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ABSTRACT

Objective: Plumeria alba (Apocynaceae), commonly known as “Frangipani” is an important medicinal plant, widely distributed throughout Southern 
India. In the traditional medicinal system, different parts of this plant have been mentioned to be useful in a wide variety of diseases. In this study, 
analgesic activity of aqueous and alcoholic extract of flowers of P. alba Linn was evaluated by hot-plate and acetic acid-induced writhing methods to 
substantiate and expand its clinical applications.

Methods: The flowers of P. alba were collected from the local area in and around Coimbatore (India). The flowers were dried, powdered, and were 
extracted using soxhlet apparatus for 12 h using water and 95% of ethanol as a solvent. The test extracts were administered orally at a dose of 100 & 
200 mg/kg while diclofenac sodium (10 mg/kg) served as standard.

Results: The ethanolic flower extract of 200 mg/kg had significant analgesic activity in acetic acid-induced abdominal writhing response (***p<0.001) 
when compared to control and standard drug diclofenac. It also exhibited significant analgesic activity (***p<0.001) by increasing the pain reaction 
time of the rats in comparison to control and standard in hot plate method.

Conclusion: The results suggest that ethanolic flower extracts of P. alba possess potent analgesic properties, which support its use in traditional 
medicine and suggesting that the plant should be further investigated for its pharmacological active natural products.
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INTRODUCTION

Pain is an unpleasant sensation and emotional experience associated with 
real or potential tissue damage or described in terms of such damage. The 
pathophysiology of pain involves two components, peripheral nociception, 
and central mechanism. Analgesics are the drugs that selectively relieve 
pain by acting in the central nervous system (CNS) or on the peripheral 
pain mechanisms, without appreciably altering consciousness. With the 
easy availability of analgesics (opioids) and anti-inflammatory drugs 
(nonsteroidal anti-inflammatory drugs [NSAIDs]), we are facing a new 
era of people presenting with symptoms of analgesic abuse [1,2]. With 
the development of more and more synthetic drugs that have their unique 
adverse effects, it is high time that attention should be turned to the 
possible remedies that may be found among indigenous herbal plants. 
This has accelerated the global effort to harvest those medicinal plants 
that have substantial beneficial effects with the least adverse effects to 
remove pain stimulus. The medicinal plants have been used in traditional 
medicine for hundreds of years with a reputation as efficacious remedies 
although there may not sufficient scientific data to substantiate their 
efficacy. Large numbers of these plants are important in the modern 
pharmaceutical industry. They serve as therapeutic agents and raw 
materials for the manufacturer of traditional and modern medicines. 
These plants are rich sources of bioactive compounds and thus serve as 
important raw materials for drug production. It has now been established 
that the plants synthesize and accumulate some secondary metabolites 
such as alkaloids, glycosides, tannins, and volatile oils that may possess 
a great potential for biological activity and can be a curative agent in 
therapeutic purposes [3]. The therapeutic use of plants continued with 
the progress of civilization and the development of human knowledge.

Plumeria alba Linn (Apocynaceae) commonly called White Champa, a 
small laticiferous tree or shrub, a native of tropical America. It is 4.5 m 

high, occasionally growing in the gardens. The plant is mainly grown 
for its ornamental and fragrant flowers. Leaves are lanceolate. The 
flower of the plant is white with yellow centers. Fragrant in corymbose 
fascicles Frangipani is well known for its intense fragrance and spiral-
shaped blooms narrowly strap-like leaves stay on the tree for most of 
the year. The white flowers with a yellow center have an almost waxy 
feel. After flowering narrowly cylindrical pods borne in pairs attached 
at the base and filled with winged seeds are sometimes produced [4,5].

Studies have shown that opiates cause physical dependency, tolerance, 
and addiction while NSAIDs usually cause gastrointestinal disorders. 
As such, research to discover other alternatives to treat pain is crucial. 
Many of these herbs with analgesic activity had been used without 
any adverse effects. The present study aimed to evaluate the analgesic 
activity of ethanol and aqueous flower extracts of P. alba in animal 
models.

METHODS

Wistar albino rats of either sex weighing between 150 and 200 g 
were randomly selected from the central animal facility. The animals 
were fed with Purina Chow diet, water ad libitum, and maintained 
under standard conditions of temperature, humidity, and light (12 h 
light/12 h dark cycle). All the animals were maintained in accordance 
with the guidelines of CPCSEA. All the experiments were conducted 
after approval by the Institutional Animal Ethical Committee. Pregnant 
animals, animals with injuries, disease, infection, and deformity were 
excluded from the study.

Preparation of the extract
Fresh flowers of P. alba were collected from the rural areas of 
Coimbatore. P. alba L. (White champa) was identified and authenticated 
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from agricultural university Coimbatore. The flowers were dried under 
shade and made to a fine powder and were extracted with water and 
alcohol by using a Soxhlet apparatus.

Chemicals
A soluble form of diclofenac (10 mg/kg) was used as a standard drug 
and 0.7% v/v acetic acid was used to induce writhing in mice. All the 
chemicals were obtained from ACME Laboratories Ltd.

Experimental design
Analgesic activity of P. alba was assessed with two experimental 
models, namely, acetic acid-induced writhing test and Eddy’s hot plate 
method. Rats were divided into six groups (n=6/group). The grouping 
for pharmacological screening models was as follows: 
Group I (control): Rats received 0.5 ml normal saline.
Group II (standard): Rats received diclofenac (1.0 mg/kg) [6].
Group III:  Rats were treated with aqueous flower extracts of P. alba 

(AFEPA) 100 mg/kg.
Group IV:  Rats were treated with aqueous flower extracts of P. alba 

(AFEPA) 200 mg/kg.
Group V:  Rats were treated with alcoholic flower extract of P. alba (EFEPA) 

100 mg/kg.
Group VI:  Rats were treated with alcoholic flower extract of P. alba 

(EFEPA) 200 mg/kg [7].

Acetic acid-induced writhing test
Rats were orally administered with test and control drugs 30 min 
before intraperitoneal injection of acetic acid (0.6%). Then rats were 
placed in separate bell-shaped transparent glass jars and numbers of 
abdominal constrictions (writhes) were counted for a period of 10 min 
commencing 10 min after injection of acetic acid. The difference in a 
number of writhes in the test group was compared with standard and 
control, treated groups. The percentage increase/decrease in number 
of writhing (as an index of analgesia) was calculated. The percentage 
inhibition was calculated by the formula:

% Inhibition = [(Wc-Wt) × 100] / Wc

Where, Wc=No. of writhes in the control group, Wt = No of writhes in 
the test group [8].

Eddy’s hot plate method
Rats were orally administered with test and control drugs. 1 h after the 
ingestion of drugs rats were placed on the hot plate, which consists of 
an electrically heated surface. The temperature of the hot plate was 
maintained at 55°C. Responses such as jumping, withdrawal of the 
paws, and licking of the paws were observed. The time period, when 
animals were placed and until responses occur was noted as latency 
period by the stopwatch. The latency period was recorded after 0, 60, 
90, and 120 min. These values were compared with the standard drug 
diclofenac and control normal saline. This model evaluates the central 
pain [9].

Statistical analysis
Data obtained from the experiment was expressed as Mean±SEM. 
Differences between the control and the treatments in these 
experiments were tested for significance using one-way analysis of 
variance.

RESULTS

Acetic acid-induced writhing response
The effect of ethanolic and aqueous flower extracts of P. alba on the 
acetic acid- induced abdominal constrictions in the rat is presented 
in Table 1. The result shows that ethanolic and aqueous extracts 
(200 mg/kg), and the standard drug diclofenac sodium (25 mg/kg) 
more significantly (p<0.001) reduced abdominal writhing in rats when 
compared to the control group The number of writhing was reduced 
from 40.2±1.2 in the control group to 19.3±1.8 at a dose of 200 mg/kg 
of ethanolic extract of P. alba. The reduction was in a dose-dependent 

Table 1: Percentage inhibition among groups in acetic 
acid-induced writhing in rat

Groups Drug No. of 
writhes

Percentage 
inhibition

Group I 
(Control)

Normal saline 0.5 ml 40.2±1.2 -

Group II 
(Standard)

Diclofenac 25 mg/kg 17.5±1.5*** 57.5

Group III AFEPA 100 mg/kg 29.3±0.2 27.5
Group IV AFEPA 200 mg/kg 28.2±2.2 30
Group V EFEPA100 mg/kg 21.3±1.4 47.5
Group VI EFEPA 200 mg/kg 19.3±1.8*** 51.9
Values are expressed as Mean±SEM (n=6). ***p<0.001 as compared to Group I 
(control)

manner. Furthermore, the extract caused a dose-dependent increase in 
inhibition of abdominal writhing, increasing it from 0% in the control 
group to 51.9% at the dose 200 mg/kg of ethanolic extract. Both the 
extracts at a dose of 100 mg/kg are also significant (p<0.05) when 
compared to the control group. 200 mg/kg of ethanolic extracts was 
found more potent than all other extracts.

Hot plate method
The result of the effect of ethanolic and aqueous flower extracts 
of P. alba on the hot plate method is presented in Table 2. The standard 
drug diclofenac sodium showed a significant increase in analgesic activity 
when compared with the control (p<0.001). The result shows that the 
latency period of ethanolic flower extract 200 mg/kg was significantly 
good when compared to control (p<0.001). The aqueous flower extracts 
showed significance when compared to Group II (p<0.05). 100 mg/kg 
and 200 mg/kg of ethanolic extracts show significance in mean reaction 
time when compared to Group II (p<0.001).

DISCUSSION

The present study was designed to evaluate the analgesic potential 
of aqueous and ethanolic extracts of flowers of P. alba and to explore 
the mechanism in Wistar albino rats. The three major classes of 
pain initiation are (a) acute high - intensity stimuli; (b) tissue injury 
and inflammation; and (c) injury to a specific peripheral nerve 
(mononeuropathy, e.g. crush, section) or to all peripheral sensory 
nerves (polyneuropathy, e.g. diabetes, chemotherapy, or an immune-
mediated reaction). Excitation of nociceptors or their afferent free 
nerve endings leads to pain. Pain is mediated through Aδ fibers and 
C fibers, respectively, called fast and slow pain. Nociception is the 
mechanism; whereby noxious peripheral stimuli are transmitted 
to the central nervous system. Nociceptive fibers terminate in the 
superficial layers of the dorsal horn, forming synaptic connections 
with transmission neurons running to the thalamus. Neurogenic 
inflammation occurs due to the release of transmitters glutamate, 
substance P from the nociceptors [10]. NSAIDs and opioid drugs 
are the commonly prescribed analgesic drugs for inflammatory and 
chronic pain, respectively. These drugs relieve pain peripherally/
centrally by inhibiting cyclooxygenase enzyme (COX-1 and COX-2). 
Pain mediators such as prostaglandins, substance P, histamine, 
serotonin, and bradykinin are reduced due to the inhibition of the 
cyclooxygenase enzyme [11]. The peripherally acting analgesics 
are commonly assessed by acetic acid-induced writhing test, which 
involves mainly acetylcholine and histamine mediators. Phenyl 
quinone and acetic acid are commonly used chemicals to induce 
writhing in animals. Due to the involvement of peritoneal receptors, 
contraction of the abdominal muscle, elongation of the body part, 
and extension of the hind limbs occur when acetic acid is injected 
intraperitoneally [12]. It has been proposed that acetic acid produces 
pain indirectly by releasing endogenous substances responsible for 
exciting the nerve endings. Eddy’s hot plate method involves higher 
brain functions and pain is produced by the supraspinal mediated 
response. In this study, both aqueous and ethanolic extracts of P. alba 
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reduces the number of writhes and increases the reaction time in acetic 
acid-induced writhing test and hot plate test, respectively [13]. These 
findings strongly suggest that aqueous and ethanolic flower extracts 
of P. alba possess peripheral and central analgesic properties [14]. 
These results concur with other research studies on P. alba using 
laboratory animals. The flower of P. alba has been reported to have 
antibacterial activities against Escherichia coli, Proteus vulgaris, 
and many other microbes. It also possesses antioxidant activity 
which might be due to its Vitamin C content [15,16]. Some species 
of this plant also possess nephroprotective action against cytotoxic 
drug-induced nephrotoxicity [17]. The cytotoxicity study of P. alba 
flowers proposed that it has potential as an anticancer, especially 
for colorectal cancer. An earlier study on ethanolic extracts of P. alba 
showed an anti-inflammatory effect in arthritis which may be due 
to inhibition of phospholipase A2 and prostaglandins [18]. Perhaps 
acting similarly as conventionally used therapeutic drugs that reduce 
the pain perception in nociceptors by inhibiting the production of 
prostaglandins. Many research studies on herbal plants have linked the 
presence of secondary active metabolites such as flavonoids, saponins, 
and alkaloids to analgesic activities among other properties [19]. 
Preliminary phytochemical screening revealed the presence of steroids, 
flavonoid, and alkaloids in extracts of the flower of P. alba. Flavonoids 
can disrupt the synthesis of eicosanoids. Flavonoids also can reduce 
the production of arachidonic acid through inhibition of neutrophils 
degranulation. Besides flavonoids, alkaloids also have been associated 
with the ability to inhibit pain perception. The plant may have the 
phytoconstituents which inhibit cyclooxygenase enzyme or act on 
central opioid receptors and receptors [20].

CONCLUSION

The results suggest that ethanolic flower extracts of P. alba possess 
potent analgesic properties, which support its use in traditional 
medicine and suggesting that the plant should be further investigated 
for its pharmacological active natural products. The findings can be 
further studied using other experimental methods such as tail flick 
method which was not used in our study and can be extended to human 
studies.
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Table 2: Reaction time in seconds among groups in Eddy’s hot plate method
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0 min 60 min 90 min 120 min
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Group II (Standard) Diclofenac 62.1±3.3 62.9±1.9 63.2±4.4 65.3±1.8***
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Group V EFEPA 100 mg/kg 50.2±3.4 52.8±2.9 55.8±3.4 56.4±2.7
Group VI EFEPA 200 mg/kg 56.2±3.4 58.3±1.8 58.6±2.8 59.8±3.5***
Values are expressed as Mean±SEM (n=6). ***p<0.001 as compared to Group I (control)


