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AR Mg 12 n#EiIc DWW TIZ T L BT A%
SNTWB LISV, FCEEIMN L
ARD L BREMICRAL CEBLSET %R
B L 7-1E8kA e Mg &, ZDhniPRzBRBESH
SV MABHEEDN & 5 Ik fus & 0 mE
SR L Rk 2 A& L 2218800 Mg
BEEEDRRICDWTIIRZHBERZ LW, 12
BRILBKBEDOMEGEEEICETIRED,
silica, asbestos |Z le~THESH TAH %1,
EFHRF IR/ B W TEBELIHOMEE Mg
WEERE 24/ L 222%, THRIZBREHORKES
L2V nTh Y, MBHIC D% b D RIERIG
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RhtiiE Mg Dt LOEIZ RBE 4 b - 72,
ZZTHEEIMIC BT 2N Mg %
LET MR 2ERMICHEL,ICT 2 BH
T, ARTIZELEY P 2HAVBEETIHOH
METNEERL, BE~BEHIchL- TR
HETEY, WHEEEEES Uit s8
RFEIBELLEERPMZ 2,

NBELUFE

1) %

Hartley &€ €5 + (KE300~500g )
Z1AHBELBEIELNILDLERICH
Wiz,

2) EBHH®
BEENLEY MCROM BB IO RET
57 2—LRBAZR., ThbbifEs (W
MinHE B-17, EE4mmXE&2400mm, BF
HEHATH) 1.5F2BBICEINMEL, FhUCE
NRELLET72—2%907H, BHL-HEHE
(90cmX90cm X 120cm) OB TIRAZE, Zh
Z4HMBNELZ, ZLCRARMEN 18
%(%8H), 4:B%($29H), 8:B%(%578)
BIURLERE, H4BOTUMOKELTE
WhEREER L (K1),

s HEx, 5% b SLES—01F
F U7 41.5ml/kg RE % EENESE L 2%,
TIRFy 7 F2a—T7T2RENHEALERHE
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Exposure to
welding fume
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Time Course (Day)

X1 . Experimental design
WLL=whole lung lavage

BEAEKIOMIZEA, Thz&,IcRIILEL
BER S5 M T »72, ORL72BEEZ _&ED
F—ETHEBL THEELRE, Bonl Mg
W%, {b¥FEiE, AKRE, Agalactosidase
&M, superoxide (LAF O;) EHBERENE
REBICGEL7:, g2 ikiEs EHicay
B, EPOMBESIC OV T & FR
i~ May-Giemsa 3¢, Prussian blue ¢+ # 1T
e, HBMRROSE L gkl Mg o B
oW TRETL 72, Bonizhiil Mg o &8
HoORFIILTOMLITL 72,

@ Mg Mg D EMENKRES

M EEIIE 1 BEERICERLE, £
agarose plate M{ERLIZ, agarose (Behring
institute) 0.06g i 3mlNEZAKZMZ, #15
SRIEH VS DI C agarose % B S ¢ 01k,
48°Crstgic# L, 3lic #4& L 72 medium(RPMI
1640 #3232 ml, FE@MLF/ME 1 ml, NaHCOs
2.5mg, penicillin G 100unit/ml, streptomy-
cin 100ug/ml) #48°Cicin#l 72#%, L5 aga-
rose X L CIREML, MEEER77XF 7
dish (Falcon 3002, 60X15mm) iC#HEAL T
agarose plate #fER L 7z,

BHERFOERIZ, BRAFHELFENDLY
CREELEY FOFMELEL R MIEL
WEREREIC L, BIEHER, Al well 2
control ¢ LT M-199 o4 1 iz RPMI 1640
FEAL, EHEIIZE 1 2 F#EIC chemotaxis,
random migration, chemotactic differential,
chemotatic index Z &M L 7z,

@ Hfile Mg A RBENRES

RAREMEICH S zymosan HNEY Fi3,
zymosan (Sigma) 20mg | 4FE AIEKS5 ~10
ml %11 2 #9303 A B BEIZ 21T 2% 700 G,
59MELL, LE£0.01M)) > BRiEH (pH
7.4) 10ml T¥EELL CLEXRE, 20k
EICENLE Yy b ERBIAEI0M] %0 2.37°C, 455
i, #\T56°C, 3044 incubate L 7z, &AM
& NBL N LiEIC0.01IM)Y) v EERER (pH
7.4) 5ml CTikEELE IEMBYEL, ik
RPMI 1640 40mlic i3 & &, Br# 12 0.5mg/
mlOBEICHEEL, RBEFIC2mlTo5EL —20
CTHREZTRELZ., MORERIFLRELE
BloL7-,

® Hif Mg 7 g-galactosidase {EHE NS

F1RELFERDORERT AV, BrEMom
BEIBERELL.

@ HfilL Mg o> O, EEHEENKRET

FE1RMLERIC, EEEND 052k 5 cyto-
chrome C BT #WAELEILE L THIEL 72,

57 . |

1) RUBEHB L UEE7 2 — LARABOIB®
HATR

@ BRI

ma MLz, ROBERH (1941) n13.5+
5.3X108 fE» LR A 1% (126) ci311.1+
4.1X10% M8 & WA § B A (p<0.20) 245
N, BA4:B1% (2861) 12i£16.0+4.9X10°1@,
BA8iBH% (106)) 121316.1+£8.6X10°ME &
REBNDL VL EIC (p<0.20) HELA
(%1).

@ H3ME

WIRBEPICHBRT 28BN BIRITIE1 Hm
K ThHotz, Thbb Mgn xRz, RULERH
N78.6+7.6%I L LIRA 187 T69.9+18.3%



-7 07 7 - OBEICET 2R 795

7 1. Gellular Contents of Bronchoalveolar Lavage Fluid in Guinea Pigs Exposed

to Welding Fume

Weeks after exposure

Unexposed(n=14) 1W (n=15) 4W (n=18) 8W (n=18)
Total cell count (X107) 1.35+0.53 1.11+0.41 1.60+0.49 1.61+0.86
Differential cell count (%)
Macrophage 78.6x7.6 69.9+18.3 84.9+8.4 72.4+15.6
Lymphocyte 9.1+5.0 8.1+54 7.1£4.0 45+3.7
P MN 124+7.8 22.0x£21.0 8.0+6.8 23.1+16.84
*polymorphonuclear leukocyte Mean + SD
" _ o
) E .
S100F et
a & 15}
£
= sof 3 10}t
5 10} g
§ a © Chemotaxis
< 60 05| ® Random Migration
§ S0t
g 40 L 0 1 1 1 1 1 1 1 L L
_él Unexposed 1 2 3 4 5 6 7 8
g 30} Weeks after Exposure
g 20} X 3 . Chemotaxis of alveolar macrophages
2 10t from guinea pigs exposed to welding fume.
©
F .
g o 1 L 1 ] i i [ L g2 M @ st
2 Unexposed 1 2 3 4 5 6 7 8 @ B Mg i3
< RN Mg D2t Mg o343 2 BoEiE,

Weeks after Exposure

X 2 Iron-laden alveolar macrophage
composition compared with whole alveolar
macrophages in guinea pigs exposed to
welding fume.

EIET (p<0.20) L, 4:8%I121384.928.4%
E1B#E (p<0.01), 2B VITRMER & X
(p<0.05)FEICER L. $HKAMKNL
#iF, RUBBNI2.4+7.8%IcEL 1:8%ICi3
22.0+£21.0%ic LA L (p <0.20), 4:8B#%icid
8.0+6.8% & 1:BBICH~NTHE (p<0.05)
ICIET L, ROBEICH~NTLIKESL & 2HA
(p<0.20) THotz, T8 B®ICIF2I.1£
16.8% & 4 BHICH~NTHE (p<0.01) 2k
BL, ROBEHLIN LEEE L - 2(p<0.05).
—F ) o osBkn EICIZER L LA LY
LR A

KMBEE(7H) TIELBIH0 % & HHERFTL Mg
BEDLNLH 7255, BAL1HE%E (256)) I
1390.4+12.3% - A#ic & (p <0.001)L,
4387% (30f1) 121397.1+4.8% & 1:BHIC A~
TELICEAL72(p<0.02). L L 8:8%#%(18
Bl) 12i392.8+6.7% % 4 BBICH~NTRTY
B1EME (p<0.05) »AbLNnz (H2),
2) hfika Mg D EHEDRRES

FAMFBEEIIB, kAL 1BELH, BAKA4
BEEL6H], RATEL 8 BEE 6 B1iC 35> T chemo-
taxis (CT), random migration (RM), chemo-
tactic differential (CD), chemotactic index
(CI) iz oW THRET %1T% » 72, CT I3 RQER
0.97+0.15mm (2T 1:87%12131.65+0.33
mm & FE(p <0.001)icTTE L, 4:8%, 8%
TLZENEN1.5940.38mm, 1.59+0.16mm
B ZoERDFEHELZ. RM § CT &R
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Macrophages With Phagocytosed Zymosan Particles (%)

Unexposed 1 2 3 4 5 6 7 8
Weeks after Exposure

[ 4 . Phagocytosis of opsonized zymosan
particles by alveolar macrophages from
guinea pigs exposed to welding fume.

?
¢

100
ot
sof
70}
60
50}
0}
30}
20}
o}

B-Galactosidase-Positive Celis (%)
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Unexposed 1 2 3 4 5 6 7 8
Weeks after Exposure
5. B-Galactosidase activity of alveolar

macrophages from guinea pigs exposed to
welding fume.

ISR EFN0.57+0.13mm (2 H~T 18%IC

131.18+0.33mm & FE (p <0.001)icTTiEL,

ZD1% 4 B#%I131.3540.37mm, 8:BgICI
1.3940.13mm & & 5 iC Ui T H1EE( p<0.20)
HH Lz, CD i3, KRMBHE 1B%TIEZ
NFN0.40+0.10mm, 0.46+0.23mm ¢ FE
ZirA LN o720, 4B%TI20.2340.10
mm, 8iE#%Ti30.21+0.11mm &, RAERC
BRTH(p<0.05), 1:B#%ICH~RTL (p<

W
201
0
]
°  15f
&
E
E
3 10
°
13
[ =
5k

o 1 L [] ] (1 )  —
Unexposed1 2 3 4 5 6 7
Weeks after Exposure

1
8

X 6 . Superoxide production by alveolar
macrophages from quinea pigs exposed to
welding fume.

0.001) AEICHA L2, CliZ, RLERL1
BETIEENZNL.8710.45, 1.65+0.53¢LF
BERALN 120, 4B TI31.2440.12,
8B TIZL.1720.10TH N, KRMEBEEEIC N
T (p<0.001), 1:B#HH~TL(p<0.02)
HECHLS L (H3),
3) Hfifa Mg D& BEENRES
RIVER200), RA 1EE135, RAK4
ER1450, RATE 8 EE11%)ic 35> T, opsonize
L 72 zymosan K FNR BEEICDWTRETL 72,
REME Mg N ES®RIZRMERIS.6+1.3%,
R A% 1 EB89.8+7.3%, 4 BE88.6+6.3%,
8 B#94.3+1.7%TH N, RLFEICH~T1
B%(p<0.01), 4:8% (p<0.001) THEIC
BTL, 8BBIIZERT MM AL NI,
RLEHLNIZHAE (p<0.001) ICBMETH -
7z (K4 ),
4) il Mg o g-galactosidase i Niest
RILERF23B), AT 1881300, kA4
BEL4BI, RATk 8 BEE1IBNC BT, f-gala-
ctosidase {EMEIC DV TRET L 72, B-galacto-
sidase [ Ml Mg DB S8RIZ, RaLiER98.7
+2.8%, WA 1:88498.4+1.9%, 4:88£97.6
+3.4%, 8:8E99.2+1 3% CREBOEICAE
Zi3Aonuh o7 (K5),
5) il Mg o O, EEE e KEt
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KALEEELSH, TRAE 1ERE1260, RAK4
BE14B], RATL 8 BEEIMICBWT, 0; E
##E (nmol/min/108 cells) (2 D>\ THRETL 72.
FORRIZ, ROLER6.30£2.05, B”AK1E
B¥15.36+5.20, 4 :82¥9.44+2.21, 8:8%10.37
+4.96TH Y, O; EERIZ1BRICERAL(p
<0.001), 4:B#ICII 1BRICENTERICK
T (p<0.01) L7=#% KKE L TRRERC
WNTEE (p <0.001) 20, ZHOEMITS
BHRLEbLE» -7 (6).,

MEXUICER

FEIMBEOREZEHATIMRNO—RE
LT, REBTIRARD & BB BILEk
FEBATEZ x5 LAt MgnsaticEB L
MEZTTHTNEY, KEBTIRELEY FIC
Ta—LEFBRASELETABWELIERL, M
kFc Lo THBOoNLHI M 2 AT ZOH
BERE 21Th 72, ZOER, BRAKREFRHI
SBrARLME Mg Iz REEHI»ETL, ran-
dom migration 3L T2 & &N, $8
CREL S ZOMAICHET 2BFHIBEE
En. FaMBici ERRA LR —8%
ICHBL, »oe&i@ %@L superoxide E &
ReA TUET B 7% K REFRIEHYMEL, MER
BEzH—EHLrRl TWa I erHEEI N,

BB RA 1 BRICEHS LA, il
B SIELARI LKREKEREI L, MR
BWEMP EHKENEKL EICL > THAEI ML
RHTHDI. B 4BUEOEME, B
NiREL Y OREHIEBL, HEERFEALT
Mg »BIE3nzzH e Bbh s, MBESET,
1:8%iIc 2amER»EmL Tw52%, 2
iz Mgikon, »ovizzofinBERFIC
Lo CHiE~BR ENlzHTHS )., &L
TENICRRENTMgOBENF BRI 5728
bhd, %7-8:8#%Ic $WKAE MK EUEM
LTVvdds, ZHIZBEENT 2—LBANLSH
12, Mg DEBEEDET % & i SR ]
LhNRER &L, WRBRENBIATEL
f2tzevh L LiZev, Luganosb 9 3ENLE
FOGREMNIC silica EAL, FHERENH
B & I EOBBHEILERHTWD, £

2L~ nEic OV Tid, silica NEAE
WEACS & E 1 BLUAIKE, ®RREAEXH
B PERERNRELSHBL, 4 HEICIZH
RERIZEERICE > TRb LN, THEZTIC
BEBECAFEOTRE 27— 7> OREHR
2D EREL T3, - Tsilica & Bk
BRF L IEVITH B A, ERBEETLD
SR, EBRENEM & RBUNHEBL LT
DB RE TV BRRENIH L LEbNS,
Bowden s, 1% Gross 5,19 [ILUNERET IV
#1em L, carbon % ¥ o) B¥pki TR A, B&E
I BTAL B ERA RR R REIC WL, ®ENH B
ICHERLTWZERBELTWS, 72,
Bowden?, ¥ % Adamson 517 (3, B L < Bh#sE
BT carbon #RA /2% Mg 7 2 fHMED
HmzaEHTH), E1HEIOFOERNER
kL0 ThY, F2HEIMEEME (Mg
HIBRMARL) Do BIEGE & RflaE~DEEICZ L 5
LOLEEL T35, F72 Adamson H1® (3=
¥ 2|z carbon % latex KIF*#IRA ¢ DER
T, WEN SAK B MERBEINES ) B ¥ 5 7 L 7
iz, R nK, EkoEE & HREE R
OFHEELRETLIRFOFEEERHIH, i
FHEPEA CHHOMKER EETICRENL
YR EREZ L ODETFIEIEH N Lo ELT
5, fE->T, WM Mgid, BofEgEicind
LREENEIIHD L TIBALLKRF LN
HER (RE#SU) Kk vmdomEsAF%
EE, BHT2L0LBbNb.

SN Mg 0 BEEIL, RRLBEHTIZ0%
ThHho72bnh, B’AZLIETIOR LIS LR
L7zd%, ZHidfio R L BERICRAZ BRI
il Mg lcBREZ N2 Bbnd, 4
EETIE1BRICEXTELICEE(p <€0.02)
ICERL T3, ZnBEBEE L TL, OMg
BTHNZITELY S22, @QBEAAZLAEM
¢ PR L TR L & Nz MR O Rk
AR MgIcRESI N, QREZRANTY
2GSRI F TS & ISl MglcRESI LTz,
LY OTMEEENIEZ LD, 8BKICIT 48K
ICHNTHE (p <0.05) ([CHEEKAE Mg N
BERIMETL T 545, I iBgkiiiiE Mg A
BRPICIRL » TR I Ny, Vbbb
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AT A > THiBRE S & B EBALIC F5Eh L
27z Bbn b,

FEENBE Tl chemotaxis, random mig-
ration & 4 ICUR AL 1B TREH A LN 8B
EFTEOMERAFIEREA LN, —RICFFR
RTIE, AABICEERIRETTs:EhNT
BNEY, FHREL L CEERFORIEL2
ORAICHRL TEE I NGRS
AEW2C L 3 “autotoxicity”, BB HER
BEREE HZ{L26303132), & & E # BARAIC S
AT2Z 0L A BMHRTF L EHIHREEINT
W3, SRDEKAE Mg # % L L 2ERTIE,
BEBIIUDLATEL T, ZNEEEL
T, Fiifa Mg & iFhekanzE, BILSETFORHK
#, R&Hin vivo T A bnizZ &, MM
¢ LIBAL 2 SWAL B MER, 1) > Bk & E D
BEERn#B ¥ &2 bbb, %7z Territo
H3DHE L7z k) IS RBA TN Mg D F AR
ML Mg LD EEREITTEL CBET
i, SENEERNTUEIR, 8L Mg i)
BicEvkRu M Mg by B AL
rickrzohry vy, wTFhicvtlink
9 e ERENTUEIE, HEHTE Mg nififLiEs
LIERHFAD, HBWIE) s, MEFANHB
BhEEEL, SLIRAFENEMNCEET 3
TEEELHLZEFEZ LN,

opsonize & 172 zymosan N E AFEIZ, ’A
#1:8(p<0.01), 4:B(p<0.001), 8:B(p
<0.01) & LRABRICHNTHERICETL,
FE1MOBELMERLERTHY), TOBF
YELThBEEZ LN, THbLELIRT
it~ 7z Stossel3® DV REND T ONHBRHV
ThrEliiEinBRoEEIC L2 L Bbh,
¥ 7z Fischer &3 55l Mg n#aEIc RIiTT,
RENHBICBTAFETEEL B L5,
72— ADRBIC & 1) BEEEYIC RIS Mg RIS

mEas B E SN TRELEILND,

SHEBICIIRAREVBUNLET2HEBI» AL
A, ZHUiEskitlE Mg NIERAET & &
Liz, REZHE Mg NHRERIRR L BBS5 L T
WwhpZ EHMREING,

B-galactosidase FHEIC i3, MAR# THEE
A LN o7, L LEEIERIZEE LR

L Twirwas, g-galactosidase i&H: % i, &
BTk lkogmtt (blue green NEFFNE
BE) 12k D score 7T B L, kALK B-gala-
ctosidase FEH KT 2 EA»BREEINTE
N, - TAREIZHEW Mg 5 lysosomal en-
zyme NI HEEAEB T\ Z EFEb R,
BB AIC & B RIERIGDMEITEI NI,

O, EEREIZRA% I BTESRICTUEL, LIk
8BH%E THARICTUEL Tz, AL ZORR
2 MgnAaic & 3 0, EETTESZ KT 3
LOTREVWERLNS, T biTHilE Mg
2% “aerobic” LIRIEW 2 IC, FHALE MK
R Mg A R & ICE L T hexose monophos-
phate-shunt activity ICK#F T 5 DI H~NT,
oxidative metabolism (KT 3 EA VI KE
W T, RERD “respiratory burst” (3{rL
AR L0 5t TIRA 18D O; BEFED
TLEEIC I3 SRR A MRk N S5 LT3
ZEDNBEINDIHTHD, “B5SHBEL
72 0; EEREIZ, BILBKETFREBNLOTIE
%, BALSBTF2RAKL -Hile Mg, &k
BRUORHFZEYE TH % Concanavalin A
& cytochalasin Eicxt§ 2 O, BERETH S =
EEERL TN 54 wh, Mg »iEHL
3N, 0, 2EELBREICHE Z LIZHE,IT
HBrBbhd, #HEMACHREINZ O, 13
HEEAL L LICHCOMB*EET2EA2
23N F2 gy, Bb CIIFRRICHEE E N B EIRD
lysosomal enzyme, prostaglandin E; 7 }-38~41)
EAER - THHHEE, 2 5icizifggbnlR
HeZ%)) b2 &rHERINE,

= E

ERIMICBIT s~ 707 7—2 (Mg)
DL ZORBICRIZTHEL BB 2 HRY
TELEY P ZRAVEEREFLEEML, %
MEHBIV72—-2BA%1:84»%5 88T
DfikEIC L VBN Malc oW, a8k
i Mg & i SRFENEEBIRET 21T WLLT
DERE/].

1. BEIHBEEIZIRA 1 8% TR
<, 4BLUBRRABERL Y S50 72,
2. HEMROSETIE, ’AL1BKIC SFL
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BHILIRAY, 4B#%ICIE Meds, 8BBICIIBY
WAk MERABEI L 72,

3. gkl Mg o 3R, *&{Lﬁﬁf’ii 0

% TH > 72h, 1BELIE0%L gy hBl
#rL7% (p<0.001),

4. EENBE T3, chemotaxis & Uf random
migration {3 1 ALUBREE (p <0.001) i T
L 7. chemotactic differential |t 4 BLL#%I= 1

AHE (p<0.05) ic#4L, chemotactic index 3

4ALBEE (p <0.001) i2mIL 7,

5. AAMOBE TR, ROEHICH~NTIE
#(p <0.01), 4:8% (p<0.001) TIIHRIC

BETL, 8B#ICIRSRLAL 7, RILE B
K2 AR (p<0.001) KEENE E TH

x

27z,

6 . [-galactosidase iFHENBE T, FHM T
ﬁﬁzﬂ%‘i&ﬁ’c 7:,

7 . superoxide FEA#EIX EBIC EAL (p<
0.001), 4:8%, 8iB#%TIX 1:BHKICH~NTH
BICET L7222 (p<0.01, p<0.05), Rui&E
FHCHAD LIKRE L THER & > 72(p<0.001,
p <0.05),

FE#RDICHIN, EISEELM LB 2 BEAR
FARERBIRICRENBMBERT D L & bic, HHAE
BELHEELE-> LHBENFICRBLET.

L BARLOEE R H240 B ARKMKE SRS
(BBFOSTHEME) KB TRERL L,
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Functional studies on iron-laden alveolar macrophages
Part II. Functional changes observed in alveolar macrophages
from guinea pigs after exposure to welding fume
Seiji IRIE
Second Department of Internal Medicine, Okayama
University Medical School, Okayama 700, Japan

(Director: Prof. I. Kimura)

In order to clarify the relation of iron-laden alveolar macrophagesto the pathogenesis
of arc welder's lung, kinetics and functions of guinea pig alveolar macrophages were
assessed by whole-lung lavage 1, 4 and 8 weeks after the exposure to welding fume.
Whole-lung lavage was performed also in unexposed guinea pigs as controls.

The number of lavaged cells was low 1 week after exposure, but exceeded control
levels 4 weeks after exposure and remained elevated thereafter. The percentage of
polymorphonuclear leukocytes was high 1 and 8 weeks after exposures and that of
macrophages was high 4 weeks after exposure. The iron-loading rate of alveolar macro-
phages was 0% in controls. It was elevated above 90% 1 week after exposure and remained
elevated thereafter. Chemotaxis to zymosan activated serum and random migration
of alveolar macrophages were maximal 1 week after exposure and were significantly
greater (p < 0.001) than with controls at all times. The chemotactic differential and
chemotactic index were significantly low 4 and 8 weeks after exposure (p<0.05, p<0.001),
compared with those of controls. The phagocytosis of opsonized zymosan particles by
alveolar macrophages were significantly lower (p < 0.01), than controls at all times.
There was no significant difference in g -galactosidase activity of alveolar macropha-
gesbetween controls and welding fume-exposed guinea pigs at any time. Superoxide
production by alveolar macrophages was maximal 1 week after exposure and rema
inedsignificantly high thereafter (p<<0.05)> compared with that for controls.

Thus, exposure to welding fumes in vivo appears to induce acute and chronic in-
flammatory reactions and iron transport which are probably mediated by alveolar macro-
phages.

Key words: iron-laden alveolar macrophage, guinea pig, welding fume exposure



