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1. Introduction

Abstract

This study aimed to investigate the effect of L-carnitine (L-car)
supplementation on methotrexate (MTX) related ovarian dysfunction. Fifty
female albino rats weighing 200 —250 g were randomly divided into five
groups (10 rats each); the duration of the experiment was four weeks.
Control group received saline (IP). MTX group received 1 mg/kg (IP) once
weekly for four weeks. Whereas, MTX+L-car50, MTX+L-car100 and
MTX+folic acid groups: daily received either L-car (50 or 100 mg/kg) or
folic acid 250 pg/kg respectively (orally) plus 1 mg/kg methotrexate (IP)
once weekly for four weeks. Treatment of the rats with MTX produced a
significant decrease in body and ovarian weights, ovarian index, serum total
antioxidant capacity (TAC) and serum anti-Mdllerian hormone (AMH).
However, serum total oxidant status (TOS), Oxidative stress index (OSI),
ovarian tissue malondialdehyde (MDA), nitric oxide (NO) and caspase-3
levels were significantly increased. Besides, there were histological
abnormalities in the ovarian tissues with a significant increase in antral
follicles count (AFC). Administration of either L-car (50 or 100 mg/kg) or
folic acid corrected the abnormal biochemical parameters and improved the
histopathological abnormalities and AFC. These data suggested that L-car
might protect against MTX-induced ovarian dysfunction in female rats
through antioxidant, anti-apoptotic effects and improving the ovarian
reserve.

Keywords: Methotrexate; L-carnitine; ovarian dysfunction; oxidative
stress; caspase-3; anti- Mullerian hormone.

Due to its anti-inflammatory and
immunosuppressive effects, it is also effective in

Women receive cytostatic agents for the treatment
of cancer. Some women are in the prepuberty
period and most of them are in the reproductive age.
The preservation of ovarian reserve in these women
at the reproductive age directly affects their future
potential problems of infertility (Yucebilgin et al.,
2004). Methotrexate (MTX) a folic acid antagonist
is commonly used in the treatment of hematological
tumors (lymphoblastic leukaemia) (de Deus et al.,
2012) and many other types of cancer.

the treatment of chronic inflammatory diseases and
various autoimmune diseases. Moreover, it is used
in ectopic and molar pregnancies (Furst, 1997).
MTX acts by reversible inhibition of dihydrofolate
reductase (DHFR) enzyme leading to a decrease in
the synthesis of folic acid, impairing DNA
synthesis and cell multiplication (Barnhart et al.,
2007). MXT toxicity is obvious in rapidly turnover
cells (Stika, 2012). Shamberger et al. (1981)
reported that MTX, particularly in high doses could
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produce ovarian dysfunction. As the primordial
follicles cannot regenerate, ovarian insufficiency
and infertility are more likely to occur (Yucebilgin
et al., 2004). Folate antagonizing property of MTX
is considered the main cause responsible for MXT
associated side effects. These undesirable effects of
MTX may be theoretically decreased or prevented
by folic acid treatment, but this may be associated
with decreased effectiveness of MTX therapy
(Whittle and Hughes, 2004).

Oxidative stress is involved in MTX-induced tissue
damage. In cells, MTX inhibits cytosolic
nicotinamide adenosine diphosphate hydrogen
(NADPH), which is used by glutathione reductase
(GR) to maintain glutathione (GSH) levels, an
important cytosolic antioxidant (Vardi et al., 2010).
Besides, MTX not only produces a decrease in GSH
levels, but also increases malondialdehyde (MDA) a
marker of oxidative stress and a metabolite of free
radical-induced lipid peroxidation (Kose et al.,
2012).

L-carnitine (L-car) is synthesized mainly in the liver
and kidney from lysine and methionine essential
amino acids (Kelly, 1998). L-car has an important
role in lipid metabolism, where it acts as a cofactor
necessary for the transport of long-chain fatty acids
into the mitochondrial matrix, where they undergo
B-oxidation for cellular energy production, and so it
inhibits  mitochondrial ~ oxidative stress and
apoptosis in different cell types (Furuno et al.,
2001; Barhwal et al., 2007). It acts as a free radical
scavenger and has an important role in stabilizing
anti-oxidative systems. Besides, it has an anti-
peroxidative effect on different tissues, which might
be responsible for its beneficial effects on oxidant-
induced injury (Rauchova et al., 2002). L-car
increases follicular survival and function of ovarian
grafts via decreasing oxidative stress and preventing
follicle apoptosis (Zhang et al. 2015). Another
study reported that L-car can improve and repair
lead-induced harmful effects on the ovary through
the reduction in reactive oxygen species (ROS)
production and increasing the antioxidant capacity
(Galal et al., 2016). The goal of the current study
was to investigate the underlying mechanisms of
MTX-related ovarian dysfunction, Moreover, the
study aimed to evaluate the efficacy of L-carnitine
in comparison to folic acid in ameliorating this
effect in female rats.

2. Materials and Methods

2.1. Drugs and chemicals

16

MTX, L-car and folic acid were obtained from
Sigma Aldrich Company, England. Kits for
measurements of total oxidant status (TOS), total
antioxidant capacity (TAC), MDA, nitric oxide
(NO) levels and saline (0.9% NaCl) were obtained
from Biodiagnostic Company Pharmaceutical
Industries, Egypt. Caspase-3 kit was obtained from
Elabscience Co, Egypt, and anti-Mullerian
hormone (AMH) kit was obtained from Bioassay
Technology Co, Egypt.

2.2. Animals

Fifty female adult albino rats weighing 200 —250 g
were used. Animals were obtained from the animal
house, Faculty of Science, Sohag University, and
housed in the animal house with room temperature
being maintained at 22-30°C. Animals were fed on
a commercial pellet diet and kept under a normal
light/dark cycle. Animals were given food and
water ad libitum. The experimental protocol was
approved by the Institutional Animal Care and Use
Committee of the Faculty of Medicine, Sohag
University (Approval No. Soh-Med 21-12-40).

2.3. Experimental design

Rats were randomly classified into five groups, ten
rats each. The duration of treatment was four
weeks.

Control group: rats treated with normal saline 0.5
ml/rat IP route for four weeks.

MTX group: rats treated with 1 mg/kg MTX IP
once weekly for four weeks (Cetinkaya et al.,
2006).

MTX+L-car 50 group: rats treated daily with 50
mg/kg L-car orally for four weeks (Dokmeci et al.,
2006) plus 1 mg/kg methotrexate IP once weekly
for four weeks.

MTX+L-car 100 group: rats treated daily with
100 mg/kg, L-car orally for four weeks (Dokmeci
et al., 2006) plus 1 mg/kg methotrexate IP once
weekly for four weeks.

MT X+folic acid group: rats treated daily with 250
pa/kg, folic acid orally for four weeks (Ardeshir
and Rezaei, 2003) plus 1 mg/kg methotrexate IP
once weekly for four weeks.

Weights of all animals were recorded at the
beginning of the experiment and before being
sacrificed by decapitation at the end of the study.



Blood samples were collected in prelabeled
centrifuge tubes. The serum was separated
following centrifugation of blood at 3500 rpm for
15 minutes. Serum was stored quickly at —80°C
until the time of analysis and used for measurement
of TOS, TAC and AMH levels. After dissection,
both ovaries were rapidly excised and perfused with
cold normal saline, then dried with filter paper and
weighed. The right ovaries were homogenized in 1-
2 ml cold buffer (100 mM potassium, pH 7.4,
containing 2 mM EDTA per g tissue. The sample
was centrifuged at 4000 rpm for 15 minutes. The
supernatant was removed, stored at -80°C and used
for measurement of MDA, NO and caspase 3 levels.
The left ovaries were preserved in 10% formalin
and used for histopathological examination.

2.4. Biochemical analysis
2.4.1. Measurement of serum TOS level

Total oxidant status (TOS) was measured in serum
by a colorimetric method as described by Fossati et
al. (1980) and Aebi (1984). This method is based
on the reaction of H;O. with 3,5-discharge-2-
hydroxybenzensulfonic (DHBS) acid and 4-
aminopheazone (AAP) in the presence of peroxide
(HRP) to form achromphore, its absorbance was
measured at 510 nm. TOS was expressed in mM/L.

2.4.2. Measurement of serum TAC level

Total antioxidant capacity (TAC) was measured in
serum by a colorimetric method as described by
Koracevic et al. (2001). The antioxidants in the
sample eliminate a certain amount of the provided
hydrogen peroxide. The residual H202 is
determined colorimetrically by an enzymatic
reaction which involves the conversion of 3,5-
dichloro—2-hydroxy benzensulphonate to a colored
product. The change in the absorbance was
measured at 505 nm. TAC was expressed in mM/L.

2.4.3. Calculation of OSI

Oxidative stress index (OSI) was calculated
according to the following formula: (TOC/TAC)
x100 (Harman, 1965).

2.4.4. Measurement of tissue MDA level

Malondialdehyde (MDA) level is an indicator of
lipid peroxidation. MDA in ovarian tissue
homogenate was detected by a colorimetric method
as described by Ohkawa et al. (1979).
Thiobarbituric acid reacts with MDA in an acidic
medium for 30 min to form a thiobarbituric acid
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reactive product. The absorbance of the resultant
pink product was measured at 534 nm. MDA level
was expressed in nmol/g tissue.

2.4.5. Measurement of NO level

Nitric oxide (NO) was determined in ovarian tissue
homogenate by a colorimetric method according to
the method of Montgomery and Dymock (1961).
The level of Nitrite in the sample was expressed in
pumol/ g tissue.

2.4.6. Measurement of caspase-3 level

Ovarian tissue caspase-3 was measured using
sandwich enzyme-linked immunosorbent assay
(ELISA) kits. The concentration of caspase 3 in the
samples was determined by comparing the optical
density of the samples to the standard curve using
an ELISA microplate reader at 450 nm. Caspase 3
level was expressed as ng/ g tissue.

2.4.7. Measurement of AMH level

Serum anti-Millerian hormone (AMH) level was
measured using ELISA kits. AMH level was
expressed as ng/ml.

2.5. Histopathological Examination

The left ovary from each rat was excised and
washed in sterile saline solution. The tissues were
fixed in neutral buffered formalin, processed to
paraffin wax sectioned at 5 um. The slides were
stained with haematoxylin and eosin (H&E)
(Bancroft and Gamble, 2002). Stained sections
were examined and photographed using a digital
camera, attached to Olympus CX21 light
microscope and connected to a computer. The
number of antral follicles in the ovaries were
counted by examining five fields of each ovary at a
magnification of x200 and then counting the
follicles whose plane of section passed through the
nucleolus of the oocytes.

2.6. Statistical analysis

Mean + SE of the values were expressed. Data
were statistically analyzed using the one-way
analysis of variance (ANOVA). A Tukey post hoc
test was performed to compare the changes among
individual groups. The difference was regarded as
significant when P<0.05. All statistical analyses
were performed using the SPSS program, version
26 software package.



3. Results

3.1. Changes in body and ovarian weights

As shown in Table 1, the final body weight in MTX
group decreased significantly (P<0.05) compared to
the control group. However, the MTX+L-car50
group, MTX+L-car100 group and MTX+folic acid
group produced an insignificant change in the final
body weight compared to the MTX group. The
ovarian weight in MTX group was significantly
(P<0.05) decreased compared to the control group.
In MTX+L-car50 group, MTX+L-car100 group and
MTX+folic acid group the ovarian weight
significantly (P<0.05) increased compared to the
MTX group with insignificant difference among the
three groups.

3.2. Changes in ovarian Index

The ovarian index showed a significant (P<0.05)
decrease in the MTX group compared to the control
group. In treatment with MTX+L-car50, the ovarian
index showed insignificant change compared to the
MTX group. However, upon treatment of the rats
with either MTX+L-car100 or MTX+folic acid, the
ovarian index increased significantly (P<0.05)
compared to the MTX group, with an insignificant
difference between them (Table 1).

3.3. Changes in serum TOS and TAC

Compared to the control group, the MTX group
exhibited a significant (P<0.05) increase in serum
TOS. Treatment of the rats with MTX+L-car (50,
100) and MTX+folic acid exhibited a significant
decrease (P<0.05) in serum TOS compared to the
MTX group with insignificant difference among the
three groups (Table 2).

As regard TAC, the MTX group produced a
significant (P<0.05) decrease in serum TAC
compared to the control group. However, MTX+L-
car50 group produced an insignificant change in
serum TAC compared to MTX group. On the other
hand, MTX+L-car100 group and MTX+folic acid
group produced a significant (P<0.05) increase in
serum TAC compared to MTX group. There was an
insignificant difference between MTX+L-car100
group and MTX+folic acid group (Table 2).

3.4. Changes in OSI

As shown in Table (2), treatment of the rats with
MXT produced a significant (P<0.05) increase in
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the OSI compared to the control group. Treatment
with MTX+L-car (50, 100) or MTX+folic acid
produced a significant decrease (P<0.05) in OSI
compared to MTX group.

3.5. Changes in ovarian tissue MDA level

Ovarian tissue MDA level showed a significant
(P<0.05) increase in MTX group compared to the
control group. L-car supplementation of both
groups produced a significant (P<0.05) decrease in
ovarian tissue MDA level compared to MTX
group, with MTX+L-carl00 group near to the
control  level. In addition, folic acid
supplementation produced a significant (P<0.05)
decrease in ovarian tissue MDA level compared to
MTX group. No significant difference was detected
between MTX+L-car50, MTX+L-carl00 and
MTX+ folic acid groups (Table 3).

3.6. Changes in ovarian tissue NO level

MTX group produced a significant (P<0.05)
increase in ovarian tissue NO level compared to the
control group. However, MTX+L-car50, MTX+L-
carl00 and MTX+folic acid groups showed a
significant (P<0.05) decrease in ovarian tissue NO
level compared to MTX group with insignificant
difference among the three groups (Table 3).

3.7. Changes in ovarian tissue caspase-3
level

Ovarian tissue caspase-3 level showed a significant
(P<0.05) increase in MTX group compared to the
control group. MTX+L-car50 and MTX+folic acid
groups showed insignificant change in ovarian
tissue caspase-3 level compared to MTX group. As
regard MTX+L-carl00 there was a significant
(P<0.05) decrease in ovarian tissue caspase-3 level
compared to MTX group (Fig. 1).

3.8. Changes in serum AMH level

There was a significant (P<0.05) decrease in serum
AMH level in MTX group compared to the control
group. Either MTX+L-car50, MTX+L-car100 or
MTX+folic acid groups showed a significant
(P<0.05) increase in serum AMH level compared
to MTX group. Besides, there was insignificant
difference among the three groups (Fig. 2).
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Table 1. Effect of oral L-car (50, 100 mg/kg/ day) and folic acid (250 pg/kg/ day) on body weight, ovarian
weight and ovarian index in MTX -induced ovarian dysfunction in female rats.

Parameter Control MTX MTX MTX MTX
+L-car50 +L-car100 +folic acid
Body weight 244,50 204.20* 215.10* 214.60* 216.20*
(9) +2.70 +2.36 +3.27 +3.24 +3.58
Ovarian weight 0.140 0.073* 0.101* 0.104** 0.106**
(9) +0.004 +0.005 +0.008 +0.009 +0.005
Ovarian index 0.0573 0.0357* 0.0472 0.0484° 0.0492°
+0.0017 +0.0026 +0.0039 +0.0040 +0.0025

Data represent mean + SE of 10 observations. MXT= Methotrexate, L-car= L-carnitine.
* Significant change at (p < 0.05) vs. control group.
* Significant change at (p < 0.05) vs. MTX group.

Table 2. Effect of oral L-car (50, 100 mg/kg/ day) and folic acid (250 pg/kg/ day) on serum TOS, TAC
and OSI in MTX -induced ovarian dysfunction in female rats.

Parameter Control MTX MTX MTX MXT
+L-car50 +L-car100 + folic acid
TOS 0.12 0.31* 0.14° 0.14° 0.13°
(mM/L) +0.007 +0.014 +0.013 +0.008 +0.008
TAC 1.50 0.64* 0.65* 1.07*2 0.91*-2
(mM/L) +0.086 +0.021 +0.020 +0.018 +0.024
oSl 8.59 49.22* 21.83* 12.84°2 14.80°
+0.75 +2.64 +2.06 +0.73 +0.80

Data represent mean + SE of 10 observations. MXT= Methotrexate, L-car= L-carnitine, TOS= Total oxidant status,
TAC= Total antioxidant capacity, OSI= Oxidative stress index.

* Significant change at (p < 0.05) vs. control group.

* Significant change at (p < 0.05) vs. MTX group.

aSignificant change at (p < 0.05) vs. MTX+ L-car50 group

Table 3. Effect of oral L-car (50, 100 mg/kg/ day) and folic acid (250 ug/kg/ day) on ovarian tissue MDA
and NO levels in MTX -induced ovarian dysfunction in female rats.

Parameter Control MTX MTX MTX MXT
+L-car50  +L-carl00 +Folic acid
MDA 134.40 213.55* 142.89° 135.04° 136.85°
nmol/g +6.90 +11.99 +9.28 +10.11 +13.57
NO 11.790 26.965* 19.156*° 18.685** 14.958°
pumol/g +0.504 +1.223 +1.138 +1.378 +1.124

Data represent mean + SE of 10 observations. MXT= Methotrexate, L-car= L-carnitine, MDA= Malondialdehyde, NO=
Nitric oxide. * Significant change at (p < 0.05) vs. control group. * Significant change at (p < 0.05) vs. MTX group.



20

g |5+ 2 |55 83£28%3
= |5 Sl smBsiiss
S8E¢y L |zE¥4s wSEEES



(Fig. 3B,C). Regarding, ovaries of MTX+L-car50
group, there was intact epithelium covering fibrous
stroma, the ovarian follicles were observed at
different stages of development including primary,
secondary and Graafian follicles with average lining
and containing oocyte (Fig. 3D). MTX+L-car100
group (Fig. 3E) revealed intact epithelium covering
fibrous stroma. The ovarian follicles at different
stages of development were observed including
primary, secondary and Graafian follicles with
average lining and containing oocytes. Respecting
the ovaries of MTX+folic acid group (Fig. 3F,G),
the epithelium covering fibrous stroma was intact,
the ovarian follicles were observed at different
stages of development within the fibrous stroma of
the ovary, including primary, secondary and
Graafian follicles with average lining and
containing oocyte. There were less congested blood
vessels compared to MTX group.

Moreover, the antral follicles count (AFC) in MTX
group was significantly (P<0.05) decreased
compared to the control group. In MTX+L-car
(50,100) and MTX+folic acid groups, there was a
significant (P<0.05) increase in AFC compared to
the MTX group with an insignificant difference
between them (Fig. 4).

4. Discussion

Concurrent with the growing incidence of cancer,
antineoplastic drugs usage increased. Methotrexate
is one of the widely used anti-cancer agents.
Together with its beneficial effects, it has various
side effects on many body organs. Oxidative stress,
inflammation, and apoptosis are proposed to be the
mechanisms implicated in MTX toxicity (Cakir et
al 2011; Morsy et al., 2013; Mukherjee et al.,
2013; Vardi et al., 2013; Ali et al., 2014; Ibrahim
et al., 2014). Accordingly, this study was designed
to investigate the underlying mechanisms of MTX-
related ovarian dysfunction. Moreover, to evaluate
the efficacy of L-car in ameliorating this effect in
female rats.

In the present study, treatment of rats with MTX
displayed a significant decrease in the body, ovarian
weights and ovarian index compared to the control
group. These results are comparable with the
findings of Karri (2011). MTX is a DHFR
inhibitor, which alters folate coenzyme pattern, and
in turn alters cell differentiation and tissue growth
leading to a decrease in body and ovarian weights
(Aarsaether et al., 1988). L-car and folic acid
treatment could not ameliorate the decrease in the
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body weight. However, they significantly
ameliorated the decrease in ovarian weight induced
by MTX administration. These findings agree with
Boonsanit et al. (2006), who studied the effect of
L-car in  ameliorating  doxorubicin-induced
nephrotic syndrome in rats and reported no effect
of L-car on the body weight of the rats. Moreover,
Eid (2016) mentioned that L-car could not alleviate
the decrease in the body weight, but it normalized
the decrease in testicular weight in cisplatin-
induced testicular toxicity in rats. In addition,
Mutavdzin et al. (2019) reported no change in the
body weight of diabetic rats treated with folic acid
in comparison to diabetic rats without treatment.

Oxidative stress occurs due to increased production
of ROS and the imbalance between oxidants and
antioxidants levels (Asvadi et al., 2011). Oxidative
stress takes part in MTX-induced tissue damage.
Cells usually try to retain MTX in the cytosol in the
form of polyglutamate. Prolonged administration of
MTX leads to elevated intracellular polyglutamate
levels and decreased folic acid levels (Vardi et al.,
2010). Furthermore, MTX suppresses cytosolic
nicotinamide adenosine diphosphate (NADP)-
dependent dehydrogenases and NADP malic
enzyme, and so decreases NADPH and GSH levels
in the cells (Johovic et al., 2003), this leads to
reduction of the antioxidant enzyme defense
system effectiveness and sensitizing the cells to
ROS (Babiak et al., 1998). Moreover, MTX
causes lipid peroxidation that is indicated by a
significant increase in MDA levels. Lipid
peroxidation, arbitrate by oxygen-free radicals, is
considered to be the main cause of damaging the
cell membranes and contributes to MTX-induced
tissue damage (Pimnar et al., 2018). In addition,
MTX increases the activity of inducible nitric oxide
synthase (iNOS) prompting increased production
of NO; resulting in oxidative damage (Leitdo et
al., 2011).

In the present study, MTX administration led to an
increase in serum TOS and a decrease in serum
TAC. Moreover, OSI was significantly increased.
In addition, ovarian tissue MDA and NO levels
significantly increased with MTX treatment. This
result was similar to the findings of Daggulli et al.
(2014) and Soylu Karapinar et al. (2017). In
addition, Gunyeli et al. (2021) reported a
significant increase in TOS and OSI levels in
ovarian tissue due to the administration of MTX.

In the present study, L-car and folic acid treatments
seem to be efficient in alleviating MTX- induced
oxidative stress effect. They significantly decreased
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Figure 3. Photomicrographs of the ovarian tissue showing effects of oral L-car (50, 100 mg/kg/ day) and folic acid
(250 pg/kg/day) on MTX -induced ovarian dysfunction in female rats.

A: Ovarian tissue of control group of female rats showing intact germinal epithelium (—), ovarian follicles in different
stages of development: primordial follicles (P), Graffian follicles (GF) containing oocyte (O) and corpus luteum (CL),
blood vessels (BV) (H&Ex 200).

B: Ovarian tissue of the MTX group showing detached germinal epithelium (G), shrunken oocyte (—) in the antral
follicles (AF) and Graffian follicles (GF), corpus luteum (CL), medulla contains dilated blood vessels (BV) (H&Ex 200).
C: Ovarian tissue of MTX group rats showing primordial follicles (P), secondary follicles (2RY), Graffian follicles (GF)
containing shrunken oocyte (O), follicular cell vaculation (—) (H&Ex 400).

D: Ovarian tissue of MTX+L-Car50 group showing intact germinal epithelium (G), primordial follicles (P), Graffian
follicles (GF) containing regular oocyte (—), antral follicles (AF) and corpus luteum (CL) (H&Ex 200).

E: Ovarian tissue of MTX+L-Car100 group showing intact germinal epithelium (G), primordial follicles (P), primary
follicles (1RY) and Graffian follicles (GF) containing regular oocyte (—) (H&EX 400).

F: Ovarian tissue of MTX+FA group showing intact germinal epithelium (—), primordial follicles (P), primary follicles
(1RY) and corpus luteum (CL) (H&Ex 200).

G: Ovarian tissue of MTX+FA group showing Graffian follicles (GF) containing regular oocyte (—), blood vessels (BV)
less congested (H&Ex 200).
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Figure 4. Effect of oral L-car (50, 100 mg/kg/ day) and folic acid (250 pg/kg/ day) on total antral follicles
count in MTX -induced ovarian dysfunction in female rats. Data represent mean + SE of 10 observations.

MXT= Methotrexate, L-car= L-carnitine.
* Significant change at (p < 0.05) vs. control group.
» Significant change at (p < 0.05) vs. MTX group.

serum TOS and increased serum TAC, together
with decreasing OSI. Ovarian tissue MDA and NO
levels were also significantly decreased. Present
results are in accordance with the findings of other
researches (Yurut-Caloglu et al., 2015; Eid, 2016;
Kelek et al., 2019; Koohpeyma et al., 2019).
Surai (2015) described the antioxidant effect of L-
car to be mediated through a different mechanism; it
inhibits the enzymes responsible for free radical
production and so behaves like a free radical
scavenger. In stress conditions, L-car maintains
mitochondrial integrity and prevents ROS
formation. Also, it Inhibits ROS-generating
enzymes, such as xanthine oxidase and NAPDH
oxidases. Moreover, L-car maintains optimal redox
status of the cell by activation of the nuclear factor
erythroid 2-related factor 2 (Nrf2) and peroxisome
proliferator-activated receptor alpha (PPARa) and
inhibition of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-xB) with
additional synthesis of antioxidant enzymes such as
superoxide  dismutase  (SOD),  glutathione
peroxidase (GSH-Px), GR, glutathione S-transferase
(GST), catalase (CAT) and GSH synthesis. It
chelates catalytic metals-promoters of ROS such as
Fe and Cu. L-Car regulates vitagenes and synthesis

of heat shock proteins (HSPs), sirtuins,
thioredoxins and other antioxidant molecules.
Furthermore, L-car reduces the accessibility of
lipids for peroxidation by transferring fatty acids
into the mitochondria for B-oxidation and so reduce
the production and accumulation of lipid
peroxidation products (lzgut-Uysal et al., 2003;
Dokmeci et al., 2005; Derin et al., 2006,
Aboubakr et al., 2020). The antioxidant effect of
folic acid is due to reduction in plasma
homocysteine concentrations (Hoffman, 2011),
which may decrease ROS formation and elevate
TAC. Folic acid increases GSH regeneration
(Ojeda et al., 2009) and regulates the transcription
of NADPH oxidase (Sarna et al., 2012).

Treatment of rats with MTX produced a significant
increase in ovarian tissue caspase-3 level. MTX
leads to increased oxidative stress, which has an
important role in the induction of apoptosis.
Moreover, it binds to DHFR enzyme with greater
affinity than folic acid, and inhibits the formation
of tetrahydrofolate (necessary for the synthesis of
DNA) from folic acid (Tsurusawa et al., 1997).
MTX suppress the synthesis of purine and
pyrimidine thymidylate resulting in the formation
of incorrect DNA and apoptosis (Heenen et al.,



1998). Treatment of the rats with L-car (100 mg/kg)
produced a significant decrease in the caspase-3
level compared to MTX treated group. This result
agrees with Sener et al. (2006), who mentioned that
MTX-induced organ toxicity is linked to increasing
leukocyte apoptosis and L-car treatment protects
against leukocyte apoptosis and oxidative injury.
Besides, Famularo et al. (2004) illustrated that L-
car deficiency contributes to the progression of the
infection with human immunodeficiency virus, and
patients' treatment with L-car counteracted the
unregulated process of lymphocyte apoptosis.
Furthermore, Andrieu-Abadie et al. (1999) showed
that L-car was able to prevent cardiac myocytes
apoptosis induced with doxorubicin, implying
beneficial effects of L-car against chemotherapeutic
drug-induced toxicity. The stabilizing effect of L-
car on the outer membrane of mitochondria
prevents the efflux of cytochrome C into the
cytosol, where cytochrome C released from
mitochondria has a pivotal role in the apoptotic
cascade and activation of downstream caspases as
caspase-3 (Di Cesare et al., 2007; Shalini et al.,
2015). Moreover, caspase-3 could be activated by
ROS, so the antioxidant property of L-car has a role
in its inhibitory effect on caspase-3 level (Kelek et
al., 2019).

Multiple assessments can be used to evaluate the
ovarian reserve after gonadotoxic therapy
(chemotherapy and radiotherapy); among them is
the measurement of serum AMH level. AMH is
excreted by granulosa cells of pre-antral and antral
follicles, and it is the gold standard marker for
evaluating the ovarian reserve compared to the
other tests, as its level is not fluctuating during the
menstrual cycle like other gonadotropins.
Moreover, its plasma level is related to the size of
the follicle pool in the ovary (Benian et al., 2013).
In addition to measurement of serum AMH level,
counting the number of ovarian follicles with
histological examination (AFC) is also considered
an important parameter in assessing the ovarian
reserve (Oner et al., 2011). Nevertheless, this
method is not practical in human and so animal
models were used to evaluate the effects of drugs on
ovarian reserve (Ozcelik et al., 2010). In the
present study, MTX treatment decreased both AMH
level and AFC compared to the control group. In
addition, there was a detachment of germinal
epithelium, with degenerative changes in the
nucleus of Graafian and antral follicles with
multiple dilated blood vessels. These results are in
agreement with other works (Karri, 2011; Ulug
and Oner, 2014; Soylu Karapinar et al., 2017,
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Hortu et al., 2020; Gunyeli et al., 2021). On the
other hand, Oriol et al. (2008) reported no
significant change in the AMH level after single-
dose MTX administration. Benian et al. (2013)
reported no statistically significant change in the
AMH level after multiple dose MTX
administration. L-car and folic acid treatment in the
present study were able to counteract MTX-
induced reduction in AMH level and AFC, and
restore the histopathological changes compared to
MXT group. Our results are in harmony with the
results of Kalhori et al. (2019), who studied the
effect of L-car on folliculogenesis in mice
following induction of polycystic ovary syndrome.
They showed a significant increase in AFC and a
significant decrease in the mean number of primary
and preantral follicles with the presence of corpora
lutea indicating the occurrence of the ovulation
with L-car treatment compared to the polycystic
ovary syndrome group. Furthermore, Yurut-
Caloglu et al. (2015) studied the effect of L-car
and amifostine against radiation-induced acute
ovarian damage in rats and reported a significant
increase in the AFC with L-car treatment compared
to the group that received radiation only. In
addition, Shohda et al. (2017) evaluated the
protective effect of folic acid on the ovary of
female rats affected by MTX and reported a
reduction of the histological abnormalities in the
ovary of folic acid-treated rats in comparison to
MTX-treated rats. These data indicated that L-car
may decrease the risk of MTX-induced ovarian
toxicity and its use may improve ovarian
dysfunction outcomes.

5. Conclusion

Depending on the current biochemical findings,
which are supported by the histopathologic
evidence, the results of the present study confirm
that MXT induced ovarian dysfunction in female
rats. Treatment with L-car could ameliorate and
protect against this effect through its antioxidant
and anti-apoptotic effects. In addition, it improved
the ovarian reserve. Bearing in mind that L-car is
available in the diet to a large degree, it is
beneficial to wuse L-car supplementation to
counteract the toxic side effects of the
chemotherapeutic agent.
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