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1. Introduction

   As nature gives us problems, so it gives the solution. Before 

civilization, when there were no hospitals and no man-made industries 

to cause pollution, there were diseases, and those diseases were cured 

by nature itself through the medicinal plants. Over the centuries, man 

has learnt to synthesize medicine, but some plants possess so wide 

range of pharmacological activities, that it is too difficult to synthesize 

the constituents in laboratory. Right screening of plants for finding a 

proper lead is required, focusing on bioactivities[1-6]. 

   Terminalia citrina (T. citrina) (Bengali name: Haritaki, Family: 

Combretaceae) is a deciduous tree wide spread throughout the forest 

of Gazipur, Tangail, Sylhet, Chittagong, Rangamati and Chittagong 

hill tracts of Bangladesh. It is an important medicinal plant having 

various ethnopharmacological uses. Different parts of the plant 

are used for various ailments. The fruit is used in long-term fever, 

loss of appetite and as sexual stimulant in Bangladesh[7], diarrhea, 

helminthes and other digestive disorders in Iran[8]. Its bark is diuretic 

and cardio tonic[9]. Seed is used in stomach aches and intestinal 

diseases[10]. The plant is also used in asthma, diarrhea, boils, burns, 

constipation, migraine, dental disease, haemoptysis, dizziness, 

bleeding hemorrhoids, eye disease, gastric hyperacidity, anaemia, 

arthritis, hoarse voice, dysentery, pyrexia, infections, traumatic 

cuts, cardiac diseases, cough, hepatomegaly, urolithiasis and for 

life longevity in Myanmar[11]. A detailed literature survey revealed 

that seed of plant was reported to possess antioxidant property[12]

and five tannins identified as corilagin (1) (3), punicalagin (2) (4), 

1,3,6-tri-O-galloyl-β-D-glucopyranose (3) (5), chebulagic acid (4) 

(6), and 1,2,3,4,6-penta-O-galloyl-β-D-glucopyranose (5) (7) were 

isolated from methanol extract of fruit[13].

   However, no detailed pharmacological study has been reported in 

the literature. Therefore, in the present investigation, we screened 

the leaf extracts of T. citrina for antinociceptive, in vitro anti-
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inflammatory and anxiolytic activities to provide a scientific basis 

for its use in traditional medicine.

2. Materials and methods

2.1. Plant material 

   The leaves of T. citrina were collected from Rangamati district, 

Bangladesh during the month of January 2013. The plants were 

mounted on paper and the sample was identified by the experts of 

Bangladesh National Herbarium, Mirpur, Dhaka (DACB accession 

number-38094).

2.2. Preparation of methanolic extract

   The collected plant leaves were sun dried for several days and then 

oven dried for 24 h at 40 ºC to facilitate grinding. The powdered 

plant leaves (1 000 g) of T. citrina was extracted with about (4 

L) methanol for 15 days and then filtered through a cotton plug 

followed by Whatman filter paper No. 1. The extract was then 

concentrated by using a rotary evaporator at reduced temperature 

(40-45 ºC) and pressure to afford crude methanolic extract (50 g).

2.3. Animals

   For the experiment Swiss albino mice of either sex, 4-5 weeks of 

age, weighing between (20-25 g) were collected from the Animal 

Resources Branch of Jahangirnagar University, Dhaka, Bangladesh. 

The mice were maintained under standard environmental condition 

and had free access to standard pellets as basal diet and water. All 

experimental protocols were approved by Dhaka University, Faculty 

of Pharmacy Ethics Committee.

2.4. Chemicals and reagents

   Diclofenac, morphine and diazepam were collected from ACI 

Pharmaceuticals, Popular Pharmaceuticals and Gonoshasthaya 

Pharmaceuticals Ltd. Dhaka, Bangladesh respectively. Acetic acid 

was obtained from Merck, Germany. All others chemicals were 

obtained commercially and were of analytical grade.

2.5. Phytochemical screening 

   The preliminary phytochemical group test was carried out by 

following standard procedure[14].

2.6. Antinociceptive study

2.6.1. Acetic acid-induced writhing method
   Antinociceptive activity was evaluated by the acetic acid induced 

writhing method in mice[15]. Twenty Swiss albino mice were divided 

into four groups consisting of five animals in each. Each group 

received particular treatment as shown in Table 1. Then the response 

of the extract and standard (diclofenac sodium) treated groups was 

compared with those of the animals in the control group. Percentage 

inhibition of writhing in comparison to control group was taken as an 

index of analgesia and was calculated using the following formula:

Inhibition (%) = [(Wc-Wt) × 100]/Wc

   Where Wc is the average number of writhing reflex in the control 

group and Wt is the average number of writhing reflex in the test 

group.

Table 1

Effect of oral administration of methanolic extract of T. citrina on acetic 

acid induced writhing in mice.

Group Number of writhing Inhibition of writhing (%)
Control 27.2 ± 1.06 —
Standard  50 mg/kg   12.2 ± 0.86** 55.14
T. citrina 200 mg/kg  21.6 ± 1.28* 20.58
T. citrina 400 mg/kg   19.6 ± 0.92** 27.94

Each value represents Mean ± SEM. **: P< 0.001, *: P< 0.01, compared 

with control. (One way ANOVA followed by Dunnett’s t-test)

2.6.2. Tail flick method 
   Antinociceptive activity was evaluated by radiant heat tail flick 

method[16]. Test samples and control was given orally by means of 

a feeding needle to the mice at zero hour. A 30-minute interval was 

given to ensure proper absorption of the administered substances. 

After 30 min, the tail flicking time was measured by Analgesiometer 

(Medicraft, India). Morphine (2 mg/kg, s.c.) was used as standard. 

The strength of the current passing through the naked nicrome wire 

was kept constant at 3 A. The tail skin was kept at a distance of 1.5 

cm from the heat source. The radiant heat [(55 ± 2) ºC] in the tail 

was applied and maintained at 2.5 cm measured from the root of the 

tail. In order to avoid the tissue damage, the cut of reaction time was 

kept at 16 seconds.

2.7. In vitro anti-inflammatory activity

2.7.1. Preparation of red blood cells
   Fresh blood was collected from healthy human donor not 

consuming any non-steroidal anti-inflammatory drugs for past two 

weeks into an anticoagulant (containing 3.8% trisodium citrate) in a 

clean sterile bottle. The blood was centrifuged at room temperature 

and the supernatant was carefully decanted. The packed human 

red blood cell (HRBC) was resuspended in normal saline followed 

by centrifugation. The process of washing and centrifugation was 

repeated until the supernatants were clear. A 10% HRBC suspension 

was then prepared with normal saline and used immediately[17].

2.7.2. Membrane stabilizing activity assay
   The membrane stabilizing activity assay was carried out by 
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procedure that was described by Gadamsetty et al.[18]. The assay 

mixture consisted of hyposaline (0.25% w/v NaCl, 2 mL), 0.15 

mol/L sodium phosphate buffer, pH 7.4 (1 mL), 1 mL of extract, 

erythrocyte suspension (2% v/v, 0.5 mL) and isosaline (0.85% (w/

v) NaCl) to give total assay volume of 4.5 mL. The blood control 

(4.5 mL) was prepared with 1.0 mL of isotonic saline instead of 

extract, while drug control (4.5 mL) with 0.5 mL of isotonic saline 

instead of red blood cells. The reaction mixtures were incubated 

at 56 ºC for 30 min. The tubes were cooled under running water 

followed by centrifugation at 3 000 r/min for 20 min on visible 

spectrophotometer (Spectrumlab 23A). The supernatants were 

collected and the absorbance was read at 560 nm against reagent 

blank. The percentage membrane stability was estimated from the 

expression shown below. Naproxen was used as standard.  

 % of Membrane stability = 100 -
(Abs of drug sample - Abs of drug control) × 100

Abs of blood control

Blood control represented 100% lysis or zero percent stability.

2.8. Anxiolytic activity by elevated plus maze (EPM) test

   The plus maze apparatus consisted of two open arms, measuring 

16 cm × 5 cm, and two closed arms, measuring 16 cm × 5 cm × 12 

cm, connected to a central platform (5 cm × 5 cm). The maze was 

elevated to a height of 25 cm above the floor. Prior to the test, mice 

were treated with respective drugs. After 45 min prior to experiment, 

each mouse was placed individually at the center of EPM with its 

head facing toward an open arm and observed for 5 min to record the 

number of entries into open arm, closed arm and time spent in each 

arm[19]. Diazepam (2 mg/kg, p.o.) was used as standard.

2.9. Statistical analysis

   All values were expressed as the mean ± SEM and the results were 

analyzed statistically by One way ANOVA followed by Dunnett’s 

t-test by using SPSS Ver.16. P < 0.05 compared to standard was 

considered to be statistically significant.

3. Results

3.1. Phytochemical screening

   The phytochemical screening test showed the presence of 

alkaloids, flavonoids, tannins, reducing sugar and carbohydrates in 

the leaves of T. citrina.

3.2. Acetic acid-induced writhing method

   The effect of the ethanolic extract of leaves of T. citrina on acetic 

acid induced writhing in mice was shown in Table 1. Percentage 

of inhibition (writhing) of T. citrina extracts for 200 and 400 

mg/kg body weight was 20.58% and 27.94% respectively and 

diclofenac sodium was 55.14%. Thus the extract showed significant 

antinociceptive activity compared with standard diclofenac sodium. 

The results were statistically significant (P < 0.001). 

3.3. Tail flick method

   The extract elongated the reaction time in a dose dependent manner 

as shown in Table 2. Percentage of elongation of T. citrina extract 

for 400 mg/kg body weight was 30.94% (P < 0.05) and 136.48% of 

standard morphine after 30 min administration of sample. The result 

was found to be statistically significant in comparison to control. 

3.4. In vitro membrane stability activity

   The results were shown in Table 3. The extract showed significant 

anti-inflammatory activity in a concentration dependent manner. The 

extract at a concentration of 2 000 µg/mL showed 67.85% protection 

of HRBC in hypotonic solution compared with standard naproxen 

which showed 73.21% protection. 

Table 3 
Screening of in vitro evaluation of anti-inflammatory activity of methanolic 
extract of T. citrina leaves.

Test sample Concentration (µg/mL) Absorbance (560 nm) Protection (%)
Control — 0.112 ± 0.001 —
Standard 
(Naproxen)

  100  0.093 ± 0.001* 68.75
1 000  0.092 ± 0.001* 69.64
2 000  0.088 ± 0.001* 73.21

T. citrina   100  0.119 ± 0.001* 45.53
1 000  0.100 ± 0.001* 62.50
2 000  0.094 ± 0.002* 67.85

Each value represents mean ± SEM; *: P < 0.001 compared with control; 
One way ANOVA followed by Dunnett’s t-test.

3.5. EPM model

   The results showed that the number of open arm entries and 

Table 2

Assessment of central antinociceptive activity by tail flick method.

Group       
  

30 min 60 min 90 min
Reaction time (second) % Elongation Reaction time (second) % Elongation Reaction time (second) % Elongation

Control 6.14 ± 0.59 6.20 ± 0.40 6.42 ± 0.28         
Standard 2 mg/kg 14.52 ± 0.49** 136.48 13.30 ± 0.44** 114.51 11.40 ± 0.40**  77.57
T. citrina 200 mg/kg 5.02 ± 0.32  18.24 5.06 ± 0.37   18.38 5.48 ± 0.41 15.10
T. citrina 400 mg/kg  8.04 ± 0.39*  30.94  8.10 ± 0.44*   30.64  8.38 ± 0.65* 30.52

Each value represents mean ± SEM. **: P < 0.01; *: P < 0.05 compared with control; One way ANOVA followed by Dunnett’s t-test.
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time spent in the open arms were increased and number of closed 

arm entries and time spent in the closed arms were decreased 

significantly in the extract treated groups which was comparable 

with the standard diazepam (Table 4). 

Table 4
Effects of methanolic extract of T. citrina leaves on behavior of mice.

Group Open arm 
enteries

Close arm 
enteries

Time spent 
in open arm 

(second)

Time spent 
in close arm 

(second)

Control 2.33 ± 0.21 2.83 ± 0.40  6.83 ± 0.47 293.16 ± 0.47

Diazepam 2 mg/kg   5.16 ± 0.54** 3.83 ± 0.47  18.50 ± 1.08**   281.50 ± 1.08**   

T. citrina 200 mg/kg 2.66 ± 0.33 3.33 ± 0.42  7.33 ± 0.66 292.66 ± 0.66

T. citrina 400 mg/kg  3.83 ± 0.30* 3.16 ± 0.47 11.00 ± 1.31*  289.00 ± 1.31*

Each value represents mean ± SEM; **: P < 0.01; *: P < 0.05 compared with 
control; One way ANOVA followed by Dunnett’s t-test.

4. Discussion

   Natural products derived from plants have been used in folklore 

medicine to treat different diseases. So with the objective to contribute 

to the knowledge of the medicinal flora and considering the use of this 

plant, a pharmacological study of the methanol extract of the leaves 

of T. citrina was done. To our knowledge, this is the first time that the 

antinociceptive, in vitro membrane stabilizing property and anxiolytic 

activities in experimental models were reported. 

   The antinociceptive activity of the extract was demonstrated using 

two classical in vivo models. On the one hand, the extract showed 

a significant anti-inflammatory activity in vitro HRBC membrane 

stabilizing model. Similarly, T. citrina extract demonstrated to 

possess anxiolytic activity in EPM model. In acetic acid induced 

writhing method, it was observed that there was a dose dependent 

reduction in the number of writhes in the test animals. Acetic acid-

induced abdominal writhing model represents pain sensation by 

releasing arachidonic acid via cyclooxygenase and prostaglandin 

biosynthesis which plays a role in the nociceptive mechanism[20]. 

Prostanoids such as prostaglandin E2 and prostaglandin F2 as well 

as lipoxygenase products have been found at a higher level in the 

peritoneal fluid after intraperitonial injection of acetic acid. The 

antinociceptive effect occurs due to its action on visceral receptors 

that is sensitive to acetic acid by inhibiting the production of 

algogenic substances or inhibiting the transmission of painful 

messages at the central level[21]. The acetic acid induced writhing 

response is a sensitive method to evaluate peripherally acting 

antinociceptive activity. Thus, the reduction in the number of 

writhing indicates that extract might exert antinociceptive activity 

by inhibition of prostaglandin synthesis or action of prostaglandins. 

In the tail flick model, reaction time was increased significantly for 

the test samples and standard drug when compared to the predrug 

reaction time (control group) 30 min after drug administration. The 

tail flick test is considered to be selective to examine compounds 

acting through opioid receptor, the extract increased mean 

basal latency time which indicates that it may act via centrally 

mediated antinociceptive mechanism[22]. Narcotic antinociceptive 

inhibit both peripheral and central mechanism of pain, while non 

steroidal anti-inflammatory drugs inhibit only peripheral pain. 

The extract exhibited both mechanisms of pain, suggesting that 

the plant extract may act as a narcotic antinociceptive. It has been 

reported that tannins and alkaloids have ability to inhibit pain 

perception[15]. So these phyto-constituents might be responsible 

for the antinociceptive activity.

   It is evident that the methanolic extract protected the human 

erythrocyte membrane against lysis induced by hypotonic 

solution. The erythrocyte membrane may be considered a 

model of the lysosomal membrane which plays an important 

role in inflammation[23]. The compounds which prevent the 

lysis of membrane caused by the release of hydrolytic enzymes 

contained within the lysosomes may relieve some symptoms of 

inflammation[24]. When the HRBC is subjected to hypotonic stress, 

the hemoglobin release from HRBC will be prevented by anti-

inflammatory drugs because of the membrane stabilization. It has 

been demonstrated that certain herbal preparations were capable of 

stabilizing the red blood cell membrane and this may be indicative 

of their ability to exert anti-inflammatory activity[23]. The mode 

of action of the extracts or drugs, may bind to the erythrocyte 

membranes with subsequent alteration of the surface charges of 

the cells. It has been reported that certain saponins and flavonoids 

exerted profound stabilizing effect on lysosomal membrane both 

in vivo and in vitro, while tannins and saponins possess ability 

to bind cations, thereby stabilizing erythrocyte membranes and 

other biological macromolecules[25]. The presence of flavonoids 

and tannins in the extract may be attributed to the observed anti-

inflammatory activity. 

   The EPM is an animal model of anxiety useful to predict the 

anxiolytic effects of benzodiazepines (BZD)[26]. The EPM is 

considered to be an etiologically valid animal model of anxiety 

because it uses natural stimuli, such as a fear of a new, brightly-lit 

open space and the fear of balancing on a relatively narrow raised 

platform[27]. In EPM, animals will normally prefer to spend much 

of their allotted time in the closed arms. This preference appears to 

reflect an aversion towards open arms that is generated by the fears 

of the open spaces. Anxiolytic drugs increase the number of entries 

and time spent in open arms in comparison to closed arms. They also 

increase the ratio of open arm to total arm entries. The administration of 

methanolic extract of T. citrina leave increased the number of entries in 

the open arms and prolonged the time spent into open arms. It has been 

found that flavonoids bind with high affinity at BZD site of the GABAA 

receptor[26]. The mechanism of anxiolytic action of extract could be 

due to the binding of this phytochemical to the GABA-BZD complex. 

The presence of flavanoid in the extract as revealed by phytochemical 

screening may be responsible for the observed anxiolytic activity.

   The present study was observed that leaves of T. citrina showed 

a significant antinociceptive, anti-inflammatory and anxiolytic 

activity which deserves further investigation to isolate the active 
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constituents responsible for these activities and to establish the 

mechanisms of action. 
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