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ABSTRACT

Background: Diabetes Mellitus is a chronic metabolic disease characterized
by hyperglycemia due to impaired insulin secretion or insulin resistance. It
has been increasing at a high rate in the last decades, affecting males and
females at reproductive age. Therefore, the current study aimed to assess
the safety of some oral hypoglycemic drugs and their combinations on
normal male rats’ fertility. Methods: Ninety-six male rats were included in
this experiment, and it consisted of two phases. The subchronic phase for
30 days and the chronic phase for 90 days. Each phase contained 48 rats,
which were divided into 8 groups (n=6) including the control group and the
test groups (metformin 500 mg/kg, glibenclamide 5 mg/kg, sitagliptin 50
mg/kg, metformin 500 mg/kg plus glibenclamide 5 mg/kg, metformin 500
mg/kg plus sitagliptin 50 mg/kg, glibenclamide 5 mg/kg plus sitagliptin 50
mg/kg and the last group was a combination of the three mentioned drugs).
The drugs were administered orally. After the completion of the experiment
period for both phases, hormonal analysis and sperm parameters were
measured. Results: The results of the subchronic and chronic phases

INTRODUCTION

Diabetes Mellitus (DM), a metabolic disease, is characterized by
hyperglycemia,! it has many classes, including type 1, type 2 and
gestational diabetes.” The vast majority of diabetic patients are classified
into one of two broad categories: type 1 DM (T1DM), which is caused by
an absolute or near absolute deficiency of insulin or type 2 DM (T2DM),
which is caused by the presence of insulin resistance with an inadequate
compensatory increase in insulin secretion.” T1IDM presents in children
or adolescents, while T2DM is thought to affect middle-aged and older
adults who have prolonged hyperglycemia due to poor lifestyle and
dietary choices.? The pathogenesis for TIDM and T2DM is drastically
different, and therefore each type has various etiologies, presentations,
and treatments. The chronic complications of diabetes mellitus comprise
dysfunctions and failures of various organs,® which can be divided
into microvascular (nephropathy, neuropathy, and retinopathy) and
macrovascular (stroke, cardiovascular disease, and peripheral artery
disease).” One of DM’s complications is the disturbance in the male
reproductive system, as glucose metabolism is an important event in
spermatogenesis.*

Regarding diabetes treatment, insulin is vital for treating T1DM patients
because there is a decrease in insulin release. However, treatment of
T2DM patients is more complex because there is a defect in both insulin
secretion and action. Therefore, the treatment selection will depend on

revealed that metformin and sitagliptin and their combination affected
hormonal and sperm parameters negatively as they reduced testosterone
level, sperm count and sperm motility. In comparison, glibenclamide
didn't show any significant effect. Conclusion: This study concludes that
metformin exhibits testicular dysfunction. The results of the combination
of metformin and glibenclamide in chronic use are encouraging because
glibenclamide reduced the testicular dysfunction effect of metformin.
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the stage of the DM and the individual characteristics of the patient.®
The oral hypoglycemic agents for treating T2DM include biguanides
(for example metformin),” sulfonylureas (glibenclamide).® Metformin
and glibenclamide are considered to be the most widely used oral
hypoglycemic agents because they are economical and mono-dosing.’
Another class of oral hypoglycemic drug is the thiazolidinedione’s (for
example pioglitazone),'” the dipeptidyl peptidase (DPP)-4 inhibitors (for
example sitagliptin),'" and Glucagon-like peptide-1 (GLP-1) agonists
1 (for example exenatide).”? According to the American Diabetes
Association, metformin is the preferred first-line therapy for the
treatment of T2DM. However, the addition of a GLP-1 analog should
be considered in patients with a contraindication or intolerance to
metformin, in patients with a hemoglobin Alc greater than 1.5% over
target, or in patients who do not reach their target Alc in three months,'
insulin therapy is frequently needed in the late stage of type 2 diabetes
because of progressive p-cell dysfunction.”

Infertility is a distressing issue to both the couple and their families.
Recognizing its importance, the World Health Organization has
classified it as a global health problem." It is reported that about 15% of
all couples trying to conceive during the first year of unprotected sex are
affected by infertility.'” However, male factor infertility is responsible for
about 20% of infertile couples.'®
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DM has been increasing in male patients at childbearing age, and its
prevalence is linked with a decrease in fertility, a reduction in sperm
motility."” Moreover, DM affects almost all the male reproductive
system levels, like testicular function and spermatogenesis.'® One study
has provided a report that metformin may restore male reproductive
function. However, it also states that it may lead to counterproductive
effects and may affect the development of the fetus’s testis during
pregnancy.’” Similarly, sulfonylureas are also reported to have
spermicidal as well as a protective effect on male fertility.?* Also,
pioglitazone has shown a beneficial impact on the male reproductive
system, including some sperm parameters due to its antioxidant
properties.”” The DPP4 inhibitors like sitagliptin have to be used
cautiously by diabetic males since it negatively impacts male fertility.”!
Since diabetes is more prevalent nowadays and frequently being
encountered in young and child-giving ages, this means that these
patients will use anti-diabetic medications early-on in their lives, and for
the time they expect to have their offspring’s. These people would be thus
most prone to be affected by side-effects of these medications. Therefore,
this study aimed to evaluate some oral anti-diabetic drugs effects on the
levels of sex hormones and sperm parameters of normal male rats.

MATERIALS AND METHODS

Drugs

Gift samples of working standards were obtained from Jamjoom Pharma.
KSA (Metformin) and Amipharma Laboratories, Sudan (Glibenclamide
and Sitagliptin).

Animals

Mature male Albino Wistar rats weighing between 180 and 250 g
obtained from King Saud University, Kingdom of Saudi Arabia, were
used in this study. The rats were kept in cages at room temperature; food
and water were given ad libitum. Ethical approval was obtained from the
biomedical ethics research committee of medical college, University of
King Abdul-Aziz, Jeddah (Approval Ref. No. 689-2019).

Experimental Design

The experiment combined two phases: Sub-Chronic and Chronic drug
administrations. And for all, the same Experimental protocol applied.
The rats in all groups were fed a regular chow diet and given the drug
solution assigned for each group by oral gavage daily (throughout the
Study). Then, after 30 days (for Sub-Chronic groups) or 90 days (for the

chronic group) of treatment, several tests were performed according to
the experimental protocol.

The male albino rats were assigned into eight groups (n=6):

Group (1) Control (received normal saline 10 ml/kg)

Group (2) received Metformin 500 mg/kg

Group (3) received Glibenclamide 5 mg/kg

Group (4) received Sitagliptin 50 mg/kg

Group (5) received metformin 500 mg/kg + Glibenclamide 5 mg/kg
Group (6) received metformin 500 mg/kg + Sitagliptin 50 mg/kg
Group (7) received Glibenclamide 5 mg/kg + Sitagliptin 50 mg/kg

Group (8) received Metformin 500 mg/kg + Glibenclamide 5 mg/kg +
Sitagliptin 50 mg/kg.

The animals were anaesthetized by diethyl ether, and 5 ml blood
samples were collected from abdominal aorta?? for hormonal analysis
(testosterone, FSH and LH). Then the animals were sacrificed, testis and
cauda epididymis were isolated for sperm collection® and histological
study. Sperm was tested to see sperm count and sperm motility and
semen PH. For testis histological test, 2-3 mm tissue was cut and fixed in
10 % formalin. The tissues were processed and fixed by paraffin. Sections
were stained with Haematoxylin and Eosin (H&E) dye for microscopic
observation.

Statistical Analysis

The data obtained were processed using IBM - SPSS (version 25),
expressed as mean + SEM and analyzed using one-way ANOVA (LSD).
The level of significance was taken as p < 0.05. GraphPad Prism 8
software was used for descriptive statistics.

RESULTS

Sub-chronic Effects (30 days)

As shown in Table 1; metformin administered for 30 days significantly
(P < 0.05) decreased sperm count and testosterone level; however, it
significantly (P < 0.05) increased LH and FSH levels when compared to
the control group. Glibenclamide given for 30 days didn’t considerably
affect sperm count, testosterone level, LH and FSH level than the control
group. Sitagliptin significantly (P < 0.05) decreased the sperm count and
testosterone level while significantly (P < 0.05) increased LH and FSH
levels when administered for 30 days compared to the control group.
Figures 1-7

Also as shown in Table 1; the combination of Metformin plus
Glibenclamide showed a significant decrease (P < 0.05) in sperm count

Table 1: Effect of metformin, glibenclamide, sitagliptin and their combinations administered for 30 days on the Sperm quality.

Parameter Sperm count Semen PH Sperm Testosterone LH FSH

Group (n=6) (cells\cubic millimetre) motility (%) (ng\dl) (IU\L) (IU\L)
Control 13500000.00 + 763762.62 7.32 £ 0.05 64.17 £ 3.24 454.00 + 27.33 1.79 £ 0.18 1.66 +0.16
Metformin 7850000.00 + 601525.84* 7.53 £0.10 56.50 + 4.14 189.67 + 3.60* 3.77 = 0.16* 4.67 +0.18*
Glibenclamide 12450000.00 £636003.15 7.32 £ 0.09 70.67 £ 4.32 442.17 +16.99 2.04£0.14 1.75+£0.14
Sitagliptin 7850000.00 + 1191567.60* 7.35% 0.04 54.33 £3.34 203.67 = 6.44* 3.83 +0.20* 4.80 + 0.20*
Metformin + Glibenclamide 10533333.33 + 449938.27* 7.42 £ 0.07 73.00 £ 2.18 316.33 + 15.07* 2.54 £ 0.60 2.48 +0.52*
Metformin + Sitagliptin 7166666.67 + 397212.51* 7.43 £ 0.08 70.50 £ 2.74 155.00 + 10.00* 5.50 £ 0.20* 5.01 £ 0.12*
Glibenclamide + Sitagliptin 9033333.33 + 540781.33* 7.52+ 0.08 65.67 £ 4.30 313.33 + 9.46* 248 £0.18 2.08 £0.20
Metformin + Glibenclamide + 8783333.33 + 340995.28 * 7.37 £0.12 66.83 +2.95 245.83 + 19.56* 3.87 £0.23* 2.87 £ 0.20*

Sitagliptin

LH= luteinizing hormone, FSH = follicle stimulating hormones. Values are expressed as mean+SEM (n= 6). *P < 0.05 compared to the control group (ANOVA)
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and testosterone level and caused substantial increase (P < 0.05) in FSH
level compared to the control group. The administration of Metformin
plus Sitagliptin caused a significant decrease (P < 0.05) in sperm count
and testosterone level while causing a significant increase (P < 0.05)
in LH and FSH level. Glibenclamide and Sitagliptin’s combination
produced only a significant decrease (P < 0.05) in sperm count and
testosterone level. When Metformin, Glibenclamide and Sitagliptin were
given together for 30 days, they produced significant reduction (P < 0.05)
in sperm count and testosterone level while caused a significant increase
(P <0.05) in LH and FSH levels when compared to the control group.

However; all treatment groups showed no significant effects on semen
PH and sperm motility.

sections in rat testis stained by H&E to show seminiferous tubules
and interstitial tissue and Leydig cells of: A (Group 1; Control), B
(Group 2; Metformin), C (Group 3; Glibenclamide), D (Group 4;
Sitagliptin), E (Group 5; Metformin+Glibenclamide), F (Group 6;
Metformin+Sitagliptin), G (Group 7; Glibenclamide+Sitagliptin) and F
(Group 8 Metformin+Sitagliptin+Glibenclamide) after 30 days.
Histological findings notice compared to normal-sized Seminiferous
Tubules (ST) with their regular outlines, full-thickness germ cell layers
(double arrows) and an average population of interstitial cells (white
arrows) in Group 1: control (A); Group 2: (B) receiving metformin for
four weeks showed sporadic deformed small-sized tubules with marked
degeneration and loss of most germ cell layers (dotted arrows) others
lack mature sperms, interstitial cells looked degenerated (white arrows).
In Group 3: (C) glibenclamide most tubules looked normal with full
germ cell layers and the presence of mature sperms (arrows). Group 4:
(D) receiving Sitagliptin sporadic few tubules also showed degenerative
changes (dotted arrows) compared to control, other tubules looked
smaller and lack mature sperms. On the other hand, Group 5: (E)
receiving  Metformin+Glibenclamide
seminiferous tubule’s’ normal structure (black arrows). Only a few
tubules lack mature sperms, and interstitial cells are of the normal
population. Group 6: (F) Metformin+Sitagliptin, there are few tubules
showing loss of germ cell layers (dotted arrows). In Group 7: (G)
Glibenclamide+Sitagliptin there is loss few tubules demonstrated
degenerative changes and loss of germ cell, others lack mature sperms.
In Group 8: (H) receiving the combination of metformin, glibenclamide
and sitagliptin, there is the preservation of typical structure (black
arrows). Still, many tubules showed partial loss of germ cells or lack
mature sperms, and interstitial cells are of the normal population (white
arrow).

showed  preservation  of

Chronic Effects (90 days)

As shown in Table 2; metformin administered for 90 days significantly
(P <0.05) decreased sperm count, sperm motility and testosterone level;
however, it significantly (P < 0.05) increased LH and FSH levels when
compared to the control group. Glibenclamide given for 90 days didn't
considerably affect sperm count, testosterone level, LH and FSH level
than the control group. Sitagliptin significantly (P < 0.05) decreased
sperm count, sperm motility and testosterone level while significantly
(P < 0.05) increased LH and FSH levels when administered for 90 days
compared to the control group. Figures 8-14.

Also as shown in Table 2; the combination of Metformin plus
Glibenclamide showed a significant decrease (P < 0.05) in testosterone
level and caused substantial increase (P < 0.05) in FSH level compared
to the control group. The administration of Metformin plus Sitagliptin
caused a significant decrease (P < 0.05) in sperm count and testosterone
level while causing a significant increase (P < 0.05) in LH and FSH level.
Glibenclamide and Sitagliptin’s combination produced only a significant
decrease (P < 0.05) in sperm count and testosterone level. When
Metformin, Glibenclamide and Sitagliptin were given together for 90
days, they produced significant reduction (P < 0.05) in sperm count and
testosterone level while caused a significant increase (P < 0.05) in LH and
FSH levels when compared to the control group.

Sections in rat testis after 90 days of anti-diabetic drug administration
compared to Group 1: (A) control group; showing that in Group 2: (B)
received Metformin, more seminiferous tubules showed degenerative
changes and loss of germ cell layers seminiferous. In Group 3: (C)
administered glibenclamide, most tubules looked normal with full germ
cell layers and presence of mature sperms (arrows), few tubules showed
degenerative changes or lack of mature sperms (dotted squares). Group
4: (D) receiving Sitagliptin more sporadic few tubules also showed
degenerative changes (dotted squares) compared to control, other tubules
looked smaller and lack mature sperms. On the other hand, Group 5:
(E) receiving Metformin+Glibenclamide showed the most seminiferous
tubules normal structure. However, some tubules still showed
degenerative changes or lack mature sperms (dotted square), interstitial
cells are of the normal population with little edematous interstitial
spaces (white arrow). Group 6: (F) Metformin+Sitagliptin, there are few
tubules showing loss of germ cell layers (dotted square). In Group 7:
(G) Glibenclamide+Sitagliptin few tubules demonstrated degenerative
changes and loss of germ cell (dotted squares) others looked normal
and showed mature sperms, interstitial Leydig cells looked normal. In
Group 8: (H) receiving Combination of metformin, glibenclamide and
sitagliptin there is marked preservation of ST normal structure (but few
tubules showed lack of mature sperms (dotted arrows).

Table 2: Effect of Metformin, Glibenclamide, Sitagliptin and their combinations administered for 90 days on the Sperm quality.

Parameter Sperm count Semen PH Sperm motility Testosterone LH FSH
Group (n=6) (cells\cubic millimetre) (%) (ng\dl) (IU\L) (IU\L)
Control 14166666.67 + 599258.80 7.43 £0.13 63.33 £ 5.05 469.33 + 15.66 1.87 £ 0.17 1.79 £ 0.17
Metformin 7083333.33 + 541858.94 * 7.42 £ 0.09 52.33 £3.57* 185.83 + 7.83* 411+0.13* 4.84+0.12*
Glibenclamide 12710000.00 + 373407.73 7.317 £0.07 69.50 £ 4.11 444.83 +23.51 2.09 £ 0.12 2.05+0.19
Sitagliptin 7376666.67 + 1328562.30* 7.53 £0.08 52.17 + 2.69* 226.67 £ 17.22* 411+0.13* 5.08£0.16 *
Metformin + Glibenclamide 11816666.67 + 483333.33 7.47 £ 0.10 70.17 £2.70 303.50 + 16.50 * 2.57 £0.49 2.63+0.40*
Metformin + Sitagliptin 7100000.00 + 457529.60* 7.50 £ 0.11 67.83 +3.44 150.00 + 9.86 * 590 +0.32* 4.61 £0.21*
Glibenclamide + Sitagliptin 6690000.00 + 1885444.25* 7.52 % .05 66.00 + 3.89 293.67 +7.81* 2.55+0.25 1.95+0.14
Metformin + Glibenclamide + 9850000.00 + 368555.74* 7.43 + 0.11 64.00 * 2.60 253.67 £22.19* 4.13+0.17* 241 +0.16*

Sitagliptin

LH= luteinizing hormone, FSH = follicle stimulating hormones. Values are expressed as mean + SEM (n=6). *P < 0.05 as compared to the control (ANOVA)
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and their combinations administered for 30 days on the sperm counts in g

normoglycemic rats: (n=6).
Figure 4 : Effect of Metformin (Metf), Glibenclamide (Gliben), Sitagliptin (sita)

Figure 2 : Effect of Metformin (Metf), Glibenclamide (Gliben), Sitagliptin
(sita) and their combinations administered for 30 days on semen PH in
normoglycemic rats: (n=6). Figure 5 : Effect of Metformin (Metf), Glibenclamide (Gliben), Sitagliptin
(sita) and their combinations administered for 30 days on LH level in
normoglycemic rats: (n=6).
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Figure 6 : Effect of Metformin, Glibenclamide (Gliben), Sitagliptin (sita) and
their combinations administered for 30 days on FSH level in normoglycemic
rats: (n=6)

Figure 3 : Effect of Metformin (Metf), Glibenclamide (Gliben), Sitagliptin (sita)
and their combinations administered for 30 days on the sperm motility in
normoglycemic rats: (n=6).
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Figure 7 : Histological effect of metformin, glibenclamide, sitagliptin and
their combinations administered for 30 days on rat testis.
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Figure 11 : Effect of Metformin (Metf), Glibenclamide (Gliben), Sitagliptin
(sita) and their combinations administered for 90 days on testosterone level
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Figure 9 : Effect of Metformin (Metf), Glibenclamide (Gliben), Sitagliptin
(sita) and their combinations administered for 90 days on semen PH in

Figure 12 : Effect of Metformin (Metf), Glibenclamide (Gliben), Sitagliptin
(sita) and their combinations administered for 90 days on LH level in

normoglycemic rats: (n=6). normoglycemic rats: (n=6).
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Figure 13 : Effect of Metformin (Metf), Glibenclamide (Gliben), Sitagliptin
(sita) and their combinations administered for 90 days on FSH level in
normoglycemic rats: (n=6).

Figure 14 : Histological effect of metformin, glibenclamide, sitagliptin and
their combinations administered for 90 days in rat testis.

DISCUSSION

Diabetes mellitus has been increasing at an alarming rate since the
last decade. As it affects male and female in reproductive age, its
complications, and the drugs used for lowering blood glucose level may
affect human fertility. Accordingly, the current study was conducted
to evaluate the effects of metformin, glibenclamide, sitagliptin and
their combinations on male fertility in normoglycemic rats. This study
was conducted in two phases: Sub-chronic phase and chronic drug
administration phase. At the end of the experiment, hormonal and
sperm parameters were measured.

Our results showed a significant decrease (p<0.05) in sperm count and
the testosterone level in the rats administered with metformin compared
to the control group in sub-chronic and chronic phase. On the other
hand, there is a significant elevation of LH and FSH level. It is reported
that low testosterone levels and high-normal to high LH levels and FSH
are associated with primary hypogonadism.* A decrease in testosterone
secretion, sex drive and testosterone-induced erectile dysfunction has
also been reported in prior reports.”** A combination of hypocaloric

Journal of Young Pharmacists, Vol 13, Issue 2, Apr-Jun, 2021

diet and metformin has also resulted in a low level of the circulating
testosterone levels in obese non-diabetic men.”” In healthy male rats,
metformin decreases testosterone levels.*® However, the same study
also states that metformin restores testosterone secretion in diabetic
rats to levels near those seen on healthy individuals.?® Metformin also
significantly decreased the sperm motility in the chronic phase. This
observation agrees with the other study, which concluded that metformin
significantly reduced the percentage of motile, progressive and rapid
spermatozoa and significantly decreased sperm velocity.® Another
study found that metformin negatively affected sperm count and sperm
motility in the non-diabetic normal control group.” Another research
has revealed a slight reduction in sperm motility at 5000 IM metformin.*
Our study suggests that the decrease in sperm muotility is associated
with the duration of metformin treatment. Literature also states that
in utero exposure to metformin reduces fetal testicular size and Sertoli
cell populations (SC). These processes may be driven by the metformin-
mediated increase in lactate production, decreasing testosterone
secretion.”? One study states that metformin can be considered as
a suitable anti-diabetic drug for male patients of reproductive age®
which is contradictory to our results. However, this study says that this
contradiction may be due to the difference in the experimental protocol
in which they used isolated Sertoli cells cultured with high glucose
level.*® Another study aimed at exploring the effects of metformin and
characterizing its underlying mechanism in the fertility of obese males
concluded that metformin increases FSH level. It improves obese male
fertility by alleviating oxidative stress-induced blood-testis barrier
damage.* Hagar A Hashish et al. stated that metformin-induced changes
in pancreatic and testicular tissues, testicular tissue in metformin-treated
rats the Seminiferous Tubules (STs) were irregular in outline, disturbed
organization of germinal epithelium, spermatogenic cells were separated
from basement membrane with signs of degeneration, and the diameter
of STs was significantly reduced.”® Another study showed marked
necrosis, degeneration of seminiferous tubules, and spermatocyte’s
defoliation in the testis of MET-treated rats.* Carolina et al. reported that
metformin reduces testosterone production and also cause significant
reduction in sperm motility and sperm count in male rats, which might
be due to ageneral decrease in the rat’s antioxidant status testis due to
administration of metformin.” Ribeiro et al. concluded that metformin
has a protective effect on metabolically ill patient’s productive function
while it has a harmful impact on healthy subjects.”®

In our study, glibenclamide alone didn't significantly affect any hormonal
or sperm parameter. However, when combined with metformin in
the chronic phase, the sperm count was observed at a normal level
compared to the metformin group alone. The prior study has revealed
decreased sperm count and motility with the individual treatment of
metformin and glibenclamide.* This previous study has also presumed
that a combination of metformin and glibenclamide may cause testicular
dysfunction. This is interesting to mention that our study provided
opposite results to this presumption. Our findings also suggest that
glibenclamide might be preventing the testicular dysfunction effect of
metformin in the chronic group. However, this effect was not observed
in the subchronic group. Therefore, we believe that glibenclamide
can prevent metformin’s testicular dysfunction if used for a more
extended period. This effect is relevant to one study that concluded that
glibenclamide has a protective effect against nuclear damage caused
by diabetes, enhancing the antioxidant status and decreasing sperm
abnormality.*

In the current study; sitagliptin alone or in combination with metformin
and glibenclamide in both subchronic and chronic phase affected sperm
count and testosterone level negatively. Simultaneously, it increased the
level of LH and FSH, which represent signs of primary hypogonadism.
Our results agree with other studies, which reported a decrease in semen
motility and free testosterone levels in the serum.’®** A study published in
2020 stated that testis of rats given Sitagliptin show marked destruction
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of many Seminiferous Tubules (S.Ts), damage of their lining germinal
epithelium and vacuolation of its cytoplasm and marked reduction in the
number of sperms in the lumen, interstitial Leydig cell show degenerative
changes.” However; Sitagliptin is reported to have an antioxidative
effect, and it also reversed the testicular ischemia/reperfusion damage
in male rats.* It is also reported to restore testosterone’s average level in
doxorubicin-induced testicular damage when used in combination with
quercetin (an antioxidant).*

CONCLUSION

This study concludes that metformin exhibits testicular dysfunction. The
results of the combination of metformin and glibenclamide in chronic
use are encouraging. It is assumed that glibenclamide prevents the
testicular dysfunction effects of metformin by its antioxidative effect.
The combination of metformin, glibenclamide and sitagliptin did not
produce encouraging results like the combination of glibenclamide
and metformin. Further studies for the combination of metformin,
glibenclamide and sitagliptin is recommended in diabetic rats.
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