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Development and challenges of reproductive pharmacology
Zhu Yan, Zhang Xin, Fu Daxu
NHC Key Laboratory of Reproduction Regulation, Shanghai Engineering Research
Center of Reproductive Health Drug and Devices, Shanghai Institute for Biomedical
and Pharmaceutical Technologies, Shanghai 200032, China
Corresponding author: Zhu Yan, Email: zhuyan@sippr.org, Tel: +86-21-64438416

[ Abstract ] Currently, the major task of reproductive pharmacology is
fertility preservation. Aside from studying the efficacy of contraceptives, the
research area of reproductive pharmacology has been expanded to probe into the
pharmacodynamics and the mechanism of action of medications for treatment of
reproductive system disease and assisted fertility as well. The development of
analysis techniques, including genomics, transcriptomics, metabolomics,
proteomics, organoid culture, stem cell technology and single cell sequencing,
provide multiple ways to explore therapeutic targets and new mechanisms of the
treatment approaches. With the changes of age structure diagram in China
population accompanied with coexisting lower fertility, higher abortion rate and
increased number of seniors, more attention in the area of reproductive
pharmacology should be paid on the research and development of contraceptives
suitable for the young and the unmarried girls to avoid unnecessary abortion and
preserve their fertility and provide more opportunities for those who willing to
have children, extending their the reproductive span. Furthermore,
pharmacological effects, especially the impact and outcomes of assisted
reproductive technology and pertaining products on the health of the offspring
should be paid more investigation and concerned, which belong to a part of the
basic national policy of eugenics and are crucial to enhance the population quality
of all the nationalities. This is a major challenge for the reproductive pharmacology
researchers faced.

[ Key words ] Reproductive pharmacology; Fertility protection;

Contraceptives; Health of offspring; Discipline progress



Fund program: Special Development Funding for Zhangjiang National Independent Innovation Zone
Project (Z]2022-ZD-006)

DOI: 10. 3760/cma. j. cn101441-20230711-00272

KHEEE  2023-07-11 AXRE RIEHE

SIEAS: fAfE, RER, finte, & EEESRTONERESEPANEEARETINE
FREENE WU, PEEEES B2 HRE, 2024 44(6): 562-573. DOIL:
10. 3760/cma. j. cn101441-20230711-00272.

AIEZGIRET=

ERES AT ARG R SR IE
BANREFERIVZIN

AEte ' REUR Rt HxdET FEET BEE=T M
a O EER RET

'SEXFHER, £i§ 200032; *_ LEHEYMEARAHRE
KIERRFEESETAOMERLRE LBEERROGETRER
ARHFHL, £ifg 200032;° EEHEREIAFHL, £ 201203;
| EBRREFRGFE, L 201318

BIEEE: 5RMG, Email: zhuyan@sippr. org, EBIE: +86-21-64438416

(FE] BN HRTESESHTFIERIEZREE (levonorgestrel, LNG)

X 29B575 (emergency contraception pills, ECPs) NS XRBESHRETF1
RIFRBENEM. 5k KE SPF RS AR TFENNBEEEESST 3K
LNG-ECPs, Z3BU£RTF 34~ (P-3) . 64> (P-6) #0124 (P-12) NIEAHEA. MEEX
BENMAAIET, XA Excel FFEMNEBIRNRES BRI A 2H, D55
LNG-ECPs ‘BFIAHYIRRAE, DBEBLST 0. 12 ng/kg LNG-ECPs FIFAFUAR. =
BEFRREHE 1 h DB /2504 (12718 R) BHTHES (679 R) FEL (679
R) . ®R /2304 (12718 R) FHEHIRE 3 M ahBREEB I TH#ES] (679
R) MRE (69R) , HEEFRI. RABEKBRZRMIE (enzyme-1linked
immunosorbent assay , ELISA ) #& U i ¥ X B I & & 99 i@ & B X
(follicle-stimulating hormone, FSH) . BEAR&ERLZ (lutenizing hormone,
LH) . MEHE. ZNE. 2. iEEhEE (antiMiullerian hormone, AMH)



ARG FRIRBREIZR 3 (free thyroid hormone, fT3) HIZKE, MEMEARIPEE
LW RIBAKE-RLL (hematoxylin and eosin, HE) FEFFHITINEITEL. iBR
LNG-ECPs {82525 RIS ZS IS HAME M R RRITIRER 178, WRE F1 RIFRAEKTS
LR Rz ase0EiER, B P-12 KEIPRBLHITERBFNEF, &
37 LNG-ECPs HUPERERFRIAREE, 247 LNG-ECPs BUPERIRMBNERER, FHi
ITEERM (gene ontology, 60) FAIRFLEESEEABEREH (Kyoto
Encyclopedia of Genes and Genomes, KEGG) BIREEDSTT. 52 OELHST
340 6 PN antEEERE, LNG-ECPs AR AIMISMEKFERES NS IAEITIRENE
tb, ERITFITERN (19 20.05) ; Fl {FREKIBSFIITAZERSAE
IRREFRABLLERIITAITERNY (18 0. 05) . QELHAT 12 N EEREEE,
5iAETREMELL, ING-ECPs AARRMBES FSH [ (0.2140.17) U/L] . LH
[ (0.2740.08) U/L] FAZZ8IER [ (0.6840.23) wg/L] KFERBEETAEEXS
BBZH [ (1.0040.82) U/L, P=0.043; (1.00=0.50) U/L, P=0.006; (1.000.20)
ng/L, P=0.027] , METEE [ (2.24+1.03) wug/L] FIS2EA [ (1.2540.25) wng/L]
KEBRES T ARYAEZ [ (1.0040.35) wg/L, 20.019; (1.00+0.07) wug/L,
P=0.044] ; GRERRJRIAODIEENE (4. 88+ 2. 36) BE/ DT AEEXIERA (16. 1349. 36,
P=0.005) , AGEPEEE (24.38+5.01) BESTEHEXIRRE (19. 13£2. 30,

P=0.018) ; LNG-ECPs #Hh F1 {{FRGAERGKATE [ (157.13+£32.29) s] BAR
R AEITEBE [ (198.06+40.01) s, P=0.003] ., {E=Z5IKE 3 NEhiSEHAG,
LNG-ECPs IR AR IS FSH [ (2.48+1.18) U/L] . LH[ (1.60+0.41) U/L].
S2F [ (1.3740.23) wg/L] RFSH/LH{E (1.61+0.41) BESTFAEERA
[ (1.00£0.67) U/L, P=0.024; (1.00+0.27) U/L, P=0.014; (1.00%0.18)
wg/L, P=0.011; 1.0040.49, P=0.042] , EUMEEEIKF [ (0.49£0.15) ng/L]
FOAMH ZKSE [ (0.79+0.15) wg/L] BERTAEXIARA [ (1.004+0.37) wug/L,
P=0.011; (1.0040.10) wng/L, P=0.016] , AR, KEIPEPEILINEHE
(6.2545.06) PEEVFREIFEELE (12.00+£5.56, £=0.048) ; F1{L(FRE
U7 hRUIEENEEERS [ (89.85+36.98) ] LARRAERFIKENK [ (112.00£29. 52)
s] HEEETAENIEEA [ (147.55+23.13) m, /X0.001; (137.69+25.85)
s, P=0.014] , OFRENFERKR, SBEHEXERAE, LNG-ECPs Hf4AE
URERRLRPTFIE Ccb. Cxerl. Lexm Fga, Mybphl Fl Gstmb EREEZFFRIAREHR,
S5ERBREMERK. IPEXERRE AR RSS2 W ERERESEREK
BXIIRE, BPREAE. TRPEERSTEHSBRSMRAEERE, URARE
FABRFZMEEER. HFEERSMEEEFRMAEEFZANEEERSR
BEATIIRE, St EEEXES, BHES (12 M EE) 455 LNG-ECPs XJHEER
ABEIRHEF FREKRERBTTAZRIBERNN,; MKHES (12 1NEE)

18F LNG-ECPs S SHIPEINEERGG, FEXT F1 AFRAINEEFELEIm, 5%
WS 3 N NEREEEARUARNE.

(Xa) ZAMEZE;, S£5H; TA% PERG, BREF
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Effects of consecutively repeated application of emergency contraceptive pills
containing levonorgestrel on female fertility and the health of F1 offspring

Hu Yingyi', Ni Qicheng?, Zhong Ruihua? Yang Wenjie?, Li Guoting?, Zhou Jieyun?, Guo
Xiangjie?, Xie Shuwu?, Zhou Jialing®, Zhu Yan?



I Pharmacy School, Fudan University, Shanghai 200032, China; > NHC Key Lab of
Reproduction Regulation, Shanghai-MOST Key Laboratory of Health and Disease
Genomics, Shanghai Institute for Biomedical and Pharmaceutical Technologies,
Shanghai 200232, China; * Shanghai Lab. Animal Research Center, Shanghai 201203,
China; * Shanghai University of Medicine & Health Sciences, Shanghai 201318, China
Corresponding author: Zhu Yan, Email: zhuyan@sippr.org, Tel: +86-21-64438416

[ Abstract] Objective To explore the effects of consecutively repeated
application of emergency contraception pills (ECPs) containing levonorgestrel
(LNG) on the female fertility and the health outcomes of F1 generation rats.
Methods Female SPF rats were intragastric administered with LNG-ECPs
consecutively for 3 (P-3), 6 (P-6) and 12 (P-12) estrous cycles (three times in each
estrous cycle), respectively. Under each administration schedule, rats were
randomly divided into 2 groups according to body weight stratification using
random numbers generated in Excel, i.e. LNG-ECPs group and solvent control group,
administered with 0.12 mg/kg LNG-ECPs and corresponding volumes of 0.5%
CMC-Na, respectively. Four hours after the last dosing, half of the animals (12-18)
in each group were allotted randomly for dissection (6-9) and mating (6-9),
respectively. The remaining half (12-18) were recovered for 3 estrous cycles, and
then were randomly allocated for dissection (6-9) and mating (6-9). Organ
coefficients were calculated. Serum levels of follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol, progesterone, testosterone, anti-Miillerian
hormone (AMH) and free thyroid hormone 3 (fT3) were examined by enzyme
linked immunosorbent assay (ELISA). Ovarian tissues were sectioned and stained
with hematoxylin and eosin (HE) for follicle counting. In addition, the pregnancy
rate and litter size of the female rats were recorded, and the growth indexes and
behavioral parameters of the cubs were measured. Moreover, RNA sequencing
(RNA-seq) of the ovarian tissues was performed to establish the differential
expression gene profile of ovarian injury induced by LNG-ECPs. Then gene ontology
(GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment were analyzed. Results 1) After consecutive administration for 3 and
6 estrous cycles, LNG-ECPs showed no significant impact on the serum hormone
levels and female fertility (all P>0.05), and the growth indexes and behavioral
parameters of the F1 generation (all P>0.05). 2) After consecutive administration
for 12 estrous cycles, the serum levels of FSH [(0.21+0.17) U/L], LH [(0.27£0.08)
U/L] and progesterone [(0.68+0.23) pg/L] in LNG-ECPs group decreased
significantly compared with those in solvent control group [(1.00+0.82) U/L,
P=0.043; (1.00+£0.50) U/L, P=0.006; (1.00+0.20) pg/L, P=0.027], while the level of
estradiol [(2.24+1.03) pg/L] and testosterone [(1.25%0.25) npg/L] increased
noticeably compared with those in solvent control group [(1.00+0.35) pg/L,
P=0.019; (1.00£0.07) pg/L, P=0.044]. The number of primordial follicles (4.88+2.36)
lost distinctly, while the number of atretic follicles (24.38+5.01) increased
markedly in LNG-ECPs group compared with those in solvent control group
(16.13+9.36, P=0.005; 19.13+2.30, P=0.018). In addition, the weight-loaded
swimming (WLS) time of the F1 generation rats from the LNG-ECPs group



[(157.13+32.29) s] reduced obviously compared with those from the solvent
control group [(198.06+40.01) s, P=0.003]. Moreover, after recovering for 3 estrous
cycles, LNG-ECPs significantly increased the levels of FSH [(2.48+1.18) U/L], LH
[(1.60+0.41) U/L], testosterone [(1.37+0.23) upg/L] and the ratio of FSH/LH
(1.61+0.41) compared with those in solvent control group [(1.00£0.67) U/L,
P=0.024; (1.00+0.27) U/L, P=0.014; (1.00%0.18) pg/L, P=0.011; 1.00£0.49,
P=0.042], respectively. Additionally, the serum levels of estradiol [(0.49+0.15) pug/L]
and AMH [(0.79£0.15) pg/L] were significantly lower than those in solvent control
group [(1.00+0.37) pug/L, P=0.011; (1.00+0.10) pg/L, P=0.016]. In addition, the
number of primordial follicles in rats of LNG-ECPs group (6.25%5.06) were
obviously less than that in solvent control group (12.00+5.56, P=0.048).
Furthermore, the total distance in open field [(89.85+36.98) m] and the swimming
time in WLS [(112.00+29.52) s] in rats treated with LNG-ECPs both decreased
distinctly compared with those in solvent control group [(147.55%#23.13) m,
P<0.001; (137.69£25.85) s, P=0.014]. 3) According to transcriptomic analysis, Cd5,
Cxcrl, Lexm, Fga, Mybphl and Gstm5 were the significant differential expressed
genes (DEGs) in the ovarian tissues of rats. These DEGs were involved in pathways
related to steroid hormone biosynthesis, including terpenoid backbone
biosynthesis, ovarian steroidogenesis, cortisol synthesis and secretion. Additionally,
these genes were involved in metabolic processes, such as carbon metabolism,
butanoate metabolism, cysteine and methionine metabolism. And the genes were
also involved in immunoregulatory processes including cytokine-cytokine receptor
interaction, viral protein interaction with cytokine and cytokine receptors.
Conclusion Consecutively repeated administering LNG-ECPs to the female rats in
a short-term period (<12 cycles) did not demonstrate significant adverse effects on
female fertility and the growth and development and the behaviors of their F1
generation cubs. However, long-term repeated treatment with LNG-ECPs (12 cycles)
caused ovarian injury on female rats and showed negative impacts on the health of
the F1 generation cubs, and no significant improvement was observed after
recovering for 3 estrous cycles.

[ Key words ] Levonorgestrel; Fertility; Ethology; Ovarian injury;
Transcriptomics
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(HE] BN HTBUTRZEERZIT (sleep deprivation, SD) XJ/h
FROPERMEFINEERI MR E I BEEANNE. 5% 16 R SPF K 778 Bl
C57BL/6 /N, 1ERIMIEF | BiE, ESMEIo AXIREM SDE, SHS R,
Hrp S H/NRER 7: 00710 : 00 RARFHHITIEMARTE SD, Hit40 d, &
LI FHIARI SRR 9 d REXRHTIHENTEMER A0S, ISR, T
5 40 KBS ESEARIZ IR E (enzyme-linked immunosorbent assay, ELISA) iz
RIS NMmiBME—EE,. 228, JPERIEER (follicle-stimulating hormone, FSH),
{BEREMZ (luteinizing hormone, LH) FO#REEZE (melatonin, MT) 7K, EX
URER, TEIPEIEH, HEITIRDAE-FIREHBRAINEHE. REER
WEFECUEEIINENEMIIX E#Z (suprachiasmatic nucleus, SCN) FEX
TREZTT c-Fos RAER. SR HLLTFXIRA, S B/ NEanERAHIEREES.
SD ZE/NERME—RE [ (20.1943.67) ng/L] . Z2Hg [ (2.88+0.53) wug/L] . FSH

[ (13.42+2.36) U/L] 7KEBRETRIHBAE/NE [ (24. 66+2. 15) ng/L, P=0. 010;

(3.4340.49) ug/L, P=0.049; (17.0141.49) U/L, P=0.003] . SDZH/NEL
LHFOMT ZKHEFIIRRENE, BEERITHITFEN (39 £0.05) , SDAENE
IRERIRIAIMBEESRE/NEMELL, ZERERITFRN (20.05) , EESDE
IR ASAME, BURIARREHEFIZREL, SOREERL, INEFEBE. %
BRLFIREINERE SD LH/NE SN RHEETT c-Fos EBRFRIA L, e &L
40 d §Ri#4T 3 h SD fR/N\EIPERERINEZIR, TJHES SN TEERX.
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Impact of chronic incomplete sleep deprivation on ovarian reserve function
in mice
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[ Abstract] Objective To explore the effect of chronic incomplete sleep
deprivation (SD) on ovarian reserve function in mice and its potential
mechanisms. Methods Sixteen 7-8 week old female C57BL/6 SPF mice were
randomly divided into control and SD groups (n=8 per group) after one week of
acclimatization. The mice in the SD group were treated with SD from 7:00 to 10:00
using a deprivation rod for a total of 40 d. Before the first day and the last day of
the experiment, vaginal smears were collected daily for 9 d to record and evaluate
the estrous cycle. On the last day of the experiment, serum levels of estradiol,
progesterone, follicle-stimulating hormone (FSH), luteinizing hormone (LH), and
melatonin (MT) were measured by enzyme-linked immunosorbent assay (ELISA).
The ovaries were dissected to calculate the ovarian index and count the number of
primordial follicles by hematoxylin-eosin (HE) staining. Cardiac perfusion was
performed to get the brains and the expression of c-Fos protein was observed in
the suprachiasmatic nucleus (SCN) by immunohistochemistry. Results Compared
with control group, SD group had a tendency of estrous cycle disorders. Hormone
levels of estradiol [(20.19+3.67) ng/L], progesterone [(2.88+0.53) pg/L], and FSH
[(13.42+2.36) U/L] in the SD group were significantly lower than those in control
group [(24.66+2.15) ng/L,P=0.010; (3.43+0.49) ug/L, P=0.049; (17.01+1.49) U/L,
P=0.003]. Hormone levels of LH and MT in the SD group were lower than those in
control group, but without statistical significances (all P>0.05). There was no
significant change in the number of primordial follicles between the two groups
(P>0.05). However, the oocyte morphology was poor, the granulosa cells were
disorderedly arranged, the number of atretic follicles was decreased, and ovarian
fibrosis was obvious in the SD group. Immunohistochemical staining showed an
upregulation of c-Fos protein expression in the SCN of the SD group. Conclusion
Continuous 3 h SD for 40 d impairs ovarian reserve function in mice, possibly
related to excessive activation of the SCN.

[Key words] Sleep deprivation; Ovarian reserve; Estrous cycle
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(HE] B RITAFHFBERRFHERE (human umbilical cord
mesenchymal stem cells, hUCMSCs) FBAEXEMIRIBRE/NREAINEERIFNE R
DFNE. F3iE HHIN 18 R 678 F SPF 4% C57BL/C MR, TN D EIE
DA 3ZAH, WRA: NRIESEEAIREVK, BRI SRR NESY D-FANEE
29[, 1BRE 4 BXR, BRAGREHINESTEERIK, hUNSCs H: MEEBR T
E5T D-HFUNEELL 9 B, 1B 4 BR, BR/NBREEBKEST huouscs, 9 BfE,
MEVNENREMSEANER, HHEENISH, BERERMHAE (enzyme-1linked
immunosorbent assay, ELISA) jRIG@MI/NERIIEEEFAKE. 2EAALNEFT 8

(malondialdehyde, MDA) . BEMYIIE(LEE (superoxide dismutase, SOD) &
2. WNIRWREHNINL, BAKBAPLL (hematoxylin-eosin, HE) FEINEREHFH
DREFTN, THSOCERRAESHERNFN Vestern blotting HRIGNIZEF
E2 fBXEF 2 (nuclear factor erythroid 2-related factor 2, Nrf2) {E54%
SHEXERMERFRLA, &R SERA/NFSENIEE [ (0.6420.05) %] BRI
28 [ (0.81%0.13) %, P=0.006] PHE, SFUARRGE/, ERE/NETEURIR, £
TEMRREFIE TR, BIEERER, MUES/KYE [ (4.1040.67) ung/L] | SEFERA
SOD SEME [ (48. 8746.40) U/mg Prot] BRXSEBLA [ (5.7140.81) 1 g/L, P=0.002;

(78.5349.70) U/mg Prot, P=0. 001] FIFE(E, g MDA S8 [ (1. 1140. 19) nmol/mg
Prot] RXXJEBZH [ (0.7740.07) nmol/mg Prot, P=0.001] #&j0. Aeapl mRNA
MEERARBRXIRANIEE (£-0.006, P=0.043) , Nr/2, SODF] NQUL mRNA 3
XEEFEBARLD (P<0.002, /0.001, P=0.001) , Nrf2, HO-1 EAFRXERIT
RRAAIIIBEIFIE (P-0.011, P=0.021) . SIRBEUALLEY, hUCMSCs H/INREALISE

[ (0.79£0.03) %, P=0.010] &S, SFEREERNEM. B, ERNES
REBEPIISTRARMBRRES,; MBEEAKFE [ (5.24+0.21) wg/L,



P=0.028] REEF AL SODFEM [ (79.47+14.32) U/mg Prot, P=0.001] 5,
MDA &8 [ (0.77+0.08) nmol/mgProt, P=0.001] FEE; Nrr2. SODFI NQOL mRNA
FAEIIEES (P=0. 024, P=0. 037, P=0.005) , Keapl mRNA FIXER/D (P=0.044),
Nrf2, H0-1 EEFESIIEE (£2-0. 009, 2-0. 012) ,Keapl BEFIEEIEE (P,-0. 035),
hucMSCs B/NREERIEE. MIBSEER. SOD JEMER MDA SEEBSIIREZERIITSR
ITEENX (39 £0.05) , 4518  hUCMSCs IR MEEWIRIBITEEE/NRENLEM
FTheEiRin, EERVEIS DA Nri2 (FSESREEX TS MIENE Sob, Ho-1
EHFEX, R Keapl NMEAINrf2 FEFEX,
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Human umbilical cord mesenchymal stem cells improve testicular function in
aging mice by upregulating Nrf2 signaling
Wang Yuanyuan®, Xue Han?, Li Linyan’, Liu Juan?, Wu Yutong®, He Qin’, Yu Limei’
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Repair and Regenerative Medicine of Ministry of Education, Zunyi Medical University,
Zunyi 563003, China
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[Abstract] Objective To investigate the effect and mechanism of human
umbilical cord mesenchymal stem cells (hUCMSCs) transplantation on testicular
function in aging mice with oxidative damage. Methods Totally 18 SPF grade
C57BL/C male mice aged 6-8 weeks were randomly divided into 3 groups using a
complete randomization method. In control group, mice were injected with an
equal amount of physiological saline; in model group, mice were subcutaneous
injected D-galactose into the neck and back for 9 consecutive weeks, on the 4th
weekend of modeling, the mice were injected with physiological saline via the tail
vein; in hUCMSCs group: mice were subcutaneous injected D-galactose into the
neck and back for 9 consecutive weeks, on the 4th weekend of modeling, the mice
were injected with hUCMSCs via the tail vein of each mouse. After 9 weeks, body
weight and testicular weight of the three groups mice were measured and
testicular index was calculated. The contents of testosterone, malondialdehyde
(MDA) and superoxide dismutase (SOD) in serum and testicular tissue were
detected by enzyme-linked immunosorbent assay (ELISA) method. Visual
observation of testicular appearance, the histopathological changes of testis were
observed by hematoxylin-eosin (HE) staining, and the expression of NF-E2-related
factor 2 (Nrf2) signal transduction-related genes and proteins were detected by

RT-PCR and Western blotting, respectively. Results Compared with control group



[(0.81+0.13)%], the testicular index of mice in model group [(0.64+0.05)%,
P=0.006] was decreased. In model group, the volume of testis was reduced, the
integrity of spermatogenic tubules was damaged, spermatogenic cells and sperm
were reduced, and the interstitium was sparse. In model group, serum testosterone
[(4.10+0.67) pg/L] and SOD [(48.87£6.40) U/mg Prot] were decreased compared
with control group [(5.71£0.81) pg/L, P=0.002; (78.53+9.70) U/mg Prot, P=0.001],
MDA [(1.11£0.19) nmol/mg Prot] was increased compared with control group
[(0.77£0.07) nmol/mg Prot, P=0.001], Keapl mRNA and protein expression were
increased (P=0.006, P=0.043). The expression levels of Nrf2, SOD and NQO1 mRNA
were significantly lower than those in control group (P=0.002, P<0.001, P=0.001),
and the expression levels of Nrf2 and HO-1 protein were significantly lower than
those in control group (P=0.011, P=0.021). Compared with the model group, the
testicular index [(0.79+0.03)%, P=0.010] increased in hUCMSCs group, and the
tissue structure of testis was clear and complete, spermatogenic cells at all levels of
spermatogenic tubules, spermatogenic cells and stromal cells were abundant.
Compared with the model group, the content of dihydrotestosterone [(5.24+0.21)
pg/L, P=0.028] in serum and SOD [(79.47+14.32) U/mg Prot, P=0.001] in testicular
tissue increased in hUCMSCs group, while the content of MDA [(0.77+0.08)
nmol/mg Prot, P=0.001] decreased, Nrf2, SOD and NQO1 mRNA expression levels
increased (P=0.024, P=0.037, P=0.005), Keapl mRNA expression decreased
(P=0.044), Nrf2 and HO-1 proteins expression increased (P=0.009, P=0.012), while
Keapl protein expression decreased (P=0.035). There were no statistically
significant differences in testicular index, serum testosterone, SOD and MDA
between hUCMSCs group and control group (all P>0.05). Conclusion hUCMSCs
significantly improve testicular structure and function damage caused by oxidative
damage in aging mice, and the mechanism of action is related to upregulating Nrf2
signaling and downstream antioxidant activity SOD and HO-1 protein expression,
reducing Keap1 mediated Nrf2 degradation.

[ Key words]  Testis; Nuclear factor erythroid 2-related factor 2; Aging;
Human umbilical cord mesenchymal stem cells; D-galactose; Anti-oxidation
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Lifestyles, environmental factors, and commonly used drugs affecting sperm
motility
Lai Jiajia, Wang Yanran, Zhang Shuwei, Hu Jiayi, Zhu Zeyu, Li Kun
College of Pharmacy, Hangzhou Medical College, Hangzhou 310013, China
Corresponding author: Li Kun, Email: likun@hmc.edu.cn, Tel: +86-571-88215476

[Abstract] Sperm motility, a crucial function of sperm, refers to the ability
of sperm to move progressively forward. Only sperm with adequate motility can
reach the fertilization site and successfully recognize and fuse with an egg during
natural reproduction. Asthenozoospermia, defined by a percentage of
progressive sperm below the reference value's lower limit, is one of the most
prevalent causes of male infertility. Sperm motility maintenance relies on both a
normal flagellar structure and signal transduction pathways. However,
extracellular environmental factors related to motility are also of significant
importance. This review addresses factors influencing sperm motility,
encompassing lifestyles, environmental elements, and commonly used drugs. It
offers valuable insights for the prevention and diagnosis of asthenozoospermia and
supports the strategies for preventing male infertility.

[Key words]  Sperm motility; Age; Obesity; Smoking; Diet; Temperature;

Asthenozoospermia; Drug
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Research progress on mammalian theca cells and their stem cells
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[Abstract] Follicular theca cells not only provide support for the integrity
of follicles, but also play a crucial role in follicular development, atresia, selection of
dominant follicles, and ovulation. Although theca cells play an important role in
female reproductive processes, research on their development, origin, and stem
cells origin is currently very scarce. The study of theca stem cells not only allows us
to gain a deeper understanding of the recruitment, growth, and differentiation of
theca cells, but also helps us to make functional theca cells from theca stem cells.
These studies will have significance impacts on the diagnosis, prevention, and
treatment of human ovarian diseases, as well as regenerative medicine. This article
provides a brief review of the functions, sources, and research progress of theca
cells, as well as a brief introduction of the application of single-cell RNA-sequencing
technology in the field of ovarian stem cell research. It provides a reference for
further exploration of the mechanisms of ovarian follicle development, pathological
changes, and disease treatment.

[ Key words ] Follicular development; Theca stem cells; Regenerative
medicine; Single-cell sequencing technology
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Progress on endocrine disruptors affecting testicular 3B-hydroxysteroid
dehydrogenase and their mechanism of action
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[Abstract] 3B-hydroxysteroid dehydrogenase (38-HSD) is a steroidogenic
enzyme that catalyzes the conversion of 33-hydroxysteroids to 3-ketosteroids. Two
different subtypes of human 3(3-HSD, HSD3B1 and HSD3B2, have been cloned, with
HSD3B2 primarily expressed in the testes. //SJO3B2 exhibits 33-HSD2 activity and is a
dual-substrate enzyme that binds with co-factors NAD* and 3[-steroids. Many
endocrine disruptors, including industrial compounds (phthalates, bisphenols,
perfluoroalkyl substances, and benzophenones), pesticides and fungicides
(organochlorine pesticides and organotins), food additives (butylated
hydroxyanisole, resveratrol, gossypol, flavonoids and isoflavonoids, curcuminoids,
and chalcones), and drugs (etomidate, mifepristone, and ketoconazole) inhibit
testicular 33-HSD, potentially interfering with androgen synthesis. In this review,
we summarized the unique testicular subtypes of 33-HSD, their genes, chemistry,
subcellularity, location, and the endocrine disruptors that directly inhibit testicular
3B-HSD and their modes of inhibition, to provide reference for clinical research on
androgen regulation methods and the development of androgen-targeted drugs.
[Key words]  3pB-hydroxysteroid dehydrogenase; Testosterone synthesis;
Steroidogenesis; Environmental endocrine disruptors; Polyphenols; Phthalates
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(BE] Bi RIKSEREINZE/PRERBEFI-HIR%E (in
vitro fertilization/intracytoplasmic sperm injection and embryo transfer,
IVE/ICST-ET) #B{RHEIPIAT T, AREREMERBIZRE (hunan chorionic
gonadotropin, hCG) #RH 12 h 5 hCG, Z2ER/KIFNME _EE T UIHHREBAIF
M, 75i% AN 2015 £ 3 BE 2020 £ 6 BHAEER R ERKAFMEDMNEREE
SEEHIUTIITER IVF/ICST-ET BIZ2AITRY 2 506 fIEE, XIEIEHIMEEIRHEP
AURERE R TRIBUEDHT. KA Spearman FRAEXRDHTAIRSZ DAY hCG #]RAL 12
h f& hCG 7K, Z2BR7K AN —BR (AR N R R R RS B RIS T
2T, BR  hCG IRHVEF hC6 KFSZEIKFRIERX (7=0.094, £0.001) ,
SHETBRTHRENIER (1=-0.093, /X0.001) . hCG IRIGREKFSHETEE
TUREDEKX (1=-0.089, /X0.001) , hCG FIBRIERFIE hCG #RAF hCG 2KF,
BRIRZEN (path coefficients, PC) J90.307 (P<0.001) , REEFSEL (body mass
index, BMI)faMAFAE hCCIRHUG hCG FIZEERKIE (PC=-0. 434, P<0. 001;PC=-0. 154,
P<0.001) , IEMISZNME—EEZFLER (PC=0. 097, P<0. 001) , {EHEAREER (gonadotopin,
Gn) {EFRRTEIFNAEF S EIEMS/N hCG [EZ2ERKSE (PC=0. 102, F<0. 001; PC=0. 080,
P=0.030) ., hCG IRH/F hCG FAZ2ER/KFIEMFNIIRIPER (PC=0. 098, 7<0.001;
PC=0.080, £<0.001) , MOME—EZIEMERISIROPRFBAZEIE (0. 05) . hCG Ik
MBZERKFRAMIBERZRER (PC=-0.050, £<0.039) , hCG IRHLfF hCC 2K,
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Effects of hormone changes 12 h after hCG trigger on the outcomes of
IVF/ICSI-ET treatment with GnRH-a protocol
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Shanghai Medical School, Fudan University, Shanghai 200080, China
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[ Abstract ] Objective To explore the effects of human chorionic
gonadotropin (hCG), progesterone as well as the change of estradiol 12 h after hCG
trigger on the outcomes of in vitro fertilization/intracytoplasmic sperm injection
and embryo transfer (IVF/ICSI-ET). Methods A retrospective study was
conducted at the Center for Reproduction and Genetics of the Affiliated Suzhou
Hospital of Nanjing Medical University. A total of 2 506 patients received
IVF/ICSI-ET treatment with gonadotropin-releasing hormone agonist (GnRH-a)
protocol from March 2015 to June 2020 were selected. With Spearman rank
correlation analysis and path analysis, we explore the relationship among the
changes of these hormones and the baseline characteristic of patients, as well as
the relationship among the changes of these hormones and the outcomes of IVF
treatment. Results The increase of hCG was accompanied by the rise of
progesterone and the decline of estradiol change rate (r=0.094, P<0.001; r=—0.093,
P<0.001). Meanwhile the rise of progesterone was accompanied by the decline of
estradiol change rate (r=-0.089, P<0.001). The dosage of hCG trigger was directly
positively correlated to hCG level after hCG trigger, path coefficients (PC) was 0.307
(P<0.001). Body mass index (BMI) was directly negatively correlated to hCG level
and progesterone level after hCG trigger (PC=-0.434, P<0.001; PC=-0.154,
P<0.001), whereas positively correlated to estradiol change rate (PC=0.097,
P<0.001). Meanwhile the duration and dosage of gonadotropin (Gn) used were
positively correlated to progesterone level after hCG trigger (PC=0.102, P<0.001;
PC=0.080, P=0.030). hCG level and progesterone level after hCG trigger had positive
correlation to oocyte retrieved rate (PC=0.098, P<0.001; PC=0.080, P<0.001). While
estradiol change rate was not correlated to oocyte retrieved rate (P>0.05).
Progesterone level on hCG trigger day negatively related to normal fertilization rate

(PC=-0.050, P=0.039). hCG level, progesterone level and estradiol change rate after



hCG trigger had no correlation with high-quality embryo rate, clinical pregnancy
rate and live birth rate (all P>0.05). Conclusion Oocyte retrieved rate was
positively affected by hCG level and progesterone level 12 h after hCG trigger.
While normal fertilization rate, high-quality embryo rate, clinical pregnancy rate
and live birth rate were not affected by the change of hormones level 12 h after hCG
trigger. Therefore we should pay attention to hCG level and progesterone level 12 h
after hCG trigger.

[Key words]  Human chorionic hormone; Progesterone; Estradiol change
rate; Oocyte retrieved rate; Fertilization rate
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Identification of macrophage-related immune characteristic genes in
recurrent miscarriage through bioinformatics approaches
Guo Yifen', Ren Shuyué?, Gao Zhixian?, Gu Yan!
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[ Abstract] Objectives To screen out genes potentially involved in the
dysregulation of immune microhomeostasis at the maternal-fetal interface of
recurrent miscarriage (RM) patients, and to identify novel biomarkers of RM by
bioinformatic analysis. Methods The dataset GSE165004 of endometrial tissues
from RM patients (n=24) and normal women as the control (n=24) was
downloaded from the GEO database, and differentially expressed genes (DEGs) and
immune-related modules were analyzed by using the R language's Limma package,
along with CIBERSORT immune infiltration and Weighted Gene Co-expression
Network Analysis (WGCNA). The functional associations of these core genes were
evaluated through Gene Set Enrichment Analysis (GSEA) and Gene Set Variation
Analysis (GSVA). Finally, we used the decidual tissue dataset GSE161969 to further
validate the diagnostic value of these key genes. Results Differential analysis
identified 580 DEGs, and 3 271 immune-related modular genes were selected by
WGCNA analysis. FGF2, ANO1, and LAPTM5 were subsequently identified as key
genes through machine learning techniques. GSVA analysis further revealed critical
roles of FGF2, ANO1 and LAPTMS5 in immune infiltration and macrophage pathways.
Conclusion FGF2, ANO1 and LAPTM5 might participate in the immuno-related
pathogenesis of RM, and present potential biomarkers for the early diagnosis and
treatment of RM.

[ Key words ] Machine learning; Recurrent miscarriage; Bioinformatics;

Immune infiltration; Weighted gene co-expression network analysis
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Influence of morphological evaluation parameters of blastocysts on
chromosomal karyotype abnormalities of chorionic villi in missed abortion
after IVF/ICSI treatment
Li Mengna, Zheng Wei, Yang Chen, Ren Bingnan, Yuan Erfeng, Gao Songzhan, Zu
Ruowen, Kuang Yihui, Wu Jing, Cao Mengyi, Han Jingyi, Li Peixin, Shen Ran, Guan
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[ Abstract ] Objective  Analyzing the influence of morphological
evaluation parameters of blastocysts, including days of blastocyst development
[day 5 (D5) and day 6 (D6)], degree of blastocyst expansion (4, 5, 6), inner cell mass
and trophectoderm grade, on the occurrence of chromosomal karyotype
abnormalities of chorionic villi in missed abortion after in vitro
fertilization/intracytoplasmic sperm injection (IVF/ICSI) treatment and
fresh/frozen-thawed single blastocyst transfer. Methods The clinical data of
patients with missed abortion after IVF/ICSI treatment and fresh/frozen-thawed
single blastocyst transfer from February 2015 to February 2023 in the
Reproductive Center of the Third Affiliated Hospital of Zhengzhou University were
included. Using a case-control study, the data were divided into two groups
according to the detection results of chromosomal copy number variations (CNVs)
in chorionic villi of missed abortion abnormal karyotype group (n=139) and
normal karyotype group (n=82). The baseline data between the two groups were
compared. Univariate logistic regression was used to investigate the effect of
blastocyst morphological rating parameters on the occurrence of chromosomal
karyotype abnormalities of chorionic villi in aborted tissues, and multivariate
logistic regression was also used to adjust confounding factors. Results Male age
[(34.12+6.49) years], sperm morphology rate [5.00 (4.00,6.00)%] and female age
[33.00 (30.00, 37.00) years] in abnormal karyotype group were higher than those
in the normal karyotype group [(32.38+4.69) years, 4.00 (2.00,5.00)% and 31.50
(29.00,34.00) years], and the differences were statistically significant (P=0.022,
P=0.020, P=0.009). Univariate and multivariate logistic regression analyses showed
that days of blastocyst development, degree of blastocyst expansion, inner cell
mass and trophectoderm grade  did not increase the risk of chromosomal
karyotype abnormalities of chorionic villi (all P>0.05). Conclusion There is no

significant correlation between blastocyst morphological evaluation parameters



and chromosomal karyotype abnormalities in chorionic villi of missed abortion
after fresh/frozen-thawed single blastocyst transfer with [VF/ICSI treatment.

[Key words]  Single blastocyst; Embryo morphological parameters; Inner
cell mass; Trophectoderm; Missed abortion; Chromosome of chorionic villi
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Three cases of pregnancy complicated with tuberculous meningitis after
IVF-ET and literature review

Yang Yitian, Zhang Yang, Wang Lei
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[ Abstract ] Objective To investigate the occurrence, clinical
characteristics, prevention and treatment of pregnancy complicated with
tuberculosis after in vitro fertilization-embryo transfer (IVF-ET). Methods The
clinical data of three cases of pregnancy complicated by tuberculosis meningitis
after receiving IVF-ET in Reproductive Center of Dalian Women and Children's
Medical Group from June 2020 to June 2022 were retrospectively analyzed, and the
literatures were reviewed. Results All 3 patients with pregnancy complicated by
tuberculosis meningitis after IVF-ET had primary infertility, and had a history of
fallopian tube obstruction, atypical first clinical symptoms, delay in diagnosis and
treatment, and termination of pregnancy. Conclusion For primary infertility
patients with tubal factors, attention should be paid to IVF-ET screening before
pregnancy tuberculosis, and y interferon test and thoracic CT should be
recommended as the main screening means.

[ Key words ] Fertilization in vitro; Embryo transfer; Pregnancy;

Tuberculosis; Gamma interferon test
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(HE] B HRIE=HUFERAERBAMESHEX ATR-X SRR
PRRRTENRIEEAACNPAIRRRBNE. 5% 2022 F 10 B2 IAEE4
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HEREBETIERENBNEEZHEN (preimplantation genetic testing, PGT)
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Application of third-generation sequencing technology in preimplantation
genetic testing of embryos in a family with ATR-X syndrome
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[ Abstract ] Objective To explore the clinical application value of
third-generation sequencing technology in preimplantation genetic testing (PGT) of
an ATR-X syndrome pedigree with chromosomal microduplication. Methods The
study selected a pedigree with a suspected ATR-X syndrome child at Assisted
Reproductive Center of Jiangxi Maternal and Child Health Hospital in October 2022.
After chromosome copy number variation sequencing (CNV Seq) detection, it was
found that the female carried a 550 kb heterozygous microrepeat with unclear
clinical significance in the Xq21.1 region, which involved partial sequences of the
ATRX gene. The third generation long read sequencing technology was used to
detect the female genome sequence, determine the physical location of the
insertion of the above repeat into the genome, clarify the pathogenicity of the
repeat, and obtain a single nucleotide polymorphism (SNP) haplotype linked to the
above micro repeat inheritance. After the couple's full informed consent, PGT was
performed to assist pregnancy. One haploid embryo without pathogenic
microduplication was selected for transfer. To verify the consistency with PGT test
results, amniocentesis prenatal diagnosis was performed in the second trimester
after successful pregnancy, and the fetus was followed up after birth. Results The
results of the third generation long read sequencing and Sanger sequencing
verification showed that the Xq21.1 microrepeat carried by the female was inserted
into the genome chrX: 76804463-76804464 (GRCh37/hg19), which is an intra
tandem repeat of the ATRX gene, and it is predicted that it may cause damage to the
normal function of the ATRX protein. After one cycle of PGT treatment, 27 oocytes
were obtained and 13 blastocysts were successfully developed after
intracytoplasmic sperm injection (ICSI). Through genetic testing, it was found that
two blastocysts were haploid embryos without carrying the aforementioned
pathogenic microduplication. After thawing and transferring one of the blastocysts,
the pregnancy was achieved, and the prenatal diagnosis results of amniocentesis in
the second trimester were consistent with the PGT results. In November 2023, at
39*> weeks of pregnancy, a female live baby was delivered by natural delivery, and
she is in good health. Conclusion The third-generation sequencing technology
has significant advantages in PGT detection of clinically ambiguous microreplicates
with functional deficiency due to its long read length characteristics. It can not only
determine the location of microreplicates inserted into the genome and determine
their pathogenicity, but also obtain SNP haplotypes that are linked to the target
mutation, thus preparing for subsequent embryo detection.

[Key words]  ATR-X syndrome; Third generation sequencing technology;
Micro repetition; Preimplantation genetic testing; Single nucleotide polymorphism
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Research progress on the predictive value of anti-Miillerian hormone in
IVF/ICSI women and its influencing factors
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[ Abstract ] Anti-Miillerian hormone (AMH) is a member of the
transforming growth factor-f3 superfamily. It has an important guiding value for
evaluating ovarian reserve and ovarian responsiveness of women undergoing in
vitro fertilization and embryo transfer (IVF-ET), selecting the appropriate ovulation
regimen for patients, and improving the clinical cumulative live birth rate of
women undergoing IVF/intracytoplasmic sperm injection (ICSI). Through
literature review, this paper summarized the possible mechanisms of AMH
affecting oocyte development and follicular atresia, and explored the physiological
roles of AMH in ovaries and the factors that may affect AMH concentration in serum
and follicular fluid, to clarify the potential clinical value of AMH in predicting and
improving IVF outcomes, re-evaluate the importance of AMH, especially the
superphysiological dosage of AMH in female reproduction, polycystic ovary
syndrome patients and IVF/ICSI, and explore the clinical therapeutic effect of AMH
in female reproduction.

[ Key words ] Anti-Miillerian hormone; Fertilization in vitro; Oocytes;
Pregnancy outcome; Ovarian physiology
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Application and research progress of platelet-rich plasma in patients with
poor ovarian response
Liu Jiajia', Li Hongwei’, Gao Mingxia®
! The First Clinical Medical College of Lanzhou University, Lanzhou 730000, China; ?
Reproductive Medicine Center, the First Hospital of Lanzhou University, Lanzhou
730000, China
Corresponding  author: Gao Mingxia, Email: gaomx05@163.com, Tel:
+86-931-8356989

[Abstract] Poor ovarian response (POR) is a major challenge in the field of
assisted reproduction. Platelet-rich plasma (PRP), as a new treatment, has been
shown to have significant advantages in promoting angiogenesis, cell
differentiation and proliferation, and follicle formation in the treatment of POR
patients. This review provides a comprehensive summary of the source and
preparation of PRP, the impact of PRP on ovarian reserve and pregnancy outcomes
in POR patients, and the possible mechanisms of PRP action. Additionally, it
discusses the challenges faced by PRP in the treatment of POR patients and future
research directions that can be focused on, aiming to provide valuable insights for
clinical and scientific researchers.

[Key words] Platelet-rich plasma; Reproductive technology, assisted; Poor

ovarian response
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[Abstract] Inrecent years, the incidence rate of tubal infertility has been
rising. In China, most patients with tubal infertility prioritize conservative
management or tubal reconstruction surgery in order to preserve fallopian tubes as
far as possible. In order to meet the reproductive needs of tubal infertile patients,
clinicians in the reproductive field need to evaluate various infertility risk factors
comprehensively, weigh the pros and cons, and explore individualized
reproductive programs which are more in line with the interests of patients.
Correspondingly, higher requirements for the imaging evaluation efficiency of the
fallopian tubes have been put forward. Hysterosalpingo-contrast sonography
(HyCoSy), as a first-line imaging technique for evaluating tubal patency, still faces

many controversies and dilemmas despite its value being widely recognized in



clinical practice. This paper aims to provide viewpoints for the advancement of
HyCoSy by reviewing literature and summarizing experiences.
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[ Abstract]  Poor oocyte quality is responsible for female infertility. The
search for supplements to improve oocyte quality is receiving increasing attention.
Many studies have shown that L-carnitine plays a variety of roles in regulating
female fertility. This article reviews the key roles and regulatory mechanisms of
L-carnitine in oocyte maturation and early embryonic development, including
activating fatty acids for -oxidation to regulate energy metabolism, antioxidation
to prevent oxidative damage, and inhibition of cell apoptosis, and the research
progress of LC in improving oocyte quality and early embryo development.
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