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Comparison of N-Acetyl Cysteine and Resveratrol Treatments in Acetaminophen
Toxicity Model in Rabbits

Tavsanlarda Yapilan Asetaminofen Toksikoloji Modelinde N-Asetilsistein
ve Resveratrol Tedavilerinin Karsilastirilmasi
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oz

Amag: Asetaminofen giivenli bir analjezik ilagtir fakat yiiksek dozlarda akut karaciger hasarna neden olmaktadir. Asetaminofen
intoksikasyonunda tedavisinde N-asetil sistein (NAC) kullanilmaktadir. Resveratrolun (RES), asetaminofen intoksikasyonu model-
lerinde kullanilabilecegi gosterilmigtir. Caligmamizda amag, asetaminofen intoksikasyonunda NAC ile resveratrol tedavilerinin etkin-
liginin karsilastirmaktir.

Aragclar ve Yontem: Calismamizda 6’s1 kontrol grubunda olmak tizere, 28 i 4 farkli ¢aligma grubunda olmak {izere toplam 34 tavsan
kullanildi. Asetaminofen (APAP) (n=7) grubunda hayvanlara 2 gr/kg asetaminofen orogastrik tiip aracilifiyla verildi. Aseta-
minofen+N-asetilsistein (APAP+NAC) (N=7) grubunda hayvanlara 2 gr/kg asetaminofen orogastrik tiip araciligiyla verildi ve
takibinin 1. saatinde 150 mg/kg NAC intramiiskiiler (i.m) uygulandi. Asetaminofen+resveratrol (APAP+RES) (N=7) grubunda
hayvanlara 2 gr/kg asetaminofen orogastrik tiip araciligiyla verildi ve takibinin 1. saatinde orogastrik tiiple 100 mg/kg resveratrol
verildi. Asetaminofen+Nasetilsistein+Resveratrol (APAP+NAC+RES) (N=7) grubunda ise hayvanlara 2 gr/kg asetaminofen oro-
gastrik tiip aracili@iyla verildi ve takibinin 1. saatinde orogastrik tiiple 100 mg/kg resveratrol verildi ve 150 mg/kg NAC i.m uygulandi.
ALT, AST, total GSH ve kan asetaminofen diizeyleri ¢alisildi. Hayvanlar 24. saatte sakrifiye edildi. Karaciger dokusu histopatolojik
inceleme i¢in kullanildu.

Bulgular: Sonuglarimizda 12 saat GSH diizeyi APAP+NAC grubunda APAP+RES grubuna gore istatiksel olarak anlamli bulundu
(p=0.007). Histopatolojik ¢alismada, apoptozis i¢in kullandigimiz HSCORE diizeyi kontrol grubunda APAP grubuna gore istatiksel
olarak daha disiik tespit edildi (p=0.007). Bu sonug asetaminofen toksisisitesi karaciger hiicrelerinde apoptozisi tetikledigini gésteri-
yor.

Sonug: Resveratrol asetaminofen toksisitesi tedavisinde NAC’a alternatif bir tedavi se¢enegi olabilir.

Anahtar Kelimeler: asetaminofen; NAC; parasetamol; resveratrol; toksisite
ABSTRACT

Purpose: Acetaminophen is safe analgesic drug but it may cause hepatic failure in high doses. N-acetyl cysteine (NAC) is used in the
treatment of acetaminophen intoxication. Resveratrol may be used in experimental acetaminophen intoxication models. Purpose, com-
pare the efficacy of NAC and resveratrol treatments in acetaminophen intoxication.

Materials and Methods: We used 34 rabbits. Six rabbits were included in control group, and 7 rabbits were enrolled in other groups
Asetaminophen (APAP) (N=7) group. The animals were administered 2 g/kg of acetaminophen by an orogastric tube. Asetamino-
phen+N-acetylcysteine (APAP+NAC) (N=7) group, 150 mg/kg NAC was administered intramuscular (i.m) to animals at 1% hour
following 2 g/kg of acetaminophen administration by orogastric tube. Asetaminophen+resveratrol (APAP+RES) (N=7) group, animals
received 100 mg/kg resveratrol by orogastric tube at 1% hour following oral administration of 2 g/kg of acetaminophen by orogastric
tube. e. Asetaminophen+N-acetyl cysteine+resveratrol (APAP+NAC + RES) (N=7) group, animals received 100 mg/kg resveratrol by
orogastric tube and 150 mg/kg NAC i.m at 1% hour following oral administration of 2 g/kg of acetaminophen by orogastric tube. ALT,
AST, GSH, and acetaminophen levels were measured. Animals were sacrificed at the 24" hour. Liver samples were obtained for
histopathological examination.

Results: According to our results, the GSH level at 12" hour was significantly different between APAP+NAC group and APAP+RES
group (p=0.007). In histopathological examination, HSCORE level we used for apoptosis was statistically significantly lower in control
group than in APAP group (p=0.007). Its supports that acetaminophen toxicity triggers apoptosis in liver cells.

Conclusion: Resveratrol may be an alternative treatment option to NAC in the treatment of acetaminophen toxicity.

Keywords: acetaminophen; NAC; paracetamol; resveratrol; toxicity

Received: 24.01.2022; Accepted: 30.04.2022

‘Emergency Medicine Service, Meram State Hospital, Konya, Tiirkiye.

2Department of Emergency Medicine, University of Selcuk, Faculty of Medicine, Konya, Tiirkiye.

3Department of Medical Pathology, University of Selcuk, Faculty of Medicine, Konya, Tiirkiye.

“Department of Medical Biochemistry, University of Selcuk, Faculty of Medicine, Konya, Tiirkiye.

Corresponding Author: Hasan Gazi Uyar, Emergency Medicine Service, Meram State Hospital, Konya, Tiirkiye. e-mail: dr.hasangaziuyar@gmail.com

How to cite: Uyar HG, Bayir A, Kara H, Karabagl P, Sivrikaya A, Unlii A. Comparison of n-acetylene cysteine and resveratrol treatments in acetaminophen
toxicity model in rabbits. Ahi Evran Med J. 2022;6(3):282-289. DOI: 10.46332/aemj.1060025

©2022 All right reserved by the Ahi Evran Medical Journal - Available onlina at- https://dergipark.org.tr/tr/pub/aemj


https://orcid.org/0000-0003-4291-5017
https://orcid.org/0000-0002-5680-031X
https://orcid.org/0000-0002-3839-7651
https://orcid.org/0000-0002-5558-0175
https://orcid.org/0000-0003-2956-5681
https://orcid.org/0000-0002-9991-3939

Ahi Evran Med J. 2022;6(3):282-289

INTRODUCTION

Acetaminophen (N-acetyl-p-aminophenol or paracetamol)
is a commonly used analgesic and antipyretic drug world-
wide.! In all age groups, suicidal attempts with acetamino-
phen (APAP) are frequently encountered due to it being
frequently prescribed and easy availability. APAP toxicity
is the most common cause of acute liver failure in the
United States. There are many studies suggesting that

APAP causes hepatic failure by damaging the liver tissue.?

NAC is used in patients with APAP toxicity, and it has
some serious side effects. These side effects include acute
allergic reactions such as anaphylaxis, anaphylactic shock,
angioedema, and urticaria. Moreover, relatively frequent
side effects, such as nausea and vomiting, are also ob-
served. These side effects suggest that new antidotes
should be developed for APAP toxicity. One of these new

antidotes is resveratrol.

Resveratrol (3,4,5-trihydroxystilbene) is a natural antioxi-
dant in the polyphenol structure found in abundance in
fruits, such as grapes, peanuts, strawberries, and cherries.?
It is a strong antioxidant and prevents oxidative damage by
binding to reactive free oxygen radicals and chelating
metal.* Resveratrol increases the level of glutathione
through the glutamate-cysteine ligase enzyme and neutral-
izes the free oxygen radicals.® Resveratrol has been shown
to increase hepatic glutathione, induce phase-2 hepatic en-
zymes and remove free radicals. It has been demonstrated
that resveratrol inhibits the nuclear factor kappa § (NF-kp),
which is the transcription factor in the inflammatory cas-
cade,510 and also decreases the NF-kp core translocation
and affects transcription.!! Resveratrol has also been
shown to have a hepatoprotective effect against many
hepatotoxic agents such as ethanol and carbontetrachloride
together with APAP.12

To the best of our knowledge, there is no experimental
study in the literature comparing NAC and resveratrol
treatments in terms of protective and therapeutic aspects in
APAP-induced hepatoxicity. In this study, we aimed to
compare the efficacy of NAC and resveratrol therapies
with biochemical parameters and tissue histopathological
examination in an experimental APAP toxicity model in
rabbits.

MATERIALS and METHODS

Approval was obtained from the Experimental Animals
Ethics Committee of Selcuk University Experimental
Medicine Application and Research Center (Approval
date, no: 14.07.2015-2015/77). All procedures were car-
ried out in accordance with the provisions in the Helsinki
Declaration on the care and use of laboratory animals.

Experimental Method

In our study, we used a total of 34 New Zealand rabbits.
The rabbits were divided into 5 groups. Six of these rabbits
were included in the control group, and 7 rabbits were en-
rolled in each of the other groups. The rabbits in the control
group did not receive any medication or treatment. At the
beginning of the experiment, venous blood samples were
drawn from the dorsal ear artery of all subjects to measure
the serum ALT, AST and total GSH levels.

The rabbits in the sham group were given 2 g/kg of aceta-
minophen via an orogastric tube. The rabbits in the
APAP+NAC group received 150 mg/kg NAC i.m. 1 hour
after administration of 2 g/kg of acetaminophen orally via
an orogastric tube. The rabbits in the APAP+resveratrol
group received 100 mg/kg resveratrol orally via an orogas-
tric tube 1 hour after administration of 2 g/kg acetamino-
phen via the orogastric tube. The rabbits in the
APAP+NAC+resveratrol group received 100 mg/kg
resveratrol orally via an orogastric tube and 150 mg/kg
NAC i.m. 1 hour after administration of 2 g/kg of aceta-
minophen orally via an orogastric tube. Venous blood
samples were obtained to measure the serum ALT, AST,
total GSH and APAP levels at the 1 hour, 12" hour and
24" hour from all subjects except those in the control
group. The subjects were sacrificed 24 hours after the ex-
periment under anesthesia by decapitation. Tissue samples
were obtained from the caudate lobe of the liver of all sub-

jects to detect apoptosis histopathologically.
Biochemical Method

Arterial blood samples were obtained from all rabbits into
tubes with EDTA and gel tubes. Samples obtained into
EDTA tubes were centrifuged at 3000 rpm for 5 minutes.
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After the separation of the plasma, the remaining erythro-
cyte package was added to the physiological serum (0.9%
NaCl) approximately five times the blood volume and cen-
trifuged at 1500 rpm for 5 minutes. After centrifugation,
the supernatant was poured away, and the same amount of
saline was added again, and this process was repeated
twice. The total GSH level in the washed erythrocytes was
analyzed with the Shimadzu brand prominence model
HPLC System (Japan) using Immuchrom (Lot no: IC1800-
150828) HPLC assay Kits.

The arterial blood samples obtained into plain tubes were
centrifuged at 3000 rpm for 10 minutes after clotting and
the serum samples were separated. The AST, ALT and
APAP levels in these serum samples were measured. The
serum AST and ALT levels were analyzed in the architect-
C 16000 auto-analyzer using the Abbott test kits (lot no.
47489UN15 and 47820UQ06, respectively).

The serum APAP levels were analyzed by a method devel-
oped in the LC-MS/MS device in the Biochemistry Labor-
atory of Selcuk University Medical Faculty. For the APAP
sample preparation, 200 pl of acetonitrile was added to 100
ul of plasma and vortexed for 30 sec. It was then centri-
fuged at 13000 rpm for 5 minutes. 10 uL of LC-MS/MS
was injected from the resulting supernatant.

Mass spectrometry analysis was performed with an elec-
trospray ion source (ESI) in positive mode and ABSCIEX
API 3200 triple quadruple mass spectrometer (USA) Shi-
madzu LC-20-AD (Kyoto, Japan). Calculation of the data
was carried out with the ABSCIEX Analyst Software Wiz-
ard version 1.6.1. The Phenomenex brand Luna C18 (3um,
4.6x50mm) was used as the analytical column. The mobile
phase was made using a 50% acetonitrile / water (v/v) iso-

cratic pump. The analysis time was set to 2 minutes.

Pathological Examination

The liver tissues of 34 rabbits sacrificed were transferred
to the Pathology Department at Selcuk University Faculty
of Medicine in 10% formalin solution. Paraffin-embedded
tissue blocks prepared from samples obtained from the tis-
sues were cut to 4 microns thick sections using the Leica
brand RM2255 model microtome device in the laboratory

and then taken onto Poly-L-Lysin-coated positive loaded

slides. The sections were stained with anti-Caspase-3 anti-
body (polyclonal rabbit Abcam USA ab4051) in a semi-
automatic Ventana Benchmark XT immunohistochemistry
staining device after 60 min deparaffinization in a 60°C

oven.

The staining procedure was performed with a 60 min incu-
bation period, 1/350 concentration, and 36 minutes pre-
treatment with citrate. The stained preparations were eval-
uated by a researcher and a pathologist under a light mi-
croscope. Each preparation was examined in at least 5 big
magnification areas (x400), and the presence and intensity
of intra-nuclear and/or intra-cytoplasmic expression were
assessed. The histological scoring (HSCORE) method was
used in the pathological evaluation of the experimental
groups. The HSCORE is the value obtained by multiplying
the total density of the positively stained hepatocytes by
the staining intensity.

HSCORE=2Pi (I+1)

I, staining intensity (0=no staining, 1=mild, 2=moderate,
and 3=intense staining)

Pi, the percentage rate of staining for each density.(76)

Statistical Analysis

The data were recorded in pre-prepared forms. Statistical
analyses were performed using the SPSS for Windows 18
program. Comparison between the groups was made
through analysis of variance (ANOVA) in repeated meas-
urements. The Bonferroni-corrected one-way analysis of
variance and a pairwise comparison with the Tukey HSD
test were used as Post Hoc tests. A p-value of lower than

0.05 was considered statistically significant.

RESULTS

The mean weight of all subjects in the groups was 2044 g,
and there was no statistically significant difference be-
tween the groups (p=0.422).

When the baseline GSH levels of the groups were exam-
ined, the highest GSH level was determined as 38543
pmol/L in the APAP+Resveratrol group and the lowest

was 9085 umol/L in the control group. The mean baseline
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GSH level of all groups was 23138 pmol/L. There was a There was no statistically significant difference between
statistically significant difference in the baseline GSH lev- the groups in terms of the mean GSH level at the 1% hour
els between the groups (p=0.027). The 12"-hour GSH and the 24™ hour (p>0.05, for both). The mean GSH level
level was the highest in the APAP+Resveratrol group with at the 24"™ hour was the highest in the
4872 pmol / L, and the lowest GSH level was 2308 pmol APAP+NAC+Resveratrol group with 5617.1429 umol/L
/ Linthe APAP+NAC group. There was a statistically sig- and the lowest mean GSH level was determined in the
nificant difference between the groups in terms of the APAP group with 3815.1667 pmol/L (Figure 1).

mean GSH level at the 12" hour (p=0.010).
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Figure 1. Chart showing the mean GSH levels of the study groups at baseline/1%/12/24" hours

There was no statistically significant difference between of the APAP+RES group was significantly higher than that
the pairwise comparisons of the groups regarding the mean of the APAP+NAC group (p=0.007). There was no statis-
GSH levels at baseline, 1% hour and 24™ hour (p>0.05, for tically significant difference in other pairwise comparisons
all). of the groups regarding the 12t"-hour GSH levels (p>0.05

for all) (Figure 2).
When we compared the groups in terms of the mean GSH

levels at the 12 hour, we found that the mean GSH level

ALT
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Figure 2. Chart showing the mean ALT level of the study groups at baseline/1%/12%"/24™ hours

There was no statistically significant difference between There was no statistically significant difference between
the groups in terms of the mean ALT levels at baseline, 1% the groups in terms of the mean ALT levels at baseline, 1
hour, 121" hour and 24™ hour (p>0.05, for all). hour, 12" and 24™ hours (p>0.05, for all) (Figure 3).
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Figure 3. Chart showing the mean AST level of the study groups at baseline/1/12"/24™ hours

There was no statistically significant difference between
the groups regarding the mean AST levels at the baseline,
1% hour, 12™ hour, and 24" hour (p>0.05, for all) (Figure
4).
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Figure 4. Chart showing the mean APAP level of the study groups
at the 1°/12"/24" hours

There was no statistically significant difference between
the groups regarding the mean APAP levels at the 1% hour,
12" hour, and 24" hour (p>0.05, for all).

HSCORE (Histological Scoring System)

The histological scoring (HSCORE) method was used in
the histopathological evaluation of liver tissue samples of
the rabbits in the study groups.

At the end of the experiment, liver tissue sampling was
carried out from the liver caudate lobe of each subject, and
the apoptosis status was examined according to the
HSCORE using the anti-caspase-3 immunohistochemical
staining method. The lowest rate of apoptosis was found
in the control group, and the highest apoptosis rate was ob-
served in the APAP group (p=0.012) (Figure 5).

140
120
100
80
60
40
20

W control ™ apap

apoptosis

HSCORE

m apap+nac

apap+res M apap+nactres

Figure 5. The mean HSCORE value of the study groups

There was a statistically significant difference between the
control group and the APAP group in terms of apoptosis
rate (p=0.007). There was no statistically significant dif-
ference in apoptosis rate of the other pairwise comparisons
between the groups.

Microscopic Changes

Tissue integrity and overall appearance of the cells were
normal in the control group. There was no significant
staining with anti-caspase 3 in the control group. The
APAP group showed marked staining in both the cyto-
plasm and the nucleus (Picture 1, 2, 3)
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Picture 1. Hlstopathologlcal appearance of a tlssue sample in the
control group at x200 magnification by the anti-caspase 3 method.
No significant staining was observed in the hepatocytes in either
the cytoplasm or the nucleus of this sample.

Picture 2. The appearance of a tissue sample in the APAP+RES
group at X200 magnification using the anti-caspase 3 method. This
subject in the APAP+RES group has no staining in either the cy-
toplasm or the nucleus of hepatocytes.

Plcture 3. The appearance of a tlssue sample in the
APAP+NAC+RES group at x200 magnification by the anti-
caspase 3 method. In the hepatocytes of this subject in the
APAP+NAC+RES group, the nucleus showed staining, but there
was no significant staining in the cytoplasm.

DISCUSSION

In this study, we aimed to investigate whether Resveratrol
treatment is an alternative or superior to NAC in the APAP
toxicity in an experimental rabbit model. According to the
results of our study, the serum GSH levels at baseline and
the 12™ hour showed statistically significant differences
between the groups. The mean serum GSH level at the 12t
hour was significantly lower in the APAP+NAC group
compared to the APAP+RES group. When the mean GSH
levels at the 24™ hour were examined, and the highest se-
rum GSH level was measured in the APAP+NAC+RES

group, the difference between the groups was not statisti-
cally significant. These findings suggest that resveratrol
treatment may have favorable effects in the treatment of
APAP toxicity when used alone or with NAC. When the
groups were compared in terms of apoptosis, as expected,
the HSCORE was lower in the control group than in the
APAP group. In other words, apoptosis was induced to-
gether with hepatocyte damage due to APAP toxicity. In
our study, no staining was detected in the nucleus and cy-
toplasm of the hepatic tissue of control subjects after stain-
ing using the anti-caspase 3 method. In the stained liver
tissue samples of the APAP+RES group, we obtained sim-
ilar results to the control group. In other words, the nucleus
and cytoplasm stainings were not detected in the liver tis-
sue samples of animals in the APAP+RES group. How-
ever, we detected nucleus and cytoplasm staining in
hepatocytes, which are indicators of apoptosis, not only in
the APAP group but also in the APAP+NAC group. This
suggests that resveratrol use in APAP toxicity has protec-
tive effects on liver tissue, and this effect is superior to that
of NAC.

There was a significant difference between the study
groups regarding the serum ALT levels at the baseline, 1%
hour, 12" hour and the 24™ hour. Besides, the APAP group
was the group with the highest ALT level throughout the
experiment and especially with a sharp increase at the 12t
hour. On the other hand, the ALT levels of the APAP+RES
and APAP+NAC+RES groups were found to be lower
than that of APAP+NAC and APAP groups during the ex-
periment. The ALT levels of the APAP+RES group were
found to be lowest at the 24" hour compared to the other
groups. This may be interpreted as resveratrol having pro-
tective effects against liver damage caused by APAP tox-
icity. The same interpretation can be made by considering
the serum AST levels of all groups during the experiment
and by comparing the groups with each other in terms of
the AST levels.

In our study, we measured the serum APAP level, which
is an important parameter for treatment success and prog-
nosis. There was no significant difference in the serum
APAP levels between the groups, while in the
APAP+RES, APAP+NAC, and APAP+NAC+RES

groups, the sharp decrease at the 121" hour compared to the
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1%t hour was not observed in the APAP group. This sug-
gests that resveratrol is as effective as NAC in the treat-
ment of APAP toxicity. However, the serum APAP levels
at the 24™ hour decreased to very close values in all groups,
including the APAP group. This result indicates that serum
APAP levels decrease to very low levels within 24 hours
in cases with APAP toxicity, even if treatment was not be-
gun with NAC or any other drug.

Wojnarova et al. also used resveratrol as a hepatoprotec-
tive agent, as we used in our study. Resveratrol is a natural
SIRT1 activator. SIRT1 (silent information regulator T1
protein) is an important molecule that regulates the cell cy-
cle, apoptosis, and inflammation. In this study, the authors
compared resveratrol, which they used as hepatoprotective
agent, with CAY10591 (synthetic selective activitulin 1
activator), an artificial SIRT1 activator, in a rat model of
APAP toxicity. Resveratrol and CAY have been shown to
reduce acetaminophen-mediated hepatotoxicity both in-
vivo and in-vitro experiments. In addition, both treatments
have been shown to increase SIRT1 activity, which is re-
duced by APAP.™3 In our study, the protective effects of
resveratrol treatment at cellular level were observed in
APAP toxicity.

Several studies have also shown the hepatoprotective ac-
tivity of resveratrol.1*17 Resveratrol demonstrates a hepa-
toprotective effect against liver damage resulting from free
radicals and inflammatory cytokines via increasing the
levels of antioxidant enzymes and GSH. Resveratrol also
shows a hepatoprotective effect by making changes in the

signal transduction pathway.

There are many studies on the protective effect of resvera-
trol on liver diseases such as ethanol-induced liver dam-
age, liver damage caused by carbontetrachloride, liver
damage with atherogenic diet, liver damage with various

chemicals and acetaminophen-induced liver damage.

In their experimental APAP toxicity-induced mice model
using 30 mg/kg resveratrol, Sener et al. demonstrated the
hepatoprotective effects of resveratrol in acetaminophen-
induced liver injury by reducing free radicals via antioxi-
dant mechanisms. They found that resveratrol decreased
the serum levels of ALT, AST, MDA and TNF-« and in-

creased the GSH activity. They found that resveratrol re-
duced inflammation by reducing neutrophil infiltration.18
Consistent with this study, we showed in our study that
resveratrol has favorable effects both biochemically and
histopathologically.

Masubuchi et al. reported that resveratrol reduced the se-
rum ALT, IL-6 and TNF-a levels in an experimental study
using 75 mg/kg resveratrol in a mice model and exhibited

the hepatoprotective effect.!®

In a study by Wadsworth et al., resveratrol was shown to
reduce the expression of a number of pro-inflammatory cy-
tokines, including TNF-a.2° However, none of these stud-
ies compared Resveratrol with NAC therapy.

In a rat model with APAP-induced liver injury, Elbe et al.
used light and electron microscopy to examine the APAP-
induced liver tissue and found an increase in the
malondialdehyde (MDA) level and a reduction in GSH
level, CAT(catalase) and SOD(superoxide dismutase) ac-
tivity. They interpreted that APAP-induced hepatotoxicity
was mediated by oxidative stress. In rats treated with
resveratrol, they found significant beneficial changes in

tissue oxidative stress indicators.?

In our study, the fact that resveratrol treatment was not
given before the toxicity and that the duration of follow-
up was limited to 24 hours were the main limitations. In
addition, as a general rule, the results obtained from exper-

imental studies cannot be generalized to humans.

The improvement effect of resveratrol in serum markers in
the treatment of the experimental APAP toxicity model
was similar to NAC. On the other hand, the hepatoprotec-
tive and curative effects on liver tissue were superior to
NAC treatment.

Our study can be a reference for further studies to be car-
ried out experimentally on this subject. Different results
may be obtained with different experimental models, with

a longer follow-up period and more frequent blood sam-
pling.

In addition, our study also contains important results for
clinical studies. Our results should be supported by further
large-scale clinical studies.
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