
International Journal of Green Pharmacy | January-March 2011 |49

O
ri

g
in

a
l 

A
rt

ic
le Preventive and curative effects of Acalypha indica 

on acetaminophen-induced hepatotoxicity
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Effect of ethanol extract of the leaves of Acalypha indica (Euphorbiaceae) was investigated against acetaminophen-induced hepatic 
damage. Acetaminophen (paracetamol) at the rate of 1 g/kg produced liver damage in rats as manifested by the significant (P<0.001) 
rise in serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP), compared 
to respective control values. Treatment of rats with acetaminophen led to a marked increase in lipid peroxidation as measured by 
malondialdehyde (MDA). This was associated with a significant reduction in superoxide dismutase (SOD) and glutathione (GSH) 
contents. Pretreatment of animals with the plant extract (100 mg/kg) orally once daily for 5 days prevented (P<0.01) the acetaminophen-
induced rise in serum transaminases (AST and ALT) and ALP. Post treatment with five successive doses of the extract (100 mg/kg) 
restricted the hepatic damage induced by the above said Paracetamol (P<0.001). Histological changes around the hepatic central 
vein were recovered by administration of the drug. Thus, it is evident that these biochemical and histological alterations resulting 
from acetaminophen administration were inhibited by pre and post treatment with A. indica leaf extract. One notable study of the 
study was the spontaneous recovery of liver damage within a week after stopping paracetamol. These results indicate that the crude 
ethanol extract of A. indica exhibits hepatoprotective action through antioxidant effect and validates the traditional use of the plant 
in hepatic dysfunction.
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INTRODUCTION

Uncontrolled environmental pollution, poor sanitary 
conditions, alcohol intoxication and indiscriminate 
use of potent drugs predispose liver to a vast array of 
disorders. However, infections by viruses still remain 
as the major cause of liver diseases. According to global 
estimates,[1-3] there are about 796,000 deaths every year 
due to liver cirrhosis caused by hepatitis.

Many indigenous drugs are claimed to possess 
hepatoprotective activity. One such plant used by 
the tribals of South India, named Acalypha indica 
Linn. (Euphorbiaceae), is claimed to have control 
over hepatic dysfunction. Preliminary studies[4]  
have given positive results regarding the same.  
Hence, this work was undertaken to have a systematic 
study on the exact mechanism of the drug on male  
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albino rats. Acetaminophen is a commonly used 
nonsteroidal analgesic and anti-inflammatory  
drug. Even though it is quite safe in human beings, 
massive hepatic necrosis is becoming a major  
problem, especially with higher dosage schedule.  
Hence, acetaminophen-induced liver toxicity was 
studied, with special emphasis given to the ability 
of liver to recover spontaneously after paracetamol 
challenge.

MATERIALS AND METHODS

Plant Material
One kilogram of the whole plant of A. indica Linn. was 
collected from the suburbs of Thiruvananthapuram 
District of Kerala and identified by an eminent 
taxonomist of University Center, Karyavatom, 
Thiruvananthapuram. A voucher specimen was kept in 
the college of Pharmaceutical Sciences, Medical College, 
Thiruvananthapuram, where this work was carried out 
(MTCPS/Herb A 010/2001).

Preparation of the Extract/Drug
The freshly collected leaves of A. indica (AI) were shade 
dried and powdered. The powder was first defatted 
with petroleum ether (40–60°C).The marc was then 
subjected to cold maceration[5,6] using alcohol (70%) for 
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6 days. The extract was concentrated using a rotary vacuum 
evaporator and then dried under reduced pressure[7] and 
kept in the refrigerator. The extract as well as paracetamol 
were suspended in 2% carboxymethyl cellulose (CMC) for 
the present study till the time of use.

Animals
Inbred male rats of Wistar strain (150–200 g) were used for 
the investigation. The animals were maintained at 12:12 
hour dark/light cycle and they were allowed standard pellet 
diet (Hindustan Ltd., Bangalore, India) and water ad libitum. 
All animals were handled according to the guidelines for 
investigations of experimental pain in conscious animals.[8] 
The pharmacological experimental protocols were approved 
by the Institutional animal ethics committee (No.09/IAEC/
MCT/02).

Chemicals and Instruments
Paracetamol (Kerala State Drugs and Pharmaceuticals, 
Alleppy, India), thiobarbituric acid (TBA) and trichloro 
acetic acid (SD chemicals limited, Mumbai, India) were used 
for the study. All other chemicals and reagents used were 
of analytical grade. UV spectra were recorded in Shimadzu 
1601 UV-Visible spectrophotometer.

Hepatoprotective Study
Induction of liver damage
Animals were divided into seven groups of six each. 
Group I served as negative control receiving only 2% CMC  
(10 ml/kg). Groups II and III received paracetamol (1 g/
kg) for Induction of liver damage[9] Group IV was given 
the drug extract first (100 mg/kg) followed by paracetamol 
as in the previous cases. Groups V and VI received 
paracetamol and the test extract simultaneously. But 
group VII received paracetamol first and later the drug 
extract. Depending upon the groups of animals under 
study, blood samples were withdrawn on 1st, 2nd, 6th and 
8th days and serum enzyme activity was estimated using 
standard procedures.[10-12] A few animals from each group 
were sacrificed on the above days and liver was isolated 
and subjected to histopathological studies.

Antioxidant Studies
Inhibition of lipid peroxidation
This was determined by the TBA method. Different 
concentrations of the plant extract were incubated at 37°C 
with rat liver homogenate (25%) (0.1 ml) containing 30 mM 
KCl, Tris-HCl buffer (0.04 M; pH 7), ascorbic acid (0.06 mM) 
and ferrous iron (0.16 mM) (total volume was 0.5 ml) for 
1 hour. At the end of 1 hour, thiobarbituric acid reactive 
substance (TBARS) was measured by the method of Okhawa 
et al.,[13] and percentage of inhibition calculated from the 
control in which no test extract was added.

Superoxide dismutase activity
This was determined by the method of Kakkar et al.[14] 
Assay mixture contained 1.2 ml sodium pyro phosphate 
buffer (0.052 M, P.h 8.3), 0.1 ml of 186 µM phenazine metho 
sulphate (PMS), 0.3 ml 300 µM nitro blue tetrazolium 
(NBT) 0.2 ml 780 µM NADH appropriately diluted liver 
homogenate and water in a total volume of 3ml. A system 
devoid of enzyme served as control.

Glutathione content
This was estimated by the method of Benke et al.[15] The 
absorbance of a mixture containing 20% tissue homogenate 
(0.2 ml), 4.75 ml of 0.1 M sodium phosphate buffer (pH 8), 
and 0.05 ml of 0.01 m 5,5, di thiobis- 2-nitro benzoic acid 
(DTNB) was read at 412 nm within 4 minutes

Statistical Analysis
The results were expressed as mean±SEM. The statistical 
analysis was carried out using one-way analysis of variance 
(ANOVA) followed by Dunnett’s “t” test. The values of 
P<0.01 and P<0.001 were considered to indicate a significant 
difference between the groups.[16]

RESULTS AND DISCUSSION

Paracetamol intoxication with a toxic dose produced 
a significant increase in the values of aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) 
and alkaline phosphatase (ALP) within 24 hours of its 
administration. But on keeping the animals in the same 
condition for a period of another 5 days, as observed in 
the group III animals, there was a reduction in the levels of 
the above said parameters denoting spontaneous recovery. 
When the drug was administered prior to the toxicant 
(group IV), there was reduction in the levels of AST (53.64%), 
ALT (92.39%) and ALP (78.54%). In group V where the 
drug was given along with paracetamol a better result 
could be observed as evidenced by the AST (43.96%), ALT 
(93.49%) and ALP (95.05%) levels. In group VI, there was a 
rise observed in the ALT and ALP levels after stopping the 
drug. In the curative group (group VII), there was reduction 
in the activities of AST (91.93%), ALT (81.67%) and ALP 
(88.68%). But the control group (group 1) did not show any 
change in the biochemical parametres as evidencrd in table  
[Table 1, Figures 1-4].

There was a threefold increase in the activity of 
malonedialdehyde (MDA) in the toxin-treated group 
compared to the control group. But this was spontaneously 
reduced after 5 days. In the drug-treated groups also, 
reduction in the activity was observed [Table 2].

When albino rats were intoxicated with paracetamol, 
there was reduction in reduced glutathione (GSH) content 
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Figure 1: Liver of control rat showing normal architecture of hepatocytes  
(H and E, ×10)

Figure 2: Liver section after paracetamol treatment, demonstrating cloudy 
swelling, pervenular ballooning and degeneration; lymphoplasmocytic infiltration 
also seen (H and E, ×40)

Figure 3: Liver section after paracetamol treatment (6th day), showing 
degeneration of hepatocytes with minimum inflammation (H and E, ×40)

Figure 4: Liver section after preventive treatment (A. indica extract + 
paracetamol), showing degenerative changes; minimum inflammation also 
seen (H and E, ×40)

(73.80%), whereas superoxide dismutase (SOD) was 
reduced to 28.90%. After spontaneous recovery, much effect 
was not observed. But in the preventive, protective and 
curative groups, significant results (P<0.001) were obtained 
[Table 2, Figures 5–7].

Histopathological results were as follows. In the paracetamol-
treated group, after 24 hours of administration, there 
was perivenular ballooning and degeneration as well as 

sinusoidal congestion. But after 5 days, this was reduced 
to mild inflammation, but degenerative changes were not 
fully corrected. In the preventive group, the same result 
could be seen. But when the drug was given along with 
paracetamol, it was reduced to minimum degenerative 
changes as observed on the following day. But on the 8th 
day, normal architecture could be regained. In the curative 
group of animals when drug was given after paracetamol 
administration, normal architecture could be obtained.

Table 1: Effect of A. indica extract on serum enzyme levels in paracetamol-treated albino rats
Group Drug and dose Duration of treatment  

(days)
Biochemical parameters (Mean±SEM)

AST (IU/l) ALT (IU/l) ALP (IU/l)
I Control — 123.83±4.74 102.67±1.83 133.83±4.21
II Paracetamol (1 g/kg) 2 638.66±4.40a* 451.00±5.84a* 586.00±12.42a*

III Paracetamol (1 g/kg) 2 372.67±5.57b** 165.17±3.09b** 309.33±8.51b**

IV A. indica ext. (100 mg/kg) + 1–5 362.50±3.77b 129.17±3.80b 223.00±9.47b

Paracetamol 6–7
V Paracetamol + 1–5 412.33±4.35b 125.33±3.32b 146.67±3.81 b

A. indica ext. (100 mg/kg) 1–5
VI Paracetamol + 1–5 233.67±2.22b 152.33±2.44b 203.67±3.12b

A. indica ext. (100 mg/kg) 1–5
VII Paracetamol + 1–7 165.33±2.00b 166.50±1.75b 185.00±3.99b

A. indica ext. (100 mg/kg) 3–7
ALP – Alkaline phosphatase; ALT – Alanine aminotransferase; AST – Aspartate aminotransferase; Means in the same column scored by the same alphabet are not significantly different 
at 1% level; Number of animals per group is six; aP<0.001 compared to group I; bP<0.001 compared to group II; *Blood sample collected on 3rd day; **Blood sample collected on 8th day
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Paracetamol or acetaminophen is a commonly used analgesic 
drug, which is known to cause centrilobular hepatic 
necrosis upon overdose.[17] Its toxicity also accounts for 
many emergency hospital admissions and continues to be 
associated with high mortality.[17] Its hepatotoxicity has been 
related to the production of a highly reactive intermediate 
metabolite, N-acetyl-p-benzoquinone imine, formed by 
the cytochrome P450 mediated oxidation.[18] Following an 
overdose, hepatic glucuronide and sulphate become depleted 
with a consequent increase in P450 catalysed oxidation. The 
increased production of NAPQI coupled with a decreased 

capacity to render the substance non-toxic, results in its 
intracellular accumulation.[18] NAPQI with electrophilic and 
oxidant characteristics consequently can deplete intracellular 
GSH and protein thiol groups by alkylation and oxidation 
and lead to the formation of mixed disulphide. These events 
subsequently give rise to changes in the cellular calcium 
homeostasis, lipid peroxidation and loss of mitochondrial 
respiratory function.[19-21] The damaged hepatocytes release 
factors that both attract and activate hepatic macrophages, 
causing cell necrosis by release of proteolytic lysosomal 
enzymes and reactive oxygen species.[22] 

An obvious sign of hepatic injury is the leakage of cellular 
enzymes into the plasma[23] Under oxidative stress, the 
hepatocytic membrane appears to be the critical locus 
of damage and oxidative alterations responsible for 
membrane damage in rats.[19,21,24] It is established that 
serum enzymes such as ALT and AST levels are elevated 
in paracetamol-induced hepatotoxicity.[21,25,26] In the present 
study, elevation in the levels of AST, ALT and ALP were 
found in paracetamol-treated animals. But A. indica has 
significantly reduced these enzyme levels. The observed 
reversal produced by the drug in serum biochemical 
parameters may be a manifestation of the reduction in the 
cell membrane disturbances.[27]
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Table 2: Effect of A. indica on the activity of MDA, GSH and SOD in paracetamol-induced liver toxicity (curative effect)
Group Treatment MDA (nmol/g wet tissue) Mean±SEM GSH (mg/g) Mean±SEM SOD (Units/mg) Mean±SEM
I Control 0.74±0.01 3.93±0.01 7.30±0.01
II Paracetamol (1 g/kg) 2.57±0.01* 2.90±0.01* 2.11±0.02*

III Paracetamol (1 g/kg) 2.33±0.01** 2.91±0.02** 2.26±0.01**

IV A. indica ext. (100 mg/kg) + 1.31±0.01b 2.70±0.01b 2.92±0.01b

Paracetamol
V Paracetamol + 1.21±0.02b 3.05±0.02b 4.13±0.03b

A. indica ext. (100 mg/kg)
VI Paracetamol + 1.19±0.01b 3.26±0.01b 4.43±0.02b

A. indica ext. (100 mg/kg)
VII Paracetamol + 1.18±0.02b 3.01±0.01b 4.31±0.02b

A. indica ext. (100 mg/kg)
GSH – Glutathione; MDA – Malondialdehyde; SOD - Superoxide dismutase; Means in the same column scored by the same alphabet are not significantly different at 1% level; 
Number of animals per group is six; aP<0.001 compared to group I; bP<0.001 compared to group II; *Blood sample collected on 3rd day; **Blood sample collected on 8th day

Figure 7: Liver section of rat treated with paracetamol and A. indica extract 
(curative), showing normal architecture and regenerative changes (H and E, ×40)

Figure 6: Liver section of rat treated with paracetamol and A. indica extract (on 
8th day), showing normal architecture of hepatocytes (H and E, ×40)

Figure 5: Liver section of rat treated with paracetamol and A. indica extract (on 
6th day), showing minimum degenerative changes (H and E, ×40)
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In the present study, paracetamol intoxication resulted in 
an increased production of MDA, which is a product of 
lipid peroxidation, suggesting enhanced lipid peroxidation 
leading to tissue damage and failure of antioxidant defence 
mechanisms and production of excessive free radicals, and 
also depletion of GSH and SOD leading to hepatic necrosis 
which is in concurrence with published reports.[28-31] Hence, 
it can be postulated that covalent bonding of paracetamol 
and its metabolites to cellular proteins may induce a series 
of events, which produce hepatocellular necrosis. This 
observation is well correlated with histological changes 
in hepatic parenchyma described as cloudy swelling 
which is an early indicator of degenerative changes and 
later necrosis. As administration of A. indica increased 
GSH and superoxide contents along with reduction 
in the amount of MDA, there is every possibility for 
reduced hepatic necrosis. Hence, it can be assumed 
that the hepatoprotective activity of the drug is due to 
inhibition of the activity of cytochrome P450 and consequent 
glucuronidation along with its antioxidant effect. Further 
investigations regarding chemical constituents contained 
in the extract and their possible mechanism of action are  
in progress.

CONCLUSION

The present study concludes that the ethanol extract of the 
leaves of A. indica possesses significant hepatoprotective 
activity in acetaminophen-induced male rats at a dose of 
100 mg/kg/p.o. Thus, it has been scientifically proved that 
the traditional knowledge obtained from the tribal people 
of South India is true and the extract has enough potential 
as a hepatoprotective agent and hence worth investigative.
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