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O R I G I N A L  A R T I C L E

INTRODUCTION

Liver regulates many important metabolic functions, and 
any injury causes distortion of  these metabolic functions. 
As per an estimate, about 20,000 deaths occur every year 
due to liver disorders. Hepatocellular carcinoma is 1 of  the 
10 most common tumors in the world, with over 250,000 
new cases registered each year.[1] It has been reported 
that 160 phytoconstituents from 101 plants possess 
hepatoprotective activity.[2] Liver-protective herbal drugs 
contain a variety of  chemical constituents like phenols, 
coumarins, lignans, essential oil, monoterpenes, carotinoids, 
glycosides, flavanoids, organic acids, lipids, alkaloids and 
xanthones derivatives. Extracts of  about 25 different plants 
have been reported to cure liver disorders.[3] In spite of  
tremendous efforts made in the field of  modern medicine, 
there are hardly any drugs yet designated that stimulate liver 
function, offer protection to the liver from damage or help 
regeneration of  hepatic cell.[4] Many Indian ethno botanic 
traditions propose a rich repertory of  medicinal plants 
used by the population for treatment of  liver diseases. 
However, there were not enough scientific investigations on 

the hepatoprotective activities conferred to these plants.[5]

In India, about 40 polyherbal commercial formulations 
are available and prescribed by physicians to treat hepatic 
disorders, but search for simple and precise herbal drug still 
poses an intriguing problem. Some of  these plant drugs 
have also been reported to possess strong antioxidant 
activity.[6-8]

Ceiba pentandra (Bombacaceae) is an indigenous medicine, 
traditionally known by the name of  Sweta Salmali in 
Ayurveda. The bark is acrid, bitter, thermogenic, diuretic, 
emetic, purgative and tonic; and useful in hepatopathy 
and vitiated condition of  vata and kapha. The roots are 
diuretic, aphrodisiac, antipyretic. The leaves are used as an 
emollient; and the decoction of  the flowers, as a laxative. 
The tree yields a dark, almost opaque, gum; it is astringent, 
tonic and laxative.[9-10] Alcohol extract of  this plant has 
shown antidiabetic, anti-inflammatory, antibacterial activity. 
Isoflavonoid, sesquiterpene, naphthoquinone and water-
soluble acidic polysaccharides were isolated from Ceiba 
pentandra. [11-17] The present study was undertaken to establish 
the traditional use of  Ceiba pentandra as hepatoprotective 
against paracetamol-induced hepatotoxicity in rats.

MATERIALS AND METHODS

Plant material
The stem bark of  Ceiba pentandra was collected in the 

The present study reports protective activity of ethyl acetate fraction of methanol extract of stem bark of Ceiba pentandra 
against paracetamol-induced liver damage in rats. The ethyl acetate fraction (400 mg/kg) was administered orally to the 
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induced hepatotoxicity in rats.
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month of  September 2008 from the herbal garden of  The 
M. S. University of  Baroda, Gujarat, India, and identified 
at Botany Department, The M. S. University of  Baroda. 
A voucher specimen (PG/NB/HDT-3-2009) was retained 
in our laboratory for further reference.

Drugs and chemicals
Silymarin was purchased from Micro Labs, Hosur, 
Tamil Nadu, India. The solvents and other chemicals were 
procured from SD Fine Chemicals, Mumbai, India.

Animals
Male Wistar rats weighing between 150 and 200 g were 
used for this study. The animals were procured from 
Zydus Laboratory, Ahmedabad, India. The animals were 
kept on a 12-hour light/dark cycle, at a room temperature 
of  22°C, with free access to food (Kisan Feed India Ltd., 
Mumbai, India) and water. The animals were acclimatized 
for a minimum period of  7 days. Experiments were 
conducted in the period between 0900 and 1400. 
The animals were used according to the guidelines of  the 
Committee for the Purpose of  Control and Supervision 
of  Experiments on Animals (CPCSEA), Ministry of  
Social Justice and Empowerment, Government of  India, 
New Delhi. The experimental protocol was approved by 
the Institutional Animal Ethical Committee.

Preparation of extract
Defatted dried powdered stem bark was extracted with 
methanol in soxhlet apparatus (for 6 hours at 60°C), and 
volume was reduced to get dried powder with rotary 
vacuum evaporator. Total methanolic extract (10 gm) was 
dissolved in distilled water (100. ml) and partitioned with 
ethyl acetate (100 mL). Ethyl acetate was evaporated under 
vacuum to get the dried ethyl acetate fraction (5.33%). 
Silymarin was used as positive control at an oral dose of  
100 mg/kg.[18] All the test substances were suspended in 
vehicle, i.e., 5% acacia mucilage. The extracts were tested 
for activity at doses of  400 mg/kg p.o.

Chemical analysis
Preliminary qualitative analysis of  the ethyl acetate fraction 
showed the presence of  tannin, C-glycoside, phenolic 
compounds, flavonoid, reducing sugar and triterpenes. 

Chromatographic studies of extracts
HPTLC studies
After optimization of  mobile phase, a solvent system 
consisting of  chloroform:ethyl acetate:methanol:formic 
acid (9:1:2:0.1) was selected to give the best resolution of  
seven spots. The detecting reagent was anisaldehyde in 
sulfuric acid followed by heating at 1108C for 5 minutes.

Pre-coated and pre-activated TLC plates (E. Merck No. 

5548) of  silica gel 60 F254 with the support of  aluminum 
sheets having thickness of  0.1 mm were used.

Sample preparation
Two grams of  ethyl acetate fraction of  CP was weighed 
accurately and dissolved in 20 mL of  methanol. Solution 
was then refluxed for 30 min on water bath at 60–70°C. 
The extract was cooled, filtered and finally the volume was 
made up to 20 mL with methanol.

Sample application
The sample was applied on TLC plate in the form of  
band using an automatic sample application device 
(LINOMAT V, CAMAG) with band width of  9 mm. 
The quantity of  sample applied was 10 mL.

Development
The plate was developed by placing in pre-saturated 
chamber up to a height of  8 cm. It was developed in 
the optimized mobile phase, chloroform:ethyl acetate: 
methanol:formic acid (9:1:2:0.1). The plate was dried using 
an air dryer. Thereafter, it was derivatized with FeCl3 and 
scanned at 540 nm. The HPTLC densitogram is shown 
in Figure 1.

Toxicity studies
Acute toxicity study was performed for ethyl acetate 
fraction of  methanolic extract according to the acute toxic 
classic method as per OECD guidelines.[19] Female albino 
rats were used for acute toxicity study. The animals were 
kept fasting overnight providing only water, after which the 
fractions were administered orally at a dose of  300 mg/kg 
and the animals were observed for 14 days. If  mortality was 
observed in 2 out of  3 animals, then the dose administered 
was assigned as toxic dose. If  the mortality was observed 
in 1 animal, then the same dose was repeated again to 

Figure 1: HPTLC densitogram of ethyl acetate fraction of methanolic 
extract of CP
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confirm the toxic dose. If  mortality was not observed, the 
procedure was repeated for further higher dose, i.e., up to 
2000 mg/kg. 

Paracetamol-induced hepatotoxicity
Rats were divided into four groups of  six each: Control, 
paracetamol-treated, silymarin-treated and test groups. 
The rats of  control group received three doses of  5% 
acacia mucilage (1 ml/kg, p.o.) at 0 h, 12 h and 24 h. The 
rats of  paracetamol group received three doses of  vehicle 
at 12-hour intervals and a single dose of  paracetamol (3 
g/kg.) diluted in 0.5% carboxy methyl cellulose (CMC) 
solution 30 minutes after the administration of  first 
dose of  vehicle. The animals in silymarin group received 
three doses of  silymarin (100 mg/kg) at 0 h, 12 h and 
24 h; paracetamol (3 g/ kg) was administered 30 minutes 
after the first dose of  silymarin. The test groups were 
given the first dose of  fraction in 0.5% carboxy methyl 
cellulose (CMC) solution at 0 h, which was followed by 
a dose of  paracetamol (3 g/kg.) after 30 minutes; while 
at 12 h and 24 h, the second and third dose of  respective 
fraction (400 mg/ kg) was given.[20] After 36 hours of  
administration of  paracetamol, blood was collected 
and serum was separated and used for determination 
of  biochemical parameters.

Assessment of liver function
Blood was collected from all the groups by puncturing 
the retro-orbital plexus and was allowed to clot at room 
temperature, and serum was separated by centrifuging 
at 2500 rpm for 10 minutes. The serum was used for 
estimation of  biochemical parameters to determine the 
functional state of  the liver. Serum glutamic oxaloacetic 
transaminase (SGOT) and serum glutamic pyruvic 
transaminase (SGPT) were estimated by a UV kinetic 
method based on the reference method of  International 
Federation of  Clinical Chemistry.[21] Alkaline phosphatase 
(ALKP) was estimated by the method described by Mac 
Comb and Bowers.[22] Total bilirubin (TBL) was estimated 
by Jendrassik and Grof  method.[23] Total cholesterol (CHL) 
was determined by CHOD-PAP method of  Richmond.[24] 
Total protein (TPTN) was estimated by Biuret method,[25] 
while albumin (ALB) was estimated by BCG.[26] All the 

estimations were carried out using standard kits on auto-
analyzer of  Merck make (300 TX, E. Merck-Micro Labs, 
Mumbai).

Histopathological studies
Livers of  animals from the control and treated groups were 
used for this purpose. The animals were sacrificed and the 
abdomen was cut open to remove the liver. The liver was 
fixed in Bouin’s solution (mixture of  75 mL of  saturated 
picric acid, 25 mL of  40% formaldehyde and 5 mL of  glacial 
acetic acid) for 12 hours and then embedded in paraffin 
using conventional methods.[27] Thereafter, it was cut into 
5-mm thick sections and stained using hematoxylin-eosin 
dye and finally mounted in di-phenyl xylene. The sections 
were then observed under microscope for histopathological 
changes in liver architecture, and their photomicrographs 
were taken.

Statistical analysis
The mean values 6 SEM were calculated for each 
parameter. For determining the significant inter-group 
differences, each parameter was analyzed separately, and 
one-way analysis of  variance[28] was carried out. Individual 
comparisons of  the group mean values were done using 
Dunnet’s test.[29] P value less than 0.05 was considered to 
be a significant difference.

RESULTS

Acute toxicity studies
The ethyl acetate fraction of  methanolic extract did not 
cause any mortality up to 2000 mg/kg and was considered 
as safe.

Paracetamol-induced hepatotoxicity
The results with regard to paracetamol-induced 
hepatotoxicity are represented in Table 1. Paracetamol 
intoxication in normal rats elevated the levels of  SGOT, 
SGPT, ALKP and TBL; whereas significant decrease 
in the levels of  TPTN was observed, indicating acute 
hepatocellular damage and biliary obstruction. The rats 
that had received 400 mg/kg of  EAFME (ethyl acetate 
fraction of  methanolic extract) showed a significant 

Table 1: Effect of EAF of stem bark of Ceiba pentandra on serum ALT, aspartate aminotransferase, 
alkaline phosphatase, total bilirubin and total protein in paracetamol-induced hepatotoxicity in rats
Group Evaluated parameters for hepatoprotection

SGOT (IU/L) SGPT (IU/L) ALP (KA Units) TB (mg%) TP (g/dL)
Control 382.2 6 13.30 44.54 6 8.12 15.92 6 0.63 0.40 6 0.02 6.17 6 0.20 
Paracetamol 448.7 6 11.09 151.8 6 11.84 24.1 6 1.19 1.22 6 0.19 3.16 6 0.20 
Silymarin 204.01 6 18.5** 52.63 6 8.1*** 13.13 6 0.7*** 0.37 6 0.03*** 7.18 6 0.24***
EAF (400 mg/kg) 236.2 6 15.26** 68.63 6 8.01** 15.89 6 0.86* 0.56 6 0.10* 5.32 6 0.23**

All values are Mean±SEM (n=6). ^EAF: Ethyl acetate fraction.  *P < 0.5, **P < 0.01, ***P < 0.001 compared to vehicle. Please also change in table EAF in to ^EAF.
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decrease in all the elevated SGOT, SGPT, ALKP and 
TBL levels and significant increase in the reduced 
TPTN levels as compared to vehicle-treated group. 
Histopathological examination of  liver sections of  control 
group showed normal cellular architecture with distinct 
hepatic cells, sinusoidal spaces and central vein [Figure 2a]. 
Disarrangement of  normal hepatic cells with necrosis and 
vacuolization were observed in paracetamol-intoxicated 
liver [Figure 2b]. Rat treated with 400 mg/kg ethyl 
acetate fraction and Silymarin followed by paracetamol 
intoxication [Figure 2c and d), significantly reduced the 
increase in the Liver weight and liver volume, seen after 
CCl4 intoxication.

DISCUSSION

The paradigms used in the present study have been 
subjected to thorough critical appraisal and validated as 
animal models of  hepatoprotective activity of  CP in rats 
against paracetamol as hepatotoxin to prove its claims 
in folklore practice against liver disorders. Paracetamol 
hepatotoxicity is caused by the reaction metabolite 
N-acetyl-p-benzo quinoneimine (NAPQI), which causes 
oxidative stress and glutathione depletion. It is a well-
known antipyretic and analgesic agent that produces 
hepatic necrosis at higher doses. [30] Paracetamol toxicity 
is due to the formation of  toxic metabolites when a part 
of  it is metabolized by cytochrome P-450. Introduction 
of  cytochrome[31] or depletion of  hepatic glutathione is a 
prerequisite for paracetamol-induced hepatotoxicity.[32,33] 
Normally, AST and ALP are present in high concentrations 
in liver. Due to hepatocyte necrosis or abnormal 

membrane permeability, these enzymes are released from 
the cells and their levels in the blood increase. ALT is a 
sensitive indicator of  acute liver damage, and elevation 
of  this enzyme in non-hepatic diseases is unusual. ALT is 
more selectively a liver parenchymal enzyme than AST.[34] 
Assessment of  liver function can be made by estimating 
the activities of  serum ALT, AST, ALP and bilirubin, which 
are enzymes originally present in higher concentrations in 
cytoplasm. When there is hepatopathy, these enzymes leak 
into the bloodstream in conformity with the extent of  liver 
damage.[35] The elevated levels of  all these marker enzymes 
observed in group II, paracetamol-treated rats, in this 
present study corresponded to the extensive liver damage 
induced by toxin. The reduced concentrations of  ALT, 
AST and ALP as a result of  plant extract administration 
observed during the present study might probably be due 
in part to the presence of  flavanoids. Bilirubin is one of  
the most useful clinical clues to the severity of  necrosis, 
and its accumulation is a measure of  binding, conjugation 
and excretory capacity of  hepatocyte. Decrease in serum 
bilirubin after treatment with the extract in liver damage 
induced by paracetamol indicated the effectiveness of  the 
extract in normalized functional status of  the liver. Herbal 
drugs contain a variety of  chemical constituents like 
phenols, coumarins, lignans, essential oil, monoterpenes, 
carotinoids, glycosides, flavanoids, organic acids, lipids, 
alkaloids and xanthones, which seem to be important 
for protection of  liver.[36] In the present study, the ethyl 
acetate fraction of  stem bark of  Ceiba pentandra was found 
to contain tannin, C-glycoside, phenolic compounds, 
flavonoid, reducing sugar and triterpenes, thus confirming 
the ability of  ethyl acetate fraction of  stem bark of  Ceiba 

Figure 2: Representative photomicrographs of histopathological changes showing effect of the test material on the rats intoxicated with carbon 
tetrachloride. a: Control; b: Carbon tetrachloride, 1.25 ml/kg i.p; c: Silymarin, 100 mg/kg p.o.; d: EAFME, 400 mg/kg p.o.
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pentandra to maintain normal functional status of  the liver, 
which makes an addition in the list of  safer herbal remedies 
for liver and its related disorders.
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