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Cancer is emerging as one of the most significant challenges to the human health. Ivermectin (IVM) is one
of the most effective drugs in veterinary and human medicine. The purpose of this study was to evaluate
the potential preventative effect of IVM against cytotoxicity induced by dimethylhydrazine (DMH) in
Male Wistar rats. Three concentrations of IVM (0.25, 0.5 and 1 mg/kg) were utilized in this study. Liver
function enzymes, inflammatory markers and histopathological alterations in liver and kidney tissues
were investigated. Obtained data showed that the combination of DMH with each concentration of

ff/eeyr vrvnoergtsm IVM increased the activity of liver enzymes (ALT, ALP, AST, and GGT) compared to control and DMH alone.
Dimethylhydrazine RT-PCR findings showed upregulation in the level of INF-y, IL-6, IL-18, Cox1, and Cox2 genes compared to
Liver control. In contrast, IL-6 gene was down-regulated. The levels of genes expression were down-regulated
Kidney with combined DMH with medium and high concentrations compared to DMH alone. Microscopic anal-
Cytotoxicity ysis demonstrated histological alterations in the liver and kidney of rats treated with DMH. Combinations
Rats of DMH either with medium or high concentration resulted in less pathological features in both liver and

kidney tissues. In conclusion, this study showed that IVM mitigated the toxic effects of DMH on the liver

and kidney of male Wistar rats.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Cancer is one of the major causes of death globally and it devel-
ops due to uncontrolled proliferation of abnormal cells with
altered genetic materials (Kooti et al., 2017). Cellular processes
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transaminase; ALP, Alkaline phosphatase; GGT, Gamma-glutamyltransferase; INF-
o, Tumor necrosis factor-alpha; IL-6, Interleukin-6; IL-1B, Interleukin-1Beta; Cox-1,
Cyclooxygenase-1; Cox-2, Cyclooxygenase-2.
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involving structure and function of cells including; cell growth
and survival are regulated at the genetic level. In addition, there
are environmental factors and others that cause cancer diseases
(Tiffon, 2018). Liver is a largest organ in the human body that
has a wide range of functions and is essential for survival. Hepato-
cellular carcinoma (HCC) is a type of cancer that starts in the liver
and may develop and spread to other tissues. However, only can-
cers that start in the liver are described as liver cancer. Under-
standing the pathogenesis of hepatocellular carcinoma is
essential for its prevention (Imawari, 2002). Kidney also, plays a
vital role in human body. Chronic kidney disease (CKD) and cancer
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are connected either directly or indirectly through the adverse
effects of therapies, thus, CKD may conversely be a risk factor for
cancer. However, both CKD and cancer share common risk factors
(Bénédicte, 2010). Ivermectin (IVM) is one of the most important
drugs in veterinary and human medicine for the control of parasitic
infection (Laing et al., 2017). Moreover, it is used in the treatment
of human onchocerciasis and endoparasites (DelGiudice et al,
2003). The metabolism of IVM is primary via the oxidative path-
ways, and it has a high affinity to bind with proteins. The co-
administration of IVM and Albendazole caused significant increase
in serum urea and creatinine in rats. In contrast, the administration
of vitamin E caused reduction in urea, creatinine level in rats (Arise
and Malomo, 2009; Tavares de Almeida et al., 2012). Recently, it
has been reported that two doses (300 pg/kg) of IVM and prophy-
laxis were associated with a reduction of SARS-CoV-2 infection
among healthcare workers for weeks (Priyamadhaba et al., 2021).
IVM has been shown to normalize blood sugar and cholesterol
levels in diabetic mice (Jin et al., 2015), suppress proliferation in
different types of cancer cell lines (Yin et al., 2015), reduce inflam-
matory and allergic (Schaller et al., 2017; Ventre et al., 2017). The
antineoplastic activities of IVM against many types of cancer
related to apoptosis and oxidative stress pathways. IVM induces
generation of intracellular reactive oxygen species (ROS) in cancer
cells leading to oxidative stress and DNA damage (Dominguez-
Gomez et al., 2018; Juarez et al., 2018; Wang et al., 2018). A high
prevalence of abnormal liver function parameters was observed
for AST and ALT, respectively in population after treatment with
IVM compared to healthy participants. The prevalence of abnormal
kidney function profiles revealed (11.1 %) for creatinine, (16.2 %)
for urea, and (9.1 %) for creatinine clearance these values indicated
a significant association with IVM uptake (Shiynsa et al., 2021).
However, despite extensive research, the mechanism of IVM
remains unclear (Laing et al., 2017). As a model of cancer induction,
dimethylhydrazine (DMH) has been used as a potent carcinogen in
experimental animals (Perse and Cerar, 2011; Rubio, 2017). The
objective of this study was to assess the effects of IVM against
the cytotoxic effects of DMH in the liver and kidney of Male Wistar
Rats.

2. Materials and methods
2.1. Animals and pharmacological treatments

Male rats weighing 120-150 g were provided from animal
house and were housed under standard laboratory conditions. Eth-
ical approval (KSU-SE-20-20) was obtained from King Saud
University. DMH was purchased from Sigma-Aldrich (St. Louis,
Missouri, USA) and dissolved in 0.001 M EDTA (pH 6.5) (Chari
et al., 2018). Rats were injected subcutaneously with DMH
(40 mg/kg) twice a week for 5 weeks. It was settled that the statis-
tical accuracy of the fatal dosage of an ingredient recognized as
eradicating half the animals in a trail which is the LD50 (Botham,
2002). Individual dosage was analyzed on 5 rats, and the following
phase was chosen based on the fatality. LD50 of IVM dosage was
observed to be 5-50 mg/Kg. experimented through initial 24 h.
Based on LDsq, three selected concentrations (0.25, 0.5, and
1 mg/kg) of IVM were used. Treated rats with IVM started before
and during the course of DMH (Dadarkar et al., 2007).

3. Experimental design

A total of 40 male rats were divided into 8 groups (5 rats/group)
as following: Group-1; negative control. Group-2, 3, and 4; treated
with (0.25, 0.5 and 1 mg/kg) respectively of IVM for 10 weeks.
Group-5; treated with 40 mg/kg of DMH (positive control) twice
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a week for five weeks. Group-6; treated daily with (0.25 mg/kg)
of IVM for 10 weeks plus dose of DMH (40 mg/kg), twice a week
for five weeks. Group-7: treated daily with (0.5 mg/kg) of IVM
for 10 weeks plus dose of DMH (40 mg/kg), twice a week for five
weeks. Group-8: treated daily with (1 mg/kg) of IVM for 10 weeks
plus DMH (40 mg/kg) twice a week for five weeks. IVM was given
for 1 week before the subcutaneous injection of DMH and continue
for 4-weeks after the last DMH dose (Dadarkar et al., 2007).

3.1. Blood collection and tissue preparation

At the end of experiment, blood samples were collected via
retro-orbital under ketamine/Xylazine anesthesia (Paulose and
Dakshinamurti, 1987). After clotting, samples were centrifuged at
3000 rpm for 15 min. Isolated serum was used for further bio-
chemical analysis. For histopathological analysis, rats were sacri-
ficed by cervical dislocation. The liver and kidney organs were
immediately removed and fixed in 10 % buffered formalin till his-
tological processing.

3.2. Biochemical analysis

Liver enzymes were assessed. Serum levels of alanine transam-
inase (ALT), aspartate transaminase (AST) (Reitman and Frankel,
1957), alkaline phosphatase (ALP) (Tietz et al, 1983) and
gamma-glutamyltransferase (GGT) were measured (Abdelhalim,
2013).

3.3. Gene expression

For the purpose of this study, the activity of tumor necrosis
factor-alpha (INF-o), interleukin-6 (IL-6), interleukin-1peta (IL-18),
cyclooxygenase-1 (Cox-1), and cyclooxygenase-2 (Cox-2) genes
were investigated. RNA was extracted using RNA extraction kit
using previously published method (Khan et al., 2017). The cDNA
was synthesized using superscript VILO cDNA Synthesis Kit. The
gRT-PCR was performed using Syber green. The relative amount
of mRNA was calculated with the cycle threshold (Ct) method. Fold
changes in gene expression were analyzed by the 272“Ct method
(Saquib et al., 2013).

3.4. Histopathological examination

Liver and kidney specimen were removed from the rats, fixed in
10 % buffered formalin, dehydrated in ethanol (50-100 %), cleared
in xylene, and embedded in paraffin. Sections (4-5 pwm thick) were
prepared and then stained with hematoxylin and eosin (H&E). The
sections were examined microscopically to detect any pathological
alterations in the liver and kidney tissues.

3.5. Statistical analysis

The obtained results were analyzed using Statistical Package for
Social Science (SPSS) version (SPSS Inc., Chicago) for windows.
Result expressed as mean * SE (n = 5). One-way ANOVA followed
by Duncan test will use for analysis. P value<0.05 was considered
significant.

4. Results
4.1. Liver functions
4.1.1. ALT activity

In order to investigate the effect of IVM on the liver function,
the activity of ALT as an indicator for liver toxicity conditions
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was measured. As shown in (Fig. 1) the ALT activity was signifi-
cantly decreased in rats treated with medium and high concentra-
tions compared to control. Interestingly, each combination of DMH
and the different doses of IVM decreased compared to DMH alone,
which means all doses of IVM were reduced the negative effect of
DMH on ALT activity.

4.1.2. ALP activity

The activity of ALP is associated with the toxicity and inflamma-
tory conditions. The result showed significantly decreased ALP
activities in rats treated with medium and high doses of IVM com-
pared to control. Furthermore, ALP activity was significantly
decreased in rats treated with combination of DMH and high dose
of (IVM) compared to (DMH) alone (Fig. 2).

4.1.3. AST activity

Cytoplasmic AST is used as a biomarker for liver damage. It is
found in the cytoplasm of hepatocytes and other tissues. The pre-
sent result demonstrated the level of AST significantly decreased in
rats treated with high concentration of (IVM) compared to control
and significantly decreased in rats treated with combination of
DMH and medium concentration of (IVM) compared to DMH alone
(Fig. 3). Like ALT, all doses of IVM reduced the side effect of DMH
on the level of AST.

4.1.4. GGT activity

Serum value of GGT activity is elevated in all types of liver dis-
ease. Thus, the determination of GGT activity in serum is an essen-
tial indicator in the assessment of toxic effects. The obtained
results indicated significant increase in rats treated with DMH
alone compared to control. In contrast, the GGT level was signifi-
cantly decreased in rats treated with combination of DMH and high
dose of IVM compared to DMH alone (Fig. 4). Furthermore, our data
demonstrated reduction in GGT level with each combined dose of
IVM.

4.1.5. Gene expression analysis

To investigate whether IVM, inhibit the effect of DMH in the
treated rats, this study quantified the gene expression level of
selected inflammatory markers genes including INF-«, IL-6, IL-1p,
Cox-1, and Cox-2 using RT-PCR. The effects of DMH and IVM on
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Fig. 1. Shows the levels of ALT activity (u/l) in treated rats. Data represents the
mean * SE (n =5).
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Fig. 2. Shows the levels of ALP activity (u/l) in treated rats. Data represents the
mean * SE (n = 5).
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Fig. 3. Shows the levels of AST activity (u/l) in treated rats. Data represents the
mean * SE (n = 5).
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Fig. 4. Shows the levels of GGT activity (u/l) in treated rats. Data represents the
mean * SE (n = 5).
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the expression of inflammatory markers were shown in (Fig. 5 A-
G). The levels of mRNA expression of INF-oc and IL-18, Cox-1, and
Cox-2 genes were upregulated in rats treated with high and med-
ium concentrations of IVM compared to control (Fig. 5 A and B).
The expression levels of IL-6 and IL-1p were down-regulated at
low concentration of IVM (Fig. 5 C). The levels of INF-, IL-18,
Cox-1, and Cox-2 in rat treated with DMH alone and DMH com-
bined with high and medium doses were upregulated. In contrast,
the level of IL-6 was down-regulated in rats treated with DMH
alone and DMH combined with high doses (Fig. 5 D, E, and F). Fur-
thermore, the levels of all targeted genes were increased in rat
treated with DMH and low dose of IVM (Fig. 5 G) while the level
of IL-6 was down-regulated in rats treated with DMH combined
with high and medium doses compared DMH alone. Based on
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genes expression, these findings showed clear effect of IVM on
the targeted genes but the picture is not clear enough compared
to DMH alone at tested doses.

5. Histopathological examination
5.1. Liver histopathology

Microscopic examination of liver sections of untreated control
group showed normal hepatic architecture with central vein, portal
triad, blood sinusoids between hepatic strands of hepatocytes. The
hepatocytes are polygonal cells with large spherical pale nuclei
(Fig. 6 A). Moreover, IVM- treated groups (0.25, 0.50 and 1 mg/
kg) revealed normal liver tissue similar to untreated control group
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Fig. 5. A-G: Shows the mRNA levels of inflammatory genes in the treated rats with high concentration (1.0 mg/kg) of IVM (A), with medium concentration (0.5 mg/kg) of IVM
(B), with low concentration (0.25 mg/kg) of IVM (C), with 40 mg/kg of DMH (D), with combination of DMH and high dose of IVM (E), with combination of DMH and medium
dose of IVM (F), with combination of DMH and low dose of IVM (G). Each value represents the mean + SE. (n = 5), (*p < 0.05), (***p < 0.001) compared with untreated cells. T1:
1.0 mg/kg IVM. T2: 0.5 mg/kg IVM. T3: 0.25 mg/kg IVM. D: 40 mg/kg of DMH. TD1: 40 mg/kg of DMH + 1.0 mg/kg) of IVM. TD2: 40 mg/kg of DMH + 0.5 mg/kg) of IVM. TD3: 40 mg/kg of

DMH + 0.25 mg/kg) of IVM.
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Fig. 5 (continued)

(Fig. 6 B, C and D) respectively. Liver of rats treated with DMH
revealed significant pathological signs manifested by dilated vein
congested with edema surrounded by infiltrative cells mixed with
fibers, hepatocytes showed cytoplasmic degeneration (Fig. 7 A).
However, rats -treated with 0.25 mg/kg of IVM to DMH displayed
less pathological features as thickened wall surrounded with few
numbers of infiltrative cells, while hepatocytes looked healthy
(Fig. 7 B)., group -treated with 0.50 mg/kg of IVM to DMH showed
healthy tissue except some foci of inflammation (Fig. 7 C). Further-
more, group -treated with 1 mg/kg of IVM to DHM exhibited
healthy hepatic tissue (Fig. 7 D).

5.2. Kidney histopathology

Untreated control rats showed normal renal structure (Fig. 8 A).
Similar to the liver, groups treated with 0.25, 0.50 and 1 mg/kg of
IVM revealed healthy renal structure as untreated control kidney
(Fig. 8 B, C, D). Histological examination of kidney sections of
DHM-treated group exhausted minimized granuloma with low cel-
lularity surrounded by dispersed carcinoma cells mixed with
inflammatory cells (Fig. 9 A)., the kidney sections of 0.25 mg/kg
IVM-treated group, displayed less incidence of carcinoma and
inflammatory cells (Fig. 9 B). Additionally, 0.50 mg/kg VM-
treated rats showed healthy normal tissue (Fig. 9 C) while 1 mg/

kg IVM-treated rats displayed healthy renal tissue with normal
glomeruli (Fig. 9 D).

6. Discussion

Malignant tumors are the main factors to cancer related mortal-
ity. Thus, chemotherapy is one of the most important strategies to
treat tumors. There are several chemotherapeutic drugs in use, all
of which are characterized with serious side effects. Therefore, the
development of new drugs that have less side effects is highly
required to improve patients’ quality of life and survival (Tang
et al., 2021). Among different strategies of treatments, IVM, is a
candidate drug that has been reconsidered as an anticancer drug
(Zhou et al., 2021). Due to few available studies about the possible
protective role of IVM on the cytotoxicity of liver and kidney, this
study investigated the chemoprotective role of IVM against liver
and kidney in rats, focusing on the liver enzymes, inflammatory
markers, and histopathological alterations, Tawfeek et al. (2021)
suggested that IVM induces oxidative stress and causes kidney
damage. Similar study applied IVM with vitamin C on rats. This
study showed that rat had more decline in oxidants activity in
treated group (Atakisi et al., 2009). Wen-Jun and others reported
that IVM drug has toxic effects on non-target organisms as shown
by analyses of cyt P450 enzymes assay. Dose- and time-dependent
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Fig. 5 (continued)

decreases in the activities of cytr P450 were observed in the liver creatinine phosphokinase and lactate dehydrogenase which
and kidney tissues of pigeons (Zhu et al., 2014). Another study con- peaked on day 42 post-infection for both experimental animals.
ducted on baboons and monkeys infected with Trichinella zimbab- Also, lesions were recorded such as ascites, hydropericardium, con-
wensis recorded few clinical signs such as increased levels of gested liver and enlarged gall bladder. Furthermore, histopatholog-
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Fig. 6. A-D: Photomicrographs of rat liver sections, untreated control (A), (0.25 mg/kg) IVM- treated group (B), (0.50 mg/kg) IVM- treated group (C), and (1 m g/kg) IVM-
treated group (D) showing normal hepatic architecture with normal central vein (CV), hepatic strands of hepatocytes (H) with well-defined nuclei and cytoplasm, radiate
from the central vein towards the periphery of the hepatic lobules and portal triads (P) and are separated by narrow blood sinusoids (arrows). H & E; 400 x.

Fig. 7. A-D: Photomicrographs of liver sections of (A): DHM-treated rats showing dilatation of congested blood vessel with inflammatory cells (black arrow), cytoplasmic
degeneration of hepatocytes (blue arrows). (B): 0.25 mg/kg IVM plus DHM-treated rats displaying thickened vein wall (green arrow), a few inflammatory cells (black arrow).
(C): 0.50 mg/kg IVM plus DHM-treated rats illustrating small foci of inflammation (black arrow). (D): 1 mg/kg IVM plus DHM-treated rats displaying healthy tissue with a
very few inflammation foci (black arrow), (H&E-400x ).
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Fig. 8. A-D: Photomicrographs of rat kidney sections untreated control (A), (0.25 mg/kg) IVM- treated group (B), (0.50 mg/kg) IVM- treated group (C), and (1 m g/kg) IVM-
treated group (D) showing demonstrating normal histological architecture with normal glomeruli (G), normal tubular cells of proximal convoluted tubules (PCT) and distal
convoluted tubules (DCT) associated with normal interstitial tissue structure. (H&E-400x).

ical findings of various muscles reported a basophilic transforma-
tion of muscle cells, the disappearance of sarcomere myofibrils
and basophilic sarcoplasm (Mukaratirwa et al., 2008). In addition,
Sia et al. (2020) investigated effects of IVM on cytokines levels in
cutaneous wounds. Results showed a significant increase in IL-1a
and TNF- o level compared to control. Similar result was observed
with the levels of IL-4 and IL-10. Same study illustrated those pho-
tomicrographs of picrosirius-stained sections taken on day 21
showed dose dependent decrease in collagen density with iver-
mectin treatment. Rats treated with IVM showed elevated kidney
function markers and developed a significant increase in urea
and creatinine. Furthermore, renal tissue analysis illustrated highly
significant decrease in antioxidant markers such as CAT, SOD, and
GPx with induction of ROS. These results suggest that IVM causes
damage in the kidney tissue due to production of an oxidative
stress (Tawfeek et al., 2021). Another published data reported that
IVM treatment for 14 days recorded no significant pathological
changes in the soft organs such as liver, spleen, kidney and brain
of Wistar rats with low, moderate and high doses reaching 0.1 g/
kg (Dong et al., 2020). The present work shows that rats treated
with different low doses as 0.25, 0.50 and 1 mg/kg exhibited no
pathological alterations in hepatic and renal tissues. On the con-
trary, DMH treatment significantly caused liver injury and apopto-
sis with increasing activities of the liver enzymes indicating
hepatocytes damage (Punvittayagul et al.,, 2021). IVM is known
for its wide safety margin at the recommended dose, but if taken
frequently, it can induce cytotoxic effect, which will result in dam-
age of the liver and other organs, compromising overall health
(Ahmed et al., 2020). However, studies have shown that several
toxic effects were induced in the liver and kidney with overdoses
in experimental animals. A study by Chahrazed and others on rab-

bits showed that the repeated treatment with 2 mg/kg of IVM for
three times/week for three weeks resulted in renal dysfunctions
and histological changes in the structure of kidneys such as; cells
infiltration, vascular congestion, expansion of the Bowmans’ spaces
(Chahrazed et al., 2021). Also, further histological investigations
were performed on the rat’s kidney and showed recorded side
effects after treatment with 0.4 mg/kg of IVM including; highly
contractile glomeruli, irregular nuclei, swelled mitochondria,
reduction in kidney function, elevation of antioxidant enzyme
activity (Tawfeek et al., 2021). Microscopic analysis on rats treated
with IVM (0.2 mg/kg) demonstrated focal degradation, accumula-
tion of inflammatory cells, necrotic and apoptotic cells. Theses,
findings were associated with increased levels of AST, ALT, and
ALP (Hosseini Omshi et al, 2018; Ahmed et al., 2020). The
current study revealed that DMH treatment induced hepatotoxic
pathological features as cytoplasmic degeneration and inflamma-
tion in addition to appearance of carcinoma cells in the renal tis-
sues. On the other hand, post-treatment with IVM to DMH
resulted in decreasing of DMH-induced hepatotoxicity and reduc-
tion of cancer cells in kidney which correlated with the increase
of IVM dose.

7. Conclusion

Our findings showed, IVM significantly reduced the activity of
liver enzymes; ALT, ALP, AST, and GGT. The high dose of IVM
clearly ameliorated the toxic effect of DMH in male Wistar rats.
With respect to inflammatory markers, most of tested genes were
upregulated after treatment of IVM. At histopathological level, the
protective effect of IVM against DMH was observed as indicated by
minimized damage of liver and kidney tissues. Therefore, IVM
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Fig. 9. A-D: Photomicrographs of kidney sections of (A): DHM-treated rats showing carcinoma cells mixed with inflammatory cells (black arrow) surrounded glomeruli. (B):
0.25 mg/kg IVM plus DHM-treated rats displaying less incidence of carcinoma and inflammatory cells (black arrow). (C): 0.50 mg/kg IVM plus DHM-treated rats revealing
healthy renal tissue. (D): 1 mg/kg IVM plus DHM-treated rats displaying healthy kidney tissue. Glomerulus (G), (H&E-400x).

might be a new potential drug against cytotoxic drugs. This study
suggests conducting more investigations on IVM to improve it as
an effective cancer treatment in the future.
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