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Laboratory-Based Experimental Study of the Protective Effects of Alpha-Tocopherol
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ABSTRACT
Objective: To investigate the role of alpha tocopherolin preventing isoniazid-induced hepatitis.
Study Design: Laboratory-based experimental study.
Place and Duration of Study: This study was conducted at the Pharmacology Department of the Army Medical
College, National University of Medical Sciences, Rawalpindi, in collaboration with the National Institute of
Health, Islamabad, Pakistan, from January 2020to June 2021.
Methods: It was an animal-based experimental study conducted in male mice. A sample size of ninety mice was
selected and randomly distributed into three groups. Hepatitis model was induced by oral administration of
100mg/kg of isoniazid for 28 days, which was indicated by elevated levels of serum bilirubin and liver enzymes,
and changes in histo-pathological parameters in liver samples. Alpha-tocopherol was administered orally 30
minutes prior to isoniazid at a dose of 100mg/kg for 28 days. Blood samples were collected from the tail vein of
mice on day O for baseline levels and day 29 via intra-cardiac puncture after euthanasia, for post-intervention
comparison. Liver samples were also collected and preserved for histopathological analysis. The biochemical
parameters were analyzed within groups using a paired t-test, while histopathological parameters were
analyzed for frequency distributions across the three groups.
Results: This study showed that alpha-tocopherol protected against isoniazid-induced hepatotoxicity, which
was indicated by decreased levels of liver enzymes and bilirubin in the serum. Hepato-protection was further
evident from the preservation of liver architecture, which was indicated by reduced necrosis, steatosis, and
portalinflammation.
Conclusion: Alpha tocopherolis effective in protecting against isoniazid-induced hepatotoxicity.
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Introduction

One of the most lethal diseases mankind has
suffered from since ancient times is Tuberculosis
(TB)." The causative pathogen for the disease is
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Mycobacterium tuberculosis. Early diagnosis and
anti-tuberculous therapy are important for early
recovery and prevention of mortality and morbidity
accompanying the disease.’

The standard treatment regimen for TB consists of
two phases, the intensive phase and the
continuation phase, with two- and six-month
durations, respectively. The drugs administered in
the intensive phase are isoniazid (INH), rifampicin
(RMP), pyrazinamide (PZA), and ethambutol (E),
while INH and RMP are administered during the
continuation phase for four months. This regimen is
the gold standard for primary TB since long and is
associated with excellent results as far as the
elimination of pathogen and disease symptoms are
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concerned, with some studies showing more than
80% cure rate’ Million lives have been saved in the
last decade with effective anti-tuberculosis
treatment (ATT).!

A variety of adverse drug reactions (ADRs) are
associated with ATT, which limits the compliance to
these medications and hence the overall success rate
of the regimen. One of the major ADRs of ATT is drug-
induced hepatotoxicity. The incidence of this side
effectranges from 2 to 40 percent, with a mortality of
2 per thousand patients with hepatitis.” INH is the
most notorious ATT agent, responsible for more than
50% cases of ATT-induced hepatitis.”’

The probable mechanism of INH-induced hepatitis is
conversion of INH to toxic metabolites by hepatic
enzymes N-acetyl transferase 2 (NAT2) and
cytochrome P450 2E1 isoform (CYP2E1), which leads
to hepatocyte damage by covalent bonding, free
radical formation, and metabolic dysfunction.
Increased age, female gender, poor nutritional
status, slow acetylator status, and prior hepatic
dysfunction are major risk factors for developing
INH-induced hepatitis.”™

Multiple implications are associated with INH-
associated hepatitis, culminating in the
contraindication of further use of INH and switching
to second-line treatment regimens. This leads to ten
times increase in the overall treatment cost and
exposure to much toxic side effects of the second line
drugs."™®

Reversing isoniazid-induced hepatitis is an active
area of research for along time, and different studies
have been conducted in this regard.”™ Alpha
tocopherol, a biologically active form of vitamin E, is
a potent antioxidant and reduces oxidative stress by
preventing lipid peroxidation and scavenging free
radicals. Multiple studies have been conducted to
explore the potential role of alpha-tocopherol in
reversing ATT-induced hepatitis. However, these
studies are conducted on a rabbit model, while
studies have shown that the mouse model closely
resembles the human model of ATT-induced
hepatitis.”” Our study is designed to explore the
effects of alpha tocopherol in a mouse model so that
theresults can be replicated in humans as well.
Methods

It was an experimental study that was conducted at

68

Protective Role of Alpha-Tocopherol in Isoniazid-Induced Hepatitis

the Pharmacology Department from January 2020 to
June 2021. The procedures were performed after
obtaining approval from the College's Ethics Review
Committee (ERC) vide letter no: ERC/6/19, dated:
11" March 2019. Mice of C3HeB/Fel strain, having a
weight of 30-50 grams, were procured and kept in
the animal house of NIH, Islamabad, at room
temperature, maintaining a 12-hour dark and light
cycle and diet ad libitum. Isoniazid (100mg) tablets,
manufactured by Lisko Pakistan (private) limited,
were obtained from a local pharmacy. Tablets of
isoniazid were dissolved in water, and a stock
solution was prepared with a total daily dose
calculated as 1.07 ml. Alpha tocopherol was
purchased from the local market, manufactured by
Merck Pharmaceuticals, as gel capsules. A total of 90
healthy male mice were selected by a convenience,
non-probability, random sampling technique and
distributed in three groups with 30 mice in each
group. The first group was labelled as group A and
taken as the control group. In this group, mice were
fed anormal diet ad libitum. Group B was used as the
disease control group, in which oral INH was given for
28 days at a 100mg/kg dosage for induction of
hepatotoxicity. In Group C, oral alpha-tocopherol
was given via gavage tube 30 minutes prior to INH
administration ata 100mg/kg dose for 28 days."
Blood samples were collected from the tail vein of
the mice on day 0 and via intracardiac injection on
day 28 in clot activator tubes for biochemical
analysis. Serum bilirubin, alkaline phosphatase
(ALP), alanine transaminase (ALT), and aspartate
transferase (AST) were taken as biochemical
parameters.

Animals were sacrificed on the 29th day, and liver
samples were dissected out and preserved for
histopathological analysis. Sections were examined
under high-power field for the presence or absence
of triaditis, steatosis, necrosis, degeneration,
fibrosis, and regeneration.

Data was analyzed using SPSS version 21. Statistical
difference between the serum levels of liver
enzymes within the groups on day 0 and day 28 was
analyzed using a paired t-test. Histopathological
parameters were analyzed for their frequency
distributions.
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Results and bilirubin (P=0.026) in group B from day zero to
Results of liver enzymes and serum bilirubin are ~ day 28. Serum enzyme levels showed no changes in
shown in Table 1 and Figure 1. Paired t-test showeda  group A (P=0.371) and C (P=0.61) from day zero to
significant rise in the serum levels of liver enzymes day 28.

Table 1: Results of paired t-test showing the differences of biochemical parameters in three groups

Paramete Group A Group B Group C

rs Day0 Day28 P-value Day 0 Day 28 P-value Day O Day 28 P-value

Serum 2.43 2.45 2.05 3.0 2.5 2.1

bilirubin + + 0371# + + 0026* + + 0.61**
0.68 0.67 0.68 0.83 0.68 0.55

Serum 43.3 45.2 43.7 293.5 43.9 51.0

ALT * t 0.21" t * <0.001" * * 0.14"
15.1 15.4 13.5 435 13.6 25.4

Serum 39.7 40.3 38.9 41.2 39.5 41.4

AST + * 0.132% + + 0.003" + * 0.135™
3.3 3.8 2.9 3.2 2.8 2.7

ALP * * 0.5" * * <0.001" + + 0.52"
15.0 14.5 13.4 10.5 13.5 14.1

*Statistically Significant (P value<0.05), " Statistically non- significant (P value>0.05)

Table 2: Distribution of histological parameters among groups

Histological Parameter Group A Group B Group C
Ballooning degeneration 0 24 (80%) 3 (10%)
Necrosis 0 15 (50%) 1 (3%)
Steatosis 0 24 (80%) 9 (30%)
Triaditis 0 15 (50%) 0 (0%)
Fibrosis 0 0 0
Regeneration 0 0 0

DAY 0 DAY 28 DAY 0 DAY 28

= GROUPA = GROUPB = GROUPC = GROUPA = GROUPB = GROUPC

C D
PEERRE.
DAY 0 DAY 28 DAY 0 DAY 28
= GROUPA = GROUPB GROUP C = GROUPA = GROUPB GROUP C
Fig.1: Effects of Alpha Tocopherol on serum bilirubin(A), Fig.2: Photomicrograph of slide showing normal
ALT (B), AST (C), and ALP (D) architectureingroup A
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Fig.3: Photomicrograph of slide showing steatosis in
group B (INH-treated group)

Results of the histologic findings, shown in Table 2
and Figure 2, were also consistent with the
biochemical results. It was observed that
administration of INH resulted in ballooning
degeneration (80% of specimens), necrosis (50% of
specimens), steatosis (80% of specimens, Figure 3),
and triaditis (50% of specimens) in group B on day 28.
Concurrent administration of Alpha tocopherol in
group C resulted in preservation of liver histology
characterized by decreased frequency of ballooning
degeneration (10%), necrosis (3%), steatosis (30%),
and triaditis (0%).

Discussion

Hepatotoxicity is a common and most sinister side
effect occurring with ATT, with INH responsible for
most of the cases.”*" Isoniazid is one of the most
common causative agents in this condition.’®
Prevention of hepatitis with ATT is an active research
area with multiple studies conducted to decrease the
occurrence of concurrent hepatitis. Studies have
been conducted in various animal models using
different agents to discover a possible solution to this
problem. However, most of these studies were
conducted on rat models and a few on rabbit
models.”™ The discrepancy with these models is
that the human hepatotoxicity model is delayed-
onset and characterized by centrilobular necrosis,
which differs from the rat and rabbit models of
hepatitis. The probable reason is the difference in
the acetylation affinities of cytochrome enzymes for
both INH and acetyl hydrazine. These steps are
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species-dependent, with research showing that INH-
induced hepatitis in rats and rabbits does not
resemble the human model.” The results of these
studies cannot justify the use of alpha tocopherol in
humans.

The purpose of our study was to explore the
potential protective role of alpha tocopherol in a
mouse model that closely resembles the human
hepatitis model, as the relative concentrations of
INH to AcHz are similar to those in humans.”
Consequently, the results of the study will justify the
use of alpha tocopherol in humans for its possible
hepatoprotective effect.

Raised levels of liver enzymes and bilirubin in the
serum were the biochemical parameters used for
assessing hepatitis. ALT levels three times the upper
limit of normal (ULN) were considered as drug-
induced liver injury.” The degree of hepatic damage
was also assessed by microscopic examination of
liver samples.

INH was used in a 100 mg/kg dose in the study, which
is similar to the dose used by Wessam H et al. and
administered orally.”

Serum bilirubin levels were raised significantly in the
INH-treated group compared to group A on day 28.
Bilirubin levels in the Alpha tocopherol treated group
on day 28 were statistically not significant compared
to day 0, indicating the ameliorating action of alpha
tocopherol on INH-induced hepatitis. These findings
are similar to the study conducted by Tayal V et al.,
which showed ameliorating action of tocopherol in
albinorabbits.”

The INH-treated group also revealed a significant rise
in serum levels of ALT and ALP compared to the
normal control group on day 28. Serum levels were
significantly lower in the alpha tocopherol-treated
group, which shows amelioration in the
hepatotoxicity by INH. Probable mechanismsinclude
scavenging free radicals and reduced free-radical
formation in hepatocytes. These findings are also
similar to the previous studies, which showed the
protective effects of alpha-tocopherol.”**

One of the unique findings in our study was the lack
of a clinically significant rise in serum AST levels
following an INH 100mg/kg dosage, unlike previous
studies."”" The probable explanation for this is that
administration of INH for 28 days leads to acute liver
injury, which is characterized by a rise in ALT levels
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compared to AST. Raised serum AST is rather more
associated with chronic liver injury compared to
acute liverinjury.”

The liver injury in the INH-treated group was evident
from the histopathology of liver samples as well,
which showed ballooning degeneration, steatosis,
triaditis, necrosis, and fibrosis, observed under high
and low power microscopy. Alpha tocopherol
administration led to preservation of liver
architecture, which was shown by reduction in
ballooning degeneration, steatosis, triaditis, and
necrosis. These results are similar to those of Naji KM
et al. and Tayal V et al., which showed reduced
inflammatory infiltrates in the portal triad area and
reduced necrosis.”” Dubiwak et al. also reported
similar findings in which quercetin was administered
as a remedy for INH-induced liver injury.” However,
fibrosis was not seen in any of the liver specimens in
our study, as the injury induced was of an acute
nature, with fibrosis being more common in models
of chronic liver injury. This finding is in accordance
with that of previous studies, in which fibrosis was
not seen in any of the liver specimens.”” Similarly,
regeneration was not observed in our model,
probably because of the shorter duration of
treatment with the antioxidants.

The study had certain limitations that should be
acknowledged. Assessment of oxidative stress
biomarkers and inflammatory cytokines was not
possible due to resource and time constraints. Due to
the short study duration, the chronic effects of the
antioxidants were not evaluated. Blinding the
assessors was not possible due to technical
constraints.

Conclusion

Hence, it can be concluded that alpha tocopherol has
a protective effect against isoniazid—induced
hepatitis. Further large-scale animal studies and
human studies are required to support this finding,
which may prove alpha tocopherol to be a potent
remedy against INH-induced hepatitis.
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