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ABSTRACT 

 

This study aims to determine the effect of red dragon (Hylocereus polyrhizus) fruit peel extract 

(RDFPE) on the parameters of Leydig cells number, seminiferous tubules diameter, and testicular 

weight of mice (Mus musculus) exposed to heat (40°C). Twenty adult male mice were divided 

randomly into five groups. The control group (C) mice only received a placebo. Meanwhile, the 

treatment groups mice were exposed to heat for 45 minutes daily for 36 days and oral administration 

of placebo, RDFPE of 250, 500, and 1000mg/kg BW for T0, T1, T2, and T3, respectively. The 

result showed that heat exposure on mice (T0 group) caused a lower of all of the parameters (p 

<0.05) than normal mice (control group, C). RDFPE administration at a dose of 250 mg/kg BW 

(T1 group) and 500 mg/kg BW (T2 group) resulted in a higher value of those parameters (p <0.05) 

compared to the T0 group. All those parameters of the T2 group (dose of 500 mg/kg BW) were not 

significantly different (p >0.05) than the control group (normal mice). However, the higher dose of 

RDFPE (1000 mg/kg BW, T3 group) resulted in the lower values of those parameters (p <0.05) 

than those of the T2 group. It could be concluded that 500mg/kg BW dose of RDFPE could return 

Leydig cells number, seminiferous tubules diameter, and testicular weight of mice (Mus musculus) 

exposed to heat. 
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INTRODUCTION 

 

Heat stress caused by high ambient 

temperature can result in increased body 

temperatures and decrease males' fertility. In 

males, testis is suspended in a scrotum outside 

the body to keep the temperature 2-8°C lower 

than the body temperature to maintain the normal 

spermatogenesis (Takahashi et al., 2011). Heat 

stress increased the oxidant level and decreased 

the antioxidant enzyme (Morrell, 2020). The 

testicular tissue is susceptible to oxidative stress 

(Asadi et al., 2017).  The increased testicular 

temperature will induce oxidative stress by 

mitochondria-derived Reactive Oxygen Species 

(ROS), and lipid peroxidation occurs in cell 
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membranes (Shiraishi, 2002). ROS damaged the 

Leydig cell membrane, thereby, inhibits the 

process of steroidogenesis, decreases the 

testosterone hormone level, followed by the 

disturbance on spermatogenesis process (Walker 

et al., 2009). 

Antioxidants are needed to protect the body 

from attacks by free radicals, which in certain 

amounts can inhibit or slow the damage caused 

by the oxidation process (Sayuti and Yenrina, 

2015). The antioxidant in red dragon fruit 

(Hylocereus polyrhizus) peel is more than the 

fruit flesh, which is 1 mg/ml red dragon fruit 

peel can inhibit 83.48 ± 5.03% of free radicals, 

while the dragon fruit flesh is only able to inhibit 

27.45 ± 1.02% of free radicals. Vitamins A, C, 

E, polyphenols, flavonoids, and lycopene are 

capable of being electron donors to prevent 

oxidative damage by excess free radicals of ROS 

(Durairajanayagam et al., 2014).  Therefore, this 

study was aimed to determine the effect of red 

dragon fruit peel extract (RDFPE) on Leydig 

cells number, seminiferous tubules diameter, 

and testicular weight of mice (Mus musculus) 

exposed to heat. 

 

MATERIALS AND METHODS 

 

Ethical approval 

This study was approved by the Animal 

Care and Use Committee, Universitas 

Airlangga, No. 247/HRECC.FDRM/IX/2018. 

 

Red dragon fruits peel extract preparation 

The peel of red dragon fruit was washed, 

and cut into small pieces. The pieces were dried 

at room temperature, and then pounded. One kg 

of pounded fruits peel was put in an Erlenmeyer 

flask and soaked in 96% ethanol for maceration. 

Maceration was conducted for 3 days and stirred 

daily. Macerate was dried in a rotary evaporator 

at 50 rpm, 40°C, and resuspended in 1% sodium 

Carboxymethyl cellulose (Na-CMC) for oral use 

on mice. 

 

Treatment 

This study used 20, three months old male 

mice weighed 20 grams obtained from Pusat 

Veteriner Farma, Surabaya. All mice were 

acclimatized for a week before treatment. Mice 

were divided randomly into five equal groups. 

The control group (C) was administered with 

placebo (1% Na-CMC) only. Meanwhile, the 

treatment groups mice were exposed to heat 

(40°C) for 45 minutes daily and administered 

with placebo, RDFPE dose of 250, 500, and 

1000mg/kg BW respectively for T0, T1, T2, and 

T3, for 36 days. Heat exposure was conducted in 

a 50 x 30 x 40 cm chamber with heat derived 

from two, 5 Watts light bulbs and a thermostat to 

keep the temperature steady at 40°C (Rohmah et 

al., 2018).  The RDFPE was administered 0.5 ml 

per mouse orally through at a stomach tube. On 

day-37, rats were sacrificed. Testicles were 

dissected, weighed, and fixed for histological 

specimens with hematoxylin-eosin staining. 

 

Measurement of testicular weight 

The testicles of mice were separated from 

fatty and connective tissue (Pujianti, 2016), and 

weighed individually on an electronic scale.  

 

Measurement of seminiferous tubules 

diameter  

The diameter (µm) of five round or nearly 

round cross sections of seminiferous tubules was 

measured at 100 x magnification on a light 

microscope equipped with the Image Raster 

Software Version 3.7.  The diameter was defined 

as the distance from the two points opposite the 

center point.  In one seminiferous tubule, four 

diameters were measured with an angular 

distance of 90° each other and then averaged 

(Alamsyah et al., 2018; Fitri et al., 2019).  

 

Leydig cells count 

The number of Leydig cells was counted on 

five interspaces among seminiferous tubules and 

then averaged (Adikara et al., 2018).  

Observations were made on a 400 x 

magnification light microscope (Nikon E200) 

equipped with Optilab Viewer Software Version 

2.2. 

 

Data analysis 

Data were analyzed statistically using one-

way Anova, continued with Duncan’s Multiple 

Range Test at a 95% level of confidence in SPSS 

23. 
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RESULTS 

 

Heat exposure on T0 group mice caused a 

lower Leydig cell number, seminiferous tubules 

diameter, and testicular weight (p <0.05) than 

normal mice (control group, C). The RDFPE 

administration at a dose of 250 mg/kg BW (T1 

group) and 500 mg/kg BW (T2 group) resulted 

in a higher Leydig cells number, seminiferous 

tubules diameter, and testicular weight (p <0.05) 

compared to the T0 group. The number of 

Leydig cells, seminiferous tubules diameter, and 

testicular weight of the T2 group (dose of 500 

mg/kg BW) were not significantly different (p 

>0.05) than the control group (normal mice). 

However, the higher dose of RDFPE (1000 

mg/kg BW, T3 group) actually resulted in a 

lower number of Leydig cells, seminiferous 

tubules diameter, and testicular weight (p <0.05) 

than those of the T2 group. 

 

Table 1 Testicular weight (mg), seminiferous tubules diameter (µm), and number of Leydig cells in 

mice (Mus musculus) exposed to heat and treated with red dragon fruit peel extract (RDFPE) 

 means ± standard deviations 

 Leydig cells seminiferous tubules 
diameter 

testicular weight 

  C 10.75 ± 1.50 a 157.11 ± 6.64 a 95 ± 12 a 

  T0 4.75 ± 0.66 d 110.30 ± 8.62 c 65 ± 12 bc 

  T1 8.00 ± 0.37 b 123.63 ± 7.05b 75 ± 12 b 

  T2 10.35 ± 1.45 a 150.78 ± 3.51a 95 ± 12 a 

  T3 6.45 ± 0.34 c 107.07 ± 0.08 c 50 ± 0,8 c 

C= the mice received oral 0.5 mL 1% Na-CMC daily for 36 days; T0= mice exposed to heat for 45 

minutes and administered 0.5 mL 1% Na-CMC daily for 36 days; T1, T2, T3=  mice exposed to heat 

for 45 minutes daily and administered RDFPE orally  250, 500, and 1000mg/kg BW daily for 36 

days; heat exposure was conducted in a heating chamber (40 oC, with two, 500 watts light bulbs and 

a thermostat)  

 

DISCUSSION 

 

Heat exposure on mice (T0 group) caused 

lower Leydig cell number, seminiferous tubules 

diameter, and testicular weight (p <0.05) than 

normal mice (control group, C). Testis exposed 

to temperature of up to 40°C will result in 

hyperthermia and a reduced blood flow to the 

testicles, thereby caused cellular hypoxia (Paul 

et al., 2009). Heat stress will induce oxidative 

stress in cells that experience hypoxia (Saha et 

al., 2014). Heat is a form of physical stress that 

will trigger the formation of reactive oxygen 

species (ROS) or free radicals (Ermiza, 2012).  

ROS causes oxidative stress due to the 

overproduction of free radicals, and thereby the 

oxidant level was higher than antioxidants 

(Umar et al., 2015).  The oxidation of cell 

membranes also harms DNA and RNA 

(Thompson et al., 2014; Yusrizal, 2017) and 

triggers apoptosis (Shiraishi et al., 2010). 

Oxidative stress will cause damage to Leydig 

cell membranes (Umar et al., 2015) and caused 

a decreasing number of Leydig cells (Yusrizal, 

2017). The Leydig cell is a producer of 

testosterone. Therefore, a decreased number of 

Leydig cells will be followed by a decrease in 

testosterone level. Testosterone deficiency can 

disturb the process of spermatogenesis in 

seminiferous tubules (Kaiin et al., 2013), cause 

degeneration of seminiferous tubular epithelial 

cells (Zhang et al., 2012), followed by a decrease 

in the diameter of the seminiferous tubules 

(Kumar and Nagar, 2014). The massive decrease 

of the number of cells in the seminiferous and 

interstitial tubules and the decrease of 

seminiferous tubules will be followed by 

decreased testicular weight (Paul et al., 2008). 

The RDFPE administration at a dose of 250 

mg/kg BW (T1 group) and 500 mg/kg BW (T2 

group) resulted in a higher Leydig cells number, 

seminiferous tubules diameter, and testicular 

weight (p <0.05) compared to the T0 group. The 

red dragon fruit peel (Hylocereus polyrhizus) 
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has antioxidant content in the form of vitamins 

A, C, E, polyphenols, flavonoids, and carotenes 

that functioned in cell regeneration (Barakat et 

al., 2014). These substances can directly react 

with superoxide anions, hydroxyl radicals, 

singlet oxygen, and lipid peroxide. As a reducing 

agent, the antioxidant will donate one electron to 

form a semi dehydroascorbate which is not 

reactive and subsequently undergoes a 

disproportionation reaction to form an unstable 

dehydroascorbate (Werdhasari, 2014). Vitamin 

E can reduce superoxide radicals because 

vitamin E can be an antioxidant chain breaker in 

the membrane that can prevent cell damage by 

lipid peroxidation and inhibit the formation of 

free radicals. Lipid peroxidation in cell 

membranes is divided into three stages, namely 

initiation, propagation, and termination. Vitamin 

E breaks the chain in the propagation phase, 

contributing its phenolic hydrogen atom to 

peroxyl radicals and converting it to 

hydroperoxide. Radical tocopherol is quite 

stable and out of the cycle of lipid peroxidation 

reacts with other peroxyl radicals to form non-

radical products (Hajibabaei, 2016). Vitamin E 

in binding or reacting with oxygen radicals is 

faster than PUFA (poly unsaturated fatty acid), 

so that vitamin E is effective as an antioxidant 

membrane in inhibiting oxygen radicals with 

PUFA in cell membranes (Vinnata et al., 2018). 

Vitamin E is a source of antioxidants that 

prevent lipid peroxidation from unsaturated fatty 

acids in cell membranes and helps oxidize 

vitamin A and maintain fertility (Simanjuntak, 

2012). 

The number of Leydig cells, seminiferous 

tubules diameter, and testicular weight of the T2 

group (dose of 500 mg/kg BW) were not 

significantly different (p >0.05) than the control 

group (normal mice). As mentioned earlier, 

RDFPE contains polyphenol and flavonoids. 

The polyphenol group activity is antioxidant and 

chelating agents, whereas flavonoids act as 

catalysts on the lipid bilayers and membrane 

function (Roychoudhury et al., 2017). On 

molecular level, polyphenol acts on the 

signaling pathway of adenosine 

monophosphate-activated protein kinase, cyclic 

adenosine monophosphate, calcium ion 

(Rahman et al., 2018), ferrous and ferric iron, 

and low-density lipoproteins (Selvam et al., 

2018). The RDFPE dose of 500 mg/kg BW 

proved returned the number of Leydig cells, 

seminiferous tubules diameter, and testicular 

weight of heat exposed mice similar to normal 

mice (C). 

The higher dose of RDFPE (1000 mg/kg 

BW, T3 group) actually resulted in the lower 

number of Leydig cells, seminiferous tubules 

diameter, and testicular weight (p <0.05) than 

those of the T2 group.  The excessive 

consumption of flavonoids can act as a pro-

oxidant as a mutagen and a key inhibitor of 

enzymes involved in hormone metabolism 

(Prochazkova et al., 2011). Excessive flavonoid 

compounds will inhibit topoisomerase DNA II 

and p53 regulation or by causing mitochondrial 

toxicity, which initiates mitochondrial apoptosis 

(Saraswat et al., 2016). This caused a decrease in 

the number of Leydig cells, seminiferous tubules 

diameter, and testicular weight compared to the 

P2 group, this phenomenon was due to the 

antioxidant paradox. Higher exposure to 

antioxidants shifted the reduction-oxidation 

balance to the reduction of stress.  The 

antioxidant paradox significantly decreases male 

fertility (Majzoub and Agarwal, 2018). 

Physiologically, testicles require low 

quantities of ROS for the healthy functioning of 

spermatozoa (Wagner et al., 2017). The changes 

in both ROS and antioxidant levels caused a 

redox imbalance.  Excessive ROS or excessive 

antioxidants disrupted the balance state needed 

for healthy spermatozoa (Salehi et al., 2018). 

The higher dose of RDFPE (T3 group) causes a 

lacking level of ROS for normal physiology of 

the testicle. Therefore, a higher exposure to 

antioxidants (reductants) also resulted in an 

antioxidant paradox that significantly affects 

male fertility (Majzoub et al., 2018). 

The changes pattern of Leydig cells 

number, seminiferous tubules diameter, and 

testicular weight among the treatments were 

similar. Oxidative stress caused by heat stress 

inhibits testosterone production (Wang et al., 

2017) by damaging Leydig cells, derangement 

of other reproductive hormonal profiles 

(Darbandi et al., 2018). Leydig cells produce 

testosterone due to LH stimulation produced by 

the anterior pituitary (Ramaswamy and 

Weinbauer, 2014). Testosterone regulates 

signaling pathways in Sertoli cells to maintain 
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spermatogenesis (Smith and Walker, 2014). The 

decline in the number of Leydig cells due to heat 

stress exposure resulted in a reduction in 

testosterone production, causing decreased 

spermatogenesis. Intratubular testosterone 

concentration greatly influences the early stages 

of germ cell development.  Emphasis on 

testosterone biosynthesis can inhibit 

spermatogenesis.  Testosterone in the 

seminiferous intratubular significantly affects 

the blood-testis barrier; moreover, testosterone 

is required for Sertoli-spermatid adhesion, and 

mature spermatozoa release into the lumen of the 

seminiferous tubules (Walker, 2009).  

Testosterone controls developing germ cells, 

especially spermatids, and acts as an adhesive 

between spermatids and Sertoli cells.  A 

disruption in testosterone will cause spermatids 

to be released from the epithelium (Lui and Lee, 

2009). 

 

CONCLUSION 

 

Based on this research, it could be 

concluded that 500mg/kg BW dose of 

Hylocereus polyrhizus peel could maintain 

Leydig cells number, seminiferous tubules 

diameter, and testicular weight of mice (Mus 

musculus) exposed to heat. 
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