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Abstract; In this study, the pulmonary toxicity of low-dose chronic exposure to methylmercaptan was studied by
using the subchronic exposure model of Sprague-Dawley (SD) rats, which could evaluate toxic effect caused by
this substance and propose effective prevention and treatment measures. Rats were exposed in methylmercaptan at
(1.0+0.2) mg-m™ for 30 d and 6 h per day. After exposure, the ratio of wet to dry weight of lung tissue, serum bi-
ochemical parameters, pathology of lung tissue and immunohistochemical parameters were studied. The effects of
exposure on the expression of aquaporin and matrix metalloproteinase in lung tissue were analyzed. It was found
that subchronic exposure to low concentration of methylmercaptan caused adverse effect to the lung tissues of rats,
including the significant increase of the wet/dry lung weight ratios. The degree of tissue damage increased with
prolonging of the exposure time. The expression of AQP4 of the exposure groups in the lung tissues were down-

regulated, while the expression of MMP-9 was up-regulated, suggesting that exposure may cause respiratory disea-
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ses such as emphysema or asthma.
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1)) a1 biiil o B 81 BLE 7 e W D P el E i s
Yy, 6145 H B (CH, SH) , — F S At ik (CH, SCHL, ), —
FH 5 i fik (CH, SSCH,, ) Fll i Ak & (H, S) , 3X 28 i Ak
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T3 B 20 L B < fb2f 22 87 B BEXT M 28 R 50
A FEAE FHAIL A 3 22 2 30 ) i #h (Na ™) FBR (K)-AT-
Pase i 1, Hopf 28 22 Ge s VR AL ) 5 546 W A Ak
ALY T BREL R BT T 24 T AR SR
Iy SMEREVE F 5 1, Ik 38 PR B I ST A D
Tansy % F SD KR E# T 3.9.333 il 111.7 mg-
m” BB 3 AT SR LA 1 B, A ]
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1 ##l57 % (Materials and methods)
1.1 Zhi 2R il

ST T U e FH R H (160+20) g (10 fel el 1
WiPE SD KEL, SD K ERBEHLS JXf FRZL(C 41 . ik
n=15 Wit n=15)F1H G B 28 5 41(T 4. etk n=
15, MEME n=15), fEQ1x1) °CFl 50% I B REE T
IR 2258 N (170 mm (W)x294 mm (D)X
176 mm (H)), &% 5 R R, 1k KBRS o 1 57
7d, IR A KRRIPIGIAE, b5 KRLE 0.6
m’ ZhAYLTE 5 575 B (8050D B & TR A IR
A R, ED) P T P B L EE LS K 98 mg-
m” AR SO (B DN A Pl SR A BR A W], i,
ENESE 2 S BE AR R, HEHE
SIS W ) EE A SR I (Konor JA903 Y| Bl /R i
M PR A BR A E]L BRI, ), AR B SR R
(1.0£0.2) mg-m™, FEE AW TEREE 30 d 5
KIERTE 6 h, N TSk 2 85 W ] R F= 17 R 7 g
R 4 2 57 % L R ST 2 2 o 5 8 0 ) R 35 £
Y, A KRR IC 2 A bR S EMI A
FAOK Y ZETROKIE A — 808k, DL e R B 1
R BREE AR . ER 10 .20 F1 30 d J5 434t Ab3E
KR, Wl 2H ZURNIALBAEAS
1.2 gk
1.2.1 408 THE L

IR 5 T H 22 L R A it K ik, 2 R
30 d JERAEFFFRE KR AT T I B s 21 20, ik
A 80 CHEAE T4 72 h, SRJGXF T UL kAT
FREE, LI TR L,
1.2.2  IiEAESER

LRI T, O NEZE g R AR, 7E 4 C
P14 000 r-min™' B0 10 min, FF 75 1L 35 £E -20 °C {4
12 M4 A 3R BT (Advia 21201, PE 1] 12T
N ZEENIGE NG 18 N EFR, 20 912 M 1
(STP). & FI(ALB)., 12 FI/BERE (A/G) M HLL
(TBIL) . B #0417 & (DBIL) . A &R ESEEE S BHALT)
TR PERERR I (ALP) , K |14 2 R 24 FL 5% 7 i (ASTm) |



44 1

I A5« AP R R P 0L I 188 P 5 ) A U ZEL 21 4 52 179

KA & R e A W (AST)., 7L R M & i (LDH) | UL &
(CREA) JRZ (UREA) i %) B (GLU)  JR IR (UA) - it
IR AR HI7] C(CysC) NUBRFAEH(CK) LR it
[F] T CK-MB)FIfiL 8 B 5K R 5 4L i (ACE) .
1.2.3  JliggUmeEs A

VIBE M2 2 5 P R8s 3 o e ot 1 5, 64T
MR A, [EE 24 h 5, Bk il i
LT BIL P AT RG 6 B I K, B L it Y 2 21
T AL N PEAT A3 I T -20 °C ¥ % T4E & (UB-
LS, RN FABR AR, hE) R A%, #iE
B IS E T AR LU R AR 4 pm,
FAIL R 2R | 38 B A 4G 60 °C EAE
PRERE | FHIRAORS M 2L (HE) B4 5, 2H 2 J 25
F {62 330 BE (Olympus® BX50 , BB B 38 A7 R
ANFEL ARG,
1.2.4 il Rl e ge

T 3 2H 2 G g 2 Ak Y €8 2 A Ml 2H 2 N K i R
F1(AQP4) I 5 i 4> J& & 11 il -9 (MMP-9) 1) 35 35 1
M, YR E TR 2 e 2 RR YR B R v
W EE e, TRy TR g 2., HR%
HUE BB B TR EL 2% v W (PBS) P, 76 i (2 3%
PR SRBPEYS 3 W, B S min, YA A 3% i34
AW, = IR E LI E 25 min, 3% A & T PBS
HE R PR PR RS PETR 3 Wk, K S min, JE N
3% 4 IiLE F A I (BSA)P A1 35 41 4, = B 4] 30
min, 7EH] F FiR A PBS 4% — & e BIRC 41—t
PIR P FR &N 4 CER R, Win—hEmda
21 EWRIFE 50 min, YR FH TS 76 B P i o it
B il i i, A SR K e U0 R 20k B e, U
BERS, UG RAE T, BH M Ry o €0, BH P 400 R 50
i1 Imagel2 X #4155 (Wayne Rasband, 3¢ [E [E 37
BAMFFEBE), B S RS FAREAR T - 24

1.2.5 Suits#r
T R A5 0 R 2 (8] B0 B S R T 25 0 S

WIS B AT RR IR, 7 22 5 8000 A 1E 2SR HIXL
BB e, R HAES B S A T A 4R
442 SPSS ( version21, IBM Inc., & [H ), W3R P<
0.05, I 2 s HA G272 L,

2 Z5F(Results)
2.1 MHATRELL

%55 30 d JT, ik IR B N PN R 8 M i
T ElkgE, SXTRAM, REAR T H P #
s, 4 A2z RN, a1 R, i R

IR T (4.520.31) 18 3 & T HEMEXT R4 (4.09 +
0.05) (P<0.01), WP % 5 4 8 1 5 1 (7.83 £4.47) ik
1 T HEMEXT B ZH (5 31£0.26) (P<0.05),
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AR A Ve R Y
Wet/dry lung ratio
- - N )

5

1

Xf HEZH - TR g - BRI B -
C-Male E-Male C-Female E-Female

E1 FARKTIEER(W/D)
e C AR HHAL E IRRB AL *P<0.05 **P<0.01,n=5,
Fig. 1 Wet and dry weight ratio (W/D) of lung tissue
Note: C represents control group; E represents exposure group;
*P<0.05, **P<0.01, n=5.
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FR/KSEY G 484k, 1if UREA ,GLU ,CK-MB #I
ACE Hy754k HAE 10 d 120 d IFAREEH], 76 30 d i
VA 2 BT A ZH R 8 41 2 IR ) 22 52, HE W 2B 9
& B B —FpaeMEE AR
2.3 HLURHFER

X R i 2 2 ) it e 3 vt AN A S <A IR,
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2 (a)3 Fl(b)3), ZEE AW A8 fk, K2R T
HHLEE 10 d J5 , 4103058 BB B i aeR g, |
T B 8 R B 2 2, 5 3000 S = 0 B e R
L AR AN , AR A0 S A WHR , B Bl 22475
T OB, My 7 0 e ) B T AL L 9 S I, 21 A £
YEFE R A AR ) I RESS TR 0 e M
TR (B 2(c)1 Fl(d)1), 55 20 d J&, Jilijo e —
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(i) SR 1 — 25 R % 55 A SR R LR R
RS WA O, It J&] Rl WSR3 X 2638 ),
AR 10 2 HY A Tt 7 - S S M 9 RO it 7K
Ji( 2(c)3 Fi(d)3), A5 SItHL0E 5 ARk
FALAE XTI
2.4 A R g ACH G B AR bR AR ik

B AL LSS SN 3 TR, H i I 18 2
T, KEUZHZH AQP4 Fik /K0 W R, Frfy
T8 5 X A A W3 25 5 (n=5, % P<0.05),
o P IV P 2% B S W) AQP4A 3K | AT i — 25 52 i)
i IR i K =5 B sE s e, BRI 18 M
% 30 d J5 K EUMIZHZ MMP-9 ik /K0 B 1 3M, fr

B R FR AN BRI 25 57 (n=5 , *P<0.05),,

3 118 ( Discussion)

K38 JE 25 1 (AQPs) & —FP A T2 A - A9 2 1
JR(NAEREER ), FE AR b ATk fLaE ™, mT 45 K
TEARR P Bk T oA T Sh A ) A M Y
A B B G B R SN TS IR AR
%o AQPs | iz 43 A THUAH L A0, 2 5K
I3 R N A K A, TR E V2R
HIBERA KT 25 R BT 2 WE48 9590 a0 fifi
IK 6 K il P 7K 32 gl P i ZE AL o R B R
1T M) IO 2 T PR R A 2 3 1 S5 B i 55 i

®1 FREREFAEMER SD XRIMEEHIERAKTE

Table 1 Serum biochemical index values of SD rats at different stages of exposure to methylmercaptan
10d 20 d 30 d
Ei=t
Parameter puyiid TR it R 137 puyiid TR
Control Exposure Control Exposure Control Exposure
STP/Ag-L™") 545+2.07 52.1+2.40 5302241 54.6+532 64.5+8.05 61.0+2.83
ALB/(g-L™") 26.6+137 24 8+1.60 25.17+1.30 26.00+2.83 27.00%2.55 26.67+0.82
A/G 0.95+0.08 092+0.10 0.87+0.06 0.85+0.05 0.72+0.07 0.78+0.08
TBIL/(mg-L™") 1.82+031 1.28+0.56 0.95+033 1.28+035 1.17+0.58 140+0.72
DBIL/(mg-L™") 0.7320.15 0.80+0.48 0522033 0.53+0.23 055+034 075053
ALT/IU-L™") 66.1£12.2 711147 598104 65.1+24 4 728+36.8 68.2+14.2
ALP/IU-L™") 2342455 244+66.7 203+65 4 2032288 159+66 4 197+68 4
ASTm/(IU-L™!) 42.6+20.2 343+12.2 334+156 38.7+13 4 30.00+8.38 32.0+5.66
AST/IU-L™") 160429 160.8+52.6 150.67+52.7 232+176 164.50£48.50 179295
LDH/IU-L™") 783+276 1 107257 1107677 1 750+716 9754275 1 053+107
CREA/(mg-L™") 32.0£2.10 32.6+2.25 32.8+335 33.5+3.94 37.124.27 3734459
UREA/(mmol-L™") 577+131 5022037 542£0.25 6.22+046%* 6.62+0.90 645+0.67
GLU/(mg-L™") 12.0+145 14.2+133* 125197 1342704 13.53.70 12.8+2.21
UA/(pmol-L™") 101%16.1 945+21.2 1092350 1322763 1682716 120226
CysCl(mg-L™") 0.1820.04 0.1220.06 0.1320.01 0.14x0.01 0.1120.04 0.1120.03
CK/(U-L™") 3 043+2 058 4 130+2 293 2 097+1 293 2 223+707 2 6411 479 39081 876
CK-MB/(IU-L™") 852+305 928+390 721£193 1 196264 %* 6712286 760104
ACE/(IU-L™") 2874269 250+21.5% 200+34.2 201267 259+44 0 258+18.2

7 STP FR S 11, ALB 78 18 1, A/G 3R FUE /AR, TBIL F/R BHLLER | DBIL 378 HIEHLL R | ALT FRN AR AL R M, ALP
FORTRNEDEIRAE , ASTm 78 KITARIR B AL B, AST F/m KA R IR¥E A M, LDH KR LR UM, CREA 37 LT, URBA FR K&,
GLU F/RH 4005, UA FRIRIR , CysC R Wi 2 (B3] C, CK FR LR S , CK-MB FE/R LER % W 17 Tl , ACE /R I & Bk %
TR B R NP {E+SEM, n=10;*P<0.05 . **P<0.01 , 5% IR 1L,

Note: STP stands for serum total protein; ALB stands for albumin; A/G stands for albumin/globin; TBIL stands for total bilirubin; DBIL stands for direct
bilirubin; ALT stands for serum total protein; ALP stands for alkaline phosphatase; ASTm stands for aspartate aminotransferase isoenzyme; AST stands for
aspartate aminotransferase; LDH stands for lactate dehydrogenase; CREA stands for creatinine; UREA stands for carbamide; GLU stands for glucose; UA
stands for uric acid; CysC stands for Cystatin C; CK stands for creatine kinase; CK-MB stands for creatine kinase isoenzymes; ACE stands for angiotensin

converting enzyme; values are expressed as mean+SEM, n=10; *P<0.05, **P<0.01, compared with control group.
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Xof B i Xof M- PR HENE -k
Control-Male Control-Female Exposure-Male Exposure-Female
1 _, ?j{‘ . ol

B2 XERAFREAMARRIHRIEFFE
L IR AKE -0 (H&E) e 71(x200)
Fig. 2 Histological appearances of the lung tissue of control and exposure groups
Note: Hematoxylin and eosin (H&E) stain (x200).

ol BELZH - o AL RFRMEE SRR
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m X H42H Control
* 4000

4000 — — 3500
3000
2500
2000
1500
1000

500

MMP-9

MEPE Female HErEMale Mt Female et Male

3 RE30dEHALS AQP4 Fl MMP-9 AIZE{L (x200) R EE S #T
. *P<0.05.,**P<0.01,n=5,
Fig. 3 Changes of AQP4 and MMP-9 in lung tissue (x200) and quantitative analysis after 30 d of exposure
Note: *P<0.05,**P<0.01, n=5.
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WA M IEEE R B SRTT  BIR B 4 Ay
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HKEL AQP4 ik Il EFEAK, F LD | 268 2 BU
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A ST il - A A TR K S B AT RE A —
ORI T B e FRRE

i 71 BT (ECM) D7 T B2 a5 e i it T J2 Bk
ShAR S N L, A A EAUR R SE Rk
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ZHEME A, SR A 20, ECM Fr 7 BA &%,
HE DR PO B AR A W B A A 200 P )
AAAIE SRR S AEY¥EH, ECM
MR AL SR E B kR R A R B
RIS R T PRI e TR Wity < Y YRR R
MR | A b A ECM 4R 1 R TR 2 2 I
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—4 Zn 5 Ca {KHi1Y) ECM F&f# i, MMPs X [
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MMP-9 =B T W T 4 M . 0 200 e R0 v s 240
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S—FPH SRS AR AR S MR 5L, MMP-9 7E AR
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B, AT AR R i 2 T E B AR A A, MMP-9
Feik 5 Ny B 3 Il D) AR B G AH G, 2 7R MMP-9 1]
FH - VEAS 22 oty 7™ E A 8 W A T I g L
AT 3 4G I MMP-9 S A% < H 9, A g
Wi OPE A AR i, SR AR TR A R R AR
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IR T 9 95 114 7T BEAE: o

Eve J3E PP A 1 I 2 R K U 4 2 Ay 7
—EE BT I RN, AL S R B R R
Fi ) 55 T 2 R o B A, i 9 A< T BH 2, R ARG A
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