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Ovarian functional reconstruction in rats with premature ovarian failure
through hyperbaric oxygen combined with bone marrow mesenchymal stem

cell transplantation
Li Qin’ ,Ao Hongfeng’,Li Let’,Luo Hud’
(1. Hyperbaric Oxygen Chamber;2. Pathology Department ;3. Central Laboratory ,
Fengxian District Central Hospital)
[ Abstract)Objective . To study the ovarian functional reconstruction in rats with premature ovarian failure (POF) through hyperbaric
oxygen(HBO) combined with bone marrow mesenchymal stem cells(BMSCs) transplantation. Methods ;: Female sprague dawley (SD)
rats were subjected to intraperitoneal injection of cyclopho sphamide (CTX) to induce POF. Successful modeling(36 rats) were ran—
domly divided into the model group,the BMSCs transplantation group,and HBO+ BMSCs transplantation group,12 in each group.
Another 12 rats were taken from the blank group. After the BMSCs transplantation group and the HBO+BMSCs transplantation group
were given individual intervention,rats estrus cycle,serum E2,FSH hormone level,the amount of follicles at all levels were recorded
respectively,and ovarian microstructure, distribution of transplanted cells in ovarian tissue and reproductive ability were observed so
as to evaluate the ovarian function. Results ; The recovery of estrus cycle in the HBO+BMSCs transplantation group was better than that
in the BMSCs transplantation group. E2 in the HBO+BMSCs transplantation group(82.463 +4.108) was higher than that in the BMSCs
transplantation group(77.233 +3.714) (P=0.047) and FSH in the HBO+BMSCs transplantation group(21.292 +2.458) was lower than
that in the BMSCs transplantation group (24.574 +2.389)(P=

EENEB:F %, Email :2889607663@qq.com,

B R R T 0.043). Compared with the BMSCs transplantation group (13.50 +
HAWH: L TARRALFLLAH L RELLTE (%5, 143),(5.40 £0.70) ,the number of GF(11.50 £ 1.27) MF(4.50 +
20171002). 0.53) in the HBO+BMSCs transplantation group increased at
5 B AR : hitps:/kns.cnki.net/kems/detail/50.1046.R.20200717.1314.016 html varying degrees (P=0.024,0.028). Compared with the BMSCs

(2020-07-20) transplantation group(41.30+3.20,13.30 £ 1.89) , the number of
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PF(46.00 £3.74) ,AF(16.10 £ 2.18) in the HBO+BMSCs transplantation group decreased at varying degrees(P=0.044,0.040). The ex—

pression of green fluorescence in the HBO+BMSCs transplantation group was more than that in transplantation group after 30 days

of transplantation. SD rats in the HBO+BMSCs transplantation group had more offspring than that in the BMSCs transplantation group.

Conclusion ; The HBO+BMSCs transplantation has a synergistic effect on functional reconstruction of POF,and it may play a safe

and effective role in the treatment of POF.

[Key words ]hyperbaric oxygen; premature ovarian failure ;bone marrow mesenchymal stem cells;stem cell transplantation

B 5155 (premature ovarian failure, POF) J& 3§
A% AE 40 % IRTHLAIAI 2 AF MEMER = )
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FEARWAHICHIE . AT IR e Sl s 1 SR A
& (cyclophosphamide , CTX) A% 7 1 & 37, POF #E7 |
1T HBO %k #2 1r i) BMSCs BAH XS POF TIREWK &
MR, IR A POF SRSk

1 #REFE

1.1 #H

L1l SEBshyy 8 JEE IOt SD K BUA ST B (190 =
20) g, ¥ [ A EAESLIS S A IR W SR sh AR
VFAIES SCXK (7)2018-0004 ; S256 3h i F 4 v iE 5y
SYXK(77)2017-0002,

112 F25W) G808 CTX(LIRg B2 24547 R A B JLA
0.2 g/l , 25 15 132020857, 4IL5 1 16121725) ; fifi 24 1l %
(RHI. Cellsera 237 ) ; L-DMEM 15355 (3£ [H Hyclone 24
A PEEARICHT R PR CD34 (£ E Abcam A H] ) .CD44
(5[ Bio-rad A7) ), K ERME - (estradio, E2) | BRI Z
(follicle stimulating hormone, FSH ) ifE5e G052 W% S 56 (enzyme
linked immunosorbent assay , ELISA )& &0 [F_FiEERM:= )
HAGRAF,

L13 EZFUEF  JATI03N K& 400 K- (g e Y
AABRAT]) ,SW-CJ-1F BRI A BUEHL TAE & (RN fkik
HARAT]) ; LDZX-30KBS BIS7 K H 785 K Has (g
GEITRIT ), 3111 B CO, B 5548 (2 Thermo 23] ) ;

Centrifug 5804R fIL IR & 7R B 0> ML (75 [ Eppendorf 73 7] ) 5
Cellometer Mini 4 H Zh 40 3 504% (3E[E Nexcelom A ] ) ;
IX73+DP80 15 {5 H 8l S 6% W15 2R 55 ( H AR BUBR P 307 24
) ; FACSCanto %3 sUAN A (3 BD /A ] ) ; Epoch2 %4>
WA FEFRX (S BioTek 22 F] ) ; MICROM-EC350 F1A7 I 11
PEHL(FEE Thermo A H]) ; RM-2135 BASHAT FHL(FEE Leica
8] CM1900 B KR U] 7 ML (FEE Leica 24wl ) ;SHC 3200/
10000-16/4 2 SR ARG (- — g bl = R AR
FRATFD),

12 F#*

1.2.1 BMSCs 438 $55% S P71 % SD KRRET S H
T5% MR 5 min, 5385 R BB, A L-DMEM 19 1%
TRV R B RS WO T A0 IS, R A D
1 000 r/min £5.0> 10 min, 5% F35 ZIEN)Z B OUTE % 240 i 72
INRAITSE IR (B L-DMEM  10%FBS . 100 mg/l HH % |
100 mg/L BEFFZ) W, RN T 6 e REFEILA | FFFRICH P1,
B 37 °C.5%CO, WA b i T EAR KL 3% A i B IC IR A
72 h IR, Z 05 3 KA 1K, IE A 2 B R
2R BE AN A 53k 85% JE A TAE AR, — it 12~14 d B IK
FAR ¥ 122 BEATHAR I BE IR 0T hRic o P2, B 2 I R 24
VLR A RIS A LR ERAE, R E P3 R, L3
8 BMSCs, BERG AL, A0 M B A 1 x 10° B4 Jf/mlL
B, IATOEFRC YT CD34 . CD44 Hifd , v FH i =0 4m iy
TR IbR RSB JE 8230564k F P3 X BMSCs,,

1.2.2 BMSCs fAric  HU P34 BMSCs FI#5 7 4k (¢ 'L TR
1 (green fluorescence protein, GFP)JEH (918 % TE 1 THRIC ,
PIEEAL 6 x 107 4 Hfl/mL 32805 , I ARG 52 41 (multiplicity of
infection, MOIL) A 100 375 B AL, 76 58 S RE R e h i &
24 h 5, EHE SR ARSI SR . ARIC)R PO B TSR
BTN IR

123 SCEr4 S POF KEBIRIFg . 48 K SD K EUE ML
PEMESE 1 RS O3 1 B3 U R os S R UTAE B (21
4~5 d, LRI 2 DA R, A RLE RS 12 AR
FURzs A, LA R 2, 1A 24 2809, 1 YR I s v
CTX ffir 78 50 me/kg, FE L 8 mg/ (kg - d) iY77 3 S 1
TG 14 d, 2 4U5 HFRE, $e R i A 2 B H 800
RS BATE S Uk -, I P e e, O 9D 8 7% 20 M
Ak, Y EESE 10 d UL B S 1 Y 2L  TC R S R R
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SR RSB )], 278 POF BBl A5 oh i) K Rt
HLAYH 3 4H . A2 BMSCs F24E 40 \HBO+BMSCs A% 4H |
e 12 H,
124 BMSCs #48 BMSCs #4H41 . HBO+BMSCs B 41 T
RIS 1 R, 435 R kiFE ) 20 pL £ GFP ARid
) BMSCs 2B (1 x 10° 4HME/mL) . BRI A2 e g4
A A PR K
1.2.5 HBORYY BULTIEZE 1 RKG2HEA HBO+BMSCs
A K BRI BB & T4 N, FHE 15 min, R4 0.12
MPa i % FEIZ 4R 60 min, J80E 25 min, SAFE] 100 min, 1 R/d,
WL 30 d,
1.3 WLERARAR
1.3.1 SEEABI0EE AR A 800 X421 K U il 5E 1k
FIIE Bt v ML e, DG N RS  FE s i A, LA 2 A3l
Ji 8~10 d FE MM S, RILA TS BLEE AU 58 1~10 K56 11~
20 K55 21~30 FA M)
1.3.2 i E2 FSH EKFE 25 4 R T4 15
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S Je O WU (Chy ikt G K Bl I & M K P25 Rkt
TRPIK ), IR E 1 h,3 000 /min £5.0> 20 min, B |-
T, B 20 CIKAPATE , FrA I3 35 I TR —3IE ELISA 35 &
LRIl
1.3.3 BRYEIFEL A5 4R B IA 0 B9 S o R v 1
P, LVE 3 wm VI B 3 9KEC 1 5k, T HE e, 21
KERE IR HBRUED, SCEE T 4 BT 4 BAT 1 5P
TS5 FI I £ NI EL, 45 AR BRI (primordial follicle, PF) |
A B (growing follicle , GF ; HI 4R B+ X L BRI ) | LA Ol
1 (mature follicle, MF) | FAI85I {1 (atresic follicle, AF),3 7K1
Jr A IR
134 BAEAMAAEEL  BAEMRRALKAD] F, 57
LG A =25 S S i =he i TN
1.3.5 EFBESIHEG  BMSCs BAEJE 30 d,4 A RIAMEN:
SD REL(2 H) 43315 12 Ja s R v SD K iR de 2:1 L il
B 10 d(Zy 2 RAFE) R BETRE IS (R R
GEURERS 1K), M RN AR 37 25 4 SR 7 e, IR 45 4K BRUP= A1
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14 %itsam

N SPSS 22.0 BT GE AL B . BT A S DAY
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(One-Way ANOVA); 772555, 4l 2 5 bR A LSD— £
s T 25T, Welch AR IE G R Dunnett T3 4347, Kk
HE @=0.05,,

2 # R

2.1 BMSCs 3%
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A. P18 BMSCs (55 12 K) B. P3 & BMSCs(%f 6 K)

B 1 SDXREHEEFRTHEE(40x )

2.2 BMSCs #9% X %%

FEFE 0 BMSCs R A7 &R CD34 ,CD44 PR A R
I3 0.1% 91.3% ., ASZI v SR FH W R 40 i 43 B9 15 9 049
Fali B AT RAMMERAE B BMSCs, £54 BMSCs 2 it
ARRIRHREIE (8 2)
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(') 50 100 1§0 ZIOO 2|50 3|00
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BN RLLL B AL

540 100 10° 10°  10°
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A. CD34 FITC

2 P3ft SD X BMSCs fHfifEREEE

_14010 107100100 107
FITC-A
B. CD44 FITC

23 AN

FERIZH BMSCs #2HEH2H \HBO+BMSCs RS AH 2 K Bl 34 1
HAF CTX G 15 d PRIy g R 2581, i 2e s I Rl
RIRIZH CTX FESE5 RS 30 d, shiE R AR S . BMSCs £
HEAL 30% (3/10) F K FRTERS LIS 25~30 d PR IE 3 ol &
197, HBO+BMSCs B4 60%(6/10) K BAER ML 15~30 d
PV T Sl SR, BT R g R an T~ , OB aiTHA . L
WEBDE 9 4% 1 B SRR 32 @Bl I A . L JCKE M s fk
A 3 Qs E I . A Bl L AN A% L AR A
AR 3 P2 RIS O] WL L EG B 24 s @B [0 . DAV
4k 32 (F 3) .
24 H#E

MERIZH B2 I T25 41 . BMSCs #4H2H . HBO+BMSCs %
T4, 20 0] b5 25 3 G240 L (3 P=0.000) . 25 4
E2 75 T BMSCs F4AH 20 . HBO+BMSCs FAH 4H | 40 1] [b 45 2%
S G (34 P=0.000) , FEEIL] FSH i T25 (4,
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BMSCs# 441 \HBO+BMSCs oAt 2 , 41 W) L3525 R ¥ St
2 Y () P=0.000), 25 4 FSH AT BMSCs #4141 . HBO+
BMSCs FoAEZH , 41 0] Lb 522 S 3 G275 L (3 P=0.000)
BMSCs A4 5 HBO+BMSCs FoHi4H E2 FSH 4Hb] bis, 2
S G X (P=0.047,P=0.043) (£ 1),
2.5 AREILK

25 AL OPSLARFR, BRI AE K IE B ] AN R B3t
FERIAL OGN 3545 | PF GF MF B/ AF g £ MRS
ML L . BMSCs B 4415 HBO+BMSCs F 4t 4] GF \MF
Bt LU ZH AN R R FE 1S 22 PF AT B30 LA R 20 A [ 7
FEW (18] 4) BRIZH PF GF MF AF Ik T°%5 4 BMSCs #
Hi41  HBO+BMSCs B Ha4 , 4110 H 4k 22 5 ¥ G2 5 X
(¥ P=0.000) ; 25 141 PF KT BMSCs A4l . HBO+BMSCs
FOAHLAL, 410 L4 25 3894 e 243 L (F P=0.000) ; 25 141
GF MF 75T BMSCs #Hi4H \HBO+BMSCs FAEH A , 4H 1] o4
2B L(F P=0.000) ;25 14 AF {£ T BMSCs
AL HBO+BMSCs FAHA , 41 1) LL 45 25 34978 Geit# 2

X (P=0.000,P=0.018) ; BMSCs F% £l 5 HBO+BMSCs 4 1
ZHPF GF \MF AF 20 [H] [b38, 22 R 3¥A Gt it25 3 L (P=0.044,
P=0.024, P=0.028 , P=0.040) (% 2) .,
2.6 HHmine)GESL A

A SLH S ] MOI=100 1 GFP(MOI=100, 41 M 25 4
KBIRSZ 5200 ) Bk BMSCs, 24 h Ji BI ] I3 4 (6,58 6 5 A
Ik WIS, 72 o] WSS SR G, FLIE YR (15
U & (00 5 3 T8 A M50/ A L BT A AL 8K ) 3 90% HL &3k ke F
FasE . BMSCs 44 . HBO+BMSCs B AHLH A4 30 d J5 435
TEPN BT P S A MG SR 2 20) F ¥ AE B ST 2N DL
B4t a9k, H HBO+BMSCs B 4t a0 Rkik %
T BMSCs Bl (& 5. &l 6)
27 AFRNEE

HIEFMERA RS 8 i, w4 o — Bl it ik, =5 A4
(n=2) BMSCs 44 (n=2) .HBO+BMSCs A4 (n=2) KR
SERCFA7E 21,3128 d J5, M0 Bl AMIE F FLEL 29

H 14 720 H

A. BTHATH C. i 5 D. Bl I
B3 Z=AMAARMPEREMAMER ( ERELEE,100x )
F1 BHKRRIVEFEAKFLE (xxs5)

251 F2/pg+mlL! FSH/mIU *mL"
A4 (n=10) 97.052 + 4.350" 16.297 +2.274
TERIZ (n=10) 54.081 +3.450 32.973 +3.489
BMSCs #42H (n=10) 77233 +3.714" 24.574 +2.389"
HBO+BMSCs A4 (n=10) 82.463 £ 4.108° 21.292 +2.458¢
F14 207.140 67.505
P8 0.000 0.000

T AR A, *P=0.000; 545 (140 He AR, "P=0.000; 5 BMSCs FEHi4H HL 4T, ©P=0.047 ,'P=0.043

B. BAIZH
B 4 POF KFRIPEABEL HE L& (100x )

C. BMSCs & 1t4H

D. HBO+BMSCs FHti2H.
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#2 BHRRAMMPEAAZSRINEHELE (x+5)
450 PF MF AF
24 (n=10) 36.60 £2.91° 22.00 + 1.89" 13.10 + 1.37* 8.10 £ 0.74°
FEAIZH (n=10) 12.40 + 1.07 530+ 0.95 1.60 + 0.52 32.40 £2.91
AU (n=10) 46.00 + 3.74" 11.50 + 1.27° 4.50 +0.53 16.10+2.18"
HBO+# A4 (n=10) 41.30 +3.20° 13.50 + 1.43° 5.40 = 0.70" 13.30 + 1.89%
FH 263.924 234.365 331.099 253.334
P 0.000 0.000 0.000 0.000

T SRR HAE, *P=0.000; 525 F12H H s, "P=0.000,°P=0.018 ; 5 BMSCs B84 HA% , 'P=0.044 ,“P=0.024 ,'P=0.028 , £P=0.040

A W R B. 5

B 5 18mER4E BMSCs iy GFP F&i%xE (100 x )

3 3 i

3.1 POF shapAER 75 £ 5 2 K b

CTX J& H RGN ) Z BT 2590, 123097
ik 1 (R B A7 J 2 ) A Bl B ), AR5 iz FHCTX
HEAT POF &5, 45 2 /R Pk e i i SD K B 3h
T R AL, BT 5 FSH IR E2 SRAF , B2
FEIA D TN (PF MF  GF) B Sy /b | AT U, K o
AF XS0 2t WA HUR POF Shpi i a7 il | 53¢
AR,
3.2 HBO %} POF #& 47 ALl

HBO J7 &gk B dE AR, 7E RS
JE 5 AR IREE N W A Sl 4, A n i 3 b i i
ik SR 8 BRI e S R R G 7 B 1 H RO, AE
HBO T AL i 420 & 38, K i S R e 42 R
B /0B 20 0 A N i/ A A SR A B RE  H n HE
B, AR IR 2 B, AR 0 4 A P e L 2 4R
AE T, 1o 2 2L A AR 2 GRS | pil
J R R AR TR A BR B2 )68 . HBO Xk
W IR AR R D Re A IR E L RERIE AT
DA BT B Bl 2 P AR 3R 38 I v 22 7%
PR H2 150 DN S0 PR r US| B B SR
fitt & DRe , E MK A s B ST R, A BFFE T
AR ZE A AE B AT HBO IRY7 e, R IR R
ZKAV-BA B 5 THIRYT T, R HBO Y)Y e Rk 5 B

A. BMSCs B840 (30 d)

6 WBIEMEKFESSE(100x )

B. HBO+BMSCs #4H1(30 d)

HIIRE, B2, HBO XHUAA Z R5:  ZI1T HYEk
PETTHGEVER , DTk B 28 B 0 B Ay,
3.3 BMSCs % POF #&47 L4

BMSCs N HEAEE Kk = 40l ) D hE , &
N T RIS A BRI 4009, Guo JQ 45
P BMSCs FEAH 2GR 5 AT D) RFARR Bl 26 2830 K BB B
WOk A AR T BMSCs FEAHAE & 451473 U1 S0 2L L
HIFTREW R . OBMSCs BAR )T , 76 FEE I MOAEE 175
SR R Z WL A AN, 8 M e R A
ifiE, @BMSCs REZ MR R T , 38 5 5550 T
WS SR AN A K AE T R 7RIS
PR ESREM RIS AN JE T, 1B 2 Z W41 4] DBMSCs
AL RN AL LU S, RTRES IR R, A EE R
WE K, @BMSCs H AT BESAF7E AT T4, 43
b % B WA IR, A JE 315 B ST BE B &2,
BMSCs 1 430 22 Tl 240 Jig A1 3 5| (A BY 452405 99
HWE .,

3.4 HBO #F BMSCs #+ POF #% 37 L%

AT B SR 10 em?®, B AT 5 0 8
TOPE BMSCs Ay HEIEH A R, anfarffi BMSCs 41 i
SoNINESINEE ST W E S e e I € I Wl
AU AE I, A 25 R R | dEAS HBO+AS A
HKBAEBAEG 30 d P shiE R K E i T#
FEZH s K EMIE E2 KRR, FSH ZKF- T s HBO+
B B2 /K FARE 2] BAR A3 T, FSH /K-
AR R AL A REAR, FLAL (R 25 5 3 e it 2
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B KR HBO+RS A2 RE PRI & LI E2
IR BEAR L FSH 7K 4 B9 55 3)) R 45 21 51 40k
#, DN SUE G S At R R | AR
4 525 (U4 [, PR GF MF 308 kb AF i
W2 AT, A4 HBO+F M4l PF |
GF MF e i i d] SRR 2 AF SRR
PR AL 22 30 Gt L, B 30 d
Ja A HBO+H A8 2H 375 UP 5L 20 21 P UL 3 4t
POt ER, H HBO+FSAE 4 WL B & th o e R ik £
T BMSCs B a4l ; HBO+B A4l K Rk i FLRZ T
A, EOUH AT HBO B BMSCs B HETEVA
J7 POF Jy T HA WA 1Y 24 A RN A 2R 50 S fE
FAEM . HBO 4 BMSCs BAHIGYT POF HLHIAT
AEALFE LT LR, DHBO HEAE JE P IEPE F AN PR
BMSCs f£if H45H , 15 SRS AH 1Y) BMSCs [ 45 £ 58057
TR, I, (QHBO REfE it BMSCs
LR 2B IR T HE PR 5K, DT el 35 45 43 1K Jk
TRERBE | 2 HE BMSCs 38 B S A7 1% , HAE o H &k 4%
HEUEZAEF, Q%5 AR I AEBMSCs
PR AR 9 PR AKF I RIR B 20 IR - SR 4
g Yk R A, DN & FE AR AR O, B 5 AR
HE Y8, 7545 i % 91 HBO+BMSCs 20 #5147 [X 3l 2%
P 5 G, NS 2 25k T o 3L, $2/R7EHBO
YEHT , BMSCs A7 36 38 , 32 B4 45 AL 24U B
B, i 28 SR A - T B A BMSCs A=
FERASR |, B4l R A2 5 O S B A

HBO 5 BMSCs F& A 5l i X POF #14 —
EMMBEENER, ABFSE 8K K BMSCs B4 2 1k)7
P POF s RIBN R4 ik HBO %87, N POF
KERBIE R B ER KF  BMSCs B Al 21 B 7E 1
WIAEIE RS AR FE AR 1 PFAS |, I S & b R R X
POF [{1& SR T BMSCs RS e I, T
POF JA 77 445 i JEL i

Z % X W
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