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[(WE] BH HTRENEASGHERBCAEMEEAR (BPD) Mg, Ak 1464 H/E)E 4d
K EBEAL A e SO IRA . R IR = BB A 4 + KA (n=16) o KEBREET 60% AW E it
BPD 540, EREEINE, PR KBTI KA T 600 mg/kg KEARBUNRERIES 1 K. FHRRTA)E 144,
21d, JRAKE - 40 (HE ) P ZUR S0 0GR HER N FE (MDA ) 7K Bl bk
1L (SOD) ¥itE; RT-PCR. Western blot Al ifiZH 41 TNF-o0, 1L-6 mRNA FIEEIRAKT, SR =k
RUZ K BT S v g H s/ . IRBUE A . SR (a7 BRAb A5 % B 2 B 2R B, I It v e 0 e ] ) S A 452 47
TN s A+ KA K UM A 20 Bk s B i didie . KRS 14d 21 d, S5WixTIRAIMI b, & SR RILLi
SRR (RAC) WD, IfiZHZ2h SOD iEPEREAR, MDA /K. TNF-o mRNA KA FIZKT . IL-6 mRNA
KK TE (P<0.05) o SR FALL, &4 + K4 RAC BB ISm, MiliZH2d SoD & M7t
MDA 7KF- . TNF-a mRNA KA K, 1L-6 mRNA KR FIKEBIBEL (P<0.05) o 518 RECATRgE L il 4
I RIS %o 3 A E0R AR K B BPD R HEREH . [ REZHRILAEIEAR, 2018, 20 (5) : 410-415]
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Effect of rhubarb on neonatal rats with bronchopulmonary dysplasia induced by
hyperoxia

YIN Ling-Ling, YE Zhen-Zhi, TANG Li-Jun, GUO Liang, HUANG Wei-Min. Department of Neonatology, Nanfang
Hospital, Southern Medical University, Guangzhou 510515, China (Huang W-M, Email: hwmnet@Z21cn.com)

Abstract: Objective  To study the effect of rhubarb on neonatal rats with bronchopulmonary dysplasia (BPD)
induced by hyperoxia. Methods A total of 64 rats (postnatal day 4) were randomly divided into four groups: air
control, rhubarb control, hyperoxia model, and hyperoxia+rhubarb (n=16 each). The rats in the hyperoxia model and
hyperoxia+rhubarb groups were exposed to hyperoxia (60% O,) to establish a BPD model. The rats in the rhubarb control
and hyperoxiat+rhubarb groups were given rhubarb extract suspension (600 mg/kg) by gavage daily. The pathological
changes of lung tissue were evaluated by hematoxylin-eosin staining on postnatal days 14 and 21. The content of
malondialdehyde (MDA) and the activity of superoxide dismutase (SOD) were measured by spectrophotometry. The
mRNA and protein expression levels of tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) were determined
by RT-PCR and Western blot respectively. Results  The hyperoxia model group showed reduced alveolar number,
increased alveolar volume, and simplified alveolar structure, which worsened over the time of exposure to hyperoxia.
These pathological changes were significantly reduced in the hyperoxia+rhubarb group. On postnatal days 14 and 21,
compared with the air control and rhubarb control groups, the hyperoxia model group had significantly reduced radical
alveolar count (RAC), significantly reduced activity of SOD in the lung tissue, and significantly increased content of MDA
and mRNA and protein expression levels of TNF-a and IL-6 (P<0.05). Compared with the hyperoxia model group, the
hyperoxia+trhubarb group had significantly increased RAC, significantly increased activity of SOD in the lung tissue, and
significantly reduced content of MDA and mRNA and protein expression levels of TNF-a and IL-6 (P<0.05). Conclusions
Rhubarb may play a protective role in rats with BPD induced by hyperoxia through inhibiting inflammatory response and
oxidative stress. [Chin J Contemp Pediatr, 2018, 20(5): 410-415]
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TEEMABEAR ( bronchopulmonary dysplasia,
BPD ) 2 WL T 5L LA PR 5 o a7
SR, TRATRAR, T E R T AR R
A KRB IR ZFIE T KAE, AR EML
T E

BPD (20 K 3R A5 2R S A, R BILTRI S v R
SEAPEE . SR, BEAE B 200 4 i R I S 6 AT
FEMIAREBIIRA, & B LN 98 9 S0 7E BPD
(R A K b R AR EAE 1 HURGE R T
J& BPD fELAYH WiRY Y T B, B e JLICHZ RN
AL, MHLE B ARG, AR E N
Uk, Hyts ure s, Wik, KIESTRS
FECBE IR A2 A S RNEAT AR R
%A% (reactive oxygen specie, ROS) , 5|k
N Jot it A SO, e 8 B L 45 A A P e Y 5
W G4, JRAEAE BPD [ R A K R iy i o 5
fath. HEAN, A aE TaEe)n, RIE
20 SR TN, RO B ARIE N T, i R SRE
PRIV, Al 2 BPD LAl 245 4 () 5+
wEaE Y,

ARk, R E R Z N T SRR,
WA AT S A R LA S A BOK S, b R AE
BF 5y, Biih e tEiig B Kk mE
il 4% K1 kB BTG PE, R AR 20 A T i S il
0, D SR I I TR R VR T A A T A%
PR FIKF1 SIA IR AR, R A i P
N % (malondialdehyde, MDA ) 7K-F, HEA
H ke &AW ( glutathione peroxidase, GSH-Px )
SR EACYIE AL ( superoxide dismutase, SOD ) [
KV, O RORG R B A T T R
XF BPD [ L5 1 E i R WA . AN PRS2 (R
WA i A E0H A KR BPD B R, R HE AT D it
A it 2H e S AR I B RE BN R AR AP E o
PG, ARSI ST 60% = AEGHT AR R BPD 3)
PIRRL, PRFR XS BPD AYSZAA

1 HRSH®

1.1 5
Sprague-Dawley (SD) K Hi B 75 B Bl K2

g sy DS [ ST RTIE S . SCXK ()

2011-0015], REHEEY) (HIHCEREQIAR) .
MDA SOD K7 & (B nt A=) TR
It ) RNA JEUAGH £ | SE 2O ERE it PCR( real-time
PCR) {7l & (TaKaTa, HA) . @& A#RIGK
F& . BCA H H & s Al & (e sl A w] ) o
/J\ ﬁ?ﬁ,jﬁ ﬁﬂq’@%ﬁﬁ ¥ -a ( tumor necrosis factor
alpha, TNF-0.) Z iR (Abcam, &) , R
LR R 414 % -6 (interleukin-6, 1L-6) £ 7¢
PR . BT R B GAPDH Z yaldilk ( Affinity,
EH) .
1.2 BhEEEI&

YIRS 7 SOk T B 64 B 44
SD KB, % FEHLECT L 70 s O R4 R
BOOP IR AR AR+ KIE, B4 16
Ho MR KRR T 60% AW FE it BPD
PR, R SRR T 25~26°C, CO, HKE <0.5%, i
JE 509%~70%; P IR R RS T2, Rk
B ) AR o TEARIRIIN, BN R SR A+
KEHAFREAT K 600 mg/kg K # RN B
M 1R, HARMWA 7SR A K
1.3 #RARRELLIE

HEIR S 140 21 K, BRI BE LA 8 H
SD KB, FrEEEgREe s, SCR T, 4
BRI, BEECVE, SO UE A
il R TR, 15 B RS 2 80 C KA IR AT,
T IiZHZ SOD it . MDA ZCFRURI, LA K
RNA I H ARG U il 28 4% 22 38 W eI W
B E 5, AT BRI IOK . BV R
AT R (B Sum) , HTHRAR - 4L
( hematoxylin-easine, HE ) 4&{%
1.4 FHERAREFUE

AU 24 HE Je @ )5, Dty Wi T g
A 2H K U 2H B0 25 2 2 A8 o TSR AR i 3 3 2K
( radical alveolar counts, RAC ) TFE i & B 12E,
AW 240 32 A B L, 2l I B 2R 3 Bl 1Y
Mags, If HIH5 5 G A se it i 80 4 RAC,
A8 HORFURAS, B ARABEHLI 5 5K D),
Tk Y] FrBEHLIEE 5 4 H0ET .
1.5 fhi4HZAH SOD i& 1. MDA K FHyai

WU ZH 2L 4 °C A1 3R 10% 2) KOS, B
W B, BCAERGIN AR e, sl @ il 43,
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KR RN E SOD fi: &% MDA /K-,
1.6 M4 H TNF-a, IL-6 mRNA RixkFEay#
i

% H real-time PCR ¥ £ 1 mRNA 19 2 ik,
PEHUI A2 RNA J5, SR 229053 GO0 BE 11
RNA (4 Jove B . 34 TaKaTa 3857 & # 1F Ud
B, Frfifs st A il cDNA BidE . TNF-a, 1L-6 DA M
GAPDH 59X i B HERR A=) TARA TR A vt
A, TNF-o 519)751: L. 5'-GAGCATCGTAG-
TTGTTGGAAAT-3', Tiff: 5'-CAGGTCTACTTTGG-
AGTCATTG-3', FBrKJE: 210 bp; 1L-6 5147 51:
Fiif: 5-TACTGGTCTGTTGTGGGTGGT-3', Fijf:
5'“TTGCCTTCTTGGGACTGATGT-3', H Bt K J&.
101 bp; GAPDH 5|¥))¥%1: 5'-TCTCTGCTCCTCCC-
TGTTC-3', Fif: 5'-ACACCGACCTTCACCATCT-3',
HBKRE: 87bpe WAKFR (20pL) ¢ B F
WS4 0.5 uL, SYBR Premix Ex Taq II 10 plL,
cDNA HL 5 114l 2 uL, ddH,0 7 uL, R IVE F U
95°C 30s; 95°C 55, 60°C 34s, 40 MEH, T%
[ 480 {¥ #% 17 RT-PCR J I Jis W SE B ¥, R
2788 TR TR
1.7 FHALAH TNF-a, IL-6 EERIEKFEEDN

K H Western blot < #6245 1) # ik, $2HL
I ZH B, BCA R E HWRE. BEAS
R MWL 14 B BR A, AW S min, [EIL
PR AREERALHUK . FE, 5% BSA EiRH M
Lh, JMA—$L (TNF-o FUAMKE 1:500, 11-6 Piik

pNivopitEl

14 SRt ST

BTN A i
20d B ALY

B1 BHEXRMARLESERE (AR - e,

WEE 1:1000, GAPDH HUIARMEE 1:3000) 4°CHFH
SR, VEIE, TR HRP FRICH — 30 (Pl
1:3000) Z®FHE 1 h; VBB, BJ54 ECLALAE
HIE SRR, FIFH Image J P48 2H 54547 I
JEME T, LAHBEAS GAPDH W HW{EE % H
oK SR SAER-Ter]
1.8 HItFEHHT

KM SPSS 19.0 GEiH AR 8 #E A T 4 1244y
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4[] P AR B DR 28 T 22434, AL ) P G L Aok
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F1 BFEAKRBSKEGETHEEE  (xxs)

AR 14
25 n
)5 14d )5 21d

2SN R 8 8.5+ 0.6 10822
KT A 8 78+1.0 10.0 £0.8
g v iUk 8 5008 48% 1.7
A + K4 8 72+1.3" 9.5+1.3°

F 4 10.381 11.607

PH 0.001 0.001

T arn 52O IRALILEL, P<0.01; b R5REX IRAT AL,
P<0.01; o 7R SRR LA, P<0.01; d7R-g s S 4T LE s,
P<0.05,

22 HAKRATAL S SOD i&F4EF MDA k3
4
o KX, KX BAM, &K

A2 R B JS 14, 21 d B SOD I M B i [ A%
(P<0.05) , MDA /KF B &5 (P<0.01) . 5
AR e, AR + KRBT R SOD ST
P B[] 5 5 2 TH i (P<0.01) , MDA 7K i Z 4%
ik (P<0.05) . W3 2.
2.3 HAKARMAEALSF TNF-a, IL-6 mRNA F1FE
BRIZKFETHL

AT 14, 21 K, 28500 IR S5 R BT R
2 TNF-0., 1L-6 mRNA K H 8 R EKF 25
TGAT2E L (P>0.05) o 52530 B4, K
X PREH R, TR TNF-a., 11-6 mRNA Jz H:
FEARBACET MRS RIS (P<0.01)
e AR iR, SR + R4 TNF-a, 1L-6
mRNA SO IR BT TA )G 14, 21 d BFH
WL (P<0.05) o W3R 3~4, K 2~4,

R2 FHEKXBAAL TS SOD iFHEM MDA KELEER  (x=xs)

SOD (U/mg) MDA (umol/g)
215 n
A5 14d AJE21d A5 14d A5 21d

2SN R 8 24712 21.6 0.9 2.517+0.117 1.407 = 0.015
KEEXT R 8 252+12 204+09 2353 +0.165 1.417 £0.021
[t itk 8 17.8+ 12" 18.0 £0.5" 3.443 + 0.508"" 1.727 + 0.047*
A + KE4l 8 22.0 0.6 211+ 1.7 2.713 +0.355° 1.560 + 0.070"

F 1§ 31.536 6.659 6.519 34.671

P <0.001 0.014 0.015 <0.001

e a R G SST AL LLER, P<0.01; b/RERKEXHRALLE:, P<0.01; ¢ /RS RIEXTHRALLLES, P<0.05; d /a5 o AR g,
P<0.01; e /n5REEHAIZH LA, P<0.05, [SOD] %L (LR ; [MDA] TR —HE,

*3 BAKBRAALSH TNF-o mRNA FIEERIZKFELLE  (x+s)

TNF-0. mRNA TNF-0, & [
215 n
A5 14d HJE21d A5 14d A5 21d

2N IR 8 1.000 + 0.000 1.020 +0.026 0.423 +0.031 0.417 +0.032
FEXT R 8 1.050 + 0.087 1.010 + 0.085 0.246 + 0.045 0.403 + 0.029
[=E=n e 8 2.056 +0.171*" 1.497 = 0.031*" 0.643 = 0.029*" 0.520 = 0.030*"
A+ KEAl 8 0.983 +0.145° 0.973 = 0.006° 0.163 = 0.016° 0.150 + 0.010°

F1i 56.841 82.701 141.365 103.484

P1H <0.001 <0.001 <0.001 <0.001

TE: an G2 IREILEL, P<0.01; b RS REXIRAAILE, P<0.01; o 7R SE R AL, P<0.01,
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R4 BAKBMEALD IL-6 MRNA FIZEARIKKFELLE (xzs)
IL-6 mRNA 1L-6 & 14
20531 n
)5 14 d 5 21d )5 14 d HEJE 21d
SN IRZH 8 1.00 + 0.00 1.04 £ 0.04 0.36 +0.04 0.37 £0.07
KN EZH 8 1.08 £0.17 1.07 £ 0.05 0.51 +0.06 0.44 £ 0.08
kR Rk 8 1.62 027 1.33 £ 0.05™ 0.91 +0.10™ 0.81 £0.12*
B + R 8 1.20 £ 0.16" 0.87 + 0.04° 0.73 £ 0.10" 0.51+0.11°
FAl 7.421 51.999 27.299 13.363
PAH 0.011 <0.001 <0.001 0.002
e am G AL, P<0.01; bn 5REX LA LLEL, P<0.01; ¢ /n 5 AR LA, P<0.01; d 75 B A L,
P<0.05,
2.5 m14d Ky AN\
r 3 itig
=
-é:(;
= MEARSR, B A B 0 i g L
z IR ~, e = VI 3
= ROAGBARBINEEE S, A0 HiE R B R i
é FE Bl s R AR S, AR LA
F

S T
'/A* )ﬁ@ /@(\)t\ % X)fd

i3 @ ’4/(5\

B2 &AKRBHAL TNF-a mRNAHEXTRIES (n=8)
an G AR LR, P<0.01; b7 5 k8 % B4 e 5,
P<0.01; c /8 SRR AE, P<0.01,

iy 207
=

n
1

=}
T

0.5

IL-6 mRNA X%

E 3 &AKXRMALEIL-6 mMRNA HHITRIZE (n=8)

a RG2S BA LS, P<0.01; b5k #GH R4 g,
P<0.01; c 78 SEARIZ e, P<0.05; d 75 AR mg s,
P<0.01,

- s o=

TNF-00 - . - .-‘qﬁ-.'ﬁ —

GAPDH < ahee e ae ows ewe s o

4  Western blot # ll %& 2B & FR fii 2B 22 TNF-o 70
IL-6 EERIE 1. ZSOGIEA; 20 REAIEAL; 3, wnkEl
I 4. mA + KL,

ARG R BPD 1) 405 A0 535 19 . BPD
(%) = 5 B AR O 2 A v AR 10 & R R 1O,
B 2k KRG % 3, B R ie k&
Z R BPD fBL, A7 J5 H R kA B Y
ORI S B, LA S T D) T AN B ZE
filigedi U, P, FORENAERUNIAYT B R A
W N E, ARG 4d SD KREE T 60%
o A R BPD B, B R T i U 0 K U 2
SUES B R, s H el , R,
il 20 2 45 K T Bk, RAC W2, JEBEA] (4 1
WomE, BB RE, R EEEC K
R BPD sh¥ R T . 2 KRE TG, Lk
o5 B0 15 2 I 8 A0, B R P R AR
SR
BWGEIAN, EAL R AL R S0 Ok A
BPD (4 & HLH 2 — . MDA J2& i it Atk 3
SLACI ), HLRP MDA BI7K A SR 4 48 fE 45
Pl — A~ BRI bR, 1T S 2 21 S Ak 4 1Y)
FERE . SOD JEMLIAR N BT A (L, nT LAY bR
ACA R, KR SOD s M AT LA ik Bt A fl
AR Xu 55 PO B A R R T 90% =4 14 d
Jii K BT 0 23 MDA 7K B 384 i, 17 SOD i
P& GSH K -IH B FEAR ., AWFSERIFEAZBL, AHLE
RN, K22 T U i AR R 4K U
L SOD JEPEFEAR, MDA KSFTHE, IESEEA
A3 i S AR A AL R A AR G 2K fr 5 kS BPD fili
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SCHRHRGE P, TR B SCHEY, pysg
BUMIGE . A7 55 5 S 4 il 2 68 S0y AT 5 S5l
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TNF-or, 11-6 J&— 2 3= 5 iy 505 400 it 43 0 1) i %
FEANMLH 7, A7 A S A L A & 451 475 1
Hsiao % V& 3, BPD #JLA 545 1 K &<
WY 16 F 8- FRIE -2'- 4R 5 1 i /K- B
B TIERREIL, JEHEW Y E K
SPAEA RS 28 RAGFEEG N, H= LB
P 7K B TL-6 B RS2 BPD RS fE IS R & 1,
ARSI ZE R, mARE 14d. 21 d iR R
ZHAUH TNF-a, IL-6 mRNA FIEE A5k F4 9
X B2 4] i T, HROR RS T BPD BALR R
Jiti 2R H BB S ) SRE N

K ha ey, ZHTRITIER . ES%
I RAEAR . AR MOk M R K B, KRB H
A DE R I D IORN S SN | B RN PR e A LA
B A R B A A5 2 A 2GR R T AR SR 2
R, AJ54dSD KEREET 60% =HE)5, i
AL HHRZ . SiFER, 5255 AL,
o SRR TR 2 A BRI 28 4 v 8 RE 241 i PRl TNF-at,
IL-6 mRNA FIZE 1 35K IR AL =9
MDA 7KUY 8 i, B Akl SOD % 1k I b [
K. mEARBRES TREE, RIERF AN
WK B S A, L v AR5 3 A il L 2
FREIBH 2k .

ZE LTk, KRE AT Rg M /b e 0E K
51 B 7 3R N R A% BPD K LR i 2H 25 4 4
Mo B, AW NG KK # B G BPD $&4t T —
E RS g Bl
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