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ABSTRACT

Objective: The aim of the study was to compare the hepatoprotective activity of Aloe vera and Silymarin in carbon tetrachloride (CCl,)-induced
hepatotoxicity in albino rabbits.

Methods: The study was conducted on 18 healthy albino rabbits of either sex weighing 1.5-2.0 kg, divided into three groups. Hepatotoxicity was
induced in rabbits by administering CCl,(0.05 mg/kg) intraperitoneally. Alcoholic extracts of leaves of A. vera and Silymarin were administered orally
for 20 days from day 1 to day 20 in the doses of 100mg/kg/day with the help of a syringe in groups Il and III respectively.

Results: Group I: There was an increase in the level of serum transaminase (p<0.001), serum alkaline phosphatase (p<0.001), serum bilirubin
(p<0.001), and a decrease in serum albumin (p<0.001) due to hepatotoxic effect of CCl, when compared to day 0 of the same group. Group II: A. vera
extract was found to reduce the level of aspartate transaminase (p<0.0001), alanine transaminase (p<0.0001), serum alkaline phosphatase (p<0.0001),
serum bilirubin (p<0.0001), and increase in serum albumin (p<0.0001). Group III: Silymarin was found to reduce the level of aspartate transaminase
(p<0.0001), alanine transaminase (p<0.0001), serum alkaline phosphatase (p<0.0001), serum bilirubin (p<0.0001), and increase in serum albumin
(p<0.0001). The findings of Group II and Group III were found to be statistically highly significant when compared with Group 1. On histopathology,
Group Il showed maximum reduction in fatty changes compared to Group IIL.

Conclusions: A. vera extract and Silymarin both showed a decline in hepatotoxic effects induced by CCl,. Comparatively, A. vera exhibited higher
protection in restoration of liver function and regeneration of liver cells than Silymarin.
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INTRODUCTION

The largest internal organ in the body is the liver which contributes
about 2% of total body weight and plays an essential role in the
metabolism of foreign substances entering the body. These foreign
substances are known as xenobiotics. The liver has a high regenerative
capacity [1] and can often maintain function despite the significant
disease. More than 1000 xenobiotic substances are potentially
hepatotoxic [2]. Interaction of a series of complex processes involved
in the uptake, biotransformation, and elimination of these potentially
toxic compounds attributes to the ability of the chemical to produce
liver damage often in vivo. There is a need to search for alternative
drugs for the treatment of liver diseases to supplement the currently
used conventional drugs that are often inadequate and of limited
efficacy and safety.

There exists much interest in the possibility that antioxidants reduce
the risk of degenerative diseases by inhibiting free radical-induced
oxidative damage [3]. In the treatment of diseases such as hepatitis,
jaundice, and loss of appetite, antioxidant properties present in the
herb scan be used. For the hepatoprotective effect of indigenous drugs,
the antioxidant property is claimed to be one of the mechanisms [4].
Aloe vera not only possesses hypoglycemic activity but is hypotensive
and hepatoprotective. Silymarin is a hepatoprotective principle of the
plant Silybum marinum. It has been described in the traditional system
of medicine for its use in liver disease.

Therefore, the present research work was conducted to study the
hepatoprotective effect of A. vera and Silymarin in carbon tetrachloride

(CCl4) induced hepatotoxicity in experimental animals and the results
are supported by histopathological evidence.

METHODS

Animals

The present study was conducted in the Department of Pharmacology
and Therapeutics, G.S.V.M. Medical college, Kanpur after clearance from
the Institutional Animal Ethical Committee for prevention of cruelty and
supervision of experiments on the animal. A study was done on 18 healthy
albino rabbits of either sex weighing 1.5-2.0 kg, divided into three groups.
The animals were made available in the animal house of the Department
of Pharmacology and Therapeutics, G.S.V.M. Medical College, Kanpur.

Rabbits also have a metabolism similar to human beings. Hepatotoxicity
induced in rabbits by CCl, simulates the symptoms of drug-induced
hepatitis in human beings without the development of concurrent
infections. Hence, an experiment done on rabbits correlates well with
human subjects.

A normal stock diet was given to all the animals for 7 days. The animals
got acclimatized to the new environment during this time. All the
animals were maintained under standard conditions (12 h light and
dark cycle, at room temperature 25+3°C and 35-60% humidity) and
were housed individually in a clean cage.

Drugs used
Alcoholic extract of leaves of A. vera and Silymarin were the drugs
used in the study. Both drugs were administered orally for 20 days
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from day 1 to day 20 with the help of a syringe. CCl, was administered
intraperitoneally for 10 days from the 11%-20" day.

Preparation of extract

Leaves of A. vera were obtained from the Herbal garden of G.S.V.M.
Medical College, Kanpur. Leaves gel of A. vera were obtained and the
extract was prepared in 70% alcohol using the cold percolation method.
After 7 days, extract of A. vera was collected. The alcohol-free extract
was weighed and preserved at 4°C in a refrigerator.

Silymarin was obtained from the market as tablets. Silymarin tablets
were crushed using mortar and pestle. The powder so obtained was
dissolved in 1 ml of distilled water and was administered orally through
a syringe followed by 1 ml of water.

CCl, was obtained from the market. Since CCl, is a hepatotoxic agent, it
induces hepatitis in animals. Hepatitis causes anorexia and a decrease in
body weight, Therefore, weightloss assessment was done in all the groups.

Each rabbit was given 60 g of diet that was provided between 11 A.M
and 1.00 PM daily. The amount consumed of the weighed diet given was
calculated from the difference between the leftover amount of diet 24 h
later. Water was given ad libitum.

Weight of the animals

Weight was recorded daily from the 1% day to the 20" day. Any decrease
or increase in the weight of rabbits during drug administration was
recorded.

Serum alanine transaminase, serum aspartate transaminase, serum
alkaline phosphatase, serum bilirubin, and serum albumin estimation
were done, blood samples were collected on day 0, day 11, and day 21.

Liver weight

Rabbits were sacrificed and the liver was taken out at the end of the
study. It was weighed and preserved in 10% buffered formalin for
histopathological study.

Procedure
Rabbits were divided into three groups. Each group consisted of six
rabbits.

Group I: Animals were treated with hepatotoxic agent, that is, CCl, for
10 days in the dose of 0.05 ml/Kg/day intraperitoneally from day 1 to
day 10 along with the normal feed. On the 11" day, blood samples were
collected and rabbits were sacrificed.

Group II: Animals of this group were given an extract of leaves of A. vera
(gel) 100 mg/Kg/day orally for 20 days along with normal feed, from
11* day onward CCl, 0.05 mg/kg, i.p. was also given followed by herbal
drug - A. vera.

Group III: Animals of this group were given Silymarin
100 mg/Kg/day orally for 20 days along with normal feed, from 11" day
onward CCl, 0.05mg/kg, i.p. was also given followed by drug Silymarin.

Blood samples were collected on day 0 before giving any drug to observe
the control values of liver function tests (L.E.T), on day 11 to observe the
per se effect of the herbal drug on L.ET and on day 21 to observe the
protective effect of the herbal drug on L.ET. The values obtained were
compared. Blood samples were drawn from the marginal vein of pinna
using a 22 gauge needle after the ear hairs were shaved off. 3 ml blood
was collected in the vial for the L.ET.

Bodyweight was measured on daily basis. The animals of Group I
were sacrificed on day 11 and the animals of Groups II and III were
sacrificed on day 21. Ketamine was given to make animals unconscious.
The abdomen was exposed and the liver was excised, weighed, and was
preserved in 10% buffered formalin for histopathological study.
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Assessment of liver injury
Assessment of liver injury was done by biochemical estimation and
histopathological study of liver under a light microscope.

Biochemical estimation

Serum bilirubin, aspartate transaminase, alanine transaminase,
alkaline phosphatase, and serum albumin levels were estimated by
Olympus autoanalyzer in the Department of Pathology, G.S.V.M. Medical
College, Kanpur.

Histopathology

It was done to assess the extent of toxicity. After sacrificing the rabbit,
the liver was taken out. It was weighed and preserved in 10% buffered
formalin. Tissue was sectioned and slides were prepared. Hematoxylin
and Eosin were used for staining purpose. Then, slides were examined
under a light microscope and these slides were photographed.

Statistical calculations

Mean, standard deviation, and standard error of the mean were
computed. Paired t-test and Student t-test were used for analyzing
results and p<0.05 was considered as significant.

RESULTS

Effect on diet intake, body weight, and liver weight (Table 1)

In rabbits of Group I, who were administered CCl, (0.05 mg/kg/day,
intraperitoneally) along with normal feed, the diet intake was found to
be 39.13+0.77 g/day. The decrease in food intake has led to a decrease
in body weight. The mean decrease in body weight in Group I was
considerably more when compared to Group Il and Group III. The mean
weight of the liver recorded was 28.38+0.18 g.

In rabbits of Group II (who received A. vera extract), the average diet
intake was 60.34+0.52 g/day during the first 10 days. On adding CCl,
from day 11 onwards, the average diet intake was 56.15+0.34 g/day
(in the past 10 days), showed a decrease by 6.9% and increase by
28.4 % when compared to average diet intake during the first 10 days
of the same group and with the Group I, respectively. The mean weight
of the liver was measured to be 52.36+0.35.

In rabbits of Group III (received Silymarin), the average diet intake was
60.44+0.54 g/day during the first 10 days. On adding CCI, from day
11 onward, the average diet intake was 49.17+0.13 g/day (in the past
10 days), which showed a decrease by 18.3% and increase by 16.6 %
when compared to average diet intake during the first 10 days of the
same group and with the Group I, respectively. The mean weight of the
liver recorded was 38.47+0.22.

LFT (Tables 2-6)

In Group I, a highly significant (p<0.001) increase in the levels of serum
transaminases, serum alkaline phosphatase, serum bilirubin, and a
significant decrease in serum albumin with p<0.001 was observed
compared to day 0 of the same group (self-control).

Administration of A. vera extract and Silymarin into rabbits, fed on a
normal diet, did not alter the level of serum transaminase (p>0.10),
serum alkaline phosphatase (p>0.10), serum bilirubin, and serum
albumin (p>0.10) when compared to day 0 of the same group.

In Group II, A. vera extract was found to reduce the levels of serum
transaminase (Tables 2 and 3), serum alkaline phosphatase (Table 4),
serum bilirubin (Table 5), and increase in serum albumin (Table 6). The
results were statistically highly significant (p<0.001) when compared
with the 11" day of rabbits receiving CCl, alone.

In Group III, Silymarin was found to reduce the levels of serum
transaminase (Tables 2 and 3), serum alkaline phosphatase (Table 4),
and serum bilirubin (Table 5). The results were found to be statistically
highly significant (p<0.001) when compared with the 11* day of rabbits
receiving CCl,alone. Further, Silymarin significantly increased the
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Table 1: Average diet intake per day, mean liver weight (g) of rabbits, and mean body weight (g) of different groups

Group Average Diet Intake Average Diet Intake Mean Liver Average Body weight Average Body weight
(g/kg) 1°-10" day (g/kg) 11th-20" day Weight (g) (in kg ) 15-10%" day (in kg) 11th-20"day

1(ccl) 39.13+0.77 -$ 28.38+0.18 1.04+0.11 -$

II (Aloe vera extract) 60.34+0.52 56.15£0.34 52.36%0.35 1.59+0.34 1.52+0.38

[T (Silymarin) 60.44+0.54 49.17+0.13 38.47+0.22 1.60+0.40 1.51+0.42

All values are in MEAN%SE, $ Group I rabbits were sacrificed on 11*day

Table 2: Mean aspartate transaminase (AST/SGOT) in IU/L of
rabbits in different groups

Table 6: Mean serum albumin (g/dl) of rabbits in different
groups

GROUP (n=6) Mean SGOT+SE Mean SGOT+SE Mean SGOT+SE
(IU/L) At 0-day (IU/L) At11® (IU/L) At21
day day
1(ccl) 30.67+0.88 87.17+1.58* -$
11 (Aloe vera 29.50+1.18 30.00+1.37** 54.17+0.79* #
extract)
III (Silymarin)  29.00+1.53 29.67+1.69** 57.33+1.45% #

*p<0.001, **p>0.10, *** values are compared with 0 days of same group
(self-control), # p<0.0001,# compared with 11 day of Group I (CCl,). $ Group I
rabbits were sacrificed on 11" day

Table 3: Mean alanine transaminase (ALT/SGPT) in IU/L of
rabbits in different groups

Group (n=6) Mean SGPT+SE Mean SGPT+SE Mean SGPT+SE
(IU/L) At0day (IU/L)At11*® (IU/L) At21+
day day
1(ccl) 30.33+1.49 132.67+£3.77*  -$
11 (Aloe vera 29.17+1.82 29.33+1.38** 53.33+£1.94%#
extract)

11 (Silymarin)  29.67+1.71 29.50+1.17%  71.17+0.87%#

*p<0.001, **p>0.10,$ Group I rabbits were sacrificed on 11" day, *** values are
compared with 0-day of same group (self-control), #p<0.0001,# compared with
11" day of Group I (CCl)

Table 4: Mean alkaline phosphatase (ALP) in IU/L of rabbits in

different groups
Group (n=6) Mean ALP+SE Mean ALP+SE Mean ALP*SE
(1U/L) At (IU/L) At 11%  (IU/L) At 21%
0-day day day
1(ccl) 36.50+2.53 121.83+3.07* -$
11 (Aloe vera 39.33£2.77 39.00£3.35%*  48.67+1.94*** #
extract)
11T (Silymarin) 33.17+£2.41 36.00£2.37**  63.17+1.38*#

*p<0.001, **p>0.10,***p<0.05, $ Group I rabbits were sacrificed on 11*
day, ****** values are compared with 0 day of same group (self-control),
#p<0.0001,# compared with 11" day of Group I (CCl,)

Table 5: Mean serum bilirubin (mg/dl) of rabbits in different
groups

Group (n=6) Mean Serum Mean Serum  Mean Serum

Bilirubin (mg/ Bilirubin Bilirubin
dl)+SE At 0 day (mg/dl)+SE At (mg/dl)+SE At
11* day 21 day
1(ccl) 0.33+0.04 1.07+0.07* -$
I (Aloevera  0.37+0.03 0.38+0.03** 0.50+0.03*** #
extract)
III (Silymarin) 0.35+0.04 0.37+0.04** 0.55+0.04* #

*p<0.001, **p>0.10,*** p<0.01, $ Group I rabbits were sacrificed on 11%
day, *,***** values are compared with 0 day of same group (self-control),
#p<0.0001,# compared with 11™ day of Group I (CCl,)

Group (n=6) Mean Serum Mean Serum Mean Serum

Albumin Albumin Albumin
(g/dl)+SE At (g/dl)+SE At (g/dl)+SE At 21
0-day 11* day day

1(ccl) 4.00+0.10 2.33+0.07* -$

I (Aloevera  3.93+0.15 4.02+0.17** 3.67+0.12%** #

extract)

111 (Silymarin) 4.17+0.10 420£0.07%%  4.17+0.09%* #

*p<0.001, **p>0.10,*** p<0.02. § Group I rabbits were sacrificed on 11*
day, *,***** values are compared with 0 day of same group (self-control),
#p<0.0001,# compared with 11th day of Group I (CCl)

serum albumin level comparable to day 0 of the same group, which was
found to decrease with CCl, administration.

Histopathological assessment
Rabbits administered CCI,

Grade III fatty changes and hydropic degeneration was present in
75% of rabbits and Grade II fatty changes were present in 25% of
rabbits. Centrilobular (perivenular) and periportal inflammation were
found in 75% and 25% of rabbits, respectively, chiefly infiltrated with
monocytes. Grade II inflammation was present in all rabbits. Grade II
necrosis and loss of cord pattern were found in all rabbits (Fig. 1).

Rabbits administered A. vera extract and CCl,

When rabbits on CCl, were compared with those receiving A. vera
extract and CCl, there was maximal protection of hepatic lobules from
the damage induced by CCl,. Grade I fatty changes in 30% of rabbits
were present. Portal inflammation of Grade I, infiltrated by monocytes,
was present in 30% of rabbits. There was no area of necrosis. The cord
pattern was maintained (Fig. 2).

Rabbits administered Silymarin and CCI,

When rabbits on CCl, were compared with those receiving Silymarin
and CCl,, there was some protection of hepatic lobules from the damage
induced by CCl,. Grade I fatty changes in 70% of rabbits were present.
Foamy hepatocytes and fine vacuole were present. Portal inflammation
of Grade I, infiltrated by lymphocytes, was present in 70% of rabbits,
and necrosis of Grade I in the centrilobular zone was found in 20% of
rabbits. The cord pattern was maintained (Fig. 3).

The results of this study suggest that administration of A. vera extract
and Silymarin, individually to rabbits followed by CCl, administration
from 11" day to 20™ day showed a decline in hepatotoxic effects
induced by CCI,, which was evidenced by a marked decrease in serum
aspartate transaminase and alanine transaminase levels relative to the
group treated with CCl, alone. Furthermore, A. vera extract showed
higher protection of the liver than Silymarin.

DISCUSSION

Environmental pollution, food additives, cosmetics products,
agrochemicals, processed food, and drugs are the sources that include
most xenobiotics to which humans are exposed. In general, in the
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Fig. 1: A section of rabbit liver treated with CCl, alone showing
marked fatty changes and Grade Il inflammatory changes in
100% area and loss of cord pattern

showing maximum protection from damage induced by CCl, (Grade I
fatty changes in 30% and Grade I Portal inflammation in 30% area)

Fig. 3: A section of rabbit liver treated with Silymarin and CCl,
showing protection from damage induced by CCl, (Grade I fatty
changes in 70% and Grade I portal inflammation in 70% area)

absence of metabolism, these chemicals would not be eliminated from
the body efficiently, and thus would accumulate in the body resulting in
toxicity. Hepatic injury is a common sequel of exposure to toxic agents.

One of the most commonly used hepatotoxins in the experimental
study of liver diseases is CCl, [5]. Plant-derived natural products
such as flavonoids, terpenoids, and steroids, due to their diverse
pharmacological properties including hepatoprotective and antioxidant
activity have received considerable attention in recent years [6,7].
Therefore, this study was carried out to evaluate the hepatoprotective
effect of A. vera extract and Silymarin which are plant derivatives.

Asian ] Pharm Clin Res, Vol 15, Issue 4, 2022, 90-94

In our study, we found an increase in the average intake of diet by
28.4% in Group Il and 16.6% in Group III which received A. vera extract
and Silymarin, respectively, compared to Group I that received CCI,
alone. The mean weight of the liver recorded was found to be more in
Group II (52.36+0.35) and Group III (38.47+0.22) compared to Group |
(28.38+0.18 g). Our finding suggests that A. vera extract and Silymarin
were able to arrest the decrease in the weight of the liver when
compared to CCl, administered group.

The physiological state of the liver is reflected by the serum level of
marker enzymes: Alanine transaminase, aspartate transaminase,
and alkaline phosphatase. These enzymes change according to
the distortion of the liver that results from cellular injury of the
organ caused by toxic metabolites and diseases. Serum and plasma
enzyme levels have been used as a marker for monitoring chemically
induced tissue damages [8,9]. The increase in serum transaminases
and alkaline phosphatase indicates the cellular leakage and loss of
functional integrity of cell membrane where the increase in levels of
serum bilirubin reflects the depth of jaundice. In acute hepatotoxicity,
liver enzymes are usually raised but tend to decrease with prolonged
intoxication due to damage to liver cells.

In our study, we found a highly significant (p<0.001) reduction in the
levels of serum transaminases, serum alkaline phosphatase, serum
bilirubin, and increase in serum albumin levels in Group Il and Group III
compared to Group I that showed highly significant (p<0.001) increase
in the levels of serum transaminases, serum alkaline phosphatase,
serum bilirubin, and decrease in serum albumin levels. Our finding
suggests that A. vera extract and Silymarin were able to produce a
decline in hepatotoxic effects induced by CCl, as evidenced by serum
enzyme levels.

The toxicity to the liver of mammals is largely due to the active
metabolite, trichloromethyl radical of CCl, [10]. This radical binds to
tissue macromolecules and thus induces peroxidative degradation
of membrane lipids of the endoplasmic reticulum (ER), which are
rich in polyunsaturated fatty acids. It has been postulated that
such development would ultimately lead to the formation of lipid
peroxides [11]. The increase in the plasma enzyme levels of CCl, treated
rabbits suggests that the toxicant was able to reach the liver and induce
detectable damage.

In our study, the histopathological assessment showed portal
inflammation of Grade I present in 30% of rabbits in Group Il and 70%
of rabbits in Group IlI compared to Group I where Grade Il inflammation
and loss of cord pattern were found in all rabbits. Our finding suggests
that A. vera extract and Silymarin were able to protect hepatic lobules
from the damage induced by CCl,, where A. vera exhibited a higher
hepatoprotective effect than Silymarin.

A. vera is a drought-resistant tropical plant from the Liliaceae family
that exhibits strong antioxidant properties [12] and has a broad range
of applications in traditional medications. It contains a large number of
bioactive compounds such as terpenoids, lectins, flavonoids, fatty acids,
tannins, sterols, anthraquinones, mono and polysaccharides, enzymes,
salicylic acid, minerals, and vitamins [12]. A. vera reduced the formation
of lipid peroxidation was determined in a study of the effects of
A. vera gel against oxidative stress-induced liver damage [13]. In some
other studies, it was found that iNOS (inducible nitric oxide synthase
involved in acute hepatotoxicity) expression levels are decreased in
the A. vera -treated rats in the liver injury induced by CCl, [14]. The
hepatoprotective potential of A. vera was also confirmed in another
study that was done to evaluate the hepatoprotective activity of A. vera
in acute viral hepatitis [15].

Silybum marianum L. is an ancient medicinal plant that belongs to
Asteraceae/Compositae family and has been used in the treatment
of different liver diseases [16]. Three potent bioflavonoids: Silybin,
Silydianin, and Silychristin are the active substances collectively
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known as Silymarin. Antioxidant, free radical scavenging property,
and stimulation of protein synthesis are the most important
hepatoprotective mechanisms of Silymarin [16]. Silymarin has led
to complete normalization of elevated transaminases levels when
compared with various polyherbal formulations in CCl-induced
hepatotoxicity in rats [16]. Previously done studies have shown that
Silymarin was effective in preventing poisoning by several hepatotoxic
substances, including CCl, [17]. The findings of these different studies
done in the past and recent strengthen our study results that suggest
the hepatoprotective role of A. vera and Silymarin. Furthermore, when
compared to Silymarin, A. vera showed higher hepatoprotection.

CONCLUSIONS

From the above discussion, it is clear that CCl, administration produces
hepatic injury as is evident both by the changes in the biochemical
parameters and histopathological changes reported in the present
study. There is evidence of the varying degree of oxidative stress leading
to hepatocellular damage. We observed that extracts of leaves of A. vera
and Silymarin protect the liver against CCl,-induced hepatotoxicity.

A. vera extract had better efficacy in reducing enzyme levels of alanine
transaminase, aspartate transaminase, alkaline phosphatase, and S.
bilirubin than Silymarin. Furthermore, A. vera extract has shown higher
protection in restoration of liver function and regeneration of liver cells
than Silymarin as observed on histopathology. Silymarin had better
efficacy in increasing S. albumin than A. vera.

Therefore, we concluded that herbal preparations such as A. vera and
Silymarin showed hepatoprotective efficacy but as this study was done
on a small scale and for a short duration, further research is needed
to explore more about the active principle and mechanism of action
responsible for their hepatoprotective activity.

ACKNOWLEDGMENT

The authors sincerely thank the Department of Pharmacology and
Pathology, G.S.V.M. Medical College, Kanpur for providing the necessary
facilities for carrying out this work.

We are highly thankful to Dr. LP. Jain (Professor and Head) Department
of Pharmacology and Therapeutics and Dr. Asha Agrawal (Professor),
Department of Pathology, G.S.V.M. Medical College, Kanpur whose
knowledge and vast experience have been instrumental at all stages of
this study.

REFERENCES

1. Michalopoulos GK. Liver regeneration. J Cell Physiol 2007;213:286-
300. doi: 10.1002/jcp.21172, PMID 17559071

10.

11.

12.

13.

14.

15.

16.

17.

Asian ] Pharm Clin Res, Vol 15, Issue 4, 2022, 90-94

Guillouzo A. Liver cell models in in vitro toxicology. Environ Health
Perspect 1998;106 Suppl 2:511-32. doi: 10.1289/ehp.98106511, PMID
9599700

Halliwell B. Oxidative stress, nutrition, and health. Experimental
strategies for optimization of nutritional antioxidant intake in human
free radicals. Resources 1996;25:57-74.

Uma Maheswari M, Rao PM. Antihepatotoxic effect of grapeseed
oil in rat. Indian J Pharmacol 2005;37:179-82. doi: 10.4103/0253-
7613.16216.

Manigaunha A, Kumar CS, Ganesh N, Kharya MD. Protection of
hepatic cells from CCl4 induced cytotoxicity by Ficus carica in liver
slices culture in vitro. Biomed Pharmacol J 2008;1(2). Available from:
http://biomedpharmajournal.org/?p=503.

DeFeudis FV, Papadopoulos V, Drieu K. Ginkgo biloba extracts
and cancer: A research area in its infancy. Fundam Clin Pharmacol
2003;17:405-17.

Takeoka GR, Dao LT. Antioxidant constituents of almond [Prunus
dulcis (Mill.) D.A. Webb] hulls. J Agric Food Chem 2003;51:496-501.
doi: 10.1021/jf020660i, PMID 12517116

Lin JK, Wang CJ. Protection of crocin dyes on the acute hepatic
damage induced by aflatoxin Bl and dimethylnitrosamine in rats.
Carcinogenesis  1986;7:595-9. doi: 10.1093/carcin/7.4.595, PMID
2870820

Ngaha EO, Akanji MA, Madusolumuo MA. Studies on correlations
between chloroquine-induced tissue damage and serum enzyme changes
in the rat. Experientia 1989;45:143-6. doi: 10.1007/BF01954851,
PMID 2920799

Johnston DE, Kroening C. Mechanism of early carbon tetrachloride
toxicity in cultured rat hepatocytes. Pharmacol Toxicol 1998;83:231-9.
Shenoy KA, Somayaji SN, Bairy KL. Hepatoprotective effects of Ginko
biloba against CCl4 induced hepatic injury in rats. Indian J Pharmacol
2001;33:260-6.

He¢s M, Dziedzic K, Gorecka D, Jedrusek-Golinska A, Gujska E. Aloe
vera (L.) Webb.: Natural sources of antioxidants -a review. Plant Foods
Hum Nutr 2019;74:255-65. doi: 10.1007/s11130-019-00747-5, PMID
31209704

Nahar T, Uddin B, Hossain S, Sikder AM, Ahmed S. Aloe vera gel
protects liver from oxidative stress-induced damage in experimental rat
model. ] Complement Integr Med 2013;10(1):1-7. doi: 10.1515/jcim-
2012-0020.

Kim SH, Cheon HJ, Yun N, Oh ST, Shin E, Shim KS, et al. Protective
effect of a mixture of Aloe vera and Silybum marianum against
carbon tetrachloride-induced acute hepatotoxicity and liver fibrosis.
J Pharmacol Sci 2009;109:119-27. doi: 10.1254/jphs.08189fp,
PMID 19151545

Bhatt S, Virani S, Sharma M, Kumar Hand Saxena KK. Evaluation of
hepatoprotective activity of 4/oe vera in acute viral hepatitis. Int J Pharm
Sci Res 2014;5:2479-85. doi: 10.13040/1JPSR.0975-8232.5(6).2469-75
Pradhan SC, Girish C. Hepatoprotective herbal drug, silymarin from
experimental pharmacology to clinical medicine. Indian J Med Res
2006;124:491-504. PMID 17213517

Muriel P, Mourelle M. The role of membrane composition in ATPase
activities of cirrhotic rat liver: Effect of silymarin. J Appl Toxicol
1990;10:281-4. doi: 10.1002/jat.2550100409, PMID 2167906

94



