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WE . R AR PR G ROV SRR EH -5 WA R =6 T 1 LU 3+ )RR K BRI 28 20 2 A B 18 3R 498 B )
T BRHAS 20 Pt 22 24505 A0 2R 1 B (mitogen-activated protein kinases, MAPKSs){ 5% 53 s SC #2515 B B F 28 e 25 1 2 (ani-
on exchanger 2, AE2)FRIKIIFMT, 30 HAEME Wistar K Bl (4 BT 5 BEHL 434 %5 (100 mg-kg™ -d™") "1(50 mg-kg™" -d™") fik(25
mg-kg™' -d ) TEALBATAE YIRS WL 5 T AR AT AR YR A TR AN- 2 BE B & R (N-acetylcysteine, NAC)Je 7340
FeA RO FEA1(0.9% RALAMTESTIR) . AL 2 mL-keg ™ 4 B A7 HE s i3 51—, T 90 I+ NAC 4145 vk i 10 59 T 30 min
T 200 mg-kg™' NAC /KR B Bl T = ) i AU AR R Y B A E 3580 4 8 . OR BU N S0B U 27 2l 4L A 78 S Ak 0 03 A i (su-
peroxide dismutase, SOD)¥fi P 2% Bt H ki S 4k Wy i (glutathione peroxidase, GSH-Px) i Pk i J5 B 45 Bt 1 Ik (reduced glutathione,
GSH) J N [ (malondialdehyde, MDA) & & | i 14 48 7% (reactive oxygen species, ROS)ZKEM5E , R B AL 0] F IR T /0 4
BRI, LA Western blot A I CRb 25 20 il MAPKSs {5538 B G 1 M AE2 B ERIBIE I, 45 R R R
Bt PR L3, KRB Y) A H R 2 A0 A A e Am ot AL & B BUB A B g it22 8 S0, b R e i A 0o IR 2 K R
Y12 2H 41 SOD %M . GSH-Px it & GSH & & T MDA .ROS K F-THE , 2 58 8812 & 3L (P<0.05), Western blot 45 4 i
7R, BE A ALBRAT A R T A 2R USRI RS 4H Y p-p38 MAPK/p38 MAPK K p-ERK/ERK 7K -#5 % I 26 7 U B 58 A8 4k,
M E 2 p-INK/INK KB B T &, AP-1 SR A A A0 076, AB2 A RSB H BT &, Z5F WA G2 E L (P<
0.05); T ROS #Iil5 NAC fef =i i~ AP-1 8 AR A7 1% 0045 Bl ek | I ReAE— e AR B Ll i i 0 ot — R iAT AR ) e i
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Abstract; To investigate the effects of sulfur dioxide derivative mixture (molar ratio of sodium sulfite to sodium
bisulfite is 3:1) on antioxidant defense system and expression of key proteins in mitogen-activated protein kinase
signal transduction pathway and anion exchanger protein 2 (AE2) in enamel organ of incisors of male rats. Thirty
male Wistar rats were randomly divided into high (100 mg-kg™" -d™"), medium (50 mg-kg™' -d™"), low (25 mg-
kg™'-d™") sulfur dioxide derivative mixture group, high-dose sulfur dioxide derivative mixture+N-acetylcysteine
(NAC) group and normal saline control group (0.9% sodium chloride injection). Each group received intraperitone-
al injection every day with a volume of 2 mL-kg™' for four weeks. The high-dose +NAC group was given 200 mg
-kg™' NAC solution 30 min before each intraperitoneal injection. The activities of superoxide dismutase (SOD) and
glutathione peroxidase (GSH-Px), contents of reduced glutathione (GSH) and malondialdehyde (MDA), and levels
of reactive oxygen species (ROS) of incisors tissue were determined by assay kit. The enamel organ was separated
from the root of the incisor, and the expression of key proteins in mitogen-activated protein kinase signal transduc-
tion pathway and AE2 of enamel organ was determined by Western blot. The results showed that compared with
the control group, there was no statistical significance in the changes of antioxidant indexes and content of peroxide
products in the incisor tissue of rats in the low-dose group, while SOD activity, GSH-Px activity and GSH content
in the incisor tissue of rats in the medium-dose group and the high-dose group were decreased and level of MDA
and ROS were increased. The difference was statistically significant (P<0.05). As for the protein expression, West-
ern blot results showed that with the increase of sulfur dioxide derivative dose, the levels of p-p38 MAPK/p38
MAPK and p-ERK/ERK did not change significantly in each group compared with the control group, while the
levels of p-JNK/INK in medium and high-dose groups increased significantly and expression of AE2 protein in-
creased with nuclear translocation distribution of AP-1 protein occurred (P<0.05). NAC, a ROS inhibitor can im-
prove the nuclear translocation of AP-1 protein and partly reverse the elevated p-JNK/INK level and the up-regula-
tion of AE2 protein expression induced by exposure to high dose of sulfur dioxide derivatives. These results sug-
gest that mixture of sulfur dioxide derivatives can increase the oxidative stress level and induce the up-regulation of
AE2 expression of enamel organ of rat incisors through ROS/JNK/AP-1 pathway, which has the potential toxicity
of interfering with the amelogenesis function of ameloblasts.

Keywords: sulfur dioxide derivatives; enamel organ; oxidative stress; mitogen activated protein kinase; activator

protein-1; anion exchanger 2
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H R BUA A 32 B0 2] 21454 Rl Jo 1) O
SUALRE" b SRR RO S AR R — A 2 B R
FEJT pH 520 Y 3 B8 B AN T RORd 2% 4 ) i Py Ak
PR BBCTR A FRORS B %, 0 I 2 R B ik, Hir,
RIREARF 5 4(solute carrier 4, SLC4) ) BH & 132
& 2(anion exchanger 2, AE2){y; T il Fih 40 g M JE IS
BB, AR C17 5 HCO; LA Rb 5 35 5 5 el 200 it
N BRIRCRES , FER S (e Rt vh & A R,

T bR SRR AN N A R R A Rl AR Y
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S BRI B R0 5 | RS SRS 2F 6 A O AR AR DA
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SO, MU R BUIRUBE A U 2 B2 B L, 2718 SO,
XoF SRR TRUBE I 1) ek R 0T B A B s A FH A
SO, 5 F A4y I [] 7% & i b o ik R B B S8 LA
G A A SN SO, BYAFTENS
et S P A T A R I BRSO, B DL BRI R
Sh SO, TE“ BRI 5" 1 B b A 45 3 AE T S iy
FIRERLI AT TF I . TIBR T X I 0 22 495 i 14 3
&b, SO, s Z I ds i A PRI BE , & —Fh BA £
FhEEfER 2SR, SO, ZMFIGE WA L5
T IV LR 118 R 58 vy BV 2 S AT A= Wy |27
MR AR AR RR S AR (W A i L 292 3:1), AR A=
PRI = BE I G B0 22 4 B, XA P9 4 240 Jif = AR
E (S e 4 N E I =R A 7 05 i AN | BB RGN B
AR R GE 02 SO, &4 1E H W SC s A 1
PRI, AR 58 LA R B D S, 635 SO, 1R N
A ARt R SR 28 2H BT S A BT E) 22 G2 B okt 2 4
i 22 24 )06 AL 25 1 (mitogen-activated protein ki-
nases, MAPKs){5 5 Tl i i R H 5 AE2 5 H
FIRMIFEI | FRFEHNT 28 V5 A O A B 2 1 v
FEBEIE ST REMLE , R )5 SR A BRI A7 o A v
SO, #AEH YRR FL = AT SR B IC 0 R}

1 ## 57 % (Materials and methods)
1.1 SR s o tH S Ak

ARG K ] SPF et 4 JEE Wistar KB, 14K
it 100 ~ 120 g, TR T REAEDHE ARG BR A
Al SYIVE RTIE S 5 . SCXK (##1)2019-0013 3 1
W3R G HAR T BE AL 5 A, BRI AR A
ARBRAT AR TR G VR A A 20 A BHER K X R )
TAARBRAT A IR BB AR N- 2 e D 2 R
(N-acetylcysteine, NAC)HEHUZ , Y355 1553 714 100
mg-kg™' -d”'(1/10LDy,;) .50 mg-kg ™" -d™'(120LD,, )l
25 mg-kg™' -d”'(1/40LDy,), % R T 0.9% FAbah
S, 5 79 B+ NAC 4 A I8 B 1 9410 30 min T
200 mg-kg™' NAC KIEWHE S , 55 @l d Y sl
HEATAH R ERAE A Qe B 3 T4 H B/ 9:00 171 5
TS — R 255 2 mL kg™, 4L 4 4, A3
BRI F R OK R R N (22£2) °C O
TR 25 12 h AHXHREE N (50+10)% . RIRZ 245
R 24 h, UM A I REAR A T 525
1.2 EZEH

R £ (Na, SO; ) Bt i2 & 41 (NaHSO, ) 534t

afi I [ L E Sigma A F], N-L LBt 2 TR0 H 2%
[ Sigma A Hl, 8 A 1k P 15 4k [ (superoxide dis-
mutase, SOD) A+t H AR ik 4 £k 9 i (glutathione per-
oxidase, GSH-Px), N [ (malondialdehyde, MDA),
A B H K (reduced glutathione, GSH)AG 5]
S A A A BRI K BRI 1 SR (reac-
tive oxygen species, ROS)Elisa Il &7 & Wy [ -
TR A BRA A, AE2 bt K R & i bt ik
I F 22 Invitrogen 23], p38 MAPK i K Bl 7E
REHLIAR .p-p38 MAPK et K L 3E BT IR | SAPK/
INK i K B2 FeRE SR | p-SAPK/INK H it K iR
FFCREDUA ERK12 ftht KR 2 SefEdiiA p-ERK1/
2 Pt KR Z SeREpTIRNA F 92 [ Cell Signaling Tech-
nology /A ], Histone H3 Tt K R re FEHTIARIE [ 55
[ Santa Cruz 23 H] AR ALY AR I B9 LI 5T 5R
IgG —Hil AL B MG AR ARA R AF

AL N AT AR YR G W A . BGE BT
TRl &l 5 W e S0, LA 31 M i i Lh i T
0.9% A= BELIK , B H BT BCH
1.3 KRBV H AN B S PRl 2

ST 53 B R BB T B S U0 S A B
— 2 A 40 KBRS LA B 45 45 AH 25 T
RS B, IF T A SR A it — 25 B i
WO R4 1:9 1Y BT B AR LI A2 19 0.9%
Az AR KT B 10% ZHER A3 26 1 & 1 00 R H]
BCA 1%, $%AN R I 3 $5 b5 (44 it i Ak 22K B0
S W B I W, MR R & T T A R I ) 2 4
MDA GSH 7K°F- % SOD ,GSH-Px i
1.4 YIZFHZ ROS K-l

HR RS AR 1.3 008 S5 R% 1:9 BTk
UM AT /9 PBS(0.01 mol-L™", pH=7.4), 7K I
FE ORI S VR AT T U A L ZVAT I, 5 000x g, B0
10 min, B F- 35 & 4 BEORR) &0 100 3 5 D00 e 1) 2 41 41
ROS /K-,
1.5 Western blot {0 % K 5B Rl 2% 41 Jff MAPKs/
AP-1 {5 510 A G 11 M AE2 2R Rk /K-

WHTRTE W 5 — MR R A AN, 2%
Houari S5 AL J5 1 | A1 4% T AL 58 V) 3 AR 1
RN, A R AR 21 20, % PMSF (1) RIPA
SR 4 CAIH VK 24 15 min $RELE 1,
BCA 7| G #t A7 EH H & i, 7> 58 9 30 ~ 160 kD
512 ~ 60 kD B9 8 H 735 EH] 8% 8% 12% SDS-
PAGE 3 B I H-AT LUK 73 B, R M) 5% AR 52
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HEA 1 h, BERRIL B A 5% BSA B AR E A 1
h, 73 SIS & AE2 $it/4(1:1 000),p38 MAPK #i
f&(1:1 000),p-p38 MAPK #HTA(1:1 000), SAPK/
INK i (1:1 000), p-SAPK/INK #i{AK(1:1 000).,
ERK1/2 $it#4(1:1 000), p-ERK1/2 (1 :1 000) K
B-actin HLIA(1:2 000) 4 °C ¥E R F i3 %, TBST ¥k
B 10 min 3£ 3 %k, 1:4 000 5B —HLE BB H 2
h, TBST P& 10 min 4% 3 W, ECL B (A7 5% , BEiL
JAR R G R I B AR
1.6  GEil2¢atr

B P B AT 2 (X2) BRs . Boil2F 50 Hi R
FH SPSS 22.0 #4422 A0 Ge it 19 Lh 4 S ik
775 25 55 PEAS 55 A5 K 38 J7 22 4317 (one way-ANO-
VA), ZH R 37 25 5715 FH Bonferroni 15, 7 25
ANFFIF ] Dunnett” s-t £ 56, 35 2R B OSUII A 56, P<
0.05 FREFAGITFE L,

2  Z55 (Results)

2.1 AR N AT A IR A O R R 414

B E A BH 2R S8 152 R
XA, b m A A KR AR

SOD .GSH-Px 1 £ Fll GSH /KF FF¢, 23 HAH 4

12535 X (P<0.05); MDA \ROS 7K F-F} & (P<0.05),

F1 —SUMEATEDNKBRI T ARAENHERFEEKXIER

HErlad e, & i +NAC 41 SOD Al GSH-Px
TEPETHE , GSH JKF L F+, MDA (ROS % & T [, 22
SAGIFE L(P<0.05), I 1 Jimw,

2.2 ZEAREAR AT A R KRR Rl A 4
MAPKSs/AP-1 {55538 A C B 1 335 15 )

WET Frs AR e R 20 K ) +NAC
2H K BRBRh 5 40 D p-p38 MAPK/p38 MAPK K% p-
ERK/ERK M%) BZH ¥ T0 o 2 22 5% i iG] &
K USR5 20 M INKC B 1R b 7K 1 i A8 35 6 A
T 25, R R A B RR b INK/INK 7K P38
XA T, 22 55 Gt # E L (P<0.05), H 4 a3
PERG S, INK BEIR ALK 7T i i AR B — A Ak
A Wy e i 30 AR B (F=158.58, P<0.05), 57
FIHR 2 A, FHE +NAC ZH B2 1k INK/INK 7K F-
i EREAR(P<0.05), ZRA G E XL,

e 2 s, 5% R4 g, e ok R
JSCRT 25 40 M T c-Fos |, c-Jun 25 [ 7K P-4 % BE 20
B 2 FR%(P<0.05), # N c-Fos  c-Jun & FH 7K -1 &
FFH(P<0.05), &R A AP-1 28 kAR
B, TR +NAC 2 AP-1 85 A% 3G A 55 v 77
4 W E WA (P<0.05), ZF A Gt # 8 X, K&
HBXS MRHIZIN c-Fos 4 HKF- T, {H K AP-1
AR AR T B 2 5

IR (X£s,n=6)

Table 1 Effects of sulfur dioxide derivatives on indexes of antioxidant defense system
of rat incisor tissue (x+s, n=6)
SOD it GSH-Px i1 GSH /K- MDA /K- ROS /K-
2157 AU-mg™") AU-mg™") Aumol-g™") /(nmol-mg™") AU-mL™")
Groups SOD activity GSH-Px activity Level of GSH Level of MDA Level of ROS
(U-mg™") (U-mg™) A(umol-g™") /(nmol-mg™") AU-mL™")
%t I8 Control 15021+11.15 128.93+6.64 4947+434 3494091 2931+226
fRFIHEQRS mg kg™ -d™!
AL mg-ke ) 133761191 126.31+6.53 48.74+3.99 3.06+0.99 29474237
Low-dose 25 mg-kg™' -d™")
rPFIE (50 mg kg™ -d7h)
) o 92.18+11.83° 86.89+501° 35.57+427° 10.18+0.92° 3891£232°
Medium-dose (50 mg-kg™ -d™")
B 74100 mg-kg™ -d™")
) o4 62.78+8.90* 65.99+4 .86° 18.56+3 63° 1725+1.18° 50.48+2.94°
High-dose (100 mg-kg™ -d™")
(100 mg-kg™' -d7")
+NAC (200 mg-kg™! -d™!
¢ gree ) 1614819 46° 13325+8.71° 46.67+555° 338+1.13° 3146+4.19°

High-dose (100 mg-kg™'-d™")
+NAC (200 mg-kg™' -d™")

7E . SOD Fn 8 B AL , GSH-Px F/R 73 B H ikt A AL rl , GSH 3 /R 8 R AR i H- ik, MDA 2/R N %, ROS /18 T 1 5% s NAC %
|14 2H(100 mg-kg ") LA, P<0.05,
Note: SOD stands for superoxide dismutase; GSH-Px stands for glutathione peroxidase; GSH stands for reduced glutathione; MDA stands for malondialde-

R N-C BRI ;5% BRALLEE, P<0.05;° 5 i

hyde; ROS stands for reactive oxygen species; NAC stands for N-acetylcysteine; * P<0.05 vs control group; ° P<0.05 vs high-dose group (100 mg-kg™).
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B1 ZSAHRERLTENS KRV MAPKs 5 S8 XEE A RZNHM
TE : ()MAPKs {5530 % G S ER 1 4 1AL BB 25T ; () JSURM S AN A MAPKs {5530 % G S 2 P RH N 38K F 5 A X IR,
B @l HaH, C PRI, D AR B A A +NAC 21 S IR LS  # P<0.05 5 5 @il E 4L LA, * P<0.05; =3,
Fig. 1 Effects of sulfur dioxide derivatives on expression of key proteins in MAPKs signaling pathway
of rat incisor enamel organ cells
Note: (a) Immunoblotting bands of key proteins in MAPKs signaling pathway; (b) Relative expression of key proteins in MAPKs
signaling pathway; A means control group, B means high-dose group, C means medium-dose group, D means low-dose group,

and E means high dose+NAC group; # P<0.05 vs control group; * P<0.05 vs high-dose group; n=3.

2.3 TARARBR AR P AT AR PR R BUSOR B 20 B AE2
EHEESIY SR

e 3 frs, H L m AR AB2 B R IR et
MR T, 225 Goit 4 X (P<0.05), H4 sk
K T I — ARG A W e 25 ) H A
Witk (F=530.167, P<0.05), 5l a4l th i, il
HHNAC 4 AE2 2K 1 %A K F I E R K (P<0.05),
ERAHEIFE XL,

3 112 ( Discussion)
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B2 ZSU4FHERTEDITKRYIF RS MEMEREMEZST c-Fos 5 c-Jun EARIEMNZIE
(@M c-Fos 5 c-Jun 2 AN 257K 5 (b)MAZ 5 c-Fos 5 c-Jun 2 XS kK ; A XFIRAE B B 5754l , C e,
D (K5I 541, E B E+NAC 41 SXF AL AR, # P<0.05; 55l H 4R, * P<0.05;n=3,

Fig. 2 Effects of sulfur dioxide derivatives on expression of c-Fos and c-Jun protein in cytoplasm

and nucleus of rat incisor enamel organ cells

Note: (a) Relative expression of c-Fos and c-Jun protein in cytoplasm; (b) Relative expression of c-Fos and c-Jun protein in nucleus;

A means control group, B means high-dose group, C means medium-dose group, D means low-dose group, and E means high

dose+NAC group; # P<0.05 vs control group; * P<0.05 vs high-dose group; n=3.

JHBEVE SR LA R BT A B
/b, SOD ,GSH-Px Fllid A fb & i (catalase, CAT) %5471
ST T M 2l B 0T A AU Ak g e kG e
AL UL AR AR N BT AR KT IS5 b 8 AL By
TR G2 A AR ST AR ) R R R E R SR
W BT AH ST i 2 IR S AR
AR NAT ARG A sl e B A L% — A AL
TR R A HEG R R G 5E ), 45
W AT R b sl E Y i R RS

ZH20 GSH 7 i . SOD % PEM GSH-Px {6 1 T [, [
i, B8 B A4k 77 ¥ MDA ROS 7K F W2 E T, 1
FICEA T IR PEE I HIH NAC FF & 7 AR
T R R DI 41 21 Bt AL B 18 3R G2 45 T AR A
P s it ¥ v ) i AR AT AE T S A T W
[ e = W A R NS R S 7 D T ) 2 R |
Wb E AR R G Z AL, TR R A AR BB X 5
LRSSy N WIS 3 e S S A D VT 23
N LE R,
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P-actin

# #*
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B3 ZSURERITEDIS KR YT KRS
YHRE AE2 EARIZHIZI
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o
I

(AE2/p-actin)

B AXT R K

Relative protein level

i

A B

T A XL B iR, C PRl , D KB4, E S E+NAC 44

X IR LU # P<0.05 ;5 R LA, * P<0.05;n=3,
Fig. 3  Effect of sulfur dioxide derivatives on the expression
of AE2 protein in incisor enamel organ of rats
Note: A means control group, B means high-dose group,

C means medium-dose group, D means low-dose group,
and E means high dose+NAC group; # P<0.05 vs control group;

* P<0.05 vs high-dose group; n=3.

ER AR r =W Ny AT N S A
555 5%, 51 FIif NF-«B,AP-1 2556 K 1
IS AL A A I R A R A )2 A7 7
TLHAU M P B9 MAPKs {5 5 S iR 2] g & 4h
2k RGN T A ROS 25 M 4 ) BT , 2 5
AN ) 200 6 P £ 3o 1) 2 R R ik A A A 0 1k 2
AU GRS R B A 1 i R v R R AR, R
W K 3 P % AL : p38 MAPK (ERK1/2 il INK,
5% 56 A - AP-1(activator protein 1, AP-1)J&H c-
Jun F1 c-Fos ¥ WL ) — e SR 3 & B+, /B R
MAPKSs {5538 B () T 53+, 7E432 F A2 A%
ARG S5, RO BT A A A%, 5 2R3t A
() DNA 595 P FIARSS &, VR4 A I SE R ) 2 3k | F
125 20 M AR S S A T2 55 Z Fh e 2
BRGNS A S N AP-1
WAL, A FIP I TE TR AN AB2 (1 ERak 1 il it
BHIWT AE2 14 2y B R s 42 A doke ot/ 77 V88 3 52 475 %)
JERY SRR R B, RS R A 1 A 7 T LD B
TS AB2 ik 1 K H ol BE S U T

FR LR A AL IR O A2 18 S 635 Bl 5 T
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expression in ameloblasts through ROS/INK/AP-1 pathway
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