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Methotrexate (MTX), an antineoplastic and immunosuppressive drug, widely used in the
treatment of different types of cancers and the management of chronic inflammatory
diseases. However, its use is associated with hepatotoxicity. Vitamin C (VC) and
curcumin (CUR) exhibit anti-inflammatory and antioxidant effects. Thus, we aimed to
investigate the potential hepatoprotective effects of VC and CUR pretreatment alone
and in combination against MTX-induced hepatotoxicity. Albino mice were randomly
divided into 7 groups: the control group, which received only normal saline; MTX
group; VC group, pretreated with VC (100 or 200 mg/kg/day orally) for 10 days; CUR
group, pretreated with CUR (10 or 20 mg/kg/day orally); and combination group, which
received VC (100 mg/kg) and CUR (10 mg/kg). MTX was administered (20 mg/kg,
intraperitoneally) to all the groups on the tenth day to induce hepatotoxicity. Forty
eight hours after MTX administration, the mice were anesthetized. Blood samples
were collected, the liver was removed for biochemical analysis, and a part of the
tissue was preserved in formalin for histopathological analysis. The results indicated
that pretreatment with a combination of VC and CUR induced a more significant
decrease in the serum levels of alanine transaminase, aspartate transaminase, alkaline
phosphatase, and lactic dehydrogenase and a significant increase in the tissue level of
superoxide dismutase and glutathione; furthermore, it induced a significant decrease
in malondialdehyde levels and improvement in histopathological changes in the liver
tissues, confirming the potential hepatoprotective effects of the combination therapy
on MTX-induced liver injury. To conclude, MTX-induced hepatotoxicity is mediated by
induction of oxidative stress as evident by increased lipid peroxidation and reduction of

Frontiers in Medicine | www.frontiersin.org 1 April 2022 | Volume 9 | Article 866343

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.866343
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmed.2022.866343
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.866343&domain=pdf&date_stamp=2022-04-14
https://www.frontiersin.org/articles/10.3389/fmed.2022.866343/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-866343 April 12, 2022 Time: 13:47 # 2

Hasan Khudhair et al. Vitamin-C/Curcumin Safeguards Against Liver Injury

antioxidant enzyme activity. Pretreatment with VC, CUR or their combination reduces
the MTX-induced hepatotoxicity by antioxidant and anti-inflammatory effects. However,
the combined effect of VC and CUR provided a synergistic hepatoprotective effect
that surpasses pretreatment with CUR alone but seems to be similar to that of VC
200 mg/kg/day. Therefore, VC and CUR combination or a large dose of VC could
be effective against MTX-induced hepatotoxicity. In this regard, further studies are
warranted to confirm the combined hepatoprotective effect of VC and CUR against
MTX-induced hepatotoxicity.

Keywords: liver, oxidative stress, antioxidants, vitamin C, curcumin, Methotrexate

INTRODUCTION

The liver is the principal organ for the metabolism and
detoxification of different drugs and xenobiotics (1). Liver injury
induced by drugs is a major clinical problem, especially acute liver
injury, which is the main cause of drug withdrawal or restricted
use after marketing (2, 3). As a result, investigating safe natural
products to provide liver protection has become essential (1).

Methotrexate (MTX), an antineoplastic and
immunosuppressive drug, is a folate analog widely used in
the treatment of different types of cancers and the management
of chronic inflammatory diseases (4, 5). It has been reported that
20–30% of patients stop MTX treatment during the first year
of therapy because of intolerable side effects. MTX supposedly
induces acute liver injury via oxidative stress, nitrosative stress,
inflammation, apoptosis, and necrosis (6). Oxidative stress
and inflammation work together to induce the apoptosis of
hepatocytes (7, 8).

Several studies have reported that the use of liver protective
drugs, such as sitagliptin, protect the liver from MTX-induced
liver injury (9). Melatonin has also been shown to have a
hepatoprotective effect against MTX-induced hepatotoxicity via
its antioxidant and free radical-scavenging mechanism (10).
Moreover, natural and herbal products, such as CUR, have been
reported to have liver protective effects against MTX toxicity via
their antioxidant property (11, 12). CUR hepatoprotective effects
against MTX-induced hepatotoxicity have been evaluated in Iraqi
white domestic rabbits (13).

CUR exhibits anti-inflammatory, antioxidant, antimicrobial,
and anticancer effects; produces hepatic and nephroprotective
effects; suppresses thrombosis; protects from myocardial
infarction; and has hypoglycemic and anti-rheumatic effects.
It is pharmacologically safe and has been listed as safe by
the United States Food and Drug Administration (FDA).
Additionally, it has been reported to have good tolerability
and safety profiles in clinical trials even at doses of up to
12,000 mg/day (14, 15). The antioxidant mechanisms of CUR
include scavenging of free radicals, including reactive oxygen
species (ROS) and reactive nitrogen species (16).

Vitamin C (VC) is considered a circulating antioxidant and
an anti-inflammatory and immune-modulating agent; it acts as a
cofactor for essential mono-oxygenase and dioxygenase enzymes
(17). As a result, VC exhibits a pleiotropic effect (18).

The anti-inflammatory effect of VC involves decreasing the
level of C-reactive protein, which is an acute-phase protein
(19). The inhibition of nuclear factor (NF)-κB decreases
proinflammatory mediator levels (17). Different studies have
demonstrated that VC has hepatoprotective properties. This
effect is attributed to its potent antioxidant property and has been
investigated in vitro and in vivo (mainly animal studies). A study
on carbon tetrachloride-induced liver injury in rats reported that
vitamin C normalizes the levels of alanine transaminase (ALT),
aspartate transaminase (AST), alkaline phosphatase (ALP), blood
hydroperoxide, and malondialdehyde (MDA) (20).

Based on previous reports, this study mainly aimed to evaluate
the potential beneficial effects of the combination of CUR and VC
on attenuating MTX-induced acute hepatotoxicity in mice.

MATERIALS AND METHODS

The present study was conducted at the Department of
Pharmacology, College of Medicine, Al-Mustansiriyah
University, and the Iraqi Center for Cancer and Medical
Genetic Research, Baghdad-Iraq, from November 12, 2020, to
June 1, 2021. The work commenced following approval of the
ethics committee of the Department of Pharmacology, College of
Medicine, Al-Mustansiriyah University. Albino Swiss mice were
used for this experimental study.

Drugs, Chemicals, and Kits
CUR was purchased from America Medic and Science
(United States), vitamin C from UNIPHAR (EG), and MTX from
Kocak Pharma (Turkey). All other solvents, chemicals, and kits
used were purchased from Merck (United States).

Study Design
Forty-nine Swiss albino female mice were used in this study;
some of these animals were obtained from the same center,
and others were obtained from the National Center for Drug
Control and Research. The mice were aged 3–4 months, and
their body weight was 30–40 g. They were isolated, with 7 mice
per sterilized large cage, and placed at a temperature of 22–
25◦C with artificial 12/12 light–dark cycle and located away from
noise. They were left for 1 week without any intervention for
adaptation and with free access to normal mouse pellets and
water. Human care for the animals was administered according
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to the guide and care of laboratory animals. Hepatotoxicity was
induced in mice according to a previously described procedure;
the dose and route of the administration of CUR were determined
based on a previous study (21). The doses and route of
administration of VC were determined based on a previous
study (22).

After the acclimatization period of 1 week, the mice were
randomly divided into 7 groups, each group with 7 mice. The
duration of the study was 10 day, the intervention drugs were
given from 1 to 10, on the 10th day a single MTX 20 mg/kg
was give IP. Following 48 h, the mice were anesthetized and
blood sample was collected from the heart of each mouse. Group
1 (control group): the mice received 0.5 mL/day of distilled
water by oral gavage for 10 days. Group 2 (MTX group): the
mice received a single intraperitoneal (i.p.) injection of MTX
(20 mg/kg) on the tenth day of the experiment. Group 3: the mice
were orally supplemented with CUR at a dose of 10 mg/kg/day
by oral gavage for 10 days and MTX at the same dose as that
given to group 2 on the tenth day. Group 4: the mice were orally
supplemented with CUR at a dose of 20 mg/kg/day by oral gavage
and on the tenth day of the experiment, they received MTX.
Group 5: the mice were orally supplemented with VC at a dose
of 100 mg/kg/day by oral gavage and on the tenth day of the
experiment, they received MTX.Group 6: the mice were orally
supplemented with VC 200 mg/kg/day by oral gavage and on the
tenth day, they received MTX. Group 7: The mice were orally
supplemented with CUR 10 mg/kg/day by oral gavage and VC at a
dose of 100 mg/kg/day, and on the tenth day, they received MTX.

Sample Collection
Forty-eight hours after the MTX injection, chloroform was used
for inducing anesthesia. Then, blood was collected from the heart
of the mouse. The blood was centrifuged for 5 min at 3,000/rpm
at room temperature. The supernatant layer (serum) was isolated
and frozen at –20◦C to be assessed later.

Tissue Collection
After collecting the blood sample, the animals were euthanized,
and the liver was separated and washed with distilled water.
A tissue slice was obtained, isolated in a plain tube, and washed
in a 0.01 M monophosphate buffer solution. Then, a tissue
protein extraction reagent was added in a proportion of 1 g for
5–10 mL and mixed in ice water. After blending, the mixture
was centrifuged for 10 min at 5,000/rpm, and the resulting
supernatant was frozen at –20◦C to be assessed later.

Determination of Hepatic
Malondialdehyde
MDA and superoxide dismutase (SOD) levels in the liver tissue
were estimated using an enzyme-linked immunosorbent assay
(ELISA) kit (MyBioSource, United States).

Determination of Hepatic Reduced
Glutathione (GSH)
Reduced glutathione levels in hepatic tissue were assessed using
the ELISA technique (MyBioSource, United States). The principle

of the technique involved the utilization of the double-sandwich
ELISA technique; the ELISA plate contains an antibody specific
to mouse GSH monoclonal and polyclonal antibodies and biotin,
which detects the antibodies.

Determination of Lactate Dehydrogenase
A mouse Lactate Dehydrogenase (LDH) ELISA kit was designed
for the determination of mouse LDH levels and is used only for
research (MyBioSource, United States) involved the competitive
enzyme immunoassay technique utilizing an anti-LDH antibody
and an LDH–horseradish peroxidase conjugate. The procedures
were performed according to the manufacturer’s protocol.

Determination of Alanine Transaminase,
Aspartate Transaminase, and Alkaline
Phosphatase Levels
These biomarkers were measured using the automated device
Flexor-EL80 (Vitalab, South Africa).

Assessment of Histopathological
Changes
The liver tissue samples, which were obtained from the
experimental mice, were immersed in NBF for 24–48 h
for fixation. Then, the liver tissues were processed using
an automated tissue processor. In this study, a traditional
processing procedure (the paraffin-embedded method) was used
to prepare liver tissues for a microscopic examination. After
tissue processing, newly prepared liquid paraffin was used for
preparing a liver tissue block, and the paraffin-embedded tissue
block was kept on a cold plate at 4◦C overnight using the same
instrument. The paraffin-embedded tissue block was cut into
5-µm sections using a microtome (LEICA RM2245, Germany)
and then stained with hematoxylin and eosin. Then, a light
microscopic examination was performed blindly.

In this experimental study, experimental replicates were done
twice for assessment of biochemical variables including ALT, AST,
ALP, LDH, GSH, SOD, and MDA levels in both serum and tissues
to excluded bias and experimental errors.

Scoring System for Histopathological
Changes
In this study, liver histopathological changes were
microscopically assessed by a qualified pathologist and evaluated
by ranking tissue lesion severity from 0 to 3 depending on the
degree of changes as follows (23):

• (–) No pathological changes;
• (+ \–) Very mild histopathological changes in less than 5%

of the field;
• (+) Mild histopathological changes in less than 20% of the

field;
• (++) Moderate histopathological changes in 20–60% of the

field;
• (+++) Severe histopathological changes in more than 60%

of the field.
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FIGURE 1 | Consort-flow diagram of the study.

The study design of this experimental study as well as
steps that were performed is summarized in a consort-flow
diagram (Figure 1).

Statistical Analysis
The Statistical Package for the Social Science software (version
16) was used for data analysis. The data obtained in this study
were presented as mean ± standard deviation. One-way analysis
of variance with post hoc multiple comparisons was used to
investigate the significance of differences among the different
groups. The probability (p) was considered significant when the
value was less than 0.05.

RESULTS

Effects of Treatment on Oxidative Stress
Markers
Treating the mice with single-dose MTX (20 mg/kg i.p.) resulted
in a prominent oxidative stress status in the hepatic tissue,
which was manifested by a significant increase in the MDA level
(328.03%) compared with that in the control group (Figure 2A).
Similarly, the SOD (86.269%) and GSH (36.256%) levels also
significantly decreased compared with those in the control
group (Figure 2B). The MDA level in the group pretreated
with 100 mg/kg/day of VC was mildly decreased (12.66%)
compared with that in the MTX group, and this decrease was
statistically insignificant. The MDA level in the group pretreated
with 200 mg/kg/day of VC was significantly decreased (36.02%)

compared with that in the MTX group. These data reflect the
dose-dependent effect of VC on the MDA level (Figure 2A).
The pretreatment with 100 mg/kg of VC resulted in a significant
increase in the SOD level (348.53%) compared with that in the
MTX group. However, the pretreatment with 200 mg/kg of VC
resulted in a more significant increase in the SOD level (542.54%)
compared with that in the MTX group. The pretreatment with
100 mg/kg of VC resulted in a mild increase in the GSH levels
(26.03%) compared with those in the MTX group, whereas
the pretreatment with 200 mg/kg of VC resulted in marked
increase (54.14%), indicating the dose-dependent effect of VC on
combating oxidative stress.

The pretreatment of the mice with 10 mg/kg/day of CUR and
20 mg/kg/day of CUR orally for 10 days before the administration
of a single dose of MTX resulted in the amelioration of hepatocyte
oxidative stress induced by MTX through the reduction of the
MDA level compared with that in the MTX group. This reduction
was statistically significant with the percentage of the difference
(53.307 and 57.86%) between both the doses (Figure 2A).

The SOD level was increased in the CUR-pretreated groups.
This increase appeared to be approximately equal between the
2 doses of CUR. The SOD level was increased by 28.693%
in the group pretreated with 10 mg/kg of CUR and by
31.39% in the group pretreated with 20 mg/kg of CUR
compared with that in the MTX group, but these increases were
statistically insignificant.

The pretreatment with 10 mg/kg of CUR resulted in a minor
increase in the GSH level (13.25% in the MTX group), whereas
the GSH level in group pretreated with 20 mg/kg of CUR
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FIGURE 2 | Effects of vitamin C and curcumin pretreatment alone and in combination on (A) MDA tissue level, (B) SOD activity, and (C) GSH tissue level (a) MTX
compared to the control P < 0.05, (b) vitamin C or curcumin compared to MTX P < 0.05, (b,c) combination VC and CUR compared to VC or CUR alone P < 0.05,
(b–d) combination VC and CUR compared to VC or CUR alone P < 0.

was. This increase in both the CUR groups was statistically
insignificant. When the percentage of the difference between
10 mg/kg/day of CUR (13.25%) and that of 20 mg/kg/day of CUR
(16.757%) was compared, an obvious dose-dependent effect of
CUR as observed on the GSH level (Figure 2C).

The pretreatment of the mice with 10 mg/kg/day of CUR
and 100 mg/kg/day of VC for 10 days before the injection of
single-dose MTX (20 mg/kg i.p.) on the tenth day resulted in the
amelioration of hepatocyte oxidative stress induced by the single
dose of MTX. This amelioration effect was manifested by the
MDA level, which was significantly decreased (62.66%) compared
with the MDA level in the MTX group, and the effect was more
significant than that of VC and CUR alone.

The SOD level was significantly increased in the combination
group (428.05%) compared with that in the MTX group, and the
effect was more significant than that of VC and CUR alone. The
GSH level was decreased in the pretreated combination group
(53.35%) compared with that in the MTX group. This decrease
was statistically more significant than that in the CUR group.

Effects of Treatment on Liver Enzymes
The treatment of the mice with single-dose MTX (20 mg/kg
i.p.) resulted in intervention with the liver enzymes, manifested

by a significant increase in the serum level of ALT (250.11%)
compared with that in the control group (Table 1).

MTX induced a significant increase in the levels of AST, ALP,
and LDH (26.58, 71.33, and 76.27%, respectively) compared with
the control group.

The pretreatment of the mice with 100 and 200 mg/kg/day
of VC (n = 7) was orally administered for 10 days before
the administration of a single dose of MTX on the tenth
day, ameliorating the damaging effect of MTX on hepatocytes
compared with that in the MTX group. This amelioration effect
was reflected by a significant decrease in the ALT serum levels
(40.28 and 48.71%) in mice that received 100 and 200 mg/kg/day
of VC, respectively. This comparison reflects the dose-dependent
effect of VC on the ALT serum level (Table 1). The AST
serum level was insignificantly decreased (11.12%) in the group
pretreated with 100 mg/kg/day of VC, whereas the increased dose
of up to 200 mg kg/day induced a more significant decrease of
24.69% compared with that in the MTX group.

A significant and dose-dependent effect of VC on the ALP
serum level was demonstrated by the percentage of the difference
between the groups pretreated with 100 (56.13%) and 200
(72.489%) mg/kg of VC. The LDH serum level of the groups
pretreated with 100 and 200 mg/kg/day of VC was significantly
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TABLE 1 | Changes in serum liver enzyme between mice treated with MTX, vitamin C, and curcumin alone and in combination (pretreatment groups).

Groups Parameters assessed

ALT (IU/L) AST (IU/L) ALP (IU/L) LDH (ng/mL)

Control 33.42 ± 1.92 27.42 ± 3.15 267.28 ± 15.63 21.83 ± 1.20

MTX 50.71 ± 3.67a 34.71 ± 2.78a 458 ± 34.91a 38.48 ± 3.62a

VC 100 30.28 ± 1.16b 30.85 ± 1.51 200.91 ± 21.01b 22.89 ± 1.53b

VC 200 26.00 ± 3.54b 26.14 ± 2.27b 126.00 ± 11.85b 18.40 ± 1.52b

CUR 10 43.38 ± 3.16 31.23 ± 3.51 315.91 ± 31.21b 12.7 ± 2.496b

CUR 20 36.00 ± 2.54b 28.34 ± 2.16b 256.00 ± 13. 5b 11.66 ± 3.22b

VC100 + CUR 10 27.63 ± 3.64bd 27.48 ± 3.5b 188.32 ± 18.5bcd 10.82 ± 1.22bc

Data are expressed as mean ± standard deviation (n = 7 per group). Significant difference vs. arespective control saline, brespective MTX group, crespective 100 mg/kg
vitamin C group, drespective 10 mg/kg curcumin group, each at p<0.05.

decreased (40.51 and 52.18%, respectively) compared with that
of the MTX group. The pretreatment with 10 mg/kg/day of
CUR caused a mild decrease in the ALT serum level (14.45%)
compared with that in the MTX-treated group; this decrease
was statistically insignificant. However, the pretreatment with
20 mg/kg/day of CUR resulted in a more significant reduction
in the ALT serum level (29%) compared with that in the MTX
group. The pretreatment with 10 mg/kg/day of CUR resulted
in a mild decrease in the AST level (10.02%), and this decrease
was statistically insignificant. However, the pretreatment with
20 mg/kg/day of CUR reflected a significant decrease in the AST
serum level compared with that in the MTX group (18.35%). Both
the doses of CUR (10 and 20 mg/kg/day) led to a significant
decrease in the ALP serum level (31 and 44%, respectively)
compared with that in the MTX group.

The LDH serum level with 10 mg/kg/day of CUR pretreatment
was significantly decreased 66.69%) compared with that in the
MTX group. However, the LDH serum level with 20 mg/kg/day
of CUR was significantly decreased with the percentage of
difference (69.659%). These data may reflect a dose-dependent
effect of CUR on the LDH serum level during MTX-induced
hepatotoxicity (Table 1).

The pretreatment of the mice with 10 mg/kg/day of CUR
and 100 mg/kg/day of VC for 10 days before the injection of a
single dose of MTX on the tenth day resulted in pronounced
hepatoprotective effects. This effect was manifested by the
decreased ALT serum level (45.51%) compared with those in the
MTX group. However, the AST serum level was slightly decreased
compared with that in the MTX group (20.82%). This decrease
was statistically significant.

The combination therapy induced a significant decrease in the
ALP serum levels (58.88%) compared with the levels in the MTX
group, and the effect was more significant than a single treatment.
The LDH serum level was also significantly decreased (71.88%)
compared with that in the MTX group (Table 1).

Liver Histopathological Findings
The histopathological examination of the liver tissue of the
control group showed normal hepatocytes (Figure 3A), whereas
the MTX group showed severe liver injury, represented by the
necrosis of hepatocytes, infiltration of inflammatory cells, and

prominent cellular degeneration. The injury represented about
65% of the field (compared to Figure 3A), which was scored as
+++ (Figure 3B).

The pretreatment with 100 mg/kg of VC for 10 days before
the administration of MTX showed a protective effect on
the liver tissue, for which the histopathological examination
showed slight sinusoidal dilation with mild degeneration of
hepatocytes. This was observed in < 5% of the field and was
scored as ± (Figure 3C). The histopathological examination
of the liver of the mice pretreated with 200 mg/kg of VC
showed slight dilation of a sinusoid inside hepatocytes. This
occupied < 5% of the field and was scored as ± (Figure 3D). The
histopathological examination of the liver of the group pretreated
with 10 mg/kg of CUR for 10 days before the administration of
MTX showed mild cellular degeneration of hepatocytes, necrosis
of hepatocytes, infiltration of inflammatory cells, and sinusoidal
dilation. The injury occupied 45% of the field, which was scored
as + + (Figure 3E).

The histopathological examination of the group pretreated
with 20 mg/kg of CUR showed cellular degeneration and less
infiltration of inflammatory cells than the previous group, and the
injury occupied 30% of the field, with a score of + + (Figure 3F).

The pretreatment with 10 mg/kg of CUR and 100 mg/kg of
VC for 10 days before the administration of MTX resulted in
a better protective effect on the liver tissue than the effect of
curcumin alone. The histopathological examination of the liver
of this group showed slight congestion, cellular degeneration of
hepatocytes, scant necrotic cells, and slight inflammatory cell
infiltration. The injury occupied 18% of the field, with a score
of + (Figure 3G).

DISCUSSION

The results of the present study revealed that MTX induces liver
damage via increased oxidative stress in the liver tissue and that
pretreatment with CUR and/or VC produces a hepatoprotective
effect through the modulation of oxidative stress biomarkers.

In the current study, MTX produced an oxidative stress status,
as demonstrated by the decreased GSH and SOD levels and
increased MDA level, which is in agreement with previous studies
(9, 24, 25). The significant depletion of GSH caused by MTX
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FIGURE 3 | Effects of treatments on histopathological examination of the liver tissue: (A) liver section of control group showed normal hepatocytes. (H&E; ×40).
(B) Liver section of MTX-treated group showed necrosis of hepatocytes (brown arrow), infiltration of the inflammatory cell (black arrow), and prominent cellular
degeneration (H&E; ×40). (C) Liver section of mice pretreated with 100 mg/kg of VC showed slight sinusoidal dilation (arrow) with mild cellular degeneration (H&E;
×40). (D) Liver section of the group pretreated with 200 mg/kg of VC showed slight sinusoidal dilation (yellow arrow) (H&E; ×40). (E) Liver section of the group
pretreated with 10 mg/kg of CUR showed hepatocyte necrosis (brown arrow), sinusoidal dilation (yellow arrow), and inflammatory cell infiltration (black arrow) (H&E;
×40). (F) Liver section of the group pretreated with 20 mg/kg of CUR showed cellular degeneration with mild infiltration of inflammatory cells (black arrow) (H&E;
(×40). (G) Liver section of mice pretreated with VC and CUR showed slight inflammatory cell infiltration (black arrow), necrotic cells (brown arrow), and slight
congestion (red arrow) (H&E; ×40).

decreased the antioxidant defense mechanism of the cell, thus
sensitizing the cell to oxidative stress (26).

The generation of ROS along with the depletion of the
cellular antioxidant defense mechanism resulted in increased
lipid peroxidation, as demonstrated by the significant increase in
the MDA tissue level in the MTX-treated mice compared with
that in the control group in the present study.

The treatment of mice with a single dose of MTX resulted in
a significant increase in the ALT, LDH, and ALP levels and an
increased in the AST level compared with those in the control
group. This increase agrees with those of other studies (6, 7, 24).

In the present study, the pretreatment with different doses of
VC (100 and 200 mg/kg/day) resulted in the attenuation of liver
injury produced by MTX. This attenuation was demonstrated
by the significantly decreased serum levels of ALT, ALP, and
LDH, along with the decreased AST level, which reflects the
hepatoprotective effect of VC. The pretreatment with VC also
resulted in increased tissue levels of SOD and GSH and
a decreased level of MDA, which agrees with a previous
finding (27).

The decreased levels of ALT, AST, and MDA in the present
study agree with previous findings that represented the protective
effect of VC on the liver of carbon tetrachloride-intoxicated

rats (28, 29). Several studies have reported that VC produces a
protective effect against drugs and chemical agents that induce
hepatotoxicity (28, 29). The target of VC is the mitochondria,
preventing mitochondrial swelling, mitochondrial membrane
potential dissipation, and ROS burst, thereby preventing hepatic
apoptosis; these effects may oppose the action of MTX (15, 20).
As a result, VC can neutralize ROS or reactive nitrogen species
produced by MTX in the hepatocyte, decrease their availability to
interact with intracellular organelles, and prevent the initiation
of lipid peroxidation. Thus, pretreatment with VC prevents
hepatocyte damage and the leakage of cytosolic enzymes, as
demonstrated in the present study by the decreased serum ALT,
AST, ALP, and LDH levels when the VC group was compared
with the MTX group.

The MDA tissue level decreased with VC pretreatment in
the present study. The biochemical results showed the dose-
dependent effect of VC on the production of its hepatoprotective
effect against MTX-induced hepatotoxicity, represented by the
dose-dependent decrease in the MDA tissue level. This result
implied less lipid peroxidation and a dose-dependent decrease
in the serum ALT and ALP levels, which reflected the reduced
damage of hepatocytes and bile duct membrane or bile duct
epithelial cell. The dose-dependent effect of VC reflected by the

Frontiers in Medicine | www.frontiersin.org 7 April 2022 | Volume 9 | Article 866343

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-866343 April 12, 2022 Time: 13:47 # 8

Hasan Khudhair et al. Vitamin-C/Curcumin Safeguards Against Liver Injury

present study is in agreement with that of a previous study, in
which the antioxidant mechanism of VC was documented as dose
dependent (17).

The protective effect of CUR against MTX-induced
hepatotoxicity was evaluated in the present study. The
pretreatment of the mice with different doses of CUR resulted in
the attenuation of hepatotoxicity induced by MTX, represented
by the significant decrease in the tissue MDA level and increase
in the SOD and GSH tissue levels. These results agree with those
of a previous study, which investigated the hepatoprotective
effect of phytosome CUR on paracetamol-induced hepatotoxicity
(30). The decreased tissue level of MDA in the present study also
agrees with another study that investigated the hepatoprotective
effect of CUR on MTX-induced hepatotoxicity (11).

It has been reported that CUR increases the concentration
of GSH and the activity of GSH peroxidase and SOD enzymes
through upregulation of Nrf2 genes (31, 32). CUR also increases
the GSH level through a pro-oxidant mechanism that can
induce a GSH-antioxidant response and, thus, provide hepatic
protection (33). It has also been reported that CUR causes
indirect reduction of ROS via a decrease in the O2 level and
downregulation of the expression of some nicotinamide adenine
dinucleotide phosphate oxidase subunits (33).

In addition, CUR has anti-inflammatory, antioxidant,
antimicrobial, anticancer effects through inhibition release of
pro-inflammatory cytokines, scavenging of ROS and inhibition
proliferation of different microbes, respectively (34). CUR
components mainly turmerone, furanodiene, bisacurone,
curdione, germacone, calebin A and cyclocurcumin have
strong anti-inflammatory effects (35). Therefore, in virtue of
its anti-inflammatory and antioxidant effects CUR can reduce
MXT-induce acute liver injury.

In vitro study illustrated that CUR in combination
with quercetin produced significant antibacterial and
anti-inflammatory activities by inhibiting expression of
cyclooxygenase (COX-2), NF-κB and nitric oxide (NO)
(36). Experimental study by Alhusaini et al. demonstrated that
CUR in combination with VC was effective in the attenuation of
Lead-induced hepatotoxicity through inhibition of DNA damage,
oxidative stress and NF-κB signaling pathway (37). Combination
of MTX with CUR was used as anticancer therapy by an additive
cytotoxicity effect through modulation of different phases of cell-
cycle (38). Moghadam et al. found that pre-treatment with CUR
can prevent MTX-induced acute hepatic injury by inhibiting
expression of inflammatory and ROS genes, thereby decreasing
oxidative and inflammatory-mediated acute hepatic injury (39).
Besides, VC has cytoprotective effects against structural and
functional changes induced by MTX by reducing expression
of ROS and progression of oxidative stress in MTX-induced
hepatotoxicity (40).

The pretreatment with different doses of CUR in the
present study resulted in a significant dose-dependent decrease
in the LDH, ALT, AST, and ALP serum levels. The results
of ALT, AST, and ALP also agree with those of a previous
study (11). CUR might mediate its hepatoprotective effect
through multiple mechanisms, thus possibly modulating
the hepatocyte apoptosis process. The significant decrease

in the serum LDH level in the CUR-pretreated group,
along with the dose-dependent decrease in the ALT level,
which is hepatocyte-specific, reflected the hepatoprotective
effect of CUR against MTX-induced hepatotoxicity
through decreasing oxidative stress in hepatocytes, thus
preventing the leakage of the intracellular enzymes into the
serum (9).

CUR exerts an anti-inflammatory action by decreasing
the expression and secretion of proinflammatory cytokines
and suppresses the activation of NF-κB (16). MTX
produces hepatotoxicity through stimulation of NF-κB
in Kupffer cells via ROS, with subsequent release of
proinflammatory cytokines, mainly TNF-α (7, 41). Thus,
CUR can produce a hepatoprotective effect through its
anti-inflammatory mechanism.

The pretreatment with 100 mg/kg/day of VC and
10 mg/kg/day of CUR resulted in a significant decrease in
the MDA tissue level and an increase in the SOD and GSH levels
compared with those in the MTX-treated group.

The significant decrease in the MDA level in the present study
was in agreement with a previous study that investigated the
hepatoprotective effect of CUR and VC on cadmium-induced
hepatotoxicity (42). The combined effect reflected reduction in
oxidative stress in the presence of MTX-induced hepatotoxicity,
as demonstrated by a significant decrease in the MDA tissue level
and augmentation of cellular antioxidant mechanisms, reflected
by increased SOD% and GSH levels.

The beneficial effect of the combination was reflected mainly
by MDA, SOD, and GSH, and this finding may be related
to multiple mechanisms of action of CUR in reducing lipid
peroxidation and antioxidant mechanisms.

The present study showed the amelioration of liver injury
induced by MTX via pretreatment with 100 and 10 mg/kg/day of
VC and CUR, respectively. This result was demonstrated by the
decrease in the ALT, AST, and ALP levels, along with a significant
decrease in the LDH serum levels.

The amelioration of oxidative stress induced by MTX by the
combined pretreatment explains the decrease in liver enzymes.
Attenuated oxidative stress resulted in less damage to hepatocyte
organelles and membrane, indicating less leakage of the cytosolic
enzyme into the extracellular part and, subsequently, less detected
in the serum (9).

The histopathological examination of the liver of MTX-
treated mice supported the biochemical results by presenting
a marked hepatic injury compared with that in the control
group. This finding showed that severe injury is represented
by necrosis of hepatocytes, infiltration of inflammatory cells,
and prominent depletion of glycoprotein, in agreement with a
previous study (43). The pretreatment with VC reflected the
hepatoprotective effect, as determined in the histopathological
examination, which supported the biochemical results. The
pretreatment with 100 and 200 mg/kg/day resulted in very mild
hepatic injury, represented by slight sinusoidal dilation along
with mild depletion of hepatocytic glycoprotein.

The histopathological examination of the liver of the mice
pretreated with 10 mg/kg/day of CUR before the administration
of MTX reflected a hepatoprotective effect. However, the
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histopathological examination of the mice pretreated with
20 mg/kg/day of CUR showed more depletion of glycoprotein
and less infiltration of inflammatory cells than the 10 mg/kg-
pretreated group.

The histopathological examination reflected an obvious
hepatoprotective effect of the combined treatment compared
with the MTX group, which indicated the synergistic effect of
VC and CUR when used together as a pretreatment. There was
slight congestion, depletion of glycoprotein granules inside the
hepatocytes, fatty material accumulation with scant necrotic cells,
and a few inflammatory cell infiltrations. The injury occupied
only 18% of the field.

The present experimental study had several limitations
including small sample size, analysis of total liver ROS gene
expression was not performed, sex hormone portion which may
be affected by MTX-induced hepatotoxicity and by used drugs in
this study. Likewise, different magnification of histo-pathological
slides was not performed; we only used H&E × 40 which may
affect the microscopic findings. In addition, a gender difference
was not evaluated as we used female mice only. Despite of these
limitations, the present study is regarded as a preliminary step for
large-scale clinical study to evaluate the hepatoprotective of CUR,
VC and their combination against MTX-induced hepatotoxicity
mainly in patients with chronic use of MTX as in rheumatoid
arthritis and psoriasis.

CONCLUSION

MTX-induced hepatotoxicity is mediated by induction of
oxidative stress as evident by increase biomarkers of lipid
peroxidation and reduction of antioxidant enzyme activity.
Pretreatment with VC, CUR or their combination reduce
development of MTX-induced hepatotoxicity by antioxidant
and anti-inflammatory effects. The combined effect of VC

and CUR provided a synergistic hepatoprotective effect than
the pretreatment with low dose of VC 100 mg/kg or CUR
alone. However, this combined effect produced nearly similar
effect to that of large dose of VC 200 mg/kg. In this regards,
preclinical and clinical studies are warranted to confirm the
combined hepatoprotective effect of VC and CUR against MTX-
induced hepatotoxicity.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by the Serum
and Vaccine Institute and the National Center for Drug
Control and Research.

AUTHOR CONTRIBUTIONS

DH, AA-G, HA-K, AE-K, EE, WN, SS, SC, AT, SA, and
GB performed methodology, analysis, data interpretation, data
curation, statistical analysis, revision, and literature review. All
authors listed have made a substantial, direct, and intellectual
contribution to the work, and approved it for publication.

FUNDING

This work was supported by Taif University Researchers
Supporting Project Number (TURSP-2020/38), Taif University,
Taif, Saudi Arabia.

REFERENCES
1. Li S, Zhou J, Xu S, Li J, Liu J, Lu Y, et al. Induction of Nrf2 pathway

by Dendrobium nobile Lindl. alkaloids protects against carbon tetrachloride
induced acute liver injury. Biomed Pharmacother. (2019) 117:109073. doi:
10.1016/j.biopha.2019.109073

2. Vonghia L, Van Herck MA, Weyler J, Francque S. Targeting myeloid-derived
cells: new frontiers in the treatment of non-alcoholic and alcoholic liver
disease. Front Immunol. (2019) 10:563. doi: 10.3389/fimmu.2019.00563

3. Danan G, Teschke R. Roussel uclaf causality assessment method for drug-
induced liver injury: present and future. Front Pharmacol. (2019) 10:853.
doi: 10.3389/fphar.2019.00853

4. Pınar N, Kaplan M, Özgür T, Özcan O. Ameliorating effects of tempol
on methotrexate-induced liver injury in rats. Biomed Pharmacother. (2018)
102:758–64. doi: 10.1016/j.biopha.2018.03.147

5. Letertre MP, Munjoma N, Wolfer K, Pechlivanis A, McDonald JA, Hardwick
RN, et al. A two-way interaction between methotrexate and the gut microbiota
of male sprague–dawley rats. J Proteome Res. (2020) 19:3326–39. doi: 10.1021/
acs.jproteome.0c00230

6. Roghani M, Kalantari H, Khodayar MJ, Khorsandi L, Kalantar M, Goudarzi
M, et al. Alleviation of liver dysfunction, oxidative stress and inflammation
underlies the protective effect of ferulic acid in methotrexate-induced
hepatotoxicity. Drug Des Dev Ther. (2020) 14:1933. doi: 10.2147/DDDT.
S237107

7. Shan Z, Ju C. Hepatic macrophages in liver injury. Front Immunol. (2020)
11:322. doi: 10.3389/fimmu.2020.00322

8. Maksimovic V, Pavlovic-Popovic Z, Vukmirovic S, Cvejic J, Mooranian A,
Al-Salami H, et al. Molecular mechanism of action and pharmacokinetic
properties of methotrexate. Mol Biol Rep. (2020) 47:4699–708. doi: 10.1007/
s11033-020-05481-9

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. doi: 10.1371/journal.pone.0174295

10. Montasser AO, Saleh H, Ahmed-Farid OA, Saad A, Marie MAS. Protective
effects of Balanites aegyptiaca extract, melatonin and ursodeoxycholic acid
against hepatotoxicity induced by methotrexate in male rats. Asian Pac J Trop
Med. (2017) 10:557–65. doi: 10.1016/j.apjtm.2017.06.003

11. Banji D, Pinnapureddy J, Banji OJ, Saidulu A, Hayath MS. Synergistic
activity of curcumin with methotrexate in ameliorating freund’s complete
adjuvant induced arthritis with reduced hepatotoxicity in experimental
animals. Eur J Pharmacol. (2011) 668:293–8. doi: 10.1016/j.ejphar.2011.
06.006

12. Fan Z, Li J, Liu J, Jiao H, Liu B. Anti-inflammation and joint lubrication
dual effects of a novel hyaluronic acid/curcumin nanomicelle improve the
efficacy of rheumatoid arthritis therapy. ACS Appl Mater Interfaces. (2018)
10:23595–604. doi: 10.1021/acsami.8b06236

13. Aljebori HA, Abady AH. Evaluation of protective activity of curcumin in
reducing methotrexate induced liver cells injury: an experimental study on

Frontiers in Medicine | www.frontiersin.org 9 April 2022 | Volume 9 | Article 866343

https://doi.org/10.1016/j.biopha.2019.109073
https://doi.org/10.1016/j.biopha.2019.109073
https://doi.org/10.3389/fimmu.2019.00563
https://doi.org/10.3389/fphar.2019.00853
https://doi.org/10.1016/j.biopha.2018.03.147
https://doi.org/10.1021/acs.jproteome.0c00230
https://doi.org/10.1021/acs.jproteome.0c00230
https://doi.org/10.2147/DDDT.S237107
https://doi.org/10.2147/DDDT.S237107
https://doi.org/10.3389/fimmu.2020.00322
https://doi.org/10.1007/s11033-020-05481-9
https://doi.org/10.1007/s11033-020-05481-9
https://doi.org/10.1371/journal.pone.0174295
https://doi.org/10.1016/j.apjtm.2017.06.003
https://doi.org/10.1016/j.ejphar.2011.06.006
https://doi.org/10.1016/j.ejphar.2011.06.006
https://doi.org/10.1021/acsami.8b06236
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-866343 April 12, 2022 Time: 13:47 # 10

Hasan Khudhair et al. Vitamin-C/Curcumin Safeguards Against Liver Injury

iraqi white domestic rabbits. J Univ Baby Pure Appl Sci. (2018) 26:145–57.
doi: 10.29196/jub.v26i5.898

14. Sindhu RK, Verma R, Salgotra T, Rahman M, Shah M, Akter R, et al. Impacting
the remedial potential of nano delivery-based flavonoids for breast cancer
treatment. Molecules. (2021) 26:5163. doi: 10.3390/molecules26175163

15. Al-Kuraishy HM, Al-Gareeb AI, Rasheed HA. Antioxidant and anti-
inflammatory effects of curcumin contribute into attenuation of acute
gentamicin-induced nephrotoxicity in rats. Asian J Pharm Clin Res. (2019)
12:466–8. doi: 10.1139/cjpp-2014-0459

16. Al-Kuraishy HM, Al-Gareeb AI, Al-Naimi MS. Renoprotective effect of
irbesartan in a rat model of gentamicin-induced nephrotoxicity: role of
oxidative stress. J Lab Physicians. (2019) 11:200–5. doi: 10.4103/JLP.JLP_1
36_18

17. Spoelstra-de Man AM, Elbers PW, Oudemans-Van Straaten HM. Vitamin C:
should we supplement? Curr Opin Crit Care. (2018) 24:248. doi: 10.1097/mcc.
0000000000000510

18. 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. doi: 10.1016/j.nano.
2019.102117

19. Abdul-Hadi MH, Naji MT, Shams HA, Sami OM, Al-Harchan NA, Al-
Kuraishy HM, et al. Oxidative stress injury and glucolipotoxicity in type 2
diabetes mellitus: The potential role of metformin and sitagliptin. Biomed
Biotechnol Res J. (2020) 4:166.

20. 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.
doi: 10.1039/c7fo02057k

21. Vasanthkumar T, Hanumanthappa M, Prabhakar B, Hanumanthappa SK.
Hepatoprotective effect of curcumin and capsaicin against lipopolysaccharide
induced liver damage in mice. Pharmacogn J. (2017) 9:947–51. doi: 10.5530/pj.
2017.6.148

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. doi: 10.1016/j.
bjp.2014.11.012

23. Benli AÇK, Köksal G, Özkul A. Sublethal ammonia exposure of Nile
tilapia (Oreochromis niloticus L.): effects on gill, liver and kidney histology.
Chemosphere. (2008) 72:1355–8. doi: 10.1016/j.chemosphere.2008.04.037

24. Cao Y, Shi H, Sun Z, Wu J, Xia Y, Wang Y, et al. Protective effects of magnesium
glycyrrhizinate on methotrexate-induced hepatotoxicity and intestinal toxicity
may be by reducing COX-2. Front Pharmacol. (2019) 10:119. doi: 10.3389/
fphar.2019.00119

25. Cwiklinska M, Czogala M, Kwiecinska K, Madetko-Talowska A, Szafarz M,
Pawinska K, et al. Polymorphisms of SLC19A1 80 G> A, MTHFR 677 C>

T, and Tandem TS repeats influence pharmacokinetics, acute liver toxicity,
and vomiting in children with acute lymphoblastic leukemia treated with high
doses of methotrexate. Front Pediatr. (2020) 8:307. doi: 10.3389/fped.2020.
00307

26. Ali N, Rashid S, Nafees S, Hasan SK, Shahid A, Majed F, et al. Protective
effect of chlorogenic acid against methotrexate induced oxidative stress,
inflammation and apoptosis in rat liver: an experimental approach. Chem Biol
Interact. (2017) 272:80–91. doi: 10.1016/j.cbi.2017.05.002

27. Zhou Y, Shen JX, Lauschke VM. Comprehensive evaluation of organotypic and
microphysiological liver models for prediction of drug-induced liver injury.
Front Pharmacol. (2019) 10:1093. doi: 10.3389/fphar.2019.01093

28. Hamed SS, Al-Yhya NA, El-Khadragy MF, Al-Olayan EM, Alajmi RA, Hassan
ZK, et al. The protective properties of the strawberry (Fragaria ananassa)
against carbon tetrachloride-induced hepatotoxicity in rats mediated by anti-
apoptotic and upregulation of antioxidant genes expression effects. Front
Physiol. (2016) 7:325. doi: 10.3389/fphys.2016.00325

29. Wang J, Xiong K, Xu L, Zhang C, Zhao S, Liu Y, et al. Dietary intake of
vegetables and cooking oil was associated with drug-induced liver injury
during tuberculosis treatment: a preliminary cohort study. Front Nutr. (2021)
8:652311. doi: 10.3389/fnut.2021.652311

30. Tung BT, Hai NT, Son PK. Hepatoprotective effect of phytosome
curcumin against paracetamol-induced liver toxicity in mice. Braz
J Pharm Sci. (2017) 53:e16136. doi: 10.1111/j.1472-8206.2009.
00722.x

31. Khan H, Ullah H, Nabavi SM. Mechanistic insights of hepatoprotective effects
of curcumin: therapeutic updates and future prospects. Food Chem Toxicol.
(2019) 124:182–91. doi: 10.1016/j.fct.2018.12.002

32. Iranshahy M, Iranshahi M, Abtahi SR, Karimi G. The role of nuclear factor
erythroid 2-related factor 2 in hepatoprotective activity of natural products:
a review. Food Chem Toxicol. (2018) 120:261–76. doi: 10.1016/j.fct.2018.07.
024

33. Hashish EA, Elgaml SA. Hepatoprotective and nephroprotective effect of
curcumin against copper toxicity in rats. Indian J Clin Biochem. (2016)
31:270–7. doi: 10.1007/s12291-015-0527-8

34. Hussain Z, Thu HE, Amjad MW, Hussain F, Ahmed TA, Khan S.
Exploring recent developments to improve antioxidant, anti-inflammatory
and antimicrobial efficacy of curcumin: a review of new trends and future
perspectives.Mater Sci Eng CMater Biol Appl. (2017) 77:1316–26. doi: 10.1016/
j.msec.2017.03.226

35. Aggarwal BB, Yuan W, Li S, Gupta SC. Curcumin-free turmeric exhibits anti-
inflammatory and anticancer activities: identification of novel components
of turmeric. Mol Nutr Food Res. (2013) 57:1529–42. doi: 10.1002/mnfr.
201200838

36. Güran M, Şanlıtürk G, Kerküklü NR, Altundağ EM, Yalçın AS. Combined
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