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ABSTRACT… Objectives: Analyzing the efficacy of ascorbic acid (AA) against azathioprine
(AZA) induced liver injury in rabbit model. Study design: Experimental study. Place and
Duration: Isra University in collaboration with the animal house of Sindh Agriculture University;
Tando Jam from July 2010 to November 2011. Materials and Methods: A sample of 80 rabbits
was divided into; Group A – control rabbits, and Experimental group B - (AZA 15 mg/kg), group
C- (AZA 15 mg/kg + AA 100 mg/kg) and group D- (AZA 15 mg/kg + AA 200 mg/kg). Blood
samples were taken and sera were used for liver function test. Liver tissue sections 5µ thick
were stained for light microscopy examination. Data was analyzed on statistical software (SPSS
21.0, IBM Incorporation, USA) (P≤ 0.05). Results: Azathioprine induces severe liver injury
(group B vs. group A) that was ameliorated by the ascorbic acid in group C and D (p=0.0001).
Microscopy showed hepatocyte necrosis, cholestasis, sinusoidal dilatation, peri-sinusoidal
fibrosis, veno-occlusive disease, peliosis hepatis and loss of tissue array in azathioprine treated
rabbits. Conclusion: Azathioprine causes severe liver injury that was ameliorated by the
ascorbic acid in present experimental study.
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INTRODUCTION
Liver is the largest gland and a seat of biochemical
reactions. It is located in the right hypochondrium
under rib cage. The parenchyma cells of liver
are known as the hepatocytes.1 Hepatocytes
are bestowed with enzymes systems to degrade
the drugs, chemicals, and xenobiotics, etc.
Sometime, hepatocyte themselves become the
victims of these chemical and suffer a serious
injurious insult. Drug induced liver damage
accounts for 10- 50% of cases, although the
exact figures are not available, particularly in the
developing countries like Pakistan where there
is no control on the drug sale. Acute sever liver
injury may results in severe loss of function of liver
which is defined clinically as the acute fulminant
hepatitis.2,3 The extent of liver injury by chemicals
depends upon the dose, duration and genetic
factors. Drugs may injury liver even at optimal and
sub optimal doses due to idiosyncratic reactions,
this has been a dilemma of clinical practice.
Intermediate metabolites may damage the liver
which may be dose dependent or independent.3,4
Professional Med J 2017;24(11):1697-1701.

Drug induced liver failure accounts for 11.7%
deaths approximately, this is not known for
the developing countries. Drug induced liver
injury may demand for the liver transplantation
which is impossible in the developing countries
where death is an inevitable event because the
clinicians are handicapped as they have no
liver transplantation facilities.5 A careful watch
for the drug-induced liver damage is the only
way to practice in the developing countries.5,6
Drug induced injury produces reactive oxygen
species (ROS) and these are scavenged and
neutralized by antioxidant like the ascorbic acid.
Ascorbic acid is a water soluble vitamin which is
highly appreciated of its anti oxidant activity.7,8
Ascorbic acid scavenges the ROS through its
reducing properties. Ascorbic acid damages the
superoxide (O2.-) radicals which is the precursor
of other free radicals. Ascorbic acid breaks this
chain of free radical formation.9,10 AZA induced
live injury may present as clinical emergency,
hence simple drugs should be evaluated for
prophylactic prevention and therapy. The present
www.theprofesional.com
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research study analyzed the hepatoprotective
effects of ascorbic acid against the azathioprine
induced liver injury in a laboratory animal model.
MATERIALS AND METHODS
The present experimental study was conducted at
the Isra University in collaboration with the animal
house of Sindh Agriculture University; Tando
Jam. The experimental protocol was planned in
advance and ethical approval was taken from the
institute. The study covered a period from July
2010 to November 2011. A sample of 80 rabbits
was selected by criteria of inclusion and exclusion.
Animal weight 1- 1.5 kg and male rabbits moving
and feeding actively were included. Female
rabbits were excluded to exclude the gender
bias. Rabbits were kept in stainless steel cages.
Environment of animal house was ensured with
optimal temperature (23- 25 0C), humidity (5560%) and 12/12 hour light-dark cycles. Fresh
alfalfa was purchased daily for feeding. Clean
water was available 24 hours. Tablet azathioprine
50 mg (GSK Pakistan) and Ascorbic acid (500
mg Abbot Pakistan) were purchased. 80 rabbits
were randomly divided into; Group A – control
rabbits, Group B- AZA was given 15 mg/kg orally,
Group C- was given AZA (15 mg/kg) + Ascorbic
acid (100 mg/kg) and Group D- was given AZA
(15 mg/kg) + Ascorbic acid (200 mg/kg). Drug
therapy was given for 4 weeks. Blood samples
were taken after 24 hours of experimental period.
Blood was taken from tail vein under supervision
of a veterinary surgeon. Blood was collected in
vacutainers and processed for centrifugation at
300 rpm for 15 minutes. Sera were preserved
for biochemical analysis of liver function tests.
Biochemical analysis was performed on Hitachi
Roche analyzer. Animals were sacrificed after

Bilirubin (mg/dl)

anesthesia (Ketamine and Xylazil) by method as
cited.11 Liver was located, identified and sectioned
by freeing the ligaments. Liver was washed in
normal saline (0.9% NaCl) and preserved in 10%
formaldehyde. Tissue sections were embedded
in paraffin blocks. Tissue sections 5µ thick
were stained with Hematoxylin-Eosin (H & E).
Slides were examined under light microscopy.
Numerical data was analysed on statistical
software (SPSS 21.0, IBM Incorporation, USA)
by one-way ANOVA and post Hoc Bonferroni’s
test. Statistical significance was defined at 95%
confidence interval (P≤ 0.05).
RESULT
Azathioprine induces severe liver injury (group B
vs. group A) that was ameliorated by the ascorbic
acid (group C and D). Liver function tests were
seriously deranged in azathioprine group B
and improvement was noted with ascorbic acid
therapy (group C and D) as shown in Table-I (p <
0.05). Microscopy showed hepatocyte necrosis,
cholestasis, sinusoidal dilatation, peri-sinusoidal
fibrosis, veno-occlusive disease, peliosis hepatis
and loss of tissue array in azathioprine treated
rabbits (Fig 2) compared to ascorbic acid treated
group C and D (Fig 3 and 4).
DISCUSSION
Of many drugs, the azathioprine (AZA) is one
of most notorious hepatotoxic drug which is
used in clinical practice since many decades for
various clinical disorders. AZA is a widely used
purine agent. It is used in renal transplantation
and autoimmune disease such as the systemic
lupus erythematosus (SLE), inflammatory bowel
disease (IBD), psoriasis and the refractory
rheumatoid arthritis.7

Group A

Group B

Group C

Group D

P-value

0.93±0.3

8.7±0.9

4.7±0.9

4.56±0.6

0.0031

Prothrombin time (sec)

8.19±1.5

20.9±5.1

13.8±5.0

11.8±2.7

0.0001

Alanine transaminase (U/L)

33.1±0.7

165±15.5

80.5±17.0

59.5±11.2

0.0001

Aspartate transaminase (U/L)

29.2±4.5

149.5±13.3

89.5±8.5

67.5±9.5

0.0001

Alkaline phosphatase (U/L)

95.5±10.0

155.0±14.5

105.5±17.5

91.8±20.5

0.003

Lactate dehydrogenase (U/L)

93.5±15.3

193.5±20.1

143.5±21.1

131.5±13.3

0.0001

ϒ-Glutamyl transferase (U/L)

49.5±0.7

107.5±12.8

97.5±19.8

77.8±10.5

0.0001

Table-I. Liver function test in controls and experimental groups (n=80)
Professional Med J 2017;24(11):1697-1701.
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Figure-1. Control Group A- Microscopy shows two
intact hepatic lobule (hepatocytes cords) showing
central vein (C)

Figure-3. Group C- Microscopy shows intact hepatic
histological details. Central venule (c) is normal.
(Compare with Fig 1 and 2).

Figure-2. Azathioprine group- Severe distortion of liver
lobule. Venules are dilated. Inflammatory infiltrate is
shown by arrows. Portal (P) fibrosis is seen

Figure-4. Liver injury is decreased (Central venule (c)
is normal. (Compare with Fig 1 and 2)

It is also prescribed for the neoplasms,
myasthenia gravis, multiple sclerosis. It is an
antimetabolites used for various malignancies.
Despite its notoriety of being hepatotoxic drug,
its use outweighs for the malignancies and
autoimmune disorders.8,12 Most important thing, is
the hepatotoxicity of AZA is unpredictable, whose
mechanisms are not well known but this may be
due to altered metabolizing enzyme activity.13 A
previous study14 reported an incidence of 3.5%
AZA- induced hepatitis in the inflammatory bowel
disease patients. In present rabbit model study,

the microscopy showed hepatocyte necrosis,
cholestasis, sinusoidal dilatation, peri-sinusoidal
fibrosis, veno-occlusive disease, peliosis hepatis
and loss of tissue array in azathioprine treated
rabbits (Fig 2) compared to ascorbic acid treated
group C and D (Fig 3 and 4). The findings are
supported by previous studies7,15,16 which had
reported similar microscopic findings by the
AZA therapy. Previous studies15-17 had reported
severe cholestasis with or without hepatocellular
necrosis with azathioprine drugs. The findings
of above studies support the present study as

Professional Med J 2017;24(11):1697-1701.
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we have observed similar cholestasis in rabbits
received AZA therapy. Derangement of liver
function tests is an important finding which
supports the histological injury in AZA group.
Our findings are also in agreement with previous
studies.18-20 AZA hepatotoxicity is dose dependent
most often, although idiosyncratic factors have
also been noted. In present animal research,
the AZA hepatotoxicity was dose dependent
and idiosyncratic reactions were not analyzed
(Fig 2). Portal and peri-portal fibrosis and
severe inflammatory exudate was noted. These
findings are in agreement with previous study.21
A previous study concluded that the AZA induced
hepatotoxicity is mediated through impaired
purine and DNA biosynthesis20 and reactive
oxygen species.21 The present study could not
studied this parameter. However, the ascorbic acid
offered excellent anti- hepatotoxic effect against
the AZA induced toxicity. Liver function tests and
liver histology were ameliorated by the ascorbic
acid. This is supported by previous studies.20,21
The present study has a few limitations such
as the free radicals, antioxidant enzymes and
other underlying mechanisms were not analyzed
because of study design, funding and financial
issues. However, the ascorbic acid is an easily
available and cost effective drug which must be
considered for those patients being treated with
azathioprine. The finding is of clinical importance.
The clinicians and oncologist may consider the
use of ascorbic acid in those where azathioprine
is used.
CONCULSION
Azathioprine causes severe liver injury that was
ameliorated by the ascorbic acid in present
experimental study. In conclusion, the patients
taking azathioprine may also be prescribed
ascorbic acid as prophylactic therapy to prevent
liver injury.
Copyright© 20 Oct, 2017.
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