A Study on the Significance of Serum Lipid
Peroxides Level Measurement as an Indicator of

the Severity of Silicosis
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DBEMISAT, UAME (BRBFEEREIT) F 4 FVCHE
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b A EE T ETHD (ATEMER). ARECZ, [
ERBOBEEEEUAYBAL (UTHEB). BEMER, o
BREELIC, FORBEORELC DI T, MEERLEER
EHEY B2 BTSN DDEEXONDEE ¥ ET5%
RS L. T, MEKR = VAT = — L (total cholest-
erol, TCHO) {2 230mg/dl RiETH b, 2>, HHEERHT,
R DER, MnERENTFELLWEYBELT.

1. SkEHAEBs S ORI

ERRrEE, BEYIEL, BMECEEL L CTHBRIER
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o — (FIEMIZE, KR 2B, WETIER, Mk, —80C
THEHERELTVWAROB YR TEARKE Lk, RBREC
0.2ml #E L, 1A V3K 4.0ml THR L. TBA 33 (&
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A T3040/, m#k L. o, RRELAKPCARTR
ExX T, -7 %/ - 20ml iz, 0MMERML, KT
KLt TBAMDA ¥/ A v b % n-7 2/ — Bzt L
fo. W, O EESE KN-TO (ABRERER, B 2AVv85
3,000EETISHEEOE L., o EERBE L, UT
DE&ETBWTERKEZ <+ 75 7 4 — (high performan-
ce liquid chromatography, HPLC) D #TicfiE L7z,

HPLC 1zi%, X¥sEE PU-9S0 (ARG TH, Hp)) LU
HBERE S =2y~ ASL350 (ARSI H) 2EEL, »
S 41X, #— F# 54 Finepak SIL CI8T-5P (H A H Y T¥)
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54K 15cm DOV, AIER, #5464 —-7F v
860-CO (HANNTE) THF L%40CITHEDL, WXAKHE
FP-210 (HASETH) #A L, BEERE 515nm, HXER
553nm THEEH Lz, lEE R, 7e<ba2—-%—=SICI (YA
FAALAVAINRAYY, BHF) TEHL, ©-—70FIMLE
Hite, MIEOBOBEMIZBX T = bV L-20mM Vv
BoKEH Y Y ABKT, KHE 1.0ml/%, RBHEAR 20u T
WE*1T 7.
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TOOHHRIEE R, £ 0%, EOSHEEE KN-T0 (AREHEE
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F—TREL, ¥ —-70@EI»bEH L. NEOBROBEIE
1350% A2 —NB% T NS Fr7 I VEKRT, E1.0ml/
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BEER D43 #7iE, Foleh B™IZ X » CIRE R i, THRHLO®DT
BV, 8- 7 v A Y LY T YV 4 & v (anthryldiazomethane,
ADAM) (7 7 = v, BR) ¥k 5 <A {bF Ay, HPLC &
o THIE LR, MESIET, #Mme, —80C THEREL
T MiiEw SR T HAMBE Lc, 0.3ml 2 RBEC AR,
HBAEK 0.Tml THR L. ke ) vEREE® (pH64)
1.0m! &iB+, Folch % 5.0ml MMz EML, BEX 7R r&
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543,000 I T MEOTE Lic. TRLI-7c2 7k
NaBH 1.0ml BEL, BREFEEE, A&/ —24 30ml &0
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SHELE L, ROLMETHE L. b, HPLC iX, &/
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#1, #— F# 54 Finepak SIL C8-10P (BASNITE) f+&
0S %k » 5 & Finepak SIL C8-5 (AAS N TE), 75 4K
25cm DHDOEREFLo. JWER, 5 ABEXOCKEDL, ¥
SerHiEs TREE R 365nm, MHEE 412nm TRE L. W
EMER, 7rvta—F-TREHL, ¥—270FEMLEML
fo. WECEOBEAIZS0% 7 b= P VABKT, W&
1.0ml/4%, BEHEAR 204 CTRIE L.
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(C16:0), <A 3 bA LA vER(CI6:1), AF 7V Vg (C18:0),
+ L4 B (C18: 1), VU — Ak (C18:2), aV / VB
(C18:3) TH5. i n, EEAKICThOELRD
Larodan Fine Chemicals AB #: (Malmo, Sweden) 22 HfEA L
o A LS EBMEOSERY B L, ZEHREDAT
EIehdhE &R S » CEEHBOBRILE L.
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EERIERE & R BEOER, FE, (FE, BMI 8 LU M&+ o0
TCHO, JBISREMERLLDFEHEDZOKRFITIL, Student D t
BEyAvie, BEOREROZOREIIL, YEREXHV
7o, BERLIEE - REREME & OHEMEOKREIL, Pearson O
BEMEAERYAGCRERERSIMC L V-7, 3EHOER
EOREIT, —CEB S8 HT (£ E L Scheffe ) A
7z,

BELIEE S EMECEEE &L OBEM IOV TORER
1, MDA, 7 ro8F—)b, TR F =)L, ~FHF—j, UL
FoAREFRFRENERE L, XBRESHLIREBEYR
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WEr Ak, Motk h, MEBBRCEECERTSEE
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ZIXABEEYRELL. ZOB, XBREOEREFEANL D
D4EILREE, PR1 83, PR2 B2 5 PRA B/ D 35
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SELI.
FERKEIWThOBREHEDLS % E L, 5%kMy [HE
Ebh] LHELE.
L EDffst#mREICIZ, it =5 400, ¥ — 2 SPSS
6.0] % R iz,

B #

. EfERE SUONBROERME

TR DERM A BITR VISR L2 L8 TH A, BEIE
BLBREOMICE, £, &, #E, BMI, m#F TCHO &
LEEERZOhIch /. BFORERCLERZEALN

fehotz, ¥, R2WCHEMERO XBREORFR R L UME
TEERE B AR L.

I. EERERE &R O MFRERABE IR

MR BT 2 MER OB T, %L 3 = VER DR
HeHBENLOR, SBRBCH LEREREASEL R LA
(p<0.05). S VAFVER, SN A VS VER, AFT Y VER,
AVAVER, V=B, aV v VBICIIEEEI AL R
ot (F3).

0. Mm% MDA & 74+ —IL{E & DIEAREER

miE MDA & &7 i F— & OABBEFR A~ & =
5, MDA fEIZE T L5+ — A {EL OB THEEL LB VWTEH

Table 1. Comparison of physical characteristics and smoking habit between workers with silicosis and control subjects

Number Values (mean+SEM) of
of
Group subjects Age Height  Weight BMI TCHO  Rate of smokers
examined  (years old) (kg) kg/m® - (mg/dl) (%)
Workers with silicosis 98 65.4+0.7 1.60%0.01 56.5+0.7 22.1+0.3 172.4%3.6 45.8
Control subjects 34 67.4+0.7 1.59+0.01 55.6+1.5 22.0+0.4 185.5+4.4 44.1

BMI, body mass index; TCHO, serum total cholesterol.

No significant difference was detected in all health indicators between the two groups.
Significant differences of age, height, weight, BMI and TCHO were tested by Student’s t-test between two groups.
Significant difference in the rate of smokers between two groups were examined by chi-square test.

Table 2. Mean period of silica exposure in each group classified by pneumoconiosis

radiological type (PR)

Number Values (mean®+SEM) of

Classification of

of silicosis® subjects Age Exposure period Number of cigarettes
examined  (years old) (year) per day

PR1 33 66.2+1.4 14.2+2.2 -8.0+2.1

PR2 31 63.4+1.0 21.7x1.9 9.1+1.3

PR3 7 68.1+2.2 15.1+2.9 6.4+2.4

PR4 25 65.9£1.2 19.3+2.2 6.2+1.5

* Classification according to the Japanese Pneumoconiosis Law.

Table3. Compositions of serum fatty acids in the workers with silicosis and control subjects

Number Values (mean+SEM, %) of
of
Group subjects Myristic acid  Palmitic acid Stearic acid Palmitoleic acid Oleic acid Linoleic acid a-Linolenic acid
examined (Cl4: 0) (C16: 0) (C18: 0) (C16: 1) (C18: 1) (C18: 2) (C18: 3)
Workers with silicosis 96 2.4+0.1 27.0+0.5 :I 9.6+0.5 3.7x£0.2 22.3%0.8 27.4£0.5 3.8%+0.2
Control subjects 34 2.7+0.1 24.7+1.6 9.2+1.1 3.2+0.2 24.8+1.4 28.5+0.9 3.5%0.3

* p<0.05. Significant differences of serum fatty acids were tested by Student's t-test between two groups.

Table 4. Correlation coefficient for serum malondialdehyde (MDA) with each alkenal level

Nucr)r;ber Correlation coefficient of MDA to
Group subjects
examined Propanal Butanal Pentanal Hexanal
Workers with silicosis 96 0.691 #**x 0.702 #x* 0.867 s#kx 0. 305 *x*
Control subjects 34 0.826 *** 0.623 %xx 0.753 #kk 0.809 #*x

% p<0.01, 4% p<<0.001.

R
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BFic FOMBEGAER LA (F4). EENIERE & BB SR~ TOR, miE MDA E,
V. miEAEEiEEESER, BMI, M3F TCHO E&L O %7 N F— L8 L ER, BMI, M TCHO {E & ORICIZEEN
BB FERE (£5), HBHF (6) LLwHFERMEREMEMK R ALRE
Mm-S LB B fE & 44, BMI, m TCHO {& & O iAEIBI 6 Mot ¥, BEFERCRSGCREREL & ORBEERY

Table 5. Correlation coefficient between serum lipid
peroxides level and other health indicators in 96
workers with silicosis

8 1

Correlation coefficient

Lipid peroxides 5 o BMI  TCHO Exposure

period
MDA —0.083 —0.048 0.121 —0.038
Propanal 0.033 0.110 0.168 —0.043
Butanal 0.005 0.045 0.034 —0.186
Pentanal —0.103 0.034 0.154 —0.086
Hexanal —0.129 —0.090 0.048 —0.024

MDA, malondialdehyde ; BMI, body mass index ; TCHO,
serum total cholesterol.

Serum MDA level (nmol/ml)
N

Table 6. Correlation coefficient between serum lipid 0 -

peroxides level and other health indicators in 34 C PRI PR2—4

control subjects

Fig. 1. Adjusted mean levels of serum MDA in each group

. . Correlation coefficient classified by pneumoconiosis radiological type (PR).
Lipid peroxides Values were adjusted for age, smoking habit and total

Age BMI TCHO cholesterol level by multiple analysis of variance. The
VDA 0,062 0.139 0.102 obtained results showed that the level of MDA was

significantly higher in the groups showing the more severe

Propanal —0.019 0.129 0.044 pneumoconiosis radiological type (F=5.46, p<0.01). C,
Butanal 0.169 0.181 0.085 Control subjects (n=34); PRI, PRI group by classification
Pentanal —0.110 0.102 0.130 according to the Japanese Pneumoconiosis Law (n=33);
Hexanal —0.047 —0.137 0.056 PR2—4, PR2+PR3+PR4 groups by classification according

to the Japanese Pneumoconiosis Law (n=63).
MDA, malondialdehyde ; BMI, body mass index ; TCHO,
serum total cholesterol.

Table 7. Effect of smoking on serum lipid peroxides

Number Values (mean+SEM) of
of
Group subjects MDA Propanal Butanal Pentanal Hexanal
examined  (nmol/ml) (ug/ml) (1g/ml) (ug/ml) (peg/ml)
Non-smoker 71 5.14+0.27 3.08+0.16 0.43+0.03 0.66£0.05 0.91%0.06
Smoker A® 32 5.43+0.43 3.07+0.29 0.35%0.04 0.74%0.10 0.99+0.08
Smoker B* 27 4,97+0.39 2.76£0.23 0.42£0.04 0.64%£0.07 1.00£0.11

MDA, malondialdehyde.
» Classification according to number of cigarettes smoked per day. Smoker A, 20> Smoker

B, 20=.

Table 8. Mean serum lipid peroxides, age, serum total cholesterol (TCHO) and the number of cigarettes per day of silica exposure in workers with silicosis in each
group classified by p iosis radiological type (PR)

Number Values (mean+SEM) of
Classification su:j‘ccts MDA Propanal Butanal Pentanal Hexanal Age TCHO Number of cigarettes
examined (nmol/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (vears old)  (mg/di) per day
Control subjects 34 4.041:0.31—1 2‘12:‘:0.172‘- 0.24:!:0.02.1“ 0.47t0.07—1 O.TY:t:O.ll)-I 67.4+1.2 185.5%4.4 T.4£1.8
PRI 33 5.2140.29- ¢ 3.27+0.19- sex  0.48:+0.03- s#¢  0.71£0.05- o=  0.96+0.09« 66.2+1.4 175.2%6.1 8.0£2.1
PR2+4 63 §.7740.31 3.3610.19 .0.47£0.03 0.7740.06 1.04:t6.06 64.9%0.8 170.9::4.5 7.6£1.0

+p<0.10, * p<0.05, =+ p<0.01, »#+ p<0.001.
Significant differences of serum lipid peroxides, age, TCHO and number of cigarettes per day were tested by one-way analysis of variance among three groups.
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Vi, Xignsl s MDA {#, 7L+ —IL{E, Fi, 2E

A, Mi¥ TCHO &L DRSEM

XigRBsE o ms MDA fE12, BB L PR2 Erb
PR4 B CHEERALRI, FuAF =, TEF—HT
i3, WEBEE PRI BB, BB L PR2 #p b PR4 BET,
RygF—n, ~FHF— LTk, BRFEL PRZ Br D

E 69 A
b

=

=

g,

o 2
a,

g

2

A 0

C PR1 PR2-4

g 1.09 C
3 0.8

e

3 0.6

=

8 0.4

g

g 0.2

=

A 0-

C PR1 PR2-4

PR4 T, ThERBEENALR, WTh b REC N
EIERAEMEY TR Uz, PRI EH L PR2 AN S PRAJRE L
DOfEcit, MiE MDA B, &7 44+ - EL IERERLRDL
Rich ot (58). Fic, i, REAK, miE TCHO fEiL,
WBEL PRI BEROC PR2 B2 5 PR4 BEHCEREELL
75")7‘: (% 8).

VI. X#ml &miE MDA & ORIEERARHOME

445, MmiE TCHO 18, RETELFHE LcEo XBRFLS
Ao mE MDA OFHE R, NEEE 4.12nmol/ml, PR1 BE
4.50nmol/ml, PR2 %25 PR4 ZUEE 5.77Tnmol/ml TH -7z, X
BRNOERL L DICHEMELR LR (p<0.01) (K 1).

VI. XBRBEmE 7Ly F—ILEEOHEERRE RO

*%
£ myE TCHO {H, RETEL AR L RO XBRES

081 B
0.6
0.4

0.2

Serum butanal level (pg/ml)

C PRI

PR2-4

1.4 5 D
1.2
1.0 1
0.8 1
0.6
0.4 4
0.2+

0 -

Serum hexanal level (1Lg/ml)

C PR1

PR2-4

Fig.2. Adjusted mean levels of serum alkenals in each group classified by pneumoconiosis radiological type (PR). Values were
adjusted for age, smoking habit and total cholesterol level by multiple analysis of variance. The obtained results showed that
the level of propanal was significantly higher in the groups showing the more severe pneumoconiosis radiological type. A)
Serum propanal level. F value was 8.44 (p<<0.001). B) Serum butanal level. F value was 9.41 (p<0.001). C) Serum pentanal

level. F value was 5.46 (p<0.01). D) Serum hexanal level.

F value was 3.25 (p<0.05). C, Control subjects (n=34); PRI,

PR1 group by classification according to the Japanese Pneumoconiosis Law (n=33); PR2—4, PR2+PR3+PR4 groups by
classification according to the Japanese Pneumoconiosis Law (n=63).
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0.76nmol/ml (B 2C), ~F ¥ F — LD FHEI, B
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% =

EENFIE D FBIEBF T2\ TIix, Bozelka 5* ® Adamson
BV LT, WEREE T~ I/ r 7 vy — PRFREARIB X
n, EEBECY YV V- ABROME T X - TRHOBESE & #H
(EBET LTV EREZIhTWA, T, ZOFEERBEIE
iz & > TEBENRBRE b o Tn B Z ERELMIE
h, EUEFE GO DNA BEERY %, AR 558
PEEE - TW5, BEBERFOFGOEI DD, EE
Y RETHENAICEFTB LA TWS. —F, SEKELE
EELEER, ARV TERRRRBTLEE SR, B
BOXHREMESHUYRET L L2 RELRATWEA, £0
HREEADIEENT V) — 7 O NPERBRIC L - THE
SHBECEEINLOT, BELEEThEGHOHEME &
Y, ERRLIREN X S AL O %88 LlloagEs
DEREILB70DY, TOREEMNEEELELS.

RERD HAGREBRLIEEORIEREL TBA B U E L
T, W OMDFENEEIRTWS. Ex0REERTIhE
ROHORBE LTV BRDPEHMBRIL > T B, £F
BT ABBLIEBONMEET > BEIE, L0X57ENT
EDOI 5B LXRETION TP LTEL ZENNELEL
BRTHB®, TBA HIIEER(LOZKEWTH S MDA il
FELTED, £ETIHEE, $BLSOBLREER, £6H
N LERO Y& Z 1 R AT BT s > TV B FTRER A
B, Ei, BELEBEFOLODOZERELTVA EIZV-2
o, A—DREEIR—OL&HE T THE LD THHhIZ
RSB ERATH S EELLRTWAE®, LR
REXHBT A%, Miyazawa 5%, Yamamoto 5%, Terao
5H® R Yamada H¥2 & » T, HPLC &% AW BEELIEE D
LB BEENEERERIATOS. WThORHELE
Be Frltsy FRHETSLDTHS. ZALDHES
BICRt L, SEZEENWE LIcT A7+ — i, £ERTOE
REIEETHAHIOD, BHEDOELDALES, £ FrL
FEYFEIDHIREPCEHCERETTY ZEhb, BERLIE
BOEE T 5% MDA & L ST KBRS 5D TIXfeh A
EExI. FIT, BBLEEOREL LT, #EILNAHZ
TWA MDA ok, TAsrr—AxRELIE. 7ArF—
NDRIEFEWEI LTI, Yoshino 5% OFkx & —Hol
BLiTokdy, R 0L B ) BF BRI ELATY
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Abstract

The purpose of the present study was to examine the significance of serum lipid peroxides level measurement as an
indicator of the severity of silicosis. The levels of malondialdehyde (MDA, a serum lipid peroxide) and alkenals, such as
propanal, butanal, pentanal and hexanal, were measured in 96 workers with silicosis and 34 healthy workers as a control.
The mean period of the exposure to silica in the silicotic workers was 17.9 years. The author evaluated a correlation
coefficient between the level of MDA and each alkenal, after adjusting for age, body mass index and serum total cholesterol
level, which potentially influenced levels of MDA and the alkenals. There was no significant correlation among them either
in the workers with silicosis or in the contro! group. In addition, to clarify the involvement of lipid peroxides in silicosis, the
difference in the mean values of serum lipid peroxides between the groups was examined according to the classification
which uses radiological findings of pneumoconiosis. In the result, the levels of MDA and all alkenals significantly increased
in parallel with the severity of pneumoconiosis radiological findings. Even after adjusting for age, cigarette consumption and
serum total cholesterol level, the levels still increased proportionately to the severity. No significant contribution of age,
cigarette consumption or serum total cholesterol was observed in the levels of MDA and each alkenal. These results suggest
that serum lipid peroxides, MDA and alkenals are available as indicators for evaluating the severity of silicosis, independent
of the age, cigarette consumption and serum total cholesterol level.




