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Gynura procumbens Leaf Improves Blood Glucose Level, Restores
Fertility and Libido of Diabetic-Induced Male Rats

(Daun Gynura procumbens Meningkatkan Aras Glukosa Darah serta Memulihkan
Kesuburan dan Libido Tikus Jantan Aruhan Diabetik)
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ABSTRACT

Gynura procumbens (GP) has been widely used in traditional medicine due to its ability in treating various types
of diseases. This study was carried out to determine the effects of GP on blood glucose level, fertility and libido of
streptozotocin-induced male rats. A total of 42 male rats were randomly sorted into six groups; normal, negative and
positive controls and three treated groups with different dosages of GP aqueous extract (GPAE); 150, 300 and 450 mg/kg.
Each group was treated via oral feeding for 14 consecutive days. The rats were sacrificed on day 15 for further analysis.
Administration of GPAE significantly lowered the fasting blood glucose (FBG) level and increased the plasma testosterone
level of diabetic-induced rats compared to the positive and negative control groups. There was also a significant increase
in the sperm quality as well as the fertility of GPAE treated groups compared to the negative and positive control groups.
Sexual behaviour analysis demonstrated that GPAE is able to facilitate the expression of sexual behaviour significantly;
increased mounting frequency and reduced mounting latency. These lines of evidence suggested that GPAE can act as
antihyperglycaemic, profertility and libido agents. However, its mechanism(s) remains unresolved.
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ABSTRAK

Gynura procumbens (GP) telah digunakan secara meluas dalam perubatan tradisional kerana keupayaannya dalam
merawat pelbagai jenis penyakit. Kajian ini telah dijalankan untuk menentukan kesan GP ke atas aras glukosa darah,
kesuburan dan libido tikus jantan yang diaruh streptozotocin. Sejumlah 42 ekor tikus jantan telah diasingkan secara
rawak kepada enam kumpulan, kawalan normal, negatif dan positif serta tiga kumpulan yang dirawat dengan dos
berbeza ekstrak akues GP (GPAE),; 150, 300 dan 450 mg/kg. Setiap kumpulan diberi perlakuan secara oral selama 14
hari berturut-turut. Tikus dikorbankan pada hari ke-15 untuk analisis lanjut. Perlakuan GPAE dengan signifikan telah
menurunkan tahap glukosa darah berpuasa (FBG) dan meningkatkan aras testosteron plasma tikus diaruh diabetes
berbanding dengan kumpulan kawalan positif dan negatif. Terdapat juga peningkatan signifikan dalam kualiti sperma
serta kesuburan kumpulan rawatan GPAE berbanding dengan kumpulan kawalan negatif dan positif- Kajian kelakuan
seksual menunjukkan bahawa GPAE ini dapat meningkatkan kelakuan seksual dengan signifikan; meningkatkan kekerapan
pemanjatan dan mengurangkan tempoh pendam pemanjatan. Bukti ini mencadangkan bahawa GPAE boleh bertindak
sebagai agen anti hiperglisemik, prokesuburan dan libido. Walau bagaimanapun mekanisme ini masih belum diketahui.

Kata kunci: Diabetis melitus;, Gynura procumbens, kelakuan seksual; kesuburan, testosteron

INTRODUCTION . ..
The government has been focusing on medicinal plants

Diabetes mellitus is a metabolic disorder caused by the
inability to produce or secrete insulin that results in
hyperglycaemia. It is often associated with reproductive
health problems such as sexual dysfunction, impotence
and fertility. The statistics are increasing globally and
thus raised concerns among researchers. Synthetic drugs
have been commonly used in conventional medication to
reduce the blood glucose level in patients. However, the
use of synthetic drugs is likely to give serious long term
effects. This has lead researchers to study the benefits of
medicinal plants in treating diabetes mellitus.

or herbs as an alternative therapeutic treatment option
because it is safer. A large number of medicinal plants and
their extracts have shown beneficial therapeutic effects.
Interestingly, some plants such as Gynura procumbens
have the ability to cure diabetes as well as infertility.
Gynura procumbens is also known as sambung nyawa
in Malay. It has been widely used in South East Asia
namely Indonesia, Malaysia and Thailand as a traditional
treatment of many ailments. A study has shown that Gynura
procumbens is able to treat eruptive fevers, rash, kidney
diseases, migraine, constipation, hypertension, diabetes
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mellitus and cancer (Perry 1980). Akowuah et al. (2002)
found that the leaves of Gynura procumbens have bioactive
compounds such as flavonoids, saponins, tannins and
terpenoids.

Previous studies have demonstrated the effectiveness
of Gynura procumbens as a natural antihyperglycaemic
agent. Zurina et al. (2010) reported that different methods
of plant extraction resulted in different outcome. It was
found that 25% ethanolic extract of Gynura procumbens
gave the best result in reducing blood glucose level.
It was also found that the Gynura procumbens extract
mimics the metformin mechanism (Algariri et al. 2013) by
increasing the glucose intake in the muscle cells (Zurina
et al. 2010). However, its potential in fertility on diabetic
subjects remains hardly known. Mahanem Mat Noor and
Nani Rahayu (2012) showed that Gynura procumbens
methanolic extract is able to improve sperm quality. The
increase in sperm count indicates that this plant promotes
the process of spermatogenesis in the testes.

Hence, the aim of this study was to assess the
antidiabetic activity of Gynura procumbens aqueous
extract (GPAE) and its potential in the recovery of
reproductive system of streptozotocin-induced diabetic
male rats.

MATERIALS AND METHODS

PREPARATION OF GYNURA PROCUMBENS
AQUEOUS EXTRACT (GPAE)

Fresh leaves of Gynura procumbens were collected from
the Plant House at Universiti Kebangsaan Malaysia (UKM),
Selangor. The leaves were dried in the oven for 72 h at
48°C and were powdered afterwards. The powdered herb
was then mixed with distilled water with a ratio of 1:20 in
a water bath for three hours at 60°C. The extract was then
filtered and freeze-dried (Biichi Rotovapor® R-200/205);
yielding brown powder extract. The extract was kept
refrigerated to maintain its freshness.

INDUCTION OF DIABETES

Diabetes was induced by a single intravenous injection
of streptozotocin (STZ) with a dose of 50 mg/kg at the
root of the rat’s tail after fasting overnight. The STZ was
dissolved in a sodium citrate buffer at pH4.5. The fasting
blood glucose (FBG) level of the rats was determined
using Glucometer Accucheck Active® Roche Diagnostic
(Canada) after seven days of induction. Blood glucose
level that elevated 13 mmol/L was considered diabetic.

ANIMAL HUSBANDRY AND TREATMENTS

A total of 42 male rats aged 8 weeks (120-200 g) were
obtained from the Animal House at Universiti Kebangsaan
Malaysia (UKM), Selangor. All animals were acclimatized
to the experimental condition one week prior to experiment.
All rats were fed with standard pellet diet and allowed ad
libitum access to water. The rats were kept in PVC cages

at controlled room temperature with 12 h light-12 h dark
cycle.

The male rats were randomly sorted into six groups
with seven rats in each group. Five groups were induced
with STZ in which three of the groups were treated with
GPAE at different dosages; 150, 300 and 450 mg/kg,
respectively. One group was treated with 500 mg/kg of
metformin, an established antidiabetic drug which served
as the positive control, and the other group remained
untreated and acted as the negative control. Another group
left served as the normal control group. Each group was
treated for 14 consecutive days via oral feeding method.
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).

SPERM QUALITY ANALYSIS (SPERM COUNT,

MOTILITY, MORPHOLOGY AND VIABILITY)
The rats were sacrificed and the cauda epididymis
was removed to obtain the sperm samples. The caudal
epididymis was minced and suspended in the Biggers-
Whitten-Whittingham medium (Biggers et al. 1971). The
samples were then incubated in 5% CO, incubator for 30
min at 37°C to allow the sperm to swim up. The sperm
sample quality was assessed based on the parameters:
sperm count, motility, morphology and viability. The sperm
samples were assessed according to the WHO laboratory
manual (2010).

TESTOSTERONE HORMONE ANALY SIS

Blood samples were collected from all groups through
cardiac puncture for estimation of serum testosterone level
using a commercial kit. The samples were assessed as per
manufacturer’s manual (Testosterone EIA kit by Cayman
Chemical Company).

SEXUAL BEHAVIOUR TEST

Sexual behaviour test was done to determine the effect
of GPAE on rats after 14 days of treatment. The test was
performed according to the rat sexual protocol proposed
by Agmo (1997). Healthy female rats were used in this
study and made receptive for sexual activity test by
subcutaneous injections of 20 pg/rat of estradiol benzoate
(52 h prior to mating) and 1 mg/rat of progesterone (4 h
earlier before mating). The animals were adapted to the
laboratory conditions for 10 min before the test. A male
rat was placed in the test cage for the first 5 min and
then followed by the female rat. The observation period
was within 15 min. Sexual behaviour was determined by
observing the mounting frequency (number of mounting
occurred) and mounting latency (the time when the first
mounting occurred).

FERTILITY TEST

Fertility test was done to study the effect of GPAE on mating
outcome and sperm functionality between the treated and



control groups. After 14 days of treatment, each male rat
was kept in a different cage together with two oestrous
female rats. The rats were allowed to mate for seven days.
Vaginal smears were performed to determine the gestation
day. Pregnant female rats were later separated and kept for
16 days before sacrificed and the number of foetuses in the
uterus was recorded (Chauhan & Agarwal 2009).

STATISTICAL ANALYSIS

The data were expressed as mean =+ standard error of means
(SEM). The statistical analysis was performed using one-
way analysis of variance (ANOVA) with the value of p<0.05
was considered as statistically significant.

RESULTS

FASTING BLOOD GLUCOSE LEVEL

The effect of oral administration of GPAE for 14 days on
the FBG level is shown in Figure 1. Based on the results,
the administration of 450 mg/kg GPAE showed a significant
reduction of FBG level (6.7+0.65 mmol/L) compared to
other groups. The FBG level of negative control group
was 23.9+2.22 mmol/L. Even though the FBG level of the
positive control group decreased (13.5+2.98 mmol/L), the
level did not reach the normal blood glucose level.
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SPERM QUALITY

The sperm quality data of all groups are displayed in Table
1. Daily administration of GPAE for 14 days showed that the
overall sperm quality was significantly increased in Gynura
procumbens treated group of 450 mg/kg as compared to
the negative group. Gynura procumbens treated group
of 150 mg/kg and 300 mg/kg showed recovery of sperm
quality; however it was not significant as compared to the
450 mg/kg group.

HORMONE TESTOSTERONE ANALYSIS

The serum testosterone levels are shown in Figure 2. The
testosterone level for treated rats with a dose of 450 mg/
kg seemed to increase to the normal testosterone level
(0.80+0.039 ng/mL) compared to the negative and positive
control groups. Based on the report by Turk et al. 2008,
the normal testosterone level for a Sprague Dawley rat is
0.84+0.07 ng/mL. These findings highlight the profertility
activity of GPAE on male rat’s reproductive system.

SEXUAL BEHAVIOUR TEST

The mounting frequency increased significantly in the
treated groups compared to the negative and positive
control groups. However, there was no significant
difference of mounting frequency between all Gynura
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FIGURE 1. The effect of GPAE on blood glucose level after 14 days of treatment

TABLE 1. The effect of GPAE on sperm quality after 14 days of treatment

Group Sperm cﬁount Viability (%) Normal morphology Motility (%)
(109 (%) Progressive Non-progressive Immotile

Normal 3727 +0.61% 75.30 +2.55% 87.86 + 1.66* 4480 + 3.59% 3049 +5.05 2470 +2.55
Positive 2397 +2.09 57.88 +2.45 79.74 + 4.52% 32.84+3.16 2505 +3.62 42124245
Negative 22.88 +4.52 4320+9.77 71.60 +2.58 28.90 +6.03 28.63+6.78 4247 +10.90
150 mg/kg GP 3498 +5.82% 65.82 + 11.56* 87.76 £1.16 * 4148 +£1.24% 2455+505 3397 +11.55
300 mg/kg GP 39.02 £2.30% 79.23 +2.69% 84.82 +2.38*% 44.80 + 1.24% 34.64 +2.09 20.56 +2.50*
450 mg/kg GP - 40.86 + 0.98%* 78.18 + 1.88* 81.64 +2.60* 46.98 +0.81* 3120 +1.50 21.82 +1.88*

*Significant difference compared to the diabetic group (p<0.05)
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FIGURE 2. The effect of GPAE on testosterone hormone level after 14 days of treatment

procumbens treated groups. The Gynura procumbens
treated group with a dose of 450 mg/kg showed a
significant time length of mounting latency, 5.00+0.31 min
and 13.86+0.34 times of mounting frequency as compared
to the negative and positive control groups. The results are
displayed in Table 2.

FERTILITY TEST

The results for fertility test are shown in Table 3. Based
on the results obtained, the number of foetuses produced
in the negative and positive control groups declined to
0+0.29 and 3+1.10, respectively compared to the control
normal group (10+0.62). Recovery and sperm functionality
of all Gynura procumbens treated groups were observed.

A significant number of foetuses were produced compared
to the negative and positive control groups.

DiscussioN

Diabetes mellitus has been often associated with
infertility problems such as erectile dysfunction and low
sexual arousal (Adaikan et al. 2011). William and Pickup
(2004) reported that about 90% of diabetes mellitus
patients are of male at reproductive age. Glucose plays
an important role in sperm development since glucose
provides the nutrients required as well as energy in
supporting sperm maturation and motility. Mita and Hall
(1982) reported that glucose is important for the Sertoli

TABLE 2. The effect of GPAE on sexual behaviour after 14 days of treatment

Group Mounting frequency Mounting latency (min)
Normal 929 +0.29% 457 £0.20%
Positive 3.57+0.30% 10.14 £ 0.24*
Negative 0.71£0.18 1343 £047
150 mg/kg GP 929 £0.18* 7.00 +0.49*
300 mg/kg GP 9.86 +£0.26* 6.57 +£0.30*
450 mg/kg GP 13.86 +£0.34* 500+031%*

*Significant difference compared to the diabetic group (p<0.05)

TABLE 3. The effect of GPAE on fertility
after 14 days of treatment

Group

Number of foetuses

Normal
Positive
Negative

150 mg/kg GP
300 mg/kg GP
450 mg/kg GP

10 £ 0.62*
3+1.10%
0+0.29

7+049%
7+0.36%
11 +£0.57*

*Significant difference compared to the diabetic group (p<0.05)



cells to produce lactate and pyruvate through glycolisis
for the spermatids. Glucose enters the Sertoli cells through
passive transportation of blood-testes barriers (BTB). The
BTB is a structure in the testes that consists of Sertoli cells
and tight junctions which separate the interstitial spaces
and seminiferous tubules (Alves et al. 2013a, 2013b). In
the metabolism of glucose process in the testes, glucose
is transported into the Sertoli cells via glucose transporter
(GLUT). GLUT 1 and GLUT 3 are responsible for glucose
uptake in lactate production. According to Oonk and
Grootegoed (1987), there is an insulin-specific receptor
in the Sertoli cells. This confirms that insulin is involved
in the transportation of glucose into the Sertoli cells.
Regulation of insulin in glucose metabolism in the Sertoli
cells plays a crucial role in producing normal sperm in the
testes. However, failure of insulin secretion may affect the
glucose uptake in the testes.

The induction of streptozotocin (STZ) resulted in a
significant increase of blood glucose level in the induced
male rats. A study by Akbarzadeh et al. (2007) reported
that the glucose level of STZ-induced male rats significantly
elevated after four days of induction. Swelling was found
occurred in the pancreas, where the (-cells of the islet
of Langerhans were terribly degenerated. Hence, insulin
could not be secreted and thus resulted in high blood
glucose level.

Daily oral administration of GPAE for 14 consecutive
days significantly reduced the FBG level and increased
the fertility and libido of diabetic-induced male rats.
Based on the results, the FBG level of each treated group
was reduced significantly and the fertility of STZ-induced
male rats was restored simultaneously up to a normal
state compared to the untreated group. Zurina et al. (2010)
reported that GPAE has the ability to mimic or increase
insulin activity at cellular level. The study showed that the
GPAE administration has resulted in high glucose uptake in
the abdominal muscle of STZ-induced male rats compared
to the control group. Therefore, GPAE is proven to have
the ability to reduce blood glucose level by elevating the
glucose uptake level at the skeletal muscle.

In this study, the sperm quality was analyzed based
on these parameters: Number of sperm count, percentage
of sperm motility, viability and morphology. Oral gavage
treatment of GPAE showed significant increase of the
sperm quality parameters compared to the untreated
group. Rosidah et al. (2009) conducted a study using high-
performance thin-layer chromatography (HPTLC) to find
out the bioactive components in the Gynura procumbens
extract and the results showed that Gynura procumbens
extract contains several bioactive components including
kaempferol, quercetin, rutinoside and astragalin which
have the benefits for reproductive health specifically as
an antioxidant.

Testes contains antioxidant enzymes and free radical
scavenger to allow spermatogenesis and steroidogenic
process so it can function normally and unaffected by
oxidative stress. High production of reactive oxygen
species (ROS) affects the oxidative condition in the testes
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as well as the sperm quality (Pusparanee et al. 2008). This
is supported by numerous experimental evidence which
emphasize the relationship between oxidative damage in
testes or sperm and testicular dysfunction leading to male
infertility (Shrilata & Muralidhara 2007). Sperm cells
consist of high polyunsaturated fatty acid (PUFA) which
makes the plasma membrane of the sperm vulnerable to
ROS (Alvarez & Storey 1995). Hence, antioxidant is needed
to protect the sperm from ROS and oxidative stress.

Quercetin is known to have the protective effect on
sperm. It is an antioxidant that can be found in many plants.
Isolated quercetin has been reported able to increase male
fertility by increasing the sexual behaviour as well as
sperm quality (Ladachart et al. 2008). In another study,
the administration of isolated quercetin for 14 days in
diabetic-induced male rats significantly increased the
sperm quality (Khaki et al. 2009). Rutin was also found
in Gynura procumbens extract. This bioflavonoid has been
claimed to have the spermatogenesis protective effect by
increasing the level of superoxide dismutase (SOD). SOD
enzyme is important in catalyzing the anion superoxide
to hydrogen peroxide (Butchi Akondi et al. 2011). The
production of hydrogen peroxide helps in reducing the
production of toxic hydroxyl radical. Both flavonoids
have been claimed to show protective effects on male
reproductive organ (testes) by reducing the oxidative stress
(Khaki et al. 2009).

Metformin is categorized as a biguanide antidiabetic
drug and it has been widely used due to its ability to reduce
blood glucose level other than being cost-effective and
safe. Metformin acts as an insulin sensitizer by activating
the adenosine monophosphate kinase enzyme (AMP) which
plays a part in carbohydrate and lipid metabolism. AMP
inhibits mitochondria respiration that forces the hepatic
glucose production to be inhibited. Hence, metformin
increases the glucose uptake in the muscle, increases the
oxidation of fatty acid, reduces lypolisis and stimulates
insulin sensitivity towards glucose without producing
hypoglycaemia (Gaochao et al. 2001). However, according
to Tartarin et al. (2012), the administration of metformin
in diabetic-induced male rats significantly decreased the
level of testosterone hormone, reduced the testicle size and
caused degeneration of Sertoli cells. The degeneration of
Sertoli cells can be due to the reduction of proliferative
cells compared to the dead cells (Alvez et al. 2014). This
finding proved that metformin alters the physiological
function of Sertoli cells and eventually leads to sperm of
low quality.

The treatment of metformin on STZ-induced male rats
for 14 days showed that the FBG level of the rats decreased.
However, it was not significant and did not reach the
normal blood glucose level. Based on the results obtained,
metformin treated group showed a low number of sperm
count, motility, morphology and viability. Thus, suggests
that metformin is not able to reduce the FBG level to a
normal blood glucose level within 14 days of treatment.
The results also showed that metformin does not have any
involvement in sperm quality and fertility recovery.
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The morphology and physiology of reproductive
organ are maintained by hormone regulation, especially
the testosterone hormone in male. Reduction or elevation
of testosterone might affect spermatogenesis, cellular
structures and other male reproductive functions.
Hypothalamus is the control centre that secretes
gonadotropin-releasing hormone (GnRH) to stimulate
pituitary gland to secrete luteinizing hormone (LH)
and follicle-stimulating hormone (FSH). LH stimulates
Leydig cells to produce testosterone hormone while FSH
stimulates Sertoli cells to control cell proliferation during
sperm maturation (Alves et al. 2013c).

Based on the results obtained in this study, the
testosterone level in the treated group elevated after 14
days of treatment compared to the negative and positive
control groups. Testosterone hormone plays an important
role in maintaining the function of male reproductive
system. Thus, the elevation of testosterone level increased
the fertility of diabetic-induced male rats.

The results obtained also demonstrated that daily
consumption of GPAE for 14 days significantly increased
the mounting frequency of the treated groups compared
to the untreated diabetic group. This suggests that Gynura
procumbens extract affects male sexual behaviour through
hormone regulation. This is also supported by Gupta et
al. (2013) who claimed that male sexual behaviour is
influenced by testosterone level.

The results of fertility test showed that the treated
groups have a higher amount of foetuses compared to the
untreated diabetic group. The administration of 450 mg/kg
GPAE significantly increased the number of foetuses. This
increment may be due to the elevation of sperm count and
motility. Successful fertilization occurs when sufficient
sperm concentration and motile sperm able to penetrate
the cervical mucus (Gupta et al. 2006).

Although the antidiabetic mechanism of Gynura
procumbens and the profertility effects are still unknown,
it has been suggested that Gynura procumbens possesses
the ability of regenerating spermatogenesis by acting on
the Leydig and Sertoli cells as well as improving hormone
secretion.

In conclusion, it is proven that GPAE has the potential to
be used as plant-based antidiabetic, profertility and libido
agents for diabetic patients. The mechanism of Gynura
procumbens action towards diabetes, fertility, as well as
libido effects can be studied further in the future.
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