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ABSTRACT
Objectives: To investigate hepato-protective effect of ethanolic leave extract of Raphanus sativus against atorvastatin
induced hepatotoxicity in albino rabbits.
Study design: Experimental study
Material and Method: This study conducted at department of Physiology and Pharmacology, University of Agriculture,
Faisalabad. The ethanolic extract of Raphanus sativus was prepared for hepatoprotective effect against hepatotoxicity
produced by atorvastatin.
Results: The results were compared with normal and experimental control. Serum was tested for ALT, AST, Alkaline
Phosphatase and Bilirubin along with histological studies. Ethanolic extract of Raphanus sativus with 100mg/kg. of body
weight dosage developed some changes representing hepatotoxicity but higher doses showed an increase in toxicity as
observed on histologic sections. A reduction in fibrosis and cholestasis was observed which needs further evaluation.
Conclusion: Ethanolic extract of raphanus sativus did not show any amelioration in the increased enzymes level however
a reduction in cholestasis was observed as represented by decreases in alkaline phosphatase levels also confirmed by
histological studies.
Key words: ALT, AST, Alkaline phosphatase, Bilirubin, Atorvastatin, Raphanus sativus.

INTRODUCTION:
Globally traditional medicines are rapidly gaining economic
importance. Complementary-alternative and traditional
medicine are gaining more and more respect by national
governments and health providers in developing countries1.
 About 85% of world population uses herbal medicines for
prevention and treatment of diseases. The demand is
increasing in developed and developing countries2. A variety
of chemical compounds are present in the plant as well as
in fruits3.
The liver is very important organ for metabolic functions.
The liver is involved in wide range of physiological functions,
which includes the biochemical pathways to growth, fight
against disease, nutrient supply, energy provision and

reproduction. Due to these important activities, the liver is
exposed to a number of insults and is one of the body's
organs most subject to injury4,5. Herbal drugs play an
important role in the management of different liver disorders
most of which fasten the natural healing processes of the
liver. Several medicinal plants and their formulations are
used for liver disorders in traditional system of medicine
from a prolonged period of time6.
In developed countries hepatotoxicity caused by various
toxicants such as paracetamol, certain chemotherapeutic
agents, carbon tetrachloride, thioacetamide, chronic alcohol
consumption and microbes is among the major health
problems7. Statins [competitive inhibitors of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase] are one
of the most effective, well tolerated and commonly used
drug for treating hyperlipidemia8. But myotoxicity and
hepatotoxicity are the two main common significant adverse
effects of statins especially with high doses9. Radishes are
grown and consumed throughout the world, being mostly
eaten raw as a crunchy salad vegetable but they also have
various medicinal actions. Traditionally its leaves, seeds
and roots have been in use for several disorders such gastroin-
testinal, cardiac, biliary, hepatic, urological and respiratory10,11.
The Objectives of this study are to study the atorvastatin
induced hepatotoxicity in albino rabbits and to evaluate the
hepatoprotective effects of ethanolic extract of Raphanus
sativus leaves against atorvastatin induced hepatotoxicity
in albino rabbits.
MATERIAL AND METHODS:
This 1 year experimental study was carried out in Department
of Pharmacology and Therapeutics, Post Graduate Medical
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Institute, Lahore and Department of Physiology and
Pharmacology, University of Agriculture, Faisalabad.
Pakistan. Ethical approval of the study was taken from
Ethical Review Committee (ERC), University of Health
sciences, Lahore.
100 kg fresh leaves of Raphanus sativus were purchased
from local vegetable market and taxonomical identification
was carried out at University of Agriculture, Faisalabad,
Pakistan (Herbarium voucher no. 173-14-1). Washed leaves
were desiccated in shade at room temperature for 10 days,
dehydrated with hot air oven at 60ºC for six hours and then
grinded in an electric grinder. The powder obtained was
passed through mesh sieve and then extracted with 80%
ethanol and filtered with filter paper (Whatman No. 2). The
extracts were concentrated in a hot air oven at 37ºC,
lyophilized by freeze drying apparatus (Christ Germany
model # Alpha 1- 4LSC) and subsequently stored in an air
tight container in a freezer at -20ºC12.  On daily basis 2, 4
and 8 grams of extract was dissolved in 20 ml of distilled
water yielding 100, 200 and 400 mg of extract in 1ml of
solution.
99% pure Atorvastatin was obtained from StandPharm PVT
Ltd. Lahore Pakistan. 2g of it was dissolved in 100 ml of
distilled water yielding 20 mg atorvastatin in 1 ml-distilled
water for administration. All the reagents used were of
analytical grades.
50 adult male rabbits of 6-8 weeks old were purchased from
the local market of Faisalabad, Pakistan. The physical
examination of the animals was carried out in UAF animal
house by veterinary doctor before randomization. The weight
of rabbits ranged from 1kg to1.5 kg. They were housed in
individual labeled iron cages of appropriate size in the
department of Clinical Medicine and Surgery, University of
Agriculture, Faisalabad, Pakistan at room temperature. The
rabbits were randomly divided into 5 groups with 10 rabbits
in each group and labeled as: Group A (Normal control)
with routine diet, B (Positive control) with Atorvastatin
(20mg/kg b.w.), C (Experimental group I) with Atorvastatin
(20mg/kg b.w.) + R. sativus leaf extract (100mg/kg b.w.),
D (Experimental group II) with Atorvastatin 20mg/kg  + R.
sativus leaf extract 200mg/kg b.w. and E (Experimental
group III) Atorvastatin 20mg/kg b.w. + R. sativus leaf extract
400mg/kg b.w. for 28 days. Seasonal fodder and grains were
used to fed Rabbits along with water ad libitum. Prior to
experimentation, the rabbits were acclimatized for one week.
All the rabbits were kept fasting overnight prior to the
administration of test extracts.
With a 3ml disposable syringe 2 blood samples on 0 and 28
day were collected from jugular vein. After 30 minutes blood
was centrifuged at 1000 x g for 15-20 min and serum was
stored  -200C for biochemical analysis. Animal were sacrificed
at day 28 for Liver wt. /body weight ratio and histology.
Serum bilirubin, ALT, AST and Alkaline Phosphatase were

determined on chemistry analyzer Vitalab selectra E (Vital
scientific, N. V., Netherland) at Allied hospital Faisalabad,
Pakistan by using biochemical kits (Human, Germany) as
per manufacturer instructions.
All the animals were weighed and sacrificed at end of
experiment. The stomach was excised, liver tissue was
dissected out and washed with normal saline. The livers
were then sectioned into small pieces, fixed with formalin,
dehydrated with ethanol, cleared with xylene, infiltered with
melted paraffin wax, embedded in wax, sectioned, mounted
on slides, stained with H&E13. The slides were finally
observed for the pathological changes in liver tissue
microscope with a 40X objective.
The data was analyzed using SPSS 20.0. Mean + SE was
calculated for quantitative variables, which included S.
bilirubin (total, direct and indirect), ALT, AST and alkaline
phosphatase. P-value = 0.05 was considered as statistically
significant.
RESULTS:
Serum bilirubin levels (Total, direct and indirect) were
measured on day 0 and 28. When compared by one way
ANOVA, it was observed that all groups were similar on
day 0 but significantly different on day 28 as seen in table
1. Serum Alanine Aminotransferase (ALT), Aspartate
Aminotrans-ferase (AST) and Alkaline phosphatase levels
were measured on day 0 and 28. When compared by one
way ANOVA and post hoc tukey’s test, it was observed that
all groups were similar on day 0 but significantly different
on day 28 as shown in Table 2.
Photomicrograph was made from slides obtained from all
groups were studied and. Parameter such as degeneration,
steatosis, necrosis, triaditis were used for scoring the damage.
Damage was graded as nil, mild and moderate and scored
as 0, 1 and 2 respectively.
Photomicrograph of the liver tissue was obtained from the
rabbit treated as normal control.  Figure. 1 shows hepatic
parenchyma is normal in appearance with central vein, cords
of hepatocytes with prominent nuclei and portal tract.
Degeneration was absent in group A and C. Group B had
mild to moderate degenerative changes. Group D had higher
and group E had highest degenerative changes. Chi-square
test revealed very highly significant difference between
groups. Chi-square test revealed very highly significant
difference between groups (Table 3 and, fig. 2).
Steatosis was absent in group A, B, C and D. Only two cases
in group E showed changes of steatosis. Chi-square test
revealed insignificant difference between groups (Table 4,
fig. 3). Necrosis was absent in group A, C, D and E. Only
two cases had mild necrosis in group B. Chi-square test
revealed insignificant difference between groups (Table 3,
fig.4). Triaditis was absent in group A. Four cases had severe
triaditis in group B while rest of them showed mild form of
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At: Atorvastatin; R.S.:Raphanus Sativus; NS = Non- significant (P>0.05); * = Significant (P<0.05); ** = Highly  significant
(P<0.01); ***= Very highly significant  (P<0.001)

A (normal)
B (At. 20mg/kg)
C (At. 20mg/kg + R. S.100mg/kg)
D (At. 20mg/kg + R. S.200mg/kg)
E (At. 20mg/kg + R. S.400mg/kg)
ANOVA (P-Value)

Total Direct Indirect
0 Day

0.590+0.035
0.640+0.04
0.590+0.046
0.600+0.030
0.580+0.036

0.816NS

28 Day
0.590+0.028
0.920+0.073
0.700+ 0.047
0.830+ 0.042
0.930+ 0.040

0.000 ***

0 Day
0.220+0.013
0.230+0.015
0.220+0.013
0.230+0.05
0.220+0.013

0.962NS

28 Day
0.250+0.017
0.320+0.029
0.250+0.017
0.330+0.015
0.340+0.016

0.002**

0 Day
0.370+0.030
0.410+0.031
0.370+0.037
0.370+0.021
0.370+0.030

0.884NS

28 Day
0.340+ 0.027
0.600+ 0.047
0.450+ 0.043
0.510+ 0.031
0.590+ 0.031

0.000***

Groups

Table 1: Effect of R.sativus extract on serum bilirubin levels (IU/L) of atorvastatin treated rabbits. Data indicates mean +
SE values

A (normal)
B (At. 20mg/kg)
C (At. 20mg/kg + R. S.100mg/kg)
D (At. 20mg/kg + R. S.200mg/kg)
E (At. 20mg/kg + R. S.400mg/kg)
ANOVA (P-Value)

ALT AST Al. phosphatase
0 Day

73.00+5.05
63.10+5.15
65.70+2.11
67.80+3.57
72.20+4.88
0.439NS

28 Day
66.70+06.13
149.40+14.55
133.40+06.83
174.80+10.54
200.60+14.17
0.000***

0 Day
81.80+1.88
79.00+3.96
74.60+3.62
74.10+4.40
73.50+5.38
0.522NS

28 Day
77.90+03.37
197.90+13.11
154.80+07.72
211.60+14.41
218.50+14.45
0.000**

Groups
0 Day

76.20+3.41
84.00+3.82
73.00+5.28
80.30+8.93
72.00+4.04
0.504NS

28 Day
78.30+3.61
117.50+7.94
110.80+5.52
142.40+7.19
127.50+5.14
0.000***

At: Atorvastatin; R.S.:Raphanus Sativus; NS = Non  significant (P>0.05); * = Significant (P<0.05); ** = Highly  significant
(P<0.01); ***= Very highly significant  (P<0.001)

Table 2: Effect of R. sativus extract on Alanine aminotransferase (ALT), Aspartate aminotransferase (AST) and Alkaline
phosphatase (IU/L) of atorvastatin treated rabbits. Data indicates mean + SE (n= 10)

Table 3: Effect of Raphanus sativus extract on histological changes
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Nil
Mild
Moderate
Steatosis
Nil
Mild
Moderate
Necrosis
Nil
Mild
Moderate
Triaditis
Nil
Mild
Moderate

10 (100)
0 (0)
0 (0)

10 (100)
0 (0)
0 (0)

10 (100)
0 (0)
0 (0)

10 (100)

5 (50)
4 (40)
1 (10)

10 (100)
0 (0)
0 (0)

8 (80)
2 (20)
0 (0)

0 (0)
5 (50)
5 (50)

10 (100)
0 (0)
0 (0)

10 (100)
0 (0)
0 (0)

10 (100)
0 (0)
0 (0)

0 (0)
10 (100)
0 (0)

4 (40)
0 (0)
6 (60)

10 (100)
0 (0)
0 (0)

10 (100)
0 (0)
0 (0)

0 (0)
0 (0)
10 (100)

4 (40)
2 (20)
4 (40)

8 (80)
2 (20)
0 (0)

10 (100)
0 (0)
0 (0)

0 (0)
0 (0)
10 (100)

Degeneration

Histological
parameter

A
(Normal)

B
At. 20mg /

kg

C
At. 20mg/kg +
R.S. 100mg/kg

D
At. 20mg/kg +
R.S. 200mg/kg

E
At. 20mg/kg +
R.S.400mg/kg

Chi-square

29.70***

8.33NS

8.33NS

8.67***
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Fig. 1: Photomicrograph of liver showing normal architecture
of liver lobule with central vein, cords of hepatocytes with

prominent nuclei and portal tract (H&E stain x10)
Figure 2: Photomicrograph of liver showing (ballooning)

degeneration of liver (H&E stain x40)
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Figure 3: Photomicrograph showing steatosis (H&E stain
x40)

Figure 4: Photomicrograph of liver showing early signs of
necrosis (H&E stain x10)

Figure 5: Photomicrograph of liver showing triaditis (H&E
stain X80)

triaditis. Group C showed mild form of triaditis in all slides.
Group D and E manifested severe form of triaditis in all
slides. Chi-square test revealed very highly significant
difference between groups (Table 3, fig. 5).
DISCUSSION:
This study investigated the effect of coadministration of
toxic dose of atorvastatin and three increasing doses of
Raphanus sativus leaf extract on serum bilirubin, liver
enzymes and liver histology of local breed of rabbits.

Bilirubin level in serum can increase in hepatic disorders.
Atorvastatin is known to increase the levels of bilirubin
which is an final product of heme metabolism14,15. In the
present study the level of total, direct and indirect bilirubin
increased with atorvastatin but low doses (100mg/kg.b.w.)
of Raphanus sativus leaf extract showed a partial reduction
in these levels. With increasing doses of extract, further
increase was seen. Doses of 300mg/kg of ethanolic extract
of Raphanus sativus leaf failed to reverse increases in serum
bilirubin against toxicity by CCl4 in rats16.
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ALT and AST was normal in hepatocytes. Their levels
increase in blood when damage occurs to liver cell membrane
representing hepatic injury17. Earlier studies with atorvastatin
have shown an increase in ALT and AST14,15,18. A similar
effect was observed in this study i.e. increased ALT and
AST (2-3 times the baseline) showing modest liver injury.
In experimental groups addition of Raphanus sativus leaf
extract indicated a partial reversal of enzyme levels in the
dose of 100mg/kg b.w.  By increasing doses the levels of
both AST and ALT showed a further increase as compared
to atorvastatin alone used in group B. Regarding the
hepatoprotective activity of ethanolic extract of Raphanus
sativus leaf in a dose of 300mg/kg against CCl4-induced
hepatotoxicity in rats showed a partial protective effect16.
Another study showed a significant increase in AST and
ALT level when Raphanus sativus leaf extract was given
alone in a dose of 500mg/kg in rats19. As discussed above
histamine may be responsible for these effects as histamine
in a dose of 100µg/kg lead to an increase in levels of ALT
and AST20.
Alkaline phosphatase placed among group of hydrolase
enzymes is present in almost all body cells including RBCs
and removes phosphates from them21 . Increase in alkaline
phosphatase represents cholestasis. Cholestasis symbolizes
a continuing acute or chronic process involving intrahepatic
or extrahepatic biliary tree. It may include a defective
synthesis, obstruction to outflow or defective bile secretion22.
 Atorvastatin in more than 10mg daily dose leads to an
insignificant increase in alkaline phosphatase14. In present
study 1.5 times increase in alkaline phosphatase level was
observed after treatment with high dose atorvastatin. A
partial fall in the level of alkaline phosphatase was seen
when treated with 100mg/kg. b. w. of Raphanus sativus as
compared to group B but still higher than normal control
group A which is in accordance with the study by Syed16.
Surprisingly the increase was maximal with 200mg dose of
Raphanus sativus (even more than when given atorvastatin
alone in group B) while there was less increase with dose
of 400mg. This may be explained due to higher intensity of
degeneration in group D as observed histologically.
Various studies which have shown a protective effect of
Raphanus sativus leaf extract are in lower doses and shorter
period of time where 300mg/kg dose was given for only
seven days against CCl4

16.  Another example is of use of
crude powder of Raphanus sativus in 2gm and 4gm dose
used only on 46th and 47th day23. This may explain the
hepatoprotective effect in low doses but an increase in
hepatotoxicity was seen with higher doses and long term
use.
CONCLUSION:
The administration of 20mg/kg toxic doses of atorvastatin
induced hepatotoxicity, manifested as increase in serum
levels of ALT, AST, Alkaline Phosphatase and serum

Bilirubin. Low dose of Raphanus sativus leaf extract showed
a partial hepatoprotective effect and with high doses an
increase in hepatotoxicity was seen. Thus the general concept
that Raphanus sativus is hepatoprotective in any dose needs
to be reviewed.
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