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on mice liver function tests after oral administration
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ABSTRACT

Introduction: The liver is a major organ and involved in metabolizing various toxins, including chemicals, drugs, and
natural substances.! Diclofenac is a commonly used non-steroidal anti-inflammatory drug. Febuxostat is a novel non-
purine xanthine oxidase inhibitor prescribed in various hyperuricemic states. Rise in liver enzymes with diclofenac use
is a well-established fact. When both drugs are used in combination, these may lead to profound hepatotoxicity. To
find out these facts this study was planned.

Subjects and methods: An experimental study on mice was planned to explore these facts in University of Health
sciences, Lahore. Animals were divided into 6 groups having 10 animals in each group. The animals were given drugs
for 7 days. One served as control. 2" group was given Diclofenac alone (100mg/kg), 3™ group was given Febuxostat
(50mg/kg) alone while rest of three groups were administered drugs combination (Diclofenac + Febuxostat). Dose of
Diclofenac (100mg/kg) kept constant while dose of Febuxostat increased in each group (5mg/kg, 10mg/kg and
50mg/kg). All drugs administered orally by gavage. After 7 days, the serum levels of liver enzymes assessed. Statistical
analysis was performed using SPSS 20. One way ANOVA and Post hoc Tukey tests were applied. A p-value of <0.05
was considered statistically significant.

Results: The results showed that Diclofenac and Febuxostat caused liver damage when used separately but
hepatotoxicity was much significant (p-value <0.001) when drugs were used in combination.

Conclusion: Both drugs Diclofenac and Febuxostat when administered in combination, causes more liver profound

liver damage. That is why their use in combination should be avoided in clinical settings.
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INTRODUCTION

Hepatocytes have large concentration of enzymes
involved in detoxification of drugs and other injurious
agents. Above 900 drugs have been involved in hepatic
damage and most of the drugs were withdrawn from the
market due to this reason.? The majority of NSAIDs
inhibit cyclo-oxygenase enzymes and consequently
change prostaglandin production, and as a result, liver
and kidney cells are exposed to injury.® Diclofenac is a
very potent anti-inflammatory agent and used in many
rheumatoid disorders. Usual dose in humans is 100-200
mg/day. Elevation of ALT and AST is more common
with Diclofenac than other NSAIDs*. Hepatocyte
damage by Diclofenac generation of extra reactive
oxygen species has been well documented.® Febuxostat
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was approved by FDA in 2009. It is a drug used to lower
hyperuresemic state. Its dose is 40-120 mg/day. It leads
to elevated liver enzymes in many cases. Moreover, a
case of severe hepatitis has been reported after
treatment with Febuxostat.5” Abnormal liver function
tests as elevated serum enzymes levels have been
reported in 2% to 13% patients receiving Febuxostat
but the levels were generally mild to moderate and self-
limiting.®! The severity, nature and timing of these
abnormalities have not been described. The mechanism
of Febuxostat hepatotoxicity is believed to be due to its
hepatic metabolism, the major pathway being
glucronidation with minor metabolism via the CYP 450
system. However, liver enzymes elevations were the
major reason for Febuxostat discontinuation during
these clinical trials.® Patient with hyperurecemic states
use Febuxostat to lower serum uric acid level. During
first week of treatment, use of Febuxostat leads to gout
flare resulting in severe pain. To relieve gout pain as
well as pain of gout flare, Diclofenac is usually used
with Febuxostat. Both drugs when used in combination,
may lead to profound hepatotoxicity. Although the
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mechanism of this increased risk of hepatotoxicity is
unclear, it could be because both drugs are primarily
metabolized and excreted by the liver.

SUBJECTS AND METHODS
It was an experimental study conducted at animal house
and Pharmacology Department of University of Health
Sciences (UHS) Lahore for a period of 1 month.
Sample size was 10 mice per group; it was calculated by
using formula with 90% power of study and 5% level of
significance.** Adult healthy male BALB-c¢ mice,
weighing 25-30gm, were kept for 1 week to acclimatize
to the environment. Studies were performed in
accordance with the guidelines of standard animal care
and use committee, UHS. Healthy adult male 60
BALB-¢ mice were randomly divided into 6 groups,
having 10 animals each. Group 1 served as control and
each subject was given 0.3ml normal saline (0.9%) once
daily by gavage for 7 days. Group Il mice had given
diclofenac 100 mg/kg once daily for 7 days by gavage.*?
Group Il were treated with Febuxostat 50 mg/kg by
gavage once daily for 7 days. Group IV subjects were
administered Diclofenac at a dose of 100mg/kg and
after 2 hours Febuxostat 5 mg/kg was given by gavage
once daily for 7 days.* Group-V had been given
Diclofenac at a dose of 100mg/kg and after 2 hours
Febuxostat 10mg/kg by gavage once daily for 7 days.
Group VI mice had diclofenac at a dose of 100mg/kg
and after 2 hours Febuxostat 50mg/kg by gavage once
daily for 7 days. Blood was collected via cardiac
puncture, after 24 hours of the last treatment. Serum
was separated by using centrifuge and stored at -20°C.
Liver enzymes alanine transaminase (ALT), aspartate
transaminase (AST), alkaline phosphatase (ALP) and
serum total bilirubin levels were assessed by using
chemistry analyzer (Randox Monza®, UK).'5

Data was analyzed using SPSS version 20 for
normal distribution. MeanzSD given for quantitative
variables. One-way ANOVA was applied to determine
statistical significance. Observing homogeneity of
variance Post hoc Tukey’s test was applied to evaluate
mean differences in the groups. A p-value <0.05
considered as statistically significant value.

RESULTS

Serum analysis showed that serum ALT level was
increased (75.2 £+ 6.68 U/L) in Group Il which was
treated with Diclofenac (Table 1, Figure 1). The levels
raised five times more as compared to control group
(19.4£3.02 U/L). Group Il having Febuxostat (50
mg/kg) also showed three times rise in ALT levels as
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compared to control group (67+10.43 U/L and
19.4+3.02 U/L respectively) but was lower than Group
Il. Group 1V treated with drug combination, Diclofenac
(100 mg/kg U/L) and Febuxostat (5 mg/kg) showed
significant rise in ALT level as compared to control
group (86.849.80 U/L vs. 19.4+3.02 U/L). Group V was
given combination of Diclofenac (100 mg/kg) and
Febuxostat (10 mg/kg), which exhibited significant rise
in ALT level as compared to control group ((97.7£10.3
U/L vs. 19.4+3.02 U/L). Group VI treated with drug
combination, Diclofenac (100 mg/kg) and Febuxostat
(50 mg/kg) showed significant increase in ALT level as
compared to control group (120.4+119 U/L vs.
19.4+3.02 U/L respectively).

AST level increased in Group Il which was given
Diclofenac (mean+SD) 88.3+7.01 U/L. This rise was 3
times as compared to the control group (meanzSD)
33.1+#5.08 U/L. Group Il which was administered
Febuxostat (50 mg/kg) also showed three times rise in
AST levels as compared to control group (79.5+11.33
U/L vs. 33.1+5.08 U/L) but it is less than that observed
in Group Il (Diclofenac alone). Group 1V treated with
drug combination, Diclofenac (100 mg/kg) and
Febuxostat (5 mg/kg) showed significant increase in
AST level as compared to control group (99.845.91
U/L ws. 33.1#5.08 U/L). Group V given drug
combination, Diclofenac (100 mg/kg) and Febuxostat
(10 mg/kg) showed significant rise in AST levels as
compared to control group (105.9+6.1 U/L s
33.1+5.08 U/L) and Group VI treated with drug
combination, Diclofenac (100 mg/kg) and Febuxostat
(50 mg/kg) showed significant rise in AST level as
compared to control group (181.1+12.2 U/L vs.
33.1+5.08 U/L), (Table 1, Figure 1)

Serum ALP level increased in group Il which was
given Diclofenac (mean + SD) 96.9+7.34 U/L (Tablel,
Figure 1). The level raised about 2 times as compared to
control group (24.3+5.06 U/L). Group Il which was
given Febuxostat (50 mg/kg) also indicated about 2.5
times rise in ALP levels as compared to control group
(68.2+8.45 U/L vs. 24.3+5.06 U/L) but it was less than
group Il. Group IV administered drug combination,
Diclofenac (100 mg/kg) and Febuxostat (5 mg/kg)
exhibited significant increase in ALP level as compared
to control group (97.946.59 U/L vs. 24.3£5.06 U/L).
Group V was given drug combination, Diclofenac (100
mg/kg) and Febuxostat (10 mg/kg) showed significant
rise in ALP levels as compared to control group
(101.9+4.2 U/L vs. 24.3t5.06 U/L) and Group VI
treated with drug combination, Diclofenac (100 mg/kg)
and Febuxostat (50 mg/kg) showed significant rise in
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ALP level as compared to control group (124.9+6.5
U/L vs. 24.3t5.06 U/L). The rise in ALP level is
increased gradually with increasing doses of Febuxostat
in Group IV, Group V and Group VI.

Serum analysis showed serum bilirubin level did
not rise significantly in Group Il which was given
Diclofenac as compared to control group (mean = SD)
0.57+0.10 U/L and 0.49+£0.11 U/L mg/dl respectively
(Table 1, Figure 1). Group Il which was given
Febuxostat also indicated no significant rise (0.53+0.18
U/L vs. 0.49+0.11 U/L). Group IV treated with drug
combination, Diclofenac (100 mg/kg) and Febuxostat (5
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mg/kg) showed no significant elevation in serum
bilirubin level as compared to control group (0.52+0.11
U/L vs. 0.49£0.11 U/L). In Group V which was given
drug combination, Diclofenac (100 mg/kg) and
Febuxostat (10 mg/kg) there was no significant rise in
bilirubin levels as compared to control group (0.54+0.21
U/L vs 0.49£0.11 U/L) and Group VI treated with
drug combination, Diclofenac (100 mg/kg) and
Febuxostat (50 mg/kg) showed insignificant rise in
bilirubin level as compared to control group (0.61+0.16
U/L vs. 0.49+0.11 U/L).

Table 1. Effects of Diclofenac and Febuxostat on levels of serum liver enzymes in mice

Groups Treatment Dose (by gavage) ALT (U/L) AST U/L ALP (U/L) Bilirubin (mg/dl)

| Normal saline (control) 0.3 ml/kg 19.4+3.02 33.1+5.08 24.3+5.06 0.49+0.11

11 Diclofenac 100 mg/kg 104.6+6.68 101+7.01 96.9+7.34 0.57+0.10

i Febuxostat 50 mg/kg 67+10.43 79.5+11.33 68.2+8.45 0.53+0.18

v Diclofenac + Febuxostat 100 mg/kg + 5 mg/kg 86.8+9.80 99.8+5.91 97.9+6.59 0.52+0.11

\Y Diclofenac + Febuxostat 100 mg/kg + 10mg/kg 97.7+10.3 105.9+6.1 101.9+4.2 0.54+0.21
VI Diclofenac + Febuxostat 100 mg/kg + 50mg/kg 120.4+11.9 181.1+12.2 124.9+6.5 0.61+0.16
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Figure 1. A) Effect of Diclofenac and Febuxostat on liver enzymes in mice. A) Effect on serum alanine aminotransferase level (U/L). B) Effects
serum aspartate aminotransferase (U/L) level. C) Effect on serum alkaline phosphatase (U/L). D) Effect on serum bilirubin (mg/dl) level. Where *
denotes p-value <0.05, **p-value <0.001, #p value >0.05. A p-value mentioned is test vs. control group. Values are represented as mean + SD of 10
animals.
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DISCUSSION

Rise in the serum concentrations of ALT and AST
enzymes is indicative of disruption of plasma membrane
integrity, which is responsible for the escape of these
enzymes into the blood circulation. Serum ALT level of
control group was considered normal for reference
value. Group Il which was administered Diclofenac
(100 mg/kg) showed raised enzyme levels. This rise was
significant (p value <0.001), which was indicating that
when Diclofenac is administered alone, it causes liver
damage. The extent of liver damage caused in this
group was used to compare it with damage caused by
drugs combination in different doses of Febuxostat.
Group 111 having Febuxostat (50 mg/kg) presented with
significant rise in ALT level, which was highly
significant (p value <0.001),but this group showed lesser
extent of liver damage as compared to the group Il,
which was administered Diclofenac alone. The groups
which  were given combination therapy also
demonstrated rise in serum ALT levels. This rise in
serum ALT was proportional to the dose of Febuxostat.
This significant elevation in enzyme level is showing
acute damage to the liver cells with increasing doses of
Febuxostat during combination therapy with Diclofenac
(Figure 1).

AST level of control group was considered normal
for reference value. Group Il which was administered
Diclofenac (100 mg/kg) showed rise in liver enzymes
levels, that was significant (p value <0.001). Group Il
was given Febuxostat (50 mg/kg). There was significant
rise in AST level. Enzyme level (AST) in group I
(Febuxostat) was significant but less than group I
(Diclofenac). It indicates that Febuxostat also injured
the integrity of hepatocytes but to a lesser extent than
Diclofenac. The groups which were given combination
therapy also demonstrated rise in serum AST level. The
value increased with increasing doses of Febuxostat.
The rise of serum AST level was significant (p value
<0.001) in all groups but high level of hepatotoxicity
was observed with higher doses of Febuxostat in
combination (Figure 1).

Raised ALP levels are indicative of intrahepatic or
extra hepatic cholestasis due to hepatocyte damage.
Serum ALP level of control group was considered
normal for reference value. Group Il which was
administered Diclofenac (100 mg/kg) showed raised
enzyme levels significantly (p value <0.001). Group Il
was given Febuxostat (50 mg/kg). There was significant
rise in ALP level. Enzyme level in group Il
(Febuxostat) was significant (p value <0.001) but less
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than group 111 (Diclofenac). It indicates that Febuxostat
also injured the integrity of hepatic tissue but to a lesser
extent than Diclofenac. The groups which were given
combination therapy also demonstrated rise in serum
ALP level with increasing doses of Febuxostat (Figure
1).

Total serum bilirubin level is an indicator of
chronic liver damage which impairs its function along
with its structural integrity. In this study bilirubin level
of group | which served as control was 0.49 + 0.11U/L
(mean £ SD). In experimental groups this value did not
varied significantly. Duration of drug administration in
our study was 7 days. This duration of study indicates
acute liver damage, that’s why serum bilirubin levels
remained unchanged.

Duration of drug administration was kept short
because in patients Febuxostat is prescribed for long
term use but Diclofenac is prescribed to alleviate pain of
gout flare which occurs during the first week of
Febuxostat treatment.

CONCLUSION

This study showed that Diclofenac as well as Febuxostat
caused hepatotoxicity when both were used individually,
however hepatotoxicity with Febuxostat alone was less
profound. But when both drugs were used in
combination, they lead to significant hepatotoxicity
even when used for short duration of 7 days. So in
patients’ combination use of both drugs should be
avoided and if prescribed, physician should keep an eye
on Liver Function Tests.
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