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Abstract: Nowadays, infertility is a global problem; it affects 15% of couples worldwide. Male infertility 

can be attributed to an array of mobile phone (MP) radiofrequency electromagnetic radiation (RF-EMR). The 

purpose of this study is to explore the capability of pomegranate juice (PJ) extract in protecting rat testis against the 

impairment caused by RF-EMR. To evaluate the effect of Radiofrequency electromagnetic radiation and efficacy of 

Pomegranate juice on the structural integrity of Sertoli cells and interstitial cells of Leydig. Thirty Sprague Dawley 

rats were split into five groups (n = 6/group) such as control - I; RF-EMR - II; RF-EMR + PJ - III; RF-EMR 

Recovery - IV; Pomegranate juice - V. Histological integrity of Sertoli cells and Leydig cells were found in 4G MP 

RF-EMR exposed rats when compared to group I. Seminiferous tubules (STs) showed the winding of interstitial 

spaces and an overall reduction in their size. Sertoli cells were resting irregularly. Leydig cells are darkly stained 

nuclei, vascular nuclei, and acidophilic vacuolated cytoplasm containing tiny lipid droplets. The co-administration 

of pomegranate juice showed improvement in STs was normal in shape. Sertoli cells and spermatogenic cells rest 

on an intact basement membrane. Sertoli cells appeared as tall cells between spermatogenic cells with prominent 

nuclei compared to RF-EMR group II. Exposure to 4G MP RF-EMR causes Histo-morphological changes (damage) 

of Sertoli and Leydig cells. However, co-administration of pomegranate juice acts as an agent against the 4G MP 

RF-EMR induced alterations. 
Keywords: mobile radioelectromagnetic radiation, pomegranate juice, histological integrity, male 

infertility. 

石榴对无线电电磁辐射大鼠支持细胞和睾丸间质细胞组织学完整性的改善作用 

摘要：如今，不孕不育是一个全球性问题。它影响全球15%的夫妇。男性不育症可归因

于手机(国会议员)射频电磁辐射(射频电子病历)阵列。本研究的目的是探讨石榴汁(PJ)提取物

保护大鼠睾丸免受射频电子病历损伤的能力。评估射频电磁辐射和石榴汁功效对睾丸间质细

胞和间质细胞结构完整性的影响。将30只斯普拉格道利大鼠分成5组（n=6/组），例如对照

组 -一世；射频-电子病历-II；射频电子病历+ PJ - III; 射频电子病历恢复-IV；石榴汁 - V. 与 I 

组相比，在4G国会议员射频-

电子病历暴露的大鼠中发现支持细胞和莱迪格细胞的组织学完整性。生精小管(英石)显示间

质空间的弯曲和其大小的整体减小。支持细胞不规律地休息。间质细胞是深色染色的细胞核

、血管细胞核和含有微小脂滴的嗜酸空泡状细胞质。石榴汁的共同给药显示STs的改善在形

状上是正常的。支持细胞和生精细胞位于完整的基底膜上。与射频电子病历组II相比，支持细

胞在具有突出细胞核的生精细胞之间表现为高细胞。暴露于4G国会议员射频电子病历会导致

支持细胞和睾丸间质细胞的组织形态学变化（损伤）。然而，石榴汁的共同给药可作为对抗 

4G国会议员射频电子病历诱导的改变的药剂。 

关键词：移动无线电电磁辐射，石榴汁，组织学完整性，男性不育。 
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1. Introduction 
Mobile phone technology has spread rapidly around 

the world. In 2019, more than 5 billion people had 4G 

android mobile devices, and over half of these 

connections are android mobile phones. However, the 

fastest-growing 4G android mobile phone technology 

has not been equal across nations. Smartphones have 

become necessary in our daily life [1]. These studies 

suggest that infertility is mainly related to exposure to 

“non-ionizing radiation” emitted by android mobile 

phones, toxic chemicals, and other environmental 

nuisances [2]. As the use of the android mobile phone 

has increased, it has also increased the concern 

regarding its harmful effects on health. The World 

Health Organization established the International RF-

EMR project in 1996 to protect public health and to 

assess the scientific evidence of possible health effects 

due to electromagnetic radiation. The Radio-Frequency 

(RF) waves and duration of radiation are the main 

factors that influence the effects of android MP 

radiation on the reproductive system [3, 4]. Inability to 

get pregnant for 1 year even after continuation of 

sexual intercourse without using any safety device is 

defined as infertility [5]. The internal factors for male 

infertility include 'testicular abnormalities' 

(cryptorchidism, genital tract obstructions, 

immunological conditions, and infections). External 

factors are exposure to environmental chemicals, such 

as heavy metals, electromagnetic wave radiations, high 

temperature, smoking, alcohol, stress, and obesity; all 

of them can disrupt spermatogenesis [6, 7]. 

Seminiferous tubules, Leydig cells, Sertoli cells, and 

spermatozoa are the main targets of possible damage 

caused by the RF-EMR. RF-EMR exposure may 

reduce hormonal testosterone levels, damage sperm 

DNA, and impairs spermatogenesis [8, 9].  

Pomegranate fruit and peel extract have a marked 

antioxidant capacity [10], with a high polyphenols 

content in ellagitannins condensed anthocyanins and 

tannins [11]. The potential therapeutic properties of 

Pomegranate juice are helpful in the treatment and 

prevention of cardiovascular disease [12], cancer [13], 

treatment of acquired immune deficiency syndrome 

[14] and diabetes [15] in addition to its uses for oral 

hygiene [16] and as an adjunct therapy to increase 

„bioavailability of radioactive‟ dyes during diagnostic 

imaging [17]. Furthermore, Pomegranate fruit is used 

in folk medicine and remedies many symptoms 

(eyesore, scurvy, diarrhea, and blood clots). PJ 

consumption significantly increases the spermatogenic 

cell density, sperm count, hormonal testosterone levels, 

and antioxidant activity in male rats [18]. In addition, 

PJ has been proposed as chemotherapeutic, anti-

inflammatory, anti-atherosclerotic [19-21]. The present 

study aimed to investigate the effect of 4G MP RF-

EMR exposure on the SD rats and determine the 

efficacy of PJ supplementation in protecting the 

histological integrity of Sertoli cells and Leydig cells. 

 

2. Materials and Methods 
After approval by the “Institutional Animal Ethical 

Committee” (Ref. No: 

IAEC/PHARMA/SDUMC/2018/12a), this study was 

carried out. The experimental study was conducted at 

the animal house, SDUMC, Kolar (Karnataka, India). 

The duration of the study was 6 months. 

 

2.1. Animals and Grouping 

Thirty male SD rats were present in the study (10-

14 weeks old; 150+180 gms). The animals were kept in 

Central Animal House for 12 days for acclimatization. 

Rats were fed pellets (Champaka Foods and feeds, 

Bangalore) and provided water throughout the study. 

The Central animal house and the experimental room 

were well ventilated with a temperature range of 20-

24˚C, constant humidity (45-50%), and constant 12 

Light: 12 Dark cycles. The rats were grouped into five 

groups (6/each group); Control I, RF-EMR II, RF-

EMR + pomegranate juice III, RF-EMR Recovery IV, 

and Pomegranate juice V respectively. 

Control Group I: neither exposed 4G MP RF-EMR 

nor given to PJ.  

RF-EMR Group II: rats were exposed to mobile 

phone RF-EMR emitted (800 - 2400 MHz) for 60 

minutes/day for 3 months.  

RF-EMR + PJ Group III: six rats were exposed to 

MP RF-EM for 60 minutes/day for 3 months, following 

3 months supplemented with Pomegranate juice (1 

ml/day) [22]. 

RF-EMR Recovery Group IV: six rats were exposed 

to 4G MP RF-EMR for 60 minutes/day/3 months and 

kept un-exposed for 3 months.  

Pomegranate Juice Group V: six rats were 

supplemented with PJ 1 ml/day for 90 days. 

 

2.2. Inclusion and Exclusion Criterion  
When procured, male healthy and active Sprague-

Dawley rats (10-14 weeks old; 180 + 10 gms) were 

included in this study. Female Sprague-Dawley rats 

and lesser weight (< 150) rats were excluded. 

 

2.3. Mobile Phone RF-EMR Exposure Technique 

Group II, III, and IV (two rats/each case) rats are 

exposed to RF-EMR emitted by 4G MP (VIVO 1803) 

60 minutes /day for 3 months, respectively. Keeping a 

(800-2400 MHz) mobile phone in talking mode is 

represented in Fig. 1).  

The mobile phones were hung down in the center of 

https://text-to-search.com/s/?q=Mobile
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the cage at a distance of 5 cm between the MP to the 

cage floor, and the radiation they emitted during the 

exposure was quantified by an RF-EMR meter (Meco - 

G RF - EMR) which were kept in rat case [22]. 

 

2.4. Plant Material 
Pomegranate fruit material (Botanical name: Punica 

Granatum. Voucher No.: 0320) was authenticated by 

Dr. Madhava Chetty K, Assistant Professor, 

Department of botany SVU, Tirupathi, A.P. 

 
Fig. 1 The image shows the cage with rats and a mobile phone 

during RF-EMR exposure with a radiofrequency meter (Meco-G 

RF-EMR) to quantify the radiation 

 

2.5. Extract Preparation 

Fresh pomegranate fruits (Bhagwa variety) were 

purchased from the local market. Fruits were cleaned 

and free from evidence of insect infections and 

objectionable materials. Afterward, they were manually 

peeled without separating the seeds.  

PJ was homogenized in the commercial blender 

(750W, Bajaj GX 11, India), filtrated with Labrador 

Buchner funnel, immediately poured into dark bottles, 

and stored at -20
o
 for no longer than one week. PJ was 

given through oral gavage daily 1ml/day for 3 months. 

This period is necessary to determine the effect of 

Pomegranate juice on “sperm production” because the 

animals need a period of 52 days [19]. 

 

2.6. Animal Sacrifice 

After overnight fasting, animals were euthanized 

with ketamine (50 mg/kg, i.p.), and the testis was 

extracted immediately, fixed with 10% buffered 

formalin for histological integrity testis.  

 

2.7. Tissue Processing  

The fixed specimens (testis) were trimmed and 

subsequently dehydrated in ascending grades of 

absolute alcohol (60%, 80%, 90 %) and clean with 

xylene, impregnated in “paraffin wax” 60
o
C, and 

embedded with the help of L-modes in paraffin for 

Histo-morphological assessments. Furthermore, blocks 

were cut into sections with a thickness of 5-6 µm and 

stained with H&E staining; sections were observed 

under a microscope [23].  

 

 

3. Results  
 

3.1. Assessment of Histological Integrity of Sertoli 

Cells and Leydig Cells (Hematoxylin and Eosin-

Stained Sections) 

In the present work, the Histological integrity of the 

testicular sections of the control group demonstrated a 

normal structure of seminiferous tubules with a regular 

shape. Sertoli and spermatogenic cells rest intact with 

the basement membrane (Fig. 2). Spermatogonia 

appeared as small cells and prominent rounded nuclei 

resting on the basement membrane. Sertoli cells 

appeared as tall cells between spermatogenic cells with 

prominent nuclei. In interstitial space between 

seminiferous tubules showed interstitial cells of 

Leydig, which appeared as large polygonal cells with 

vesicular nuclei. In group II, testicular sections are 

distorted; the histological architecture of some 

seminiferous tubules indicates a winding of interstitial 

spaces and a reduction in their size. Seminiferous 

tubules showed irregular basement membrane and 

detached, degenerated spermatogenic cells. 

 
Fig. 2 Photomicrographs of testis tissue (Sertoli cells and Leydig 

cells) from S.D rats sections. Control group (A & B) showing: A - 

closely packed seminiferous tubules (ST) lined by Sertoli cells 

(curved arrow) and spermatogenic cells (SC), with sperms (long 

arrow) in their lumens; B - Leydig cells (L1) with vesicular round 

nuclei and acidophilic cytoplasm containing seminiferous tubules 

(ST) or observed (H & E stain, x1000); Mobile phone RF-EMR 

group (C & D) showing: C - Irregular basement membrane (long 

arrow), distorted seminiferous tubules (ST), wide interstitial space 

(IS), detached spermatogenic cells (SC), multinucleated giant cells 

(G), empty spaces (E) and Sertoli cell (curved arrow) resting on the 

irregular basement membrane; D - Interstitial space contains 

congested blood vessels (BV) and Leydig cells with darkly stained 

nuclei (L1), and the remaining cells (L1) are vesicular nuclei (H & 

E stain, x1000); Pomegranate juice group (E & F) showing: E - 

Packed seminiferous tubules (ST) lined by spermatogenic cells and 

Sertoli cell (curved arrow), apparently normal spermatogenic cells 

(thick arrow); F - Leydig cells (L2) shows acidophilic vacuolated 

cytoplasm and vesicular nuclei (L2) (H & E stain, x1000). 

 

Sertoli cells showed a decrease in cytoplasm ground 

substance cytoplasm followed vacuolization, and 

Sertoli cells are entirely disturbed. Interstitial space 

increased, contained congested blood vessels, and 

Leydig cell (atrophy) appeared with small polygonal 

cells and darkly stained nuclei. 

In group III, examination of Histological testicular 

sections showed that normal packed STs lined by 

layers of „spermatogenic cells‟ and Sertoli cells are 
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resting on the fixed basement membrane. Few empty 

spaces are still seen among the spermatogenic 

epithelium. Interstitial space showed polygonal Leydig 

cells (darkly stained nuclei) with pale nuclei and 

acidophilic vacuolated cytoplasm.  

In group IV, Histological testicular sections showed 

incomplete improvement with some packed STs and 

partial loss of spermatogenic cells. Some 

spermatogenic cells appeared with acidophilic 

cytoplasm either resting on a regular or irregular 

basement membrane. Other STs are still containing 

multinucleated giant cells. The interstitial spaces 

contained Leydig cells with pale dark nuclei, and 

congested blood vessels are present. 

In group V, No Histological abnormalities were 

noted in the PJ group compared to the control group. 

However, STs were regular in the shape and 

arrangement of their cellular components. Sertoli cells 

and spermatogenic cells rest on the intact basement 

membrane. Sertoli cells appeared as tall cells between 

spermatogenic cells with prominent nuclei. In 

interstitial space between seminiferous tubules showed 

interstitial cells of Leydig, and cells appeared as “large 

polygonal” cells with vesicular nuclei. 

 

4. Discussion 
The 4G MP has become an essential part of daily 

life worldwide. In the covid-19 pandemic, the usage of 

MP was increased in adults, including adolescents. 

Although some studies have shown evidence regarding 

the harmful effects of RF-EMR on fertility, it is still 

controversial [24]. Several studies reported that usage 

of mobile phones (RF-EMR) led to decreased male 

fertility. Nonetheless, other studies showed no 

conclusive link between male infertility and mobile 

phone usage [25]. Therefore, the present study aimed to 

evaluate the consequences of increasing 4G MP (RF-

EMR) usage on testes. The RF-EMR may affect 

biological systems and potential health risks by 

increasing free radicals, which enhance mainly lipid 

peroxidation, and by changing antioxidant defense 

systems of human tissues leading to OS [26]. There is 

general agreement that OS was implicated as one of the 

main culprits in male infertility [27] and that RF-EMR 

can intensify the generation of OS and cause an 

imbalance between the production of reactive oxygen 

species and their antioxidant defense system [28].  

According to the available literature, the testicular 

Histological Integrity in S.D rats exposed to 4G MP 

RF-EMR and co-administration of PJ has not been 

studied yet. Histological integrity of the testes of rats 

exposed with 4G MP RF-EMR revealed degeneration 

in spermatogonia cells lining the seminiferous tubules. 

It is associated with incomplete spermatogenesis 

compared with the control group. The present study of 

the transmission of testicular Histo-morphological 

evaluation revealed degenerative changes mainly in the 

Sertoli cells and Leydig cells. The present study was 

focused on the protective effect of Pomegranate juice 

against 4G mobile phone RF-EMR exposed 

reproductive toxicity (Histo-morphology of Sertoli 

cells and Leydig cells) in male SD rats. Pomegranate 

juice has a protective effect due to its active ingredients 

like conjugated fatty acids [29], estrogenic flavonoids 

[30] phenolic acids [31], tannins [32, 33]; these 

compounds are found in substantial amounts in the 

Pomegranate juice and peels of the pomegranate fruit 

[34].  

Kumar et al. [35] revealed that mobile phones 

working on 1910.5 MHz could cause significantly 

decreased sperm count, reduction in the diameter of the 

STs, testicular weight, and DNA damage in Wistar rats 

in 2 hours/day/60days of RF-EMR exposure. A study 

done by LatifaIshaq Khayyat [36] and Pradeep Kumar 

et al. [37] reported that RF-EMR of mobile phones 

induced Leydig cell hypoplasia, atrophied seminiferous 

tubules, wide interstitium, and decreased germ cell 

population, maturation arrest in the spermatogenesis, 

vacuolization in spermatogenic cells and pyknotic 

nuclei in a germ cell. They also observed detachment 

of Sertoli cells and spermatogonia from the basal 

lamina, residual cytoplasm, shrinkage, and debris of 

degenerating cells in the seminiferous tubules [36, 37]. 

Similarly, a previous study done by Turk G et al. 

reported that the daily consumption of pomegranate 

juice for 7 weeks caused a significant reduction in OS 

parameters and a marked increase in the level of 

spermatogenic cells and thickness of the germ layers 

[18]. According to Mahmoud and Solaiman et al., 

pomegranate juice groups revealed that histo-

morphological examination of STs retained normal 

appearance. These results were confirmed Histo-

morphometrically by the significant increase in the STs 

Diameter and germinal epithelial height [38]. Dare BJ 

et al. studied that „Garcinia Kola and Vitamin E‟ had 

been seen to demonstrate hepatoprotective action 

against the oxygen free radical generated by the 

presence of Lead ions by maintaining the histological 

integrity of the testis of male Wistar rats [39].  

Uluaydin et al. [40] supported that FSH causes 

Sertoli cells to produce androgen-binding protein, 

inhibin, and activating. These hormonal regulations by 

the hypothalamus and anterior pituitary are essential 

for male reproductive functions. RF-EMR emitted from 

mobile phones can cause thermal effects as manifested 

by temperature elevation and EMF strength value on 

the hypothalamus and pituitary gland after 4G MP RF-

EMR exposure [40]. Seeham Ali Qasim et al. also 

mentioned that PJ prevents the decline in Leydig and 

Sertoli cells number and increases testosterone 

hormone level, prohibits reduction in several Sertoli 

cells Leydig cells and increases them that lead to 

increases in testosterone hormone [41]. 

 

5. Conclusion  
This study indicated that exposure to isothermal 
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non-ionizing RF-EMR (800-2400MHz) emitted from 

4G MP could produce Histological integrity effects on 

the testis of male S.D rats and these effects increased 

with these the time of exposure. However, the co-

administration of PJ was protective of the 4G MP RF-

EMR-induced alterations of Histological integrity 

changes due to its potent antioxidant effects. Hence, it 

can be said there is a positive effect of PJ consumption 

on male fertility. However, a realistic human exposure 

simulation remains challenging, and the extrapolation 

of experimental results to humans requires further 

studies. 
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