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Pimple, et al.: Protective Effect of Tamarindus indica Linn

Protective effect of Tamarindus indica Linn (Caesalpiniaceae) was evaluated by intoxicating the rats with paracetamol 
(1 g/kg p.o.) for seven days. The aqueous extracts of different parts of Tamarindus indica such as fruits, leaves (350 
mg/kg p.o.) and unroasted seeds (700 mg/kg p.o.) were administered for 9 days after the third dose of paracetamol. 
Biochemical estimations such as aspartate transaminase, alanine transaminase, alkaline phosphatase, total bilirubin 
and total protein were recorded on 4th and 13th day. Liver weight variation, thiopentone-induced sleeping time 
and histopathology were studied on 13th day. Silymarin (100 mg/kg p.o.) was used as a standard. A signifi cant 
hepatoregenerative effect was observed for the aqueous extracts of tamarind leaves, fruits and unroasted seeds 
(p<0.05) as judged from the parameters studied.

Key words: Hepatoregenerative, paracetamol, Tamarindus indica Linn, silymarin  

Tamarindus indica Linn (Caesalpiniaceae) is 
commonly known as tamarind, (Hindi: Imli)1. It 
grows as a large tree and is found all over India. 
T indica was found to be used in jaundice and 
other liver complaints in folk medicine2,3. Tamarind 
fruit contains high amount of ascorbic acid and β-
carotene, which are proved to be potent antioxidant 
and hepatoprotective4. The aqueous extract of leaves 
contain ascorbic acid, β-carotene and are proved to 
be antilipoperoxidant, stops the peroxidation of tissue 
lipid and antihepatotoxic (in vitro)5.  Pharmacological 
studies of the plant revealed that tamarind possess 
antibacterial, antidiabetic, antifungal, antiinß ammatory, 
antimalarial and antioxidant activities6. Large doses of 
paracetamol will cause acute dose dependent necrosis 

in rats, mice and man7. Antioxidants can inhibit all the 
deleterious oxidative changes involved in paracetamol-
induced toxicity 8. 

Fruits and unroasted seeds were procured from 
Pune local market. The leaves were obtained from 
a tree near the college campus. The plant was 
authenticated by Botanical Survey of India, Pune, 
with voucher Specimen No. BP-1. The leaves were 
shade dried and crushed with hand and then extracted 
by decoction and Þ ltered. Fruits were cleared for any 
dust or foreign material and then extracted by simple 
maceration. Unroasted seeds were pulverized to a 
coarse powder and macerated in water. All the extracts 
were concentrated under vacuum and were stored at 
0-80 throughout the study. The yield of aqueous extract 
for fruits leaves and an unroasted seed was 74.06% 
w/w, 17.55% w/w and 6.44% w/w, respectively. 
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Male Wistar rats weighing in the range of 150-200 g 

were used for the study9. They were obtained from 
National Toxicology Center, Pune. Animals were 
grouped in not more than five animals per cage. 
Animals were acclimatized to laboratory conditions for 
eight days before commencement of the experiment. 
They were allowed free access to standard dry pellet 
diet and water. Animals used in this study were 
treated and cared for in accordance with the guidelines 
recommended by the Committee for the Purpose 
of Control and Supervision on Experiments on 
Animals (CPCSEA) and the experimental protocol was 
approved by Institutional Animal Ethical Committee 
(IAEC/05-06/P-15).  

Paracetamol was procured from Nulife 
Pharmaceuticals, Pune. Silymarin was purchased as 
Silybon-140 tablets (Micro Labs) and thiopentone 
sodium as Thiosol vial (Neon Labs) from the 
market. Enzymes like alanine transaminase (ALT), 
aspartate transaminase (AST), alkaline phosphatase 
(ALP), total protein and total bilirubin were assayed 
using standard kits from Nirmal Laboratories, 
India.  

Animals were divided into six groups, each group 
comprising of five animals. All the animals except 
control group were intoxicated with paracetamol (1 g/
kg, p.o.) daily for 7 d. Group I received only vehicle 
i.e. water and served as control. Group II served as 
paracetamol control and received paracetamol (1 g/kg, 
p.o.)9 for Þ rst 7 d. Group III, silymarin, served as the 
positive control and received paracetamol (1 g/kg, 
p.o.) for first 7 d and silymarin (100 mg/kg, p.o.)10 
from 4th d to 12th d. Group IV (F), V (L) and VI (U) 
served as treated groups and received paracetamol 
(1 g/kg, p.o.) for first 7 d. The groups IV, V and 
VI received aqueous extract of fruits, leaves (350 
mg/kg, p.o.) and unroasted seed (700 mg/kg, p.o.) 

respectively from 4th d to 12th. The dose of T. indica 
supplementation was selected by dose dependency 
study. This dose is the threshold dose and so the 
experiment was continued using the dose.

Blood was withdrawn by puncturing the retro-orbital 
plexus on d 4 and d 13. Serum was separated at 
823×g. ALT, AST, ALP, total bilirubin and total 
protein levels were estimated using Reitman and 
Frankel method11, Kind and King�s method12, Evelyn 
and Malloy method13 and Biuret method14, respectively. 
On the 13th d, thiopentone sodium (37 mg/kg, i.p.) was 
injected to the animals and the sleeping time (min) 
was calculated as the interval lapsing between the loss 
and gain of the righting reflex15. The animals were 
then sacriÞ ced with excess of light ether anesthesia. 
Liver was isolated, rinsed in water and weighed. 
Histopathology was performed by embedding the liver 
samples in separate parafÞ n blocks using conventional 
methods. Then the livers were cut into 3-5 μm thick 
section and stained in hematoxylin-eosin dye. Finally, 
these sections were mounted in diphenylxylene15. Data 
is expressed as mean±SEM and is statistically assessed 
using ANOVA followed by Dunnett test. P<0.05 was 
considered as signiÞ cant in all cases. 

Tables 1-3 demonstrate the variations in the serum 
enzyme levels before and after drug treatment. On d 
4, all the biochemical estimations such as ALT, AST, 
ALP, total bilirubin and total protein levels were 
found to be signiÞ cantly increased (P<0.05) in all 
the paracetamol treated groups except control.  On 
d 13 the serum levels of all the parameters of group 
IV, V and VI returned to control level. Sleeping 
time was prolonged in the paracetamol control 
group. The treated groups showed no significant 
increase (P<0.05) in the duration of sleep induced 
by thiopentone, when compared against paracetamol 
control group (Table 3).

TABLE 1: CHANGES IN SERUM AST AND ALT BEFORE AND AFTER TREATMENT WITH T. INDICA EXTRACTS
Groups Biochemical parameters
 AST (Units/ml) ALT (Units/ml)   
 4th d 13th d 4th d 13th d                               
Control 38.80±3.86 040.51±05.41 037.01±03.08 037.60±03.72
Paracetamol control 95.04±8.84# 145.20±13.07# 110.55±12.31# 174.56±15.05#

Silymarin 96.06±9.41# 059.60±07.72** 111.80±11.02# 065.60±09.93**
F 91.23±6.31# 070.81±05.08** 112.46±12.22# 089.60±07.71**
L 98.66±8.32# 064.40±03.85** 109.84±10.21# 078.41±08.16**
U 94.02±9.34# 100.21±12.60** 110.45±10.67# 122.40±18.31**

Results are presented as mean±SEM. (n=5) One-Way ANOVA followed Dunnett test. **= P<0.05,* = P<0.05, when compared with the intoxicated group. #= P<0.05, 
when compared with control group, F = aqueous extract of fruit 350 mg/kg, L = aqueous extract of leaf 350 mg/kg and U = aqueous extract of unroasted seeds 
700 mg/kg.
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There was an increase in the weight of the liver in 
paracetamol control group (P<0.05), when compared 
with the control. The groups treated with T. indica 
extracts exhibited significantly lower liver weight 
(P<0.05), when compared with the paracetamol 
control group (Table 3). Table 4 and figs. 1 (L-Q) 
shows the histopathology of the livers of control, 
paracetamol control, silymarin treated, and T. indica 
extracts treated groups, respectively. Control group 
shows normal hepatic cells, paracetamol administration 
caused gross necrosis and hydropic lesions. Treatment 
with T. indica extracts reversed the hepatic lesions 
produced by paracetamol to a large extent.   

Paracetamol is known to produce acute liver damage 
if overdoses have been consumed. It is mainly 

metabolized in the liver to glucuronide and sulphate 
conjugates that are subsequently excreted. The 
hepatotoxicity of paracetamol has been attributed 
to the formation a highly reactive metabolite N-
acetyl-P-benzoquinoneimine (NAPQI) by the hepatic 
cytochrome P-450. NAPQI is initially detoxiÞ ed by 
conjugation with reduced glutathione (GSH) to form 
mercapturic acid. However, when the rate of NAPQI 
formation exceeds the rate of detoxiÞ cation by GSH, 
it oxidizes tissue macromolecules such as lipid or thio 
(-SH) group of protein and alters the homeostasis of 
calcium after depleting GSH16.

Assessment of liver damage is usually made by 
determination of serum enzyme levels of ALT, AST 
and ALP. Necrosis results in the release of these 

TABLE 2: CHANGES IN SERUM ALP AND TOTAL BILIRUBIN BEFORE AND AFTER TREATMENT WITH T. INDICA 
EXTRACTS
Groups Biochemical parameters
 Total bilirubin (mg/dl) ALP (KA Units/dl)   
 4th d 13th d 4th d 13th d                               
Control 0.421±0.036 10.26±1.43 10.4±1.16 0.416±0.026
Paracetamol control 0.798±0.072# 34.69±4.13# 54.0±3.16# 1.544±0.018#

Silymarin 0.788±0.072# 36.55±3.22# 14.8±1.85** 0.521±0.008**
F 0.817±0.080# 40.31±5.35# 30.8±1.93** 0.740±0.020**
L 0.850±0.068# 32.41±6.14# 20.8±1.85** 0.624±0.011**
U 0.752±0.062# 36.64±2.92# 39.4±2.48* 1.096±0.065**

Results are presented as mean±SEM. (n=5) One-Way ANOVA followed Dunnett test. **= P<0.05,*= P<0.05, when compared with the intoxicated group. #= P<0.05, 
when compared with control group, F = aqueous extract of fruit 350 mg/kg, L = aqueous extract of leaf 350 mg/kg and U = aqueous extract of unroasted seeds 
700 mg/kg.

TABLE 3: CHANGES IN SERUM TOTAL PROTEIN LEVELS AND FUNCTIONAL AND MORPHOLOGICAL 
CHARACTERISTICS BEFORE AND AFTER TREATMENT WITH T. INDICA EXTRACTS
Groups           Total protein (g/dl) Sleeping time (min) Liver weight (g/100 g of body weight)
 4th d 13th d 13th d 13th d
Control 8.02±1.32 7.62±0.73 019.66±02.69 3.27±0.61
Paracetamol control 5.16±0.42# 3.70±0.35# 246.64±23.26# 4.18±0.72#

Silymarin 5.21±0.33# 6.84±0.71** 040.54±04.05** 3.43±0.14**
F 5.36±0.49# 5.32±0.46** 059.60±02.24** 3.46±0.65**
L 5.25±0.91# 6.52±0.55** 052.59±02.47** 3.58±0.68**
U 5.15±0.81# 4.98±0.40* 112.80±06.62** 3.57±0.54**

Results are presented as mean±SEM. (n=5) One-Way ANOVA followed Dunnett test. **=P<0.05, *= P<0.05, when compared with the intoxicated group. #=P<0.05, 
when compared with control group, F= aqueous extract of fruit 350 mg/kg, L= aqueous extract of leaf 350 mg/kg and U= aqueous extract of unroasted seeds 700 
mg/kg

TABLE 4: HISTOPATHOLOGICAL CHANGES IN PARACETAMOL-INDUCED LIVER INJURY IN RATS
Microscopic observation Control Paracetamol control Silymarin F L U
Nuclear disintegration  - +++ - - + -
Chromatolysis - ++ - - - -
Cytoplasmic vacuolation - ++ - + - +
Necrobiosis - + - - - -
Necrosis  - +++ - - - -
Kuppfer cell hyperplasia  - +++ - + - ++
Portal inß ammation - - - - - -
Sinusoidal dialation - ++ - - - -
Central venous dialation - + - - - -
Increased cytoplasmic eosinophilia - +++ + + + +
F= aqueous extract of fruit 350 mg/kg, L= aqueous extract of leaf 350 mg/kg and U= aqueous extract of unroasted seeds 700 mg/kg
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Fig. 1: Photomicrographs of rat liver obtained from different 
treatment groups
L: control, M: paracetamol control, N: silymarin, O: aqueous extract of 
fruit 350 mg/kg, P:  aqueous extract of leaf 350 mg/kg and Q: aqueous 
extract of unroasted seeds 700 mg/kg. H and E × 400.

L

N

M

O

P Q

enzymes into circulation; therefore, it can be measured 
in serum. High levels of AST indicate liver damage, 
ALT catalyses the conversion of alanine to pyruvate 
and glutamate and is released in similar manner. 
Therefore, ALT is more speciÞ c to liver, and is thus 
a better parameter for detecting liver damage17. The 
results demonstrated that T. indica extracts caused 
significant decrease in serum ALT and AST levels. 
Serum ALP and total bilirubin levels are related to 
the function of hepatic cells. Increase in serum ALP 
is due to increased synthesis, in presence of increasing 
biliary pressure18. The results of the study indicated 
that the T. indica extracts significantly lowered the 
ALP and bilirubin level. Effective control of bilirubin 
and ALP activity points towards an early improvement 
in the secretary mechanism of hepatic cells.

It has been established that since barbiturates are 
metabolized exclusively in the liver, the sleeping time 
after a given dose is a measure of hepatic metabolism. 
If there is any pre-existing liver damage, in this case 
paracetamol-induced toxicity, the sleeping time after a 
given dose of thiopentone sodium will be prolonged 
because the amount of hypnotic broken down per unit 
time will be less15. The ability of T. indica extracts 

to reduce the prolongation of thiopentone-induced 
sleeping time in rats challenged with paracetamol is 
suggestive of the hepatoprotective potential of these 
extracts.

An increase in liver weight was observed. All the 
test groups showed signiÞ cant reduction in the liver 
weight when compared with paracetamol control 
group. Histopathology of the liver samples revealed 
that the necrosis was reduced to few inflammatory 
cells in the rats treated with T. indica extracts. 
Cytoplasmic vacuolations and hydropic changes were 
less prominent. Inflammation of portal veins was 
also reduced. Thus the histopathological study shows 
reduction of degree of necrosis in the rats treated with 
T. indica extracts. It has been reported that T. indica 
contains ß avonoids, ascorbic acid and β carotene3. A 
number of scientiÞ c reports indicated that ß avonoids, 
ascorbic acid and β carotene have protective effect on 
liver due to their antioxidant properties4,19. Presence 
of those compounds in T. indica may be responsible 
for its protective effect on paracetamol-induced liver 
damage in rats. Based on the results of the present 
study, it can be concluded that the aqueous extracts of 
T. indica suppresses paracetamol-induced cell damage. 
Further investigations with isolated active principles 
of the plant may throw more light on the use of T. 
indica for hepatoprotective activity.
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Mishra, et al.: Simultaneous Estimation of Atorvastatin and Amlodipine

The present communication deals with the development of a new, simple, specifi c, sensitive, rapid and 
economical procedure for simultaneous estimation of atorvastatin calcium and amlodipine besylate in 
a combined dosage form. The method is based on the native ultraviolet absorbance maxima of the two 
chemotherapeutic agents. As both compounds do not interact chemically in methanol, two wavelengths 
246 nm for atorvastatin calcium and 360 nm for amlodipine besylate were used. Both the drugs obeyed 
Beer’s law in the concentration range that was employed in the method.
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Atorvastatin calcium (ATVC), [(βR,δS)-2-(4-
fluorophenyl)- β,δ-dihydroxy-5-(1-methylethyl)-3-
phenyl-4[(phenylamino)carbonyl]-1H-pyrrole-1-
heptanoic acid calcium salt1-3 is a lipid lowering 
agent, acting through the inhibition of HMG Co-A 
reductase. It is used in hypercholesterolemia. Several 
methods for its estimation using HPLC4,5 and HPTLC6 
are reported.

Amlodipine besylate(AMLB), [3-ethyl-5-methyl (4RS)-

2-[(2-aminoethoxy)methyl]-4-(2-chlorophenyl)-methyl-
1-dihydropyridine-3,5-dicarboxylate benzenesulfonate7-

9. Amlodipine besylate is a calcium channel blocker, 
which is used as an antihypertensive agent. It is ofÞ cial 
in EP10 and BP11. A number of spectrophotometric12-17 
and HPLC18-20 methods are reported in the literature 
for the estimation of AMLB, both individually as 
well as in combination with other drugs other than 
ATVC.

Fixed dose combination containing ATVC and 
AMLB are available only in the market as tablets. 
To our knowledge no simultaneous method for their 
determination are reported. In this communication 
we report a new UV-spectrophotometric method 


