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Abstract: To explore the toxic effects of chrysotile asbestos and ceramic fibers on pulmonary inflammation and

oxidative stress in Wistar rats, the authors randomly divided early weaning clean level of Wistar rats into 3 groups,
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namely, chrysotile asbestos exposure group, ceramic fibers exposure group and negative control group. The Wistar
rats were administered by intratracheal instillation of chrysotile asbestos and ceramic fibers at the concentration of
2.0 mg/mL once a month. And 6 rats were sacrificed at 1, 6, and 12 months to observe pathological changes of
lung tissues, bronchoalveolar lavage fluid ( BALF) and lung tissues related indicators. The results showed that there
were different degrees of pathological changes in the exposed groups, and the total number of white blood cells in
BALF of exposed groups was higher than that in the negative control group at each time point ( p <0.05). The per-
centage of white blood cells, neutrophils and lymphocytes in the exposed group increased with the prolonged expo-
sure time (p <0.05), and the percentage of macrophages decreased (p <0.05). The content of interleukin-6 ( IL-
6), tumor necrosis factor-a (TNF-a) and nueclear factor-kB ( NF-kB) in lung tissues of the exposed groups was
higher than that in the negative control group at each time point and increased with the prolonged exposure time
(p <0.05), and the content in the chrysotile asbestos exposure group was higher than that of the ceramic fiber ex-
posure group (p <0.05). The concentrations of reactive oxygen species ( ROS), malondialdehyde (MDA) in lung
tissues of the exposed groups were higher than those in the negative control group at each time point and increased
with the prolonged exposure time (p <0.05), and those in the chrysotile asbestos exposure group were higher than
the ceramic fiber exposure group (p <0.05). The superoxide dismutase ( SOD) activity of the exposed groups de-
creased with the prolonged exposure time (p <0.05); there was no difference between exposed groups and the neg-
ative control group at 1 month (p >0.05); those in the chrysotile asbestos exposure group were lower than those in
the ceramic fibers exposure group and lower than those in the negative control group at 6 and 12 months (p <
0.05) . All these resulis prove that chrysotile asbestos and ceramic fibers could cause toxic effects of inflammation
and oxidative stress in lung tissues of ral, and chrysotile asbestos induced toxicity was stronger than ceramic fibers.
Key words: chrysotile asbestos; ceramic fibers; inflammation; oxidative stress

Found support: National Natural Science Foundation of China (41472046) ; Sichuan Provincial Department of Ed-
ucation Research Project (177ZA0431); Science and Technology Project of Luzhou (2017LZXNYD-J24) ; Southwest
Medical University Project (2017-ZRQN-002)

AR PEREDL 7 A B F 5 U RS BRI 4)
CTYERA R, T ELAT TN ot T v O 4 Sk A Pk
DR AEAE AR, ) V2 N T B K B 19 1 B
BRI S48 T TR CARE D648, 20160 o o [ i 55 U
SRR o> A BT, o5 R R 95% L L
U A A B LA ET 4 B AR BE P B, 3 s
oo FRRETYE (0I5 B8 Bk o S B2 Tl NP5, &
FEATRRDCAOAE + 59 J15% 6 | i 98« ) B2 g 1 A I W 3R ¢
P9 (Huang et al. , 2011) o [F Fr _FXCHE A R 1) 22 42
PEAFAE 4L ( Yarborough, 2007; Vanchugova et al. ,
2008 ), LA A AR [ AL P ROA [ 5B
B FR R AR I N AR £F 4, G0 Wi B 21 4 L B3 41
YRAMA RS NI A REL AR T,
SUARHI T 2 S L A& 22 4 . ARTITAE 2002 4F,
FE] B R AIF LAY CTARCO H5 P 52 2 4 9 2 9 N2
FBEEUE DI 2B 4L, R BT AE R AR LT 4R
BUATIE 45 A RE X N B0 M 34T 22 R 5 3 4l
(Andersen et al. , 2002) . AWK I, P& £ 4]

BT TN A B Lockey et al. , 2012), & B 1L
AR BAT AR RO P, R, T R A A
TACH T YEr 2 4 PEWT ST R AR 2. A il A A
T W B2 2T Ak ML AR RE A S A N 38R B P WL AT 5T
WA A, A7 5 5 A0 L A ROS OV PR AR %D w] A
5| D 40 B8 T A 98 5E S Y. ( Funahashi et al. , 2015),
T Ay 6 8 175 3 0 L 7 A 8 3 P T R A A
3 A JL 9% - ( Nagai et al. , 2011) , B & 214 v] 1l ik
WRAE S AR ) A R R 3 I A0 B P CElias et
al. ; 2002) .

R A 82 22 i A A R B B 2T 2 £ 4 A 25 1 T
T AR N ST IS o BRI AS BT ST R D B 28
2T 2R AN J I T AT DX B RAR I A A X Wiistar K
HEAT 2 Al 2 e U T T, 700 T U4 1.6
HU12 AN JTINE, WL 5K BT 8 0 B AR Ak, S0 il
W HEVE W ( bronchoalveolar lavage fluid, BALF) ' [
20 BB S 2R R ) AR A i 2H 2 rh A O 4 4 i B
T 40 i A %-6 Cinterleukin-6, 1L-6) . T J8 £R %E



836 HOHE W ¥ k& %538 4
F-a( tumor necrosis factor-o, TNF-o) FIAZ K F-kB  1.2.4 SIS YR S b K4

(nuclear factor-kB, NF-kB) ¥ 1481k, LA 1 44
% (reactive oxygen species, ROS) g il 4L 7= 4
P ( malondiadehyde, MDA ) ¥ J& 1 46 Ak 4y 15
I superoxide dismutase, SOD) 3% JJ 484k, K ¥R
T BB A M e T 2T A 7 P SR A A

MR TR

1.1 FERFISNE

S EAL B AL 7200 B0y 6 EE (AR JE
FT LIRS 23 @] ) 5 Multiskan Spectram [ Fr {3 ( 5
Thermo 2 7 ), 5810R A 1% 55 0 B ( i Eppendorf
AT, HS-800D 8 il 7K ¥ 4F ( H6 F) 3k SE 56 ¥ % A
] D, Ultra55 3 A5 414 v 08 s (48 ) 25 ) A 38
43D, Mastersizer2000 5 7K T3 6 L EE 4 #7143 C 3
[ 1 /R SCAX 2% A ] ), XPert PRO %€ )6 T 55 43 A%
Cfr 2= B2 7D 5 3 KA F6 2 1L-6 TNF-o
BB A B K A7) 51 ( S [F R&D A 7)), NF-kB il B 47
PR AR S CRBUAE AW TREA IR A 5D, ROS,
MDA F1 SOD A ¥l 1 71 & C g 5% B A= 4 i) o 9t
FI o
1.2 FH&k
1.2.1  FEMGHTHI &

K BB E T AT DX R AR AR VR R
PR 2 R 1) S92 1) W 5 2T ¢4 ) 3565 1 PG i <k
YA A FTDAE NSRRI K
42 ~3 min, 28 J5 HAEREEHL 2> 7008 B 18 h #I1 5 h,
WA 2%, BT 150 CHEF P HERE 2 b, BERE 4% 1T
1.2.2  FRACRRE S #

SR FH A48 WU BE 23 Bl A S R ) 88 41 4 6 4 T 351
SR, WO E A3 AT A 58 R AR, X SR 26 ¢ X
N E AL Oy
1.2.3 SEahSn4

TEFE AR FE ] W FL SPF 2% Cspecific pathogen free
BN, BTG 8 05 ISR BN ), A2 40 BV 175 3 W Y HE B
(R0 S A0 5 A48 Y 32 B A Ik e sl 4% A B0 O )
S IGHR KIR 0 SR 1K SE 56 34 Wistar HE 1K B
54 H,4 ~6 FE, KN 180 ~220 g, V4 I B RLK
24 SIS A ) O A R 1 T B R OK 2 B ) A6 B
A A A B, AR 5201601011, BEFL4> K 3
21, BV A R Yl g 2 P T 2T o % g 2 R0 [ PR X B2
CAEPRER KD, R4l 18 J, 43 JEmE %,

1

FREUTER 4 0.02 g 7870 W B A B R 44, I\
A HRER K, 5 R BE R 2.0 mg/mLL [RR ARV
Y FH AT 5 % 30 min.e SR FH ARS8 U e
VYRR TR E A 2.0 mg/mL MR EW 0.5 mL, 4
BEAR 1 IR/ H o BIPEXT BEA A8 ) A R AR K, i 7 S
HHUOK . 2 BIERE 1.6 A1 12 A H I %5
6 o e I BRURR I i A0 B [ sz, 0 I HE A il 2
SURRRE, /35T EP 4, B 80C UK fRfr s H. H
37°C A ER K BEVE R Rl 3 ~ 5 IRIL4E BALF,
ISR TR £ 80% o (M FFIELE M LA 2 000 1/ min
250 15 min, 3¢ FIE W 40 BT VE B A AR T
ML EHON, Giemsa Y €8, YB NUEAT (7140 M5 £k 2
PSSR G
1.2.5 KU 2L 205 BE 22 A

P HR Sl AR A R 4 1, 20 A B R UK R A b
oS, B 10% AV 58 , BRI K, A7 i
B, P) A, AR EZ- AL CHE) Y0 5 6 2% s~
MG A2 B AR AL
1.2.6  KEUM4L4i% IL-6. TNF-o £ NF-xB )55

I E

FIAZ-6C1L-6) 2 (& A0 1) T 40 Ji R0 B 4T 4 4
PR A Rk TR, LR B RS A S B
H 5 G P 1 A M 5 M 093 1) R A2 R R s R 3R
FEPH 7 o C TNF-o0) e 2 22 by A% 400 i 0 0 41 i ™
A IR — Tl B R T, A 5 K IR A 98 R G 8 T A
Fs &R 7 «BONF-xB) 85 FIEPEME S5 576 B 41
k-FREEI SR L 2 AR, S5 41 )
A0 FUR I e S, G4 BRI R A, 7E 4N
A1) 9 N B3 I 5 A5 aod 5 e 3 DG B ME AR H
IL-6TNF-o« Fl NF-kB ¥ 5 0 5 SR FH I 1BC S 92
PHREG CELISA ), A2 3 1 20 B8 7™ 6 i A7) & i
53T .
1.2.7 K412 ROS.MDA ¥ & & SOD % /)

I

ROS.MDA ¥ & f SOD 3 3 i 5 43 51 5% J1
ELISA XUFTA4 003k B AR B EE 2218 CTBAD B 2132
RIS WA S AN T V2 I 5, L AR R A D ™A i T
F & AT
1.3 @HitFEH*

K] SPSS21. 0 e v 8K A B AT s R 4e v 73 #r
S RN R AN IE 220 A1 7 2555, 21 1A) L8R
KI5 7 2200 BT » PP LR ] SNK - YRR 5, 45 7 22



%56 1

TS A - AR R e 2T 2 SR BRSO B R I ) 7

837

AR Kruskal-Wallis #5536, #56 7K#E o =0. 05
2 g

BARIMETHENIRIRS T
PP 1] AL, AR 2T 4 S A Rl 1) 2T bR E
R, HEF B PAT BRI HOIR 254 s B BE 2T 4 22 S AR
BRHOIR, SFHRIRRL I KAR LL TN, P4 AR AT
2.2 RARMBEAENRZES S

1B 2 Co 357 R4, 2 M AR B 4% 40 A7 1t 28 55
SRR UM dS0 K on — PR AR 5 1K 2
THRLRE 20 A1 71 50 BUE B 50% I JT X B (kL 42 d90
FETR— RO A i 1R R BE 2 A B 2 B0 2 90%

2.1

72807 XN\ _-
N0 kV Signal A=InLens peight=8.575 ym
_WD=83mm _ Mag=10.00 KX

IS PR Rk AR . = AR LT KL, AR pum)
AU, A R R AR R AR AR AE 2 ~ 10 wm,
W 2 £ AR AARE R A% E AR E 2 ~ 12 pumo
2.3 BRABAMEEFHEMNEENEAS

M1 1 0] WL, A0 B I ZE A 2 A A Sio,
(40.82% ) F1 MgO (39. 20% ), it & /b & [f] Fe,O,
(4.97% ) F1 AL O, (2. 12% )5 P & 21 4 1) 3= B4k 24
By H Si0,(54.44% ) Fl ALO,(43.63% )«
2.4 KRALMFET L

B 10 A AR B B 12 A I A H B D 5 1
YN . AR T A g A A g 1 AN H
IS 81 240 i 16 2 il ) e A A 5 2D VI 2 40 i
TEAE I 45 AL T B B IR CAn 3L B Sk BT ) 5 e

K1
Fig. 1
Sra
% | 475856
4 ds0: | 3.6282
10.2501

Fife/um

K2

5 10 15 20 25 30

WA Ca) RIFR BELT4E Cb) (R4 FL BT 11

Scanning electron microscopy image of chrysotile ashestos (a) and ceramic fibers (b)

b

5.77208

=l

d50: | 4.82351
© | 118189

0

5 10 15 20 25 30
it/ um

TATHR Ca) M BELTHECh) KA 23 A1 18]

Fig. 2 Particle size distribution of chrysotile asbestos (a) and ceramic fibers (bh)



838 a0 O W % & & 38 %
£R1 BERBIBEFHENTELFEISF wy/% B 6 N, EIRILSR 35 nE I L AT 4

Table 1 Analyses of main chemical composition of chrysotile

asbestos and ceramic fibers

FE Si0, Al,0; Fe,0; MgO CaO Na,O K,0 LOI
WAKE 40.82 2,12 4.97 39.20 0.34 0.15 0.04 11.43
Vg ZeeT4t 54.44 43.63 0.92 0.09 0.21 0.05 0.20 0.44
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Fig. 3  Pathological changes in lung tissues of rats exposed to chrysotile asbestos and ceramic fibers
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NF-B & 538 i 1 B 1) 4, HLBE e 25 1 [A] 48+
KRBT . NF-kB 1 2 5 080 S8
PERAE SV (Liu et al. , 2013), 4 i 5% 8% + A A 28
ARG, NF-kB 75 5 il 4% 55 I (] 48 K R 5 5 71
et (R 1G0T T e S T A PR I ) — 20 G 2R R )
—%k N 5 2 ( Manning et al. , 2002) . 4k, NF-kB i
2 20 i 22 5 1A A 4T 4 J5 25 e 48 4 L BT 1 R

Gt o Kk % O, b AL 16 A1 TNF-o
( Chew and Toyokuni, 2015 ). Kumagai-Takei %
(2018 FEATABEL T 4N A 3 S RE W 50 op A B, g gt
BAE B R g ) R g R 3 ARG R BT L6
AP ST Sun 25 (2012) 78 44K BURL 51k /N B 85
PEIRIF 5T A I, 299K ORE T v 7 1 4R )RR B R
Jig W S A KT, I BT A A BE D 5 [ IO NF-
kB, Tt 5 TNF-a F1 IL-6 RIEK . ALEE R Y
DL B RSOk E — 3, #8278 1L-6 . TNF-a 1 NF-«B
TR DR A A R R P T A SO R 2 2R 45
A H kS E AR P A8 2 S I S S RV

RAE S WA Bl A 05 A 2R B ( Valavanidis et
al. , 2013) . ROS nJid it 40 A 5 A0 W s 0 5 S04
PRLYE T2 RNIR B 4 R R AR T T AR R AR A R
JV A2 B MDA, 375w DU MU 4 i 52 18 el 2R 2K
R . AT BoR, A G R A4 2 ROS
HIMDA (K 2 5 BH Pk Xof B 4 LY 358 A G 7 4% 1 )
BT, HBE Y mg i) (R K3 5 BT 0
UL T AT A RN ) 5 2 4 A FH 6 RN 40 L C V79 )
HIULER 2 40 WL N ROS 19 /K V- 19 Ft % ( Huo et al.
2018) o XSHE % %5 (2009 ) A B A7 A A8 52 35 ) 1)
Wik 48 IR Bt 284 1 = 22 72 ) MDA 38 v, e T
BRI SOD # i FE. AS250 45 K 5 DL B A ¢ Sk
T8 B, PN AR R B R 2T A N K U S AL
PAEA A IR 32 o N T S K R 42 R, ROS B8 JF
PG B AR, A MDA KSR, SR 21
WA . SOD J& A W) 1A N T 221 e 48 A i, T v o
ST S AT B AR IR o i A . ARF ST R,
L5 BP0 A L, S Y EE 4L 41 2L SOD 3
5 e 75 v I 3 BRI, HLBE IS 1) S K SR BRI A
AW AS49 41 i 5 56 T A JoRB i s, 4N
SOD il ¥7% 45 W0 » W 3 7 Bl 4% 25 I8 ) € K i B A1
CEEEEE, 2013) . AR EE G5 DL A7 0 Seik s
— 50 $R I 1) ROS AR A P4 AL SOD FE 3 58
RAREE, B B AR RE ) FRAK, 5 BOMLAR S AL T 1
TR ARBTG5 e LB

T ST R R P R 4T 4 B 2 S R DR T g
& KA KNI LA 5. ARWFST R, A
LT 4t 22 0y SR8 1) £ 4 AR, B B8 21 A R 42 2 A Y ]
T HORAER 2+ il A A G 2 20 it 20 23 — o 98 EE A
TR A Y B 055 A I T 5380 vy P RS 4T A e B
Yl A2 N K T Y 51 2% ) 5 | 41 44X sl e
A I NIET P EFYEFEAIR, AT S8 1 T 24, AT



%5 6 1] TS A

AR AT e 2T 20 UK BRSO B P I 5 841

BAG T 5% B8 21 4 1 22 P ( Eastes et al. » 2007 ), IX A
FE A2 1N il 21 22 11 ) 2 £ 4 5 ke 52 99 98 I 1) D
DRI 2 — o ASHIF T H, Sk A7 A 0 B 88 £ 4 A 2 1) B3
PL Si0, K&, AT 8 % Fe R Mg JG 3, 1M B &
FYTRZM Al G RO 44120 ROS
MDA Y AE e 5 1) 55 A B[R] o502 v T B 65 21 4
YLRi2H, SOD i g 7 G w5 Hh W S A 41K T P Be 41 4 e
B4, Park Fll Park (2009) #F 5T & Bl 442K Si0, fig s
BRI AN M R A A RN R 98
SV o Huo Z5E(2018) #EM Mg 76 % 1T FRAK i A1 K 6t
V79 4 IZET 2, AL O, v 4 56 B 28 £F 4k (1) 75 PE .
TOUREA) 1) 2k TG 2 mT e ZF i Y 5 5 R A R R
G, I 5 W AS49 40 M ) 44 38 Ji P 4 ( Deng et
al. , 2013) . DL EAHIRSCHRIE /R X LL 0 R &5 & AN A
T AE PR S B2 T, S HRZ IR Fe
JCE A HEXTE T ROS [ 2E ke S BEVE 3 nT fE 2
FEAN [7) G 25 I8 T R0, S A B A0 A 3 00 4 FH BB e 21
Yra 1 i R 2 —

F AT 2% 047 K AN B S £F 4 8 RE AN AR AR I 380451
P AE 90 3 BRI AR AR S 86, 1 1K M L 5 52 50
8D AW FCER AT i A Hi R P s T o R I 2 I
FRGGARELE R KD AZELL A K, 3R
Wi e 4T A ] RE 25 B W A b L (e B s . R
BB A F WA R S A X T AR AEYFA
PE R B A &5 e D ml Lk o AE DU IR ST R, A
TR 2% I NN G #5 5 2X HFEAT 7 B L
B, A AR AR N 0 AR ) T i R AR A I R
T B o BUM R MR IR R AR, O Ak SR T SR IR
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4 4k

CLD AR AN B 8 2 4 m 3 BOK Rlvs BRI R
it 60 &5 KA B AR Il T B 3 5 | 2T 410 46

(2 A AR AR g 5 2 A A U 4 2P G %
PED ¥ 1L-6 \TNF-o 11 NF-xB 58T 5 S 40
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