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Abstract

A natural fermentation product called ivermectin (IVM), which is generated from the soil bacterium Strepto-
myces avermitilis, is a broad range of anthelmintic, pesticide, and antiviral. Several immune system functions
are impacted by zinc. The goal of the current investigation was to determine how therapeutic doses of iver-
mectin and monozinc affected the liver, spleen, and lung in terms of histopathological changes, as well as the
clinical results of lymphocytes, TNF, and y globulin. Fifteen female white albino rats were equally divided into
three groups, group 1 was assigned as a control, and group 2 received a therapeutic dose of ivermectin (0.2
mg/kg BW/SC) with 0.18 mg of zinc per day orally for one month, and group 3 that received a double thera-
peutic dose of zinc (0.36 mg/kg BW/SC) orally for one month. The observed macroscopic histopathological
changes in group 2 were enlargement of the livers with microscopical mild vacuolation of some hepatocytes
with hyperplasia of Kupffer cells. Some areas of the liver showed necrotic changes. The lungs were congested
and showed catarrhal pneumonia. The spleens were enlarged and congested, and showed microscopically,
hyalinization of the central arterioles with an increase in the lymphocytes of the white pulp and hemorrhage
in the red pulp. The histopathological changes in group 3 indicated congestion of the central vein and hepatic
sinusoids with hemosiderin pigment and perivascular aggregation of mononuclear cells in the liver, while the
lungs, microscopically showed mild catarrhal bronchitis, and the spleen showed hyperplasia of the lymphoid
follicle of the white pulp ad reduction of the red pulp. The obtained results of the present study indicated that
ivermectin with zinc act as immunostimulants for different cells responsible for immunity in the body tissue.
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INTRODUCTION

During the recent outbreak of COVID-19, various drugs were
used in the protocol of the treatment, we here are focusing on
ivermectin and zinc.

Any disease or condition brought on by a virus is referred to
as a viral disease. Viral illnesses are not always contagious. They
thus don't always spread from one person to another. The fluy,
the common cold, HIV, and herpes are examples of communica-
ble viral infections. The bite of an infected insect is one method
through which some viral illnesses spread (Ashour et al., 2019).
New broad-spectrum antiviral medications have been empha-
sized in recent years as a way to protect against a variety of vi-
ruses while lowering the costs and resistance risks of producing
drugs that are unique to each virus (Caly et al., 2020).

The need for developing efficient treatments against the
SARS-CoV-2 causal agent as well as other pathogenic corona-
viruses (CoV) that have previously surfaced or may do so in the
future has come to light as a result of the coronavirus disease
2019 (COVID-19) pandemic. Therefore, scientists are concentrat-
ing on CoV replication cycle phases that may be susceptible to
suppression by general or particular antiviral drugs (Adegboro
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etal, 2021).

In recent vyears, researchers have demonstrated the
broad-spectrum anti-parasitic drug ivermectin’s efficacy against
a variety of viruses (Elalfy et al., 2021). Ivermectin works by pre-
venting the host importin alpha/beta-1 nuclear transport pro-
teins from doing their function. These proteins are crucial com-
ponents of an intracellular transport system that viruses employ
to increase infection by stifling the host's defense mechanism.
Additionally, ivermectin docking may prevent the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) spike protein
from adhering to the membrane of human cells (Boretti, 2022).

Zinc is thought to be necessary for DNA and protein synthe-
sis as well as cell division. Zinc is also essential for bone miner-
alization, healthy thyroid function, blood coagulation, cognitive
abilities, sperm generation, taste acuity, connective tissue growth
and maintenance, immune system function, prostaglandin for-
mation, tissue growth, and other processes. To keep the level of
serum testosterone normal, zinc is required. The vesicles of the
mossy fiber system of the brain’s hippocampus contain zinc (Bur-
ton, 2005). To maintain good health with a better cell-mediated
immune response, taking zinc supplements is recommended.
Skin health depends on the nutrient zinc. Brain regions that re-
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ceive and process information from taste and smell receptors are
activated by zinc. Levels of zinc in the plasma have been demon-
strated to affect hunger and taste preferences (Bonaventura et
al, 2015). Growth retardation, low blood pressure, weakened
bones, loss of taste and smell, appetite loss, weight loss, pale
skin, diarrhea, hair loss, exhaustion, and white spots beneath the
fingernails are just a few of the signs of zinc deficiency. The lack
of zinc has been linked to immunological dysfunction and in-
creased vulnerability to infection in older people (Cheng et al,
2018). The generation of immune system cells in the body, which
guards against illness and infection, is tightly controlled by zinc.
Immunity often declines as we age. It has been demonstrated
that giving older adults enough zinc and a nutritious diet can
reduce their risk of contracting infectious diseases (Tuerk and Fa-
zel, 2009).

This study aimed to investigate the histopathological effects
of either ivermectin or zinc on the liver, spleen, and lungs of al-
bino rats.

MATERIALS AND METHODS

Experimental animals

All experiments were conducted according to Zagazig Uni-
versity guidelines for the use of laboratory animals. Following the
laboratory standards, 15 mature albino rats weighing between
150 and 200 g were kept a 25+2 °C with a 55-64 % relative hu-
midity and a 12 h light-dark cycle, at the laboratory animal fa-
cility, Faculty of Veterinary Medicine, Zagazig University, Egypt.
They have unlimited access to regular pellet feed as well as water.
Throughout the entire experiment, rats were housed in the same
sanitary and environmental circumstances.

Experiment design

In the study, 15 female white albino rats, purchased from the
laboratory animal facility at Faculty of Veterinary Medicine, Za-
gazig University, Egypt, were divided equally into three groups:
control group (G1), group 2 (G2) received a therapeutic dose of
ivermectin (0.2 mg/kg BW/SC) along with 0.18 mg of zinc every
day orally for a month, and group 3 (G3) received a double thera-
peutic dose of zinc (0.36 mg/kg BW) orally for a month.

Blood samples

All groups’ blood samples were taken from the Middle Can-
thus of the eye. Blood was drawn with anticoagulant for com-
plete blood count according to Lewis et al. (2006), and without
anticoagulant for estimation of TNF-alpha using rat TNF-alpha
ELISA kit (ThermoFisher Scientific, Austria), and gamma-globulin
according to Bianchi et al. (1995).

Histopathological studies

After every rat sacrifice, samples were obtained from the
spleen, liver, and lung. In a 10% buffered neutral formalin solu-
tion, these samples were fixed. Following the correct fixation, the
samples were dehydrated in ethyl alcohol at ascending concen-
trations (50-100%), cleaned in xylol, embedded in paraffin, and
finely blocked. Hematoxylin and eosin (H&E) staining was used
to section the samples into 5 m thick sections for microscopic
analysis (Suvarna et al., 2019). Autoclaved scissors and disposable
forceps were utilized for sampling during the necropsy investi-
gation.
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Statistical analysis

Analysis of variance (ANOVA) was used in the statistical anal-
ysis. At a significant threshold of 0.05, Duncan’s Multiple Range
was employed to determine differences in treatment means. The
SPSS program was used to run all of the statistics on the com-
puter.

RESULTS

Hematological and biochemical analysis

Groups 2 and 3 had the highest blood lymphocytes count
(804.80+57.51), and (1036.40+52.81), respectively, while G1 had
the lowest lymphocytes count (269.33+29.67). However, G2 had
the highest tumor necrosis factor-alpha (210.60+27.05), followed
by G1 (86.00+£7.00), and G3 (53.66+6.34). Gamma-globulin re-
vealed that there was a slight statistical significance among the
examined groups (Table 1).

Table 1. Effects of ivermectin and zinc on the investigated parameters.

Lymphocytes TNFa v-globulin

(uh) (pg/ml) (grdl)
Group 1 (n.=5) 269.33+29.67° 86.00+7.00° 0.82+0.04°
Group 2 (n.=5) 804.80+57.51° 210.60+27.05* 1.26+0.04¢
Group 3 (n.=5) 1036.40+52.81* 53.77+6.34¢ 1.17+0.05°

Data are presented as Mean+SE. Values within the same column carrying different super-
script letter are significantly different at p < 0.05.

Histopathological findings

Various histopathological changes were demonstrated in the
liver, lung, and spleen of the treatment groups.

Group 2
Liver

Macroscopically, the liver was enlarged, microscopically the
liver showed mild vacuolation of some hepatocytes with hyper-
plasia of Kupffer cells (Fig. 1a). In some cases, the hepatocytes s
showed fatty change with the nucleus in the peripheral giving
signet ring appearances (Fig. 1b), the portal area showing con-
gestion of portal vein with mild hyalinization in its wall (arrow),
and chronic cholangitis (Fig. 1c).

Lungs

Macroscopically, the lung was congested, microscopically, the
lung showed catarrhal pneumonia represented by hyperplasia of
lining epithelium of bronchi and few desquamated epithelial with
peribronchial leukocytic infiltrations (Fig 1d). In addition, thicken-
ing in the interalveolar septa by mononuclear cell infiltration and
atelectasis of some alveoli were observed, and others showed
emphysema (Fig. 1e). Perivascular aggregation of mononuclear
cells was also seen (Fig. 1f).

Spleen

Macroscopically, the spleen was enlarged and congested,
microscopically, the spleen showed hyalinization of central ar-
terioles (Fig. 1g) showing hyperplasia of the lymphoid follicle of
white pulp (Fig. Th).
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Rats treated with a double therapeutic dose of zinc (Group 3)
Liver

Macroscopically, liver was congested, microscopically,
showed congestion of the central vein and hepatic sinusoids with
hemosiderin pigment (Fig. 2a), and perivascular aggregation of
mononuclear cells was also seen (Fig. 2b). The portal area showed
thickening in the wall of the portal vein and the bile duct showed
mild cholangitis represented by thickening in the wall of the bile
duct by fibrosis and mononuclear cell infiltration (Fig. 2¢).

Lungs

Macroscopically, the lungs were congested, and microscop-
ically showed mild catarrhal bronchitis, and thickening and hy-
alinization in the wall of the blood vessel with aggregation of
lymphocytes peri bronchial forming lymphoid follicles (Fig 2d).

Spleen

Macroscopically, spleen was enlarged, and microscopically
showed hyperplasia of the lymphoid follicle of white pulp and
reduction of the red pulp (Fig. 2e).

DISCUSSION

Ivermectin, an antiviral medicine, and zinc, an immunostim-
ulant treatment, were among the standard preventive measures
used during the Covid-19 outbreak. Through an examination of
the histological and clinicopathological alterations in the tissue
and the blood, this work demonstrated the negative effects of
ivermectin and zinc on the albino rats’ tissue. Group (2) demon-
strated nasal discharges, anorexia, and depression. These symp-
toms could be caused by intestinal edema or epithelial cell ne-
crosis brought on by high ivermectin doses (Ashraf et al., 2021).
Topp et al. (2015) reported that zinc is a vital trace element for all
forms of life, and our clinical symptoms supported their findings.

| 3

Fig. 1. Photomicrograph of H&E stained tissue group (2), liver a-c: a: mild vacuolation (arrow) and hyperplasia of Kupffer cells (arrowhead), x1200, b: fatty (arrow), x300, c: the portal
area showing congestion of portal vein with mild hyalinization in its wall (arrow) and chronic cholangitis (arrowhead), x1200.d-f (lung), d: catarrhal bronchitis (arrow) thickening and
hyalinization in the wall of peribronchial blood vessels (arrowhead), x300.e: thickening in the interalveolar septa by mononuclear cell infiltration (arrow), x1200. f: perivascular aggregation
of mononuclear cells (arrow), x1200.g-h (spleen), g: hyalinization of central arterioles in the white pulp (arrow), x1200. h: multiple hyperplasias in the white pulps with a reduction in the

size of red pulps (arrow)x300.

5

Fig. 2. Photomicrograph of H&E-stained tissue group (3), liver a-c: a: dilation of hepatic sinusoids (arrow) with the presence of brown pigment of hemosiderin (arrowhead), x1200.b:
perivascular aggregation of mononuclear cells (arrow) with hemosiderin pigment (arrowhead), x1200.c: the portal area of the liver showing mild cholangitis (arrow), x1200. D: (lung), mild
catarrhal bronchitis (arrow), and thickening and hyalinization in the wall of the blood vessel (arrow with 2head) with aggregation of lymphocytes peri bronchial forming lymphoid follicles
(arrowhead), x1200. e:(spleen), hyperplasia of the lymphoid follicle of white pulp (arrow), x300
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It was acknowledged that zinc was important for human nutrition
and general health. Zinc is most likely involved in cell signaling
and has been linked to changes in hormone release and nerve
impulse transmission, according to Webster et al. (2001).

The obtained findings revealed a very high platelet count and
a very slight increase in lymphocytic count (79. 8%). Both TNF-al-
pha and gamma-globulin levels were elevated. Findings from this
study concur with those of McClain and Su (1983). Likely, Qureshi
et al. (1996) and Ali et al. (1988), noted that the adverse effects of
ivermectin include lowering platelets, while zinc supplementation
has been demonstrated to increase the cell-mediated immune
response of healthy aged individuals.

In the present study, macroscopically the spleen was larg-
er and congested, and microscopic examination revealed white
pulp lymphoid follicle hyperplasia. These findings are related to
zinc's effects on the immune system in general. Neutrophils, NK
cells, and other cells mediating innate immunity all require zinc
for appropriate growth and operation. Zinc deficiency also af-
fects macrophages. Zinc deficiency has an impact on phagocy-
tosis, intracellular killing, and cytokine generation. T and B cell
development and function are negatively impacted by a zinc
deficit (Qureshi et al., 1996). The liver was enlarged under the mi-
croscope and revealed minor vacuolation of certain hepatocytes
as well as Kupffer cell hyperplasia, these findings concur with
Sherman (1992). They reported that zinc is crucial in controlling
the body's immune system’s cell synthesis, which guards against
illness and infection. Besides, Ashraf et al. (2021), several ivermec-
tin investigations have also revealed potential anti-inflammatory
characteristics, which have been hypothesized to be helpful in
COVID-19 patients.

In group (3), the most recent clinical symptoms were an-
orexia, nasal discharges, dizziness, flatulence, vomiting, and di-
arrhea, these symptoms are partially matched those of Suzuki
et al. (2008), who demonstrated that zinc intake from drinking
water needed to exceed 15 mg/L to cause nausea, vomiting, and
diarrhea. Zinc salts simultaneously influence multiple organs, as
demonstrated by zinc phosphide. Ingestion of this rodenticide
causes the release of phosphine gas, which can enter the blood-
stream and harm the lungs, liver, kidney, heart, and central ner-
vous system. This gas is triggered by reactions with water and
stomach acid. Stomach aches and diarrhea are indications of mild
zinc phosphide poisoning. And we were somewhat in accord with
Socha et al. (2021), who demonstrated that zinc salts have a pro-
pensity for being corrosive and that ingesting them can seriously
harm the mouth, throat, and stomach. Initial symptoms may in-
clude vomiting and burning in the mouth and pharynx, as well
as erosive pharyngitis, esophagitis, and gastritis. Gastrointestinal
hemorrhage and acute pancreatitis are examples of complica-
tions.

Hematological and biochemical data from this study revealed
a significant increase in lymphocytic count (101.56%) and a very
high platelet count. Gamma-globulin levels were high on the
opposite side, TNF-alpha levels were high, and total neutrophils
were very low (13%). According to Vallee and Falchuk (1993), sid-
eroblastic anemia, hypochromic microcytic anemia, leukopenia,
lymphadenopathy, neutropenia, hypocupremia, and hypoferre-
mia are the most frequent side effects of long-term, high zinc
intakes (range from 150 mg/day to 1-2 g/day). After stopping the
intake of zinc with or without copper supplementation, patients
frequently return to normal blood patterns; reduced blood plate-
lets have been documented.

In the current study, the liver was engorged on a macroscop-
ic level. Microscopically, hemosiderin pigment and perivascular
aggregation of mononuclear cells were seen in the hepatic sinu-
soids, and mild cholangitis was represented by thickening of the
bile duct’s wall by fibrosis and infiltration of mononuclear cells.
The portal area also showed a thickening in the wall of the por-
tal vein. The obtained results partially supported those of Wang
and Zhou (2010), who demonstrated that elevated copper and
zinc levels were associated with severe chronic cholestatic liver
disease that progressed to end-stage biliary cirrhosis in a limited
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number of Cree and Ojibwa-Cree children. Since there was no ev-
idence that the children had been exposed to excessive zing, it is
possible that the consequences were brought on by an inherited
malfunction in metal metabolism, other dietary or environmental
factors, or genetic factors.

Spleen was enlarged macroscopically. Microscopically, white
pulp lymphoid follicle hyperplasia and red pulp decrease were
visible, these findings corroborated Nowak et al. (2015) findings
that zinc has an impact on many immune system functions. Neu-
trophils, NK cells, and other cells mediating innate immunity all
require zinc for appropriate growth and operation. Zinc deficien-
cy also affects macrophages. Zinc deficiency has an impact on
phagocytosis, intracellular killing, and cytokine generation. The
development and operation of T and B cells are negatively im-
pacted by zinc deficiency. Zinc's capacity to act as an antioxidant
and stabilize membranes raises the possibility that it contributes
to the protection of harm brought on by free radicals during in-
flammatory processes.

CONCLUSION

Ivermectin with zinc act as an immunostimulant for different
cells responsible for immunity in the body tissue. Double doses
of zinc induce mild lesions in the examined organs, especially the
liver. We recommended that zinc with ivermectin must be used
only at therapeutic doses.
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