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INTRODUCTION 

Piper betle L., popularly known as ‘paan,’ has been a part 

of Indian culture since eternity. Piper betle L. belongs to 

the Piperaceae family and it grows as a slender, aromatic 

creeper in warm and moist parts of Southern Asia.
1
 Apart 

from being an integral part of the history, religion and 

culture, ancient medical philosophers have always 

insisted on the medicinal uses of this commonly used 

rasayana herb. These medicinal properties have mostly 

remained unexplored by the modern sciences.  

The literature has evidence of various beneficial uses of 

Piper betle L. such as treating bronchitis, difficulty in 

breathing and cough, inflammation and infections of the 

respiratory tract viz. cough, dyspnoea, indigestion, 

diphtheria, and hysteria, general and sexual debility.
2
  

From the perusal of literature it appears that the analgesic 

and anti-inflammatory activities of Piper betle leaves 

have been less explored and hence was found to be of 

interest to evaluate these activities of Piper betle leaf 

extract in experimental models. 

 

ABSTRACT 

Background: Piper betle leaf, commonly known as ‘paan’ has long been 

known for its various medicinal properties in traditional medicine but certain 

properties have remained less explored. We tried to assess the analgesic and 

anti-inflammatory activities of Piper betle leaves. 

Methods: Hydroalcoholic extract of Piper betle leaves (HEPBL) was extracted 

using soxhlet apparatus and its phytochemical analysis was performed. Wistar 

rats and Albino mice were used for all the experiments. Acute toxicity study 

was also done according to OECD guideline no.425 and the test doses were 

decided accordingly. The experimental models of tail-flick method and acetic 

acid induced writhing were used to study the analgesic activity whereas 

carrageenan induced paw edema and cotton pellet granuloma models were used 

for anti-inflammatory action. Statistical analysis was performed using one-way 

analysis of variance (ANOVA) followed by Dunnett's test. 
Results: HEPBL showed significant analgesic activity at the doses of 100 

mg/kg and 200 mg/kg, and showed significant anti-inflammatory activity at the 

doses of 50 mg/kg, 100 mg/kg and 200 mg/kg. The sub-therapeutic dose of 

HEPBL at 50 mg/kg also potentiated the analgesic effect of sub-therapeutic 

doses of standard analgesics. The analgesic and anti-inflammatory activity of 

P.betle may be attributed to the presence of various phyto constituents’ viz. 

flavonoids, tannins, phenols and glycosides. 

Conclusions: HEPBL has significant analgesic and anti-inflammatory activity 

in experimental animals in our study. 
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METHODS 

Ethical clearance was taken from the institutional animal 

ethics committee and institutional research committee 

before commencing the study (Ref. no. 

MGIMS/IEC/9/2009). 

Collection of plant material 

The P.betle leaves were collected from the local market 

of Wardha, Maharashtra, India and authenticated by an 

authorized person in botany. The leaves were shade-

dried, powdered and stored in an air tight container. 

Preparation of extract 

The powder was extracted with 70% ethanol and 30% 

distilled water (i.e. hydroalcoholic extract) using soxhlet 

apparatus at 50-55°C for three days. After extraction, the 

extract was concentrated in an electronic hot water bath. 

Fifty grams of powder yielded 14gm of extract after 

drying and concentrating. The extract was freshly 

prepared each time by dissolving it in 2% gum acacia 

before administering it to the experimental animals. 

Phytochemical analysis 

Freshly prepared hydroalcoholic extract of Piper betle 

leaves (HEPBL) was subjected to phytochemical 

screening by using standard procedures for detection of 

various phytoconstituents such as alkaloids, 

carbohydrates, phenols, flavonoids, steroids, saponins, 

tannins and glycosides.
3,4 

Test animals 

Wistar rats weighing 150-220 gms (8 to 12 weeks old) 

and swiss albino mice weighing 22-25 g of either sex 

were used for the study. The animals were procured and 

housed in the animal house of Mahatma Gandhi institute 

of medical sciences, Sewagram at least 2 weeks prior to 

the study for acclimatization. Animal house was well 

maintained under standard hygienic conditions, at 22±2 

°C, humidity (60±10%) with 12 hours day and night 

cycle, with food and water ad libitum.  

Toxicity study 

Toxicity study for HEPBL was carried out as per OECD 

guideline number 425. Healthy young adult albino wistar 

rats (200-250 g) were used for toxicity study. Animals 

were fasted overnight prior to dosing. The body weight of 

each animal was determined to calculate the dose. 

HEPBL was administered in the dose of 2000 mg/kg 

body weight orally to one animal which survived. 

Thereafter, four other animals were dosed sequentially. 

All the animals were closely observed for 14 days. As no 

fatality was observed, LD50 was estimated to be greater 

than 2000 mg/kg.
5
 After performing a pilot study, it was 

decided to use 50 mg/kg, 100 mg/kg and 200 mg/kg of 

HEPBL for all the experiments. 

Drugs 

Aspirin, diclofenac and buprenorphine were purchased 

from the institutional pharmacy. All other chemicals and 

reagents used were of analytical grade. 

Assessment of analgesic activity 

The analgesic activity of HEPBL was studied by 

 Tail-flick technique in rats  

 Acetic acid induced writhing in mice 

Administration of drugs 

Animals were randomly divided into 7 groups for both 

the experimental models with six animals in each group. 

Group I served as control and was given only 2% gum 

acacia (10 ml/kg p.o.). Group II was standard reference 

group and was administered a standard drug. Group III, 

IV and V received HEPBL in the doses of 50, 100 and 

200 mg/kg, p.o. respectively. The sub-therapeutic dose of 

the standard drug was administered in group VI whereas 

group VII received combination of sub-therapeutic dose 

of the standard drug and sub-analgesic dose of HEPBL to 

study the potentiating effect, if any. 

 Tail flick technique
6
 

The animals were pre-screened and those which showed 

flicking response within 3-5 sec of exposure to heat stress 

were selected. A cut off latency period was 15 sec to 

avoid damage to the tail. The current passing through the 

naked nicrome wire was maintained at 5 ampere. The tail 

withdrawal time was assessed at 30, 60 and 120 minutes 

after administration of drugs. Buprenorphine in the dose 

of 3 mg/kg, i.p. was used as the standard reference drug 

administered to the animals in group II.
3 

Pain inhibition percentage (PIP) = (T1-T0/T0) ×100  
 (T1: Post drug latency; T0: Pre drug latency) 

In addition, the potentiation of analgesic effect of 

buprenorphine with HEPBL was assessed. The 

buprenorphine when administered to the group VI in the 

dose of 1 mg/kg, i.p. showed no significant analgesic 

response, thereby suggesting that the said dose was sub-

therapeutic. Group VII received a combination of this 

sub-therapeutic dose of buprenorphine (1 mg/kg, i.p.) and 

low dose of HEPBL (50 mg/kg) to study their 

potentiation effect, if any. 

 Acetic acid induced writhing method
8
 

The mice showing a positive writhing response within the 

period of 20 minutes on administration of 7% acetic acid 

(0.1/10 gm) intra-peritoneal (i.p.) were included in the 
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study. Every mouse was counted for the number of 

writhing’s it made in 30 minutes duration commencing 5 

minutes after the intra-peritoneal administration of acetic 

acid solution. Aspirin (50 mg/kg, p.o.) was used as 

standard drug (for administration to group II animals). 

The percentage protection was calculated accordingly.  

In addition, group VI received sub-therapeutic dose of 

aspirin (25 mg/kg, p.o.) whereas group VII received sub-

analgesic dose of HEPBL (50 mg/kg, p.o.) in 

combination with the sub-therapeutic dose of aspirin to 

study the potentiating action, if any. 

Assessment of anti-inflammatory activity 

Anti-inflammatory activity of HEPBL was studied by the 

following models. 

 Carrageenan induced paw edema model 

 Cotton pellet induced granuloma model 

Administration of drugs 

Animals were randomly divided into 5 groups of six 

animals each. Group I served as control and was given 

only 2% gum acacia (10 ml/kg, p.o.). Group II was 

standard reference group of rats administered with 

standard drug. Group III, IV and V received HEPBL in 

the doses of 50, 100 and 200 mg/kg, p.o. respectively. 

 Carrageenan induced paw edema model
9
 

Acute inflammation was induced by sub-plantar injection 

of carrageenan (0.1 ml of 1% suspension in normal 

saline) in the right hind paw of the rats, one hour after 

oral administration of the drugs. The paw volume was 

measured plethysmometrically hourly for 3 hours after 

the carrageenan injection. The difference between the two 

readings was taken as the volume of edema and the 

percentage of anti-inflammatory activity was calculated. 

Aspirin (50 mg/kg, p.o.) was used as standard drug 

control in group II. 

 Cotton pellet granuloma model
10

 

Sterile cotton (10±1 mg) soaked in 0.2 ml of distilled 

water containing penicillin (0.1 mg) was implanted 

subcutaneously in axilla under ether anaesthesia. HEPBL, 

diclofenac sodium (5 mg/kg, p.o.) and control vehicle 

(2% gum acacia) were administered daily for 10 days to 

the respective groups. On the 10
th

 day the pellets were 

dissected out, dried at 60 °C and the dry weight was 

determined to calculate the actual weight of the 

granuloma. 

Statistical analysis  

The descriptive data is presented as mean±SEM. The data 

was analysed by one-way analysis of variance (ANOVA) 

followed by Dunnett’s test. P-value <0.05 was considered 

to be significant. 

RESULTS

 

Table 1: Effect of treatment with HEPBL on mean reaction latency time by tail flick method in wistar rats. 

Group 

(n=6) 
Treatment Dose 

 Reaction time in seconds mean±SEM (PIP) 

Before 

drug 

administration 

Time after drug administration 

30 minutes 60 minutes 120 minutes 

I Control (2 % gum Acacia) 10 ml/kg 3.41 ± 0.08 3.02±0.08 3.12±0.08 3.64±0.04 

II 
Buprenorphine (Standard 

drug) 
3 mg/kg 3.65±0.05 

9.07±0.04** 

(148.4%) 

9.12±0.02** 

(149.86%) 

9.17±0.02** 

(151.23%) 

III HEPBL (50mg/kg) 50 mg/kg 3.51±0.14 
4.09±0.20 

(16.52%) 

4.25±0.28 

(21.08%) 

4.08±0.18 

(16.23%) 

IV HEPBL (100mg/kg) 100 mg/kg 3.85±0.04 
6.41±0.05* 

(66.49%) 

6.47±0.05* 

(68.05%) 

7.23±0.05* 

(87.79%) 

V HEPBL (200mg/kg) 200 mg/kg 3.83±0.05 
7.63±0.04** 

(91.37%) 

7.85±0.02** 

(92.15%) 

8.21±0.03** 

(94.21%) 

VI Buprenorphine 1 mg/kg 3.80±0.03 
4.80±0.08 

(26.31%) 

4.91±0.12 

(29.21%) 

4.95±0.14 

(30.26%) 

VII Buprenorphine+HEPBL 
1 mg/kg+50 

mg/kg 

8.07±0.06** 

(111.81%) 

8.22±0.02** 

(115.74%) 

8.37±0.02** 

(119.68%) 

8.07±0.06** 

(111.81%) 

Values are expressed as Mean±SEM. Analysis was done by one way ANOVA followed by Dunnett’s test. *P<0.01 and **P <0.001 as 

compared to control. HEPBL: Hydroalcoholic extract of Piper betle leaves, PIP: Pain inhibition percentage (%). Numbers in parenthesis 

indicate percentage increase in reaction time. 
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Phytochemical screening and toxicity study 

The phytochemical screening of HEPBL revealed the 

presence of flavonoids, phenols, glycosides and tannins. 

Acute toxicity study revealed that the administration of 

HEPBL up to a dose of 2000 mg/kg did not produce any 

significant change in the behaviour of the animals, the rats 

were physically active and no death was observed. The 

study indicated that the median lethal dose (LD50) of 

HEPBL is greater than 2000 mg/kg body weight. 

Analgesic activity assessed by Tail Flick technique  

Hydro alcoholic extract of Piper betle leaves (HEPBL) in 

the doses of 100 and 200 mg/kg p.o exhibited significant 

analgesic activity in a dose dependent manner as 

evidenced by significant increase in the latency of the 

reaction time (P<0.01 and P<0.001 respectively) in 

comparison to the control group of animals. The 

intraperitoneal administration of buprenorphine in the 

dose of 3 mg/kg produced the analgesic activity which 

was highly significant (P<0.001). Although Piper betle 

extract in its low dose i.e. 50 mg/kg, p.o. did not increase 

the latency time in tail flick technique, it potentiated the 

analgesic activity of sub-analgesic dose (1 mg/kg, i.p.) of 

buprenorphine. At 120 minutes, pain inhibition percent 

(PIP) of the combination of low dose of P. betle            

(50 mg/kg, p.o.) with sub-therapeutic dose of 

buprenorphine (1 mg/kg, i.p.) was 119.68%                           

(P<0.001 compared to the control) which is comparable to 

the PIP of the standard therapeutic dose of buprenorphine 

(3 mg/kg, i.p.) i.e. 151.23% (P<0.001 compared to the 

control) (Table1). 

Analgesic activity assessed by acetic acid induced 

writhing test  

Oral administration of HEPBL in the graded doses (50, 

100 and 200 mg/kg, p.o.) suppressed the acetic acid 

induced writhing response significantly in a dose-

dependent manner. The percent protection of HEPBL was 

45.2% (P<0.05), 76.1% (P<0.01) and 79.3% (P<0.01) 

respectively in comparison with control. The standard 

drug, aspirin, in the dose 50 mg/kg, p.o. produced 

maximum inhibition of writhing in a 30 min observation 

time which was 84.8% (P<0.001).  

Though HEPBL in its low dose i.e. 50 mg/kg, p.o. and 

aspirin in its sub-therapeutic dose of 25 mg/kg, p.o. 

exhibited some protection against acetic acid induced 

writhing, their combination exhibited 83.2% protection, 

which was highly significant (P<0.001) in comparison to 

the control and was also comparable to the standard dose 

of Aspirin i.e. 50 mg/kg, p.o. (Table 2). 

 

Table 2: Effect of treatment with HEPBL on acetic acid induced abdominal constriction in mice. 

Group (n=6) Drug Dose Number of writhing’s % Protection 

I Control (2%gum acacia) 10 ml/kg 66.83±0.9 - 

II Aspirin (standard) 50 mg/kg 10.50±0.5 84.8% *** 

III HEPBL 50 mg/kg 55.22±1.3 45.2% * 

IV HEPBL 100 mg/kg 24.00±1.6 76.1% ** 

V HEPBL 200 mg/kg 14.33±1.3 79.3%** 

VI Aspirin 25mg/kg 43±1.7 58.4%* 

VII Aspirin+HEPBL 25 mg/kg+50 mg/kg 12.33±0.7 83.2%*** 

Values are expressed as mean±SEM. Analysis was done by One way ANOVA followed by Dunnett’s test. *P<0.05, **P<0.01 and 

***P <0.001 as compared to control. HEPBL: Hydroalcoholic extract of Piper betle leaves. 

Table 3: Effects of HEPBL on carrageenan-induced hind paw edema. 

Group 

(n=6) 
Drug Dose 

Paw edema volume in ml % Protection 

After 1 hour After 2 hours After 3 hours 

I Control (2%gum acacia) 10 ml/kg 0.62±0.05 0.68±0.05 0.74±0.05 

II Aspirin (standard) 50 mg/kg 0.24±0.03**(61.30) 0.19±0.01*** (72.06) 0.14±0.02*** (81.09) 

III HEPBL 50 mg/kg 0.49±0.04 (21.96) 0.42±0.04** (38.24) 0.39±0.04** (47.30) 

IV HEPBL 100 mg/kg 0.42±0.04*(32.26) 0.38±0.03** (44.12) 0.27±0.03*** (63.52) 

V HEPBL 200 mg/kg 0.35±0.05**(43.55) 0.23±0.04*** (66.18) 0.15±0.03*** (79.73) 

Values are expressed as mean±SEM. One way ANOVA followed by Dunnett’s test. *P<0.05, **P<0.01, ***P<0.001 as compared to 

control. Values in parentheses indicate percent protection. HEPBL: hydroalcoholic extract of Piper betle leaves. 
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Table 4: Effect of treatment with HEPBL on cotton pellet granuloma. 

Group 

(n=6) 

Drug Dose Weight of dry cotton pellet granuloma (mg) % Protection 

I Control (2%gum acacia) 10 ml/kg 77.24±4.82 --- 

II Diclofenac sodium 5 mg/kg 30.05±2.66** 61.09±2.1** 

III HEPBL 50 mg/kg 54.08±4.13* 29.97±1.5* 

IV HEPBL 100 mg/kg 38.04±1.99** 50.76±1.7** 

V HEPBL 200 mg/kg 32.84±3.12** 57.49±1.9** 

Values are expressed as Mean±SEM. Values in parentheses indicate percent protection. One way ANOVA followed by Dunnett’s test 

and. *P<0.05, **P<0.01, ***P<0.001 as compared to control. HEPBL: hydroalcoholic extract of Piper betle leaves. 

 

Anti-inflammatory activity of HEPBL assessed by 

carrageenan induced hind paw edema model  

In carrageenan induced hind paw edema method, the oral 

administration of HEPBL in graded doses (50, 100 and 

200 mg/kg) produced significant reduction in the paw 

volume in a dose dependent manner in comparison to the 

control group of animals. The maximum effect was seen 

in the dose of 200 mg/kg orally which showed significant 

(P<0.001) reduction in paw volume in comparison to 

control (79.73%). The anti-inflammatory activity of 

HEPBL in the dose of 200mg/kg was comparable to 

aspirin (50 mg/kg, p.o.). All the groups showed maximum 

anti-inflammatory activity after 3 hours’ time (Table 3). 

Anti-inflammatory activity of HEPBL assessed by cotton 

pellet granuloma model  

In this experimental model HEPBL in graded doses (50, 

100 and 200 mg/kg, p.o. for 10 days) showed significant 

reduction in the dry weights of granuloma in dose 

dependent manner. Compared to control, 200 mg/kg dose 

of HEPBL showed maximum effect with 57.49% 

protection (P<0.01). The anti-inflammatory activity in this 

dose was also comparable with diclofenac sodium (5 

mg/kg, p.o. for 10 days) which exhibited 61.09% 

protection (P<0.01 compared to control group) (Table 4). 

DISCUSSION 

HEPBL (100 mg/kg and 200 mg/kg) showed significant 

analgesia in both the experimental models, tail flick 

model for centrally acting analgesic effect and acetic acid 

induced writhing model for peripheral analgesia. P.betles’ 

analgesic potential has been reported in the literature in 

past as well. Analgesic effect of P.betle extract was also 

demonstrated by Arambewala et al.
11

 He had used the hot 

water extract (125, 200, 300, 500 mg/kg) as well as the 

cold ethanol extract (125, 200, 300, 500 mg/kg) of P.betle 

and found that both had significant analgesic activity, the 

former having more potential to do so. Soumita De et al. 

attempted exploring the analgesic effect of ethanolic 

extract of P.betle at the doses of (25, 50 and 100 

mg/kg).
12

 Both 50 and 100 mg/kg of ethanolic extract of 

P. betle showed significant analgesic activity. The 

independent analgesic activity was demonstrated at 100 

mg/kg and 200 mg/kg in our study but not at 50 mg/kg. 

Interestingly the sub-threshold dose of HEPBL (50 

mg/kg) potentiated the analgesic activity of sub-threshold 

doses of buprenorphine (1 mg/kg) and aspirin (25mg/kg) 

in both the experimental models respectively which to the 

best of our knowledge is the first report indicating 

potentiation of analgesic action of aspirin and 

buprenorphine by P.betle leaves.  

Theoretically, NSAIDs inhibit the pain peripherally 

whereas narcotic analgesics inhibit the pain both centrally 

as well as peripherally.
13,14

 In our study HEPBL showed 

to inhibit the pain by both the central as well as peripheral 

mechanism. Hence we assume that the analgesic action of 

HEPBL could have been mediated through narcotic 

mechanism. Further if these finding get replicated in 

human studies, then the HEPBL may serve as a potential 

augmenting agent for buprenorphine and aspirin, thereby 

reducing their dose related untoward side-effects.  

HEPBL was also shown to possess significant anti-

inflammatory activity in our study in a dose dependent 

manner (50, 100, 200 mg/kg). This activity of HEPBL 

was demonstrated using both the acute as well as the sub-

acute inflammatory experimental models. The anti-

inflammatory effect of HEPBL at a dose of 50, 100 and 

200 mg/kg were statistically significant and also dose 

dependent. Similar to our study, Ganguly et al.
15

 also tried 

to explore the anti-inflammatory effects of an ethanolic 

extract of the leaves of P. betle (100 mg/kg). Instead of 

the cotton pellet induced granuloma model used in our 

study, the author demonstrated the anti-inflammatory 

effect using the complete Freund's adjuvant-induced 

model of arthritis in rats and compared it with 

dexamethasone (0.1 mg/kg) as the positive control. 

Vaghasiya et al used the crude leaf powder suspesion of 8 

Piper species, Piper longum, Piper betle, Piper 

attanuatum ( Buch-Ham Type 1& 2), Piper Chaba, Piper 

Hymenophyllum, Piper Sarmentosu and Piper 

argyrophyllum to assess their anti-inflammatory effect 

using carrageenan and dextran models for acute 

inflammation and cotton pellet induced granuloma for 

chronic inflammation. He found that Piper betle had 

significant anti-inflammatory activity in the cotton pellet 

induced granuloma model there by suggesting the 
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inhibition of proliferative phase of the inflammation 

process.  

In the acute inflammatory experimental model used in our 

study, the probable mechanism of action of carrageenan-

induced oedema is bi-phasic, the first phase being 

attributed to the release of histamine, 5-HT and kinins in 

the first hour, while the second phase is related to the 

release of prostaglandin like substances in 2-3 hours.
17-19

 

It can be supposed that the HEPBL probably interacts 

with all these inflammatory mediators responsible for the 

acute as well as the sub-acute inflammation. In the cotton 

pellet induced granuloma model, infiltration of 

macrophages, neutrophils and proliferation of fibroblasts 

lead to sub-acute inflammation. Any agent showing anti-

inflammatory response on chronic inflammation has an 

ability to inhibit the increase in number of fibroblasts 

during granular tissue formation.
20 

HEPBL demonstrated 

a decrease in the weight of the granuloma and thereby 

demonstrating its anti-proliferative effect in chronic 

inflammation. Preliminary qualitative phytochemical 

study revealed the presence of flavonoids, phenols, 

glycosides and tannins in HEPBL. The flavonoids have 

been reported to inhibit the prostaglandins which are 

known to mediate the late phase of inflammation and 

pain. The flavonoids, phenols, glycosides and tannins are 

known to act beneficially in certain biological phenomena 

such as wound healing, pain and inflammation.
21

 The 

individual or combined synergic effects of the various 

phytoconstituents of HEPBL could possibly be 

responsible for the analgesic and anti-inflammatory 

properties of P.betle. 

HEPBL showed significant analgesic and anti-

inflammatory activities comparable to various standard 

drugs in the preclinical settings. Considering these 

findings it stands as a useful moiety for use in human 

population and can be a potential area for future research. 
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