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Abstract

Glycyrrhiza glabra root (licorice) is a widely used herb for its beneficial effects on health. This study explored the protective
effects of licorice extract against oxidative stress and testicular dysfunction caused by methotrexate (MTX). Mice were
allocated into (i) negative control group that received saline; (ii) licorice extract group, orally administered with 200 mg/kg
body weight (bw) licorice extract for 12 days; (iii) positive MTX-intoxicated group, injected with a single intraperitoneal dose
of MTX (20 mg/kg bw) on day 7; and (iv) a protective group that received licorice extract for 12 days and then MTX on day 7 as
in groups 2 and 3. Total proteins, albumin, globulins, malondialdehyde, glutathione peroxidase, reduced glutathione, IL-1,
and IL-6 were measured in blood and testis samples collected from all groups. Testicular oxidative stress, serum reproductive
hormones, and spermogram were examined. The expression of steroidogenesis-associated genes (translocator protein; and
P450scc) was examined by quantitative real-time PCR. Bcl-2-associated X protein and cyclogenase-2 genes were examined by
immunohistochemical analysis. The bioactive contents of licorice extract were confirmed by gas chromatography–mass
spectrometry analysis. Pretreatment with licorice extract ameliorated the toxic effects of MTX on total proteins, albumin,
and globulins and oxidative stress biomarkers and reversed the effect of MTX on examined serum and tissue antioxidants.
Besides, MTX down-regulated mRNA expression of translocator protein and P450scc genes. Licorice extract averted the
decrease in serum testosterone and the increase in IL-1β and IL-6 levels induced by MTX. Moreover, MTX increased sperm
abnormalities and percentage of dead sperms and reduced sperm motility. These changes were absent in the licorice
preadministered group. Licorice prevented the increase in immunoreactivity of testis for Bcl-2-associated X protein and
cyclogenase-2 that were overexpressed in MTX-injected mice. Licorice extracts positively regulated the expression of
steroidogenesis genes suppressed by MTX, increased antioxidant enzymes (glutathione peroxidase, reduced glutathione, and
catalase) and reduced biomarker of oxidative stress (testicular malondialdehyde) and inflammatory cytokines (IL-1 and -6).
Moreover, reduction in testicular tissue immunoreactivity to Bcl-2-associated X protein and cyclogenase-2. In conclusion,
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licorice extract mitigated the toxic effects of MTX-induced testicular dysfunction at biochemical, molecular, and cellular
levels.
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Introduction
Co-administration therapies with safe herbal medication are
more efficient and safer in managing various ailments than do
monotherapy [1]. Methotrexate (MTX) is widely used for the treat-
ment of rheumatoid arthritis, chronic inflammation, and tumors
[2]. However, MTX is cytotoxic and can induce organ toxicity and
damage [3]. The effects of MTX are due to its impact on the
state of cellular or systemic oxidative stress, inflammation, and
apoptosis [3].

Earlier reports suggest that the toxic effect of MTX on testic-
ular activity and reproductive efficiency can be mitigated by the
co-administration of protocatechuic acid, vitamin B17, or chrysin
alongside MTX [4–6]. Oxidative stress induced by MTX plays a
critical role in MTX toxicity in all examined organs [7]. Moreover,
the structural damage induced by oxidative stress has been
reported in germ cells [8]. MTX leads to problems in testicular
tissue by increasing the formation of reactive oxygen species
(ROS) and by inducing toxic effects [9]. In parallel, oxidative stress
can result in damage of cellular macromolecule by increases in
ROS [10, 11]. Therefore, body organs and tissues react by up-
regulating their redox homeostasis to alleviate MTX effects that
cause ROS and oxidative stress [11]. Till now, MTX has been
considered the most effective chemotherapeutic agent used for
cancer treatment but has some side effects [12]. Therefore, a
combination therapy may be useful alongside MTX to alleviate its
toxicity and increase its effectiveness in cancer treatment. It has
been confirmed that compounds of herbal origin with antioxi-
dant properties could reduce testicular damage induced by MTX.

Herbal medicines contain natural substances that promote
health and alleviate illness. Licorice is one such oriental herbal
medicine that can be used for the treatment of many diseases
[13]. In traditional medicine, licorice is used to treat several dis-
eases, extending from colds and coughs to hepatic and intestinal
disturbances and even cancer [14].

The pharaohs of ancient Egypt used licorice root over 4000
years ago as a flavoring agent in drinks and candies; since then,
licorice has been used by herbal medicinal practitioners in most
other countries [15] for the management of various ailments.
Licorice is used for the treatment of injuries, swelling, and detox-
ification [16], and its extract can relieve allergic inflammation
[17]. Licorice has antimicrobial, antiatherosclerotic, antihepatitis,
antinephritic, as well as cardiac and vascular protective func-
tions [18, 19]. Licorice contains numerous active phytochemicals
having both anti-inflammatory and antioxidant properties.

The constituents of licorice are majorly saponins, consist-
ing of one molecule of glycyrrhetic acid and two molecules
each of polyphenols, polysaccharides, glucuronic acid, and gly-
cyrrhetinic acid [20]. The active portions of licorice are rich in
phenolic compounds and bioflavonoids that represent active
antioxidants [20]. A few studies have discussed the importance
of licorice in male fertility and sperm characteristics. While some
concluded that licorice does not impair male reproductive func-
tion [21], others stated that it is a potential drug for male infer-
tility [22] and ameliorates male infertility that is associated with
obesity [23]. In this study, we tried to confirm whether licorice is

beneficial or harmful for testicular dysfunction associated with
MTX intoxication.

Herbal medications may have broad safety margins and
might have the potential to reduce the cytotoxic effects of
synthetic drugs [24, 25]. The beneficial component of herbal
medicine can enhance the restorative capacity of damaged
cells and tissues induced by toxic materials [25, 26]. Therefore,
the use of herbal medications has become commensal with
chemical drugs to alleviate the side effects on various organs. The
current study assessed the impact of licorice extract in mitigating
the oxidative stress, inflammation, and testicular dysfunction
associated with MTX intoxication at the biochemical, molecular,
and cellular levels.

Materials and Methods
Kits and chemicals

Glutathione peroxidase (GPx), reduced glutathione (GSH), mal-
ondialdehyde (MDA), total proteins, albumin, and globulin were
obtained from Biodiagnostic Company, Giza, Egypt. Methotrexate
and the RNA extraction chemicals of high molecular grade were
purchased from Sigma-Aldrich (St. Louis, MO, USA). The enzyme
for reverse transcription and various types of DNA molecular
weight markers were from MBI (Fermentas, Thermo Fisher Sci-
entific, California, USA). Qiazol for RNA extraction and Oligo dT
primers were from QIAGEN (Valencia, CA, USA). Kits for testos-
terone (catalog no: E-EL-0155) and follicle-stimulating hormone
(FSH) hormone (catalog no: E-EL-M0511) were from Elabscience
Biotechnology Inc. (Texas, USA).

Preparation of licorice ethanolic extract

Fresh licorice roots were purchased from a local market in Taif
(Hyper Panda Market, Saudi Arabia) and were identified by a
botanist from the College of Science, Taif University, Saudi Arabia.
A voucher number (2020/0424) was assigned after identifica-
tion of the licorice root from the Department of Botany, Taif
University. These freshly dried roots were powdered, and 100 g
of licorice powder was added to 500 ml ethanol (1:5 w/v). The
mixture was gently stirred in a shaker (horizontal shaker, Bio-
Rad) at room temperature for 24 h [27]. The mixture was then
filtered through Whatman filter papers #1 [28], concentrated
using a “Buchi” rotary evaporator (Perkins Elmer, New York, USA)
after evaporation at 40◦C with moderate rotation. The end yield
was 9.8 g from the initial 100 g licorice powder used.

Gas chromatography–mass spectrometry analysis

The gas chromatography–mass spectrometry (GC/MS) analysis
was carried out to analyze licorice extract using Thermo Scien-
tific, Trace GC Ultra/ISQ Single Quadrupole MS (Thermo Fisher
Scientific, California, USA). The TG-5MS fused silica capillary
column had 30-m, 0.251- and 0.1-mm film thickness. An electron
ionization system with ionization energy of 70 eV was used for
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GC/MS detection. Carrier gas used was helium and was used at
a constant flow rate of 1 ml/min. The temperature of injector
and MS transfer line was set at 280◦C. The temperature of oven
was programmed at temperature of 50◦C for 2 min (initial hold)
and then at 150◦C with an increasing rate of 7◦C/min. Later, it
is increased to 270 with an increasing rate of 5◦C/min (hold:
2min) and then to 310 as a final temperature at an increasing
rate of 3.5◦C/min (hold: 10 min). All the identified components
were quantified using a percent relative peak area. To identify the
detected compounds, a tentative identification was performed
after comparing the relative retention time of identified com-
pounds and mass spectra with those of the NIST-WILEY library
data of the GC/MS system.

Animals and experimental design

Forty male mice (8 weeks old), weighing 30 ± 2 g, were used for
this study. The Ethical Committee of Turabah University College,
Taif University, approved all the procedures and the number of
animals used for this study (Approval number: TURSP-2020-09).
Animals had free access to food and water; they were maintained
at conditioned room temperature (22 ± 4◦C) in a laboratory at
Turabah University College and were handled manually for seven
days to overcome treatment stress. Four groups (10 mice per
group) were used for the following treatments: (i) the negative
control (CNT) group received saline and free food and water
access; (ii) the licorice extract group, orally administered with 200
mg/kg body weight licorice extract for 12 days consecutively [29,
30]; (iii) a positive MTX-intoxicated group, injected with a single
dose of MTX (20 mg/kg bw intraperitoneally) on day 7 [31, 32]. The
dose for MTX is optimal to induce organ toxicities [32]; and (iv)
the protective group received licorice extract for 12 days and then
MTX on day 7, same as explained in groups 2 and 3, and licorice
was continued orally for five days following MTX injection. The
experimental design for this study is shown in Fig. 1.

After 12 days of experimental treatments, mice were decap-
itated under light anesthesia and an intramuscular injection
of Ketanest (10 mg/kg bw). Samples of blood and testis tissue
were collected. Serum was extracted and preserved at –20◦C for
measurement of MDA, antioxidants, cytokines, and reproductive
hormones. Qiazol was used to preserve some parts from right
testicular tissue samples for RNA extraction and subsequent
quantitative real-time PCR (qRT-PCR). Phosphate buffer (ice cold)
was used to preserve and homogenize some parts from left testes
tissue to measure antioxidant activity (MDA and catalase), and 10
neutral formalin buffer (10% NFB) was used for histological and
immunohistochemical analyses.

Biochemical and cytokine measurements

Mouse ELISA kits for IL-1 beta and IL-6 (catalog numbers E-
EL-M0037 and E-EL-M0044, respectively) were purchased from
Elabscience, Texas, USA. Serum cytokine levels were measured
using ELISA kits and BIO-RAD instrument in accordance with
the user’s manuals and reference tables supplied with each
kit. In short, these kits were based on sandwich enzyme-linked
immune-sorbent assay technology. Anti-IL-1b or IL-6 antibodies
were precoated onto 96-well plates. Then, the biotin conjugated
anti-IL-1b or IL-6 antibody was used as detection antibodies.
The standards, test samples, and biotin-conjugated detection
antibody were added to the wells subsequently and then washed
with wash buffer. HRP-Streptavidin was added and unbound
conjugates were washed away with wash buffer. TMB substrates
were used to visualize HRP enzymatic reaction.

The total proteins, albumin, and globulin were measured
colorimetrically using spectrophotometer (Smart-tech, Bio-Rad,
Philadelphia, USA) based on kits purchased from Biodiagnostic
Company (Dokki, Giza, Egypt), and the instruction manual was
supplied for each kits. Total proteins were measured based on the
hypothesis that proteins react with copper ions (II) to produce
a blue violet color compound in alkaline medium. The color
intensity is proportional to the concentration of total proteins
present in the sample [33]. For albumin measurements, albumin
is bound by the BCG dye to produce an increase in the blue green
color in a pH 3.8 acid medium. The color increase is proportional
to the concentration of albumin present in the sample [34].

Spermogram

The spermatozoa from epididymis were collected from its tail
within 5 min of animal anesthesia and decapitation. Collected
spermatozoa were concentrated by centrifuging at 1200 rpm for
5 min at 30◦C. The spermatozoa cells were dispersed in Tris-
fructose-citrate (TFC) medium. Individual sperm motilities, the
percentages of sperm motility, live and dead sperms, and the
percentage of abnormal spermatozoa were estimated [35].

Preparation of testicular homogenates
for measurement of oxidative stress

For measuring catalase and MDA activities, 500 mg of testes
were homogenized in ice-cold buffer (5 ml; 50 mM potassium
phosphate buffer, pH 7.4; 1 mM EDTA; 1 ml/l Triton X-100). The
samples to be examined were centrifuged at 4000 xg for 10 min
at 4◦C. The clear layer of supernatant was stored at –20◦C for
measurement of MDA (nmol/g testicular tissue) and catalase (U/g
testicular tissue) using ELISA plate reader (Bio-Rad Co, NY, USA)
[36, 37]. The kit of catalase was based on the fact that catalase can
react with a known quantity of H2O2. The reaction is stopped
after exactly 1 min with catalase inhibitor. In the presence of
peroxidase (HRP), remaining H2O2 reacts with 3,5-Dichloro-2-
hydroxybenzene sulfonic acid (DHBS) and 4-aminophenazone
(AAP) to form a chromophore with a color intensity inversely
proportional to the amount of catalase in the original sam-
ple [37]. For MDA, the idea of the kit was depend on the fact
that Thiobarbituric acid (TBA) can reacts with malondialdehyde
(MDA) in acidic medium at temperature of 95◦C for 30 min to
form thiobarbituric acid reactive product the absorbance of the
resultant pink product can be measured at 534 nm [36].

Serum antioxidants assays

MDA levels as a tissue degradation marker was measured in
serum spectrophotometrically. The principle of the assay was
based on the fact that thiobarbituric acid (TBA) reacts with
malondialdehyde (MDA) in acidic medium at temperature of
95◦C for 30 min to form thiobarbituric acid reactive product the
absorbance of the resultant pink product can be measured at
534 nm [36]. GPx and GSH as antioxidant markers were mea-
sured using previously published methods [38, 39]. As, GSH cat-
alyzes the reduction of oxidized glutathione (GSSG) to reduced
glutathione (GSH), therfore, glutathione reductase catalyzes the
reduction of glutathione (GSSG) in the presence of NADPH, which
is oxidized to NADPH+. The decrease in absorbance at 340 nm is
measured. The assay of GPx is an indirect measure of the activity
of c-GPx. Oxidized glutathione (GSSG), produced upon reduction
of an organic peroxide by c-GPx, is recycled to its reduced state
by the enzyme glutathione reductase [38, 39].
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Figure 1: a schematic diagram of the experimental design.

Table 1: primer sequence used for quantitative real-time PCR in mice in kidney.

Gene Accession number Product size (bp) Direction Primer sequence

TSPO NM_009775.4 105 Sense TCCCAGAGTGAAGGCACCCA
Antisense AGGTAGACCAGCAGGCCCAA

P450scc AF195119.1 128 Sense ATGGGTCGAGATCCGGGCTT
Antisense CCCAGACACTGCCGAACACC

β-Actin NM_007393.5 140 Sense CCAGCCTTCCTTCTTGGGTA
Antisense CAATGCCTGGGTACATGGTG

qRT-PCR analysis

Total RNA from right testis was extracted using Qiazol reagent
and quantified spectrophotometrically at 260 nm. RNA integrity
was checked and confirmed on a denatured agarose gel. Com-
plementary DNA (cDNA) synthesis was performed using 2 μg
of total RNA using the kit of MyTaq Red Mix (Bioline, Meridian
Bioscience, USA). cDNA was amplified using SYBR Green master
mix (Thermo Scientific, USA). Sequences of translocator protein
(TSPO), cholesterol side-chain cleavage enzyme (P450scc), and
β-actin primers used for gene amplification are mentioned in
Table 1. Data were analyzed using the 2−��Ct method of Bio-Rad
CFX96 Touch™ Real-Time PCR machine (Bio-Rad Co, USA). Com-
parative CT (cycle threshold) values expressed and reflected the
changes in gene intensity after normalization with the house-
keeping β-actin gene.

Histology and immunohistochemistry of testis

To study testis histology, testicular samples were sliced, dehy-
drated, soaked, and embedded in paraffin. Slices of testis were
cut into segments of 3 μm for hematoxylin and eosin (H&E) stain-
ing. Slides were examined using the Nikon Eclipse 80i microscope

and photographed using the Canon digital camera, SX620 H,
Osaka, Japan.

For testicular immunohistochemistry, testes slices were
embedded in paraffin, then deparaffinized, and rehydrated.
Testicular slices were then soaked in H2O2 (2%) for 15 min and
washed in PBS three times to inhibit peroxidase activity. Bovine
serum albumin (5%) was used to block nonspecific binding
sites. BAX Antibody (Catalog No. MS711B0) and cyclooxygenase
(COX-2) antibody (Catalog No. RM9121R7) were procured from
Lab Vision (Fremont, CA), and polyclonal antibodies (Santa
Cruz Biotechnology, USA) were diluted to 1:200 and incubated
overnight at 4◦C. The slides were then washed carefully thrice
with PBS and incubated with biotin-conjugated secondary
antibody (1:1500 dilution, cat# sc-2040, Santa Cruz Biotechnology,
USA). Antibody binding and reactivity were visualized using
diaminobenzidine and counterstaining with hematoxylin at
room temperature for 10 s.

Data analysis

Data from ten different mice for each treatment are expressed
as the mean ±standard error of mean (SEM). Data were analyzed
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Table 2: chemical composition of licorice extract as identified by GC-MS.

Number Retention time
(min)

Area, % Group or compound name (from Central
Library Search Unit)

1 9.36 0.75 Undecane
2 10.21 0.76 Beta-ocimene
3 11.41 0.58 Cyclohexen
4 13.58 11.55 Heptadiene
5 14.00 4.99 3-Cyclohexene-1-methanol
6 15.54 1.18 trans,trans-nona-2, 4 dienol
7 16.96 54.79 Phenol; 5-methyl-2(1-methylethyl)
8 17.19 16.15 Phenol; 2-methyl-5(1-methylethyl)
9 19.25 0.64 Docosane
10 19.99 2.06 Transcaryophyllene
11 22.44 0.72 Phenol, 2,4-bis (1,1-dimethylethyl)
12 23.95 0.49 Caryophyllene oxide
13 24.00 0.72 1-Pentadecene
14 26.34 1.10 Pentadecane
15 28.30 1.02 1-Heptadecanol
16 28.45 0.32 2-Myristynoyl pantetheine and

dotriacontane
17 30.29 0.71 Naphthalene
18 30.66 0.80 Cyclohexene
19 32.21 0.33 17-Pentatriacontene and tridecanol
20 54.87 0.35 2,4,6,8,10 Tetradecapentaenoic acid

using SPSS data analysis software (v 20.0, Chicago, USA) using
one-way ANOVA and Duncan’s post hoc descriptive test. Values
with P < 0.05 were statistically significant.

Results
GC-MS analysis of ethanolic licorice extract

The GC-MS analysis of licorice ethanolic extract (Table 2, Fig. 2)
showed the detailed presence of 20 different phytochemicals.
The most abundant constituents are phenols, cyclohexenes,
Ocimene, Pentadecane, Hexadecane, and other known com-
pounds seen in Table 2. These constituents are the active
ingredients that may induce the medical potential of licorice
extract in oxidative stress relief.

Impact of licorice extract on serum proteins and
changes in cytokine levels due to methotrexate

MTX induced a decrease in serum levels of total proteins, albu-
min, and globulins. MTX intoxication showed an increase in the
serum levels of inflammatory cytokines, as there are increased
levels of IL-1β and IL-6 in MTX-injected mice. Licorice pread-
ministration to MTX-intoxicated mice showed improvement and
protections for the changes in total proteins, albumin, globulins,
IL-1, and IL-6 (Table 3). MTX injection decreases serum levels
of total proteins, albumins, and globulins (Table 3). Preadminis-
tration of licorice extract recovered these changes compared to
MTX-intoxicated mice.

Effect of licorice extract on testicular oxidative stress
induced by methotrexate

MTX injection induced tissue degradation as MDA levels in
testis were increased (Table 4). In contrast, catalase activity was
decreased in testis of MTX-intoxicated mice (Table 4). Mice that
had been pretreated with licorice extract and then intoxicated by

MTX showed significant protection against toxic effects of MTX
on MDA and catalase (Table 4).

Effect of licorice extract on oxidative stress index
in methotrexate-intoxicated mice

MTX injection led to an increase in lipid peroxidation marker,
MDA, in the serum of MTX-intoxicated mice (Table 5). Unlike MTX
findings, mice that received licorice extract showed an increase
in GPx and GSH levels. Interestingly, mice that received licorice
extract for 12 days and a single dose of MTX on day 7 showed less
pronounced changes and protections in MDA, GPx, and GSH.

Impacts of licorice on sperms

MTX-injected mice showed a decrease in sperm count, motility,
and concentration and an increase in sperm abnormalities
(Table 6). Preadministration of licorice extract significantly
improved (P < 0.05) the changes in the spermogram induced
by MTX. Moreover, licorice preadministration improved and
decreased sperm defects and abnormalities reported in the MTX-
intoxicated group (Table 6).

Impact of licorice on serum testosterone and FSH levels

MTX-injected mice showed a decrease in serum testosterone and
FSH levels (Table 7). Preadministration of licorice extract signifi-
cantly improved (P < 0.05) these alterations that are shown in
Table 7. Collectively, licorice effects showed in Tables 6 and 7 con-
firm its role in sperm quality and male reproductive hormones.

Impact of licorice extract on the quantitative expression
of spermatogenesis-associated genes

Injection of MTX induced down-regulation of TSPO and P450scc
expression in testis (Figs 3 and 4) compared to control mice.
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Figure 2: GC-MS analysis of ethanolic licorice extract.

Table 3: protective effects of licorice on MTX-induced changes on serum proteins.

Total proteins (g/dl) Albumin (g/dl) Globulins (g/dl) IL-1β (pg/ml) Il-6 (pg/ml)

Control 7.8± 0.56 4.1 ± 0.38 4.65 ± 0.39 134 ± 9.1 71 ± 7
Licorice 7.4 ± 0.56 3.5 ± 0.7 4.1± 0.61 156.3 ± 11.5 77 ± 9.5
Methotrexate 3.8 ± 0.3∗ 1.99 ± 0.4∗ 1.85 ± 0.05∗ 340 ± 35∗ 210 ± 24∗
Licorice +
methotrexate

5.7 ± 0.3∗∗ 3.02± 0.26∗∗ 4.5 ± 0.05∗∗ 168.2 ± 16∗∗ 110± 9.9∗∗

Values are means ± standard error (SEM) for seven different mice per each treatment. Values are statistically significant at ∗P < 0.05 versus control and licorice groups.
∗∗P < 0.05 versus methotrexate.

Table 4: protective effect of licorice extract on MTX-induced testicular oxidative stress.

MDA (nmol/g testicular tissue) Catalase (U/g testicular tissue)

Control 8.1± 0.3 17.1 ± 1.3
Licorice 7.8 ± 0.21 15 ± 1.3
Methotrexate 28.1 ± 1.9∗ 6.3 ± 1.5∗
Licorice + methotrexate 14.2 ± 1.7∗∗ 13.5 ± 1.4∗∗

Values are means ± standard error (SEM) of seven different mice per each treatment. Values are statistically significant at ∗P < 0.05 versus control licorice groups, and
∗∗P < 0.05 versus methotrexate group.

Table 5: effects of licorice extract on serum antioxidant levels.

MDA (nmol/ml) GPx (U/l) GSH (nmol/l)

Control 12 ± 1.5 170 ± 27.5 3.9 ± 0.1
Licorice 13.6 ± 0.5 221 ± 23∗ 4.9 ±0.4∗
Methotrexate 41 ± 2.3∗∗ 102 ± 8.5∗∗ 2.37 ± 0.11∗∗
Licorice + methotrexate 20.1 ± 1.7∗∗∗ 150 ± 8.9∗∗∗ 3.1± 0.2∗∗∗

Values are means ± standard error (SEM) for seven different mice per each treatment. Values are statistically significant at ∗∗P < 0.05 versus control; ∗∗P < 0.05 versus
control and licorice groups. ∗∗∗P < 0.05 versus methotrexate.

Of note, the administration of licorice extract alone showed
slight up-regulation in TSPO and P450scc expression. The down-
regulation of examined testicular genes was restored and
returned to a normal expression pattern when licorice was
preadministered to MTX-injected groups (Figs 3 and 4).

Histopathological examination

Testis of the control group showed the normal histology of
seminiferous tubules and interstitial Leydig cells (Fig. 5A), while
the testis of the licorice group showed the same histological
status (Fig. 5B). MTX-intoxicated group showed degeneration of
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Table 6: sperm analysis.

Motility Viability Concentration (×1000) Abnormal morphology

Control 45 ± 1.2 66.0 ± 3.3 71 ± 4.7 16.1 ± 1.04
Licorice 52.1 ± 3.1 75.2 ± 4.2 80.2 ± 6.56 14.2 ± 1.1
Methotrexate 21.2 ± 1.3∗ 37.2 ± 2.9∗ 31.1 ± 3.1∗ 43.2 ± 4.5∗
Licorice + methotrexate 35.2 ± 2.2∗∗ 54.1 ± 3.2∗∗ 58.0 ± 4.3∗∗ 23.1 ± 1.45∗∗

Values are means ± standard error (SEM) for seven different rats per each treatment. Values are statistically significant at ∗P < 0.05 versus control and ∗∗P < 0.05 versus
methotrexate.

Table 7: effects of licorice extract on serum testosterone and FSH levels.

Testosterone (ng/ml) FSH (pg/ml)

Control 1.27 ± 0.1 11.1 ± 1.01
Licorice 1.6 ± 0.3 12.5 ± 0.9
Methotrexate 0.5 ± 0.1∗ 5.3 ± 0.4∗
Licorice + methotrexate 1.21 ± 0.18∗∗ 12.9± 1.1∗∗

Values are means ± standard error (SEM) for seven different mice per each treatment. Values are statistically significant at ∗P < 0.05 versus control and licorice groups.
∗∗P < 0.05 versus methotrexate.

Figure 3: ameliorative impact of licorice extract on TSPO mRNA expression in

MTX-injected mice; a graphic presentation of testicular TSPO mRNA expression

by qRT-PCR in different groups of mice compared with that of β-actin; #P < 0.05

versus control and licorice extract groups, and $P < 0.05 versus MTX group.

spermatogonial cells with edema of interstitial tissue (Fig. 5C).
Finally, testis of the MTX group pretreated with licorice extract
showed restoration of normal architecture with mild thickening
of interstitial tissue (Fig. 5D).

BAX and COX 2 immunohistochemistry

Testis samples in control and licorice groups showed no BAX
reactivity (Fig. 6A and B), while those of the MTX group showed
strong expression for BAX in spermatogonial cells (Fig. 6C). Mice
that received licorice plus MTX showed normal and reduced BAX
expression with normal testicular histological structure (Fig. 6D).

Figure 7A–D shows changes in COX-2 expression in testic-
ular tissues. Control and licorice-administered mice exhibited
mild changes in COX-2 expression (Fig. 7A and B). Mice from the
MTX group exhibited a significant level of COX-2 expression
and immunoreaction (Fig. 7C). When licorice was administered

Figure 4: ameliorative impact of licorice extract on P450scc mRNA expression in

MTX-injected mice; graphic presentation of testicular mRNA expression by qRT-

PCR for P450scc in different groups of mice compared with that of β-actin; #P <

0.05 versus control and licorice extract groups and $P<0.05 versus MTX group.

before MTX, the improved changes were obvious. It is therefore
highly likely that MTX-induced BAX and COX-2 up-regulation is
inhibited by licorice extract (Figs 6D and 7D).

Discussion
MTX is the most commonly used anticancer drug because of
its significant benefits. However, it also exerts side effects on
all organs of the body. Gonads are the main component of the
reproductive system. Therefore, protection of the germinal cells
and normal testicular function is important for patients under
MTX therapy.

The current findings showed that MTX significantly increases
serum and testicular MDA levels and activity, confirming
testicular oxidative stress and damage. Moreover, MTX caused
a decrease in catalase, GPx, and GSH activities. These effects
were restored by the antioxidative impacts of licorice extract.
MTX alters the male fertility index, which was restored by the
preadministration of licorice extract. Testicular histology and
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Figure 5: results of histopathological examination; (A) the control group showing

normal testicular histology with normal spermatogonial cells (arrows); (B) testis

of the licorice group showing normal cells (arrow) and interstitial Leydig cells (∗);

(C) testis of the MTX group showing degeneration of spermatogonial cells (arrow)

with edema of interstitial tissue (∗); (D) testis of the licorice and MTX group

showed restoration of normal architecture with mild thickening of interstitial

tissue; scale bar = 50 μm.

Figure 6: results of the immunohistochemical examination of BAX. (A, B) testis

of control and licorice groups showing mild expression of BAX in the testicular

cells; (C) testis of MTX group showing enhanced BAX expression and reactivity

in spermatogonial cells; (D) testis of licorice + MTX group showing mild BAX

expression; scale bar = 50 μm.

immunohistochemical findings showed the extent of MTX-
induced testicular damage and its recovery by licorice extract.

MTX induced a reduction in both seminiferous tubule length
and epithelium thickness and reduction in the sperm number
and mobility [40]. These findings are in accordance with ours and
those reported earlier [40]. We reported here that MTX decreased
both FSH and testosterone levels, which were restored by the
preadministration of licorice extract. This confirms the impor-
tance of licorice in improving male fertility [9]. MTX induces its
effect through testicular oxidative stress and ROS.

MTX causes oxidative damage, which is associated with
increased ROS production [41]. Here, testicular oxidative stress
was confirmed by the increase in levels of MDA and its activity in
both serum and testicular tissues, reduced antioxidant activity,
and increased oxidative stress index. The reduced expression of
GSH is the main cause of disruption in the antioxidant defense
system [42]. As known, MTX induced impairment in tissue redox
[43] and a decrease in antioxidant enzymes and tissue damage

Figure 7: results of the immunohistochemical examination of COX-2. (A, B) testis

of control and licorice groups showing faint and little expression of COX-2 among

testicular cells; (C) testis of the MTX group showing increased Cox-2 expression

in spermatogonial cells (arrows); (D) testis of licorice + MTX group showing mild

COX-2 expression; scale bar = 50 μm.

due to release of ROS [44]. Our findings, as well as those reported
in previous studies [22, 23, 29], show that MTX causes damage to
the testis and other organs through lipid peroxidation and redox
impairment. Preadministration of licorice extract increased GPx,
GSH, and catalase levels and their activities in testis and serum
of MTX-injected group.

Antioxidant enzymes react with O2 and H2O2. GPx captures
alkyl radicals formed from oxidized membrane components that
use GSH (substrate) [45]. Detoxification of free radicals in oxida-
tive stress is induced by GSH and GPx [45]. For the efficient
functioning of the testes, the antioxidant defense mechanisms
must be protected against ROS. Antioxidant enzymes, such as
GPx and CAT, play important roles in the protection of testicular
and male reproductive organs against ROS [46].

TSPO is a cholesterol-binding protein found at particularly
high levels in steroid synthesizing cells of the testis in the outer
mitochondrial membrane. TSPO interacts with steroidogenic
acute regulatory protein to transport cholesterol into mitochon-
dria [47]. Reduced levels of these steroids have been linked to
reduced sexual function. Although testosterone-replacement
therapy is available, still undesirable side effects present. To
regulate steroid levels in the testis and brain, TSPO ligands are
proposed as therapeutic agents [48–50]. P450scc is responsible for
the conversion of insoluble cholesterol to soluble pregnenolone
[50]. It is the first rate-limiting step in steroidogenesis [51].
Overexpression of this enzyme indicates the activity of testis
and steroidogenesis. We examined the effect of licorice on TSPO
and P450scc expression and confirmed for the first time that
licorice ameliorates MTX-induced disruption in steroidogenesis
and, consequently, male fertility. Some studies about the effects
of licorice extract on the reproductive system indicate that
it could maintain sperm mobility and improve the fertilizing
ability of BALB/cA mouse sperm in vitro [52]. However, others
failed to conclude any significant correlation between licorice,
sperms, and reproductive functions [21]. In this study, MTX was
found to induce a decrease in serum testosterone levels, while
MTX preadministered with licorice extract showed significant
recovery in the levels. When testosterone levels were measured
on day 14, there was a decrease in testosterone levels in the MTX
group, compared to that in the control group [9].
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As stated before, the inflammatory factors produced due to
COX-2 activation is involved partially in the regulation of Leydig
cell dysfunction [53]. In this study, MTX not only increased proin-
flammatory cytokine levels but also induced testicular oxidative
stress. COX-2 activates the synthesis of prostaglandins from
arachidonic acid. Prostaglandins play a critical role in the devel-
opment of the inflammatory response [54]. The increase in levels
of proinflammatory cytokines due to COX-2 activation results in
the activation of specific proapoptotic signals such as caspase-
3 and BAX [55]. These findings supported our histopathological
findings that MTX significantly up-regulates the immunoreac-
tivity of the inflammatory marker, COX-2 and BAX (apoptosis-
associated gene), compared to those in the control. MTX-induced
testicular oxidative stress can be attributed to the stimulation
of the TNF-α/COX-2 pathway and, subsequently, of apoptosis.
Interestingly, licorice has the potential to restore and control
both cytokines and factors associated with inflammation and
apoptosis. Overall, we speculate that the antioxidants, as well as
inflammatory and cytokine signaling pathways, are the target for
licorice against MTX-induced testicular dysfunction.

Conclusion
This study confirmed the role of MTX in ROS generation and
induction of oxidative stress in testis. MTX up-regulated apop-
totic gene expression and redox imbalance. Preadministration
of licorice extract ameliorated these effects and restored the
levels of relevant markers in testis and sera. In addition, licorice
down-regulated the expression of genes related to inflammation
and regulated BAX and COX-2 cellular immunoreactivity. These
findings established the suitability of licorice in reducing the side
effects associated with MTX therapy.
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