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Diabetes is a metabolic disorder characterized by hyperglycemia due to the defects in insulin
secretion and function, or both. Glabridin (GBD) is one of the natural anti-oxidants used for
infertility treatment. This study was planned to evaluate the effects of GBD on testicular oxidative
status, sperm characteristics, and early embryo development in diabetic mature mice. Forty mature
male mice were allotted to five equal groups, including control group received no treatment,
diabetic group received intraperitoneal streptozotocin (50.00 mg kg1), and three experimental
groups receiving 12.50, 50.00, and 200 mg kg1 GBD by gavage daily for 30 days, respectively. Serum
levels of testosterone, sperm parameters, and testicular malondialdehyde, total anti-oxidant
capacity, and catalase levels, as well as pre-implantation embryo development were determined.
The diabetic group exhibited significantly reduced sperm motility, viability, and count, testosterone
level, and testicular total anti-oxidant capacity and catalase levels, and increased testicular
malondialdehyde level, and DNA-damaged and immature sperms along with poor in vitro
fertilization outcomes compared to the control group. In contrast, the GBD administration,
particularly at the highest dose, caused a pronounced improvement in the above-noted parameters.
These findings suggest that GBD may play a role in impeding diabetes-induced male reproductive
complications through oxidative stress repression, and sperms and early embryos protection.

© 2026 Urmia University. All rights reserved.

Introduction

Oxidative stress, being characterized by excessive
reactive oxygen species production and impaired anti-
oxidant defense mechanisms, plays a key role in the

Diabetes mellitus (DM), types 1 and 2, has been
associated with various male and female reproductive
complications. The DM can affect fertility through
triggering hormonal imbalances and oxidative stress, or
inducing reproductive disorders, such as polycystic ovary
syndrome. It can disturb hormonal regulation, affecting
ovulation and menstrual cycles, leading to fertility
challenges. Accordingly, it has been reported that women
with DM are at a higher risk of pregnancy complications,
such as miscarriage, preeclampsia, and congenital
anomalies.! Diabetes is also linked to the reduced sperm
quality, being related to the oxidative damage and
metabolic disruption. Correspondingly, it has been shown
that diabetic men often have lower testosterone levels,
negatively affecting reproductive health.2
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pathophysiology of DM.3 Additionally, empirical
evidence has indicated that oxidative stress-evoked
cyto-destruction  leads to  sperm  functional
impairments, capacitation failure, and eventually
unsuccessful fertilization.*

Glabridin (4-[(3R)-88-dimethyl-3,4-dihydro-2H-pyrano
[2,3-flchromen-3-yl]benzene-1,3-diol, C20H2004; GBD), a
prenylated isoflavan being extracted from Glycyrrhiza
glabra L. is known for its various pharmacological
properties, including anti-oxidant, anti-inflammatory, anti-
tumor, anti-microbial, osteo-protective, cardio-protective,
hepato-protective, neuro-protective, anti-obesity, and anti-
diabetic activities.5 Earlier reports have stated that potent
anti-oxidative effects of GBD are mainly involved in its
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salutary role in protection against DM-elicited organo-
pathies.5” Further, it was found previously that G. glabra
root extract can abate methotrexate-induced male
reproductive toxicity in mice, owing its anti-oxidant, anti-
inflammatory, and anti-apoptotic activities.® Likewise, G.
glabra extract has shown to improve spermatogenesis in
high-fat diet-induced obese mice.’

On this account, this study was aimed to provide
mechanistic insights into the possible repro-protective
effects of GBD against DM-related male reproductive
dysfunction in mature mice.

Materials and Methods

Animals. Forty mature male mice (age: 8 weeks and
weight: 23.00 = 2.00 g) were provided from the Animal
Resource Center, Faculty of Veterinary Medicine, Urmia
University, Urmia, Iran. The mice were placed in a well-
ventilated environment with monitored light (12-hr
light/dark cycle), temperature (24.00 + 2.00 °C), and
humidity (50.00 + 60.00%). They had free access to the
rodent laboratory chow and tap water. The 2-week
acclimatization period was also considered. All animal
care and experimental procedures were conducted
following guidelines set by Animal Research Ethics
Board, Faculty of Veterinary Medicine, Urmia University,
Urmia, Iran. Efforts were made to minimize animal
suffering and reduce the number of animals used (Ethical
Code: IR-UU-AEC-3/95).

Experimental design. Animals were randomly
divided into five equal groups, including control group
including healthy animals received no treatment, diabetic
group received intraperitoneal (IP) streptozotocin (50.00
mg kgl; Sigma, St. Louis, USA), DM + GBDi250 group
received daily oral administrations of GBD (Sigma) at a
dosage of 12.50 mg kg1, DM + GBDso group received daily
oral administrations of GBD at a dosage of 50.00 mg kg1,
and DM + GBD2o group received daily oral
administrations of GBD at a dosage of 200 mg kg1. The
experimental period was 30 days.

Sampling. All animals were sacrificed using IP
injection of 10.00 mg kg xylazine (Alfasan, Woerden,
Netherlands) and 150 mg kg! ketamine (Alfasan).10
Approximately 2.00 mL blood was collected directly from
the left ventricle using a sterile syringe and needle,
transferred to the serum separator tubes, allowed to clot
and then, centrifuged to separate serum for future analyses.

Sperm count. Epididymal sperms were harvested
through slicing the caudal part of the epididymis into the
small pieces and incubated in 1.00 mL of human tubal fluid
(HTF; Sigma) supplemented with 4.00 mg mL? bovine
serum albumin (Sigma). The incubation was executed for
30 min at 37.00 °C in an atmosphere of 5.00% CO,,
allowing the sperms to swim out of the epididymal
tubules. Sperm concentration was quantified using a

hemocytometer (Brand™, Berlin, Germany), and
expressed as 106 per mL.11

Sperm viability. To examine sperm viability, 10.00
uL of Eosin-Nigrosin staining solution was mixed with an
equal volume of the sperm suspension. After a 2-min
incubation at the room temperature, slides were
evaluated under a light microscope (CHT; Olympus,
Tokyo, Japan) at 400x magnification, and the percentage
of live sperms was recorded.1?

Sperm motility. A drop of sperm suspension was put
on a glass slide, covered with a coverslip, the sperms
showing rapid progressive forward, slow progressive
forward, and circumferential movements in 10
microscopic fields of view were counted using a light
microscope (Olympus) at 400x magnification, and the
percentage of motile sperms was reported.!!

Sperm DNA damage. Acridine Orange staining was
used to determine sperm DNA denaturation. A drop of
sperm suspension was placed on a glass slide and allowed
to be air-dried. Then, the smears were fixed in methanol-
acetic acid (1 : 3 v/v; Sigma) for two hr, stained with 3.00
mL of 19.00% Acridine Orange solution in phosphate
citrate (Sigma) for 5 min, and rinsed with deionized water.
Using a fluorescence microscope (GS7, Nikon, Tokyo,
Japan), the percentage of sperms with single-stranded
DNA appearing orange-red was calculated.!?

Sperm chromatin quality. A drop of sperm
suspension was put on glass slides and allowed to be air-
dried. The smears were then fixed in 3.00%
glutaraldehyde (Sigma) in phosphate-buffered saline,
stained with 5.00% aqueous Aniline Blue mixed with
4.00% acetic acid (pH: 3.50) for 5 min, and the
percentage of immature sperms having blue-stained
heads was enumerated.!3

Testicular malondialdehyde (MDA) level. Testicular
tissue samples were minced and homogenized under ice-
cold conditions. After that, 300 pL of 10.00%
trichloroacetic acid (Sigma) was added to 150 pL of the
homogenized sample and centrifuged at 1,000 rpm for 10
min at 4.00 °C. The supernatant was then transferred to a
test tube with 300 pL of 67.00% thiobarbituric acid
(Sigma) and incubated at 100 °C for 25 min. After 5 min of
cooling, a pink color appeared due to the MDA- thiobar-
bituric acid reaction. Absorbance was recorded using a
spectrophotometer  (Novaspec II; Biochrom Ltd,
Cambridge, UK) at the wavelength of 535 nm.14

Testicular catalase (CAT) activity analysis. Catalase
activity was measured based on its ability to decompose
hydrogen peroxide (Sigma) in the homogenized testicular
tissue, following Aebi's method. Briefly, the testicular
tissue was homogenized in phosphate-buffered saline and
centrifuged at 3,400 rpm for 15 min. Then, 1.00 mL of
hydrogen peroxide was added to 2.00 mL of the
supernatant, and the absorbance was recorded at 240 nm
using the Novaspec Il spectrophotometer.1>
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Testicular total antioxidant capacity (TAC)
measurement. Testicular total anti-oxidant capacity was
measured according to the Katalinic et al. method based on
ferric reduction anti-oxidant power assay, and the values
were reported as pmol g tissue.16

Testosterone level determination. The serum levels
of testosterone hormone were determined via rat/mouse
enzyme-linked immuno-sorbent assay kit (Cosmo Bio Co.,
Tokyo, Japan) based on the manufacturer’s protocols and
expressed as ng mLL

Oocyte pick-up. Each female mouse received an IP
injection of pregnant mare’s serum gonadotropin (10.00
IU; Folligon, Boxmeer, Netherlands) 48 hr prior to an [P
administration of human chorionic gonadotropin (10.00
IU; Folligon). The animals were euthanized 14 hr after
human chorionic gonadotropin injection, and the
ampullary portions of the oviducts were excised and
transferred to a Petri dish containing 1.00 mL HTF being
supplemented with 4.00 mg mL- bovine serum albumin.
Using a stereo microscope (TLZ; Olympus), the ovulated
oocytes were meticulously dissected and placed into
fertilization droplets under mineral oil in the HTF + bovine
serum albumin medium.1!

In vitro fertilization (IVF). The capacitated sperms
(1.00 x 106 per 1.00 mL HTF) were added to the medium.
Fertilization rate was recorded 6 hr after sperms addition
through male and female pronuclei observation. After that,
granulosa cells were denuded and rinsed, and zygotes
were transferred to the fresh pre-equilibrated medium for
an additional 5 days of culture. Two-cell embryos and
blastocysts formations were reported 24 hr and 5 days
after fertilization, respectively.14

Statistical analyses. The variables were analyzed by
one-way analysis of variance followed by Tukey multiple
range post hoc analyses using SPSS Software (version 22.0;
IBM Corp., Armonk, USA). The data were expressed as the
mean * standard deviation, and the p-value of less than
0.05 was considered statistically significant.

Results

Spermatological parameters. A significant (p < 0.05)
reduction was observed in sperm count following DM
induction compared to the control group. In the DM + GBD
groups, an increase in the sperm count was observed;

Table 1. Spermatological parameters in different experimental groups.

however, significant (p < 0.05) differences were only noted
in the DM + GBDso and DM + GBDz00 groups compared to
the diabetic group (Table 1). The percentage of motile
sperms in the diabetic group was significantly (p < 0.05)
lower than the control group. In the DM + GBD groups, an
elevation in the sperm motility was observed; but,
significant (p < 0.05) differences were only noted in the
DM + GBDso and DM + GBD2zoo groups compared to the
diabetic group (Table 1). In the diabetic group, a significant
(p < 0.05) decrease in the percentage of viable sperms was
observed compared to the control group. While, in the DM
+ GBD groups, sperm viability showed a marked (p < 0.05)
improvement compared to the diabetic group. No
significant differences were observed among the DM +
GBD groups (p > 0.05; Fig. 1A and Table 1).

Diabetic mice showed a significant (p < 0.05) increase
in the immature sperm’s percentage compared to the
control group. In the DM + GBD groups, reductions in this
parameter were recorded; although, significant (p < 0.05)
differences were only noted in the DM + GBDso and DM +
GBD20o groups compared to the diabetic group (Fig. 1B
and Table 1). It was found that DM led to significant (p <
0.05) DNA damage increase in sperms compared to the
control group. In spite of decrease in the percentage of
DNA-damaged sperms in the DM + GBD groups, the
significant (p < 0.05) reduction compared to the diabetic
group was only observed in the DM + GBD2oo group (Fig.
1C and Table 1).

Biochemical parameters. Diabetes caused a
significant (p < 0.05) increase in the testicular MDA level
compared to the control group. The testicular MDA levels
in the DM + GBD groups were lower than the diabetic
group; however, this reduction was statistically significant
(p < 0.05) only in the DM + GBD200 group (Table 2).
Testicular TAC level was significantly (p < 0.05) decreased
after DM induction in comparison with the control group.
While, the DM + GBD2oo group showed pronounced
increase in testicular TAC level compared to the diabetic
group (p < 0.05; Table 2). There was a significant decrease
(p < 0.05) in the testicular CAT level in the diabetic group
compared to the control group. In the DM + GBD groups,
increases in the level of testicular CAT were seen;
however, significant (p < 0.05) differences were only
recorded in the DM + GBDso and DM + GBD2¢o groups
compared to the diabetic group (Table 2).

Groups Sperm count Sperm motility  Sperm viability DNA-damaged sperms Immature sperms
(x106 per mL1) (%) (%) (%)
Control 53.16 +3.072 81.11+7.572 83.05+7.322 848+ 1.752 7.33£0.392
DM 28.11 + 3.69> 52.63+597b 5344 +5.17> 25.96 +2.43b 2147 +0.97v
DM + GBD12.50 31.90 £ 4.55b 55.85 £ 6.07b 57.53+9.82¢ 22.11+0.95p 19.33 +£1.08
DM + GBDso 45.64 + 3.623¢ 63.82 +3.53¢ 68.26 + 5.59¢ 19.22 £ 0.82b 10.16 £ 0.85¢
DM + GBDzoo 47.46 + 4.05¢ 64.94 +8.61¢ 74.70 + 4.96¢ 9.78+0.77¢ 6.53 + 0.84¢

DM: Diabetes mellitus; GBD: Glabridin.

abe Values with different superscripts within one column differ significantly at p < 0.05.
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In the diabetic group, testosterone levels decreased
significantly (p < 0.05) compared to the control group. In
the DM + GBD groups, marked (p < 0.05) increases in
serum levels of testosterone were observed compared to
the diabetic group. There were no significant differences
in testosterone levels among the DM + GBD groups (p >
0.05; Table 2).

Embryological parameters. The fertilization rate in
diabetic group showed a significant decrease (p < 0.05)
compared to the control group. In the DM + GBD groups,
improvement in the IVF rate was observed; however, this
increase was only significant (p < 0.05) in the DM + GBD200
group compared to the diabetic group (Table 3). The
percentages of two-cell, blastocyst-stage, and hatched

Table 2. Biochemical findings in different experimental groups.

C

Fig. 1. Sperm viability, chromatin quality, and DNA damage analyses. A) Eosin-Nigrosin staining: Live sperm (1), with uncolored head and
dead sperm (2), with pink-red head can be seen (400x); B) Aniline Blue staining: Sperm head with mature nuclear chromatin (1), appears
light blue and sperm head having immature nuclear chromatin (2), is dark blue (1,000x); C) Acridine Orange staining: Sperm with normal
DNA integrity (1), appears green and reddish-orange stained sperm (2), has damaged DNA (400x).

embryos were reduced significantly (p < 0.05) in the
diabetic group compared to the control group. In the DM +
GBD groups, higher percentages of two-cell, blastocyst-
stage, and hatched embryos than diabetic group were
found; but, DM + GBDso and DM + GBD200 groups exhibited
significant (p < 0.05) improvements (Fig. 2 and Table 3).

Discussion

Diabetes as a chronic disease, causing serious health
problems through glucose metabolism disruption, has
several negative effects on different tissues. It has been
highlighted that men are more affected by the DM
complications than women, particularly in terms of

Groups Catalase (umol g1 tissue) Malondialdehyde (umol g1 tissue) TAC (umol g tissue) Testosterone (ng mL-1)
Control 37.34£2952 1.28+0.392 3.38+1.19 1.14+0.122

DM 8.24 +1.84b 2,63 +1.07b 1.78 £0.71b 0.65+0.37b

DM + GBD12:50 13.61 £ 1.90b 2.35+0.86b 1.99 £ 0.47b 091 £0.10¢

DM + GBDso 31.53+£291c¢ 2.21+0.58b 2.09 £0.84b 098 £0.17¢

DM + GBD200 33.51 £ 2.66¢ 1.39 +0.83¢ 3.07 £ 0.94¢ 1.02 +0.19¢

DM: Diabetes mellitus; GBD: Glabridin; TAC: Total anti-oxidant capacity.

abe Values with different superscripts within each column differ significantly at p < 0.05.

Table 3. Embryological parameters in different experimental groups.

Groups Fertilization rate (%) Two-cell embryos (%) Blastocysts (%) Hatched embryos (%)
Control 88.35 + 4.272 81.22+8.152 64.52 £ 4472 56.99 +5.17a

DM 53.19 £ 5.06P 4349 + 4.07v 36.29 £ 4.06> 25.74 £3.02b

DM + GBD12.50 57.38 £ 5.59b 48.10 + 6.72b 41.28+5.61b 29.88 £ 5.65P

DM + GBDso 62.31+7.92b 61.64 +5.08¢ 55.17 £ 3.29¢ 48.31 + 4.60¢

DM + GBDz0o 73.94 £3.81¢ 69.48 £ 7.91c 57.94 £ 5.33¢ 49.13 + 6.62¢

DM: Diabetes mellitus; GBD: Glabridin.

abe Values with different superscripts within each column differ significantly at p < 0.05.

.Y
_a*
Fig. 2. Embryos in different growth stages in the day five post-ferti

Aization (200x). A) Control; B) Diabetic group; C) Diabetes + low dose

(12.50 mg kg1) of glabridin; D) Diabetes + medium dose (50.00 mg kg 1) of glabridin; E) Diabetes + high dose (200 mg kg 1) of glabridin.
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reproductive system issues.l” A significant body of
evidence has indicated that DM is associated with
reductions in testosterone and gonadotropins levels,
leading to spermatogenic disorders and unfavorable
sperm quality and quantity.>18 It is well-grounded that DM
leads to sperm concentration reduction, sperm deformity
increase, and improper sperm kinematic parameters.l? It
has been well-established that oxidative stress has a
prominent position in the pathophysiology of DM
complications. Diabetes-induced hyperglycemia can result
in excessive reactive oxygen species generation, leading to
cyto-damages and inflammatory responses.3 Furthermore,
an overwhelming body of scientific evidence shows that
inflammation and oxidative stress are interconnected in
the male infertility pathogenesis.20

In the present study, sperm count, motility, and
viability decreased in the diabetic group, while the
percentages of immature and DNA-damaged sperms
increased. Also, the IVF rate, as well as pre-implantation
embryonic development reduced following experimental
DM induction. These findings are in accordance with the
earlier published reports.18-21

Recently, anti-oxidants have gained great interest in
the DM complications treatment due to their ability to curb
oxidative stress and prevent over-generated reactive
oxygen species-educed organ dysfunction.22 Moreover, it
becomes increasingly clear that anti-oxidants can help
boost fertility.z3

Being in conformity with former reports regarding
anti-oxidative potential of GBD,57 it was found in this
study that GBD administration in diabetic mice reduced
MDA level and increased the CAT activity along with TAC
level in the testicular tissue, and improved testosterone
level, sperm characteristics, [VF success rate, and in vitro
early embryonic development. In agreement with the
findings of the current study, recent evidence indicated
that GBD alleviated ultra-violet B-induced skin damage in
mice through pro-inflammatory cytokines levels attenuation
and anti-oxidant defense system reinforcement.24
Correspondingly, it was also found that G. glabra extract
could improve ovarian morphology and oocyte maturation
in a mouse model of polycystic ovary syndrome.25
Accordingly, it has been revealed that GBD retains anti-
inflammatory abilities to down-regulate inducible nitric
oxide synthase expression under high-glucose stress,
introducing it as a promising anti-inflammatory agent
against diabetes-related vascular dysfunction.26

To wrap up, these findings postulate that GBD may
play a beneficial role in impeding DM-induced male
reproductive complications through oxidative stress
repression, and repro-protection. Nonetheless, further
research is imperative to delve into the precise underlying
mechanisms, laying the groundwork for the development
of GBD-based therapeutic strategies to promote fertility
status in diabetic patients.
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