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Abstract 
The present study was designed to investigate the antinociceptive, anti-inflammatory and hypoglycemic 
effects of petroleum ether, carbon tetrachloride, dichloromethane and ethyl acetate soluble partitionates of the 
methanolic extracts of Terminalia citrina leaves. The partitionates of the methanolic extract of the leaves of 
plant T. citrina at 200 mg/kg and 400 mg/kg were subjected for their antinociceptive activity using both 
acetic acid induced writhing method and radiant heat tail flicking method; anti-inflammatory activity was 
evaluated by HRBC membrane stabilization method and hypoglycemic activity by blood glucose level test. 
The carbon tetrachloride partitionate at 400 mg/kg induced significant decrease in the no. of writhes while the 
petroleum ether partitionate at 400 mg/kg showed promising activity compared to standard diclofenac 
sodium. Similarly, the petroleum ether partitionate elongates the reaction time significantly after 
administration of extract in radiant heat tail flicking method, suggesting central antinociceptive activity and at 
concentration of 2000 µg/ml showed promising protection of HRBC in hypotonic solution compared with 
standard naproxen. On the other hand, in hypoglycemic activity, the ethyl acetate partitionate shows 
significant activity compared to standard metformin drug.  
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Introduction 
 Terminalia citrina (Bengali name: Haritaki, 
Family: Combretaceae) is a deciduous tree found wide 
spread throughout the forest of Gazipur, Tangail, 
Sylhet, Chittagong, Rangamati and Chittagong hill 
tracts in Bangladesh. It is an important medicinal plant 
having various ethno pharmacological 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 (Hossan et al., 2008), 
diarrhea, helminthes and other digestive disorders in 
Iran (Amiri and Joharchi, 2013). Its bark is diuretic and 
cardio tonic (Khare, 2007). Seed is used in stomach 
aches and intestinal diseases (Lev and Amar, 2000). 
The plant is also used in asthma, diarrhea, boils, burns, 
constipation, migraine, dental diseases, haemoptysis,  
 
dizziness, bleeding hemorrhoids, eye disease, gastric 
hyperacidity, anemia, arthritis, hoarse voice, dysentery, 
pyrexia, infections, traumatic cuts, cardiac diseases, 

cough, hepatomegaly, urolithiasis and for life longevity 
in Myanmar (Soe and Ngwe, 2004). A detailed 
literature survey revealed that seed of plant was 
reported to possess antioxidant properties (Palasuwan et 
al., 2005) and five tannins identified as corilagin, 
punicalagin, 1,3,6-tri-O-galloyl-β-D-glucopyranose, 
chebulagic acid and 1,2,3,4,6-penta-O-galloyl-β-D-
glucopyranose was isolated from methanol extract of 
fruit (Burapadaja and Bunchoo, 1995).  
 Keeping in view of this collection and utilization of 
different parts of T. citrina, an attempt was made to 
investigate the antinociceptive, anti-inflammatory and 
hypoglycemic activities of partitionates of methanolic 
extract of leaves of T. citrina. 
 
Materials and Methods 
 Plant materials: The leaves of T. citrina were 
collected from Rangamati district, Bangladesh during 
the month of January 2013. The plants were mounted 
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on paper and the sample was identified by the experts 
of Bangladesh National Herbarium, Mirpur, Dhaka 
(DACB, Accession Number-38094). 
 Extraction and fractionation: The leaves of the 
plant were collected in fresh condition. The dried and 
coarse powder (1000 gm) was extracted with methanol 
(4.0 L) in an air tight, clean flat-bottomed container for 
15 days at room temperature with occasional stirring. 
The extract was then filtered through a fresh cotton 
plug followed by a Whatman No. 1 filter paper. The 
filtrate was concentrated using a rotary evaporator at 
low temperature (40-45 ºC) and pressure. The weight of 
the crude extract was 50 gm. Solvent-Solvent 
partitioning was done using the protocol designed by 
Kupchan (Kupchan et al., 1973) and modified version 
of Wagenen (Vanwagenen et al., 1993). The crude 
extract (5 gm) was dissolved in 10% aqueous methanol 
which was subsequently extracted first with petroleum 
ether (PE), then carbon tetrachloride (CTC) followed by 
dichloromethane (DCM) and finally with ethyl acetate 
(EA). All the fractions were evaporated to dryness by 
using rotary evaporator and kept in airtight containers 
for further analysis (PE 975 mg, CTC 835 mg, DCM 
640 mg and EA 590 mg). 
 Chemicals and reagents: Diclofenac, Morphine 
and Metformin were collected from ACI 
Pharmaceuticals, Popular Pharmaceuticals and Square 
Pharmaceuticals Ltd., Dhaka, Bangladesh respectively. 
Acetic acid was obtained from Merck, Germany. All 
others chemicals were obtained commercially and were 
of analytical grade. 
 Experimental animals: Swiss-albino mice (20-25 
gm) of either sex, aged 4-5 weeks obtained from the 
Animal Resource Branch of Jahangirnagar University, 
Dhaka, Bangladesh were used for the experiment. They 
were kept in standard environmental condition and fed 
standard formulated rodent food and water. All 
experimental protocols were approved by the 
University of Dhaka, Faculty of Pharmacy Ethics 
Committee. 
 
Antinociceptive study 
 Effect on acetic acid-induced writhing in mice: 
Antinociceptive activity was evaluated by the acetic 
acid induced writhing method in mice (Hossain et al., 

2013). The writhes were induced by intra-peritoneal 
injection of 0.7% acetic acid (v/v) (10 ml/kg). Two 
different doses (200 and 400 mg/kg) of the extract were 
administered orally to different groups of 5 animals 
each, 30 min before chemical stimulus. The number of 
writhes during the following 15 min period was 
observed after acetic acid injection. Antinociception 
was expressed as the reduction of the number of 
abdominal constrictions between control animals 
(acetic acid treated mice) and mice pretreated with the 
extract. Diclofenac sodium (50 mg/ kg, i.p.) was used 
as standard. 
 Effect of Tail flicking in mice: Antinociceptive 
activity was evaluated by radiant heat tail flicking 
method (Goshwami et al., 2012). Test samples and 
control was given orally by means of a feeding needle 
to the mice at zero hour. A 30 min 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 Amps. The tail 
skin was kept at a distance of 1.5 cm from the heat 
source. Radiant heat (55 ± 2 °C) 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 sec. 
 
In vitro anti inflammatory activity 
 Preparation of red blood cells: Human blood was 
collected from a donor not consuming any NSAID 
drugs for two weeks. The blood was subjected to 
centrifugation and the supernatant part was carefully 
pipetted out with sterile pipettes. The packed cells were 
resuspended with equal volume of normal physiological 
saline (pH 7.4) and centrifuged again. The process was 
repeated five times until the supernatants were clear. A 
10% HRBC suspension was then prepared with normal 
physiological saline and used immediately (Oyedapo 
and Famurewa, 1995). 
 Membrane stabilizing activity assay: 4.5 ml of 
reaction mixture consisting of 2 ml hypotonic saline 
(0.25% w/v NaCl), 1 ml of sodium phosphate buffer 
(0.15 M, pH 7.4) and 1 ml of extract were dissolved in 
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normal physiological saline. Then 0.5 ml of 10% 
HRBC was also added. Two controls were performed, 
one with 1.0 ml of isotonic saline instead of extract, and 
the second control with 0.5 ml of isotonic saline instead 
of red blood cells. The mixture was incubated at 56 °C 
for 30 min. The tubes were cooled under running water 
for 20 min and the mixture was centrifuged at 3000 
rpm. The supernatants were separated and the 
absorbance of the supernatants was noted at 560 nm. 
The percentage membrane stabilizing activity was 
determined using the equation shown below 
(Gadamsetty et al., 2013). Naproxen was used as 
standard.                                                                         
 % of Membrane stability = 100–(Abs. of drug 
sample – Abs. of drug control) x 100 / (Abs. of blood 
control) 
Blood control represented 100 % lysis or zero percent 
stability. 
 Hypoglycemic activity: The test is performed using 
a slight modification (Shahreen et al., 2011). The 
animals were fasted for 12 h, weighed and randomly 
divided into ten groups consisting of 6 mice in each 
group. At zero hour fasting blood glucose level from 
each group was measured from tail vein just prior to 
glucose administration by using glucometer (Ez Smart-
168) and glucose oxidase-peroxidase reactive strips. To 
measure the blood glucose level, tail tip of mice was cut 
with a sharp blade and little amount of blood was 
collected and exposed to touch glucose test strips. 
Within seconds blood glucose level was visualized. 
Nebanol (Bacitracin) ointment was applied on the 
wound to avoid infection. Then, the samples were 
administered (0.1% saline for control, metformin for 
standard and extracts) using oral feeding needle. After 1 
hour, 2 hours and 3 hours, blood sample were collected 
in the same procedure and blood glucose level 
measured to see the hypoglycemic effect of the test 
sample in relative to control and standard groups. 
 Statistical analysis: All values were expressed as 
the mean ± standard error of the mean (SEM)  and  the  
results  were  analyzed  statistically  by  one  way 
analysis  of  variance  (ANOVA)  followed  by  
Dunnett’s t-test  by  using SPSS Ver.16. P < 0.05 
compared to standard was considered to be statistically 
significant. 

Results and 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 antinociceptive, anti-
inflammatory and hypoglycemic effects of petroleum 
ether, carbon tetrachloride, dichloromethane and ethyl 
acetate soluble partitionates of methanolic extracts of T. 
citrina leaves was done. To our knowledge, this is the 
first time that the antinociceptive, in vitro membrane 
stabilizing property and hypoglycemic activities in 
experimental models are reported. The results are 
summarized in the tables 1-4. 
 The partitionates antinociceptive activity was 
demonstrated using two classical in vivo models. On the 
one hand, the partitionates showed a significant anti-
inflammatory activity in vitro HRBC membrane 
stabilizing model. Similarly, T. citrina partitionates 
were found to have hypoglycemic activity.  
 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. The 
partitionates effectively reduced the number of 
abdominal muscle contractions induced by 0.7% acetic 
acid solution in a dose dependent manner (Ttable 1). 
The carbon tetrachloride fraction (400 mg/kg b.w.) of 
T. citrina showed significant antinociceptive activity 
having 37.49% of inhibition compared to the standard 
diclofenac (55.14%). The petroleum ether fraction of 
methanolic extract (400 mg/kg b.w.) showed promising 
antinociceptive activity having 25.00% of inhibition of 
writhings whereas dichloromethane fraction showed 
least inhibition of writhings. 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 (Adedapo et al., 2009). 
Prostanoids such as PGE2 and PGF2α as well as 
lipoxygenase products have been found at 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 



28 Das et al. / Bangladesh Pharmaceutical Journal 19(1): 25-31, 2016 
 

messages at the central level (Sekhar et al., 2014). 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. 
 
Table 1. Effect of oral administration of extract on acetic 

acid induced writhing in mice. 
 

Group  Number of writhing  Inhibition of 
               (Mean ± SEM)   writhing (%) 

Control      27.2 ± 1.06      ND 
Standard (50mg/kg) 12.2 ± 0.86***  55.14 
PET (200mg/kg)    23 ± 0.70*         15.44 
PET (400mg/kg)     20.4 ± 0.92***  25.00 
CT (200 mg/kg)     22 ± 0.70**      19.11 
CT (400 mg/kg)        17 ± 0.70***   37.49 
DCM (200 mg/kg)  25 ± 0.70     8.08 
DCM (400 mg/kg)   23.2 ± 0.86*  17.7 
EA (200 mg/kg)   22.6 ± 0.92**     16.91 
EA (400 mg/kg)      21.2 ± 0.86***    22.05 

Each value represents Mean±SEM. ***P< 0.001, **P< 0.01, *P< 
0.05 compared with control. (One way ANOVA followed by 
Dunnett’s t-test). SEM= Standard Error of Mean; Standard= 
Diclofenac Sodium; PET= Petroleum ether soluble fraction; CT= 
Carbon tetrachloride soluble fraction; DCM= Dichloromethane 
soluble fraction; EA= Ethyl acetate soluble fraction. ND = Not 
Determined. 

 
 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) of 30 min after drug administration (Table 2). 
The carbon tetrachloride fraction (400 mg/kg b.w.) of 
T. citrina showed significant antinociceptive activity 
having 32.89% (P < 0.05) elongation of reaction time 
30 minutes after administration of sample compared to 
the standard morphine (136.48%). The ethyl acetate 
fraction of methanolic extract (400 mg/kg b.w.) showed 
promising antinociceptive activity having 29.64% 
elongation of reaction time whereas dichloromethane 
fraction showed least elongation of reaction time 
(17.58%). The tail-flick test are 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 (Vogel, 2008). Narcotic 
antinociceptive inhibit both peripheral and central 
mechanism of pain, while non steroidal anti-
inflammatory drugs inhibit only peripheral pain. The 
extract exhibited inhibition of 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 
(Hossain et al., 2013). So these phyto-constituents 
might be responsible for the antinociceptive activity. 
 It is evident that the partitionates of methanolic 
extract protected the human erythrocyte membrane 
against lysis induced by hypotonic solution. The results 
are shown in table 3. The partitionates showed 
significant anti-inflammatory activity in a concentration 
dependent manner. The petroleum ether partitionate at a 
concentration of 2000 µg/ml showed highest 61.60% 
protection of HRBC in hypotonic solution compared 
with standard naproxen which showed 73.21% 
protection while ethyl acetate partitionate showed least 
protection of HRBC. The erythrocyte membrane may 
be considered a model of the lysosomal membrane 
which plays an important role in inflammation 
(Kumbhare et al., 2013). 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 
(Gadamsetty et al., 2013). When the human RBC is 
subjected to hypotonic stress, the hemoglobin release 
from RBC 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 (Kumbhare et al., 2013). 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. 
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Table 2. Assessment of central antinociceptive activity by tail flick method. 
 

Group  Reaction time (sec) 
 30 min  60 min  90 min 
 (% elongation)  (% elongation)  (% elongation) 
Control   6.14 ± 0.59 6.2 ± 0.40 6.42 ± 0.28          
Standard (2mg/kg)  14.52 ± 0.49*** 13.3 ± 0.44***  11.4 ± 0.4*** 
 (136.48)  (114.51)   (77.57)                  
PET (200mg/kg)  5.46 ± 0.46     5.44 ± 0.42  5.72 ± 0.35 
 (11.07)  (12.25)  (10.9) 
PET (400mg/kg)  7.76 ± 0.46       8.54 ± 0.63**   8.88 ± 0.60** 
                          (26.38)            (37.74)       (38.31) 
CT (200 mg/kg)   6.44 ± 0.46      6.72 ± 0.31   6.96 ± 0.31 
                             (4.88)           (8.38)            (8.41) 
CT (400 mg/kg)     8.16 ± 0.43*  8.44 ± 0.52**     8.24 ± 0.39* 
                               (32.89)         (36.12)       (28.34) 
DCM (200 mg/kg)    5.38 ± 0.27      5.8 ± 0.32       5.8 ± 0.22 
                              (12.37)        (6.45)        (9.65) 
DCM (400 mg/kg)   5.06 ± 0.40   4.90 ± 0.51    4.90 ± 0.56 
                                     (17.58)        (20.96)       (23.67) 
EA (200 mg/kg)         6.28 ± 0.34  6.34 ± 0.17   6.54 ± 0.24 
                                (2.28)           (2.25)        (1.86) 
EA (400 mg/kg)          7.96 ± 0.53*  8.16 ± 0.48*     8.5 ± 0.53* 
                              (29.64) (31.61)        (32.39) 

Each value represents Mean ± SEM. ***P < 0.001, **P< 0.01, *P < 0.05 compared with control. (One way ANOVA followed by 
Dunnett’s t-test). SEM= Standard Error of Mean; Standard= Morphine; PET= Petroleum ether soluble fraction; CT= Carbon 
tetrachloride soluble fraction; DCM= Dichloromethane soluble fraction; EA= Ethyl acetate soluble fraction. 
 
Table 3. Screening of in vitro evaluation of anti-inflammatory activity. 
 

Test sample   Concentration  Absorbance  Protection 
  (µg/ml)  (560 nm)  (%) 
Control     ------  0.112 ± 0.001  ------ 
Standard  100     0.093 ± 0.001*                       68.75 
  1000     0.092 ± 0.001* 69.64 
  2000        0.088 ± 0.001*                       73.21 
PET   100             0.119 ± 0.001*                       45.53 
        1000 0.117 ± 0.001*  47.32 
           2000        0.101 ± 0.001*                       61.60 
CT           100        0.126 ± 0.001*                       39.28 
                1000         0.121 ± 0.001*                       43.75 
                2000        0.102 ± 0.001*                       60.71 
DCM 100             0.135 ± 0.001*            31.25 
          1000          0.122 ± 0.001*           42.85 
          2000      0.105 ± 0.001*      58.03 
EA      100        0.133 ± 0.001*    33.03 
         1000  0.126 ± 0.001*    39.28 
            2000        0.123 ± 0.001* 41.96 

Each value represents Mean ± SEM. *P<0.001 compared with control (One way ANOVA followed by Dunnett’s t-test). SEM= 
Standard Error of Mean; Standard= Naproxen; PET= Petroleum ether soluble fraction; CT= Carbon tetrachloride soluble fraction; 
DCM= Dichloromethane soluble fraction; EA= Ethyl acetate soluble fraction. 
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Table 4. Effects of extracts of T. citrina on blood glucose level induced in mice. 
 

Group Level of glucose (Mean ± SEM) 
0 hour 1 hour 2 hours 3 hours 

Control 5.98 ± 0.28 6 ± 0.15 5.9 ± 0.19 5.75 ± 0.17 
Standard 6.05 ± 0.18 3.78 ± 0.13*** 3.6 ± 0.15*** 3.43 ± 0.11*** 
PET (200 mg/kg) 6.08 ± 0.25 5.46 ± 0.16 5.15 ± 0.06* 5.15 ± 0.07 
PET (400 mg/kg) 
CT (200 mg/kg)   
CT (400 mg/kg) 
DC (200 mg/kg) 
DC (400 mg/kg)  
EA (200 mg/kg)   
EA (400 mg/kg)    

6.13 ± 0.22 
5.88 ± 0.11    
6.07 ± 0.25  
 6.08 ± 0.19 
6.00 ± 0.15 
5.95 ± 0.14 
5.71 ± 0.13 

5.86 ± 0.22 
5.95 ± 0.16 
5.65 ± 0.25 
6.00 ± 0.19  
5.98 ± 0.29 
5.05 ± 0.27* 
5.00 ± 0.19* 

5.55 ± 0.28 
5.96 ± 0.21 
5.31 ± 0.21 
5.91 ± 0.18 
 5.75 ± 0.17 
4.73 ± 0.28** 
4.68 ± 0.22** 

5.33 ± 0.24 
5.96 ± 0.14 
5.13 ± 0.20 
5.81 ± 0.15 
5.43 ± 0.19 
4.55 ± 0.21*** 
4.41 ± 0.19*** 

 

Each value represents the mean ± SEM (n=6). ***P<0.001, **P<0.01, *P<0.05 compared with control (One way ANOVA 
followed by Dunnett’s test). SEM= Standard Error of Mean; Standard= Metformin; PET= Petroleum ether soluble fraction; CT= 
Carbon tetrachloride soluble fraction; DC= Dichloromethane soluble fraction; EA= Ethyl acetate soluble fraction. 
 

 The results of hypoglycemic test indicated that the 
partitionates suppressed the rise in blood glucose level 
after administration of extract. The results are shown in 
table 4. The ethyl acetate partitionate of T. citrina has 
significant blood glucose lowering activity at the doses 
of 200 mg/kg and 400 mg/kg body weight. After 1 
hour, the plasma glucose level at doses 200 mg/kg and 
400 mg/kg were 5.05 ± 0.27 mmol/L (P<0.05) and 5.00 
± 0.19 mmol/L (P<0.05). The outcome may be due to 
the enhancement of gluconeo-genesis, which is 
characteristically activated at fasting state in diabetic 
animals or increase disposal of glucose by enhanced 
insulin sensitivity (Jahan et al., 2009). 
 
Conclusion 
 From these investigations it may be concluded that 
the various partitionates of methanolic extracts of T. 
citrina showed significant antinociceptive, in vitro anti-
inflammatory effects. However, further investigations 
are required in the laboratory to isolate and characterize 
the specific active components of the plant extract 
which is responsible for observed pharmacological 
actions. 
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