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Abstract. Allopurinol is used to reduce total uric acid levels in the
body into oxypurinol which can inhibit xanthine oxidase. Allopurinol
inhibits the precursors of uric acid formation, xanthine, and hypox-
anthine. However, consumption of the drugs can cause side effects
on the liver. The aim of the research was to determine the effect of
allopurinol induction on the liver histopathology of male mice (Mus
musculus) DDY strain. The method used in this research was an ex-
perimental design used post-test only that was divided into 4 groups
of 4 mice per group. The control group (P0) was given 0.5% Na-CMC,
and groups I, II, and Il (P1, P2, and P3) were induced by allopurinol
at 10 mg/kg BW, 20 mg/kg BW, and 30 mg/kg BW for 14 days. Allop-
urinol induction was performed by oral gavage. The results of the
research showed that treatment with allopurinol caused changes in
the mice s body weight, liver index, liver morphology, and histological
structure of the liver tissue, including necrosis, steatosis, leukocyte
infiltration, binuclear hepatocytes, hepatocyte swelling, congestion,
sinusoid dilatation, and hemorrhage. The level of liver damage in-
creased in line with the dose used. This research indicated that the
higher the allopurinol level, the higher the level of alteration in the
liver section structure. Long-term use of allopurinol can cause dam-
age to the structure of mice liver (liver toxicity).
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INTRODUCTION

from purines (Cendrianti et al., 2014). Allo-
purinol is a type of uricostatic drug that works

Allopurinol is a drug that is widely used
by the general population to reduce uric acid
levels and prevent gout or hyperuricemia. In
the treatment of hyperuricemia, there are two
groups of drugs that are commonly used: uri-
cosurics, drugs with the mechanism of action
of increasing the body's uric acid excretion
through urine, and uricostatics, drugs that
work by reducing the formation of uric acid

by inhibiting the xanthine oxidase enzyme. In
the body, the enzyme xanthine oxidase can be
found in the liver and muscles. Xanthine ox-
idase activity is by converting the oxidation
of hypoxanthine to xanthine, and xanthine to
uric acid (Chengiz et al., 2012).

Action mechanism of this enzyme is
through an oxidation reaction, in which oxy-
gen atoms are transferred from molybdenum
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to xanthine to form uric acid. Allopurinol has
tens of times stronger affinity for the enzyme
xanthine oxidase, so allopurinol will react
more with this enzyme to form a product in
the form of oxypurinol, which can inhibit the
formation of uric acid in the body (Yulian,
2014). However, treatment of gout using al-
lopurinol can also cause side effects such as
allergies, fever, chills, leukopenia, kidney and
liver failure, and digestive disorders (Liu et
al., 2008).

Uric acid is the end product of nucle-
ic acid and purine metabolism. Purines in the
body, usually come from food consumption,
conversion of nucleic acids in tissues into pu-
rine nucleotides, and de novo synthesis from
purine bases. Purines are an important part of
nucleic acids. Purines that are not used in the
body will be converted into uric acid in large
quantities. The production of uric acid in the
body is synthesized mainly in the liver. The
liver is the largest organ that plays an import-
ant function in metabolic processes and has
an important role in detoxifying or degrading
drugs, hormones, waste substances, and for-
eign compounds into inactive or water-sol-
uble forms (Jayanegara, 2017). The liver is
also the main place for synthesis, catabolism,
absorption, and excretion of substances that
enter the body, including drugs. Because of
those roles, the liver is susceptible to damage
due to the influence of certain chemicals or
drugs. Liver damage is also noted in the Asia
Pacific as one of the leading causes of death
(Sarin et al., 2020).

Using the drug continuously and at inap-
propriate doses can cause liver damage. Liver
damage can be influenced by several factors,
such as the type of chemical substance, the
dose used, and the length of exposure. Liv-
er damage can cause some alterations such
as necrosis, cholestasis, the gradual onset of
hepatic dysfunction, or some changes in the
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form of degeneration. Hammer & McPhee
(2014) stated that the more severe the damage
to the liver, the more degeneration that occurs
becomes irreversible. The liver can also un-
dergo necrosis caused by the direct effects of
toxic agents.

Guzik et al., (2019) stated that allopuri-
nol is a commonly used drug that rarely causes
serious hepatotoxicity, but several case studies
have shown that the use of allopurinol caus-
es organ disorders. One case study by Igbal
et al., (2017) stated that the long-term use of
allopurinol in an 83-year-old man suffering
from a chronic disease showed the occurrence
of granulomatous hepatitis. In another case
study by Yu et al., (2013), there were 2 pa-
tients who had anti-tuberculosis treatment but
had hyperuricemia and were given allopurinol
0.1 g orally 3 times a day, there was an effect
after 2 weeks that the patient developed a rash
and fever. According to Albir and Al-Kaisy
(2019), histology is an important method that
can be used to diagnose many liver diseases.
The aim of the research was to determine al-
lopurinol induction in the liver of male mice
(Mus musculus) using several doses of allopu-
rinol based on the histological study.

MATERIALS AND METHODS

The study is a laboratory experiment
with design post-test-only control group de-
sign. The research was carried out from May
until November 2021 at the Biology Labora-
tory, Faculty of Mathematics and Natural Sci-
ences, Universitas Bengkulu.

0.5% Na-CMC Solution

0.5 grams of Na-CMC was weighed and
dissolved in 10 ml of distilled water for about
15 minutes until it was clear like a gel, stirred
until homogeneous, and diluted with distilled
water up to a volume of 100 ml.

281



Jurnal Biodjati 7(2):280-291, November 2022

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

Allopurinol Solution

Allopurinol tablets were crushed, then
weighed according to the mice’s average
weight based on the dose to be induced in
mice. Allopurinol was dissolved in 10 ml of
0.5% Na-CMC solution and homogenized.

Treatment of Test Animals

This research was feasible to carry
out and has received approval from the Ani-
mal Care and Use Committee of Universitas
Bengkulu or Ethical Clearance with the num-
ber 48/KEH-LPPM/EC/2021. The mice used
were male mice DDY strain aged 10-12 weeks
with an average body weight of 25-30 gr. The
mice were acclimatized for 7 days, and their
body weight was weighed. Mice were divided
into 4 treatments, each treatment consisting of
4 mice:

Group 1 (P0) as a control group without allo-
purinol induction (Na-CMC 0,5%)

Group 2 (P1) induced by allopurinol at a dose
of 10 mg/kg BW

Group 3 (P2) induced by allopurinol at a dose
of 20 mg/kg BW

Group 4 (P3) induced by allopurinol at a dose
of 30 mg/kg BW

Mice were induced by allopurinol orally
and given treatment for 14 days. At the end
of the treatment, the mice’s body weight was
weighed. Furthermore, the mice were eutha-
nized by cervical dislocation and operated on
using a dissecting kit, the liver was taken and
the liver was weighed. The liver morphology
of the mice was observed before the fixation
process was carried out. The liver index of
mice was also measured by dividing the liver
weight by body weight.

Liver Histology Preparation
Liver organs were isolated and washed
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using 0.9% NaCl, then put into a bottle con-
taining 10% NBF fixative. Fixation was car-
ried out for 24-48 hours. The organs were
washed using 70% alcohol and then dehydrat-
ed with 70%, 80%, 90%, and 100% alcohol
for 60 minutes. It was cleared using toluene
and infiltrated using 4 times liquid paraffin
for 60 minutes. Embedding organs were im-
planted in liquid paraffin until harden and
then sectioned by cutting the organ using a
microtome. The coupes were attached to a
glass object that has been smeared with Mey-
er albumin. The preparations were rehydrat-
ed into graded alcohol and then stained using
hematoxylin-eosin, then dehydrated in graded
alcohol and deparaffinated using xylene for
8-12 hours. The next stage was mounted tis-
sue with a deck glass using canada balsam.
The samples were then observed using optilab
at 100x and 400x magnification to see the his-
tology of the liver.

Histopathological Data

Histopathological data that have been
obtained were analyzed based on tissue dam-
age in the liver of mice after exposure to al-
lopurinol induction. Observation of histology
using 5 fields of view and was given a score
of damage to each cell and then calculated
the average of the score. The assessment of
the degree of liver cell damage according to
Baldatina (Table 1). For a semi-quantitative
comparison of the structural changes, the ab-
normalities in the tissue sections were graded
from O (normal structure), 1 (mild pathologi-
cal changes), 2 (moderate pathological chang-
es), and 3 (severe pathological changes) (Ibra-
him et al., 2018).

Data Analysis
The data obtained were analyzed using
the SPSS program with normality test data
using Shapiro Wilk and followed by a One-
282
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way ANOVA test. If the probability value (p)
<0.05 is significantly different, then it is con-
tinued with the Duncan Multiple Range Taste

(DMRT) test, p values less than 0.05 were
considered statistically significant.

Table 1. Liver evaluation scoring parameters using Baldatina (2008)(ML)

Score Percentage Histological Change
o The liver undergoes hydropic degeneration, parenchymal degeneration,
0 <25% . . .
and apoptosis around the centrilobular (central vein)
1 25-50% The liver undergoes hydropic degeneration, parenchymal degeneration,
’ and apoptosis that extends to the middle area (midzone)
o The liver undergoes hydropic degeneration, parenchymal degeneration,
2 50-75% . .
and apoptosis that extends to the periportal
3 > 759, The liver undergoes hydropic degeneration, parenchymal degeneration,
° and apoptosis that extends to the periportal (perilobular) zone
RESULTS AND DISCUSSION contained in a feed that enters the individual's

The result of average body weight of
mice in each treatment group can be seen in
Table 2. It was shown that the control group of
mice (P0) had a weight gain of about 0.23 gr.
Meanwhile, the allopurinol induction treat-
ment group had weight loss. In the P1 group
treated with allopurinol 10 mg/kg BW had an
average weight loss of 4.72 gr, while the P2
and P3 groups had an average weight loss up
to 7.24 gr and 9.29 gr respectively. It shows
that the induction of drugs using allopurinol
can cause physiological stress in mice and
will decrease appetite.

Weight gain in individuals was influ-
enced by nutritional factors. Nutrients are

body as feed consumption (Mardiati & Sitas-
wi, 2016). However, many factors cause a de-
crease in appetite in mice. Magfirah & Christin
(2020) stated that a significant change in body
weight is the easiest visible indicator and ear-
ly indicator of a toxic effect from a given test.
Body weight in toxicity studies showed that
experimental animals who received high dos-
es generally lost weight due to decreased ap-
petite. Table 2 shows that the higher the dose
given, the lower the body weight in male mice
induced using allopurinol. The final weight of
the treatment showed a significant difference.
Allopurinol treatment at a dose of 30mg/kg
BW caused the most weight loss compared to
the other treatments.

Table 2. Body weight of male mice induced by allopurinol

Body Weight Average Increase Decrease
Group Percentage Percentage
Pre-treatment (gr) Post-treatment (gr) (%) (%)
PO 27.95+0.45 28.19 +£3.23% 8.58 -
P1 28.55+0.23 23.83 £4.57%® - 16.5
P2 29.36 +£0.27 22.12+4.46%® - 24.66
P3 29.27 +0.51 20.08 +3.06° - 31.39

Data represent the mean + standard deviation. Mean values with different letters over the
same column are significantly different (p < 0.05) according to Duncan’s Multiple Range
Test. PO: mice control using 0,5% Na-CMC, P1: mice treated with allopurinol dose 10mg/
kg BW, P2: mice treated with allopurinol dose 20mg/kg BW, and P3: mice treated with
allopurinol dose 30mg/kg BW.

Lestari et al.
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The results of the study showed that
there were differences in the weight of the
liver of mice between each treatment.. In the
control group, the mean liver weight was the
highest compared to the other treatments of
allopurinol, the higher the dose of allopurinol
induced in mice, the lower the liver weight. In
the P3 group, the average dose of allopurinol
30mg/kg BW was 1.16 gr, a difference of 0.18
gr from the control group (Table 3). The liv-
er is an important organ in the detoxification
process or defense against various foreign
substances, bacterial invasion, and toxins, so
the liver weight can change due to substance
intake (Ceriana et al., 2018). Liver weight can
decrease may be due to exposure to allopu-
rinol, which can liver cells undergo necrosis.
However, the liver weight of mice between
treatments did not show a significant differ-
ence. Induction of allopurinol for 14 days did
not significantly affect liver weight. Mean-

while, data regarding the liver index showed
that the allopurinol induction treatment had a
significant impact on the hepatosomatic in-
dex compared to the control group (or normal
group).

Organ morphology is one way to deter-
mine the effect of a drug on an organ. Based
on the morphology of the liver (Table 3), the
control group (P0) did not change macroscop-
ically, as well as P1 group that had a red liver
color due to a lot of blood and healthy lob-
ules. Significant changes in liver morphology
are seen in P2 and P3 groups that looks paler.
Color changes in the liver that become paler
indicate a disturbance in blood flow to the liv-
er (Lailatul et al., 2015). According to West-
brook (2016), the pale liver was caused by the
rapid release of free fatty acids from enlarged
visceral fat. Fortes (2017), also stated that the
cause of pale liver is a toxic compound that
causes fatty liver.

Table 3. Liver index and morphology of liver

Liver weight

Group (@r) Liver Index Liver Morphology
gr
PO 1.34+0.16 4.75+£0.21°
P1 1.32£0.03 5.53 £0.34°
P2 1.21+£0.32 5.47+0.16°
1cm
&
P3 1164024  577+0.16° ‘

1cm

Data represent the mean + standard deviation. Mean values with
different letters over the same column are significantly different (p <
0.05) according to Duncan’s Multiple Range Test. PO: mice control
using 0,5% Na-CMC, P1: mice treated with allopurinol dose 10mg/
kg BW, P2: mice treated with allopurinol dose 20mg/kg BW, and P3:
mice treated with allopurinol dose 30mg/kg BW.

Jurnal Biodjati 7(2):280—291, November 2022
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Differences in dosage also affect liver
morphology due to several factors, such as
prolonged exposure, duration of exposure,
dose, and susceptible host cells. The intensi-
ty of exposure of a substance to an organ is
increased, causing changes in morphology
and function, these changes are generally re-
versible. Hepatotoxicity due to chemical com-
pounds is a potential complication that almost
always exists in any given chemical com-
pound because the liver is the center of the
metabolic disposition of all drugs and foreign
substances that enter. The higher the concen-

Table 3. Scoring of liver histopathology

tration, the more significant the toxic response
in a tissue (Amalina, 2009).

Based on the scoring of the liver his-
tology section (Table 4), it showed that the
negative control and P1 group had normal
tissue, P2 treated with allopurinol 20mg/kg
BW showed mild damage, while P3 treated
with allopurinol 30mg/kg BW showed mod-
erate damage. The liver-scoring histopathol-
ogy were significant differences in each treat-
ment group with negative control. Group P3
showed severe damage compared to other
treatments.

Hepatocytes Damage Score ~ Min Max Level of
Group
Average + SD Score  Score Damage
PO 0.18+0.1° 0.1 0.3 Normal
P1 0.83 +£0.65° 0.9 1.21 Normal
P2 1.57 +£0.87° 1.76 1.98 Mild
P3 2.08 £0.9¢ 2.45 2.72 Moderate

Based on the microphotographs (Figure
1), the control group (P0) showed histology of
the central vein without congestion, hepato-
cytes and sinusoids were normal, but in the
P1, P2, and P3 groups treatment with allopu-
rinol showed some tissue damage, there were
leukocyte infiltration, congestion, and steato-
sis. Microphotographs using a magnification
of 400x (Figures 2, 3, 4, and 5) showed histo-
pathology with sinusoid dilatation, necrosis,
hemorrhage, binucleation (binuclear), and hy-
drophilic degeneration.

Liver damage can be irreversible and
reversible, with alterations in histopathology
showing abnormalities of the tissue. Degen-
eration in liver tissue is a temporary change,
but degeneration that occurs continuously
can result in cell death. According to Maulida
(2013), liver cell damage begins with a degen-
eration process or cell swelling. The swelling
of cells is reversible, so it can return to nor-
mal. Figures 3 and 4 show a lot of cells with
Lestari et al.

steatosis. Fat degeneration or steatosis is an
abnormal accumulation of triglycerides in pa-
renchymal cells. One of the causes of steatosis
is toxins (Mulyono, et al., 2013). Fat degener-
ation is caused by the accumulation of fat in
the cytoplasm of cells and usually occurs in
parenchymatous cells, such as liver cells. In
hematoxylin-eosin (HE) staining, fat loss due
to the dehydration process with alcohol will
form vacuoles, so it is often called vacuole
degeneration.
Leukocyte infiltration shown in Figures
3 and 4, is a living tissue reaction to all forms
of injury. Injuries occur due to reactions be-
tween toxic substances and molecules in the
body, both subcellular and cellular. Infiltra-
tion of inflammatory cells of leukocytes in
the central vein is caused by damage to en-
dothelial cells that are very sensitive to toxic
substances, inflammation of the liver begins
in the central vein as a reservoir for blood
originating from the hepatic artery and portal
285
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vein. The longer the toxic exposure occurs, diffuse and spread from the portal area to the
the more inflammatory cell infiltration will central area (Makiyah & Khumaisah, 2018).

Figure 1. Microphotographs of the liver of control and treated male mice with 100x magnifica-
tion. A. The control group (P0) showed normal histology, B. liver treated with an allo-
purinol dose of 10mg/kg BW (P1) showed central venous congestion and hydrophilic
degeneration, C. liver treated with an allopurinol dose of 20mg/kg BW (P2) showed
slight damage. in the form of hemorrhage, congestion, and leukocyte infiltration, D.
liver treated with an allopurinol dose of 30 mg/kg BW (P3) which moderate dam-
age in the form of congestion, necrosis, hydrophilic degeneration, fatty degeneration.
Description:VC (central vein), S (sinusoid), H (hepatocytes), BD (bile duct), HPV
(hepatic portal vein).

A, A -'. N, - o W Sy " el i
Figure 2. Liver histology of male mice in control group (P0) (400x magnification), showing
normal central vein (cv), normal hepatocyte (h), Kupfer cells (k), and normal sinusoid

().
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(400x magnification) showing central vein congestion (c), leukocyte infiltration (inf),
necrosis (n), steatosis (st), binucleation (b), sinusoid dilatation (sd) and hydropic de-
generation (hd)

o | ¥ d L i o [
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Figure 4. Liver histology of male mice induced by allopurinol at a dose of 20mg/kg BW (P2)
(400x magnification) showing central vein congestion (c), necrosis (n), steatosis (st),
sinusoid dilatation (sd), leukocyte infiltration (inf), binucleation (b), hydropic degen-
eration (hd) and hemorrhage (hr)
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Figure 5. Liver histology of male mice induced by allopurinol at a dose of 30mg/kg BW (P3)
(400x magnification) showing central vein congestion (c), necrosis (n), steatosis (st),
sinusoid dilatation (sd), leukocyte infiltration (inf), binucleation (b), hydropic degen-
eration (hd) and hemorrhage (hr)

Photomicrographs in Figures 3, 4, and dilatation in the liver of mice is thought to be
5 showing dilatation of the hepatic sinusoids caused by the presence of necrotic hepato-
is a sign of liver sinusoid damage. Sinusoidal cytes (Hayati & Sunaryo, 2014). Hepatocytes

Lestari et al. 287
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undergoing necrosis have an irregular shape
so the arrangement of hepatocytes in the lob-
ules becomes irregular as well. As a result, the
sinusoids bordering the hepatocytes become
dilated. The results of this study are also sim-
ilar to Ekinci et al. (2019) using a dose of 0.1
mg/kg of allopurinol in rats which showed
that induction of allopurinol causes dilatation
and accumulation of blood in sinusoids. Wid-
ening of the sinusoids can also be caused by
high levels of toxicants in the blood that pass-
es through the sinusoids to the central vein.
Surasa et al., (2014) stated that sinusoids can
easily come into contact with toxicants from
hepatocytes (composed of endothelial cells).
The sinusoids and hepatocytes lining by sub-
endothelial clefts contain the microvilli of
the hepatocytes. This facilitates the contact
between the hepatocyte surface and the sinu-
soids, thus facilitating the exchange of com-
pounds including toxicants.

Figures 3, 4, and 5 also show micro-
scopic congestion is indicated by the presence
of blood cells in the blood vessels, and their
location fills the lumen in the blood vessels.
Congestion is an increase in blood volume
due to the dilatation of small blood vessels
(capillaries) (Sijid et al., 2020). Hydrophilic
degeneration is one of the lesions that occur
due to congestion (shown in Figures 3, 4, and
5). Hydrophilic degeneration is the initial
response of hepatocytes to toxic substanc-
es. Hydrophilic degeneration is a reversible
change so that when the toxic exposure is
stopped, the damaged cells will return to nor-
mal, but continued degeneration will lead to
cell death. Liver cell death causes hepatocytes
to be unable to return to their normal shape
(irreversible).

The next stage of liver cell damage is
necrosis, which is irreversible damage. Fig-
ures 3, 4, and 5 show the presence of hepato-
cytes necrosis. The results of the research by

Jurnal Biodjati 7(2):280—291, November 2022

Fitria (2017) also showed that the induction of
allopurinol at a dose of 5 mg/kg BW caused
necrosis which was characterized by pykno-
sis, karyorrhexis, and karyolysis. The final
stage of liver damage is necrosis, in which
cells die. Damage to hepatocytes is a manifes-
tation of the effects of the metabolism of toxic
substances in the liver. The increase in trans-
aminase levels in serum is caused by trans-
aminase-rich cells undergoing necrosis or de-
struction. Cell damage in the form of necrosis
causes swelling of the nucleus and cytoplasm
and then ruptures. The hallmark of necrosis is
the appearance of cell fragments or liver cells
without a nucleus or no visible cells accompa-
nied by an inflammatory reaction, collapse, or
enlargement of cells.

Induction treatment using allopurinol
in various doses of 10 mg/kg BW, 20 mg/kg
BW, and 30 mg/kg BW showed hepatotoxic-
ity in the alteration structure of liver tissue.
The higher the dose of allopurinol induction,
the greater the damage to liver tissue. Allopu-
rinol consumption should not be used in the
long term to prevent liver tissue damage that
can interfere with the work and function of the
liver.

CONCLUSION

Allopurinol induction can cause effect
on the liver tissue. The microphotographs of
the liver tissue section show alterations in a
liver structure such as leukocyte infiltration,
necrosis, hemorrhage, steatosis, sinusoidal
dilatation, binuclear, congestion, and hydro-
philic degeneration. A higher dose of allopuri-
nol was given in male mice for 14 days, in line
with the amount of liver tissue damage.
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