$39% F3M s oA 8 W % & & Vol. 39, No. 3: 305 ~313
2020 5 H ACTA PETROLOGICA ET MINERALOGICA May, 2020

4 T X 7R R AR BUK R BB iR 15 &3 HO-1 #0
HSP-70 B 22 M

HAEE' SRR F A KRR BRI K
(1. PHREERIRSE AILBEAZE, PON Y5 6460005 2. 35 B B F ey, PONI 950 6460005 3. PHEGLERl K
%0, DU 30 6460005 4. AN DAfERRRZE 6l <, DI 3500 6460005 5. FEmIEHE A, PU)I 45FH 6210105
6. PUNIGRFHPIOPIEE e, PU)I 43R0 6210005 7. PHRACHE K% MhERBLA IS TRE22BE, DU &l 611756)

O U T R PO X R AR A R O U % 1 P A i 40 2Lk HO-1 A0 HSP-70 383k 7 . AERIE Y
KRR X RAE 4 PP RARIE AR, P40 sB 8 LR RE F0 X 5 2 9¢ 06 6 1% 20 M ok 2R FR 30 L 26 1 356 Y 31 [ AR 4k, 2
Ao ¥ 90 HAIWiFL SPF % Wistar K, BEHLAY Ky 5 ALCH B 58 2E T 9 2 DO )17 B B G I 14 i A 2 0 A
PREUL AT YIS B2, F 2.0 mg/mL A AR A B 0.5 mL(1 W/ HD XK AR R UE AW 4. T
16212 DAL ZE R B 6 H, 5 3208 i #E VE I C BALF ) Hh (1) LR It 208 C LDH ) <l P 1 R il C AKP) N 7R
HCTP) &, SR qRT-PCR A A4 23 il 27 22 5 A6 A B 1 CHO-1) R R 5 8 A 70 HSP-70 ) mRNA KA K, 3%
H western blot #4123 sh HO-1 F1 HSP-70 85 (1R IEKW-» Z5 H oK, B o 8 95 5 A0 8T B 4 AR 41 LDH A 541
KR AKP I TP £ 5 I8 8] 5 2 Lo B B 2H T (P < 0. 050, HLBE e a5 N R IE K 5 BT #a#(P <0.05) . Hedi 1 H
I, % YL B: 4 HO-1.HSP-70 mRNA 11 HO-1 HSP-70 &5 kA T LI PEX R AL =i (P <0.05) s 45 6 HI, S Qd AL
IH 2 o 20 vy, ) e 2 R B e U A ALLALS T R R BRI AT AR L (P <0.05) s B3 12 F3 I, B0 e 28 11 8% g a4 AV 401
TV R RN R A AR AL P < 0. 05) , T B2 AR BRI A R34 - I e ) B

KRR R AK B HO-1; HSP-70

HE5ES: P579; P578.94 XERFRIZES: A XEHS: 1000 - 65242020103 - 0305 — 09

The effects of four natural chrysotile asbestos on lung injury as well as on
HO-1 and HSP-70 of rats

CHEN Jian-guo"?, HUANG Liu-wen’, LI Jie*, CUI Yan', HUO Ting-ting’, DENG Jian-jun®,
SUN Yao-chuan’ and ZHANG Qing-bi'

(1. School of Public Health, Southwest Medical University, Luzhou 646000, China; 2. Luzhou City Center for Disease Control and
Prevention, Luzhou 646000, China; 3. School of Pharmacy, Southwest Medical University, Luzhou 646000, China; 4. Luzhou City
Health and Wellness Committee, Luzhou 646000, China; 5. Southwest University of Science and Technology, Mianyang 621010,
China; 6. Mianyang No. 404 Hospital, Mianyang 621000, China; 7. School of Earth Science and Environmental Engineering,
Southwest Jiaotong University, Chengdu 611756, China)

Abstract: To investigate the effects of four natural chrysotile ashestos in major mining areas of China on lung injury

Weks BHEA: 2019 —07 —29; $E= HHEA: 2019 - 12 -04; 4Ri8: FRF

EEWA: HEHRRFEIES (414720460 5 VU)14EHE TR H (172A0431) 5 350 - I B KIS 30 H (2017LZXNYD-124 ) ; PR &
BRI H (2017-ZRQN-002, 2016-YDQN41) 5 PUJIEE F PAVLA O 50 H.OIH (YF17-Y12)

fEE RN REE983~ O, T, BUK, FEFE, §F507m: BOl R, E-mail: 252707985@ qq. com; WIHIEH: K55, E-mail:
qingbizhang@ 126. com.



306 wOAR O W ¥ & E 539 4%

and the expression of HO-1 and HSP-70 in lung tissues of Wistar rats, the authors collected samples of four natural
chrysotile asbestos from the four mining areas of China. The fiber morphology, surface active group and chemical
composition were analyzed by scanning electron microscopy, Fourier transform infrared spectroscopy and X-ray fluo-
rescence diffraction. Wistar rats were randomly divided into 5 groups ( Akesai of Gansu, Mangnai of Qinghai, Xin-
kang of Sichuan, chrysotile groups and physiological sodium chloride solution negative control group of southern
Shaanxi) , with the chrysotile groups treated with intratracheal instillation. Six rats were put to death in batches 1
month, 6 months and 12 months later respectively, and lactate dehydrogenase ( LDH), alkaline phosphatase
(AKP), and total protein ( TP) in bronchoalveolar lavage fluid ( BALF) were measured. The expression levels of
heme oxygenase 1 ( HO-1) and heat shock protein 70 ( HSP-70 ) mRNA in lung tissues were detected by qRT-
PCR, and the expression levels of HO-1 and HSP-70 protein were detected by western blot. The results showed that
the LDH of Gansu Akesai, Qinghai Mangnai and Sichuan Xinkang chrysotile groups and the AKP and TP in each
chrysotile group were higher than those in the negative control group at each time point ( P <0.05), and increased
with the prolonged exposure time (P <0.05). As for HO-1, HSP-70 mRNA and HO-1, HSP-70 protein expression
levels, it is shown that, 1 month later, the values of each exposure group was higher than those in the negative con-
trol group (P <0.05); 6 months later, values of each exposure group was higher than those in the negative control
group, and values of Gansu Akesai and southern Shaanxi chrysotile groups were lower than those in the Qinghai
Mangnai and Sichuan Xinkang chrysotile groups (P <0.05); 12 months later, values of Gansu Akesai and South-
ern Shaanxi chrysotile groups were higher than those in the Qinghai Mangnai and Sichuan Xinkang chrysotile
groups, whereas values of Qinghai Mangnai and Sichuan Xinkang chrysotile groups were lower than those in the
negative control group (P <0.05).
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JR ] 5 2 L U R DO T RS B VY Bk e DY KT X
(R R AR AR A BIE TR S, F 94 1~ Y s 2040
DG AT XA 2 5601 73 ok AR TS AT 1
HRIAG 2% 41 55, I 6 Wistar K BREAT 2 K FE 5 #5 5X
AT G R, WS I T K B SR I IV
WCBALF) Hh LR M 208 C LDHD B P 19 g ¢ AKPD
MR A CTP) & 2 1 A2, LKL 23 HO-1.
HSP-70 mRNA 1 HO-1.HSP-70 4 11k i# (¥4 4k,
A AR AR EIOR B 8 45 £ A G mT 5 B L o 2 3



553 4

[ ] 2% 4 i BRI A R S80OK BI85 B 6t HO-1 Fl HSP-70 F 3% 1 307

1 MRSk

1.1 FERFISNE

FBALAIAT 7200 B4y 66 BETECARJE BT b R4
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Table 1 Gene primer sequences of HO-1, HSP-70 and
B-actin
£ 53" KI5 — 3 Jr B (bp)
HO-1 ACCTTCCCGAG TCTTAGCCTCTTCTG 12
CATCGACAA TCACCCTGT
CGTTCGACG TGTCCTTCTTGTGC
HSP-70 TGTCCATCCTG TTCCTCTTG 147
" ACGGTCAGG GGCATAGAGGTC 155
Bractin pCATCACTATCG TTTACGGATG

i HO-1 RoR LA REACGEE 1 IERK, HSP-70 R PUR T E A
70 MIFED . A AQR RIS, T AQR M R mEnE , G AAR BIENS, C A0k
S, B3 J4 B (DU HE S, e 0 P Al A7 A (S o
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% 4 PVDF B, A SI2H6 K 0 e 1) 6 B 7 =X LR
130 mA, HLJE 60 V 2247, B2 60 min. /MOy HUHY
FER I T H U, Eil R IK LB R APIRER
F 1 h, ¥ HO-1 —FHL(1:1 000), HSP-70 — #
(1:1 000) «B-actin —PL(1:5 000D H I5f b AR B, K
B S BB BN — P TR, 4°C I A 0, IR
HH TBST el 3 U0, Ja InAN 40, il WV 1 h, 1 H
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Fig. 1 A photo of four natural chrysotile asbestos samples from major mining areas in China
Aa—AKS, HNPIE 28 A AL Bob—MN, WS R IR AL Coe—XK, PUNIHTHER A ARAL: D.d—SSX, BRPGBREiR A M4l T
A, a—AKS, Gansu Akesai chrysotile group; B, b—MN, Qinghai Mangnai chrysotile group; C, ¢—XK, Sichuan Xinkang chrysotile group;

D, d—SSX, Southern Shaanxi chrysotile group; the same below
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PURE (B 2).
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EYRBh 5 . R A AR 1630 F1 1 455 em ™' HHiL
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Fig. 2 Scanning electron microscope images of four natural chrysotile asbestos in major mining areas of China
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Fig. 3 The FTIR analyses of four natural chrysotile asbestos in major mining areas of China at different grinding time spans
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Table 2 Main chemical composition analysis (w,/ % ) and
trace chemical element conteat (w,/10 ~®) of four natural
chrysotile asbestos in major mining areas in China

FE AKS MN XK SSX
Sio, 37.97 40. 82 39.07 19.33
Al, O, 0.78 2.12 3.41 0.29
Fe,0, 3.65 4.97 4.80 3.58
MgO 34.57 39.20 39.59 49.14
Ca0 0.45 0.34 1.96 0.17
Na, O 0.05 0.15 0.11 0.04
K,0 0.06 0.04 0.28 0.03
LOI 14.72 11.43 11.15 26.02
P8y 92.25 99.07 100. 37 98. 60
Ba 0.00 12.95 4.72 45.29
Cr 1 159.03 1 102.91 423.76 501.03
Cu 32.87 17.76 31.65 0.00
Mn 526.80 509.13 835.81 1 596.08
Ni 1883.75  2088.64 1 662.07 1 401.89
p 63.18 44.43 129.83 47.01
Sr 20.61 23.99 48.19 19.34
Ti 753.27 318.77 935.35 289.96
Zr 0.00 1.93 22.12 0.00
2.6 EAEFESEI AR BALF F LDH.AKP #1 TP

AEMTL
3o, Jeig 1A, B VRS IR
BA 9 2 35 2 BT B L A1 A 41 BALF th LDH 1 15
(P<0.05), #% i A1 K5 41 AKP F1 TP & &t 1Y &
(P<0.05), HyE AN A M 240 LDH T~ H A A A

(P <0.05), B Bl AT i 41 LDH w1~ Bk e i A i
(P <0.05), 7 AR 4] AKP w5 T H AR il A
HCP <0.05), Pl 5 JE | i B FUHT B A1 R 4 TP &
FRRE AT ARLLCP <0.05); YL i 6 DA 12 M H
I, 5 B P 2 L s, 753 A R 41 LDH L AKP Fl TP
PrEY B, R A N AL R R
(P <0.05), {itHFHr HE i A R 21 i 1 B o € gk
FMAFRALCP <0.05) . B o Z€ 95 2 BT BRI A
W4 LDH PA R &3 A7 Hi 24 AKPL TP % 5 B 4
PLRE I ) K 2 ETHE (P <0.05) 6
2.7 HO-1.HSP-70 #J mRNA F1%& H Rk KT
JeBE 1A H I, S5 9 AL L, 25 A R 4l
KEUiZH 2R HO-1.HSP-70 mRNA LA A HO-1.HSP-
704 (AR X KT E (P <0.05), HR A H 4l

*3 REMAYT XXAERAMI AR BALF 1 LDH.AKP
TP AWM (n =6, x5 )
Table 3 Effects of four natural chrysotile asbestos in major
mining areas of China on the content of lactate dehydrogen-
ase, alkaline phosphatase and total protein in alveolar lavage
fluid of rats (n =6, x 5 )

LDH(IU/L)

e

11MA 6 ™H 1214
NC 2.64 +0.25 5.23 +1.06" 6.03 £0.46
AKS  4.47 +0.28* 35.84+1.16** 46.20 +1.06**
MN  12.91 £1.60** 107.33 £4.71*% 131.56 +1.39 *#*
XK 5.78+0.26*"  88.79 £9.63 *#b 112.63 £0.70 *#b
SSX  3.84+0.33"  16.33 £4.30 b 16.92 +0.58 *

AKP(U/100 mL)

205

11™H 6 ™H 12MH
NC 0.25 +0.05 0.30 £0.01 0.32 £0.01
AKS  0.38 £0.01* 3.05+0.05** 4.12 £0.31**
MN  0.65£0.07** 5.88 +0.18** 6.92+0.10*%
XK  0.42+0.03*" 4,18 £0.23 ** 5.74 £0.14 *#b
SSX  0.37 +£0.04*"  1.42 £0.02*#be 1.91 £0.07 *#be

TP(mg/mL)

2199

11MH 6 ™A 124 H
NC 0.25 +0.01 0.26 £0.01 0.29 +0.01
AKS  0.34+0.02°* 0.52 £0.01 ** 0.67 £0.01 **
MN  0.35+0.01°* 1.43 £0.01 ** 1.79 £0.04 *#
XK  0.35+0.03* 0.90 +0.06 *# 1.41 £0.03 *#
SSX  0.30 £0.01**° .45 +0.01 **be 0.58 +0.02 *#abe

s NC B Mo B4L; 5 A0 R 9 35 0 1A 1 B o) B4 L A
*P<0.05; HFRHRT—JBE M, *P <0.05; 15 AH ) 4L i 1)
5] FRT BT 3 ZE R A AR AL EL B, 2P < 0.05; 55 ) e 25 i ) F) o1 2 3L
FRRALLES, PP <0.05; 55 R 4225 i A (%) 35T e A A 41 LE

‘P<0.05.
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PE X IR A LA, S5 A 8 sy, EL ] 50 5 R Ik v
AR T AT B A AR 4L(P <0.05) . Jei

12 AN I INF, 55 930k 5 B A Bl e, 90 R 7 R v A A 4
R, EL ] 7 3 0 5% g 3 A A 4 v T 9 R B BRI
FARRHCP <0.05) (K 4),

b anc 5t
= NC
a 1"MH  NCAKS MN XK SSX s OAKS *al gaks
Hol e e : by = mAN
=at |7 s B WM. o
usero [ . %3t :
= 3 * a owowoy,
- B -
6/~ NCAKSMNXKSSX % R
HO-1 = 1Ir = *a*
*a *
: - 0 . .
HSP-70 14 H 64 H 129~ H ] oy &4 124 H
. 5r ¢ [
p-actin . . aNe . wg*a S:Es
4 * x . i 4
12451 NCAKSMNXKsSSX *ata o & . VN
¢ * 3r * * * BXK
-4
E 2t . *be EY
T} N S P
M H 6~ H 124H 1A 6 H 124-H

B4 FEPAH KRR AN A R4140 HO-1.HSP-70 [f)3 Al mRNA ZE 1 (n =6, x +s)

Fig. 4 Effects of four natural chrysotile asbestos in major mining areas in China on the expression of HO-1 and HSP-70 protein and

mRNA in rat lung tissue(n =6, x £5)

a—F ALK RU 4143 HO-1 A1 HSP-70 4% 10 fi vk €] b—HO-1 F1HSP-70 2K AR ik —HO-1 F1 HSP-70 mRNA FEisH; NC N
PR A2 s 5 A [R] G 2 I T (R B PR o B2 LU, P <0055 L5 AR 1] G2 I 1) () 0 3 8 AT AL LU, P < 0..05 5 L5 AH [R] G2 I W) (i 3 2
AR, P <0.05; 54 R Y 1) 187 R A AR AL LU AL, ©P <0.05
a—HO-1 and HSP-70 protein gel electrophoresis; b—HO-1 and HSP-70 protein expression; c—HO-1 and HSP-70 mRNA expression in lung tissue of

rats of each chrysotile group; NC, negative control group; “ P <0.05, different from the negative control group; *P <0.05, different from Gansu

Akesai chrysotile group;"P <0. 05, different from Qinghai Mangnai chrysotile group group; °P <0.05, different from Sichuan Xinkang chrysotile group
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BALF J¢ 43 14178 A6 R DU oAy 5008 b e e i 0k i
NBEWII S ROl A2 B3 F2 % . LDH g B S 1, 224 il
A AL 2R 52 24545 I, v B2 2R 08 U B i i T 3
S LDH ¥t 386 2, IR O J e 23 4 55 M 11 5 1)
REEFRIR . AKP & —Flei W) o 55 b 35 i, o 1 ki
0 0 9 e R P AN M v T R AN RS2 R FE S AKP %
R B OE B OC R 3K B K U BALR
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