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ABSTRACT: Overproduction of reactive oxygen species (ROS) will promote oxidative damage and can induce
reproductive disorder. A therapeutic strategy to reduce effects of reproductive disorder is by maintaining the balance
between ROS and antioxidants. Black soybean (BSB) contains phenolic compounds and has a greater antioxidant
capacity than yellow soybean. Purple sweet potato (PSP) also has antioxidant capacity, due to the presence of
anthocyanin, but is low in protein. The combination of BSB and PSP is expected to limit symptoms of reproductive
disorder through decreasing ROS levels, enhancing testosterone production, and improve sperm quality. The results
of this study indicate that the combination of PSP and BSB could restore blood glucose levels, improve seminiferous
tubules diameter, decrease ROS production, and improve testosterone and sperm quality. A ratio of BSB to PSP of 2:2
and 3:1 were effective to improve symptoms of reproductive disorder in the type 2 diabetes mellitus (T2DM) rat model.
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INTRODUCTION

The number of people suffering from diabetes mel-
litus (DM) in the world is expected to increase each
year with an estimated 642 million patients by 2040.
Indonesia has the sixth highest number of DM cases
in the world, with 16.2 million people expected to
suffer from DM by 2040!. The number of people
suffering from DM is predicted to increase by 50%
in the next 20 years, causing as significant global
economic challenge for the health service systems
world-wide?.

DM is included in the group of metabolic dis-
eases that are closely related to hyperglycaemia.
Defects in insulin secretion, insulin action, or both
in this disorder can result in the development of
chronic low-grade inflammation®. Type 2 DM
(T2DM) dominates all DM cases in the world ac-
counting for 90-95% of cases*. Approximately 90%
of male DM patients have sexual dysfunction such
as decreased libido, impotence, decreased testicular
weight, reduced number, motility, and viability of

sperm, and increased incidence of sperm abnormal-
ities®. In addition, infertility has been reported in
around 35% of T2DM®.

Free radicals, especially reactive oxygen species
(ROS), are products of normal metabolism in mi-
tochondria’. In hyperglycaemia conditions, the
production of ROS will increase. In contrast, the
production of antioxidant content will decrease un-
der this condition®. The increasing production of
ROS will increase oxidative stress and tissue damage
and has the potential to decrease the sperm quality
and function®. Spermatozoa are very vulnerable
to damage caused from oxidative stress due to the
high content of polyunsaturated fatty acids (PUFA)
in their plasma membrane and low antioxidant
enzyme activity in the cytoplasm®. The negative
impacts of ROS on the sperm quality have been
well established ! suggesting that balancing ele-
vated ROS levels in hyperglycaemia conditions by
the addition of the antioxidants may have beneficial
effects.
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Purple sweet potato (PSP) is an agricultural
product that is rich in carbohydrate, fibre, and
minerals!!. In addition, PSP has a high content of
anthocyanin that can function as a strong scavenger
of free radicals '2. Sweet potato has also been found
to exhibit an anti-hyperglycaemic effect in diabetic
animal models!®. Kawi sweet potato is a local
variety planted in the Kawi Mountains, Malang and
contains 100-220 mg/100 g anthocyanin 4. Recent
evidence suggests that sweet potato consumption
may improve sperm quality in male rats'>. How-
ever, beneficial effects of sweet potato on DM has
not been examined. While sweet potato is a source
of complex carbohydrates, it is low in protein and its
use would require combination with a high protein
food such as black soybean (BSB).

BSB is extensively used in China as a dietary
protein source and is thought to prevent many kinds
of diseases due to the large content of antioxidants
both in the hull and full seed'¢. Unfortunately, in
Indonesia the black soybean is typically only used
as a raw material for soy sauce. The high content
of phenolic compounds in BSB is thought to provide
the improved antioxidant capacity compared to that
seen in yellow soybean ”. One of the major phenolic
compounds present in BSB is anthocyanin cyanidin-
3-0-p-glucoside (C3G) which can reduce free radi-
cals'®,

Our previous analysis indicated that the pro-
cessing by-product of BSB could restore the quality
of spermatozoa in mice fed a high-fat diet'°. How-
ever, the beneficial effect on the male reproduction
system from a combination of sweet potato and high
antioxidant-BSB has not been examined in detailed.
The antioxidant content in PSP and BSB is expected
and can work together to decrease the accumulation
of free radicals, improving the quality and function
of spermatozoa in the T2DM rat model.

MATERIALS AND METHODS
Reagents

The chemical materials used included strepto-
zotocin (41910012-3: Bioworld), glibenclamide
(Indofarma, Bekasi, Indonesia), c-ROS polyclonal
antibody (bs-2504R: BIOSS), testosterone (E-EL-
0072: Elabscience), goat anti-Rat IgG-FITC (sc-
2011: Santa Cruz).

Preparation of BSB and PSP

PSPs were obtained from a plantation of purple
sweet potato in the Kawi Mountain, Malang Re-
gency. The BSB var. Detam-1 was purchased from
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BALITKABI, Malang Regency. The production of
the flour of PSP and BSB was conducted in Materia
Medika Hall, Batu City. PSPs that had been washed
were cut into small and thin pieces and then dried.
After drying they were ground into flour. The BSBs
were washed, dried, and ground into flour.

Animals

Four week-old male rats (Rattus novergicus), of the
Wistar strain, with a weight between 50 and 75 g
were obtained from Malang Murine Farm, Singosari,
Malang Regency. The rats were caged individually
and maintained with 12 h of light/dark cycle at a
temperature of 25+ 2°C. The rats were adapted for
one week prior to the experimental trial. Feed and
drink were given ad libitum. After seven days of
adaptation, rats were randomly divided into eight
groups. All procedures for maintaining and treating
rats followed the procedures from the Research
Ethics Commission of Brawijaya University, Malang,
registration number 878-KEP-UB.

Experimental design

The T2DM rat model was generated by giving a
high calorie-feed and streptozotocin (STZ) injec-
tions. The T2DM groups were fed 74% carbohy-
drate, 6% fat, 20% protein, vitamins, minerals and
1% fibre for diet (PT Phokphand, Indonesia). The
normal group was fed 63% carbohydrate, 3% fat,
13% protein, 21% vitamin and mineral for diet
(PT Comfeed, Indonesia)?®. STZ injections were
done intraperitoneally to fasting rats using a low
dose (30 mg/kg body weight (BW) diluted in citrate
buffer, pH 4.5) for four consecutive days in one
week?!. Rats with a blood glucose level of greater
or equal to 200 mg/dl after seven days of STZ
injection were categorized as DM and divided in the
treatment groups. Rats were randomly divided into
eight groups (n = 5) as follows: healthy/normal
rats (N), T2DM rats without treatment (DM), T2DM
rats given 0.6 mg/kg BW glibenclamide (DM + GIb),
DMT 2 rats given black soybean diet (DM + BSB),
T2DM rats given diet purple sweet potato (DM +
PSP), T2DM rats given the diet of combination of
black soybean and purple sweet potato with the
ratio of 1:3, 2:2, and 3:1, respectively (DM + C1-
3). The dose of 0.6 mg/kg BW glibenclamide was
chosen based on the previous reports?2. The diet
of BSB and PSP was given for 30 days (30 g/day
for each rat). At the end of treatment, the rats
were fasted overnight and sacrificed by anaesthesia
following dislocation.
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Sperm count and motility assessment

Cauda epididymis of rats was taken and put into a
Petri dish containing 1 ml of NaCl 0.9% solution,
then minced using a scalpel. The sperm count was
carried out using a Neubauer (height of 1/10 mm,
Assistant, Germany) haemacytometer. The sperm
count was performed manually using a light micro-
scope (Olympus, Japan) following WHO standards
(2010). The result of sperm count was reported as
the number of counted sperm/ml. The motility was
observed using a spermatozoa suspension dropped
once onto the object glass and then examined under
a microscope with 100 x magnification. The motil-
ity was determined by calculating the number of
spermatozoa that either moved or did not move at
all per 100 spermatozoa in ten visual fields?®. The
motility of spermatozoa was shown as the percent-
age of motile sperms relative to the total counted
sperms.

Sperm viability and abnormality

The ratio of live and died sperm was determined
using 1% eosin and 10% nigrosin. One hundred
sperms were counted on each slide, and the results
of calculation were reported as the percentage of
live sperms. Red coloured-sperms were categorized
as dead sperms, while the uncolored sperms were
categorized as alive. Abnormality at the head,
centre part, and tail of the sperms were determined
through observation of 100 sperms per rat in five
different slides. The morphology of sperm was
examined using a light microscope (Olympus, CX23,
Tokyo) with 400 x magnification. The abnormality
data are the number of abnormal sperms compared
to the total counted sperms.

Histological examination

Testicle were taken, weighed, washed with a
buffer solution, and stored in 10% formalin. A
preparation made to examine the testicle us-
ing the IHC-Fluorescence technique for examina-
tion ROS production was performed using c-ROS
(Bioss) as a primary antibody following with goat
anti-Rat IgG-FITC (sc-2011: Santa Cruz) as a
secondary antibody. The preparation was ob-
served using a fluorescence microscope (Olympus
IX81) connected to Software Olympus Flouview
with 400 x magnification with the ROS production
counted based on intensity/mm? in the testicle.
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Hormone measurement

Blood was taken from the heart and then left for
30 min then centrifuged at 1500xg for 15 min to
isolate the serum. The blood serum was stored
at —20°C until used. The testosterone content
was measured using the ELISA technique, and its
absorbance was measured at 450 nm following the
protocol provided with the assay kit (E-EL-0072:
Elabscience).

Statistical analysis

Data were analysed using one-way ANOVA with
EXCEL. If significance (p < 0.05) was observed, the
data was examined using Duncan’s multiple range
test (DMRT). The data are presented as mean = SD.

RESULTS

Combination of PSP and BSB normalizes the
glucose level in the T2DM rat model

The results of our analysis indicate a difference
in glucose content between the T2DM rat model
compared to the control (p < 0.05) (Table 1). The
T2DM rat model exhibited an increase in glucose
content, while the treatment of PSEB BSB, and the
combination of both could decrease the glucose
levels (Table 1). Interestingly, treatment with PSP
in the T2DM rat model produced lowered testicle
weight and epididymis compared to the other treat-
ment groups. Testosterone content significantly
increased after treatment using BSB as well as with
the combination containing a high ratio of BSB to
PSP (Table 1).

Combination of PSP and BSB restores the
seminiferous tubules diameter and suppresses
the ROS expression in tubules seminiferous of
testicle of T2DM rat model

Our results indicate that there is a difference in the
diameter of the seminiferous tubules and ROS inten-
sity in seminiferous tubules in testicles of T2DM rat
model compared to the control (p < 0.05) (Fig. 1a—
b). The T2DM rat model underwent a decrease in
seminiferous tubules diameter (Fig. 1¢) and an in-
crease in ROS (Fig. 1d), while the treatment of PSP
and BSB could restore the diameter of the seminifer-
ous tubules and decrease the ROS production. The
combination of BSB and PSP (1:3) could suppress
the production of ROS in the testicle, although the
effect was not different from the normal rat group
(Fig. 1d). Glibenclamide treatment (0.6 mg/kg)
given to T2DM rats did not alter production of ROS
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Table 1 Contents of blood glucose, weight of testicle, weight of epididymis, and testosterone level of T2DM rats
with/without treatment using the BSB and PSP

Initial glucose Final glucose Testicle Epididymis Testosterone
(mg/dl) (mg/dl) (2 €3] (pg/dD)

N 72+4.6° 82+2.5° 10.53+1.55% 2.07+0.12¢ 1.50+0.28"
DM 360+ 86.1° 370+58.4° 8.17+0.72° 1.73+0.58° 0.31+0.06°
DM + GIb 388£66.5" 98+21.1° 8.65+1.44b4 1.78+0.03¢ 1.5540.21°
DM + BSB 323+£32.7° 90+16.6° 9.75+1.86"4 1.55+0.28% 3.47+0.01°
DM + PSP 329+ 44.6° 89+4.42 5.25+0.792 1.024£0.14% 1.384+0.40°
DM + C1 336+114.5° 84+2.5° 8.40+1.23% 1.13+0.13% 1.36+£0.39"
DM + C2 2874103.5° 9243.12 10.50£0.15% 1.72+0.35¢ 4.5240.43¢
DM + C3 3344125.0° 94+3.0° 10.93+1.034 1.8840.21¢ 3.48+0.01¢

Different notation shows that there is a significant difference (p < 0.05) based on the DMRT.
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Fig. 1 The treatment using only BSB and the combination of BSB and PSP could suppress the production of ROS
in the testicle. (a) cross-section of testicle with HE staining at 400 x magnification. (b) cross-section of testicle with
IHC-Fluorescence staining at 400 x magnification. (c) seminiferous tubules diameter represented as the mean =+ SD,
and (d) ROS intensity in the testicle represented as the mean+ SD. The different notation showed that there was a
significant difference (p < 0.05) based on of DMRT.

compared to treatment with BSB and PSP (3:1) Combination of PSP and BSB improves the
(Fig. 1d). sperm quality of T2DM rat model

A significant difference in concentration, motility,
abnormality, and viability of spermatozoa of T2DM
model-rats was observed compared to the control
animals (Fig. 2a-d). The T2DM Rat model exhib-
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Fig. 2 Treatment using only BSB or the combination of BSB and PSP could repair the sperm quality. (a) the sperm
concentration, (b) sperm motility, (c) sperm abnormality, and (d) sperm viability. The data were represented as the
mean + SD. The different notation indicated that there was a significant difference (p < 0.05) based on DMRT.

ited a decrease in concentration, motility, and viabil-
ity of spermatozoa. Interestingly, the sweet potato
diet did not generate a significant difference in
terms of concentration and viability of spermatozoa
compared to the T2DM group. The abnormality of
spermatozoa significantly increased with treatment
of PSP only. The combination of PSP at the higher
ratio than that of BSB also did not produce any
effect that showed significant difference compared
to T2DM group only. However, when BSB was
given at the same ratio (2:2) or in excess (3:1)
compared to the PSB significant repair in terms of
concentration, motility, abnormality, and viability of
spermatozoa was observed in T2DM rats (Fig. 2).

DISCUSSION

Hyperglycaemia causes oxidative stress due to the
overproduction of ROS?*. The overproduction of
ROS increases the permeability of mitochondria
membrane, disrupts the respiration system, and

impairs production of ATP. In addition, loss of
mitochondrial function decreases axonemal protein
phosphorylation which can influence the sperm
quality®>. Most organisms contain a system to
detoxify the overproduction of ROS?®. However,
addition of an exogenous antioxidant is needed to
help neutralize ROS in some disease states®’. The
use of an antioxidant to reduce ROS may prevent the
development of T2DM. Natural materials that are
rich sources of antioxidants are BSB'® and PSP25.
However, the health benefits of the combination of
BSB and PSP to the function of male reproduction
has not been examined.

The results presented here demonstrate that
treatment using PSB BSB, and the combination of
both could normalize blood glucose levels in the
DM group. BSB has strong antioxidant activity in
all parts of its seed'®. Phytoestrogen diets using
soybean could increase the sensitivity of insulin
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by modulating glucose metabolic enzymes through
AMPK activation?’. In addition, the hull of BSB seed
is rich in anthocyanin (cyanidin 3-glucoside; C3G)
and procyanidin that may reduce the hypergly-
caemia condition found in T2DM rat model through
up-regulation of GLUT4 in muscle tissue and down-
regulation of gluconeogenesis in liver3%3!. PSP can
restore glucose metabolism and [ cells of the pan-
creas of rats induced with alloxan>2. The disorder of
insulin sensitivity will cause impact spermatogene-
sis since insulin also exhibits metabolic cooperation
with testicular cells 3. Preventing insulin sensitivity
is significant for the support of normal spermatoge-
nesis>*.

We observed a significant increase of ROS pro-
duction in the DM-rat model (Fig. 2b). Treatment
of BSB and PSP individually or in combination
could reduce ROS production in the testicle. Antho-
cyanin of the BSB suppresses the production of mal-
ondialdehyde (MDA) aiding superoxide dismutase
(SOD) and catalase as the antioxidant enzymes of
the DM-rat model®®. Previous reports have shown
anthocyanin of PSP reduces accumulation of free
radicals and ROS content in the hypothalamus of
rats given high-fat diet®®. Our analysis demon-
strated that the ROS intensity decreased to levels
similar to the normal group when BSB and PSP were
given simultaneously. This effect may be due to the
phytochemicals contained in both materials working
in synergy to detoxify free radicals and ROS.

Our results also demonstrated that the sperm
quality in the DM-rat model was decreased com-
pared to healthy rats. Treatment using only BSB
or the combination with PSP could restore sperm
quality. The decreased quality of sperms in the
DM rat group appeared to be caused by increased
in ROS production. This stimulation of oxidative
stress may influence the apoptosis of progenitor cells
reducing sperm quality during spermatogenesis'C.
Based on the results presented here, the decrease in
the content of ROS was followed by the repair of the
sperm quality. The high content of antioxidants in
BSB and PSP is proposed to protect the sperms from
the attack of free radicals, increasing sperm quality.
In addition, giving antioxidants could protect sper-
matozoa DNA from free radicals and enhance the
stability of testicle barrier®”.

Soybean is a rich source of amino acids that
functions to provide energy for sperm cells, re-
cover and improve the spermatozoa density, and
protect the spermatozoa from lipid peroxidation3®.
Daidzein compound from BSB is thought to mod-
ulate the expression of steroidogenic compounds
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to improve the synthesis of testosterone®’. Mean-

while, the PSP contains caffeic acid that can stim-
ulate the synthesis of testosterone!®. Testosterone
can stimulate and regulate the process of spermato-
genesis and sperm maturation. However, the treat-
ment using only PSP could not restore the quality
of spermatozoa. Recent evidence indicates that
there was no change in sperm parameters from the
rats treated using sweet potato*®, Based on these
results, the sperm quality would improve only when
the PSP and BSB were given. The mechanism of
action of PSP on sperm quality of DM rats remains
unclear and further research should be conducted to
better understand the role of PSP on the fertility of
DM individuals.
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