Berberine attenuates blood glucose, improves sperm functions
and reduces oxidative stress in STZ-induced diabetic rats
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ABSTRACT

Managing diabetes and its complications, including infertility, necessitates crucial approaches such as
dietary and lifestyle modifications. Research has shown that diabetic men face a heightened risk of
reproductive dysfunction compared to their non-diabetic counterparts. This study investigated the
effects of berberine on reproductive function in male rats induced to become diabetic with
streptozotocin (STZ). Twenty-four Sprague-Dawley male rats were randomly assigned to four groups
(n=6 per group): Group 1 (Control), Group 2 (Diabetic) received a single dose of STZ (60 mg/kg,
intraperitoneally), Group 3 (Diabetic + Berberine) received STZ and berberine (200 mg/kg, orally), and
Group 4 (Berberine only) received berberine (200 mg/kg, orally) daily. Diabetes was confirmed by
fasting blood glucose (FBG) >200 mg/dL, and berberine was administered for 4 weeks. FBG was
monitored weekly. At the end of the experiment, blood was collected by cardiac puncture for
biochemical assays (lipid profile, oxidative stress, testosterone level), the testes were harvested for
histological analysis, and the caudal epididymis was assessed for sperm analysis. Results indicated that
STZ-induced diabetes significantly impaired sperm count, motility, morphology, and testosterone levels
(p<0.05), along with disrupted lipid profiles and elevated oxidative stress markers. Histological
evaluation revealed testicular vascular congestion in diabetic rats. Berberine supplementation markedly
improved sperm parameters, testosterone levels, lipid profiles, and oxidative stress indices in diabetic
rats. Although FBG levels in the berberine-treated diabetic group decreased over time, they did not fully
normalize. In conclusion, berberine ameliorates reproductive dysfunction, reduces oxidative stress,
improves lipid metabolism, and exerts a glucose-lowering effect in diabetic male rats.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic
and hormonal condition characterized by the
inability of the body to produce sufficient insulin
or properly utilize it, resulting in persistently
elevated blood glucose levelst. Diabetes mellitus
has been primarily classified into Type 1 DM,
Type 2 DM, and gestational diabetes. Type 1
DM typically occurs due to the autoimmune
destruction of the pancreatic beta cells, leading
to insulin deficiency. Conversely, Type 2 DM is
marked by a gradual decline in insulin
production combined with insulin resistance,
while gestational diabetes arises during
pregnancy in individuals who didn’t previously
have diabetes?. The World Health Organization
(WHO) data indicates that diabetes is a rapidly
growing disease of global concern, currently
affecting about 422 million people worldwide®.
Diabetes is linked to high rates of morbidity and
premature mortality, contributing to
approximately 1.5 million deaths annually®.
Beyond the well-known complications, diabetes
is increasingly documented as a contributing
factor to male infertility. Data have shown that
men with diabetes face an increased risk of
infertility compared to non-diabetic individuals
4% Research in human and animal models has
demonstrated that diabetes adversely affects
male reproductive health by disrupting the
hypothalamic—pituitary—gonadal (HPG) axis,
impairing testicular function, interfering with
spermatogenesis, and leading to erectile and
ejaculatory dysfunctions, all of which contribute
to male infertility*®.

Male infertility associated with diabetes mellitus
(DM) can stem from both congenital and
acquired factors that disrupt reproductive
function at wvarious levels: pre-testicular,
testicular, and post-testicular’. At the pre-
testicular stage, DM is linked to hypogonadism,
which may result from central disruptions, such
as altered gonadotropin-releasing hormone
(GnRH) secretion or elevated leptin levels,
particularly in individuals who are overweight
or obese, as well as peripheral issues like
compromised Leydig cell activity. These factors
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contribute to decreased levels of gonadotropins
and testosterone in circulation’. Within the
testes, DM exacerbates oxidative stress by
increasing reactive oxygen species (ROS) in
seminal plasma, which can trigger lipid
peroxidation, mitochondrial dysfunction, sperm
DNA damage, and the accumulation of
advanced glycation end-products (AGES),
ultimately impairing spermatogenesis®®. Post-
testicular complications may involve reduced
sperm quality and disturbances in semen
emission, often due to a higher incidence of
accessory gland infections in diabetic men.
These infections, when combined with the
inflammatory effects of DM, can negatively
affect semen parameters and contribute to sexual
dysfunctions such as erectile and ejaculatory
issues™C.

Clinical infertility is commonly defined as the
failure of a coupexple to conceive after one year
of regular, unprotected intercourse, with male
infertility (MIF) contributing to roughly 30—
50% of these cases!. In men, infertility can
result from various causes, including impaired
testicular function, reduced sperm quality,
hormonal disturbances, metabolic syndrome,
and lifestyle-related factors such as smoking,
obesity, or exposure to ionizing radiation?%3,
Approximately 50% of men diagnosed with
infertility show abnormal semen profiles,
characterized by low sperm count, decreased
motility, and atypical morphology*. Despite
progress in reproductive medicine, many
couples continue to face challenges in achieving
pregnancy, highlighting the pressing need for
novel therapeutic strategies.

Berberine, a naturally occurring isoquinoline
alkaloid derived from Rhizoma coptidis, has
been used for centuries in traditional Chinese
medicine. More recently, it has garnered
attention for its wide-ranging biological and
pharmacological effects, including anticancer,
antiviral, and antibacterial properties>®.
Berberine (BBR) also exhibits hypoglycemic
effects that are particularly effective under
hyperglycemic conditions®’. Insulin acts as a
secretagogue by modulating KCNH6 potassium
channels—dampening their activity through
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accelerated closure, which prolongs
depolarization and enhances insulin secretion in
response to elevated glucose!®. Additionally,
berberine  demonstrates insulin-independent
glucose-lowering  actions by  impairing
mitochondrial function, promoting glycolysis,
and activating AMP-activated protein kinase
(AMPK) signalling?®. These versatile actions
imply a potential beneficial role in managing
male infertility associated with diabetes. Based
on this evidence, the current study explores
whether the hypoglycemic properties of
berberine can positively influence reproductive
outcomes in male rats with diabetes.

MATERIALS AND METHODS

Study design: Ethical approval for this study was
obtained from the College of Medicine,
University of Lagos, Nigeria, under approval
number: CMUL/ACUREC/03/23/1161. A total
of twenty-four (24) male Sprague-Dawley rats,
weighing between 140 and 160 g, were sourced
from the institution's animal care facility. They
were housed in clean cages within standard
laboratory conditions. The rats were fed
standard rat chow (Livestock Feeds) and given
water ad libitum. Their bedding was regularly
changed to prevent infection and promote
overall well-being. The animals were
acclimatized for two weeks before the
commencement of the study. The animals were
randomly divided into four groups of six rats
each. Group 1 (Control) received 10 ml/kg of
distilled water. Group 2 (Diabetes only) is
induced with diabetes through a single
intraperitoneal injection of streptozotocin (STZ)
at a dose of 60 mg/kg body weight. Group 3
(Diabetes + Berberine) comprised of rats treated
with both STZ (60 mg/kg body weight) and
berberine administered orally at a dose of 200
mg/kg body weight daily for 28 days following
diabetes induction. Group 4 (Berberine only)
received berberine alone at a dose of 200 mg/kg
body weight orally for 28 days.
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Chemicals

Streptozotocin and urethane (used as an
anesthetic agent) in this study are products of
Sigma-Aldrich Chemie GmbH, Taufkirchen,
Germany. Berberine Hydrochloride from
(Babaris aristata) bark was obtained from
Puritans Pride, New York, United States.

Induction of diabetes

Rats fasted for 12 hours were induced to diabetes
by a single intraperitoneal injection of STZ (60
mg/kg body weight). An ice-cold 0.1 mol/L
citrate buffer (pH 4.5) was freshly prepared to
dissolve STZ and injected within a few minutes
of preparation to prevent degradation. After 48
hours of administration, blood glucose levels
were measured in the rats, and those with levels
exceeding 200 mg/dL were considered diabetic.
Blood glucose was measured using an Accu-
Chek glucometer and compatible test strips.
Blood and sample collection

Rats were anesthetized with urethane chloralose
intraperitoneally (5 ml/kg of body weight). Rats
were dissected on a dissecting board and the
lower thoracic cavity exposed for the collection
of blood samples via cardiac puncture into plain
bottles. The liver samples were isolated and
stored in phosphate buffer to maintain the
cellular activities. The epididymis of each rat
was removed, sliced into normal saline, and
thoroughly mixed before smearing the sperm
suspension on a glass slide. Each slide was well
labelled for each group.

Sperm analysis and measurement of
testosterone level

Sperm analysis was done using the microscope
(Olympus CX 21, Beijing, China) at 400X
magnification. Briefly, the hemocytometer was
loaded with 10 pl of diluted sperm, allowed to
stand for 5 minutes before counting was done.
The Eosin and Nigrosin stain was used for sperm
morphology as described by Melissa®. The
motility of the sperm cells was assessed by
placing 10 pl of sperm suspension on a slide for
microscopic evaluation and expressed in
percentage as described by Zemjanis?!. Lastly,
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the concentration of testosterone was assayed in
serum samples collected from the rats using
enzyme-linked immunosorbent assay (ELISA)
kits from Elabscience (Wuhan, China).

Lipid profile analysis

The serum lipid profile, including total
cholesterol, triglycerides, high-density
lipoprotein (HDL), and low-density lipoprotein
(LDL), was quantified using a fully automated
chemistry  analyzer  (Mindray  BS-120,
Shenzhen, China). The analysis was performed
via spectrophotometric methods employing
commercially available reagent kits with the
provided protocol by ERBA Diagnostics
(Transasia Bio-Medicals Ltd., Mannheim,
Germany).

Estimation of malondialdehyde

The testes were excised and immediately rinsed
in ice-cold normal saline. The tissues were
weighed and homogenized in ice-cold 0.1 M
phosphate buffer (pH 7.4) at a ratio of 1:10
(w/v), using a Teflon-glass homogenizer. The
resulting homogenate was centrifuged at 10,000
x g for 15 minutes at 4°C. The supernatant was
carefully collected and wused to estimate
oxidative parameters. Malondialdehyde (MDA)
was determined in the homogenized liver
samples as described by Uchiyama and
Mihara?,

Determination of antioxidant enzymes

The protocol of Sum and Zigman® was
employed to determine the activity of
superoxide dismutase (SOD) in the testicular
homogenate. Catalase (CAT) activities were
determined by measuring the exponential
disappearance of H2O. at 240 nm and expressed
in units/mg of protein?. Reduced glutathione
levels (GSH) were determined by employing the
methods of Gunzler?®. Briefly, 10% TCA was
added to the testicular homogenate, and the
samples were centrifuged. Ellman’s reagent was
added to 1.0 ml of the supernatant in 100 ml of
0.1% sodium nitrate and 3.0 ml of phosphate
buffer (0.2 M, pH 8.0), and the absorbance was
read at 412 nm using PG Instruments T70
UVI/VIS (Lutterworth, UK).

Journal of Anatomical Sciences 2025 Volume 16 No. 2

Histopathological analysis

The collected testes were fixed in 10% buffered
formaldehyde solution for at least 24 h before
histopathological study. Samples were then
embedded in paraffin wax, and five-micron
sections were prepared with a rotary microtome.
The thin sections were stained with hematoxylin
and eosin (H&E), mounted on glass slides with
Canada balsam (Sigma, USA), and observed for
pathological changes.

Statistical analysis

The GraphPad Prism Software (7.0) was
employed for statistical analysis. The values are
expressed as mean + standard error of mean
(SEM). One-way analysis of variance ANOVA
followed by Student’s Newmann-Keuls post-
hoc test was used to determine the level of
significant differences among the groups at
P<0.05.

RESULTS

Berberine administration and fasting blood
glucose

Figure 1 illustrates the weekly glucose levels in
diabetic rats administered berberine. It was
observed that the diabetic untreated group
maintained significantly elevated fasting blood
glucose levels throughout the study when
compared to both the control and berberine-only
groups (p < 0.05). In the diabetic rats
supplemented with berberine, fasting blood
glucose levels were reported to decline steadily
during weeks 2 and 3, with values stabilizing by
week 4. This reduction was found to be
statistically significant in comparison to the
diabetic untreated group (p < 0.05).
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Figure 1: Fasting blood glucose levels of rats
administered STZ and berberine

* signifies a significant difference from control,
and # signifies a significant difference from the
Diabetic group

Berberine Administration and Its Impact on
Sperm Parameters and Testosterone Levels

Table 1 presents the impact of berberine on
sperm parameters and testosterone levels. The
table shows that sperm count, morphology,
viability, and motility were significantly
decreased in the diabetic group when compared
to the control group (p < 0.05). However,
supplementation of diabetic rats with berberine
led to a notable improvement in these sperm
parameters relative to the untreated diabetic
group. Additionally, testosterone levels were
significantly lower in the diabetic rats compared
to the control (p < 0.05). Interestingly, berberine
administration alone resulted in a significant
increase in testosterone levels when compared to
both the diabetic and the berberine-
supplemented diabetic groups.

Table 1: Sperm Parameters and Testosterone Levels Following Berberine Administration in Diabetic

and Control Rats

Control Diabetic Diabetic+ Berberine
Berberine

Sperm count 78.1+2.45 40.0+3.14 * 67.33+1.45# 70.33+3.53 #
(10°
Sperm 1.0 £0.52 165+1.10~* 3.0+064 # 0.83+031#
Morphology
(abnormal)
Sperm motility 82.16 +1.74 41.33+183* 80.33+2.25# 89.33 +1.69 #%
(%)
Sperm Viability 83.83+1.21 46.33+1.90* 85.33+1.45# 91.83+2.73*#
Testosterone 5.17 £0.15 351+0.12* 451 +0.26 6.01 £ 0.39#%
(nmol/L)

*signifies significant difference from control, # signifies significant difference from diabetes, $
signifies significant difference from diabetes + berberine p<0.05. Differences were considered

significant when P<0.05.

Berberine and Its Influence on Lipid Metabolism

Table 2 presents the influence of berberine on lipid profile. High-density lipoprotein (HDL) levels were
significantly reduced, while low-density lipoprotein (LDL) levels were significantly elevated in the
diabetic rats compared to the control group. Additionally, the total cholesterol to HDL (TC/HDL) index
was markedly increased in the diabetic group relative to the control (p < 0.05). However,
supplementation of the diabetic rats with berberine was found to significantly lower both LDL levels
and the TC/HDL index when compared to the untreated diabetic group (p < 0.05).
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Table 2: Lipid Profile Parameters in Diabetic Rats Following Berberine Supplementation

Control Diabetic Diabetic+ Berberine
Berberine

Total Cholesterol 2.48 +0.07 2.83 +0.08 240+0.16 # 2.45+0.08#
(mmol/L)

Triglycerides 1.15+0.03 1.33+0.07 1.06 +0.07 # 1.01+£0.08 #
(mmol/L)

HDL (mmol/L) 1.11 £0.04 0.83+0.07 * 0.98 +0.031 1.00 £ 0.05
LDL (mmol/L 1.05 £ 0.04 143 +£0.03* 0.93+0.09 # 095+0.11#
TC/HDL 2.25+0.15 3.54+035* 246 +0.20 # 2.47+0.09 #

*signifies significant difference from control, # signifies significant difference from diabetes p<0.05.
Differences were considered significant when P<0.05. HDL- High-Density Lipoprotein, LDL- Low-
Density Lipoprotein, TC- Total Cholesterol.

Influence of Berberine on Oxidative Stress Markers

Table 3 presents the impact of berberine on oxidative stress markers. Malondialdehyde (MDA) levels,
an indicator of lipid peroxidation, were elevated in diabetic rats, whereas the activities of antioxidant
enzymes superoxide dismutase (SOD), catalase, and levels of reduced glutathione were significantly
decreased compared to the control group (p < 0.05). The study further observed that supplementation
of diabetic rats with berberine resulted in a reduction of MDA levels and an increase in SOD, catalase,
and reduced glutathione levels relative to the untreated diabetic group (p < 0.05).

Table 3: Oxidative Stress Marker Levels Following Berberine Treatment

Control Diabetic Diabetic+ Berberine
Berberine

Malondialdehyde 3.18+0.28 6.88+0.41* 463+0.25# 3.44+0.26 #
(umol/ml)
Superoxide dismutase 0.98 £ 0.08 0.73+£0.03* 0.92+£0.04 0.96 + 0.06 #
(nmol/ml/min/mg pro)
Catalase 549 +0.25 4.25+0.08* 564+£0.19# 6.20 £ 0.53 #
(umol/ml/min/mg pro)
Reduced glutathione 59.39 +2.03 48.84 £2.32 * 57.63+1.03# 58.20 £ 2.90 #
(umol/ml)

*Signifies significant difference from Control, # signifies significant difference from diabetes p<0.05.
Differences were considered significant when P<0.05. MDA- Malondialdehyde, SOD- Superoxide
dismutase,

Histological Changes in the Testes Following Berberine Treatment in Diabetic Rats

Histological observations of testicular tissue are
presented in Figure 2. In the control group
(Figure 2A), the testicular sections were
reported to show seminiferous tubules lined by a
complete spermatogenic series with numerous
luminal spermatozoa, and no abnormalities were
observed. In contrast, the diabetic group (Figure
2B) exhibited seminiferous tubules lined by
spermatogenic  cells, but with visible
haemorrhages and congested blood vessels,
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indicating histopathological alterations. The
testicular  tissue of the diabetic rats
supplemented with berberine demonstrated
seminiferous tubules lined by spermatogenic
series cells and containing numerous luminal
spermatozoa, with no apparent abnormalities.
Similarly, the testicular sections of the group
treated with berberine alone showed normal
histological architecture, including intact
spermatogenic series and abundant luminal
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spermatozoa. All sections were stained with
hematoxylin and eosin (H&E) and observed at
%100 magnification.

% e

Figure 2: Photomicrograph of the testes. (H&E
stain) x100. A = control, shows normal tubule
lines by spermatogenic cells aa, B = Diabetic
alone, shows seminiferous tubules with visible
hemorrhages and congestion bb, C = Diabetic +
Berberine, shows normal tubules with some
congestion, and D = Berberine alone, shows
normal tubules.

DISCUSSION

The growing burden of diabetes has intensified
the search for therapeutic agents that can address
both glycemic control and its associated
complications. Berberine, an isoquinoline
alkaloid often marketed as a herbal dietary
supplement, has gained popularity for its
potential to manage metabolic disorders, such as
obesity, type 2 diabetes, and hyperlipidemia,
particularly when combined with lifestyle
modifications 1"%2°  Given its glucose-
lowering, lipid-modulating, and antioxidant
properties, berberine may offer therapeutic
benefits beyond glycemic control.

In this study, diabetic rats exhibited significantly
elevated fasting blood glucose levels, which
were notably reduced following berberine
treatment. Interestingly, rats treated with
berberine alone showed no significant difference
in glucose levels compared to the non-diabetic
control group, indicating that berberine does not
induce hypoglycemia under normoglycemic
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conditions. This finding aligns with previous
studies suggesting that berberine’s glucose-
lowering effects are predominantly evident in
hyperglycemic states, thereby supporting its
safety and selectivity as a therapeutic agent’-%,
Berberine enhances insulin secretion by acting
as an insulinotropic agent—binding to KCNH6
potassium channels, reducing their currents, and
prolonging high-glucose-induced membrane
depolarization. Its pharmacological profile
positions berberine as a safer alternative to
conventional oral hypoglycemic agents, which
often carry a risk of hypoglycemia.
Meta-analyses have further confirmed the
efficacy of berberine in managing type 2
diabetes mellitus, showing improvements in
glycemic control and insulin sensitivity®3-%,
Beyond its insulinotropic effects, berberine
modulates glucose and lipid metabolism through
multiple signaling pathways, including the
AMP-activated protein kinase, which can
activate the p38 Mitogen-activated protein
kinase, which contributes to the translocation of
glucose transporter 4, which aids glucose
uptake®* It also exhibits inhibitory effects on key
enzymes involved in glucose regulation, such as
dipeptidyl peptidase-4 (DPP-4) and protein
tyrosine phosphatase 1B (PTP-1B), both of
which are implicated in insulin resistance®.
Although this study did not explore molecular
mechanisms in depth, the observed reductions in
blood glucose, along with enhanced antioxidant
defenses and improved sperm parameters,
underscore the potential of berberine as a multi-
targeted therapeutic agent for diabetic
complications.

This study corroborates previous findings that
diabetes mellitus adversely affects male
reproductive parameters. Key indicators such as
reduced sperm count, decreased motility, and
lower testosterone levels were observed in
diabetic rats, highlighting the detrimental impact
of hyperglycemia on male fertility. Additionally,
an increased proportion of morphologically
abnormal sperm  further contributes to
compromised fertility outcomes®2. Berberine, a
bioactive compound traditionally used in
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Chinese medicine, has been recognized for its
antioxidant, antidiabetic, and anti-inflammatory
properties, which are particularly relevant in
counteracting the reproductive dysfunctions
associated with diabetes. The findings of this
study demonstrate that berberine
supplementation significantly improved sperm
quality and elevated testosterone levels in
diabetic rats, suggesting its potential as a
fertility-enhancing agent in the context of
diabetes-induced  reproductive  impairment.
These functional improvements were supported
by histological evidence, where berberine
restored the normal architecture of seminiferous
tubules that had been disrupted by diabetic
pathology, aligning with the results of earlier
studies'®34,

Oxidative stress and inflammation are key
pathological mechanisms through which DM
disrupts spermatogenesis and impairs testicular
function, ultimately compromising male
reproductive health®. The overproduction of
ROS in diabetic conditions leads to cellular
damage, including lipid peroxidation, DNA
fragmentation, and germ cell apoptosis, all of
which interfere with normal sperm development
and function®. The current study supports these
findings, demonstrating that DM induces
significant oxidative stress in testicular tissue.
Berberine, a naturally occurring isoquinoline
alkaloid found in plants of the Berberidaceae
family, has been widely studied for its potent
antioxidant and anti-inflammatory properties. In
this study, berberine supplementation led to a
notable enhancement in the activity of key
antioxidant enzymes, SOD, catalase, and
reduced glutathione, accompanied by a
reduction in MDA, a biomarker of lipid
peroxidation. These effects highlight the
potential of berberine in preserving testicular
integrity and improving sperm quality under
diabetic conditions®’8, The therapeutic benefits
of berberine have been attributed to its
modulation of several critical signaling
pathways. It activates AMP-activated protein
kinase (AMPK), a central regulator of cellular
energy homeostasis, which in turn reduces
mitochondrial ROS production and improves
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oxidative metabolism. Additionally, berberine
has been shown to enhance the expression and
activity of endogenous antioxidant enzymes,
such as SOD, catalase, and glutathione
peroxidase, reinforcing cellular  defense
mechanisms against oxidative injury®. Beyond
its antioxidant activity, berberine also modulates
inflammatory responses by inhibiting key pro-
inflammatory signaling cascades. These include
nuclear factor kappa B (NF-kB), mitogen-
activated protein kinases (MAPKS), and nuclear
factor erythroid 2 related factor 2 (Nrf2),
pathways known to mediate inflammation and
oxidative damage in diabetic complications.
Evidence suggests that berberine's capacity to
regulate these pathways plays a crucial role in
mitigating DM-induced tissue  damage,
including reproductive organs*4°,

This study also observed favorable alterations in
lipid profiles among the  berberine-
supplemented diabetic rats, specifically showing
increased HDL levels, decreased LDL levels,
and a reduced TC/HDL ratio. These changes
suggest a potential vascular protective effect of
berberine, as it lowers cholesterol-related
cardiovascular  risk.  The lipid-lowering
properties of berberine are well-documented and
are primarily attributed to its ability to enhance
LDL receptor (LDLR) expression in
hepatocytes. It does so by stabilizing LDLR
mRNA and simultaneously inhibiting the
expression of the proprotein convertase
subtilisin/kexin type 9 (PCSK9), a protein that
promotes LDLR degradation. This suppression
occurs via accelerated degradation of hepatocyte
nuclear factor 1a (HNF1a), leading to reduced
PCSK9 transcription*3, Animal studies and
preliminary clinical trials have consistently
demonstrated the lipid-lowering potential of
berberine. Clinical research involving patients
not receiving other lipid-lowering treatments has
shown that berberine significantly reduces levels
of LDL, triglycerides, and total cholesterol®.
Additionally, when used in combination with
conventional therapies such as statins, berberine
appears to enhance the lipid-lowering effect.
These results suggest that berberine may serve
as an effective standalone or adjunct treatment
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for dyslipidaemia!®?’46, However, larger and
more rigorous randomized clinical trials are
necessary to establish its therapeutic efficacy
and safety profile.

Conclusion

Berberine  supplementation  significantly
improved oxidative balance and reproductive
function in diabetic male rats, with histological
analysis confirming its protective effects on
testicular structure. These findings suggest
berberine can serve as an adjunct therapy for
diabetes-related reproductive issues, though
further human studies are needed.
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