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Abstract
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Introduction

Methotrexate is an antifolate agent that works by inhibiting 
the action of the enzyme dihydrofolate reductase by 
converting it to tetrahydrofolate.[1] MTX is used in many 
clinical conditions such as autoimmune diseases like psoriasis 
and rheumatoid arthritis and different types of malignancies 
counting liver cancer, osteosarcoma, lymphomas, and acute 
lymphocytic leukemia[2‑4] Methotrexate has several adverse 
effects and toxicities; one of the most dangerous adverse 
reactions of methotrexate treatment is liver injury from mild 
hepatitis, cholestasis, and acute liver injury.[5] The main cause 
of MTX‑induced hepatic injury is unclear, but it is believed 
that there are a group of mechanisms that cause liver damage, 
from these mechanisms; MTX produces a defect in the 

mitochondria by depleting hepatic folate stores due to the 
accumulation of polyglutamate in the liver cells, leading to 
mitochondrial dysfunction and generation of reactive oxygen 
species  (ROS). In addition, MTX increases homocysteine 
and thus increases cellular sensitivity to ROS and reactive 
nitrogen species, as well as lipid peroxidation  (LPO) of 
biological membranes and reduces the level of nicotinamide 
adenine dinucleotide phosphate  (NADPH) within the 
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cells, thus depleting the cellular glutathione, exposing 
the cells to damage to ROS. Furthermore, the increase in 
homocysteine with oxidative stress (OS) leads to a tension 
in the endoplasmic reticulum, which affects the metabolism 
of cholesterol and triglycerides and thus causes the leakage 
of fats in the liver[6‑10] Therefore, clinical and experimental 
studies look for antioxidant or anti‑inflammatory agents that 
reverse the liver injury caused by MTX such as ascorbic acid, 
sitagliptin, and naringin that has a hepatoprotective effect 
against MTX‑induced liver injury.[9]

Vitamin C, famous as ascorbic acid, is an oxidizing agent that 
is fine soluble in water. Vitamin C is an antioxidant and ROS 
scavenger and has a fundamental role in the pathways of OS and 
therefore is used in the field of pharmaceutical and cosmetics[11‑14] 
The mechanism of action of Vitamin C is its ability to neutralize 
OS during the process of donation/electronic transfer. It can 
decrease unsteady types of oxygen, nitrogen, and sulfur radicals 
and also works to replenish antioxidants in the body such as 
alpha‑tocopherol  (Vitamin E) and also works to avoid LPO 
caused by peroxide radicals. Increased ROS concentration is 
connected with mitochondrial diseases and can be treated with 
Vitamin C because it has antiapoptotic activity.[13‑15]

Niclosamide has been used for several years to treat tapeworms 
and it is fine tolerated in humans with severely oral LD50 
values of >1000 mg/kg and used for a short period.[16,17] The 
mechanism of action of niclosamide is its ability to uncoupling 
oxidative phosphorylation and induce the action of adenosine 
triphosphate in the mitochondria. The main function of 
mitochondria is to produce ATP, it is a center for the metabolism 
of fatty acids and carbohydrates, proteins associated with the 
production of ATP, and a rise in lipid oxidation through them 
reduces the accumulation of lipids accumulation in all cells. 
Niclosamide protects the mitochondria through its ability to 
uncoupling the oxidative phosphorylation that reduces the ROS 
responsible for tissue injury and thus reduces OS[18‑20] Many 
drugs and medicinal plants have demonstrated their antioxidant 
efficacy experimentally by decreasing the elevated OS in liver 
damage induced by methotrexate; however, no research has 
been done to assess the influences of niclosamide on liver 
damage by methotrexate in mice so far.

Aim of the study
This study was conducted to study the comparison of the 
effect of niclosamide and Vitamin C on MTX‑induced liver 
injury in mice.

Materials and Methods

This study was conducted in the Pharmacology Department, 
and the Iraqi Center for Cancer and Medical Genetics Research, 
College of Medicine, Al‑Mustansiriya University From 
November 2020 and lasted for 9  months. Forty‑two albino 
mice were used. All appropriate international, national, and/
or institutional guidelines for the care and handling of animals 
were followed. All animal study protocols approved by the 
Animal Care and Use Committee in Al‑Mustansiriya Medical 

College. The experimental protocol of the present study was 
also approved by Scientific Committee and of the Pharmacology 
Department, College of Medicine, Al‑Mustansiriya University. 
Forty‑two albino mice weigh between (18 and 38) grams and 
their ages range between 9 and 12 weeks. Mice were kept under 
the control of room temperature between 23 ± 2°C and humidity 
with a light‑dark cycle (12:12 h), and they were housed under 
normal laboratory conditions with food and water provided ad 
libitum. The mice were divided into six groups as follows: Control 
group: mice receive normal saline until the termination of the 
experiment; MTX group: mice were left untreated for 10 days 
followed by giving a single injection of MTX (20 mg/kg, i.p.) 
on the 10th day;[9] niclosamide pretreated group: mice treated 
with niclosamide in a dose 70 mg/kg body weight/day orally 
through mice oral gavage followed by intraperitoneally injected 
with 20 mg/kg MTX on the 10th day;[20,21] niclosamide pretreated 
group: mice treated with niclosamide in a dose of 140 mg/kg 
body weight/day orally through mice oral gavage followed by 
intraperitoneally injected with 20 mg/kg MTX on the 10th day;[20,21] 
Vitamin C pretreated group: mice treated with Vitamin C in a 
dose of 100 mg/kg body weight/day orally through mice oral 
gavage followed by intraperitoneally injected with 20 mg/kg 
MTX on the 10th day;[22] Vitamin C pretreated group: mice treated 
with Vitamin C in a dose 200 mg/kg body weight/day orally 
through mice oral gavage followed by intraperitoneally injected 
with 20 mg/kg MTX injectable solution  (KOCAK pharma/
Turkey) on the 10th day.[22] Niclosamide tablet (500 mg) (Bayer/
Germany) was prepared freshly every day to be administered 
orally, was converted into a fine powder by crushing it with a 
pestle and mortar, then transferring the powder to a beaker and 
adding 35 ml of normal saline to it, after that, it was stirred well 
using a magnetic stirrer to dissolve it until the substance was 
well dissolved. Then, it was administered orally through mice’s 
oral gavage according to the weight of the mouse. Vitamin 
C sachet  (1000 mg) fine powder  (Uniphar/EC) was prepared 
freshly every day by dissolving it in distilled water and then it 
was administered orally through mice’s oral gavage according to 
the weight of the mouse. At the end of the experiment, 48 h after 
MTX administration, the mice were anesthetized with chloroform 
and sacrificed. The blood sample was taken from the heart and 
collected for biochemical analysis and the liver was divided into 
two parts, one part was “taken and placed in a plane tube and 
washed in 0.01 monophosphate buffer solution to eliminate the 
excess blood. Then, it was weighed 300 mg and chopped into 
small slices; then, the tissue protein extraction reagent was added 
according to the ratio of 1 g: 5–10 ml and mixed with ice water. 
After being mingled, the mixture was centrifuged for 10 min at 
5000 rpm. It was taken supernatant of tissue extract and placed 
at −20°C until the histological examination was performed,” and 
the other parts were preserved in formalin for histopathological 
study.

Biochemical analysis
Serum assessment
Assessment of serum level of ALT, AST, and ALP using 
Flexor‑EL80 automated device and assess the level of 
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LDH in liver serum using a competitive  (enzyme‑linked 
immunosorbent assay [ELISA]) kit.

Liver tissue assessment
The level of SOD in liver tissue is estimated using the quantitative 
sandwich ELISA technique. The level of GSH in liver tissue is 
estimated using the double sandwich ELISA technique, and 
LPO was estimated by assessing the level of MDA in liver tissue 
using the double sandwich ELISA technique.

Liver histopathological examination
Fol lowed the  t rad i t iona l  p rocess ing  procedure 
(paraffin‑embedded method) according to Bancroft,[23] then the 
tissue was dyed with hematoxylin and eosin (H and E). Liver 
architecture assessment of MTX‑induced liver injury using a 
histological scoring system for semi‑quantitative assessment 
of methotrexate‑induced liver injury by ranking tissue lesion 
severity to assess the grade of histopathological changes 
induced by MTX therapy. Ranking from 0 to 3 according to the 
grade and extent of the change as follows: (0) no histopathology 
changes, (1+) histopathology changes in <20% of fields, (2+) 
histopathology changes in 20%–60% of fields, and  (3+) 
histopathology changes in >60% of fields. This ranking was 
employed by Benli et al.[24] to establish an evaluation rate of 
the histopathological lesion for studied animal tissues.

Statistical analysis
The resulting data were analyzed using International Business 
Machines Corp. SPSS version 16, package for windows 8, 
(IBM, New York, USA). Data in this study were displayed as 
mean ± standard deviation. The significance of differences of 
different means was tested using one‑way ANOVA analysis 
for differences between more than two independent means. 
Statistical significance was evaluated whenever the probability 
value (P ˂ 0.05).

Results

Methotrexate effect on hepatic function and oxidative 
stress markers
Treating mice with a single dose of 20  mg/kg MTX only 
intraperitoneally injected on the 10th  day resulted in a 
significant decrease in tissue level of OS markers (SOD and 
GSH) compared with the control group. MDA was increased 
significantly (P ˂ 0.05). Furthermore, there was a significant 
increase in serum level of hepatocellular and hepatobiliary 
markers  (ALT, AST, and ALP) and LDH compared with 
the control group. ALT, ALP, and LDH were increased 
significantly  (P ˂ 0.05), while nonsignificantly  (P ˃ 0.05) 
increased in serum level of AST [Table 1 and Figures 1, 2].

Effect of pretreatment with niclosamide and vitamin C on 
hepatic function and oxidative stress markers
The present study shows that the four pretreated mice 
groups with niclosamide 70 mg/kg, niclosamide 140 mg/kg, 
Vitamin C100 mg/kg, and Vitamin C200 mg/kg in comparison 
with the methotrexate‑treated group resulting from the 
following changes in parameters:

Pretreatment with niclosamide 70 mg/kg causes a nonsignificant 
increase  (P ˃ 0.05) in tissue level of SOD and GSH while 
causes a significant decrease (P ˂  0.05) in tissue level of MDA. 
It also causes a significant decrease (P ˂ 0.05) in serum level 
of ALT, ALP, and LDH, while a nonsignificant  (P ˃ 0.05) 
decrease in serum level of AST.

Pretreatment with niclosamide 140  mg/kg causes a 
nonsignificant increase  (P ˃ 0.05) in tissue level of SOD, 
while significant increase (P ˂ 0.05) in tissue level of GSH, 
and MDA decreased significantly (P ˂ 0.05). It also causes a 
significant decrease (P ˂ 0.05) in serum level of ALT, ALP, 
and LDH while a nonsignificant (P ˃ 0.05) decrease in serum 
level of AST.

Pretreatment with Vitamin C100 mg/kg causes a significant 
increase (P ˂  0.05) in tissue level of SOD while a nonsignificant 
increase (P ˃  0.05) in tissue level of GSH, and MDA decreased 
nonsignificantly  (P ˃ 0.05). It also causes a significant 

Table 1: Changes in tissue and serum level of 
biochemical parameters among mice treated with 
methotrexate and control group, (n=7) for each

Parameters Groups (x±SD)

Control MTX
SOD (u/ml) 476.92±33.52 65.77±34.57*
GSH (μg/ml) 67.61±7.22 43.09±9.19*
MDA (nmol/ml) 1.07±0.22 4.58±0.217*
ALT (IU/L) 33.42±4.92 50.71±7.67*
AST (IU/L) 27.42±4.15 34.71±8.78
ALP (IU/L) 267.28±65.63 458±74.91*
LDH (ng/ml) 21.83±5.20 38.48±3.62*
*Significant difference from the control group (P˂0.05); Unpaired 
t‑test, data expressed as “Mean±SD”, n: Number of the animal for 
each group. SOD: Superoxide dismutase, GSH: Glutathione reductase, 
MDA: Malondialdehyde, ALT: Alanine aminotransferase, AST: Aspartate 
aminotransferase, ALP: Alkaline phosphatase, LDH: Lactate 
dehydrogenase, SD: Standard deviation, MTX: Methotrexate
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Figure  1: Effect of treatment regimens on “MDA tissue level.” * = 
“significant difference from the control group (P < 0.05),” = “significant 
difference from the methotrexate group (P < 0.05)”
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decrease (P ˂  0.05) in serum level of ALT, ALP, and LDH while 
a nonsignificant (P ˃ 0.05) decrease in serum level of AST.

Pretreatment with Vitamin C 200 mg/kg causes a nonsignificant 
increase (P ˃ 0.05) in the tissue level of SOD and GSH while 
causes a significant decrease (P ˂ 0.05) in the tissue level of 
MDA. It also causes a significant decrease (P ˂  0.05) in serum 
level of ALT, ALP, and LDH, while a nonsignificant (P ˃  0.05) 
decrease in serum level of AST [Table 2 and Figures 1, 2].

Treatment effect on the histopathological findings of the 
liver
The histopathological findings from drug‑induced liver 
injury were evaluated by ranking tissue lesion severity, 
ranking from 0 to 3 depending on the degree and extent 
of the alteration. They were studied in six groups each 
containing seven mice. According to the semi‑quantitative 
scoring of histological changes, Table 3 and Figure 3 shows 
no significant liver abnormality and very mild depletion 

of glycoprotein in the diffuse area of liver tissue in the 
control group  (score +/‒<5%), while in the MTX group, 
observed the highest score  (Score  >20%  (++) =40%) as 
shown in Figure 4, and the groups  [Figures 5‑8] pretreated 
with niclosamide 70  mg/kg, niclosamide 140  mg/kg, 
Vitamin C 100 mg/kg, and Vitamin C 200 mg/kg observed 
lower scores with moderate histopathological alterations. 
The lowest score is shown in niclosamide 140  mg and 
Vitamin C 200 mg treated mice. The extent and severity of 
histopathological lesions were attenuated in comparison with 
those of the MTX group.

Discussion

In this study, the effect of Vitamin C and Niclosamide in 
different doses on MTX‑induced liver injury in mice was 
examined. The “high doses of MTX” used in certain clinical 
conditions are associated with “organ toxicity including acute 

Figure 3: Liver section of normal control mice showing very mild depletion 
of glycoprotein in diffuse area of liver tissue. Stained with hematoxylin 
and eosin

Figure 4: Liver section of MTX treated mice showing the area of necrosis 
with inflammatory cells infiltration with depletion of glycoprotein. Stained 
with hematoxylin and eosin
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Figure  2: Effect of treatment regimens on “serum ALT level.” * = 
“significant difference from the control group (P < 0.05),” = “significant 
difference from the MTX group (P < 0.05)”

Figure 5: Liver section of niclosamide 70 mg treated mice show a focal 
area of necrosis and inflammatory cells infiltration with depletion of 
glycoprotein. Stained with hematoxylin and eosin
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liver toxicity, progressive liver fibrosis, and cirrhosis.” Here, 
we intend to prove the effective hepatoprotective activity of 

niclosamide and Vitamin C in different doses on MTX‑induced 
liver injury. “It is worth mentioning that there are no previously 
published studies describing the effects of niclosamide on 
methotrexate‑induced hepatotoxicity.”

The results of this study indicate that MTX‑treated mice 
exhibited “significant liver damage,” as shown by “significant 
increases in liver transaminase, ALP, and LDH.” These 
cytoplasmic enzymes are the best indicators of liver necrosis. 
Increased serum activity indicates cell membrane leakage, 
which in turn is related to liver cell death.[6,7] The results of 
histopathological examination supported the biochemical 
changes and showed obvious liver damage in the MTX group. 
It’s well known that the accumulation of “polyglutamate‑MTX” 
inside the hepatic cells resulted in “depletion of hepatic 
folate stores” and induction of “mitochondrial dysfunction.” 
Mitochondria represent the generator of energy production 
inside the cells. “Mitochondrial dysfunction” is associated with 
over “a generation of ROS” and these free radicals have an 
essential part in methotrexate‑induced liver injury. Moreover, 
MTX “increases homocysteine” and thus “increases cellular 

Table 2: Changes in tissue and serum level of biochemical parameters between mice treated with niclosamide and 
Vitamin C in different doses  (pretreatment groups) for 10 days,  (n=7) for each

Parameters Groups (x±SD)

MTX Niclosamide 
70 mg + MTX

Niclosamide 
140 mg + MTX

Vitamin C 
100 mg + MTX

Vitamin C 
200 mg + MTX

SOD (IU/ml) 65.77±34.57 62.79±23.91 76.83±48.23 294.97±205.97$ 122.61±150.10
GSH (μg/ml) 43.09±9.19 50.82±6.83 58.99±13.63$ 34.31±13.61 36.42±15.02
MDA (nmol/ml) 4.58±0.217 2.47±0.91$ 1.73±0.87$ 4.00±0.65 2.93±0.24$

ALT (IU/L) 50.71±7.67 34.00±3.60$ 32.42±6.72$ 40.28±10.16$ 33.00±4.54$

AST (IU/L) 34.71±8.78 30.71±7.52 32.28±7.84 32.85±6.51 33.14±8.27
ALP (IU/L) 458±74.91 265.28±47.51$ 311.85±127.60$ 200.91±141.01$ 126.00±31.85$

LDH (ng/ml) 38.48±3.62 25.42±3.47$ 23.25±3.87$ 22.89±4.53$ 24.40±4.52$

*Significant difference from the control group (P˂0.05), $Significant difference from the methotrexate group (P˂0.05) One‑way ANOVA test, data expressed 
as “mean±SD”, n: Number of the animal for each group”. SOD: Superoxide dismutase, GSH: Glutathione reductase, MDA: Malondialdehyde, ALT: Alanine 
aminotransferase, AST: Aspartate aminotransferase, ALP: Alkaline phosphatase, LDH: Lactate dehydrogenase, SD: Standard deviation, MTX: Methotrexate

Table 3: Liver injury assessment of study groups according to ranking tissue lesion severity

Score components Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Depletion of glycoprotein

Score ± ++ ++ − ± ±
Extent (%) ˂5 ˃40 ˃30 No ˂5 ˂5

Inflammatory cellular infiltrate
Score − ++ ++ ± − ±
Extent (%) No ˃40 ˃30 ˂5 No ˂5

Cellular necrosis
Score − ++ ++ ± − ±
Extent (%) No ˃40 ˃30 ˂5 No ˂5

Sinusoid dilation with an accumulation of fat droplets
Score − − − − ± −
Extent (%) No No No No ˂5 No

Ranking from 0‑3 depending on the degree and extent of the alteration between the treatment groups MTX, Vitamin C 100 mg and 200 mg and niclosamide 
70 mg and 140 mg, (pretreatment groups), (n=7) for each. (−) No pathological lesion, (±) Very mild changes in <5% of fields, (+) Histopathology changes in 
˂20% of fields, (++) Histopathology changes in 20%‑60% of fields. N: Number of the animal for each group, Group 1: Control group, Group 2: MTX‑treated 
animals, Group 3: 70 mg‑treated animals, Group 4: 140 mg treated animals, Group 5: Vitamin C 100 mg‑treared animals, Group 6: Vitamin C 200 mg‑treared 
animals, MTX: Methotrexate

Figure 6: Liver section of niclosamide 140 mg treated mice show very 
mild changes in which there was dispersed necrotic cell with very mild 
inflammatory cells infiltration. Stained with H and E ×40
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sensitivity” to free radicals. Furthermore, MTX “reduces” 
the level of “NADPH” within the cells, thus “depleting the 
cellular glutathione,” and this making hepatocytes more liable 
to damaging effects of ROS[6‑10] Hence, the “elevated level of 
MDA,” in the liver of mice by methotrexate suggested increased 
“LPO” causing liver injury and indicating that “the antioxidant 
defense mechanisms were failed” to deal with excessive free 
radical formations. This will leads to damage to “the cellular 
membrane,” “the release of intracellular contents,” and 
“elevation of serum liver function tests ALT, AST, ALP,” and 
“LDH levels,” which are “cytosolic enzymes” that indicate “the 
damage to the plasma membrane” of the hepatocytes. It was also 
noted that these significant changes in biochemical parameters 
are supported by histopathological results of liver tissue.[5,23‑26]

In the current study, pretreatment of mice with “niclosamide” 
markedly ameliorated MTX‑induced liver injury in terms of 
biochemical parameters and histopathologic examination. The 
ability of niclosamide to significantly improve “liver enzymes” 
may be due to its antioxidant effects and its capability to 
“normalize mitochondrial dysfunction.” Niclosamide protects 
the mitochondria by its ability to “uncoupling the oxidative 
phosphorylation process.” Mitochondrial uncoupling that 
induced by niclosamide causes “a decrease in the proton 
gradient across the inner membrane of the mitochondria” 
and this leads to more fatty acid oxidation. A  rise in 
“lipid oxidation” through the mitochondria reduces “the 
accumulation of lipids in all cells.” This will reduce the types 
of ROS responsible for tissue injury and eventually reduces 
OS. As a result, Niclosamide might “regulate mitochondrial 
dysfunction” induced by MTX and therefore less free radical 
will generate with less cellular damage[18‑20] As the result of 
the above, it is evident that the pretreatment with niclosamide 
140  mg improved cellular status hepatocytes more than 
pretreatment niclosamide 70 mg.

The results of this study strongly support the remarkable 
antioxidant activity of Vitamin C in previous studies. Vitamin 

C is one of the well‑known “antioxidant defense systems” that 
act as cofactors for many enzymes, protecting cells against 
damage by free radicals by acting as “free radical scavengers.” 
The protective results of Vitamin C against hepatotoxicity in 
this study are consistent with other studies. In the present study, 
pretreatment of mice with Vitamin C was shown to attenuate 
MTX‑induced liver injury in comparison with those of the 
MTX group. This can be attributed to its “antioxidant and ROS 
scavenger properties.” Vitamin C can “neutralize OS during 
the electronic donation/transfer process,” which participates in 
the protection of the mitochondria from the increased levels of 
ROS. Vitamin C acts to help endogenous antioxidant enzymes 
reduce the excess amount of free radicals generated during 
treatment with MTX. This will lead to reducing the effect of 
ROS on mitochondria. Vitamin C leads to decreased “oxidation 
byproducts (MDA).” Vitamin C act as “a complement to SOD” 
in fighting the free radical generating[12,14,27,28] As the result of 
the above, it is evident that the pretreatment with Vitamin C has 
a cytoprotective effect on hepatocytes and this is manifested 
by improving the level of ALT in was dose‑dependent manner. 
Regarding the total antioxidant capacity of hepatocytes, 
pretreatment with Vitamin C increasing total antioxidant 
capacity and improving oxidative damage and is manifested 
by a decreased level of MDA in way dose‑dependent manner.

The results of this study showed that the hepatoprotective 
effect of mice administered with Vitamin C was smaller than 
the hepatoprotective effect obtained when mice were pretreated 
with niclosamide.

Conclusion

The present study suggests that niclosamide is better than 
Vitamin C in protecting the hepatocytes against MTX‑induced 
liver injury, also niclosamide and Vitamin C have a 
dose‑dependent protecting effect against MTX‑induced liver 
injury.

Figure 8: Liver section of Vitamin C 200 mg treated mice show very 
mild changes in which there was dispersed necrotic cell with very mild 
inflammatory cells infiltration, and mild depletion of glycoprotein. Stained 
with hematoxylin and eosin

Figure 7: Liver section of Vitamin C 100 mg treated mice showing very 
mild depletion of glycoprotein inside the hepatocyte cells. Stained with 
hematoxylin and eosin

[Downloaded free from http://www.mmjonweb.org on Friday, December 17, 2021, IP: 10.232.74.23]



Zeki and Al‑Gareeb: Niclosamide and vitamin C effect on methotrexate induced liver injury

Mustansiriya Medical Journal  ¦  Volume 20  ¦  Issue 2  ¦  July-December 2021 61

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Friedman  B, Cronstein  B. Methotrexate mechanism in treatment of 

rheumatoid arthritis. Joint Bone Spine 2019;86:301‑7.
2.	 Campbell  JM, Bateman  E, Stephenson  MD, Bowen  JM, Keefe  DM, 

Peters  MD. Methotrexate‑induced toxicity pharmacogenetics: An 
umbrella review of systematic reviews and meta‑analyses. Cancer 
Chemother Pharmacol 2016;78:27‑39.

3.	 Correal  ML, Camplesi  AC, Anai  LA, Bertolo  PH, Vasconcelos  RD, 
Santana ÁE. Toxicity of a methotrexate metronomic schedule in Wistar 
rats. Res Vet Sci 2020;132:379‑85.

4.	 Howard  SC, McCormick  J, Pui  C, Buddington  RK, Harvey  RD. 
Preventing and managing toxicities of high‐dose methotrexate. 
Oncologist 2016;21:1471‑82.

5.	 Mehrzadi  S, Fatemi  I, Esmaeilizadeh  M, Ghaznavi  H, Kalantar  H, 
Goudarzi M. Hepatoprotective effect of berberine against methotrexate 
induced liver toxicity in rats. Biomed Pharmacother 2018;97:233‑9.

6.	 Miele L, Liguori A, Marrone G, Biolato M, Araneo C, Vaccaro FG, et al. 
Fatty liver and drugs: The two sides of the same coin. Eur Rev Med 
Pharmacol Sci 2017;21:86‑94.

7.	 Khokhar  A, Qayyum  A. Protective effect of melatonin against 
methotrexate induced hepato toxicity in mice. PAFMJ 2017;67:126‑30.

8.	 Elsawy  H, Algefare AI, Alfwuaires  M, Khalil  M, Elmenshawy  OM, 
Sedky A, et  al. Naringin alleviates methotrexate‑induced liver injury 
in male albino rats and enhances its antitumor efficacy in HepG2 cells. 
Biosci Rep 2020;40:BSR20193686.

9.	 Abo‑Haded  HM, Elkablawy  MA, Al‑Johani  Z, Al‑Ahmadi  O, 
El‑Agamy  DS. Hepatoprotective effect of sitagliptin against 
methotrexate induced liver toxicity. PLoS One 2017;12:e0174295.

10.	 Mohammad  BI, Ahmed  BS, Hassan  AF. Evaluation of the effects 
of TAK‑242 and GIT‑27 on methotrexate  –  Induced liver injury. 
Mustansiriya Med J 2018;17:85‑92.

11.	 Zhong  X, Zeng  M, Bian  H, Zhong  C, Xiao  F. An evaluation of the 
protective role of vitamin C in reactive oxygen species‑induced 
hepatotoxicity due to hexavalent chromium in vitro and in vivo. J Occup 
Med Toxicol 2017;12:15.

12.	 Savran M, Cicek E, Doguc DK, Asci H, Yesilot S, Candan  IA, et al. 
Vitamin C attenuates methotrexate‑induced oxidative stress in kidney 
and liver of rats. Physiol Int 2017;104(2):139-49.

13.	 Caritá AC, Fonseca‑Santos B, Shultz JD, Michniak‑Kohn B, Chorilli M, 
Leonardi GR. Vitamin C: One compound, several uses. Advances for 
delivery, efficiency and stability. Nanomedicine 2020;24:102117.

14.	 He  H, Qiao Y, Zhang  Z, Wu  Z, Liu  D, Liao  Z, et  al. Dual action of 
Vitamin C in iron supplement therapeutics for iron deficiency anemia: 
Prevention of liver damage induced by iron overload. Food Funct 
2018;9:5390‑401.

15.	 Mawla A‑El, Sayed  E, Shehata  MA, Abdelfatah  MT. Effects of 
methotrexate and Vitamin C on renal cortex of rats. International Journal 
of Pharmaceutical Research and Allied Sciences 2018;7:138‑51.

16.	 Xu  J, Pachón‑Ibáñez ME, Cebrero‑Cangueiro  T, Chen  H, 
Sánchez‑Céspedes J, Zhou  J. Discovery of niclosamide and its 
O‑alkylamino‑tethered derivatives as potent antibacterial agents against 
carbapenemase‑producing and/or colistin resistant Enterobacteriaceae 
isolates. Bioorganic Med Chem Lett 2019;29:1399‑402.

17.	 Xu J, Shi PY, Li H, Zhou J. Broad spectrum antiviral agent niclosamide 
and Its therapeutic potential. ACS Infect Dis 2020;6:909‑15.

18.	 Alasadi A, Chen M, Swapna GV, Tao H, Guo J, Collantes J, et al. Effect 
of mitochondrial uncouplers niclosamide ethanolamine  (NEN) and 
oxyclozanide on hepatic metastasis of colon cancer. Cell Death Dis 
2018;9:215.

19.	 Bhagat  HA, Compton  SA, Musso  DL, Laudeman  CP, Jackson  KM, 
Yi  NY, et  al. N‑substituted phenylbenzamides of the niclosamide 
chemotype attenuate obesity related changes in high fat diet fed mice. 
PLoS One 2018;13:e0204605.

20.	 Al‑Gareeb  AI, Aljubory  KD, Alkuraishy  HM. Niclosamide as 
an anti‑obesity drug: An experimental study. Eat Weight Disord 
2017;22:339‑44.

21.	 Al‑Gareeb AI, Gorial  FI, Mahmood AS. Niclosamide as an adjuvant 
to etanercept in treatment patients with active rheumatoid arthritis: 
An 8‑week randomized controlled pilot study. Clin Rheumatol 
2018;37:2633‑41.

22.	 Sabiu S, Sunmonu TO, Ajani EO, Ajiboye TO. Combined administration 
of silymarin and Vitamin C stalls acetaminophen‑mediated hepatic 
oxidative insults in Wistar rats. Rev Bras Farmacogn 2015;25:29‑34.

23.	 Suvarna KS, Layton C, Bancroft JD. Bancroft’s Theory and Practice of 
Histological Techniques E‑Book. UK: Elsevier Health Sciences; 2018.

24.	 Benli AC, Köksal G, Ozkul A. Sublethal ammonia exposure of Nile 
tilapia  (Oreochromis niloticus L.): Effects on gill, liver and kidney 
histology. Chemosphere 2008;72:1355‑8.

25.	 Afarani  MS, Mohammadi  M, Shokri  MM, Mohammadzadeh  S. 
Investigation of protective effect of Matricaria chamomilla L. Extract 
on methotrexate‑induced hepatotoxicity in Wistar rat. Brazilian Arch 
Biol Technol 2020;63:1‑12.

26.	 Saleh H. Preventive effect of wheat germ oil on methotrexate – Induced 
liver injury and oxidative intestinal damage in mice. J Biosci Appl Res 
2016;2:540‑8.

27.	 Jaiswal SK, Gupta VK, Ansari MD, Siddiqi NJ, Sharma B. Vitamin C 
acts as a hepatoprotectant in carbofuran treated rat liver slices in vitro. 
Toxicol Rep 2017;4:265‑73.

28.	 Spoelstra‑de Man AM, Elbers PW, Oudemans‑Van Straaten HM. Vitamin 
C: Should we supplement? Curr Opin Crit Care 2018;24:248‑55.

[Downloaded free from http://www.mmjonweb.org on Friday, December 17, 2021, IP: 10.232.74.23]


