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ME BH T £ %A L3D (Oph D) 4% ) anusBs 2B 8B (JAK2) /155 45§ e bk FOM0E B 73 (STAT3) i@ 38 3f 3 A8 A
HRE (BPD) K RAFA L6912 VE A F7iE A ZBPDR RALA  HBPDAEA K R AL 4 A KA (BPD) 41, & XL FHDIK . ¥ .
% #1% (Oph D-L.Oph D-M.Oph D-H) £, & 7| % Oph-D+JAK/STAT3:8 % i 7% % (Oph D-H+Colivelin) 48, #2018 R , % IRI8 R

T R BAAE A 3T RE (Control) 28 JA s 5, AT A3 KR 3 Bk B4 R 5 M Z BUR LR R & | F &, 3 AT AL LR AR 2 5 A ik A7
BAELISA % 3 4] & &% M3 2e ik (BALF) P @ 48 3t 8 S Ao BAL B 330AR € 2 I I T K -F s HE 3 & WL 4 22 % 22
W & FFBEAT LS AR /83t 2 (RAC) ; Western blotting#a ] i@ 343 & & £ ZE R 5 Control 201045, BPDZA K R AT /@ 28V, A
K IE dm R AL ARG R, BA-45 40 (OD) RACKAR, »FR 48 40 (RD AR E/F & (W/D) AL, & Mt 3 & @ik
(IL) —1B.IL-6 A % 3758 B F-o (TNF-a), 9 =B (MDA) KT It & , A B AL HALEE (SOD) i B AL ZBs (CAT) K- BAK, p-JAK2/
JAK2 .p-STAT3/STAT3 % i& £ (P < 0.05) ; 5BPDZR L %5, Oph D-L.Oph D-M.Oph D-H#A /i 28 4% 5% 32 5 JU 5 &, OL . RACH &,
RI.W/DAE | & %0 fe 3+ 4 1L-18.1L-6 \TNF-a MDA 7K F 4%, SOD ,CAT/K F I+ &, p-JAK2/JAK2 .p-STAT3/STAT3 A& 35 F 3 (P <
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Protective effect of ophiopogonin D on lung tissue in rats with bronchopulmonary dysplasia by
regulating the JAK2/STAT3 pathway

LIAO Yongjie, YANG Huan, YUE Sifeng, YANG Yanjun, LU Shuchun, TAN Yuan
(Department of Neonatology , The Affiliated Hospital of Guilin Medical University , Guilin 541001, China)

Abstract Objective To investigate the protective effect of ophiopogonin D (Oph D) on bronchopulmonary dysplasia (BPD) in rats by
regulating the Janus kinase 2 (JAK2) /signal transducer and activator of transcription 3 (STAT3) pathway. Methods A BPD rat model
was established. The BPD model rats were randomly assigned to a model group (BPD group),low, medium, and high dose Oph D groups
(Oph D-L,Oph D-M,and Oph D-H groups),and a high dose Oph D+JAK/STAT pathway activator group (Oph D-H+Colivelin group),
with 18 rats in each group. Additionally, 18 normal rats were assigned to the Control group. Arterial partial pressure of oxygen in rats was
detected by blood gas analyzer. Weigh the wet weight and dry weight of lung tissue to detect the water content of lung tissue. White blood
cell count,inflammation , and oxidative stress levels in bronchoalveolar lavage fluid (BALF) were measured by hematology analyzer and
ELISA , respectively. HE staining was applied to observe the pathological morphology of lung tissue, and the radial alveolar counting (RAC)
was performed. The expression of pathway proteins was detected via Western blotting. Results Compared with the Control group,the
BPD group exhibited few alveoli, infiltration of inflammatory cells , considerable lung tissue damage ; reduction in the oxygenation index (OI)
and RAC;increases in the respiratory index (RI), lung tissue wet/dry weight (W/D) value, white blood cell count , interleukin (IL) -18,1L-6,
tumor necrosis factor o (TNF-a0), and malondialdehyde (MDA) levels ; reduced superoxide dismutase (SOD) and catalase (CAT) levels;and
upregulation of p-JAK2/JAK2 and p-STAT3/STAT3 (P < 0.05). Compared with the BPD group, the pathological conditions of lung tissue
in the Oph D-L,Oph D-M,and Oph D-H groups improved ; the Ol and RAC increased ;the RI, W/D values, white blood cell count, IL-183,
IL-6,TNF-ar,and MDA levels decreased ;the SOD and CAT levels increased ; and the p-JAK2/JAK2 and p-STAT3/STAT3 were downregu-
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lated (P < 0.05). Compared with the Oph D-H group, the Oph D-H+Colivelin group showed aggravated pathological damage to lung tissue;
the OI and RAC decreased ;the RI, W/D values, white blood cell count, IL-18,1L-6, TNF-a,and MDA levels increased ; the SOD and CAT
levels decreased ;and the p-JAK2/JAK2 and p-STAT3/STAT3 were upregulated (P < 0.05). Conclusion Oph D exerts a protective effect

on BPD rats by inhibiting the JAK2/STAT3 pathway.

Keywords ophiopogonin D; bronchopulmonary dysplasia; Janus kinase 2/signal transducer and activator of transcription 3 pathway ;

protective effect

XA E M & B AN R (bronchopulmonary dysplasia,
BPD) s 1 7 J Lo UL AR A8 PRI AR , ey S 2 i 45
PR 2R B AN o A K A R LAE
ToAMEERE I & i E BN IR R IR T LA
Ir SCRE IR AR BERIT R S5 28 897k 0 F L Bk =
R | FLAET A B T BRI 5, IR T &
BRI R YT 25 W) 2 OC H B, & 4 B D (ophiopogonin
D,Oph D) J2 N AR ZE R 4R U 2R [ B i 41, B
BERUEA BRSNS ST W, Oph DA
T A Y 22 Z5E AL S A% N kB R AR
RN S H 13 (signal transducer and activator of
transcription 3, STAT3) 4515538 [ ZHEHT RAVE .
{HOph DXTBPDK BRI FE T AN 2 o Janus/Bg
SAPRIATE2 (Janus kinase 2, JAK2) /STAT3i8E i /&5 5
S IR 98 AE B IO S B A 8 B o BT JAK
MRALSZAR E IS IR AL, S B2 IR ESTATZ: &
X, AT ALSTAT ™ S F 58 /R, FOF2 138 it 4
il TAK2/STAT3 8 0l i 275 1) 2L PR 47
AWFFEE i 25 BPDR BUBERY , 25 TTAK2/STAT3 (%
S WIAEAR T Oph DX BPDA RIS VE

1 MRS

1.1 e

111 S5l . SPRZESDiF A K LI [ B K2
(Al B A8 S50 s B ), 2B 77 V8 ATIE 5 SCXK ()
2022-0001 ., A A5 4R A5 A K 15 2 Bt B s 1 Bt 31 420
e RRZE 51 24k (2021-10-0271) .

1.1.2 FZL50: Oph DI A #1646 el A= YR A
PR 2N F] 5 JAK2/STA T3 #3301 71 Colivelinly H Y
I8 4 5085 AR YRR FR A | S i K BUAK2.
STAT3HUIAR G H 2R B YR A FRA 7 5 St
KEp-JAK2 .p-STAT3 LRI A 3L FH T AW E
HABRA AL KR4I/ % (interleukin, IL) —18.
I1.-6 MR R HE K Fa (tumor necrosis factor oo, TNF-at)
& B EEE AR A YRR IR R R B 4

LA (catalase, CAT) I G0 [ 1 igfE A YR}
FeABRZ Al K B A AP B AL B (superoxide dis-
mutase, SOD), N % (malondialdehyde , MDA) s 7
£ H R DUEES A AR A R A
1.2 #57BPDA FLkAy "

AR S T A IRE25 °CL IR EE40%~
70% , 38 155 He £ O, (0, A 53 %>90% ), CO, 1A FH 4
$0<0.5% , B RIFH30 min, JFH 4 4m0k}E 7K K Hukt
AEFRT do BEALIEHO HOR R, 73 B it 2 THEGL (8,
L T [ (A1 R EE AN AT, I B BPD R B
LRI
1.3 S5

B8 i e R BRLAE by i BR (Control) 4, 75 %
BPD R BUEL BY B AL 73 S A AL (BPD) 41, Oph DAIX
o B 74 (Oph D-L.Oph D-M .Oph D-H) 41 , & 7
Oph D+JAK/STAT# # ## 1% 71 (Oph D-H+Colivelin)
H, T 18 K, MR A2 3k (8], Oph D-L.Oph D-M
Oph D-HZ143 5113 B Oph D 1.75.3.5.7.0 mg/ke, 17/d;;
Oph D-H+ColivelinZH # & Oph D 7.0 mg/kg S I8 JFE 7
HfColivelin 1.0 mg/kg [9], 1Y% /d ; Control2H 5 BPDZH
T SRR A R K S 214 d
1.4 KESIKIM4E % (arterial partial pressure of oxy-
gen , Pa0,) Kl

U GEE I W R BURR BRI BN ik oftL . F 4= 1 3
ML ATASCRR I K FLPaO, A48 W A, 43 I3+
-1 75 %4 (respiratory index, RI), % & $5 % (oxygena-
tion index,Ol) o RIA i yfd 2 fik ML 48 43 & 25 5 PaO0,
FUAEL, OIPa0, 5 A SR I LUAE .
1.5 SZAEMEEDE (bronchoalveolar lavage fluid,
BALF) H (40 M 1450 98 1 40 i IR 7 B SR AR L 8Kk
SRS

PaO, K 52 B , BEHLIZE 6 A B, VI KRR
NS, H A A TR AR AR, T AR R K, il
VBN ABALF, B0 43 B L5 IR UTE, 6 FH 4 A o)
IV 53 A7 SRS I 14 248 3+ 25 BXBALLF , AR 4R ELISA
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IR &1 B K M BALFHTNF - IL-6 IL-187K -,
Fie BRI 5 3R] A U AL N RS ARCAT .SOD |
MDAZK¥-,
1.6 HEZE JGCPRIGEIT4L (radial alveolar coun-
ting, RAC)

25 2 BEHLZE O N BRIt 20 2, FH HH R
A YR  HEGL 6 JBK R R s
Al 2300 7 B B, 4G R R 42U RAC
1.7 KERMEI2 S K Al

T 2H BEAIL A Hee O B, BRI BRUS VDT B s
IR A il 48812 1m0, FREGIE 1D W . B T80 CfH
T T RGP, 2 T1848 h, FRECT EiC D LAW/D
SR I=E N [ ARV G 8
1.8 Western blotting#&:M 25 F4 61k

RAEBALFJ , 124 M W 4 HUKR BRI 20 21 8 1
FEAG I e B PR R AR, AR K R A
2h, 5p-JAK2 JAK2 .p-STAT3 .STAT3— $ii 7E4 “C 55
PR SRR PR, b, FIREE L b, A B
I, iB-actinohy NS , Gl 2 P AT ek
1.9 SEite#amr

K HISPSS 25.09 103 B s , A4 & IS0 A 1Y
Bl Lix + s, 20 8] F AR SR Ry 2243 W F
SNK-qKi86 . P<0.05 2270 G145 X,

2 #R

2.1  Oph DX}BPD K FLOT RIAYEN

YjControl4l] H. 55, BPDZH A FROTFAAK, RIFF 11 (P <
0.05) ; 5BPDZH .4, Oph D-L.Oph D-M ,Oph D-H#
O1FF &7, RIFEAIE (P < 0.05) 5 50ph D-H4LHL4E, Oph

D-H+ColivelinZH O, RTFF & (P < 0.05), W1,

%1 Oph DXBPDXFOI. RIFIZM
Tab.1 Effects of Oph D on Ol and Rl in BPD rats

Group Ol (mmHg) RI
Control 43125 +44.58 0.22 +0.02
BPD 253.69 +26.15" 0.48 + 0.05"
Oph D-L 297.24 +30.217 0.39 + 0.04”
Oph D-M 346.58 + 35.69”"% 0.32 £0.03"
Oph D-H 382.35 + 38.462" 0.26 + 0.03”*"
Oph D-H+Colivelin ~ 328.06 + 33.64” 0.35£0.04”

F 56.639 118.481
P <0.001 <0.001

1) P < 0.05 vs. Control group;2) P < 0.05 vs. BPD group;3) P < 0.05 vs.
Oph D-L group;4) P < 0.05 vs. Oph D-M group;5) P < 0.05 vs. Oph D-H
group.

2.2 Oph DXFBPDIER 1 4 M35 52 0

jControl4H [ (25.83 +2.63)x 107/L] %%, BPD
AR A8 [ (145.78 + 15.69) x 107/L] 14
Jin (P <0.05) ; 5BPDA k¢, Oph D-L.Oph D-M .,
Oph D-HAL A A0 A 3T 8 [ (114.21 +12.47) x 107/L.,
(79.35+8.03) x 10"/L. (60.78 + 6.11) x 107/L] />
(P <0.05) ; 50ph D-HAAH L, Oph D-H+ColivelinZi
FIZR %0 (92.36 £9.42) x 107/LIE N (P <0.05)
2.3 Oph DXBPD K SUBALF R 46 4 40 Jifd X 1 7K °F-
Ep=Al|

EjControl2H %5, BPDZHIL-1B  TNF-r  IL-67K *F-
T+ (P <0.05) 5 5BPDA [ %5, Oph D-L.Oph D-M,
Oph D-HAIL-1B . TNF-o. . IL-67K -5 (P < 0.05) ; 5
Oph D-H4L L%, Oph D-H+ColivelinZ1L-18 . TNF-a,
IL-67KF- T+ (P < 0.05), LER2.

%2 Oph DXBPDARIL-1B, IL-6. TNF-c/kFHIE0ME (pg/mL)
Tab.2 Effects of Oph D on the levels of IL-1B, IL-6, and TNF-o in BPD rats (pg/mL)

Group IL-18 1L-6 TNF-ot
Control 1637+ 1.71 16.12 + 1.96 16.02 1.85
BPD 50.68 + 5.36" 62.56 + 6.55" 55.73 +5.67"
Oph D-L 42.56 + 4.48” 51.67 + 5.48” 46.97 +4.78”
Oph D-M 34.95 +3.69” 4234 + 436”7 35.52 +3.827"
Oph D-H 25.89 +2.7577Y 30.07 +3.24”7Y 27.16 +2.957Y
Oph D-H+Colivelin 38.62+3.91” 47.52 £4.91”7 40.02 +4.13”
F 60.908 75.010 72.783
P <0.001 <0.001 <0.001

1) P < 0.05 vs. Control group;2) P < 0.05 vs. BPD group;3) P < 0.05 vs. Oph D-L group;4) P < 0.05 vs. Oph D-M group;5) P < 0.05 vs. Oph D-H group.
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2.4 Oph DXIBPDK FUBALFH 4 1k 1 184 K F- 1) 5%
|

5 Control4] H %, BPDZHSOD . CAT/K F & 1K,
MDAZKF-THE (P < 0.05) ; 5BPDAL 44, Oph D-L.

Oph D-M .Oph D-HZ4SOD ,CAT/K-F-F 55 , MDAZK -
A% (P < 0.05) 5 50ph D-H4 14 , Oph D-H+Colive-
1inZHSOD . CATZK P& A% , MDAZKF-FF 5 (P < 0.05),
K3,

%3 Oph DX¥BPDAFRSOD. CAT. MDAZKEHIZNE
Tab.3 Effects of Oph D on the levels of SOD, CAT, and MDA in BPD rats

Group SOD (pg/mL) CAT (U/mL) MDA (ng/mL)
Control 82.54 + 8.36 295.36 +32.41 8.05 =+ 0.82
BPD 33.47 +3.64" 95.78 + 10.32" 51.35+5.26"
Oph D-L 43.58 +4.79” 148.75 + 16.78” 40.68 + 4.18”
Oph D-M 59.42 £ 6.25” 193.64 +22.59” 3247 £3.5227
Oph D-H 70.15 £ 7.662 253.22 +28.447 23.54 +2.49”Y
Oph D-H+Colivelin 5123 +5.53” 172.95 + 19.02” 34.21 +3.73”

F 49.075 59.817 101.089
P <0.001 <0.001 <0.001

1) P < 0.05 vs. Control group;2) P < 0.05 vs. BPD group;3) P < 0.05 vs. Oph D-L group;4) P < 0.05 vs. Oph D-M group;5) P < 0.05 vs. Oph D-H group.

2.5  Oph DXTBPDK FRUIZH 2O HEE 25 (14 52 i)
Control 2 K Fsl i 70 1 fifi 28 21 25 44 ) 25 1E %,
R UL B 453 495, BPDZH K BT 960 7% A, il o 450 o 4%
> BRARE A MR, 2 2B 405 P i, RACREAIR
(4.55+0.47 vs.11.56 + 1.22,P < 0.05); 5 BPD4H Fr4%,

Oph D-L.Oph D-M Oph D-HZH | R fiii 41 2145455 B 5
M 3%, RAC (5.88 +0.61 ,7.25 +0.73.8.69 = 0.85) T} 5
(P<0.05) ; 50ph D-HA Lt ¢, Oph D-H+ColivelinZH
Jiti 2 455 I E, RAC (6.02  0.63) F#AX (P < 0.05),
UL

A, Control group; B, BPD group; C,Oph D-L group; D, Oph D-M group; E, Oph D-H group; I, Oph D-H + Colivelin group.
E1 HEXRMARRERENER HELE X100
Fig.1 Morphological observation of lung tissue of rats in each group HE staining x 100

2.6 Oph DXBPD K S W/DIE A5

EjControl4 (4.55 +0.13) b4, BPDZLW/DH
(6.37 = 0.34) T+ (P < 0.05) ; 5 BPD4 L4, Oph D-L
Oph D-M ,Oph D-HZ4{W/D{H (5.58 £ 0.25.5.13 £ 0.21 ,

4.69 = 0.16) F#{% (P < 0.05) ; 50ph D-HZHAH L, Oph
D-H+Colivelin1 W/D{E (5.26 + 0.24) Fti55 (P < 0.05)
2.7  Oph DXFJAK2/STAT38 #% 4 501

LjControl4] b4, BPDZ p-JAK2/JAK2 . p-STAT3/



+ 1086 -

HREERRESR H54E

STAT3%35 il (P < 0.05) ; 5BPDA He#s, Oph D-L.,
Oph D-M ,Oph D-HZp-JAK2/JAK2 .p-STAT3/STAT3%
K F1E (P<0.05) ; 50ph D-HZHAH EL , Oph D-H+Coli-

1 2

p-JAK2
JAK2
p-STAT3
STAT3

B-actin

3

velindlp-JAK2/JAK2 .p-STAT3/STAT3 i I i (P <
0.05), WLIF12 .34,

4 5

1, Control group;2,BPD group;3,Oph D-L group;4,Oph D-M group; 5, Oph D-H group;6, Oph D-H+Colivelin group.
B2 Western blotting#@llJAK2/STAT3I5 S @I E B &KX
Fig.2 Related-protein expression in the JAK2/STATS3 signaling pathway by Western blotting

%4 Oph D3tJAK2/STAT3EEEHRELRIE

IR

Tab.4 Influence of Oph D on the expression of JAK2/STATS3 signaling pathway proteins

Group p-JAK2/JAK2 p-STAT3/STAT3
Control 0.25+0.03 0.31+0.03
BPD 0.91 +0.07" 0.87 £0.09"
Oph D-L 0.76 + 0.08” 0.75 +0.08”
Oph D-M 0.57 £0.06”" 0.52 £0.05"
Oph D-H 0.36 +0.04¥ 0.37 £0.04¥%
Oph D-H+Colivelin 0.65 +0.07" 0.60 + 0.06”

F 98.002 72.748

P <0.001 <0.001

1) P < 0.05 vs. Control grnup;Z)P < 0.05 vs. BPD group;3)P < 0.05 vs. Oph D-L gmup;4)P < 0.05 vs. Oph D-M group;S)P < 0.05 vs. Oph D-H group.

3 itig

BPD LA iyl & 7 32 BH ok £ ZERRAIE , 2945%1 4T
PR<29 A F = L2 H AR , R AR 5 P iR e |
PUBGE AP 3 Bk A R A S ™ i R e 4
RN AR B E A S AR 7EBPD &
FHLH TG g S, B AT R 0A T BPDIY 25
Y.

K LA A g 2l sV R 3 Oph DEA T
AL PR SE LR EENE S W5 W, Oph DI
1 BT AMPK AN INF«BA 53 1% , I 56 PM2.5155
SGE RAE ASWFIE P BPD K BUIT 4 21 2 HE YL (4,
e it 0 50 ik B 9/, A0 A0 IR L T L B il
HE , BT BPD R BB AL E il ) . 28 [R) 5 o

Oph DAt 35 , BPD R FBALF A [ 4 g %1 . 1L-1B.
IL-6 . TNF-oe . MDAZKF-FE A1, SOD . CAT/K - Tt 55 , i
HHOph DREE 2% fif BPD K BRI 41 41 5 E AL AL I I8
SN o [, O, RIFEAG , W/D{EREAR , Ui Oph D
A 2 1l ) R I DR i 7K i, L 155 7710 4 (1 Oph DAK
R AT KB, Oph DA HI 4 L
J —[R) J5T 27 A R 240 B A0 35 BT IO AR, £ 2 i R 41 4 4
J R T, 30 gk BEL Y AK T/GSK 3B f1% 28 i i 3705 8 i
T AEAL, , 3 — 2D UE S Il L PR T o
JAK2/STAT3(F 538 I 7 410 L 8RN 58 i S5 i
H WO, 2 5 AR G S B R AR
J& i 388 3 1 i TAK 2/ST A T3 AR A i s oA Bl i 2T 4
o BABEFE S KB, 3k A48T ] REE A R JAK 2/
STAT3MF 5 1Y I B AR T 1L 37 A0 il 20 21 rPIL-6
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TNF-ocf JiE , 378 17 ki 20> S APAH 56 4 i 2 2R 458 475 o AR F
FAR R, BPD AR b Al 1 Oph DT
J& 4 21 Hp-JAK2/JAK2 . p-STAT3/STAT3Z ik 7K F-
R, BB Oph DAT 38 2ok #10 il JAK2/STAT338 #%
G R AR ALV R R T SiE X — 4518, A iF
5% 7EOph DAL BEBPD A fR 11 JE Atk I, FHJAK/STATIE
BT 77 ColiveliniE — A2 40 FEBPD A B, & #Oph D
(OR3P 9% Colivelinif 43333 5% , 15 B Oph D[ 38 4+
P HITAK2/STAT3 I 5 % A #EBPD K B ili 41 21 i)
PRAPE R, DT 2 A S E AR AR L A, Dl it K i
BEERTTIRE

Z5 I Jiri& , Oph DREAE MEEBPD K Ui B A i
K it ARG 2 1 440 B R 1 7K S, % ik 8 i AN R Ak g
W, KRR I R A T, VR FHAIL I AT BB 2 i
T JAK2/STAT38 [ S o SR, Oph DY AEY)
TR 2 HAE AR, W it — D AFIEJAK2/STAT3 # % |
U R AR AL, AT B AR Oph DX il 25 20 % A%
e A EARBILEI

SE 0k
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