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Reactive Oxygen Species Generation of Refractory Ceramic Fiber-
and Rock Wool-Induced Alveolar Macrophage and Associated Signal
Transduction Pathway
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Objectives @ It is known that the high fibrogenecity of particles is connected with their
cytotoxicity for macrophages. Although the molecular mechanism leading to fiber-induced
fiber-induced cytotoxicity is still not clear, several mechanism have been suggested. The
release of reactive oxygen species(ROS) from activated alveolar macrophages(AM) by dust
have been suggested as a possible mechanism of particle-induced cell damage. But the mecha-
nism which man-made vitreous fiber (MMVE) induces the production of ROS in AM is still
not clear. In this study, we evaluated the relationship between ROS production and lactate
dehydrogenase(LDH) release from alveolar treated with refractory ceramic fiber (RF2) or rock
wool (RW1) and signal transduction path-way of ROS production in RF2 or RW1 exposed AM.

Methods : We investigated LDH release from MMVF-stimulated AM for index of
cytotoxicity. To determine what kind of signal transduction pathways are involved in
MMVF-stimulated ROS generation, we used some drugs which have an effect on the sig-
nal transduction pathway.

Results : RF2 and RWI1 induced increase of LDH release with dose-dependent manner
with RF2 having greater effect than RW1. There was a dose-dependent increase in the pro-
duction of ROS by RF2 or RW1. At all level of concentration, RF2 induced more ROS pro-
duction than RWI1. Inhibitors of PKC(bisindolylmaleimide), PLC(U73122 and neomycine)
and PTK (genistein and erbstatin) suppressed RF2 or RW1-induced ROS production.

Conclusion @ There was significant correlation between LDH release and ROS produc-
tion from AM treated with RF2 or RW1. RF2 and RW1 induced ROS generation through
protein kinase C(PKC), phospholipase C(PLC) and protein tyrosin kinase(PTK) pathways.

Key Words : MMVF, Signal transduction pathway, Reactive oxygen species(ROS)

Eael 0 1009 0"l 29, RHEHY : 19994 118 3
MAKXRE 2 o] B 8 (Tel : 02-580-1203) E-mail : Ikh@cmc, cuk. ac. kr
» 2 e BEISE 08 BMYBMEAEP(981-0715-116-1) RHoZ2 SHERS.

527



CHERAFClatsX| A 11 @ A 4 & 19994

Mg o84 ole) Ao Slshel Awlo] )
QY o8 B GAAES FHE B0 o
slel APRIEE hgo] wHEEe] Yoluinl ol wig
o A6k Wsl 2 $Ald] 9% AABE & Yo
£ BA94E sk 2S94 daER
RE e e A AREEe) B9 @

Y

HAsR AP FLT 4L ¢t
(Vallyathan %, 1992). webd #319] 54 &7
2R og HAs dHe vhedes ¢
lde dayes B o #HEAAE
goli e 3lo] Fasirh
el 'ﬂ"j/] At Zo] M=ol gt
B2E g4z At =
s 04—?501

off th &
1990;

r&jzx
o Mo 89 oo ok

,—l-\-lt
et

ox Y o
AN
q

ofd

47] (oxygen radical
A 2xH 3 ek (Cochrane,
1991; Dalal &, Donaldson &, 1985;
Freeman® Crapo, 1982). At&715e A ¥ue)
Bxg AkE B A AXEE osta AR
W DNA¢| base modification ¥+ strand
breakagea Oulg]_cq _ﬂ_;q =X 1 tﬂ-%}/\% [l g
et A3A 9 }t g AFolv A
3} W3- FdtE FA

et FYE 2
v P

3tk g & tro"ﬂ’\i ’ﬂ‘jhﬂ —/]0}04 2
=24 -ﬂ]i‘”/ﬂé}/‘ﬂi‘ﬂli A7) BYle] F7he HE
oAl ae] Alxeate] JERkgel| |8 phos-
pholipase C(PLC)% protein kinase C(PKC)
pathway?lt ##=o] e Ao BA4Hn glovt
(Holian %, 1994; Roney% Holian, 1989, Lim
% 1997a; Lim 5 1997b) Q&Y FodAMe ol&l7t
Al AE up gk, Fxlof o8 AA g DAl glof
AEHZG o tH71e] 29485 A4 o o] of
T A5 WEA] eRlEojol & Flo g AzbE ),

wba] B AT Azl o sEgeAE
o] AMEEAA Az ek HAAxEe] vhgo] 23}

&mor

lo

_>.i
SO
-z
)
=
i
e
£
ri’L
_g

528

1479 JEg ol ofo] HE

QA el elste] A7)zt &
714 o veprk AEEAE dodle A S
2k alek,

x4 H+ The Japan Fibrous Material
Research Association (JEMRA) A ®E&F33)

JFM standard reference fibrous samplez-ollA]

dgsted ALgaaTh, Uge AeE AxAFE
refractory ceramic fiber (RF2), rock wool

RW1eolem RF29 RW1e| Heole] 7|atsa+
71t &8 2= 242k 11.0+£1.96 s} 16.5+2.5
um (Kohyama, 1997) olgdrh wd HAHge RE2
7F 8.7x10%ugelnz RW1-& 1.7x10%uge]ch
(Yamato &, 1998).

2, 78K HZMH S HEZOYAME 2]

8# (Spraque-Dawley) & ketamine <SFAL
2 Hanka AL & A @ik (18G) & A4
Pdate] #Hede] dHH 4 ol cdatgFgdor
A7t ARe] A w7kA] FRAAC SFRAE sk A
5 9 V=g AN & FuUeANo. 14 & 71#
2ol AAYstal 37 ¢ AR V| HAHE A
g Algstler MHE 5 my 103 @"1 3kt
34" A YL 50 ml conical tubedl] & ¥ =
Al dg Fol BEstda o] AHYE 800 rpmS
2 4CoA 1087 9488 & F 2 cell pellet
£ QA g2dow 23], RPMI-16402.2 13] Al

3ttt l%— AR-E A X °V‘]‘:'El(cytocenf
trifuge) 3 % Giemgafd oz GMEle 2 7|

X AEANAY ALE 3 AZAIALA 00 %
49 E BAsATh, AAEE YE& (viabili
o= #aAHYT,

ty) & trypan blue exclusion®

3. LDH assay

CD

-well plateol] cell& Zx <HAIAIN H F&
FEE 7heta 2443 Bt Miskaleh o A
1S pyruvate NADHE 3} 401 37 ¢ollA
Wikl od7le) 2 mg/ml 2, 4-dinitro-

off ©x

=)

3041t



HUEE S+ Refractory Ceramic Fiber2 Rock WoolZ2 A=t HZoHA{M oA Reactive Oxygen Spe

phenylhydrazine in 1IN HClI& 7}3la 208 %
et ThA| 0.4N NaOHE 43t}
Spectrophotometerg ©]&38te] 455 nmol| 4] ¥H2-
o] ¥ AREY FHEE SHsIUrh

e

4, Luminol Et22 0|&%t ROS MMl &3

ROS2 A2 luminolZ ©]£3t chemilumi-
nescence® &4 1x10° 71/200 49 cell
< 544 tubeol T3] 2417 W% F &3 7
Aol 28] MHE =& AXEE AAS 10* M9
luminole]l X3 ¥ Dulbecos phosphate
buffered saline(dPBS)E& 200 4 75tz ZEA
AH A 40MeEE 10 4 J7HE & lumi-
nometer (Model 1250, Bio-Orbit, Turk,
Finland) & ©]43l%] chemiluminescence® &%
AT o] gho]l A 23S WS mVE F3}
of WE3RLE WAl

6. MIE W AEMeEA AXH7| EZlof 2/t
Hia{Mlzze| ROS M50l nlxles g

PLC A A< neomycine(2 mM)# U-

9,
EEE Control . #
8’[:|RF2 +
7 RW1 “
7ﬁ
N
36
=
25
2
8
T 4 #
o
- *
3_
: g
1‘
0 K
0 01 05 1 5

Concentration(mg/ml)

Fig. 1, Effects of MMVF on LDH release of
alveolar macrophages(10° cells) at differ-
ent concentration of MMVF,
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Fig. 2. Concentration-response effect of MMVEF
on chemiluminescence of alveolar
macrophages.
¢ significant linear increase with concentration
of fibers

+ ! gignificantly different from RW1

529



chEtatedelstalXl M 11 # M 4 = 19984

7k 57t
21 (P<0.05) RF2°1A+= 0.1 mg/ml A=
A =& oA a2 RWIME 5 w/nl
S AR izl vlste] LDHe] W17t o3t
A FEh ER 0.1 ne/mTE AYE ZE ¥
2e]A RF2welA RW1 2ol Hleted frelshr &
7H e,

2,

—
':%‘

re

EMFIE HZCfAAZ2| ROS 4ol nlx|

o}

RF2¢F RW1 % A58k A/ o] F71%
& ROS Ads:E T
gdom 2o BA Ewolr RWId Hsid RF2
dlA] ROS A Fol oA Frte o]
(P<0.05, Fig. 2).

3. oI=MFol| 25t ROSS| MMET MEZSM7E

of At

AzMFE A3 HEYHE] ROS 9%
i A EEAL] ¥ LDH 4#dA = Fig. 39
A BE nlg) 2ol RF29 RWIdA 25 ROS A
ol F/teErE NEEAde A E LDH Y S71
e Roldh ool ARBAE Bk AdAsE

r=0.79, p=0.0005

® RF2 -
25 @ RwWi ° r=0.81, p=0.0003
20 4
15 -
[ ]
| ]
]
n
10 - /
°
.
5 ]
I.'
o -
T T T T

T T T
0 1 2 3 4 5 6 7 8

LDH activity (UIlL)

Chemiluminescence(mV)

Fig. 3. Relationship between LDH release and
ROS production from alveolar
macrophages treated with RF2 or RW1,

530

RF291A4 = 0.81(p=0.0003)°]A3 RWI1dlA =
0. 79 (p=0. 0005) 1At

4, 2lz=Mwol 2

e

ROS Al alze |

# 71A] dAAE EX1 AFH "AEslan A4
o &% ROSe H3E AdEgity, ARE/KE A
=g A Z4HRES respiratory burste PKCE
4z oste] AF LAt FAZA A LA A
RF2¢F RWildl 23 ROS A& PKC SAAIQ]
bisindolylmaleimide (5 #M)el &sked 90 %ol
oA =] AT,

Fig. 49 504 He upel o] UT73122& RF2
o €18 chemiluminescence® URFFTOZE
2igt 2A9 44.7 % 28lar RWI1e] o3&
chemiluminescence® 50.8 % YA1AZ T,
Neomycine2 2 A E]Ale RF2E #A53F # 2
2AZe] ROS S 74.5 % 28la RW1e 9
3 ROS A4S 78 % AASAT)

Genistein® erbstatin protein tyrosine
kinase (PTK) 9AA 24 AlgE%en genistein

35 q

30

N
[543
'

16 —

Chemiluminescence(mV)
L]
o
1
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Chemiluminescence(mV)

Fig, 5. Effects of various drugs on chemilumi-
nescence of RW1 stimulated alveolar

C: RWI1, B! bisindolf-
malaymide, U: U-73122, N: neomycine,
G genistein, E: erbstatin,

* : significantly different from C, p<0.05
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