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Abstract 

 
Background and purpose: Tamarindus indica L. which has anti-inflammatory, radical scavenging, and ulcer 
healing effects can be useful for the alleviation of inflammatory bowel disease (IBD). Therefore, the effects of 
T. indica fruit pulp (TIPE) and seed extracts (TISE) were investigated on experimental colitis. 
Experimental approach: TIPE and TISE (125, 250, and 500 mg/kg) were made by maceration (ethanol/water: 
80/30) and administered to male Wistar rats with acetic acid-induced colitis. Prednisolone (4 mg/kg) and 
mesalazine (100 mg/kg) were used as reference drugs. The colon tissues were examined for macroscopic and 
pathologic parameters and myeloperoxidase (MPO) and malondialdehyde (MDA) values.  
Findings/Results: The total phenols were 45.7 ± 1.1 and 453.0 ± 3.3 mg/g in terms of gallic acid for TIPE and 
TISE, respectively. Both of the extracts significantly improved most of the investigated parameters including 
body weight loss, the weight of colons, indices of ulcers, and total colitis. MPO activity and MDA in the 
treatment groups (except for TIPE at 125 mg/Kg) significantly decreased compared to the control.  
Conclusion and implications: Both TIPE and TISE were effective in the treatment of colitis however it seems 
that the effective ingredients were more concentrated in seeds rather than pulp extract so the highest dose of 
seed extract had a competitive effect with reference drugs. More studies are needed to introduce T. indica as a 
suitable complementary medicine or food for patients with IBD. 
 
Keywords: Acetic acid; Animal model; Colitis; Tamarindus indica; Plant extracts. 

 
INTRODUCTION 

 
Inflammatory bowel disease (IBD) is a 

common inflammatory disease of the 
gastrointestinal tract which is difficult to 
diagnose and treat. IBD comes in two forms: 
Crohn's disease and ulcerative colitis. The exact 
cause of IBD is unknown, but the most likely 
explanation involves a combination of one or 
more of the following: immune system 
disorders (caused by environmental or genetic 
factors), abnormal gastrointestinal factors                          
(such as changes in the normal gut flora), and 
oxidative stress (1,2). IBD is associated with 
disorders in the gut mucosal barrier that allow 

luminal factors such as leukotriene B4, nuclear 
factor-κB (NF-κB), nitric oxide, and abnormal 
activity of cyclooxygenase-2 (COX-2) to 
penetrate the mucosa (3). 

Corticosteroids, immunomodulatory drugs, 
including methotrexate, 6-mercaptopurine, and 
azathioprine, as well as anti-tumor necrosis 
factor alpha (TNF-α) drugs such as infliximab 
and adalimumab, are commonly used to                   
treat IBD.  
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Allergic reactions, bone loss, kidney disease, 
and bone marrow suppression are possible side 
effects of these drugs. So, despite being one of 
the most effective anti-inflammatory drugs, the 
use of corticosteroids is limited. Only about              
60-70% of resistant cases respond to 
azathioprine and 6-mercaptopurine, and 
adverse effects such as severe liver damage, 
bone marrow depression, and pancreatitis 
might occur (4). Although non-steroidal anti-
inflammatory drugs (NSAIDs) are among the 
drugs most often prescribed to treat various 
types of inflammation, they are rarely used to 
treat IBD due to their negative effects on 
leukotriene synthesis, sometimes even 
increasing it, which leads to gastrointestinal 
mucosal damage and aggravation of IBD (5). 

The insufficient efficacy and safety of 
current drugs, as well as side effects and patient 
complaints, have created a strong motivation to 
use new and effective treatments including 
probiotics and herbal medicine, especially 
during the last 30 years. These drugs                            
have attracted the curiosity of the public                       
and researchers for a long time due to their 
potent and diverse compounds, low side        
effects, affordable price, and potential for               
long-term use (6,7).  

The Indian tamarind (Tamarindus indica L.) 
is an evergreen tree of the Fabaceae family that 
is widely grown in India, Sri Lanka, Thailand, 
the South of Iran, and tropical parts of Asia (8). 
Pharmacological studies have shown the 
presence of abundant active ingredients 
including polyphenols, tannins, flavonoids, 
cardiac glycosides, organic acids, mucilage, 
pectin, and sugars (arabinose, xylose, galactose, 
fructose, and glucose) in this plant (8,9). 
Besides it has been proven that tamarind 
ethanolic extract contains fatty acids and 
several essential and trace elements including 
cadmium, calcium, magnesium, arsenic, 
copper, iron, sodium, manganese, potassium, 
phosphorus, and zinc (10). 

Tamarind fruit pulp contains pyrazines 
(trans-2-hexanal), thiazoles (2-ethylthiazole, 2-
methylthiazole), amino acids, inverted sugar 
(25-30%), pectin, protein, fat, and various 
organic acids including tartaric acid, acetic 
acid, citric acid, formic acid, malic acid, and 
benzoic acid for which antibacterial, anti-

inflammatory, anti-diarrheal, anti-diabetic, 
spasmolytic, vasodilator, ulcer healing, 
antioxidant, and anticancer properties have 
demonstrated (10,11). In traditional Indian 
medicine (Ayurveda), the leaf decoction of 
tamarind is used for washing indolent and 
resistant ulcers and promotes healthy action 
(12). In addition, fruit seeds of T. indica contain 
protein, fatty acids, lipids with xylose (alpha-
1,6), and specific keto acids (13).  

Tamarind has traditionally been used to 
alleviate diarrhea and dysentery, parasitic 
infections, jaundice, and nausea during 
pregnancy (14). The beneficial effect of the 
drug on bloody diarrhea, which is usually 
caused by an intestinal infection, also indicates 
the antiseptic effect of this natural product (15). 
It is worth noting that according to toxicity 
studies, tamarind extract is considered almost 
non-toxic due to its lethal dose of 50% (LD50) 
of more than 5000 mg/kg in mice (16). 

Considering the beneficial pharmacological 
effects (anti-ulcer, anti-diarrheal, anti-infective, 
and anti-inflammatory), ease of access, 
relatively reasonable price, and wide use as a 
seasoning and flavoring agent, this plant seems 
to have a good potential for treating and/or 
preventing the recurrence of the colitis. 
Therefore, this study was conducted to 
demonstrate the possible healing and 
therapeutic effects of T. indica fruit                   
pulp (TIPE) and seed extract (TISE) in 
experimental colitis. 
 

MATERIALS AND METHODS 
 
Preparation of plant and its extracts 

Indian tamarind with the brand Alfa® Food 
and Product Co. (Thailand) was procured from 
a trusted local market in Isfahan. It was 
approved by a botanist from Isfahan University. 
Fruit pulp (1 Kg) and seeds (422 g) were 
thoroughly and separately pulverized after 
drying. To make a hydroalcoholic extract, the 
crude materials were separately mixed with 
EtOH: water (80:20), and the mixture was 
shaken and filtered three times over three days. 
The result of each step was pooled and finally, 
it was dried in a rotary evaporator after that it 
was freeze-dried to produce a fully dried              
extract (17).  



Minaiyan et al. / RPS 2024; 19(3): 276-286  
 

278 

Measurement of yield values  
When the final extract was achieved, the 

weight of each was freshly measured, and the 
overall yield value was measured for TIPE and 
TISE based on the primary crude material (18). 
 
Determination of total phenol contents of 
plant extracts 

The Folin-Ciocalteu method was conducted 
to measure the phenolic ingredients of TIPE 
and TISE overall (18). In this method, phenolic 
ingredients react with a color-making reagent, 
whose absorbance is measurable at 765 nm. In 
this method, gallic acid (0-500 mg/mL) was 
used for depicting of standard curve and 
biophenols were evaluated as gallic acid 
equivalents for each extract. 
 
Drugs and chemicals  

We bought powders of mesalazine and 
prednisolone from Iran Hormone Co. (Tehran, 
Iran). Ortodianisidine dihydrochloride and 
hexadecyl trimethyl ammonium bromide were 
also purchased from Sigma Co. (St. Louis, 
USA). All of the organic solvents and 
chemicals were procured from Merck Co. 
(Darmstadt, Germany). 
  
Animals  

Sixty male Wistar rats were purchased from 
the animal house of the School of Pharmacy, 
which was dedicated to the maintenance and 
breeding of laboratory animals. They were 
given a week to acclimatize to the laboratory 
conditions. They were housed in standard-sized 
polycarbonate cages with controlled light/dark 
photoperiods, temperature (21-23 °C), and 
humidity (20-50%), and provided with chow 
pellets and free access to drinking water. The 
study was conducted according to the national 
guidelines for animal experiments provided by 
the Ethics Committee of Isfahan University of 
Medical Sciences under Ethic No. 
IR.MUI.RESEARCH.REC.1399.025. 
 
Animal grouping  

The rats were randomly assigned to the 
following ten groups (6 each): (1) normal group 
(vehicle): normal saline, 2 mL/kg was 
administered orally (p.o.); (2) control group: 
colitis was induced and normal saline was 
administered (2 mL/kg, p.o.); (3-5, fruit pulp 
extract): rats with colitis were treated with TIPE 

(125, 250, 500 mg/kg, p.o.); (6-8, fruit seed 
extract): rats with colitis were treated with TISE 
(125, 250, 500 mg/kg, p.o.) (19,20); (9 and 10, 
reference): rats with colitis were treated with 
prednisolone (4 mg/kg, p.o.) or mesalazine               
(100 mg/kg, p.o.). 

Administration of drugs and extracts was 
conducted by gavage starting 2 h before 
induction of colitis and repeated daily for 5 days 
thereafter. 
  
Experimental protocol  

Plant extracts and drugs were freshly made 
as suspensions or solutions, respectively. Rats 
were fasted for 24 h with free access to drinking 
water before colitis induction. Two mL of 
acetic acid (3%) was administered intra-rectally 
to induce acute colitis (21). Midazolam                   
(5 mg/kg) was used to give the rats a favorable 
sedation, while a suitable tube with an inner 
diameter of 2 mm and a length of 8 cm was 
inserted into the anus. On the sixth day, the 
animals were weighed and euthanized by CO2 
inhalation, then their abdominal cavity was 
opened and the colon tissue was assessed both 
macroscopically and microscopically. In the 
end, myeloperoxidase (MPO) activity and 
malondialdehyde (MDA) levels were measured 
in the colon tissue and compared with the 
control group (22). 
 
Evaluation of colon macroscopic damage  

The distal colon was cleaned with normal 
saline, cut longitudinally, and its wet weight 
was measured. After mounting on a light and 
transparent sheet, macroscopic features of 
colitis were recorded. To measure ulcerated 
areas, pictures of colon sections were taken 
with a camera, downloaded to a computer, and 
analyzed using Fiji Win 32 software (22). 
Moreover, the following values were used to 
determine ulcer severity: 0, no wound; 1, 
inflammation and thickness; 2, hemorrhagic 
spots and bleeding; 3, necrosis and/or 
perforation. Ulcer score and ulcer area were 
added together and the ulcer index was obtained 
for each tissue sample. Tissue samples were cut 
lengthwise into three equal parts for further 
analysis. Two sections were immediately 
frozen (-20 °C) for analysis of biomarkers 
(MPO and MDA), while the other section was 
deposited in formalin (10%) for further 
evaluation (22). 
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Evaluation of colon histological damage  
Fixed colon tissue was subjected to the 

following steps: dehydration, clearing, paraffin 
embedding, blocking, processing, cutting into 
4-μm thick slices, and staining with 
hematoxylin and eosin (H&E). A valid scoring 
method provided by Dieleman et al. (23) and 
modified by Motavallian-Naeini et al. (24) was 
used to evaluate the intensity, extent, crypt 
damage, and leukocyte infiltration on H&E-
stained tissue. Finally, for each sample, the total 
index for colitis; the sum of the four above-
mentioned sub-scores was obtained. Digital 
photography and imaging were conducted by 
using a modern camera and optic microscope 
while pathological examination and scoring 
were performed by a blind pathologist. 
 
Evaluation of colonic MPO activity  

A previously published method was set up in 
this laboratory and MPO activity, a marker of 
polymorphonuclear aggregation, was assessed 
(25). Colon tissues were thawed and a part (0.1 
g) was crushed in 5 mL of potassium phosphate 
buffer (pH 6) containing 0.5% w/v hexadecyl 
trimethyl ammonium bromide, transferred to a 
tube, and homogenized three times for 45 s with 
one-minute intervals. The homogenate was 
centrifuged at 4000 rpm for 10 min. Then, 0.1 
mL of the solution was mixed with 2.9 mL of 
potassium buffer (pH 6) containing 0.167 mg/mL 
ortho-dianisidine dihydrochloride and 0.005% 
H2O2. Then, MPO activity was measured at 450 
nm using a UV-VIS spectrophotometer (Unico, 
USA). MPO activity was measured in units (U) 
per 100 mg of wet colon and was defined as the 
amount of enzyme degrading 1 μmol H2O2 per 
minute at 25 °C (25). 
 
Evaluation of MDA level  

Evaluation of MDA (a lipid peroxidation 
marker) was done by adding KCl (1 mL, 1.15% 
w/v) to 10 mg of colon tissue. The 
homogenized mixture was centrifuged (7500 
rpm for 10 min) and its absorbance was 
measured at 532 nm. The experiments were 
performed using its specific kit (Navand-
Salam, Urmia) based on the instructions of the 
company (26).  
 
Statistical analysis  

The statistical software SPSS 16.0 was used 
to conduct the statistical analysis. Using 

Student’s t. paired test and parametric one-way 
analysis of variance (ANOVA) followed by 
Turkey's HSD as a post hoc test, differences 
between groups were investigated. The Mann-
Whitney U test was used to assess non-
parametric (scoring) data. The mean ± SEM/SD 
or median (range) was used to express the data. 
The P-values < 0.05 were considered 
statistically significant. 
 

RESULTS 
 
Yield values and total phenolic contents of 
extracts 

The yield values were 34.4% and 13.8% for 
TIPE and TISE, respectively. Also, the average 
percentage of dry material determined was 80.1 
% and 92.3% for TIPE and TISE, respectively. 
The amount of total phenol in the extract in 
terms of gallic acid equivalent after thrice 
repeats equals 45.7 ± 1.1 and 453.0 ± 3.3 mg/g 
of dried TIPE and TISE, respectively. 
 
Effect of T. indica extracts on body weight of 
rats  

As shown in Table 1, the rats in the normal 
group gained weight in a significant manner. 
On the contrary, the rats in the control group 
had a significant weight loss, which indicates 
the induction of the disease condition. The 
results of other groups showed that treatment 
with different doses of extracts could stop the 
process of weight loss, although the weight gain 
that occurred was not significant. Administration 
of prednisolone was associated with weight loss 
in rats; however, it was not significant. 
 
Effect of T. indica extracts on macroscopic 
parameters  

As shown in Table 2 and Fig. 1, TIPE at 250 
and 500 mg/kg and TISE at all examined doses 
(125, 250, and 500 mg/kg) significantly 
reduced the weight of colon tissue and related 
macroscopic colitis features like ulcer area, 
severity and index in overall in comparison 
with the control group. Similar and more clear 
results were obtained with reference drugs 
(prednisolone and mesalazine). No signs of 
inflammation, edema, ulcer, or necrosis were 
observed in the normal colon tissue, while           
the most extreme intensity of these parameters 
occurred in the tissue of the control group                
(Fig. 1).  
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Table 1. Weight changes of rats in experimental groups. Data are presented as mean ± SD, n = 6. Normal and control 
(colitis-induced) groups were treated with normal saline. *P < 0.05 and **P < 0.01 represent significant differences 
before and after treatment. 

P-value After Before Groups 

* 218.5 ± 10.3 207.5 ± 7.9 Normal 
** 198.3 ± 6.8 222.0 ±7.4 Control 
NS 212.0 ± 8.5 205.6 ± 8.4 TIPE (125 mg/kg)  
NS 198.3 ± 4.8 189.3 ± 5.3 TIPE (250 mg/kg) 
NS 236.1 ± 10.1 222.3 ± 13.3 TIPE (500 mg/kg) 
NS 223.5 ± 6.2 220.5 ± 11.7 TISE (125 mg/kg) 
NS 219.3 ± 13.8 214.3 ± 11.5 TISE (250 mg/kg) 
NS 236.8 ± 11.9 220.8 ± 10.1 TISE (500 mg/kg) 
NS 187.5 ± 11.8 196.8 ± 8.8 Prednisolone (4 mg/kg) 
NS 203.5 ± 3.0 198.5 ± 3.4 Mesalazine (100 mg/kg) 

TIPE, Tamarindus indica pulp extract; TISE, Tamarindus indica seed extract; NS, non-significant. 

 
 

Table 2. Macroscopic parameters of colitis in experimental groups of rats. Data are presented as mean ± SD, n = 6. 
Normal and control (colitis-induced) groups were treated with normal saline. *P < 0.05, **P < 0.01, and ***P < 0.001 
represent significant differences compared to the control group, ###P < 0.001 versus the normal group. 

Colon (mg/8 cm) Ulcer index (0-11) Ulcer score (0-3) Ulcer area (cm2) Groups 

110.3 ± 15.0 0.0 ± 0.0 0.0 (0-0) 0.00 ± 0.00 Normal 
380.4 ± 18.0# ## 9.5 ± 0.4# ## 3.0 (3-3)# ## 6.5 ± 0.4# ## Control 
368.6 ± 28 7.6 ± 0.6 2 (2-3) 5.3 ± 0.5 TIPE (125 mg/kg)  
254.4 ± 20*** 5.6 ± 0.6*** 1.5 (1-3)* 3.9 ± 0.4*** TIPE (250 mg/kg) 
217.1 ± 30*** 5.6 ± 1.4** 2.0 (1-3)* 2.6 ± 1.0*** TIPE (500 mg/kg) 
310.5 ± 30* 4.4 ± 1.0** 1.5 (0-3)* 2.9 ± 0.7*** TISE (125 mg/kg) 
257.7 ± 10*** 2.3 ± 0.9*** 1.0 (0-3)** 1.1 ± 0.5*** TISE (250 mg/kg) 
160.2 ± 10*** 2.0 ± 0.5*** 1.5 (0-2)* 0.5 ± 0.2*** TISE (500 mg/kg) 
127.2 ± 20*** 2.6 ± 1.0*** 1.0 (0-3)*** 1.5 ± 0.6*** Prednisolone (4 mg/kg) 
150.0 ± 17*** 2.9 ± 0.3*** 1.0 (1-2)*** 1.6 ± 0.1*** Mesalazine (100 mg/kg) 

TIPE, Tamarindus indica pulp extract; TISE, Tamarindus indica seed extract. 

 
 
 

 
Fig. 1. Photos of colon tissue, 6 days after acetic acid-induced colitis in rats. (A) Normal colon treated with normal saline 
(5 mL/kg); (B) control colitis treated with normal saline (5 mL/kg); (C and D) colitis rats treated with TIPE at 125 and 
500 mg/kg, respectively; (E) colitis rats treated with TISE at 500 mg/kg; (F and G) colitis rats treated with prednisolone 
at 4 mg/kg and mesalazine at 100 mg/kg, respectively. TIPE, Tamarindus indica pulp extract; TISE, Tamarindus indica 
seed extract.   
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Effect of T. indica extracts on microscopic 
parameters  

As shown in Table 3 and Fig. 2, TIPE at 250 
and 500 mg/kg and TISE at all examined doses 
(125, 250, and 500 mg/kg) decreased the total 
colitis index and involved pathologic features 
like inflammatory extent and severity, crypt 
damage, and leukocyte infiltration compared to 
the control group. Similar results were obtained 
with approved drugs. No signs of inflammation, 
infiltration of leukocytes, and crypt damage 
were occurred in the normal colon tissue, while 
the most obvious intensity of these parameters 

observed in the tissue of the control colitis 
group (Fig. 2). 
 
Effect of T. indica extracts on MPO activity 

MPO activity significantly decreased in the 
groups treated with TIPE (250, 500 mg/kg) and 
TISE (125, 250, 500 mg/kg) compared to the 
control. As expected, prednisolone and 
mesalazine were successful in decreasing MPO 
activity (Fig. 3A). MPO activity in normal 
tissue was negligible while it was exponentially 
increased (about 10 folds) after inducing colitis 
(Fig. 3). 

 
Table 3. Pathologic parameters of colitis in experimental groups of rats. Data are presented as median (range). n = 6. 
Normal and control (colitis-induced) groups were treated with normal saline. *P < 0.05, **P < 0.01, and ***P < 0.001 
represent significant differences compared to the control group, ###P < 0.001 versus the normal group. 

Groups 
Inflammatory 
severity (0-3) 

Inflammatory 
extent (0-3) 

Leukocyte 
infiltration (0-3) 

Crypt damage 
(0-4) 

Total colitis 
index (0-12) 

Normal 0.0 (0-0) 0.0 (0-0) 0.0 (0-0) 0.0 (0-0) 0.0 (0-0) 
Control 3.0 (3-3)### 3.0 (2-3)### 2.0 (2-3)### 4.0 (3-4)### 12.0 (11-13)### 
TIPE (125 mg/kg)  2.0 (2-3) 2.0 (2-3) 2.0 (1-3) 3.0 (3-4) 9.0 (8-13) 
TIPE (250 mg/kg) 2.0 (1-3) 1.5 (1-2)* 1.5 (1-2) 2.0 (2-4)* 7.0 (5-11)* 
TIPE (500 mg/kg) 1.5 (0-3)* 1.5 (1-2) 1.5 (1-3) 2.0 (2-3)** 6.5 (4-11)** 
TISE (125 mg/kg) 1.5 (1-3)* 1.5 (1-2)* 1.0 (1-2)** 1.5 (1-2)** 5.5 (4-9)*** 
TISE (250 mg/kg) 1.0 (1-1)** 0.5 (1-2)*** 1.0 (0-1)*** 2.0 (1-3)* 4.5 (3-7)*** 
TISE (500 mg/kg) 0.5 (1-2)*** 1.0 (1-1)*** 1.0 (0-2)** 1.5 (0-2)*** 4.0 (2-7)*** 
Prednisolone (4 mg/kg) 0.5 (0-1)*** 0.5 (0-1)*** 1.0 (1-1)*** 1.0 (1-2)*** 3.0 (2-5)*** 
Mesalazine (100 mg/kg) 1.0 (0-1)** 1.0 (1-2)*** 1.0 (1-2)** 1.5 (1-2)*** 4.5 (3-6)*** 
TIPE, Tamarindus indica pulp extract; TISE, Tamarindus indica seed extract. 

 

 
Fig. 2. Microscopic illustration of colonic tissue in rats by applying hematoxylin and eosin staining method. (A) Normal 
tissue treated with normal saline (5 mL/kg), the mucosal layer and the submucosa were intact and there was no sign of an 
ulcer or crypt damage (blue arrow); (B) control colitis treated with normal saline (5 mL/kg), the mucosal layer was 
completely damaged (black arrow) and the submucosa layer was severely swollen and inflamed (orange arrow). Crypts 
were severely damaged (black arrow) and leukocytes accumulated (green arrow); (C and D) colitis rats treated with TIPE 
at 125 and 500 mg/kg; (E) colitis rats treated with TISE at 500 mg/kg; (F and G) colitis rats treated with prednisolone                
(4 mg/kg) and mesalazine (100 mg/kg), respectively. Magnification: ×40. TIPE, Tamarindus indica pulp extract; TISE, 
Tamarindus indica seed extract. 
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Fig. 3. (A) Myeloperoxidase activity and (B) malondialdehyde value in colonic tissue of rats treated with normal saline 
(control group, 5 mL/kg), TIPE and TISE, prednisolone, and mesalamine. Data are presented as mean ± SEM, n = 6.                
*P < 0.05, **P < 0.01, ***P < 0.001 represent significant differences compared to the control group; ###P < 0.001 versus 
the normal group. TIPE, Tamarindus indica pulp extract; TISE, Tamarindus indica seed extract. 
 
Effect of T. indica extracts on MDA value 

MDA significantly decreased in all groups 
treated with TIPE (125, 250, 500 mg/kg) or 
TISE (125, 250, 500 mg/kg) compared to the 
control group. As expected, reference agents 
were successful in decreasing MDA activity 
(Fig. 3B). The amount of MDA in normal tissue 
was negligible while it exponentially increased 
(about 7 folds) after inducing colitis (Fig. 3B). 
 

DISCUSSION 
 

In this study, based on the general results and 
various evaluations at the tissue level and 
inflammatory biomarkers, it has been shown 
that tamarind hydroalcoholic seed and pulp 
extracts had a healing effect on experimental 
colitis.  

Our results demonstrated obvious 
destruction of colon tissue in the control 
untreated group following the inoculation of 
acetic acid as an approved model of 
experimental colitis (27). 

Weight loss in animals is one of the clinical 
symptoms of colitis, which can be caused by 
frequent bloody or watery diarrhea and 
anorexia caused by the disease condition (28). 
At the end of this study, animals in the control 
group showed significant weight loss compared 
to day one of the study, which could be caused 
by the complications of colitis. On the other 
hand, the cessation of weight loss and an 
increase in body weight, even though 

insignificant, in the treatment groups indicated 
the improvement of the disease (28). The only 
exception was the group treated with 
prednisolone, which showed weight loss 
despite the improvement of the disease features, 
and this can be attributed to its catabolic effects 
as a corticosteroid (29). In the current study, all 
the treatments were made by oral intake, so it 
can be concluded that there was a good 
bioavailability of the active ingredients. 
However, the active ingredients that were not 
absorbed probably reached the site of their 
action, the colon, through the bowel (30). 

In addition, our results showed that the 
content of MPO and MDA of the colon tissue 
increased exponentially in the untreated colitis 
group indicating the activation and migration of 
macrophages and neutrophils, which leads to an 
increase in oxidative stress (26,27). In our 
study, almost all the doses of TIPE and TISE 
(except 125 mg/kg of TIPE) diminished MPO 
and MDA activity, which is due to the 
antioxidant and anti-inflammatory effects of the 
extracts. Interestingly, the least examined dose 
of TIPE (125 mg/kg) which did not affect most 
parameters of colitis, reduced MDA levels in 
colon tissue, indicating a significant antioxidant 
effect. This is a reason suggesting that the 
antioxidant effect alone is not enough for the 
treatment of acute colitis (31). The weight of 
the colon indicates the severity and level of 
inflammation and immune system response in 
the colon area. The higher the weight of the 
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colon, the more the accumulation of interstitial 
fluid indicates which is an important measure 
of edema and aggravation of colitis (32). The 
results of this study showed that TISE at all test 
doses and TISE at two larger doses were 
effective in reducing this parameter and this 
effect was directly related to the reduction of 
MPO level in the colon tissue. This result 
emphasizes the importance of MPO activity in 
evaluating the severity and extent of the disease 
in this model of colitis (27,32). 

Also, the ineffectiveness of the low dose of 
pulp extract (125 mg/kg) can probably be due 
to the low content of effective substances or 
their low availability by oral intake. Therefore, 
other routes of administration including 
parenteral or rectal for the pulp extract should 
be tried (33). Also, the highest examined dose 
of TISE (500 mg/kg) had clear anti-
inflammatory and anti-ulcer effects, which in 
some cases was well comparable with the effect 
of reference drugs. 

The difference in the effectiveness of the two 
parts of the T. indica (TISE and TIPE) could be 
attributed to the existence of different effective 
substances. The phenolic and flavonoid 
compounds obtained from the seed cover 
extract of this plant reduced nitric oxide 
production induced by lipopolysaccharide and 
interferon-gamma in RAW 264.7 mouse 
macrophage cells by 68% compared to the 
control group, and this effect was dose-related 
(20).  

In another study carried out by Kalra et al. 
tamarind seed methanolic extract (100-200 
mg/kg) has been shown to have dose-related 
protective effects on three models of 
experimental gastric ulcers including 
ibuprofen, alcohol, and pylorus-ligation-
induced methods. This protective effect has 
been attributed to its polyphenolic compounds, 
mainly procyanidin, epicatechin, and seed 
polymer tannins, which have antioxidant and 
cytoprotective properties against free radicals. 
It seems tannins prevent ulcer formation 
through protein accumulation and stimulating 
the synthesis of antibodies (19).  

Previous studies have reported that T. indica 
contains polyphenolic compounds mainly 
including polymeric tannins and pro-
anthocyanidins in various forms such as 

apigenin, catechin, procyanidin derivatives, 
epicatechin, and taxifolinol (9). Procyanidin 
and its derivatives, which are abundantly found 
in tamarind seed and its coating, have great 
power in trapping oxygen free radicals and 
reducing oxidative stress in the target tissue 
(9,10). The same protective effect has been 
reported for apigenin and catechin to inhibit 
nitric oxide, TNF-α, NF-κB, interleukin (IL)-4, 
and COX-2 production. These substances have 
been shown to have cytoprotective properties 
and are associated with anti-ulcer activity (34-
36). In many studies, the anti-ulcer and anti-
inflammatory effects of polyphenolic 
compounds are attributed to their antioxidant 
properties. However, the antioxidant effect has 
many different components and cannot be fully 
evaluated by measuring one parameter such as 
MDA (31,37). In one study carried out by L. 
Roja et al., it was demonstrated that ethanol 
extract of tamarind leaves (200 and 400 
mg/kg/d) caused protection against three 
models of gastric ulcer including cold and 
restraint, indomethacin-induced, and pylorus 
ligation and the effect was dose-related. They 
concluded that these effects were due to 
antioxidant properties, neutralization of free 
radicals, and prostaglandin mobilization in the 
gastric tissue. They also showed that the 
examined tamarind extract was quite safe up to 
4000 mg/kg/day for two weeks and had no 
serious toxic effects on the main activities and 
vital organs of the animals (38). In another 
study conducted on xyloglucan (mucoadhesive 
abundant hemicellulose) isolated from 
tamarind seeds (100-300 mg/kg/day) on 
dextran sulfate sodium-induced colitis in mice, 
the authors found that this fraction could reduce 
the level of cytokines, especially IL-1β, IL-6, 
and NF-κB in the intestinal mucosa (39). In the 
previous study, no clinical, macroscopic, and 
pathologic evaluation was done on the affected 
tissue, and the study was limited to a 
polysaccharide fraction of the tamarind seeds. 
There are reports that flavonoids inhibit COX-
2 activity. COX-2 catalyzes the synthesis of 
prostaglandin E2 playing an important role in 
inflammation and related diseases (40). 
Flavonoids inhibit inflammatory cytokines 
such as IL-6, IL-7, and TNF-α (38,41). Some 
flavonoids inhibit the NF-κB pathway, which 
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leads to a decrease in the production of TNF-α 
and IL-1β as one of the key enzymes in 
activating inflammatory cells. The reduction of 
IL-1β production by this group of compounds 
leads to the reduction of IL-2 and TNF-α 
production (41). Among the polyphenolic 
compounds, especially tannins, they are 
astringent and have a strong anti-diarrheal 
effect. This effect was well observed in the 
experimental groups and it was more evident in 
those who were treated with TISE. Intriguingly, 
the phenolic content of the TISE was much 
higher than that of the TIPE, which is consistent 
with the above-mentioned results. The 
astringent action can help deposit microproteins 
at the ulcerated area, thereby forming an 
impermeable layer on the lining that prevents 
intestinal secretions and protects the underlying 
mucosa from toxins and other irritants 
(19,38,41). 

According to the pathology results (total 
colitis index), it is obvious that TISE and TIPE 
had a protective effect on colitis in rats, while 
the result of seed extract was better than pulp, 
especially at higher doses. It seems that seed 
extract can provide more impact on oxidative 
stress and inflammatory factors in colitis tissue. 
 

CONCLUSION 
 

Our results suggested that TIPE and TISE 
are effective in the colitis murine model. It 
seems the seeds of T. indica are more beneficial 
candidates due to better results obtained 
however, more complementary studies at 
analytical, toxicological, and clinical levels are 
required to explore the exact mechanism of T. 
indica action and its usefulness in IBD therapy. 
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