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Gynura procumbens (GP) is a medicinal herb that has long been known as anti-inflammatory and antihyperglycaemic. Recently, this
herbal extract has been associated with a profertility effect, suggesting its applicability in treating both diabetes and male infertility.
In this study, the effects of GP aqueous extract (GPAE) on diabetic rats were investigated through evaluating testes histology and
androgen hormone levels as well as the implantation sites of female rats on copulation with the treated male rats. Three dosages
of GPAE were used (150, 300, and 450 mg/kg), and there were three control groups [normal, diabetic, and metformin-treated
diabetic]. Testes histology, androgen hormone levels, and number of implantation sites of the GPAE-treated groups matched those
of the normal group in contrast to the diabetic and metformin-treated diabetic controls. Sperm proteomics analysis identified 666
proteins, but only 88 were consistently found in all the control and 450-mg/kg GPAE-treated groups. Four proteins, including
cysteine-rich secretory protein 1, carboxylesterase 5A, zona pellucida binding protein, and phosphatidylethanolamine-binding
protein 1, were significantly upregulated with GPAE treatment compared with the diabetic control, matching the protein levels
of the normal group. These proteins were mainly involved in sperm maturation, sperm capacitation, and sperm-egg interaction,
suggesting that GP treatment was able to restore the fertility of male diabetic rats at molecular protein level. In conclusion, GP
treatment effectively treats infertility of male diabetic rats, possibly through the upregulation of proteins related to sperm maturation
and sperm-egg interaction.

1. Introduction

Diabetes mellitus is one of the most prominent public health
problems in modern societies and is rapidly increasing,
specifically among those of reproductive age. According to
Malaysia’s National Health and Morbidity Survey [1], approx-
imately 17.5% of individuals aged 18-36 years have diabetes
mellitus, which is equivalent to 3.5 million individuals in
Malaysia. Diabetes has negative effects on the male reproduc-
tive system, including testicular function, sperm maturation,
and sexual hormone alteration [2]. Approximately 80% of
males with diabetes mellitus experience frequent loss of libido
as well as erectile and sexual dysfunctions [3]. Diabetes has
also been shown to alter androgenic hormone levels, such
as those of luteinising hormone (LH), follicle stimulating

hormone (FSH), and testosterone [4]. High blood glucose
induces a change in Leydig cells and pituitary-testicular axis,
leading to decreased LH level and consequently testicular
impairment [5]. Prolonged hyperglycaemia may also lead to
the overproduction of ROS, which results in the disruption of
spermatogenesis [6]. Hence, an effective treatment is urgently
needed to overcome both hyperglycemia and fertility prob-
lem in diabetic patients.

A drug called metformin has been frequently used in
treating hyperglycaemia; however, it has been found to be
ineffective against infertility in diabetic patients [7]. Hence,
studies are now shifting focus towards alternative herbal
treatments to treat these problems. One alternative is the
herb Gynura procumbens (GP). It is a medicinal plant of
the Asteraceae family, known for its beneficial therapeutics
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effects, such as treating fever, rashes, hypertension, and
diabetes mellitus [8]. This evergreen shrub grows extensively
in Southeast Asia and is locally known in Malaysia as
Sambung Nyawa. Several studies have reported that this herb
possesses anti-inflammatory [9], antihypertensive [10], anti-
cancer [11], and antihyperglycaemic [12, 13] activities and
recently has been recognised as a profertility factor [14]. The
administration of GP aqueous extract (GPAE) was reported
to reduce blood glucose levels significantly and increased
sperm quality [14]. Despite these findings, the effects of GPAE
on diabetic male fertility health as well as sperm proteins have
not been thoroughly elucidated.

The impact of herbal treatments on sperm proteins has
been investigated in a few previous proteomics studies.
For example, a two-dimensional gel electrophoresis (2DGE)
study has reported that Centella asiatica (pegaga) extract
caused modifications on sperm protein levels associated with
energy generation process and sperm motility [15]. Addi-
tionally, administration of Lunasia amara Blanco (Sanrego)
at 60 mg/kg also showed that the expression of sperm pro-
teins involved in energy metabolism, sperm motility, amino
acid metabolism, and cell signalling were highly increased,
suggesting the herb profertility potential [16]. While most
sperm protein studies have used 2DGE-based proteomics,
another approach called shotgun proteomics, also can be
performed whereby proteins are quantitatively compared on
the basis of peptide signal intensities from mass spectrometry
[17]. This approach provides higher identification of sperm
proteins [18, 19] compared to 2DGE-based. However, appli-
cation of shotgun proteomics in understanding the effect
of herbal treatment especially GPAE on sperm proteins in
diabetic patients is still limited and further experimentation
is required.

In this study, the effects of three different doses of GPAE
(150, 300, and 450 mg/kg per body weight) on spermatogene-
sis, hormonal levels, and implantation sites were investigated
to further comprehend the ability of this herb to improve
fertility in diabetic rats. Furthermore, shotgun proteomics
were also conducted to analyse sperm protein changes due to
the treatment which could highlight molecular significance
related to the use of GPAE in diabetic rats.

2. Material and Methods

2.1. Preparation of GPAE. GP leaves were grown and col-
lected from the Universiti Kebangsaan Malaysia glasshouse
in Selangor, Malaysia (2.9300°N, 101.7774°E), and deposited
in local herbarium with the voucher number, 40343 (KAK 01
(UKMB)). GPAE was prepared as described by Kamaruza-
man and Mat Noor [20]. Briefly, 2.0 kg of GP leaves was dried
in the oven at 48°C for 72h. After drying, the leaves were
ground to fine powder and mixed with water with the ratio
of 1:20 before incubation in a water bath, at 60°C for 3 h. The
extract was later filtered and freeze dried.

2.2. Diabetes Type I Induction and Experimental Design.
This study was approved by the Animal Ethics Committee
of Faculty of Medicine, Universiti Kebangsaan Malaysia
(FST/2013/MAHANEM/31-JAN./492-FEB.-2013-FEB.-2015).
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A total of 42 proven fertile male 8-week-old Sprague-Dawley
rats (Rattus norvegicus) were used in this study, and they were
randomly divided into six groups. Three of the groups were
considered as control groups: normal control (nontreated
nondiabetic), diabetic control (nontreated diabetic), and
metformin-treated diabetic control groups. Another three
groups were considered as the treated diabetic groups with
varying dosages of GPAE: 150, 300, and 450 mg/kg per
body weight, respectively. These doses were chosen based
on previous studies [13, 14] and also to determine the best
dose among these three in treating both hyperglycaemia and
fertility health.

Type I diabetes model was chosen for this study, using
the chemotherapeutic drugs, streptozotocin (STZ). STZ is
toxic to pancreatic f3-cell, eventually induced inflammation in
the pancreas causing diabetes condition in rats. STZ-induced
hyperglycaemia was described as a good experimental model
for type I diabetes [21]. All five groups except normal
control were induced once, by a single intravenous injection
of 50mg/kg per body weight STZ at the root of the tail
after overnight (12 hours) fasting. The STZ solution was
prepared immediately prior to injection by dissolving the
drug in a fresh, cold citrate buffer, pH 4.5. After 72 hours
of induction, the fasting blood glucose level were measured
using glucometer (Accucheck Performa). Rats possessing
blood glucose levels of > 13 mmol/L were considered diabetic.
All rats were fed standard pellet diet and given access to water
ad libitum. Subsequently, all treatments were given via oral
gavage every day for 14 consecutive days. Nontreated normal
and diabetic rats were maintained in similar conditions as the
treated rats. Rats were sacrificed on day 15 for testes histology,
androgen hormone levels, fertility study (implantation sites),
and proteomics analysis.

2.3. Testes Histology. Testes were removed and fixed in a
Bouin’s Solution overnight. The testes were then dehydrated
using alcohol and embedded in paraffin wax. Testes samples
were sectioned at 5 ym in thickness and stained using Mallory
staining. Testicular spermatogenesis was observed under
light microscope.

2.4. Androgen Hormone Analyses (LH, FSH and Testosterone).
Blood samples were collected through cardiac puncture for
the estimation of serum LH, FSH, and testosterone levels
using a commercial kit as per manufacturer’s instructions
(Testosterone EIA, LH, and FSH kit by Cayman Chemical,
Michigan, USA) [7].

2.5. Number of Implantation Sites. Each male rat from the
six experimental groups was kept in a different cage together
with two oestrous female rats. Healthy female rats were
used in this study and made receptive for sexual activity by
subcutaneous injections of 20 ug/rat of estradiol benzoate
52h prior to mating and 1 mg/rat of progesterone 4 h earlier
before mating. The males were allowed to be in the libido
box for 10 min before the test for marking purposes [22].
Both males and females were allowed to mate for 7 days.
Vaginal smears were performed to determine the gestation
day. Pregnant female rats were later separated and kept for 16
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TABLE 1: The effect of G. procumbens treatment on androgen hormone levels (luteinizing, follicle stimulating, and testosterone hormones) of
diabetic male rats. Different letters beside the numbers suggest significantly different according to one-way ANOVA (p < 0.05).

Group Testosterone hormone (ng/mL) Luteinizing hormone (ng/mL) Follicle-stimulating hormone (ng/mL)
Normal 0.757 + 0.014" 0.042 + 0.002°¢ 0.037 + 0.008™*

Diabetes 0.151 + 0.010 0.017 + 0.002 0.020 + 0.008

Metformin 0.179 + 0.009 0.021 + 0.002 0.021 + 0.004°

150 mg/kg 0.754 + 0.008™* 0.031 + 0.003>¢ 0.027 + 0.007°

300 mg/kg 0.746 + 0.009°¢ 0.032 + 0.006" 0.033 + 0.008"*

450 mg/kg 0.802 + 0.014*>¢ 0.041 + 0.006™ 0.045 + 0.008*>¢

*Significantly increased compared to normal control (p<0.05); bsigniﬁcantly increased compared to diabetic control (p<0.05); significantly increased

compared to metformin-treated diabetic control (p<0.05).

days before being sacrificed, and the number of implantation
sites in the uteri was recorded [23].

2.6. Sperm Proteomics Analysis. The sperm protein samples
used in this study were from the three control groups and
the best GPAE treatment dose group (450 mg/kg). Three bio-
logical replicates from each group were chosen for this study.
The protein extraction was prepared as described in Yunianto
et al. [15] with modifications. Sperm samples were harvested
from the caudal epididymis. Sperms were allowed to “swim
up” in Biggers-Whitten-Whittingham medium [24] for
30 min at 37°C in 5% CO, incubator. These sperm samples
were centrifuged and lysed with lysis buffer. Sodium dodecyl
sulphate gel 12.5% was prepared for the electrophoresis
process, which was done at the voltage of 75 V. Subsequently,
protein digestion was carried out using in-gel digestion
method as described by [25]. A total of 100 ug of protein
lysate was incubated with dithiotreitol and iodoacetamide
for reduction and alkylation steps, followed by overnight
trypsinisation by adding 6 ng/uL trypsin (PROMEGA Gold,
USA).

The peptide samples were then submitted into an LC
system (Dionex 3000 Ultimate RSLCnano) coupled to an
LTQ Orbitrap Fusion mass spectrometer (Thermo Fisher,
Bremen, Germany). Digested samples (1uL) were injected
into a reverse phase column and eluted with a flow rate of
300 nL/min. Data were acquired in data-dependent mode.
Precursors with an assigned monoisotopic m/z and charged
2-7 were further analysed. All precursors were filtered using
a 20-s dynamic exclusion window with intensity threshold of
5000. The MS/MS spectra analysis was performed by using
rapid scan rate and maximum injection time of 250 ms.

The LC-MS/MS data were analysed using MaxQuant
software (version 1.5.3.30) as described by Iovinella et al.
[26] and searched against the Rattus norvegicus protein
sequences obtained from Uniprot database (proteome ID:
UP000002494, accessed on February 2016). Peptide spectrum
match and protein identification were filtered using a target-
decoy approach with a false discover rate of 1%. The second
peptide feature was enabled. The label-free quantification
(LFQ) of protein was done using the MaxLFQ algorithm
integrated in the MaxQuant software. Other MaxQuant
settings were at default. All the information was reported
in the “proteinGroups” output file, containing the full list of
identified and quantified proteins.

The data were further analysed using Perseus soft-
ware (version 1.5.4.1). The “proteinGroups” output file pro-
duced by MaxQuant was analysed. The hits to the reverse
database, contaminants, and proteins identified with mod-
ified peptides were eliminated. Then, the LFQ intensity
ratios were transformed by log,. Missing values were com-
puted by drawing random numbers from a normal dis-
tribution to stimulate signals from low abundant pro-
teins, using the default parameters [17]. The value of log,
(LFQ ratios) for each sample was then statistically anal-
ysed. Proteins identified were then annotated by using
BLAST2GO (https://www.blast2go.com/) and WEGO anal-
yses (https://biodb.swu.edu.cn/cgi-bin/wego/index.pl).

2.7, Statistical Analysis. Data were displayed as mean + stan-
dard error of mean. The statistical analysis was performed in
SPSS 22.0, using one-way analysis of variance (ANOVA) with
a p value <0.05 considered statistically significant. For the
proteomics analysis, protein LFQ intensities were compared
using Perseus software (version 1.5.4.1) (one-way ANOVA, p
< 0.05).

3. Results

3.1. Androgen Hormone Were Elevated after 14 Days of GPAE
Treatment. Hormone levels for testosterone, LH, and FSH
are shown in Table 1. On the basis of the results, all three
hormones decreased in the diabetic rat group compared
with the normal group. For example, the normal group
displayed a higher level of testosterone (0.757 + 0.014 ng/mL)
compared with the negative control (0.151 + 0.010 ng/mL).
Similarly, both LH and FSH were lower in the diabetic rats
(0.017 £ 0.002 ng/mL and 0.020 + 0.008 ng/mL, respectively)
compared with the normal group (0.042 + 0.002 ng/mL and
0.037 + 0.008 ng/mL, respectively). Furthermore, the use
of metformin did not improve the levels of hormones in
comparison with the diabetic group. Conversely, all GPAE
treatment groups (14 days after treatment) showed increas-
ing trends of testosterone, LH, and FSH hormone levels,
specifically at the dosage of 450 mg/kg (0.802 + 0.014 ng/mL,
0.041 + 0.006 ng/mL, and 0.045 + 0.008 ng/mL, respectively)
(Table 1).

3.2. GPAE Treatment Improved Testicular Impairment and
Number of Implantation Sites. Testicular tissue sections are
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FIGURE 1: Cross-section of testes for each group at magnification 400x. (a) Normal (nontreated) control, (b) diabetic control (nontreated
diabetic), (c) metformin-treated diabetic as well as Gynura procumbens aqueous extract (GPAE) treatment; (d) 150 mg/kg, (e) 300 mg/kg,

and (f) 450 mg/kg on diabetic rats.

shown in Figure 1. On the basis of the testes histology, the
normal group showed normal spermatogenesis (Figure 1(a)),
whereas the diabetic control demonstrated disrupted sper-
matogenesis as the lumen of seminiferous tubule was almost
empty (Figure 1(b)). Similarly, the same histology could be
seen in the metformin-treated diabetic control group. Alter-
natively, the GPAE-treated groups (150, 300, and 450 mg/kg)
showed significant changes in the testes histology with the
appearance of normal Sertoli and Leydig cells and undis-
rupted spermatogenesis (Figures 1(d)-1(f)).

Furthermore, the number of implantation sites was
observed in the uterine horn after 16 days of gestation
(Table 2, Figure 2). The number of implantation sites in the
normal control was 10 compared with none in the diabetic
control rats. For the metformin-treated diabetic group, the
number of implantation sites was still low (three sites).
Conversely, the implantation sites in the females copulated
with GPAE-treated groups increased significantly in the
range of 7 to 11 sites, and the highest number was observed
in the 450 mg/kg dosage group (Table 2).

3.3. Shotgun Proteomics Identified Proteins Related to Various
Biological Processes. To study the effect of GPAE on the
sperm proteins, a shotgun proteomics approach was per-
formed. The 450 mg/kg dose group was used, because it was
the most effective treatment compared with the other three
control groups. A total of 666 proteins were identified in the

TABLE 2: The effect of G. procumbens aqueous extract treatment on
the number of female implantation sites upon copulation with the
treated group male rats. Different letters beside the numbers suggest
significant difference according to one-way ANOVA (p < 0.05).

Group Number of implantation sites
Normal 10 £ 0.62

Diabetes 00 +0.29
Metformin 03 +1.06"

150 mg/kg 07 + 0.49*°

300 mg/kg 06 + 0.36™

450 mg/kg 11+ 0.57*

*Significantly increased compared to diabetic control (p<0.05); b significantly
increased compared to metformin-treated diabetic control (p<0.05).

first initial run (data not shown) and through a stringent
search using MaxQuant software, a total of 88 proteins were
found in all groups (Supplementary Table S1). For better
insight of the identified proteins, they were annotated using
Blast2GO software and classified into cellular component,
biological process, and molecular function (Figure 3).

Most of the identified proteins in the biological processes
played roles in the metabolic (79.5%), developmental (61.4%),
biological regulation (65.9%), and reproduction (26.1%)
(Figure 3). Furthermore, the most common molecular activ-
ities of the identified proteins were binding (80.7%), catalytic
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FIGURE 2: Representative figures of the number of implantation sites after mated with male rats from the (a) diabetic group (nontreated) and
(b) Gynura procumbens aqueous extract (GPAE) treated group (450 mg/kg).

Percent of proteins

Number of proteins

Cellular Component Molecular Function

Biological Process

F1GURe 3: Classification of 88 sperm proteins by gene ontology: cellular component, molecular function, and biological process.

(64.8%), and transporter activities (15.9%) (Figure 3). On the
basis of the results, the identified proteins manifested diverse
biological roles and molecular activities, specifically in the
metabolic pathway.

The 88 identified proteins were then classified according
to their biological functions. All proteins were categorised
into four general groupings: reproduction, sperm develop-
ment, locomotion, and sperm metabolic process (Table 3).
Fifteen proteins were found to play some roles in repro-
duction, including cysteine-rich secretory protein-1, zona
pellucida binding protein, and outer dense fibre protein.
Meanwhile, 10 proteins were involved in the sperm develop-
mental process including carboxylic ester hydrolase, enolase,
and lipocalin-5 (Table 3). Eight proteins including tubulin,

L-lactate dehydrogenase, and phosphoglycerate kinase were
categorised in sperm locomotion (Table 3). Many of the
proteins (55) were involved in the metabolic process (Table 3),
which is an important event in the living body, particularly in
sperm. A large amount of energy is needed for sperm motility
and fertility. The metabolic process includes TCA cycle,
glycolysis, purine and reductase metabolism. Several proteins
involved in these processes were found in this study including
glyceraldehyde-3-phosphate, pyruvate dehydrogenase, and
glucose-6-phosphate (Table 3).

3.4. Differentially Expressed Proteins Highlight GPAE Effect
on Spermatogenic Proteins. Quantification analysis was per-
formed using MaxQuant software to compare protein levels
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FIGURE 4: Four significantly expressed proteins in Gynura procumbens aqueous extract (GPAE) treatment compared to the diabetic nontreated
group. These proteins including carboxylesterase (CES5A) (a), cysteine-rich secretory protein 1 (CRISP1) (b), phosphatidylethanolamine-
binding proteinl (PEBP1) (c), and zona pellucida binding protein (ZPBP) (d) are related to sperm development and sperm-egg interaction.

between the experimental groups, yielding four statistically
significant (p < 0.05) protein changes between nontreated
diabetic rats and GPAE-treated diabetic rats (Figure 4). These
proteins were carboxylesterase (CES5A), cysteine-rich secre-
tory protein 1 (CRISP1), phosphatidylethanolamine-binding
protein 1 (PEBP1), and zona pellucida binding protein (ZPBP)
(Figures 4(a)-4(d)).

CES5A protein level significantly increased in GPAE-
treated groups (23.21 + 0.48) compared with both diabetic
and metformin-treated diabetic control, which was at 20.42
+ 0.49 and 22.60 + 0.77, respectively. The protein level
was matched with the normal control at 23.62 + 0.54.
Metformin-treated diabetic control showed a slight increase
of protein level compared with diabetic control; however,
the level was not significant. For CRISP1, GPAE-treated
groups showed a significant increase of protein level (23.24
+ 0.58) compared with both diabetic (20.32 + 0.22) and
metformin-treated diabetic control (21.50 + 0.81). The third
protein found to be significantly expressed after treatment
with GPAE was PEBPIL. This protein was at a higher level in
GPAE-treated groups (23.48 + 0.84) compared with diabetic
and metformin-treated diabetic control. The protein level
matched with normal control (23.84 + 0.66). Both diabetic
and metformin-treated diabetic control showed lower protein
level at 20.75 + 0.48 and 21.57 + 0.89, respectively. In addition,
protein level of ZPBP was the highest in GPAE-treated groups
at 24.19 + 0.21, compared with diabetic (21.00 + 0.59) and

metformin-treated diabetic control (22.67 + 0.21). All these
proteins were highly expressed in both normal control as well
as 450 mg/kg dose GPAE-treated group, in comparison with
the nontreated diabetic rats. Although the average protein
levels could be higher for metformin-treated diabetic rats
compared with nontreated diabetic rats, most levels were not
significantly different and not as high as either or both normal
control and GPAE-treated rats (Figure 4).

4. Discussion

Diabetes mellitus has always been linked to reproductive
dysfunction, mainly in the male reproductive system. Many
studies have revealed that diabetes mellitus can affect sper-
matogenesis and steroidogenesis [20, 27]. In this study,
the impact of GPAE herbal treatment on diabetic rats was
assessed in regard to the androgen hormone levels, testes
histology, and fertilization (implantation sites) as well as
sperm protein level.

Diabetes mellitus has been shown to reduce androgen
hormones such as LH, FSH, and testosterone [28]. LH
and FSH are the main regulatory hormones used for the
stimulation of steroid hormones including testosterone and
gametogenesis in both men and women [4]. In the current
study, LH, FSH, and testosterone levels were significantly
elevated in the GPAE-treated groups compared with the
diabetic control (nontreated diabetic) group (Tablel). It
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appears that the GPAE treatment significantly increases the
androgen hormone levels to match the normal control group
level. The role of FSH is to stimulate Sertoli cells in testes to
provide nutrients for sperm throughout the spermatogenesis
process [4], while LH is responsible for functional Leydig cells
and testosterone production [28]. The increase of both LH
and FSH levels (Table 1) as well as reduced hyperglycaemia
in GPAE-treated rats may repair the Leydig cells, thus,
increasing the testosterone level. As a consequence, a func-
tional male reproductive system can be regenerated, assisting
spermatogenesis and the testicular structure regeneration
[29].

Evidently, the testes histology of the GPAE-treated group
has been improved with Sertoli and Leydig cells regenerated
and the sperm in the lumen restored (Figures 1(d)-1(f)) com-
pared with nontreated diabetic rats (Figure 1(b)). This is con-
sistent with our proteomics finding which has identified the
increase of CES5A protein level in diabetic rats after GPAE
treatment (Figure 4(a)). CES5A is known to be expressed in
the corpus and caudal epididymis, as well as being secreted in
the lumen [30]. It was reported that the regulation of the lipid
environment by CES5A in the epididymal lumen is crucial
for sperm maturation and storage [30]. Furthermore, another
protein known as PEBP1 was significantly increased in the
GPAE-treated group compared with the nontreated diabetic
rats (Figure 4(c)). PEBP1 is involved in sperm development
and capacitation [31]. It also plays a role as a decapacitation
factor (DF) receptor [31] which is vital in the regulation of
sperm function. Hence, the higher CES5A and PEBP1 levels
in GPAE-treated rats may suggest the profertility impact of
the herbal treatment on diabetic rats, particularly with regard
to the regeneration of testes structure and spermatogenesis.

GPAE treatment was also shown to significantly increase
sperm quality including sperm count, motility, viability, and
morphology compared with the diabetic control group [14].
As such, this has also improved the fertility of the male rats as
evidence by the significant number of implantation sites (7 to
11 sites) in fertilized female rats compared with the diabetic
control group (Table 2). Congruently, a few differentially
expressed proteins identified in this study were involved
in fertilization process. For example, ZPBP was found to
be significantly expressed in GPAE-treated group compared
with diabetic and metformin-treated diabetic control groups
(Figure 4(d)). ZPBP is localised to the acrosome region and
is important for the binding of sperm to the zona pellucida of
the oocyte [32, 33]. The binding of sperm to zona pellucida
membrane is one of the most crucial parts in sperm-egg
interaction which leads to a successful penetration. Another
important protein for fertilization is CRISP1 which was also
significantly expressed upon GPAE treatment (Figure 4(b)).
CRISP1 was reported to participate in sperm-egg fusion
through the interaction with complementary sites on the
surface of the egg [34, 35]. The increase of both ZPBP and
CRISP1 in GPAE-treated diabetic rats implies that the herbal
treatment was effective in increasing fertility in diabetic rats
of which the changes can be implicated at the molecular
protein level.

In contrast, metformin treatment demonstrates no
improvement in most of our fertility tests (Figure 1, Tables

1

1 and 2). Previous studies showed that the drug was able to
reduce the diabetic rat’s blood sugar [12, 14], signifying that
metformin was only effective against diabetes. This is further
corroborated by the observed levels of androgen hormones
(LH, FSH, and testosterone) which were not significantly
higher than the nontreated diabetic rats (Table 2). Without
improvement in these hormones, the repair and regeneration
processes may not be able to occur, leading to degenerated
Leydig cells and defective testes histology (Figure 1(c)).
Consequently, the fertility of the male rats was not effectively
recovered, as observed by the low number of implantation
sites (only three sites) in female rats (Table 2).

5. Conclusion

In conclusion, the results of this study provide evidence
that GPAE may improve androgen hormone levels, testicular
regeneration, and fertility (number of implantation sites).
Proteomic analysis further implies that GPAE improved the
fertility of diabetic male rats via increasing protein expression
related to sperm maturation and sperm-egg interaction. Thus,
GP may have potential as an antihyperglycaemia and profer-
tility agent for diabetic patients. Further studies are needed
to develop the herbal extract as an alternative medication to
treat diabetes and fertility problems.
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