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Introduction  

Recent meta-analysis studies showed that a male factor 

contributes to nearly 70% of infertility and becomes a problem in 

married couples.1 Most of the reasons are decreased sperm 

concentration or poor sperm quality. Impaired hormonal control in the 

endocrine system could affect the decrease in androgen and reduction 

in sperm count.2 Hypogonadism is an abnormality of sexual function 

due to low testosterone concentration and describes a reduction in 

spermatogenesis.3 Nowadays, testosterone replacement therapy has 

become one of the procedures for treating hypogonadism. However, 

many investigations and clinical trials have reported side effects such as 

diabetes mellitus, heart failure, bone failure, erythrocytosis, and 

polycythemia.4 

As a Natural product (NP), Hippocampus spp. has been known for its 

anti-fatigue, anti-inflammatory, antitumor, and anti-aging 

bioactivities.5,6 
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The seahorse is a teleost fish marine used in traditional Chinese 

medicine to treat erectile dysfunction, impotence, wheezing, and 

nocturnal enuresis. The seahorse has been consumed as "Jamu" for a 

generation in Indonesia. For infertility, the seahorse functioned as a 

powerful genital tonic and as an aphrodisiac that stimulates sexual 

zeal.5,7  

It has been shown that a seahorse (Hippocampus kuda Bleeker) extract 

in certain doses could increase the average number of sperm. Also, other 

research in mice showed a significant increase in spermatogonia, 

spermatocytes, and spermatids.8,9 The study of the active compounds of 

seahorse extract indicated that flavonoids, saponin, phenol, and various 

essential and non-essential amino acids were present.10 Steroid content 

in seahorses could increase steroid biosynthesis, which is essential for 

stimulating testosterone and progesterone to restore declining 

spermatogenesis. In addition, an increase in testosterone concentration 

after administration of seahorse (Hippocampus abdominalis Lesson) 

hydrolysate was correlated with the improvement of various Leydig 

cells in rats.11 The amino acid content in seahorses could increase 

metabolic energy for sperm motility, maturation, and 

spermatogenesis.12 

DMPA induced in rats has been shown to block gonadotropin hormone 

production and decrease testosterone levels and spermatogenesis. Other 

research has reported that DMPA doses of 1.25 mg/kg body weight 

could influence gonadotropin and testosterone secretion.13 The 

reduction in testosterone that occurs in hypogonadism could activate the 

mechanism of apoptosis within spermatogenic cells. Research reported 

that DMPA-treated rats could affect increased apoptosis of 

spermatogonia (20%), spermatocytes (30%), and 50% of spermatids.14 
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The Seahorse Hippocampus comes L. (HC) has been used in traditional medicine and has 

pharmacological activities known as a powerful aphrodisiac. Depot medroxyprogesterone acetate 

(DMPA) is a contraceptive drug that can reduce testosterone levels, as happened to hypogonadism. 

There has not been much research on HC extracts (HCE) for hypogonadism, especially in the 

histology of testicular cell study. This study investigates the effect of HCE on spermatogenic cell 

count and Fas L assay of apoptotic germ cells after DMPA treatment in rats. Thirty male Sprague-

Dawley (SD) rats were induced with DMPA 1.25 mg/kg at weeks 0 and 12. Animals were 

randomly grouped by: distilled water (G1), Carboxy Methyl Cellulose (CMC) 1% (G2), HCE dose 

150 mg/kg (G3), HCE dose 225 mg/kg (G4), HCE 300 mg/kg (G5), gavage every day for 7-18 

weeks. The testis was obtained, and tissue was processed with hematoxylin and eosin (H&E) and 

evaluated by immunohistochemistry. Data were assessed by manually counting cells into the 

formulation and determining the H-score to calculate Fas L protein expression. An enhancement 

of the preleptotene and pachytene spermatocyte population at G3-G4 dose levels was found. 

Leydig cells also showed an increase at the G4 dose level. However, the apoptotic cell H-score 

was reduced at the G4 dose level. The reported HCE 225 mg/kg dose can improve reproductive 

function after DMPA treatment for 18 weeks in male rats. 
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With the ability to increase spermatogenesis, HC may be expected to be 

a treatment that also affects apoptotic spermatogenic cells. 

Research on the potential of HC for hypogonadism is still limited, 

especially in a testicular histological study of cell proliferation and 

apoptosis. This investigation aimed to investigate the effect of HCE on 

spermatogenic cell count, Leydig cell count, and apoptosis after DMPA 

induction in rats. This comprehensive study will calculate the number 

of each subset of spermatogenic and Leydig cells and the amount of 

immunohistochemical Fas L protein as an apoptotic marker. 

 

Materials and Methods 

Collection of The Seahorse (Hippocampus comes L.) 

The HC was obtained on January 21, 2021, from the fisherman of Karya 

Usaha Bersama (KUB) Karya Laut, Pesawaran, Lampung Province, 6º 

45' - 3º 45' South Latitude, 103º 48' - 105º 45' East Longitude, Indonesia. 

Seahorse identification was performed based on supervision from the 

Marine Cultivation Fisheries Centre (Balai Besar Perikanan Budidaya 

Laut), Lampung, Indonesia. Adult seahorses were taken with a 

minimum length of 12 cm.10 They were then stabilized with fish 

stabilizer in the water basin and washed with distilled water. 

 

Extraction 

The seahorse was freeze-dried (Merck Heto FD4 Diagnostic) at a 

temperature of-45ºC for forty-eight hours. Then, the HC was extracted 

with water-phosphate buffer at pH 7 to maintain the integrity of the 

target compound, which might be an unstable marine organism 

compound.10,15 One of the factors that could degrade marine organism 

compounds is pH changes.10 After crushing freeze-dried samples into 

powder using a grinder (Merck Retsch), the powder was extracted with 

water solvent daily for three days and mixed with a stirrer for 2 hours at 

500 rpm. This macerated material was then centrifuged with (Thermo 

scientific, Sorvall Legend XTR) centrifuge for 10 minutes at 12.000 

rpm, and the separated supernatant was freeze-dried at -45ºC for forty-

eight hours. Samples were collected and stored at -20ºC for further 

experimental use. 

 

Animals and treatment 

Thirty male Sprague-Dawley (SD) rats from the Food and Drug 

Surveillance Centre Ministry of Health, Republic of Indonesia (Badan 

Pengawasan Obat dan Makanan, Kementerian Kesehatan, Republik 

Indonesia), Jakarta, Indonesia, aged 2-3 months, with average weight of 

200-250 g16 were placed at a temperature of 25ºC in 12 h light/dark 

cycles and free access to food and water ad libitum. Rats were 

acclimatized for one week and treated at the Animal Research Facilities, 

Indonesia Medical Education and Research Institute (ARF-IMERI), 

Faculty of Medicine, Universitas Indonesia. All maintenance and care 

of experimental animals comply with the Centre of Animal Husbandry  

Research and Development Guidelines (Pusat Penelitian dan 

Pengembangan Peternakan), Bogor, Indonesia. 

https://docs.google.com/document/d/1CDtt-CFSvnV-vHTqYLLd-

88j8T-C-

JzM/edit?usp=drive_link&ouid=105120181059564672423&rtpof=tru

e&sd=true 

All rats (n=30) were randomized to different experimental groups by 

identifying the alphabet and number, drawing them, and randomly 

assigning them to different groups. For example, the first draw is 

assigned to Group 1, the second to Group 2, and so forth. 

SD rats were randomly divided into five groups (n=6 per group): 1. G1: 

DMPA + Control (distilled water). 2. G2: DMPA + Control (CMC 1 

%). 3. G3: DMPA + HCE dose 150 mg/kg. 4. G4: DMPA + HCE dose 

225 mg/kg. 5. G5: DMPA + HCE dose 300 mg/kg. 

All rats were given 1.25 mg/kg DMPA (Merck Depo Geston) @ 150 

mg/3 mL intramuscularly at weeks 0 and 12, and treatment started at 

week seven until week 18 after DMPA was given. At the end of 

treatment, all rats were euthanized with ketamine (KET-A-100 

Agrovet) (dose 100 mg/kg BW) and xylazine (Xyla Holland) (10 mg/kg 

BW). It was confirmed that researchers needed to learn the treatment 

codes and carry out correspondence between groups before the end of 

the study. After all treatment sets, rat testes were collected, and the 

tissue was processed with H&E staining by manually counting 

spermatogenic and Leydig cells. After that, immunohistochemical 

analysis was performed to observe apoptotic parameters following the 

Fas L protein assay. 

This study was conducted following all international guidelines and 

regulations. The Faculty of Medicine, University of Indonesia Cipto 

Mangunkusumo Hospital's local ethics committee granted ethical 

approval with protocol number KET-

101/UN2.F1/ETIK/PPM.00.02/2021.  

 

Measurement of seminiferous tubule diameter, subset spermatogenic 

cells, and Leydig cell population 

Before tissue processing, all collected testes were weighed, and then the 

right and left testes were fixed in a 10% neutral buffered formalin 

solution. After a graded process of dehydration and cleaning with 

ethanol and xylene, the rough tissue was embedded in paraffin wax, cut 

to 6-micron thickness, mounted on slides17, and then stained with 

H&E.18 The tissue slides were then observed under a binocular 

microscope. 

The diameter of the seminiferous tubule was measured under a 

binocular microscope at 100x magnification with a micrometer on the 

objective lens. Measurement of the diameter of stages VII or VIII 

seminiferous epithelium completes the subset of spermatogenic and 

spermatozoa cells. Complete seminiferous tubules on the tissue slide 

from each rat in every group were selected randomly ten times. 

The subsets of spermatogenic cells examined were type A 

spermatogonia, preleptotene spermatocytes, pachytene spermatocytes, 

and round spermatids. Cells were observed and counted manually with 

a binocular microscope at 400x magnification and a hand counter. Each 

subset cell in stage VII or VIII seminiferous epithelium, the most 

extended phase in the cycle and the most complete subset of 

spermatogenic cells, was assessed.19 Each cell subset on the tissue slide 

from each rat in all groups was selected from five tubules randomly, 

then observed and counted the Leydig cells among 3-4 seminiferous 

tubules randomly ten times in the same way. The Abercrombie 

equation20 was used to estimate the actual number of cells in the round 

seminiferous tubules on every selected view. 

 

Measurement of an apoptotic index by Immunohistochemical 

Immunohistochemical staining in this study followed the staining 

method in previous studies.21 All raw tissue was processed in paraffin 

wax and continued to immunohistochemistry with standard protocols. 

After sectioning gross tissue, dehydrated and cleaned slides were 

incubated with Fas L antibody to measure the tissue. The apoptotic 

parameter was the activity of the Fas L protein assay in the testicular 

tissue, which was detected by the Anti Fas L antibody primer sc-19681 

HRP (Santa Cruz Biotechnology, Inc, NovolinkTM polymer detection 

system RE7140-K Leica Biosystem), according to the manufacturer's 

instructions. Apoptotic markers were observed using a binocular 

microscope at 400x magnification and captured by the Indo microview 

software program. The intensity of the darker color (light to deep 

brown) was counted manually and converted into H-score with the 

formula H-score = (% negative x 1) + (% low positive x 2) + (% positive 

x 3) + (% high positive x 4). H-Score quantification using Image J 

follows the quantification conducted by Wiyarta et al.22 

 

Statistical analysis 

Based on the Shapiro-Wilk and Levene tests, the resulting data were 

checked for normal distribution and homogenous and must be normal 

and homogenous. Moreover, data were analyzed with a One-way 

ANOVA followed by LSD post hoc analysis to compare groups. LSD 

was used to compare a small number of groups for pairwise 

comparisons. If data were not normally distributed and homogenous, 

they were analyzed using the Kruskal-Wallis test and the Mann-

Whitney test to compare groups. A p-value of < 0.05 indicated statistical 

significance. 

 

Results and Discussion 

The HCE effect on testis weight and seminiferous tubule diameter 

The testis weights of each group are shown in Table 1. There was no 

increase in testis weight after the administration of HCE. ANOVA 
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results showed that none of the seahorse extract treatment groups 

significantly increased testes' weight compared to the group without 

seahorse extract treatment (p > 0.05). The results of the diameter of the 

seminiferous tubule for each group analysis are in Table 1. There was a 

slight increase in diameter size after administering HCE compared to 

G2. Instead, Kruskal-Wallis showed that the entire SE treatment groups 

did not increase significantly compared to those without seahorse 

extract treatment (p > 0.05). 

For over a thousand years, seahorses have been a traditional Chinese 

medicine. People trusted that seahorses could become a treatment for 

erectile dysfunction, impotence, wheezing, and nocturnal enuresis.8 

This is due to the essential amino acids and sex steroids contained in 

seahorses.9 In this study, the HCE effect on parameters of testicular 

histology was observed. 

Before calculating all populations and apoptosis of spermatogenic cells, 

we observed and weighed the testes. There were differences in the 

average testis weight after HCE administration. Decreased testis weight 

correlated with germinal epithelium degeneration, inhibition of 

spermatogenesis, or inadequate testosterone concentration.23 It could be 

a hypothesis that testes weight decreases along with increasing doses of 

HCE. The intratesticular testosterone dropped and led to the inhibition 

of spermatogenesis. In general, DMPA administration in rats inhibits 

the feedback mechanism of GnRH, FSH, and LH, which directly affect 

spermatogenesis.24 In this study, the HCE treatment possibly did not 

affect the recovery of spermatogenesis. 

In this study, observations and measurements of the diameter of the 

seminiferous tubules were also carried out and showed differences in 

G3, but not significantly different compared to controls. Pandey and 

Jain23 reported in the study of aluminium chloride-induced rats that 

reduction in seminiferous tubule diameter correlated with decreased 

spermatogonia, preleptotene spermatocytes, pachytene spermatocytes, 

and round spermatids. If there is a decrease in the diameter of the 

seminiferous tubule, it could be a sign of spermatogenesis abruption. 

Progestin induction, such as DMPA, may cause this abruption due to 

decreased levels of gonadotropins and androgen biosynthesis in the 

testis. Therefore, HCE might increase androgen biosynthesis by the 

hypothalamus-hypophysis-testis axis to reverse the decrease in 

spermatogenic activity due to DMPA induction, thereby affecting the 

size of the seminiferous tubule. Biochemical tests of seahorses reported 

that cholesterol was the primary steroid in them. Several studies stated 

that cholesterol in fisheries is used for steroid hormone synthesis in 

reproductive organs.25,26 

 

Effect of the HCE on subset spermatogenic cells population 

Spermatogenic cells are divided into type A spermatogonia, 

preleptotene spermatocytes, pachytene spermatocytes, and round 

spermatids. For type A spermatogonia from both testes of each group, 

cells were reduced after administration of the lowest dose of HCE. The 

lowest mean cell population in the HCE-treated group was 193 cells 

(G3), and as the dose increased, it became 287 cells (G4) and 285 cells 

(G5). The group in G5 was significantly different from G3. However, it 

was not increased compared to controls. ANOVA showed that all HCE 

treatment groups decreased significantly compared to the groups 

without HCE treatment (**p < 0.01). Post hoc LSD analysis of type A 

spermatogonia cells showed that G3 was significantly decreased 

compared to controls after DMPA (Figure 1A). 

Meanwhile, there was an initial increase in cells after HCE 

administration for the results of preleptotene spermatocytes. The 

average cell population was 108 cells (G3), G4 was 100, G5 was 80, G1 

was 78, and G2 was 56. ANOVA showed that all HCE treatment groups 

increased significantly compared to those without HCE treatment (**p 

< 0.01). Post-hoc LSD analysis of preleptotene spermatocytes showed 

that G3 was also significantly increased compared to controls after 

DMPA treatment (Figure 1B). 

Other results in pachytene spermatocytes also showed an initial cell 

increase from several HCE administrations. The average cell population 

was 1053 cells (G5), G4 was 1033, G1 was 991, G3 was 986 cells, and 

G2 was 945. ANOVA showed that HCE treatment groups increased 

significantly compared to G2 alone (*p < 0.05). Post-hoc LSD analysis 

of pachytene spermatocytes showed that G4 and G5 were significantly 

increased compared to G2 after DMPA treatment (Figure 1C). 

For round spermatids, cell reduction also occurred after the 

administration of seahorse extract. The average cell population in the 

HCE-treated group was 335 cells (G3), but an increase occurred when 

the dose was increased to 403 cells (G4) and 428 cells (G5). However, 

it did not increase in the control groups. ANOVA showed that SE 

treatment groups decreased significantly compared to those without 

HCE treatment (**p < 0.01). 

 

Table 1: Testes weight and seminiferous tubule diameter data 

in each group. 
 

Groups Testes Weight (g) 

(Means ± SD) 

Seminiferous Tubule Diameter 

(μm) (Means ± SD) 

G1 3.78 ± 0.17 22.9 ± 1.62 

G2 3.58 ± 0.33 21.7 ± 0.64 

G3 3.56 ± 0.26 23.3 ± 1.34 

G4 3.70 ± 0.27 22.5 ± 0.69 

G5 3.56 ± 0.23 21.4 ± 0.82 

p-value >0.05 >0.05 

Testes data were analyzed with the ANOVA and the Seminiferous 

Tubule diameter was analysed with the Kruskal-Wallis’s test. All data 

presented in Mean±Standard Deviation (SD) (p>0.05). G1: distilled 

water; G2: CMC 1%; G3: HCE 150 mg/kg; G4: HCE 225 mg/kg; G5: 

HCE 300 mg/kg. 

 

 
Figure 1: A. Type A spermatogonia population in each group 

(**p<0.01; **G1 vs G3, **G2 vs G3, **G3 vs G5); B. Preleptotene 

spermatocytes population in each group (**p<0.01; **G1 vs G2, 

G3, G4; **G2 vs G3, G4, G5; **G3 vs G5; **G4 vs G5); C. 

Pachytene spermatocytes population in each group  (*p<0,05; 
*G2 vs G4; *G2 vs G5); D. Round spermatid population in each 

group (**p<0.01; **G1 vs G3; **G2 vs G3; *G1 vs G4; *G2 vs G4; 
*G3 vs G4, G5). G1: Distilled water; G2: CMC 1%; G3: HCE 

150 mg/kg; G4: HCE 225 mg/kg; G5: HCE 300 mg/kg. 
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Post-hoc LSD analysis of round spermatids in G3 and G4 decreased 

significantly in controls after DMPA treatment. Moreover, G5 began to 

reach the baseline level of controls (Figure 1D). 

A study on fertile man reported that suppression of gonadotropin by 

DMPA could decrease germinal cell population from type B 

spermatogonia until pachytene spermatocytes after six weeks of 

induction.27 Furthermore, FSH suppression by DMPA could suppress 

mitosis stimulation of type B spermatogonia and spermatocyte I 

preleptotene activity, leading to apoptosis of pachytene spermatocytes 

and surrounding spermatid cells.28 

According to HCE amino acid analysis, Mundijo et al. 29 reported that 

arginine and lysine had the highest concentration of amino acids. 

Arginine supplementation as an essential amino acid can increase the 

expression of PPAR-γ, heme oxygenase 3, glutathione synthetase, 

AMP-activates protein kinase (AMPK), and stress-induced protein in 

white adipose tissue (WAT).30 Peroxisome proliferator-activated 

receptor γ (PPAR-γ) regulates gene expression in fatty acid metabolism 

in spermatogenesis, related to PPAR responsive element (PPRE) in the 

promoters of target genes for energy homeostasis, proliferation, and 

differentiation of germinal and Sertoli cells.31 These might be used by 

preleptotene spermatocytes for DNA synthesis in meiosis initiation 

because before entering the G2 phase in the cell cycle or meiosis 

prophase, DNA duplication that occurs in preleptotene needs to be 

completed by preleptotene spermatocytes in the S phase.28 

On the other hand, AMPK expression by arginine can further reduce 

spermatogenic cell development. The higher level of arginine contained 

in HCE could also increase AMPK activation by adiponectin, which 

suppresses the activity of the Kiss1 promoter gene for Kisspeptin 

synthesis, thereby weakening GnRH stimulation.32 As a result, 

testosterone can decrease, which in this study is correlated with a 

reduction in spermatogenic cells, in particular preleptotene 

spermatocytes in G4 and G5. 

A study in mice reported that FSH suppression also decreased Sertoli 

cell activity. Sertoli cells are somatic cells in the seminiferous tubule as 

a growth medium for germinal cells.33 Sertoli cells regulate germinal 

cell development. At this point, higher arginine levels in HCE 

strengthen Sertoli cell tight junctions by increasing AMPK expression 

to phosphorylate substrates from apical cells. It is known that Sertoli 

cell polarity and tight junction structures must maintain the blood-testis-

barrier mechanism, which is essential for germ cell development and 

spermatogenesis.34 

 

 
Figure 2: Leydig cell population in each group. (*p<0.05; *G1 

vs G4; *G2 vs G4; *G3 vs G4; *G4 vs G5). G1: Distilled water; 

G2: CMC 1%; G3: HCE 150 mg/kg; G4: HCE 225 mg/kg; G5: 

HCE 300 mg/kg. 
 

Increased AMPK expression also modulates nutrition and energy for 

germinal cells. This stimulation could increase lactate production in 

various biochemical mechanisms, such as glucose transport and 

pyruvate conversion to lactate, which has been used for the proliferation 

and differentiation of pachytene spermatocytes and spermatid cells.35 

HCE also affected type A spermatogonia and round spermatids 

similarly after DMPA was induced. However, the impact led to a 

significant reduction in cell population in the HCE dose 150 mg/kg 

(G3), followed by specific enhancement in G5. However, it did not 

exceed the cell population in the control group. It has been suggested 

that some type A spermatogonia complete mitosis and develop into type 

B spermatogonia and other spermatogenic cells. A similar situation 

could also occur in round spermatids, leading to several cells 

completing spermiogenesis and releasing spermatozoa into the 

seminiferous tubule lumen. Increased mitosis, meiosis, and cell 

differentiation might decrease these cell populations. The increase that 

occurs with increasing doses of G5 may also be due to a decrease in 

testosterone, which reduces cell differentiation into spermatozoa. 

Spermatogonia are cells sensitive to gonadotropin stimulation. 

However, there is no particular explanation regarding hormonal 

regulation in each subtype of spermatogonia cell. Satriayasa et al.36 

showed that DMPA significantly reduced several spermatogonia cells 

in the seminiferous tubules of mice. The reduction of FSH by DMPA 

can inhibit spermatogonia cell differentiation and testosterone levels 

and decrease them, affecting other cells' mitotic and meiotic activity. 

Analysis of the biochemical compound analysis of HCE shows that 

triterpenoid at higher concentration29 could be metabolized into 

cholesterol by the conversion of acetyl coenzyme A (CoA). Cholesterol 

is a precursor for a steroid, such as an androgen or biosynthesis.37 

Steroidogenesis may be increased with HCE administration and 

increased mitosis of spermatogonia to maintain germinal cell 

proliferation and differentiation. 

Satriyasa et al. 36 also reported a significant reduction of spermatid cells 

after DMPA was induced. Testosterone deficiency resulting from 

DMPA treatment could inhibit spermiogenesis. A study in rat models 

experiencing intratesticular testosterone deficiency showed that round 

spermatid cells could not elongate at the 7-8 transition phase of 

spermiogenesis.38 Increased expression of PPAR- γ by arginine 

contained in HCE could also affect the differentiation of round 

spermatids into spermatozoa. It regulates fatty acid metabolism genes 

and provides energy for germinal cell differentiation.31 

 

Effect of the HCE on the Leydig cells population 

After HCE treatment, there was an increase in the number of Leydig 

cells in both testes in each group. The results showed that the average 

cell population was 297 cells (G4), G1 was 272, G5 was 270, G2 was 

265, and G3 was 262. The Kruskal-Walli's test showed that HCE 

treatments significantly increased the number of Leydig cells compared 

to control (*p < 0.05). Mann-Whitney analysis of Leydig cells showed 

that G4 was only significantly increased compared to other groups with 

and without HCE after DMPA treatment. Moreover, the group of HCE 

in G5 was only significantly different compared with G3 (Figure 2). 

In Leydig cell parameters, cells increased at a dose of 225 mg/kg (G4). 

At the same dose, testis weight increased slightly but was not 

significantly different from G2. This increase was also reported by Kim 

et al.11 in mice after seahorse (Hippocampus abdominalis Lesson) 

hydrolysate was administrated, and the outcome was due to Leydig cell 

proliferation in the interstitial tissue. 

Inhibition of spermatogenesis by DMPA could affect Leydig cell 

atrophy.39 testosterone levels are related to hypothalamus-hypophysis-

testis function and the Leydig cell population.26 Steroids in seahorse 

might affect the proliferation and development of Leydig cells due to a 

higher number of androgens receptors than LH receptors (LHCGR), 

especially in rat progenitor Leydig cells. Progenitor Leydig cells are less 

sensitive to LH stimulation than androgen in steroidogenesis.39 In vitro 

study showed that seahorse (Hippocampus abdominalis Lesson) 

hydrolysate could affect the proliferation and cell cycle of TM3 Leydig 

cells by cyclin E and D and AKT-ERK signalling pathway activation. 

These were mediators in cell growth factor, androgen, cell survival, cell 

proliferation, and differentiation.12,40 
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The higher arginine levels also affect the increase in nitric oxide (NO). 

Accordingly, NO could effectively activate gonadotropins41, such as 

LH, and migrate to adult Leydig cells that perform cell proliferation and 

development. On the other hand, an HCE dose of 150 mg/kg increased 

testosterone levels in rats after DMPA treatment.42 However, the ability 

of Leydig cells to synthesize androgens after the number of cells 

increases may have yet to be discovered. 

 

Seahorse extract affected the reduction of spermatogenic cell's 

apoptotic. 

Figure 3 shows the apoptotic parameters of the Fas L assay. A cross-

section of the seminiferous tubules of the testes showed that DMPA 

treatment could affect many spermatogenic cells and begin to induce 

cells' apoptosis, as shown by observing the light intensity changing to a 

dark brown color (based on optimized positive control). Compared to 

the HCE treatment group, G4 gave better results than other groups with 

less Fas L expression. 

 

 
 

Figure 3: Expression of Fas L (light to deep brown (→) in 

spermatogenic cells in each group with 400x magnification  

(50 µm). Positive control of Fas L (A). Negative control of Fas 

L (B). G1: Distilled water; G2: CMC 1%; G3: HCE 150 mg/kg; 

G4: HCE 225 mg/kg; G5: HCE 300 mg/kg. 
 

After HCE administration, there was a decrease in Fas L expression (H-

score) in spermatogenic cells in each group. H-score was 39 % (G4), 

G5 was 63 %, and G3 was 64 %. ANOVA showed that all groups of 

HCE treatment significantly decreased compared to control groups (**p 

< 0.01). Post-hoc LSD analysis of Fas L expression showed that there 

was no significant difference among HCE groups but significantly 

different from control groups (Figure 4). 

There was a decrease in the apoptotic effect of spermatogenic cells on 

Fas L expression in the group of HCE dose 225 mg/kg (G4), followed 

by an increased expression in the higher dose group. Even though there 

was no increase in the non-HCE groups, the HCE dose of 225 mg/kg is 

the optimal dose to reduce Fas L expression on the apoptotic initiation 

of spermatogenic cells. In Mundijo et al.43, studies in DMPA-treated 

rats reported that an HCE treatment dose of 150 mg/kg significantly 

decreased Caspase-3 expression and DNA fragmentation in TUNEL 

assay after 18 weeks of administration. In spermatogenesis, 

spontaneous apoptosis occurs in every phase of germinal cell 

development, especially in the pre-meiotic phase. Increased induction 

of apoptotic may occur during DMPA administration due to reduced 

intratesticular testosterone levels.14 Several studies showed that Fas 

protein expression in the germinal cell could increase, corresponding to 

a lower intratesticular testosterone level.44 Germinal cell adhesion to the 

Sertoli cell has been weakened due to reduced FSH and intratesticular 

testosterone. Arginine in HCE could play a role in restoring germinal 

cell adhesion by activating AMPK expression35 so that apoptotic levels 

are reduced. Lysine in HCE31 is an essential amino acid with antioxidant 

and anti-apoptotic activity. 

 

 

 
Figure 4: Fas L assay expression of spermatogenic cells in each 

group (**p<0.01; **G1 vs G3, G4, G5; **G2 vs G3, G4, G5). G1: 

Distilled water; G2: CMC 1%; G3: HCE 150 mg/kgBW; G4: 

HCE 225 mg/kgBW; G5: HCE 300 mg/kgBW. 
 

In the seminiferous tubule, Fas L protein is expressed in Sertoli cells; 

however, Fas expression is limited to degenerated germinal cells only.45 

In this study, lower expression of Fas L after HCE administration at all 

doses possibly correlated with the enhancement of preleptotene and 

pachytene spermatocytes, which referred to the lower H score of 

spermatogenic cells apoptotic after SE administration. 

Based on all results, it is known that HCE at some dose might 

potentially improve testicular function, but not consistently. This 

study's cellular approach revealed a restoration of spermatogenesis after 

DMPA was induced. In general, the spermatogenic cell population was 

enhanced, and apoptosis was not increased. From this, HC is a potential 

candidate for male reproduction, and exploring the constituents of this 

extract is helpful to understand the results better. 

 

Conclusion 

The findings of this study revealed that an HCE dose of 225 mg/kg 

could affect spermatogenic cells, especially preleptotene and pachytene 

spermatocytes, and Leydig cells by increasing those populations. 

However, some inconsistently occurred. On the other hand, an HCE 

dose of 225 mg/kg could affect cell apoptosis by reducing Fas L 

expression in rats after DMPA induction for eighteen weeks. 

Furthermore, it may take more than eighteen weeks to know the optimal 

effect of SE on rats regarding better increase of spermatogenic cells and 

decreased cell apoptosis. 
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