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ABSTRACT

Moringa oleifera leaves were essential for lowering blood glucose levels and increasing androgen levels. This study evaluates
the antihyperglycemic properties of Moringa oleifera (MO) leaves aqueous extract and its effect on diabetes-induced male
Sprague Dawley rats in attenuating sexual dysfunction. A total of 40 mature male rats were divided into four main groups
which were normal control group that received 1 mL of distilled water, the negative control group which did not receive
any treatment, positive control group that received 500 mg/kg body weight of metformin, and MO treated group that
received 400 mg/kg body weight of Moringa oleifera leaves aqueous extract. All groups were analyzed after 14 and 21 days
for their fasting blood glucose level (FBGL) and sexual behavior (mounting latency and mounting frequency). Analysis of
testosterone level was also conducted using the testosterone kit of enzyme-linked immunosorbent assay (ELISA). The
data of the treatment group were compared to the control group subjected to one-way ANOVA using IBM SPSS Statistics
22 analysis. The FBGL of diabetes-induced rats treated with Moringa oleifera leaves aqueous extract significantly decreased
(p<0.05) and the plasma testosterone level increased (p<0.05) compared to the negative and positive control groups. Diabetes-
induced rats treated with Moringa oleifera leaves aqueous extract also showed a significant decrease (p<0.05) in mounting
latency and increase (p<0.05) in mounting frequency within 15 min of the observation period. This study demonstrated
that Moringa oleifera leaves aqueous extract could reduce FBGL significantly and improve the sexual dysfunction of diabetes-
induced male rats.
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INTRODUCTION

Diabetes mellitus is a disease that could affect male
reproductive system and sexual function (García-Diez
et al., 1991; Baccetti et al., 2002; Scarano et al., 2006;
Agbaje et al., 2007; Mallidis et al., 2009; Navarro-
Casado et al., 2010; Kanter et al., 2012). A prolonged
diabetes condition could lead to sexual dysfunction
such as impairing the testosterone level and sexual
activity (Scarano et al., 2006), causing impotence, and
lowering libido (Maatman et al., 1987; Fode et al.,
2012; Lert-Amornpat et al., 2017). According to Raina
et al. (2007), a man with reproductive health problems
couldn’t have a quality sexual life (Raina et al., 2007).
The mechanism of male physical arousal has been
discussed in terms of protein phosphorylation level
in which the level has been observed to be higher

before and during arousal (Wang et al., 2007).
Therefore, it can be said that protein phosphorylation
plays an important role in the production of sperm
and testosterone (Fardilha et al., 2011; Yamashita
et al., 2011). Drugs such as sildenafil citrate
(Viagra), phosphodiesterase type 5 (PDESS), Levitra
(vardenafil), Cialis (tadalafil), and levodopa had been
widely used as sexual enhancers (Soni et al., 2012;
Singh et al., 2013; Singh et al., 2013). However, these
drugs are expensive and may cause side effects
(Mirone et al., 2009; Aliferis et al., 2012). Researchers
claim that local herbs are more effective and
inexpensive. Besides, they have been widely used as
therapeutic medicines to improve health. People
believe that certain medicinal plants have aphrodisiac
properties that could benefit male reproductive health
(Singh et al., 2010; Malviya et al., 2011). Moringa
oleifera (Family: Moringaceae) is a well-known
medicinal plant that has been used traditionally due
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to its antimicrobial (Rahman et al., 2010; Elgamily et
al., 2016), antihyperglycemic (Tuorkey, 2016; Paula
et al., 2017), anticancer (Gismondi et al., 2013),
aphrodisiac (Suresh et al., 2009; Prabsattroo et al.,
2012; Prabsattroo et al., 2015; Shokry et al., 2020),
and anti-inflammation (Adedapo et al., 2015;
Arulselvan et al., 2016) properties. Its leaves contain
a high concentration of zinc, potassium, phosphorus,
selenium, calcium, vitamin A, vitamin C, vitamin D,
and essential amino acids (Mahmood et al., 2010;
Mishra et al., 2011). However, the potential of
Moringa oleifera leaves extract to attenuate sexual
dysfunction has not been fully explored. Therefore,
this study aims to investigate the effects of Moringa
oleifera leaves aqueous extract on fasting blood
glucose level (FBGL), testosterone level, and sexual
performance in diabetes-induced male rats.

MATERIALS AND METHODS

Procurement and preparation of Moringa oleifera
leaves aqueous extract

Dried leaves powder was purchased from
HERBAGUS SDN BHD, Pulau Pinang, Malaysia, and
was verified by a botanist at the Herbarium
Laboratory, Faculty of Science and Technology,
Universiti Kebangsaan Malaysia (UKM) for its
authenticity. A voucher specimen (UKMB 40344)
was also given for reference purposes. The powder
(400 g) was extracted with 4800 mL of distilled water
(1:12) by using the reflux method for 3 h at 60°C.
Then, the extract yield was filtered using No. 1
Whatman filter paper and stored at -80°C for 3 days
before it was freeze-dried.

Experimental animals
A total of 40 proven fertile male Sprague Dawley

rats (200-300 g) at the age of 12 weeks were used in
this study. The animals were purchased from the
Animal House, Universiti Kebangsaan Malaysia, and
were kept individually in polycarbonate cages under
laboratory conditions (12 hr light/dark cycle). They
were given ad libitum access to water and food
(Barastock Rat and Mouse Pellet Feed, Australia).
The rats were divided into four groups consisting of
five rats in each group (n=5). The first group
consisted of healthy rats which received 1 mL of
distilled water, the second group consisted of
untreated diabetes-induced rats, the third group
consisted of diabetes-induced rats that were treated
with 500 mg/kg body weight of metformin, and the
fourth group consisted of diabetes-induced rats that
were treated with 400 mg/kg body weight of Moringa
oleifera leaves extract. The treated groups were

orally administrated for 14 and 21 consecutive days.
Before the induction of streptozotocin (STZ) via
intravenous injection at a dose of 50 mg/kg body
weight, the animals were fasted for 16 h but were
given access to water. After 7 days of STZ induction,
FBGL was measured. Animals with FBGL values more
than 13 mmol/L were considered diabetic and were
immediately used in the study, marking the start of
the treatment (Day 0). On Day 15 and 22, the FBGL
values in each group were measured again. The
blood was drawn from the distal end of the tail
vein and was measured using a glucometer. The
experimental procedure in this study was conducted
according to the ethical guidelines given by the
Animal Ethics Committee Faculty of Medicine, UKM
(FST/2017/MAHANEM/29-MARCH/833-MARCH-
2017-FEB.-2019).

Sexual behavior test
Mature female rats were brought in receptive

by intramuscular injection of estradiol benzoate
(20 μg/g body weight) for 48 h and followed with
progesterone (1 mg/g body weight) for 4 h. A vagina
smear was then performed to determine the estrus
stage. Then, the female rats were placed individually
with the male rats for 5 min in a cage under faint light
in the laboratory. Sexual behavior test was then
conducted. Mounting latency (time taken for the male
rats to mount onto the back of female rats for the
first time) and mounting frequency (number of
mounts) was recorded within the 15 min observation
period.

Plasma testosterone analysis
After the sexual behavior test was completed,

the male rats were sacrificed and their blood samples
were collected via cardiac puncture. The samples
were kept in EDTA tubes and were centrifuged at
2500 r.p.m. for 10 min. The plasma collected was
kept in a dry tube at -80°C until further use. The
plasma testosterone level was measured using the
testosterone enzyme-linked immunosorbent assay
(ELISA) kit (No: 582701, Cayman, USA) by the
standard protocol supplied by the company. The
absorbance values were taken at 405 nm on a
microplate reader and the values were expressed in
pg/mL.

Statistical analysis
The data of the treatment group were compared

to the control group subjected to one-way ANOVA
using IBM SPSS Statistics 22 analysis (SPSS Inc.,
Chicago, IL, USA). Results were expressed as mean
± SEM and were considered significantly different at
p<0.05.



ANTIHYPERGLYCEMIC AND ANDROGENIC PROPERTIES OF Moringa oleifera LEAVES 101

RESULTS

Fasting blood glucose level (FBGL)
The FBGL values obtained after 14 and 21

days of treatment are presented in Table 1. There
are significant differences (p<0.05) in FBGL
between all groups throughout the experiment. Oral
administration of Moringa oleifera leaves extract
shows a significant reduction in FBGL after 14 days
of treatment where the result obtained (11.32 ± 1.71
mmol/L) is lower than the value before treatment
(24.58 ± 1.76 mmol/L). Similarly, there is a reduction
in FBGL after 21 days of treatment where the value
after treatment is 12.52 ± 2.07 mmol/L, lower than the
value before treatment (17.36 ± 3.18 mmol/L). The
FBGL in diabetes-induced rats treated with the
antidiabetic drug, metformin, also shows a decrease
after 14 and 21 days of treatment (11.48 ± 1.64
mmol/L and 13.22 ± 0.81 mmol/L, respectively).
However, the negative control group showed higher
FBGL throughout 14 days (25.42 ± 2.74 mmol/L)
and 21 days (23.66 ± 0.89 mmol/L) of treatment.
Meanwhile, the normal control group sustains the
normoglycemic effects for both treatment periods.

Assessment of sexual behavior test
Table 2 shows the analysis of sexual behavior

tests within the observation period (15 min) after 14

and 21 days of treatment. As shown in Table 2,
mounting latency (ML) and mounting frequency
(MF) in all experimental rats after 14 days of treatment
show significant differences (p<0.05). However, after
21 days of treatment, there are still significant
differences (p<0.05) in ML but very slight differences
in MF. Diabetes-induced rats treated with Moringa
oleifera leaves extract to show a significant decrease
in ML (2.38 ± 0.91 min) and an increase in MF
(6 ± 0.37) after 14 days of treatment compared to
negative and positive control groups. Similarly, after
21 days of treatment, there is a decrease in ML
(4.85 ± 1.38 min) and an increase in MF (4 ± 0.80),
better compared to the negative and positive control
groups. Meanwhile, the negative control group
shows an increase in ML (12.03 ± 1.82 min and 15.00
± 0.00 min) and a decrease in MF (1 ± 0.20 and
0 ± 0.00) after 14 and 21 days of treatment,
respectively.

Analysis of testosterone level
All groups show significant differences (p<0.05)

in testosterone levels after 14 and 21 days of
treatment (Table 3). The group treated with Moringa
oleifera shows a significant increase in testosterone
level after 14 and 21 days of treatment (114.88 ± 9.51
pg/mL and 288.56 ± 4.15 pg/mL, respectively). On
the contrary, the negative control group shows a

Table 1. FGBL values before and after administration of treatment

                            Fasting blood glucose level (mmol/L)

Group                                      14 days                                       21 days

Day 0 Day 15th Day 0 Day 22nd

Normal control 4.56 ± 0.22 4.48 ± 0.69 4.42 ± 0.15 4.88 ± 0.50
Negative control 20.70 ± 1.13 25.42 ± 2.74 19.86 ± 2.73 23.66 ± 0.89
Positive control 26.22 ± 1.73 11.48 ± 1.64 24.38 ± 3.30 13.22 ± 0.81
MO treated 24.58 ± 1.76 11.32 ± 1.71a 17.36 ± 3.18 12.52 ± 2.07a

Data were expressed as mean ± SEM. Significant (p<0.05) with respect to a=negative control. Day 0: before administration of treatment;
Day 15th & 22nd: FBGL was measured.

Table 2. The analysis of sexual behavior test

                    Sexual behavior test

Group                                      14 days                                       21 days

ML (min) MF ML (min) MF

Normal control 2.45 ± 0.73 3 ± 0.45 0.87 ± 0.25 3 ± 0.58
Negative control 12.03 ± 1.82 1 ± 0.20 15.00 ± 0.00 0 ± 0.00
Positive control 9.23 ± 1.43 2 ± 0.20 10.60 ± 1.26 1 ± 0.45
MO treated 2.38 ± 0.91a,b 6 ± 0.37a,b 4.85 ± 1.38a,b 4 ± 0.80a,b

Data were expressed as mean ± SEM. Significant (p<0.05) with respect to a=negative control and b=positive control. ML: Mounting latency;
MF: Mounting frequency.
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decrease in testosterone level after 14 and 21 days
of treatment (64.30 ± 6.54 pg/mL and 38.60 ± 5.16
pg/mL, respectively).

DISCUSSION

This study shows that Moringa oleifera leaves
aqueous extract at a dose of 400 mg/kg body weight
can reduce FBGL after 14 and 21 days. A study
conducted by Bamagous et al. (2018) has shown that
the administration of ethyl acetate fraction of
Moringa oleifera leaves extract at 200 mg/kg body
weight reduced the serum glucose level of diabetes-
induced rats (Bamagous et al., 2018). This suggests
that Moringa oleifera leaves extract possesses
antihyperglycemic properties due to the contribution
of the bioactive compounds in the plant such as
kaempferol, quercetin, and chlorogenic acid (Olayaki
et al., 2015). According to El-Moez et al. (2014) and
Chuang et al. (2007), kaempferol can decrease blood
glucose levels as well as improve insulin resistance.
Besides, kaempferol tends to stimulate glucose
uptake. Meanwhile, quercetin can inhibit the activity
of GLUT 2 in transporting glucose and fructose to
the brain and stimulate GLUT 4 translocation in the
skeletal muscle (Chuang et al., 2007; El-Moez et al.,
2014). This study also shows that the rats in the
negative control group had no sexual interest where
they showed the longest ML and the lowest MF
within the 15 min observation period after 14 and
21 days. This might be due to the low testosterone
level of the rats as shown in Table 3. The oral
administration of Moringa oleifera leaves extract
showed more persistent sexual activity compared to
other control groups. According to Prabsattroo et al.
(2012) and Prabsattroo et al. (2015), Moringa oleifera
leaves extract can improve sexual performance. The
increase in ML may be associated with sexual
motivation while the decrease in MF may reflect the
sexual desire and performance of the treated group
(Yakubu et al., 2011; Kataria et al., 2013). In the male
reproductive system, androgen acts as an important
sexual modulator in terms of libido and erection
(Morelli et al., 2006; Jiafeng et al., 2011). The main
hormone for androgen is testosterone which is

produced by the interstitial Leydig cells in the testis.
High production of testosterone could increase
sexual motivation, sexual desire, and sexual
performance (McGinnis et al., 1989; Aversa & Fabbri,
2001; Gonzales et al., 2003; Lüpez et al., 2007). In this
study, the group treated with Moringa oleifera
showed higher testosterone levels and this is by the
study done by Syarifuddin et al. (2017), and El-
Desoky et al. (2017), and Khalifa et al. (2016) on Bali
bulls and rabbit bucks, respectively. Besides, the
administration of Moringa oleifera leaves chloroform
and hydro-alcoholic extract have also been proven
to increase the testosterone level of the experimental
subjects (El-Sheikh et al., 2016; Chatterjee et al.,
2017). This might be due to the androgenic properties
of the bioactive compounds in the plant. A previous
study has also claimed that the presence of saponin
could enhance the androgen level (Gauthaman et al.,
2008). In addition, the presence of alkaloids,
terpenes, and xanthones in the plant extract could
enhance the aphrodisiac activity in male rats (Paz
et al., 1979; Taha et al., 1995; Drewes et al., 2002;
Estrada-Reyes et al., 2013). The study conducted by
Moichela et al. (2020) showed the antioxidant
compound in aqueous extract of Moringa oleifera
leaves could maintain human sperm function.
Therefore, the increase of plasma testosterone level
in this study might be due to the presence of these
bioactive compounds in Moringa oleifera leaves
aqueous extract. In the future, this study will be a
focus on the metabolomic study as well as the
identification of bioactive compounds in aqueous
extract of Moringa oleifera leaves on anti-
hyperglycemic, fertility, and libido of diabetes male
Sprague Dawley rats. In addition, the treatment group
of Moringa oleifera leaves aqueous extract will be
added into few groups compared to the current study.

CONCLUSION

The oral administrations of 400 mg/kg body weight
of Moringa oleifera leave aqueous extract reduced
the fasting blood glucose level suggesting good
antihyperglycemic activity in the diabetes-induced
rats. Moringa oleifera leaves aqueous extract
increased the testosterone level as well as the
aphrodisiac activity inferring that androgen has the
property that benefits male reproductive health
particularly those with a diabetic condition.
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