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The Relationship between Malondialdehyde in
Exhaled Breath Condensate and Inflammatory Markers in Serum and
COPD in Retired Workers Exposed to Mineral Dust

Jong Seong Lee” - Jae Hoon Shin - Jin Ee Baek - Byung—Soon Choi

Institute of Occupation and Environment, Korea Workers' Compensation & Welfare Service

ABSTRACT

Objectives: Chronic obstructive pulmonary disease(COPD) is an important cause of mortality in workers
exposed to hazardous dust, such as crystalline silica or coal, and COPD is related to inflammation and oxidative
stress in the lung. The aim of this study was to evaluate the association of oxidative stress and inflammation to
COPD in retired workers exposed to mineral dust.

Methods: The levels of malondialdehyde(MDA) in EBC as biomarkers for oxidative stress and C-reactive
protein(CRP) and lactate dehydrogenase(LD) as biomarkers for inflammation were measured in 107 male
subjects(63 pneumoconiosis and 42 COPD subjects).

Results: Mean levels of EBC MDA(2.03 nmol/L vs. 4.65 nmol/L, p=0.010) and serum LD(170.3 U/L vs. 185.9 U/L,
p=0.022) were significantly higher in subjects with COPD, but mean levels of serum CRP(p=0.469) did not show
a statistical difference between the study groups. Level of EBC MDA was negatively correlated with %FEV;
predicted(r=-0.279, p=0.004) and %FEV:/FVC ratio(r=-0.397, p{0.001).

Conclusions: These results suggest that EBC is a useful biological matrix for investigation of respiratory

oxidative stress. High levels of EBC MDA and serum LD are related to COPD in retired workers exposed to
mineral dust.

Key words: Chronic obstructive pulmonary disease, C-reactive protein, exhaled breath condensate, lactate
dehydrogenase, malondialdehyde
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& Anthony, 1998; Bergdahl et al., 2004).

COPD&= AAAACE AFZHRIY 3HAY ==
2935t Ay 9 sholtiLozano et al., 2012).
COPDY| I clo]l tigt A5 wi7iQIArY] o]
S FEEAlE EUAT, COPDY I3 &
At (reactive oxygen species, ROS), 4384
(reactive nitrogen species), cytokines ¥ growth
factors 59 W2 82153 #™o| Atk LA 3l
thBarnes, 2004). ROSO &J3t ARPAEHAE TF
7] 45 A5 d#Adol A 559 COPD E= ¢
|70 Z7Keitty Sk tHKostikas et al., 2003;
Kirkham & Barnes, 2013). ROSE FAH & A3
5= F83% FoQIARl Mgt 9 A [fa4t
Ab 2 FE4 B2 RE g AdE & ofet,
ool oo &/4dskd Hz= M2} 4+ S
o] AZME2EEH PG St} E5] i Z2 A
ojF&o] 2 B4 ROS AHEE 7FAIZ 4= AT
(Castranova et al., 1997; Schins & Borm, 1999).

H &g A ] BAAEE H FHolA Lojrt= A
o] 2P vtgto =N Ao et 4 Xmqy}
o] g7} 5ol 83 5 UHGrob et al., 2008). &
Ao g WA Ao A, 7| HA|HEZA|HH g At
59 M5 oz AF3 PAANETF 2 o]8H
oL}, olFet AR F IS A Fdo] A4
A FoNA dF 5= FLES 5 Aot T HAs
BAAE 7He] THAG Aol 2718 4SS ARI =
71-&=M(exhaled breath condensate, EBC)°] 9-&
Sk 8199t Horvath et al., 2005; Montuschi, 2005;
Corhay et al., 2014).

ARkH 0= ROS9| 7] Z-=2 w72 <lsf AlstA
EgA dAtols AR B SRR} E2 IF
EZ So] o]8F1 QuHGulumian et al., 20006).
Malondialdehyde(MDA)= ROS %:-2] 34?1 hydroxy
radicalo]l 2Js] Ex3IA|HHAlo] ARSIEHA AT =
A 5| =(aldehydes)ol™, ROSl| 2<Jgt A& THASHR]
HE Wol o]gE= BAAE 52 sto|tHGutteridge,
1995; Montuschi, 2005). 9] XA+ COPD
Ao A MDA 57 7KL ot 5 ARIAET]
A7) F7¥sttkal B alskal QtCorradi et al., 2003;
Bartoli et al., 2011; Cui et al., 2018). < COPD
£ SIS o] FFoA EF ARIAEHA A RHFE
7} Z71etal st EY(Lee et al., 2019), @59 A3

% O
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COPDE THAQl ASHHSe] S7ket ddd A&
Aol 7|5AkS EAOoZ SthHRabe et al., 2007).
COPDE QIgt {9 HE2 HAEEA S dF= v|H
S AU B of=HAgusti, 2006), Fabbri & Rabe
(2007)= COPD7} ¥&9] A4l H55F9] dFo]l
7] w2 A4l A5l ot ohdAd AT S 4R
2t STt WEkA EBC 9] ARBIAEF A X312}t
S @59 HAAS ARE Ao A+ 37t 9L
tt. @% C-reactive protein(CRP) interleukin-6
o} Ao} 7oA A== EdolH, 5 e 234
9] &x3E LA UAtHPepys & Hirschfield,
2003). COPDe} AAIAFA 3ol T3t WA Ao
A COPDY] &% CRP sZ dRxET 44 9
A Z7Fskc A 3193(Gan et al., 2004; Chen et al.,
2016; Su et al.,, 2016), ARIAE AL} o] 9Tt
5}t Tkacova et al., 2007). Lactate dehydrogenase
(LD)= H, 7t & A% 5 gt A719] Alxof] A4=
o] Q= J/Ao]tAnderson & Cockayne, 2003).
Drent et al.(1996)= X5 4 COPDLt Zo] Hx3]
9] A3 &4 Fdoke HEE2 1D 59 A=E U
a7t F2E ¢ 7] Hi2o) AR &4RHE 3-8
sittal Skt Cobben et al.(1997)2 AgRZEOA
435 LD &7t 7kt kEo] SHEEEE 1
27} 9Ei=el 9X=Ecty 51992 ™, Gulumian et
al.(2000)2 % LD sx+= Awo] s dee}t A=A
o] qlttal 3Tt

5 FSAIHER] CRPE}F LD= 7H 9 At 22 A7)
oA FJ=AL Alzzof] A= o] U7 mizoll(Anderson
& Cockayne, 2003; Pepys & Hirschfield, 2003), &
AR AFE AolA= T B AT AET I
= 1A & Aok B3 YUt 18 rsis =4
24 eZ o|FFAo] tis] ‘K= 9] A} XHI=E
Aol B35 5of 3t HE(MOEL, 2017)°l wet H&
o] ot A=E HE = LS skl ok wEkA
olzfet EXKHo tigt COPDL} AR 7] =4
AtollA 5571 B8oEE 1T B 87t lot EBC
£ o83 COPD A+9] a2 2¥% 821 s}
2] ok mikole fiifoz HIYEJAHCorradi et
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al., 2004; Bartoli et al., 2011; Inonu et al., 2012),
ojFFRE tfo R Pd YR HPA-HLee et al,
2014; Lee et al., 2019)°A4= ol FFHFE=S
TSR] AT

mEbA] o] f+ls FEA X0 &4 ol UE 9]
AL BAE A2 EBC MDA 9 &% %9 CRP}
LD &% 2451 dukd &4, XHS 711y 4 S
5719 B8 59 JFHAFE st COPDLF EBC
> ASARE 71 HAGS

1. 97 Uy

AT A Aegal, S584 9 vigs F

=AE A2 SolA ZFEHC] Ve =sAEA ol

A AFAEE A3 OO el W & At

111985 £874 Bo-718A Aol diet 7|=3e

g2 UeRd 4782 ARt 107780130 °f d+e
o

2. At
1) ALY YN E4

AR tol], A-ATFA(body mass index,
BMI), 24 k=277t ARA 7, &, J5S,
g 19} off 5O duky B HAHRAE B
o ZAFSIISE. HARAF 23 JAZAXE E2F7E o
A 5 A S ZEHY HAEIE(Quick test,
Clongene Biotech, China)& ©]-&3t HAMIA ¥4
WkS{(cut-off 200 ng/mL)S YEtH 62 IAHSAA
2 BRI, AEARF] FAl QAake] Aol wat ZlH|
% F&= COPD 59 ARE o 7184 SHAEY
A x3), AGA E= oA 52 B85t U= 45
$357|9F Boog Besiylch

H7l52 U8R /FHEE71eEoA A
= "HMiller et al., 2005)° w2t H7]|s HA]
(Vmax22, SensorMedics, USA)ZE ZAAFSITE =F
A H&=F(forced vital capacity, FVC) ¥ =34 <
27t 7]%H(forced expiratory volume in one
second, FEVDS &A% &, =<l A454(Choi et
al., 2005)2.2 74719 &A1& AAretth. COPDE

iy
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A2 dggd 9 557|83jo4 Hstal Q= 71
(KATRD, 2005)° ==t £874 B-718A SFAE
A% Fof] ARG FEV:i©] 200 mL ¥ 12% w[gtos
S7FskaL FEVI/FVCZL 70% B9kl B2 oFirt.
AW Z9] Ak A1 =7]7(International Labor
Office)ollA st Q= 7Fo]=&I(ILO, 20000 &
|oto] SEEXFTHE HAUARIER S FAst A&

of 291 St Felugel A SHct.

2) EBC AMF L MHAZ 24

EBCE= A8 A#7]94EcoScreen II, FILT GmBH,
Germany)E °l&sto] nl=5+5sts] 4 {H3F7|sh
3lofA FAsk= W (Horvath et al., 2005)°] wet
AFt=Hl, -20C Y F2F Ao {FH-E71E A2t
T oF 1087t BEAl 2508 AFHsIelH +4ed
2 v 3719 4 WASH] sl EBCE AFsH
7] Aol B2 AL P nose clipe 2HEA|
71 & AF5He EBC= AF SA| P5ETE viald
=4 §2 F AR "i7hA] -80T 9] A2 ¥aalo
BHstint.

EBC MDA¥ Andreoli et al.(2003)9] W& 85}
o EBC 50 pLoll 2%9] formic acid’} E3H opAIEY
Edg 80 591 12 mM 2,4-dinitrophenylhydrazine
(DNPH) 50 pLE Y¥al A4 6087 ¥HSAIA
MDA-DNPH F=A8} A]7]2, HE(0.2 pgm pore
size)2 oJI(t T 20 pLE HATZrFETHT HFE
A7](liquid chromatography-atmospheric pressure
chemical ionization tandem mass spectrometry,
LC/APCI-MSMS, 3200QTRAP, AB SCIEX, USA)l
Tttt 4272 C18Z29(Triart-C18; 2.0 mm
x 100 mm, 3 pm, YMC co. Ltd, Japan)°ll 20 mM
ZAH} HERE o]l 54 200 ul/ming] 44502 &0
Fuf BFE(EERE 45%— 98%, 4% gradient) .2 T
35 EEst9oH, MDA-DNPH REAl9] #HAol
(target ion)¥] massE 235—+159 m/z(positive mode)
2 53tk MDAY] EA43E3H = 0.24 nmol/Lolitt.

g3 39 CRP, LD, 1]s € 4753 #Agh o
ket HARIES Fre RS A9k o]&stod
AsAISFeHEA]7](7080 Automatic analyzer, Hitachi
High-Technologies Co., Japan)2] W&ol uet £4
oIt 7P 652 8% 59| aspartate aminotransferase
(038 IU/L), alanine aminotransferase()44 1U/L) T
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= gamma-glutamyl transpeptidase()73 1U/L), Al
7162 blood urea nitrogen()20 mg/dL) E+=
creatinine(>1.2 mg/dL)9] B4 1A E st oA %
Wot= S 42 v E ERGHIT

3) SAEM

EARAL SPSS 17.0 =2 13(IBM SPSS statistics,
USA)C 2 3519t} BMIE= AFEE5191, 1 5H9)
HEEL2 HE3 HEAE HEoigiEdl, yolet
%FEV,/FVC= A&, %FEV; 9 %FVCE AMS=11
EBC MDAE A&, @3 CRP= AlF9] I 17
1 D= 94 TS XS COPD o9&
2 Aye 719 duky B4 Blue nAEA B

gotlal, dutd S48 BAAIR
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Yutd EAL Table 13 2t} COPD
TASZE %FEV,, %FEV,/FVC, XEZ 7}
g1 9 $57]|9F 58 o 5o] FAHORE Zjo|7}
ARt THY EX =277 2 ARA 5 5 9"
of WE Zol= AUt

L re,
gl
re

il el

T

2. HMXE s

Aty EXE AYAJAE BT Table 29+ Zth
EBC MDAE £4 27|78 544 §-940] e
WH(P=0.006), <5717+ F7t w2 d3AgL QU3
t}. @3 CRP %ol Hsl A& Zo|7t AR &
2 Qi €4 LD9 sr: AmE sHEH Y &
2 ool AN HP=0.030), o] FT =0l T2
oyl o o-lc}dq.

20 BX

COPD#29] EBC MDA(2.08 nmol/L vs 4.55
nmol/L, p<0.001)<+ % LD(170.3 U/L vs 185.9
U/L, p=0.030)2] BHF=%7} non-COPDZHT} =9
1, XHSY 557]9F B8 oF 5 JFHSE ZIHA]
7l EAAE J|HEAAE EBC MDA(p=0.010)2+
@3 LD(p=0.022)= 2t Zol7} il 18y &

oOh
e

2
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(L)

% CRP skt t-testolA] COPDwOlA F-2olsHA &=
rOo1K0.11 mg/dL vs 0.17 mg/dL, p=0.025), &
A8 FAEANE BAE F9/80] glltHTable
3). EBC MDA %X %FEVi(r=-0.279, p=0.004) &
%FEV1/FVC(r=-0.397, p<0.001)e} 9] A34o]
AHFigure 1, 2).

v.1 F

EBCE=BY 5502 1087 AFHsI9S wf 1~3 mL
2N BAXNES 4570 &S &0l%0,
LC/APCI-MSMSE o]&3t EBC MDA k= HE A
2olA AE 7Fsottt ol AollA HegibS
Bt FEY 24 e oA kA EBC MDA B
T AHSH 35719 B8 oFE FAIIRS 450l
T COPDOlA oI5t 5715k 1(2.03 nmol/L vs.
4.65 nmol/L, p=0.010), %FEVi(r=-0.279, p=0.004)
2 %FEV:/FVC(r=-0.397, p<0.001)¢} 9] A4S
e} o]t Ayk=, COPD ¥HAtollA |- IpARSH
2321 EBC MDA”} &718ttt= AP A Corradi et
al., 2003; Bartoli et al., 2011; Lee et al., 2014) 2
kel YA|5F91 L, EBC MDAS}E FEV; 7ol 29 A4
o] YEATI= Bartoli et al.(2011)9] A¥}et: AX|s}
Aot AgPAtolA kA 2 AuE E a57]%F
28 oRE BABINE A3l COPD SHAolA
EBC MDAY| 5&7} S7Fstiet. ol§l d+tofl4l EBC
MDA &&= &4 oFek= 344 |fo4ol s
o, o]t A= APAH(Inonu et al., 2012; Lee
et al., 2014)¢t 23Ut} ol=3t A= Ef, FE &
A % o]FwFAe] EBC MDA 5X+& COPD7}
& A% 371, H71e(%FEVE R %FEVI/FVO)Q
A4t #H/go] Q= AR wWHEH .

g4 CRP BX+ COPD7} sFstAHKaradag et
al., 2008; Chen et al,, 2016), COPD 7|FAst &=
7t A84E(Tkacova et al., 2007) &71stckal s}
Aot Fernandez Rego et al.(1991)= APA AHS
A4l EF CRP 5=7} 7FsH7] wiio] AHe] =
of thet BAXEZ |F-&5htal sHich. ofl AtofA
g% CRPY B+ COPD oA |olsH &
71t 21(0.11 mg/dL vs. 0.17 mg/dL, p=0.025),
ARSI 3571 B8 oA5E SASSES 4% 79

gk Zpo7} QITH(p=0.496). AFAF=T} thE 2

A

H
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Table 1. General characteristics of the study subjects(N=107)

Characteristics Non-COPD (N=65) COPD (N=42) p-values

Age(years); GM(GSD)" 62.3(30.9) 65.2 (30.1) 0.051°
BMI(kg/m? ; AM # SD 23.8 = 3.1 23326 0.406°
Exposure period(years); median(IQR) 15.6 (10.3 - 20.9) 15.0 (10.8 - 20.0) 0.957°
%FVC predicted; GM(GSD)* 93.1 (1.2) 95.5 (1.1) 0.369°
%FEV; predicted; GM(GSD)T 102.1 (1.2) 83.4 (1.2) <0.001?
%FEV:/FVC ratio; GM(GSD)" 78.2 (27.8) 62.1 (30.3) <0.001®
Industry; N(%)

Coal mining 47 (72.3) 32 (76.2) 0.273°

Metal mining 7 (10.8) 7 (16.7)

Mineral product manufacturing(non-metal) 11 (16.9) 3 7.1
Smoking status; N(%)

Never 10 (15.4) 3 (7.1) 0.393°

Past 31 (47.7) 20 (47.6)

Current® 24 (36.9) 19 (45.2)
Cumulative smoking(pack—years); GM(GSD)* 15.9 (3.0) 18.2 (2.3) 0.42%°
Category of pneumoconiosis; N(%)'

No pneumoconiosis 35 (53.8) 9 (21.4) 0.005°

Category 1 17 (26.2) 15 (35.7)

Category 2< 10 (15.4) 11 (26.2)

Large opacity 3 (4.6) 7 (16.7)
Respiratory medication; N(%)" 19 (29.2) 25 (59.5) 0.002°
Diabetes; N(%) 11 (16.9) 6 (14.3) 0.716°
Hypertension; N(%) 21 (32.3) 9 (21.4) 0.221¢
Abnormal LFT or KFT; N(%)" 5(7.7) 4 (9.5) 0.739°

COPD, subjects with FEV;/FVC ratio { 70% and without FEV; increasing higher than 200 mL and 12% after S,—bronchodilator

inhalation.

" Square transformed data

T Log transformed data

T Square root transformed data

§ Six(6) cases among self-reported past smokers had positive in urine by the cotinine test(cut-off level: 200 ng/mL),
and they were biochemically classified as current smokers

I'No pneumoconiosis(46 subjects), 0/0(36), 0/1(8); Category 1(32 subjects), 1/0(15), 1/1(10), 1/2(7); Category 2<(21
subjects), 2/1(12), 2/2(6), 2/3(2), 3/3(1); Large opacity(10 patients), 4A(7), 4B(2), 4C(1)

T Including bronchodilator inhalant, sputum expectorant, and antitussive

™ Aspartate aminotransferase ) 38 IU/L, alanine aminotransferase » 44 |U/L, y—glutamyl transferase ) 73 IU/L, blocd
urea nitrogen » 20 mg/dL, or creatinine ) 1.2 mg/dL in serum

@ Calculated by t-test

® Calculated by Mann-Whitney U test

° Calculated by x*-test

Abbreviation: AM, arithmetic mean; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FVC, forced

vital capacity; FEV;, forced expiratory volume in one second; GM, geometric mean; GSD, geometric standard deviation;

IQR, inter quartile range; SD, standard deviation
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Table 2. Levels of biomarkers according to general characteristics

Characteristics No EBC MDA (nmol/L)" Serum CRP (mg/dL)" Serum LD (U/L)T
Age(years)? -59 36 2.07 (46.5) 0.12 (53.4) 170 (50.3)
60-69 52 3.34 (58.1) 0.13 (52.5) 181 (61.2)
70- 19 2.89 (57.1) 0.13 (59.1) 197 (68.7)
(b = 0.202) (b = 0.722) (b = 0.073)
BMI(kg/m?)P > 25 74 2.79 (0.90) 0.14 (0.62) 177.3 (841.3)
(25 33 3.27 (0.67) 0.10 (0.35) 173.5 (919.7)
(o = 0.477) (o = 0.126) (b = 0.612)
Exposure period(years)® -9 20 1.39 (0.92) 0.17 (0.78) 162.1 (935.1)
10-19 52 3.73 (0.67) 0.12 (0.37) 183.4 (805.0)
20- 35 2.88 (0.82) 0.12 (0.72) 174.3 (1009.8)
(p = 0.006) (p = 0.380) (p = 0.058)
%FVC predicted® > 80 96 2.92 (55.5) 0.13 (53.9) 175 (63.1)
(80 11 1.84 (41.2) 0.12 (55.2) 191 (62.1)
(p = 0.148) (p = 0.894) (p = 0.361)
%FEV1 predicted? > 80 93 2.70 (52.4) 0.12 (52.8 174 (52.3)
{80 14 5.11 (65.0) 0.26 (62.3) 193 (65.4)
(o = 0.156) (p = 0.285) (p = 0.141)
Industry? Coal mining 79 3.19 (54.9) 0.12 (51.4) 172 (50.3)
Metal mining 14 3.53 (59.4) 0.13 (58.5) 194 (67.6)
MPM 14 1.93 (43.3) 0.22 (63.9) 186 (61.4)
(b = 0.341) (o = 0.320) (b = 0.099)
Smoking status® Never 13 3.57 (59.5) 0.10 (48.5) 180 (58.4)
Past 51 2.40 (51.6) 0.11 (50.8) 185 (58.4)
Current 43 3.19 (65.2) 0.22 (59.4) 170 (47.5)
(o = 0.675) (p = 0.323) (p = 0.208)
Cumulative smoking Never 13 3.57 (59.5) 0.10 (48.5) 180 (58.4)
(pack-years)® -19 51 2.40 (48.8) 0.16 (57.6) 172 (51.6)
20-39 32 3.59 (58.1) 0.12 (50.3) 177 (53.3)
40- 11 2.87 (59.4) 0.15 (54.7) 189 (62.1)
(p = 0.435) (p = 0.673) (p = 0.722)
Pneumoconiosis® No 44 2.11 (47.9) 0.09 (45.3) 170 (48.0)
Category 1 32 2.88 (56.3) 0.19 (60.0) 190 (66.3)
Category 2< 21 246 (54.1) 0.30 (64.9) 168 (44.9)
Large opacity 10 5.56 (73.4) 0.12 (50.2) 192 (60.2)
(p = 0.121) (p = 0.060) (p = 0.030)
Diabetes? No 0 2.80 (52.6) 0.13 (63.3) 178 (54.2)
Yes 17 3.57 (61.6) 0.13 (57.6) 174 (53.1)
(o = 0.273) (p = 0.603) (o = 0.895)
Hypertension® No 77 3.05 (0.86) 0.12 (0.45) 175.5 (906.8)
Yes 33 2.66 (0.77) 0.14 (0.65) 177.7 (771.0)
(p = 0.556) (p = 0.418) (p = 0.780)
Abnormal LFT or KFT? No 98 2.92 (54.4) 0.12 (563.3) 175 (53.8)
Yes 9 2.47 (49.3) 0.30 (61.2) 189 (55.8)
(b = 0.637) (o = 0.465) (b = 0.857)

" Square root transformed data
T Reversed square root transformed data
* Reverse transformed data

@ Calculated by Mann-Whitney U test or Kruskal-Wallis H test, median(mean rank)
® Calculated by t-test or ANOVA test, geometric mean(geometric standard deviation)

Abbreviation: BMI, body mass index; CRP, C-reactive protein; EBC, exhaled breath condensate; FVC, forced vital
capacity; FEV, forced expiratory volume in one second; LD, lactate dehydrogenase; MDA, malondialdehyde; MPM,
mineral product manufacturing(non-metal)
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Table 3. Mean levels of biomarkers as related to COPD

Non-COPD COPD p-values

(N = 65) (N = 42) Univariate’ Multivariate '
EBC MDA(nmol/L)? 2.03(0.83) 4.65(0.51) <0.001 0.010
Serum CRP(mg/dL)P 0.11(0.45) 0.17(0.66) 0.025 0.496
Serum LD(U/L)° 170.3(997.5) 185.9(761.1) 0.030 0.022

" Calculated by t-test, geometric mean(geometric standard deviation)
T Calculated using a logistic regression model to adjust for category of pneumoconiosis, respiratory medication(no/yes),

and each biomarkers
@ Square root transformed data
® Reversed square root transformed data
¢ Reverse transformed data

Abbreviation: COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; EBC, exhaled breath condensate;

LD, lactate dehydrogenase; MDA, malondialdehyde
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Figure 1. Scatter plot showing relationship between EBC
MDA and %FEV, predicted in the study subjects
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Figure 2. Scatter plot showing relationship between EBC
MDA and %FEV:/FVC ratio in the study subjects
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