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Abstract: Gui-A-Gra, a commercial insect powder from Gryllus bimaculatus, is registered as an edible 

insect by the Korean food and drug administration. The aim of this study was to investigate the 

effect of Gui-A-Gra on testicular damage induced by experimental left varicocele in male Sprague 

Dawley rats. A total of 72 rats were randomly divided into the following six groups (12 rats in each 

group): a normal control group (CTR), a group administrated with Gui-A-Gra 1.63 gm/kg (G1.63), 

a group administrated with Gui-A-Gra 6.5 gm/kg (G6.5), a varicocele (VC)-induced control group 

(VC), a VC-induced group administrated with Gui-A-Gra 1.63 gm/kg (VC + G1.63), and a VC-

induced group administrated with Gui-A-Gra 6.5 gm/kg (VC + G6.5). Rats were administrated 1.63 

or 6.5 gm/kg Gui-A-Gra once daily for 42 days. Indicators of sperm parameters, histopathology, 

reproductive hormones, oxidative stress, endoplasmic reticulum (ER) stress, inflammation, and 

mitochondrial apoptosis were analyzed to evaluate effects of Gui-A-Gra on VC-induced testicular 

dysfunction. Gui-A-Gra administration to VC-induced rats significantly (p < 0.05) increased sperm 

count and sperm motility, Johnsen score, spermatogenic cell density, serum testosterone, testicular 

superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase, GPx4, and steroidogenic acute 

regulatory protein (StAR) level. Moreover, pretreatment with Gui-A-Gra significantly (p < 0.05) 

decreased terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) 

positive cells/tubules, serum luteinizing hormone (LH), serum follicle-stimulating hormone (FSH), 

testicular tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), malondialdehyde (MDA), reactive 

oxygen species (ROS)/reactive nitrogen species (RNS) level, glucose-regulated protein-78 (Grp-78), 

phosphorylated c-Jun-N-terminal kinase (p-JNK), phosphorylated inositol-requiring 

transmembrane kinase/endoribonuclease 1α (p-IRE1α), cleaved caspase-3, and BCL2 associated X 

protein: B-cell lymphoma 2 (Bax: Bcl2) ratio in VC rats. These results suggest that protective effects 

of Gui-A-Gra on VC-induced testicular injury might be due to its antioxidant, anti-inflammatory, 

and androgenic activities that might be mediated via crosstalk of oxidative stress, ER stress, and 

mitochondrial apoptosis pathway. 
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inflammation; mitochondria; testis; steroidogenic acute regulatory (StAR) protein; varicocele 
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1. Introduction 

Varicocele (VC) is characterized by dilation and tortuosity of internal spermatic vein 

(pampiniform plexus), a network of veins that drains testicular tissues [1]. VC is considered as one of 

major attributable causes of male infertility [2,3]. The incidence of clinical VC in male population is 

approximately 15%. Approximately 30–40% of men with VC have primary infertility problems and 

about 70–80% of men with VC have secondary infertility [1,4]. VC occurs more frequently on the left 

side and the etiology of VC is multifactorial [5,6]. Adverse effects of VC on male reproduction are 

associated with decreased testicular volume, sperm count, sperm motility, testosterone level, and 

Leydig cell function and increased germ cell apoptosis [7]. The pathophysiology of VC and molecular 

mechanisms involved in testicular damage and sperm dysfunctions have not been fully elucidated 

yet. It is generally believed that VC can induce an inhibition of testosterone biosynthesis, sperm 

chromosomal abnormalities, and elevation of reactive oxygen species (ROS) that can lead to oxidative 

stress and endoplasmic reticulum (ER) stress and trigger germ cell apoptosis [1,8]. VC associated 

infertility is correctable by surgical treatment including embolization, open scrotal or inguinal 

varicocelectomy, microsurgical varicocelectomy, and laparoscopic varicocelectomy [9]. Nevertheless, 

whether these operations can reverse altered semen parameters to baseline values in VC patients 

remains controversial [10]. Since there is no definite cure for VC-induced infertility, adjuvant 

therapies have been developed to assist varicocelectomy. 

Oxidative stress and testicular apoptosis are well documented causes of testicular dysfunction 

[1,3]. Plasma membranes of spermatozoa have specific compositions of phospholipids and significant 

concentrations of saturated and unsaturated fatty acids that make them susceptible to oxidative stress 

caused by increased production of reactive oxygen species (ROS) [11]. At the same time, damaged 

germinal epithelium, abnormal spermatozoa, and apoptotic spermatogenic cells can significantly 

elevate ROS production in testicular tissues [12]. Under clinical VC conditions, ROS production can 

exceed endogenous antioxidant capacity and increased ROS can elevate oxidative stress and ER stress 

[1–3]. Prolonged ER stress in VC can initiate testicular apoptosis by activating inositol-requiring 

transmembrane kinase/endoribonuclease 1 (IRE 1)-c-Jun amino terminal kinase (JNK) pathway in 

rats [13]. The mitochondrial signaling pathway is also interlinked for testicular tissue apoptosis in 

VC-induced rats [14]. 

It has been reported that antioxidant supplements can alleviate male infertility by scavenging 

ROS and modulating inflammatory responses and the antioxidant system [15]. Gui-A-Gra is a 

commercial Gryllus bimarculatus powder that has recently been registered as an edible insect in Korea 

[16]. Gryllus bimarculatus has pharmacological activity such as antioxidant and anti-inflammatory 

effects [17,18]. A recent study has shown that chitin and chitosan compound obtained from the 

exoskeletons of Gryllus bimarculatus have beneficial antioxidant, hypocholesterolemic, and 

antimicrobial properties [19]. The constituents of G. bimaculatus include glycosaminoglycan which 

exhibits anti-inflammatory effects [20]. Recent reports using animal models have shown that Gryllus 

bimarculatus extract can prevent diabetes, liver disease, and arthritis [21–23]. However, the effect of 

Gryllus bimarculatus on male reproductive functions has not been reported yet. Therefore, the 

objective of this study was to determine the protective effect of Gryllus bimaculatus powder for the 

recovery from testicular dysfunction and its associated male fertility condition in a VC-induced rat 

model. The roles of inflammation, oxidative stress, endoplasmic reticulum (ER) stress, and 

mitochondrial (intrinsic) pathway in VC testicular tissues were also examined to determine molecular 

mechanisms involved in the protective effect of Gryllus bimaculatus. 

2. Results 

2.1. Body Weight, Organ Weights, Fertility Parameters, Sperm Count, and Sperm Motility 

Effects of GUI-A-GRA on body weight, organ weights, sperm count, and sperm motility in both 

vas deferens and epididymis are summarized in Tables 1 and 2. Final body and organ weights were 

similar among all groups (Table 1). Sperm count and sperm motility in both vas deference and 

epididymis were decreased in the VC group as compared to the control (CTR) group, although such 
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decreases were not statistically significant except for the decrease of sperm count in vas deference 

which was significant (p < 0.05). Pretreatment with G 6.5 significantly increased sperm count in both 

vas deference and epididymis of VC rats (p < 0.05). Sperm motility in vas deference and epididymis 

in VC rats showed remarkable increases after pretreatment with G1.63 or G6.5 (p < 0.05) (Table 2). 

The fertility rate and pups per female were presented in Table S1. The fertility rate and pups per 

female were decreased in the VC group as compared to the control (CTR) group, although such 

decreases were not statistically significant. However, the pup per female in VC + G6.5 group was 

significant increased as compared to the VC group (Table S1). 

Table 1. The effect of Gui-A-Gra extract on body weight and reproductive organ weight in varicocele 

(VC)-induced male SD rats. 

Parameters CTR G1.63 G6.5 VC 
VC + 

G1.63 
VC + G6.5 

Body weight (sacrifice; 

g) 

457.41 ± 

8.5 

450.75 ± 

9.90 

476.16 ± 

9.64 

438.91 ± 

6.11 

448.91 ± 

7.97 

450.41 ± 

9.79 

Testis weight (g) 2.15 ± 0.04 2.10 ± 0.06 2.21 ± 0.03 2.01 ± 0.05 2.15 ± 0.03 2.10 ± 0.05 

Epididymis weight (g) 0.80 ± 0.02 0.93 ± 0.01 0.89 ± 0.01 0.83 ± 0.01 0.83 ± 0.01 0.82 ± 0.01 

Prostate weight (g) 0.96 ± 0.02 0.99 ± 0.02 1.03 ± 0.04 1.01 ± 0.03 0.96 ± 0.03 1.09 ± 0.06 

Seminal Vesicle weight 

(g) 
1.94 ± 0.07 2.27 ± 0.08 2.31 ± 0.06 2.10 ± 0.09 2.14 ± 0.07 2.08 ± 0.06 

Penis weight (g) 0.38 ± 0.01 0.40 ± 0.01 0.38 ± 0.01 0.35 ± 0.01 0.37 ± 0.01 0.39 ± 0.01 

Kidney weight (g) 1.33 ± 0.02 1.40 ± 0.03 1.34 ± 0.01 1.33 ± 0.02 1.38 ± 0.03 1.39 ± 0.04 

Data were presented as mean ± S.E.M, n = 12. Statistical analyses were performed using one-way 

ANOVA followed by Tukey’s post hoc test. CTR, control; G1.63, Gui-A-Gra 1.63 gm/kg p.o.; G6.5, 

Gui-A-Gra 6.5 gm/kg p.o.; VC, varicocele; VC + G1.63, varicocele + Gui-A-Gra 1.63 gm/kg; VC + G 6.5, 

varicocele + Gui-A-Gra 6.5 gm/kg; G, Gui-A-Gra; p.o., per oral; ANOVA, analysis of variance; SEM: 

standard error of the mean. 

Table 2. The effect of Gui-A-Gra extract on sperm count and motility of vas deferens and epididymis. 

Parameters CTR G1.63 G6.5 VC VC + G1.63 VC + G6.5 

Sperm count (106 

/ml) 
      

Vas deferens 
56.65 ± 

2.39 

50.37 ± 

2.82 

62.58 ± 

1.29 

45.91 ± 

1.80** 
54.08 ± 1.84 

72.41 ± 

1.05### 

Epididymis 
60.16 ± 

2.72 

54.79 ± 

2.18 

64.95 ± 

1.25 
54.58 ± 2.14 55.54 ± 1.97 

77.50 ± 

1.43### 

Sperm motility (%)       

Vas deferens 
70.93 ± 

3.75 

62.07 ± 

1.95 

58.62 ± 

1.29 
68.82 ± 1.33 78.21 ± 2.40# 81.37 ± 1.63## 

Epididymis 
68.81 ± 

3.11 

61.64 ± 

2.31 

58.50 ± 

1.71 
66.83 ± 1.83 

81.80 ± 1.62 

### 

83.70 ± 

1.46### 

Data are presented in mean ± S.E.M, n = 12. Statistical analyses were performed using one-way 

ANOVA followed by Tukey’s post hoc test. **p < 0.01 vs. CTR group, #p < 0.05 vs. VC group, ##p < 0.01 

vs. VC group, and ###p < 0.001 vs. VC group. CTR, control; G1.63, Gui-A-Gra 1.63 gm/kg p.o.; G6.5, 

Gui-A-Gra 6.5 gm/kg p.o.; VC, varicocele; VC + G1.63, varicocele + Gui-A-Gra 1.63 gm/kg; VC + G6.5, 

varicocele + Gui-A-Gra 6.5 gm/kg; G, Gui-A-Gra; p.o., per oral; ANOVA, analysis of variance; SEM: 

standard error of the mean. 

2.2. Gui-A-Gra Treatment Counteracts Damage to Seminiferous Tubules 

Histological analysis of hematoxylin and eosin staining in testis showed normal morphology 

with normal numbers of mature sperm in seminiferous tubules of all sham groups. However, fewer 

cell layers, absence of sperm, atrophy, and vacuolation were observed in the VC group (Figure 1A). 

More germ cell apoptosis (Figure 1D) and higher numbers of TUNEL positive cells/tubules (Figure 

1E) were also detected in the VC group as compared to the CTR group (p < 0.05). Johnsen’s score and 
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spermatogenic cell density in the VC group were significantly (p < 0.05) decreased compared to those 

in the CTR group (Figure 1B,C). They were effectively reverted in Gui-A-Gra pretreated groups (VC+ 

G1.63 group and VC+ G6.5 group) (Figure 1A–E). No significant difference was observed between 

VC + G1.63 and VC + G6.5 group. 

 

Figure 1. Histopathological morphology changes in rat left testis by H&E staining and germ cell 

apoptosis by TUNEL staining. (A) Photomicrogram of rat testis showing irregular seminiferous 

tubules (STs), narrow germinal cell layer, and absence of spermatozoa in the VC group. (B) Johnsen’s 

score in testis tissues. (C) Spermatogenic cell density in testis tissues. (D) Apoptotic testis principle 

cells after TUNEL staining. (E) The number of TUNEL positive cells per seminiferous tubule. Data are 

presented in mean ± S.E.M, n = 12. Statistical analyses were performed using one-way ANOVA 

followed by Tukey’s post-hoc test. ** p < 0.01 and *** p < 0.001 vs. CTR group; ## p < 0.01 and ### p < 0.001 

vs. VC group. CTR, control; G1.63, Gui-A-Gra 1.63 gm/kg p.o.; G6.5, Gui-A-Gra 6.5 gm/kg p.o.; VC, 

varicocele; VC + G1.63, varicocele + Gui-A-Gra 1.63 gm/kg p.o.; VC + G6.5, varicocele + Gui-A-Gra 6.5 

gm/kg p.o.; G, Gui-A-Gra; p.o., per oral; H&E, hematoxylin and eosin; TUNEL, terminal 

deoxynucleotidyl transferase-mediated dUTP nick-end labeling; ANOVA, analysis of variance; SEM: 

standard error of the mean. 

2.3. Reproductive Hormone Levels and Inflammatory Markers 

Serum testosterone level was significantly decreased in the VC group as compared to the CTR 

group (Figure 2). It was significantly increased in the Gui-A-Gra + VC group as compared to the VC 

group. Serum LH and FSH levels in the VC group were remarkably increased (p < 0.05) as compared 

to the CTR group. However, serum LH and FSH levels were significantly decreased in VC + G1.63 

and VC + G6.5 groups. Levels of IL-6 and TNF-α were remarkably (p < 0.05) upregulated in the VC 

group as compared to the CTR group. Pretreatment with Gui-A-Gra significantly (p < 0.05) 

downregulated these parameters in the VC + G1.63 and VC + G6.5 groups (Figure 2). 
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Figure 2. Effect of Gui-A-Gra on serum hormone levels and inflammatory cytokines levels in VC-

induced male SD rats. (A) Serum testosterone, (B) serum LH, (C) serum FSH, (D) testicular TNF-α, 

(E) testicular IL-6. Data are presented in mean ± S.E.M, n = 12. Statistical analyses were performed 

using one-way ANOVA followed by Tukey’s post-hoc test. * p < 0.05; ** p < 0.01; and *** p < 0.001 vs. 

CTR group; # p < 0.05; ## p < 0.01; and ### p < 0.001 vs. VC group. CTR, control; G1.63, Gui-A-Gra 1.63 

gm/kg p.o.; G6.5, Gui-A-Gra 6.5 gm/kg p.o.; VC, varicocele; VC + G1.63, varicocele + Gui-A-Gra 1.63 

gm/kg p.o.; VC + G6.5, varicocele + Gui-A-Gra 6.5 gm/kg p.o.; G, Gui-A-Gra; LH, luteinizing hormone; 

FSH, follicle stimulating hormone; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; p.o., per oral; 

ANOVA, analysis of variance; SEM: standard error of the mean. 

2.4. Determination of Testicular Lipid Peroxidation and Antioxidant Enzyme Activities 

Results of lipid peroxidation parameters (malondialdehyde (MDA), ROS/RNS) and antioxidant 

enzymes (SOD, GPx, and catalase) in testicular tissues are presented in Figure 3. VC-induced rats 

showed a significantly (p < 0.05) enhanced MDA level and ROS/RNS level compared to rats in the 

CTR group. Treatment with G1.63 and G6.5 significantly (p < 0.05) restored these parameters in the 

VC group. VC-induced rats showed significant decreases of testicular levels of SOD, GPx, and 

catalase levels as compared to rats in the CTR group. These levels were remarkably (p < 0.05) 

increased after pre-treatment with G1.63 or G6.5. No significant difference in these parameters was 

observed between VC + G1.63 and VC + G6.5 groups. 
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Figure 3. Effect of Gui-A-Gra treatment on testicular oxidative stress biomarkers in VC-induced male 

Sprague Dawley rats. (A) Malondialdehyde level (MD), (B) ROS/RNS level, (C) SOD activity, (D) GPx 

level, (E) catalase level. Data are presented in mean ± S.E.M, n = 12. Statistical analyses were performed 

using one-way ANOVA followed by Tukey’s post-hoc test. * p < 0.05; ** p < 0.01; and *** p < 0.001 vs. 

CTR group; # p < 0.05; ## p < 0.01; and ### p < 0.001 vs. VC group. CTR, control; G1.63, Gui-A-Gra 1.63 

gm/kg p.o.; G6.5, Gui-A-Gra 6.5 gm/kg p.o.; VC, varicocele; VC + G1.63, varicocele + Gui-A-Gra 1.63 

gm/kg p.o.; VC + G6.5, varicocele + Gui-A-Gra 6.5 gm/kg p.o.; G, Gui-A-Gra; ROS/RNS, reactive 

oxygen species/ reactive nitrogen species; SOD, superoxide dismutase; GPx, glutathione peroxidase; 

p.o., per oral; ANOVA, analysis of variance; SEM: standard error of the mean. 

2.5. Western Blot and Immunohistochemistry of Proteins Expressed in Left Testis 

To analyze the protective mechanism of Gui-A-Gra against VC-induced testicular dysfunction, 

protein expression levels of Grp 78, p-JNK/JNK, p-IRE1α/IRE1α caspase 3, cleaved caspase-3, BCL2 

associated X protein (Bax): B-cell lymphoma 2 (Bcl2) ratio, StAR, and Gpx4 were analyzed in testis 

tissues by western blotting. Results are shown in Figures 4 and 5. VC-induced rats showed significant 

(p < 0.05) increases of GRP-78, p-IRE1α/ IRE1α, and p-JNK/JNK as compared to rats in the CTR group. 

In contrast, levels of GRP-78, p-IRE1α/IRE1α, and p-JNK/JNK levels in VC + G6.5 group were 

remarkably (p < 0.05) decreased as compared to those in the VC group. Levels of GRP 78 and p-

JNK/JNK in VC + G1.63 group were lower than in the VC group, although differences between the 

two groups were not statistically significant. However, the p-IRE1α/IRE1α level in VC + G1.63 group 

was significant decreased as compared to the VC group. Levels of pro-caspase-3 were similar among 

all groups. VC-induced rats showed prominently increased expression of cleaved caspase-3 and 

Bax:Bcl2 ratio compared to rats in the CTR group, although the increase was not statistically 

significant compared with the CTR group. In contrast, the cleaved caspase 3 and Bax:Bcl2 ratio in the 

VC + G6.5 group was significantly (p < 0.05) decreased as compared to the VC group (Figures 4C and 

5E). The cleaved caspase-3 level in the VC + G1.63 group was decreased as compared to that in the 
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VC group. However, this decrease was not statistically significant. On the other hand, the Bax: Bcl2 

ratio in the VC + G1.63 was significantly decreased compared to that in the VC group. 

VC-induced rats showed significantly decreased expression levels of StAR as compared to rats 

in the CTR group. However, treatment with Gui-A-Gra restored levels of StAR in varicocelized rats. 

Cell-specific expression of StAR, Grp 78, and cleaved caspase 3 proteins in testis tissues was further 

analyzed by immunohistochemistry staining (Figure 4A–C). A dark red positive signal of StAR 

protein was observed in the Leydig cells of the CTR group, the G1.63 group, and the G6.5 group. 

However, the StAR protein in the VC group showed faint expression. In contrast, pretreatment with 

Gui-A-Gra enhanced StAR protein expression (dark red signal) in the Leydig cells of VC-induced 

rats. A dark brown positive signal of Grp 78 was observed in the VC group. In contrast, no signal of 

Grp 78 was observed in other groups. Similarly, deep brown staining showing positive signal of 

cleaved caspase 3 was detected in the VC group whereas no such signal was detected in other groups. 

 

Figure 4. Effect of Gui-A-Gra on protein expression levels of StAR, Grp-78 and cleaved caspase-3 in 

testis tissues of VC-induced male Sprague Dawley rats determined by immunohistochemistry 

staining and western blot analysis. (A) StAR, (B) Grp-78, (C) cleaved caspase-3. Statistical analyses 

were performed using one-way ANOVA followed by Tukey’s post-hoc test. * p < 0.05; ** p < 0.01; and 
*** p < 0.001 vs. CTR group; # p < 0.05; ## p < 0.01; and ### p < 0.001 vs. VC group. CTR, control; G 1.63, 

Gui-A-Gra 1.63 gm/kg p.o.; G6.5, Gui-A-Gra 6.5 gm/kg p.o.; VC, varicocele; VC + G1.63, varicocele + 

Gui-A-Gra 1.63 gm/kg p.o.; VC + G6.5, varicocele + Gui-A-Gra 6.5 gm/kg p.o.; G, Gui-A-Gra; StAR, 

steroidogenic acute regulatory protein; Grp-78, glucose regulated protein-78; p.o., per oral; ANOVA, 

analysis of variance; SEM: standard error of the mean. 

3. Discussion 

The present work used an experimental VC model to determine treatment effect of Gui-A-Gra 

on VC. This work extended studies on pathophysiological mechanisms associated with VC and 

suggested an ameliorative effect of Gui-A-Gra on VC. This study is first to report a protective effect 

of Gui-A-Gra on testicular dysfunction and male infertility using a VC-induced rat model. 

Pretreatment with Gui-A-Gra significantly improved sperm parameters, regulated levels of 

reproductive hormones, and promoted spermatogenesis in VC rats. Results of testicular 

morphological analysis, TUNEL assay, immunohistochemistry, and western blot analyses indicated 

that Gui-A-Gra could also decrease germ cell apoptosis. 

Previous studies have shown testicular hypotrophy in patients with clinical VC, but not in 

patients with subclinical VC [24]. In the present study, there was no significant difference in body 

weight or reproductive organ weight among all groups. Testicular weight in the VC group showed a 
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decrease compared to that in the CTR group. However, such decrease was not significant. VC is 

considered one of the most common causes of decreased quality of sperm parameters in adult 

patients and experimental rat models [2,25]. Similar results were found in VC rats of the present 

study. Decreased quality of sperm parameters might be due to increased ROS level and decreased 

activities of antioxidant enzymes, leading to sperm apoptosis [26]. Pretreatment with Gui-A-Gra 

improved sperm count and sperm motility of vas deference and epididymis in VC rats. Increased 

sperm counts were due to a curative effect of Gui-A-Gra on VC-induced testicular dysfunction in 

relation to spermatogenesis. 

In our study, VC-induced rats showed degenerative changes in mammalian testis such as 

testicular atrophy, apoptosis of germ cell, aberration of STs, and impaired spermatogenesis. Similar 

findings have been reported in previous experimental VC studies [1–3]. Testosterone plays an 

essential role in the development of STs. Aberration of STs might be due to downregulation of 

testosterone biosynthesis [2]. Pretreatment with Gui-A-Gra can prevent testicular atrophy, sloughing 

of germ cells, and apoptosis in VC rats. Johnsen score and spermatogenic cell density are histological 

prognostic indicators for evaluating testicular tissues. Numerous studies have shown 

downregulation of these indicators in VC rats [27,28]. Consistent with previous findings, the current 

study also showed that the Johnsen’s score and spermatogenic cell density in STs were decreased in 

VC-induced rats. Administration of Gui-A-Gra remarkably up-regulated these indicators. Thus, Gui-

A-Gra might be used as a supplementary therapeutic option to improve VC-induced infertility. 

Leydig cells are located in the interstitial tissue of the testis where testosterone is synthesized. 

They are essential for spermatogenesis [29]. The StAR protein is a rate-limiting step in 

steroidogenesis. It plays an essential role in transferring cholesterol from the outer mitochondrial 

membrane to the inner mitochondrial membrane where cytochrome P450 cholesterol side chain 

cleavage (P450ssc) enzyme cleaves cholesterol to pregnenolone which is further converted to 

testosterone and various steroid hormones with a series of enzymes [30]. In the present study, 

aggravation of VC was associated with decreased serum testosterone level and expression of StAR 

protein with upregulation of serum LH and FSH levels. Spermatogenesis is regulated by the 

hypothalamic-pituitary-testicular axis system [31]. Upregulation of serum LH and FSH levels might 

be due to a feedback mechanism of the hypothalamus-pituitary-testicular axis [32]. Pretreatment with 

Gui-A-Gra increased StAR protein expression and serum testosterone level but downregulated 

serum LH and FSH levels, suggesting androgenic properties of Gui-A-Gra. 

In the present study, higher concentrations of testicular MDA were detected in VC rats. The 

results of our study were similar to the MDA results of human testicular biopsy samples from infertile 

patients with VC [33]. Furthermore, increased ROS/RNS levels and decreased antioxidant enzymes 

such as SOD, GPx, and catalase were found in VC rats. Similar results were reported for seminal and 

plasma specimens of infertile patients with VC [34]. The cell membrane of spermatozoa is 

predominantly made of saturated and unsaturated fatty acids. Thus, it is especially prone to ROS-

induced damage mediated by the formation of MDA [35]. ROS is positively correlated with 

degenerative changes in testicular function such as damaged DNA and protein and germ cell 

apoptosis [3,36]. Pretreatment with Gui-A-Gra upregulated antioxidant enzymes levels but 

downregulated ROS levels in VC rats, suggesting that Gui-A-Gra could decrease lipid peroxidation 

in testis tissues due to its antioxidant activity. Our results also revealed that Gui-A-Gra could 

decrease levels of inflammatory cytokines in testis tissues of VC rats. Increased levels of pro-

inflammatory cytokines and decreased antioxidant capacity are associated with infertility in VC 

patients [37]. Inflammatory mediators are known to play a regulatory role in spermatogenic cell 

development, functions of sertoli cells, and sperm maturation [38]. The present study confirms that 

Gui-A-Gra possesses anti-inflammatory activity, consistent with a previous report [20]. 

Apoptosis is another detrimental factor involved in the impairment of sperm quality in patients 

with VC [39]. Increased levels of ROS in VC could result in peroxidation of the cell membrane of 

spermatozoa, resulting in apoptosis of sperm cells [34]. ROS play a bidirectional role in oxidative 

stress and ER stress [40–42]. The present study showed that ER stress, oxidative stress, and 

mitochondrial apoptosis pathway were key mechanisms involved in germ cell apoptosis of testis 
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tissues in experimental VC rats. The results of our study were consistent with previous findings 

[1,2,13]. Upon prolonged ER stress, PERK and IRE1 mediated stress signaling can trigger apoptosis 

of cells [43,44]. Several studies have indicated that cleaved caspase 3 and Bax are upregulated 

whereas Bcl2 is downregulated in VC, which in turn can decrease the activity of antioxidant enzymes 

and increase tissue levels of MDA [1,2]. Bax protein is negatively correlated with the number of 

spermatozoa, sperm morphology, and sperm motility, whereas Bcl-2 exhibits a significant positive 

association with semen parameters [2,13]. In the present study, pretreatment with Gui-A-Gra 

significantly decreased oxidative stress, IRE1-JNK signaling, and mitochondrial (intrinsic) signaling 

mediated apoptosis pathways, suggesting that Gui-A-Gra could promote spermatogenesis by 

downregulating germ cell apoptosis (Figure 5). 

 

Figure 5. Effect of Gui-A-Gra on protein expression levels of JNK, p-JNK, IRE 1α, p-IRE 1α, Gpx4, 

pro-caspase 3, and Bax/Bcl2 ratio in testis tissues of VC-induced male Sprague Dawley rats 

determined by western blot analysis. (A) p-JNK/JNK, (B) p-IRE1α/IRE1α, (C) GPx4, (D) pro-caspase-

3, and (E) Bax/Bcl2 ratio. Data are presented in mean ± S.E.M, n = 12. Statistical analyses were 

performed using one-way ANOVA followed by Tukey’s post-hoc test. * p < 0.05; and ** p < 0.01; and *** 

p < 0.001 vs. CTR group; # p < 0.05; and ## p < 0.01; and ### p < 0.001 vs. VC group. CTR, control; G 1.63, 

Gui-A-Gra 1.63 gm/kg p.o.; G6.5, Gui-A-Gra 6.5 gm/kg p.o.; VC, varicocele; VC + G1.63, varicocele + 

Gui-A-Gra 1.63 gm/kg p.o.; VC + G6.5, varicocele + Gui-A-Gra 6.5 gm/kg p.o.; G, Gui-A-Gra; p-

JNK/JNK, phosphorylated c-jun-N-terminal kinase/c-jun-N-terminal kinase; p-IRE1α/IRE1α, 

phosphorylated inositol-requiring transmembrane kinase 1α/ inositol-requiring transmembrane 

kinase 1α ; GPx4, glutathione peroxidase-4; Bax;Bcl2, BCL2 associated X protein: B-cell lymphoma 2; 

p.o., per oral; ANOVA, analysis of variance; SEM: standard error of the mean. 

4. Materials and Methods 

4.1. Gui-A-Gra Material and Extract Preparation 

A commercial Gryllus bimarculatus powder material under the name of Gui-A-Gra used for the 

experiments was supplied from 239bio Inc. (Iksan, Chonbuk, South Korea), a facility accredited for 

hazard analysis and critical control point (HACCP) and good manufacturing practice (GMP). 

Cultivated adult G. bimarculatus were subjected to 1-day of defecation before sacrifice. The G. 

bimarculatus were then cleansed with tap water three times, sterilized at 100 °C for 3–5 min, and dried 
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for 6 h to have moisture less than 5%. Finally, dried G. bimaculatus were ground and homogenized. 

The powder was then stored at −20°C for further use. 

4.2. Animal Care and Experimental Design 

Seventy-two 7–8 weeks old male Sprague Dawley rats were purchased from Koatech (Gyeonggi-

do, South Korea) and randomly divided into six groups (12 rats/group): 1) normal control (CTR) 

group; 2) Gui-A-Gra 1.63 gm/kg p.o. group (G1.63); 3) Gui-A-Gra 6.5 gm/kg p.o. group (G6.5); 4) 

varicocele (VC) group; 5) VC + Gui-A-Gra 1.63 gm/kg p.o. group (VC + G1.63); and 6) VC + Gui-A-

Gra 6.5 gm/kg p.o. group (VC + G6.5). Rats were maintained in plastic cases (47 × 18 × 40 cm) (four 

rats per case) in controlled environment conditions (12-h light-dark cycle, temperature of 20 ± 2 °C, 

and humidity of 50 ± 10%). Rats had free access to water ad libitum and standard rat chow diet. All 

experiments were performed according to the Institutional Animal Care and Use Committee 

(IACUC) of Jeonbuk National University Hospital Laboratory Animal Center (cuh-IACUC-2017-13). 

After one week of acclimatization, left VC was induced for VC group, VC + G1.63 group, and VC + 

VC + G6.5 group of rats according to standard protocols [1–3]. Rats in CTR, G1.63, and G6.5 groups 

were sham-operated with an abdominal midline incision only. The midline incision was then 

sutured. Medication of Gui-A-Gra was started after 4 weeks of VC induction. Gui-A-Gra was diluted 

in a normal saline and administered through an oral gavage in a daily dose of 1.63 or 6.5 gm/kg body 

weight to rats of G1.63, G6.5, VC + G1.63, and VC + G6.5 groups for 42 days. Doses of Gui-A-Gra were 

determined based on the previous study [22]. CTR and VC groups of rats received only normal saline 

(vehicle) during the medication period. The fertility parameters analysis method was described in 

the supplementary material (Table S1). At the end of medication for 42 days, rats were anesthetized 

by intraperitoneal ketamine (100 mg/mL) + 2% xylazine hydrochloride (20 mg/mL) and euthanized 

by hypothermia and cervical dislocation [1]. Blood samples were collected from the venae cavae of 

the rats. Serum was separated and stored at −80 °C until biochemical analysis. Reproductive organs 

were excised and weighed. Half of the left testis tissues were collected in Bouin’s solution for 

histological analysis and the other half were frozen in liquid nitrogen for biochemical and western 

blot analyses. 

4.3. Assessment of Sperm Parameters 

Epididymal and vas deference sperm count and sperm motility were evaluated as described 

previously [45]. In brief, the distal cauda and the vas deference were rapidly washed in PBS to remove 

excess blood and placed in separate microcentrifuge tubes containing pre-warmed normal saline at 

37 °C. Tissues were gently cut with anatomic scissors and sperm were allowed to suspend for 5 min. 

After incubation, sperm analyses were performed using a counting chamber (SEFI-Medical 

Instruments Ltd, New York, NY, USA) under a light microscope at ×20 magnification. Sperm count 

is presented as 106 sperms/mL. Motile spermatozoa were analyzed with the formula of ((mean 

number of motile spermatozoa/total number of spermatozoa) × 100). Results for sperm motility are 

expressed as percentages.  

4.4. Hematoxylin and Eosin (H&E) and Terminal Deoxynucleotidyl Transferase-Mediated (dUTP) Nick-End 

Labeling (TUNEL) Staining 

Testis tissues were fixed in Bouin’s solution, dehydrated, embedded in paraffin wax, and 

sectioned into 5 μm slices. Testis sections were subjected to hematoxylin and eosin (H&E) staining 

and TUNEL staining (Dead EndTM Colorimetric TUNEL System for qualitative study; Promega, 

Madison, WI, USA) as described previously [40]. At least thirty seminiferous tubules (STs) per section 

were randomly examined under a light microscope (400×). Each section was evaluated using 

Johnsen’s score [45]. Similarly, at least 30 STs were analyzed for spermatogenic cell density by 

measuring the diameter of the ST and the thickness of the germinal cell layer using the formula of 

(diameter of the ST / thickness of the germinal cell layer). For TUNEL assay analysis, dark brown 
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stained cells were counted for at least 30 STs per section under a light microscope (×40 objective). 

Positive germ cell apoptosis was expressed as TUNEL positive cells/tubules. 

4.5. Serum Hormonal Assays 

Serum levels of testosterone (ab108666, Abcam Cambridge, MA, USA), luteinizing hormone 

(LH) (E-EL-R0026, Elabscience, Houston, TX, USA), and follicle-stimulating hormone (FSH) (E-EL-

R0391, Elabscience, Houston, TX, USA) were measured using enzyme-linked immunosorbent assay 

(ELISA) per each manufacturer’s protocols. 

4.6. Measurements of Cytokines 

Whole tissue supernatants were prepared as described previously [40]. Testicular levels of 

interleukin-6 (IL-6) (BMS625 IL-6 rat Elisa kit, Thermo Fisher Scientific, Waltham, MA, USA) and 

TNF-α (BMS 622 rat TNF-α kit, Thermo Fisher Scientific, Waltham, MA, USA) were measured by 

enzymatic method using commercial kits as per the manufacturer’s instructions. IL-6 and TNF-α 

concentrations are expressed per milligram protein. 

4.7. Measurements of Lipid Peroxidation and Antioxidant Enzymes 

Malondialdehyde (MDA) levels in testis tissues were assessed using reagents provided by 

Northwest Life Science Specialties LLC (Vancouver, WA, USA). Briefly, MDA reaction of a colored 

complex was measured at an absorbance of 532 nm using a kinetic spectrophotometer (Spectra Max 

180, Molecular Devices, Sunnyvale, CA, USA). MDA levels are expressed as μmole of MDA/mg of 

wet testis tissue. Testicular ROS/RNS levels were quantified using an OxiSelect in Vitro ROS/RNS 

Assay Kit (STA-347, Cell Biolabs, Inc., San Diego, CA, USA) according to the manufacturer’s protocol. 

Fluorescence of dichlorofluorescein (DFC) was measured with a SpectraMax Gemini XS fluorimeter 

(Molecular Devices, Sunnyvale, CA, USA) at excitation/emission wavelengths of 480/530 nm as 

described previously [1]. Activities of testicular superoxide dismutase (SOD), glutathione peroxidase 

(GPx), and catalase were detected with commercially available kits (item no. 706002, 703102, and 

707002, respectively, Cayman Chemical, Ann Arbor, MI, USA) as per the manufacturer’s instructions. 

Testicular SOD, GPx, and catalase values are expressed per milligram of protein. 

4.8. Immunohistochemistry Staining 

Paraffin-embedded consecutive testis tissue sections (5 μm in thickness) were deparaffinized 

with xylene, dehydrated with alcohol, and subjected to heat-mediated 1x target retrieval solution at 

pH 6.0 (DAKO, Glostrup, Denmark). Endogenous peroxide activity was blocked with peroxidase-

blocking solution (DAKO) for 15 min and washed with 1× PBS buffer twice (5 minutes each). Non-

specific bindings of testis section were further blocked with serum block solution for 10 min (DAKO) 

and incubated with primary antibodies cleaved caspase 3 (1:100, D175, Cell Signaling Technology, 

Beverly, MA, USA), StAR (1:100, D10H12, Cell Signaling Technology, Beverly, MA, USA), and Grp 

78 (1:100, Ab 21, 685, Abcam Cambridge, MA, USA) at 4 C overnight. Sections were then washed 

with 1× PBS twice (5 min each) and incubated with a horseradish peroxidase (HRP)-labeled 

micropolymer conjugated secondary antibody (MP-7451, anti-rabbit IgG; vector Labs, Burlingame, 

CA, USA) at room temperature for 1 h. Prior to incubation, sections were rinsed with AEC substrate 

chromogens (SK-4205, ImmPACT AEC Peroxidase substrate; vector Labs, Burlingame, CA, USA). 

Slides were then rinsed with deionized water for 5 min, counter-stained with hematoxylin, rinsed 

with distilled water, and mounted with mounting medium (Abcam, Cambridge, MA, USA). 

4.9. Western Blotting 

Extraction of protein from testis tissue was conducted as described previously [1]. Protein levels 

of pro-caspase-3, cleaved caspase 3, BCL 2 associated X protein (Bax), B-cell lymphoma 2 (Bcl-2), 

steroidogenic acute regulatory protein (StAR), glutathione peroxidase 4 (GPx 4), ER stress markers, 

glucose-regulated protein-78 (GRP-78), phosphorylated c-Jun-N-terminal kinase (p-JNK), c-Jun-N-



Int. J. Mol. Sci. 2020, 21, 9231 12 of 16 

terminal kinase (JNK), phosphorylated inositol-requiring transmembrane kinase/endoribonuclease 

1α (p-IRE1α), and inositol-requiring transmembrane kinase/endoribonuclease 1α (IRE1α) in testis 

tissues were analyzed by Western blotting. Proteins (30–60 μg) were separated by 8% to 12% SDS-

polyacrylamide gel electrophoresis and electro-transferred onto PVDF membranes (#1620177, Bio-

Rad, Hercules, CA, USA). These membranes were then blocked with 5% non-fat milk for 1 h at 4 °C 

and incubated with the following primary antibodies: β-actin, pro-caspase-3, cleaved caspase 3, Bcl-

2, Bax, and StAR (Cell Signaling Technology, Beverly, MA, USA); GPx 4, GRP-78, and p-IRE1α 

(Abcam Cambridge, MA USA); IRE1, JNK and p-JNK (Santa Cruz Biotechnology, Dallas, TX, USA) 

in 5% non-fat milk overnight at 4 °C. Following the incubation, membranes were washed thrice with 

0.01% TBS-T (Tris-buffered saline Tween 20, pH 7.2) for 10 min each time and incubated with 1:5000 

diluted anti-mouse or anti-rabbit IgG antibody (Cell Signaling Technology, Beverly, MA, USA) at 

room temperature for 1 h. These membranes were washed with TBST (10 min X 3 times). Signals on 

membranes were detected using an ECL kit (Amersham Bioscience, Piscataway, NJ, USA) with an 

ECL visualization system (Vilber Lourmat, France). Band intensities were analyzed using ImageJ 

software (NIH, Bethesda, MD, USA). 

4.10. Statistical Analysis 

All quantitative data are expressed as mean ± standard error of the mean (SEM). Statistical 

analyses were performed using SPSS version 22 (IBM, Armonk, NY, USA). One-way analysis of 

variance (ANOVA) was used to compare groups followed by Tukey’s test for post-hoc analysis. 

Statistical significance was considered at p < 0.05. GraphPad PRISM 6.0 was used for graphical 

analysis (GraphPad Software, San Diego, CA, USA). 

5. Conclusions 

In summary (Figure 6), our results demonstrate that Gui-A-Gra treatment can enhance normal 

functions of testis in VC-induced male rats by stimulating testosterone biosynthesis. Gui-A-Gra can 

ameliorate VC-induced oxidative stress by decreasing lipid peroxidation and the activation of 

antioxidant enzymes, suppressing inflammation, and downregulating ER stress and mitochondrial 

medicated germ cell apoptosis pathways, thereby significantly improving reproductive parameters 

of VC-induced male rats. These findings suggest that Gui-A-Gra may be a promising therapeutic 

modality for the treatment of varicocele, or as a supplement for ameliorating the reproductive 

impairment. 

 

Figure 6. Schematic diagram showing how Gui-A-Gra can prevent testicular dysfunction in 

experimental varicocele (VC) rats. MDA, malondialdehyde; ROS/RNS, reactive oxygen 

species/reactive nitrogen species; SOD, superoxide dismutase; GPx, glutathione peroxidase; ER, 
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endoplasmic reticulum; GRP-78, glucose-regulated protein-78; p-JNK, phosphorylated c-Jun-N-

terminal kinase; p-IRE1α, phosphorylated inositol-requiring transmembrane 

kinase/endoribonuclease 1α; Bax:Bcl2, BCL 2 associated X protein : B-cell lymphoma 2; IL-6, 

interleukin-6; TNF-α, tumor necrosis factor-α; LH, luteinizing hormone; FSH, follicle stimulating 

hormone; StAR: steroidogenic acute regulatory protein. 

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/1422-0067/21/23/9231/s1. 

Table S1. The fertility rate and pups per female. 
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Abbreviations 

CTR Control 

Gui-A-Gra Gryllus bimarculatus powder 

G Gui-A-Gra 

G 1.63 Gui-A-Gra 1.63 gm/kg 

G 6.5 Gui-A-Gra 6.5 gm/kg 

VC Varicocele 

VC + G 1.63 Varicocele + Gui-A-Gra 1.63 gm/kg 

VC + G 6.5 Varicocele + Gui-A-Gra 6.5 gm/kg 

SD Sprague-Dawley 

ER Endoplasmic reticulum 

Bcl-2 B-cell lymphoma 2 

Bax BCL 2 associated X protein 

StAR Steroidogenic acute regulatory protein 

MDA Malondialdehyde 

SOD Superoxide dismutase 

ROS/RNS Reactive oxygen species/reactive nitrogen species 

GPx Glutathione peroxidase  

GPx 4 Glutathione peroxidase 4 

LH Luteinizing hormone 

FSH Follicle stimulating hormone 

TNF-α Tumor necrosis factor-α 

IL-6 Interleukin-6 

Grp-78 Glucose regulated protein-78 

p-JNK Phosphorylated c-jun-N-terminal kinase 

JNK c-jun-N-terminal kinase 

p-IRE1α Phosphorylated inositol-requiring transmembrane Kinase 1α 

IRE1α Inositol-requiring transmembrane kinase 1α 

TUNEL 
Terminal deoxynucleotidyl transferase-mediated (dUTP) nick-

end labeling 

H&E Hematoxylin and eosin 

STs Seminiferous tubules 
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PBS Phosphate buffer saline 

DFC Dichlorofluorescein 

GMP Good manufacturing practice 

HACCP Hazard analysis and critical control point 

ANOVA Analysis of variance 

SEM Standard error of the mean. 

p.o. Per oral 

References 

1. Karna, K.K.; Choi, B.R.; You, J.H.; Shin, Y.S.; Cui, W.S.; Lee, S.W.; Kim, J.H.; Kim, C.Y.; Kim, H.K.; Park, J.K. 

The ameliorative effect of monotropein, astragalin, and spiraeoside on oxidative stress, endoplasmic 

reticulum stress, and mitochondrial signaling pathway in varicocelized rats. BMC Complement. Altern. Med. 

2019, 19, 1–13, doi:10.1186/s12906-019-2736-9. 

2. Karna, K.K.; Choi, B.R.; Kim, M.J.; Kim, H.K.; Park, J.K. The Effect of Schisandra chinensis Baillon on Cross-

Talk between Oxidative Stress, Endoplasmic Reticulum Stress, and Mitochondrial Signaling Pathway in 

Testes of Varicocele-Induced SD Rat. Int. J. Mol. Sci. 2019, 20, 5785. 

3. Soni, K.K.; Zhang, L.T.; Choi, B.R.; Karna, K.K.; You, J.H.; Shin, Y.S.; Lee, S.W.; Kim, C.Y.; Zhao, C.; Chae, 

H.-J.; et al. Protective effect of MOTILIPERM in varicocele-induced oxidative injury in rat testis by 

activating phosphorylated inositol requiring kinase 1α (p-IRE1α) and phosphorylated c-Jun N-terminal 

kinase (p-JNK) pathways. Pharm. Biol. 2018, 56, 94–103, doi:10.1080/13880209.2017.1421672. 

4. Selvam, M.K.P.; Agarwal, A. Sperm and Seminal Plasma Proteomics: Molecular Changes Associated with 

Varicocele-Mediated Male Infertility. World J. Mens Health 2019, 38, 472–483. 

5. Paick, S.; Choi, W.S. Varicocele and Testicular Pain: A Review. World J. Mens Health 2019, 37, 4–11. 

6. Selvam, M.K.P.; Samanta, L.; Agarwal, A. Functional Analysis of Differentially Expressed Acetylated 

Spermatozoal Proteins in Infertile Men with Unilateral and Bilateral Varicocele. Int. J. Mol. Sci. 2020, 21, 

3155. 

7. Selvam, M.K.P.; Agarwal, A.; Sharma, R.; Samanta, L.; Gupta, S.; Dias, T.R.; Martins, A.D. Protein 

Fingerprinting of Seminal Plasma Reveals Dysregulation of Exosome-Associated Proteins in Infertile Men 

with Unilateral Varicocele. World J. Mens Health 2019, 37, doi:10.5534/wjmh.180108. 

8. Karna, K.K.; Shin, Y.S.; Choi, B.R.; Kim, H.K.; Park, J.K. The Role of Endoplasmic Reticulum Stress Response 

in Male Reproductive Physiology and Pathology: A Review. World J. Mens Health 2020, 38, 484–494. 

9. Lipshultz, L.I.; Chiba, K.; Ramasamy, R.; Lamb, D.J. The varicocele: Diagnostic dilemmas, therapeutic 

challenges and future perspectives. Asian J. Androl. 2016, 18, 276–281, doi:10.4103/1008-682x.167724. 

10. Zhou, T.; Zhang, W.; Chen, Q.; Li, L.; Cao, H.; Xu, C.L.; Chen, G.H.; Sun, Y.H. Effect of varicocelectomy on 

testis volume and semen parameters in adolescents: A meta-analysis. Asian J. Androl. 2015, 17, 1012–1016. 

11. Collodel, G.; Castellini, C.; Lee, J.C.; Signorini, C. Relevance of Fatty Acids to Sperm Maturation and 

Quality. Oxidative Med. Cell. Longev. 2020, 2020, 7038124. 

12. Turner, T.T.; Lysiak, J.J. Oxidative stress: A common factor in testicular dysfunction. J. Androl. 2008, 29, 

488–498. 

13. Hosseini, M.; Shaygannia, E.; Rahmani, M.; Eskandari, A.; Golsefid, A.A.; Tavalaee, M.; Gharagozloo, P.; 

Drevet, J.R.; Nasr-Esfahani, M.H. Endoplasmic Reticulum Stress (ER Stress) and Unfolded Protein 

Response (UPR) Occur in a Rat Varicocele Testis Model. Oxidative Med. Cell. Longev. 2020, 2020, 1–11, 

doi:10.1155/2020/5909306. 

14. Lee, J.D.; Lee, T.H.; Cheng, W.H.; Jeng, S.Y. Involved intrinsic apoptotic pathway of testicular tissues in 

varicocele-induced rats. World J. Urol. 2009, 27, 527–532. 

15. Ahmadi, S.; Bashiri, R.; Ghadiri-Anari, A.; Nadjarzadeh, A. Antioxidant supplements and semen 

parameters: An evidence based review. Int. J. Reprod. Biomed. 2016, 14, 729–736. 

16. Song, M.-H.; Han, M.-H.; Kwak, K.-W.; Lee, S.; Kim, E.-S.; Park, K.-H.; Kim, W.-T.; Choi, J.-Y. Effect of 

different diets on growth and development of the two-spotted cricket, Gryllus bimaculatus (Orthoptera: 

Gryllidae). Int. J. Ind. Èntomol. 2016, 33, 59–62, doi:10.7852/ijie.2016.33.2.59. 

17. Kim, S.-H.; Kim, Y.; Han, J.-S. Antioxidant Activities and Nutritional Components of Cricket (Gryllus 

bimaculatus) Powder and Protein Extract. Asian J. Beauty Cosmetol. 2020, 18, 163–172. 

18. Cho, H.-R.; Lee, Y.-J.; Hong, J.-E.; Lee, S.-O. Enzymatic preparation and antioxidant activities of protein 

hydrolysates from Gryllus bimaculatus. Korean J. Food Sci. Technol. 2019, 51, 473–479. 



Int. J. Mol. Sci. 2020, 21, 9231 15 of 16 

19. Kim, M.-W.; Song, Y.-S.; Han, Y.S.; Jo, Y.H.; Choi, M.H.; Park, Y.-K.; Kang, S.H.; Kim, S.-A.; Choi, C.; Jung, 

W.-J. Production of chitin and chitosan from the exoskeleton of adult two-spotted field crickets (Gryllus 

bimaculatus). Èntomol. Res. 2017, 47, 279–285, doi:10.1111/1748-5967.12239. 

20. Lee, S.R.; Yi, S.A.; Nam, K.H.; Park, J.G.; Hwang, J.S.; Lee, J.; Kim, K.H. (±)-Kituramides A and B, pairs of 

enantiomeric dopamine dimers from the two-spotted cricket Gryllus bimaculatus. Bioorg. Chem. 2020, 95, 

103554, doi:10.1016/j.bioorg.2019.103554. 

21. Ahn, M.Y.; Han, J.W.; Hwang, J.S.; Yun, E.Y.; Lee, B.M. Anti-inflammatory effect of glycosaminoglycan 

derived from Gryllus bimaculatus (a type of cricket, insect) on adjuvant-treated chronic arthritis rat model. 

J. Toxicol. Environ. Health A 2014, 77, 1332–1345. 

22. Park, S.A.; Lee, G.H.; Lee, H.Y.; Hoang, T.H.; Chae, H.J. Glucose-lowering effect of Gryllus bimaculatus 

powder on streptozotocin-induced diabetes through the AKT/mTOR pathway. Food Sci. Nutr. 2020, 8, 402–

409. 

23. Hwang, B.B.; Chang, M.H.; Park, J.-W.; Heo, W.; Kim, J.K.; Pan, J.H.; Kim, Y.J.; Kim, J.H. The Edible Insect 

Gryllus bimaculatus Protects against Gut-Derived Inflammatory Responses and Liver Damage in Mice 

after Acute Alcohol Exposure. Nutrients 2019, 11, 857, doi:10.3390/nu11040857. 

24. Sakamoto, H.; Ogawa, Y.; Yoshida, H. Relationship between testicular volume and varicocele in patients 

with infertility. Urology 2008, 71, 104–109. 

25. Pastuszak, A.W.; Wang, R. Varicocele and testicular function. Asian J. Androl. 2015, 17, 659–667. 

26. Sabeti, P.; Pourmasumi, S.; Rahiminia, T.; Akyash, F.; Talebi, A.R. Etiologies of sperm oxidative stress. Int. 

J. Reprod. Biomed. 2016, 14, 231–240. 

27. Antonuccio, P.; Micali, A.; Puzzolo, D.; Romeo, C.; Vermiglio, G.; Squadrito, V.; Freni, J.; Pallio, G.; Trichilo, 

V.; Righi, M.; et al. Nutraceutical Effects of Lycopene in Experimental Varicocele: An “In Vivo&rdquo; 

Model to Study Male Infertility. Nutrients 2020, 12, 1536, doi:10.3390/nu12051536. 

28. Oh, Y.S.; Jo, N.H.; Park, J.K.; Gye, M.C. Changes in Inflammatory Cytokines Accompany Deregulation of 

Claudin-11, Resulting in Inter-Sertoli Tight Junctions in Varicocele Rat Testes. J. Urol. 2016, 196, 1303–1312. 

29. Zirkin, B.R.; Papadopoulos, V. Leydig cells: Formation, function, and regulation. Biol. Reprod. 2018, 99, 101–

111. 

30. Manna, P.R.; Stetson, C.L.; Slominski, A.T.; Pruitt, K. Role of the steroidogenic acute regulatory protein in 

health and disease. Endocrine 2016, 51, 7–21. 

31. Neto, F.T.; Bach, P.V.; Najari, B.B.; Li, P.S.; Goldstein, M. Spermatogenesis in humans and its affecting 

factors. Semin. Cell Dev. Biol. 2016, 59, 10–26. 

32. Alizadeh, M.; Nasebakht, A.; Valizadeh, R.; Fallah, M.M.; Afshari, A.T.; Rahimi, M.M.; Daneshyar, C. A 

preliminary evaluation of serum level of testosterone, LH, and FSH in patients with varicocele after 

varicocelectomy as a kidney-related disease. Ther. Clin. Risk Manag. 2018, 14, 1585–1590, 

doi:10.2147/TCRM.S161641. 

33. Dogan, F.; Armagan, A.; Oksay, T.; Akman, T.; Aylak, F.; Bas, E. Impact of micronised purified flavonoid 

fraction on increased malondialdehyde and decreased metalloproteinase-2 and metalloproteinase-9 levels 

in varicocele: Outcome of an experimentally induced varicocele. Andrologia 2014, 46, 380–385. 

34. Cho, C.L.; Esteves, S.C.; Agarwal, A. Novel insights into the pathophysiology of varicocele and its 

association with reactive oxygen species and sperm DNA fragmentation. Asian J. Androl. 2016, 18, 186–193. 

35. Köksal, I.T.; Tefekli, A.; Usta, M.; Erol, H.; Abbasoglu, S.; Kadioglu, A. The role of reactive oxygen species 

in testicular dysfunction associated with varicocele. BJU Int. 2000, 86, 549–552. 

36. Shokoohi, M.; Khaki, A.; Shoorei, H.; Khaki, A.A.; Moghimian, M.; Abtahi-Eivary, S.H. Hesperidin 

attenuated apoptotic-related genes in testicle of a male rat model of varicocoele. Andrology 2020, 8, 249–258. 

37. Nallella, K.P.; Allamaneni, S.S.; Pasqualotto, F.F.; Sharma, R.K.; Thomas, A.J., Jr.; Agarwal, A.J.U. 

Relationship of interleukin-6 with semen characteristics and oxidative stress in patients with varicocele. 

Urology 2004, 64, 1010–1013. 

38. O’Bryan, M.K.; Hedger, M.P. Inflammatory networks in the control of spermatogenesis: Chronic 

inflammation in an immunologically privileged tissue? Adv. Exp. Med. Biol. 2008, 636, 92–114. 

39. Wang, H.; Lv, Y.; Hu, K.; Feng, T.; Jin, Y.; Wang, Y.; Huang, Y.; Chen, B. Seminal plasma leptin and 

spermatozoon apoptosis in patients with varicocele and leucocytospermia. Andrology 2014, 47, 655–661, 

doi:10.1111/and.12313. 

40. Karna, K.K.; Choi, B.R.; You, J.H.; Shin, Y.S.; Soni, K.K.; Cui, W.S.; Lee, S.W.; Kim, C.Y.; Kim, H.K.; Park, 

J.K.; et al. Cross-talk between ER stress and mitochondrial pathway mediated adriamycin-induced 



Int. J. Mol. Sci. 2020, 21, 9231 16 of 16 

testicular toxicity and DA-9401 modulate adriamycin-induced apoptosis in Sprague–Dawley rats. Cancer 

Cell Int. 2019, 19, 1–11, doi:10.1186/s12935-019-0805-2. 

41. Soni, K.K.; Shin, Y.S.; Choi, B.R.; Karna, K.K.; Kim, H.K.; Lee, S.W.; Kim, C.Y.; Park, J.K. Protective effect of 

DA-9401 in finasteride-induced apoptosis in rat testis: Inositol requiring kinase 1 and c-Jun N-terminal 

kinase pathway. Drug Des. Dev. Ther. 2017, 11, 2969–2979, doi:10.2147/dddt.s140543. 

42. Soni, K.K.; Zhang, L.T.; You, J.H.; Lee, S.W.; Kim, C.Y.; Cui, W.S.; Chae, H.J.; Kim, H.K.; Park, J.K. The 

effects of MOTILIPERM on cisplatin induced testicular toxicity in Sprague–Dawley rats. Cancer Cell Int. 

2015, 15, 1–11, doi:10.1186/s12935-015-0274-1. 

43. Tabas, I.; Ron, D. Integrating the mechanisms of apoptosis induced by endoplasmic reticulum stress. Nat. 

Cell Biol. 2011, 13, 184–190, doi:10.1038/ncb0311-184. 

44. Soni, K.K.; Kim, H.K.; Choi, B.R.; Karna, K.K.; You, J.H.; Cha, J.S.; Shin, Y.S.; Lee, S.W.; Kim, C.Y.; Park, J.K. 

Dose-dependent effects of cisplatin on the severity of testicular injury in Sprague Dawley rats: Reactive 

oxygen species and endoplasmic reticulum stress. Drug Des. Dev. Ther. 2016, 10, 3959–3968, 

doi:10.2147/dddt.s120014. 

45. Karna, K.K.; Soni, K.K.; You, J.H.; Choi, N.Y.; Kim, H.K.; Kim, C.Y.; Lee, S.W.; Shin, Y.S.; Park, J.K. 

MOTILIPERM Ameliorates Immobilization Stress-Induced Testicular Dysfunction Via Inhibition of 

Oxidative Stress and Modulation of the Nrf2/HO-1 Pathway in SD Rats. Int. J. Mol. Sci. 2020, 21, 4750, 

doi:10.3390/ijms21134750. 

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


