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and cinnamon against oxidative liver damage
induced by an isoniazid and rifampicin
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Abstract. Isoniazid and rifampicin (IRC) have been shown to cause hepa-
totoxicity in both clinical and preclinical studies. Oxidative stress and in-
flammation have been held responsible for the pathogenesis of IRC-induced
hepatotoxicity. Antioxidative and anti-inflammatory effects of thiamine py-
rophosphate (TPP) and cinnamon extract (CE) have been shown in previous
studies. Therefore, our study investigated the protective effects of TPP and CE
on possible liver damage caused by IRC treatment in rats. Twenty-four albino
Wistar rats were categorized into four groups: a healthy group (HG), an IRC
group (IRG), a TPP+IRC group (TIRG), and a CE+IRC group (CIRG). TPP (25
mg/kg) was administered intraperitoneally to TIRG, while CE (100 mg/kg)
was administered orally to CIRG. In IRG, TIRG, and CIRG, isoniazid (50 mg/
kg) and rifampicin (50 mg/kg) were administered orally one hour after these
treatments. For seven days, this procedure was repeated once a day. After this
period, blood samples were taken from the tail veins, and the rats were sac-
rificed. The removed liver tissues were analyzed for oxidant, antioxidant, and
proinflammatory cytokines and subjected to histopathological evaluation.
Serum alanine aminotransferase and aspartate aminotransferase activities
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were also measured. An increase in malondialdehyde, nuclear factor kappa
B, tumor necrosis factor-alpha, interleukin 1 beta, and interleukin-6 levels, a
decrease in total glutathione levels, superoxide dismutase and catalase activi-
ties, and an increase in alanine aminotransferase and aspartate aminotrans-
ferase activities were found with IRC treatment (p<0.001). The histopatho-
logical analysis of the IRG suggested hepatotoxicity (p<0.001). TPP and CE
administered with IRC inhibited the biochemical changes (p<0.001). In the
TIRG, this inhibition was higher than in the CIRG (p<0.05). Histological
damage was inhibited by TPP (p<0.001). CE prevented biochemical changes
but not histological changes except inflammatory cell infiltration. Therefore,
TPP may be better than CE in preventing IRC-induced hepatotoxicity.

Efectos protectores del pirofosfato de tiamina y la canela
contra el daifo hepatico oxidativo inducido por la combinacion
de isoniazida y rifampicina en ratas.
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Resumen. Se ha demostrado que la isoniazida y la ritampicina (IRC) cau-
san hepatotoxicidad tanto en estudios clinicos como preclinicos. El estrés
oxidativo y la inflamacion se han considerado responsables de la patogénesis
de la hepatotoxicidad inducida por IRC. En estudios anteriores se han demos-
trado los efectos antioxidantes y antiinflamatorios del pirofosfato de tiamina
(TPP) y del extracto de canela (CE). Por lo tanto, en nuestro estudio se inves-
tigaron los efectos protectores del TPP y el CE sobre el posible dano hepatico
causado por el tratamiento con IRC en ratas. Se clasificaron 24 ratas Wistar
albinas en cuatro grupos: un grupo sano (HG), un grupo IRC (IRG), un grupo
TPP+IRC (TIRG) y un grupo CE+IRC (CIRG). El TPP (25 mg/kg) se admi-
nistré por via intraperitoneal al TIRG, mientras que el CE (100 mg/kg) se ad-
ministr6 por via oral al CIRG. En IRG, TIRG y CIRG, se administré isoniazida
(50 mg/kg) y rifampicina (50 mg/kg) por via oral una hora después de estos
tratamientos. Durante siete dias, este procedimiento se repitié una vez al dia.
Tras este periodo, se tomaron muestras de sangre de las venas de la cola y se
sacrificaron las ratas. Los tejidos hepaticos extraidos se analizaron en busca
de citocinas oxidantes, antioxidantes y proinflamatorias y se sometieron a una
evaluacion histopatolégica. También se midieron las actividades séricas de la
alanina aminotransferasa y la aspartato aminotransterasa. Con el tratamien-
to con IRC se observé un aumento de los niveles de malondialdehido, factor
nuclear kappa B, factor de necrosis tumoral alfa, interleucina 1 beta e inter-
leucina 6, una disminucién de los niveles totales de glutation y de las activi-
dades de superodxido dismutasa y catalasa, y un aumento de las actividades de
alanina aminotransferasa y aspartato aminotransferasa (p<0,001). El analisis
histopatolégico del IRG sugirié hepatotoxicidad (p<0,001). EI TPP y ¢l CE
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administrados con el IRC inhibieron los cambios bioquimicos (p<0,001). En
el TIRG, esta inhibicién fue mayor que en el CIRG (p<0,05). El dafio histol6-
gico fue inhibido por el TPP (p<0,001). El CE previno los cambios bioquimi-
cos pero no los histolégicos, excepto la infiltracion de células inflamatorias.
Por lo tanto, TPP puede ser una mejor opcion que CE para la prevencion de la

hepatotoxicidad inducida por IRC.
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INTRODUCTION

Isoniazid and rifampicin are anti-my-
cobacterial drugs that are part of the World
Health Organisation’s recommended com-
bination treatment regimen for tuberculo-
sis!. Treatment for tuberculosis consists of
a quartet of anti-mycobacterial medications,
including isoniazid, rifampicin, ethambutol,
and pyrazinamide. Furthermore, the isonia-
zid and rifampicin combination (IRC) in-
cludes the supportive phase of tuberculosis
treatment 2. Although effective in treating
tuberculosis, these drugs may cause serious
side effects. During treatment, there may be
toxic effects on the dermatology, gastroin-
testinal system, hypersensitivity, neurology,
hematology, and renal system °. Antituber-
culosis drugs can cause liver toxicity, which
can result in the discontinuation of the drug
as well as morbidity and mortality *. A pri-
mary antituberculosis drug, isoniazid, has
been reported to cause liver injury through
oxidative stress °. The role of lipid peroxida-
tion (LPO) in the pathogenesis of isoniazid-
associated oxidative liver injury has been
documented °. Severe oxidative liver damage
is believed to be initiated by reactive oxygen
species (ROS) 7. According to the literature,
isoniazid has hepatotoxic effects due to the
formation of the acetylhydrazine metabolite
due to its acetylation *. Although rifampicin
alone has a low hepatotoxicity potential ©, it
exhibits additive and synergistic hepatotox-
icity when used with isoniazid in treating
tuberculosis *. This has been attributed to

Accepted: 28-04-2024

the stimulation of hydrolases by rifampicin
and the formation of hepatotoxic reactive
metabolites from isoniazid ®.

The protective effect of thiamine pyro-
phosphate (TPP), thiamine’s active metabo-
lite, was evaluated in IRC-induced hepatotox-
icityin rats ?. Evidence in the literature shows
that TPP protects various organs from oxida-
tive and proinflammatory cytokine damage
1012 " Cinnamon, which we also investigate in
our study against the possible toxicity of IRC
on the liver, is the bark of some Cinnamo-
mum (Lauraceae) species . Cinnamon has
been shown to have anti-inflammatory, anti-
oxidant, and many other beneficial biologi-
cal properties in the literature . It has been
reported that cinnamon protects the heart,
liver, kidney, blood, brain, and spleen from
the toxicity of chemicals through its anti-
oxidant, radical-scavenging, and LPO-sup-
pressing properties’s. The anti-inflammatory
effect of cinnamon extract (CE) has been as-
sociated with inhibition of proinflammatory
cytokines . This information suggests that
TPP and CE may be helpful in treating IRC-
induced liver injury. This study was designed
to investigate the protective effects of TPP
and CE against IRC-induced liver injury in
rats.

MATERIALS AND METHODS

Animals

Twenty-four male albino Wistar rats
(282-294 g, 5-6 months old) purchased from
the Experimental Animal Research and Ap-
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plication Centre of Erzincan Binali Yildirim
University were used in the study. The rats
were housed in an environment with ap-
propriate temperature (22=2°C), humidity
(50-60%) and 12-h light-dark cycle and fed
ad libitum. Experimental procedures were
carried out after the approval of the local
Animal Experiments Ethics Committee of
Erzincan Binali Yildirim University (Date:
31.08.2023, Decision number: 29).

Chemical substances

Isoniazid and Rifampicin were procured
from Kogak Farma Ilag ve Kimya Sanayi (Is-
tanbul, Turkey), Thiamine pyrophosphate
was procured from BioPharma (Moscow,
Russia), Cinnamon extract was procured
from Solgar (Leonia, USA), and thiopental
sodium used for the experiment was pro-
cured from IE Ulagay (Istanbul, Turkey).

Experimental groups

The rats (n=6/cach group) were ran-
domly divided into healthy control (HG), iso-
niazid + rifampicin (IRG), TPP + isoniazid
+ rifampicin (TIRG), and CE + isoniazid +
rifampicin (CIRG) groups.

Experimental process

In the experiment, TPP (25 mg/kg) was
administered intraperitoneally to the TIRG.
CE (100 mg/kg) was administered orally
by gavage to the CIRG. In both the HG and
IRG, distilled water was administered the
same way. To the IRG, TIRG, and CIRG, iso-
niazid (50 mg/kg) and rifampicin (50 mg/
kg) were given orally one hour after the TPP,
CE, and distilled water were given. The indi-
cated treatment protocol was administered
once daily for seven days. At the end of the
seventh day, blood samples were collected
from the tail vein of the rats for alanine
aminotransferase (ALT) and aspartate ami-
notransferase (AST) analyses. The rats were
then euthanized with 50 mg/kg thiopental
sodium intraperitoneally, and liver tissues
were collected. Malondialdehyde (MDA),

total glutathione (tGSH), superoxide dis-
mutase (SOD), catalase (CAT), nuclear fac-
tor kappa B (NF-kB), tumor necrosis factor-
alpha (TNF-a), interleukin 1 beta (IL-1B),
and interleukin 6 (IL-6) were analyzed in
the liver tissues. Liver tissues were also ex-
amined histopathologically.

Biochemical analyses
Preparation of the samples

The tissues were cleaned of blood using
physiological saline and pulverized by adding
liquid nitrogen. Powdered tissues were dis-
solved in 50 mM phosphate buffer (pH=7.4).
For MDA, tGSII, SOD, CAT, NF-«B, TNF-q, IL-
1B, and IL-6 analyses, the supernatants ob-
tained after centrifugation were used.

Tissue MDA, tGSH, SOD, and CAT
determination

MDA and tGSH levels and SOD activities
in tissues were determined by measuring each
with Enzyme-Linked ImmunoSorbent Assay
(ELISA) kit (product nos. 10009055, 703002,
and 706002, respectively, Cayman Chemical
Company) according to the instructions. The
CAT analysis was conducted according to the
method recommended by Goth 7.

Tissue NF-kB, TNF-a, IL-1p, and IL-6
determination

TNF-a, IL-1B, and IL-6 levels were deter-
mined with ELISA kits purchased from East-
biopharm Co Ltd (China), and NF-xB levels
were measured with commercial ELISA kits
purchased from SunRed Biological Technol-
ogy Co. Ltd (China). The analyses were per-
formed according to the kit instructions.

Determination of ALT and AST in
serum. Tubes without anticoagulants were
used for blood samples, and serum was used
for analyses. After centrifugation, the clear
filtrate was separated and stored at -80°C.
ALT and AST activities were determined
spectrophotometrically using a Cobas 8000
autoanalyzer (Roche Diagnostics GmBH,
Germany) with kits (Roche Diagnostics).
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Histopathological analysis

Tissue samples were fixed in formalin
(10%). Subsequently, tissue samples were
washed. Tissues were embedded in paraffin
after ethanol (70-100%) and xylol proce-
dures. Sections (4-5 u) were prepared and
stained with hematoxylin-eosin (H&E). Sec-
tions were photographed and analyzed using
a light microscope (Olympus Inc., Tokyo,
Japan) and the DP2-SAL firmware program.
Histopathological changes in liver tissue
were defined as hepatocyte degeneration,
Kupffer cell activation, capillary congestion,
and the presence of polymorphonuclear cell
(PMNL) infiltration. Each section was grad-
ed 0-3 for each criterion (0, absent; 1, mild;
2, moderate; 3, severe). The evaluation was
performed by a pathologist who was unaware
of the study groups’ assignments.

Statistical analyses

The statistical procedures were con-
ducted using “SPSS for Windows, 22.0” sta-
tistical software. It was determined that the
numerical data were normally distributed
by the Shapiro-Wilk test; therefore, one-way
ANOVA was used for the analysis. Accord-
ing to the results of Levene’s test, Tukey
HSD or Games Howell tests were used as
post hoc tests for intergroup comparisons.
The biochemical data were presented as
mean * standard deviation (X=SD). The
Kruskal-Wallis test was preferred for analyz-
ing semiquantitative histopathologic grad-
ing data, and then the post-hoc Dunn’s test
was employed for the analysis. Statistical
results were presented as median (quartile
1- quartile 3). The significance level was set
at p<0.05.

RESULTS

Analysis of MDA, tGSH, SOD and CAT
levels in liver tissue

It can be seen from Fig. 1A that MDA
levels in liver tissue increased in the IRG
group (5.48+0.20) compared to healthy
rats (2.39%0.18) (p<0.001). The increase

in MDA was observed to be suppressed in the
TIRG (2.67%0.24) and CIRG (4.06x0.15)
(p<0.001). Compared with CE, TPP sup-
pressed the increase in MDA more effectively
(p<0.001). The MDA levels in TIRG and HG
were not significantly different (p=0.100).

In IRG, a decrease in tGSH levels
and SOD and CAT activities (3.42+0.24,
5.33%0.15, 3.78%=0.12, respectively) were
detected with the increase in MDA compared
to HG (6.34%0.18, 9.19+0.12, 7.51+0.21,
respectively) (p<0.001). TPP (5.80%0.10,
8.76x0.13, 7.09+0.26, respectively) and CE
(4.48%+0.09, 6.66*0.16, 5.39+0.37, respec-
tively) inhibited the decrease in tGSH levels
and SOD and CAT activities (p<0.001). TPP
treatment prevented the decrease in antioxi-
dants more effectively than CE (p<0.001)
(Fig. 1B-D).

Analysis of NF-kB, TNF-a, IL-1p and IL-6
levels in liver tissue

As presented in Fig. 2A-D, the levels of
NF-kB, TNF-a, IL-1B, and IL-6 in the liver tis-
sues of rats in the IRG group (4.86x0.09,
4.68%=0.09, 6.29%+0.15, 5.70x0.12, respec-
tively) were higher than those in the HG
group (2.38+0.11, 2.13+0.07, 3.37+0.19,
2.49x0.24, respectively) (p<0.001). Com-
pared to the IRG group,both TPP (2.57=0.12,
2.37+0.11, 3.68+0.26, 2.77+0.11, respec-
tively) and CE (3.25%0.15, 3.31%0.14,
5.00+0.48, 4.02x0.22, respectively) inhib-
ited these increases in NF-kB, TNF-a, IL-1
and IL-6 (p<0.05). However, this inhibition
was more significant in the TPP than in the
CE group (p<0.05). There were similari-
ties between TIRG and HG in terms of NF-
kB (p=0.315), IL-1Bp (p=0.157) and IL-6
(p=0.064) levels.

Analysis of ALT and AST activities
in serum samples

As presented in Fig. 3A-B, ALT and AST
activities measured from the serum of rats in
the IRG (86.67+4.55,220.00+7.72, respec-
tively) were found to be increased according
to HG (29.17%x4.02, 39.17+4.92, respec-
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Fig. 1(A-D). Results of analyses of MDA (A), tGSH (B), SOD (C) and CAT (D) data measured from liver
tissues. *; p<0.001 vs IRG, # p>0.05 vs HG. MDA: malondialdehyde, tGSH: total glutathione,
SOD: superoxide dismutase, CAT: catalase, HG: healthy group, IRG: isoniazid+rifampicin applied
group, TIRG: thiamine pyrophosphate+izoniazid+rifampisin applied group, CIRG: Cinnamon

extract+izoniazid+rifampisin applied group.

tively) (p<0.001). The increase in ALT and
AST activities in the IRG appeared to be sup-
pressed in TIRG (32.83%3.55, 45.83+4.62,
respectively) and CIRG (56.50%2.43,
92.50%4.51, respectively) (p<0.001). TPP
inhibited this increase in ALT and AST ac-
tivities more effectively than CE (p<0.001).
Serum ALT (p=0.165) and AST (p=0.200)
activities of TIRG and HG were similar.

Histopathologic findings

There were normal central arteries in
the liver tissue sections, radially arranged
hepatic cords in the lobules, and normal tis-
sue structure in the HG group, as presented
in Fig. 4A and Table 1.

Upon examination of the liver tissue
of the IRG group, it was observed that the
hepatocytes around the central artery had

lost their typical morphology, were degen-
erating, their nuclei bulged and appeared
pyknotic on occasion. A noticeable phenom-
enon was the loss of radial arrangement of
hepatic cords, which resulted in irregular
and spiralized cords. There was a marked
and moderate degree of congestion in both
the central artery and surrounding blood
vessels. A significant increase was observed
in the number of Kupffer cells. Many PMNLs
were detected infiltrating the pericapillary
arca (Fig. 4B and Table 1).

Notably, in the TIRG group treated with
TPP, the arrangement of hepatic cords and
hepatocytes was generally normal, and the
Kupffer cell population was relatively simi-
lar to the control group. PMNL infiltration
was rare throughout the tissue (Fig. 4C and
Table 1).
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NF-kB: nuclear factor kappa-B, IL-1p: interleukin 1-beta, TNF-0: tumor necrosis factor-alpha, 1L-6:
interleukin-6, HG: healthy group, IRG: isoniazid+rifampicin group, TIRG: thiamine pyrophosphate
+izoniazid+rifampisin group, CIRG: Cinnamon extract+izoniazid +rifampisin group.
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Fig. 3 (A-B). Results of analyses of ALT (A) and AST (B) data measured from serum. *; p<0.001 vs IRG, #,

p>0.05 vs HG.

ALT: alanine aminotransferase, AST: aspartate aminotransferase HG: healthy group, IRG:
isoniazid+rifampicin group, TIRG: thiamine pyrophosphate+izoniazid+ritampisin group, CIRG:

cinnamon extract+izoniazid+rifampisin group.
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Fig. 4 (A-D). A. Liver tissue belonging to the HG. =2»; hepatocyte, 2; Kupffer cell, *; normal appearance of
blood vessels (H&E x200). B. Liver tissue belonging to the IRG. =; degenerated hepatocyte, =; irreg-
ularity in hepatic cords, @; increased Kupffer cells, »; polymorphonuclear cell infiltration, *; moder-
ately congested blood vessel (H&E x 200). C. Liver tissue belonging to the TIRG. =»; hepatocyte with
normal morphology, 2: Kupffer cell, *; slightly congested blood vessel (H&E x 200). D. Liver tissue
belonging to the CIRG. =»; moderately degenerated hepatocytes, 2; increased Kupffer cells, =; irreg-
ularity in the hepatic cords, »; weakly polymorphonuclear cell infiltration, *; moderately congested
blood vessels (H&E x200). HG: healthy group, IRG: isoniazid+rifampicin group, TIRG: thiamine
pyrophosphate +izoniazid+rifampisin group, CIRG: Cinnamon extract+izoniazid+rifampisin group.

Table 1
Analysis results of histopathological grading data of liver tissues from rats.

Groups (n=6/each groups)

Parameters HG (n=6) IRG (n=6) TIRG (n=6) CIRG (n=6) H /p values
Median (quartile 1-quartile 3)
Degeneration 0(0-0)” 3(2-3) 0(0-0)"* 2(2-2)¢ 129.013<0.001
Kupffer cell activation 0(0-0)” 3(2-3) 0(0-0)"* 2(2-2)* 129.151/<0.001
Congestion 0(0-0)" 2(2-3) 0.5(0-1)"* 2(2-2)¥  122.132/<0.001
PMNL infiltration 0(0-0)” 3(3-3) 1(1-1)° 1(0.25-2)" 114.468/<0.001

Histopathological grading (0-3): 0: absent, 1: mild damage, 2: moderate damage, 3: severe damage. * p<0.001 vs.
IRG, #; p>0.05 vs. HG, &; p>0.05 vs. IRG, HG: healthy group, IRG: isoniazid+rifampicin group, TIRG: thiamine
pyrophosphate + izoniazid + rifampisin group, CIRG: Cinnamon extract + izoniazid + rifampisin group. Statistical
analysis was done using the Kruskal-Wallis test. Then, Dunn’s test was applied. Data are presented as median (quar-
tile 1-quartile 3). p<0.05 was considered significant.
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In the CE-treated CIRG group, it was re-
markable that hepatic cords were irregular,
and hepatocyte degeneration was at a mod-
erate level. In general, it was observed that
the congestion in the blood vessels was at a
moderate level, and the Kupffer cell popula-
tion was increased. Mild PMNL infiltration
was also determined in the pericapillary areca
(Fig. 4D and Table 1).

DISCUSSION

The primary treatment protocol for
tuberculosis consists of isoniazid, rifampi-
cin, pyrazinamide, and ethambutol for six
months . Increased dosages of these drugs
have been tried to overcome resistance,
which has increased the incidence of side
effects 1. Drug-related side effects often re-
sult in a change in treatment, which can ad-
versely affect the treatment’s effectiveness.
One of the most common side effects of an-
tituberculosis treatment is hepatotoxicity 8.
In the literature, mitochondrial dysfunction
and oxidative stress have been reported to be
involved in the mechanism of IRC-induced
hepatotoxicity . In this study, TPP ' and
CE ™, both with antioxidative activity, were
examined biochemically and histopathologi-
cally for their protective effects on IRC-in-
duced hepatotoxicity. Our biochemical anal-
ysis revealed that IRC use caused an increase
in oxidant (MDA) and inflammatory markers
(NF-xB, TNF-a, IL-1pB, and IL-6), a decrease
in antioxidants (tGSH, SOD, and CAT), and
an increase in ALT and AST activities.

As mentioned above, the role of LPO in
the pathogenesis of isoniazid-induced oxida-
tive liver injury was demonstrated °. Rifam-
picin, on the other hand, was reported to
exhibit additive and even synergistic hepa-
totoxicity when used in combination with
isoniazid *. The cause of this condition has
been attributed to rifampicin stimulating
hydrolases and the formation of hepatotoxic
reactive metabolites from isoniazid . As is
well known, MDA is an LPO product used as
a biomarker of oxidative stress 2. MDA ex-

hibits a toxic effect; additionally, convert-
ing ROS into active substances causes cell
membrane damage, leading to apoptosis
and liver necrosis ?!. An experimental study
has found that four weeks of IRC treatment
has increased MDA in rat livers *2. By sup-
pressing the increase in MDA in the group
administered TPP in conjunction with IRC,
it is evident that TPP displays antioxidant
properties. It was suggested in the litera-
ture that thiamine interacted with free radi-
cals and hydroperoxides and inhibited LPO
23, Previously, TPP was also tested in oxida-
tive liver injury induced by propofol 11 and
metazimol * and was found to inhibit the in-
crease in MDA levels in rat livers, similar to
our study. In our study, CE suppressed the
increase in MDA levels. However, CE sup-
pressed the increase in MDA levels less than
TPP. Mosclhy et al. reported that aqueous
and ethanol extracts of cinnamon could pre-
vent the increase in MDA levels by reducing
LPO in carbon tetrachloride-induced oxida-
tive liver injury in rats?>.

The liver tissues of the animals were
also analyzed in terms of antioxidants. For
this purpose, tissue tGSH levels and SOD and
CAT activities were determined. GSH repre-
sented the most important endogenous non-
enzymatic antioxidant. GSH plays a role in
the protection of cells from ROS.10 The lit-
erature reported that hydrazine reacted with
the sulthydryl group of GSH, depleting its
levels in hepatocytes and causing cell death
¢ In our study, tGSH levels were found to be
decreased in the IRC group. Similarly, Zhang
et al. found that IRC decreased GSH levels in
liver tissue and serum samples 7. During the
metabolism of antituberculosis drugs, toxic
metabolites and free radicals deplete endog-
enous antioxidants, making the liver suscep-
tible to further damage *%. According to the
literature, external administration of agents
with antioxidant activity could contribute
to tissue defense in such cases 2°. Our study
determined that TPP administered with IRC
prevented the decrease in tGSH levels and
even maintained them at healthy levels for
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the healthy group. Delen et al. similarly con-
cluded that TPP inhibited the depletion of
tGSH in the liver caused by propofol use 11.
The decrease in tGSH levels in CE-treated
animals was suppressed, although not as
much as in TPP-treated animals. In a previ-
ous study, CE was found to possess antioxi-
dant properties and to suppress GSH deple-
tion in liver tissue 2.

Results of our analysis indicated that
SOD and CAT activities were also decreased
in the IRC group in which tGSH levels were
low. By accelerating the conversion of oxygen
to hydrogen peroxide (H,0,), SOD was the
first antioxidant enzyme to fight ROS 7. CAT,
on the other hand, converted the toxic H,0,
into H,O and oxygen ™. As a result, SOD and
CAT acted as mutually supportive antioxidant
enzymes that protected ROS 7. It was dem-
onstrated in previous preclinical studies that
IRC decreased the activity of SOD and CAT in
the liver *22, The results of this study revealed
that TPP treatment was able to prevent the
decline in SOD and CAT activities. Through-
out the body, TPP catalyzes various chemical
reactions. As a cofactor of enzymes involved
in maintaining cell redox, it synthesized re-
duced nicotinamide adenine dinucleotide
phosphate and glutathione and increased the
synthesis of antioxidants 2*. In addition, Bedir
et al. found that TPP prevented metamizole-
induced decreases in the activities of SOD
and CAT in the liver tissues of rats **. El-Kholy
et al. used CE, another therapeutic drug, to
treat oxidative liver damage induced by amox-
icillin/clavulanate and found that it inhibited
the decrease in SOD and CAT activity, similar
to our results %,

Previously, it was reported that IRC
treatment caused inflammation. This leads
to activation of macrophages and infiltra-
tion of circulating immune cells into the tis-
sue %, In contrast, sterile inflammation also
contributed to hepatotoxicity by increasing
oxidative stress. NF-kB was a transcription
factor that modulated inflammation 253, Ac-
cording to our biochemical results and previ-
ous studies, increased NF-xB levels with IRC

treatment confirmed inflammatory activity
2831 In the TPP-treated group, the increase
in NF-kB levels secemed to be prevented. Sim-
ilarly, Ozer et al. found that TPP suppressed
the increase of NF-kB in damaged ovarian
tissue *. In our CE-treated group, NF-xB
levels were higher than the TPP group and
lower than the IRC group. A recent study
found that this increase was suppressed in
obese rats treated with Cinnamon powder
compared to rats with increased hepatic
NF-kB expression with obesity %5. Our study
also investigated liver tissues for the levels
of proinflammatory cytokines such as TNF-a,
IL-1B, and IL-6.

Increased ROS released inactive NF-kB
through a series of reactions. Activated NF-
kB induced gene transcription of TNF- o and
IL-1B 2. On the other hand, TNF-a, which
is considered the primary mediator induc-
ing the inflammatory response, has been re-
ported to activate NF-xB by binding to the
TNF receptor !¢, In addition, it was pointed
out that TNF-a increased ROS production
that triggered liver injury through various
pathways . IL-1p had intense proinflamma-
tory activity like TNF-a. 7. Although IL-6 also
prevented acute liver inflammation, its pro-
longed stimulation resulted in tissue dam-
age to the liver **. Our study discovered that
TNF-a, IL-1B, and IL-6 levels were similarly
increased in the IRC group in which NF-xB
levels were increased. Patel et al. also found
an increase in TNF-a, IL-1p, and IL-6 levels
in their study on the effects of IRC on the
liver 3. Cytokine levels in rats administered
with TPP and CE were lower than those of the
IRC group. No studies have been conducted
in the literature on the effect of TPP on tis-
sue cytokine levels in oxidative liver injury.
However, it was reported that TPP prevented
the increase in TNF-a and IL-1p levels due
to ethanol toxicity in optic nerve tissue *.
In the literature, studies also reported that
CE, another therapeutic agent, exhibited
anti-inflammatory activity by suppressing
the increase in TNF-qa, IL-1B, and IL-6 levels
induced by various causes in the liver 041,
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In this study, the ALT and AST activi-
ties of blood samples obtained from animals
were measured. These transaminases were
sensitive markers of liver cell damage, and
these biomarkers have been widely used in
the past and present to assess liver func-
tion *2. In both clinical and experimental
studies, it has been demonstrated that IRC
treatment increases the levels of ALT and
AST 182642 Our study also demonstrated
increased ALT and AST activity after IRC
treatment. A lower enzyme activity was ob-
served in both TPP and CE-treated groups,
but a lower activity was observed in the
TPP-treated group. As previously reported,
TPP inhibited the increase in ALT, AST, and
lactate dechydrogenase activities following
acetaminophen * and cisplatin-induced liv-
er injury 2. Mosely et al. also demonstrated
that CE inhibited the increase in ALT and
AST activities >°.

A histologic analysis of liver tissues con-
firmed our biochemical findings. Degenera-
tion of hepatocytes and marked congestion
of blood vessels were observed in the IRC
group. In addition, an increase in the num-
ber of Kupffer cells and PMNL was observed.
According to previous studies, IRC induced
changes in the liver, such as sinusoidal dila-
tation, infiltration of immune cells, inflam-
mation in the portal system, and necrosis of
the liver 27?8, Our histopathological analysis
showed that the hepatocytes and Kupffer
cell populations of the TPP-treated group
were similar to those of the control group,
and rare evidence of PMNL infiltration was
observed. Several studies demonstrated that
TPP protected liver tissue from oxidative
damage and prevented structural changes
such as cellular degeneration, necrosis, and
infiltration of inflammatory cells ''*3. In the
CE group, there was moderate hepatocyte
degeneration and vascular congestion. In
addition, there was a moderate increase in
the Kupfter cell population and mild PMNL
infiltration. However, some previous studies
reported that CE treatment altogether ** or
almost entirely * prevented tissue damage

in oxidative liver injury. However, our his-
topathologic evaluation indicated that TPP
protected the histologic structure of the liv-
er better than CE, similar to our biochemi-
cal results.

Limitations

In the future, total oxidant levels and
antioxidant levels should be measured to in-
vestigate the mechanism of hepatoprotec-
tive effect of TPP and CE in greater detail.
Additionally, we believe that anti-inflamma-
tory cytokine levels should be evaluated.

Our results revealed that IRC induced
an increase in oxidants and proinflammato-
ry cytokines and a decrease in antioxidants
in the liver tissues of the animals. More-
over, IRC treatment caused an increase in
liver function parameters and damage to
the histological structure of the liver. TPP
and CE inhibited both biochemical and his-
topathologic changes. However, TPP pro-
tected liver tissue from IRC-induced dam-
age better than CE. The results of our study
indicated that adding TPP to the treatment
might be an effective therapeutic strategy
for preventing IRC-induced hepatotoxicity.
Moreover, based on the results of our litera-
ture review, our study was the first to com-
pare the antioxidant and anti-inflammatory
properties of TPP and CE. As a result of our
current study, we are likely to contribute to
future experimental and clinical studies on
diseases where oxidative stress and inflam-
mation are involved in the pathogenesis.
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