nutrients and promote in the form of medicine (Cencic and  Chingwaru, 2010). 
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1.1 Plant sources 

Consumption of medicinal plants nearly in all culture has been proven as a source of 

medicine. Accordingly many traditional drugs used in Unanii and Ayurvedic system of 

medicine are derived from plant sources. Examples include Willow bar is the source of 

salicylic acid, digoxin extracted from foxglove while quinine elicited from Cinchona 

bark. Plant materials have catered approximately 50% different types of present modern 

drugs, alsovarious marketed modern medicine were first originally consumed as crude 

extracts in folk medicinal system (Thomas et al., 2015) Statistically recognize 30,000 

bioactive natural elements distributed between animals (13%), bacteria (33%), fungi 

(26%), and higher plants (27%) (Kinghorn, 2001).    
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Table-3: Plant sources, active constituents and therapeutic usage 
 

Plant sources 

Active 

constituents 

and molecular 

formula 

Chemical structure 
Therapeutic 

usage 

Opium poppy 

A:Codeine ( 

C18H21NO3) 

B:Morphine 

(C17H19NO3)  

A                                      B 

Central analgesic 

Aloe vera 
Barbaloin 

(C21H22O9) 

 

 Purgative 

Catharanthus   

roseus 

A:Vincristine 

(C46H56N4O10) 

 

 

 

 

B:Vinblastine 

(C46H58N4O9) 

 

A 

 

B  

Anti-cancer , 

Anti-leukemia 
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 (Table-3) Continued 

Zingiber 

officinale 

Gingerol,  

(C17H26O4) 

 

 

Carminative and 

aromatic 

Podophyllum 

hexandrum 

Podophyllotoxin 

(C22H22O8) 

 

Anti-mitotic 

activity 

Atropabelladona 
Atropine 

(C17H23 N O3) 

 

Stimulate 

sympathetic 

nervous system 

 

Adopted from “Pharmacognosy” published by Prakashan (2008) 

Kokate, C.K., Purohit, A.P. and Gokhale, S.B. (2008). Pharmacognosy,(42
nd

 ed.) 

published by Nirali Prakashan, chapter 14, pp.14.2-14.3.  
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1.2 Mineral Sources 

Few of drugs obtained from mineral sources (Table-4). These drugs of herbo-mineral 

origin have significance as pharmaceutical aid. 

 

Table-4: Mineral sources, active constituents and therapeutic usage 

 

Mineral 

sources 

Active constituents and 

molecular formula 
Therapeutic usage 

Asbestos 
Double silicate of  

Ca (Ca2O4Si) 

In bacterial filters & filtration of 

caustic alkaline 

Calamine 
Zinc oxide (ZnO) & 0.5% of 

ferric ion ( Fe) 
Skin protection & astringent 

Chalk 
98% of Ca Carbonate (CaCO3)& 

0.5% of Mg carbonate (MgCO3) 
Antacid, toothpowder 

Floridin 
Al silicate (Al2SiO5) 

 

Dusting powder for decloring of 

oils & cleansing of woolen fabrics 

Talc 
Hydrated Mg Silicate 

( H2Mg3O12Si4 ) 
Lubricant, dusting powder 

Paraffin Saturated hydrocarbons (C2H6) 

 

Ointment base 

 

 

Adopted from “Pharmacognosy” published by Prakashan (2008) 

Kokate, C.K., Purohit, A.P. and Gokhale, S.B. (2008). Pharmacognosy, (42
nd

 ed.) 

published by Nirali Prakashan, chapter 18, p.18.1. 

 

 

 

 

 

http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Magnesium
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1.3 Marine Drugs 

Approximately 70% of the earth’s surface is covered by oceans and sea. Many marine 

organisms provided significant biodiversity for exploration of new drug. Different 

products obtained from marine organism, like fish liver oil, sodium alginate, agar-agar 

and chitin (Table-5). Approximately five hundred thousand species of marine organism 

have been reported which have antimicrobial, antiviral, antibiotic, anticancer, cytotoxic, 

anti-inflammatory, neurophysiologic and cardiovascular agents (Mahmood and 

Mahmood, 2015). 

 

Sea food is widely used as food products and marine fisheries production increases 

annually because of its vast health benefits. Fish oils used as a classy origin of omega 3 

polyunsaturated fatty acid which are obtained from the fatty fish like salmon, tuna or 

small fish as capelin. Omega3 fatty acids are helpful in prevention of inflammation, 

arthritis, autoimmune diseases, hypertension, coronary artery diseases, diabetes, and 

cancer also essential for normal growth especially for brain and retina (Shahidi, 2008). 

 

The antioxidant activity of fish protein hydrolysate (FPH) made from cat fish protein has 

high radical scavenging activity. Hydrolyzed protein is used as flavoring agents in 

industries.Because of proportion of amino acids and great digestibility FPH have an 

prime support on animal growth and health. It could be used in fish vaccine because it 

provides protection against diseases and vitalized the immune system.  (Kristinsson, 

2008). 

 

Edible marine algae or seaweeds sometime referred to as sea vegetable. Various fish and 

shellfish base substances such as skin, muscles, frame, bone, internal organs are utilized 

to isolate several of bioactive matters. Fish bones a great origin of calcium. Skin and 

protein used for recognition and segregation of bioactive peptide. Fish intestine is used in 

the isolation of crude drugs. 
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Table-5:  Marine sources, active constituents and therapeutic usage 

 

Marine 

sources 

Active 

constituents 

and molecular 

formula 

Chemical structure 
Therapeutic 

usage 

Marine 

algae 

Laminaira 

angustata 

Amino 

compounds 

(R-CH(NH2)-

COOH  

Hypotensive 

Sea 

cucumber 

 

Holothurin 

(C41H63O17) 

 

Hemolytic and 

antifungal 

Caribben 

sponge 

 

Spongosine 

 

 

Reduced the 

heart rate and 

contraction 

Red algea 
Kainic Acid 

(C10H15NO4) 

 

 

Potent 

convulsant 

Octopus 

macropus 

Octopamine 

(C8H11NO2) 

 

 

Adrenergic and 

cardiovascular 

response 

 

Adopted from “Pharmacognosy” published by Prakashan (2008) 

Kokate, C.K., Purohit, A.P.and Gokhale, S.B. (2008). Pharmacognosy, (42
nd

 

ed.)published by Nirali Prakashan, chapter 15, pp. 15.2, 15.3 and 15.8. 
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1.4 Nutraceuticals 

Nutraceuticals are defined as a substance which can be considered a food having 

nutritional value provide health benefits including prevention of diseases e.g. heart 

diseases, hypertension, cancer, diabetes, osteoporosis, arthritis, neural tubes 

disorder,antioxidant and are obtained from animals, plants and microbial source 

 (Table-6,7 and 8 ). 

 

Table-6: Nutraceuticals from plant sources 
 

Nutraceuticals Chemical structure Therapeutic usage 

Ascorbic acid    

(C6H8O6) 

 
 

Prevent vitamin C 

deficiency, treat Scurvy, 

beneficial for skin, bone 

and teeth 

Quecertin 

(C15H10O7) 

 

 

Induced respiratory 

infection, hypotensive 

Lycopene 

(C40H56) 

 
 

Chemoprotactive bone 

health, coronary heart 

diseases 

Catechin 

(C15H14O6) 

 

  

Chemo preventive, 

hypercholesterolemia, 

parkinson’s diseases 

Curcumin 

(C21H20O6) 

 

  

Anti-cancer, antioxidant, 

anti-inflammatory 

 

(Adopted from “Pharmacognosy”published by Prakashan (2008) 

Kokate, C.K., Purohit, A.P.and Gokhale,S.B. (2008). Pharmacognosy, (42
nd

 ed.) 

published by Nirali Prakashan, chapter 16, pp. 16.1-16.3. 
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Table-7: Nutraceuticals from animal sources 

Nutraceuticals Chemical structure 
Therapeutic 

usage 

Conjugated 

lenolic acid 

(C18H32O2) 

 

 

 

Treat malignant 

cancer 

Choline 

(C5H14 NO) 

 

 

 

 

Alzheimer’s diseases, 

recovery from stroke 

Ubiquinone 

(C59H90O4) 

 
 

Cardiovascular 

diseases 

 

Adopted from “Pharmacognosy” published by Prakashan (2008) 

Kokate, C.K., Purohit, A.P.and Gokhale,S.B. (2008). Pharmacognosy, (42
nd

 

ed.)published by Nirali Prakashan, chapter 16, pp. 16.1-16.3. 
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Table-8: Nutraceuticals from microbial sources 

 

Nutraceuticals Microscopic structure Therapeutic usage 

Yeast 

 

 

 

 

Probiotic,industrial 

relevant enzyme 

Lactobacillus 

acidophilies 

 

 

 

 

 

Probiotic, treat 

diarrhea 

Streptococus 

salvaricus 

 

 

Probiotic 

 

Adopted from “Pharmacognosy” published by Prakashan (2008) 

Kokate, C.K., Purohit, A.P.and Gokhale, S.B. (2008). Pharmacognosy, (42
nd

 ed.) 

published by Nirali Prakashan, chapter 16, pp. 16.1-16.3. 
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1.5 Cosmeceuticals 

Some medicinal products derived from natural sources are also used in cosmetics, dental 

products and in various skin and hair disorders. 

 

Table-9: Cosmeceuticals sources, active constituents and therapeutic 

usage 

Natural 

sources 

Active constituents 

and molecular 

formula 

Chemical structure 
Therapeutic 

usage 

Cucumber  

Gel 

 

Glycolic acid 

(C2H4 O3) 

 

 

 

Anti-acne 
Lacticacid(C3H6O3) 

 

 

 

Salicylic 

acids(C7H6O3) 

 

Apricot 
Oleic acid 

(C18H34O2)  

Anti-wrinkle 

Turmeric 
Curcumin 

(C21H20O6) 
 

Anti-

inflammatory 

Amla 

Tannins (C76H52O46) 

 

  

Hair tonic 

Ascorbic acid 

(C6H8O6) 

 

 Cure infections 

 

Adopted from “Pharmacognosy”published by Prakashan (2008) 

Kokate, C.K., Purohit, A.P. and Gokhale, S.B. (2008).Pharmacognosy,(42nd ed.)published by Nirali 

Prakashan, chapter 16,pp.  16.1-16.3. 
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Figure-1:   Adenanthera pavonina 
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2.1 Description of Adenanthera pavonina 

Adenanthera pavonina L.is a fast growing tree belongs to familyFabaceae and known as 

a natural and agricultural weed in Global Compendium of weeds (Randall, 2012). This 

specie is indigenous to Pakistan (Sultana and Gulzar, 2012) and also distributed in India, 

Southern China and abundantly habituated in Malaysia, Western and Eastern Africa. 

(Ara et al., 2010). The name Adenanthera is originated from the Greek words ―aden‖, a 

gland, and anthera, the ―anther‖.It is about 20 meters tall deciduous tree, having 

spreading crown. Its bark is brown to grayish in color. Seeds are red, hard coated and 

attach to the pods. The fruit pods are hard, fibrous and curved containing 8-12 seeds. It 

has bi-pinnate leaves with dark green color on upper side and blue green in lower surface 

and turns to yellow after maturity. Pleasant odorous, star shaped yellow flower having 

12-15 cm long five petals. Red color wood is drastically hard (Hussain et al., 2011).  

2.1.1 Taxonomy 

 Kingdom Plantae-Plant 

Division Magnoliophyta-Flowering plants 

Class Dicotyledonae 

Order Fabales 

Family Fabaceae 

 Genus Adenanthera L. 

 Species Adenanthera pavonina L. 

 Common Name Red bead tree, coral wood, red sandalwood 

 Scientific Name Adenanthera pavonina L. 

(United State Department of Agriculture’s-Agricultural Research Services, 2012).     
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2.1.2 Cultivation 

Adenanthera pavonina is originated in deep well drained neutral or slightly acidic soil. 

Generated in moderate and hot areas. It is found naturally along road side and in agro 

forest. It may be propagated from seeds and having epigeal cultivation. To reduce the 

spell of germination and increase the growth rate, first remove the hard outer surface of 

seed coat and soaked in boiling water for one minute. It may arise in 12 months. Growth 

rate is fast after the first year. 

2.1.3 Health benefits 

 

2.1.3.1 Traditional uses 

Different parts of Adenanthera pavonina used as traditional medicine to treat different 

type of diseases asthma, boil, diarrhea, gout, inflammation, rheumatism (Ara et al., 

2010). In traditional medicine the seeds and leaves are consumed against dysentery, 

headaches and migraines. Powdered seeds used in the regimen of abscesses and boils. 

The bark used as a tonic (Ara et al., 2012).   

2.1.3.2 Pharmacological uses 

 

Pharmacological effects, such as, anti-oxidant, anti-inflammatory, analgesic, anti-

hypertensive, anthelmintic, anti-bacterial, and anti-fungal, blood pressure lowering effect 

have been scientifically demonstrated (Godoi et al., 2014). 
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Table -10: Biological and pharmacological activities of  

Adenanthera pavonina 

S.No. Activity Reference 

1 Anti-microbial Ali et al., 2001 

2 Purify and characterize a thermostable 

chitinase 

Santo et al., 2004 

3 Anti-inflammatory Olajide  et al.,2004 

4 Isolation of pavonin Ali  et al.,2005 

5 Protective effect of oil emulsion Jaromin et al., 2006 

6 Blood pressure lowering effect Adedapo et al.,  2009 

7 Anti-inflammatory Mayuren and IIavarasan., 2009 

8 Analgesic, anti-microbial and anti-oxidant  Ara et al., 2010 

9 Trypsin inhibitor Macedoet al., 2010 

10 Anti-diabetic and hypolipidemic Krishnaveni et al., 2011 

11 Anti-bacterial Hussain et al., 2011 

12 Phytochemical and antioxidant Silva et al., 2011 

13 CNS depressant  Anthonet et al., 2011 

14 Anti-bacterial Dholvitayakhun et al., 2012 

15 Anti-hyperglycemia and lipid lowering Pandhare et al.,  2012 

16 Anti-fungal  Soares et al., 2012 

17 Reduced diabetic nephropathy Pandhare et al.,  2012 

18 Lipoidal and anti-inflammatory Zeid et al., 2012 

19 Acute systemic toxicity Ahmed et al., 2012 

20 Anti-inflammatory Jayakumari et al.,  2012 

21 Analysis of seed oil Sultana and Gulzar,2012 

22 Anti-diarrheal and acute toxicity Ara et al., 2013 

23 Hepatoprotactive Mujahid  et al., 2013 

24 New flavonols glycoside and biological 

activity 

Mohammad et al., 2014 

25 Ant-imalarial Adedapo et al., 2014 

26 Anti-viral Godoi et al., 2014 

27 Pharmacognostic, phytochemical and anti-

oxidant studies 

Parth and Rahaman, 2015 
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Figure-2: Peltophorum pterocarpum  
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2.2 Description of Peltophorum pterocarpum 

Peltophorum pterocarpum (DC.) Backer ex K. Heyne,tree belongs to the family 

Fabaceae.A genus with about 15 species distributed in tropical and subtropical countries 

including Ceylon, Malaysia and North Australia widely cultivated as a roadside tree in 

greater part of West Pakistan. It is a beautiful ornamental shade and deciduous medium 

sized tree. Domed shaped crown tree rising up to 12-24 meter tall. Bi-pinnate leaves are 

30-60 cm long.  Bright yellow flowers are 2.5-4 cm in diameter. Red color fruit having 

1-4 brown color seeds its length is about 5-10 cm and 2.5 cm wide, up on ripening it 

turns to black. It has deep roots system. (Jagessar et al., 2007). 

2.2.1 Taxonomy 

Kingdom Plantae-Plants 

Division Magnoliophyta-Flowering plants 

Class Magnoliopsida- Dicotyledons 

Order Fabales 

Family Fabaceae 

Genus Peltophorum 

Species Peltophorum pterocarpum 

Common Name Rain tree, golden flame, yellow poinciana, copper-pod,              

                                 Saga bark peltophorum, yellow flame, yellow gold mohur,    

Scientific Name Peltophorum pterocarpum (DC.) Backer ex K. Heyne 

Synonym Peltophorum roxburghii. Peltophorum ferrugineum. 
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2.2.2 Cultivation 

Peltophorum pterocarpum will grow in tropical climates with a dry season and low to 

moderate free draining alkaline soil. It is lowland specie, rarely occurring above an 

altitude of 100 meter. It frequently grows along beaches and in mangrove forests under 

natural conditions. Mean required annual temperature and rainfall is ranging from 22-

32ºC and 1500 - 4500 mm respectively. Trees begin to flower after about four years. 

First bloom of flowers appears in between March to May, and the next may happen in 

September to November. During February to March fruiting may start(Jean and Judia, 

2014). 

 

 

2.2.3 Health benefits   
 

 

2.2.3.1 Traditional uses 

 

Leaves decoction used for treating skin disorders. Stem infusion consumed in dysentery, 

for gargles, tooth powder and muscular pain. Extract of flowers are given in intestinal 

disorder and muscular pain (Gorai, 2013). 

 

2.2.3.2 Medicinal uses 

 

Bark infusion is stated to be active towards cough and dysentery also acquiring anti-

microbial activity. Roots are utilized to heal the wounds, toothache and sores throat. 

(Jagessar et al., 2007).  Many diseases like constipation, stomatitis and skin problems, 

treated by different parts of this tree flower extracts used to treat insomnia. Medicinal use 

of bark is reported for dysentery (Gorai, 2013). 
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Table-11: Biological and pharmacological activities of 

Peltophorum pterocarpum 

S.No. Activity Reference 

1 Anti-microbial activity Duraipandiyan et al., 2006 

2 Anti-bacterial and antifungal activity Jagessar et al., 2007 

3 Hepatoprotactive effect Biswas et al., 2009 

4 Chemical component and fatty acid 

distribution 

Adewuyi et al., 2010 

5 First report of an antifungal amidase Lam and Ng, 2010 

6 Anti-oxidant and anti-glycemic potential Manaharan et al., 2011 

7 Cardio tonic activity Raju et al., 2011 

8 Anti-microbial, free radical scavenging 

activities 

Jain et al., 2012 

9 Anti-microbial activity of bergenin Raj et al., 2012 

10 Pharmacognostical and 

phytopharmacological investigation of 

Peltophorum pterocarpum 

Panchal, 2012 

11 Acetyl and buteryl cholinesterase 

inhibitory effect 

Taiwo et al., 2013 

12 Assessment of total phenolic content and 

antioxidant potential 

Khan et al., 2013 

13 Cancer chemo preventive effect of 

bergenin 

Zhang et al., 2013 

14  Evaluation of chemical and 

pharmacological aspects 

Jash et al., 2014 

15 Vegetative propagation of Peltophorum 

pterocarpum 

Fadwa  and Yahia., 2014 

16 Evaluation of hematological parameters 

and erythrocyte sedimentation rate 

Ali et al., 2014 

17 Anti-emetic activity of bergenin Tasleem et al., 2015 
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Figure-3:  Piper nigrum 
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2.3 Description of Piper nigrum 

Piper nigrum L. is one of the leading specie of Piperaceae family. It is indigenous to 

India, Chinaand Srilanka. The seashore belt of Sind and Balochistan are appropriate 

place for pepper breeding in Pakistan. Traditionally it has been a source of both spice as 

seasoning and medicine and extensively consumed as a pungent herb. The family 

Piperaceae comprised 12 genera and around 1400 species. Height of plant is around 4 

meters. It is a spreading vine growing on supporting trees and poles under shade. Stems 

are flexible and fleshy. Dark green, leathery leaves are petiolate, simple, alternate and 

oval, 5-10 cm in length. Oval shape dried fruit called drupe and peppercorn; it is around 

5 mm in size. Mature fruit red in color and turns black after drying; hold a single seed, 

which contains the huge volume of the fruit. Small and greenish yellow flowers 

propagate on pendulous spikes.  

2.3.1 Taxonomy 

Kingdom Plantae- Plant 

Division Tracheophyta- Vascular plant 

Class Magnoliopsida  

Order Piperales  

Family Piperaceae 

Genus Piper  

Specie          Piper nigrumL. 

Common Name Black pepper, white Pepper, green Pepper, kali Mirch (Urdu),                                                               

 pepper (English), pipali (Sanskrit), milagu (Tmil). 

Scientific Name Piper nigrum L. 

     (Damanhouri and Ahmad, 2014) 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Tree
http://en.wikipedia.org/wiki/Seed
http://en.wikipedia.org/wiki/Flower
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2.3.2Cultivation 

Pepper vine particularly harvested in the hot and damp weather,with annual rainfall over 

200 cm. It is widely generated in tropical areas and can be germinated either way 

vegetatively or by seeds in well-drained and plenty of organic substance. Vegetative 

reproduction is more followed because of slow progression from seed, despite the seeds 

cultivated plant keep on fertile for a long period and provide more production. The plant 

is farmed bi-annually during August-September and next in March-April. Fruit of pepper 

vine coming after 2-3 years, Harvesting period of fruits started from mid-December to 

middle of March (Rai et al., 2012). 

2.3.3 Health benefits 

Piper nigrum used as drug in Ayurvedic, Unanii, Siddha and homeopathic system of 

medicine. 

2.3.3.1 Traditional uses 

Traditionally Piper nigrum used as an additional therapy in the treatment of cholera and 

dyspepsia, different problems of gastric ailments and arthritic disorder (Khan et al., 

2010).It is also used in folk medicine as carminative, stomachic, antiseptic, diuretic and 

for the management of cough, rheumatoid arthritis, peripheral, neuropathy and leprosy 

(Rani et al., 2013). 

2.3.3.2 Pharmacological uses 

Various pharmacological uses including insecticidal, anti-bacterial, anti-inflammatory, 

anti-oxidant, hepatoprotactive, antipyretic, CNS depressant, pesticidal, muscle relaxant, 

anti-fungal, lipolytic, anti-microbial. It stimulates the thermal receptors and increases 

secretion of salvia and gastric mucous. (Rai et al., 2012). More collaborated biological 

and pharmacological activities have been presented in (Table-12) with respective 

references. 
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2.3.3.3 Ayurvedic uses 

Fruit of Piper nigrum possessed anti-helminthic, anti-asthmatic characteristics and 

consumed in the treatment of pain, piles, insomnia, and epilepsy in Ayurvedic system of 

medicine (Khan et al., 2010). 

 

2.3.3.4 Medicinal uses  

It contains small quantities of chemo preventive compounds such as β-carotene, piperine, 

tannic acid and capsaicin. Anti-mutagenic property could be related to presences of 

dynamic chemo preventive substances such as glutathione peroxidase, glucose-6-

phosphate dehydrogenase, and vitamin E (Chunlaratthanaphorn et al., 2007).Due to 

multidimensional effect on various systems of body, it has been effective in treatment of 

dizziness, asthma, chronic dyspepsia, colon toxins, obesity, sinus infection, fever, 

paralysis, arthritis disorder as well as recommended in cholera and diarrhea (Karsha and 

Lakshmi, 2010). 
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Table -12:  Biological and pharmacological activities of Piper nigrum 

S. No.                       Activity        Reference 

1 Anti-nociceptive and anti-

inflammatory 

Gupta et al., 2000 

2 Inhibiting CYP3A4  Tsukmoto et al., 2002 

3 Inhibition of lungs metastasis  Pradeep and Kuttan., 2002 

4 Anti-mutagenic Hamss et al., 2003 

5 Immunomodulatory and antitumor  Sunilaand Kuttan., 2004 

6 Anti-oxidant Vijayakumar et al., 2004 

7 Anxiolytic and anti-depressant Hritcu et al., 2015 

8 Inhibition of gastric mucosal damage Al-Mofleh et al., 2005 

9 Epididymis effect D’cruz and Mathur et al., 

2005 

10 Inhibition of diacylglycerol 

acyltransferase 

Lee et al., 2006 

11 Analgesic Pooja et al., 2007 

12 Anti-microbial  Khan and Siddiqui,  2007  

13 Blood pressure lowering and 

vasomodulator 

Taqvi et al., 2008 

14 Acute and sub chronic toxicity  Chunlarathanaphorn et al., 

2007 

15 Anti-proliferative Reshmi et al., 2010 

 

 

 

 

  

http://link.springer.com/search?facet-author=%22C.R.+Pradeep%22
http://pubget.com/search?q=author:%22R%20R%20El%20Hamss%22&from=12453727
http://www.sciencedirect.com/science/article/pii/S0378874103004021
http://pubget.com/search?q=author:%22Syed%20Intasar%20Husain%20Taqvi%22&from=19033825
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Table -12 Continued 

16 Regulation of obesity and induced 

dyslipidemia  

Shah et al., 2011 

17 Effect of Piper nigrum fruit methanol 

extract in hepatotoxicity 

Nirwane and Bapat, 2012 

18 Inhibits cytokine production  Chuchawankul  et al., 2012 

19 Bio enhancer Pingale and Ravindia, 2013 

20 Reverses chronic unpredictable mild 

stress-induced behavioral and 

biochemical alteration  

Mao et al., 2014 

21 Inhibits the growth and motility of triple-

negative breast cancer cells 

Greenshields et al., 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://link.springer.com/search?facet-author=%22Qing-Qiu+Mao%22
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3.1   List of chemicals used 

Abbott Laboratories Pakistan 

Pentothal sodium 500 mg. 

Anala R 

Carbon tetra chloride, Tri chloroacetic acid. 

Deajung 

Potassium phosphate monobasic, Potassium ferric cynide. 

Ecoline  

Alkaline Phosphatese, Direct and Total Bilirubin, Gamma GT and Alanine 

aminotransferase (Diagnostic reagents). 

J T Baker 

Hydrochloric acid, Sulfuric acid. 

Local market 

Olive oil (ITALIA). 

Lab Preparation 

Distilled water, Normal Saline. 

Lab scan (Analytical science) 

Formalin 

Merck  

Acetic Acid, Acetic anhydride, Alcohol, Chloroform, Dimethyl sulfoxide, Ethanol, Ethyl 

acetate, Eosin, Glacial acetic acid, Hematoxylin, Hexane, Lead acetate, Mercuric 

chloride, Methanol, Paraffin, Potassium hydroxide, Potassium iodide, Sodium 

bicarbonate, Sodium chloride, Sodium hydroxide, Sodium nitro prusside, Xylene. 
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Oxoid 

Microbiological media including Nutrient agar, Muller Hinton Medium and Nutrient 

broth, McFarland index 0.5, Ferric chloride, Zinc chloride. 

Popular Chemicals Works Pvt. Ltd. Lahore Pakistan 

Jetepar (under license from Rota Research Laborium, Milan-Italy. 

Sigma 

Ascorbic acid, Acetylsalicylic acid, α- napthol,  Barium chloride,Bismuth carbonate, 

Carrageenan, Ceric ammonium sulphate, Diazepam, Diclofenac sodium, Potassium 

bromide, Sodium iodide, Sodium acetate, Silica gel (100-200 mesh size), Toulene, 

Petroleum ether, Pyridine, Picric acid. 

 

3.2 List of apparatus and equipment used 

Eddy’s hot plate (Life Science No. 8 Model 39), Ugo Basile Analgey meter (No. 7200), 

Ugo Basile plethysmometer (No.7140), Analytical balance (OHAUS PA 214 USA), 

Rotatory evaporator (Bushi Rotvapor R 200), Water bath (Bushi Heating Bath B-490), 

Centrifuge machine (Bench Top Centrifuge, Humax 14K), Incubator (Binder 

Gmbh,Germany), Oven (Memmert Germany), Desiccator (Duran, Germany), Soxhlet 

extraction apparatus (Aldrich, Z556203 ), Photometric Micro lab (300 Merck), UV 

Spectrophotometer (CECIL CE 7200), Melting point apparatus (Buchi - M656), 

Microtitre ELISA plate reader (Spectra max M2 US.), FT-IR spectrometer(Thermo 

Nicolet, USA),Vortex mixer (DRAGON LAB MX-S), p.H meter ( 350 Jessway ), 

Thermometer (England 76 mm Immersion Zeal), McCartney glass bottle ( Hurst 

Scientific PTY LTD E999A), Croc Borrer (American scientific 7 mm), Microtitre plastic 

plate (Corning), Micro pipette (Micro lab type 10-100 µl and 100- 1000 µl), Micro 

pipette tip ( Micro lab, yellow for 10-100 µl and  blue for 100-1000 µl), Eppendrof  tubes 

( Eppendrof Lo ®, 1.5  ml and 2 ml ), Filter paper (Whatman, England), Membrane filter 

0.45µ (Corning), Disposable syringes BD(1 ml, 3 ml and 5 ml), Feeding gauge (local 

made ), TLC plates  (60GF 254 20x20 cm Merck ), TLC jar, Iodine chamber, Column 

(95 cm x 6 cm), Glass tubes, Volumetric flask (50, 100, 200, 500 and 1000 ml), 

Graduated cylinders ( 50 ml and 1 liter), Beakers (50 and 100 ml), Funnels, Spatula, Petri 

dish, Glass vials, Glass rod, (Pyrex England),  
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Amber glass bottles (Ghani Glass Pakistan), Disposable nose mask and hand gloves, 

Stop watch (Analogue),Open field apparatus (Stoelting Co., USA), Head dip apparatus 

(Stoelting Co., USA), Stationary rod apparatus (Local made, Pakistan). Forcing 

swimming test apparatus (Stoelting Co., USA). 

3.3 List of plants, animals and microorganisms used 

Adenanthera pavonina Linnacus (Leaves) 

Peltophorum pterocarpum (DC.) Backer ex K. Heyne (Leaves) 

Piper nigrum Linnacus(Fruits) 

Berberis vulgaris (Standard for anti-bacterial assay)  

Adult Albino Mice of both sex 

Adult Albino Rats of both sex 

Enterococcusfeacalis(ATCC-12970) 

Staphylococcus aureus (ATCC-6538)  

Acinetobacter baumannii (ATCC-17978) 

Escherichia coli (ATCC-25922) 

Klebsiella pneumoniae(ATCC-5046) 

Pseudomonas aeruginosa (ATCC 27853) 

Proteusvulgaris (ATCC- 96022) 

Salmonella typhi (ATCC-9394) 

Microorganisms were provided by Department of Microbiology, University of Karachi. 

Animals were supplied by Herbion Pakistan (Pvt) Limited, Korangi Industrial Area 

Karachi, Pakistan and Dow University of Health Sciences, Karachi, Pakistan.  

Histopathological investigations were carried out with the support of Pathology 

department, Dow University of Health Sciences, Karachi, Pakistan. 
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3.4 List of solutions used 

Dimethyl sulfoxide 10% 

Dimethyl sulfoxide (10 ml) was added in 90 ml of distilled water. 

Normal saline 0.9 % 

Sodium chloride (9 g) was dissolved in 900 ml of water, when dissolved transferred 

solution to 1 liter graduated cylinder and added water up to 1000 ml.  

Acetic acid 1% 

Acetic acid (1 ml) was added in 9 ml distilled water and finally the volume was raised up 

to 100 ml.                   

Carrageenan (1% w/v) 

Carrageenan (1 g) was dissolved in 9 ml of distilled water in 100 ml beaker. The final 

volume was raised to 100 ml of distilled water.    

Ethanol 95 %  

 Ethanol (95 ml) was added in 5 ml of distilled water.  

Potassium ferric cynide 1%  

Potassium ferric cynide (1 g) was added in 90 ml of distilled water when dissolved raised 

the volume up to 100 ml. 

Trichloroacetic acid 10 %  

Trichloroacetic acid (10g) was dissolved in 90 ml of distilled water when dissolved 

raised the volume up to 100 ml. 

Ferric chloride 0.1 %  

Ferric chloride (0.1 g) was added in 90 ml of distilled water when dissolved raised the 

volume up to 100 ml. 

Ferric chloride 5%  

Ferric chloride (5 g) was dissolved in 95 ml of distilled water when dissolved raised the 

volume up to 100 ml. 
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Alcoholic potassium hydroxide 10 % 

 Potassium hydroxide (10 g) pellets were dissolved in small amount of ethanol with 

continuous stirring, when dissolved raised the volume up to 100 ml.  

Sodium nitroprusside 2% 

Sodium nitroprusside (2 g) was added in 90 ml of distilled water when dissolved raised 

the volume up to 100 ml. 

Sodium hydroxide 20% 

Sodium hydroxide (20 g) was added in 100 ml volumetric flask, small quantity of water 

was added with continuous stirring when dissolved raised the volume up to 100 ml.  

Phosphate buffer 0. 2M (pH 6.6) 

Potassium dihydrogen (6.8 g) phosphate was dissolved in 250 ml of distilled water 

(solution A). Sodium hydroxide (2 g) was dissolved in 250 ml of distilled water (solution 

B). Take 112 ml of solution B and 250 ml of solution A in 1000 ml of volumetric flask, 

and raised the volume to 1000 ml.    

Formalin 10 % 

Formalin (10 ml) was diluted with 90 ml of distilled water. 

HCl 2M 

Concentrated HCl (16.7 ml) was added to 100 ml of distilled water. 

Lead acetate 10% 

Dissolved 25 g of lead acetate crystals in distilled water. To get clear solution add small 

quantity of acetic acid and dilute it with 250 ml of distilled water. 

Alcoholic α-napthol 1% 

Alcoholic α- napthol (1 g) was dissolved in 95 ml of distilled water, raised the volume up 

to 100 ml. 
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Preparation of 0.5 McFarland 

McFarland standards are used as a reference to adjust the turbidity of bacterial 

suspensions. Mixed up 0.05 ml of 1% BaCl2.2H2O with 9.95 ml of 1% H2SO4. 

Absorbance was taken by using spectrophotometer and stored in refrigerator. 

Preparation of inoculum  

Pure culture of the isolate was streaked onto nutrient agar medium. Subsequently, 

isolated colonies were transferred in sterile PBS (Phosphate buffered saline) and 

turbidity of the suspension was adjusted to 0.5% McFarland standard (Nwankwo et al., 

2014). 

Dragendorff’s reagent 

Sodium iodide (14 g) and Bismuth carbonate (5.2 g) were boiled for few minutes with 50 

ml of glacial acetic acid. The content was allowed to stand overnight. After 12 hours the 

precipitated sodium acetate crystals were filtered by using a sintered glass funnel. 

Reddish brown clear filtrate (40 ml) was mixed with ethyl acetate (160 ml) and water (1 

ml) and stored in amber colored glass bottle. When required, 20 ml of acetic acid with 10 

ml stock solution were mixed and the volume was raised up to 100 ml with distilled 

water for use.      

Mayer’s reagent  

Mercuric chloride (1.36 g) was dissolved in 60 ml of water. In a separate flask dissolved 

5.00 g potassium iodide in 10 ml of water. The two solutions were mixed and raised the 

volume up to 100 ml with distilled water. 

Hager’s reagent 

Picric acid (1g) was dissolved in 100 ml of distilled water.  

Luca’s reagent 

 Measured out 47 ml of concentrated HCl and poured it into the 100 ml beaker. Placed it 

in ice water bath beaker. (This will absorb the heat generated during the dissolution of 

the ZnCl2). Weighed out 62.5 g of anhydrous ZnCl2. Dry the stock ZnCl2 in an oven for 

at least two hours. Cool the ZnCl2 anhydrous in a desiccator to prevent air contact. ZnCl2 

was added slowly to the hydrochloric acid. (To avoid the formation of foam). Stirred the 
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mixture with a glass stirring rod until the ZnCl2 dissolved. Stored in amber colored glass 

bottle in a cool and dry place.  

Muller Hinton Medium 

Muller hinton (500 g) was dissolved in 13.1 liters of distilled water. 

Nutrient agar 

Nutrient agar (500 g) was dissolved in 23.8 liters of distilled water.  

Nutrient broth 

Nutrient broth (500 g) was dissolved in 20 liters of distilled water. 

 

3.5 Plants collection and identification 

Leaves of Adenanthera pavonina and Peltophorum pterocarpum were collected from 

University of Karachi, Pakistan, while Piper nigrum fruitswere purchased locally from 

the market of Karachi, Pakistan and identified by Prof. Dr.Usman Ghani Khan. The 

identified sample specimen of Adenanthera pavonina L.leavesPeltophorum pterocarpum 

(DC.) Backer ex K. Heyne leavesandPiper nigrum L.fruitsare available in herbarium of 

Department of Pharmacognosy, Faculty of Pharmacy University of Karachi, Karachi –

Pakistan. 

3.5.1 Extraction procedure 

Previously dried (under shade) 3 kg leaves of Adenanthera pavonina and Peltophorum 

pterocarpum as well as 3 kg dried fruits of Piper nigrum were soaked in hexane for 15 

days. After 15 days hexane extracts were filtered and evaporated. The residues were 

soaked in ethanol for 15 days, finally after 15 days ethanol extracts were filtered and all 

three filtrates were evaporated under reduced pressure by using rotary evaporator at 45 

ºC and extracts were stored in airtight glass vials for biological studies with proper 

identification.  
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3.5.2 Pharmacognostic evaluation 

3.5.2.1 Isolation of β-sitosterol glucoside from Adenanthera pavonina 

β-sitosterol glucoside was isolated from the leaves of Adenanthera pavonina by 

dissolving the ethanol extract (20 g) in minimum quantity of petroleum ether and 

allowed to adsorbed on 80 g of silica gel of 100 - 200 mesh particle size. The slurry was 

allowed to dry. A dried and neat column (95cm x 6 cm) was plugged with a cotton bung 

at the base of column and then petroleum ether with silica gel was slowly added to the 

slurry.The absorbed extract was charged into the column. The column was first washed 

out by petroleum ether and then with the solvent by constantly increasing the percentage 

of ethyl acetate in petroleum ether. The eluent was collected and concentrated on water 

bath (Arora and Kalia, 2013).  

Figure-4: Chemical structure of β-Sitosterol glucoside 

 

Molecular Formula: C35H60O6 

Molecular Weight: 576.85 

 

3.5.2.2 Identification of β-sitosterol glucoside 

Presence of β-sitosterol glucoside in the extracted sample was affirmed by MP, TLC, IR 

spectral data and compared with standard values. 

Melting point  

The melting point ofβ-sitosterol glucoside was detected by melting point apparatus. 
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Thin Layer Chromatography 

Crystals ofβ-sitosterol glucoside were analyzed on TLC by using chloroform: methanol 

(80:20) solvent system. Presence of β-sitosterol glucoside was revealed by spraying of 

ceric ammonium sulphate. Development of pink spot indicated the presences of β-

sitosterol glucoside.  

Infra-red Spectra (KBr) 

Isolated compound was confirmed by IR spectra using FTIR spectrophotometer in 

potassium bromide discs. 

3.5.2.3 Isolation of bergenin from Peltophorum pterocarpum 

Leaves of plant were dried under shade for fifteen days. Dried leaves (5 kg) were soaked 

in methanol. Methanol extract was filtered through Whatman No.1 filter and the solvent 

was evaporated under reduced pressure and the concentrated residue was partitioned 

between methanol and chloroform. After fractionation of methanol extract of 

Peltophorum pterocarpumleavesthrough column chromatography, bergenin was 

extracted out as white crystals at ratio of mobile phase chloroform and methanol (CHCl3: 

MeOH, 83:17) (Raj et al., 2012). 

Figure-5: Chemical structure of Bergenin 

 

Molecular Weight: 328.27  

                                                   Molecular Formula: C14H16O9 
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3.5.2.4 Identification of Bergenin 

White crystals of bergenin in the extracted sample was confirmed by MP, TLC, IR 

spectral data and compared with standard values. 

Melting point 

The melting point of white crystals of bergenin was determined on melting point 

apparatus. 

Thin layer chromatography 

Sample solution was prepared by dissolving bergenin in methanol. Analyzed by using 

solvent system of acetic ether: methanol (5:1, v/v), the spot was visualized by spraying 

concentrated sulphuric acid.  

Infra-red spectra (KBr) 

Isolated compound was confirmed by IR spectra using FTIR spectrophotometer in 

potassium bromide discs. 

 

3.5.2.5 Isolation of piperine from Piper nigrum  

Crushed black pepper fruit (20 g) was extracted for two hours with 150 ml of 95% 

ethanol in Soxhlet extraction apparatus. The solution was filtered and evaporated under 

reduced pressure at 60 °C. Then 10 ml of alcoholic potassium hydroxide (10%) solution 

was added in a concentrated residue, eventually the clear liquid was draw from the 

insoluble residue. The alcoholic solution was holding out overnight. Yellow needle 

shaped crystals of piperine were delivered (Shingate et al., 2013).  

 

Figure-6: Chemical structure of Piperine 

 

Molecular Weight: 285.34  

                                                Molecular Formula: C17H19NO3 
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3.5.2.6 Identification of Piperine 

The identification and purity of piperine was confirmed by MP, TLC, IR spectral data 

and compared with standard values. 

Melting Point 

The melting point of piperine crystals was analyzed on melting point apparatus.      

Thin layer chromatography 

The piperine (1 mg) was dissolved in methanol, then subjected to TLC plate by using 

solvent system of toluene: ethyl acetate (7: 3) and detected with concentrated sulfuric 

acid. After the TLC run, applied the detecting agent by spraying method. The yellow 

spots of piperine were determined visually. Rf values were calculated for the each spot 

on TLC plate.  

 

Infra-red spectra (KBr)  

Isolated compound was confirmed by IR spectra using FTIR spectrophotometer in 

potassium bromide discs. 

 

3.5.3 Phytochemical screening  

The Preliminary phytochemical screening of ethanol extracts ofAdenanthera pavonina 

leaves, Peltophorum pterocarpum leaves and Piper nigrum fruitswere executed by 

employing the standard procedures described by Harborne (1973), Sofowara (1993) and 

Trease and Evans (1989),to identify the phytoconstituents (Anu et al., 2013). 

Adenanthera pavonina contained, alkaloids, carbohydrates, glucosides of β-sitosterol, 

glycosides, flavonoids, saponins, steroids, stigma sterol, tanins and terpenoids (Khare, 

2007; Partha and Rahaman 2015). Peltophorum pterocarpum possessed 

alkaloids,flavonoids, saponins, steroids, stigma sterols and cardiac glycosides (Taiwo et 

al., 2013). Alkaloids, flavonoids, steroids, tannins, phenol compounds, steroids and 

reisns were present in Piper nigrum (Ganesh et al., 2014). 
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3.5.3.1 Test for Alkaloids 

Dragendorff’s test 

The test sample (2 mg) was added in 5 ml of distilled water, and then 2M hydrochloric 

acid was added until an acid reaction occurs. To this 1ml of Dragendorff’s reagent was 

added. Formation of orange red precipitate indicated the presence of alkaloids. 

Hager’s test  

The test sample (2 mg) was taken in a test tube, few drops of Hager’s reagent was added. 

Yellow precipitate appeared which confirmed the presence of alkaloids. 

Mayer’s test  

Few drops of Mayer’s reagent were added in 2 mg of test sample, formation of white or 

pale yellow precipitation showed the presence of alkaloids. 

3.5.3.2 Test for Flavonoids 

Lead acetate solution test 

Few drops of 10% lead acetate solution was mixed with test sample formation of yellow 

precipitate indicated the presences of flavonoids.  

3.5.3.3 Tests for Saponins 

Foam test 

2 g of the test sample was mixed with a drop of sodium bicarbonate the test tube was 

shaken vigorously and left for 3 minutes. The formation of honey comb like froth 

indicated the presences of saponins. 

3.5.3.4 Test for Tannins 

Ferric chloride test 

Dissolved 0.5 g of the test sample in 20 ml of distilled water and boiled it and then 

filtered. Few drops of 0.1% ferric chloride was added and observed for brownish green 

or a blue-black coloration. 
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3.5.3.5 Test for Phenolic compounds 

Small quantity of test sample was taken individually in distilled water and the test was 

performed for presences of phenols with the below mentioned reagents.   

a) 5% ferric chloride solution gave violet color. 

b) 10% lead acetate solution gave white precipitates. 

3.5.3.6 Test for Resins 

1 ml of test sample was treated with few drops of acetic anhydride solution.1ml of 

concentrated H2SO4 was added. Resins gave coloration ranging from orange to yellow. 

3.5.3.7 Test for Carbohydrates 

Molis’s test 

Small quantity of test sample was taken in 4 ml of distilled water and filtered it the 

filtrate was treated with 2-3 drops of 1% alcoholic α-napthol and 2 ml of concentrated 

H2SO4 was added along the side of test tube. Appearance of brown ring at the junction of 

two liquids showed the presences of carbohydrates. 

3.5.3.8 Test for Steroids 

 2 ml of acetic anhydride and 2 ml of H2SO4 was added in test sample. The color 

changed from violet to blue or green mentioned the existence of steroids.  

3.5.3.9 Test for Cardiac Glycoside 

 Legal’s test 

Test sample was dissolved in pyridine and few drops of   2 % sodium nitroprusside was 

added together with few drops of 20 % sodium hydroxide. A deep red color which faded 

to a brownish yellow indicated the presence of cardiac glycoside. 
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3.5.3.10 Test for Glucosides of β-sitosterol  

Small quantity of test sample was dissolved in 5ml of chloroform. In a separate test tube 

1ml of the prepared chloroform solution was taken and few drops of concentrated 

sulfuric acid were added. Development of brown color indicated the presences of 

glucoside of β-sitosterol. 

 

3.6 Biological assays 

Affirmation and acceptance for biological activities were attained from Board of 

Advanced Studies and Research, University of Karachi, Karachi against Resol. No. 07 

(09) File No.0265/Pharm. 

3.6.1 Animals 

Swiss albino mice of both sexes weighing 25 – 30 g and Swiss albino rats of both sexes 

weighing 150 – 300 g were used in this study. Animals were kept and maintained under 

laboratory condition of temperature (23±3ºC) with 12/12h light and dark cycles and were 

allowed to attain of food and water freely and marked with their  proper identification 

before performing biological and toxicity assessment. 

3.6.2 Drugs 

The pure compounds β-sitosterol glucoside, bergenin, piperine, hexane and ethanol 

leaves extracts of Adenanthera pavonina, Peltophorum pterocarpum andPiper nigrum 

fruits were solubilized in DMSO for i.p. and oral administration to the test groups at 

different doses according to the body weight. 

3.6.3 Acute toxicity assessment  

3.6.3.1 Study design for acute toxicity assessment in mice for i.p. treatment 

The inspectional groups were distributed into four prime groups Gp-5 for saline treated 

as control. Gp-6, Gp-7 and Gp-8 the drug treated groups were divided into twelve sub 

groups Gp-6A, Gp-6B, Gp-6C, Gp-6D, Gp-6E, Gp-6F, Gp-6G, Gp-6H, Gp-6I, Gp-6J, 

Gp-6K, Gp-6L, Gp-7A, Gp-7B, Gp-7C, Gp-7D, Gp-7E, Gp-7F, Gp-7G, Gp-7H, Gp-7I, 

Gp-7J, Gp-7K, Gp-7L and Gp-8A, Gp-8B, Gp-8C, Gp-8D, Gp-8E, Gp-8F, Gp-8G, Gp-

8H, Gp-8I, Gp-8J, Gp-8K, Gp-L, each group contained six animals (n=6) three days 
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before the toxicity assessment. The hexane and ethanol extracts of Adenanthera 

pavonina and Peltophorum pterocarpum leaves at doses of 150, 250, 300 and 500 mg/kg 

of body weight was given to Gp-6A, Gp-6B, Gp-6C, Gp-6D, Gp-6E, Gp-6F, Gp-6G, Gp-

6H and Gp-7A, Gp-7B, Gp-7C, Gp-7D, Gp-7E, Gp-7F, Gp-7G and Gp-7H respectively, 

although dosing of β-sitosterol glucoside at 5, 10, 15 and 20 mg/ kg of body weight was 

applied i.p. to Gp-6I, Gp-6J, Gp-6K and Gp-6L. Meantime bergenin at doses of 50, 75, 

100 and 150 mg/kg body weight was given to Gp-7I, Gp-7J, Gp-7K and Gp-7L and four 

different doses of piperine, hexane and ethanol extracts of piper nigrum fruits i.e.,15, 25, 

50 and 75 mg/kg of body weight were administered to the mice of Gp-8A, Gp-8B, Gp-

8C, Gp-8D, Gp-8E, Gp-8F, Gp-8G, Gp-8H, Gp-8I,Gp-8J, Gp-8K and Gp-8L. 

 

3.6.3.2 Study design for acute toxicity assessment in rats for oral treatment 

The experimental groups were categorized into four major groups Gp-1 for saline treated 

as control group. Gp-2, Gp-3 and Gp-4 were drug treated group and each drug treated 

group was further more dispersed into twelve sub groups i.e. Gp-2A, Gp-2B, Gp-2C, Gp-

2D, Gp-2E, Gp-2F, Gp-2G, Gp-2H, Gp-2I,Gp-2J, Gp-2K and Gp-2L, Gp-3A, Gp-3B, 

Gp-3C, Gp-3D, Gp-3E,Gp-3F, Gp-3G, Gp-3H, Gp-3I,Gp-3J, Gp-3K and Gp-3L, Gp-4A, 

Gp-4B, Gp-4C, Gp-4D, Gp-4E, Gp-4F, Gp-4G, Gp-4H, Gp-4I,Gp-4J, Gp-4K and Gp-4L, 

each group was comprised on six animals (n=6) three days before the toxicity 

assessment. The hexane and ethanol extracts of Adenanthera pavonina and Peltophorum 

pterocarpum leaves at doses of 150, 300, 500 and 600 mg/kg of body weight were 

administered to animals of Gp-2A, Gp-2B, Gp-2C, Gp-2D, Gp-2E, Gp-2F, Gp-2G, Gp-

2H, and Gp-3A, Gp-3B, Gp-3C, Gp-3D, Gp-3E, Gp-3F, Gp-3G, Gp-3H accordingly, 

although doses of β-sitosterol glucoside at 5, 50, 100 and 150 mg/kg of body weight was 

applied to Gp-2I, Gp-2J, Gp-2K and Gp-2L orally. Whereas bergenin at doses of 50, 100, 

200 and 300mg/ kg body weight was given to Gp-3I, Gp-3J, Gp-3K and Gp-3L. Four 

different doses of piperine, hexane and ethanol extracts of piper nigrum fruits i.e., 15, 50, 

100 and 200 mg/ kg of body weight were administered to the rats of Gp-4A, Gp-4B, Gp-

4C, Gp-4D, Gp-4E, Gp-4F, Gp-4G, Gp-4H, Gp-4I, Gp-4J, Gp-4K and Gp-4L. 
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3.6.3.3 Acute toxicity assessment methodology 

Acute systemic toxicity test of compounds and extracts were carried out as per earlier 

reported methods (Tasleem et al., 2014). Groups of six mice and rats were treated with 

different doses defined in section 3.6.3.1 and 3.6.3.2. The animals were observed 

continuously just after drug administration then after 30 minutes, 60 minutes, 120 

minutes and 180 minutes interval of time for changes in general behavior and 

physiological activities, furthermore the occurrence of mortality and number of deaths 

caused by plant extracts and pure compounds were noted up to72 hours and the results 

were collected. While LD50 was calculated using below mentioned formula. 

LD50=√ Highest nonlethal dose × least lethal dose 

Therapeutic index was calculated using the following formula 

Therapeutic Index =       LD50 

                            ED50 
 

Where ED50 is 50% effective dose. 

 

3.6.4 Anti-oxidant assay 

For evaluation of in vitro antioxidant activity 100 mg of pure compounds, extracts and 

Ascorbic acid (standard drug) were taken in 50 ml volumetric flask and dissolved with 

sufficient amount of solvent (ethanol +water, 1:1). The volume was raised up with as 

stock solution having 2000 µg/ml. Three different concentrations of pure compounds, 

hexane, ethanol extracts and standard drug were prepared from stock solution.  

1. 1000 µg/ml 

2. 500 µg/ml 

3. 250 µg/ml 

4. 100 µg/ml 

Each concentration of pure compounds, extracts and standard drug (1 ml) was taken in 

test tube. To the test tube 5 ml of phosphate buffer (0.2 M, p.H 6.6) and 1% potassium 

ferric cyanide solution was added and mixed well. This mixture was incubated at 50
o
C 

for 20 minutes. After incubation, to stop the reaction 5 ml trichloroacetic acid was added 

and then kept for centrifugation at 3000 rmp for 10 minutes. After centrifugation 5 ml of 
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supernatant was collected into one more test tube. In the supernatant 5 ml of distilled 

water and 1 ml of ferric chloride (0.1%) were added. After 10 minutes absorbance was 

measured at 700 nm on spectrophotometer. The reducing power is linearly proportional 

to the concentration of the sample. Whole experiment was conducted in triplicate. 

Control sample was prepared by adding all reagents but without test sample (Bukhari et 

al., 2008;Doss and Pugalenthi, 2012). The percentage of reduction power of test samples 

compared to standard (Ascorbic acid) was calculated by following formula (Rohman et 

al., 2010). 

                       (%) of reduction power = [1- (1- AS/ AC)] x 100  

AS = absorbance of sample 

AC = absorbance of standard at maximum concentration tested  

 

3.6.5 Anti-bacterial assay 

In vitro anti-bacterial activity of test samples were determined against two Gram’s 

positive Enterococcusfeacalis (ATCC-12970), Staphylococcus aureus (ATCC-6538), 

and six Gram’s negative Acinetobacter baumannii (ATCC-17978), Escherichia coli 

(ATCC-25922), Klebsiella pneumonia (ATCC-5046), Pseudomonas aeruginosa (ATCC-

27853), Proteus vulgaris(ATCC- 96022), Salmonella typhi (ATCC-9394) isolates. The 

zone of inhibition was determined by agar well diffusion method followed by minimum 

inhibitory concentration (MIC) determined by broth micro dilution method and time kill 

assay to check at which time of growth the tested samples were exerted its killing effect. 

 

3.6.5.1 Dilution of extracts  

In order to obtain particular concentration (0.1 g/ml) 0.3 g of each pure compound as 

well as hexane and ethanol extracts were dissolved in 3 ml of DMSO by vortex to 

achieve a final concentration of 10%. The test samples were first filtered using 

membrane filter (Corning) 0.45µ and transferred in McCartney bottles and kept in 

refrigerator at 4°C until used.  

  



46 

 

 3.6.5.2 Agar well diffusion assay 

Petri plates containing solidify Muller Hinton Medium (25-30 ml) were seeded with 

culture of bacterial strain. Suspensions of the test organisms were made in normal saline 

and 10
8 

cells/ml were maintained using McFarland index 0.5. Wells were prepared by 

using sterile borer of 7 mm in diameter by maintaining suitable space between each well. 

100 µl of pure compounds, hexane and ethanol extracts were added with the help of 

micropipette in different wells and left it at room temperature for about 30 minutes. After 

30 minutes plates were incubated at 37°C for 24 hours. Next day the antibacterial activity 

was assayed by measuring the zone of inhibition formed around the well. Each test was 

run in triplicate and repeated (n=6). The anti-bacterial activity of all the samples was 

compared against the standard extract of Berberis vulgaris (Nwankwo et al.,2014). 

 

3.6.5.3 Minimum inhibitory concentration 

Minimum inhibitory concentration was measured by broth micro dilution method (CLSI 

guideline 2008 / 2010). For this purpose a 96-well microtitre plate was used. Test 

samples were tested in two fold dilutions. The selected bacterial strains were inoculated 

onto nutrient agar slants to grow overnight. Overnight cultures were suspended in sterile 

normal saline and 10
8
cells/ ml was maintained by using McFarland index 0.5. 100µl of 

Muller Hinton broth was added into each well. 100µl of test sample was added only in 

first well (far left of plate). Which was then serially diluted to the 10
th

 well i.e. two fold 

dilution (1:2). Test sample was added till 10
th

 well. The 11
th

 and 12
th

 well serve as 

negative control (broth and test sample) and positive control (broth and bacterial culture) 

respectively. This protocol was followed for all the selected test samples in separate 

microtiter plates. All the plates were incubated at 37
o
C for 24 hours. Next day optical 

density was checked at 540 nm using microtitre ELISA plate reader.MIC of each pure 

compound, hexane and ethanol extracts were taken as the lowest concentration or highest 

dilution that did not give any visible bacterial growth or the lowest concentration of pure 

compounds, hexane and ethanol extracts that reduces, by more than 50% or 90% for 

MIC50 or MIC90 respectively. At this concentration or dilution test samples were 

bacteriostatic. The results were standardized by standard extract of Berberis vulgaris. 

The MIC of which was performed using same method. 
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 3.6.5.4 Time kill assay 

The experiment was performed by inoculating test organism in Nutrient broth incubate at 

37 °C for 24 hours. Next day culture was matched with 0.5 Macfarland index to give rise 

to 10
8
 cells/ml. 10 ml sterile nutrient broth was taken in test tube and only 10µl was 

discarded then 10µl culture was added that diluted it to 10
-3

 or 1: 1000. Finally 1ml 

diluted culture and 0.1 ml of pure compounds, hexane and ethanol extracts were 

transferred into a well dried and clean cuvettes and absorbance was determined at 600 

nm using spectrophotometer at 0 minute, 30 minutes, 60 minutes, 120 minutes, 240 

minutes and 1440 minutes (Ojo et al,. 2013). Similar procedure was followed for 

standard Berberis vulgaris. 

 

3.6.6 Analgesic Assay 

Analgesic bioassay was done on extracts and pure compounds by adopting the following 

methods (Tasleem et al., 2014). 

• Tail immersion method based on thermal radiant heat as a source of pain. 

• Analgesy meter based on physical pressure as a source of pain.  

• Hot plate method based on jumping from hot plate at 55°C.  

• Acetic acid induced writhing based on chemical radiant as a source of pain. 

 

3.6.6.1 Study design for analgesic and anti-inflammatory assay  

The mice and rats were allocated separately into five basic groups i.e. A, B, C, D, and E 

while group A, B and C were again assigned  into nine groups each group was comprised 

of five animals (n=5). Group 1-A, 2-A and 3-A were treated consequently with 1, 2.5 and 

5 mg/kg body weight of pure compound β-sitosterol glucoside, i.p. to the mice and oral 

to the rats of each tested group, bergenin at doses of 5, 25 and 50 mg/kg body weight 

were administered to group 1-B, 2-B and 3-B separately, whereas 100, 125 and 150 

mg/kg body weight of hexane and ethanol leaves extracts of  Adenanthera pavonina and 

Peltophorum pterocarpum were subjected to group 4-A, 5-A, 6-A, 7-A, 8-A, 9-A and 4-

B, 5-B, 6-B, 7-B, 8-B and 9-B accordingly. Three different doses i.e., 5, 10, and 15 

mg/kg body weight of pure compound piperine, hexane and ethanol extracts of piper 
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nigrum fruits were fed to group 1-C, 2-C, 3-C, 4-C, 5-C, 6-C, 7-C, 8-C and 9-C 

respectively. Control group D was applied with normal saline for evaluation of analgesic 

activity. Group E was treated with standard drug and served as a standard group. This 

experimental design was remade also for anti-inflammatory activity, whereas for anti-

inflammatory analysis control group D was administered carrageenan (0.1 ml/10 g of 1% 

solution in 0.9% saline solution). 

 

3.6.6.2 Tail immersion method 

The tail immersion test was performed by generating the pain sensation via thermal 

impulse. That is by immersing the end of the tail in hot water. Drugs were administered 

for tail immersion method as mentioned in part 3.6.6.1. The reaction time was noted 

before and after treatment, in regular intervals of 30 minutes, 60 minutes and 120 

minutes by driving the tail spike of the mice 1-2 cm was marked in water bath 

thermostatically controlled temperature (45 ± 1) °C. Time taken in second to pull out its 

tail from hot water was measured by stop watch and results were compared with control 

and standard group. Diclofenac sodium was used as a standard drug. The maximum cut-

off time for sinking was 180 seconds to avoid the injury of the tissues of tail.  

 

3.6.6.3 Hot plate method  

 Eddy’s hot plate was used to perform this test. The temperature was up hold at 55 ± 1°C. 

Acetylsalicylic acid was used as a standard drug. Each animal was exposed to the hot 

plate. Initial response time (in seconds) for paw licking was estimated before and after 

drugs treatment as defined in section 3.6.6.1 for 30 minutes, 60 minutes and 120 minutes 

with the help of stop watch. A cut-off period of 15 seconds was observed to avoid 

damage to the paws.  

 

3.6.6.4Analgesy meter method  

Analgesic activity was figured out using Analgesy- meter .The left hind paw of rat was 

located on a plinth under a cone-shaped pusher of the Ugo Basile analgesy meter. It 

created a continuously increment of mechanical pressure on hind paw. As imposed force 

increases, it acquires to a point where the animal attempt to release its paw. The 

capability at which each rat get away its paw was posted and intended as symbol of ache. 
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The reflex intensity of each rat was determined before and at 30 minutes, 60 minutes and 

120 minutes after treatment with tested drugs. Acetyl salicylic acid was used as a 

standard drug. Stimulus was ceased and induced strain peruse in grams taken as soon as 

nociceptive feedback was derived by the rats. The groups administered with tested 

extracts and pure compounds were compared to control and standard drug groups. 

 

3.6.6.5 Acetic acid writhing response method 

Writhing test is a chemical approach conveyed to activate the pain of peripheral origin 

by injection of irritant agent acetic acid in mice. Tested extracts and pure compounds 

were applied i.p. using different doses as defined in section 3.6.6.1 thirty minutes prior to 

implementation of 0.1 ml/10g acetic acid (1%). The number of writhes counted for 20 

minutes in each mice appearing 5 minutes after injection of acetic acid. The significant 

reduction in writhing of tested extracts and pure compounds groups were compared to 

the control and standard groups. Acetyl salicylic acid was used as a standard drug. The 

degree of analgesia was calculated using the subsequent formula. 

Inhibition (%) = Mean No. of writhes (Control) – Mean No. of writhes (Test) x 100 

                                                 Mean No. of writhes (Control) 
 

This indicated the percentage of inhibition of writhes. 

 

3.6.7 Anti-inflammatory assay 

The evaluation of anti-inflammatory activity was examined on extracts and pure 

compounds by selecting below assay (Tasleem et al., 2014). 

 

3.6.7.1 Carrageenan induced paw edema method 

A dose of 0.1 ml/10 g carrageenan suspension (in normal saline) injected into the sub 

plantar area of left hind paw of rats to induce edema, an hour after oral medication of 

standard, tested drug and control group. The drug was administered orally at the same 

doses as defined above in section 3.6.6.1. Edema was apparent within 30- 40 minutes. 

Paw volume was measured after 30 minutes, 60 minutes and 120 minutes of carrageenan 

treatment by means of volume displacement method using the Ugo Basile 

plethysmometer. The difference between initial and after treatment paw volume specified 

the degree of inflammation. Edema was considered as change in paw volume due to 
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carrageenan application referred to the non-injected paw. Inhibition was defined as 

percentage increase or decrease in edema volume. The average increase in paw volume 

of each tested group was calculated and compared with the control and the standard drug 

(diclofenac sodium 10 mg/kg body weight). 

 

% inhibition % =                (Vc-Vt)   x 100 

                           Vc 

Where 

Vc= Mean of increase paw volume in control group 

Vt= Mean of increase paw volume in treated group 

 

3.6.8 Neuropharmacological assay 

Neuropharmacological activity was done on extracts and pure compounds by adopting 

the following methodologies. All assays were carried out in calm and quiet ambience.  

• Head dip test (exploratory behavior) 

• Open field test (behavioral tests) 

• Forced swimming test (CNS depressant behavior) 

• Stationary rod activity (traction test) 

3.6.8.1 Study design 

The mice were distributed individually into five central categories A, B, C, D and E, 

even though group A, B and C were further split into three groups, each group populated 

of five animals (n=5).Pure compound β-sitosterol glucoside was delivered to group 1-A 

(i.p.) at a dose of 5 mg/kg of body weight. A dose of 25 mg/kg of body weight of pure 

compound bergenin was administered (i.p.) to Group1-B, group 2-A, 3-A and 2-B, 3-B 

were treated with 125 mg/kg of body weight of hexane and ethanol extracts of 

Adenanthera pavonina and Peltophorum pterocarpum leaves respectively. Group 1-C, 2-

C and 3-C were received dose of 15 mg/kg body weight of pure compound piperine, 

hexane and ethanol extracts of piper nigrum fruits subsequently. Control group D 

received only saline. Group E were treated with Diazepam 2 mg/kg body weight and 
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reserved as a standard group. The observations were incorporated after 30 minutes of 

oral dose of the tested and standard regimens. 

3.6.8.2 Head dip test 

A hole-board apparatus comprised of a wooden box (40×40×25 cm) with sixteen lateral 

holes (diameter 3 cm) sequentially divided on the bottom of the box. The apparatus was 

raised 25 cm above the floor. The mice were introduced independently at the center of 

the board and mobilized steadily in the box. A head dip into holes was used to indicate 

exploratory behavior. The number of head dips were counted for 10 minutes and 

documented before and on 30 minutes, 60 minutes and 120 minutes after oral 

administration of tested and standard drug. The number of head dips of control compared 

to treated animals. After the withdrawal of animal from apparatus, interior was wiped 

with wet cloth and dried completely, prior to entering of next animal (Salahdeen and 

Yemitan 2006). 

 

3.6.8.3 Open field test 

The floor of an open field apparatus was bisected into a sequence of 25 identical 

sections, preferably each tinted black and white. The apparatus was comprised wooden 

chamber of 76×76 cm
2
 long with 40 cm walls height. After 30 minutes oral 

administration of the tested and standard drugs, the treated and control mice subjected 

distinctly to open field apparatus and the number of squares walk out by the animals 

were counted for 10 minutes at 30 minutes, 60 minutes, and 120 minutes. After removal 

of animal from open field apparatus, surface was cleared with damp cloth and dried 

properly before commencing of next animal  (Akhter et al ., 2011).  

 

3.6.8.4 Forced swimming test 

Forced swimming test apparatus (FST) constituted of water bath (diameter, 10 cm; 

height, 25 cm) contained water to a height of 10 cm at room temperature 25°C. Each 

mouse was left for 10 minutes in to FST apparatus before and after 30 minutes of 

administration of the tested and standard drugs, the treated and control mice abruptly 

moved their front and hind limbs. The following behaviors were recorded during the last 

4 minutes out of 10 minutes test period. 
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Inactivity spell:    floating in water without swimming.  

Swimming:          active movements in the container.  

Climbing:            active movements of forelimbs on the container wall. 

After withdrawal of animals from water bath, were dried and placed back to their cages. 

Same procedure was repeated at 30 minutes, 60 minutes, and 120 minutes (Taqa, 2013). 

3.6.8.5 Stationary rod activity 

This study was composed to ascertain the time taken by the animal to move on an iron 

rod of 1 m in length sited 18" over the top of table. Before starting of this activity 

initially mice were habituated to walk on the iron rod to dig out the ability to walk 

adjacent the rod. Treated and control mice were mounted one by one on the medial point 

of rod and impelled to pass the rod, maintained balance and then reached till end point. 

Any increment or depletion in the time taken by the drug treated animals compared to the 

control animals to travel the rod illustrates the sedative or rational activity of the drug 

subsequently (Kishioka et al., 2009 and Aslam and Najam 2013). 

 

 

3.6.9 Hepatoprotactive assay 

Scanning of hepatoprotactive activity of pure compounds and extracts were performed in 

following two models (Argal and Dwivedi, 2010).  

• Prophylactic study model 

• Therapeutic study model 

3.6.9.1 Study design 

The rats were segregated into six primary groups i.e. A, B, C, D, E and F whereas groups 

A, B and C were more split into nine groups and group D was further divided into three 

groups each group included five animals (n=5). Three different doses i.e. 25, 75, and 100 

mg/kg body weight of pure compounds β-sitosterol glucoside, bergenin and piperine 

were administered to group 1-A, 2-A, 3-A, 1-B, 2-B, 3-B and 1-C, 2-C, 3-C respectively, 

While hexane and ethanol leaves extracts of Adenanthera pavonina and Peltophorum 

pterocarpum were delivered orally to group 4-A, 5-A, 6-A, 7-A, 8-A, 9-A and 4-B, 5-B, 

6-B, 7-B, 8-B, 9-B at doses of 75, 150, 250 mg/kg body weight accordingly, mean time 
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group 4-C, 5-C, 6-C, 7-C, 8-C and 9-C were received doses of 50, 100, 150 mg/kg body 

weight hexane and ethanol extracts of piper nigrum fruits. Group D was served as a 

standard group and treated with standard drug Jetepar 5.37, 10.75, 16.13 mg/kg body 

weight to group 1-D, 2-D and 3-D respectively along with toxicant. The composition of 

standard drug Jetepar (Capsules) was indicated in Table-13. Each capsule contains: 

Table-13: Composition of Jetepar capsules* 

Active ingredients Concentrations 

per capsule 

Betaine Glucuronate 150 mg 

Diethanolamine Glucuronate 30 mg 

Nicotinamide Ascorbate 8.2 mg 

* Manufactured by Popular Chemicals Works Pvt. Ltd. Lahore Pakistan 

 (Under license from Rota Research Laborium, Milan-Italy). 

 

Group E was given saline presented as control group. Group F was exposed with single 

oral dose of 1.5 ml/kg body weight CCl4 in equal volume of olive oil (1:1) and assigned 

as toxicant group. The study was performed in duplicate i.e. prophylactic and therapeutic 

models keeping all the parameters same as described above.   

 

3.6.9.2 Prophylactic study model 

This examination pattern was executed via earlier dosing of drug in segment 3.6.9.1 to 

inhibit the liver injury by toxicant. The rats were divided into pre-defined groups. They 

were given their specific doses for five days constantly, after the half an hour of 

administration of last dose of drug on day five they were toxicant by oral delivery of 

CCl4 except the control group.  

 

3.6.9.3 Therapeutic study model 

In this investigation, first trigger toxicity in liver by formal oral dispensation of single 

dose of CCl4. After half an hour of CCl4 medicated animals of pre-defined groups in 

segment 3.6.9.1 were given their particular doses for 5 days regularly excluding control 

group. On day six rats of both evaluation prototypes were sacrificed using anesthesia and 



54 

 

approximately 5 ml blood samples from each animal were drawn by cardiac puncture 

and were let on to clot at room temperature for half an hour. Blood samples were 

centrifuged at 2500 rpm for 15 minutes and serum was segregated for biochemical 

estimation of Alkaline phosphatese (ALP), Alanine aminotransferase (ALT), Gamma-

glutamyl transferase (γ-GT),Direct bilirubin (DB) and Total Bilirubin (TBL). These tests 

are referred to as liver function test (LFT). Incised the abdomen of animals and liver was 

eradicated. It was weight and transmitted into 10% phosphate buffered formalin fixative 

solution for histopathological study (hepatocellular disintegrates, grade of inflammation 

and stages of fibroses in portal veins and lobular region was diagnosed by biopsy) in 

liver architecture. 

3.6.9.4 Estimation of biochemical profile  

Liver damage was assessed by the estimation of serum activities of hepatic ALP, ALT, 

γ-GT, DB and TB according to the reported methods by Edwards and Bouchier, 1991. 

The enzyme activities were measured using Ecoline® diagnostic reagent (Table-14, 15, 

16, 17, 18) (Merck, France) and were read on a Photometric Micro lab (300 Merck) 

(Alqasoumi et al., 2013). Liver function test was performed at 25ºC, and all the reagents 

are ready to use. 

Reagents composition and concentrations of Alkaline phosphatese (ALP) 

R1:  Diethanolamine pH 9.8 - - - - - 1.2 mol/L  

Magnesium chloride - - - - - - - 0.6 mmol/L 

R2: p-Nitrophenylphosphate - - - - - 50 mmol/L 

Table-14: Assay procedure for ALP 

Reagents Samples volumes 

Serum 20 μL 

R1 800 μL 

R2 200 μL 

Mixed and read absorbance at 405 nm 

after 1 minute 

Ecoline DiaSys Diagnostic Systems Gmb Germany 
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Reagents composition and concentrations of Alanine aminotransferase(ALT) 

R1:  Tris buffer pH 7.5 - - - - - - - - - - -- - - - - - - - - -110 mmol/L  

        L-Alanine - - - - - - - - - - - - - - - - - - - - - - - - - - 550 mmol/L 

R2:   Lactate dehydrogenase - - - - - - - -- - - - - - - - - >1200 U/L 

Α-Ketoglutarate - - - - - - - - - - - - - - - - - - - - - - 16 mmol/L 

       Nicotinamide adenine dinucleotide (NADH) - - - 0.20 mmol/L 

Table-15: Assay procedure for ALT 

Reagents Samples volumes 

Serum 50 μL 

R1 400 μL 

R2 100  μL 

Mixed and read absorbance at 340 nm 

after 1 minute 

Ecoline DiaSys Diagnostic Systems Gmb Germany 

Reagents composition and concentrations of Gamma-glutamyl transferase (γ-GT) 

R1: Tris buffer pH 8.25 - - - - - - - - - - - - - - - - - - - - - 133 mmol/L  

        Glycylglycine - - - - - - - - - - - - - - - - - - - - - - - - 138 mmol/L 

R2: L-g-Glutamyl-3 carboxy-p-nitroanilide - - - - - - - - 23 mmol/L 

monoammonium        (GLUPA-C)         

 

Table-16: Assay procedure for γ-GT 

Reagents Samples volumes 

R1 400 μL 

R2 100 μL 

Mixed and wait 25 seconds 

Serum 50  μL 

Mixed and read absorbance at 405 nm 

after 50 seconds 

Ecoline DiaSys Diagnostic Systems Gmb Germany 
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Reagents composition and concentrations of Bilirubin(DB and TB) 

R1: Sulfanilic acid - - - - - - - - - - - - -- -  29 mmol/L 

Hydrochloric acid- - - - - - - - - - - - - 170 mmol/L    

 R2: Sodium nitrite - - - - - - - - - - - - - -- 29 mmol/L 

 R3: Caffeine - - - - - - - - - - - - - - - - - -- 130 mmol/L  

 Sodium benzoate - - - - - - - - - - - -- 156 mmol/L 

        Sodium acetate - - - - - - - - - - - - - --460 mmol/L 

R4: Fehling solution II 

       Potassium sodium tartrate - - - - - - - -930 mmol/L 

       Sodium hydroxide - - - - - - - - - - - - -1.9 mol/L 

       Sodium chloride - - - - - - - - - - - - - - -9.0 g/L 

 

 

Table-17: Assay procedure for Direct bilirubin (DB) 

Reagents Sample blank Samples 

R2 - 50 μL 

R1 200μL 200μL 

NaCl solution 2000μL 2000μL 

Serum 200μL 200μL 

Mixed immediately and allowed to stand for 5 minutes, 

measured the absorbance against blank at 546 nm. 

Ecoline DiaSys Diagnostic Systems Gmb Germany 
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Table-18: Assay procedure for Total bilirubin (TB) 

Reagents Sample blank Samples 

R2 - 50 μL 

R1 200μL 200μL 

R3 1000μL 1000μL 

Serum 200μL 200μL 

Mixed and allowed to stand for 35 minutes, then add: 

R4 1000μL 1000μL 

Mixed well and after 20 minutes, measured the absorbance 

against blank at 546 nm. 

Ecoline DiaSys Diagnostic Systems Gmb Germany 

 

3.6.9.5 Histopathological analysis of liver  

A small part of the isolated liver was fixed in 10% phosphate buffered formalin, then 

dehydrated with graded 50% ethanol, cleared in xylene and embedded in paraffin melted 

at 60°C. Thin section about 3-5 µm were prepared and stained with hematoxylin and 

eosin stain for photomicroscopic assessment (Lodhi et al., 2009).  

 

3.6.9.6 Hepatic scoring to evaluate liver pathology  

Laboratory evaluation of liver damages reviewed and scored as hepatic fibrosis, 

congestion, hepatocellular necrosis and vascular features via biopsy specimen of liver 

tissues. Histopathological features may support in clinical diagnosis, anticipated the 

potential of therapy and assessed the results before treatment (Batts and Ludwig 1995; 

Gelow et al., 2010). The detection of degree of fibrosis was based on the observation of 

various staging (Table-19), which ultimately determines a distinctive phase or stages 

necrosis or in a broader sense the damages occur in liver cells. 
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Table-19: Criteria used to detect staging of fibrosis in portal tract 

Staging Descriptive Criteria 

0 No fibrosis Normal connective tissues 

1 Portal 

fibrosis 

Fibrous portal expansion 

2 Periportal 

fibrosis 

Peri central and septal fibrosis; no bridging fibrosis  

3 Septal 

fibrosis 

Fibrous septa with architectural distortion ; no obvious 

cirrhosis (bridging fibrosis) 

4 Cirrhosis Cirrhosis, complete nodule formation  

 

Similarly the inflammatory condition of the hepatic cells was recorded on the basis of 

lobular damages observed in the portal vein (Table-20). 

Table-20: Criteria used to detect grading of inflammation 

in portal tract 

Grading Descriptive Criteria 

Lobular inflammation and Necrosis 

0 Portal 

inflammation 

only; no activity 

None 

1 Minimal Minimal; occasional spotty necrosis 

2 Mild Mild; little hepatocellular damage 

3 Moderate Moderate; with noticeable hepatocellular change 

4 Severe Severe; with prominent diffuse hepatocellular 

damage 
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In the present study phytochemical screening together with biological assays of 

Adenanthera pavoninaleaves, Peltophorum pterocarpum leaves and Piper nigrumfruits 

have been executed to examine the previous published ethanomedicinal properties of the 

phytopharmaceuticals extracted from plants and also to generate some new data. The 

leading approach of this ground work was to assess the therapeutic significance and to 

develop a correlation between traditional uses with the pharmacological actions. The 

data collected was comprised of specimen collection, identification, extraction, isolation, 

and the collection of published information. The utilization of different bioassays for 

monitoring of chemical and pharmacological profiles of pure compounds and extracts 

obtained from plants are frequently incorporated in phytopharmaceuticals research to 

explore the appropriate utilization of traditional medicine.   

 
 

4.1 Pharmacognostic Evaluation 

The pharmacognostic evaluation presented in Table-21, phytochemical screening 

includes the detection of Octacosanol, glucoside of β-sitosterol, stigma sterol, flavonoids, 

carbohydrates, alkaloids, saponins, cardiac glycosides, tannins, steroids, phenols and 

resins extraction procedures, isolation of pure compounds, detection of melting point, 

TLC analysis, and IR analysis (Table-22, 23 and 24).  

 

4.2 Biological Assays 

The performed biological assays include acute systemic toxicity assessment, anti-

oxidant, anti-bacterial, analgesic, anti-inflammatory, neuropharmacological and 

hepatoprotactive activities. Acute systemic toxicity assessment was conducted by first 

exposure to a single dose of test compounds and extracts and the results and observations 

were summarized in Table-25 to 42. 

The in vitro anti-oxidant properties of test samples in different concentrations which was 

analyzed by Ferric reducing antioxidant power assay (Table-43 to 48). Results were 

expressed as triplicate of Mean ± SEM. Statistical comparisons between groups were 

performed with Student’s t-test for independent observations and analysis were done 

using SPSS version 20. Differences were considered at *P<0.05 non-significant, 

**P<0.01 significant as compared to standard drug. 
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Table-21: Phytochemical screening of Adenanthera pavonina,  

Peltophorum pterocarpum and Piper nigrum 

 
 

Phytoconstituents 

                                             Ethanol Extract 

Adenanthera pavonina Peltophorum pterocarpum Piper nigrum 

Alkaloids + + + 

β-sitosterol glucoside + - - 

Carbohydrates + - - 

Flavonoids + + + 

Glycosides + + + 

Resins - - + 

Saponins + + + 

Steroids + + + 

Stigma sterol + + - 

Tannins + - + 

Phenols - - + 

 

(+) Present, (−) Not present 
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Table-22: Identification results of pure compound from Adenanthera pavonina 
 

 

Test parameters 
Isolated pure 

compound 

Melting point Rf value IR analysis 

β-sitosterol glucoside 284°C 0.5 3515, 1650, 815  cm
-1

 

 

 

Table-23: Identification results of pure compound from Peltophorum pterocarpum 

 
 

Test parameters 
Isolated pure 

compound 

Melting point Rf value IR analysis 

Bergenin 235 ºC 0.57 3300, 1690, 1610, 

1535, 1230 cm
-1

 

 

 

Table-24: Identification results of pure compound from Piper nigrum 
 

 

 

Test parameters 

Isolated pure 

compound 

Melting point Rf value IR analysis 

Piperine 130 ºC 0.55 3005, 1622, 1665, 

1561,  2883, 1435,  

1002, 1133, 1005, 

1230, 830 cm
-1
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Table-25: Toxicity assessment of Adenanthera pavonina - hexane, ethanol extracts 

and a pure compound (β-sitosterol glucoside) in mice 
 

Compound and                                

Extracts 

Doses 

mg/kg 

Quantal 

incidence of 

symptoms 

Quantal 

incidence of 

mortality 

% age of 

mortality 

β-sitosterol glucoside 5 0/6 0/6 0 

10 6/6 6/6 100 

15 6/6 6/6 100 

20 6/6 6/6 100 

Adenanthera pavonina  

(Hexane Extract) 

150 0/6 0/6 0 

250 6/6 6/6 100 

300 6/6 6/6 100 

500 6/6 6/6 100 

Adenanthera pavonina 

(Ethanol Extract) 

150 0/6 0/6 0 

250 6/6 6/6 100 

300 6/6 6/6 100 

500 6/6 6/6 100 

Control - 0/6 0/6 0 
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Table-26:  Responses of Adenanthera pavonina -hexane, ethanol extracts and a pure compound 

(β-sitosterol glucoside)in mice at different doses and time interval 
Compound 

and Extracts 

Doses 

mg/kg 

Immediate 30 mins 1 hr 2 hrs 3 hrs 24 hrs 48 hrs 72 hrs 

β-sitosterol 

glucoside 

5 Normal 

activity 

Normal 

activity 

Normal 

activity 

Normal activity Normal activity Normal activity Normal 

activity 

Normal 

activity 

10 Shivering, 

tail erection 

Writhes Immobile and 

no intake of 

water and feed 

Drowsy and no 

intake of water and 

feed 

Sitting position  
with closed eyes 

2 animals were 
died and 4 animals 
were survived 
without intake of 
water and feed 

Died - 

15 Shivering, 

tail erection 

Writhes Immobile and 
no intake of 
water and feed 

Drowsy and no 
intake of water and 
feed 

Sitting position 
with closed eyes 

Died - - 

20 Shivering, 

tail erection 

Hyper- 

active 

Immobile and 

no intake of 

water and feed 

Drowsy and no 

intake of water and 

feed 

Sitting position 

with closed eyes 

Died - - 

Adenanthera 

pavonina 

 

(Hexane 

Extract) 

 

 

 

 

 

 

 

 

 

150 Normal 

activity 

Normal 

activity 

Normal 

activity 

Normal activity Normal activity Normal activity Normal 

activity 

Normal 

activity 

250 Hyperactive 

and writhes 

Drowsy Drowsy and 

no intake of 

water and feed 

Drowsy and no 

intake of water and 

feed 

Drowsy and no 

intake of water and 

feed 

4 animals were 

died and 2 animals 

were survived 

without intake of 

water and feed 

Died - 

300 Hyperactive, 

writhes and 

circular 

movement 

Drowsy Drowsy and 

no intake of 

water and feed 

Drowsy and no 

intake of water and 

feed 

Drowsy and no 

intake of water and 

feed 

Died - - 

500 Tail erection, 

writhes, 

shivering and 

body flat. 

Writhes Drowsy Drowsy and no 

intake of water and 

feed 

Drowsy and no 

intake of water and 

feed 

Died - - 

 

 



65 
 

Table-26 Continued 

Adenanthera 

pavonina 

 

(Ethanol 

Extract) 

150 Normal 

activity 

Normal 

activity 

Normal 

activity 

Normal  

activity 

Normal 

activity 

Normal  

activity 

Normal  

activity 

Normal 

activity 

 250 Body flat, 

drowsy 

Drowsy Drowsy and 

no intake of 

water and 

feed 

Drowsy and no 

intake of water 

and feed 

Drowsy and 

no intake of 

water and feed 

2 were died and 4 

were remaining 

survived without 

intake of water and 

feed 

4 survived 

without intake 

of water and 

feed 

Died 

 300 Drowsy 

and 

partially 

eyes 

closed 

Eyes 

closed 

Drowsy Drowsy and no 

intake of water 

and feed 

Drowsy and 

no intake of 

water and feed 

2 were died and 4 

were remaining 

survived without 

intake of water and 

feed 

2 were died and 

2 were 

remaining  

survived without 

intake of water 

and feed 

Died 

 500 Tail 

erection, 

writhes, 

body flat, 

shivering 

Immobile Drowsy Drowsy and no 

intake of water 

and feed 

Drowsy and 

no intake of 

water and feed 

Died - - 

 

Drowsy: A decreased level of consciousness characterized by sleepiness 

Writhes: Contraction of body in pain 

Immobile: Incapable of being moved 
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Table-27: LD50 in mice by i.p. treatment for Adenanthera pavonina 
 

Compound and Extracts LD50 mg/kg of body 

weight 

β-sitosterol glucoside 7.07 

Hexane Extract 193.64 

Ethanol Extract 193. 64 

LD50 =√ Highest nonlethal dose × least lethal dose 

 

Table-28: Therapeutic index in mice by i.p. treatment for 

Adenanthera pavonina 
 

Compound and Extracts Therapeutic index 

β-sitosterol glucoside 1.414 

Hexane Extract 1.2909 

Ethanol Extract 1.2909 

Therapeutic Index =                      LD50 

       ED50 

Where ED50 is 50% effective dose. 
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Table-29: Toxicity assessment of Adenanthera pavonina-hexane, ethanol extracts 

and a pure compound (β-sitosterol glucoside)  in rats 
 

Compound and Extracts Doses 

mg/kg 

Quantal 

incidence of 

symptoms 

Quantal 

incidence of 

mortality 

% age of 

mortality 

β-sitosterol glucoside 50 0/6 0/6 0 

100 0/6 0/6 0 

200 0/6 0/6 0 

300 0/6 0/6 0 

Adenanthera pavonina 

(Hexane Extract) 

150 0/6 0/6 0 

300 0/6 0/6 0 

500 0/6 0/6 0 

600 0/6 0/6 0 

Adenanthera pavonina 

(Ethanol Extract) 

150 0/6 0/6 0 

300 0/6 0/6 0 

500 0/6 0/6 0 

600 0/6 0/6 0 

Control - 0/6 0/6 0 

 

 

 

 

\ 
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Table-30:  Responses of Adenanthera pavonina -hexane, ethanol extracts and a pure compound 

(β-sitosterol glucoside) in rats different doses and time interval 
 

Compound and 

Extracts 

Doses 

mg/kg 

Immediate 30 mins 1 hr 2 hrs 3 hrs 24 hrs 48 hrs 72 hrs 

β-sitosterol 

glucoside 

50 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

100 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

200 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

300 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Adenanthera 

pavonina 

(Hexane Extract) 

150 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

300 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

500 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

600 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Adenanthera 

pavonina 

(Ethanol Extract) 

150 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

300 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

500 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

600 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 
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Table-31: Toxicity assessment of Peltophorum pterocarpum- hexane, 

ethanol extracts and a pure compound (Bergenin) in mice 
 

Compound and Extracts Doses 

mg/kg 

Quantal 

incidence of 

symptoms 

Quantal 

incidence of  

mortality 

% age of 

mortality 

Bergenin 50 0/6 0/6 0 

75 6/6 6/6 100 

100 6/6 6/6 100 

150 6/6 6/6 100 

Peltophorum pterocarpum 

(Hexane Extract) 

150 0/6 0/6 0 

250 6/6 6/6 100 

300 6/6 6/6 100 

500 6/6 6/6 100 

Peltophorum pterocarpum 

(Ethanol Extract) 

150 0/6 0/6 0 

250 6/6 6/6 100 

300 6/6 6/6 100 

500 6/6 6/6 100 

Control - 0/6 0/6 0 
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Table-32:  Responses of Peltophorum pterocarpum -hexane, ethanol extracts and a pure compound 

(Bergenin) in mice at different doses and time interval 
Compound 

and Extracts 

Doses 

mg/kg 

Immediate 30 mins 1 hr 2 hrs 3 hrs 24 hrs 48 hrs 72 hrs 

Bergenin 50 Normal activity Normal 

activity 
Normal 

activity 
Normal activity Normal activity Normal activity Normal activity Normal 

activity 
75 Shivering and 

feel discomfort 

Writhes and 
shivering 

Drowsy Drowsy Drowsy Drowsy and no intake 
of water and feed. 

Drowsiness and no 
intake of water and 
feed 

Died 

100 Hyperactive 

and shivering 

Writhes and 
shivering 

Drowsy Drowsy Drowsy and no 
intake of water 
and feed 

Drowsy and no intake 
of water and feed 

3 animals were died 
and remaining 3 
were survived 
without intake of 
water and feed 

Died 

150 Irritated, 

shivering 

Writhes and 

shivering 

Drowsy Drowsy Drowsy, and no 
intake of water 
and feed 

2 animals were died 
and 4 remaining were 
survived without 
intake of water and 
feed 

Died - 

Peltophorum 

pterocarpum 

(Hexane 

Extract) 

150 Normal activity Normal 

activity 

Normal 
activity 

Normal activity Normal activity Normal activity Normal activity Normal 
activity 

250 Partially eyes 

closed 

Writhes Drowsy Drowsy and no 
intake of water 
and feed 

Drowsy and no 
intake of water 
and feed 

Drowsyand no intake 
of water and feed 

Drowsy and no 
intake of water and 
feed 

Died 

300 Shivering, fits Writhes Drowsy Drowsy and no 
intake of water 
and feed 

Drowsy and no 
intake of water 
and feed 

2 animals were died 
and 4 were remaining 
survived without 
intake of water and 
feed 

Died - 

500 Tail erection, 

writhes, 

shivering 

Eyes closed 

and 

abdominal 

constrictions 

 

Drowsy Drowsy and no 
intake of water 
and feed 

Drowsy and no 
intake of water 
and feed 

Died - - 
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Table-32 Continued 

Peltophorum   

pterocarpum 

(Ethanol 

Extract) 

150 Normal 

activity 

Normal 

activity 

Normal 

activity 

Normal activity Normal activity Normal activity Normal activity Normal 

activity 

250 Drowsy, 

partially 

eyes closed 

Drowsy Drowsy Drowsy and no 

intake of water 

and feed 

Drowsy and no 

intake of water 

and feed 

Drowsiness and no 

intake of water and 

feed 

Drowsiness and no 

intake of water and 

feed 

Died 

300 Hind limbs 

contraction, 

Immobile 

Drowsy Drowsy Drowsy and no 

intake of water 

and feed 

Drowsy and no 

intake of water 

and feed 

Drowsiness and no 

intake of water and 

feed 

4 animals were died 

and 2 were survived 

without intake of 

water and feed 

Died 

500 Tail 

erection, 

writhes, 

shivering, 

unable to 

move 

Unconscious Drowsy Drowsy and no 

intake of water 

and feed 

Drowsy and no 

intake of water 

and feed 

Died - - 

 

Drowsy: A decreased level of consciousness characterized by sleepiness 

Writhes: Contraction of body in pain 

Immobile: Incapable of being moved 
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Table-33: LD50 in mice by i.p. treatment for Peltophorum pterocarpum 
 

Compound and Extracts LD50 mg/kg of body 

weight 

Bergenin 61.23 

Hexane Extract 193.64 

Ethanol Extract 193.64 

LD50 =√ Highest nonlethal dose × least lethal dose 

 

Table-34: Therapeutic index in mice by i.p. treatment for 

Peltophorum pterocarpum 
 

Compound and Extracts Therapeutic index 

Bergenin 1.2246 

Hexane Extract 1.2909 

Ethanol Extract 1.2909 

 

Therapeutic Index =                      LD50 

       ED50 

Where ED50 is 50% effective dose. 
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Table-35: Toxicity assessment of Peltophorum pterocarpum -hexane, 

ethanol extracts and a pure compound (Bergenin) in rats 
 

Compound and Extracts Doses 

mg/kg 

Quantal 

incidence of 

symptoms 

Quantal 

incidence of 

mortality 

% age of 

mortality 

Bergenin 50 0/6 0/6 0 

100 0/6 0/6 0 

200 0/6 0/6 0 

300 0/6 0/6 0 

Peltophorum pterocarpum 

(Hexane Extract) 

150 0/6 0/6 0 

300 0/6 0/6 0 

500 0/6 0/6 0 

600 0/6 0/6 0 

Peltophorum pterocarpum 

(Ethanol Extract) 

150 0/6 0/6 0 

300 0/6 0/6 0 

500 0/6 0/6 0 

600 0/6 0/6 0 

Control - 0/6 0/6 0 
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Table-36:  Responses of Peltophorum pterocarpum -hexane, ethanol extracts and a pure compound                                                      

(Bergenin) in rats at different doses and time interval 
 

Compound and 

Extracts 

Doses 

mg/kg 

Immediate 30 

mins 

1 hr 2 hrs 3 hrs 24 hrs 48 hrs 72 hrs 

Bergenin 50 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

100 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

200 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

300 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Peltophorum 

pterocarpum 

(Hexane Extract ) 

150 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

300 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

500 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

600 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Peltophorum 

pterocarpum 

(Ethanol Extract ) 

150 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

300 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

500 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

600 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 
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Table-37: Toxicity assessment of Piper nigrum- hexane, ethanol extracts 

and a pure compound (Piperine) in mice 
 

Compound and 

Extracts 

Doses 

mg/kg 

Quantal 

incidence of 

symptoms 

Quantal 

incidence of 

mortality 

% age of 

mortality 

Piperine 15 0/6 0/6 0 

25 6/6 6/6 100 

50 6/6 6/6 100 

75 6/6 6/6 100 

Piper nigrum 

(Hexane Extract) 

15 0/6 0/6 0 

25 6/6 6/6 100 

50 6/6 6/6 100 

75 6/6 6/6 100 

Piper nigrum 

(Ethanol Extract) 

15 0/6 0/6 0 

25 6/6 6/6 100 

50 6/6 6/6 100 

75 6/6 6/6 100 

Control - 0/6 0/6 0 
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Table-38:  Responses of Piper nigrum- hexane, ethanol extracts and a pure compound 

(Piperine) inmice at different doses and time interval 
Compound 

and Extracts 

Doses 

mg/kg 

Immediate 30 mins 1 hr 2 hrs 3 hrs 24 hrs 48 hrs 72 hrs 

Piperine 15 Hyperactive Normal activity Normal activity Normal activity Normal 
activity 

Normal 
activity 

Normal 
activity 

Normal 
activity 

25 Irritated, 
hyperactive 

Partially eyes 
closed 

Sitting Position 
and drowsy 

No intake of 
water and feed, 
sitting position 

No intake of 
water and 

feed, sitting 
position 

No intake of 
water and 

feed, sitting 
position 

Died - 

50 Irritated, 
hyperactive 

Sitting 
position, 

partially eyes 
closed 

Sitting position, 
eyes closed no 
intake of water 

and feed 

No intake of 
water and feed, 
sitting position 

No intake of 
water and 

feed, sitting 
position 

No intake of 
water and 

feed, Sitting 
position 

Died - 

75 Irritated, 
hyperactive 

Drowsy, 
partially eyes 

closed. 

Body flat, Hind 
limbs paralyzed 

Body flat, hind 
limbs 

paralyzed, no 
intake of water 

and feed 

No intake of 
Water and 

feed 

Died - - 

Piper nigrum 

(Hexane 

Extracts) 

15 Hyperactive Normal activity Normal activity Normal activity Normal 
activity 

Normal 
activity 

Normal 
activity 

Normal 
activity 

25 Shivering of 
whole body, 

Irritated 

Hind limbs 
paralyzed and 

shivering 

Eyes closed and 
body flat 

Fits and no 
intake of water 

and feed 

No loco motor 
movement 

No loco 
motor 

movement 
and no intake 
of water and 

feed 

Died - 

50 Shivering of 
whole body, 

Irritated 

1 animal was 
died while 

remaining 5 
were survived 
with fits and 

shivering 

Blood traces 
with urine and 
hair erection 

Body flat and 
paralytic effect 

No loco motor 
movement 

Died - - 

75 Shivering of 
whole body, 

Irritated 

Breathing 
problem 

Blood traces 
with urine,no 

intake of water 
and feed 

2 were died and 
4 were 

remaining 
survived 

Died - - - 
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Table-38 Continued 

Piper nigrum 

(Ethanol 

Extract) 

15 Hyperactive Normal activity Normal activity Normal activity Normal 

activity 

Normal 

activity 

Normal 

activity 

Normal 

activity 

25 Shivering of 

whole body, 

Irritated 

Breathing 

problem and 

partially closed 

eyes. 

Body flat, slow 

activity. 

No intake of 

water and feed, 

no loco motor 

movement 

Paralytic 

effect 

Died - - 

50 Shivering of 

whole body, 

Irritated 

2 animals were 

died while 4 

were survived 

with breathing 

problem 

Blood traces 

with urine,no 

intake of water 

and feed 

Breathing 

problem 

1 animal was 

died, while 3 

were survived 

Died - - 

75 Shivering of 

whole body, 

Irritated 

Partially 

Eyes closed, 

fits 

Jerks in whole 

body, blood 

traces with urine 

Hind limbs 

paralyzed, 

body flat 

Body flat and 

no intake of 

water and 

feed. 

Died - - 

 

Drowsy: A decreased level of consciousness characterized by sleepiness 

Writhes: Contraction of body in pain. 

Immobile: Incapable of being moved 
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Table-39: LD50 in mice by i.p. treatment for Piper nigrum 
 

Compound and Extracts LD50 mg/kg of body 

weight 

Piperine 19.36 

Hexane Extract 19.36 

EthanolExtract 19.36 

LD50 =√ Highest nonlethal dose × least lethal dose 

 

Table-40: Therapeutic index in mice by i.p. treatment 

forPiper nigrum 

 
Compound and Extracts Therapeutic index 

Piperine 1.2909 

Hexane Extract 1.2909 

EthanolExtract 1.2909 

Therapeutic Index =                      LD50 

       ED50 

Where ED50 is 50% effective dose. 
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Table-41: Toxicity assessment of Piper nigrum- hexane, ethanol extracts 

and a pure compound (Piperine) in rats 

 
Compound and 

Extracts 

Doses 

mg/kg 

Quantal 

incidence of 

symptoms 

Quantal 

incidence of 

mortality 

% age of 

mortality 

Piperine 15 6/6 0/6 0 

50 6/6 0/6 0 

100 6/6 0/6 0 

200 6/6 0/6 0 

Piper nigrum 

(Hexane Extract) 

15 6/6 0/6 0 

50 6/6 0/6 0 

100 6/6 0/6 0 

200 6/6 0/6 0 

Piper nigrum 

(Ethanol Extract) 

15 6/6 0/6 0 

50 6/6 0/6 0 

100 6/6 0/6 0 

200 6/6 0/6 0 

Control - 6/6 0/6 0 
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Table-42:  Responses of Piper nigrum- hexane, ethanol extracts and a pure compound  

(Piperine)in rats at different doses and time interval 
 

Compound 

and Extracts 

Doses 

mg/kg 

Immediate 30 mins 1 hr 2 hrs 3 hrs 24 hrs 48 hrs 72 hrs 

Piperine 15 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

50 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

100 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

200 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Piper nigrum 

(Hexane 

Extract ) 

15 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

50 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

100 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

200 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Piper nigrum 

(Ethanol 

Extract ) 

15 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

50 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

100 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

200 Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 

Normal 

Activity 
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Table-43: Reducing power capacity of β-sitosterol glucoside, hexane and 

ethanol extractsof Adenanthera pavonina 

 

Concentration 

μg/ml 

Absorbance at 700 nm 

Standard drug 

(Ascorbic acid) 

β-sitosterol 

glucoside 

Hexane 

Extract 

Ethanol 

Extract 

100 0.106 ±0.005 0.226±0.0008 0.102±0.002 0.032±0.001 

250 0.514±0.011 0.232±0.0007 0.122±0.016 0.109±0.127 

500 1.026±0.006 0.251±0.008 0.125±0.019 0.124±0.002 

1000 1.441±0.094 0.279±0.028 0.244±0..031 0.246±0.057 
 

The results are means of triplicate estimations, ± SEM 

 

Table-44: Percentage of reducing power capacity of β-sitosterol glucoside, 

hexane and ethanol extracts of Adenanthera pavonina 
 

Concentration 

μg/ml 

Percentage of reducing power capacity 

Standard Drug 

(Ascorbic acid) 

β-sitosterol 

glucoside 

Hexane Extract Ethanol Extract 

100 7.30 11.6 7.0 2.2 

250 35.60 16.0 8.4 7.5 

500 71.30 17.4 8.6 8.6 

1000 - 19.3 16.9 17.0 
 

Percentage of reduction power calculated by absorbance of standard (ascorbic acid) at maximum concentration tested 
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Figure-:7In vitro anti-oxidant activity of Adenanthera pavonina by reducing power method 

 

 

*P<0.05 non-significant, **P<0.01 significant as compared to standard drug 
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Table-45: Reducing power capacity of bergenin, hexane and  

ethanol extractsof Peltophorum pterocarpum 

 
Concentration 

μg/ml 

Absorbance at 700 nm 

Standard drug 

(Ascorbic acid) 
Bergenin 

Hexane 

Extract 

Ethanol 

Extract 

100 0.106 ±0.005 0.018±0.003 0.039±0.0007 0.081±0.014 

250 0.514±0.011 0.023±0.003 0.059±0.010 0.100±0.004 

500 1.026±0.006 0.045±0.005 0.093±0.011 0.123±0.002 

1000 1.441±0.094 0.333±0.014 0.134±0.001 0.219±0.0007 
 

The results are means of triplicate estimations, ± SEM 

 

Table-46: Percentage of reducing power capacity of bergenin, hexane and 

ethanol extractsof Peltophorum pterocarpum 

 

Concentration 

μg/ml 

Percentage of reducing power capacity 

Standard Drug 

(Ascorbic acid) 

Bergenin Hexane Extract Ethanol Extract 

100 7.30 1.2 2.7 5.6 

250 35.60 1.4 4.0 6.9 

500 71.30 3.1 6.4 8.5 

1000 - 23.1 9.2 15.1 
 

Percentage of reduction power calculated by absorbance of standard (ascorbic acid) at maximum concentration tested. 
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Figure-8: In vitro anti-oxidant activity of Peltophorum pterocarpum by reducing power method 

 

 

 

 

 

 

 

 

 

 

 

 

*P<0.05 non-significant, **P<0.01 significant as compared to standard drug 
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Table-47: Reducing power capacity of piperine, hexane and  

ethanol extracts of Piper nigrum 
 

Concentration 

μg/ml 

Absorbance at 700 nm 

Standard drug 

(Ascorbic acid) 
Piperine 

Hexane 

Extract 

Ethanol 

Extract 

100 0.106 ±0.005 0.045±0.0007 0.078±0.004 0.050±0.0007 

250 0.514±0.011 0.066±0.001 0.245±0.009 0.135±0.002 

500 1.026±0.006 0.113±0.002 0.430±0.0007 0.150±0.004 

1000 1.441±0.094 1.039±0.015 0.668±0.004 0.301±0.003 
 

The results are means of triplicate estimations, ± SEM 

 

Table-48: Percentage of reducing power capacity of piperine, hexane and 

ethanol extracts of Piper nigrum 
 

Concentration 

μg/ml 

                            Percentage of reducing power capacity 

Standard Drug 

(Ascorbic acid) 

Piperine Hexane Extract Ethanol Extract 

100 7.30 3.0 5.4 3.4 

250 35.60 4.5 17.0 9.3 

500 71.30 7.8 30.0 10.4 

1000 - 72.1 46.3 20.8 
 

Percentage of reduction power calculated by absorbance of standard (ascorbic acid) at maximum concentration tested 
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Figure-9: In vitro anti-oxidant activity of Piper nigrum by reducing power method 

 

 

 
 

*P<0.05 non-significant, **P<0.01 significant as compared to standard drug. 
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Table-49: Anti-bacterial assay of β-sitosterol glucoside, hexane and ethanol extracts 

ofAdenanthera pavonina by well diffusion method 
 

Name of Bacteria                                                   Diameter of Zone  inhibition (mm ) 

β-sitosterol glucoside Hexane Extract Ethanol Extract Standard DrugBerberis 

vulgaris 

Enterococcusfeacalis - 11 7 16 

Staphylococcus aureus 15 10.5 8 21 

Acinetobacter baumannii 11 - 17 10 

Escherichia coli 9 - 17.5 15 

Klebsiella pneumoniae - - - 11 

Pseudomonas aeruginosa - 10 - 19 

Proteusvulgaris - - - 11 

Salmonella typhi - 10 - 15 
 

(-) indicates no inhibition, *P<0.05 non-significant, **P<0.01 significant as compared to standard drug 

The results are means of triplicate estimations 

Enterococcusfeacalis(ATCC-12970), Staphylococcus aureus (ATCC-6538), Acinetobacter baumannii (ATCC-17978) 

Escherichia coli (ATCC-25922), Klebsiella pneumoniae(ATCC-5046), Pseudomonas aeruginosa (ATCC 27853) 

Proteusvulgaris (ATCC- 96022), Salmonella typhi (ATCC-9394) 

 

 

 

 

 
 



88 
 

 

 

Table-50: Anti-bacterial assay of β-sitosterol glucoside, hexane and ethanol extracts 

ofAdenanthera pavonina bybroth micro dilution method 
 

Name of Bacteria                                          Minimum inhibitory concentration presented in % 

β-sitosterol glucoside Hexane Extract Ethanol Extract Standard DrugBerberis 

vulgaris 

Enterococcusfeacalis 25 25  10 6.25 

Staphylococcus aureus 25 25  5 25 

Acinetobacter baumannii 12.5 25  10 3.1 

Escherichia coli 25 25  10 3.1 

Klebsiella pneumoniae 25 25  10 1.5 

Pseudomonas aeruginosa 25 12.5  10 6.25 

Proteusvulgaris 25 25  0.625 12.5 

Salmonella typhi 50 25  10 6.25 
 

*P<0.05 non-significant, **P<0.01 significant as compared to standard drug. The results are means of triplicate estimation 

The results are means of triplicate estimations 

Enterococcusfeacalis(ATCC-12970), Staphylococcus aureus (ATCC-6538), Acinetobacter baumannii (ATCC-17978) 

Escherichia coli (ATCC-25922), Klebsiella pneumoniae(ATCC-5046), Pseudomonas aeruginosa (ATCC 27853) 

Proteusvulgaris (ATCC- 96022), Salmonella typhi (ATCC-9394) 
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Figure-10: Time-kill evaluation of β-sitosterol glucoside, hexane and ethanol extracts of  

Adenanthera pavonina in comparison to Berberis vulgaris against Escherichia coli 
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Table-51: Anti-bacterial assay of bergenin, hexane and ethanol extracts of  

Peltophorum pterocarpum bywell diffusion method 
Name of Bacteria                                                Diameter of Zone  inhibition (mm ) 

Bergenin Hexane Extract Ethanol Extract Standard DrugBerberis 

vulgaris 

Enterococcusfeacalis 11 - 12 16 

Staphylococcus aureus 10.5 - 10 21 

Acinetobacter baumannii - - - 10 

Escherichia coli 11 10 12 15 

Klebsiella pneumoniae - - - 11 

Pseudomonas aeruginosa 15 14 12 19 

Proteusvulgaris - - - 11 

Salmonella typhi - - - 15 
 

(-) indicates no inhibition, *P<0.05 non-significant, **P<0.01 significant as compared to standard drug 

The results are means of triplicate estimation 

Enterococcusfeacalis(ATCC-12970), Staphylococcus aureus (ATCC-6538), Acinetobacter baumannii (ATCC-17978) 

Escherichia coli (ATCC-25922), Klebsiella pneumoniae(ATCC-5046), Pseudomonas aeruginosa (ATCC 27853) 

Proteusvulgaris (ATCC- 96022), Salmonella typhi (ATCC-9394) 
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Table-52: Anti-bacterial assay of bergenin, hexane and ethanol extracts of  

Peltophorum pterocarpum by broth micro dilutionmethod 
 

Name of Bacteria                                       Minimum inhibitory concentration presented in % 

Bergenin Hexane Extract Ethanol Extract Standard DrugBerberis 

vulgaris 

Enterococcus feacalis 6.25 3.125  25 6.25 

Staphylococcus aureus 6.25 1.56 12.5 25 

Acinetobacter baumannii 3.125 3.125 12.5 3.125 

Escherichia coli 0.78 6.25  25 3.125 

Klebsiella pneumoniae 0.195 3.125  25 1.56 

Pseudomonas aeruginosa 1.56 1.56  25 6.25 

Proteusvulgaris 3.125 6.25  25 12.5 

Salmonella typhi 6.25 1.56  25 6.25 
 

*P<0.05 non-significant, **P<0.01 significant as compared to standard drug. 

The results are means of triplicate estimation. 

Enterococcusfeacalis(ATCC-12970), Staphylococcus aureus (ATCC-6538), Acinetobacter baumannii (ATCC-17978) 

Escherichia coli (ATCC-25922), Klebsiella pneumoniae(ATCC-5046), Pseudomonas aeruginosa (ATCC 27853) 

Proteusvulgaris (ATCC- 96022), Salmonella typhi (ATCC-9394) 

 

 

 

 
  



92 
 

Figure-11: Time-kill evaluation of bergenin, hexane and ethanol extracts of  

Peltophorum pterocarpum in comparison to Berberis vulgaris against Escherichia coli 
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Table-53: Anti-bacterial assay of piperine, hexane and ethanol extracts of  

Piper nigrum by well diffusion method 
 

Name of Bacteria                                             Diameter of Zone  inhibition (mm ) 

Piperine Hexane Extract Ethanol Extract Standard DrugBerberis 

vulgaris 

Enterococcus feacalis 15 12 11 16 

Staphylococcus aureus - -  15 21 

Acinetobacter baumannii 20 - - 10 

Escherichia coli 13 11  15 15 

Klebsiella pneumoniae 15 12  - 11 

Pseudomonas aeruginosa - -  18 19 

Proteusvulgaris - - - 11 

Salmonella typhi 18 18  14.3 15 
 

(-) indicates no inhibition, *P<0.05 non-significant, **P<0.01 significant as compared to standard drug 

The results are means of triplicate estimation 

Enterococcusfeacalis(ATCC-12970), Staphylococcus aureus (ATCC-6538), Acinetobacter baumannii (ATCC-17978) 

Escherichia coli (ATCC-25922), Klebsiella pneumoniae(ATCC-5046), Pseudomonas aeruginosa (ATCC 27853) 

Proteusvulgaris (ATCC- 96022), Salmonella typhi (ATCC-9394) 
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Table-54: Anti-bacterial assay of piperine, hexane and ethanol extracts of  

Piper nigrum by broth micro dilution method 
 

Name of Bacteria                                      Minimum inhibitory concentration presented in % 

Piperine Hexane Extract Ethanol Extract Standard DrugBerberis 

vulgaris 

Enterococcus feacalis 12.5 12.5  0.78 6.25 

Staphylococcus aureus 6.25 12.5  0.78 25 

Acinetobacter baumannii 12.5 12.5  0.195 3.1 

Escherichia coli 12.5 25  0.39 3.1 

Klebsiella pneumoniae 12.5 25  0.78 1.5 

Pseudomonas aeruginosa 25 25  6.25 6.25 

Proteusvulgaris 12.5 25  0.20 12.5 

Salmonella typhi 12.5 25  0.78 6.25 
 

*P<0.05 non-significant, **P<0.01 significant as compared to standard drug 

The results are means of triplicate estimation 

Enterococcusfeacalis(ATCC-12970), Staphylococcus aureus (ATCC-6538), Acinetobacter baumannii (ATCC-17978) 

Escherichia coli (ATCC-25922), Klebsiella pneumoniae(ATCC-5046), Pseudomonas aeruginosa (ATCC 27853) 

Proteusvulgaris (ATCC- 96022), Salmonella typhi (ATCC-9394) 
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Figure-12: Time-kill evaluation of the piperine, hexane and ethanol extracts of  

Piper nigrum in comparison to Berberis vulgaris against Escherichia coli 
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Table-55:  Effect of Adenanthera pavonina on radiant heat induced tail immersion response in mice 
 

Compound and 

Extracts 

Dose 

mg/kg 

                                                          Reaction Time (Seconds) 

0 min♦ 30 mins♦ 

 

60 mins♦ 120 mins♦ Mean 

β-sitosterol 

glucoside 

1 5.376±0.003 6.720±0.041* 11.148±0.012* 11.366±0.022* 8.652±0.0195* 

2.5 11.624±0.074 14.432±0.037* 19.468±0.010* 19.792±0.039* 16.329±0.040* 

5 12.528±0.019 28.000±0.001** 23.066±0.014* 32.982±0.007** 24.144±0.010* 

Adenanthera 

pavonina (Hexane 

Extract) 

100 5.800±0.008 6.600±0.025* 9.800±0.003** 10.600±0.002** 8.200±0.009** 

125 7.200±0.002 8.200±0.016* 10.200±0.001** 14.800±0.016* 10.100±0.008** 

150 10.600±0.001 14.000±0.010* 15.800±0.005** 20.000±0.005** 15.100±0.005** 

Adenanthera 

pavonina (Ethanol 

Extract) 

100 3.298±0.002 4.170±0.052 8.042±0.029* 18.230±0.110 8.435±0.048* 

125 6.514±0.102 9.312±0.093 10.448±0.138 16.648±0.074 10.728±0.101 

150 2.530±0.002 8.632±0.066 24.800±0.056 27.600±0.003** 15.890±0.031* 

Standard Drug 

(Diclofenac 

sodium) 

5 3.620±0.170 6.180±0.070 7.140±0.060 7.700±0.130 6.160±0.107 

Control - 1.622±0.001 1.708±0.008 1.772±0.001 1.798±0.004 1.725±0.003 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
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Table-56: Analgesic effect of Adenanthera pavonina against hot plate induced pain in rats 
 

Compound and 

Extracts 

Dose 

mg/kg 

                                                      Reaction Latency (seconds) 

 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

β-sitosterol 

glucoside 

1 0.654±0.029 0.616±0.016* 0.920±0.084 1.190±0.014* 0.845±0.035* 

2.5 0.942±0.004 1.306±0.008** 1.346±0.013* 1.360±0.029* 1.238±0.013* 

5 0.884±0.046 1.738±0.001** 1.742±0.020* 1.790±0.007** 1.538±0.018* 

Adenanthera 

pavonina  (Hexane 

Extract) 

100 0.800±0.051 1.278±0.010 1.426±0.007 1.716±0.058 1.305±0.031 

125 1.130±0.023 1.432±0.002** 1.536±0.001** 1.694±0.002** 1.448±0.007** 

150 1.280±0.024 1.352±0.010** 1.700±0.038* 1.890±0.080 1.555±0.038* 

Adenanthera 

pavonina (Ethanol 

Extract) 

100 0.474±0.030 0.638±0.022* 0.862±0.004** 1.082±0.028* 0.764±0.021* 

125 0.696±0.026 0.756±0.033* 0.866±0.018* 1.092±0.002** 0.852±0.019* 

150 0.654±0.019 0.752±0.023* 0.954±0.013* 1.164±0.036* 0.881±0.022* 

Standard Drug 

(Acetyl salicylic 

acid) 

20 4.330±0.030 7.890±0.050* 7.250±0.040* 7.020±0.015* 6.622±0.033* 

Control - 4.330±0.030 6.412±0.013 5.130±0.011 4.840±0.009 5.178±0.0157 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
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Table-57: Evaluation of analgesic effect of Adenanthera pavonina by pressure caused pain in rats 

 
Compound and 

Extracts 

Dose 

mg/kg 

                                                 Applied pressure causing pain (gms) 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

β-sitosterol 

glucoside 

1 2.700±0.004 6.400±0.002** 5.500±0.005** 4.300±0.184 4.725±0.048* 

2.5 12.900±0.005 15.300±0.011** 7.000±0.010** 5.500±0.065 10.175±0.022* 

5 10.200±0.017 16.600±0.003** 11.900±0.016* 9.800±0.081 12.125±0.029* 

Adenanthera 

pavonina 

(Hexane Extract) 

100 5.600±0.014 7.800±0.012* 7.200±0.027* 7.400±0.034* 7.000±0.021* 

125 9.900±0.009 12.400±0.008** 11.200±0.003** 8.500±0.046* 10.500±0.016* 

150 11.200±0.040 14.100±0.030* 11.100±0.004** 8.500±0.018* 11.220±0.023* 

Adenanthera 

Pavonina 

(Ethanol Extract) 

100 7.700±0.033 11.800±0.002** 7.500±0.023* 9.600±0.015* 9.150±0.018* 

125 2.980±0.007 15.900±0.024* 8.100±0.055 4.800±0.042* 7.945±0.032* 

150 6.700±0.020 12.700±0.010** 10.300±0.015* 9.700±0.029* 9.850±0.018* 

Standard Drug 

(Acetyl salicylic 

acid) 

10 2.480±0.001 8.572±0.002 8.660±0.002 9.294±0.001 7.250±0.001 

Control - 2.240±0.005 3.800±0.003 5.080±0.006 3.400±0.005 3.630±0.004 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
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Table-58: Effect of Adenanthera pavonina on writhing induced by acetic acid in mice 
 

Compound and Extracts Dose mg/kg No. of writhes 

(Mean ± SD) 

% Protection 

β-sitosterol glucoside 1 5.6±0.120 92.06 

2.5 8.6±0.001** 87.81 

5 8.0±0.049 88.66 

Adenanthera pavonina 

(Hexane Extract) 

100 0±0.00 100 

125 0±0.00 100 

150 2.6±0.217 96.31 

Adenanthera pavonina 

(Ethanol Extract) 

100 13.4±0.178 81.01 

125 0±0.00 100 

150 0±0.00 100 

Standard Drug 

(Acetyl salicylic acid) 

5 23±2.48 67.42 

Control (Acetic Acid) 0.1* 70.60±0.00 - 

 

Results were presented as Mean ± SD 

n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 

* Dose of Control in ml/kg body weight 
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Table-59: Effect of Peltophorum pterocarpum on radiant heat induced tail immersion response in mice 
 

Compound and 

Extracts 

Dose 

mg/kg 

Reaction Time (seconds) 

  0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Bergenin 15 1.072±0.001 1.794±0.029* 4.656±0.148 1.702±0.004** 2.306±0.045* 

25 1.038±0.001 3.698±0.037* 4.434±0.022* 2.664±0.005** 2.958±0.065* 

50 1.172±0.004 1.950±0.007** 10.286±0.142 1.980±0.004** 3.847±0.039* 

Peltophorum 

pterocarpum 

(Hexane Extract) 

100 2.426±0.009 4.850±0.069 8.384±0.052 2.636±0.014* 4.574±0.036* 

125 2.896±0.009 2.742±0.013* 6.158±0.321 4.862±0.193 4.164±0.134 

150 2.838±0.010 11.582±0.021* 11.782±0.082 7.576±0.101 8.444±0.053 

Peltophorum 

pterocarpum 

(Ethanol Extract) 

100 1.400±0.014 2.778±0.002** 4.620±0.020* 2.340±0.007** 2.780±0.010** 

125 1.880±0.003 2.636±0.014* 4.240±0.002** 3.140±0.003** 2.974±0.005** 

150 2.280±0.040 3.440±0.001*. 8.460±0.113 3.420±0.001** 4.400±0.038* 

Standard Drug 

(Diclofenac sodium) 

5 3.620±0.170 6.180±0.070 7.140±0.060 7.700±0.130 6.160±0.107 

Control - 1.6206±0.001 1.708±0.008 1.722±0.001 1.798±0.004 1.712±0.003 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
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Table-60: Analgesic effect of Peltophorum pterocarpum against hot plate induced pain in rats 

 
Compound and 

Extracts 

Dose 

mg/kg 

                                          Reaction Latency (seconds) 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Bergenin 15 0.714±0.045 0.940±0.019* 1.282±0.045* 0.958±0.062 0.973±0.042* 

25 0.956±0.059 1.430±0.020* 1.588±0.016* 1.326±0.039* 1.325±0.033* 

50 1.192±0.069 1.522±0.035* 2.478±0.002** 1.726±0.015* 1.729±0.030* 

Peltophorum 

pterocarpum 

(Hexane Extract) 

100 0.810±0.064 0.968±0.061 1.164±0.003** 1.118±0.003** 1.015±0.032* 

125 1.240±0.023 1.386±0.013* 1.928±0.042* 1.610±0.006** 1.541±0.021* 

150 1.118±0.005 1.538±0.182 2.110±0.009* 1.696±0.001** 1.615±0.049 

Peltophorum 

pterocarpum 

(Ethanol Extract) 

100 0.568±0.019 0.604±0.006** 1.184±0.017* 0.942±0.069 0.824±0.027* 

125 0.764±0.121 0.966±0.015* 2.334±0.009* 1.660±0.037* 1.431±0.045* 

150 1.448±0.028 1.658±0.001** 2.018±0.073 1.822±0.091 1.736±0.048* 

Standard Drug  

(Acetyl salicylic 

acid) 

20 4.330±0.030 7.890±0.050 7.250±0.040 7.020±0.015 6.622±0.033 

Control - 4.330±0.030 6.412±0.013 5.130±0.011 4.840±0.009 5.178±0.0157 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
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Table-61: Evaluation of analgesic effect of Peltophorum pterocarpum by pressure caused pain in rats 
 

Compound and 

Extracts 

Dose 

mg/kg 

                                      Applied pressure causing pain ( gms ) 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

 

Bergenin 15 6.000±0.002 8.840±0.082 9.140±0.009* 9.100±0.018* 8.270±0.027* 

25 4.240±0.001 12.200±0.026* 7.800±0.029* 10.500±0.009** 8.685±0.016* 

50 0.500±0.004 9.580±0.033* 9.700±0.014* 15.800±0.004** 10.395±0.013* 

Peltophorum 

pterocarpum 

(Hexane Extract) 

100 5.400±0.008 3.500±0.018* 6.400±0.003** 8.200±0.027* 5.875±0.014* 

125 8.900±0.045 9.000±0.009** 8.100±0.114 8.800±0.028* 8.700±0.049* 

150 5.600±0.002 6.400±0.075 10.900±0.030* 15.200±0.018* 9.525±0.031* 

Peltophorum 

pterocarpum 

(Ethanol Extract) 

100 0.500±0.002 6.100±0.001** 6.700±0.005** 10.200±0.003** 7.000±0.002** 

125 6.700±0.001 7.300±0.001** 8.100±0.021* 8.700±0.001** 7.700±0.006** 

150 6.900±0.007 6.800±0.013* 9.900±0.013* 12.200±0.013* 8.950±0.010** 

Standard Drug 

(Acetyl salicylic 

acid) 

10 2.480±0.001 8.572±0.002** 8.660±0.002** 9.294±0.001** 7.250±0.001** 

Control - 2.240±0.005 3.800±0.003 4.080±0.006 3.400±0.005 3.630±0.004 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control. 
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Table-62: Effect of Peltophorum pterocarpum on writhing 

induced by acetic acid in mice 
 

Compound and Extracts Dose mg/kg No. of writhes 

(Mean ± SD) 

% Protection 

Bergenin 15 0±0.00 100 

25 0±0.00 100 

50 0±0.00 100 

Peltophorum pterocarpum 

(Hexane Extract) 

100 10.0±0.029 85.83 

125 0.6±0.374 99.15 

150 0±0.00 100 

Peltophorum pterocarpum 

(Ethanol Extract) 

100 0±0.00 100 

125 0±0.00 100 

150 0±0.00 100 

Standard Drug 

(Acetyl salicylic acid) 

5 23±2.48 67.42 

Control 

(Acetic Acid) 

0.1* 70.60±0.00 - 

 

Results were presented as Mean ± SD 

n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
* Dose of Control in ml/kg body weight 
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Table-63:  Effect of Piper nigrum on radiant heat induced tail immersion response in mice 
 

Compound and 

Extracts 

Dose 

mg/kg 

                                                       Reaction Time (seconds) 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Piperine 5 2.612±0.023 7.168±0.248 3.990±0.011** 11.658±0.129 6.357±0.102 

10 3.566±0.003 6.556±0.008** 9.152±0.024* 3.000±0.095 5.568±0.032* 

15 0.232±0.294 3.600±0.004** 0.286±0.129 4.030±0.379 2.037±0.201 

Piper nigrum  

(Hexane Extract) 

5 0.854±0.079 2.060±0.083 2.054±0.083 2.06±0.083 1.757±0.082 

10 1.322±0.103 5.284±0.111 8.284±0.207 4.400±0.113 4.822±0.133 

15 0.990±0.113 2.074±0.175 2.440±0.123 2.996±0.115 2.127±0.131 

Piper nigrum 

(Ethanol Extract) 

5 1.040±0.117 3.376±0.144 4.596±0.172 5.064±0.070 3.519±0.125 

10 3.080±0.018 3.780±0..030* 5.166±0.003** 3.206±0.011** 3.808±0.015* 

15 1.170±0.013 2.020±0.007** 3.940±0.045* 9.602±0.041* 4.183±0.026* 

Standard Drug 

(Diclofenac 

sodium) 

5 3.620±0.170 6.180±0.070 7.140±0.060 7.700±0.130 6.160±0.107 

Control - 1.622±0.001 1.708±0.008 1.772±0.001 1.798±0.004 1.725±0.003 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
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Table-64:  Analgesic effect of Piper nigrum against hot plate induced pain in rats 
 

Compound and 

Extracts 

Dose 

mg/kg 

                                         Reaction Time (seconds) 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Piperine 5 3.500±0.001 3.390±0.003** 4.450±0.001** 9.990±0.005** 5.332±0.002** 

10 3.474±0.001 12.870±0.003** 9.040±0.017* 10.248±0.016* 8.908±0.009** 

15 2.878±0.001 8.756±0.006** 6.536±0.002** 4.404±0.003** 5.643±0.003** 

Piper nigrum 

(Hexane Extract) 

5 1.938±0.006 1.508±0.004** 2.382±0.025* 2.660±0.053 2.122±0.022* 

10 1.676±0.002 2.018±0.016* 1.452±0.094 1.7080±0.022* 1.713±0.033* 

15 1.954±0.006 1.370±0.145 1.974±0.051* 2.738±0.035* 2.009±0.059 

Piper nigrum 

(Ethanol Extract ) 

5 1.102±0.020 2.022±0.390 2.486±0.023* 2.356±0.030* 1.991±0.115 

10 1.926±0.008 1.328±0.132 1.708±0.002** 0.796±0.019* 1.439±0.040* 

15 1.244±0.007 1.646±0.009** 1.768±0.057 0.722±0.037* 1.345±0.027* 

Standard Drug 

(Acetyl salicylic 

acid) 

20 4.330±0.030 7.890±0.050 7.250±0.040 7.020±0.015 6.622±0.033 

Control 

 

- 4.330±0.030 6.412±0.013 5.130±0.011 4.840±0.009 5.178±0.0157 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
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Table-65: Evaluation of analgesic effect of Piper nigrum by pressure caused pain in rats 

 
Compound and 

Extracts 

Dose 

mg/kg 

                                       Reaction Time (gms) 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Piperine 5 4.680±0.023 5.440±0.033* 8.280±0.001** 4.600±0.050* 5.750±0.026* 

10 2.800±0.002 4.500±0.008** 8.700±0.011** 6.400±0.001** 5.600±0.005** 

15 5.200±0.002 6.700±0.001** 9.400±0.004** 8.100±0.021* 7.350±0.007** 

Piper nigrum 

(Hexane Extract) 

5 2.600±0.008 4.900±0.003** 13.000±0.006** 3.200±0.013** 5.925±0.007** 

10 1.500±0.003 2.600±0.035* 12.000±0.003** 4.800±0.005** 5.225±0.011 

15 4.200±0.013 6.200±0.001** 8.900±0.045* 6.200±0.001** 6.375±0.015** 

Piper nigrum 

(Ethanol Extract) 

5 1.800±0.006 13.500±0.002** 14.300±0.007* 2.400±0.008** 8.000±0.005** 

10 2.300±0.002 4.400±0.02* 20.900±0.023* 10.400±0.074 9.500±0.029* 

15 1.600±0.005 8.400±0.0682 9.200±0.021* 2.600±0.020* 5.450±0.028* 

Standard Drug 

(Acetyl salicylic 

acid) 

10 2.480±0.001 8.572±0.002 8.660±0.002 9.294±0.001 7.250±0.001 

Control - 2.240±0.005 3.800±0.003 5.080±0.006 3.400±0.005 3.630±0.004 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control. 
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Table-66: Effect of Piper nigrum on writhinginduced by acetic acid in mice 
 

Compound and 

Extracts 

Dose 

mg/kg 

No. of writhes 

(Mean ± SD) 

% Protection 

Piperine 5 0.2±0.374 99.71 

10 0±0.00 100 

15 7±0.205 90.08 

Piper nigrum 

(Hexane Extract) 

5 0.2±0.374 99.71 

10 0.2±0.374 99.71 

15 0.8±0.242 98.86 

Piper nigrum 

(Ethanol Extract) 

5 0.4±0.178 99.43 

10 1.2±0.109 98.30 

15 0±0.00 100 

Standard Drug 

(Acetyl salicylic acid) 

5 23±2.48 54.90 

Control (Acetic Acid) 0.1* 70.60±0.00 - 

 

Results were presented as Mean ± SD 

n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
* Dose of Control in ml/kg body weight 
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Table-67: Anti-inflammatory effect of Adenanthera pavonina by carrageenan induced paw edema in rats 

 

Compound and 

Extracts 

Dose 

mg/kg 

Change in paw volume (ml) 

0 min ♦ 30 mins ♦ 60 mins ♦ 120 mins ♦ Mean 

β-sitosterol glucoside 1 0.052±0.004 0.712±0.015* 

(7.040%) 

0.468±0.016* 

(55.000%) 

0.314±0.051 

(76.56%) 

0.386±0.021* 

(74.771%) 

2.5 0.038±0.034 0.542±0.068 

(29.014%) 

0.476±0.060 

(57.880%) 

0.466±0.010** 

(68.050%) 

0.380±0.043* 

(75.163%) 

5 0.172±0.001 0.582±0.001** 

(43.661%) 

0.466±0.062 

(71.173%) 

0.420±0.052 

(81.492%) 

0.410±0.029* 

(84.440%) 

Adenanthera 

pavonina 

(Hexane Extract) 

100 0.024±0.024 0.540±0.001** 

(27.320%) 

0.424±0.001** 

(61.538%) 

0.074±0.001** 

(96.268%) 

0.265±0.006** 

(84.248%) 

125 0.034±0.001 0.520±0.001** 

(31.549%) 

0.488±0.003** 

(56.346%) 

0.054±0.001** 

(98.501%) 

0.274±0.002** 

(82.091%) 

150 0.022±0.004 0.640±0.013* 

(12.957%) 

0.052±0.002** 

(95.000%) 

0.040±0.002** 

(98.656%) 

0.238±0.005** 

(85.882%) 

Adenanthera 

pavonina 

(Ethanol Extract) 

100 0.048±0.033 0.570±0.001** 

(26.760%) 

0.464±0.001** 

(60.000%) 

0.096±0.003** 

(96.417%) 

0.2945±0.009** 

(83.921%) 

125 0.038±0.024 0.570±0.001** 

(25.070%) 

0.440±0.004** 

(61.346%) 

0.424±0.002** 

(71.194%) 

0.368±0.007** 

(78.431%) 

150 0.050±0.002 0.424±0.002** 

(47.323%) 

0.410±0.002** 

(65.384%) 

0.278±0.003** 

(85.098%) 

0.290±0.002** 

(84.313%) 

Standard Drug 

(Diclofenac sodium) 

10 0.97±0.030 

 

1.22±0.060 

(64.788%) 

1.33±0.060 

(65.384%) 

1.29±0.060 

(75.373%) 

1.202±0.052 

(84.836%) 

Control 0.1* 1.200±0.005 1.91±0.035 2.24±0.021 2.54±0.100 2.73±0.028 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 
* Dose of Control in ml/kg body weight 
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Table-68: Anti-inflammatory effect of Peltophorum pterocarpum by carrageenan induced paw edema in rats 
 

Compound and 

Extracts 

Dose 

mg/kg 

Change in paw volume (ml) 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Bergenin 15 0.104±0.001 0.424±0.001** 

(54.929%) 

0.376±0.002** 

(73.846%) 

0.376±0.002** 

(79.701%) 

0.32±0.001** 

(88.882%) 

25 0.048±0.001 0.484±0.001** 

(38.591%) 

0.344±0.013* 

(71.538%) 

0.050±0.001** 

(99.000%) 

0.231±0.004** 

(88.039%) 

50 0.270±0.003 0.520±0.001** 

(64.788%) 

0.408±0.001** 

(86.730%) 

0.290±0.001** 

(98.507%) 

0.372±0.001** 

(93.333%) 

Peltophorum 

pterocarpum 

(Hexane Extract) 

100 0.286±0.056 0.462±0.002** 

(75.211%) 

0.506±0.001** 

(78.846%) 

0.570±0.003** 

(78.800%) 

0.456±0.016* 

(88.888%) 

125 0.328±0.013 0.540±0.001** 

(70.140%) 

0.430±0.001** 

(90.192%) 

0.392±0.007** 

(95.223%) 

0.423±0.006** 

(93.790%) 

150 0.286±0.005 0.462±0.001** 

(75.211%) 

0.392±0.001** 

(89.807%) 

0.348±0.008** 

(95.522%) 

0.372±0.004** 

(94.379%) 

Peltophorum 

pterocarpum 

(Ethanol Extract) 

100 0.236±0.013 0.528±0.008** 

(58.873%) 

0.492±0.032* 

(75.384%) 

0.424±0.010** 

(85.970%) 

0.420±0.015* 

(87.973%) 

125 0.330±0.014 0.538±0.012* 

(70.704%) 

0.448±0.075 

(88.653%) 

0.444±0.016* 

(91.716%) 

0.440±0.003** 

(92.810%) 

150 0.250±0.017 0.538±0.001** 

(59.436%) 

0.448±0.003** 

(80.961%) 

0.364±0.012* 

(91.492%) 

0.400±0.008** 

(90.196%) 

Standard Drug 

(Diclofenac 

sodium) 

10 0.97±0.030 1.22±0.060 

(64.788%) 

1.33±0.060 

(65.384%) 

1.29±0.060 

(75.373%) 

1.202±0.052 

(84.836%) 

Control 0.1* 1.200±0.005 1.91±0.035 2.24±0.021 2.54±0.100 2.73±0.028 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 

* Dose of Control in ml/kg of body weight 
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Table-69: Anti-inflammatory effect of Piper nigrum by carrageenan induced paw edema in rats 
 

Compound and 

Extracts 

Dose 

mg/kg 

Reaction Time 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Piperine 5 0.044±0.022 0.254±0.006** 

(70.422%) 

0.454±0.004** 

(60.576%) 

0.258±0.003** 

(84.029%) 

0.252±0.008** 

(86.405%) 

10 0.072±0.007 0.282±0.002** 

(70.422%) 

0.362±0.001** 

(72.307%) 

0.234±0.004** 

(87.910%) 

0.237±0.002** 

(89.215%) 

15 0.362±0.001 0.484±0.001** 

(82.816%) 

0.548±0.001** 

(82.115%) 

0.588±0.001** 

(83.134%) 

0.495±0.001** 

(91.307%) 

Piper nigrum  

(Hexane Extract) 

5 0.234±0.002 0.338±0.001** 

(85.352%) 

0.350±0.001** 

(88.846%) 

0.416±0.004** 

(86.417%) 

0.334±0.002** 

(93.464%) 

10 0.248±0.004 0.362±0.007 

(83.94%) 

0.470±0.005** 

(78.65%) 

0.442±0.003** 

(85.52%) 

0.380±0.004** 

(91.37%) 

15 0.228±0.001 0.422±0.001 

(99.34%) 

0.52±0.024* 

(68.07%) 

0.50±0.170 

(76.71%) 

0.359±0.006* 

(76.53%) 

Piper nigrum  

(Ethanol Extract) 

5 0.110±0.001 0.118±0.001** 

(98.873%) 

0.136±0.001** 

(97.500%) 

0.232±0.007** 

(90.895%) 

0.149±0.002** 

(97.450%) 

10 0.104±0.002 0.380±0.001** 

(61.126%) 

0.484±0.001** 

(63.461%) 

0.432±0.001** 

(75.522%) 

0.350±0.001** 

(83.921%) 

15 0.104±0.009 0.294±0.013** 

(73.239%) 

0.284±0.006** 

(82.692%) 

0.284±0.006** 

(86.567%) 

0.241±0.008** 

(91.045%) 

Standard Drug 

(Diclofenac sodium) 

10 0.97±0.030 1.22±0.060 

(64.788%) 

1.33±0.060 

(65.384%) 

1.29±0.060 

(75.373%) 

1.202±0.052 

(84.836%) 

Control 0.1* 1.200±0.005 1.91±0.035 2.24±0.021 2.54±0.100 2.73±0.028 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SD, n=5,*P<0.05 significant, **P<0.01 most significant as compared to control 

* Dose of Control in ml/kg body weight 
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Table-70: Effect of β-sitosterol glucoside,hexane and ethanol extracts of 

Adenanthera pavonina in head dip test 

 
Compound  and 

Extracts 

Dose 

mg/kg 

Number of head dips counted in 10 minutes 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

β-sitosterol glucoside 5 25.330±0.003 29.000±0.570 30.000±0.003** 31.330±0.003** 28.915±0.144 

Adenanthera 

pavonina 

(Hexane Extract) 

125 21.666±0.014 25.666±0.002** 25.666±0.010* 32.660±0.007** 26.410±0.008** 

Adenanthera 

pavonina 

(Ethanol Extract) 

125 18.500±0.002 15.500±0.001** 11.167±0.001** 4.500±0.006** 12.415±0.002** 

Standard Drug 

(Diazepam) 

2 21.877±0.007 11.600±0.003 12.400±0.001 13.400±0.007 14.819±0.004 

Control - 21.200±0.001 20.400±0.002 22.000±0.001 22.000±0.001 21.400±0.001 
 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 
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Table-71: Effect of β-sitosterol glucoside,hexane and ethanol extracts of Adenanthera pavonina in open field test 
 

Compound  and Extracts Dose 

mg/kg 

Number of squares crossed in 10 minutes 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

β-sitosterol glucoside 

 

5 109.500±0.001 93.200±0.001** 75.000±0.008** 56.660±0.005** 83.590±0.004** 

Adenanthera pavonina 

(Hexane Extract) 

125 74.400±0.002 70.400±0.002** 64.000±0.001** 48.000±0.001** 64.200±0.002** 

Adenanthera pavonina 

(Ethanol Extract) 

125 52.000±0.003 40.330±0.009 24.500±0.003* 13.330±0.003** 32.55±0.004** 

Standard Drug (Diazepam ) 2 105.087±0.006 11.000±0.002 14.000±0.003 12.000±0.001 35.521±0.003 

Control 

 

- 105.000±0.020 105.660±0.020 107.666±0.023 108.660±0.022 106.580±0.021 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5, *P<0.05 and **P<0.01 significant as compared to control 
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Table-72: Effect of β-sitosterol glucoside,hexane and ethanol extracts of Adenanthera pavonina in  

forced swimming test 
 

Compound  and Extracts Dose 

mg/kg 

Struggling time in seconds 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

β-sitosterol glucoside 

 

5 53.660±0.001 48.000±0.001** 39.500±0.002** 24.000±0.002** 41.290±0.002** 

Adenanthera pavonina 

(Hexane Extract) 

125 58.830±0.001 66.830±0.001** 48.330±0.001** 34.000±0.002** 51.997±0.001** 

Adenanthera pavonina 

(Ethanol Extract) 

125 48.000±0.002 40.330±0.002** 23.500±0.006** 12.500±0.001** 31.082±0.003** 

Standard Drug (Diazepam ) 2 63.283±0.001 1.600±0.060 1.300±0.051 1.030±0.063 16.803±0.043 

Control 

 

- 64.133±0.002 62.000±0.005 64.330±0.004 57.330±0.003 61.947±0.003 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 
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Table-73: Effect of β-sitosterol glucoside,hexane and ethanol extracts ofAdenanthera pavonina in stationary rod test 
 

Compound  and Extracts Dose 

mg/kg 

                       Time taken to reached at end point of rod in seconds 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

β-sitosterol glucoside 

 

5 25.166±0.001 18.333±0.001** 16.166±0.001** 11.000±0.001** 17.664±0.001** 

Adenanthera pavonina 

(Hexane Extract) 

125 22.800±0.003 21.400±0.001** 17.400±0.002** 13.200±0.004** 18.700±0.009 

Adenanthera pavonina 

(Ethanol Extract) 

125 18.000±0.001 17.000±0.005** 13.000±0.002** 8.833±0.002** 14.207±0.003** 

Standard Drug (Diazepam ) 

 

2 24.054±0.001 11.600±0.003 7.400±0.001 6.400±0.007 11.819±0.004 

Control 

 

- 11.633±0.011 11.433±0.019 11.200±0.018 11.366±0.017 11.405±0.016 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 
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Table-74: Effect of bergenin, hexane and ethanol extracts of Peltophorum pterocarpum in head dip test 
 

Compound  and Extracts Dose 

mg/kg 

                               Number of head dips counted in 10 minutes 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Bergenin 25 27.000±0.001 22.833±0.001** 16.660±0.001** 12.667±0.001** 19.787±0.001** 

Peltophorum pterocarpum  

(Hexane Extract) 

125 18.330±0.001 25.166±0.006** 17.666±0.002** 12.000±0.001** 18.287±0.002** 

Peltophorum pterocarpum  

(Ethanol Extract) 

125 25.833±0.002 23.66±0.003** 19.500±0.003** 14.000±0.003** 20.747±0.003** 

Standard Drug (Diazepam ) 

 

2 21.877±0.007 11.600±0.003 12.400±0.001 13.400±0.007 14.819±0.004 

Control 

 

- 21.200±0.001 20.400±0.002 22.000±0.001 22.000±0.001 21.400±0.001 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 
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Table-75: Effect of bergenin, hexane and ethanol extracts of Peltophorum pterocarpum in open field test 
 

Compound  and Extracts Dose 

mg/kg 

                                    Number of squares crossed in 10 minutes 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Bergenin 

 

25 105.000±0.001 113.000±0.002** 80.330±0.001** 67.000±0.002** 91.330±0.002** 

Peltophorum pterocarpum  

(Hexane Extract) 

125 90.000±0.001 71.000±0.001** 43.000±0.002** 15.500±0.001** 43.900±0.001** 

Peltophorum pterocarpum  

(Ethanol Extract) 

125 120.333±0.001 111.333±0.001** 87.666±0.002** 71.666±0.002** 97.745±0.002** 

Standard Drug (Diazepam ) 

 

2 105.087±0.006 11.000±0.002 14.000±0.003 12.000±0.001 35.521±0.003 

Control 

 

- 105.000±0.020 105.660±0.020 107.666±0.023 108.660±0.022 106.580±0.021 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 
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Table-76: Effect of bergenin, hexane and ethanol extracts of Peltophorum pterocarpum in forced swimming test 
 

Compound  and Extracts Dose 

mg/kg 

Struggling time in seconds 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Bergenin 25 64.166±0.001 57.833±0.001** 38.666±0.001** 20.000±0.001** 45.162±0.001** 

Peltophorum pterocarpum 

(Hexane Extract) 

125 59.833±0.001 56.666±0.001** 32.500±0.003** 18.166±0.002** 41.787±0.002** 

Peltophorum pterocarpum 

(Ethanol Extract) 

125 65.000±0.001 54.833±0.001** 38.000±0.003** 20.833±0.003** 42.165±0.002** 

Standard Drug (Diazepam) 

 

2 63.283±0.001 1.600±0.060 1.300±0.051 1.030±0.063 16.803±0.043 

Control 

 

- 64.133±0.002 62.000±0.005 64.330±0.004 57.330±0.003 61.947±0.003 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 

 

 

 

 

 



118 
 

 

Table-77: Effect of bergenin, hexane and ethanol extracts of Peltophorum pterocarpum in stationary rod test 
 

Compound  and Extracts Dose 

mg/kg 

                        Time taken to reached at end point of rod in seconds 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Bergenin 25 24.000±0.001 20.833±0.004** 17.666±0.001** 11.166±0.001** 18.412±0.002** 

Peltophorum pterocarpum 

(Hexane Extract) 

125 23.833±0.001 18.666±0.001** 13.833±0.002** 6.000±0.002** 15.580±0.002** 

Peltophorum pterocarpum  

(Ethanol Extract) 

125 24.333±0.001 18.166±0.001** 13.333±0.001** 6.500±0.001** 15.580±0.001** 

Standard Drug (Diazepam) 

 

2 24.054±0.001 11.600±0.003 7.400±0.001 6.400±0.007 11.819±0.004 

Control - 21.200±0.001 20.433±0.002 22.000±0.001 22.000±0.001 21.405±0.001 

 

♦ showing observation intervals of reaction time 

     Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 
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Table-78: Effect of piperine, hexane and ethanol extracts of Piper nigrum in head dip test 
 

Compound  and Extracts Dose 

mg/kg 

                               Number of head dips counted in 10 minutes 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Piperine 15 23.000±0.002 18.333±0.003** 14.1666±0.006** 5.8333±0.011* 15.330±0.005** 

Piper nigrum (Hexane Extract) 15 24.166±0.001 18.666±0.001** 13.666±0.004** 6.1667±0.007** 15.660±0.003** 

Piper nigrum (Ethanol Extract) 

 

15 23.833±0.001 15.666±0.003** 9.500±0.002** 4.833±0.004** 13.455±0.002** 

Standard Drug (Diazepam) 

 

2 21.877±0.007 11.600±0.003 12.400±0.001 13.400±0.007 14.819±0.004 

Control - 21.200±0.001 20.400±0.002 22.000±0.001 22.000±0.001 21.400±0.001 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 

 

 

 

 

 



120 
 

 

 

Table-79: Effect of piperine, hexane and ethanol extracts of Piper nigrum in open field test 

 
Compound  and 

Extracts 

Dose 

mg/kg 

                                 Number of  squares crossed  in 10 minutes 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Piperine 

 

15 284.833±0.001 297.50±0.001** 309.500±0.001** 322.666±0.001** 303.622±0.001** 

Piper nigrum 

(Hexane Extract) 

15 269.660±0.001 282.000±0.001** 294.660±0.001** 317.570±0.001** 290.972±0.001** 

Piper nigrum 

(Ethanol Extract) 

15 262.166±0.001 274.500±0.001** 278.333±0.004** 300.000±0.002** 278.749±0.002** 

Standard Drug 

(Diazepam) 

2 105.087±0.006 11.000±0.002 14.000±0.003 12.000±0.001 35.521±0.003 

Control 

 

- 105.000±0.020 105.660±0.020 107.666±0.023 108.660±0.022 106.580±0.021 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 
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Table-80: Effect of piperine, hexane and ethanol extracts of Piper nigrum in forced swimming test 

 
Compound  and 

Extracts 

Dose 

mg/kg 

                                             Struggling time in seconds 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Piperine 

 

15 38.66±0.001 32.500±0.001** 26.000±0.002** 20.660±0.002** 29.455±0.002** 

Piper nigrum 

(Hexane Extract) 

15 37.330±0.001 33.166±0.003** 26.000±0.003** 17.833±0.001** 28.580±0.002** 

Piper nigrum 

(Ethanol Extract) 

15 37.166±0.001 32.000±0.001** 23.330±0.002** 17.000±0.003** 27.340±0.002** 

Standard Drug 

(Diazepam) 

2 63.283±0.001 1.600±0.060 1.300±0.051 1.030±0.063 16.803±0.043 

Control 

 

- 64.133±0.002 62.000±0.005 64.330±0.004 57.330±0.003 61.947±0.003 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 

 
 

 

 

 

 



122 
 

 

 

 

Table-81: Effect of piperine, hexane and ethanol extracts of Piper nigrum in stationary rod test 
 

Compound  and 

Extracts 

Dose 

mg/kg 

Time taken to reached at end point of rod in seconds 

0 min ♦ 30 mins ♦ 

 

60 mins ♦ 120 mins ♦ Mean 

Piperine 

 

15 12.333±0.001 11.333±0.001** 8.500±0.005** 5.666±0.001** 9.455±0.002** 

Piper nigrum 

(Hexane Extract) 

15 12.833±0.001 9.833±0.002** 8.333±0.003** 5.166±0.002** 9.037±0.002** 

Piper nigrum 

(Ethanol Extract) 

15 11.660±0.002 10.330±0.002** 8.660±0.001** 5.166±0.002** 8.952±0.002** 

Standard Drug 

(Diazepam) 

2 24.054±0.001 11.600±0.003 7.400±0.001 6.400±0.007 11.819±0.004 

Control 

 

- 11.633±0.011 11.433±0.019 11.200±0.018 11.366±0.017 11.405±0.016 

 

♦ showing observation intervals of reaction time 

Results were presented as Mean ± SEM, n=5,*P<0.05 and **P<0.01 significant as compared to control 
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Table-82: Effect of Adenanthera pavonina on biochemical parameters relating to hepatoprotactive  

properties (prophylactic model) 
Compound  
and 
Extracts 

Dose 
mg/kg 

Animal 
weight before 
treatment 
( gm ) 

Animal weight 
after 
treatment 
( gm ) 

Liver weight 
after 
treatment 
( gm ) 

ALP 
( IU/ L ) 

ALT 
( IU/ L ) 

γ-GT 
( IU/ L ) 

DB 
(mg/ dl ) 

TB 
(mg/ dl ) 

β-sitosterol 

glucoside 

25 183.33±0.005 169.33±0.005** 5.20±0.489 506.20±0.004** 43.40±0.001** 3.60±0.066 0.20±0.034 0.46±0.024 

75 262.00±0.021 192.66±0.021 4.40±0.400 371.60±0.001** 38.60±0.003** 2.60±0.033 0.08±0.016 0.36±0.002** 

100 204.00±0.102 183.33±0.002** 5.20±0.480 183.40±0.001** 37.40±0.007** 0.60±0.070 0.04±0.178 0.28±0.034 

Adenanthera 

pavonina 

(Hexane 

Extract) 

75 180.00±0.002 178.16±0.002** 5.20±0.800 514.00±0.009** 61.80±0.001** 2.40±0.118 0.08±0.016 0.52±0.001** 

150 293.33±0.018 266.00±0.021 6.00±0.001** 354.20±0.008** 54.20±0.005** 1.80±0.105 0.08±0.016 0.50±0.001** 

250 193.33±0.003 182.66±0.006** 4.40±0.400 258.60±0.001** 51.80±0.010** 1.20±0.070 0.08±0.016 0.38±0.001** 

Adenanthera 

pavonina 

(Ethanol 

Extract) 

75 168.00±0.002 166.66±0.003** 4.40±0.400 551.00±0.002** 72.80±0.001** 2.60±0.129 0.12±0.070 0.40±0.002** 

150 236.66±0.035 220.66±0.042 4.80±0.001** 488.14±0.002** 52.00±0.001** 1.40±0.005** 0.12±0.070 0.34±0.030 

250 167.33±0.002 157.33±0.001** 4.80±0.001** 242.40±0.005** 58.20±0.002** 1.20±0.109 0.12±0.004** 0.32±0.001** 

Standard 

drug  

(Jetepar ) 

5.37 272.80±0.003 271.60±0.001** 7.50±0.001* 279.80±0.001** 59.33±0.002** 4.00±0.099 0.08±0.016 0.42±0.001* 

10.75 304.66±0.001 263.33±0.009** 5.00±0.126 199.33±0.025 35.66±0.004** 4.00±0.208 0.08±0.016 0.40±0.00**2 

16.13 251.00±0.016 258.00±0.019 5.00±0.126 159.00±0.011** 31.00±0.009** 1.66±0.199 0.066±0.03 0.38±0.024 

Control - 263.33±0.010 269.00±0.009 5.00±0.003 258..25±0.006 42.00±0.007 1.00±0.034 0.046±0.033 0.13±0.002** 

Toxicant 

(CCl4) 

1.5♦ 253.33±0.015 162.66±0.003 7.50±0.001 642.30±0.002 141.25±0.017 4.60±0.006 0.98±0.001 1.26±0.043 

 

ALP= Alkaline phosphatase, ALT= Alanine aminotransferase, γ--GT= Gamma-glutamyl transpeptidase, DB= Direct bilirubin, 

TB= Total bilirubin 

IU/ dl= International units per liter,   mg/dl= Milligram per deciliter 

All values are given in Mean ± SEM, n=5, *P<0.001 and **P<0.01 significant as compared to toxicant 

♦Dose of toxicant in ml/kg body weight 
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Table-83: Hepatic histopathological findings of Adenanthera pavonina (prophylactic model) 

 

Compound and  

Extracts 

Dose 

mg/kg 

 

Portal Tract 

 

Lobules 

Loss of 

central 

vein 

Fibrosis 

(Stage) 

Inflammation 

(Grade) 

Bile 

duct 

Portal vein Lobular 

damage 

Hepatocytes Fatty liver Finding 

Degeneration Necrosis Micro Macro 

β-sitosterol 

glucoside 

25 2 3 Intact Intact +ve +ve +ve +ve +ve Intact 

75 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

100 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Adenanthera 

pavonina 

(Hexane 

Extract) 

75 4 2 Damage +ve 

slightly 

dilated 

+ve -ve +ve +ve Mild 

+ve 

Intact 

150 3 1 Intact Intact -ve -ve -ve -ve -ve Intact 

250 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Adenanthera 

pavonina 

(Ethanol 

Extract) 

75 2 4 Intact Intact Focal +ve -ve +ve -ve Intact 

150 2 3 Intact Intact -ve -ve -ve +ve -ve Intact 

250 2 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Standard Drug  

(Jetepar ) 

5.37 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

10.75 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

16.13 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Control - 0 0 Intact Intact -ve -ve -ve -ve -ve Intact 

Toxicant(CCl4) 1.5♦ 3 4 Intact Intact +ve +ve +ve +ve +ve Intact 

(- ) Not present, (+) present, ♦Dose of toxicant in ml/kg body weight 
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Figure-13: Histopathological micrograph of rat liver section  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-13a: Liver section of control rat showing hepatic  

cell with round nuclei and defined cell lining 

Figure-13b:  Liver section of CCl4 treated rat showing  

fibrosis and inflammation of portal tract,lobular damage, 

fatty changes, degeneration and necrosis of hepatocytes   
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Figure-14: Histopathological micrograph of rat liver section treated 

with standard drug jetepar and CCl4 (prophylactic model) 

Figure-14a                                                   Figure-14b                                                                   Figure-14c 

 

 

 

 

 

 

 

Figure14-a: Standard drug treated with 5.37 mg/kg body weight rat liver showing minimal inflammation and periportal fibrosis 

Figure-14b: Standard drug treated with 10.75 mg/kg body weight rat liver showing minimal inflammation and periportal of fibrosis 

Figure-14c: Standard drug treated with 16.13 mg/kg body weight rat hepatocytes reverted to normal with defined cell lining andnormal 

nuclei,central lobular and portal vein 

Composition of Jetepar capsules: Betaine Glucuronate ---------------------------150 mg 

                                                        Diethanolamine Glucuronate -----------------30 mg 

                                                        Nicotinamide Ascorbate ----------------------- 8.2 mg 
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Figure-15: Histopathological micrograph of rat liver section treated with β-sitosterol glucoside 

  (Adenanthera pavonina) and CCl4 (prophylactic model) 

      Figure-15a                                                     Figure-15b                                               Figure-15c                             

    

 

 

 

 

 

 

Figure-15a: Treatment with β-sitosterol glucoside 25 mg/kg body weight indicated periportal fibrosis, mild inflammation with damaged 

hepatocytes 

Figure-15b: Treatment with β-sitosterol glucoside 75 mg/kg body weight indicated portal fibrosis and minimal inflammation with 

normal central vein 

Figure-15c: Treatment with β-sitosterol glucoside 100 mg/kg body weight indicated normal connective tissues and minimal 

inflammation of portal tract 

 

 

 



128 
 

Figure-16: Histopathological micrograph of rat liver section treated with  

hexane extract of Adenanthera pavonina and CCl4 (prophylactic model) 

Figure-16a                                               Figure-16b     Figure-16c 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-16a: Treatment with hexane extract of Adenanthera pavonina 75 mg/kg body weight indicated portal tract cirrhosis, mild 

inflammation,damaged bile duct, fatty changes and mild central lobular necrosis  

 

Figure-16b: Treatment with hexane extract of Adenanthera pavonina 150 mg/kg body weightindicated septal fibrosis, minimal 

inflammationand hepatic necrosis 

 

Figure16c: Treatment with hexane extract of Adenanthera pavonina 250 mg/kg body weightindicated portal fibrosis with normal 

endothelial cellsaround central vein 
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Figure-17: Histopathological micrograph of rat liver section treated with  

ethanol extract of Adenanthera pavonina and CCl4 (prophylactic model) 

    Figure-17a                                                                  Figure-17b                                                   Figure-17c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-17a: Treatment with ethanol extract ofAdenanthera pavonina 75 mg/kgbody weight indicatedperiportal fibrosis, severe 

inflammation,focal lobular damage with fatty and degenerative hepatocytes  

 

Figure-17b: Treatment with ethanol extract of Adenanthera pavonina 150 mg/kg body weight indicated periportal fibrosis, moderate 

inflammationand micro fat droplets 

 

Figure-17c: Treatment with ethanol extract of Adenanthera pavonina 250 mg/kg body weight indicated stage 2 fibrosis, minimal 

inflammation and showing almost normal architecture of liver 
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Table-84: Effect of Adenanthera pavonina on biochemical parameters relating to hepatoprotactive  

properties (therapeutic model) 
 

'ALP= Alkaline phosphatase, ALT= Alanine aminotransferase, γ--GT= Gamma-glutamyl transpeptidase, DB= Direct bilirubin, 

TB= Total bilirubin 

IU/ dl= International units per liter,   mg/dl= Milligram per deciliter 

All values are given in Mean ± SEM, n=5, *P<0.001 and **P<0.01 significant as compared to toxicant 

♦Dose of toxicant in ml/kg body weight 

 

 

 

Compound  

and 

Extracts 

Dose 

mg/kg 

Animal 

weight 

before 

treatment(g

m) 

Animal 

weight after 

treatment 

( gm ) 

Liver 

weight 

after 

treatment 

( gm ) 

ALP 

( IU/ L ) 

ALT 

( IU/ L ) 

γ-GT 

( IU/ L ) 

DB 

(mg/ dl ) 

TB 

(mg/ dl ) 

β-sitosterol 

glucoside 

25 236.66±0.017 191.33±0.032 5.20±0.489 501.60±0.015 39.80±0.005** 3.00±0.023 0.14±0.052 0.40±0.003** 

75 214.66±0.005 186.00±0.004** 4.40±0.400 215.40±0.004** 33.40±0.014 1.80±0.053 0.14±0.025 0.44±0.001** 

100 182.00±0.001 160.66±0.003** 4.40±0.400 191.00±0.001** 30.20±0.001** 1.20±0.109 0.04±0.178 0.14±0.052 

Adenanthera 

pavonina 

(Hexane 

Extract) 

75 173.33±0.001 164.00±0.001** 5.330±0.015 324.50±0.001** 97.33±0.003** 2.60±0.098 0.166±0.067 0.68±0.004** 

150 260.66±0.021 212.66±0.025 4.80±0.001** 452.4±0.016 54.20±0.024 2.00±0.066 0.08±0.099 0.46±0.008** 

250 185.33±0.002 182.66±0.003** 5.20±0.003** 246.20±0.002** 52.80±0.001** 2.00±0.047 0.08±0.016 0.33±0.010 

Adenanthera 

pavonina 

(Ethanol 

Extract) 

75 184.66±0.001 172.00±0.001** 4.40±0.440 474.60±0.004** 61.60±0.008** 2.80±0.066 0.12±0.033 0.38±0.003** 

150 258.66±0.010 224.00±0.011 4.80±0.001** 426.60±0.010 61.80±0.002** 2.00±0.061 0.10±0.034 0.280±0.002** 

250 249.33±0.012 228.00±0.020 6.80±0.489 205.60±0.011** 58.60±0.001** 1.80±0.037 0.04±0.178 0.12±0.070 

Standard drug 

(Jetepar) 

5.37 272.500±0.003 227.250±0.003** 6.000±0.005** 275.200±0.003** 77.000±0.007** 4.000±0.041 0.400±0.041 0.520±0.012 

10.75 296.000±0.003 281.750±0.002** 5.500±0.002** 263.000±0.008** 63.600±0.001** 3.600±0.029 0.200±0.116 0.360±0.001 

16.13 256.500±0.001 232.250±0.001** 5.500±0.002** 228.000±0.012 59.400±0.002** 0.600±0.070 0.120±0.004** 0.160±0.056 

Control - 263.33±0.010 269.00±0.009 5.00±0.003 258..25±0.006 42.00±0.007 1.00±0.034 0.046±0.033 0.13±0.002 

Toxicant 

(CCl4) 

1.5♦ 253.33±0.015 162.66±0.003 7.50±0.001 642.30±0.002 141.25±0.017 4.60±0.006 0.98±0.001 1.26±0.043 
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Table-85:  Hepatic histopathological findings ofAdenanthera pavonina (therapeutic model) 

Compound 

and 

Extracts 

Dose 

mg/kg 

 

Portal Tract 

 

Lobules 

Loss of 

central 

vein 

Fibrosis 

(Stage) 

Inflammation 

(Grade) 

Bile 

duct 

Portal 

vein 

Lobular 

damage 

Hepatocytes Fatty liver Finding 

Degeneration Necrosis Micro Macro 

β-sitosterol 

glucoside 

25 2 3 Intact Intact Mild -ve -ve +ve +ve Intact 

75 2 2 Intact Intact -ve -ve -ve -ve -ve Intact 

100 1 2 Intact Intact -ve -ve -ve -ve -ve Intact 

Adenanthera 

pavonina 

(Hexane 

Extract) 

75 2 3 Intact Intact -ve -ve -ve +ve +ve Intact 

150 1 3 Intact Intact -ve -ve -ve Minimal +ve Minimal 

+ve 

Intact 

250 1 3 Intact Intact +ve +ve -ve +ve +ve Intact 

Adenanthera 

pavonina 

(Ethanol 

Extract) 

75 1 2 Intact Intact -ve +ve -ve +ve -ve Intact 

150 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

250 0 1 Intact Intact -ve +ve -ve -ve -ve Intact 

Standard 

Drug  

(Jetepar ) 

5.37 4 3 Focal 

Intact 

Intact -ve +ve -ve Mild +ve Mild +ve +ve 

10.75 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

16.13 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Control - 0 0 Intact Intact -ve -ve -ve -ve -ve Intact 

Toxicant 

(CCl4) 

1.5♦ 2 3 Intact Intact +ve +ve +ve +ve Mild +ve Intact 

(-) Not present, (+) present, ♦Dose of toxicant in ml/kg body weight 
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Figure-18: Histopathological micrograph of rat liver section treated   

With standard drug Jetepar and CCl4 (therapeutic model) 

Figure-18a                                 Figure-18b                                            Figure-18c 

 

   

 

 

 

 

 

 

Figure-18a: Standard drug treated with 5.37 mg/kg body weightrat liver showing portal tract cirrhosis,moderate grade of inflammation, 

lobular degeneration and mild fatty liver 

 

Figure-18b: Standard drug treated with 10.75 mg/kgbody weight rat liver showing normal connective tissues,minimal grade of 

inflammation and normalization of hepatocytes 

 

Figure-18c: Standard drug treated with 16.13 mg/kgbody weight rat liver showings minimalinflammation of portal tract but 

normalization of damaged hepatocytes was observed 

Composition of Jetepar capsules: Betaine Glucuronate ---------------------------150 mg 

                                                                   Diethanolamine Glucuronate -----------------30 mg 

                                                                   Nicotinamide Ascorbate ----------------------- 8.2 mg 
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Figure-19: Histopathological micrograph of rat liver section treated with  

β-sitosterol glucoside  (Adenanthera pavonina) and CCl4 (therapeutic model) 

           Figure-19a                                        Figure-19b                                              Figure-19c 

 

 

 

  

 

 

 

 

Figure-19a: β-sitosterol glucoside treated with 25 mg/kg body weight indicated periportal fibrosis, moderate inflammation, mild lobular 

damages with fatty hepatocytes 

Figure-19b: β-sitosterol glucoside treated with 75 mg/kg body weight indicated portal tract periportal fibrosis, mild inflammation, 

structure of hepatocytes reverted to normal with defined cell lining and round nuclei  

 

Figure-19c: β-sitosterol glucoside treated with 100 mg/kg body weight indicated fibrous portal expansion, mild inflammation with 

defined central vein and normal hepatocytes 
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Figure-20: Histopathological micrograph of rat liver section treated 

with hexane extract of Adenanthera pavonina and CCl4 (therapeutic model) 

 

     Figure-20a                                                               Figure-20b                                       Figure-20c 

  

   

 

 

 

 

 

 

 

 

 

Figure-20a: Treatment with hexane extract of Adenanthera pavonina 75 mg/kg body weight indicated periportal fibrosis, moderate 

inflammation with lobular fatty hepatocytes 

 

Figure-20b: Treatment with hexane extract of Adenanthera pavonina 150 mg/kg body weight indicated limited portal fibrosis, moderate 

inflammation and minimal fatty hepatocytes  

 

Figure-20c: Treatment with hexane extract of Adenanthera pavonina 250 mg/kg body weight indicated limited portal fibrosis, moderate 

inflammation with lobular fatty hepatocytes  
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Figure-21: Histopathological micrograph of rat liver section treated 

with ethanol extract of Adenanthera pavonina and CCl4 (therapeutic model) 

Figure-21a                                                 Figure-21b                                                    Figure-21c 

   

 

 

 

 

 

 

 
Figure-21a: Treatment with ethanol extract of Adenanthera pavonina 75 mg/kg body weight 

indicated portal fibrosis, mild inflammation, degenerative hepatocytes and  micro fat droplets were observed 

 
Figure-21b: Treatment with ethanol extract of Adenanthera pavonina 150 mg/kg body weight 

indicated portal fibrosis, minimal inflammation and structure of hepatocytes reverted towards normal 

with round nuclei and intact central vein was observed  

 
Figure-21c: Treatment with ethanol extract of Adenanthera pavonina 250 mg/kg body weight 

indicated normal connective tissues, little hepatocellular damage with normal central vein, lobular hepatocytes 
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Table-86: Effect of Peltophorum pterocarpum on biochemical parameters relating to hepatoprotactive properties 

(prophylactic model) 
 

 

ALP= Alkaline phosphatase, ALT= Alanine aminotransferase, γ--GT= Gamma-glutamyl transpeptidase, DB= Direct bilirubin, 

TB= Total bilirubin 

IU/ dl= International units per liter,   mg/dl= Milligram per deciliter 

All values are given in Mean ± SEM, n=5, *P<0.001 most significant and **P<0.01 significant as compared to toxicant 

♦Dose of toxicant in ml/kg body weight 

 

 

 

Compound and 

Extracts 

Dose 

mg/kg 

Animal 

weight 

before 

treatment 

( gm ) 

Animal weight 

after 

treatment 

( gm ) 

Liver 

weight after 

treatment 

( gm ) 

ALP 

( IU/ L ) 

ALT 

( IU/ L ) 

γ-GT 

( IU/ L ) 

DB 

(mg/ dl ) 

TB 

(mg/ dl ) 

Bergenin 25 205.33±0.03 190.66±0.008** 4.40±0.400 298.60±0.010 50.00±0.001** 1.40±0.052 0.16±0.016 0.56±0.024 

75 205.33±0.001 176.66±0.001** 4.40±0.400 168.00±0.007** 47.20±0.003** 1.40±0.025 0.06±0.070 0.52±0.001** 

100 205.33±0.003 190.66±0.008** 4.40±0.400 129.80±0.038 35.20±0.004** 0.80±0.016 0.04±0.178 0.20±0.003** 

Peltophorum 

pterocarpum 

(Hexane Extract) 

75 199.33±0.010 187.33±0.006** 5.60±0.400 594.80±0.007** 92.80±0.048 2.40±0.024 0.10±0.034 0.58±0.001** 

150 185.33±0.013 166.00±0.002** 5.20±0.489 569.80±0.009** 71.20±0.001** 2.20±0.151 0.080±0.020 0.48±0.037 

250 212.00±0.002 166.66±0.002** 5.20±0.489 229.00±0.001** 57.200±0.001** 1.00±0.266 0.080±0.016 0.38±0.009** 

Peltophorum 

pterocarpum  

(Ethanol Extract) 

75 216.00±0.007 211.33±0.006** 5.60±0.400 598.20±0.008** 110.00±0.032 2.80±0.045 0.08±0.016 0.46±0.002** 

150 270.00±0.005 252.66±0.004** 8.40±0.400 275.00±0.002** 56.60±0.001** 1.40±0.052 0.06±0.070 0.20±0.034 

250 218.66±0.005 215.33±0.006** 5.20±0.489 180.80±0.001** 54.40±0.001** 1.40±0.005** 0.14±0.025 0.26±0.073 

Standard drug 

(Jetepar ) 

5.37 272.80±0.003 271.60±0.001* 7.50±0.001* 279.80±0.001* 59.33±0.002** 4.00±0.099* 0.08±0.016 0.42±0.001* 

10.75 304.66±0.001 263.33±0.009** 5.00±0.126 199.33±0.025 35.66±0.004** 4.00±0.208 0.08±0.016 0.40±0.002** 

16.13 251.00±0.016 258.00±0.019 5.00±0.126 159.00±0.011** 31.00±0.009** 1.66±0.199 0.066±0.03 0.38±0.024 

Control - 263.33±0.010 269.00±0.009 5.00±0.003 258..25±0.006 42.00±0.007 1.00±0.034 0.046±0.033 0.13±0.002 

Toxicant 

(CCl4) 

1.5♦ 253.33±0.015 162.66±0.003 7.50±0.001 642.30±0.002 141.25±0.017 4.60±0.006 0.98±0.001 1.26±0.043 
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Table-87: Hepatic histopathological finding of Peltophorum pterocarpum (prophylactic model) 
 

Compound 

and 

Extracts 

Dose 

mg/kg 

 

Portal Tract 

 

Lobules 

Loss of 

central 

vein 

Fibrosis 

( Stage ) 

Inflammation 

( Grade ) 

Bile 

duct 

Portal 

vein 

Lobular 

damage 

Hepatocytes Fatty liver Finding 

Degeneration Necrosis Micro Macro 

Bergenin 25 2 2 Damage Intact +ve +ve -ve +ve +ve Intact 

75 1 2 Intact Intact -ve -ve -ve -ve +ve Intact 

100 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Peltophorum 

pterocarpum 

(Hexane 

Extract) 

75 1 2 Intact Intact -ve -ve -ve -ve -ve Intact 

150 1 2 Intact Intact -ve -ve -ve -ve -ve Intact 

250 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Peltophorum 

pterocarpum  

(Ethanol 

Extract) 

75 3 4 Intact Intact +ve +ve -ve +ve +ve Intact 

150 2 3 Intact Intact +ve +ve -ve +ve +ve Intact 

250 1 1 Intact Intact -ve +ve -ve +ve +ve Intact 

Standard 

Drug  

(Jetepar ) 

5.37 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

10.75 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

16.13 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Control - 0 0 Intact Intact -ve -ve -ve -ve -ve Intact 

Toxicant 

(CCl4) 

1.5♦ 3 4 Intact Intact +ve +ve +ve +ve Mild 

+ve 

Intact 

 

(-) Not present, (+) present, ♦Dose of toxicant in ml/kg body weight 
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Figure-22: Histopathological micrograph of rat liver section treated with  

bergenin (Peltophorum pterocarpum) and CCl4 (prophylactic model) 

Figure-22a                                              Figure-22b                                          Figure-22c 

 

 

 

 

 

 

 

Figure-22a: Treatment with bergenin from Peltophorum pterocarpum 25 mg/kg body weight indicated periportal fibrosis, mild 

inflammation, lobular damage, hepatocytes degeneration with micro and macro fat droplets were observed 
 

Figure-22b: Treatment with bergenin from Peltophorum pterocarpum 75 mg/kg body weight indicated portal fibrosis, mild 

inflammation, macro fat droplets while structure of hepatocytes reverted towards normal with round nuclei and intact central vein was 

observed  
 

Figure-22c: Treatment with bergenin from Peltophorum pterocarpum 100 mg/kg body weight indicated normal connective tissues, little 

hepatocellular damage with normal central vein, lobular hepatocytes 

 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-14 (14a, 14b and 14c)respectively 
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Figure-23: Histopathological micrograph of rat liver section treated with  

hexane extract of Peltophorum pterocarpum and CCl4 (prophylactic model) 

Figure-23a                                           Figure-23b                                                                  Figure-23c  

 

 

 

 

 

 

 

 

 

 

 

 

Figure-23a: Treatment with hexane extract of Peltophorum pterocarpum 75 mg/kg body weight indicated periportal fibrosis, mild 

inflammation, and showing almost normal architecture of liver 
 

Figure-23b: Treatment with hexane extract of Peltophorum pterocarpum 150 mg/kg body weight indicated periportal fibrosis, mild 

inflammation, and showing almost normal architecture of liver 
 

Figure-23c: Treatment with hexane extract of Peltophorum pterocarpum 250 mg/kg body weight indicated normal connective tissues, 

little hepatocellular damage with normal central vein, lobular hepatocytes 
 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-14 (14a, 14b and 14c) respectively 
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Figure-24: Histopathological micrograph of rat liver section treated with  

ethanol extract of Peltophorum pterocarpum and CCl4 (prophylactic model) 

Figure-24a      Figure-24b                                    Figure-24c 

 

 

 

 

 

 

Figure-24a: Treatment with ethanol extract of Peltophorum pterocarpum 75 mg/kg body weight indicated bridging or septal fibrosis, 

severe inflammation, lobular damage, degenerative hepatocytes andmicro/ macro fat droplets 
 

Figure-24b: Treatment with ethanol extract of Peltophorum pterocarpum 150 mg/kg body weight indicated periportal fibrosis, moderate 

inflammation, lobular damage, degenerative hepatocytes and micro/ macro fat droplets 
 

Figure-24c: Treatment with ethanol extract of Peltophorum pterocarpum 250 mg/kg body weight indicated portal fibrosis, minimal 

inflammation with degenerative hepatocytes, micro and macro fat droplets 
 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-14 (14a, 14b and 14c) 
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Table-88: Effect of Peltophorum pterocarpum on biochemical parameters relating to hepatoprotactive properties 

(therapeutic model) 
Compound 

and  

Extracts 

Dose 

mg/kg 

Animal 

weight 

before drug 

treatment 

( gm ) 

Animal 

weight after 

treatment 

( gm ) 

Liver weight 

after 

treatment 

( gm ) 

ALP 

( IU/ L ) 

ALT 

( IU/ L ) 

γ-GT 

( IU/ L ) 

DB 

(mg/ dl ) 

TB 

(mg/ dl ) 

Bergenin 25 231.33±0.024 221.37±0.027 4.80±0.001** 216.80±0.001** 63.40±0.005** 1.80±0.009** 0.120±0.070 0.64±0.040 

75 205.33±0.003 182.66±0.007** 4.80±0.001** 188.00±0.003** 57.80±0.005** 1.00±0.034 0.08±0.016 0.50±0.040 

100 244.00±0.008 218.00±0.004** 4.80±0.001** 131.00±0.002** 35.80±0.005** 0.40±0.178 0.06±0.070 0.180±0.037 

Peltophorum 

pterocarpum  

(Hexane 

Extract) 

75 210.00±0.005 182.66±0.001** 4.40±0.400 480.00±0.001** 83.30±0.002** 3.33±0.063 0.12±0.178 0.90±0.012 

150 254.66±0.002 224.00±0.009** 6.00±0.001** 317.60±0.003** 58.40±0.001** 1.60±0.056 0.08±0.016 0.54±0.050 

250 208.33±0.001 199.10±0.001** 4.66±0.020 226.00±0.001** 37.66±0.001** 1.00±0.089 

 

0.06±0.184 0.32±0.003** 

Peltophorum 

pterocarpum  

(Ethanol 

Extract) 

75 226.66±0.005 216.66±0.005** 5.20±0.489 300.80±0.013 60.60±0.001** 1.60±0.120 0.08±0.016 0.46±0.002** 

150 282.66±0.035 245.66±0.030 6.00±0.003** 268.60±0.025 56.00±0.001** 2.80±0.025 0.08±0.016 0.42±0.005** 

250 259.33±0.016 236.66±0.020 6.80±0.003** 249.40±0.003** 51.60±0.005** 1.60±0.227 0.08±0.016 0.26±0.024 

Standard drug 

(Jetepar) 

5.37 272.500±0.003 227.250±0.003** 6.000±0.005** 275.200±0.003** 77.000±0.007** 4.000±0.041 0.400±0.041 0.520±0.012 

10.75 296.000±0.003 281.750±0.002** 5.500±0.002** 263.000±0.008** 63.600±0.001** 3.600±0.029 0.200±0.116 0.360±0.001 

16.13 256.500±0.001 232.250±0.001** 5.500±0.002** 228.000±0.012 59.400±0.002** 0.600±0.070 0.120±0.004** 0.160±0.056 

Control - 263.33±0.010 269.00±0.009 5.00±0.003 258..25±0.006 42.00±0.007 1.00±0.034 0.046±0.033 0.13±0.002 

Toxicant 

(CCl4) 

1.5♦ 253.33±0.015 162.66±0.003 7.50±0.001 642.30±0.002 141.25±0.017 4.60±0.006 0.98±0.001 1.26±0.043 

 

ALP= Alkaline phosphatase, ALT= Alanine aminotransferase, γ--GT= Gamma-glutamyl transpeptidase, DB= Direct bilirubin, 

TB= Total bilirubin, 

IU/ dl= International units per liter,   mg/dl= Milligram per deciliter 

All values are given in Mean ± SEM, n=5, *P<0.001 and **P<0.01 significant as compared to toxicant 

♦Dose of toxicant in ml/kg body weight 
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Table-89: Hepatic histopathological findings of Peltophorum pterocarpum (therapeutic model) 
 

Compound 

and 

Extracts 

Dose 

mg/ kg 

 

Portal Tract 

 

Lobules 

Loss of 

central 

vein 

Fibrosis     

( Stage ) 

Inflammation 

( Grade ) 

Bile 

duct 

Portal 

vein 

Lobular 

damage 

Hepatocytes Fatty liver Findin

g 
Degeneration Necrosis Micro Macro 

Bergenin 25 2 3 Intact Intact -ve -ve -ve +ve +ve Intact 

75 2 3 Intact Intact -ve -ve -ve +ve +ve Intact 

100 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Peltophorum 

pterocarpum 

(Hexane 

Extract) 

75 1 3 Intact Intact -ve -ve -ve -ve -ve Intact 

150 0 2 Intact Intact -ve -ve -ve -ve -ve Intact 

250 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Peltophorum 

pterocarpum  

(Ethanol 

Extract) 

75 2 3 Intact Intact +ve Focal -ve -ve -ve Intact 

150 1 2 Intact Intact -ve -ve -ve -ve -ve Intact 

250 1 2 Intact Intact -ve Focal -ve -ve -ve Intact 

Standard 

Drug  

(Jetepar ) 

5.37 4 3 Focal 

Intact 

Intact -ve +ve -ve Mild+ve Mild+ve +ve 

10.75 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

16.13 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Control - 0 0 Intact Intact -ve -ve -ve -ve -ve Intact 

Toxicant 

(CCl4) 

1.5♦ 2 3 Intact Intact +ve +ve +ve +ve Mild 

+ve 

Intact 

(-) Not present, (+) present, ♦Dose of toxicant in ml/kg body weight 
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Figure-25: Histopathological micrograph of rat liver section treated 

with bergenin  (Peltophorum pterocarpum) and CCl4 (therapeutic model) 

 

    Figure-25a                                  Figure-25b                                      Figure-25c 

       

 

 

 

 

 

 

 

 

 

 

 
 

Figure-25a: Treatment with bergenin from Peltophorum pterocarpum 25 mg/kg body weight 

Indicated periportal fibrosis, moderate inflammation with fatty lobules 

 

Figure-25b: Treatment with bergenin from Peltophorum pterocarpum 75 mg/kg body weight 

Indicated periportal fibrosis, moderate inflammation with fatty lobules 

 

 Figure-25c: Treatment with bergenin from Peltophorum pterocarpum 100 mg/kg body weight 

Indicated no fibrosis, minimal inflammation, and showing marked improvement in cell lining and nucleus   

 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) 

respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-18 (18a, 18b and 18c) 

respectively 
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Figure-26: Histopathological micrograph of rat liver section treated with 

hexane extract of Peltophorum pterocarpum and CCl4 (therapeutic model) 

Figure-26a                                          Figure-26b                                                Figure-26c 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-26a: Treatment with hexane extract of Peltophorum pterocarpum 75 mg/kg body weightindicated portal fibrosis, moderate 

inflammation and showing normal architecture of hepatocytes  
 

Figure26b: Treatment with hexane extract of Peltophorum pterocarpum 150 mg/kg body weightindicated normal connective tissues but 

mild inflammation of portal tract but showing marked improvement in architecture of hepatocytes 
 

Figure-26c: Treatment with hexane extract of Peltophorum pterocarpum 250 mg/kg body weightindicated normal connective tissues with 

minimal inflammation and showing marked improvement in architecture of hepatocytes 

 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-18 (18a, 18b and 18c) respectively 
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Figure-27: Histopathological micrograph of rat liver section treated 

with ethanol extract of Peltophorum pterocarpum and CCl4 (therapeutic model) 

Figure-27a       Figure-27b                                           Figure-27c 

 

 

 

 

 

 

 

Figure-27a: Treatment with ethanol extract of Peltophorum pterocarpum 75 mg/kg body weight indicated periportal fibrosis, moderate 

inflammation, lobular damage and focal degenerative hepatocytes 
 

Figure-27b: Treatment with ethanol extract of Peltophorum pterocarpum 150 mg/kg body weightindicated portal fibrosis expansion, 

mild inflammation and showing marked improvement in structure of hepatocytes 
 

Figure-27c: Treatment with ethanol extract of Peltophorum pterocarpum 250 mg/kg body weight indicated portal fibrosis expansion, 

mild inflammation and showing marked improvement in structure of hepatocytes                                     

 
Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-18 (18a, 18b and 18c) respectively 
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Table-90: Effect of Piper nigrum on biochemical parameters relating to hepatoprotactive properties  

(prophylactic model) 
Compound 

and 

Extracts 

Dose 

mg/kg 

Animal 

weight 

before drug 

treatment 

( gm ) 

Animal 

weight after 

treatment 

( gm ) 

Liver 

weight 

after 

treatment 

( gm ) 

ALP 

( IU/ L ) 

ALT 

( IU/ L ) 

γ-GT 

( IU/ L ) 

DB 

(mg/ dl ) 

TB 

(mg/ dl ) 

Piperine 25 206.00±0.005 199.33±0.005** 7.33±0.008** 400.80±0.001** 81.80±0.008** 2.00±0.061 0.12±0.004** 0.24±0.001** 
75 246.66±0.022 222±0.020 6.66±0.020 287.00±0.001** 49.60±0.001** 0.400+0.178 0.08±0.016 0.34±0.003** 
100 223.33±0.040 202.66±0.010 4.66±0.020 143.60±0.006** 40.66±0.013 0.80±0.099 0.04±0.178 0.260±0.003** 

Piper nigrum  
(Hexane 
Extract) 

50 316.00±0.008 303.33±0.008** 6.00±0.001** 373.0±0.011 61.20±0.004** 3.60±0.374 0.066±0.184 0.90±0.016 
100 266.00±0.032 264.66±0.024 6.80±0.4899 246.60±0.007** 50.33±0.067 3.200±0.300 0.06±0.070 0.500±0.020 
150 226.33±0.001 187.33±0.005** 4.40±0.400 252.40±0.001** 46.00±0.001** 1.00±0.142, 0.06±0.070 0.38±0.001** 

Piper nigrum 
(Ethanol 
Extract) 

50 231.33±0.002 219.00±0.002** 6.80±0.4899 439.00±0.003** 100.00±0.218 2.20±0.040 0.72±0.109 0.40±0.019 
100 252.66±0.003 234.00±0.003** 6.00±0.010 389.20±0.006** 67.00±0.004** 1.60±0.003** 0.14±0.025 0.36±0.001** 
150 267.33±0.009 250.00±0.011 6.00±0.003** 303.00±0.001** 50.00±0.001** 1.40±0.135 0.08±0.016 0.36±0.011 

Standard drug 
(Jetepar ) 

5.37 272.80±0.003 271.60±0.001* 7.50±0.001* 279.80±0.001* 59.33±0.002** 4.00±0.099* 0.08±0.016 0.42±0.001* 
10.75 304.66±0.001 263.33±0.009** 5.00±0.126 199.33±0.025 35.66±0.004** 4.00±0.208 0.08±0.016 0.40±0.002** 
16.13 251.00±0.016 258.00±0.019 5.00±0.126 159.00±0.011** 31.00±0.009** 1.66±0.199 0.066±0.03 0.38±0.024 

Control - 263.33±0.010 269.00±0.009 5.00±0.003 258..25±0.006 42.00±0.007 1.00±0.034 0.046±0.033 0.13±0.002 
Toxicant 
(CCl4) 

1.5 ♦ 253.33±0.015 162.66±0.003 7.50±0.001 642.30±0.002 141.25±0.017 4.60±0.006 0.98±0.001 1.26±0.043 

  

ALP= Alkaline phosphatase, ALT= Alanine aminotransferase, γ--GT= Gamma-glutamyl transpeptidase, DB= Direct bilirubin,  

TB= Total bilirubin 

IU/ l= International units per liter,   mg/dl= Milligram per deciliter 

All values are given in Mean ± SEM, n=5, *P<0.001 and **P<0.01 significant to toxicants 

♦Dose of toxicant in ml/kg body weight 
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Table-91: Hepatic histopathological findings of Piper nigrum (prophylactic model) 
Compound 

and 

Extracts 

Dose 

mg/kg 

 

Portal Tract 

 

Lobules 

Loss of 

central 

vein 

Fibrosis     

(Stage) 

Inflammation 

(Grade) 

Bile 

duct 

Portal 

vein 

Lobular 

damage 

Hepatocytes Fatty liver Finding 

Degeneration Necrosis Micro Macro 

Piperine 25 3 3 Intact Intact -ve -ve -ve +ve +ve Intact 

75 2 2 Intact Intact -ve -ve -ve -ve -ve Intact 

100 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Piper 

nigrum  

(Hexane 

Extract) 

50 2 2 Intact Intact -ve -ve Focal -ve -ve Intact 

100 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

150 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Piper 

nigrum 

(Ethanol 

Extract) 

50 2 3 Intact Intact -ve +ve Focal Moderate 

+ve 

Moderate 

+ve 

Intact 

100 1 3 Intact Intact +ve Focal Focal +ve -ve Intact 

150 1 3 Intact Intact +ve Focal Focal -ve -ve Intact 

Standard 

Drug  

(Jetepar ) 

5.37 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

10.75 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

16.13 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Control - 0 0 Intact Intact -ve -ve -ve -ve -ve Intact 

Toxicant 

(CCl4) 

1.5♦ 3 4 Intact Intact +ve +ve +ve +ve Mild +ve Intact 

 

(-) Not present, (+) present, ♦Dose of toxicant in ml/kg body weight 
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Figure-28: Histopathological micrograph of rat liver section treated with  

piperine (Piper nigrum) and CCl4 (prophylactic model) 

  Figure-28a           Figure-28b                          Figure-28c 

    

 

 

 

 

 

 

Figure-28a: Treatment with piperine from Piper nigrum 25 mg/kg body weightindicated bridging fibrosis, moderate inflammation of 

portal tract with fatty hepatocytes  

 

Figure-28b: Treatment with piperine fromPiper nigrum 75 mg/kg body weightindicated periportal fibrosis, mild inflammation of portal 

tract with normal hepatocytes structure 

 

 Figure-28c: Treatment with piperine from Piper nigrum 100 mg/kg body weightindicated no fibrosis, minimal inflammation of portal 

tract with normal hepatocytes structure 
 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-14 (14a, 14b and 14c) respectively 

  



149 
 

Figure-29: Histopathological micrograph of rat liver section treated with  

hexane extract of Piper nigrum and CCl4 (prophylactic model) 

 

Figure-29a     Figure-29b                                           Figure-29c   

 

 

 

 

 

 

 

Figure-29a: Treatment with hexane extract of Piper nigrum 50 mg/kg body weightindicated periportal fibrosis, mild inflammation, focal 

necrosis of hepatocytes  
 

Figure-29b: Treatment with hexane extract of Piper nigrum 100 mg/kg body weight indicated portal fibrosis, minimal inflammation and 

structure of hepatocytes reverted to normal  
 

Figure-29c: Treatment with hexane extract of Piper nigrum 150 mg/kgbody weightindicated normal connective tissues, minimal 

inflammation and structure of hepatocytes reverted to normal  
 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-14 (14a, 14b and 14c) respectively 
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Figure-30: Histopathological micrograph of rat liver section treated 

with ethanol extract of Piper nigrum and CCl4 (prophylactic model) 

 

Figure-30a                                             Figure-30b                                                           Figure-30c  

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure-30a: Treatment with ethanol extract of Piper nigrum 50 mg/kgbody weightindicated periportal fibrosis, moderate inflammation, 

focal necrosis of hepatocytes and moderate fatty changes  
 

Figure-30b: Treatment with ethanol extract of Piper nigrum 100 mg/kg body weightindicated portal fibrosis, moderate inflammation, 

lobular damage, focal degenerative hepatocytes and necrosis with ballooning of hepatic cells 

 

Figure-30c: Treatment with ethanol extract of Piper nigrum 150 mg/kg body weightindicated portal fibrosis, moderate inflammation, 

lobular damage, focal degenerative hepatocytes, intact bile duct, and central vein was observed 

 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-14 (14a, 14b and 14c) respectively 
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Table-92: Effect of Piper nigrum on biochemical parameters relating to hepatoprotactive  

properties (therapeutic model) 
Compound 

and  

Extracts 

Dose 

mg/kg 

Animal 

weight 

before drug 

treatment 

( gm ) 

Animal 

weight after 

treatment 

( gm ) 

Liver 

weight 

after 

treatment 

( gm ) 

ALP 

( IU/ L ) 

ALT 

( IU/ L ) 

γ-GT 

( IU/ L ) 

DB 

(mg/ dl ) 

TB 

(mg/ dl ) 

Piperine 25 188.66±0.009 190.66±0.009** 6.00±0.035 541.80±0.004** 54.60±0.001** 1.60±0.003** 0.08±0.016 0.50±0.001** 

75 210.66±0.011 178.66±0.014 4.66±0.020 253.80±0.003** 50.40±0.001** 1.40±0.005** 0.06±0.070 0.38±0.001** 

100 218.66±0.005 203.33±0.010 5.33±0.015 224.80±0.001** 39.08±0.018 0.80±0.099 0.06±0.070 0.18±0.021 

Piper nigrum  

(Hexane 

Extract) 

50 253.33±0.006 235.33±0.003** 6.00±0.001** 403.00±0.010 91.40±0.006** 2.00±0.022 0.08±0.016 0.70±0.001** 

100 256.00±0.012 249.33±0.007** 6.40±0.001** 336.60±0.001** 52.00±0.001** 1.60±0.306 0.08±0.020 0.30±0.001** 

150 248.66±0.002 240.00±0.001** 5.60±0.400 265.60±0.001** 47.20±0.001** 1.00±0.034 0.08±0.016 0.24±0.001** 

Piper nigrum 

(Ethanol 

Extract) 

50 289.33±0.022 252.00±0.015 7.20±0.489 373.20±0.001** 63.80±0.002** 2.40±0.109 0.12±0.004** 0.46±0.001** 

100 280.66±0.016 252.66±0.015 7.60±0.400 345.80±0.002** 70.80±0.003** 2.20±0.004** 0.08±0.016 0.36±0.024 

150 265.00±0.008 237.33±0.012 6.40±0.400 261.80±0.002** 59.20±0.021 1.20±0.109 0.08±0.016 0.32±0.020 

Standard drug 

(Jetepar ) 

5.37 272.500±0.003 227.250±0.003** 6.000±0.005** 275.200±0.003** 77.000±0.007** 4.000±0.041 0.400±0.041 0.520±0.012 

10.75 296.000±0.003 281.750±0.002** 5.500±0.002** 263.000±0.008** 63.600±0.001** 3.600±0.029 0.200±0.116 0.360±0.001 

16.13 256.500±0.001 232.250±0.001** 5.500±0.002** 228.000±0.012 59.400±0.002** 0.600±0.070 0.120±0.004** 0.160±0.056 

Control - 263.33±0.010 269.00±0.009 5.00±0.003 258..25±0.006 42.00±0.007 1.00±0.034 0.046±0.033 0.13±0.002** 

Toxicant 

(CCl4) 

1.5♦ 253.33±0.015 162.66±0.003 7.50±0.001 642.30±0.002 141.25±0.017 4.60±0.006 0.98±0.001 1.26±0.043 

 

ALP= Alkaline phosphatase, ALT= Alanine aminotransferase, γ--GT= Gamma-glutamyl transpeptidase, DB= Direct bilirubin,  

TB= Total bilirubin 

IU/ dl= International units per liter,   mg/dl= Milligram per deciliter 

All values are given in Mean ± SEM, n=5, *P<0.001 and **P<0.01 significant to toxicants 

♦Dose of toxicant in ml/kg body weight 
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Table-93: Hepatic histopathological finding of Piper nigrum (therapeutic model) 

 

Compound 

and 

Extracts 

Dose 

mg/kg 

 

Portal Tract 

 

Lobules 

Loss of 

central 

vein 

Fibrosis     

( Stage ) 

Inflammation 

( Grade ) 

Bile 

duct 

Portal 

vein 

Lobular 

damage 

Hepatocytes Fatty liver Finding 

Degeneration Necrosis Micro Macro 

Piperine 25 4 3 Intact Intact +ve +ve Focal +ve +ve Intact 

75 2 2 Intact Intact -ve -ve -ve -ve -ve Intact 

100 1 2 Intact Intact -ve -ve -ve -ve -ve Intact 

Piper 

nigrum  

(Hexane 

Extract) 

50 1 1 Intact Intact -ve -ve -ve +ve +ve Intact 

100 1 2 Intact Intact -ve +ve -ve -ve -ve Intact 

150 0 1 Intact Intact Minor 

+ve 

-ve -ve -ve -ve Intact 

Piper 

nigrum 

(Ethanol 

Extract) 

50 2 3 Intact Intact -ve -ve -ve +ve +ve Intact 

100 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

150 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Standard 

Drug  

(Jetepar ) 

5.37 4 3 Focal 

Intact 

Intact -ve +ve -ve Mild+ve Mild+ve +ve 

10.75 0 1 Intact Intact -ve -ve -ve -ve -ve Intact 

16.13 1 1 Intact Intact -ve -ve -ve -ve -ve Intact 

Control - 0 0 Intact Intact -ve -ve -ve -ve -ve Intact 

Toxicant 1.5♦ 3 4 Intact Intact +ve +ve +ve +ve Mild +ve Intact 

(-) Not present, (+) present, ♦Dose of toxicant in ml/kg body weight 
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Figure-31: Histopathological micrograph of rat liver section treated 

with piperine (Piper nigrum) and CCl4 (therapeutic model) 

Figure-31a                                        Figure-31b      Figure-31c   

   

 

 

 

  

 

 

Figure-31a: Treatment with piperine from Piper nigrum 25 mg/kg body weight indicated cirrhosis and moderate inflammation of portal 

tract, lobular damage, degenerative hepatocytes and focal necrosis with ballooning was observed  

 

Figure-31b: Treatment with piperine from Piper nigrum 75 mg/kg body weightindicated periportal fibrosis, mild inflammation and 

normal architecture of liver cells 

 

 Figure-31c: Treatment with piperine from Piper nigrum 100 mg/kg body weightindicated portal fibrosis, mild inflammation and normal 

architecture of liver cells 
 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-18 (18a, 18b and 18c) respectively 
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Figure-32: Histopathological micrograph of rat liver section treated 

with hexane extract of Piper nigrum and CCl4 (therapeutic model) 

Figure-32a                                    Figure-32b                                                                          Figure-32c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-32a: Treatment with hexane extract of Piper nigrum 50 mg/kg body weightindicated portal fibrosis, minimal inflammation and 

ballooning of hepatocytes 

 

Figure-32b: Treatment with hexane extract of Piper nigrum 100 mg/kg body weightindicated portal fibrosis, mild inflammation, 

degenerative and fatty hepatocytes 

 

Figure-32c: Treatment with hexane extract of Piper nigrum 150 mg/kg body weightindicated normal connective tissues, minimal 

inflammation of portal tract and marked improvement in hepatocytes structure 

 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b)respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-18 (18a, 18b and 18c) respectively 
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Figure-33: Histopathological micrograph of rat liver section treated 

with ethanol extract of Piper nigrum and CCl4 (therapeutic model) 

 

Figure-33a                                            Figure-33b                                      Figure-33c 

 

 

 

 

 

 

 

 

 

Figure-33a: Treatment with ethanol extract of Piper nigrum 50 mg/kg body weight 

 Indicated periportal fibrosis, moderate inflammation and ballooning of hepatocytes 

 

Figure-33b: Treatment with ethanol extract of Piper nigrum 100 mg/kg body weight 

Indicated normal connective tissues, minimal inflammation of portal tract and marked improvement in hepatocytes architecture  

 

Figure-33c: Treatment with ethanol extract of Piper nigrum 150 mg/kg body weight 

Indicated normal connective tissues, minimal inflammation of portal tract and marked improvement in hepatocytes architecture 

 

Note: Histopathological micrograph of control and toxicant rat liver section have been presented in figure-13 (13a and 13b) respectively 

Histopathological micrograph of reference drug treated rat liver section have been presented in figure-18 (18a, 18b and 18c) respectivel 
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5.0 DISCUSSION 
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Medicinal usage of valuable plants and their phytoconstituents in different countries are 

the source of various potent and effective drugs. Therapeutic efficacy of the different 

parts of the medicinal plants such as roots, stems, barks, flowers, leaves, fruits and twigs 

are usually been conducted by inclusive investigations of chemical entities that pursued 

the isolation of pure bioactive molecules followed by pharmacological evaluation. These 

bioactive fragments are then subjected to the development of new drugs. Approximately 

out of 10,000 molecules, mainly one or two compounds approve to be used as new drug 

molecules. In different parts of the world phytomedicines are being used along with 

modern medicines. This combination play an important role in health care system, 

despite this it is crucial to regulate the therapeutic significance of herbal products and 

biochemical compounds. With this perspective, researchers have established numerous 

scientific approaches, to utilize a crude drug to an appropriate method of extraction and 

purification for the isolation and description of phytopharmaceuticals. The detection of 

these phytoconstituents which are considered as secondary metabolites such as alkaloids, 

flavonoids, phenols, saponins, sterols, terpenes, tannins and resins. These potentially 

active biomolecules are competent of generating pronounced physiological effect and 

verify the traditional usage of medicinal plantsfor the treatment of various diseases. The 

recognition of therapeutic potential arrived from the results of isolation techniques and 

pharmacological testing procedures obtained after in vitro and in vivo analysis of the 

extracts and isolated pure compounds. With this approach phytomedicines find their way 

into modern medicinal preparations.  In the present research work as a part of continuous 

studies on medicinal plants, Adenanthera pavonina, Peltophorum pterocarpum and Piper 

nigrumwere collected and identified for screening of biological activities. A series of 

biochemical test / analysis have been performed to authenticate and report the 

significance of these three plants with respect to their observed bioactivity.  
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5.1 Pharmacognostic evaluation 

The presences of valuable phytoconstituents were detected in ethanol extract of selected 

plants. 

 

Adenanthera pavonina 

The phytochemical screening of Adenanthera pavonina extract (Table-21) showed the 

presence of, alkaloids, carbohydrates, cardiac glycosides, flavonoids, glucosides ofβ-

sitosterol,saponins, steroids, stigmasterol and tannins. These findings are in accordance 

with the previous phytochemical screening conducted by Khare, 2007; Partha and 

Rahaman, 2015.   

 

Peltophorum pterocarpum 

 Peltophorum pterocarpum showed the presence of flavonoids, alkaloids, saponins, 

sterols and cardiac glycosides (Table-21). Results were comparable to previous 

phytochemical screening conducted by Taiwo et al., 2013.  

 

Piper nigrum 

 Piper nigrum revealed the presence of alkaloids, glycosides, steroids, tannins, phenol 

compounds, flavonoids, steroids and reisns (Table-21). These findings were similar to 

the previous phytochemical screening results conducted by Ganesh et al., 2014.  

 

 

Isolation and identification of pure compounds  

Adenanthera pavonina 

A pale yellow amorphous solid of β-sitosterolglucoside was obtained from ethanol 

extract of Adenanthera pavonina leaves (Table-22). The melting point of β-sitosterol 

glucoside was found 284ºC which was confirmed by published melting point 283-286ºC 

by (Arunachalam et al., 2009). Presences of β-sitosterol glucoside was detected on TLC 

plates as pink spot with Rf value of 0.5 which was near to the earlier reported Rf value of 

0.6 by (Rahmana et al., 2009).IR spectrum had absorption features at 3515 cm
-1

 this 

indicating that a hydroxyl group (-OH) is present. Stretching of normal aliphatic ester 

(>C=O) showed region of absorption at 1650 cm
-1

. Finally, the absorption band at 815 

http://en.wikipedia.org/wiki/Beta-Sitosterol
http://en.wikipedia.org/wiki/Beta-Sitosterol
http://en.wikipedia.org/wiki/Stigmasterol
http://en.wikipedia.org/wiki/Beta-Sitosterol
http://en.wikipedia.org/wiki/Beta-Sitosterol
http://en.wikipedia.org/wiki/Beta-Sitosterol
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cm
-1

indicated the –CH stretching. This spectral data was comparable to the spectral data 

given by (Arora and Kalia, 2013).  

 

Peltophorum pterocarpum 

White crystals of bergenin were isolated from methanol extract of Peltophorum 

pterocarpum leaves (Table-23). The melting point of white crystals was found 235ºC. 

This was identical with the published melting point of bergenin 235 ºC (Nasser et al., 

2009). The spot on TLC plate of bergenin was observed had the Rf 0.57 that was similar 

to the reported bergenin Rf value0.58 (Qin et al., 2010).The analysis of IR spectrum of 

bergenin permitted to assign the presence of OH groups because of absorption at zone of 

3300 cm
-1

and the absorption at 1690 cm
-1 

indicated the presences of C=O, while 

absorption at 1610 cm
-1

 presented the C-O and a absorption region of 1535 cm
-1

 

represent the C-C, while C-O group characteristic stretching frequencies at 1230 cm
-1

 

This spectral data is identical to the reported data by Chen et al., 2008. 

 

Piper nigrum 

Yellow needle shaped crystals of piperine were delivered from ethanol extract of Piper 

nigrum fruits (Table-24). The melting point of piperine was found to be 130ºC which 

was consistent with stated value 129ºC in literature (Kolhe et al., 2011). The observed 

spot of piperine on TLC plate had the Rf value 0.55 that was similar to the reported 

piperine Rf values 0.55 (Kolhe et al., 2011).The peaks obtained after taking the IR 

spectra of pure piperine at 3005 cm
-1 

were indicated the presences of CH2 stretching, 

1622 cm
-1

 showed C=C,1665 cm
-1

 presented C-O-N, 1561 cm
-1

 represented C=C 

benzene ring, 2883 cm
-1

 showed CH group, 1435 cm
-1

 presented CH2 bending,1002, 

1133, 1005, 1230 cm
-1

 indicated the C-O-C group and absorption at 830 cm
-1

 showed C-

H bending. The purity of isolated piperine was confirmed by IR studies of Deepthi et al., 

2012.    
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5.2 Biological assays 

Acute toxicity assessment 

Toxicology relates with the investigation of the adverse reactions of any synthetic and 

biochemical substances on body system or organ which cause injury of living organisms. 

The relationship of dose and its effect is of high importance in toxicology, lower the dose 

that can induce an adverse effect means the more toxic the substance. Two main factors, 

the dose (both acute and chronic) and route of administration can greatly affect the level 

of toxicity. Other factors include, age, sex, species and exposure time (Silbergeld, 

1998).Acute toxicity is defined as the adverse effects arises immediately after 

administration of single dose of a substances and determination of abnormal and general 

behavior and other physiological activities like sedation, hyperactivity, hypoactivity, 

shrinkage of pupil, paralytic effect on hind limbs, writhes, erection of tail and body hairs, 

shivering of body and the rate of mortality. While quantitatively, acute toxicity 

determines a drug’s lethal dose, which is beneficial at an early stage screening of a new 

drug to establish its range of doses for pharmacological activity, therapeutic potential and 

side effects. The therapeutic index is an estimation of the relative safety of a given 

substance. It is a ratio of the lethal dose or toxic dose to the therapeutic or effective dose. 

The larger the ratio, greater the relative safety of substance. The effective dose has been 

defined in terms of range (minimum vs. maximum) between the effective and tolerated 

dose. Which extend response in 50 % of the test population (Chinedu et al., 

2013).Despite the fact that the selected plants species have been used as a folk medicine 

throughout the world for centuries, the researcher has high concern about their safety 

profile data. Present work showed excellent safety profile of the pure compounds, 

hexane and ethanol extracts of selected plants in acute toxicity assessment model.        
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Adenanthera pavonina 

The acute intraperitoneal and oral toxicity of this plant in mice and rats were examined. 

During this study the intraperitoneal treatment (Table-25 and 26) of pure compound β-

sitosterol glucoside at 5 mg/kg body weight while hexane and ethanol extracts at 150 

mg/kg body weight  no adverse reactions were seen up to 72 hours, therefore the activity 

of mice was concluded as normal and the animals that survived cannot lose the body 

weight. While the other groups of mice received 10, 15, and 20 mg/kg of body weight 

doses of pure compound β-sitosterol glucoside possessed shivering and erected tail 

immediately after administration. Writhes and hyperactivity were observed after 30 

minutes. After passage of 1-3 hours all animals were found drowsy and immobile with 

refusal of water and feed, two animals were dead after 24 hours at a dose of 10 mg/kg of 

body weight however survived animals were dead after 48 hours received 15 and 20 

mg/kg body weight of doses. It was noticed that animals medicated with dose of 250, 

300 and 500 mg/kg body weight of hexane and ethanol extracts revealed abnormal 

activities like writhes, shivering, flat body, and drowsy  immediately after 

administration. However drowsiness and abdominal contractions were observed after 30 

minutes. This continued till three hours without intake of water and feed. All six animals 

were found dead exposed with dose of 300 and 500 mg/kg body weight of hexane extract 

and 500 mg/kg body weight of ethanol extract and four animals were dead treated with 

dose of 250 mg/kg body weight of hexane extract, while two were found dead at a dose 

of 250 and 300 mg/kg body weight of ethanol extract after 24 hours. All survived 

animals were perceived without consumption of water and feed they were dead after 48 

hours. The LD50 calculated (Table-27) in mice by i.p. treatment as 7.07 mg/kg body 

weight for β-sitosterol glucoside , 193.64 mg/kg body weight for hexane and ethanol 

extracts, while therapeutic index recorded (Table-28) as 1.414 for β-sitosterol glucoside, 

and 1.2909 for hexane and ethanol extracts. These results showed that single dose 

exposure of β-sitosterol glucoside hexane and ethanol extracts are safe in i.p. 

administration < 5 and 150 mg/kg body weight respectively, and to be lethal > 10 and 

250 mg/kg body weight respectively. Oral administration of pure compound (Table-29 

and 30) at doses of 50, 100, 200 and 300 mg/kg body weight, hexane and ethanol 

extracts at doses of 150, 300, 500 and 600 mg/kg body weight in rats possessed no 

adverse reactions up to 72 hours. The increasing dose of pure compound from 50 mg/kg 

http://en.wikipedia.org/wiki/Beta-Sitosterol


161 

 

body weight to 300 mg/kg body weight to observe toxicity based on effective dose 

ED50, which was calculated 50 mg/kg body weight.  

 

Similarly, the increasing dose of hexane and ethanol extracts from 150 to 600 mg/kg 

body weight to observe toxicity are also based on effective dose ED50, which was 

calculated as 150 mg/kg body weight. In both the cases (pure compound, hexane and 

ethanol extracts) even by increasing the dose five time of the effective dose the rats did 

not show any significant change in general behavior and breathing (Table-30). These 

effects were persuaded during the experimental period (72 hours). During this period no 

deaths were take place in any group.  

 

Peltophorum pterocarpum 

Group of six mice were treated with four different doses i.e. 50, 75, 100 and 150 mg/kg 

body weight of pure compound bergenin, however 150, 250, 300 and 500 mg/kg body 

weight of hexane and ethanol extracts. After intraperitoneal administration of doses 

animals were observed for any reactivity, incidence of mortality and deaths were 

demonstrated in (Table-31 and 32). After i.p. administration of 50 mg/kg body weight of 

pure compound bergenin and 150 mg/kg body weight of hexane and ethanol extracts, it 

was noted that no adverse reactions were seen up to 72 hours, therefore the activity of 

mice were concluded as normal and the animals that survived cannot lose the body 

weight. While the other groups of mice received 75, 100, and 150 mg/kg body weight 

doses of pure compound bergenin possessed discomfort, hyperactivity and shivering 

immediately after administration. Writhes and shivering of animals were found after 30 

minutes. After passage of 1-3 hours all animals were found drowsy with refusal of water 

and feed and dead during the passage of 72 hours. It was noticed that animals medicated 

with dose of 250, 300 and 500 mg/kg body weight of hexane and ethanol extracts 

revealed abnormal activities like writhes, shivering, flat body, and erected tail 

immediately after administration. However drowsy, unconscious, closed eyes and 

writhes were observed after 30 minutes. Drowsiness continued till three hours without 

intake of water and feed. All six animals were found dead exposed with dose of 250 

mg/kg body weight after 72 hours. However animals were dead after 48 hours treated 

with dose of 300 mg/kg body weight, while all animals were found dead after 24 hours at 

a dose of 500 mg/kg body weight. The LD50 calculated (Table-33) in mice by i.p. 
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treatment as 61.23 mg/kg body weight for pure compound bergenin and 193.64 mg/kg 

body weight for hexane and ethanol extracts, while therapeutic index recorded in Table-

34 as 1.2246 for bergenin and 1.2909 for hexane and ethanol extracts.  

These results showed that single dose exposure of pure compound bergenin, hexane and 

ethanol extracts are safe in i.p. administration < 50 and 150 mg/kg body weight 

respectively, and to be lethal > 75 and 250 mg/kg body weight respectively. Oral 

administration of pure compound bergenin (Table-35) at doses of 50, 100, 200 and 300 

mg/kg body weight, hexane and ethanol extracts at doses of 150, 300, 500 and 600 

mg/kg body weight to the rats possessed no adverse reactions up to 72 hours. The 

increasing dose of pure compound bergenin from 50 to 300 mg/kg body weight to 

observe toxicity are based on the effective dose ED50, which was calculated as 50 mg/kg 

body weight. Similarly the increasing dose of hexane and ethanol extracts from 150 to 

600 mg/kg body weight for observes toxicity is also based on effective dose ED50 which 

was calculated as 150 mg/kg body weight. In both cases (pure compound and extracts) 

even by increasing dose for five time of the effective dose no mortality or and toxic 

symptoms up to 72 hours were seen results indicated in Table-36.    

 

Piper nigrum 

During the experimental procedure (Table-37 and 38) it was observed that mice felt 

irritated and hyperactive just after intraperitoneal administration of 25, 50 and 75 mg/kg 

body weight of pure compound piperine and observed drowsy after 30 minutes, while 

paralytic effect on hind limbs and immobility were noted after passage of more than 

three hours with no intake of water and feed. After 24 hours all six animals found dead 

treated with 75 mg/kg body weight of dose, while animals that were treated with doses of 

25 and 50 mg/kg body weight were found dead after 48 hours. On the other hand, during 

acute toxicity assessment of hexane extract mice, felt shivering and irritation just after 

i.p. administration of doses of 25, 50 and 75 mg/kg body weight and after 30 minutes 

breathing problem, shivering and paralytic effect of hind limbs were observed. While 

one animal at a dose of 50 mg/kg body weight found dead. In rest of animals blood 

traces in urine was seen after one hour with flat body and closed eyes. At a dose of 75 

mg/kg body weight, two animals were found dead after two hours, while remaining 

survived with fits, closed eyes and paralytic effect of hind limbs without intake of water 

and feed.  



163 

 

 

 

 

 

After three hours, remaining four survived animals were detected dead at a dose of 75 

mg/kg body weight, while all survived animals found without locomotory movement. 

After 24 hours all survived animals at a dose of 50 mg/kg body weight noticed dead and 

animals at a dose of 25 mg/kg body weight found completely paralyzed without intake of 

water and feed. All these animals were dead after 48 hours. In the acute toxicity study of 

ethanol extract animals felt shivering and irritation just after intraperitoneal 

administration of doses of 25, 50 and 75 mg/kg body weight. After 30 minutes, animals 

felt breathing problem with fits, closed eyes and erected body hairs, while two animals 

were found dead at a dose of 50 mg/kg body weight. After one hour fits and blood traces 

in urine were seen and after two hours paralytic effect of hind limbs and flat body was 

observed without intake of water and feed. Further one animal was found dead at 50 

mg/kg body weight after three hours, while all remaining animals found dead after 24 

hours. No adverse reaction after i.p. administration of 15 mg/kg body weightof pure 

compound piperine, hexane and ethanol extracts were seen even after 72 hours. The 

LD50 calculated (Table-39) in mice by i.p.treatment as 19.36 mg/kg body weight for 

pure compound piperine, hexane and ethanol extracts. These results showed that single 

dose exposure of piperine, hexane and ethanol extracts are safe in i.p. administration < 

15 mg/kg body weight, and to be lethal 25 mg/kg body weight. While therapeutic index 

recorded as 1.2909 for piperine, hexane and ethanol extracts accordingly(Table-40).  

 

The acute toxicity study of pure compound piperine, hexane and ethanol extracts were 

determined on rats after oral administration (Table-41) at doses of 15, 50, 100 and 200 

mg/kg body weight. The increase dose of pure compound piperine, hexane and ethanol 

extracts from 15 to 200 mg/kg body weight to evaluate toxicity are based on the effective 

dose ED50, which was calculated at 15 mg/kg body weight. No adverse effect was 

observed till 72 hours and animals demonstrated normal activity (Table-42) even by 

increasing dose for five time of the effective dose. 

 

Anti-oxidant assay 
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Antioxidants are vital compounds either natural or synthetic that possessed the ability to 

restrict the proliferation of free radicals. Free radicals are derived from molecular oxygen 

as a natural intermediate or byproduct under reducing/ stress conditions and usually 

called Reactive oxygen species (ROS). Free radicals can originate from both endogenous 

and exogenous source. The endogenous source include, supplement metabolism, ageing 

procedure while exogenous source encompasses physical anxiety, environmental 

contamination like tobacco smoke, radiations and chemicals. Free radicals are substances 

that can oxidize reduced molecules.Excess amount of these free-radicals if not 

eliminated from endogenous system can lead to cell injury, weak immune system, 

change in gene expression and generate atypical proteins, which may cause initiation and 

propagation of many diseases like liver disorders, immunosuppression,  diabetes, 

neurodegenerative disorders and cancer. Cells are capable to strike against ROS by 

means of various antioxidant enzymes such as superoxide dismutase (SOD), catalase 

(CAT) and glutathione peroxidase (GPx). These enzymes take part in scavenging the free 

radicals, thus preventing cell deleterious. If the amount of anti-oxidants developed under 

normal physiological conditions is inadequate to stabilize the induction of free radicals 

then injury of cells will progress at a much faster rate with the development of any of the 

above mentioned disease. Therefore it is necessary to overcome this problem by using 

natural anti-oxidant, which can obtained from plant origin, as synthetic anti-oxidants are 

involved in negative health effect. Moreover these may have limitations in applications 

due to poor solubility and moderate anti-oxidant effect in low concentration (Anu et al., 

2013; Doss and Pugalenthi, 2012). 

 

There has been an increased interest of scientific researchers in the field of food sciences, 

pharmaceuticals industries and horticulture in development of anti-oxidative 

phytochemicals derived from grains, vegetables, fruits and medicinal plants to reducing 

the incidence of chronic diseases. Therefore isolated pure compounds, hexane and 

ethanol extracts from leaves of  Adenanthera pavonina, Peltophorum pterocarpum and 

fruits of Piper nigrum were analyzed for anti-oxidant capacity using reducing power 

ability (RPA). The reducing power assay applied to regulate the potential of an anti-

oxidant to donate an electron. Substances which have reduction potential react with 

potassium ferric cyanide to form potassium ferro cyanide. The presences of anti-oxidant 

radical reduced ferric chloride (Fe
3+

) to ferric ferrous (Fe
2+ 

) complex by changing the 

color of each test sample from yellow to green and blue (Arulpriya et al,. 2010). The 
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reduction of Fe
3+ 

to Fe
2+

 was monitored at 700 nm and compared to standard reducing 

gent ascorbic acid.         

Adenanthera pavonina 

The reducing power capacity along with percentage of pure compound β-sitosterol 

glucoside, hexane and ethanol extracts of Adenanthera pavonina leaves were given in 

Table- 43 and 44 which were found increased with increase in concentration. Figure-7 

showed the reduction activities of test samples in comparison with standard drug. 

According to the results of this study hexane and ethanol extracts exhibited less degree 

of Fe
3+

 reduction than the β-sitosterol glucoside. The order of reducing power capacity of 

tested samples were found β-sitosterol glucoside (0.279±0.028 and 19.30%) > hexane 

extract (0.244±0.031 and 16.90%) > ethanol extracts (0.246±0.057 and 17.00%). This 

reducing power may be due to biologically active compounds which possessed potent 

donating abilities. However standard drug was found to be higher than all tested samples. 

Statistically non-significant correlation P<0.05 for pure compound β-sitosterol glucoside 

(r
2 

= 0.995) hexane (r
2 

= 0.909) and ethanol extract (r
2 

= 0.950) vs. standard drug 

ascorbic acid.  

 

Peltophorum pterocarpum 

Table- 45 and 46 presented the reducing power capacity and percentage of reduction 

power of bergenin (pure compound), hexane and ethanol extracts of Peltophorum 

pterocarpum leaves. The reducing power of test samples was increased with increase in 

concentration but found less than standard drug.These results were found in the order of 

pure compound bergenin (0.333±0.014 and 23.10%) > ethanol extract (0.219±0.0007 and 

15.10%) > hexane extract (0.134±0.001 and 9.20%), results indicated that pure 

compound bergenin could react strongly with free radical and convert into more stable 

form. Figure-8 showed statistical correlation of antioxidant capacity between tested 

samples and standard drug. Non-significant correlation P<0.05(r
2 

= 0.982) for hexane 

extract, pure compound bergenin (r
2
 = 0.878) and ethanol extract (r

2 
= 0.977) vs. standard 

drug ascorbic acid.  

 

Piper nigrum 

The relation between reducing power with anti-oxidant activity of pure compound 

piperine, hexane and ethanol extracts of Piper nigrum fruits were given in Table- 47 and 
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48. The reducing power of test samples increased with an increased in the concentrations 

and were recorded in the order of pure compound piperine (1.039±0.015 and 72.10%) > 

hexane extract (0.668±0.004 and 46.30%) > ethanol extract (0.301±0.003 and 20.80%). 

However standard drug had strong reducing power in comparison with test samples. The 

statistic correlation between standard drug and tested samples were shown in Figure-9, 

which were found non-significant P< 0.05 for pure compound piperine (r
2 

= 0.867), 

hexane extract (r2 = 0.968) and ethanol extract (r
2 
= 0.953).   

 

Based on the data obtained from this study, purecompounds β-sitosterol glucoside of 

Adenanthera pavonina leaves, bergenin of Peltophorum pterocarpum leavesand piperine 

of Piper nigrum fruitsdisplayed high reducing percentage i.e., 19.30 %, 23.1% and 

72.1% and generated powerful absorbance of 0.279, 0.333 and 1.039 respectively than 

hexane and ethanol extracts of respective plants. Among the all tested plants extracts and 

isolated pure compounds, piperine a major alkaloid isolated from Piper nigrum fruits 

exhibited highest rate of ferric ions reduction (1.039±0.015, 72.1%) were proving the 

strong antioxidant activity of Piper nigrum (Lim, 2012). 

 

Anti-bacterial assay 

Infectious diseases are one of the principal problems of public health in the world. 

Infections due to variety of bacterial pathogens such as Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas, Salmonela speciesand Staphylococcus aureus are most 

common.Sensitivity response of the antibiotics decreasing continuously against multi-

drug resistant bacterial strains. Beside this problem, antibiotics are sometimes associated 

with adverse effects on host which include hypersensitivity, immunosuppressant, hepatic 

and renal toxicity (Dabur et al., 2007). This has made an alarming situation for their 

clinical use. Continuous failureof chemotherapeutics and growth of resistant bacterial 

strains of clinical significance in producing desired effects attained the passion of 

researchers to promote the study of phytomedicine to develop new broad spectrum 

antimicrobial agents.Traditional uses of herbs alone or their phytoconstituents such as 

flavonoids, alkaloids and tannins have been reported as a rich source of natural drugs 

which may inhibit bacterial growth in different parts of the body and support organ 

systems responsible for detoxification and immune function (Saklani et al., 2011). A 

number of compounds derived from plants often showed considerable activity against 
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Gram negative but not against Gram positive species. The variation in the inhibition 

among the Gram positive and Gram negative bacteria is due to the have a high content of 

lipopolysaccharide layer in the cell wall, which have an effective permeability barrier, 

and restricted the penetration of compounds. It is possible that the apparent 

ineffectiveness of plants to produce anti-bacterial activity may be due to permeability 

barrier. 

 

The evaluation of anti-bacterial activity of extracts and bioactive compounds from leaves 

of Adenanthera pavonina, Peltophorum pterocarpum and fruits of Piper nigrum 

againsttestpathogens may provide an alternate aspect to synthetic antibiotics. The test 

organisms include Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhi, 

Escherichia coli, Enterococcus feacalis, Proteus vulgaris, Klebsiella pneumoniae, 

Acinetobacter baumannii. Anti-bacterial activity of test compounds and extracts were 

compared with positive control Berberis vulgaris. 

 

 

Adenanthera pavonina 

The result of anti-bacterial activity by well diffusion method and the magnitude of zone 

of inhibition examined and recorded in Table-49.The anti-bacterial sensitivity showed by 

pure compound β-sitosterol glucoside to Staphylococcus aureus, Escherichia coli and 

Acinetobacter baumannii weremeasured and recorded as 15, 9 and 11mm respectively 

and Pseudomonas aeruginosa and Salmonella typhi presented sensitivity with zone 

inhibition of 10 mm. Hexane extract found to inhibit the growth area 10.5mm of 

Staphylococcus aureus and Enterococcus feacalis with 11mm diameter, while inhibition 

of zone was recorded 10mm against Pseudomonas aeruginosa and Salmonella typhi. 

Whereas ethanol extract was effective against Enterococcus feacalis, Escherichia coli, 

Staphylococcus aureus andAcinetobacter baumannii with zone of inhibition 7, 17.5, 8 

and 17 mm accordingly. However Berberis vulgaris showed maximum zone of 

inhibition against all bacterial strains tested, with exception of the ethanol extract which 

found to be more effective (17.5 mm) than Berberis vulgaris against the strain 

Enterococcus feacalis. Significant correlation P<0.01 for pure compound β-sitosterol 

glucoside (r
2
 = 0.0063) and for ethanol extract (r

2 
= 0.0071). While non-significant P< 

0.05 forhexane extract(r
2
 = 0.654)vs. Berberis vulgaris. 
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Minimum inhibitory concentration values were tabulated in Table-50, and calculated on 

the basis of MIC in percentage. For pure compound β-sitosterol glucoside and hexane 

extract range from 12.5% to 50%, whereas ethanol extract range from 0.625% to 10%. 

Screening of ethanol extract presented good inhibitory results compared to pure 

compound β-sitosterol glucoside, hexane extract and standard drug, ethanol extract was 

inhibited Staphylococcus aureus at 5% and Proteus vulgaris at 0.625%. Berberis 

vulgaris exhibited its potential at less concentration (1.5%) against Klebsiella 

pneumoniae and high concentration (25%) for pathogenic inhibition against 

Staphylococcus aureus. Significant correlation P<0.01for pure compound β-sitosterol 

glucoside (r
2
 = 0.001) and hexane extract (r

2 
= 0.0085) and non-significant P< 0.05 for 

ethanol extract(r
2
 = 0.4553) vs. Berberis vulgaris. 

 

Time kill assay of pure compound β-sitosterol glucoside, as well as hexane and ethanol 

extracts was determined against Escherichia coli using Berberis vulgaris as standard 

drug / positive control. Results highlighted in Figure-10.  The average reduction of the 

viable cell count in case of pure compound, β-sitosterol glucoside was reordered as 0.617 

log cfu/ml at the end of 60 minutes which can be regarded as the initial phase of 

bactericidal activity. At the end of this phase, once again the cell density started 

increasing and reached maximum (2.255 log cfu/ml) at 240 minutes. The increase in cell 

density was also observed initially after 30 minutes of incubation when the viable cell 

count recorded as 1.435 log cfu/ml after which pure compound β-sitosterol glucoside 

was noted to exert killing effect on growing cells. The increase in bacterial cell density 

after 60 minutes is an indication that β-sitosterol glucoside has been degraded and thus 

remain unable to perform bactericidal activity between 60 to 240 minutes. However, 

once again drastic reduction in cell density was noted and recorded as 0.593 log cfu/ml at 

the end of 1440 minutes which demonstrated the highest killing effect. This exceptional 

killing effect indicates that the degraded compound(s) of β- sitosterol glucoside is still 

active against Escherichia coliandthus once again killing effect was observed. Although, 

degraded products reference of β- sitosterol glucoside produced due to Escherichia coli 

are not available in literature, but some studies do authenticate that many species of 

thegeneraArthrobacter, Bacillus, Brevibacterium,Corynebacterium, Microbacterium,  

Nocardia, Protoaminobacter, Serrattia and  Streptomyces are capable to degrade 

sitosterol (Arima et al., 1969; Arima et al., 1978) are capable of degrading such 

http://www.biocyc.org/META/NEW-IMAGE?type=ORGANISM&object=TAX-1663&orgids=ECOLI
http://www.biocyc.org/META/NEW-IMAGE?type=ORGANISM&object=TAX-1696&orgids=ECOLI
http://www.biocyc.org/META/NEW-IMAGE?type=ORGANISM&object=TAX-1716&orgids=ECOLI
http://www.biocyc.org/META/NEW-IMAGE?type=ORGANISM&object=TAX-33882&orgids=ECOLI
http://www.biocyc.org/META/NEW-IMAGE?type=ORGANISM&object=TAX-1817&orgids=ECOLI
http://www.biocyc.org/META/NEW-IMAGE?type=ORGANISM&object=TAX-1883&orgids=ECOLI
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compounds. 

 

The killing effect behavior of hexane and ethanol extracts observed quite similar in 

pattern and noted to be consistent between 30 to 120 minutes. However during initial 

phase, ethanol extract was noted slightly lower in activity than the hexane extract. 

Further the degradation of the anti-bacterial compound was also noted slightly earlier in 

case of ethanol extract (after 120 minutes), while in hexane extract the degradation 

started after 240 minutes. As a result, the cell density started increasing and reached to 

maximum, 1.319 and 1.17log cfu/ml respectively at the end of 1440 minutes. The 

difference in killing effect between hexane and ethanol extract also suggest the level of 

β-sitosterol glucoside available in both the extracts were not same. Therefore, some 

additional anti-bacterial compound(s) may be present in hexane extract which have 

resulted in highly consistent activity. However, unlike pure compound (β-sitosterol 

glucoside), the degradation of compounds in hexane and ethanol extracts were not found 

to possess any anti-bacterial activity or the compound may not have degraded.  The 

standard drug (Berberis vulgaris) also indicated a highly consistent killing effect but 

noted better than hexane and ethanol extracts and even β-sitosterol glucoside. While 

comparing the duration of activity, Berberis vulgaris was observed to act for longest 

period, 1440 minutes compared to hexane and ethanol extracts. Although β- sitosterol 

glucoside was noted to act till 1440 minutes but in between 60 to 240 minutes, the 

activity was subsided due to the degradation of the compound, which once again 

reactivated and acted till 1440 minutes because of the potential killing effect of the 

degraded product(s).  

Based on the results obtained from this study Gram negative bacteria Escherichia coli 

appeared to be more sensitive by ethanol extract through inhibition of maximum zone 

(17.5mm) of bacterial growth, while β-sitosterol glucoside bio active compound of 

Adenanthera pavonina showed zone of inhibition (15mm) against life threatening Gram 

positive bacterial strain as Staphylococcus aureus, and hexane extract was observed most 

effective against Gram negative bacteria Enterococcus feacalis (11mm). Minimum 

inhibitory concentration (0.625%) presented by ethanol extract against Gram negative 

bacteria Proteusvulgaris. While effectiveness of the hexane extract to kill Escherichia 

coli was started to work after 30 minutes and had higher 0.06 log cfu/ml at 240 minutes.   
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Peltophorum pterocarpum 

Effectiveness of pure compound (bergenin), hexane and ethanol extracts of Peltophorum 

pterocarpum leaves was measured against different bacterial strains because they caused 

substantial zones of inhibition on one or more of the bacteria tested. The results of 

susceptibility testing in terms of zone of inhibition are shown in Table-51. Pure 

compound bergenin revealed 11, 11, 15 and 10.5 mm respectively and ethanol extract 

inhibited the zone of bacterial growth 12, 12, 12 and 10 mm accordingly against 

Enterococcus feacalis, Escherichia coli, Pseudomonas aeruginosa and Staphylococcus 

aureus, although Escherichia coli and Pseudomonas aeruginosa showed susceptibility 

(10 and 14 mm) against hexane extract, while Acinetobacter baumannii, Proteus 

vulgaris, Klebsiella pneumoniae, and Salmonella typhi have showed resistance to pure 

compound bergenin, hexane and ethanol extracts. While hexane extract also resistant 

against Enterococcus feacalis and Staphylococcus aureus. Berberis vulgaris was 

delivered suppression of area against all test microorganisms and demonstrated its 

highest inhibition of zone (21 mm) against Staphylococcus aureus. Non-significant 

correlation P< 0.05 for pure compound bergenin (r
2
 = 0.658) and ethanol extract (r

2 
= 

0.590) and hexane extract(r
2
 = 0.157) vs. Berberis vulgaris. 

 

The results of MIC are given in Table-52. Pure compound bergenin was screened and 

results were found effective against Escherichia coli, Klebsiella pneumoniae, and 

Pseudomonas aeruginosa as they were inhibited at very less concentration of 0.78%, 

0.195%, and 1.56% respectively, whereas Staphylococcus aureus and Proteus vulgaris 

were responded to the compound at concentration 6.25% and 3.125%. In case of hexane 

extract Salmonella typhi, Pseudomonas aeruginosa, and Staphylococcus aureus were 

inhibited at the concentration of 1.56%. The ethanol extract was observed to inhibit at 

very high concentration (25%) more or less against all of the experimental organisms. 

The inhibitory concentration of Berberis vulgaris was found very high against 

Staphylococcus aureus (25%)and Proteus vulgaris (12.5%), indicated activity similar to 

ethanol extract. Non-significant correlation P< 0.05 for pure compound bergenin (r
2
 = 

0.308), hexane extract(r
2
 = 0.240) and for ethanol extract (r

2 
= 0.046) vs. Berberis 

vulgaris. 

 

Time kill studies Figure-11, showed that pure compound bergenin noted to start anti-

bacterial activity after 120 minutes. The maximum log cfu/ml recorded 1.608 after 60 
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minutes. It was drastically decreased to 1.007 log cfu/ml after 120 minutes and a 

sustained effect was noted till 240 minutes with log cfu/ml value of 0.03. However after 

240 minutes its efficacy was completely eliminated probably due to degradation and cell 

density once again increased and recorded to maximum log cfu/ml 1.532 after 1440 

minutes which was very much similar to cell density recorded initially after 30 minutes. 

Hexane and ethanol extracts demonstrated bactericidal activity after a 60 minutes of 

incubation period upon the growth of test organism and log cfu/ml recorded as 0.318 and 

0.81 respectively which lasted till 120 minutes then the efficacy of extracts was 

suppressed and gradual lost in activity was observed.The degree of bactericidal activity 

of bergenin, hexane and ethanol extracts of Peltophorum pterocarpum leaves indicated 

over an hour of time, however standard drug Berberis vulgaris exhibited its bactericidal 

effect till 1440 minutes in time dependent manner. While comparing bergenin and 

Berberis vulgaris activity, bergenin was to be noted to have a prominent bactericidal 

activity with shorter duration (240 minutes) while Berberis vulgaris has a sustained 

effect for larger period of time (1440 minutes). However bergenin may act for a larger 

period of time as well at higher concentration, which needs to be investigated. Similarly 

while comparing bactericidal activity of bergenin with hexane and ethanol extracts, it 

was observed that both hexane and ethanol extracts have much shorter duration of 

activity than bergenin which lasted for only 120 minutes compared upon less bactericidal 

0.318 and 0.138log cfu/ml respectively, bergenin which acted till 240 minutes up on high 

cell density 0.03 log cfu/ml confirming a superior activity over both hexane and ethanol 

extracts.  

 According to the results of this study bergenin pure compound of Peltophorum 

pterocarpum leaves was indicated the potential of anti-bacterial activity by inhibiting the 

maximum growth zone (15mm) of Gram negative bacteria Pseudomonas aeruginosa, 

and minimum inhibitory concentration (0.195%) was found against Gram negative 

bacteria Klebsiella pneumoniae. However after 120 minutes bergenin was started to kill 

the cell growth of Escherichia coli and at 240 minutes it was strongly work against cell 

growth 0.03 log cfu/ml than hexane and ethanol extracts.  

 

Piper nigrum 

The Zone of Inhibition results are listed in Table-53. Acinetobacter baumannii, 

Klebsiella pneumoniae, Salmonella typhi, Enterococcus feacalis and Escherichia coli 
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were sensitive with pure compound piperineand zone of inhibition were found 20, 15, 

18, 15 and 13 mm respectively.Hexane extract was effective for Klebsiella pneumoniae 

(12 mm), Salmonella typhi (18mm), Enterococcus feacalis (12mm) and Escherichia coli 

(11mm). Ethanol extract showed its potential against Salmonella typhi (14.3 mm), 

Staphylococcus aureus (15mm), Enterococcus feacalis (11mm), Pseudomonas 

aeruginosa (18 mm) and Escherichia coli (15mm).The results of standard drug Berberis 

vulgaris were found against Acinetobacter baumannii (10mm), Klebsiella pneumoniae 

(11mm), Salmonella typhi (15 mm), Staphylococcus aureus (21 mm), Enterococcus 

feacalis (16 mm), Pseudomonas aeruginosa (19 mm), Proteus vulgaris (11mm) and 

Escherichia coli (15 mm). Zone of inhibition results were found equally effective for 

Gram negative bacteria and Gram positive bacteria. Pure compound piperine has shown 

its highest susceptibility against Acinetobacter baumannii i.e., 20 mm. Pseudomonas 

aeruginosa was found to be more susceptible to ethanol extract with zone of inhibition of 

18 mm. Hexane extract shown sensitivity against Salmonella typhi having zone of 

inhibition of 18 mm. Non-significant correlation P< 0.05 for ethanol extract (r
2 

= 0.781), 

pure compound piperine 

 (r
2
 = 0.272) and hexane extract (r

2
 = 0.012) vs. Berberis vulgaris. 

 

Minimum Inhibitory Concentration is shown in Table-54. The MIC of 

purecompoundpiperine ranges from 6.25% to 25%, with least MIC for Staphylococcus 

aureus and highest MIC for Pseudomonas aeruginosa. Ethanol extract MIC was 

estimated that ranges from 0.195% to 6.25% least MIC for Acinetobacter baumannii and 

highest MIC for Pseudomonas aeruginosaSalmonella typhi, Staphylococcus aureus, 

Enterococcus feacalis and Proteusvulgaris. Whilehexane extract produced its lowest 

MIC for Acinetobacter baumannii, Staphylococcus aureus and Escherichia feacalis i.e., 

12.5% and highest MIC for Klebsiella pneumoniae, Salmonella typhi, Pseudomonas 

aeruginosa, Proteus vulgaris and Escherichia coli i.e. 25%. The results were compared 

with the MIC of Berberis vulgaris which demonstrated its least MIC for Klebsiella 

pneumoniae i.e. 1.5% and highest MIC for Proteusvulgaris. i.e., 12.5%. Non-significant 

correlation P< 0.05 for pure compound piperine (r
2
 = 0.211), hexane extract (r

2
 = 0.140) 

andsignificant correlation P< 0.01for ethanol extract (r
2 
= 0.005) vs. Berberis vulgaris. 

 

Time kill assay was performed using Escherichia coli to check at which time of growth 

the test samples exerted its killing effect Figure-12. In the presence of pure compound 
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piperine reduction in viable colonies were started after 60 minutes of bacterial incubation 

its log cfu/ml was recorded 2.81, while the viable cell count reduction was continued in 

between 120 and 1440 minutes and drastic reduction was observed and recorded log 

cfu/ml 0.2 at 1440 minutes. While hexane extract exhibited the log reduction in the 

viable cell count which started after 30 minutes of incubation and a constant reduction in 

viable count was noted till 1440 minutes that ranged 0.413, 0.4, 0.334, 0.282 and 0.241. 

However ethanol extract started bactericidal activity after 30 minutes and recorded as log 

cfu/ml 1.333. A constant reduction was seen in viable count till 120 minutes ranging 

between log cfu/ml 0.926 and 0.718, after 120 minutes its efficacy was completely 

eliminated. However comparing bactericidal activity ofpure compound piperine, hexane 

and ethanol extracts with Berberis vulgaris. Piperine was noted to have striking 

bactericidal activity log cfu/ml 0.2 with long duration (1440 minutes). While in the 

presences of standard drug Berberis vulgaris steady decreased in cell density was 

observed that was lasted till 1440 minutes in time dependent manner with the log cfu/ml 

0.369.  

 

According to the results of this study piperine pure compound of Piper nigrum fruit was 

indicated the potential of anti-bacterial activity by inhibiting the maximum growth zone 

(20mm) and minimum inhibitory concentration (0.195%) against Gram negative bacteria 

Acinetobacter baumannii. However after 60 minutes piperine was started to kill the cell 

growth of Escherichia coli at 1440 minutes it was strongly work with 0.2 log cfu/ml 

against cell growth than hexane and ethanol extracts.  

 

Among all tested plants, results of present studies demonstrated that piperine a main 

alkaloid of Piper nigrum fruit which was responsible for anti-bacterial activity exhibited 

the maximum zone of inhibition 20 mm against Gram negative bacteria Acinetobacter 

baumannii and exhibited the strong bactericidal activity 0.2 log cfu/ml against 

Escherichia coli for longer duration (1440 minutes), and striking bactericidal effect log 

cfu/ml 0.03 against Escherichia coli till 240 minutes also exerted by bergenin. Minimum 

inhibitory concentration (0.195%) showed by pure compound bergenin of Peltophorum 

pterocarpum leaves against Gram negative bacteria Klebsiella pneumoniae and ethanol 

extract of Piper nigrum fruits against Gram negative bacteria Acinetobacter baumannii, 

which was associated with the ratio of anti-bacterial compounds present in the extract. 
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Results of present study were found comparable with the earlier investigation of Al- 

Shahwany, 2014.  

 

Analgesic assay 

The analgesic activity of pure compounds, hexane and ethanol extracts of selected plants 

species were evaluated in laboratory animals through established methods which were 

used to determine the analgesia and the results were compared to standard drug and 

control. It is necessary to apply tests which were different to each other with respect to 

stimulus quality, intensity and duration to obtain possible analgesic efficacy of test 

samples. Latency to thermal stimuli (generated by hot water and hot plate) used to 

evaluate centrally acting analgesic effects of drugs. Analgesic effect versus thermal 

stimuli possibly evoked via opioid receptors or by regulation of distinct 

neurotransmitters involved in related mechanism. Inhibition of histamine or kinin 

pathway may involve in reduction of pain (John et al., 2009). While pain induced by the 

analgesy-meter (physical pressure method) provides a model for the study of non-

inflammatory pain, this is most sensitive method to centrally acting analgesics. Chemical 

methods of nociception, the pain impact in acetic acid induced writhing response has 

been shown to be evoked by triggering of local inflammatory response, which results in 

the liberation of free arachidonic acid from tissues, phospholipids via cyclooxygenase 

(COX) and prostaglandin biosynthesis and release. The substance inhibiting the writhes 

through peripheral mechanism to hold down the pain will have analgesic response by 

significantly blocking the prostaglandins synthesis. Acetic acid writhing is a highly 

proposed protocol in development of medicinal agents for their analgesic features. This 

pain module is extensively used for judgment of peripheral analgesic activity because of 

its accuracy and responds at a dose which was not or less effective in other methods 

(Amali et al., 2012). 

 
 

Adenanthera pavonina 

Examination of the efficacy of i.p. administrated pure compound β-sitosterol glucoside, 

hexane and ethanol extracts on centrally induced pain was carried out in mice by hot 

water tail immersion assay (Table-55) showed the significant analgesic (P<0.05) activity 

when compared to standard drug and control. The pure compound β-sitosterol glucoside 

showed gradual increase in activity with passage of time and reached its peak after 120 
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minutes at a dose of 5 mg/kg body weight, although at doses of 1 and 2.5 mg/kg body 

weight pure compound β-sitosterol glucoside increased pain threshold after 120 

minutes.The hexane and ethanol extracts demonstrated maximum effect at a dose of 150 

mg/kg body weight. While at doses of 100 and 125 mg/kg body weight highest activity 

was achieved after 120 minutes. 

 

Second thermal nociception model was hot plate, in which the oral administration of 

pure compound β-sitosterol glucoside, hexane and ethanol extracts did not increase the 

rats latent period on hot plate and generated poor reduction in the spell of paw licking 

from hot plate and the results were illustrated in (Table-56). However at all doses pure 

compound β-sitosterol glucoside, hexane and ethanol extracts displayed maximum 

analgesic effect after 120 minutes of treatment. Among all hexane extract produced 

highest analgesic activity at a dose of 150 mg/kg body weight after 120 minutes of 

administration but significantly less than the analgesic activity exposed by standard drug. 

Results regulated that they might not possessed a central pain inhibitory effect when 

compared to standard drug. 

 

Pain induction by analgesy meter provides a model for the study of non-inflammatory 

pain. Mechanically pressure was applied on the left paw of rat. Insensitivity to the 

applied pressure is the criteria of testing the analgesic action of substance. The oral 

administration of pure compound β-sitosterol glucoside, hexane and ethanol extracts 

showed in Table-57. The elevated pain threshold and treated rats exhibited significant 

resistance against mechanically applied ache after 30 minutes. The maximum inhibitory 

effect was observed after 30 minutes with the pure compound β-sitosterol glucoside at 

doses of 2.5 and 5 mg/kg body weight. Hexane and ethanol extracts demonstrated the 

satisfactory analgesic effect at 125 and 150 mg/kg body weight subsequently. The 

maximum analgesic effect was observed after 30 minutes of all tested samples that was 

started declining after 60 minutes.  

A prominent inhibition of writhing reflux (Table-58) was observed after i. p. 

administration of pure compound β-sitosterol glucoside, hexane and ethanol extracts at 

all doses. Hexane extract at doses of 100 and 125 mg/kg body weight and ethanol extract 

at doses of 125 and 150 mg/kg body weight totally inhibit the local peritoneal receptors 

which may be the involvement of cyclooxygenase inhibition potential as compared to 
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standard drug. The pure compound at dose of 1 mg/kg body weight produced highest 

protection 92.06% against writhes, while at doses of 2.5 and 5 mg/kg body weight and 

ethanol extract at a dose of 100 mg/kg body weight exhibited maximum protection 

87.81%, 88.66% and 81.01% against writhes.  

Results obtained from nociceptive tests indicated that pure compound β-sitosterol 

glucoside at high dose 5 mg/kg body weight possessed potent analgesic effect which 

might inhibit the pain responses mediated by noiceptors centrally (tail immersion and 

analgesy method). While significant inhibitory effect were exerted by hexane at doses of 

100 and 125 mg/kg body weight and ethanol extracts at doses of 125 and 150 mg/kg 

body weight by writhing induced method. This indicated Adenanthera pavonina 

possessed analgesic property which was mediated via central and peripheral inhibitory 

mechanism.      

 

 

 

Peltophorum pterocarpum 

Analgesic effect of pure compound bergenin, hexane and ethanol extracts of 

Peltophorum pterocarpum leaves was determined by tail immersion method and 

compared to standard drug and control, results were reported in (Table-59). After i.p. 

administration of pure compound bergenin and ethanol extract, all doses presented less 

analgesic activity compared to standard drug. Highest analgesic activity was observed 

after 60 minutes in pure compound at a dose of 50 mg/kg body weight and hexane 

extract at a dose of 150 mg/kg body weight as compared to standard drug. However the 

good analgesic effect was presented by ethanol extract at a dose of 150 mg/kg body 

weight at 60 minutes compared to standard drug. Pain resistances of test samples were 

increased with time and achieved its peak after 60 minutes and gradually reduced with 

passage of time. Poor analgesic effect of pure compound bergenin, hexane and ethanol 

extracts against thermal stimuli was observed compared to standard drug except the 

hexane extract at a dose of 150 mg/kg body weight exhibited significant (P< 0.05) 

analgesic activity as compared to standard drug. 

 

The results (Table-60) of analgesic assay through hot plate method showed that all the 

rats exposed on hot plate persuade a reaction time of 1-4 seconds before oral 
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administration of drugs. Pure compound bergenin at a dose of 50 mg/kg body weight, 

hexane extract at 150 mg/kg body weight and ethanol extract at a dose of 125 mg/kg 

body weight after 60 minutes showed maximum reduction in the time of paw licking.At 

all doses of pure compound bergenin, hexane and ethanol extracts the latency time was 

increased after 60 minutes and decreased after 120 minutes, although the analgesic 

activity did not showed the significant reduction in latency reaction when compared with 

standard drug. 

 

Basal reaction was recorded and mentioned in the method by analgesy meter. The 

analgesic outcomes of pure compound bergenin, hexane and ethanol extracts were 

demonstrated in (Table-61). It was found that the analgesic capacity of pure compound 

bergenin, hexane and ethanol extracts at all treated doses were increased with passage of 

time and attained its maximum after 120 minutes. The significant (P<0.05) analgesic 

result of  pure compound bergenin was observed after 120 minutes at a dose of 50 mg/kg 

body weight and at  doses of 15 and 25 mg/kg body weight pure compound bergenin 

spotted good analgesic impact compared with standard drug. Hexane and ethanol 

extracts presented highest analgesic efficacy at a dose of 150 mg/kg body weight, 

however at doses of 100 and 125 mg/kg body weight good analgesic results were 

observed compared to standard drug.       

 

Experimental data of acetic acid induced writhing response (Table-62) it was found that 

the pure compound bergenin, hexane and ethanol extracts possessed potent analgesic 

property. The pure compound bergenin at doses of 15, 25 and 50 mg/kg body weight 

100% cut off the abdominal constriction.  However hexane extract at a dose of 150 

mg/kg body weight and ethanol extract at doses of 100, 125 and 150 mg/kg body 

weightwere completely (100%) inhibited the writhing refluxes compared to standard 

drug. Whereas the hexane extract at doses of 100 and 125 mg/kg body weight were 

caused good percentage of writhing inhibition (85% and 99.15%) respectively which 

were found considerable amount compared to standard drug.        

 

Results of present study revealed that pure compound bergenin, hexane and ethanol 

extracts were found less effective against thermal stimulus of pain which is specific 

central anti-nociceptive test. But the magnitude of anti-nociceptive activity of bergenin 

was found significant against applied physical pressure at high dose, however bergenin 
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and ethanol extract at all tested doses and hexane extract at high dose 150 mg/kg body 

weight completely restricted the nociceptive mechanism induced by acetic acid. That 

reflected that Peltophorum pterocarpum capable of relieving pain caused by physical and 

chemical activation of the nociceptors mediated by both central and peripheral 

mechanism.  

 

Piper nigrum 
 

The results of analgesic activity of pure compound piperine, hexane and ethanol extracts 

measured by tail immersion method have been given in (Table-63). At doses of 5 and 10 

mg/kg body weight the pure compound piperine showed comparable analgesic effect to 

control and standard drug.Pure compound piperine exhibited maximum activity after 120 

minutes at a dose of 5 mg/kg body weight as compared to control and standard drug 

while at a dose of 15 mg/kg body weight pure compound piperine did not showed further 

enhancement in analgesic activity. The hexane extract showed maximum analgesic 

activity at a dose of 10 mg/kg body weight as compared to control and showed minimum 

activity against standard drug. The analgesic effect had increased with passage of time 

and achieved peak effect after 120 minutes at doses of 5 and 15 mg/kg body weight. The 

ethanol extract showed good analgesic activity at doses of 5, 10 and 15mg/kg as 

compared to control and less analgesic activity as compared to standard and maximum 

analgesic effect was achieved at a dose of 15 mg/kg body weight after 120 minutes as 

compared to standard.  

 

The results of analgesic activity of pure compound piperine, hexane and ethanol extracts 

measured byeddy’s hot plate method have been given in (Table-64). This test involved in 

central analgesic effect as evidence by increased in reaction time. Pure compound 

piperine exhibited good analgesic effect at doses of 5 and 15 mg/kg body weight as 

compared to control and standard drug. The compound showed significant (P<0.05) 

analgesic activity at a dose of 10 mg/kg body weight as compared to control and standard 

drug, maximum analgesic effect was noted at a dose of 10 mg/kg body weight after 30 

minutes. The hexane and ethanol extracts showed poor analgesic effect at all doses of (5, 

10 and 15mg/kg body  

weight) as compared to control and standard drug.  
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The results of analgesic activity of pure compound piperine, hexane and ethanol extracts 

measured by analgesy meter method have been given in (Table-65).Pure compound 

piperine, hexane and ethanol extracts showed maximum analgesic effect up to 60 

minutes as compared with standard drug and control, maximum analgesic effect of pure 

compound piperine at a dose of 15 mg/kg body weight, hexane extract at a dose of 5 

mg/kg body weight and ethanol extract at a dose of 10 mg/kg body weight was achieved 

at 60 minutes as compared to control and standard drug.  

 

The result of pure compound piperine, hexane and ethanol extracts was analyzed by 

writhing method for analgesic activity is depicted in (Table-66). Pure compound 

piperine, hexane and ethanol extracts exhibited excellent analgesic effect at doses of 5 

and 15 mg/kg body weight as compared to control and standard drug. Pure compound 

piperine at a dose of 10 mg/kg body weight and ethanol extract at a dose of 15 mg/kg 

body weight, 100% protect the writhes. However hexane extract at doses of 5 and 10 

mg/kg body weight and pure compound piperine at a dose of 5 mg/kg body weight 

showed potent protection (99.71%).Results of tested samples demonstrated significant 

decreased in the number of writhes at all doses compared to standard drug and control.  

 

Results of this study shown that biologically active constituents and pure compounds of 

selected plants species possessed moderate dose dependent analgesic effect in different 

pain models. These may block the pain influx transmission by acting either on central 

nervous system or peripherally active on the mediator system such as histamine, 

serotonin and prostaglandin. In acute pain models evaluation pure compounds (β-

sitosterol glucoside, bergenin and piperine) and extracts (hexane and ethanol) were acted 

centrally and elevate pain threshold of animals towards heat (tail immersion assay), β-

sitosterol glucoside (pure compound of Adenanthera pavonina) followed by hexane 

extract of Peltophorum pterocarpum and piperine (pure compound of Piper nigrum), 

while against hot plate assay, piperine (pure compound of Piper nigrum) followed by 

ethanol extract of Peltophorum pterocarpum leaves and hexane extract of Adenanthera 

pavonina leaves, however against pressure method of pain model highest analgesic 

results were obtained by β-sitosterol glucoside (pure compound of Adenanthera 

pavonina), while bergenin (pure compound of Peltophorum pterocarpum) found more 

effective than piperine (pure compound of Piper nigrum). Significant pain inhibitory 

effect by means of writhing assay was exerted by the pure compounds and extracts. 
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Among all tested plants peripherally acted (Writhing assay) significant analgesic effect 

of pure compound bergenin, hexane and ethanol extracts of Peltophorum pterocarpum 

leaves was observed. 

 

Anti-inflammatory assay 

Carrageenan induced paw edema method is most commonly utilized method for 

evaluation of non-steroidal anti-inflammatory agents. Carrageenan induced 

inflammation, is a bi-phasic mechanism, which starts with the formation of edema (first 

phase) characterized by the release of histamine, 5 hydroxytryptamine and kinin, 

followed by second phase which is accomplished with release of prostaglandins. This 

second phase of inflammation is susceptible to the clinically effective anti-inflammatory 

agents, initially inhibited the cyclooxygenase enzyme which is involve in prostaglandin 

synthesis (Basha et al., 2011). In the present study effect of test samples against acute 

phase of localized inflammation was evaluated by in vivo model of inflammation 

induced by carrageenan. 

 

 

 

 

Adenanthera pavonina 

The anti-inflammatory effect of pure compound β-sitosterol glucoside, hexane and 

ethanol extracts were examined at doses level of 1, 2.5 and 5 mg/kg body weight and 

100, 125 and 150 mg/kg  body weight respectively. Whereas, the results were compared 

with reference drug (Table-67).The results demonstrated that the all doses of pure 

compound β-sitosterol glucoside, hexane and ethanol extracts treatment reduced the 

inflammation after 120 minutes. Pure compound β-sitosterol glucoside after two hours at 

all tested doses mildly decreased the paw edema but it was found less effective than the 

standard drug and control. The highest edema suppressant response (85.882%) of hexane 

extract was found (P<0.01) at a dose of 150 mg/kg body weight and the results at 100 

mg/kg body weight was found significant (P<0.01) and greater than standard drug. 

Ethanol extract inhibited the edema 96.417% at a dose of 100 mg/kg body weight after 
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120 minutes and at a dose of 150 mg/kg body weight also exhibited good inhibition in 

development of edema 85.09% compared to standard and control. 

 

Results of present study showed that pure compound β-sitosterol glucoside was markedly 

reduced the inflammatory mediator, while hexane and ethanol extract were noticed 

significant (P <0.01) inhibitor of inflammation at high doses 150 mg/kg body weight as 

compared to standard drug diclofenac sodium.      

 

Peltophorum pterocarpum 
 

The sub planter injection of carrageenan produced an inflammation, which increased at 

half an hour after injection of phlogistic agent (Table-68). Pure compound bergenin 

significantly inhibited this inflammation by reducing the release of serotonin and 

histamine at the initial phase with maximum and significant activity (P<0.01) of 

93.333% at a dose of 50 mg/kg body weight compared to standard and control. However 

reduction in activity of these inflammatory agents was also maintained by pure 

compound bergenin during all the experiment at all doses. Hexane extract also found 

most active (P<0.01) against edema at doses of 125 and 150 mg/kg body weight 

(93.790% and 94.379%) respectively. The results of ethanol extract showed that the 

duration of edema progress induced by carrageenan in rats is usually revealed by a 

biphasic spell, i.e. within an hour it was developed due to release of serotonin and the 

ethanol extract at doses of 125 and 150 mg/kg body weight significantly suppressed 

(P<0.01) the serotonin release by 92.810% and 90.196% compared to standard drug and 

control group. In second span of reaction in between 2-3 hours ethanol extract at same 

doses produced inhibitory effect on enzyme cyclooxygenase, that may lead to inhibit the 

prostaglandin synthesis up to 85.97%, 91.716% and 91.492% compared to standard drug 

and control. While diclofenac sodium (standard drug) at a dose of 10 mg/kg body weight 

inhibited the 84.836% carrageenan induced edema by all the experimental duration.  

 

Results of present study showed that pure compound bergenin, hexane and ethanol 

extracts at all tested doses were significantly (P<0.01) inhibited the acute inflammation. 

Significant (P<0.01) impact of ethanol extract appeared by the reduction in paw volume 

which was comparable to standard drug. 
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Piper nigrum 

Carrageenan induced paw edema method was used to detect the anti-inflammatory effect 

of pure compound piperine, hexane and ethanol extracts and result described in Table-

69. Piperine showed significant activity (P<0.01) to suppressed edema at all doses of 5, 

10 and 15 mg/kg body weight as compared to control and standard. However pure 

compound piperine exhibited maximum inhibition (91.307%) at a dose of 15 mg/kg body 

weight compared to standard drug. The hexane extract showed significant (P<0.01) anti-

inflammatory activity at doses of 5 and 10 mg/kg body weight as compared to standard 

drug. The hexane extract exhibited maximum inhibition (93.464%) of inflammation at a 

dose of 5 mg/kg body weight. The ethanol extract showed significant anti-inflammatory 

(P<0.01) activity at all tested doses of 5, 10 and 15 mg/kg body weight as compared to 

standard and control groups. The ethanol extract exhibited maximum anti-inflammatory 

activity (97.450%) at a dose of 5 mg/kg body weight. Analyzed results indicated that the 

pure compound piperine, hexane and ethanol extracts inhibited the inflammation in the 

second phase of edema and repressed the inflammatory response after two hours. This 

anti-inflammatory activity may be due to the impact on inflammatory mediators and the 

effect on the pathway of prostaglandin biosynthesis.  

 

Among all tested plants extracts and pure compounds, ethanol extract of Piper nigrum 

fruits at low dose 5 mg /kg body weight showed significant reduction in edema 

development during second phase of carrageenan induced inflammation. Result of anti-

inflammatory potential of Piper nigrum also verified by the earlier report of Lim, 2012. 

Edema reduction was found more in ethanol extract of Piper nigrum fruits (97.450%) 

followed by hexane extract of Peltophorum pterocarpum leaves (94.379%) and 

Adenanthera pavonina leaves (85.882%) supporting the use of these plants in folk 

medicine for the treatment of inflammation.  
 

 

Neuropharmacological assay 

Anxiety reflects feeling of nervousness, contingency, and panic characterized by 

physical symptoms such as palpitations, sweating and affection of stress. Anxiety 

disorder may lead to different mental disorders as preceding global healthcare problem. 

The existing modern drugs used as a regimen of mental and behavioral illness acquire 

severe adverse effects such as ataxia, neuroleptic malignant syndrome and impaired 
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cognition. Concurrent toxicity with the use of these drugs and treatment cost have made 

the search and to dig out safe, effective, and affordable alternative herbal medicines 

(Yahaya et al., 2014). The existing study may be treated as extension to define the role of 

selected plants in elevated symptoms of depression and different psychological aspects. 

Evaluation of sedative effect of plants on CNS could be valuable because they may 

reveal symptoms of stress. Neuropharmacological profile has been analyzed by 

spontaneous motor activity in laboratory animals. The anxiolytic activity of 

phytoconstituents and extracts was assessed by head dip activity into holes used to 

demonstrate exploratory behaviors. Open field activity have been used to inspect various 

behavioral features like skipping loco motor activity, exploratory action, emotional and 

anxiety related responses (Akhter et al., 2011). Force swimming test could be helpful to 

explore the relieving sign of anxiety and symptoms of depression and the characteristics 

of anxietyrelated behaviors in rodents.  

 

Adenanthera pavonina 

A head dip test in holes was used to indicate exploratory behavior. After administration 

of pure compound β-sitosterol glucoside and hexane extract at doses of 5 and 125 mg/kg 

body weight respectively did not demonstrated any decline in number of head dips as 

compared to control (Table-70) during complete observation time. On other hand 

significant (P<0.05) decrease number of head dips in exploratory behavior by ethanol 

extract after exposure of a dose at 125 mg/kg body weight was observed when compared 

to control. The maximum reduction (P<0.05) in head dips action 4.5 was estimated in 

ethanol extract after 120 minutes when compared with control and standard. Positive 

control group treated with diazepam revealed highly significant deduction in head 

dipping outcome, i.e., 14.819 as compared to control. This is justified because decrease 

in number of head dipping count produced relief in anxiety. 

 

Open field test results (Table-71) persuade that the depressing action of test samples was 

noticeable from second span of observation. Reduction in striving period of animals at a 

dose of 5 mg/kg body weight of pure compound β-sitosterol glucoside and 125 mg/kg 

body weight of hexane and ethanol extracts were increases with passage of time, and 

found significant (P<0.05) after 120 minutes of test duration as compared to control. 

However the maximum (P<0.05) despair of motor function of ethanol extract 13.33 was 
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noticed after 120 minutes of test duration, showing that ethanol extract has calming 

impact. Treatment with diazepam showed significant decreased in crossing number of 

squares during all the analysis extent. 

 

Results relating to behavioral distress force swimming test (Table-72) exhibited the 

effect on struggling and immobility time. At a dose of 5 mg/kg body weight of pure 

compound β-sitosterol glucoside and ethanol extract (Adenanthera pavonina leaves) at a 

dose of 125 mg/kg body weight displayed the shortening of immobility duration in 

animals throughout the study spell and statistically it was found significant (P<0.05). 

While the impact of hexane extract (Adenanthera pavonina leaves) at a dose of 125 

mg/kg body weight in second span (30 minutes) showed the increased duration of 

struggling effort, but the results in third and fourth spell it was less than control. 

Diazepam at a dose of 2 mg/kg body weight was administered as a positive control, 

demonstrated significant lowering in immobility period represented the anti-depressant 

impact which prolong immobility, follows CNS depression. 

 

Stationary rod test is a valid pharmacological method for assessing the grip strength by 

maintaining the balance on rod. Results (Table-73) were presented that pure compound 

β-sitosterol glucoside at a dose of 5 mg/kg body weight hexane and ethanol extracts at a 

dose of 125 mg/kg body weight reduced the time duration to cross the stationary rod with 

passage of time and produced its highest (P<0.05) shortened time to pass away the rod 

after 120 minutes compared to control. Animals who crossed the stationary rod in lesser 

time (P<0.05) were treated with ethanol extract at a dose of 125 mg/kg body weight as 

compared to control and hexane extract. This outline was remedial for the fear of height 

and also enhances the learning and memory ability. Diazepam (standard drug) it is more 

potent in reducing the time spent on stationary rod as compared to control, test pure 

compound β-sitosterol glucoside, hexane and ethanol extracts. But its results are 

comparable with ethanol extract. Results of different behavioral test showed that ethanol 

extract of Adenanthera pavoninaleaves had significant neuropharmcological activity.  

 

Peltophorum pterocarpum 

Exploratory behavior of pure compound bergenin, hexane and ethanol extracts was 

reported in Table-74. Placing of animal in head dip apparatus is a stressful act, on the 
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basis of this assessment, hexane and ethanol extracts at a dose of 125 mg/kg body weight 

manifested the continuous despair in number of head dip as compared to control, this 

reflect that extracts showed the property of decreasing the fearfulness and temper 

anxiety. Although the hexane extract at a dose of 125 mg/kg body weight was increased 

the animals activity of head dipping after 30 minutes of drug treatment, beside this after 

60 minutes pure compound bergenin revealed the significant lowering (P<0.05) in head 

dipping activity which was increased with passing of time and attained its absolute 

(P<0.05) after 120 minutes compared with control, ethanol extracts and standard drug. 

Standard drug diazepam explored neophobic behavior because of précising head dipping 

activity as compared to control.   

 

The results of general motor function of pure compound bergenin, hexane and ethanol 

extracts were noted in Table-75 analyzed by open field test method. Pure compound 

bergenin at a dose of 25 mg/kg body weight indicated the little increase in crossing the 

number of squares after 30 minutes of administration, but with passage of time 

mitigation in motor function was detected which was continued till 120 minutes 

compared with control. However hexane extract revolved maximal decrement (P<0.05) 

in number of squares crossed after 120 minutes at a dose of 125 mg/kg body weight, and 

ethanol extract at same dose steadily shortened the loco motor movement during whole 

duration of analysis compared to control. As well as diazepam at a dose of 2 mg/kg body 

weightdisplayed significant reduction in frequency of squares crossed during all the 

experimental duration. This distress reflects the characteristic of standard drug as 

anxiolytic. 

 

Antidepressant efficacy of pure compound bergenin, hexane and ethanol extracts was 

examined using forced swimming test and the results were tabulated in Table-76. Pure 

compound bergenin at a dose of 25 mg/kg body weight, hexane and ethanol extracts at a 

dose of 125 mg/kg body weight revealed good anti-depressant effect with passage of 

time, compared to control, that was justified by the decreased in immobility time of 

animals during swimming activity. Among all the tested samples, hexane extract at a 

dose of 125 mg/kg body weight highly reduced  (18.16 seconds) the swimming duration 

after 120 minutes and found significant (P<0.05)  when compared to control. However 

diazepam used as standard drug at a dose of 2 mg/kg body weight significantly decreased 

the time of struggling for swimming during complete analytical phase.   
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Execution of learning ability and memory of animal model by using stationary rod test 

(Table-77) of pure compound bergenin, hexane and ethanol extracts at doses of 25 and 

125 mg/kg body weight accordingly exhibited the suppression in the time required to 

cross the rod in three different spans of inspection when compared to control and 

acquired its highest activity after 120 minutes. Significant anxiolytic effect (P<0.05) of 

hexane extract was measured after 120 minutes as compared to control and standard 

drug.  

 

Piper nigrum 

The induction in number of head dips commenced by animals treated with pure 

compound piperine, hexane and ethanol extracts of Piper nigrum fruit depicted in Table-

78 and the results revealed significant (P<0.05) suppression in exploratory activity. At a 

dose of 15 mg/kg body weight pure compound piperine, hexane and ethanol extracts 

steadily distress the outcome in head dipping and found significant (P<0.05) after 120 

minutes as compared with control and standard drug. Ethanol extract at the same dose 

produced highest suppression 4.833 in head dips frequency compared to standard and 

control (P<0.05). On the basis of this test results we could say that ethanol extract 

exhibited maximum neuro protective effect. 

 

Open field activity provides the measurement in term of frequency of squares crossed by 

animals. Screening of pure compound piperine, hexane and ethanol extracts of Piper 

nigrum fruit on CNS parameters have been conducted and revealed the decrease in loco 

motion and exploration presented in Table-79. Pure compound piperine, hexane and 

ethanol extracts at a dose of 15 mg/kg body weight demonstrated no decrement in 

frequency of square crossing in open field compared to control and standard drug. 

Depletion in crossing the number of squares showed by diazepam during whole 

experimental extent indicated that the standard drug have influence in dopamine level 

which play a major part in the mediation of loco motor activity. 

 

Forced swimming test used for the detection of anti-depressant like impact in animal 

models. Pure compound piperine, hexane and ethanol extracts of Piper nigrum fruit at a 

dose of 15 mg/kg body weight exhibited the shortening in passivity duration with 
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passage of time and striving time reduction was obtained (P<0.05) after 120 minutes 

compared to control. These features in Table-80 showed that the test pure compound 

piperine, hexane and ethanol extracts possessed antidepressant activity and prolong 

immobility duration. Effect of ethanol extract after 120 minutes of assessment, 

swimming induced depression was observed, significant (P<0.05) decrease in struggling 

time means test extract has depressed effect on CNS and animal does not want to take 

part in swimming and start floating on water surface due to dullness in muscle strength. 

However positive control group evaluation by using diazepam at a dose of 2 mg/kg body 

weight may contribute in significant reduction in encounter time this detection could 

represent that the drug is acceptable in relieving sign of anxiety. 

 

In stationary rod test (Test-81) after the administration of pure compound piperine, 

hexane and ethanol extracts at a dose of 15 mg/kg body weight displayed dynamic and 

significant reduction (P<0.05) in traction activity of muscles, resulting allowed the 

animals to reach at the end point of the rod in lesser time. This effect of tested pure 

compound piperine, hexane and ethanol extracts was observed in every span of 

observation during analysis. Data of test pure compound and extracts (hexane and 

ethanol) to cross the rod in short time as compared to control and standard (9.455, 9.037 

and 8.952) suggested that it relieves the fear of height and enhancing the learning and 

memory of the animal. This efficacy probably due to increase in concentration of 

dopamine which reverses the depression.  

 
Among all the tested plants species ethanol extract of Adenanthera pavonina leaves and 

Piper nigrum fruits, while hexane extract of Peltophorum pterocarpum leaves revealed 

significant decreased in  exploratory and loco motor activities (P<0.05) as compared 

control group. Results obtained from ethanol extract of Adenanthera pavonina leaves 

showed maximum reduction in poking of holes (12.41±0.002) and significant open field 

activity (32.55±0.004) which could be related to the improved learning ability and 

memory. However struggling time for swimming was reduced to highly significant 

extent (27.34±0.002) which was related to the depressant effect on CNS and significant 

result of stationary rod activity (8.95±0.002) indicated that ethanol extract of Piper 

nigrum fruits may be very excellent memory enhancer. Hexane extract of Peltophorum 

pterocarpum leaves possessed significant anxiolytic and memory enhancing activity but 
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this activity is less than standard drug. This effectmay be due to effect on 

neurotransmitter levels especially acetyl choline and changing neuronal morphology. 

This justifies the tested pure compounds and extracts effect on neurotransmitter level and 

its effect excellent on memory enhancer by influencing cholinergic system (Aslam and 

Najam, 2013). 

 

Hepatoprotactive assay  

Liver is a key organ which controls the biochemical pathways related to growth, immune 

system, nutrient supply and reproduction in the body. Liver have massive potential to 

detoxify toxic agents and synthesize the beneficial compounds. Human beings are 

generally subjected to different type of chemical substances like food preservatives and 

additives, industrial chemicals, pesticides and numerous environmental contaminants. 

The vast majority of these toxic substances induce a free radical which regulate lipid per 

oxidation, which interrupted the bio membrane and impairment of cells and tissues. Any 

change in liver anatomy and function are characterized as liver disorders. These liver 

diseases may rise directly from toxic agents, excessive drug therapy or produced through 

immune mechanism. Various mechanisms are involved in this pathogenesis specifically 

the toxic substances originated during reactive oxygen species and other free radicals.  

Various type of liver disorders and symptoms are characterized, jaundice, tumors, fatty 

changes, metabolic and degenerative lesions, cirrhosis, liver cell necrosis and hepatitis. 

The management of liver disorders is still challenging to the modern medicine because 

they provide concise support to hepatic management and some of the drugs adversely 

affect the liver function (Kamble et al., 2008). In the absences of genuine liver protective 

drugs, herbs may play role in relieving disease conditions. Therefore, the present 

research work is directed towards protective effect of selected plant extracts and their 

isolated pure compounds against CCl4 as toxicant in animal models (rats) through a 

number of mechanisms. During metabolic mechanism in the liver CCl4 propagates highly 

reactive trichloromethly as a free radical it binds with the lipoprotein of endoplasmic 

reticulum. The mechanism could associate with the production of toxins, generating 

directly from CCl4 metabolism or from lipid peroxidation of cytoplasmic membrane. 

That may lead to many morphological and functional changes in cell membrane 

associated to the aggregation of lipid derived oxidants causing hepatocellular damage 
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and enhanced production of fibrotic tissue (Argal and Dwivedi 2010 ; Nirwane and 

Bapat,. 2012). 

 

Control group  

Blood serum and liver tissue sample were employed to biochemical and tissue analysis. 

Liver biochemistry processed by analysis of serum levels of enzymes (ALP, ALT, γ-GT, 

DB and TB) these enzymes were found not elevated when compared to toxicant group. 

Histopathological findings of healthy control liver tissues (Figure-13a) were indicated a 

normal liver lobular architecture, cell structure; each hepatocyte has nuclei that are 

distinctly rounded. Around the central vein clear connective tissues are clearly seems. 

Portal vein, bile duct and hepatic arteries showed typical cell structure.      

 

Toxicant group 

The group of rats treated with CCl4 developed sign of liver function abnormalities and 

indicated the pathological condition of liver. The elevated levels of serum liver enzymes 

are responsible for reduction in animal’s body weight and excised liver weight. In CCl4 

toxicant group enzymatic activity of ALP, ALT, γ-GT, DB and TB were substantially 

increased because of the release of enzymes into the blood stream from disrupted cells 

and loss of activities of cell membrane in liver. ALP and ALT (major intracellular 

enzymes) are more important biochemical parameter in liver injury caused by toxin. In 

CCl4 treated liver marked congestion of portal tract (severally diffused), hepatocellular 

damage with prominent bridging fibrosis and architectural distortion, interlobular 

damaged and scattered fatty degeneration were observed. The results of functional test 

together with histological observations suggested that CCl4 lead to acute change in 

histology of liver, thus poisoning risk of health (Figure-13b). The damaged intra or extra 

hepatic bile duct causes the induction of the synthesis of ALP and γ-GT (Anonymous, 

2011). Total bilirubin a byproduct of the breakdown of red blood cells in liver,  hyper 

billirubinemia may signify hepatobillary diseases, reflects the severity of liver function 

symptoms i.e., jaundice (Saleem et al., 2008).  

Standard drug (Jetepar)   
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Jetepar used as a reference standard drug in this evaluation, it is well known 

hepatoprotactive drug used in the management of various liver ailments. The doses of 

jetepar used were calculated to precisely match with the human adult dose.   

 

Prophylactic mode 

Pretreatment of standard drug prevented the raised in serobiochemical changes and kept 

them near to normal specifically by means of plasma membrane stability and also 

regulate the hepatic injury, when given in high concentrations such as 16.13 mg/kg body 

weight in CCl4 induced haptic damage, after treatment body weight and excised liver 

weight were noted near to normal values when compared with CCl4 treated and control 

group. Histopathological profile of liver tissue presented no visible changes in hepatic 

cells, central and portal vein area confirming the safety of the standard drug at selected 

dose regimen. Although at less concentration of 5.37 and 10.75 mg/kg body weight, the 

magnitude of liver enzymes in serum were noted inferior than control but less than 

toxicant, which was confirmed by biopsy results of occasional spotty inflammation and 

stage 1 fibroses of portal tract area (Figure-14).  

 

Therapeutic mode  

Biochemical parameters of serum liver enzymes were assayed. Treatment with standard 

drug jetepar after liver toxication by CCl4, caused significant reduction in the values of 

hepatic enzymes in dose dependent manner which were compared to toxicant rats. 

Further comparison to control animals, jetepar was not showed potential in reducing of 

serum enzymes levels. The liver section of the rats treated with low dose 5.37 mg/kg of 

body weight of standard drug and intoxicated with CCl4 presented in Figure-18, 

exhibited degeneration and disarrangement of normal hepatocytes, cirrhosis of portal 

vein, mild fatty liver. But treated with moderate and high doses such as 10.75 and 16.13 

mg/kg body weight histopathological examination of the liver tissue showed distinct 

hepatic cells architecture and no visible changes in portal vein and central vein ensured 

the safety profile of jetepar against CCl4 intoxication.   

 

Adenanthera pavonina 

Prophylactic mode 
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During prophylactic effect study on last day of treatment with pure compound β-

sitosterol glucoside, hexane and ethanol extracts of Adenanthera pavonina leaves after 

successful production of CCl4  generated hepatotoxicity which caused acute hepatic 

damage, and the results are noted in Table-82.The rats treated with pure compound β-

sitosterol glucoside at doses of 25, 75 and 100 mg/kg body weight were observed to 

reduced significantly the levels of ALP and ALT (P<0.01) and considerable decreased in  

γ-GT, DB and TB levels when compared to toxicant group with decrease in animals 

body weight. While compared with control group only 100 mg/kg body weight of dose 

prevented the liver activity by lowering the serum ALP level. Pure compound β-

sitosterol glucoside showed portal fibrosis at a dose of 75 and 100 mg/kg body weight. 

However 25 mg/kg developed periportal fibrosis, moderate hepatocellular damages of 

portal vein with fatty changes in micro and macro extent (Figure-15 and Table-83).  

 

Hexane extract at a dose of 250 mg/kg body weight was markedly and significantly 

suppressed the elevation of ALP, ALT and TB (P<0.01) as compared to CCl4 treated and 

control group, however at the same dose level of γ-GT and DB were found less than 

toxicant but slightly extended than control group. Histopathological features (Figure-16 

and Table-83) demonstrated the negligible damage with portal fibrosis (stage 1) and 

occasional spotty necrosis with normal endothelial cells around the central vein. Rats 

treated with lower doses 75 and 150 mg/kg body weight presented the low levels of all 

four estimated enzymes as compared to toxicant and are found more than control group. 

Whereas the evidence of portal vein fibrosis (cirrhosis stage), slight involving of some 

part of portal tract, damage of bile duct, fatty changes at micro and macro level and mild 

central lobular necrosis was seen in animals.  

 

Treatment of ethanol extract at a dose of 250 mg/kg body weight showed the significant 

reduction (P<0.01) of all tested serum enzymes when compared to toxicant group but 

slightly less than the control group. Histopathological examination of liver section 

presented periportal fibrosis and minimal patchy hepatocellular damages of portal tract. 

However bile duct, lobules and central vein possessed normal cellular architecture. 

Hepatoprotactive effect of ethanol extract tested at doses of 75 and 150 mg/kg body 

weight was found similar to hexane extract with mild stage of fibrosis, severe degree of 

inflammation (prominent diffused hepatocellular damage), focal lobular damage with 

degeneration in hepatocytes and fatty changes were noted (Figure-17 and Table-83).  
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Therapeutic mode 

Hepatoprotactive potential of pure compound β-sitosterol glucoside, hexane and ethanol extracts 

of Adenanthera pavonina leaves wereevaluatedagainsttoxication of CCl4 and the results 

are presented in Table-84. Group of animals treated with 100 mg/kg dose body weight of 

pure compound β-sitosterol glucoside resulted in striking and significant (P<0.01) 

reduction in high levels of hepatic enzymes ALP and ALT when compared to control 

and CCl4 treated group. Study of histopathological modifications (Figure-19 and Table-

85) related with prevented against liver injury and had limited fibrosis and little cellular 

destruction.When pure compound β-sitosterol glucoside was analyzed at low dose of 25 

mg/kg body weight, pathological features were observed in serum biochemical markers 

as compared to control group while mild decreased in liver enzyme levels due to 

injurious hepatocytes when compared to toxicant group, which was confirmed by 

microscopic description of pathology report. The report showed periportal fibrosis, fatty 

liver and mild lobular damage. Dose of 75 mg/kg body weight of pure compound β-

sitosterol glucoside was effectively minimized the increased extents of ALP and ALT 

when correlated to toxicant and control group. High levels of γ-GT and serum bilirubin 

were found as compared to control group but less than toxicant. Histopathological 

features revealed the presences of septal fibrosis and inflammatory involvement of some 

portion of portal tract.  

 

Results of therapeutic mode of action of hexane extract at all tested doses 75, 150 and 250 

mg/kg body weight reflected the poor hepatoprotactive activity against liver impairment 

caused by ingestion of CCl4 with control group comparison. But found significant 

(P<0.01) reduction of ALP and ALT levels at a dose of 250 mg/kg body weight when 

compared to toxicant rats. Animals exhibited the moderate portal inflammation, limited 

and septal fibrosis and minimal fatty liver changes (Figure-20 and Table-85).  

 

  Ethanol extract was evaluated for hepatoprotactive effect in hepatic damages has been 

induced by CCl4 and measured the serum enzymes levels, when administered dose of 

250 mg/kg  body weight it showed no reduction in ALT levels compared to control 

group. While ethanol extract showed protection against raised level of ALP as compared 

to control and toxicant group and decreased the level of γ-GT and bilirubin when 
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compared with toxicant. Although it was slightly comparable with control group. Liver 

cell biopsy indicated the absences of pathological condition except minimal portal vein 

inflammation. At doses of 75 and 150 mg/kg body weight ethanol extract depleted the 

excess metabolites of CCl4 by inhibiting the increased levels of serum liver enzymes as 

compared to toxicant group. However this depletion was not comparable with control 

group, which depicted liver function test abnormalities and liver tissue analysis had 

hepatic fibrosis (stage 1), mild degeneration of hepatocytes and fatty liver at micro level 

(Figure-21 and Table-85).  

 

The estimation of hepatoprotactive effect of Adenanthera pavonina showed that 

treatment with pure compound β-sitosterol glucoside both in prophylactic and 

therapeutic manner were significantly decreased the elevated serum enzymatic activities 

towards normal and the biochemical results were supplemented with histopathological 

examination.  

 

Peltophorum pterocarpum 

Prophylactic mode 

Hepatoprotactive effect of bergenin isolated as a principle constituent of Peltophorum 

pterocarpum leaves and its hexane and ethanol extracts were examined on CCl4 induced 

toxicity in rats (Table-86). Pure compound bergenin treatment at higher doses of 75 and 

100 mg/kg body weight once daily for successive five days prevented the hepatocytes 

against damage towards normalization by decreasing the elevated liver enzymes in 

contrast with CCl4 treated and control group. The section of liver was focused in portal 

and central vein, there was fibrosis portal expansion with mild inflammation of hepatic 

cells were observed. No hepatic damage was seen in the central vein. In low dose (25 

mg/kg body weight) pure compound bergenin found ineffective in comparison to normal 

group but magnitude of activity was inferior to toxicant group. Clinical pathological 

diseases characterized by periportal hepatic fibrosis and mild hepatocellular destruction. 

Damage bile duct, micro and macro steatosis associated with ballooning and 

degenerative hepatocytes were observed (Figure-22 and Table-87). 

 

 Hexane extract at doses of 75 and 150 mg/kg body weight were suppressed significantly 

(P<0.01) the elevated liver enzymes when compared to toxicant group, while in 
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comparison with control group it does not reduced increased levels of serum liver 

enzymes. At high dose i.e., 250 mg/kg body weight hexane extract found strongly and 

significant effective in decreasing (P<0.01) of ALP level which was confirmed by 

normal appearance of portal vein but minimal or patchy inflammation of hepatocytes 

were observed (Figure-23 and Table-87). Rats treated with high dose 250 mg/kg body 

weight of ethanol extract prior to CCl4 ingestion showed significant (P<0.01) depletion 

of liver enzymes, when compared to CCl4 evoked liver impairment. Ingestion of low 

doses i.e., 75 and 150 mg/kg body weight did not show any significant differences in 

enzyme level reduction compared to normal, although provoked the elevated liver 

enzymes in comparison to toxicant group. The liver tissue viewed under optical micro 

scope appeared with structural integrity with necrosis in dose dependent manner. At a 

dose of 75 mg/kg body weight septal fibrosis, severe portal inflammation, erosion of 

hepatocytes and fatty degeneration were noted, however portal vein seems moderately 

inflamed with periportal fibrosis (Figure-24 and Table-87).   

 

Therapeutic mode 

The anti-hepatotoxic effect of pure compound (bergenin), hexane and ethanol extracts of 

Peltophorum pterocarpum leaves was investigated in CCl4 developed toxicity based on 

the results in Table-88. The five days treatment of pure compound bergenin at a 

concentration of 100 mg/kg body weight in CCl4 destructive liver had potential to cure 

the hepatic disorder via reducing the stimulated liver enzymes extents when compared to 

toxicant and control group. However low doses 25 and 75 mg/kg of body weight therapy 

of pure compound bergenin only control the aggravated level of ALP in contrast with 

toxicant and normal group but rest of analyzed enzymes found depressed as compared to 

toxicant but not comparable with control group.  

 

Treatment of animals with hexane and ethanol extracts at doses of 75, 150 and 250 

mg/kg body weight were moderately decreased the elevated levels of γ-GT and DB 

enzymes and significantly decreased (P<0.01) the levels of ALP, ALT and TB when 

compared to toxicant but this level of suppression found poor in comparison to control 

group. Therapeutic efficacy of tested samples has been further ascertained by 

histopathological observations. Low doses treated liver tissue had normal morphology of 

bile duct, portal central vein, but septal fibrosis with micro and macro vascular fatty liver 
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and moderate grade of inflammation were detected, but high dose treatment of tested 

samples inhibited the indication of fibrosis and inflammation in portal vein (Figure-25, 

26, 27 and Table-89).   

 

The estimation of hepatoprotactive effect of Peltophorum pterocarpum showed that 

treatment with pure compound bergenin both in prophylactic and therapeutic manner 

were significantly suppressed the elevated serum enzymatic activities and maintained 

close to normal and the biochemical parameters were strengthen with histopathological 

findings of liver section. 

 

Piper nigrum 

Prophylactic mode 

The effect of principle constituent piperine, hexane and ethanol extracts of Piper nigrum 

fruits onCCl4 induced liver injury in rats were examined and shown in Table-90. When 

efficacy of pure compound piperine at a dose of 100 mg/kg body weight was compared 

to toxicant and control group it was found to significantly inhibited the increased in 

serum enzymes level. However both extracts (hexane and ethanol) at doses of 100, 150 

and 500 mg/kg body weight and pure compound piperine at doses of 25 and 75 mg/kg 

body weight reduced the elevated effects of CCl4 in hepatic enzymes and their effect 

were observed protective when compared to toxicant group. While upon comparison 

with control group tested samples at above mentioned doses did not inhibit the increased 

in serum enzymes level which was apparently different from toxicant group. 

Hepatoprotactive effect of high concentration i.e., 100 mg/kg body weight of pure 

compound piperine (Figure-28 and Table-91) and hexane extract at a dose of 150 mg/kg 

body weight (Figure-29 and Table-91) were also confirmed by normal hepatocellular 

morphology from damaging effect of CCl4, hepatocytes have round nucleus, flat 

endothelial cells around the central portal vein. Ethanol extract at all tested doses showed 

presences of fibrosis, inflammed moderate micro and macro fatty vascular hepatocytes 

and focal necrosis (Figure-30 and Table-91).  

 

 

Therapeutic mode 
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This study was developed to search the therapeutic potential of piperine (pure 

compound), hexane and ethanol extracts of Piper nigrum fruits in prevention of liver 

damage caused by CCl4 administration. The rats responded with marked increased in 

serum levels (Table-92). Pure compound piperine at doses of 75 and 100 mg/kg body 

weight and both extracts at doses of 100 and 150 mg/kg body weight significantly 

decreased (P<0.01) the enzymes (ALP, ALT and TB)levels in comparison with toxicant 

group and moderate depletion of enzymes were observed when compared to control 

group. Low tested doses of pure compound piperine (25 mg/kg of body weight), hexane 

and ethanol extracts (50 mg/kg of body weight) exhibited minimal level of enzymes 

suppression in contrast with toxicant group, although found effective in comparison with 

control group during the whole period of experimental observations. In histopathological 

analysis cells injury leading to necrosis and ballooning generation, mixed stage of 

fibrosis and different grades of inflammation in hepatocytes were observed at low doses. 

While the treatment at high doses of pure compound piperine, hexane and ethanol 

extracts exhibited less disarrangement and degeneration of hepatocytes. (Figure-31, 32, 

33 and Table-93).  

 

The estimation of hepatoprotactive effect of isolated active compounds β-sitosterol 

glucoside, bergenin and piperine as well as hexane and ethanol extracts from 

Adenanthera pavonina (leaves), Peltophorum pterocarpum (leaves) and Piper nigrum 

(fruits) respectively possessed hepatoprotactive activity both in prophylactic and 

therapeutic model in a dose dependent manner against liver injury induced by CCl4 

towards normal. However pure compounds exhibited significant hepatoprotaction than 

the hexane and ethanol extracts. This was an effective investigation test with high 

negative prognostic value of liver diseases; it decreases the serum enzyme activity by 

induction of hepatic microsomal enzymes when compared to toxicant group. In the 

present study maximum hepatoprotactive activity was achieved through pure compounds 

in prophylactic model. This reduction indicated that active compounds might have 

protected both plasma membrane and liver cells against damage thereby decreasing the 

leakage of serum enzymes into blood circulation  

 

Among all the tested samples pure compound bergenin from Peltophorum pterocarpum 

leaves shown maximum protection against CCl4 induced liver injury in prophylactic 

mode and modulate ALP, ALT and bilirubin hence it can be proposed to beneficial in 
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hepatocellular damage, obstructive jaundice and hepatitis conditions. This result also 

supported by histopathological studies, negligible damages of portal tract, lobules and 

central vein were seen in animals. Present study results also indicated better and 

improved hepatoprotactive activity as reported in earlier study of in vivo 

hepatoprotactivity against liver injury induced by CCl4 (Lim et al., 2000).         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

6.0 CONCLUSION 
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Conclusion and suggestions for further studies: 

Biomedical analysis and studies on phytopharmaceuticals provides immense opportunity 

for researchers to draw initial guidelines to select natural products for further in-depth 

studies to establish their pharmacology and toxicology and to see their possible 

utilization as drugs. Although, it’s quite difficult task and lengthy process to establish the 

benefits of any phytopharmaceutical to be used as drugs, but nevertheless any new 

findings and introduction of valuable data if presented in scientific journals will be 

helpful for investigators and commercial organizations. These findings can be used to 

further explore and optimize the information through more controlled experimental 

design and criteria, acceptable for global leading regulatory authorities. The biomedical 

analysis on phytopharmaceuticals used in present studies include both the crude extracts 

and three pure compounds obtained from three plant species, commonly available in 

South Asian region. These include, hexane and ethanol extracts of, Adenanthera 

pavonina (Family - Fabaceae) leaves Peltophorum pterocarpum (Family - Fabaceae) 

leaves and, Piper nigrum (Family - Piperaceae) fruits along with one pure compound 

from each plant available in reasonable quantity to conduct experiments to ascertain their 

biological activities. These include, ―β-sitosterol glucoside‖ from Adenanthera 

pavoninaleaves ―Bergenin‖ from Peltophorum pterocarpumleaves and ―Piperine‖, an 

alkaloid from Piper nigrum fruits, The various biomedical analysis procedures used in 

the present studies include, anti-oxidant, anti-bacterial, anti-inflammatory & analgesic 

along with hepato-protective and neuro-pharmacological activities to establish and report 

valuable data both on crude extracts and pure compounds. To design and conduct various 

biomedical analyses, extensive literature search was carried on to compare the results 

and to propose new findings. In the traditional system of medicine / or herbal system of 

medicine, considerable usage and application of these plants have been reported, 

however in most cases scientific evidences were found lacking to correlate the earlier 

reported usage and application. Results of the present bioactivities especially anti-

oxidant, anti-inflammatory / analgesic and hepatoprotactive were noted quite interesting 

and promising. The results revealed that there is considerable link between the present 

scientific studies results and earlier reported usage and application of these plants. The 

overall results are not only encouraging but extend valuable data to further explore these 

plants using standardized extracts and pure compounds to establish their 

pharmacokinetics and pharmacodynamics. 
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For future studies, we also suggest to explore the application of standardized extracts and 

pure compounds in different pharmaceutical dosage forms, especially the transdermal 

patches and topical gels to evaluate anti-inflammatory and analgesic activities. During 

present studies, it was also observed that the type and nature of solvents used for the 

extraction of bioactive compounds from these plants can have significant impact in 

delivering the bioactivity; therefore a careful consideration should be given in extraction 

procedure and selection of solvent to achieve the desired pharmacological effects.  

 

The overall conclusions drawn from the present studies may include following: 

 Biomedical analysis of phytopharmaceuticals has great impact in establishing 

pharmacology and toxicology of plants and plant based products. 

 The plants included in the present studies (Adenanthera pavonina, Peltophorum 

pterocarpum and Piper nigrum) showed potential to be further explore for their 

utilization both as prophylactic and therapeutic agent. 

 Prominent anti-oxidant, anti-bacterial, anti-inflammatory / analgesic, neuropharm-

cological and hepatoprotactive activities were observed, endorsing traditional usage and 

applications of these plants, providing good opportunities to develop new formulations 

or to modify existing traditional formulation with more scientific justifications. 

 The studies provided good data to use for future research and to explore different 

biological effects using standardized extracts and pure compound in different 

pharmaceutical dosage form, especially the topical applications of standardized extracts 

in the management of inflammatory disorders.  
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INTRODUCTION 
 

Today the drugs are the most important requirement in the field 
of successful treatment of various diseases including microbial 
origin and other etiology, thus to fulfill this need people are 
using various natural products from different resources 
including i. Terrestrialherbs and Land plants, ii. Different 
secretions of marine lives, iii. Fermentation yields of 
microorganisms and iv. Animal based Products. These all 
means provide a series of active components that then lead to 
the development of numerous drugs. Among all the above 
sources, plants are the most accessible to obtain antimicrobials
(Norman et al., 1985; Hong-Fang et al., 2009)
natural yields act against microorganisms, preventing their 
pathogenesis. The discovery of antimicrobial be
observation that one microorganism prevent another
(Baumberg et al., 1995). Plants are being used by men from the 
beginning of their existence, and many nations in the previous 
history are known for the use of plants as treatment of diseases
(Marjorie Murphy Cowan, 1999 and http://www.faculty. 
ucr.edu/~ legneref/botany/medicine.htm).  
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ABSTRACT 

Drugs are the basic requirement to ensure the better quality of life thus various natural products from 
different sources has played an essential role. Plants including their different parts and exudates have 
been also used as natural antimicrobials as well as natural medicines to treat various medical 
problems, more than this, plants are the cheapest source of antimicrobials. With the passage of time 
microorganisms are getting resistance to various previously effective antibiotics. Pure, ethanol, and 
hexane extracts of Peltophorum roxburghii (copperpod) has shown significant activity against 
Staphylococcus aureus, Enterococcus feacalis, Pseudomonas aeruginosa
well diffusion method as well as micro titer broth dilution method,
extracts as initial material to design drugs effective to the organisms used in the study.
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The discovery and application of 
classified in to three periods as: pre antimicrobials era, 
antimicrobial era, and today! Pre antimicrobial era is 
characterized by high mortality in life threatening diseases, on 
contrary antimicrobial era shows comparatively lesser 
mortality while today the antimicrobials are the most 
moneymaking class of pharmaceutical companies!
2004). A large population of the world relies on different plants 
to use them as treatment purpose thus they are really called 
“backbone” of traditional medicine, as they are unique source 
of drugs (Ahvaz et al., 2012; Kaushik 
 
Different parts of plants have been used to derive medicinal 
and antimicrobial components thus it gives great opportunity to 
introduce new drugs
http://www.infoplease.com/dk/science/encyclopedia/medicinal
plants.html). Although now a day’s
modern medicine but even those pills or capsules and other 
formulations are also driven from plants thus traditional 
medicine and allopathic goes on parallel
(http://www.monographs.iarc.fr/ENG/Monographs/vol82/mono
82-6A.pdf; Bassam Abdul Rasool Hassan, 2012)
plants now have become an active class of drugs discovery due 
to deficiency of drugs in pharmaceutical industry, newly 
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emerging pathogens and resistance of microbes to previously 
actively working drugs (Mahady, 2005). Thus medicinal plants 
have great potential to treat any medical problem 
(http://www.liveandfeel.com/medicinal-plants). Extracts of 
some plants are very effective in their pure form while others 
need to process to make them as safe as to be non toxic to men 
(Olayiwola Akerele, 1991). High cost and access of allopathic 
medicines lead people to turn towards traditional cure of 
diseases more over allopathic medicines have side effects while 
medicinal plants provide relatively safest components 
(http://prr.hec.gov.pk/Chapters/302S-1.pdf). 
 

Importance of medicinal plants can be categorized in various 
fields including economically inexpensive 
(http://agriinfo.in/default.aspx?page=topic&superid=2&topicid
=1408), easily available because most of the medicinal plants 
grow wildly thus effortlessly accessible, progress in 
pharmaceutical industry as they are important source of drugs 
although synthetic drugs are fast acting but have more side 
effects on contrary medicinal plants are less toxic even act 
slowly comparatively (http://agriinfo.in/default.aspx? 
page=topic&superid=2&topicid=1408; http://www. 
dawn.com), therapeutic use due to containing a number of 
contents effectively working even different parts of the same 
plant have effect against completely different area of the body 
systems on the other hand many different plants can be used for 
a single infection (http://www.ehow.com/ 
about_6743739_history_-scope-importance-medicinal-plants. 
html), mass cultivation i.e. cultivation offers the opportunity to 
preserve not only economically significant wild plants in their 
natural habitats, but also of providing farmers with new crops 
and significance in research areaand also use in cosmetics 
(http://www.agr.gc.ca/eng/science-and-innovation/science-
publications-and-resources/resources/canadian-medicinal-
crops/introduction-to-medicinal-plants/?id=1300832855227). 
Peltophorum roxburghii is one of the plant specie originated in 
Indo-Malayan region and found from Sri Lanka to Australia. 
(Zoë Gardner et al., 2004) It is suitable to use as a fodder even 
tree is used as fuelwood and in India, it is a source of pollen for 
the dammer bee (Trigona iridipennis). P. pterocarpum is 
widelyappreciated for its shade providing feature, due to its 
dense spreading crown (http://greengearsupm. 
blogspot.com/2014/01/peltophorum-pterocarpum.html). It 
belongs to family Fabaceae with synonym Peltophorum 
pterocarpum (http://www.ville-ge.ch/musinfo/bd/cjb/africa/ 
details.php? langue=an&id=127869). Preferred common name 
of the plant is copperpod (www.cabi.org/isc/datasheet/39510).  
It possesses various medicinal properties including 
antimicrobial activity (Muhammad Mohtasheem ul Hasan                 
et al., 2012; Syed Muzammil Ahmed et al., 2012). The present 
study of the selected plant extracts and its pure compound 
(bergenin) have been carried out to observe its antibacterial 
activity in vitro against different species, and to compare the 
effect of pure compound, hexane extract, and ethanolic extract. 
 

MATERIALS AND METHODS 
 

Test organisms 
 

In the study clinical isolates Staphylococcus aureus, 
Enterococcus sp., Pseudomonas aeruginosa, Salmonella 
typhi,Klebsiella pneumonia, Acenatobacter sp., Proteus 
sp.,and Escherichia coliwere used. All Organisms were sub 

cultured and maintained on nutrient agar (Oxoid) plates and 
slants at 37oc. Gram staining was done to check the purity of 
cultures. 
 
Microbiological Media 
 
Microbiological Media including Nutrient agar, MHA, and 
Nutrient broth (Oxoid) were used.  
 
Chemicals 
 
DMSO (Dimethyl sulfoxide), McFarland index 0.5, and 
Normal Saline (for bacterial culture suspension). 
 
Plant extracts preparation 
 
Leaves of Peltophorum roxburghiiwere soaked first in hexane 
for fifteen days. Filterit and the filtrate was evaporated under 
reduced pressure by means of rotary evaporator,the plant 
material was resoaked in ethanol and the same procedure was 
repeatedwith ethanol (Farhana Tasleem et al., 2015). 

 
Extract Dilution 
 
In order to obtain particular concentration 0.3g of ethanol, pure 
and hexane extracts were dissolved in 3ml of DMSO by vortex 
thus 0.1g/ml, finally achieving 10%. The extract was first 
filtered using membrane filter (Corning) 0.45µ then saved in a 
McCartney and kept in refrigerator at 4°C until used. 
 
Standard antimicrobial 
 
Mother tincture of Berberis vulgaris 
 
Antimicrobial activity analyses 
 
Conventional antimicrobial activity analyses such as agar well 
diffusion test (Holder and Boyce, 1994) and broth dilution 
method (Paul et al., 2014) are considerably demanding 
processes for new antimicrobial agent discovery. Antibacterial 
activity of different types of extracts and a pure compound 
were determined against Gram positive and Gram negative 
isolates was assessed by these methods. 
 
Agar Well Diffusion Assay 
 
PRINCIPLE: The antimicrobials present in the plant extract 
are allowed to diffuse out into the medium and interact in a 
plate freshly seeded with the test organisms. The resulting 
zones of inhibition will be uniformly circular as there will be a 
confluent lawn of growth. The diameter of zone of inhibition 
can be measured in millimeters 
(http://shodhganga.inflibnet.ac.in/bitstream/10603/1458/11/11
_chapter3.pdf). Petri plates containing 25-30ml Muller Hinton 
medium were seeded with 24hr culture of bacterial strains after 
solidification. Suspensions of the test organisms were made in 
normal saline and 108cells/ml were maintained by using 
McFarland index 0.5. Wells were prepared by using alcohol 
dipped sterile borer of 7mm in diameter by maintaining 
suitable space between each well. 100 µL (10% v/v or w/v) of 
plant extracts were added with the help of micropipette in 
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different wells in the plate and left it at room temperature for 
about 30 min. The plates were then incubated at 37°C for 24 
hours. The antibacterial activity was assayed by measuring the 
diameter of the inhibition zone formed around the well and 
expressed in mm as its antimicrobial activity. Each test was 
run in triplicate and repeat (n=6).  
 
Determination of MICs by Microtiter broth dilution/ Micro 
Dilution method 
 
PRINCIPLE: Dilution susceptibility testing methods are used 
to determine the minimal concentration of antimicrobial 
needed to inhibit or kill the microorganism. This can be 
achieved by dilution of antimicrobial in either agar or broth 
media. Antimicrobials are tested in log2 serial dilutions (two 
fold) (http://shodhganga.inflibnet.ac.in/bitstream/ 10603/ 1458/ 
11/11_chapter3.pdf).The selected bacterial strains were 
inoculated onto nutrient agar slants to grow overnight. 
Overnight cultures were suspended in sterile normal saline and 
108cells/ml was   maintained by using McFarland index 0.5. 
This is the bacterial sample to be evaluated for antimicrobial 
sensitivity or resistance. 100µl of Muller Hinton broth was 
dispensed into all wells of a microtiter plate. The plate was 
labeled, as each row for a particular bacterial culture. 100µl of 
antimicrobial was pipetted into the wells in column 1 (far left 
of plate). Using the multi pipettor set at 100µl, the 
antimicrobial was mixed into the wells in column 1 by sucking 
up and down at least 3-4 times. Do not splash. 100µl was 
withdrawn from column 1 and added to column 2. This makes 
column 2 a twofold dilution of column 1. After mixing up and 
down 3-4 times, 100µl was transferred to column 3. The 
procedure was repeated down to column 11 only.  
 
The same set of tips can be used for the entire dilution series. 
100µl was discarded from column 11 rather than putting it in 
column 12. With the smaller multipipettor set to 10µl, bacterial 
culture suspension was dispensed into all wells except well 11, 
thus well 11 contained medium and plant extract only thus 
acting as sterility control and blank for the plate reader, 
containing only medium and antimicrobial. Bacterial culture 
suspension was added to column 12 i.e. column 12 contains 
medium and bacterial culture only for comparison.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This protocol was followed for all the selected antimicrobials 
in separate microtiter plates. All the plates were incubated at 
37oC for 24 hours. The plates were scanned with an ELISA 
reader (Magellan software). MIC of each extract was taken as 
the lowest concentration or highest dilution that did not give 
any visible bacterial growth or the lowest concentration of 
extract that reduces, by more than 50% or 90% for MIC50 or 
MIC90respectively. At this concentration or dilution extracts 
were bacteriostatic. 
 
Time kill Assay 
 
Grow culture of E. coli (over night) in nutrient broth. Next 
dayculture was matched with Macfarlane index to give rise to 
108 cells per ml. 10ml sterile nutrient broth was taken in test 
tube and only 10µl was discarded then 10µl culture was added 
that diluted it to 10-3 or 1: 1000. At last 1ml diluted culture and 
0.1ml extract was transferred into a well dried and 
cleancuvettes finally readings for absorbance were takenat 600 
nm using spectrophotometerat 0minutes, 30 minutes, 60 
minutes, 120 minutes, 240 minutesand 1440 minutes. Similar 
procedure was followed for all the extracts. 
 

RESULTS 
 
The results of antimicrobial susceptibility testing in terms of 
zone of inhibition are shown in Table 1. Theabove data reveals 
that only Escherichia coliandPseudomonas aeruginosaare 
susceptible to all of the three different preparations of the plant 
extracts, while Acenatobacter sp., Proteus sp.,Klebsiella 
pneumonia, and Salmonella typhi are showing resistance to the 
selected plant, and Staphylococcus aureus and Enterococcus 
feacalisshows susceptibility to pure compound (bergenin) and 
ethanol extract of the plant, but resistance to hexane extract. 
Above results for well diffusion method were further 
confirmed by micro titer broth dilution method to check the 
lowest concentration of the extracts to be effective to inhibit 
the bacterial growth. The results of MIC are given in Table 2. 
The above results showed that pure compound of the plant has 
worked effectively against E. coli, Klebsiella pneumoniae, and 
Pseudomonas aeruginosa as they were inhibited at very less 
concentration of 0.78, 0.195, and 1.56 mg/ml respectively, 
while other organisms are responding to the compound at same 
concentration 6.25 and 3.125 mg/ml.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Zones of inhibition 

 
 Zone of Inhibition (avg) using Agar Well Diffusion Method (mm) 
 
Organisms 

pure compound   ethanol extract hexane  extract Berberis vulgaris 

    
Staphylococcus aureus 10.5 10 ND 21 
Enterococcus feacalis 
 

11 12 ND 16 

Pseudomonas aeruginosa 15 12 14 
 

19 
 

Klebsiella pneumonia ND ND ND 11 
Salmonella typhi. ND ND ND 15 
 
Escherichia coli 

 
11 

 
12 

 
10 
 

 
15 
 

Acenatobacter sp. ND ND ND 10 
Proteus sp. ND ND ND 11 

Table 1 shows average of triplicate and repeat inhibition zones of eight clinical isolates against Bergenin, Ethanol,  
and Hexane extracts of Peltophorum roxburghii in comparison to Berberis vulgaris obtained in Agar Well Diffusion  
Method. ND: Not Determined 
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In case of hexane extract Salmonella typhi, Pseudomonas 
aeruginosa, and S. aureus were inhibited by the same 
concentration of 1.56 mg/ml and ethanol extract is working at 
very high concentration (25mg/ml) more or less against all of 
the experimental organisms. T. TEST p values, comparing 
each extract with standard show P (> 0.05, <<0.05, and 
>0.05). The above figure shows that pure compound of the 
plant began to workafter 60 minutes and after 240 minutes its 
efficacy is completely eliminated, ethanol extract showing 
better results than pure compound (bergenin) as it appears to 
be effective after 30 minutes but at 120 minutes its efficacy 
also abolished finally hexane extract showing its activity from 
30 minutes but at 120 minutes it gradually lost its activity and 
stop to work effectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 

Emergence of resistance is widely increasing through out the 
microbial world which results in weakening the work of drugs 
and antimicrobials. Among all of the selected bacterial species 
most of them including Staphylococcus aureus, Klebsiella sp., 
Acenatobacter sp., and Enterococcus faecalishave shown 
resistance to various antibiotics thus they are becoming threat 
to precious lives. This problem requires a great concern in the 
development of new antimicrobials to treat infections, and 
plants have played an important role to be used as potent 
antimicrobials. Peltophorum roxburghiihas shown its activity 
against threatening bacterial strains, as Staphylococcus 
aureuswas appeared to be sensitive by hexane extract even at 
very less concentration (1.56 mg/ml) but no zone of inhibition 

Table 2. Minimum Inhibitory Concentrations 

 
Organisms MIC(mg/ml) 
 pure compound   ethanol extract hexane  extract Berberis vulgaris 

    
E. coli 0.78 25 6.25 3.125 
E. feacalis  6.25 25 3.125 6.25 
Klebsiellapneumoniae 0.195 25 3.125 1.56 

Salmonella typhi  6.25 25 1.56 6.25 
Pseudomonas 
aeruginosa 

1.56 25 1.56 6.25 

Acenatobacter sp. 3.125 12.5 3.125 3.125 
S. aureus 6.25 12.5 1.56 25 
Proteus sp. 3.125 25 6.25 12.5 

Table 2 shows minimum inhibitory concentration of Bergenin, Ethanol, and Hexane extracts of Peltophorum  
roxburghii in comparison to Berberis vulgaris against eight clinical isolates determined by Micro titer broth  
dilution method. 

 

 
P:<0.05 <0.05 >0.05 

 

Figure 1 shows Time-Kill Evaluation of the Bergenin, Ethanol, and Hexane extracts of Peltophorum roxburghii in comparison to 
Berberis vulgaris against E. coli 

 

Figure 1. Time killing assay 
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was observed in well diffusion method which might be due to 
insolubility as some antimicrobials are not very soluble so they 
do not dissolve well in agar plate that makes them unable to 
diffuse very far a way from well and Z.O.I might look 
misleadingly small even the compound is very effective. Thus 
to get more detailed results MIC by broth dilution method is 
necessarily performed. Similar results were also obtained in 
some of the other tested bacterial species during the present 
study that no activity was shown in the first assay while good 
results in second one which might be due also to 
largeinoculum size during first assay. MICs of bergenin and 
hexane extracts range from 0.78 to 6.25 mg/ml especially 
against Pseudomonas aeruginosa both extract preparations 
were highly active as displaying comparatively larger zones of 
inhibition 15 and 14 mm respectively more over effectively 
working at very low concentration (1.56 mg/ml) in micro 
dilution method and generally it is assumed that the bigger the 
zone of inhibition the more effective the test antimicrobial. 
Ethanol extract is effective at 25 mg/ml against most of the 
organisms which is much higher than that of the other two 
types of extracts. In the present study killing assay against 
E.coli was also performed to ensure about the efficacy of 
extracts that at what time they start to kill it and at which exact 
time effectiveness of the extracts decreases and then 
completely ends. In this regard similar curves were obtained in 
ethanol and hexane extracts while pure compound (bergenin) 
although effective at very less concentration i.e. 0.78 mg/ml 
but started to work at/after 60 minutes and within 
approximately two hours it stop to work and the remaining 
cells of E.coli started to grow as it might be possible that some 
of the cells remain which survive further. But over all results 
show that Peltophorum roxburghii may serve as a starting 
material for drug design to treat infections caused by the tested 
bacterial species. All the results were compared with natural 
antimicrobial rather than that of any synthetic antibiotic. MIC 
of pure compound is exactly similar to the B. vugarisfor 
Enterococcus fecalis and S. typhiand also in time killing assay 
absorbance in ethanol and hexane extracts at two to three 
positions is coinciding with that of the standard in figure1.   
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1. Introduction
 
   Secondary metabolites are utilized by plants as shielding 
molecules and accountable for their biological efficacy 
and are distinctly effective for human beings because of 
their great influence in healthcare system[1]. Raw materials 
produced by plants are the absolute onset of curative 
radical and their chemical structures can be used for 
the exploration of new compounds[2]. Piper nigrum L. (P. 
nigrum) is one of the best known species of Piperaceae 
family. It is cultivated in Pakistan, the hills of south-
western India as well as in South America and Africa. It 
is robust-woody climbing perennial plant. Piperine is a 
major alkaloid constituent of P. nigrum L. The pungency of 

the black pepper is because of its alkaloidal constituents 
present in the fruit. It is commonly used as a spice all over 
the world and also possesses pharmacological properties 
and thus used in traditional system of medicine, such as 
Ayruvedic and Unani medicine for the treatment of various 
diseases such as fever, pain and inflammation[3]. 
   Pain medication is one of the most common complications 
managed by the medical practitioners. Acute pain usually 
comes from a fracture or infection, while chronic pain is 
usually distinguished by functional loss and triggered by 
psychosocial problems, economic stressors and exhibits a 
more complex situation in terms of illnesses and remedy[4]. 
Currently drugs which are used to regulate the pain are 
narcotics e.g. opioids, non-narcotics e.g. salicylates or 
corticosteroids e.g. hydrocortisone. All of these drugs have 
specific side and toxic effects.
   Inflammation represents the four famous signs i.e. tumor 
or redness, heat, pain, and swelling[5]. It is a complex 
biological feedback of vascular tissues to injurious 
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Objective: To evaluate and compare the analgesic and anti-inflammatory activity of pure 
compound, piperine along with hexane and ethanol extracts of Piper nigrum L. fruit in mice and 
rats. 
Methods: The analgesic activity was determined by tail immersion method, analgesy-meter, hot 
plate and acetic acid induced writhing test. While the anti-inflammatory activity was evaluated 
by carrageenan-induced paw inflammation in rats. 
Results: Piperine at a dose of 5 mg/kg and ethanol extract at a dose of 15 mg/kg after 120 min 
and hexane extract at a dose of 10 mg/kg after 60 min exhibited significant (P<0.05) analgesic 
activity by tail immersion method, in comparison to ethanol extract at a dose of 10 mg/kg using 
analgesy-meter in rats. However, with hotplate method, piperine produced significant (P<0.05) 
analgesic activity at lower doses (5 and 10 mg/kg) after 120 min. A similar analgesic activity was 
noted with hexane extract at 15 mg/kg. However, in writhing test, ethanol extract significantly 
(P<0.05) stopped the number of writhes at a dose of 15 mg/kg, while piperine at a dose of 10 
mg/kg completely terminated the writhes in mice. In the evaluation of anti-inflammatory effect 
using plethysmometer, piperine at doses of 10 and 15 mg/kg started producing anti-inflammatory 
effect after 30 min, which lasted till 60 min, whereas hexane and ethanol extracts also produced a 
similar activity at a slightly low dose (10 mg/kg) but lasted for 120 min. 
Conclusions: It is concluded from the present study that Piper nigrum L possesses potent 
analgesic and anti-inflammatory activities. 
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stimuli, such as pathogens, damaged cells or irritants. 
Inflammation is caused by release of chemicals from 
tissues and migrating cells. Most actively related are the 
prostaglandins, leukotrienes, histamine, bradykinin, and, 
further newly, platelet-activating factor and interleukin-1. 
Anti-inflammatory agents are capable to inhibit the 
cyclooxygenase COX-1 and COX-2 pathway of arachidonic 
acid metabolism which produces prostaglandins[6]. 
Analgesic and anti-inflammatory agents are needed to 
counter pain and inflammation. Among these, non-steroidal 
anti-inflammatory drugs (NSAID) are clinically remarkable 
medicine for the therapy of inflammation. However, the 
continuous consumption of NSAID may cause gastro intestinal 
ulcer, bleeding and renal diseases due to non-selective 
inhibitor of both COX-1 and COX-2[7].
   In view of this, exploration of new analgesic and anti-
inflammatory drugs to restrict these side effects is still a 
difficult project and researches are being carried out in 
order to find alternatives to NSAID and opiates. Plant-based 
drugs provides a lot of clues for finding new drugs. The 
aim of the present study is to evaluate the analgesic and 
anti-inflammatory activities of the major constituents of 
P. nigrum L fruit, piperine as well as hexane and ethanol 
extracts. Diclofenac sodium and acetylsalicylic acid were 
used as standard drugs for comparison. In view of the 
earlier studies and references available, it is evident that 
not many studies have been reported on analgesic and 
anti-inflammatory activity of piperine and its hexane 
and ethanol extracts. Therefore the present study was 
undertaken to evaluate its analgesic and anti-inflammatory 
activity on animal modle, so as to support the local herbal 
drug manufacturing industry and to develop some topical 
preparations as an economical way to manage pain and 
inflammation of moderate severity. To ascertain the safety 
profile of piperine and the hexane and ethanol extract acute 
toxicity studies have also been performed. Acute toxicity 
refers to the adverse effects that occur on first exposure to 
a single dose of a substance, which can be manifested by 
the abnormal behaviors and other physiological activities  
like sedation, hyperactivity, hypo activity, pupil shrinkage, 
paralytic effect on hind limbs, writhes, erection of tail and 
body hairs, shivering of body, increase or decrease heart 
beat and furthermore the rate of mortality[8,9].

2. Materials and methods

2.1. Plant materials

   The fruit of P. nigrum L was purchased from local 

market of Karachi, Pakistan and identified by Professor Dr. 
Usman Ghani Khan, The identified sample specimen code 
(Piper nigrum L PN-03-09) is available in Herbarium of 
the Department of Pharmacognosy University of Karachi, 
Karachi, Pakistan.                                    
   The pure piperine, hexane and ethanol extract of 
P. nigrum L. (Piperaceae) fruit were solubilized in 
10% dimethylsulfoxide for intra-peritoneal and oral 
administration to the test group at different doses according 
to the body weight.

2.2. Isolation of piperine from P. nigrum L.

   Black pepper (100 g) was ground into fine powder and 
extracted with 95% ethanol (500 mL) in a Soxhlet extractor 
for 2 h. The solution was filtered and concentrated under 
reduced pressure at 60 °C. Then 50 mL of 10% alcoholic KOH 
solution was added to it and after a while, the clear liquid 
was decanted from the insoluble residue. The alcoholic 
solution was left overnight. Yellow needle shaped crystals 
of piperine were obtained. The identification and purity of 
piperine was done by chemical tests of M.P. TLC, UV, high 
performance liquid chromatography and Fourier transform 
infrared spectroscopy[10]. 

2.3. Animals

   Swiss albino mice of both sex weighing 25-30 g and Swiss 
albino rats of both sex weighing 150-200 g were used in the 
study. Animals were kept and maintained under laboratory 
condition of temperature (23依3) °C with 12 h/12 h light and 
dark cycles and were allowed free access to food and water 
and marked with their identification.

2.4. Experimental design for biological activities

   The experimental animals were divided separately into five 
major groups, i.e. Group A, B, C, D and E. Group A (control) 
received saline (10 mL/kg), Group B were administered with 
diclofenac sodium (5 mg/kg), while Group C, D and E were 
further divided into nine groups (n=5). Three different doses,  
i.e. 5, 10, and 15 mg/kg of body weight of piperine, hexane 
and ethanol extracts were administered to groups of Gp-1C, 
Gp-2C, Gp-3C, Gp-1D,Gp-2D,Gp-3D, Gp-1E, Gp-2E and 
Gp-3E, respectively.

2.5. Chemicals and drugs  
             
   Dimethylsulfoxide (10%), normal saline (0.9%), acetic acid 
(1%), carrageenan (1%), hexane, ethanol, distilled water and 
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standard drugs (acetyl salicylic acid and diclofenac sodium) 
were used in the study. All chemicals and drugs used were 
of analytical grade.

2.6. Equipments

   Eddy’s hot plate (Life Science No. 8 Model 39), Ugo Basile 
analgesy meter (No. 7200), Ugo Basile plethysmometer (No. 
7140), stop watch and water bath (Bushi Heating Bath B-490) 
were used in the study.

2.7. Acute toxicity

   Acute systemic toxicity test of compounds and extracts 
were carried out as per earlier reported methods[11,12], while 
LD50  was calculated by using below mentioned formula[13]:    
   LD50=√ Highest nonlethal dose×least lethal dose
   The therapeutic index (also known as therapeutic ratio) 
is a comparison of the amount of a therapeutic agent that 
causes the therapeutic effect to the amount that causes 
death in animal studies or toxicity in human studies[14]. 
Therapeutic index was calculated using the following 
formula:
   
    

Therapeutic index= LD50                                          
ED50

    Where ED50 is 50% effective dose.
   Animals were divided into three major groups. Group-1 
(GP-1) treated with saline water served as control group. 
Group-2 (GP-2) was the drug treated group relating to mice 
and was further divided in four sub groups, i.e. GP-2A, GP-
2B, GP-2C, and GP-2D. Group-3 (GP-3) was the drug treated 
group relating to rats and further divided into four sub 
groups, i.e. GP-3A, GP-3B, GP-3C, and GP-3D. Each group 
contain six animals (n=6). The animals were maintained under 
laboratory condition of temperature (23依3) °C with 12 h/12 h 
light and dark cycles and were allowed free access to food 
and water and marked with proper identification. 
   Four different doses of piperine, hexane and ethanol 
extracts, i.e. 75, 50, 25 and 15 mg/kg body weight were 
administered intraperitoneally to the mice of each tested 
group. While four different doses of piperine and hexane 
and ethanol extracts, i.e. 15, 50, 100 and 200 mg/kg body 
weight were administered orally to the rats of each tested 
group. The mice and rats in both test and control groups 
were allowed for free access to water and feed. The animals 
were observed continuously just after drug administration 
at 30 min, 60 min and 120 min interval of time for changes in 
general behaviors and physiological activities. Furthermore 

the occurrence of mortality was noted up to 72 h.  
2.8. Analgesic activity

   Analgesic activity was investigated using following 
methods: (1) tail immersion method based on thermal 
radiant heat as a source of pain[15]; (2) analgesy-meter 
based on physical pressure as a source of pain[16]; (3) hot 
plate method based on jumping from hot plate at 55°C[17]; (4) 
acetic acid induced writhing based on chemical radiant as 
a source of pain[18].

2.8.1. Tail immersion method
   After administration of designed drugs as above 
mentioned, the base line latency was measured before and 
after drug treatment in a regular interval of 30 min, 60 min 
and 120 min by immersing the tail tips (1-2 cm) of the mice 
in water bath thermostatically maintained at temperature of 
(45依1) °C. The actual flick response of mice was measured 
by stop watch and results were compared with control and 
standard group. The maximum cutoff time for immersion 
was 180 seconds to avoid the injury of the tissues of tails. 

2.8.2. Analgesy-meter
   Analgesic activity was determined by placing the left 
hind paw of the rat on a plinth under a cone-shaped pusher 
of the Ugo Basile analgesy-meter. It generates a linearly 
increasing mechanical force or pressure on hind paw. As 
the applied pressure increases, it gets to a point where 
the animal struggles to free its paw. The strength at which 
each rat withdrew its paw was recorded and considered as 
indicative of pain. The reaction strength of each rat was 
determined before and after drug treatment in a regular 
interval of 30 min, 60 min and 120 min after treatment with 
tested drugs and standard drugs. Stimulus was terminated 
and force threshold was read in grams. The groups 
administered with tested extracts and pure compound were 
compared to control and standard drug groups. 

2.8.3. Hot plate
   Animals in all groups were individually exposed to the 
hot plate. The time taken in seconds for fore paw licking or 
jumping was taken as reaction time and was measured in a 
regular time interval and the reaction strength of each rat 
was determined before and after drug treatment in a regular 
interval of 30 min, 60 min and 120 min. A cutoff period of 15 
seconds was set up to avoid damage to the paws. The groups 
administered with tested extracts and pure compound were 
compared to control and standard drug groups. 
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2.8.4. Acetic acid induced writhing
   Tested extracts and pure compound were administered 
intraperitoneally using different doses as defined in study 
design, 30 min prior to administration of 0.1 mL acetic acid 
(1%). Animals were observed individually and the number 
of writhes was counted for 20 min commencing 5 min after 
injection of acetic acid. The significant reduction in number 
of writhes of treated groups was compared to that of the 
control and standard groups. 
   The percentage inhibition of abdominal constrictions was 
calculated using the following formula.

Inhibition (%) =
Mean No. of writhes (Control) - Mean No. of writhes (Test)

Mean No. of writhes (Control) ×100

2.9. Anti-inflammatory activity

   The screening of anti-inflammatory activity was 
investigated on crude extracts and pure compound by 
adopting carrageenan method[19].
   Edema was induced by sub plantar injection of 
carrageenan (0.1 mL of 1% solution in 0.9% saline solution) 
into the left hind paw an hour after oral administration of 
standard drug, tested drugs and control. Paw volume was 
measured after 30 min, 60 min and 120 min of carrageenan 
treatment by means of volume displacement method using 
the Ugo Basile plethysmometer. The difference between 
initial and after treatment paw volumes indicated the degree 
of inflammation. Edema was expressed as a percent increase 
in paw volume due to carrageenan administration referred to 
the non-injected paw. The average increase in paw volume 
of each group was calculated and compared with the control 
and the standard groups.
 
2.10. Statistical analysis
             
   SPSS version 20.0 statistic software was used for statistical 
analysis. Values are expressed as mean依SD. Student’s t-test 
was carried out to compare the results of control and test 
drug groups. Data were considered to be significant if P<0.05 
and P<0.01 most significant.

3. Results

3.1. Acute toxicity

   The pure compound piperine, hexane and ethanol extracts 
of P. nigrum L. were evaluated for acute toxicity in mice and 
rats by intraperitoneal and oral administration of extracts 

at 15, 25, 50 and 75 mg/kg and 15, 50, 100 and 200 mg/kg, 
respectively. Results are presented in Tables 1 and 2.
Table 1
Toxicity assessment of P. nigrum L. in mice.
Extracts and 
Compound

Doses 
(mg/kg)

Quantal incidence 
of symptoms

Quantal incidence 
of mortality

% of mortality

Piperine 15 0/6 0/6 0

25 6/6 6/6 100

50 6/6 6/6 100

75 6/6 6/6 100

P. nigrum 
L. (hexane 
extract)

15 0/6 0/6 0

25 6/6 6/6 100

50 6/6 6/6 100

75 6/6 6/6 100

P. nigrum 
L. (ethanol 
extract)

15 0/6 0/6 0

25 6/6 6/6 100

50 6/6 6/6 100

75 6/6 6/6 100

Control - 0/6 0/6 0

   During the experimental procedure it was observed that 
mice felt irritation just after intra peritoneal administration 
of 25, 50 and 75 mg/kg of piperine and observed drowsy after 
30 min, while paralytic effect on hind limbs were noted after 
more than three hours with no intake of water and feed. 
After 24 h all six animals treaded with 75 mg/kg of dose were 
found dead, while animals that were treated with doses of 25 
and 50 mg/kg were found dead after 48 h.

Table 2
Toxicity assessment of P. nigrum L. in rats.
Extracts and 
Compound

Doses 
(mg/kg)

Quantal incidence 
of symptoms

Quantal incidence 
of mortality

% of mortality

Piperine 15 6/6 0/6 0

50 6/6 0/6 0

100 6/6 0/6 0

200 6/6 0/6 0

P. nigrum 
L. (hexane 
extract)

15 6/6 0/6 0

50 6/6 0/6 0

100 6/6 0/6 0

200 6/6 0/6 0

P. nigrum 
L. (ethanol 
extract)

15 6/6 0/6 0

50 6/6 0/6 0

100 6/6 0/6 0

200 6/6 0/6 0

Control - 6/6 0/6 0

   On the other hand, during acute toxicity of hexane extract 
mice felt shivering and irritation just after intra peritoneal 
administration of doses of 25, 50 and 75 mg/kg after 30 min. 
Breathing problem, shivering and paralytic effect of hind 
limbs was observed in one animal, while one animal at a 
dose of 50 mg/kg was found dead. In the remaining animals 
blood traces in urine was seen after one hour with flat body 
and closed eyes. At a dose of 75 mg/kg, two animals were 
found dead after two hours, while the remaining survived 
with fits and paralytic effect of hind limbs without intake 
of water and feed. After three hours, the remaining four 
survived animals were detected dead at a dose of 75 mg/kg, 
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while all survived animals were found without loco motory 
movement. After 24 h all survived animals at a dose of 
50 mg/kg were noticed dead and animals at a dose of 
25 mg/kg were discovered completely paralyzed without 
intake of water and feed. All these animals were dead after 
48 h.
   For the acute toxicity of ethanol extract, animals 
felt shivering and irritation just after intra peritoneal 
administration of doses of 25, 50 and 75 mg/kg. After 30 min, 
animals felt breathing problem and erection of hairs were 
observed, while two animals were found dead at a dose of 
50 mg/kg. After one hour blood traces in urine was seen and 
after three hours paralytic effect of hind limbs and flat body 
were observed without intake of water and feed. Further 
one animal was found dead at 50 mg/kg after three hours, 
while all remaining animals were found dead after 24 h. No 
adverse reaction after intra peritoneal administration of 
15 mg/kg piperine, hexane and ethanol extracts were seen 
even after for 72 h.
   The acute toxicity of piperine, hexane and ethanol extracts 
were determined on rats after oral administration at doses 
of 15, 50, 100 and 200 mg/kg. No adverse effect was observed 
after 72 h. 

   The calculated LD50 and values in mice by intra peritoneal 
treatment of piperine, P. nigrum hexane extract and P. 
nigrum ethanol extract are the same as 19.36 mg/kg.                     
   The calculated therapeutic index values in mice by intra 
peritoneal treatment of piperine, P. nigrum hexane extract 
and P. nigrum ethanol extract are the same as 1.66. 

3.2. Analgesic activity

3.2.1. Tail immersion method
   Results of the analgesic activity of pure compound 
piperine, hexane and ethanol extracts measured by tail 
immersion method are given in Table 3. At a dose of 
5 mg/kg and 10 mg/kg the piperine showed good analgesic 
effect as compared to control and standard drug. Piperine 
exhibited maximum activity after 120 min at a dose of 5 mg/kg 
as compared to control and standard drug while at a dose 
of 15 mg/kg the compound did not showed any further 
enhancement in analgesic activity. The hexane extract 
showed maximum analgesic activity at a dose of 10 mg/kg 
as compared to control and standard drug and the analgesic 
effect increased with passage of time and achieved peak 
level after 60 min. The ethanol extract showed good analgesic 

Table 4
Analgesic activity of P. nigrum L. tested by analgesy-meter method in rats.

Extracts and Compounds Dose (mg/kg)
Reaction time (seconds)a

0 min 30 min 60 min 120 min Mean
Standard drug (acetyl salicylic acid) 10 2.480依0.001 8.572依0.002 8.660依0.002 9.294依0.001 7.250依0.001
Control (saline water) N/R 2.240依0.005 3.800依0.003 5.080依0.006 3.400依0.005 3.630依0.004
Piperine 5 4.680依0.023  5.440依0.033*   8.280依0.001**  4.600依0.050*  5.750依0.026*

10 2.800依0.002   4.500依0.008**   8.700依0.011**   6.400依0.001**   5.600依0.005**

15 5.200依0.002   6.700依0.001**   9.400依0.004**  8.100依0.021*   7.350依0.007**

P. nigrum L. (hexane extract) 5 2.600依0.008   4.900依0.003** 13.000依0.006**   3.200依0.013**   5.925依0.007**

10 1.500依0.003 2.600依0.035* 12.000依0.003**   4.800依0.005** 5.225依0.011
15 4.200依0.013   6.200依0.001**  8.900依0.045*   6.200依0.001**   6.375依0.015**

P. nigrum L. (ethanol extract) 5 1.800依0.006 13.500依0.002** 14.300依0.007*   2.400依0.008**   8.000依0.005**

10 2.300依0.002 4.400依0.020* 20.900依0.023*    10.400依0.074 9.500依0.029*

15 1.600依0.005 8.400依0.068   9.200依0.021*  2.600依0.020* 5.450依0.028*

n=5,*: P<0.05 significant, **: P<0.01 most significant as compared to control. a: Sensitivity of animals to pain by reaction time recorded in second.

Table 3
Analgesic activity of P. nigrum L. using tail immersion method in mice. 
Drugs Dose (mg/kg) Reaction time (seconds)

0 min 30 min 60 min 120 min Mean
Standard drug (diclofenac sodium) 5 3.620依0.170 6.180依0.070 7.140依0.060  7.700依0.130 6.160依0.107
Control (saline water) N/R 1.622依0.001 1.708依0.008 1.772依0.001  1.798依0.004 1.725依0.003
Piperine 5 2.612依0.023 7.168依0.248   3.990依0.011** 11.658依0.129 6.357依0.102

10 3.566依0.003   6.556依0.008**  9.152依0.024*  3.000依0.095  5.568依0.032*

15 0.232依0.294   3.600依0.004** 0.286依0.129  4.030依0.379 2.037依0.201
Piper nigrum L. (hexane extract) 5 0.854依0.079 2.060依0.083 2.054依0.083  2.060依0.083 1.757依0.082

10 1.322依0.103 5.284依0.111 8.284依0.207  4.400依0.113 4.822依0.133
15 0.990依0.113 2.074依0.175 2.440依0.123  2.996依0.115 2.127依0.131

Piper nigrum L. (ethanol extract) 5 1.040依0.117 3.376依0.144 4.596依0.172  5.064依0.070 3.519依0.125
10 3.080依0.018  3.780依0.030*   5.166依0.003**    3.206依0.011**  3.808依0.015*

15 1.170依0.013   2.020依0.007**  3.940依0.045*   9.602依0.041*  4.183依0.026*

n=5. *: P<0.05 significant, **: P<0.01 most significant as compared to control. Reaction time is the time taken by mice to withdraw the tail, 
recorded by stop watch in seconds.
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activity at the dose of 5, 10 and 15 mg/kg as compared to 
control and less analgesic activity, as compared to standard 
at all dose level. Maximum analgesic effect was achieved at 
a dose of 15 mg/kg after 120 min as compared to control and 
standard drug. Statistical calculation showed that P. nigrum 
L., possesses non-significant analgesic activity by thermal 
stimuli.

3.2.2. Analgesy-meter method
   Results of analgesic activity of pure compound piperine, 
hexane and ethanol extracts measured by analgesy meter 
method are given in Table 4. The piperine exhibited good 
analgesic effect up to 60 min at a dose of 5 mg/kg, 10 mg/kg 
and 15 mg/kg as compared to control while at a dose of 
10 mg/kg and 15 mg/kg it showed a comparable analgesic 
effect with that of standard. The maximum analgesic effect 
was achieved at a dose of 15 mg/kg after 60 min. The hexane 
extract showed good analgesic effect at doses of 5 mg/kg, 
10 mg/kg and 15 mg/kg as compared to control and standard 
drug. However maximum activity was noted at a dose 
of 5 mg/kg after 60 min. The ethanol extract indicated 
maximum analgesic effect at all doses (5, 10 and 15 mg/kg) 
as compared to control and standard drug. However, ethanol 
extract exhibited maximum analgesic activity at a dose of 
10 mg/kg after 60 min.

3.2.3. Hot plate method
   Results of analgesic activity of pure compound piperine, 
hexane and ethanol extracts measured by hot plate method 
are given in Table 5. The piperine exhibited good analgesic 
effect at a dose of 5 and 10 mg/kg as compared to control 
and standard. Maximum analgesic effect was noted at a dose 
of 10 mg/kg after 120 min. The hexane and ethanol extracts 
showed poor analgesic effect at all doses (5, 10 and 15 mg/kg) 
as compared to control and standard drug.

3.2.4. Writhing method
   The results of analgesic activity of pure compound 
piperine, hexane and ethanol extracts analyzed by writhing 

method are depicted in Table 6. Piperine exhibited excellent 
analgesic effect at all doses of 5, 10 and 15 mg/kg as 
compared to control and standard. The compound showed 
maximum protection at a dose of 10 mg/kg (100%). The 
hexane and ethanol extracts showed maximum analgesic 
effect at all doses of 5, 10 and 15 mg/kg as compared to 
control and standard. However hexane extract showed 
significant protection at a dose of 5 and 10 mg/kg (99.71%) 
and the ethanol extract showed maximum protection at a 
dose of 15 mg/kg (100%).
Table 6
Analgesic activity of P. nigrum L. tested by writhing method in mice.
Extracts and compounds Dose 

(mg/kg)
No. of writhes % Protection

Standard drug (acetyl salicylic 
acid)

5 23.000依2.480   54.90

Control (acetic acid) 0.1 70.600依0.000 -
Piperine 5   0.200依0.374   99.71

10      0.000依0.000*** 100.00
15  7.000依0.205   90.08

P. nigrum L. (hexane extract) 5  0.200依0.374   99.71
10  0.200依0.374   99.71
15  0.800依0.242   98.86

P. nigrum L. (ethanol extract) 5  0.400依0.178   99.43
10  1.200依0.109   98.30
15     0.000依0.000*** 100.00

No. of writhes are expressed as mean依SEM. n=5,*: P<0.05 significant, 
**: P<0.01 most significant as compared to control.

3.3. Anti-inflammatory activity

3.3.1. Carrageenan induced paw edema method
   Carrageenan induced paw edema method was used to 
detect the anti-inflammatory effect of piperine, hexane 
and ethanol extracts and results are described in Table 7. 
Piperine exhibited inhibition of edema at all doses of 5, 10 
and 15 mg/kg as compared to control, but less activity as 
compared to standard. The compound showed maximum 
activity at a dose of 15 mg/kg after 120 min but still less than 
the standard. The hexane extract showed anti-inflammatory 
activity at a dose of 5 and 10 mg/kg compared to control, 

Table 5
Analgesic activity of P. nigrum L. tested by hot plate method in rats.

Extracts and Compounds Dose (mg/kg)
Reaction time (seconds)

0 min 30 min 60 min 120 min Mean
Standard drug (acetyl salicylic acid) 20 4.330依0.030 7.890依0.050 7.250依0.040  7.020依0.015 6.622依0.033
Control (saline water) N/R 4.330依0.030 6.412依0.013 5.130依0.011  4.840依0.009 5.178依0.016
Piperine 5 3.500依0.001   3.390依0.003**   4.450依0.001**    9.990依0.005**   5.332依0.002**

10 3.474依0.001 12.870依0.003**  9.040依0.017* 10.248依0.016*   8.908依0.009**

15 2.878依0.001   8.756依0.006**   6.536依0.002**    4.404依0.003**   5.643依0.003**

P. nigrum L. (hexane extract) 5 1.938依0.006   1.508依0.004**  2.382依0.025*  2.660依0.053  2.122依0.022*

10 1.676依0.002  2.018依0.016* 1.452依0.094 1.7080依0.022*  1.713依0.033*

15 1.954依0.006 1.370依0.145  1.974依0.051*   2.738依0.035* 2.009依0.059
P. nigrum L. (ethanol extract) 5 1.102依0.020 2.022依0.390  2.486依0.023*   2.356依0.030* 1.991依0.115

10 1.926依0.008 1.328依0.132   1.708依0.002**   0.796依0.019*  1.439依0.040*

15 1.244依0.007   1.646依0.009** 1.768依0.057   0.722依0.037*  1.345依0.027*

n=5,*: P<0.05 significant, **: P<0.01 most significant as compared to control. Reaction time is a licking time in seconds of animals for fore paw.
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but less than the standard. The hexane extract exhibited 
maximum anti-inflammatory effect at a dose of 10 mg/kg after 
60 min. The ethanol extract showed good anti-inflammatory 
activity at dose of 10 mg/kg as compared to control but less 
activity at all doses as compared to standard drug. The 
ethanol extract exhibited maximum activity at a dose of 10 
mg/kg after 60 min.

4. Discussion

   In the present study analgesic activity of pure compound 
piperine, hexane and ethanol extracts of P. nigrum L. 
was analyzed by four different methods (tail immersion, 
analgesy-meter, hot plate and writhing method). While 
anti-inflammatory activity was determined by carrageenan 
induced paw edema. Both activities were determined at 
a dose of 5, 10 and 15 mg/kg. Acetyl salicylic acid and 
diclofenac sodium were used as standard reference drugs. 
Tail immersion method which was used for evaluating 
centrally acting analgesic effects of drugs showed no 
increase in latency. Analgesic effect against thermal noxious 
stimuli may be elicited through opioid receptors or through 
modulation of several neurotransmitters involved in relevant 
phenomena[20]. The overall analgesic effect of piperine, 
hexane and ethanol extracts by thermal parameter was 
increased with passage of time and maximum effect was 
achieved after 60 and 120 min. Piperine, hexane and ethanol 
extracts of P. nigrum L. exhibited non significant analgesic 
effect than diclofenac sodium.
   The pressure method is most sensitive to centrally acting 
analgesics[21]. Pain induced by the analgesy-meter provides 
a model for the study of non-inflammatory pain. The 
analgesic effect of piperine, hexane and ethanol extracts 
of P. nigrum L. was investigated by using analgesy-meter 
method. The oral administration of piperine, hexane and 
ethanol extracts test involved the increased nociceptive 
threshold in rat and it had increased up to 60 min and then 
reduced with passage of time. Significant reduction in the 
animal sensitivity to pain induced by pressure showed 

central protecting effect of piperine, hexane and ethanol 
extracts were comparable to acetyl salicylic acid. 
   The analgesic effect of piperine, hexane and ethanol 
extracts of P. nigrum L. was investigated using eddy’s hot 
plate method. This test involved marked central analgesic 
effect as evidenced by significant increase in reaction time. 
The hexane and ethanol extracts of P. nigrum L. possess no 
analgesic at all doses while pure compound piperine showed 
maximum activity at a dose of 10 mg /kg after 120 min by 
increase in the reaction time (increase threshold potential 
of pain) may be due to the inhibition of prostaglandins 
synthesis.
   Writhing test is a chemical method used to induce pain 
of peripheral origin by injection of irritant principles like 
phenylquinone or acetic acid in mice. Analgesic activity of 
the test compound is inferred from decrease in the frequency 
of writhes. The manifestations of abdominal writhes in mice 
were first described by Sigmund et al.[22], as an arching of 
back, extension of hind limbs and contraction of abdominal 
musculature. The writhing response is considered as a 
reflexive test. Signals transmitted to central nervous system 
in response to pain due to irritation, cause release of 
mediators such as prostaglandins which contributes to the 
increased sensitivity to nociceptors. Piperine, hexane and 
ethanol extracts of P. nigrum L. decreased the number of 
writhes significantly at all doses compared to reference drug 
diclofenac sodium (NSAID) and control. Decrease in writhes 
are generally considered as an important parameter of 
analgesic activity in acetic acid induced writhing test.
   Carageenan induced paw edema method is most widely 
used method for testing of non steroidal anti inflammatory 
agents. Anti-inflammatory agents initially inhibit the 
cycloxygenase enzyme which is involved in prostaglandin 
synthesis. We observed that the inhibition of edema 
volume of piperine at all doses had increased with passage 
of time, however anti inflammatory effect of hexane and 
ethanol extracts of P. nigrum L. was increased till 120 min. 
These results indicate that piperine possesses inhibition 
of prostaglandin release mediated anti-inflammatory 
properties. 

Table 7
Anti-inflammatory activity of P. nigrum L in rats. mL.

Extracts and compounds Dose (mg/kg)
Reaction time 

0 min 30 min 60 min 120 min Mean
Standard drug (diclofenac sodium) 10 0.970依0.030 1.220依0.060 1.330依0.060 1.290依0.060 1.202依0.052
Control (saline water) N/R 0.128依0.045 0.040依0.005 0.056依0.001 0.060依0.016 0.071依0.016
Piperine 5 0.044依0.022   0.254依0.006**   0.454依0.004**   0.258依0.003**   0.252依0.008**

10 0.072依0.007   0.282依0.002**   0.362依0.001**   0.234依0.004**   0.237依0.002**

15 0.362依0.001   0.484依0.001**   0.548依0.001**   0.588依0.001**   0.495依0.001**

P. nigrum L. (hexane extract) 5 0.234依0.002   0.338依0.001**   0.350依0.001**   0.416依0.004**   0.334依0.002**

10 0.362依0.007   0.248依0.004**   0.470依0.005**   0.442依0.003**   0.380依0.004**

15 0.422依0.001   0.228依0.001**  0.052依0.024* 0.050依0.170  0.188依0.049*

P. nigrum L. (ethanol extract) 5 0.110依0.001   0.118依0.001**   0.136依0.001**   0.232依0.007**   0.149依0.002**

10 0.104依0.002   0.380依0.001**   0.484依0.001**   0.432依0.001**   0.350依0.001**

15 0.104依0.009   0.294依0.013**   0.284依0.006**   0.284依0.006**   0.241依0.008**

n=5,*: P<0.05 significant, **: P<0.01 most significant as compared to control.
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   In conclusion, from the present study, P. nigrum L. 
possess potent analgesic and anti-inflammatory activity. In 
the present study, piperine revealed significant analgesic, 
anti-inflammatory activity. Acute toxicity assessment results 
indicated zero percentage of mortality of P. nigrum L. at a 
dose of 15 mg/kg, however at high doses (75, 50 and 25 mg/kg) 
100% mortality were observed in mice after intraperitoneal 
administration. The oral administration of piperine, hexane 
and ethanol extracts showed zero percent quantal incidence 
of mortality in rats, indicating excellent safety profile.
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