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Abstract: Androgen from the testis is critical for maintaining immune environmental homeostasis
and male spermatogenesis. Zingiber mioga (Z. mioga) is an edible vegetable belonging to the ginger
family that has shown antimicrobial activity. Previous research has reported that the ginger species
showed potential treatment effects in androgen-driven disease to enhance the immune system by
inhibiting androgen synthesis and function. However; the anti-androgen effect of the ginger family
and subsequently reproductive outcome has not been evaluated. In this study; the testis
development and sperm generation were evaluated in control and feeding Z. mioga mice. The
global gene expression pattern was examined in testis by RNA-sequencing and qRT-PCR. The
results showed that testis/body weight significantly decreased from 32.5%+0.01 to 25%=+0.01 and
sperm concentration reduced from 7.6*106/ml+0.6 to 4.9*106/ml+0.6 after feeding Z. mioga. RNA-
Seq data revealed that 480 transcripts were differentially expressed between control and
treatment groups; with 300 upregulated genes and 180 downregulated genes in the treatment
group compared with the control. Further analysis revealed that differential transcripts were
associated with androgen synthesis and immunity function; including downregulated Scd1; Star;
Cypllal; Hsd3b6; Cypl7al; Hsd17b3; Lhcgr and upregulated MHC II+ marker genes. The results
of gene expression difference were confirmed by qRT-PCR. This study demonstrated the
important effects of Z. mioga intake on the process of spermatogenesis and revealed the potential
anti-androgen action mechanism of ginger species regulating androgen synthesis and improving
immunity homeostasis
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1. Introduction

The testis plays a central role in spermatogenesis and androgen synthesis, which provides a
precisely coordinated spermatogenesis as the foundation for male fertility. In mammals,
spermatogenesis refers to A continuous process of germ cell development from spermatogonia on
the basement membrane to the haploid spermatozoa [1]. Spermatogenesis is tightly controlled by
testicular somatic cells that precisely regulate the microenvironment and androgen production in
testis. Leydig cells are responsible for androgen synthesis by the activity of the Luteinizing hormone
receptor (Lhcgr) in response to the Luteinizing hormone (LH) [2]. Androgen can bind to androgen
receptor (AR) produced by Sertoli cells and induce the secretion of multiple energy substances and
pivotal niche factors for regulating spermatogonia proliferation, spermatocyte meiosis, and
spermiogenesis [3-7]. It has been proven that androgen is crucial for the proper fate determination of
germ cells [8-10]. In addition, the testicular macrophage as a mainly immune cell population in testis,
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can prevent pro-inflammatory response from the testicular microenvironment to ensure the progress
of steroidogenesis [11]. In return, androgen is also known to suppress immune cell activities and
maintain testicular homeostasis [12-15].

The effects of androgen deficiency and excess on gonad function and fertility is one of the
popular studies in animal reproduction. Studies conducted in rats showed that exposure to
endocrine-disrupting compounds (EDCs) leads to androgen reduction and immune activation in the
testes [16]. Abnormal androgen and AR action can cause a variety of reproduction disorders,
including polycystic ovarian syndrome (PCOS) in females and prostate cancer (PCa) in males[12].
Previous study verified that ovarian fibrosis in PCOS and PCa development dependent on androgen
level and AR signaling activation [17,18]. Blocking the function of androgen serves as the cornerstone
of treatment, because the absence of androgen makes AR inactive and sequestered in the
cytoplasm[19-21]. On the other hand, androgen signaling is a key factor of anti-tumor immunity by
suppressing T-cell immunity [22]. The inhibition of AR directly improves T cell function and IFNy
production [21]. Those studies indicated that androgen signaling has a key role in maintaining
spermatogenesis and immunity function in the testis.

The ginger species may have potential treatment effects on androgen-driven disease. Anti-
androgen drugs exhibit sub-optimal efficacy and immune tolerance by inhibiting AR function [23].
Therefore, many researchers are keen to try ‘natural” alternative materials to reduce the side effects
of synthetic compounds [24]. For example, curcumin and gingerol isolated from usual ginger species
were shown capable of affecting intracellular testosterone function and exhibiting anti-PCa
properties by interrupting androgen receptor signaling [25-27]. In addition, curcumin exhibits
promising potential in clinical studies and has been used for the remission of a range of diseases
[28,29]. However, whether ginger spices affect the process of spermatogenesis is largely unknown.

Zingiber mioga (Z. mioga namely as ranghe in China, yangha in Korea, myoga in Japan) is a
traditional oriental medicine and edible spice that belongs to the ginger family [30]. Z. mioga is usually
used to treat inflammation, rtheumatic disorders and gastrointestinal discomforts because of its
antimicrobial and anti-inflammatory properties [31,32]. Previous studies reported that Z. mioga water
(ZMW) significantly decreased lipid synthesis and improved high-fat diet (HFD)-induced hepatic
inflammation [30,33]. In addition, Z. mioga flower buds also have many beneficial effects, including
anticancer and antioxidant effects [34,35]. However, the effects of Z. mioga on gonadal function
and androgen production have not been confirmed.

In this study, we fed Z. mioga to male mice for 3 weeks to study the effects of Z. mioga on
testicular development and spermatogenesis. RNA-seq and qRT-PCR experiments were employed
to examine the change in testicular gene expression caused by Z. mioga feeding. This study is helpful
in revealing the potential anti-androgen mechanism of ginger species and provides a reference for
understanding the biological function and the rational use of Z. mioga.

2. Materials and Methods

2.1. Z. mioga Collection and Preparation

Z. mioga Roscoe flower buds were collected from a traditional market in Anhui Province (South
of China) in September 2022 and frozen saved at West Anhui University. The frozen plants were
dried in an oven at 50°C, crushed using a wall breaker, and filtered by using a 60-mesh sieve. The
filter powder was stored at 4°C and subsequently dissolved in corn oil. Feeding, testis tissue
collection, and transcriptome detection of the mice were performed from Jan 20, 2023 to May 30, 2023.

2.2. Treatment of Animals

All animals used in the experiment received approval by the Ethics Committee of the West
Anhui University (2023 Scientific Research Ethics Review; Approval No. 202301002; Approval date
on Jan 6, 2023). CD-1 mice were purchased from the Charles River Laboratory Animal Centre (Beijing,
China) and housed in a controlled environment with food and water ad libitum. The male mice, 4-6
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weeks of age, were randomly divided into two groups, the treatment group received Z. mioga powder
dissolving in corn oil of daily oral doses of 250mg/kg body weight and the control group kept in the
same condition and feeding with vehicles for 3 weeks (n=4, each group). The body weight of the mice
was measured once a week. Euthanized when normal body weight, rough hair and eyelid

inflammation were observed in the treatment group, which as humane endpoints in this study
(Figure 1A).
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Figure 1. Effects of feeding Z. mioga on testis weight and spermatogenesis in mice. (A) The mean body weight
of the control and Z. mioga feed mice. (B) Testis/body weight from control and 250mg/kg Z. mioga fed mice. (C)
sperm concentration in epididymis from control and 250mg/kg Z. mioga fed mice. * denote significantly different
at p< 0.05, ** denotes significantly different at p< 0.01. Data are expressed as mean + standard error from 4
individual mice (n=4), respectively.

2.3. Testis Tissue Collection and RNA Extraction

After consistently feeding Z. mioga for 3 weeks, the control and treatment male mice were
weighed and euthanized with 3% isoflurane, then were sacrificed via cervical dislocation(n=3, each
group). Animal death was confirmed through the stoppage of breathing. Testes and epididymis were
immediately removed from the body and weighed. For total RNA isolates, testis tissues were placed
into 2mL sterile centrifuge tubes and dropped in liquid nitrogen and then stored at -80°C used for
RNA-seq analysis. Briefly, total RNA was extracted using Trizol reagent (Sangon Biotech, Shanghai,
China) from frozen testis tissue of the control and Z. mioga fed group. Testis tissue was grinded in
liquid nitrogen and collected into 1.5 mL sterile centrifuge tubes, and 1mL Trizol was added to each
testis and then incubated at room temperature (RT) for 5 min. Then 0.2 mL chloroform was added
and the mixture was for 15 sec. After incubation in RT for 5 min and centrifugation at 4°C for 10 min,
the upper water phase was absorbed and transferred to a clean centrifuge tube and added to
isopropyl alcohol in equal volume. Then mixture well and incubate in RT for 20 min, centrifuge at
12000rpm at 4°C for 10 min and discard the supernatant. 1mL 75% ethanol was added for washing
precipitation and centrifuge at 12000rpm at 4°C for 3min. After discard the supernatant and dry at
RT for 10 minutes. Finally, the total RNA was dissolved in 30puL RNase-free ddH20 and stored at -
80°C. After that, the RNA was sent to Shanghai Sangon Biotech for construction library, and after
quality detection, an Illumina NovaSeq 6000 high-throughput sequencer was used for sequencing.

2.4. RNA-Seq and Differentially Expressed Genes (DEGs) Analysis
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First, the raw reads of sequencing were evaluated by FastQC, and then Trimmomatic was used
to filter the low-quality sequences to obtain relatively accurate and effective data. Then, the mouse
reference genome was used as the reference sequence, HISAT2 was used to compare the valid data
of the sample to the mouse reference genome for statistical mapping information, and RSeQC was
used to remove duplicate reads. Subsequently, Qualimap was used to calculate the proportion of raw
reads in reference genome structures to obtain count reads, and StringTie was used to further
quantify the expression value of each transcript through Transcripts Per Million (TPM) conversion of
count reads. Finally, DESeq was used to obtain differential expression genes (DEGs), and selected
DEGs were based on |log2 FoldChangel >1 and g< 0.05 in a comparison. The DEGs heatmap and
volcano plot were obtained by http://www .bioinformatics.com.cn, an online platform for RNA-seq
data visualization. DEGs were then subjected to enrichment analysis of Gene Ontology (GO)
functions and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways.

2.5. Sperm Concentration Detection

To conduct semen quality analysis, fresh cauda epididymidis tissue was placed in 1 mL 0.9%
NaCl and cut into pieces using ophthalmic scissors, then put in a 37°C incubator for 5 min to fully
release the sperm for further analyzing sperm concentration. Briefly, a 10uL sperm suspension was
diluted with 490uL normal saline and mixture, then 10uL loaded into a counting chamber of blood
cell count plate and sperm count was analyzed under microscopy. At least 3 biological replicates
were conducted in each group (n=3).

2.6. DEGs Validation and Quantitative RT-PCR

RNA concentration and purity were quantified using a SMA4000 Spectrophotometer (Merinton
Instrument, Inc), and the sample of A260/A280>1.8 was used for reverse transcription and qRT-PCR
detection. 1pg RNA was transformed to cDNA by using Maxima Reverse Transcriptase (Thermo
Scientific). The SYBR Green mixture was used in combination with primer pairs (10uM) (Table 1). A
QuantStudio™1 Plus Real Time PCR System (Applied Biosystems) was used to quantify the relative
abundance of target transcripts. The optimized parameters for the thermal cycler were as follows:
activation at 95°C for 3 min followed by 45 cycles of 95°C for 15 sec, and 60°C for 30 sec. The
temperature was then gradually increased (0.5°C/s) to 95°C to generate the melting curve. p-actin was
used as a reference to normalize relative gene expression. The mRNA relative expression levels were
calculated using the 2-44¢Tmethod. For each transcript, qRT-PCR was performed in triplicate from 6
different animal samples.

2.7. Statistical Analysis

All the quantitative data are presented as mean + SEM for at least three biological replicates.
Differences between control and treatment mice testis were examined using the T-test function of
GraphPad Prism 5 (La Jolla, CA, USA). Differences between means were set p < 0.05 as significant.

3. Results

3.1. The Analysis of Testis/Body Ratio and Sperm Concentration in the Control and Treatment Groups

Compared to the control group, body weight did not change (Figure 1A), but testis/body rate
from treatment animals was greatly reduced (25%+0.01 vs 32.5%+0.01, p <0.01) (Figure 1B). A detailed
examination of the sperm quantity showed that the sperm concentration of epididymis in the
treatment mice was significantly reduced (4.9%105/ml+0.6 vs 7.6*106/ml+0.6, p < 0.05) (Figure 1C). This
data revealed that testis developmental and spermatogenesis function were impaired after feeding
Z. mioga.

3.2. Change of Testicular Gene Expression Profile Between the Control and Treatment Groups
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To detect differences in testicular gene expression between the control and treatment mice, we
performed transcriptome sequencing of mouse testes. The testis gene expression profile revealed that
98.12% of raw data were mapped to the mouse reference genome and 94.32% were uniquely mapped
(Table 2), and the results showed that the RNA-seq data was reliable and reproducible. Then, the
DESeq R package was used for difference analysis. As a result, 480 DEGs were detected between the
control and treatment testis (Figure 2A and Supplement Table 51), including 300 upregulated genes
and 180 downregulated genes (Figure 2B). Venn Diagram analysis showed 20 DEGs were only
expressed in the testis of treatment group, and 9 DEGs were specific expressed in the testis of the
control group, and 451 DEGs were expressed in both of testis tissues (Figure 2C). Transcriptome data
revealed that feeding Z. mioga led to a decrease of sperm count by altering of testis gene expression
profile.
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Figure 2. Differences in global gene expression in mice testis. (A) The heatmap of DEG count reads 6 samples.
(B) The Volcano plot shows DEGs with adjusted p < 0.05. Orange dots indicate up-regulated genes, blue dots
indicate down-regulated and gray dots indicate genes that were not differently expressed in testis collected from

control and Z. mioga fed mice. (C) Venn diagram of DEGs in testis collected from control and Z. mioga fed mice.

3.3. KEGG Pathway Enrichment of DEGs

KEGG pathway analysis showed that down-regulated DEGs mainly enriched in steroid
hormone biosynthesis, and up-regulated DEGs primarily enriched in antigen processing and
presentation (Figure 3A). Notably, among down-regulating genes directly involved in androgen
synthesis, including Scd1, Star, Cypllal, Hsd3b6, Cypl7al, Hsd17b3, Lhcgr, which were down-
regulated by 1.34, 1.30, 1.93, 1.27, 1.81, 0.94 and 1.35-fold in testis of the treatment mice (Figure
3B&4A). Genes that were upregulated in treatment testes included those known to play important
roles in the immune system process, such as Tapl, H2-D1, H2-Eb1, H2-K1, Cd8a and Cd74(Figure
3C&4A). The KEGG analysis results showed that feeding Z. mioga may impair spermatogenesis and
improve immunity function through the downregulation of androgen synthesis-related genes.
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Figure 3. The steroid hormone biosynthesis, antigen processing and presentation and apoptosis pathway
were identified by KEGG pathway enrichment. (A) The top enriched signaling pathways of downregulated
and upregulated DEGs from control and Z. mioga feeded mice testis, which based on adjusted p< 0.05, the
number of genes in each pathway is represented by dot size. (B) Heatmap diagram of 13 DEGs involved in
steroid hormone biosynthesis pathway among 6 samples. (C) Heatmap diagram of 20 DEGs involved in antigen
processing and presentation pathway among 6 samples. (D) Heatmap diagram of 9 DEGs involved in apoptosis

pathway among 6 samples.

3.4. Validation of DEGs in Both of Control and Treatment Group Testis

To further validate the RNA-seq result, 8 DEGs were selected and detected by qRT-PCR. Those
selected genes have key functions in the steroidogenesis pathway. The result of qRT-PCR showed
that relative expression of Cypllal, Cyp17al, Lhcgr, Hsd3b6, Cyp7al, Hsd17b3, Star and Scdl were
significantly downregulated in testis tissues of the treatment group (p < 0.05). (Figure 4B). These
results were consistent with RNA-seq data and together these findings revealed that the expression
of genes regulating steroidogenesis signaling was changed in mice testis after feeding Z. mioga.
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Figure 4. DEGs were involved in androgen synthesis and detected by Qrt-PCR in control and Z. mioga fed mice
testis. (A) DEGs related to androgen biosynthesis, antigen processing and apoptosis from RNA-Seq. (B)
Quantitative real-time RT-PCR validation of androgen synthesis related DEGs in testis from control and Z. mioga
feed mice. Data was analyzed by means + S.E.M. for at least 3 replicates. Significance is represented by one (p <
0.05), two (p < 0.01), and three (p < 0.001) asterisks. Data are expressed as mean + standard error of at least three

independent experiments.

lmmune microenvironment

Zingiber mioga Leydig cell s T e S A
------------------- Fmm—mm————-- ] .
| Lhegr | i} Pregnenolone l g .Ly(’U” monocytes ] i Spermatogenesis
{ "™ production L1 | U it e
Sed, Star | N | § bstiaborywaitit) !
! i l | &0 S1004 monocytes T Y |
| Cypllal, Hsd3bs | ro=c=<lossos i iSpermcoums b |
e P o) SISO | lmbl @ CDI63 interstitialyt T
' Cypi7al, Hsdi763 L | Uproduction i ) (g I '

1

______________________________ + 1+ "7 macrophages
1

Figure 5. The mechanism underlying a disturbing immune microenvironment and spermatogenesis by feeding
Zingiber mioga in mouse testis. The upward red arrows indicate a significant increase, and the downward blue

arrows indicate a significant decrease.

4. Discussion

This study mainly discovered the change of spermatogenesis and testicular expression profile
by feeding Z. mioga in male mice. We found that feeding Z. mioga caused a significant reduction in
testis/body weight and sperm concentration. A list of genes involved in androgen synthesis and
immunity function were affected by feeding Z. mioga. Therefore, Z. mioga affects spermatogenesis
and the testicular immune microenvironment by regulating the expression of androgen synthesis
genes in mice.

Reduced expression of key enzymes involved in testosterone synthesis is the main cause of
impaired spermatogenesis after feeding Z. mioga. Testosterone as one of the androgen types and is
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mainly produced in Leydig cells. Cytochrome P450 Family 11 Subfamily A1 (Cyp11al) is located in
mitochondria of Leydig cell and promotes the conversion of cholesterol to pregnenolone. The 3f-
hydroxysteroid dehydrogenase (33-HSD), Cypl7al, and 173-HSD3 are found in endoplasmic
reticulum and responsible for each intermediate easily and directly move to the next step during the
proceeding of testosterone synthesis[2]. A variety of factors that disturb cholesterol uptake and
enzyme function have a great impact on the production of testosterone, including climate[10],
hypoxia[36], age[37] and plant extract[25]. A previous study reported that curcumin from ginger
species could decrease testosterone production by down-regulating the expression of steroidogenic
acute regulatory proteins (Star), Cypllal and Hsd3b2 [25]. Our result showed that sperm
concentration was significantly reduced in epididymis tubules after feeding Z. mioga for 3 weeks. In
addition, the level of genes promoting testosterone production were significantly decreased by
feeding Z. mioga, including Scdl, Star, Cypllal, Hsd3b6, Cyp17al, Hsd17b3, Lhcgr. Therefore, we
proposed that Z. mioga can regulate spermatogenesis by influencing testosterone production in testis.

Androgen affects the testicular immune microenvironment resulting in the altered function of
testicular macrophages and compromised spermatogenesis. As the largest immune cell population,
macrophage is a guardian to combat intracellular bacteria and protect steroidogenesis and the
spermatogonial niche, together with Leydig cells [38,39]. Testicular macrophages express
immunosuppressive M2 phenotype marker genes and play an important role in maintaining the
testicular immune-privileged status [11,40]. In addition, the unique immunosuppressive phenotype
and progesterone synthesis of testicular macrophages seem to be governed by testosterone [15,41].
Furthermore, the local feedback machinery between Leydig cells and macrophages regulates
testosterone production by promoting progesterone production [15,42]. We observed that
immunosuppressive M2 macrophage phenotype genes CD163[38] were significantly upregulated in
treatment group. Hence, we proposed that low androgen-induced accumulation of
immunosuppressive M2 macrophages could stimulate androgen synthesis by Leydig cells.
Moreover, we found that blood monocyte marker genes Ly6C and S100a4 were upregulated along
with the low expression of androgen synthesis genes in testis after feeding Z. mioga. Similar
upregulation was found in genes involved in antigen presentation and processing, including H2D1,
H2Eb1 and H2K1. This change in gene expression pattern indicates an immunity-activated state[38]
and is mainly responsible for regulating spermatogenesis [43]. Together, it demonstrates that a low
amount of androgen caused by feeding Z. mioga results in the invasion of blood monocytes into the
testes and the secretion of pro-inflammatory factors from macrophages, which ultimately damages
spermatogenesis.

RNA-seq data showed that several key genes related to cell death or apoptosis were
differentially expressed in testis from control and treatment mice. Trpm2 may increase the
susceptibility to cell death by increasing intracellular free calcium concentration [44], which can be
activated by androgen [45]. In addition, the anti-apoptotic protein Bcl-2 fosters trpm2 activity by
inducing higher free Ca? levels and decreasing mitochondrial ROS formation [46]. Both bcl-2 and
trpm2 were upregulated in mice fed by Z. mioga. It implies the potential change of cell cycle and germ
cell fate.

In summary, the present study revealed the important affection of Z. mioga on spermatogenesis,
androgen synthesis and immunity homeostasis in testis. This study proposed to avoid eating Z.
mioga or foods containing Z. mioga in men of reproductive age. In addition, the discovery of
underlying regulatory mechanisms of Z. mioga in androgen production and testicular
microenvironment would be beneficial to the exploitation of targeted drugs.
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