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Abstract

Background and Objective: The liver plays an essential role in detoxifying any xenobiotic and regulating the main body functions.
Prolonged exposure to antiprotozoal drugs such as nitazoxanide (NX) may develop antioxidant imbalance and thus induction of series
of free radicals production and induction of oxidative stress, thus the main objective of the study focused on proving that the
supplementation with active potent antioxidant compound such as ellagic acid (EA) may enhance the antioxidant defense and alleviate
any signs of oxidative stress harm effect of anti-parasitic drugs. Materials and Methods: The 32 adult male rats were randomly assigned
into 4 groups. Control group: Rats were fed by standard diet. The NX group: Rats were administrated NX at dosage of (18 mg/kg). The EA
group: Rats were administered EA at a dosage of (20 mg/kg). The NX plus EA group: Rats were administrated by NX and then concurrent
treatment of EA at the same dosages, all treatment was for successive 30 days. A lot of biochemical parameters were measured regarding
the hepatic activities including liver enzymes AST, ALT, ALP and, LDH, besides lipid profile, tumor and inflammation markers (CRP, TNF-a
andIL-6), antioxidant enzymes in liver tissue homogenates (SOD, CAT and GPx) and lipid peroxidation marker (MDA), besides histological
sections of the hepatic tissues. Results: The NX group showed a significant elevation in hepatic enzymes with the elevation of lipid
markers, besides decline of antioxidant enzymes with the elevation of (MDA) and inflammatory markers with induction of hepatic
structure alterations. In contrast, the combined group of NX and EA demonstrated a significant attenuation of the previously mentioned
parameters with elevation of the antioxidant enzymes. It is noteworthy that the combination of NX and EA exhibited significantly better
ameliorative effects than either drug alone. Conclusion: The hepatic structure changes and redoximbalance brought on by NX treatment
alone were reduced significantly by treatment by both NX and EA.
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INTRODUCTION

Nowadays, anti-parasitic medications that induce
oxidative stress-such as elevated reactive oxygen species
production and redox enzyme inhibition-are thought to be
therapeutic candidates used excessively for the management
of a lot of parasitic diseases'. The anti-parasitic drug NX is a
member of the thiazolide nitro heterocyclic class?3.

Nitazoxanide (NX) is an oral antiprotozoal medication
with good bioavailability and safety profile, which has FDA
approval. Since 2004, the situation has been further used in
clinical settings to treat diarrhea in adults and children caused
by Giardia and Cryptosporidium. The NXis a broad-spectrum
anti-parasitic drug that is mainly used for protection against a
lot of protozoal, viral and helminthic infections®.

The NX can prevent resistance mechanisms and is more
selective against parasites than bacterial or fungal infections
when compared to other alternative medications®.

The NX exhibits broad-spectrum activity of anaerobic
bacteria and parasites. Some anaerobic bacteria and parasites
have been demonstrated to be strongly inhibited by NX°.
About 1/3 of the oral dosage of NX is eliminated in urine and
2/3 in feces after it is absorbed from the gastrointestinal tract.
The NX is quickly hydrolyzed into its desacetyl derivative,
tizoxanide (desacetyl-nitazoxanide), in blood by plasma
esterase’.

Abdominal pain, diarrhea, vomiting, headache, dizziness,
insomnia, sweating and pale yellow eye discoloration,
myalgia, leg cramps, some bone fractures, tachycardia and
hypertension, as well as anemia were among the side effects
of NX&,

The only detectable species in plasma and the active
metabolite /n vivo is tizoxanide. After taking NX orally, plasma,
urine, bile and feces have all been reported to contain
tizoxanide and tizoxanide glucuronide has also been detected
in these fluids®. Since tizoxanide does not inhibit cytochrome
P450 enzymes /n vitro,concurrent administration of tizoxanide
and other agents that have been metabolized or inhibited by
cytochrome P450 enzymes has not been expected to resultin
any notable interactions. Because tizoxanide has a high
plasma protein binding (>99.9%), concurrent use of other
drugs with small therapeutic index and high plasma protein
binding (>99.9%) ensures patient safety. The NX did not seem
to change the drug’s kinetics when the two drugs were
administered concurrently'™.

The liver is the largest internal organ in the body, making
up around 2% of an adult’s body weight. The liver is made up

of hepatocytes, which make up nearly 80% of the liver's
volume and carry out most of its functions, sinusoidal
endothelial cells and Kupffer cells''. This organ absorbs
nutrients, functions as a store or supplier for other organs,
metabolizes a broad range of nutrients and foreign substances
and excretes medications, cholesterol, bile pigments and
bacterial products''™. As a result, this organ is extremely
vulnerable to the harmful effects of toxins''>.

One of the main processes in the etiology and
development of liver diseases is oxidative stress, which is
brought on by an imbalance between the antioxidant
defenses of the cell and the actions of pro-oxidant agents's!”.
These pro-oxidants, which include superoxide radical (O,),
hydroxyl radical (HO?), hydrogen peroxide (H,0,) and nitric
oxide (NO'), are generally referred to as reactive oxygen
species (ROS)™. For this reason, using natural antioxidants
in place of traditional therapies has become a viable
alternative for preventing or lessening liver damage'®2.
Numerous plant extracts and their secondary metabolites
have been linked to antioxidant qualities and
hepatoprotective qualities?>24,

As a result, numerous studies have been suggested as
adjuvants or therapeutic agents for the management of liver
disease®. particularly, recent research has shown that the
naturally occurring polyphenolic compound ellagic acid (EA)
has remarkable pharmacological properties that protect
against liver disease and toxicity.

It has been reported that EA, a naturally occurring plant
phenol present in some vegetables, fruits and nuts,
possesses antioxidant, anti-tumor and anti-inflammatory
properties?®?°, The EC suppressed the expression of LOX-1and
the generation of ROS mediated by oxidized LDL3C. It is still
unknown, though, how EA affects acute hepatic injury
brought on by a lot of xenobiotics.

This paper’'s goalis to elucidate the potential ameliorative
effect regarding the hepatoprotective effect of EA, this
compound that may be used as a dietary supplement to
prevent or lessen the liver damage brought on by side effects
induced by NX or other xenobiotics.

MATERIALS AND METHODS

Study area: The current study was carried out based on
the official ethical approval, with approval number
(ZU-IACUC/1/F/103/2023) with carrying out the experiments
at the Zoology lab and all the samples were taken upon
ethical guidelines and animals care.
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Experimental animals: The 32 male albino rats, weighing
between 120 and 150 g and 2 months age. The male rats
were kept in clean cages in the animal house area where
they had unrestricted access to the usual control group’s
water and regular food. Ketamine-xylazine was
administered at a very low dosage to induce anesthesia to
prevent any potential pain, by the ethical approval that was
obtained.

Ethical consideration: Under approval  number
(ZU-IACUC/1/F/103/2023), this experimental work was
conducted. The approval’s duration was from March 30, 2023,
to March 30, 2025.

Experimental design: The 32 male rats were divided equally
into 4 groups, 8 male rats/each group, experimental
procedures and tissue preparation as shown in Fig. 1.
Treatment groups were divided into 4 groups. Control group:
Rats were fed a standard diet of normal equally balanced diet
with water ad /ibitum. The NX treated group: Rats were
administrated (18 mg/kg, orally once/day). The EA treated
group: Rats were given EA at a dosage of (20 mg/kg) daily?.
The NX plus EA treated group: Rats were administrated

s
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\ 0 ‘

| —
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collection
histological sections after
fixation with formalin

Live tissues from different 4
treated groups (control, NX, EA
and NX plus EA)

Sample
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Single cell
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Then, supernatant used for determination of antioxidant enzyme
(SOD, CAT, Gpx) and lipid peroxidation marker (MDA)

NX drug at the same previous dosage and then concurrent
treatment of EA as the same required dosage. All the dosages
were concurrently for successive 30 days.

Samples collection: The 32 blood samples were taken from
the retro-orbital plexus and centrifuged for about 5 min at a
speed of roughly 3000 rpm to obtain serum samples.
The serum samples were quickly kept in a -20°C freezer
so that more biochemical analysis could be performed.
The experimental animals were quickly decapitated and the
hepatic tissues were removed and divided into two sections
after xylene/ketamine (i.p.) anesthesia. In saline phosphate
buffer (PBS), a portion was homogenized. After that, the
homogenate was used fora biochemical analysis. The residual
hepatic tissues were preserved in 10% normal buffered
formalin for histopathological examination.

Tissuehomogenates preparation formeasurement of redox
state: Oxidative stress markers were analyzed using liver
tissue sections (*0.45 g). To protect the extremely vulnerable
hepatic antioxidant enzymes from oxidation, we added a
protease inhibitor after perfusing hepatic tissues with buffer
phosphate saline (50 mM, pH 4 7.4).

32 male rats divided into
4 groups treated for
30 successive days

—

Tissue
mincing

@ Tissue
preparation

Mechanical
and enzymatic
dissociation

Fig. 1: Experimental procedures and tissue homogenates preparation
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Biochemical investigation

Lipid profile: Total cholesterol (TC) and triglycerides (TG) were
estimated by Carr et a/>'. The HDL-C estimate was calculated
by Descamps et a/*?, measured high, low and very low-density
lipoprotein levels (HDL-C, LDL-C and VLDL-C).

Liver function biomarkers: The enzymes Aspartate
Aminotransferase (AST) and Alanine Aminotransferase
(ALT)®. According to Choi et a/**, ALP was measured using a
commercial kitknown as “Biodiagnostic kits”. Vassault41 used
the “BioVision Colorimetric Assay Kit”, which is based in
Milpitas, California, USA, to measure Lactate Dehydrogenase
(LDH).

Inflammation marker (CRP) activity: The C-Reactive
Protein (CRP) levels were measured using an ELISA kit in
compliance with King et a/*.

Assessment of the oxidative and antioxidant
biomarkers activity: Using ice alkaline buffer, a small amount
of hepatic tissues (about ~0.25 g) were homogenized and the
supernatant was extracted for use in the antioxidant tests.
The malondialdehyde (MDA) concentrations were ascertained
in compliance with Ohkawa et a/*. Superoxide dismutase
(SOD) enzyme activity was determined in compliance with
Marklund and Marklund®”. The hydrogen peroxide breakdown
rate was measured at 240 nm using a Spectrophotometer
SP-2200 from Bioespectro®. The catalase (CAT) activity was
computed using the Aebi method. The outcomes were given
in terms of units (U/g). Glutathione peroxidase (GPx) activity
was quantified™®.

TNF-a and IL-6 activities in the liver homogenates: The
cytokine levels of Interleukin-6 (IL-6) and Tumor Necrosis
Factor-Alpha (TNF-a) in the homogenate of hepatic tissues
were measured using an Enzyme-Linked Immunosorbent
Assay (ELISA) kit that was purchased from Immuno-Biological
Laboratories, USA.

Histological assessment of the hepatic tissues: The
Hematoxylin and Eosin (H&E) staining was the method used to
process hepatic tissues that had been fixed. Using a light
microscope (Olympus Co., Japan), photomicrographs of the
hepatic tissue samples were taken so that the stained slides
could be seen.

Statistical analysis: The data were expressed statistically as
(Mean=SE). One-way ANOVA is used. Valuation is significant
atp<0.05. Assumed SOD levelsin the NX-treated group were
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2.17£0.56, while those in the NX+ EA group were 6.58 £ 0.95.
The sample size at 80% power and 95% confidence level is
32 (8/each group). The OPEN EPI software was used to
estimate this statistical ratio and then pairwise relations were
plotted*.

RESULTS

Effect onliverfunction parameters: Hepatic alterations were
observed in the hepatic antioxidant enzymes in the male rats
treated with NX. The current results manifested an increment
in hepatic enzyme levels in the NX-treated group as
demonstrated by the elevation of AST, ALT, ALP and LDH
levels quantified as (U/L). Administration of EA with NX
mitigated significantly the increased levels of the hepatic
enzymes (Fig. 2).

Effect on lipid profile: Administration of EA significantly
alleviated any hyperlipidemia in male rats treated with NX, as
treatment with NX only elevated the lipid biomarkers. The EA
significantly increased the beneficial cholesterol levels
quantified as (mg/dL) and declined the other low molecular
density cholesterol levels as shown in Fig. 3.

Effect on antioxidant enzymes and oxidative stress
markers: Administration of EA effectively elevated the
antioxidant enzymes (SOD, CAT and GPx) in male rats in
comparison with the declined antioxidant levels in NX treated
group. The group treated with a combination of EA and NX
greatly enhanced the antioxidant enzyme levels and declined
the final marker of lipid peroxidation (MDA). Alterations were
noticed in the hepatic antioxidantenzymes’ statusin malerats
treated with NX. The current results afforded an increment in
MDA levels in the liver of the NX-treated group as revealed by
the elevation of MDA levels, all were quantified as (U/qg).
The EA Administration with NX significantly modulated MDA
levels (Fig. 4).

Effect on inflammatory markers (CRP, IL-6) and Tumor
Necrosis Factor (TNF-a): Treatment of mature male rats with
EA declined greatly the inflammatory markers (CRP and IL-6)
levels as compared with NX treated group only. Meanwhile, a
combined treated group with both NX and EA induced
significantamelioration ininflammatory markers as compared
with the NX-treated group. Meanwhile, NX induced significant
cytokine storm and inflammation markers via increment of
CRP and IL-6 concurrent with elevation of TNF-a levels, which
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**Significant, ***Highly significant and ns: Non-significant

Fig. 5(a-d): Histological sections of the hepatic tissues of different treated groups (H&EX100), (a) Normal control group,
(b) NX treated group, (c) EA treated group and (d) NX plus EA treated group

(a) Hepatic tissues were normal in appearance with a normal distance of the hepatic central veins (Two-headed orange arrow) (H&EX100), (b) Showed
marked congestion of the central vein (Blue arrow), with marked fibrosis and inflammation (Green arrows), (c) Showed presence of normal sized central
veins (Red arrow) and (d) Showed marked alleviation of the hepatic toxicity with some dilation of the central vein (Red arrow)
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i

1 H&Ex400

Fig.6(a-d): Histological sections of the hepatic tissues of different treated groups (H&EX200 and X400), (a) Control group,
(b) NX treated group, (c) EA treated group upon higher resolution and (d) NX plus EA treated group

(a) Showed normal hepatic structure with normal sized central vein (CV), (b) Hepatic congestion (Orange arrow), (c) Upon higher resolution, the hepatic
tissues showed normal hepatic architecture with white spaces and marked hepatic nuclei (Red arrow) and (d) Showed normal hepatic structure and

normal hepatic architecture

Table 1: Inflammatory markers (CRP and IL-6) and Tumor Necrosis Factor-a (TNF-a)

Group/marker CRP (mg/L) IL-6 (Pg/q) tissue TNF-a (Pg/g) tissue
I-control group 10.05£1.69° 15.87£1.87% 11.68+1.87¢
II-NX group 45.98+3.882 65.981+2.872 31.68+3.87°
IlI-EA group 10.45+2.35¢ 15.02%2.45b 10.98+1.78¢
IV-NX+EA group 14.6912.98° 17.97+2.36¢ 18.87+£3.87°

Means within the same group (Mean=SE) presenting a lot of different letters which are highly significant at p<0.05, whereas the highest value with symbol (a) and

declining alphabetically

confirmed the ameliorative effect of EAin mitigating the effect
of NX on inflammatory markers, as shown in (Table 1).

Histological evaluation: The hepatic tissues were normal in
appearance with normal hepatic cords in the normal control
group with a normal distance of the hepatic central veins
(Two-headed orange arrow) (H&E X 100) as shown in (Fig. 5a).
The NX treated group showed fatty changes in the hepatic
lobules (green arrows), with clear hepatic congestion (dark
blue arrow) as shown in (Fig. 5b) (H&E X 100). The EA treated
groups showed normal hepatic structure and normal hepatic
architecture about to be normal in appearance with the
presence of normal-sized central veins (Red arrow) in both
(Fig. 5¢) (H&EX100 and 400). The NX plus EA treated
group showed marked alleviation of the hepatic toxicity and

amelioration of the fatty change case induced by NX with
some dilation of the central vein as shown in (Fig. 5d)
(H&EX 100).

Appearance of normal hepatic architecture and central
vein (CV) (H&EX200) as shown in (Fig. 6a). Upon higher
resolution, the hepatic tissues of NX treated group
showed marked congestion (Orange arrow) with the
appearance of hepatic fatty changes with clear white spaces
inside the hepatic tissues as shown in (Fig. 6b) (H&E X 400).
The EA-treated groups showed normal hepatic structure
and normal hepatic architecture about to be normal in
appearance with the presence of normal-sized central
veins with marked nuclei (red arrow) in (Fig. 6c¢)
(H&E X 400). The NX plus EA-treated group showed marked
alleviation of the hepatic toxicity and dilated central vein
(DCV) as shown in (Fig. 6d) (H&E X 400).
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DISCUSSION

The liver is a vital organ that is involved in many
physiological and biochemical functions. The liver plays a
major role in metabolism, secretion and storage, among other
essential processes. Itis also highly effective at breaking down
toxic substances and creating beneficial compounds. Certain
medications have been shown to cause significant hepatic
damage*3,

The current results revealed that NX at the therapeutic
dose caused a significant increment in ALT, AST, LDH and
ALP levels after successive treatments for 30 days; these
findings of this investigation were consistent with those of
Stockis et a8, who discovered that increased ALT and AST
were among the effects of nitazoxanide at higher dosage
levels.

Due to the severe fatty changes, the histopathological
results of the current investigation showed significant dilated
congested central veins which are surrounded by rows and
some cords of hepatocytes with clear cytoplasm. The
hepatocytes’ fatty change and dilated, congested central vein
were observed as previously proved by Shams et a/>.

Disorders related to lipid metabolism comprise arange
of conditions such as hyperlipidemia and atherosclerosis.
These conditions are closely linked to the development of
diabetes mellitus and cardiovascular incidents®*“. Given the
function of mitochondrial uncoupling in the control of
metabolism*°, drug developers have found small
chemical mitochondrial functions to be highly appealing
for the development of treatments for metabolic disorders.
The primary obstacle to the clinical drug development of
mitochondrial uncouplers is their limited therapeutic window,
which occurs between toxicity and efficacy, these findings
were in great agreement with the current finding and
approved the potent antioxidant role of EA in mitigating the
possible hyperlipidemic effect of NX.

Here, nitazoxanide drug was proved previously as
discussed by Li et a/* study to induce mitochondrial
uncoupling and activated AMPK in HepG2 cells in vitro.
Therefore, it may explain the significant elevation of the liver
enzymes* and some hyperlipidemia that had occurred in NX
treated.

Additionally  supporting the current findings,
Hamza and Al-Bagami®, reported that EA induced a
noteworthy reduction in the generation of MDA and free
radicals in diabetic rats. The current results revealed the
potent antioxidant activity of EA against NX which induced
some oxidative stress series and this concept regarding the
effect of EA was significantly proved previously by Gupta et
al®, who showed that EA could control the amount of GSH in
mouse brain tissues.

The EA is proposed as a potent antioxidant agent that
functions to shield tissues from oxidative damage
consequences. Cell cytosol contains antioxidant enzymes
called glutathione peroxidases. Utilizing glutathione as a
substrate, these enzymes’ primary job is to decrease alkyl
peroxidases and soluble hydrogen peroxide. The H,0, is
converted to water by Abu-El-Zahab et a/*. The GPx when
oxidized glutathione is present®®. The observed reduction in
SOD, CAT and GPx enzyme levels in the NX-treated group in
this study could potentially revealed that EA could up-regulate
and enhance the level of the antioxidant enzymes in the
hepatic tissues of male rats. Also, EA induced a significant
decline in MDA. The present study recorded data are in close
agreement with Firdaus et a/*', who demonstrated that EA
administration attenuated the hepatic damage induced by as
metal.

Histologically, the current hepatic tissues were confirmed
to have normal structure in case of treatment with EA and
results recorded great amelioration of hepatic tissues in the
NX group treated with EA as reported previously by Hamza
and Al-Bagami?, who confirmed the ameliorative effect of EA
in the protection of testicular tissues against oxidative stress
and declining the free radicals production.

CONCLUSION

The NX elevated significantly the oxidative stress
series in hepatic tissues, leading to the hepatic histological
architecture alterations by the presence of congestion and
fatty change in the hepatic cords. The NX downregulated the
antioxidant enzymes (SOD, CAT and GPx) and up-regulated
the final markers of lipid peroxidation (MDA). The present
study manifested that EA has a hepato-ameliorative role in
against NX-induced hyperlipidemia and oxidative stress.
Its enhancement of the biochemical parameters paralleled
with the improvement of the hepatic cellular structure.
Consequently, it's critical to educate the whole public about
EA’s beneficial effects on hepatic functions and its ability to
reduce oxidative stress caused by xenobiotics.

SIGNIFICANCE STATEMENT

Nowadays, anti-parasitic medications induce oxidative
stress with elevation of the reactive oxygen species
production and inhibition of the antioxidant enzymes used
excessively. The anti-parasitic drug NX is a member of the
thiazolide nitro heterocyclic class and in the current study, EA
was used as a natural active compound with high antioxidant
abilities to treat any oxidative series production induced by NX
and elevated the antioxidant enzymes of the treated animals
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which is a natural potent anti-parasitic alternative for any
medications with any prospective oxidative stress series.
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