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M OE. B8 @38 RES AR IR RS IR B R BT B R B AR R Fvh, A Ak AR F AR AR R ALH
HFRREARGIL R R RIRE, H & HEB N Wistar KR 60 A, g AstRBa (C) . #A4m
(M) | fapezhee (P) . #h&ihik (ORL) . F7l&4 (ORH) ; M, R4 KR M EHFEEB I &
IO RFREARABEA, AW, EA KRR ETME Y, £4HF 14~16d EMNZ KR L FEEE4E;
WHEIPE AT EHRENER, THEEH/L, —MIPEETFTTUHE L E RN ERERTENERE, F—
Mgp L HATHFTAF LM, FLZRFAR, HZ2FAR#T GO A KEGG §E 5. £R: KAIELH B
ARAEZ, GREBEKZAAL, KBk, SRNBTAXATF TR ERTEHRRKIFAS (P<0.05) , FEAfE
ZERAELFAZ (P<0.05) ; thdik., HFZAXRENIFLEZRKEREAD (P<.05) , FEAEE
BRFER (P<0.01) , 2FALTFIEL, bR ZA XA ERIF AR L ETFH (P<0.05) ; #Fus
RET, bk, SREAEEA AN EFEARSANA 738, 5724 GO EW 4 H'E £2] 1790, 1616 A
% 8; KEGG 5 &0 2%+ & PBBK/AKt 12 5 i858 5 B i ARM5 53878 . 26 A ihib A 2 & IR Bk
FrBWAREREFRRA G FREERE, FEFALAFTHAL., TTABREEERL, Lo FH Ty
PI3K/Akt. B @t kS8 AL R A X,

KR Aksk o, PR F AT, TR, BRARBLIE, # 4

hE 425 :R285.5 X EkFRIRAD: A X EHS:1002-0306(2024)09-0026—10
DOI: 10.13386/j.issn1002-0306.2023070261

Transcriptomics-based Exploration of the Effects of Oviductus Ranae
on Rats with Impaired Follicular Development

HE Xingyaol‘2 , WANG Yu?, WANG Junshu®, WANG Xiaohui'?, DI Lin?, LIU Xinyu2 s
ZHAO Hongyu>", ZHANG Fengqing"”

(1.Changchun University of Technology, Changchun 130012, China;
2.Jilin Academy of Traditional Chinese Medicine Sciences Pharmacological and Toxicological Evaluation Center,
Changchun 130012, China;
3.Market Supervision Administration of Dunhua, Dunhua 133700, China)

Abstract: Objective: The effects of Oviductus Ranae (OR) on cyclophosphamide-induced follicular developmental
disorders were analyzed from the perspective of transcriptomics, which provided sufficient theoretical and experimental
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basis for the study of estrogen-like mechanism of OR. Methods: Sixty screened female Wistar rats were randomly divided
into control group (C), model group (M), positive group (P), OR low-dose (ORL) and high-dose group (ORH). Except for
the control group, all rats were injected with cyclophosphamide intraperitoneally to establish the rat model of follicular
development dysfunction. Except for the model group, the other rats were given corresponding drugs by gavage, and the
serum sex hormone contents were determined after 14~16 days of continuous gavage. The ovaries and uterus were extracted
and weighed for recording and calculating the organ index. One ovary and uterus were stained with HE staining to calculate
the number of follicles at all levels and the thickness of the endometrium, while the other ovary was analyzed by
transcriptome, and the differentially expressed genes were screened and analyzed by GO and KEGG enrichment analyses.
Results: The results showed that the rat follicular development dysfunction model was successfully established. Compared
with the rats in the M, the wet weight and index of the uterus of rats in the ORL and ORH significantly increased (P<0.05),
and the contents of P and E, significantly increased (£<0.05). The number of preantral follicles and corpus luteum of rats in
the ORL and ORH increased significantly (P<0.05), and the thickness of endometrium increased significantly (P<0.01),
with statistically significant differences, and the number of antral follicles in the ORL increased significantly (P<0.05). The
transcriptome results showed that there were 738 and 572 differential genes between the ORL, ORH and M, respectively.
GO enrichment analysis enriched 1790 and 1616 entries and the KEGG enrichment analysis was mainly focused on the
PI3K/Akt signaling pathway and the B-cell receptor signaling pathway. Conclusion: OR can effectively improve serum sex
hormone levels, ovarian follicular development, and endometrial atrophy in rats with cyclophosphamide-induced follicular
dysfunction, and its molecular mechanism may be related to pathways and genes such as PI3K/Akt and B-cell receptor.

Key words: Oviductus Ranae (OR); follicular developmental dysfunction; ovary; cyclophosphamide; transcriptome

Mg 3 (Oviductus Ranae, OR), H 24 4% MG HELTH,
A R EAREE: (Rana temporaria chensinesis David) B
YA NS T &, 22 SR S . I RIS 3R
A, AR S S 2 A A S R BT, AR ST L BT
Ak BE TR GRE S A — R B EIRN T, R L
MR ARNZE SR 7 THRCR R AP, shiitssh &2
T X R BRAS P S B /KO- B s R S OV E A,
I HIAE AL S 0 8 O3 R T A %A 0] 551
KFRET,

TR S AR T I MES R A EH D TR T
LA B ST : 22505 — BB v 2 300 AR ot
PO EE R FRAVAR IR Y MESCERAEAE A, Hh e BT
FAIMER R REVE D REAK R TR, 1R v R 281y IR
WA AV E A, BRI R E T S MR ERL
FAEHAR], i@ s PRSPy A KR DR & R R
FEUM G MERZACTRTHIIEE SR . iR
SV EBCEAEDLT, 55 I B T T MR v Xy DR v
KE BRI BRI 5 R BN & B ISR, AEDR LA
B AR 2 B, M GRS R S ERUNEE PI3K
HHHFRIE M Akt 85 HBERR ALK T, RERE T IR BN A&
HREAFAI R E PP EL Y PTEN mRNA 5%, i PI3K
RIS, (RiF Akt B ABERR L /K s o FEMREE
VAT DE 0 2 & s ) v 2 00, SR BR R 22 RE Ml
8 JEE, MyE TR . U 2 AR b A M G 1S L,
Y 0T OP SR e R T S I R s i IS, PI3KY
Akt 15530 B8 7E mRNA K- A FIEFE; St
HH— R ANWT T & B T %) 3 2RV E T B2 ]
WORRINEIT 5t ny A R JE G

5 5 2H I (RNA sequencing, RNA-Seq) ¥ A
D i LS TRIU N =B e b=l 1L |5 = sy NI DO G 2] i AR E2RNE L 2
ST A TSR, AT LARIAR 28T 2R R 2R ik

K IFHRAERRE DR A 5 AR RN IRk
o B B A A SR LE I g R R B T 40 BRS BAE BRI
SLIHE SRR 25 5, 45 R R B — SRy IR A oGk
FLPR S S Y D B8 B AN A I YR T AR DL R AR
SR ZF BRI T TR A QU™ Py i 4% B S50k,
2L 25 53 R L R S5 Sl B s e 45

AUAFFE Y, B FHERBEIERE (Cyclophosphamide,
CTX) 3R N7 K BBV & & BRA AR, AR B AT A 52
B A I VI AR TS PR A RO TRE 1S R, a2
0 A SR 2 A AR BE S AT PRI T R R SR A F X B
WL H B IR R PI3K/AKt {5 58 #% LS Y
T REVE M B AOME SAm i, S ARIEET A MERCGR A E AL
TSR AL 7 S S S g
1 MRI5RE
11 #MRIS{ER

Wistar }FR SPF 2% Mtk {&ST & 190420 g.
60 H, Wy [ i TRAAEYHEARKGS G RAHE, sh&
FEIUE S SCXK (1L )2020-0001; ARy i LA I 4
PP A BHRH R A RN T, S bia ih s 25824 BE IRk
FATZH IR LE R A EARIEE (Rana chensinesis ) WEH: i
GRS T s BABEREE RIS AR AR A
) IR ME Y  DELPHARM Lille SAS; o8 k3%
F ZEW T Medochemie Ltd 23 &) B R FH Hb 22 il
SR H S EEAEY R Z5A R A F]; 22 IR (A
CHRIFL) BRI DR A HARA BRAA &5 M
(Estradiol, E,) . Z2[i| (Progesterone, P) . {& #4441l
2 (Luteinizing hormone, LH) | /& BP {1 A4= i 2% (Folli-
cle stimulating hormone, FSH) . 52[ifil ( Testosterone,
T) T seEadFla  dbatdb iy BRI A
BRAT]; MU Lh22g RSO CE RS 4k T gE T
S Sr sl 10T SR BT AA FR A A .
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XH 6080 % i G A  PH Z AZ AL FR ) ; HC-
3618R R URE DML ZROP R ERA IR
BRASE]; JA 2003 B BRI T3 2 —HLFRF _LigEF
BLEAYEAT RN T3 Y-2000 ZUHL, TR B 2O
MRS s L18-Y928 AL JLBHIRAAT FR 2
H); CX 23 A= WAEE  HAS Olympus 237 .

1.2 EWHE

1.2.1 Sh¥ir#H 5425  SPF 2 BETE Wistar K Bl
60 H, AR 19020 g, mlFEs&id: shi=1EE 20~
26 °C, AHXTIRE 55%~70%, 12 h BH/BEEES, @ it
B IAROK, SEE B EISE T M P 2R A B S
W) SPF e ZR ST IVC FEE P, AR i 5 A
2 2Rl 2 e S 5 sh W) 46 B2 DY 2 W R A (e
= JLSZKYDWLL2021-012), 55 525 s G PR
BIESIGE o T R EUE N R — B S AT B TR A
BERE L AE E BN H R B AE 4~5 d R BRBENLS N
XFRELZH (C) | AU (M) | BHPEZG A (P) . ARl AR
(ORL) . = (ORH)FIHLH, A4l 12 HRE . X8
JUE R P S A AR AR BEER K, %t BRZH A1, HAR KRR
2 v B PR MR mE T 14 d(EF H 100 mg/ke, JF &k
10 mg/kg) #HE37 UESLR57 R BUASEHY; Ak H , ARiH
. EFIEZH L 200, 400 mg/kg FE B 7 7 B AR
TR, BEMEZG 20 5 N T B InfE HEIR G 57 7 =X,
5 d A—AIEITHEER, 7T 3 d #EE IR ME A
0.1 mg/kg. %5 4 d #E B IERME B 0.1 mg/kg Fl
P iz P b 22 BRI MR 0.8 mg/kg. 55 5 d ANZ52h . Rk
52T 2 d HE BRI EOKSFE R 10 me/kg ELEAL
;X REZH P B AR IR, 252 R R R TE B A
FRYESA 20 mL/kg, ELEREE 14~16 dUKIEAEFRRTHA,
THE BB Z L), ARl 3 d PRI

1.2.2 BAbER R AR 10 H AR 40K RAEF
H il E BB I A AW BRIT A & I BB, T4
KR . BERRRE HAE) 14 d LU B FIEG T &
B BRALTE . RIS 2 h J5, KE 3% b
24N (30 mg/kg) RIS 1E = shKCR 1ML, 3000 r/min &
> 10 min, BUMIE-20 °C RAFF . 5. oy
B, REEEITASRERNEE IR E B/
SR <1000), — 5P G 12 F 5 4% 2 58 B i ] A
45, o3 —EP B E AR o

1.2.3  MUEMERERN BOREUNE, RISkl
Sl & UL A5 2D BRERAE, Dl Herh E, . P T, FSH.
LH Fi,

1.2.4 PPE N T ErHAUGHAMWEL BT 4% 258
FH [ 52 48 h S M UPR S T8, BRI K, A g4
W, e Y] 7, AR Z AL (HE) et )5, FPreid ket
Fo AU R RSSO H B AU TR AR AR,
TIPS A SERTINE . STARINVL . IR A A%k
H 0 4520 15y ISR

1.2.5 S s a0 BB BT PR EES 2H R BN B

HAN(BFLHBEMLIZEEL 3 J) B RNA, ZKi-G4% /5 FH
T RNA-seq. T#E cDNA SCJZ, A Illumina Nova-
Seq 6000 ZUP ¥ 5 PEA T 55 3l H Y, FastQC PPk
JEU4E I e E i BT, 3 3453 Clean reads. 4]
TopHat2 fY Ft 2% ik HISAT2( http://ccb.jhu.edu/soft-
ware/hisat2/index.shtml) #4633 & 5 19 Reads Ltk
QRIS b ME TSI E BT, It
FEINGFHT Yo — PR A M B RS 35 R G AEAS
AbER AL T A s T ARG S AT A B i IR AR A
AR AR A FR A Wl R B 56 B o
1.2.6 Z53%iKFL A (Differentially expressed genes,
DEGs) ik >R DESeq J:F 1 —Iisr i xf SR
IR T2E 3430, Tk 25 SRR IR R S5 Ry . Rk 22
SAEEK log,FoldChange|>1, {351 P<0.05, T#iik)s
SrAAS B AR Z0 5 X7 REZH DEGs. [HM: 2540 5457
21 DEGs, FRigFMAR ., mrifl i 5ERZH DEGs., A
PRFRVE LR 22 K L ], =5 B B A& .
1.2.7 GO HIBER KEGG EH/0HT  FTILHAA
)% (Gene Ontology, GO) -5 mU#RFL R 5 3EHEHH
B4 BEHE 7 (KEGG) , #47 GO S KEGG & %57
BT, $oH SRR TS5 L, 22 53R I 4R
FYJ GO term 5 KEGG pathway; 235G Hr4s 51, LU
Wi e 2= e L A T 0 BB YA TIfE.
1.3 HiEasE

{# FH SPSS 20.0 #1752, B FH A3
bR E 22 (X+s) RN, Z2 M4 8008 L 8%
Oneway ANOVA, PZH [E] bR A ¢ K5, L P<0.05
FIREFAGITHFE XL
2 HBRE5Sh
2.1 RER—FRIBRAIE

AN 1 R, JFRRZH K BURSICIRES R 47, 16 shiil
1, B2 BOGHE, SO R G A58 2H JC Bl R i A e [H] SiE
K, S, SRR SRR, KSR, B R
VR, 55X REZHAH L, 45T Al 259842 (P<0.01 )5 BHME:
G R ER GG 25— BT al ), e i, i2 BfA G
B, BT 3%, IR B AR ZH AR LU TG W S5 R 25 57 AR
VAR, SRR RS2 —BBHa)E, FEPeRS R
by, e BOGHE, TG BEAER IS 2, R BT EAE LUASRIZH A
EIHESMATE R E 2R S

F 1 FARBRMAFE (X, n=12)

Table 1 Body weight of rats in each group (x+s, n=12)
415 WIIGRIADT R () 4257 AT (g)  FRZARTTE (g)
X B 201.65+11.19 217.71%12.13 218.15+14.76
HERIZH 199.75+7.13 194.45+14.46™  189.46+£14.61"
PR 2420 200.56=10.74 193.42+9.46 183.03+8.99
AR 200.08+12.76 194.59£13.90 191.50+£7.99
Mk AEA  200.65+£9.89 187.95+12.84 200.13+11.91

T 50 R R B AL, *P<0.05, **P<0.01; SHEIZH K Bl AL, #P<0.05,
##P<0.01; #52~F24[A],
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2.2 MR AKRIIE, FEEERFERBAIEI

W 2 FioR, S5 RRALAR Hb, AR 2 R RN B
FE T A LA A O SR O AR, B W 2
(P<0.01), FEFEEUN Z BRI (P<0.05); SHEEAIZEAA
b, B 254 K BB o LA A e AR B T,
M 35 22 57 (P<0.01) 5 eI BRI 2 R B e
HEPL R E R W35 T (P<0.05), ARk v ey ) it
LR BT o A R T e B8 T, B g 2s
F(P<0.01),

2 KRR, TERE LA E (s, n=12)
Table 2 Ovarian, uterine wet weight and organ index of rats in
each group (x+s, n=12)

S5 i A5y R Ei=p TR FEREk

- (mg) (mg-g™) (mg) (mg-g™")
XHRZH  99.50+414.71  0.45+0.06  479.63+122.79  2.15+0.53
BRIZ 68.38+12.08™ 0.35£0.05 293.38+£87.36"  1.50+0.39"
FHPEZG 65.38+46.65  0.35+0.03  453.38+108.09" 2.48+0.59"
@I%%& 73.7548.99  0.39£0.05  415.50£130.60"  2.16+0.66"
*%ﬁ%ﬂgf 78.88£6.98  0.40+£0.05 516.13£162.49% 2.56+0.73"

2.3 BT KRIIEMHEZES =820
AN 3 s, S50 BRZE A L, A RIZH R BRI P
FSH.LH &HE 2 'FH, P. T. E, & & B EFFIL(P<
0.05) . SHEIAIZHAA LL, BHPE 2540 K B A FSH.,
F 3 HYRRIMEHMESE (Xs, n=8)

Table 3 Serum sex hormone levels of rats in each group

(x+£s, n=8)
415 FSH(U-L") LH(U-L") P(pgL™") T(ugL') Ey(ngL™")
XTHRAL 1.57+0.18  3.69+0.75 4.28+1.70 0.075+0.05 18.01+14.34

3.97£0.47" 2.46£0.54° 0.025+0.01" 5.45+1.21°
2.97+0.48" 4.23+1.43" 0.051+0.02" 18.68+10.15"

FRIZ 2.10+0.49"
FEPEZGZ 1.54+0.41"
i HAG

A 1.68+0.40" 3.42+0.56" 4.45£1.63% 0.071+0.04" 16.57x12.18"
ﬁ%ﬁ%ﬂgﬁ% 1.82£0.58" 329+1.11 6.48+2.89° 0.062+0.04 22.07+12.38"

Fig.1

B xR BR 0 S5 LAY 2 (HE, 40%)

Effect of Oviductus Ranae on ovarian histopathology in rats (HE, 40x)

LH &5 B EHEM(P<0.05), P, T S EEH FIH(P<
0.05), E, & & FJb, 2255 A FPE(P<0.01) ; ARl
TR 2H R BUMIE b FSH. LH & & i FER (P<
0.05),P. T. E, & & B % _LFH(P<0.05); R =7
HEZH R BUMLIE 1 FSH & & i 2 F IR (P<0.05), P &
= E FFHP<0.05), E, & & bFh, 2250 W
(P<0.01),

LR 20 3% 3 BRI AN, FRBEERE i S B0 EL
M) FSH. LH /K5 _LFt, P, E, ZKFEREAK, nlgER HH
FE RS B RN T O S SR R DA ST TG N S
JUY TR L, S HH I e 1 S P I e B D SR A A R e
FER )5 B2 2 am st A MIE T R R b FEnd Jr =g TR
ERUIMLYRT 22 SR P SR & i, PAITATFE e ) 1 PR
P E R TR SV AT BH S 50, AR T2 2R3 Y
5 BRPELG A T E ARV E T, [RIBX BE Sib Ay —x
IR ER
24 MESHXTARIIE., FEHEARERSHIFNE

e 4. B 1, & 2 fras, X RRZH I BUPEL AT DL
B S S L AR TR AT, ) S5 PN AT AN [R] &2 B BB #4524
T EMUR NP ST o g 2 N T v 1 R ORT T N 9 e BN
FE A ; FEYI R R T UL e IR, 5 ks
K, WA R G5 4H A8

F 4 SHKBRS RIS T E N EIEE (x4, n=6)
Table 4 Number of follicles at each level and endometrial
thickness in each group of rats (x+s, n=6)

AR EREIECN SRR R ;@?ﬁfiﬁ
Xif B4 13.67£3.21  17.00+2.65 5.67+2.08 316.47+40.58
T2 7.33+1.53"  10.00+£1.00° 1.33+0.58" 120.57+32.17"
FRPEZG2H 23.33+£6.66" 35.67+14.19" 3.33+0.58" 294.31+37.68"

15.00+2.65% 5.33+1.53" 346.57+32.70%
14.3343.06  5.00+1.73% 315.99+46.85%

MR R 15.00£3.61%
MlEhE A 12.33+2.52%

S5 RRZH AR e, BEARYZH O R BN ) B 1 T UL
O EARFIV] IR 2540, DIV AR A R, JCREA O, JokL
MNHET G, SERT . SAREPV Bk 2 e

7
&
RN s -«Kﬁﬂl‘ | S e L & & » 5
2 AR R BT B R 20 (HE, 400%)

Fig.2 Effect of Oviductus Ranae on uterine histopathology in rats (HE, 400x)
TE: Hi Sk B 1B A L K AR
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(P<0.05); 7B U188 T Al WK /b, 75N
A BN T R, T8 NI L B A5 A, 22
SEA R ME(P<0.01), JEJ5 A A /L, RISt An AL

b TE R TR, ARARHAAN T . RV
JHe X DR K 5By S TR AT RN, AS S5 DN 5451475
KRR FRAT o

SRR AR HE, R RO EL D) R BT AT UL BH 24
LHANARIE AR SR LH ST . STRONVE . B8 i 2%
W22 (P<0.05), MRk s Rl i 20 SERT ORI IE . s iAkiie:
B E I 2 (P<0.05); KT E U8 T ol WEHMEZS
ZH . PRI o2 e PSS R A i 5 RE 440
Jin, 22 5547 % k2 (P<0.01) 5 22 BH BHE 24 K iz ih
YIREMGE AR TR IV S e A A A, (i
HESEHT . SDIRIMEM A KA T, SR TS %51
FHPE 25 2H R BB SE AT . SR DM AR i) i 25 g T4
718 AT BE -5 S A 25 T PSR IR S K S5 B I v e
HAX.

2.5 HRENFBIESH

SR R A SIS ARAS T U RIS B N 1
B EF SN EL T 96%, Q30 (I ot b
P ECR T 30 BYBEE 7 BT A BCRE B 0 B0 B OR T

93%, 2 BN 7 5T i R4, MP B0 vEmn nl 5. UL
x5,
2.6 SMERFIEEER
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