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Abstract

Ethnophar macological relevance

Cistanche tubulosa (Schenk) R. Wight has been used frequently initicahl folk
medicine for treatment of male sexual dysfunctigf&D). Phenylethanol glycosides,
the main components &. tubulosa, possess a variety of pharmacological activities
due to their multiple properties. However, the uhdleg mechanism by which
phenylethanol glycosides fro. tubulosa (CPhGs) regulates testicular steroids has
not been elucidated to date.

Aim of the study

This study is to determine whether CPhGs promditesréproductive functions of
mice through CYP450{8HSD pathway of testosterone synthesis.

Materials and methods

The major compositions @. tubulosa (CPhGs) were quantified by high performance
liquid chromatography (HPLC). The model of reproales injury in mice were
induced by injection of hydrocortisone (HCT). Diéat doses of CPhGs (72, 145 and
289 mg/kg) and testosterone propionate (TP, pesitosontrol drug) were
administrated intragastrically for 14 d. The reprciilve functions (erectile incubation
period, capture and ejaculation incubation perigdymber of captures and
ejaculations) and organ weights (testicle, epididyrmeminal vesicle and penis) were
then determined. The levels of luteinizing hormamel testosterone in serum were
guantified by radioimmunoassay. The key enzymestdstosterone synthesis

pathways such as steroidogenic acute regulatorieipr¢StAR), cytochrome P450



cholesterol side chain cleavage enzyme (P450sccdCXP) and B-hydroxysteroid
dehydrogenase f3HSD) in the testis were assessed by immunofluerese (IF)
staining or/and western blot (WB) analysis.

Results

The results illustrated that the low dose of CPI{@s mg/kg) had no significant
protective effect against the reproductive injuapsed by HCT, while the moderate
dose of CPhGs (145 mg/kg) improved the damagedodeptive ability and the
declined levels of luteinizing hormone and testaste in the model miced?&0.001,
P<0.05, respectively). In particular, high dose of CPh@89 mg/kg) was most
effective in improving HCT-induced changes in badgight (P<0.01), reducing the
incubation period of the erectileP€0.001), capture R<0.05) and ejaculation
(P<0.01), and increasing the number of captures gucblations P<0.01, P<0.05,
respectively). The weights of testcle, epididymsisminal vesicle and peniB<0.001,
P<0.01,P<0.01,P<0.001, respectively) were improved by high dos€BhGs. The
levels of testosterone and its upstream luteinibiognmone were up-regulated by high
dose of CPhGsP<0.001). Meanwhile, the expressions of the keyosiegenic
enzymes including CYP11Al1 and3-BISD were significantly up-regulated after
CPhGs treatmentP&0.001), demonstrated that CPhGs exerted the effeough
enhancing testosterone biosynthesis via CYP45B:SD pathway.

Conclusions



CPhGs could significantly protect against HCT-ingldicdeleterious reproductive
dysfunction and testis injury. The protective eféewere exerted by up-regulating
synthesis of testosterone via the CYP4Ba-ED pathway in Leydig cells.
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1. Introduction

Male sexual dysfunction (MSD) is one of the mosthowon health issues, with
an estimated prevalence rate of 4.2% worldwide ghiag et al., 2015). A variety of
factors, including age, smoking, obesity, diabeted cardiovascular disease et al.,
can eventually lead to MSD. The pathological changall severely affect the
physical and mental health of individuals, inclglisexual psychological response,
physiological structure, neuroendocrine and vasdulzction. Evidence demonstrated
that reduced level of serum testosterone is thea cause of MSD and testosterone
deficiency dominated the whole process of MSD (&tual., 2016). Improving
synthesis of testosterone can alleviate weakengwaactive capacity and improve
reproductive function. Therefore, testosterone tsgsis is believed to be the most
attractive therapeutic target in the treatment &M

The biosynthesis of testosterone takes place inLinadig cells of testis.
Cholesterol in circulation is the major precursarr ftestosterone synthesis.
Steroidogenic acute regulatory protein (StAR) misdighe transport of cholesterol
from cytoplasm into mitochondria. Cholesterol igrthconverted to pregnenolone
through cytochrome P450 cholesterol side chain velga enzyme
(P450scc/CYP11A1). Afterwards, pregnenolone isddrto dehydroepiandrosterone
which is eventually converted to testosterone isesies of enzymatic reactions
mediated by critical enzymes includin@-Bydroxysteroid dehydrogenase3{BSD)

(Fig. 1) (Kumar et al., 2008).
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Fig. 1 Major biosynthesis pathway of testosteronetesticle. Notes: Steroidogenic acute
regulatory protein (StAR); cytochrome P450 choledteside chain cleavage enzyme
(P450scc/CYP11Al); cytochrome P450 family 17 sulifanh member 1 (CYP17Al);
3B-hydroxysteroid dehydrogenase3{BSD); 1B-hydroxysteroid dehydrogenase 1HASD).
Cistanches Herba (CH a genus of medicinal plant that has been usé&hina
and other eastern Asian countries since the fifte@entury for the treatment of
impotence, seminal emission, infertility, and cheotonstipation (Wang et al., 2012).
Cistanche tubulosa (Schenk) R. Wight(. tubulosa) andCistanche deserticola Y. C.
Ma (C. deserticola) have similar chemical compounds and pharmacabgictivities,
and they have been documented in the Chinese Pbepowia (Editorial Committee
of Chinese Pharmacopoeia, 2015). The main medidimgdedients in CHare

phenylethanol glycosides, and the contenCintubulosa is higher than that of.



deserticola (Song et al., 2016; Liu et al., 2018). tubulosa is considered as an
alternative toC. deserticola, which is on the verge of extinction due to desade
over-exploitation.

Evidence showed thaC. tubulosa could effectively protect against the
reproductive system damage of male mice causedribterygium glycosides.
Moreover, alcohol extract o€. tubulosa could increase the expressions of key
enzymes, including CYP11A1 and cytochrome P450 lfatrt¥ subfamily A member
1 (CYP17Al), in the synthesis of testosterone immab male rats (Wang et al.,
2016). In addition, the preliminary research of gtoup indicated that phenylethanol
glycosides fromC. tubulosa (CPhGs) promoted the release of sex hormones and
improved the testicular pathological status of o€pictive injury model animals by
regulating function of hypothalamus-pituitary-goabdHPG) axis (Wang et al.,
2018).

Therefore, the aimed of this study was to investighe effects of CPhGs on the
reproductive dysfunction and testosterone levelsh@ model of hydrocortisone
(HCT)-induced reproductive dysfunction of male midée regulative effects of
CPhGs on key enzymes involved in synthesis of séstone were explored by vivo
studies.

2. Materials and methods
2.1 Preparation of CPhGs
The C. tubulosa was provided and indentified by Prof. Peng-fei (Reking

University, Beijing, China). Th€. tubulosa was collected from the cultivation base



of Peking University in Yutian County of Xinjiang wonomous Region. CPhGs
extract was prepared by Tianjin Bei Da Cong Romgégihnology Co. Ltd. The dried
slices ofC. tubulosa (50 kg) were pulverized and filtered through an@@sh sieve.
Then was extracted twice by water and the extnaete combined. The extracts were
subjected to D101 macroporous resin to obtain 7QB@nel elution, and then
lyophilized to dryness. The powder was stored @t #ft further studies.
2.2 High performance liquid chromatography (HPLC) analysis of CPhGs

In accordance with the Chinese Pharmacopoeia (2@ibyuality standard &.
tubulosa was tested by using echinacoside and acteosideCPinGs powder sample
(1 g) was accurately weighed, 50% methanol (10 w43 added, and then sonicated
for 30 min. After standing, the supernatant fluidsafiltered through a 0.2gm
microporous membrane to obtain the filtrate. Ecboséde and acteoside were
dissolved in appropriate dimethyl sulfoxide (DMSI)prepare stock solutions (10
mg/mL). Accurately absorbed the standard stockidigand diluted it with 50%
methanol solution. The calibration standards weepared by adding known volumes
of echinacoside and acteoside (4, 8, 20, 40, 10D 200 pg/mL). Then, the
supernatant (LiL) was injected into the HPLC System (LC-20AD sgri8himadzu,
Japan) which was equipped with an Acquity HSS T8 Calumn (2.1 mm x 100
mm, 1.8um; Waters). The mobilephase was prepared with digmaof 0.1% formic
acid (component A) and acetonitrile (component B)e linear gradient was as
follows: 10% B over 0-3 min, 10%-15% B over 3-5 ml%%-30% B over 5-22 min,

30%-60% B over 22-24 min and then returned to 10% B4 min immediately. The



flow rate was 0.3 mL/min. Detection was performé820 nm and the peak area was
used as the analytical measurement for the evaluati

The standards echinacoside and acteoside weregsaattirom Yuanye Biotech
Co., Ltd. (Shanghai, China). HPLC solvents were pfad by Thermo-Fisher
(Pittsburgh, PA). DMSO was provided by Merck (Dataws, Germany). Ultrapure
water was prepared by the Milli-Q Integral watenification system (Millipore,
Bedford, MA). And other chemicals were availablenfr Beijing Chemical Co. Ltd.
(Beijing, China).
2.3 Animals

Sixty male Institute of Cancer Research mice weigh81.47 + 0.85 g were
purchased from Beijing Vital River Laboratory Anihlachnology Co. Ltd. (Beijing,
China), and performed in accordance with the Guualethe Care and Use of
Laboratory Animals published by the U.S. Nationaktitute of Health (NIH
Publication No. 85-23, revised 1996). The animatyevmaitained at a controlled
room temperature (25 = 2°C) and humidity (55 + 5%ihd were automatically
subjected to a 12 h light/dark cycle in cages diavad to freely access water and
food.
2.4 Reproductive injury modeling method

The dose preparation for reproductive injury mogas optimized based on the
previous reports, intragastric administration of H80 mg/kg was adopted for its

remarkable effect (Qiu et al, 2008; Qin et al., Z0Animals in the model group, TP



group, and low, moderate and high doses groups earenuously treated with HCT
at 50 mg/kg for 14 d; the control group was giviea $ame amount of normal saline.
2.5 Treatment of animals

After 1 week acclimation, the mice were randomistiabuted into six groups of
ten animals each (N=10). All the treatment groupmewgiven gavage for 14 d
according to the following experimental design. ¢Ontrol group (treated with
normal saline), (2) model group: HCT group (treateith HCT 50 mg/kg), (3)
testosterone propionate (TP) group: positive corgroup (treated with HCT 50
mg/kg, TP 2 mg/kg) (4) CPhGs-l, (5) CPhGs-m, andG®hGs-h groups (treated
with HCT 50 mg/kg, CPhGs 72, 145 and 289 mg/kg BhGs, respectively).

The doses of CPhGs were selected according toathtertt of the extract dof.
tubulosa and refer to the clinic doses of 5, 10 and 20 ¢yd&D kg crude drug of.
tubulosa was isolated and extracted, and the yield ratpheinylethanol glycosides
was 8.76%, accounting for 4380 g. The drug-adnerest groups were given 72, 145
and 289 mg/kg aqueous solution of CPhGs accordirthe 0.83, 1.66 and 3.3 g/kg
crude drug doses @. tubulosa. Materials were given to mice by gavage for 14 d.

Within 24 h of the last administration, the bloairples of mice were collected
from the abdominal aorta and stood for 1 h, therirfaged at 3000 rpm for 15 min.
The serum was stored at -40°C until further usant@ayze hormone levels. The testis,
epididymides, seminal vesicles and penises of m@e stripped. Then, the collected

tissue samples were weighed.



Unilateral testis were fixed in paraformaldehyde rabm temperature for
hematoxylin-eosin (HE) and immunofluorescence @faining, and other testis were
frozen in liquid nitrogen and stored at -80°C fortlher research.

2.6 Determination of reproductive functions
2.6.1 Erectileincubation period test

After the last administration, the penises of mieere electrically stimulated
with a current of 4 mA and a voltage of 25 V. Thieation incubation periods from
the start of the stimulus to the penile erectios wecorded.

2.6.2 Mating ability test

Mating experiments were performed after the lashiatstration. Adult female
mice underwent bilateral ovariectomy and recovdmd2 weeks. 48 h before the
mating experiment were subcutaneous injected withgRestradiol benzoate, and 4 h
before mating, they were injected with 50§ progesterone to synchronize their
oestrus time with the mating experiment (Lin et 2016).

A male mouse was placed in one cage for 5 mineatithe of mating to adapt to
the environment, and then 2 female mice were planedach cage. Record the
capture and ejaculation incubation period of maleemwithin 30 min (the time of
male mice captured the female and ejaculation Her first time), the number of
captures and ejaculations (Makarova et al., 2007).

2.7 Determination of serum hormone levels



The levels of luteinizing hormone and testostenwree quantified directly from
prepared serum using radioimmunoassay (RIA) kitsijifig) Sino-UK institute of
biological technology, Beijing, China) accordingth@ instruction.

2.8 Histopathological examination

Unilateral testicle tissues were fixed in 4% panadfaldehyde for 24 h, then were
embedded in paraffin and cut into sections /) (Amin et al., 2008).
Hematoxylin-eosin (HE) was used for staining anel shdes were examined under a
light microscope.
29IF staining

The testicular sections were rounded with apprégaiantibody (anti3-HSD
1:1000; Santa Cruz Biotechnology, CA, USA) at 4% 12 h, then washed three
times with Tris-Buffered Saline and Tween 20 (TB)fSahd animated with secondary
antibody (Alexa 568-conjugated goat-anti-mice, D;9Bioss, Beijing, China) for 1 h
at room temperature. After washing with TBS-T, tésticular sections were stained
with DAPI for 5 min and covered with anti-fadingxditive (Beyotime, Beijing,
China). A digital camera (Leica, EVOS 1, Germamgs used to capture fluorescent
images.

2.10 Western blot (WB) analysis

StAR, CYP11A1, andBHSD expressions were assessed by WB. Total psotein
of testcle tissues were lysed by RIPA lysate (5ariJ quantified by the bicinchoninic
acid (BCA) method. Each lane was loaded withu§of protein and electrophoresis

at 100 V for 1.5 h, separated by sodium dodecyfat#polyacrylamide gel



electrophoresis (SDS-PAGE) using an 10% dissociagiel. Afterwards, separated
proteins were then transferred to poly vinylidehmride (PVDF) membranes at 300
mA for 1.5 h, and blocked with 5% skim milk for 1ah room temperature, further
incubated with anti-StAR (1:200; Abcam, Cambridg#), anti-CYP11A1(1:500;
Abcam, Cambridge, UK) and antB-3HSD (1:1000; Santa Cruz Biotechnology, CA,
USA) in TBS-T at 4°C overnight, followed by the appriate secondary antibodies
(1:8000; Sangene, Tianjin, China) at room tempeeatar 2 h. Chemiluminescent
detection was performed using Bio-Rad ChemiDocTM Ik@ging System (Bio-Rad
Laboratories Hercules, CA, USA) and the expresssdnStAR, CYP11Al, and
3B-HSD proteins were normalized by GAPDH, the gralseaalysis was performed
by Image J software (National Institutes of HealBethesda, MA, USA).
2.11 Statistical analysis

All data were analyzed using SPSS software (versif, SPSS Institute Inc.,
Chicago, IL). Differences between groups were awdywith one-way repeated
measures analysis of variance (ANOVA). The resule&se expressed as mean *
standard deviation (SD) using GraphPad Prism soé\xgersion 7.0, San Diego, CA,
USA). Differences with & value less than 0.05 were considered as statigtica
significant.
3. Results
3.1 Quantitative determination of the echinacoside and acteoside contents in

CPhGs



The contents of echinacoside and acteoside in CRIeEs quantitated by using
HPLC (Fig. 2). The retention times for echinacosade acteoside were 11.5 min and
15.1 min, respectively at a maximum ultraviolet (Uabsorbance of 330 nm. The
standard curves of the echinacoside and acteosiuieentrations werg = 1386% -
991.14 (R = 1.0000) and/ = 4056.% - 3224.9 (R = 0.9998), respectively, wheye
was the peak area amdwas the concentration of echinacoside or acteodite
echinacoside and acteoside contents of CPhGs wkPe n3g/g and 40 mg/g,
respectively.
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Fig. 2 Quantitative determination of the ECH andTA€@ntents in CPhGs. A: The HPLC analysis

of CPhGs and two phenylethyl alcohol glycosides Eg@id ACT. B: Standard curves of ECH and



ACT. Notes: peak 1, ECH; peak 2, ACT. Phenylethagiptosides from C. tubulosa (CPhGs);
echinacoside (ECH); acteoside (ACT).
3.2 CPhGs-h improved HCT-induced weight loss of mice

After being intervened with HCT, mice in model gposhowed a decrease in
responsiveness and activity. Meanwhile, the wettgtreased by 12.46% (3.94 @) in
model group. After treatment with CPhGs for 14t tveight of mice in high dose
group was significantly higher than that of the mlodroup P<0.01). In the TP
treatment group, the mice gained some weight at (#0.001). These data indicated

that high dose of CPhGs could improve body weligbd caused by HCT (Fig. 3).
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3.3 CPhGs-h improved reproductive functions of mice
3.3.1 CPhGs-m and CPhGs-h shortened erectile incubation period in mice

Compared with the control group, the erectile iratidn period of mice in the
model group was significantly prolongeld<0.001). The administration with TP and

CPhGs (CPhGs-m and CPhGs-h) significantly shortetied erectile incubation



period compared with the model group<(.001,P<0.01, P<0.001, respectively).
CPhGs had a similar effect on improving the eredtiinction of mice with TP (Fig.
4A).

3.3.2 CPhGs-m and CPhGs-h improved mating ability of mice

Mating experiment showed that the capture incubaperiod of mice was
increased and the number of captures within 30wsis reduced in the model group,
as compared with control group<0.001). The ejaculation incubation period was
delayed P<0.001) and the number of ejaculations were redutedice treated with
HCT compared with control group€0.001).

The capture incubation period of mice in the TPhG&m and CPhGs-h groups
were reduced compared with model grofs@.01, P<0.05, P<0.05, respectively).
Meanwhile, TP and high dose of CPhGs could incré@s@&umber of captures within
30 min compared with the model group<Q.001,P<0.01, respectively). Moreover,
TP and high dose of CPhGs could also significastiigrten the ejaculation incubation
period P<0.001,P<0.01, respectively) and increase ejaculation timesr 30 min
(P<0.01, P<0.05, respectively). These data suggested thatadd CPhGs could

improve reproductive functions damaged by HCT (BEig).
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3.4 CPhGs-m and CPhGs-h regulated hormone levels of mice



The sex hormones play important roles in regulatiegdevelopment of animal
reproductive system. To determine the steroid effeef CPhGs, the levels of
luteinizing hormone and testosterone were detdoye@ddioimmunoassay. The serum
levels of luteinizing hormone and testosteronehm nodel group were significantly
reduced compared with those of the control groeg0(01). After treatment with
moderate P<0.001,P<0.05, respectively) and high dosé%(.001) of CPhGs, the
levels of the two hormones were significantly ugulated, suggesting that CPhGs
had an androgen-like effect. Notably, the leveltedtosterone in the TP treatment

group was significantly higher than that of the tcohgroup P<0.001) (Fig. 5).
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were expressed as means + SP<0.05, ~P<0.01, ~ P<0.001 versus model*P<0.01,
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3.5 CPhGs-m and CPhGs-h regulated organ weights of mice



Variances of male gonadal organ weights betweenemaad treatment groups

were significantly different. Compared with the troh group, the organ weights of

testicle, epididymis, seminal vesicle and penigh&n model group were significantly

reduced P<0.001). Compared with the model group, TP had fieceon organ

weights, while moderate dose of CPhGs regulatecrongeights other than the

seminal vesiclesR<0.001,P<0.01,P<0.01, respectively). Intervention of high dose

of CPhGs significantly adjusted those organ weididsk to control group levels

(P<0.001,P<0.01,P<0.01,P<0.001, respectively) (Table 1).

Table 1. Organ weights of testicle, epididymis, s&nvesicle and penis.

Organ weight (g)

Control

M odel

TP

CPhGs

CPhGs-m

CPhGs-h

Testicle

Epididymis

Seminal vesicle

Penis

0.234 +0.021"

0.105 +0.013"

0.265 +0.028"

0.067 +0.011"

0.175 + 0.018*

0.062 + 0.018%

0.161 + 0.02%*

0.040 + 0.008*

0.184 + 0.008™*

0.064 + 0.01##

0.190 + 0.03%##

0.045 + 0.00%7#

0.193 + 0.008"

0.070 +0.015%

0.157 + 0.03%*#

0.048 + 0.008*

0.211 +0.017%

0.074 +0.018*

0.210 +0.025

0.051 + 0.008

0.225 +0.025"

0.083 + 0.005

0.212 +0.030

0.052 + 0.008"

Notes: Values were expressed as means + $80.01, " P<0.001 versus modefP<0.05,

#1P<0.01,"P<0.001 versus control. N = 10.

3.6 CPhGs-m and CPhGs-h improved testicular histopathology of mice

Normal histological structures of testis were otbedr in control group.

Testicular sections of HCT-treated mice showed rkaitde degenerative changes.

Disorganization and necrosis of the seminiferousulies could be detected. In

addition, degeneration and irregular arrangemensparmatids, large gaps in the

lumen and interstitium of the seminiferous tubuiezreased number of Leydig cells



were also seen in HCT-treated mice. Administratiohsmoderate and high doses of
CPhGs significantly prevented HCT-induced testicutgury. Normal histological
pattern, normal spermatogenic series, and Leydig é@mation were observed in
CPhGs-treated mice (Fig. 6). The positive contralgd TP had no significant

protective effect against pathological change®stis.

Control Model TP

Fig. 6 The testicular sections of mice in each graere stained with HE after the experiments.
Moderate and high doses of CPhGs significantly gmésd HCT-induced testicular injury. Notes:
magnifications = 10x and 40x; HE: hematoxylin-eosin

3.7 CPhGs up-regulated expressions of CYP11A1 and 3#-HSD in the testis of mice



StAR, CYP11A1, and@HSD are involved in the biosynthesis of testosterm
Leydig cells. Expressions of StAR were similar agpalifferent groups of mice (Fig.
7A). The treatment of HCT significantly inhibitedhet expressions of key
steroidogenic enzymes including CYP11Al1 an@-HSD (P<0.01, P<0.001,
respectively) in the testis, whereas interventiath \CPhGs up-regulated expesssions
of CYP11Al and B-HSD (P<0.01,Fig. 7B and 7C). IF was then further applied to
locate and quantify the expression @§fl3SD. Consistent with WB results, the level
of 38-HSD was lower in model group compared with thatamtrol group, whereas
the expression of BHSD increased after high dose of CPhGs treatnfen®.001,
Fig. 7D). Interesting, the positive control drug ifRibited expression of CYP11A1,
probably due to negative feedback effect (Fig. 7B)e results indicated that CPhGs
could promote expressions of upstreaming regulatorgestosterone synthesis

pathway.
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Fig. 7 Protein expressions of StAR (A), CYP11Al éd $-HSD (C, D) were evaluated by WB
or/and IF. Notes: A, B and C: Western blot analygiStAR, CYP11A1 and [BHSD in testis.
The right panels are histograms of protein expoassi D: Immunofluorescence analysis of
3B-HSD. Red fluorescence represenf3-HSD, and DAPI stained for nuclei. Values were
expressed as means + SP<0.05, P<0.01,” P<0.001 versus modef*P<0.01, **P<0.001
versus control. N = 3.
4. Discussion

MSD is one of the common diseases that affect mmaddth and living standard.
Decrease in synthesis of testosterone is the ncajse of MSD (Helo et al., 2019).
Therefore, promoting the production of testosterand maintaining normal sexual
physiology are the key treatment strategies. Thehggis of artificial testosterone
provides a feasible approach for the treatment 8DMHowever, the application is
limited due to multiple side effects (Rao et a012). Traditional Chinese medicine is
an alternative option in the effective treatmentM$D due to the low rate of side
effects (Edouard et al., 2014). Among the natueab®, CHis considered as one of
the firstline choices for MSD in China (Liu et a015). Studies showed that CH
could improve male sexual behavior and developrmeémhale reproductive system
through an androgen-like effect (Song et al., 200BWwas included in the China
Pharmacopoeia in 2005 Year due to its reliableceffétudies had shown that t@e
tubulosa had similar chemical constituents and pharmaco&dgactivities toC.
deserticola (Song et al., 2016X. tubulosa contains a variety of active components,

including CPhGs, iridoids, polysaccharides, etcoAe of many active components in



C. tubulosa, CPhGs were shown to have antioxidant, anti-fatjgueuroprotective,
and anti-inflammory effects in both vivo andin vitro studies (Ayupbek et al., 2012).
The content of CPhGs is higher @ tubulosa than that ofC. deserticola. In recent
years, it has been reported that CPhGs could ingpreproductive function (Jiang et
al., 2016). However, the detailed mechanism remainslear. In this study, we
explored whether CPhGs could improve male repradeiduinction and ameliorate
MSD through promoting synthesis of testosterone.

HCT was used to induce a reproductive injury micedel. The reproductive
functions were evaluated by capture and ejaculaticabation periods, number of
captures and ejaculations, and erectile incubgtesiod. Organ weights of the testicle,
epididymis, seminal vesicle and penis, and the hmmlggy of the testis were also
observed. Accroding to our results, high dose ohG# could improve weight loss
and erectile time that was compromise by HCT. Mdalay capture and ejaculation
incubation period was shortened, and the frequehcaptures and ejaculations were
increased by CPhGs treatment. In addition, higheslosf CPhGs could relieve
HCT-induced atrophy of various organs (testicleidielymis, seminal vesicle and
penis). These behavioral experiments showed thahGSPcould ameliorate
HCT-induced injury of reproductive functions.

To further explore the mechanism of CPhGs in imprgveproductive function,
we investigated the effects of CPhGs on productiintestosterone in testis.
Steroidogenesis is a tightly controlled process ftoe development of male

reproductive system. Metabolism of steroid is dejeem on transport protein StAR



and steroidogenic enzymes, including CYP11A1l apdHSD (Van, 2013). StAR is
an essential regulator of steroid hormone biosyishdt transports cholesterol into
the mitochondria and present cholesterol to CYP1{iller, 2007). CYP11Al is
the key factor in converting cholesterol into pregolone and is abundant in the
mitochondria of Leydig cells.[BHSD is another key enzyme that is involved in the
conversion of pregnenolone into progesterone, whvdh be further converted to
testosterone (Payne and Hales, 2004}H3D is specifically expressed in Leydig
cells of testis, and its activity is the biomarkétestosterone synthesis in Leydig cells
(Lai et al., 2014 ). In addition,3HSD is regulated by luteinizing hormone and the
negative feedback of downstream production of sesmbnes (LaVoie and King,
2009; Hou and Hao, 2018; Steckelbroeck et al., pODde target of multiple drugs
and endogenous substances is Leydig cell$aiSD (Park et al., 2013). Reactions
catalyzed by StAR, CYP11A1 an@-BISD are the rate-limiting steps in the synthesis
of steroid hormones. Previous studies have shoanChtubulosa and its alcoholic
extracts could increase the expressions of protginghe testosterone synthesis
pathway of normal animals and thereby increas@gt=tone levels. However, there
has been no systematic research conducted on tegirgelinjury model up till now.
Our results showed that CPhGs could protect tdaticmmorphology, improve
circulating luteinizing hormone level and maintaiestosterone level. The key
enzymes, including CYP11Al1 andp-8ISD, in testosterone synthesis were
up-regulated by CPhGs treatment. However, the lei/&tAR was not regulated by

CPhGs. Previous study showed tBatubulosa and echinacoside, a major component



of CPhGs, could reverse bisphenol A-induced abnliyria testicular structure and
normalize serum testosterone. Treatment Withubulosa could increase expressions
of the key steroidogenic enzymes including StAR,R2YA1 and B-HSD, whereas
echinacoside had no effect on StAR (Jiang et @lL6Y which was consistent with our
findings. These data suggest that expression ofRSt& regulated by other
components o€. tubulosa, rather than CPhGs, while the major targets of CParfe
CYP11A1 and B-HSD. Further studies are warranted to explore Wwiciemponents
of C. tubulosa could act orStAR.

Our results demonstrated that CPhGs promoted thihesis of testosterone by
activating CYP11A1-B-HSD pathway in Leydig cells. As a positive conttiolig, TP
could improve the mating and erectile abilities mice with reproductive injury.
However, it didn’t show protective effect on thetts. The serum level of testosterone
in TP group exceeded the normal levels, which im tinhibited expressions of
enzymes involved in testosterone synthesis by ativegfeedback loop. Although
supplementing synthetic androgens to treat MSDianease the testosterone content
in the short term, the exact formulation, dosage duration of treatment remain to be
clarified and the safety profile also remains uacl@raditional Chinese medicine is

an effective alternative therapeutic drug for treaMSD.

5. Conclusions
Our results showed that CPhGs could ameliorate H@ulieed damage of

reproductive function and protect mice testis framjury. Further experiments



demonstarted that CPhGs regulated synthesis ajstesbne via CYP45083HSD
pathway. Our study provides experimental evidertat tCPhGs extract is an

alternative choice for clinical treatment of MSD.
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