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Abstract Hyperglycemia can lead to increased free radicals formation that can
potentially cause oxidative stress as a trigger for male reproductive organ
damage, damaging the histological structure of seminiferous tubules as a
place for sperm cell formation. Flavonoids in breadfruit (Artocarpus altilis)
are known to be able to counteract free radicals caused by diabetes. The
research was conducted to observe the effect of breadfruit leaf extract on the
histological features of seminiferous tubules in diabetic Wistar rats. This true-
experimental research with post-test-only control group design and
purposive sampling technique to obtain 30 Wistar white male rats 8-12 weeks
old weighing 150-200 g were grouped into 5 groups. The negative control
group was fed standard food; the positive control was induced with STZ, and
treatments 1, 2, and 3 were given the extract at doses of 200 mg/kgBW, 400
mg/kgBW, and 800 mg/kgBW consecutively for 30 days. Assessment of
spermatogenesis in the histology of seminiferous tubule using Johnsen score
criteria. Data were analyzed by the Kruskal-Wallis and the Mann-Whitney U
posthoc test, which revealed significance with a p-value of <0.001 (<0.05). This
study showed that breadfruit leaf extract can improve the histology of
seminiferous tubules. Despite not being as good as the histology of
seminiferous tubules under normal conditions, it has a therapeutic effect.
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INTRODUCTION

The international diabetes federation estimated that diabetes cases worldwide in 2019 were
463 million people, with 9% of prevalence in women and 9.65% of prevalence in men. This number
has been projected to reach 578 million in 2030 and 700 million in 2045. More than that, the
occurrence of diabetes is higher in men than in women!. Hyperglycemia in diabetes causes high
production of free radicals that can lead to oxidative stress?. Cellular damage from oxidative stress
can trigger various complications, such as cardiovascular disorder, kidney failure, diabetic
retinopathy, diabetic ulcers, hyperosmolar coma, and even reproductive disorders?+*. Recent studies
have discovered that diabetes can affect sperm development and androgen production, which leads

Published by Institut Agama Islam Sunan Giri (INSURI) Ponorogo; Indonesia
Accredited Sinta 6


https://ejournal.insuriponorogo.ac.id/
https://doi.org/10.37680/almikraj.v5i01.6436
https://doi.org/10.37680/almikraj.v5i01.6436
https://creativecommons.org/licenses/by-sa/4.0/

Al Mikraj — Jurnal Studi Islam dan Humaniora

to male infertility!. Low insulin levels cause reproductive disorders in men with diabetes by the
decreased reproductive hormone secretion that plays a vital role in spermatogenesis and may
interfere with spermatogenesis®®. Besides that, disruption in spermatogenesis could also be affected
by the alteration in the histological structure of seminiferous tubules’.

The effect of diabetes on male fertility and testicular function has not been much explored?.
Impaired testicular function due to diabetes condition can impede spermatogenesis, which leads to
a decline in sperm quality as well as declining semen volume, sperm count, motility, and
morphology abnormality®. Folk medicine is often used as a substitute for synthetic drugs to cure
various diseases with minimal side effects’®. Research proves one of them is the breadfruit leaf
(Artocarpus altilis), which has anti-diabetic properties!. This is due to essential metabolites, such as
flavonoids, tannins, saponins, and phenols'?. Previous studies revealed that ethanol leaf extract of
breadfruit at a dose of 400 mg/kg BW has been shown to have an anti-diabetic effect for lowering
blood glucose up to 77.07% and also given the improvement of pancreatic islets of Langerhans in
hypercholesterolemia-diabetic rats!!3.

The streptozotocin-induced diabetic rat model is one of the most commonly used to study
the effect of diabetes on fertility. Testicular dysfunction was observed under the condition of the
experimentally diabetes-induced animal prototype!. The administration of breadfruit leaf extract has
been shown to have a repairing activity against diabetogenic agent-induced pancreas damage.
However, there have been limited studies on the effect of breadfruit leaf extract on the histological
features of seminiferous tubules. This study aimed to find out the effective dose to give the repairing

effect on histological features of seminiferous tubules in STZ-induced diabetic Wistar rats.

METHOD

The research was a post-test-only control group designed and conducted in the Department
of Pharmacology and Therapy Laboratory, Faculty of Medicine, Universitas Padjadjaran. The ethical
clearance was obtained from the Universitas Pembangunan Nasional “Veteran” Jakarta ethics
committee under ethic number 402/X1/2023/KEP.

A total of 30 healthy adult male Wistar rats, weighing between 150 g and 200 g, were housed
under standard environment conditions of temperature and humidity, and 12-hour light and dark
cycles were used in this study. The animals were fed with a regular diet and water ad libitum. Rats

were randomly divided into five groups with six rats in each group, such as negative control group
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(K1), positive control group (K2), treatment 1 group (K3), treatment 2 group (K4), and treatment 3
group (K5).

The leaves used in this experiment are the old dark green-colored leaves purchased from the
traditional medicine market in Bandung. The leaves were cleaned from dirt, then chopped into
pieces, and dried in the open air with no direct sunlight exposure. The dry leaves were then blended
and sieved. The maceration process is used to make breadfruit leaf extract. The simplicia was soaked
in 70% ethanol for three days and filtered with filter paper. The filtrate was concentrated in a vacuum
rotary evaporator and evaporated in a water bath at 60°C, forming a thick extract used in this
experiment.

A total of 30 male Wistar rats adapted for seven days before 30 days of treatment. Fasting
blood glucose levels were measured after overnight fasting following the acclimatization. Excluding
the negative control group, diabetes induction was performed in four groups by giving them a single
STZ intraperitoneal injection at a dose of 40 mg/kg BW using a sterile needle and syringe. Fasting
blood glucose levels were measured again 72 hours after injection from the lateral vein in the tail.
Animals with fasting blood glucose levels >200 mg/dl were considered diabetic and were included
in this study. All groups were given the breadfruit leaf extract on the third day after STZ injection
at a dose of 200 mg/kg BW (K3), 400 mg/kg BW (K4), and 800 mg/kg BW (K5). All rats were sacrificed
on day 31. The testicular samples were dissected and fixed in 10% buffer-neutral formalin for
histological examinations.

The fixed tissues were processed with paraffin embedding, and sections were cut to a 5-7 um
thickness. The sections were given to the hematoxylin-eosin staining to assess the testicular
histological features. The examination was conducted under the trinocular microscope at 400x
magnification in five fields of view. The veterinarian expert read the preparations to determine the
score of spermatogenesis. Assessment of spermatogenesis according to the Johnsen score criteria of

1-10°.

Table 1. Johnsen Score Assessment Criteria

Score Criteria
10 Complete spermatogenesis with many spermatozoa, normal germinal
epithelium, and open lumen of tubules
9 Incomplete spermatogenesis with many spermatozoa, damaged
germinal epithelium, and blocked lumen of tubules
8 Some spermatozoa (<5-10)
7 No spermatozoa but many spermatids
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Score Criteria
6 No spermatozoa but some spermatids (<5-10)
5 No spermatozoa and spermatids but many spermatocytes
4 Some spermatocytes (<5), no spermatids or spermatozoa
3 Only spermatogonial cells
2 No spermatogonial cells but there are Sertoli cells
1 No spermatogonial cells or Sertoli cells

The descriptive data were the average of the Johnsen score of five different microscopic
visual fields. The data obtained were then tested for normality using the Saphiro-Wilk test, and the
significance of the data was tested by the non-parametric Kruskal-Wallis test, which was continued
with the post hoc Mann-Whitney U test to analyze the differences between groups. The degree of

significance is if p<0.05 with a confidence interval of 95%.

RESULTS AND DISCUSSION

All groups were acclimatized for 7 days. Rats were starved for 12 hours, and then STZ
injection was given according to the dose except for the negative control group. About 72 hours after
STZ administration, the blood glucose levels of all samples measured >200 mg/dl, indicating that the
samples had undergone diabetes. The negative control group had the highest average
spermatogenesis score compared to other groups, with a value of 8.6. On the other hand, the positive
control group had the lowest mean spermatogenesis score compared to other groups, with a value
of 6.96.

The figure shows this study's lowest to highest spermatogenesis score. Figure A is the
seminiferous tubules of a positive control group that was only injected with STZ. The group had the
poorest features of spermatogenesis due to oxidative stress caused by diabetes. Figures B and D
showed a picture of the seminiferous tubules of the group that received breadfruit leaf extract at a
dose of 200 mg/kg BW, while Figure C is from the group that received breadfruit leaf extract at 800
mg/kg BW. Figures E and F showed a picture of seminiferous tubules with the best score from the

group that got a dose of breadfruit leaf extract 400 mg/kg BW.

Figure 1. Examination of the histological features of seminiferous tubules with
hematoxylin-eosin staining and assessed at a magnification of 400x using the Johnsen score
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criteria. Score 5 (A), Score 6 (B), Score 7 (C), Score 8 (D), Score 9 (E), Score 10 (F), Sertoli cells
(marked by yellow arrow), spermatogonia (marked by red arrow), spermatocytes (marked by blue
arrow), spermatids (marked by green arrow), and spermatozoa (marked by black arrow).

The normality test used in this study is the Saphiro-Wilk test because the sample size was no
more than fifty. The data is normally distributed if the p-value is >0.05. The control and treatment
groups have normally distributed data (p>0.05) except for the treatment group 1 (K3) because it has
0.046 of value (p<0.05). The homogeneity test results produced a significance value of 0.147, and it
can be concluded that the data is homogenous. Furthermore, the non-parametric test was carried

out with Kruskal-Wallis because the data was not normally distributed and homogenous.

Table 2. Outcomes of the Kruskal-Wallis Test

Groups Mean + SD P-value
K1 8.6+0.28 <0.001 *
K2 6.96 + 0.38
K3 7.48 +0.18
K4 7.96 +0.17
K5 7.04 +0.46
* Significant (p<0.05)

The data is stated to have a significant difference if the p-value <0.05. The test revealed a p-
value of <0.05, indicating significant differences between the five groups. After that, it is necessary

to conduct the post hoc test to compare the differences between groups.

Table 3. Outcomes from the Posthoc Test

Groups K2 K3 K4 K5
K1 0.008 * 0.007 * 0.010 * 0.008 *
K2 - 0.025* 0.009 * 0.752 %
K3 - 0.008 * 0.104 *
K4 - 0.008 *
* Significant (p<0.05)

Table 3 shows the result of the post hoc Mann-Whitney U test. There were significant
differences (p<0.05) between the negative control group (K1) and positive control group (K2),
treatment group 1 (K3), treatment group 2 (K4), and treatment group 3 (K5). There were also
significant differences (p<0.05) between the positive control group (K2) and treatment group 1 (K3)
and treatment group 2 (K4), between treatment group 1 (K3) and treatment group 2 (K4), and
between treatment group 2 (K4) and treatment group 3 (K5). Meanwhile, there was no significant
difference (p>0.05) between the positive control group (K2) and treatment group 3 (K5) and between
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treatment group 1 (K3) and treatment group 3 (K5).

This study showed that the microscopic image score of the seminiferous tubules of the
positive control group was lower than the other groups. Based on the score, the average value of the
positive control group is 6.96, where this value is lower than the negative control groups, namely
8.6, treatment group 1 is 7.48, treatment group 2 is 7.96, and treatment group 3 is 7.04. This shows
that streptozotocin injection to induce diabetes in rats damages spermatogenesis, as stated by the
previous study?®.

Volpe et al. stated that hyperglycemia triggers the activation of several signaling pathways
and causes cells to become more susceptible to necroptosis, apoptosis, and necrosis. Hyperglycemia
arises due to reactive oxygen species” excess production and causes oxidative stress and activation
of apoptosis, which results in cellular death'. Reactive oxygen species (ROS) can form bonds with
molecules in cells and cause damage to nucleic acids, proteins, and fats'>. Cell damage caused by
oxidative stress due to diabetes in the form of vasculopathy can cause microvascular complications.
Inadequate blood supply is also a cause of testicular dysfunction in diabetic patients'®. Another study
in an STZ-induced diabetes model rats revealed a decrease in testosterone, FSH, and LH levels?’.
Diabetes affects testicular tissue and causes a reduction in FSH and LH levels due to decreased
function of Leydig cells and Sertoli cells'®'°. Ding et al. state that the loss of the insulin stimulatory
effect reduces Leydig cell function and then causes inadequate testosterone production,
subsequently affecting the secretion of FSH and LH from the pituitary gland, and this condition
disrupts spermatogenesis’.

The statistical result of the non-parametric Kruskal-Wallis test shows that it has a p-value of
<0.001 (p<0.05), so there was a significant difference in all groups, which means there was an effect
of giving the breadfruit leaf extract. It was followed by a post hoc Mann-Whitney U test to determine
the difference between groups. Post hoc results revealed that the K2 group has no significant
difference against the K5 group but significant differences against the K1, K3, and K4 groups.
Various physiological conditions of each rat may cause the differences in responding to the extract
given'?. This shows that breadfruit leaf extract at a dose of 200 mg/kgBW and 400 mg/kgBW has the
ability to increase spermatogenesis scores in diabetic rats. However, it has a higher average of the
Johnsen score at a dose of 400 mg/kgBW. Administration of breadfruit leaf extract at a dose of 400
mg/kgBW was found to be the most effective because it can provide an effect on changing the

histological features of the seminiferous tubules, which are comparable to the negative control and
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approach to the histology of normal seminiferous tubules.

The effect of improving spermatogenesis score is due to the bioactive compounds in
breadfruit leaf extract, namely flavonoids, which act as antioxidants. Antioxidants are defense
substances that neutralize free radicals. Research by Effendy et al. proved that breadfruit leaves have
very strong antioxidant activity with levels of 29.60 + 0.14 pg/mL%. Flavonoids are essential in
antioxidant properties because the hydroxyl groups bond to the aromatic carbon ring and can
capture free radicals and prevent cellular damage?'.

Breadfruit leaf extract at 200 mg/kg BW and 400 mg/kg BW doses increased the seminiferous
tubules' histological features by improving spermatogenesis. That might be associated with its
antioxidant properties. However, administering breadfruit leaf extract at a dose of 800 mg/kg BW
decreases spermatogenesis. This may result from the interaction between the secondary technical
implementation of the study’s procedure and the uncontrolled environmental conditions of the

experiment

CONCLUSION

Based on this study, it can be concluded that there is a significant difference in histological
features of seminiferous tubules of Wistar rats with streptozotocin-induced diabetes that receive
breadfruit leaf extract at a dose of 200 mg/kg BW and 400 mg/kg BW orally after 30 days of treatment.
The highest mean Johnsen score on seminiferous tubules was found in the diabetic group treatment

2 with a 400 mg/kg BW dose of extract.

REFERENCES

Kotian SR, Kumar A, Mallik SB, Bhat NP, Souza AD, Pandey AK. Effect of diabetes on the Male reproductive system —A
histomorphological study. Journal of Morphological Sciences. 2019;36(1):17-23.

Soviana E, Rachmawati B, W NS. Pengaruh suplementasi (-carotene terhadap kadar glukosa darah dan kadar
malondialdehida pada tikus sprague dawley yang diinduksi Streptozotocin. Jurnal Gizi Indonesia. 2014
Jun;2(2):41-6.

Ding GL, Liu Y, Liu ME, Pan JX, Guo MX, Sheng JZ, et al. The effects of diabetes on male fertility and epigenetic regulation
during spermatogenesis. Asian J Androl [Internet]. 2015;17(6):948. Available from:
https://journals.lww.com/10.4103/1008-682X.150844

Gumantara MPB, Oktarlina RZ. Perbandingan Monoterapi dan Kombinasi Terapi Sulfonilurea-Metformin terhadap
Pasien Diabetes Mellitus Tipe 2. Majority. 2017 Feb;6(1):55-9.

Adelati S, Juniarto AZ, Miranti IP. Histopatologi Spermatogenesis Testis Tikus Wistar Diabetes Melitus. Jurnal Kedokteran
Diponegoro. 2016 Oct;5(4):1760-9.

Sabirosi BG. Ekspresi Tumor Necrosis Factor-alpha (TNF-a) dan Jumlah Sperma Pada Tikus (Rattus norvegicus) Model
Diabetes Mellitus Tipe 1 Hasil Induksi Streptozotocin yang Diterapi dengan Ekstrak Etanol Rimpang Kunyit
(Curcuma longa L.). [Malang]: Fakultas Kedokteran Hewan Universitas Brawijaya; 2014.

Larasati D, Nurcahyani N, Sutyarso, Busman H. Pengaruh Ekstrak Etanol Daun Sukun (Artocarpus altilis (Park.) Fosberg)
1711



Al Mikraj — Jurnal Studi Islam dan Humaniora

Terhadap Populasi Sel Spermatogenik, Diameter dan Tebal Epitel Tubulus Seminiferus Mencit (Mus musculus
L.) yang Diinduksi Aloksan. In: Prosiding Seminar Nasional Biologi XXV. Bandar Lampung; 2019. p. 141-54.

Facondo P, Di Lodovico E, Delbarba A, Anelli V, Pezzaioli LC, Filippini E, et al. The impact of diabetes mellitus type 1 on
male fertility: Systematic review and meta-analysis. Andrology. 2022 Mar 1;10(3):426—40.

Maresch CC, Stute DC, Fleming T, Lin ], Hammes HP, Linn T. Hyperglycemia induces spermatogenic disruption via major
pathways of diabetes pathogenesis. Sci Rep. 2019 Dec 1;9(1).

Pane MH, Rahman AO, Ayudia EI. Gambaran Penggunaan Obat Herbal pada Masyarakat Indonesia dan Interaksinya
Terhadap Obat Konvensional Tahun 2020. Journal of Medical Studies. 2021;1(1):40-62.

Kurnia R. Mengenal Manfaat Sukun, Manggis, dan Sirsak. Fibrianti I, editor. Penerbit Nuansa Cendekia; 2021.

Tandi J, Rizky Moh, Mariani R, Alan F. Uji Efek Ekstrak Etanol Daun Sukun (Artocarpus altilis (Parkinson Ex F.A.Zorn)
terhadap Penurunan Kadar Glukosa Darah, Kolesterol Total dan Gambaran Histopatologi Pankreas Tikus Putih
Jantan (Rattus norvegicus) Hiperkolesterolemia-Diabetes. Jurnal Sains dan Kesehatan. 2017 Jan 27;1(8):384-96.

Agustin L, Mulgie L, Choesrina R. Uji Aktivitas Antihiperglikemia Ekstrak Etanol Daun Sukun (Artocarpus altilis
(Parkinson Ex F.A.Zorn) Fosberg) pada Mencit Swiss Webster Jantan dengan Metode Uji Toleransi Glukosa. In:
Prosiding Penelitian SPeSIA Unisba. 2015. p. 324-31.

Volpe CMO, Villar-Delfino PH, Dos Anjos PMF, Nogueira-Machado JA. Cellular death, reactive oxygen species (ROS) and
diabetic complications review-Article. Cell Death Dis. 2018 Feb 1;9(2).

Zhang J, Wang X, Vikash V, Ye Q, Wu D, Liu Y, et al. ROS and ROS-Mediated Cellular Signaling. Oxid Med Cell Longev.
2016 Feb 22;2016.

Long L, Qiu H, Cai B, Chen N, Lu X, Zheng S, et al. Hyperglycemia induced testicular damage in type 2 diabetes mellitus
rats exhibiting microcirculation impairments associated with vascular endothelial growth factor decreased via
PI3K/Akt pathway. Oncotarget [Internet]. 2018;9(4):5321-36. Available from:
www.impactjournals.com/oncotarget

Salah M, Ismail KA, Khadrawy SM. Nobiletin Protects Against Diabetes-induced Testicular Injury via Hypophysis-
gonadal Axis Up-regulation and Amelioration of Oxidative Stress. Mol Biol Rep [Internet]. 2022 Jan;49(1):189—
203. Available from: https://doi.org/10.21203/rs.3.rs-814954/v1

Khaki A, Khaki AA, Hajhosseini L, Golzar FS, Ainehchi N. The anti-oxidant effects of ginger and cinnamon on
spermatogenesis dys-function of diabetes rats. African Journal of Traditional, Complementary and Alternative
Medicines. 2014;11(4).

Mostafa T, Abdel-Hamid IA. Ejaculatory dysfunction in men with diabetes mellitus. World ] Diabetes. 2021 Jul
15;12(7):954-74.

Effendy DL, Mahatir M, Denny S, Nasri. Antibacterial and antioxidant activities of ethanol extract of Artocarpus altilis
leaves. Food Res. 2023 Jun 1;7(3):148-52.

Dewi NWOAC, Puspawati NM, Swantara IMD, Asih IARA, Rita WS. Aktivitas Antioksidan Senyawa Flavonoid Ekstrak
Etanol Biji Terong Belanda (Solanum betaceum, syn) dalam Menghambat Reaksi Peroksidasi Lemak pada Plasma
Darah Tikus Wistar. Cakra Kimia . 2014 May;2(1):7-16.

1712



