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(FE] BH WEABWH N T 400 (hUCMSCs) B G 15 R AUA YT (HBO) XA S R AR /N R IR E B e &
fEM. 7k K 64 HUBALB/cHEVE/NRBHHL Y FXT BRAL . BEAIL] . hUCMSCs 41 FThUCMSCs+HBO 41, 441 16 H. BT HR
Mok, TR 6500 KRN PR 15d, @7 I HEBUABAEBE . hUCMSCs 20 fhUCMSCs+HBO 2/ FUE
Fk A ST 0.2 ml hUCMSCs(1x 10N 40AE) , 19/, Fes vk, X BAZH AR 20 v 5 45 B AR 3R 7K 5 hUCMSCs+HBO £ [] i}
232 HBO T, 100 min/¥K, 13K/d, 3£30d. WE/NE—BCRGL . RE . ZhIE A Mg E KT R EHR
B, AL, SNEA LRI B A K I 1B, (TGE-B,) . Smad Z M5 3(Smad3)#E HFAK . WEAL44
INRABRRAMPR—EN . R THisods, SXHE4H R, BORA/NRIAR . SUNBIEEE . AR, J5ih
I A . TGE-B,#k/K T, 555 B AR S0 b (P<0.01 B P<0.001), B 540 2 ) 5 IX SR 2F 4 Ak T A7 4 L0 I W T v
(P<0.05); HAAIZH HLEE, hUCMSCs 21l hUCMSCs+HBO 2 /MR ER | B S0 5 5 D S F5 450 I {4 57 (P<0.001),, B &L
ZH ) T R AT AR AL T AR LG BT RIS (P<0.05) ; hUCMSCs+HBO 2H TGE-B, . Smad3 & [1 334 /K V- B 1.4 125 (P<0.01 5§, P<
0.001), BATEHRIEZ (P<0.05). 4/NRIMIEHIRE KT ZR B LG22 L (P>0.08). FATFR/NRBRERS, —M
TEOLTCH 25 5 . BRI AR e It R R B B R 1 /N B S 405, hUCMSCs B & HBO 1 10 & 52 A A T8 —
hUCMSCs, HALHI T SIRBHLS LT 4ifk . 98 TGF-B1/Smad3 {5 5 I M AL BR i AL KA 56 .
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[Abstract] Objective To evaluate whether the addition of hyperbaric oxygen (HBO) to human umbilical cord mesenchymal
stem cell (hUCMSC) therapy offers incremental benefits in repairing hypoxic ovarian injury evoked by simulated high-altitude
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exposure in mice. Methods A total of 64 female BALB/c mice were randomized into control group, model group, hUCMSCs group,
and hUCMSCs+HBO group, with 16 mice in each group. Except for control group, all mice were placed in a hypobaric chamber
mimicking an altitude of 6500 m for 15 days to generate ovarian hypoxic lesions. Mice in hUCMSCs group and hUCMSCs+HBO
group received 0.2 ml of hUCMSC suspension (1x10° cells) via the tail vein once per week for five consecutive weeks, whereas mice in
control group and model group were given sterile saline at matching volumes. Mice in hUCMSCs+HBO group was additionally
subjected to 100-min HBO sessions once daily for 30 days. Multiple parameters were recorded, including general health status, body-
weight fluctuations, estrous cycle regularity, serum sex hormone concentrations, ovarian wet-weight index, differential follicle counts,
ovarian histomorphological features, and protein levels of TGF-B1 and Smad3 as determined by immunoblotting. Fertility
performance and offspring condition were also documented. Results  After 30 days of treatment, compared with control group, mice
in model group showed a significant reduction in body weight, bilateral ovarian wet weight, ovarian index, primordial follicle stock,
TGF-B1 protein content, and litter production (P<0.01 or P<0.001), concurrent with a pronounced expansion of fibrotic deposition
within the ovarian stroma (P<0.05). Compared with model group, mice in hUCMSCs group and hUCMSCs+HBO group showed a
significant increase in body weight, ovarian mass, and ovarian index (P<0.001), and a notable regression of stromal fibrotic areas (P<
0.05); and mice in hUCMSCs+HBO group showed a significant increase of TGF-31 and Smad3 expression (P<0.01 or P<0.001) and
augmented litter size (P<0.05). Serum sex hormone assays revealed no significant intergroup differences (P>0.05). Other than litter-
size variations, all offspring appeared phenotypically unremarkable across four groups. Conclusions In the setting of simulated high-
altitude-induced ovarian injury, combining HBO with hUCMSCs produces superior restorative outcomes compared with hUCMSC
administration alone. The improved efficacy likely arises from coordinated actions involving fibrosis mitigation, TGF-[31/Smad3
pathway engagement, and stimulation of follicular maturation.
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FRGFAORREE, mT s 2t v RN B3 B — 2R 90y b

B, b, REMERSE KM 6k 11 ERa Roral 6 ke SPF A BALB/c METE/]
R EEH Er —, ARG EE S  Wea R HE/NR 12 1, (ki 18~21g, Wy FHR LR
SR Lk B S AR 4> (premature ovarian  (AEIO)EWIEORAT BRA R [0 50 sh W) 2 7 U AT IIE S -
insufficiency, POI)EZctE[ LA MM S 5cmygn  SCXK( 5020240001 & A% E 5
SINRERGE . ST . ARG . mat . B Y 110324241101775671], /NRAEZE R 18—22 °C | 1B
G B AE . POT S 20 AN IV ESTL . ORI 60%+10% . 1% Hb=1:1 FIREE i N PEmFE 2 A, %
BRI TR, #R RN TR sy THESR2SIRRIERA o4 FURRFE/NRL, el
BFRE I XA . BRI . hUCMSCs 4 .
hUCMSCs+HBO 41 (n=16). X} B8 25 1 i fi P /s i
il £ O SR AR AR AR o ASAIF 5 A I A I B
HBEAZE 940 5 BEE B ZR 1 2 ¥ L (2023KYLL178) .

1.2 FEKH SR MSC TG H Al 1 7 3
e MRA M . BEREE . 40 A R A7 W (46100802
46162209, 46206003, 46180201, 46084603, WiilH

ﬁ(premature ovarian failure, POF )[5'5]0 AR T
IS AT =Y 828 TS =GN TR BV B N
SPUZERLTY; B SEC G M B B R A A R A
RIS S

W5 R, (8] 58 5 T i L (mesenchymal stem
cells, MSCs) S HAMIMATT I i Wik M fif S 1l i) 48
AR, D/ ORE A M J T A IS AR B, AR S TR A AT )5 /AN B B 2 R
AE 2 AR AP Il B9 LAL 29 55 5 B 10 55 (enzyme linked immunosorbent assay, ELISA)is
B MRS AV UCMSCOIRAIR™ sy (i1 sk R LA 1) St i
7 HAREEA U/, R B S35 3 18 B2 AF 5T () 2L [ T-B, (TGE-B,) . Smad ZEHEH B 3(Smad3)ditk, 1l
BRI, 4 (hyperbaric oxygen, HBO)MHVHERE o gy 156 — fit (ab215715 . ab84177. ab205718,
AT SN S, PORECE BB [ Abcam A 71); S b HES-3-BERRIB U8 (GAPDH)
PR, WD PRI RS SR CO, MR B, BRI 1k (9880689, IT R R MM SE o A7 BN D).,
B AR hUCMSCs 75 HBO X ISR o A\ W4 Ak T A & (SW-CJ-IE Y, Fil g fbid s
A IREE T 1Y POT/N RUBTALHEA T T, WA/ ER FRAT); CO,HE A (3 FAEI L RBHE A A ;
OS2 LA B S AR T B A AL, BT DGR E W IR (H AR Olympus A F]) 5 L+ B4l
BAEIREE T IR B IR SR BT U B (H AR HSL AR &4 H 5 BB JEM-



1400FLASH, HASHL 7R 2xtt); RIS 41 4L
WFES Y (Scientz-48L, T 2 A= W FH e A FRA
Al); 4K £ T8k AL R BT R 4 (Infinite
M200PRO, Hij = TECAN 728 ®l); % B U1 K #L
(RM2016, [ PR-RAXER A FRAE]); i =X 40 MY
(LongCyteTM C2060, b5t/ ZIRAYIBHLARRAF]);
B IR (Proox-820V, | ES AR RERMH A BR
ol MRFEARE Sh i e (B N R L 2 A
FRITALA )

1.3 hUCMSCs4rE . 1598, BE51FSmMME &%
AT 2 T AL S A 55 940 PE B AR L B s it BT
A=A A BB A R E A5 .

1.3.1 hUCMSCs 73 . }igf  BE#E 30 6| Jo 5L fli =
W WRURIRE . AR . AR B R KT A
fa N R HaEYr=Kr=td, -z, fFRakd
J& . TETCH 1T BB 10 cm JBFHT 104 JCIE M 5K |
A3 W U R T 4, S RICA 4 C A
ZURAEIR PRI th NG B AEYBS TAER . o
Bl F R £k 22 wh 5 7K (PBS) TH VERIK , 75% L BTN
B 10~20 s J5 FUOETE 2 0, AR BHEE S HR L 55 51
Bk I AR S s K AL AS o P A A 3 fi 4 20
BY R S5 YIS T T78 S SRS ER N AGE &
SERREFRIL, A 37 °C. 5% CO, B F- A b B 1S
F3d, BJEHE3 R EHIR, LSS )E I RE 4
MOA AT O, 7R 0 2% B 3K 709%~80% it & B,
2H JBE A I (7% EDTA) VAL 2 min, B0 )5 1 ml 584
RS EE R, DL 3x10°~5x10°/em® B EEAGAL, 0 W4
L4 (PL).

1.3.2 hUCMSCs Al fe 295 PLINEEA A=<
FREIA 85% LA I, FHEE 4 8K i (% EDTA)TH AL,
FRIRE A RE AR S22 Rt 2K IS
B, AN ZRAE W 1 ml, 4540 R 1A P
FralREE, FE-80 CURAE . & I U0 M AR A7 45 1k
BEATIE 37 CHIRIBE R, 8 IRAE 8 TN i
fift, B <1min, PREGEALEDBIGE L, IR
Wt R A= 10 MA B 2R R, B0 S min 5
£ BE, A &850 a8 IR I B 5 4% LA B
TR, IMABERFRILG A CO, A R 57 .
1.3.3 hUCMSCs %3¢ 3E HUAH M A KOS R4 1)
P3 hUCMSCs., 1 ZH [ i 1 14 12500 S 1l ol B 441 i
W, 43 m A s ul it A CD10S, CD73. CD90,
CD29. CD44. CD45. CD34, CDI19. CDIIB,
CD106, CD14, CD133, HLA-DRH4, /MilIgGl.
IgG2a MR ALXS B, 4 CIEE 30 min 517 3 2040 LR
yioRile

1.3.4 hUCMSCs B . Willg . s = RiEF5
b 23 B0HE I B A4 7S FLARURIT S OV I 2
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10° N2 L /em®. (3~4) x10° /14 Jfl /em® E B £ (1) P3
hUCMSCs, 435! 44 15t BH 158 36 0 K 1L 26 400 fifd A= K
B, GEEIMACE . e K E S S R TR
RS 0 U HP B Ml PG R AL . L O Jef]
FlpriE e o, Wik AR,
1.4 /NEOPEI ORI A3 T O
1.4.1 MERIFGEERI AT 42 64 H 3l JH 1
I PR /N BGE AR SR LS, 45T 0.36 mg/kg 22
JROE 2 T o Tk R (2 R ANIRE R D HEE L T
80% [/ INERAR Bl IR R 20 Ak s BRxS IR A, i3
ZH/ N AREALIER 6500 m 25 SR AR AR IR AEUAE
FREe g5 15 d, 52N L0 R A A . BRI
BT PR AR AT SRR R TR

/N BRI T 5 55— R HF IR, hUCMSCs 41
FIThUCMSCs+HBO 41 5 7 d, FE#kiE ST 0.2 ml(1x
106 4H il )hUCMSCs A fi A, sk, Z g e
PR SRR A T A B 2 A M T R HAS B i
B, FFH/INR 2245 0.2 ml/ 2 (1x 1052 i) 4 2
ik 2 W 5 %, LLos iR hucMsCs 5 A (7]
R Stsf 2 IR AR 2 /)N R e kv B e P
£h7K . hUCMSCs+HBO ZH /)N B[R] i) 37 L HBO + i
R AU 2 805 B K 15 min JE 7 FFFE 0.12 MPa,
AU 87%+2%, FFLFa e I W 4 60 min, Fifi)5
F& )% 25 min; 17%/d, 304,
142 HObF /N ERBE YRS 2 N S 30 d HROR ULEE .
(DI o 25 AL/ BRI 19 3¢ B b0 22 1547 1 s 1
SRR, PR B, O A AR K UL (0.5~1)
ml/H . Z i FHE 30 min~1h, 1K (3000~5000) rpm
B0 15 min, FAHCEZME PSRN G, 24
M35 -80 CARAE . (2) BB ELLHLL, SHERL F bS8/
U, $&fd s BIR G e R BN O S 2L, IF
HFFIHL R BS IS, FRE TSN B S 455k (IR
HLHRFh=00 5 S0 7/ /N BRUA BT HE X 100%) o 22 Al B
HLHZULH 4% Z R BEAREE . SR, AT
HE e 0,5 A7 00 O 55 B3 B 2 4517k T b 55 151 78 W 4 <
A7, TS s, HamiigsiF-so C
R, HTIRES5%,
1.5 OSSR
1.5.1  /NERAKRTE ZEhERM AR ARG —X
FRUR, BEK 8:00 WEEE 45 20 /0N B H 38 R 7% 4 e vk 1
FIWT NG R . — AR 4~5d, i —15%
NG DS, BI5r2R 6 IR B 432
FMRJEH1—5d. 6—10d. H11—15d. % 16—
20d. #521—25d. ¥526—30d. [AMHiC st/ EUAE
AL
1.5.2 /NRUMEEHRZEKE  EHEMEITZ S
WMZE (AMH) . M “EBE(E2) . IRYERIIEER (FSH) . #ik
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A (LH) . 220 (PROG), ¥l ] Al —4it ELISA I
MG, MUl B TR o #5370 6 Y R A
J¥ /3 % 4 0.08 ng/ml(AMH)., 0.29 pg/ml(E2). 0.58
mIU/ml(FSH), 0.75 mIU/ml(LH). 38.87 pg/ml
(PROG),

1.5.3  HE QU5 N ELBI 20 S0 312 1k K i it
B OPRALUE A T K L R A
PRI A AR T e, HEQR A E A e
TE MU N WS IR . D62 WA T o3 e sk IR
bp ¥y (rimordial follicle, PF), 4= Koy ¥ (growing
follicle, GF; FIZ%UPIEL+IR ZL IR +520PI6L) . BLABP
0 (mature follicle, MFE). 4] 8i UP ¥ (atresic follicle,
AF) %

1.5.4 Masson 4 {8 00 52 /)N R B £ 2 20 2 4 1k 7
X O [ A Y B LA B TR . A ks Yl
(5 um), FFMasson Qe Fia, WilsE FMEIAE,
{811 Aipathwell ¥ {: T Bl L AR ZH 2R, 1A B
1T BN TR B AEAC PR Xk, DAZF 4R AT R i L
FI T OP SR ZH 2R BT ) SRR AR B R 4R AR
(%)=(Masson PHYE [T FH /41 2T FH ) x 100% .

1.5.5 /NP GUB A B ST B IEE
i 1 0 VAR T R B S ZH 2N, PBS IREVE, 19 IR kE
JeEEE . WK, Epon-812 4l A HEFI AU | fFEEAR
TS A e S . T R, R TR il
Pt 10~1S min, FPBERRET R (D 1~2 min, F R T 4
o, FHRPETFRE,

1.5.6 Western blotting 80 /)N B DR £ 2H 4N TGE- B,
Smad3 & F £ IAKFE FREL20 mg B S 4 41 ( 2 4 i)
BYHE, $ 4 4URIPA 24 =1 mg:10 pl, S 4 /)N
SRR, EC IR AP R A K, R
15~30 min 7 U3, SRHI BCATAIE R FIMREE, 4%
GRS A B ARER . SDS-SR TR M Mok e Bk 5 il
e BREL HVK . HEE . sw% MLARA I 20, Bk
B —Pi4 CRIKME DK . G, —hig . #
VR . 75 H B 450 OB N 1:1 SRR A0 1
ECL K JGCIRAERE % h A% o 555 R H Image J X
PEor b 2% IR EAE, FE I 3RiA# LA GAPDHAE W NS
HEET 1M

157 /NRAF L Bdle HMEM /MR, ik
PEMERGAFLIEH IR 3 RA%E, A 28R R A 19:00
—W H 8:00, WARIHREEAEE, & EBIHICTR/ R
TR S A AE O, I BIREAYEE 2 did s A AR IR R 1
K, il MRS AR

1.6 Siil=fub B SR SPSS 27.0 B4 b7 48 i)
HT, GraphPad Prism 9 FAFAER . TR PERAT A IES
O3 A U xts s, 2R AR B 3R O 2547
Mr, #E—L P BRI LSD 15 JEIES A E R

RIS FEAAES ARG R . rA S /0B =
zko P<0.05 ﬂq%ﬁ‘ﬁ%i‘l‘%ﬁio

2 # R

2.1 hUCMSCs¥i7e. % Mifs 51k

2.1.1 hUCMSCs 3% JF% hUCMSCs 41 it S 12 T2
AR, WA RIRE R, RlG L 60%~70%; K
SN MM S = AR(P3), dIMIAE KRS RYF, 44
55 3 R ATA 55 TR0, 2 HE IR AT L 20 it A=
(®l'1A-C),

2.1.2 hUCMSCs %% HUP3 hUCMSCs, i x4 ffd
A 40 B 3 T P DRG0 45 R R, CD105(99.94%)
CD90(99.93%).  CD73(99.97%).  CD44(99.85%) .
CD29(99.99%).  CDI133(0.26%). CD106(0.45%) .
CD45(0.01%). CD34(0.04%). CD19(0.05%), CDI14
(0.00%). CD11B(0.13%). HLA-DR(0.06%) (Fff &l 1),
BIrF G EPR A IEIEY T U P2 ) MSCs S e brifl, 2
IRFEFR A R B A B B hUCMSCs,  HLAE 7R3
2.1.3 hUCMSCs Wi Forit B RS S 5 Lt
[E] () HEK: , hUCMSCs R IE B2 15, 2 Ji J5 il
ML O Yo m] WAL A IRIRIE W Wil 155 01k 3 )
JE PR LG, WRE T Al WAL EE I
BERE ST 38, ARy o, BRI i
05 2 % A (B 1D-F). #2755 3% 1 hUCMSCs H A7
Z a5 RE, f5H hUCMSCs #1iF .

2.2 SA/NRE ST 130 d R R RS 1k

2.2.1 /NGO R SN R AL 4
H/NREBRACE, REIMW. HERRREY
Ruf, T2 WE2), THisods, SXRA
W, MR 4] /N BROMR OB R IS (P<0.001),
hUCMSCs £ 1 hUCMSCs+HBO 4/ A T 22 3 048
T2 L (P>0.05); SHEIAIA LA, hUCMSCs 41F1
hUCMSCs+HBO 4 /)N f & & B W % jin (p<
0.001, &2).

INERAEH ShE R M 4~5 do XF IR /N R Bl s
WHIE R, BRI 25%(4/16) B /N BN R Z56L
eI g B SO 8 v i = LT ey - I
/NERUBRIE F1RT WL VRIR K 6553164 . hUCMSCs 41 K&
hUCMSCs+HBO 41K &2 1E 21 i 1 .

222 /NERAUN PSR T L ONELE R SRR L
B, BEARIZE /N OB B9 S0 R K B 5345 S BH I
ik (P<0.001); 5 5% 7 41 Lk 4, hUCMSCs 41 I
hUCMSCs+HBO ZH /™ sl B 5 1 1 5 DN B 45 2015 0 i
H4 &5 (P<0.001); 5 hUCMSCs 2 L #;, hUCMSCs+
HBO 2 ) 5P 5100 85 ) B S5 5022 S I gi it 3 L (P
>0.05, &3).

2.2.3 /DNEUMTE AR R AT E &4/ EUn
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Fig.1 Cell morphology and induced differentiation of hUCMSCs
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Fif ) (d)
2 SUUNRIARE A
Fig.2 Comparison of body mass of mice in each group
SXRPRALILRE, TP<0.001; SEEALAL AL, *P<0.001. hUC-
MSCs. Al S T4 ;- HBO. i 4

% AMH, E2. PROG., FSH. LH /K Ibig, ¥z
TG 5 L (P>0.05, K3),
2.2.4 /NRIPRAIZUE S 00E KOt S5xt
MR LA, RORUZH/INER R B3840 . (RFRAR /N, H4)
A VLR IMLIX ; hUCMSCs+HBO 2H B 120 2R AR /)N
ESRERIZ [ AS, hUCMSCs 2H }2 hUCMSCs+HBO £H B!
B LUABUE A (K 4A)

HE Je 85 R EoR, S5XF A, AL /N R
B 5520 2050 O v 50 B R sk b (P<0.001), AR KB
WL BB . PR 22 g T (P>
0.05), BT Al UL A BARINAS P 5K FE AL . Al WL
VFIMHAE T, SR AEb A LUE L. SHAZ i,
hUCMSCs 21 }2 hUCMSCs+HBO ZH U yfa 45 ¥ 1 3, I
A B H i B B £ (P<0.01), AR K BRI, RGN
. AEREECR 2 RIS EE L (P>0.05), #ET

[ BN A 5 . JoP 9k, dlgUanT WA 345 4k ik
(K48, £ 1)

2.2.5 /NI S 4T 21 AT 2 AL AR B R s A AR Ak
Masson Je iz B 7x . S50HIRA Heds, fRAIZH /N,
B S5 21 21 [ Joit DX 3 2T 4 b 1T AR 7 bl B B T (P<
0.05); SHIMIZ H%, hUCMSCs 41 Fll hUCMSCs+
HBO 41 b £ 21 20 N £F 2k b 1 A 7 B BH 5 B A1 (P<

0.05, KI5A),
FLERL A 7, N B2 0k 4 R A8 254 1

UMAZ AT L, P s, B, kg
JEREEMIER, RRBRIE, LRGSR,
T PN T X A5 S A AE L 2 T A AR Uk B
FRIEMATE SR H . BRI BRI A 5w, 40
Mok AR, I, R,
PN ZORLAR K B S, SRR IS I A 24, BE K
F0, ME N B 5K, RS RIBR NG T, &
IRILAREB A3 3K . hUCMSCs 20 Uk 20 i % 5 45 F 4%
FESEH, AR 2 PEE SO RNE , Y
g, AT, MK P B R AR R A K
FLTR TR AN S), MBS, R N 454
BOEH B R EARIE A IE R . hUCMSCs+HBO 21 ik
M SRS, M EEMRE, e
SY B, MR BRI, SE
HL 25 FEANSY ORI N5 /D 5K (T8 SB)

2.2.6 /)LD H 441 TGF-B,. Smad3 % H F ik K
V- Western Blotting K Il £5 5 {7~ , 5 X IR HL 3R,
FEAI L] /N FLOP 540 40 TGE-B, ik K FF&AIK (P<0.01),
Smad3 B R IA K22 F G248 L (P>0.05); 5
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Fig.3 Changes of ovary wet weight, ovary index and reproductive hormone levels in each group of mice
**P<0.001
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Fig.4 Gross view ovarian and the number of follicles at all levels in the left ovarian tissue of mice in each group
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Fig.5 Masson staining, and ultrastructure of ovarian tissue of mice in each group
A Masson Je 0 R EF AL TR L BOBIBIS I (B BEWEES) . **P<0.001. N.AHAEAZ: No. #Zf; M.ZRKAK; RERMLE N ; GB/R
FiRFER s LD. R

PERIZH S, hUCMSCs 41 TGF-B,. Smad3fEFH#i5  0.001); 5 hUCMSCs 4 b %, hUCMSCs+HBO 21
K- 2% 5 T it 2 7% L (P>0.05), hUCMSCs+HBO 41 TGF-B,. Smad3 2K 76 1k /K -1 ] L 184 125 (P<0.05 5§,
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