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ABSTRACT

Introduction: Ivermectin (IVM) and paracetamol (APAP) are among drugs used for treatment of mild
and moderate cases of covid-19 infection. Aim: this study aimed to evaluate the potential hepatotoxic
effects on combination of both Paracetamol and Ivermectin in adult male albino rats. Methodology:
fifty adult male albino rats were divided into control groups (negative and Positive) and IVM and
APAP treated group which included thirty rats and subdivided equally into 3 subgroups (I1I A, B, C).
Each rat received orally 3.7mg/kg/day of Ivermectin concomitantly with 370 mg/kg /day of
paracetamol (groups Il A, B, C were sacrificed after 7 days, 14 days and 28 days respectively). Serum
levels of aminotransferases ALT, AST, glutamate dehydrogenase (GLDH) and Hyaluronan (HA),
Histopathological examination of liver and immunohistochemical staining for inducible nitric oxide
synthase (iNOS) were performed. Results: HA was elevated after 7 days followed by GLDH which
increased after 14 days while aminotransferases levels increase only after 28 days of combined IVM
and APAP treatment. After 7 days, the histopathological changes in IVM andAPAP treated group was
restricted to congestion of central vein with some vaculation in the hepatocytic cytoplasm then
aggravated with increased duration of treatment to periportal fibrosis, inflammatory infiltration areas
and necrotic foci. Conclusion: Combination of IVM and APAP induced liver injury, detected 7 days
after treatment by HA level and accompanied by histopathological changes which became more severe
with increasing duration of treatment. IVM and APAP should be used cautiously to avoid possibility of
aggravation of liver injury which is believed to be one of covid-19 complications.
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INTRODUCTION Since the emerging of this pandemic,

he year 2020 was demarcated by COVID-

19, the worst pandemic in the past 100
years. COVID-19 caused by severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) had a major impact on human health
globally; infecting about 75 million people
causing 1.6 million deaths worldwide and
associated with long-term health sequelae.
Covid -19 has disrupted nearly every aspect of
life, including work, education, trade, travel,
sports, routine healthcare services and social
activities. This had a great impact on people
physical and mental health (WHO, 2020a).
According to WHO reports, the estimated
confirmed cases of COVID-12 in Egypt from
Jan. 2020 to June, 2021 were 276,756 with
15,829 deaths (WHO, 2021).

researchers and doctors have searched for
medications and vaccines to treat covid 19.
Although there is no specific curative treatment
till now, many drugs such as tocilizumab,
heparin, remdesivir, chloroquine and ivermectin
have been introduced in the treatment
protocols. Also, symptomatic treatment for
fever and pain relief by paracetamol as a safer
drug rather than NSAID has been introduced in
almost all treatment protocols (NIH, 2021). In
Egypt, Ministry of Health protocol included
invermectin and paracetamol for treatment of
mild cases which required only isolation and
treatment at home and in moderate cases which
may require hospitalization. (MOHP, 2020).

Ivermectin is a Food and Drug Administration
(FDA) approved antiparastic drug used for
treatment of onchocerciasis, helminthiases, and
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scabies where it is well tolerated in such
conditions (Yang et al., 2020). On the other
hand, it is not FDA approved for treatment of
viral infections since pharmacokinetic and
pharmacodynamics studies stated that a 100-
fold higher doses than those approved for use in
humans is needed to get the antiviral efficacy
(Chaccour et al., 2020). However, in vitro
studies suggested that ivermectin inhibit the
replication of SARS-CoV-2 in cell cultures
(Caly et al., 2020) and interfere with the
attachment of (SARS-CoV-2) spike protein to
the human cell membrane (Lehrer and
Rheinstein, 2020). Although, insufficient
clinical trials or observational studies to
confirm the clinical effectiveness of ivermectin
for COVID-19 treatment (NIH, 2021), it was
proposed in some treatment protocols including
that of Egypt where it is used as one of the
treatment and prophylactic drugs (Hellwig and
Maia, 2021) against covid19 (MOHP, 2020).
Paracetamol is recommended as a safe drug for
symptomatic treatment of pain and fever in
COVID-19 at a dose of 1 gm/6 hr with a
maximum of 4 gm/day since any higher dose
can be dangerous if not advised (WHO, 2020
b). However, it can be toxic to the liver
especially when used with some other
medications or in patients with existing liver
problems, malnourished, underweight or old
age. Although paracetamol is one of over the
counter medications, medical consultation and
following packaging instructions are important
on use to avoid toxicity (FDA, 2015).

Some studies reported that liver injury
associated with administration of therapeutic
doses of ivermectin and for short durations (3-7
days) such as in mild and moderate cases of
covid-19 is mild and self-limited (Veit et al.,
2006 and Hanafy & Abd-Elsalam, 2020).
However, no enough studies have been carried
out to evaluate risk of toxicity of both
ivermectin and paracetamol when used in
combination as in some protocols of covid-19
treatment especially that home management of
such drugs doesn’t guarantee use of therapeutic
doses and and/or recommended duration.

In case of suspected drug-induced liver injury
(DILI), biomarkers can be used to confirm drug
causality, the type of DILI, the severity of liver
damage and its prognosis (Meunier and
Larrey, 2019). Alanine and aspartate
aminotransferases (ALT and AST, respectively)
are the most commonly used hepatic injury
biomarkers. However, they have low prognostic
utility which led to emergence of new and early
biomarkers of liver injury (McGill, 2016).
Glutamate dehydrogenase (GLDH) is a protein
that is embedded in the matrix of the
mitochondria (Schmidt and Schmidt, 1988). It
is abundant in the liver (Braakman et al., 1991
and Kasarala & Tillmann, 2016) and has
advantage over ALT in terms of liver
specificity because extrahepatic sources of
GLDH are negligible when compared with
those of ALT which can be elevated in cases of
cardiac and skeletal injury. (Mastorodemos et
al., 2005)

Hyaluronan (HA) is a straight-chain
glycosaminoglycan polymer of the extracellular
matrix (ECM). The liver is the most important
organ involved in the synthesis and degradation
of HA. Circulating HA occur very early during
periods of rapid cell turnover following liver
injury. Serum HA are often used clinically to
assess liver function and necro inflammatory
injuries in parallel with liver biopsy since
increased HA provides a rapid response
survival mechanism following acute liver
damage and considered a very early markers of
toxic hepatic injury (Georgeand Stern, 2004 &
Rostami and Parsian, 2013)

Inducible nitric oxide synthase (INOS) is an
enzyme that controls production of nitric oxide.
The expression of this enzyme is increased by
endotoxins, a variety of inflammatory
mediators as cytokines, and disturbances in the
cellular environment. This enzyme can be used
as an efficient indicator and good monitor of
tissue damage. iINOS is involved in
pathological inflammation at different organs
including the liver (Bachmann et al., 2017)
Clinical studies revealed that liver injury is
associated with Covid 19 and is related to its
severity (Zhang et al., 2020). So, prevention of




the mechanisms underlying pathogenesis of
liver injury are urgently required for COVID-19
patients (Xu et al., 2020). Direct viral
cytotoxicity, uncontrolled cytokine storm
and/or drug-induced toxicity have been
introduced as possible underlying pathogenesis
of covid 19 induced hepatic affection (Wu et
al., 2020).
The aim of this work was to evaluate the
possible hepatotoxic effects in adult male
albino rats on combination of both paracetamol
and ivermectin drugs which are used in treating
mild and moderate cases of covid 19 infection
according to Egyptian ministry of health
protocol through biochemical assessment of
aminotranseferases (ALT, AST), Glutamate
Dehydrogenase (GLDH), Hyaluronan (HA),
histopathological, immunohistochemical and
morphometric studies of the liver

MATERIAL AND METHODS
e Materials:
I- Chemicals:
Iversine tablets, each containing 6 mg of
ivermectin and manufactured by Uni pharma
company, Egypt. Paracetamol tablets each
containing 500 mg acetaminophen and
manufactured by EI-Nasr pharmaceutical
chemicals Company (ADWIC). Both drugs
purchased over the counter from retail
pharmacies.
I1- Animals:
Fifty adult male albino rats, weighing between
180-200 grams were obtained from the Animal
House of the Faculty of Medicine, Zagazig
University. All animals were treated in
compliance with the Animal Care Guidelines
and Ethical Regulations in ‘The Guide for the
Care and Use of Laboratory Animals (ILAR,
2011). The study procedures were approved by
the institutional animal care and use committee,
Zagazig University (ZU-IACUC/3/f/177/2021).
Two weeks before the experiment, the rats were
subjected to passive prelimination for
acclimatization to their new environment and to
assess their wellbeing and exclude the diseases
rats. They were fed with a standard chow diet in
equal amounts to all animals in each cage and

water was offered in separate clean containers.
The animals were kept in separate plastic cages
free from any source of chemical pollution
under controlled circumstances with an ambient
temperature range of 22 + 2 °C, relative
humidity of 50 £ 5% and a 12 hr light-cycle.
Soft wood shavings were used for bedding and
changed during the washing of cages every
other day to keep animals clean. Over
crowdness and isolation were avoided. Wearing
Protective clothing as gloves, laboratory coat,
masks, protective eye wear, using sterile oral
gavage needle and avoiding eating or drinking
when dealing with the animals were adopted.

e Experimental design:

The rats were divided into three groups as
follows: Group | (negative control): 10 rats,
each rat received water and regular diet to
measure the basic parameters of the
experimental animals. Group Il (Positive
control group): 10 rats, each rat received 5 ml
of normal saline 0.9% (solvent of paracetamol)
once daily by oral gavage. Group Ill
(ivermectin and paracetamol treated group):
thirty rats were subdivided equally into 3
groups (group 1A, BandC). Each rat received
ivermectin  dissolved in distilled water
(Lytvynets et al., 2010) at a dose of
3.7mg/kg/day concomitantly with paracetamol
dissolved in 5ml saline (lyandaand Adeniyi,
2011) at a dose of 370mg/kg /day. Group Il A
was sacrificed after 7 days, grouplll B was
sacrificed after 14 days and group Il C was
sacrificed after 28days (Colerangle, 2017).
These doses are equivalent to the human dosing
regimen of the Egyptian protocol for
management of mild and moderate cases of
covid 19 which are 36mg/day of ivermectin and
3000- 4000mg /day of paracetamol. It was
calculated using body surface area conversion
equation {animal dose (mg/kg) = human
equivalent dose (mg/kg) x 6.2), assuming that
an adolescent person weighs 60 kg (Reagan-
Shaw et al., 2008). The calculated doses of
ivermectin is within the range of 1/10 of oral
LD50 in rats(10-50mg/kg) as reported by
Campbell et al., (1983) and Lankas et al.,




(1989). Also, the calculated dose of
paracetamol equals 1/10 of oral LD50 in rats
(3.7g/kg as reported by Boyd and Bereczky
(1966).

e Methodology:

Whole blood samples were collected from
retro-orbital plexuses of animals , centrifuged at
3000 x g for 10 minutes at room temperature
and then serum samples were collected and
kept frozen at -80°C until analysis at the
medical biochemistry department, Faculty of
medicine, Zagazig university. Immediately after
blood collection, animals were sacrificed and
the livers were dissected and weighed. Liver
tissue samples were frozen in liquid nitrogen
and kept in a -80°C for histopathological and
immunohistochemical examination.

I. Biochemical study:

Serum levels of aminotransferases ALT, AST
were measured using commercially available
Elisa kits (Olympus Corp, Hamburg, Germany)
by enzyme-colorimetric methods in an
Olympus AU600 auto analyzer (Kutlu et al.,
2007). Serum levels of GLDH were measured
by using commercially available kits of Rat
Glutamate Dehydrogenase (GLDH) ELISA Kit
cat no. MBS3807923 according to
manufacturer protocol. Serum levels of
Hyaluronan was determined using HA ELISA
based micro titer plate procedures according to
Fosang et al., 1990 and Frost & Stern, 1997.
11. Histopathological study:

The hepatic lobe was preserved in 10% neutral
buffered formalin embedded in paraffin,
sectioned with 5 um thickness and then stained
with hematoxylin and eosin (H&E) and
Mallory’s trichrome (Bancroft and Gamble,
2007), examined and photographed under light
microscope at Anatomy department, Faculty of
Medicine, Zagazig University.

I11. Immunohistochemical study:
Paraffin-embedded liver sections (5 pum) were
applied in the detection of inducible nitric oxide
synthase (Inos). At histology department, |,
Faculty of Medicine, Menufeya university ;
sections were dewaxed in xylene for about 20
minutes then transferred to subsequent

descending grades of ethanol. After that they
were immersed in preheated target retrieval
solution for 40 minutes and then removed to
cool for 20 minutes. The sections were

immersed in 3% H202 in deionized water for
10 minutes to quench nonspecific endogenous
peroxidase activity. For blocking of nonspecific
binding sites, the sections were then incubated
with 10% normal rabbit serum for 10-15 min
for two hours at room temperature. Then the
sections were incubated with polyclonal rabbit
anti-Inos, which is specific for INOS enzyme in
mouse and rat (M-19/Sc 650, Santa Cruz
Biotechnology) at dilution of 1:25 followed by
incubation by biotinylated goat-antirabbit 1gG
for 10-15 min at room temperature. Two drops
of Streptavidin labeling reagent were added to
the sections for 10 minutes. The detection of
antigen antibody reaction was demonstrated by
the addition of diaminobenzidine (DAB)
chromogen for 10 minutes. After rinsing the
sections were counter-stained with
hematoxylin. Positive reaction was recognized
as Brown-yellow granules in the cytoplasm
(Atik et al., 2008).
V- Morphometric study:
The image analyser computer system was used
in this work (using the software Fiji Image J
program (1.51n, NIH, USA) aiming to measure
area percentage % of collagen fibers in the
Mallory's trichrome sections, area percentage %
of INOS immune reaction in the INOS
immunohistochemical section and optical
density of iINOS immunoreaction. Values for
each group were obtained from 5 different non
overlapping fields from different slides. The
measurements were performed at magnification
400x via using Leica Q500 Image analysis
computer System (Leica Q500) at Anatomy
department, Faculty of Medicine, Zagazig
University.

STATISTICAL ANALYSIS
Data were fed to the computer and analyzed
using IBM SPSS software package version
20.0. (Armonk, NY: IBM Corp). The Shapiro-
Wilk test was used to verify the normality of
distribution of variables, ANOVA was used for
comparing the four studied groups and followed
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by Post Hoc test (Tukey) for pairwise
comparison. For all comparison P<0.05 is
considered as significant difference.

RESULTS
Comparison between negative control group
and positive control group showed non-
significant difference regarding the parameters
included in the study so, negative control group
was used for comparison with different treated
groups.
e Biochemical parameters:
Regarding ALT and AST, no significant
differences were detected when group I (A)
or group Il (B) were compared with control
group (p<0.05). On the other hand a significant
increase in group Il (c) was found on
comparing with control group as regard ALT
and AST. A significant increase in the mean
values of ALT was found when group Il (c)
was compared with either group Il (A) or

Biochemical Group 1 Group I

Table (1): Comparison between the studied groups according to biochemical parameters
(A) Group Il (B)

group 11 (B) with no significant difference was
detected between different treated groups
regarding AST. Significant increases in the
mean values of GLDH in group I11B and group
I1IC were detected on comparison with the
mean values of control group and group IHA
(p<0.05). Also, there was a significant increase
in mean values of GLDH in group 11IC when
compared with group 111B(p<0.001). On
assessment of hyaluronan, there were
significant increase in the mean values of
hyaluronan level in treated groups (I1l1A, B, C))
when compared with control group (p<0.05).
Also, there was a significant increase in the
mean values of hyaluronan level in group 111B
when compared with group 1A (p<0.05) with
group IIC showed significant increase when
compared with both groups IlIIA and B
(p<0.05) (table 1).

Group |11 (C)

parameters (control group)  Ivermectine Ivermectine Ivermectine
(n=10) andparacetamol  andparacetamol  andparacetamol
treated group treated group treated group
After7days After 14 days After 28days
(n=10) ()] (n=10
ALT(IU/L)
Min. — Max. 51.0 - 64.0 52.0 - 66.0 54.0 - 68.0 56.0-73.0 6.66 0.001"
Mean + SD. 58.30 * 4.37 58.70 £ 4.67 60.10 £+ 4.98 66.90 + 5.55 4
Median (IQR) 59.50 (55.0 — 5850 (55.0 59.0 (56.0 - 6850 (63.0 -
61.0) 63.0) 64.0) 71.0)
pcontrol 0.998 0.845 0.002"
Sig. bet. grps. p;=0.919,p,=0.003",p5=0.019"
AST(IU/L)
Min. — Max. 61.0-79.0 65.0 — 82.0 68.0 — 83.0 69.0—87.0 4.41 0.010
Mean + SD. 71.50 + 5.62 75.20 £ 5.45 77.30+4.92 80.20 + 5.98 9
Median (IQR) 7350 (680 — 76.0 (72.0 790 (770 - 8150 (750 -
75.0) 80.0) 80.0) 86.0)
pcontrol 0.447 0.105 0.006"
Sig. bet. grps. p;=0.829,p,=0.196,p3=0.645
GLDH (IU/L)
Min. — Max. 5.40-7.30 5.80-7.50 8.90-17.70 15.20 — 23.60 86.9 <0.001"
Mean + SD. 6.51 + 0.64 6.89 + 0.54 11.68 £2.82 19.55 + 2.88 54
Median (IQR) 6.45 (6.0 - 7.0 (6.50 10.80 (9.3 - 19.85 (169 -
7.10) 7.30) 13.20) 21.6)
Pcontrol 0.976 <0.001" <0.001
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Biochemical Group 1 Group Il
parameters (control group)  Ivermectine

(n=10) andparacetamol
treated group
After7days
(n=10)
p:1<0.001",p,<0.001",p5<0.001"

Sig. bet. grps.

Hyaluronan (Ug/ml)

Min. — Max. 275.0 - 622.0 1530.0 — 2890.0

Mean + SD. 450.90 + 2220.0 +441.26
132.15

Median (IQR) 465.0(340.0— 2230.0(1860.0—
574.0) 2530.0)

Pcontrol <0.001"

Sig. bet. grps.

(A) Group Il (B)

After 14 days

Group 111 (C)
Ivermectine
andparacetamol
treated group
After 28days
(n=10) (n=10

Ivermectine
andparacetamol
treated group

2780.0 —4730.0 89.3 <0.001"
3856.7 +625.6 36

2070.0 —3840.0

3026.5 + 586.1
3145.0(2530.0—  3897.5(3540.0—
3450.0) 4430.0)
<0.001" <0.001"

p;:=0.004",p,<0.001",p5=0.003"

F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (Tukey)

p: p value for comparing between the studied groups

*: Statistically significant at p <0.05

p control: p value for comparing between Control and each other groups
p:: p value for comparing between Group 111 (A) and Group 111 (B)
p2: p value for comparing between Group 111 (A) and Group 111 (C)
ps: p value for comparing between Group 111 (B) and Group 111 (C)

¢ Histopathological parameters:

I-Light microscopic results:

a- HandE stain results:

The Hand E stained sections from negative and
positive control groups exhibited normal
characteristic features of hepatic parenchyma
where the well-formed hepatic cords were
radiating from the thin walled central vein.
Small sinusoidal spaces appeared in between
the hepatic cords and containing few amount of
kupffer cells. The hepatocytes exhibited central
located rounded vesicular eosinophilic nuclei
with prominent nucleoli and acidophilic
cytoplasm. Few hepatocytes were doubly
nucleated (Fig. 1A). Normal portal area was
observed containing portal triads; branch of the
portal vein with thin lining endothelium, bile
ductules lined by simple cuboidal epithelial and
branch of the hepatic artery (Fig. 1B). liver
sections in group 111 A (IVM and APAP treated
group for 7days) showed normal characteristic
histological features of hepatic parenchyma
except for congestion of central and portal
veins, some hepatocytes show vacuolated
cytoplasm with dark stained nuclei (arrow) and
double nucleated hepatocytes appeared (Fig. 1
C, D). Liver parenchyma sections from group
I B (IVM and APAP treated group for 14

ESCTJ; Vol. (9) NO. (2) December; 2021

days) showed congestion of portal veins. Most
of hepatocytes appeared normal except for few
amount that had vacuolar cytoplasmic
degeneration with dark stained nuclei. Some
doubly nucleated hepatocytes were observed.
The kupffer cells that lining the blood sinusoid
showed a noticeable proliferation. Dilatation
and distortion of the congested central vein
lining  epithelium, localized area of
mononuclear cell infiltration in addition to dark
stained nuclei of some hepatocytes and increase
the number of proliferated kupffer cells were
detected (Fig. 2 A, B)

The hepatic parenchyma in group C (IVM and
APAP treated group for 28 days) showed
marked congestion and dilatation of central
vein, hepatocytes appeared with pyknotic dark
stained nuclei with basophilic cytoplasm.
Apparent increase in the number of doubly
nucleated hepatocytes cells and proliferation of
kuppfer cells were observed. Congestion and
dilatation of portal wvein. Thick periportal
fibrosis and mononuclear cellular inflammatory
infiltrations with fibrosis surrounding the
proliferated bile ductules were also noticed in
the portal area .Necrotic foci with vaculation
and loss of the cytoplasmic organelles were
also detected (Fig.2 C, D, E, F).
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b- Mallory’s trichrome stain results:

Sections of rat liver from control group and
group A (IVM and APAP treated group for
7days) showed thin layer of blue colored
collagen fibers around the central vein, in the
portal area and also in the lining of blood
sinusoid (Fig 3. A, B, C, D). On the other hand
group Il B (IVM and APAP treated group for
14 days) showed few blue colored collagen
fibers around the central and portal veins (PV)
and in the lining of the blood sinusoid (Fig.3 E,
F) which increased in group Il C. (IVM and
APARP treated group for 28 days) (Fig3. G, H)
I1-Immunohistochemical results of iINOS

A negative immune reaction for iINOS was
detected in control groups and group Il A
(IVM and APAP treated group for 7 days)
(Figd A, B). In the group Il B (IVM and
APAP treated group for 14 days) scattered
hepatocytes showed positive immune
reactions for iINOS. This reaction appeared as

Groups Group

Table 2: Comparison between the studied groups according to histopathological findings
Group 11 (A) Group Il (B)

yellowish  brown cytoplasmic  coloration
(Fig.4C). While more positive cells appeared in
group 111 C (IVM andAPAP treated group for
14 days) (Fig. 4D).

I11- Morphometric results:

Groups Il (B) and Group Il (C) showed
significant increase in area % of collagen when
compared with that of both control group and
Group Il (A) (P<0.05). Also, area % of
collagen was significantly increased in Group
11 (C) when compared with Group Il (B)
(p<0.05). The mean values of area percentages
(area %) and optical density of iNOS showed
significant increase (P<0.05) in treated groups
I1IB and C when compared with that of both
control group and treated group IlIA. Also, a
significant increase in the mean value of area %
of INOS in treated group Illc was detected
when compared with treated group IIIB
(p<0.05) (Table 2).

Group 111 (C) F

[(e]g]170] Ivermectine Ivermectine Ivermectine
group) andparacetamol andparacetamol andparacetamol
Parameters (n=10) treated group treated group treated group
After7days after 14 days after 28 days
n=10 n=10 n=10
Meanz SD
Area % of 191+0.64 1.97+0.65 2.76 £ 0.67° 9.55+1.08*"° 222.3861 0.000*
collagen
fibers
Area % of 0.023+ 0.033+0.002 2.579+ 0.558*°  7.204 + 183.9344 0.000*
iINOS 0.001 1.476%¢
Optical 0.093+0.006 0.098+0.007 0.3200.124*°  0.417+0.040**¢ 61.9315 0.000*
density of
iINOS

F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test

((Tukey)

p: p value for comparing between the studied groups * p<0.05
#:p<0.05 vs control group ,b:p <0.05 vs grouplll A, °: p<0.05 vs group 111 B
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Fig. (1): Photomicrographs of sections of rat control liver [A,
B]: from control group. [A]: showing hepatocytes (H)
arranged in hepatic cords that radiating from a central vein
(CV), blood sinusoids (S) in between hepatic cords containing
kupffer cells (curved arrow). [B]: showing normal portal
area containing portal vein (PV) and bile ductules (D). Notice
vesicular nuclei (arrow) and acidophilic cytoplasm (angled
arrow) of the hepatocytes. [C, D]: from group Il A (IVM and
APAP treated group for 7days) [C]: showing dilated
congested central vein (CV), most of normal hepatocytes with
acidophilic cytoplasm (angled arrow), dark stained nuclei
(arrow). The double nucleated hepatocytes (arrow head) are
apparently increased. [D]: hepatic cords containing kupffer
cells (curved arrow), congested portal vein (PV), hepatocytes
with vacuolated cytoplasm (angled arrow), dark stained
nuclei (arrow), double nucleated hepatocytes (arrow head)
H&E (X 400).

Fig. (2): Photomicrographs of liver sections from rat treated
groups; [A-B] from group Il B (IVM and APAP treated
group for 14 days) and [C-F] from group Il C(IVM
andAPAP treated group for 28 days): [A]: showing distorted
epithelial lining(zigzag arrow) of the dilated congested
central vein(CV), dark stained nuclei of some hepatocytes,
doubly nucleate hepatocytes (arrow head) and dilated blood
sinusoids (S) containing proliferated kupffer cells. [B]
showing Periportal inflammatory cellular infiltrations (short
thick arrow) are appeared surrounding congested portal
vein(PV). Proliferation of bile ductules (D) is observed in the
portal area, proliferated kupffer cells (curved arrows) and
doubly nucleate hepatocytes (arrow head). [C]: showing
marked congested and dilated central (CV), some
hepatocytes with pyknotic nuclei (arrows), apparent increase
in the number of doubly nucleated hepatocytes cells (arrow
head) and apparent proliferation of kupffer cells (curved
arrow) in the walls of sinusoid (S). [D]: showing the
congested and dilated portal vein (PV), congested sinusoids
(S), congested hepatic artery (A), mononuclear cellular
inflammatory infiltrations (short thick arrow) with fibrosis
(bifid arrow) surrounding the portal vein and proliferated
bile ductules (D), hepatocytes with pyknotic nuclei (arrows).
[E]: showing the majority of hepatocytes with pyknotic dark
stained nuclei (arrows) and some. Hepatocytes with
vacuolated cytoplasm (angled arrows). [F]: showing
necrotic foci (circle) in which hepatocytes appear with
marked vacuolation and extensive loss of the cytoplasmic
organelles (angled arrow). hepatocytes with pyknotic nuclei
(arrows) and (d) doubly nucleated hepatocytes cells (arrow
head). HandE (X 400).
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Fig. (4): Photomicrographs of sections of rat liver [A]:

: from control group and [B]: from group Il A
=4 (IVMandAPAP treated group for 7days) : showing
.5 nhegative cytoplasmic immune reaction for iNOS [C]:

.4 from group Il B(IVM and APAP treated group for 14

days) showing positive cytoplasmic immune reaction for
iNOS in some hepatocyte [D]: from group 111 C (IVM and

Feo8Z APAP treated group for 14 days): showing many
2% hepatocytes with positive cytoplasmic immune reaction for
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Fig. (3): Photomicrographs of t liver [A, B]: from control
group and [C, D] from group IlIA (IVM and APAP treated group for
7days) showing thin layer of blue colored collagen fibers (arrow)
around the central vein (CV), in the portal area (PV) (arrow) and also in
the lining of blood sinusoid (curved arrow). [E, F] from group 111 B
(IVM and APAP treated group for 14 days): showing few blue colored
collagen fibers (arrow) around the central vein (CV), around portal vein
(PV) and in the lining of the blood sinusoid and [G, H] from group 111
C. (IVM and APAP treated group for 28 days): showing increased blue
colored collagen fibers (arrow) around the central vein (CV), in the
portal area (PV) (arrow) and also in the lining of blood sinusoid (curved
arrow) (Mallory stain X400).

DISCUSSION
Quispe-Cariari, 2021 assessed self-medication
practices during COVID-19 and reported
prevalence of self-medication up to 88.35 % of
general population which included mainly
acetaminophen, antibiotics, chloroquine and
ivermectin. Pointless prophylaxis, prevention

and treatment protocols of COVID-19 pushed
people to adopt self-medication and more
concerning, self-dosing without prescription.
Stahl et al. (2015) reported that a dose of 2g
paracetamol resulted in a significant decrease of
the antioxidants plasma glutathione and free

ESCTJ; Vol.
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":‘--_ iNOS (Immunoperoxidase technique for iNOS X400).

cysteine for 3 hours. This is of particular
importance in cases of COVID-19 infection
which itself adds a burden on liver by many
suggested  mechanisms including  direct
cytotoxicity from viral infection, hypoxia due
to respiratory failure, inflammatory cytokine
storm and drug induced liver injury (Cha et al.,
2020 and Aydemir & Ulusu, 2020). Also, liver
damage has been observed with long term use
of paracetamol even at therapeutic doses in
patients with viral infections (Day et al., 2000).
However, its consumption and sales increased
significantly during the COVID-19 pandemic
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(Romano et al., 2020). In addition, people
started taking ivermectin, which is well known
for its good margin of safety, on a regular basis.
This may increase its toxic effect especially
with concomitant drug intake potentiating the
risk of harmful health effects (Molento, 2020).
The aim of this work was to assess the potential
hepatotoxic effects on combination of both
paracetamol and ivermectin which are used in
treating mild and moderate cases of covid 19
infection according to Egyptian ministry of
health protocol in adult male albino rats. The
animals received both drugs at doses equivalent
to human dosing regimen used in covid 19
management  protocol  after  conversion
according to surface area ratio. The Evaluation
of the possible hepatotoxic effects was studied
at different durations (after 7, 14 and28 days).
The biochemical parameters result of this study
revealed that hyaluronan level was the earliest
biomarker to be increased. The elevation of its
level was detected as early as 7 days after
treatment with 1IVMand APAP, while GLDH
measures increased after 14 days of treatment.
On the other hand, ALT and AST levels didn’t
increase except after 28 days of combined IVM
and APAP treatment.

These results coincide with George & Stern
(2004) who conducted a study on the
hepatotoxic effect of Dimethyl nitrosamine and
found that HA is the earliest biomarker of acute
liver injury which was elevated within one to
two days and reached about 35 folds more than
control, with the elevation of conventional liver
injury biomarkers (ALT and AST) was delayed
to day 7. This may be explained by Litwiniuk
et al. (2016) and Gupta et al. (2019) stated that
HA presents in significant amount in the
extracellular matrix in the liver and its synthesis
increases in response to inflammation and
injury.

As regard GLDH measures, the results of this
work are in agreement with Church et al., 2019
who reported that a multicenter study found
that GLDH is the most helpful in identifying
DILI. Also, several studies found that GLDH is
more effective biomarker of acute hepatic
injury than ALT and AST because of its great

increase  following hepatocellular injury,
prolonged persistence in the blood following
injury, high sensitivity for detection of injury
(including pre-necrotic injury), high tissue
specificity, and lower susceptibility to
inhibition or induction (O’Brien et al., 2002;
khalaf et al., 2017 and Schomaker et al.,
2020).

Also, Fu et al., 2020 stated that ALT and AST
are not elevated in the circulation except after
liver injury has occurred and so they cannot be
used for identifying potential DILI before
substantial liver injury. On the other hand,
GLDH is considered an early biomarker of liver
injury with advantage over ALT and AST in
early recognition of DILI being elevated even
without apparent hepatotoxicity. Adding to this
it is not affected by age, gender or muscle
injury

The histopathological changes detected in IVM
and APAP treated group after 7 days was
restricted to congestion of central vein with
some vaculation in the hepatocytic cytoplasm.
These changes were aggravated with increased
duration of treatment and showed congestion
and fibrosis of portal vein, dilatation of blood
sinusoids, proliferation of kupffer cells,
distortion of central vein epithelium, with areas
of mononuclear cell infiltration and necrotic
foci

The histopathological results of this study
coincides with Elzoghby et al. (2015) who
reported histopathological changes in the liver
of rats after injection of ivermectin at
therapeutic dose and double therapeutic doses
in the form of congestion of central vein,
hepatic blood vessels and blood sinusoids in
association with vacuolated cytoplasm of
hepatocytes. They stated that the severity of
these changes varied from mild to severe
changes according to the dose. Moreover, Al-
Jassim et al. (2015) and Mahmoud et al.
(2017) who studied the effects of therapeutic
and double therapeutic doses of ivermectin on
adult male and female rabbits and detected
congestion of central vein, portal vein together
with sinusoidal dilatation which were more
severe with increasing dose and duration. They




also stated that hepatocytes revealed
degenerative changes in the form of vacuolar
and hydropic degeneration with therapeutic
doses to, hyperplasia of epithelial cell lining
bile duct with periductal mononuclear
leucocytic cellular infiltration, fibrosis and
focal necrosis with double therapeutic doses.
Veit et al. (2006) reported a case of a 20-year-
old woman who developed severe hepatitis 1
month after a single dose of ivermectin in
which liver biopsy revealed intralobular
inflammatory infiltrates, confluent necrosis and
apoptosis, compatible with drug-induced liver
affection. Also, Leticia et al. (2021) stated that
a clinically apparent liver injury with minimal
increase in aminotranseferases was reported in
a case with single dose therapy of ivermectin.
On the other hand, Dadarkar et al. (2007)
mentioned that cases of liver affection
associated with ivermectin use are usually mild
and self-limited

Also, our results are parallel with that of
Nesreen et al. (2014) who stated that the
histopathological changes in  liver of
paracetamol-treated rats included congested
central vein, inflammatory changes and
activated Von Kupffer cells. In addition, an
Experimental study on male albino rats was
conducted by AL-DOAISS, (2019) revealed
that a 30 days administration of 470mg/kg of
acetaminophen (which is calculated based on
surface area ratio of rats by conversion of the
maximum therapeutic daily dose in human)
induced hepatic necrosis, blood sinusoidal
dilatation and congestion, and severe
inflammatory infiltrations which is initiated by
the formation of toxic reactive metabolites, N-
acetyl benzoquinone imine (NAPQI), which is
responsible for hepatotoxicity through the
depletion of glutathione.

Woolbright & Jaeschke (2017a) and (2017b)
stated that the pathophysiological role of
inflammation in acetaminophen-induced liver
injury is still conversial. Many studies
suggested that inflammation with activation of
kupper cells and neutrophils aggravates liver
injury induced by paracetamol (Woolbright
and Jaeschke 2018). Kim & Nalsbltt (2016)

and Jaeschke & Naisbitt (2018) explained this
by sustained cytokine release from Kupffer
cells which also recruits other inflammatory
cells such as eosinophils, dendritic cells, T cells
resulting in DILI. Moreover, Oliveira et al.
(2006) stated that the inflammatory process
following liver injury can possibly induce
fibrogenesis. This goes in parallel with fibrosis
findings in this study where after 28 days of
treatment , the deposition of collagen fibers
around portal vein and bile ducts increased
concomitantly with elevation of serum HA
which is known to be a non-invasive biomarker
to assess the presence of liver fibrosis, and to
monitor disease progression (Neuman et al.,
2016).

The results of this work revealed increased
hepatic iINOS protein in treated groups with
IVMandAPAP after 14 and 28 days. This is in
parallel with that of Muhl et al. (2011) who
detected increased iINOS in the liver of
acetaminophen treated mice. Also, Pautz et al.
(2010) and Burrack & Morrison (2014) stated
that increased expression of iINOS together with
increased its biological activity were detected in
Kupffer cells and hepatocytes and is related to
the pathological inflammation associated with
DILI. Biological activity of iINOS with concok,
mitant cytoplasmic expression depends on the
pathogenesis of drug-induced liver injury
(Burrack and Morrison, 2014).

Moreover, Atakisi et al.,, 2009 found that
subcutaneous administration of 1mg/kg of
ivermectin in rabbits resulted in increased
plasma Nitric oxide level while the level was
not significantly altered at doses of 0.5 mg/kg.
INOS is responsible for high production of free
radical molecule; Nitric oxide (NO) over a
short duration. Nitric oxide (NO) is considered
not only as a crucial key for efficient innation
of host defense, cell-mediated immunity but
also in cell injury (Iwakiri and Kim, 2015)
The results of this study highlighted the risk of
liver injury within short duration following
combination of two drugs used in treatment
protocol of covid-19. Added to this, studies
carried out on COVID-19 reported abnormal
liver functions with liver injury in COVID-19




cases (Chen et al.,, 2020; Wang et al., 2020
and Guan et al., 2020). Also, Histological
study of autopsies from patients infected with
Covid-19 revealed signs of liver affection
ranged from apoptosis, abundant mitosis, mixed
inflammatory infiltration in the portal area to
severe bile duct injury and centri-lobular
necrosis (Fiel et al., 2020 and Bradley et al.,
2020). Moreover, Melquist et al., (2020)
reported a case of COVID-19 patient presented
with acute hepatitis which rapidly progressed to
fulminant  hepatic failure  without any
respiratory manifestations.
CONCLUSION
Combination of ivermectin and paracetamol
resulted in liver injury which was detected as
early as 7 days after treatment by HA level and
was accompanied by histopathological changes
which became more severe with increasing
duration of treatment.
RECOMMENDATIONS
Ivermectin and Paracetamol should be used
with precautions and under medical supervision
especially on combination to avoid possibility
of aggravation of liver injury which is believed
to be one of covid-19 complications. More
researches are required to assess safety of drugs
included in management protocols of covid-19
LIMITATION OF THE STUDY
The study didn’t include paracetamol treated
group alone and ivermectin treated group alone
since the hepatotoxic effects reported may be
due to one of them alone, but since the aim of
the study to simulate the clinical treatment
protocol in which both drugs are used for
management of mild and moderate cases of
COVID-19 management, the treated group
involved the 2 drugs concomitantly
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