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ABSTRACT

Objective: Clinacanthus nutans (C. nutans) is a
medicinal herb that most people with diabetes have
historically taken. It's a diet high in antioxidants, which
are supposed to help people live longer and be healthier.
It is the first study to suggest using C. nutans to enhance
the quality of sperm in male mice given a streptozotocin
(STZ) injection.

Methods: Sixty mice were divided into two groups at
the age of four weeks: group one was fed a regular diet
(n=10), while group two was administered a high-fat diet
(n=50) for eight weeks to develop obesity. Obese mice
were given 100mg/kg of STZ to produce hyperglycemia
with a 20% mortality rate. Then, 40 hyperglycemic mice
were separated into two groups: STZ (n=10) and sample
(n=30). The treatment groups were administered a
methanolic extract of C. nutans leaves by gavage at doses
of 150, 300, and 500mg/kg of body weight (n=10) for 4
weeks.

Results: In contrast to the STZ group, there was
a substantial (p=0.001) drop in serum blood glucose
and total sperm abnormalities in mice at varying doses.
Catalase, glutathione s-transferase (GST), and total
antioxidant capacity significantly (p=0.001) increased in
the STZ mice group at varying doses, but malondialdehyde
was reduced. In comparison to STZ mice, testosterone and
luteinizing hormone (LH) levels improved in mice treated
with extracts of C. nutans at various doses. For all of
the following dependent variables, extraction of the leaf
at higher concentrations of 500 milligrams/kilogram has
better efficacy than 300 and 150 mg/kg after 4 weeks of
treatment.

Conclusions: The research and development of new
natural agents to combat oxidative stress-related diseases
have sparked a lot of interest. As a result, the potential
leaf extract of C. nutans contains anti-hyperglycemic
compounds and improves the quality of sperm in male
mice.
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INTRODUCTION

A disorder of the reproductive system known as infer-
tility is defined as the inability to conceive clinically after
12 months or more of frequent, unprotected sexual activity
(Szamatowicz & Szamatowicz, 2020). According to esti-
mates from the World Health Organization (2023), infertil-
ity affects 1 in 6 persons, or 17.5% of the world’s popula-
tion. A cycle of in vitro fertilization (IVF) is charged in the
range of USD 12000 and USD 17000, with some reaching
up to USD 25000 or higher (Klein, 2020). Most of the par-
ticipants interviewed (46%) have public health insurance,

not including the costs of fertility-related problems (Klein,
2020). The majority of people seeking infertility treatment
with private insurance, on the other hand, were equally
anxious. Meanwhile, IVF is costly and has socio-economic
problems that may be due to multiple births (Klein, 2020).
Male-factor infertility affects over half of infertile couples,
with just 30% of those couples experiencing exclusively
male-factor infertility (Reed-Maldonado & Madden, 2019).
Both type 1 and type 2 diabetes have a detrimental effect
on sperm maturation, hormonal alterations, and testicular
function in the male reproductive system (Sasaki & Mat-
sui, 2008). Particularly in terms of sperm quality, motility,
DNA integrity, and seminal plasma components (Sasaki &
Matsui, 2008). According to the International Diabetic Fed-
eration (2019), around 463 million adults worldwide had
diabetes in 2019, with the majority living in low- and mid-
dle-income countries; by 2045, this figure is anticipated
to rise to 700 million. According to Nak-ung et al. (2018),
diabetes mellitus (DM) is a metabolic disorder character-
ized by poor protein, lipid, and glucose metabolism. Due to
their cumulative long-term harm, free radicals have been
linked to a number of degenerative diseases and maladies
(Temple, 2000).

There is evidence that several plant-based polyphe-
nols have the ability to neutralize free radicals and have
anti-inflammatory, hypoglycemic, and anti-infertility ef-
fects (Karale et al., 2020). With a range of side effects
and drug resistance, herbal therapy may be a viable al-
ternative. Plants are increasing in widespread populari-
ty as a source of medication due to their natural origins,
availability in local communities, cheaper purchase costs,
ease of administration, and maybe fewer bothersome side
effects (Sasidharan et al., 2011). Several plants have been
demonstrated to be useful in treating various aspects of
male infertility (Nantia et al., 2009). Another option is
Clinacanthus nutans (C. nutans) Lindau, belonging to the
family Acanthaceae, which is well-known in Malaysia as
Sabah snake grass. Since the rising demand for plant-
based drugs increases the risk of adulteration or substitu-
tion, plant species, and phytoconstituent are required for
effective treatments (Ilacqua et al., 2018). Phytochemical
substances found in C. nutans, such as terpenes, alkaloids,
protocatechuic acid, phenols, steroids, and tannins, can
contain anti-hyperglycemic and anti-hyperlipidemic prop-
erties (Abdulwahid-Kurdi, 2019). Traditionally, the leaves
of C. nutans are sun-dried and steeped as a tea to cure
many diseases like diabetes, dysuria, diarrhea, and many
other diseases in Southeast Asia, particularly in Malaysia,
Indonesia, and Thailand. Nonetheless, more empirical ev-
idence was necessary to support such beliefs. As a result,
the findings of this study provide scientific evidence that
C. nutans has the ability to serve as a fertility agent in
an animal study. Streptozotocin (STZ), a glucosamine-ni-
trosourea chemical compound derived from Streptomyces
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achromogens bacteria, has a wide range of antibacterial
properties (Lenzen, 2008). Male ICR mice are more likely
to develop hyperglycemia and induce obesity than female
mice (Kondo et al., 2000; Wang & Liao, 2012). Eating a
high-fat diet to generate insulin resistance while injecting
low-dose STZ can cause hyperglycemia (Skovsg, 2014).
To put it another way, mice are more resistant to the sub-
stance than rats. According to King (2012), a high dose
of STZ of 100 to 200 mg/kg can produce non-insulin-de-
pendent diabetes mellitus in mice, whereas a dose of 35-
65 mg/kg can cause the same result in rats. Hence, the
main aim of this research was to determine the effects of
Clinacanthus nutanus crude leaf extract on blood glucose,
sperm activity, and antioxidant enzymes in diabetic male
mice.

MATERIALS AND METHODS

Clinacanthus nutans Crude Methanolic Leaf Ex-
tract Preparation

Clinacanthus nutans, fresh (Burm. f.) Lindau leaves
were obtained from a botanical garden at Field 10 UPM,
Selangor, Malaysia. The study takes place between lati-
tude 2.991299 and longitude 101.708182. Phytomedi-
cine Herbarium, Institute of Bioscience, UPM, Selangor
(Voucher number. SK2942/15) identified the botany of the
C. nutans. The extracts were produced using the Abdul-
wahid-Kurdi (2019) procedure. The leaves of Clinacan-
thus nutans were thoroughly cleaned, and dried for seven
days in the shade. Then the leaves are baked for 24 h at
40°C, then processed into a ground texture with an elec-
tric grinder (RT-08, Rong Tsong Precision Technology Co.
Taiwan) and kept in an airtight plastic rubber. At a ratio of
1:20 (w/v), 1g of material to 20 ml of methanol, ground
leaf samples were extracted with 80 percent methanol (20
percent distilled water). Using a rotary shaker, ground C.
nutans leaves were softened in methanol for 72 h (Liquid
Brushless DC motor clock Rotary, Germany). Using cotton,
cloth wool, and Whatman No. 1 filter paper (Whatman No.
1, Fitchburg, WI, USA), the methanol solution was remo-
ved from the powdered leaves. A spinning evaporator was
used to concentrate the methanol extract at 40°C under
compact pressure (R-215, Buchi, Flawil, Switzerland). A
freeze drier was used to lyophilize the concentrated met-
hanol (Labconco Free zone 6 Plus Freeze Dryer) and kept
at -20°C after being concentrated at -80°C. The methanol
extract produced 15.92 percent of the total yield (w/w).

Animal Model

Sapphire Enterprise in Malaysia gave sixty 4-week-old
ICR male mice with an average weight of 20.2g and ap-
peared to be in good health. They were provided a stan-
dard laboratory mouse diet and had unrestricted water
access. All approaches and steps employed in this study
were investigated and authorized by the UPM Institutional
Animal Care and Use Committee (IACUC) (ACUC Approval
No: R083/2016).

Diet Composition and Induction of Insulin Resis-
tance

After 7 days of acclimating to their new surroundings,
the animals were randomly divided into two groups. The
first group of 10 mice was fed ordinary chow, while the
second group of 50 mice was initially fed a high-fat diet
for eight weeks that had around 48% total carbohydra-
tes, 17% protein, 31% fat, 3% fiber, and 5% of a mine-
ral and vitamin combination to produce obesity (Kondo et
al., 2000). Streptozotocin (STZ) (Sigma, S0130-USA) was
newly prepared (100 mg/kg body weight) (Srinivasan &
Ramarao, 2007; Dekel et al., 2009), dissolved in sodium
citrate buffer, pH 4.5 to induce hyperglycemia (Ugochukwu
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& Cobourne, 2003). After which STZ was intraperitoneally
injected into 50 male mice aged 12 weeks, this caused a
20% mortality and the number of mice became (n=40).
Mice were examined for blood glucose concentration using
a glucometer (Accu-Check Performa) 48 h after STZ injec-
tion to induce hyperglycemia. The animals were diagnosed
when their fasting blood glucose level was 7.8 mmol/I, as
reported by the World Health Organization (Umar Imam
et al., 2019). Hyperglycemia mice were assigned to four
groups with 10 mice per group (n=40): Streptozotocin
control (STZ), 150, 300, and 500 mg/kg/body weight leaf
extract of C. nutans. Methanolic leaf extract of the mice
group was dispensed by oral gavage once daily for 28 days
using distilled water as a carrier. The mice were given dis-
tilled water by oral gavage for both the control, normal
chow diet (Normal), and STZ groups, ensuring that all an-
imals received the same gavaging protocol, but without
the methanolic extract. The animals were given no food
for 12 h before being sacrificed, although they had unlimi-
ted access to water. The mice were given an intraperito-
neal dose of ketamine 80 mg/kg/body weight and xylazine
10 mg/kg/body weight, and their blood was taken. Blood
samples were taken and put into tubes through cardiac
puncture using a one ml syringe and a 26-gauge needle.
Weekly measurements of body weight and fasting blood
glucose were taken using a laboratory weighing scale and
glucometer (AccuChek Performa).

Evaluation of Sperm Quality

Using a surgical microscissor, the left caudal epididymis
was submerged in 2 ml of phosphate-buffered saline and
sliced into roughly 200 pieces to liberate the spermato-
zoa from the epididymal tubules measured (Ngaha Njila
et al., 2019). The epididymal semen suspension was right
away kept at 37°C for future investigation. On a glass sli-
de, a computer-assisted semen analysis (CASA, Hamilton
Thorne Bioscience) tool was used to analyze the 5ul sperm
suspension. The percentage of sperm mobility and pro-
gressive motility parameters were measured (Ngaha Njila
et al., 2019).

Analysis of Sperm Counts

One microliter of epididymal semen suspension was
mixed with 199 microliters of formal saline to achieve a
dilution factor of 1:1000. The total sperm concentration
was determined by a Neubauer hemocytometer as record-
ed previously by Ngaha Njila et al. (2019).

Morphology of Sperm

This test determines whether any morphologically ab-
errant spermatozoa are present and the frequency with
which they occur. The sperm cells were evaluated for mor-
phological abnormalities using the Wells and Awa stain. A
drop of semen was dropped onto a clean hot glass slide,
and a smear was made using a second slide stained with
Wells and Awa stain. The dyed smear was air-dried before
being inspected under a light microscope, an OLYMPUS
MODEL CX21FS1. Head, mid-piece, and tail abnormalities
were classified as spermatozoa abnormalities by Zemjanis
(1970).

Measurement of Antioxidant Enzymes Activity
and Androgen Hormone in Serum

Sera samples were prepared by centrifuging blood
samples at 4000 rpm for 10 minutes after collecting blood
samples from mice, and sera were stored at -80°C.

Test for catalase activity, the procedure outlined by
Aebi (1984) was used to measure serum catalase activity.
Then, 0.2 ml of phosphate buffer was added to 2.8 ml of 30
mM H,0, in a blind tube. The sample tube was then add-
ed 2.8 ml of 30 mM H,0,. The 0.2 ml of the enzyme was
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added to each of these tubes, and the tubes were vortexed
to combine the contents. To determine the activity, the
absorbances at 240 nm were tested twice at 30-s intervals.

Reduced glutathione (GSH) assay, the technique de-
scribed by Beutler et al. (1963) was used to determine
the GSH level. First, 800 ml of phosphate buffer was used
to dilute 200 pl of serum, and the first absorbance (OD1)
at 412 nm was determined. The second absorbance va-
lue (OD2) was then noted after 100 upl of Ellman’s rea-
gent had been added to the same tube. The amount of
GSH was calculated using the formula C/1000=(0OD2-
0OD1)/13,600xE1x5/2x[(C: mmol/glutathione (mg/dl)].
mmol/ml.

Superoxide dismutase activities (SOD) assay, the ap-
proach suggested by Sun et al. (1988) was used to me-
asure the serum SOD activity. This technique relies on
measuring the optical density of the blue formazan dye
at 560 nm, which is created when nitro blue tetrazolium
reacts with superoxide radicals produced by xanthine and
xanthine oxidase. By removing the superoxide radicals
from the medium, the SOD present in the sample prevents
the formazan process. Under assay conditions, one unit of
SOD reduces the rate of nitro blue tetrazolium reduction
by 50%.

Malondialdehyde (MDA) assay, the MDA was assessed
as the production of its colored form with thiobarbituric
acid (Aebi, 1984), one of the peroxidation products created
by the interaction of fatty acids with free radicals. A tube
containing 200 ml of the patient’s serum was filled with
800 ml of phosphate buffer, 25 ml of butylhydroxytolu-
ene solution, and 500 ml of 30% trichloroacetic acid. After
mixing, the tubes were kept on ice for two hours. One ml
of each supernatant was then transferred to a fresh tube,
to which 75 ml of ethylene diamine tetra acetic acid and 25
ml of thiobarbituric acid were then added. They were then
centrifuged at 2000 rpm for 15 min. The tubes were com-
bined and incubated for 15 minutes in a hot water bath.
They were brought to room temperature, and a UV/Vis
spectrophotometer was used to measure the absorbance
at 532 nm.

In the total antioxidant capacity (TAOC) assay, the
TAOC of serum was measured according to the method of
Benzie & Strain (1999). Briefly, a working solution of FRAP
(ferric reducing antioxidant power) was provided by mixing
buffer acetate with TPTZ solution in HCI. After that, FeClI3
was added and mixed. 8 uL of serum and 240 uL of men-
tioned working solution were mixed and incubated for 10
min at room temperature. The optical density of samples
was measured at 532 nm, and total antioxidant capacity
was expressed as mmol/L.

According to the manufacturer’s instructions, a sand-
wich Enzyme-linked immunosorbent assay (ELISA) kit
(CLOUD-CLONE CORP) was used to assess serum luteiniz-
ing hormones (LH) and testosterone concentrations in the
hormonal analysis.

Testicular Histology

The left and right testes were retrieved and fixed in
Bouin’s solution once the sperm collection was complet-
ed. The samples were clipped into smaller pieces after two
hours to allow the fixatives to penetrate better. Bouin’s
held the samples for an additional 14 h. The tissue samples
were also cleaned three times with 70% alcohol and stored
overnight. The samples were then placed in cassettes in
a basket before being processed by an automatic tissue
processor. After that, stainless steel cassette molds were
used to implant it. Once the wax had hardened, the blocks
were cooled on an integrated cold plate and removed from
the mold. After the extra wax was trimmed away, sections
4 to 5 pm thick were cut from the tissue block using a
microtome. After that, the tissue slides were stained with
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hematoxylin, and eosin examined under light microscopy.
The seminiferous tubules, morphology of various stages
of spermatozoa development, and histological variations
between treatment groups were all areas of interest.

Statistical Analysis

The GraphPad Prism application was used to examine
the data (Prism 7.0, GraphPad Software Inc., CA, USA). To
express quantitative data, the mean and standard error
of the mean (SEM) was utilized. The significance level be-
tween and among groups was then determined following
the ANOVA one-way procedure and mean separation using
Tukey’s honestly significant difference (HSD) at a 5% level
of significance.

RESULTS

Body Weight and Blood Glucose

Body weight (g) and blood glucose data were collect-
ed weekly for each group, as shown in Table 1. One-way
analysis of variance and the mean separation test revealed
significant (5%) differences in baseline body weight be-
tween normal and diabetic mice [F (4,10)=3.66, p=0.04].
As a result, in week 4, the data revealed a clear difference
between mouse groups [F (4,10)=56.3, p=0.01] in body
weight, STZ mice had considerably lower body weight than
normal mice, and mice were treated with methanol extract
at various doses. In terms of baseline glucose (mmol/L)
levels, as shown in Table 2, there was a statistical differ-
ence of 5% between the normal and diabetic groups [F
(4,10)=17, p=0.001]. Meanwhile, in week 4, mice in the
experimental group fed leaf extract from C. nutans at var-
ied doses of 150, 300, and 500 milligrams/kilogram/ body
weight resulted in a considerable drop in blood glucose lev-
els compared to STZ mice [F (4,10)=17, p=0.001].

Spermatozoa Abnormalities

A typical sperm’s head is spherical, and its tail is long.
In aberrant sperm, head or tail malformations, such as a
large or deformed head or a crooked or double tail, are
prevalent. These defects may make it difficult for sperm
to reach and penetrate an egg. This investigation (Table 3)
revealed that the percentage of spermatozoa abnormali-
ties was substantially (p=0.05) higher in STZ mice than in
normal mice in most categories. After four weeks of feed-
ing, hyperglycemia mice fed with methanol leaf extract at
doses of 150, 300, and 500 mg/kg/body weight had con-
siderably fewer normalities than STZ animals. At a dose of
500 mg/kg, leaf extract was demonstrated to cure mouse
groups and strongly improve abnormalities.

Sperm Motility, Progression and Count

Figure 1A shows a statistical difference of 5% in sperm
motility percentage across mouse groups [F (4,10) = 96.7, p
= 0.001]. The STZ mice had a significantly lower motility level
(30£2.5%, p = 0.001) than the normal mice (75.3+£0.88%),
according to a post hoc test. In comparison to STZ mice,
hyperglycemia mice treated with C. nutans leaf extract at
doses of 150 mg/kg (67.7+£3.71%, p = 0.001), 300 mg/kg
(78.3+£1.67%, p = 0.001), and 500 mg/kg (88+1.53%, p
= 0.001) showed a substantial increase in general motility
sperm levels.

There was a statistical difference (5%) in progres-
sion levels among the mouse groups (Figure 1B) [F
(4,10) = 182, p = 0.001]. In STZ mice, mean separation
using the one-way ANOVA revealed a statistically signif-
icant decrease in progressive sperm level (25.7£1.2%,
p = 0.001) as compared to normal mice (70.5+£0.68%).
In contrast to the STZ group, STZ treated with C. nu-
tans leaf extract at doses of 150 mg/kg (62£2%, p =
0.001), 300 mg/kg (69+2%, p =0.001), and 500 mg/kg
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Table 1. Effects of C. nutans leaf extracts on the body weight across male mice groups.

Weight (g) Baseline Week1 Week2 Week3 Week4
Normal 27+0.57° 28.7+£0.66° 30+1.53° 32+0.882% 33.7+0.88%®
STZ 36+0.572 33.7+£0.882 30.3+0.88° 28+0.57¢ 26+1.53¢
C. nutans 150 mg/kg 37+0.52 35.7+0.88° 34.7+0.88° 31+1.15° 30.7+0.88"
C. nutans 300 mg/kg 37+1.152 36+0.572 35.3+0.66° 34.7+0.66° 33.3+0.332®
C. nutans 500 mg/kg 36+0.572 36+0.572 35.7+0.332 35.3+0.662 34.3+0.882
p-value 0.001 0.001 0.003 0.001 < 0.001

Values are stated in terms of mean and standard error (M £SEM)# b < d ¢ Means followed by different letters in a column
are statistically different (5% level) between groups by Tukey’s test (n=10). STZ= streptozotocin mice group, C. nutans =
Clinacanthus nutans.

Table 2. Effects of C. nutans leaf extracts on glucose levels across male mice groups.

Parameters (%) Normal STz 1‘.:5'0'1:1;3/"'(59 3(;;.0n:1tga/nksg 5(;;'0";‘:/";9 p-value
Tailless head 6.83+1.01¢ 30+152 21.3+0.88° 15.3+0.88¢ 8.3+£0.47¢ <0.001
Headless tail 8.33+0.88¢ | 29.3+1.45° 20.7+0.33" 11+1.15¢ 7.67%1.2¢ <0.001
Bent tail 8.67+0.66¢ 30.3+£2.412 19+1.53° 9.67+1.2¢ 7.83+0.72¢ <0.001
Looped tail 6.67+1.45¢ 21+1.532 17+£1.15° 8.47+0.86¢ 5.73+0.88¢ <0.001
Rudimentary tail 7.67+0.66¢ 23.7+0.882 16.7+1.2° 9.67+0.88¢ 6.67+0.98¢ 0.001
Mean sperm-abnormalities 33.3+0.88¢ 70.7£1.2° 57+2.31° 45.3+2.73¢ 33.3+1.2¢ 0.001

Values are stated in terms of mean and standard error (M £SEM) 2P<de Means followed by different superscript letters in a
column are statistically different (5% level) between groups by Tukey’s test.

Table 3. Effects of C. nutans leaf extracts on percentage spermatozoa abnormalities across male mice groups.
Glucose (mmol/L) Baseline Week1 Week2 Week3 Week4
Normal 4.47+0.08° 5.53+0.14¢ 4.53+0.14¢ 4.8+0.25¢ 4.47+0.26¢
STZ 20.7+0.332 24.5+0.282 25.5+0.312 25.7+0.902 26+0.112
C. nutans 150 mg/kg 20.4+0.352 17.8+0.89° 16.6+1.03° 16.03+1.21° 14.2+0.17°
C. nutans 300 mg/kg 21.3+0.882 17.5+1.01° 14+0.24¢ 13.1+0.71¢ 10.7+0.74¢
C. nutans 500 mg/kg 22.3+1.18° 13.6+0.80¢ 11.3+0.40¢ 9.03+0.54¢ 7.3+0.92¢
p-value <0.01 0.001 <0.001 <0.001 <0.001

The mean and standard error (SEM) is used to express the data. @ » &9 Tukey’s test shows that means within a row with
distinct superscript letters are significantly different (%5, ANOVA) between groups (n=10). STZ= streptozotocin mice group,
C. nutans = Clinacanthus nutans.

(83.3+£1.67%, p = 0.001) showed a statistical increase
in progression sperm level.

According to total sperm count influenced by C. nutans
leaf extract fed diabetic mice (Figure 1C), one-way ANOVA
revealed a significant difference in total sperm counting
levels among the mice groups [F (4,10) = 96.6, p=0.002].
The STZ mice group (240+7.64, p=0.01) had a statisti-
cally significant (5 percent) lower total sperm counting
level than the normal mice group (550+76.4). In compar-
ison to STZ mice, meanwhile, STZ mice were treated with
methnolic leaves extract of C. nutans at doses 150 mg/
kg (480+35.1, p=0.04), 300 mg/kg (600+50, p=0.004),
and 500 mg/kg (700+76.4, p=0.001) showed a significant
increase in total sperm counts.

Androgen Hormone

After 4 weeks of methanolic leaves extract of C. nu-
tans treatment, sex hormone levels increased. The tes-
tosterone hormone level was measured, and one-way
analysis of variance revealed a statistical difference
(p=0.05) in testosterone levels between the mouse groups

[F (4,10)=611, p=0.001]. In comparison to the normal
group (2.37+0.06pg/ml), the STZ group (0.31+0.01pg/
ml, p=0.001) had a significantly lower testosterone lev-
el (0.31+0.01 pg/ml, p=0.001) (Figure 2A). Similar-
ly, STZ mice given C. nutans leaf extract for 4 weeks at
doses of 150 mg/kg (1.22+0.02pg/ml, p=0.001), 300
mg/kg (2.15+£0.02pg/ml, p=0.001), and 500mg/kg
(2.92+0.05pg/ml, p=0.001) demonstrated a statistically
significant rise in testosterone levels when compared to
STZ mice.

After 4 weeks of treatment with C. nutans leaf extract,
luteinizing hormone (LH) hormone was identified in all
mice groups, with a statistical difference (5 percent level)
in LH levels [F (4,10)=110, p=0.001] (Figure 2B). The STZ
group had a significantly lower LH level (0.013+£0.02ng/
ml, p=0.001) than the normal group (0.041+0.05ng/
ml), according to Turkey’s post hoc test. In comparison
to STZ mice, STZ mice treated with C. nutans leaf extract
at doses of 150 mg/kg (0.031+0.08ng/ml, p=0.001), 300
mg/kg (0.035+0.08ng/ml, p=0.001), and 500 mg/kg
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Figure 1. Effects of C. nutans leaf extracts on infertility across mice groups. (A) Percentage mobility, (B)
progressive motility, and (C) sperm count in mice. STZ= streptozotocin mice group. Values are expressed
as mean £ SEM. 2b<d The means with different letters differ statistically (5% level of probability) between
groups by Tukey’s test (n=10). C. nutans = Clinacanthus nutans.

Figure 2. Effects of C. nutans leaf extracts on androgen hormone in male mice across treatment groups.
(A) Testosterone concentration, (B) luteinizing hormone (LH) concentration, STZ= streptozotocin mice
group. Values are expressed as mean + SEM. 2b<d eMeans with different letters are statistically different
(5% level of probability) between groups by Tukey’s test (n=10). C. nutans = Clinacanthus nutans.

(0.042+0.03 ng/ml, p=0.001) showed a substantial rise in
LH hormone level.

Anti-Oxidant Enzymes Activity

The anti-oxidants results are illustrated in Table 4. Af-
ter 4 weeks of feeding, diabetic mice were treated with
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three different doses of leaf extract methanolic C. nutans
(150, 300, and 500 milligram/kilogram/bodyweight) to
show differences in treatment levels when compared to
the STZ group of mice. Catalase (U/L), GSH (mmol/ml),
MDA (mmol/L), SOD (U/ml), and TAOC (mmol/L) were all
statistically different (5%) among the treatment groups of
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Table 4. Effects of C. nutans leaf extracts on antioxidant activity across male mice groups.

Catalase GSH MDA soD TAOC

u/n (mmol/ml) (mmol/l) (U/ml) (mmol/l)

Normal 50.1+0.092 7.5+0.152 20.1+0.59¢ 38.1+0.152 5.58.7+0.26°
STZ 20.2+0.58¢ 3.33+0.29¢ 46.9+0.95 2 22.1+£0.58¢ 2.73£0.23¢
C. nutans 150 mg/kg 24.9+0.98¢ 4.7£0.20¢ 32.7.7+1.41° 27.3+0.58¢ 3.19+0.31«
C. nutans 300 mg/kg 33.7+0.96¢ 5.37+0.23¢ 28.3+0.46¢ 32.5+£0.43% 3.86+0.07«
C. nutans 500 mg/kg 43.7+£0.64° 6.33+0.26° 23.1£0.7¢ 35.1+0.61° 4.57+£0.32°
p-value 0.001 0.001 0.001 0.001 < 0.001

Values are stated in terms of mean and standard error (mean £SEM) #2<4 Means followed by different superscript letters in
a column are statistically different (5% level) between groups by Tukey’s test (n=10). GSH = reduced glutathione, MDA=
malondialehyde, SOD = superoxide dismutase, TAOC= total anti-oxidant capacity, STZ= streptozotocin mice group. C.

nutans = Clinacanthus nutans.

mice. When compared to the STZ group, mean separation
using the Tukey test revealed a statistically greater level
in the category of STZ treated with methanolic extract at
doses of 150, 300, and 500mg/kg.

Testicular Histology

Within the convoluted seminiferous tubules, the normal
control of the photomicrograph testes (Figure 3A) revealed
normal histological features. The stratified epithelium of
these convoluted seminiferous tubules was made up of two
different cell populations: spermatogenic cells and Sertoli
cells. All of the Leydig cells in the supporting tissues in the
tubule interstitial spaces were evident. As a result (Figure
3B) in the STZ group, it was discovered that the cellular
levels of spermatocytes and spermatids in seminiferous
tubules had decreased, and the connections between cells
had vanished. The thickness of the basement membrane
was noted to be increasing, and the spaces between semi-
niferous tubules were extremely visible. Degeneration and
necrosis of spermatogenic and interstitial (Leydig) cells
were also seen. The testicular histology of STZ mice treat-
ed with C. nutans leaf extract at doses of 150, 300 and 500
mg/kg after 4 weeks revealed essentially intact seminif-
erous tubules, as well as a large number of active Leydig
cells, indicating a higher possibility of fertility than diabetic
mice. See Figure 3 (C, D, and E).

DISCUSSION

Injecting STZ intraperitoneally into male mice causes
problems not just with hyperglycemia but also with the
male reproductive system and changes in sexual hor-
mones. In the current investigation, a crude methanol ex-
tract of C. nutans was administered to male hyperglycemic
mice at doses of 150, 300, and 500mg/kg body weight.
Blood glucose levels were dramatically lowered as a result
of the treatment, and sperm quality and antioxidant levels
were also improved. Clinacanthus nutans, according to the
author, improve the testicular structure. Comprehensive
functional studies of C. nutans are expected to pave the
way for its use in metabolic illness treatment. People em-
ploy plant extracts for a variety of ailments because of the
high cost and ineffectiveness of pharmaceuticals.

In terms of body weight, hyperglycemic mice were
given a high dose of 300 and 500 mg/kg body weight of C.
nutans leaf extract did not significantly lose weight when
compared to their initial weight. This is more likely because
the extract prevented fat and protein from breaking down
to produce glucose. Depending on their starting weights,
mice of the same age lost weight in different ways. In
experimental models of hyperglycemia, it’s crucial to keep
an eye on the connection between the course of diabetes

and weight loss in order to prevent excessive weight loss
(>10 percent) and drop-in animal survival (Dekel et al.,
2009). In another trial, a dose of 200mg STZ per kg of
body weight likewise resulted in a 20% weight loss;
however, when the dose was reduced to 150 mg STZ per
kg, the weight loss was stopped, and when it was further
decreased to 100mg/kg, weights grew as expected for
8-week-old ICR mice (Hayashi et al., 2006). The catabolism
of proteins and body fat would have been reduced, which
would have reduced weight loss caused by gluconeogenesis
if the extract had been suppressed. In type 2 diabetes rats,
gluconeogenesis is increased because the body’s cells do
not utilize enough glucose for metabolism (Umar Imam
et al., 2019). For many of the problems related to human
diabetes, the high-fat model is often regarded as the most
accurate (Furman, 2015).

In this study, it was revealed that diabetic mice given a
metabolic extract of C. nutans had decreased fasting blood
glucose levels. The activity of multiple phenolic compounds
found in the extracts and fractions of C. nutans, such as
caffeic acid, gallic acid, p-coumaric acid, chlorogenic
acid, ferulic acid, vanillic acid, protocatechuic acid (Sare-
ga et al., 2016), 6-C-glucosyl-8-arabinosyle apigenin, or
arabinosyl glucosyl apigenin (Abdulwahid-Kurdi, 2019),
could be responsible for blood glucose (Antora & Salleh,
2017). Apart from the aforementioned, flavonoids, sterols,
alkaloids, saponins, tannin, polyphenols, alkaloids, carbo-
hydrates, terpenoids, steroids, coumaric, and ferulic acids
may all have a role in the bioactive antidiabetic activity of
these herbal plants (Abdullah & Kasim, 2017). These anti-
oxidant chemicals found in C. nutans leaf extract (Sarega
et al., 2016) have been shown to repair pancreatic islets
in streptozotocin-induced hyperglycemia mice, enhancing
insulin output (Vessal et al., 2003). Low LH levels and, as
a result, testicular dysfunction is caused by alterations in
Leydig cells and the pituitary-testicular axis caused by high
blood glucose (Arikawe et al., 2012).

This study showed a dose-dependent decrease in
sperm abnormalities in diabetic mice treated with C. nu-
tans leaf extract at doses of 120, 300, and 500 mg/kg/
body weight compared to STZ animals. The spermatozoa
movement parameters were objectively quantified using
computer-assisted semen analysis (CASA). For each indi-
vidual cell, this technology delivers exact, precise, and rel-
evant information. Similarly, the results of this experiment
are comparable to those reported by Oladipupo & Abiodun
(2020), who found a dose-dependent substantial increase
in sperm motility and sperm count after administering var-
ied dosages of Cyperus esculentus aqueous extract of Cy-
perus esculentus alone for 29 days. The epididymis, where
the sperm membrane matures, may alter sperm motility.
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MECN leaves are self-evidently involved in spermatozoa
maturation during transit through the epididymis, and the
quality of the extract is dictated by the dose used. In rats,
inducing hyperglycemia resulted in a substantial reduction
in sperm count, viability, motility, and normal morphology,
according to Roshankhah et al. (2017), which is similar to
the results of our investigation.

The epididymis is where the sperm membrane matures
and, according to Murono et al. (2006), is linked to sperm
motility. As a result, it's apparent that the methanolic ex-
tract of C. nutans leaves will alter spermatozoa maturation
throughout their transit into the epididymis and that the
dose will affect sperm quality. The production of normal
and mature sperm is essential for optimum male fertili-
ty. The anterior pituitary secretes FSH and LH, which are
responsible for the creation of sperm cells (spermatozoa)
and testosterone in the testis (Steinberger, 1971). Ghorba-
ni et al. (2014) found that eating walnuts as part of a dia-
betic diet reduced serum glucose levels and improved sex
hormone secretion in male diabetics. Furthermore, diabe-
tes has been demonstrated to affect the male hypothala-
mus-pituitary axis of the gonad, resulting in a considerable
drop in testosterone (Maneesh et al., 2006). Changes in
androgenic hormones like luteinizing hormone (LH) and
testosterone levels have also been associated with diabe-
tes (Arikawe et al., 2012).

In contrast to the control group, Balamurugan et al.
(2014) found that treatment with an enhanced antioxidant
enzyme activity (SOD, catalase, and glutathione) decreased
aberrant spermatozoa and increased sperm motility and
count with an ethanolic extract of Melastoma malabathricum
(which contains saponin and tannin). According to Ismail &
Radzi (2013), date fruit extracts have been demonstrated to
have antioxidant capabilities against cypermethrin-induced
oxidative stress because they include antioxidants such as
coumaric and ferulic acids, which may result in increased mo-
tility. Spermatogenesis is a complicated process that can be
influenced by a variety of variables that might lead to a re-
duction in male fertility. One reason is oxidative stress, which
is generated by an imbalance between the antioxidant and
oxidant systems and results in the creation of reactive oxygen
species (Ismail & Radzi, 2013).

As indicated by hyperglycemia, mice with
hyperglycemia have considerably lower anti-oxidant
levels than mice treated with C. nutans leaf extracts in
this study. Because of their oxidative stress properties,
reactive oxygen species have pathogenic effects and cause
organ malfunction when the number of oxides exceeds the
number of antioxidants (Sikka et al., 1995). According to
animal research, when reactive oxygen species levels are
high, semen’s antioxidant ability decreases, which might
cause reproductive issues (Sikka et al., 1995). Green tea
may alleviate inflammation in addition to its antioxidant
benefits, prevent DNA breakage, and increase sperm
motility and viability (Sukcharoen et al., 1995). Flavonoids
are well-known antioxidants that can benefit animals with
oxidative stress-induced testicular impairments (Asadi et
al., 2017). It also encourages androgenesis in the testes,
which is required for testicular differentiation, integrity,
and steroidogenic activity (Dafaalla et al., 2016). Ekaluo
et al. (2015) investigated the effects of an aqueous
extract of Cyperus esculentus on sperm parameters and
testosterone levels in male albino rats. The researchers
discovered that the aqueous extract of Cyperus esculentus
has antioxidant and androgenic properties, as well as the
ability to boost sperm quality and testosterone levels. As a
result, they speculated that an aqueous extract of Cyperus
esculentus could be used to boost fertility while lowering
sperm and reproductive toxicity (Ekaluo et al., 2015).
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The STZ-induced diabetic mice’s testis showed frequent
aberrant architectural changes in the seminiferous tubule
lined by spermatogenic cell series, Sertoli cells, and Leydig
cells, which resulted in a reduction in plasma testosterone
levels (Ricci et al., 2009). In comparison to STZ mice,
hyperglycemia mice treated with C. nutans leaf extract at
doses of 300 and 500 mg/kg increased spermatogenesis,
as evidenced by a considerable increase in the number of
spermatids, spermatogonia, spermatocytes, and Sertoli
cells. Furthermore, the increase in blood testosterone
levels following leaf extract of C. nutans treatment can
be attributable to an increase in the number of interstitial
Leydig cells on the one hand and increased LH secretion
on the other. After 4 weeks, a photomicrograph of the
testicular tissue of diabetic mice treated with methanolic
extract at various doses. The majority of seminiferous
tubules have normal structure, and just a few have necrotic
alterations (Figure 3C).

Clinacanthus nutans, according to Abdulwahid-Kurdi
(2019), can be used as a good source of selenium. Fur-
thermore, the role of selenium in rat spermatogenesis ap-
pears to be unique, and it cannot be replaced by vitamin
E or any other antioxidant (Wu et al., 1973). Leaf extracts
of C. nutans at doses of 150, 300, and 500 mg/kg/body
weight were selected following a review of the previous
study as well as to discover the best dose among these
three for hyperglycemia and reproductive difficulties. The
body responses of mice vary depending on the type of ex-
tract, dose, time, and method of administration, as well
as environmental conditions and their effect on the phe-
nolic profile in the leaf (Ekpenyong et al., 2014). Thus, it
is crucial to consider the factors that influence chemical
variability in plant species. Among them are physiologic
changes, environmental factors, regional variances, ge-
netic factors, the quantity of plant material and/or space
needed, and the requirements for manual work (Figueire-
do et al., 2008).

In conclusion, Clinacanthus nutans extract has cer-
tain androgenic effects, including the capacity to pre-
serve sperm against diabetes-related morphological
abnormalities. The leaves of C. nutans have antiox-
idant properties, which could be one of the reasons
for their positive impact on spermatic parameters. It
is reasonable to conclude that C. nutans’s methanolic
leaf extract affects the fertility of male hyperglycemia
mice and that it could be used to correct sperm mor-
phological problems brought on by particular drugs,
like streptozotocin. The medicine may act on the pitu-
itary gland due to increased sperm motility in the cau-
da epididymis, increasing the primary spermatogen-
esis hormone in the treated group. As a result, high
blood sugar levels in male mice may be treated with C.
nutans leaf extract to enhance antioxidants and sperm
quality. Further studies will be published in the near
future.

Availability of Data
The data used in this work are provided to the corre-
sponding author upon justifiable request.

Ethical Approval

The University Putra Malaysia (UPM) Institutional An-
imal Care and Use Committee (IACUC) checked out and
approved all methods and procedures used in this investi-
gation (ACUC Approval No. R083/2016).

ACKNOWLEDGMENTS

The authors express their gratitude to the Theriogenol-
ogy and Cytogenetic lab team at University Putra Malaysia.

JBRA Assist. Reprod. | v.28 | n°3| July-Aug-Sept/ 2024



Original article

I'm also grateful to Dr. Falah Hasan Ali Baiee for their as-
sistance with equipment and guides.

CONFLICT OF INTERESTS

The author hereby states that they have no competing in-
terests.

Correspondent author:

Samiaa Jamil Abdulwahid-Kurdi

General Sciences Department

Faculty of Education

Soran University

Kawa Street, Soran

Erbil Kurdistan Region of Iraq.

E-mail: Samiaa.abdulwahid@gmail.com

ORCID: https:// orcid.org/0000-0002-5012-826X.

REFERENCES

Abdullah N, Kasim KF. In-Vitro Antidiabetic activity of Clin-
acanthus nutans extracts. Int J Pharmacogn Phytochem
Res. 2017;9:846-52. DOI: 10.25258/phyto.v9i6.8189

Abdulwahid-Kurdi SJ. Effects of crude methanolic leaf ex-
tract of Clinacanthus nutans (Burm.F.) lindau on high-fat
diet-induced obese mice [ PhD Thesis]. Serdang: Universi-
ty Putra Malaysia; 2019.

Aebi H. Catalase in vitro. Methods Enzymol. 1984;105:121-
6. PMID: 6727660 DOI: 10.1016/s0076-6879(84)05016-3

Antora RA, Salleh RM. Antihyperglycemic effect of Oci-
mum plants: A short review. Asian Pac J Trop Biomed.
2017;7:755-9. DOI: 10.1016/j.apjtb.2017.07.010

Arikawe AP, Oyerinde A, Olatunji-Bello II, Obika LF. Strep-
tozotocin diabetes and insulin resistance impairment
of spermatogenesis in adult rat testis: central vs. local
mechanism. Niger ] Physiol Sci. 2012;27:171-9. PMID:
23652232

Asadi N, Bahmani M, Kheradmand A, Rafieian-Kopaei M.
The Impact of Oxidative Stress on Testicular Function
and the Role of Antioxidants in Improving it: A Review. J
Clin Diagn Res. 2017;11:IE01-5. PMID: 28658802 DOI:
10.7860/JCDR/2017/23927.9886

Balamurugan K, Nishanthini A, Mohan VR. Antidiabetic and
antihyperlipidaemic activity of ethanol extract of Melas-
toma malabathricum Linn. leaf in alloxan induced diabet-
ic rats. Asian Pac ] Trop Biomed. 2014;4:5442-8. PMID:
25183126 DOI: 10.12980/APJTB.4.2014C122

Benzie IF, Strain J]. Ferric reducing/antioxidant power as-
say: direct measure of total antioxidant activity of biological
fluids and modified version for simultaneous measurement
of total antioxidant power and ascorbic acid concentration.
Methods Enzymol. 1999;299:15-27. PMID: 9916193 DOI:
10.1016/s0076-6879(99)99005-5

Beutler E, Duron O, Kelly BM. Improved method for
the determination of blood glutathione. J Lab Clin Med.
1963;61:882-8. PMID: 13967893

Dafaalla MM, Hassan AW, Idris OF, Abdoun S, Modawe GA,
Kabbashi AS. Effect of ethanol extract of Moringa oleifera
leaves on fertility hormone and sperm quality of male albi-
no rats. World J Pharm Res. 2016;5:1-11.

JBRA Assist. Reprod. | v.28 | n°3| July-Aug-Sept/ 2024

390

Dekel Y, Glucksam Y, Elron-Gross I, Margalit R. Insights
into modeling streptozotocin-induced diabetes in ICR mice.
Lab Anim (NY). 2009;38:55-60. PMID: 19165193 DOI:
10.1038/laban0209-55

Ekaluo UB, Ikpeme EV, Etta SS, Ekpo PB. Effect of aqueous
extract of tiger nut (Cyperus esculentus L.) on sperm param-
eters and testosterone level in male albino rats. Asian J Bio-
technol. 2015;7:39-45. DOI: 10.3923/ajbkr.2015.39.45

Ekpenyong CE, Akpan EE, Daniel NE. Phytochemical con-
stituents, therapeutic applications and toxicological profile
of Cymbopogon citratus Stapf (DC) leaf extract. J Pharma-
cogn Phytochem. 2014;3:133-41.

Figueiredo AC, Barroso ]G, Pedro LG, Scheffer JJC. Fac-
tors affecting secondary metabolite production in plants:
volatile components and essential oils. Flavour Fragr J.
2008;23:213-26. DOI: 10.1002/ffj.1875

Furman BL. Streptozotocin-Induced Diabetic Models in
Mice and Rats. Curr Protoc Pharmacol. 2015;70:5.47.1-20.
PMID: 26331889 DOI: 10.1002/0471141755.ph0547s70

Ghorbani R, Mokhtari T, Khazaei M, Salahshoor MR, Jali-
li C, Bakhtiari M. The effect of walnut on the weight,
blood glucose and sex hormones of diabetic male rats.
Int J Morphol. 2014;32:833-8. DOI: 10.4067/S0717-
95022014000300015

Hayashi K, Kojima R, Ito M. Strain differences in the di-
abetogenic activity of streptozotocin in mice. Biol Pharm
Bull. 2006;29:1110-9. DOI: 10.1248/bpb.29.1110 PMID:
16755002 DOI: 10.1248/bpb.29.1110

Ilacqua A, Izzo G, Emerenziani GP, Baldari C, Aversa A.
Lifestyle and fertility: the influence of stress and quality of
life on male fertility. Reprod Biol Endocrinol. 2018;16:115.
PMID: 30474562 DOI: 10.1186/s12958-018-0436-9

International Diabetic Federation (IDF). Diabetes Atlas 9th
ed. 2019. Available at: https://diabetesatlas.org/atlas/
ninth-edition/

Ismail WIW, Radzi MNFM. Evaluation on the benefits of
date palm (Phoenix dactylifera) to the brain. Alt Integr
Med. 2013;2:1-3. DOI: 10.4172/2327-5162.1000115

Karale P, Dhawale SC, Karale MA. Antiobesity potential
and complex phytochemistry of Momordica charantia Linn.
with promising molecular targets. Indian J Pharm Sci.
2020;82:548-61.

King AJ. The use of animal models in diabetes research.
Br J Pharmacol. 2012;166:877-94. PMID: 22352879 DOI:
10.1111/j.1476-5381.2012.01911.x

Klein A. IVF is Expensive. Here's How to Bring Down
the Cost. New York Times. 2020 Apr 18. Available at:
https://www.nytimes.com/article/ivf-treatment-costs-
guide.html

Kondo Y, Nakatani A, Hayashi K, Ito M. Low molecular
weight chitosan prevents the progression of low dose
streptozotocin-induced slowly progressive diabetes mel-
litus in mice. Biol Pharm Bull. 2000;23:1458-64. PMID:
11145178 DOI: 10.1248/bpb.23.1458


mailto:Samiaa.abdulwahid@gmail.com

Lenzen S. The mechanisms of alloxan- and streptozoto-
cin-induced diabetes. Diabetologia. 2008;51:216-26.
PMID: 18087688 DOI: 10.1007/s00125-007-0886-7

Maneesh M, Jayalakshmi H, Singh TA, Chakrabarti A. Im-
paired hypothalamic-pituitary-gonadal axis function in men
with diabetes mellitus. Indian J Clin Biochem. 2006;21:165-
8. PMID: 23105591 DOI: 10.1007/BF02913088

Murono EP, Derk RC, Akgul Y. In vivo exposure of young
adult male rats to methoxychlor reduces serum testoster-
one levels and ex vivo Leydig cell testosterone formation
and cholesterol side-chain cleavage activity. Reprod Tox-
icol. 2006;21:148-53. PMID: 16226009 DOI: 10.1016/j.
reprotox.2005.08.005

Nak-ung S, Nakprom N, Maneengam C, Nudmamud-Tha-
noi S, Thanoi S. Changes in sperm quality and testicular
structure in a rat model of type 1 diabetes. Asian Biomed.
2018;12:141-7. DOI: 10.1515/abm-2019-0014

Nantia EA, Moundipa PF, Monsees TK, Carreau S. Medic-
inal plants as potential male anti-infertility agents: a re-
view. Basic Clin Androl. 2009;19:148-58. DOI: 10.1007/
$12610-009-0030-2

Ngaha Njila MI, Massoma Lembé D, Koloko BL, Yong
Meng G, Ebrahimi M, Awad EA, Hasan Baiee F, Kenmogne
H, Hambe M, Mandengué SH. Sperm parameters quality
and reproductive effects of methanolic extract of Alcho-
rnea cordifolia leaves on senescent male rats. Androlo-
gia. 2019;51:e13359. PMID: 31353623 DOI: 10.1111/
and.13359

Oladipupo AA, Abiodun OV. The effect of aqueous extract
of tiger nut on body weight changes, gonadosomatic in-
dex and spectrogram of cyclophosphamide treated rats.
J Anim Sci Vet Med. 2020;5:123-8. DOI: 10.31248/
JASVM2020.215

Reed-Maldonado AB, Madden KC. Infertility and the Military
Male. Semin Reprod Med. 2019;37:5-11. PMID: 31419810
DOI: 10.1055/s-0039-1694027

Ricci G, Catizone A, Esposito R, Pisanti FA, Vietri MT, Galdieri
M. Diabetic rat testes: morphological and functional alter-
ations. Andrologia. 2009;41:361-8. PMID: 19891634 DOI:
10.1111/§.1439-0272.2009.00937.x

Roshankhah SH, Salahshoor MR, Aryanfar S. Jalili F,
Sohrabil M, Jalili C. Effects of curcumin on sperm param-
eters abnormalities induced by morphine in the rat. J Med
Biomed Sci. 2017;6:1-10. DOI: 10.4314/jmbs.v6i2.1

Sarega N, Imam MU, Ooi D], Chan KW, Md Esa N, Zawawi
N, Ismail M. Phenolic Rich Extract from Clinacanthus nutans
Attenuates Hyperlipidemia-Associated Oxidative Stress in
Rats. Oxid Med Cell Longev. 2016;2016:4137908. PMID:
26881026 DOI: 10.1155/2016/4137908

Sasaki H, Matsui Y. Epigenetic events in mammalian germ-
cell development: reprogramming and beyond. Nat Rev
Genet. 2008;9:129-40. PMID: 18197165 DOI: 10.1038/
nrg2295

Sasidharan S, Chen Y, Saravanan D, Sundram KM, Yoga
Latha L. Extraction, isolation and characterization of bioac-
tive compounds from plants’ extracts. Afr J Tradit Comple-
ment Altern Med. 2011;8:1-10. PMID: 22238476

Clinacanthus nutans (Burm. F.) Leaf Extract - Abdulwahid-Kurdi, SJ. 391

Sikka SC, Rajasekaran M, Hellstrom WJ. Role of oxida-
tive stress and antioxidants in male infertility. J Androl.
1995;16:464-8. PMID: 8867595 DOI: 10.1002/j.1939-
4640.1995.tb00566.x

Skovsg S. Modeling type 2 diabetes in rats using high fat
diet and streptozotocin. J Diabetes Investig. 2014;5:349-
58. PMID: 25411593 DOI: 10.1111/jdi.12235

Srinivasan K, Ramarao P. Animal models in type 2 diabetes
research: an overview. Indian J Med Res. 2007;125:451-
72. PMID: 17496368

Steinberger E. Hormonal control of mammalian spermato-
genesis. Physiol Rev. 1971;5:1-22. PMID: 4926414 DOI:
10.1152/physrev.1971.51.1.1

Sukcharoen N, Keith J, Irvine DS, Aitken RJ. Predicting the
fertilizing potential of human sperm suspensions in vitro:
importance of sperm morphology and leukocyte contam-
ination. Fertil Steril. 1995;63:1293-300. PMID: 7538475
DOI: 10.1016/S0015-0282(16)57614-6

Sun Y, Oberley LW, Li Y. A simple method for clinical assay
of superoxide dismutase. Clin Chem. 1988;34:497-500.
DOI: 10.1093/clinchem/34.3.497

Szamatowicz M, Szamatowicz J. Proven and unproven
methods for diagnosis and treatment of infertility. Adv Med
Sci. 2020;65:93-6. PMID: 31923772 DOI: 10.1016/j.ad-
vms.2019.12.008

Temple NJ. Antioxidants and disease: more questions
than answers. Nutr Res. 2000;20:449-59. DOI: 10.1016/
S0271-5317(00)00138-X

Ugochukwu NH, Cobourne MK. Modification of renal oxida-
tive stress and lipid peroxidation in streptozotocin-induced
diabetic rats treated with extracts from Gongronema lat-
ifolium leaves. Clin Chim Acta. 2003;336:73-81. PMID:
14500037 DOI: 10.1016/S0009-8981(03)00325-5

Umar Imam M, Ismail M, George A, Chinnappan SM, Yusof
A. Aqueous leaf extract of Clinacanthus nutans improved
metabolic indices and sorbitol-related complications in type
II diabetic rats (T2D). Food Sci Nutr. 2019;7:1482-93. DOI:
10.1002/fsn3.988 PMID: 31024722 DOI: 10.1002/fsn3.988

Vessal M, Hemmati M, Vasei M. Antidiabetic effects of quer-
cetin in streptozocin-induced diabetic rats. Comp Biochem
Physiol C Toxicol Pharmacol. 2003;135C:357-64. PMID:
12927910 DOI: 10.1016/S1532-0456(03)00140-6

Wang CY, Liao JK. A mouse model of diet-induced obesity
and insulin resistance. Methods Mol Biol. 2012;821:421-33.
PMID: 22125082 DOI: 10.1007/978-1-61779-430-8_27

World Health Organization (WHO). One in 6 people globally
affected by infertility. Geneva: WHO; 2023. Available at:
https://www.who.int/news/item/04-04-2023-1-in-6-peo-
ple-globally-affected-by-infertility

Wu SH, Oldfield JE, Whanger PD, Weswig PH. Effect of se-
lenium, vitamin E, and antioxidants on testicular function
in rats. Biol Reprod. 1973;8:625-9. PMID: 4736545 DOI:
10.1093/biolreprod/8.5.625

Zemjanis R, ed. Diagnostic and therapeutic techniques in animal
reproduction. 2nd ed. Philadelphia: Williams & Wilkins; 1970.

JBRA Assist. Reprod. | v.28 | n°3| July-Aug-Sept/ 2024



	_Hlk139551139
	_Hlk139546861
	_Hlk139546943
	_Hlk139551490
	_Hlk139547674
	_Hlk139547890
	_Hlk139547932
	_Hlk139546728
	_Hlk139549594
	_Hlk139631400
	_Hlk139632403
	_Hlk139632731
	_Hlk139633971
	_Hlk139634151

