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h G523, s et v A ik 4 5 : SYXK (775 ) 2020-
0048, HEMELLEI 1 2 2, 4TSS BC BEhE i, A Bl
WEFE G A 7 d I/ NRPE SR . A
Sl I AR N RS SR sh Y e BB SR T R
Bt (4’5 :202305T022) .

1.2 RKFEMEE  DOP fy bR SCE P HAR By
A7 RS IR SR PR B G mRk E h R
89. 21% , % FH M8 4l K 5 it 45 1o Nif2 — 0 (FL)
HO-1 —%1 (%) .E-cadherin —3 () . Claudin-1 —
HL () \Occludin —HT (H) | B-actin —H7 (L) Sexf
LA T S AR & 1 1 B KT Proteintech
AN EL RN - PHL(HE) B2 {00 & A RIESE (e
AW B A R 2L 75 Jig 2 B (lipopolysaccharides,
LPS) (525 :12880) It F 32 [&] Sigma 23w ; M IR 5L
K F-o ( tumor necrosis factor-o, TNF-o) ( 5% %5 ; 88-
7324) (4 A & (interleukin, IL) -1B ( 5% 5-; 88-
7013) | IL-6 (4% 5. 88-7064 ) Al IL-10 ( % 5 88-
7105 ) ELISA #5125 & W 8 35 [ Invitrogen 23 W] ;
H A ALY AL ( superoxide dismutase,SOD) (585
A001-3-1) N —[#% ( malondialdehyde , MDA ) ( 425
A003-1-1) |, F, & i & W ( lactate dehydrogenase,
LDH) (9585 : A020-2-2) FiIifs 5 BRI A Bt H K (reduced
glutathione , GSH) (%5 : A006-2-1 ) £ 3255 &5 41 W)
Rt R BR 2 ) 5 E 9O W U ( BX-
51) A HA Olympus 23]

1.3 SKI4rE HIHEH T d B CSTBL/6] Btk
B, RT3 ~5 g, BENL 4 4 (D X B (CTRL)
YRR ASR ;@ WIErE/ NIA A I R (NEC) 4 :
ARG Y M s W HE B AN TR A LPS 2
7 NEC #7153 DOP A% 7] 4t iA 47 ( DOPL + NEC)
4157 NEC BERY [A] B 45 7 (K 5] 5 DOP 4k 3 ; @
DOP /57497 (DOPH + NEC) 21 : g 37 NEC !
[ 25T a7 B DOP b3, F4H 15 H,

1.4 hWEEGIE 0 Bkt E N ShE
(1) NEC Zh ¥RV EE 7 5k, R 7 d % C5TBL/6)
/NELRIE NEC ERST 0 CTRL 41/ BU7E BE B 5
W HRSE R TAT A A B, A AL b3 ©
A/ N R R E L, LA L ~2 L/min (Y3805 4
AT 5% %A R.95% FAR AU, F72E 10 min, 2
w/d, @ BEETHR (4 °C)H 10 min,2 ]/d, B
IS, hITE 2 min N4232 NEC FL 5 958 (i
Y3) [ Esbilac & [FE %75 (PetAg) B L 4 K& I H 4
g + Karihome BE 72105485 6 g+ ok 20 ml,JR5) ]
MEFR,40 ~50 ml/kg HEH 4 R/d, @ R 2 KIE

I LPS 5 mg/kg (R BERL 0.1 ml/ H) AL 1 ¥K,
B NEC 21/ FRAS 1 45 25 4b 3, DOPL + NEC 4.
DOPH + NEC 4435145 F DOP 200 400 mg/kg 7 H
AEFE 1R/ A AR S 2 2020 A RRK AR N RS
B 24 ) 10 2 RN R B A R i 6 ~ 12 g/d,
DOP i MK T 25% , #53 H/NEL DOP (0 & it
89. 21% ) SR I : LRCE B4 T 5 70 kg, A
FUNRIAR IR E 12 9.1 JH4 7, AKX R .6
g/70 kg x 9.1 x25%/89.21% ~0.22 g/kg, H It/
BRL22 42 ) Y L O 220 ~ 440 mg/kg, 45 5 T BT
Fo 0T & E DOP S2 6y 200 mg/kg Fil
400 mg/kg] . VA EERMEESES d, 72 h JGALIE/NER,
iV N SR ey e 1= 7B VAN 7 EA A

1.5 XWHE
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1.5.3  Spypzife BUL.5.2 s 41 kil /A b

B VM. 3% i F AL SR i 22, = TR
10 min,5% 4 134 8 & iR B4 30 min, B F
—P, WEN 4 CIHFER. 52 REREE I,
1 h,DAB 6, JRARE G @ ANz, oK B R, B
BEgiA, BRI

1.5.4 Western blot 523 H(H 1.5.1 fFE M,
It 12, 5% + ¢ K& B2 B4 2R N 44 It i ( SDS-
PAGE) BEICHLIK 70 15, SR G ¥ 7 = R i — 9 & M
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(PVDF) %, &[], % & — Pt Nef2 (1 : 5 000) ,HO-1
(1 : 1 000) . E-cadherin, Claudin-1 | Occludin (1 :

1 000) .B-actin(1 : 10 000) ,4 °C 1177, PEE , 25 107
B PL(0.5: 5000) 1 h, ¥, 1458 Bk 2 %O
(ECL) W& %', ff HI5E e R R G40 IR GG F s
Image J #F 3 AR IR BE(E, LA B-actin N Z: 5
AR PRI

1.5.5 ELISA %% WS4/ AS, %R
ELISA 350 @ Ul B 5 7 k#1750 3 WUk B, JF
Kl TL-18  TNF-o [ IL-6 F1 IL-10 [f¥ i .

1.5.6 XA &Hmn PRS- 80 CLEMMmA
2 43 Rt R SRR DG U R B T AR AR T
JKEI SOD MDA |LDH X GSH & i, X} 45 R ik 47
it oo

1.6 Zit=t4b18  fi ] SPSS 22. 0 Xt 4 #4748
275041 . RH] GraphPad Prism 8.0 HEAT1ER], A
WA BB DIIE  bRdi22 (v £5) TR, 24
FEBER FHHLR 3R T 2543 BT ( One-way ANOVA) | J2H
B8] Fb 3R A LSD-t 5 5. LA P <0.05 Ry22 55 A 4eit

2 HR

2.1 BEANRELAFERMERENET/L CTRL
/N ROE #0528 NEC 4/ U
PR/ IMBE A 1 G5 A T R 32 800 shis
BB SET-EEREAR ; 1 DOPL + NEC 41/M A
R fdum | NE TSR, JC A, A 0T e A 8
DOPH + NEC ZH/NUJC R/ IMiE 2R 2, Jofii o, 75 45
NEC 21 B i 3 5%, & T it % DOPL + NEC 4 i —25
B, SRR EAE R R 1, 1R,
22/ B () I 0 35 e 22 S (F =0. 1395, P >
0.05) . 252 KM 3 K, #2541/ BT ] 2 B
W (F=4.521 28.74,P <0.05) ; 5 CTRL 41 It
B, NEC /N BT & T Rl ik, G (P <
0.01) ;5 NEC £ Fr %5, DOPL + NEC 4 /s Bl i
HEHI(P <0.05) , DOPH + NEC 41 /)8 BL{A 5 % 38 i1
(P<0.055 P<0.01),

2.2 HANRBALHE fEER CTRL 40
AL E S b Bz 58 3%, W 76 65 465 40 ¥ A, 286 e
2 BT R B E A R IO R B LS5 E
(0 43) sNEC 4145 & KA IRFE Wi vE£L 20 2%, 40
BRI, BRI BB 2 A0 A2 K o B
JLJZ HE A L 2 W 4% 00 (4 43) ; DOPL + NEC 44
T B R K i, JREB L AR, # NEC 24

IR (3 43) s DOPH + NEC 4 25518 & 7K i, i 1A HE
FURHXTHE T B2 I T 2 2 AT 2 oK UL B g
RIS, BB mE (1 40) (K 2A) . X&Andl R
HE YL (a2 B 647 WUE 8 BEPE 2> 431, 25 A Se it
2 (F=11.80,P <0.001) (& 2B) .
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Fig.1 Changes in body weight of mice in each group
** P <0.01 vs CTRL group; *P <0.05, * P <0.01 »s NEC

group.
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Fig.2 Histopathological changes in the intestinal
tissues of mice in each group
A HE staining of mouse intestinal tissue sections x400; B: His-
topathological scoring of intestinal tissue in mice; a: CTRL group; b:
NEC group; c: DOPL + NEC group; d: DOPH + NEC group; *** P <
0. 001 vs CTRL group; *P <0.05, *#P <0.01 vs NEC group.
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2.3 HANRFHAL E-cadherin, Occludin, Clau-
din-1 ZEAFRKKFE  RAREELLITERE
L1/ Im 2 H E-cadherin ,Occludin 1 Claudin-1
BEEHMRIREN, AR 2RO AR 6 (
3A) N BIRSE R T R b, 25 4L/ B AR R
HFESENDEFEES(F=149.90.13.22.7.18 ,P <
0.01). JeZz i il bl WL, 5 CTRL ZHAH o, NEC
ZH E-cadherin . Occludin F1 Claudin-1 & 9 i 3351y
/D (P <0.01) ;5 NEC 4141 tt, DOPL + NEC 44 &
DOPH + NEC 21 % 3 B [ iR B4 Frsg hn (P <
0.05) (E 3B) ., FJ Western blot J57 41 T & 2H /)
I 2H 21 vf E-cadherin , Occludin 1 Claudin-1 /%)%
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27.27 111.4 11.58 P <0.01), 5 CTRL 4,
NEC 4/ 21X 3 il (B Y 28 W 2>
(LSD-t = 8.31,14.46.4.37, P < 0.01 o P <
0.001) ;1 DOP F¥iJ5, 5 NEC 41 [t %, DOPH +
NEC 4 3R 3 B85 1 9 R B3 (LSD-t = 6.45
5.40 .3.47,P <0.01 5 P <0.001) (& 3D),
2.4 FHANRBFHALPREREF ELISA 14 R
5 CTRL A He ,NEC /N Imd v TL-18
TNF-« DL K IL-6 ¥ B F+ &, IL-10 ¥R TR (P <
0.01) ; 5 NEC #{#H k., DOPL + NEC 4 1 DOPH +
NEC 41/NE 4120 IL-18 \ TNF-o J% 1L-6 YR JE R
F&(P <0.05 o P <0.01),IL-10 & T+ & (P <
0.01) ,DOPH + NECH i) I 3& M H 7 35 /K AR
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Fig.3 The expression of E-cadherin, Occludin and Claudin-1 proteins in intestinal tissues of mice in each group

A Immunohistochemical staining of E-cadherin Occludin and Claudin-1 proteins in intestinal tissues of mice in each group x400; B: Statistical a-

nalysis of immunohistochemical staining results of E-cadherin Occludin and Claudin-1 proteins in each group; C: Western blot results; D: Comparison of

the relative expression of E-cadherin Occludin and Claudin-1 proteins in each group; a: CTRL group; b: NEC group; ¢: DOPL + NEC group; d: DOPH

+NEC group; **P<0.01, ***P<0.001 vs CTRL group; *P <0.05, P <0.01, * P <0.001 vs NEC group.
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6% DOPL + NEC ZH W] i (P <0.01) , L3k 1,
2.5 ZANREHEL LDH MDA, SOD,GSH #
MLER 4541 LDH MDA SOD [ GSH % 7
125 (F =66. 84 86.94 38.25 206.5,P <0.01),
5 CTRL 414 kb, NEC 24141+ LDH MDA & &
FHE (P <0.01) ,S0D GSH JHE ML (P <0.01) ; 5
NEC Z14H I, DOPL + NEC £ F1 DOPH + NEC 41 %
U2 h LDH, MDA & 8 FEIK (P <0.05 & P <
0.01),S0D ,GSH JEPEFFE (P <0.05 5% P <0.01),
H DOPH + NEC 4 [t DOPL + NEC ZH ¥ b & . U,
<2,

2.6 HBANRFHHAL D Nrf2 HO-1 EHRIEKT

SR FH 95 21 A Ty 125 2R A I 2% 2 /)N U 4 41

Nrf2 HO-1 FEF B RIBE O, FIPER A 2R AR
Pk (B 4A)  Geit o i R, 4 41/ BRUTA] Nref2 |
HO-1 T FEBS B E2 T (F =22.73.28.03,P
<0.001),5 CTRL 414 kL, NEC 41/]N§l Nrf2 \HO-1
B PR IAIE AN (LSD-t =2. 94 4.76,P <0. 05 &%,
P <0.01) ;1 DOP &7 )5 , 5 NEC 4148k, DOPH +
NEC H b ik 8 3R B — 28 (LSD-t = 4. 14
3.51,P<0.05 3% P <0.01) (& 4B), 3%/ Western
blot AN /N 2H 21 Nef2 (HO-1 28 [ Y R 3k 7K
-(F=39.42 43.97,P <0.001) (& 4C) , 5 CTRL
HAH L, NEC 2/ B 3R 8 1 3k 3 hn (LSD-1 =
3.13.3.32,P <0.05) ; 5 NEC Zi4H I, DOPH + NEC

24 Nrf2 \HO-1 2 [ Rk K F- i — 2 Ft 5 (LSD-t =
6.99.7.59,P <0.01) (& 4D) .

3 i

NEC J& 87 A= LA g — b 7™ B2 gl bl S8 L AR i 1)
P, e R b ARSI A o X RS O 3 PR
W, EF RN R Z R G A E AR H
B E N NEC (IER N 10% ~50% , £13% & L AT g
ARG AAE P78 LA R & R G K B 5 %5
CEAAE™ Y o BT RATHRA R R I R T O ik
X EcE NEC 9 BilUS 2CH 2 HATIA Y Mk 2
ZNREEA AR, AR 5™ e JE | Bt
L 55 e 32 PR 3 R S 24 L B I R 0
X SEN A B, S EUA BRI DI REZ A, R
PERLHEAR OGN, 7= A RS TR S PR U AR
A AT R P ) — B R IR R W, TE A A S
SRR N A b B AT AR T, 7R S TR 3
WCT IS PESCSURIE 22 85 A0 S A RO i — 2R
Y555 PR R R R RN

BB A — R L GE g 254, BT T
097 B IEBN , 15 2010 4Rl % 2020 4R A A
RACHIE 25 ) Fpous FE D RE S 3R 7 ik o - 45 B
A BRI AR 2o B Bk B A iRt P B A
g, BAGUAM PUR PR (U | S e 8 15 A
M ORI 45 22 B0 U AE D) fiE o W DOP Al 3 1o i

®1 SHNRBARPRERTFRIEKRTE (pg/ml, n=6,x%s)

Tab.1 The expression of inflammatory cytokines in intestinal tissues of mice in each group (pg/ml, n=6,x %s)

Groups IL-18 TNF-a IL-6 IL-10

CTRL 14.82 +1.09 14.97 +0.72 8.46 +0.43 133.40 £8.69
NEC 29.86 £1.57* " 22.40 £1.11** 11.37 +0.62* * 74.28 +7.89* *
DOPL + NEC 21.15 = 1.44% 20.50 =1.32% 10.11 +0.81*% 96.49 +4.79*
DOPH + NEC 17.57 +0.89* 16.90 £1.17% 9.43 +0.74% 119.50 +10.96*
F value 156.50 56.20 19.84 57.80

P value <0.01 <0.01 <0.01 <0.01

** P <0.01 vs CTRL group; *P <0.05, P <0.01 vs NEC group.

®2 SHEMRBHELH LDH MDA SOD GSH FIXKE (n=6,x+5)
Tab.2 The expression levels of LDH, MDA, SOD, and GSH in intestinal tissues of mice in each group (n =6 x +s)

Groups LDH (U/g prot) MDA (nmol/mg prot) SOD (U/mg prot) GSH ( pmol/g prot)
CTRL 10.49 £2.08 0.75+0.22 54.52 +3.87 69.48 +3.98
NEC 39.59 £5.68 " " 5.25+0.98" " 35.77 £3.44" ¢ 9.88+1.91""
DOPL + NEC 31.73 £4.96* 4.24 £0.46% 41.12 £2.91* 47.46 £6.23%
DOPH + NEC 13.52 +3.15% 1.18 £0.36% 49.25 +2.88% 63.99 £5.05%
F value 66.84 86.94 38.25 206.50

P value <0.01 <0.01 <0.01 <0.01

** P <0.01 vs CTRL group; *P <0.05, #¥P <0.01 vs NEC group.
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Fig.4 The expression of Nrf2 and HO-1 proteins in intestinal tissues of mice in each group

A: Immunohistochemical staining of Nrf2 and HO-1 proteins in intestinal tissues of mice in each group x400; B: Statistical analysis of immunohisto-

chemical staining results of Nrf2 and HO-1 proteins in each group; C: Western blot results; D: Comparison of the relative expression of Nrf2 and HO-1
proteins in each group; a: CTRL group; b: NEC group; c¢: DOPL + NEC group; d: DOPH + NEC group; * P <0.05, ** P <0.01 »s CTRL group;

¥P<0.05, #P <0.01 vs NEC group.

Nrf2/HO-1 3 VK 5 8 20 it A g 175 200 it Ak it
RS 485 s DOP AT St et Nef2/
HO-1 38 % iy 235 , 2 0 15 J5 248 F R /8 J2 Joie 4 A
TG IR 2T T A B /N BB AR 174 STk R 38 A
T2 G0 , e /N U ARG 5 DOP 34 AT i
o E RS % B A Claudin-1 | Occludin [ 3%
F3k, JF38 #F LPS/TLR4/TRIF/NF-«B %l Ji /> %
A S R4 A I 3, 384 5 i T S s AT 4
AWFFEH DOP g 7R X NEC /)N FRBLHY [ dg 5
MEER . 5 NEC 4 E, 248 DOP J&/97 1/ B
JoT M N BRI LA g 3 B A R B R AT
TEC FRAD O AR B 1) A IR 4 S i 1 DOP X Jig 18 20
LM AR YEF] . E-cadherin . Occludin , Claudin-1
R AR L R AR R e e R R
T 20 ) 285 B LA R SRR A 5 40 o AR T R
VR, X5 T4k 45 g T8 75 15 5 B3 1) 0 & 1k 38 OC i 42
i 5 41 AL FN Western blot 5235 & 38, DOP /97
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Dendrobium officinale polysaccharides ameliorate intestinal
injury in neonatal mice with necrotizing enterocolitis

by activating Nrf2/HO-1 pathway
Wang Jing'*, Wu Ming', Wang Jun'
('Dept of Pediatrics, Affiliated Hospital of Xuzhou Medical University, Xuzhou 221000
*Dept of Pediatrics , The People's Hospital of Jiawang District of Xuzhou City, Xuzhou 221011)

Abstract Objective To explore the effect of dendrobium officinale polysaccharides ( DOP) on necrotizing entero-
colitis (NEC) in neonatal mice and to preliminarily explore the potential molecular mechanisms. Methods Seven-
day-old C57BL/6J mice were randomly divided into four groups: control ( CTRL) group, necrotizing enterocolitis
(NEC ) group, low-dose DOP treatment ( DOPL + NEC) group and high-dose DOP treatment ( DOPH + NEC)
group. The NEC model was established by hypoxia, cold stimulation, hypertonic feeding and intraperitoneal injec-
tion of lipopolysaccharide (LPS). At the end of the experiment, the small intestine tissues were collected. The
general condition of the mice was observed, and body weight was recorded. Hematoxylin-eosin ( HE) staining was
used to observe pathological changes in the small intestine tissues. The expression levels of E-cadherin, Occludin
and Claudin-1 were detected by immunohistochemistry and Western blot. The concentrations of tumor necrosis fac-
tor-a (TNF-a) , interleukin (IL) -1B, IL-6 and IL-10 were measured by ELISA. The levels of lactate dehydro-
genase (LDH) , malondialdehyde (MDA ) , superoxide dismutase (SOD) and glutathione ( GSH) were detected u-
sing commercial kits. The expression levels of nuclear factor erythroid 2-related factor 2 ( Nrf2) and heme oxygen-
ase-1 (HO-1) proteins were detected by immunohistochemistry and Western blot. Results Compared with the
CTRL group, the NEC group exhibited decreased body weight and increased HE pathological scores (P <0.01 or P
<0.001). The protein expression levels of E-cadherin, Occludin and Claudin-1 were reduced (P <0.01 or P <
0.001). The concentrations of TNF-a, IL-1B and IL-6 increased, while the concentration of IL-10 decreased (P
<0.01). The levels of MDA and LDH increased, while the levels of GSH and SOD decreased (P <0.01). The
protein expression levels of Nrf2 and HO-1 increased (P <0.05 or P <0.01). In contrast, DOP intervention
groups showed increased body weight and decreased HE scores (P <0.05 or P <0.01). The protein expression
levels of E-cadherin, Occludin and Claudin-1 increased (P <0.05 or P <0.01 or P <0.01). The concentrations
of TNF-a, IL-1B and IL-6 decreased( P <0.05 or P <0.01 ), while the concentration of IL-10 increased (P <
0.01). The levels of MDA and LDH decreased, while the levels of GSH and SOD increased (P <0.05 or P <
0.01). The protein expression levels of Nrf2 and HO-1 further increased (P <0.05 or P <0.01). Conclusion
DOP can ameliorate the pathological damage of necrotizing enterocolitis and enhance the intestinal mucosal barrier
function in NEC mice. Additionally, it can also reduce oxidative stress injury and intestinal inflammation in NEC
mice. The mechanism may be associated with the activation of the Nrf2/HO-1 pathway by DOP.

Key words dendrobium ;polysaccharides ; enterocolitis ; nuclear factor erythroid 2-related factor 2 ;heme oxygenase-
1 ;tight junction protein ;oxidative stress
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