MR R 4] 2022 4F 4 H 5 43 B 4 1 http: //www.ajsmmu.cn
e 362 - Academic Journal of Naval Medical University, Apr. 2022, Vol. 43, No. 4

DOI: 10.16781/1.CN31-2187/R.20211027 - %

FRALEXINR I F S5 5 B RAP1E A

IR, AeR, &I, REB, § 0, W BT, eET
L TR RS B~ e o T WA TR~ T 4 TS SR B0 %, 1T 410000
2R (G HEERY) WEEFRYLE2HITE, 1 200433

[(HZE] a6 BHifETXITF S G SEEER, ITARRIERIG . Fi&  AAEREm T,
I ICR /N BEHLSY N 6 41 (n=15) : XTI, J¥ 7R (40 mg/kg) 41, BALHAL. . &F& (100, 200,
400 mg/kg, BFR 1K, FrLe7d) 4, ISFEMEXTIRZY (N- ZFREPEERR 200 mg/kg, BFR 1R, $52E7d) 41; FEAFIER
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BT E2 AHEHE T 2 (Nef2) | MEZLEMNEARET | (HO-1) F1 NAD(P)H: A LA AT 1| (NQOI1 ) &84 fb Iy i e fl
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Protective effect of polydatin on sulfur mustard-induced lung injuries in mice
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[ Abstract | Objective To investigate the ameliorative effects and preliminary mechanism of polydatin on sulfur
mustard (SM)-induced lung injuries. Methods In the survival experiment, male ICR mice were randomly divided into 6
groups (n=15): control group; SM group (40 mg/kg); low-, medium- and high-does polydatin groups (100, 200 and 400 mg/kg
daily for 7 d, respectively); and positive control group (200 mg/kg N-acetyl-L-cysteine daily for 7 d). In other experiments,
mice were randomly divided into 4 groups (n=15): control group, SM group (30 mg/kg), medium-dose polydatin group
(200 mg/kg daily for 5 d) and positive control group (200 mg/kg N-acetyl-L-cysteine daily for 5 d). The mouse model of SM-
induced lung injuries was established by subcutaneous injection of SM solution. The polydatin group and positive control
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group were given drugs by gavage. The survival experiment was used to preliminarily investigate the effects of polydatin on
SM-induced lung injuries and to determine the best dose of polydatin. The ameliorative effect of polydatin on SM-induced
lung injuries was evaluated by lung tissue sections. The levels of oxidative stress indexes such as superoxide dismutase (SOD),
glutathione (GSH), myeloperoxidase (MPO), malondialdehyde (MDA) and hydrogen peroxide and inflammatory response
indexes such as interleukin (IL)-1p, IL-6 and tumor necrosis factor o (TNF-a) were detected by enzyme-linked immunosorbent
assay. The expression levels of key proteins of oxidative stress such as silencing information regulator 1 (SIRT1), nuclear
factor E2-related factor 2 (Nrf2), heme oxygenase 1 (HO-1), NAD(P)H:quinone oxidoreductase 1 (NQO1), as well as the
levels of key inflammatory proteins such as Toll-like receptor 4 (TLR4) and nuclear factor kB (NF-xB) p65 were detected by
Western blotting. Results Compared with the SM group, the survival rates of mice were increased in the medium- and high-
does polydatin groups, and the effect of the medium-dose polydatin group was more significant (P<<0.01). Intervention with
medium-dose polydatin could increase SOD activity and GSH content in the lung tissues of SM-exposed mice, and reduce
MPO activity, contents of MDA and hydrogen peroxide, and the levels of inflammatory cytokines such as IL-1p, IL-6 and
TNF-o0 (P<<0.05 or P<<0.01); enhance the protein expression of SIRT1 in lung tissues of SM-exposed mice, promote nuclear
metastasis of Nrf2, and enhance the protein expression of HO-1 and NQO1 (P<<0.05 or P<<0.01); and decrease the protein
expression of TLR4, NF-kB p65 and phosphorylated NF-kB p65 in lung tissues (P<<0.01). Conclusion Polydatin may
inhibit SM-induced oxidative stress and inflammatory response by regulating SIRT1/Nrf2 and TLR4/NF-xB pathways, so as

to ameliorate the SM-induced lung injuries in mice.

[ Key words | sulfur mustard; polydatin; oxidative stress; inflammation; silencing information regulator 1; nuclear

factor E2-related factor 2; Toll-like receptor 4; NF-kB
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1.1 #hipambEsg ICR/AER (MY, 6~8
1%, IREE 25~30 g) HEEAT (IR ) B 2arsE
DA BRA A AP F AT IES . SCXK (75 ) 2018-
0006] $2k. /NEUZE 12 hGIE /12 h IS IEIR . %
i (20£2) C. A WS FMUPAKIFM T HFE 1
JJE M . TSR, /N EBERL A 6 4
(n=15) : XJ M8 (Ctul) ZH. SMZ. PD K =
(SM-+PD100) 41, PD Hiil| & ( SM+PD200 ) 4 .
PD &5 & ( SM+PD400 ) 41 FlBHYEXTRE 25 N- 2,1k
SRR ( N-acetyl-L-cysteine, NAC) i&Y7 (SM+
NAC) #H. SM L 40 mg/kg A58 7 T 0244524
1E SM %% 30 min J5, SM+PD100, SM+PD200
SM-+PD400 £H 43 %1 L 100, 200, 400 mg/kg PD
RUMEE B 1K, FrEe4525 7 d. SM+ANAC AL
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SM+NAC 21, SM Lk 30 mg/kg 197 & N 055 45
24, PD {E SM 25% 30 min J7, LA 200 mg/kg ( SM+
PD200 41 ) AR EEERHE B 4524 11k, FREE452 5 d,
SM-+NAC 4 7 SM % #% 30 min J5, LA 200 mg/kg
MIFI R RE B A2 1 IR, FREishzy 5 d. T4 1.
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KNIl AL, 7E 4% 22 8 W 41 40 [ 52 P 1 o2
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75 B Ah P 4 il 2 2O B A DT AR 5 pm SRR D)
R, H-E 4§t Uk 41(5 B G 81l i iRl
B i SR B AT RIS R L et 2 1 R g i
MR . Bl 2R R RIS | i
BEZER | SR G5 R e A2 1 B AE G 0% H-E 1)
FEATIESY s RIARATRARIE A 0 435 JRECER
L RAETA<25% 10K 1 435 REEMCRREE | R
AR AL >25%~50% 100 2 435 FRERRAR TR BE . R
AR >50%~75% 100 3 43 JRHIMUERIE | H
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HAVTEREIU, IR 7K AR o it 2 T 5 A4 P 1ML 355 5
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T 72 h 5 FRe, i 8T8 (D), 3158 W/D HUE.
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BALF) & &R Ean NRERRGZ R, BT
5 10% W)oK G B AT RREE, [ /N BUS T8
JE, B W A A S Bl K AT R, AR B
FRUSAE, B SE% 1 mL B0 iy AR B K 248 1
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600 pL A= FHER 7K . K 345 1 BALF &0 (4 C,
400X g, 15min) , Y& I, T—80 CHAF&H.
1.6 AApm#girs £z R T4 KA SOD
TEPEAR IR & (WST-8 5 ) A6 /)N Bt 4 231

SOD Vi 1, FH i 5t 480 A 46 I 32X 7] & 46 I MDA %
i, AR (H0,) & SR 00, &
e DLERFI &S A BiEER R KA ARARR.
"], %5205 S0103, S0131S. S0038, ik Ji Al
AMeH Ik (glutathione, GSH) & A6 L7 & 5
I E ALY ( myeloperoxidase, MPO ) I PEAS
A0 A AR Y TR ST i, BR5 4300
1 A006-2-1. A044-1-1. T KA BRI KA 5
SV AT
K H IL-1B ELISA 2 7] 55 A I /)N B it 20 21

IL-1B 7K 3, IL-6 ELISA ik 7 £ 4 M IL-6 7K F,
TNF-o ELISA i 1] & 4 I TNF-o 7K F, DL i 5
& F 2 [ R&D A, 53553528 SMLBOOC
SM6000B, SMTAO00B. It A7 fa il 25 B 444 41 12X, 541)
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1.7 RA YL KR BAREE G REKT W
Heaml o OfE B 2L A & A BRI A R A RIPA
Pl (LI E S RAEVWERAERAFA, ]85
PO013D ) B RE, 7 Five LSRR BE A I 573K &
WA RIRA L ZHE, B0 (4 °C, 13 000X g,
20 min) JE ¥ BN R EDET Y EP . ARTE
i 7L 31 40 A4t A A 4 i o A 1 B BRI & (b
X EEWHARABRAF, $2%5 DE201-01) Ut
B R A B A i R A . R BCA & ik
FEAR IR & (Vg2 A KA H AR R A,
245 P0012S ) M2 & (I . B B85 1 (40 pg)
R T 12% SDS- 5 N M Ik Bl BE R L, HL UK g
2 J5 ¥ % PVDF fii (3¢ [# Millipore 2 ®, %% %
ISEQ00010 ). FH 5% Mg 4= w471 2 h, TBST( TBS
W A IR AEYRHE A F], 5245 G0001-2L;
Y G AE PR A BR A F], 485 BL-
SJ-0763 ) Ve G AR —$07E 4 CWFE K, B
S5 A HRP ARIC ) 4T (1 3 000 TBST # % )
HYEZER R E 1 h, TBSTIHE, &bkl
#4547 . GAPDH, B- & &M (B-tubulin) . %
T E2 #H:H T 2 (nuclear factor E2-related factor 2,
Nrf2 ) . NAD(P)H: fiit %8 {b i )5 i ( NAD(P)H:quinone
oxidoreductase 1, NQO1 ) . Toll £ 3 1K 4
( Toll-like receptor 4, TLR4 ) . NF-xB p65 & &
H PR B Proteintech H [E 2\ A&, 4845 50 51
60004-1-Ig. 11224-1-AP. 16396-1-AP. 11451-1-
AP. 19811-1-AP. 10745-1-AP; TATA & 4% & &
1 ( TATA box binding protein, TBP) . Ui 2t %
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B 35 A F 1 (silencing information regulator 1,
SIRT1) . Ifil £ & fi % i 1 ( heme oxygenase 1,
HO-1) $iik#m [ i3 = RAEYH AR AR
Hl, 55 43 AF5321. AF0282. AF1333; %
M 1k NF-xB p65 L {4 g A 5% [E CST 2~ ], 5%
3039; HRPARicAIL=Edide / RbtiAl A FigE <
KEPHAAIRAT], 1754 A0208, A0216,

1.8 %542 ) GraphPad Prism 9 3R {4 i7F
Tt MK, Bl x+s Ko, 400 R
FHEA R 2 22570, Z2REAR B 80M 9 22 ) LR
SNK-q #; %, H Kaplan-Meier 72 2 il 4= 17 ith £&,
A7 15 20 HL 3R log-rank £ 5. R 567K #E (a)
4 0.05,

2 &% B

2.1 PD TA#EEH SM £ 5Ky A EF, K& SM
PR i 1 s, Cal AI/hMRAET:, SM
H/NRAFIE R R 11.33% (5 Cul 4 Lb#, P<0.01 );
5 SM 41 #4 Ik, SM+NAC 4H /) L 5 SM~+PD400
/N BRAF I R T & 26.84% (P 341<<0.05)
SM+PD200 ZH/]NEUAETR 4 5 2 48.62% (5 SM 4
AHEE, P<<0.01; 5 SM+NAC @A, P<0.05) ;
SM-+PD100 /N AFIE %5 SM 2 A L I i 4t
(P>0.05) o VI LZ5REM, PD AR R SM Yyl
NERBIETE R, H PD RAEL 255052 200 mg/kg,
VeI VEAT IS 22 PD 1EFPEM 525
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Fig1 Effect of PD on survival rate of
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SM-exposed mice
n=15. PD: Polydatin; SM: Sulfur mustard; Ctrl: Control; NAC:
N-acetyl-L-cysteine; PD100, PD200, PD400: 100, 200 and
400 mg/kg PD, respectively.

H-E %% {5, W£< PD X+ SM T £ i 451 477 14 5% Wi,
ERANE 2. 3 fn, Ctrl 2N ZH 2 5 0E 3,
il AN S A LA SE R SMZH /N BRI 23 S i
JE IR, TE SM 2775 i HE 5 RIMH 2 Ui ™

S Ccul A b, P<0.01) , o WLH &K
S 5 KR A D it () B RS, R AN Y YR Vi
fn; 5 SM AL, SM+NAC 4 /)N BU6 475 74 B2
AR, M A ER s R A L, w0
/i LY Il RN ) B 3 R, SRR A A R RO IR
SM+PD200 ZH /Iy Ui 0 A7 B S 22 i (5 5 ROF
5 SMYLEbEE, P<<0.05) , Ml {Ca bR
i 40 LR NS th Y, A SRS S R IR
gE L] PD FIINAC X SM Fr8Uliififi 4 5 — &
IR ER, HRTESCR L TR -

i 2 /N U W/D U AE A BALF 25 ¥ B ok oF
FIFHHGARLEE (n=5) . Ctrl 41 W/D FfH h 4.22+
0.22, BALF EHE N (349.90+110.14 ) pg/mL.
5 Cul 448, SM4/NE W/D LUfH (4.9140.16)
FIBALF & [ % [ (869.234+73.85) pg/mL] FF
& (P<<0.01) , #&7% SM A] 5|8 i 2 305, %
FH PD200 T 51 7] [ X W/D Lo (. (4.4440.23) A
BALF 25 [ H % [ (545.67+64.28) pg/mL] (5 SM
HAHEE, P<<0.05 8 P<<0.01) , K NAC THiAfE
FAARE W/D LU(H (4.67+0.26; 5 SMZHARLE, P>0.05)
{HATRAIN BALF S5 IR [ (645.77+12746) pg/mL,
5 SM4itfitk, P<0.05] , #&7R~ PD FlINAC AJ [#{%
SM Y/ NEURITACE, X+ SM T EUIti5 05 2AT S
YEM, H PD RFEHIBCRIE T NAC,

2.2 PD T A 4K SM & & /s K 69 B AL AR %
AR K WA 4 Fs, 5 Cul 414HLE, SM 41/
ifi 20 28 v MDA 2 . H,0, & 1 J2 MPO 1 ¥ 34 7F
m (P34<0.01) , GSH . SOD {EVEMREAL (P
17<0.01) ; NAC 4b P A £ =5 GSH 7% 1t 1 SOD i
P (5 SM4ALL, PJ<<0.05) ; PD200 4b ¥ )5 AT
KA MDA & . H,0, ¥ ) MPO JfE (15 SM 4]
FHE, P<<0.05 5% P<<0.01) , #&/% GSH % & . SOD
W (5 SMALH L, P#<0.01) . 453 F B PD
FINAC A] DIASFREEE s SM 5 A AL

2.3 PD T LA SM # 4> & SIRT1 & & 49 & ik,

1% 3 Nrf2 89 4 464, £ HO-1 /= NQO1 & & #)
ki WK SA B, 5 Cul 40AHH, SM 41 SIRT1
FEHFIKRKE TR (P<0.01) . 5 SM 4L,

SM+PD200 21 il SM+NAC 21 SIRT1 4K H 1Y # i5
K4 BT FTF (P<0.01, P<<0.05) , iF#] PD
FINAC #B ] figam i 3% SIRT1 25 1k & 4% HAx 3
YEF. i SB. 5C iR, 24l ANIEAE Y Nef2 &
HFAARCFEA AR L, 5 SM+PD200 411 SM+
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NAC 41 Nrf2 2 H 19 #% 5 B 55 SM AL AT L 3 i
(P<<0.01, P<<0.05) . WK 6 PR, 5 SMAIHMILL,
SM-+PD200 41 HO-1 FIINQO1 & 11 1y 35 /K-
(P<<0.05 5% P<<0.01) , SM+NAC 4] () HO-1 & H
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Fig2 Histopathological changes of lung issues in mice in each group

Hematoxylin-eosin staining. Ctrl: Control; SM: Sulfur mustard; PD200: 200 mg/kg polydatin; NAC: N-acetyl-L-cysteine.
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Fig 3 Histopathological injury scores of lung tissues

Day 10

in mice in each group
"P<<0.05, "P<<0.01 vs Ctrl group; “P<<0.05 vs SM group. n=3,
x*s. Ctrl: Control; SM: Sulfur mustard; PD200: 200 mg/kg
polydatin; NAC: N-acetyl-L-cysteine.
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SAERN ; PD 5k NAC AFRRFAIE T TNF-a, IL-1B (36
KK (5 SM4A L, P<005) . SM+PD200
ZH 1L-6 7K-F-45 SM A AR (P<0.05) , SM+NAC 41
IL-6 AP FEACA T . 45283500 PD 7] LAREAIK SM 4
B/ NI I RAE K-, G5/ N SM b3
2.5 PD 7 F&4& SM % 7 > &, TLR4 % & . NF-xB
p65 ¥.& & & ik B NF-kB p65 BB 4L K- 4n[&l 8 fir
N, 5 Cul UAHE, SM 4L/l 2l TLR4 25
FINF-«B p65 &8 (115 & NF-«xB B LK 5

(P<<0.01) ; 5 SM4AAHIL, PD 5 NAC 4b3J5 NF-
kB p65 R H R HBHR A KTRIL (P<0.01 2k P<
0.05) , SM+NAC £ TLR4 & /K F A &,
ZEIRZEH PD Al i1 i TLR4/NF-xB 38 f& 1 SM
JIT SR R AE S
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Fig4 Results of oxidative stress indexes in lung tissues of mice in each group
Enzyme-linked immunosorbent assay results. A: MDA; B: H,0,; C: MPO; D: GSH; E: SOD. "P<<0.05, "P<<0.01 vs Ctrl group;
£P<0.05, ““P<<0.01 vs SM group. n=3, X%s. Ctrl: Control; SM: Sulfur mustard; PD200: 200 mg/kg polydatin; NAC: N-acetyl-
L-cysteine; MDA: Malondialdehyde; H,0,: Hydrogen peroxide; MPO: Myeloperoxidase; GSH: Glutathione; SOD: Superoxide
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Fig5 Protein expression of SIRT1 and Nrf2 in lung tissues of mice in each group

Nucleus Nrf2/TBP

Western blotting results. A: SIRT1; B: Cytoplasmic Nrf2; C: Nucleus Nrf2. "P<<0.05, “P<<0.01 vs Ctrl group; “P<<0.05, ““P<<0.01
vs SM group; 4P<0.05 vs SM+NAC group. n=3, x*£s. Ctrl: Control; SIRT1: Silencing information regulator 1; Nrf2: Nuclear
factor E2-related factor 2; SM: Sulfur mustard; PD200: 200 mg/kg polydatin; NAC: N-acetyl-L-cysteine; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase; TBP: TATA box binding protein.
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