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To investigate the involvement of oxidative stress in coal dust-
induced respiratory disorders, red blood cell and serum
antioxidants in 66 coal miners were related to 5-year changes
in coal workers’ pneumoconiosis (CWP), chronic bronchitis,
and lung function decrease (n = 40). Reduced (GSH) and
oxidized (GSSG) glutathione concentrations, glutathione
peroxidase (Gpx), glutathione-S-transferase (GST),
superoxide dismutase (SOD), and catalase activities were
measured in erythrocytes and vitamin A, vitamin E and iron
were determined in serum. Changes in CWP were determined
by chest radiography, chronic bronchitis was determined from
a validated questionnaire and lung function decline was
calculated by linear regression for a 10 year interval before
blood sampling. SOD activity was increased in miners with
progression of CWP (2308 ±156 vs 1703 ±155 U g± 1 Hb, p <
0.05), and GSH was reduced in those with chronic bronchitis
at follow-up (3.53 ±0.16 vs 4.05 ±0.09 mmol g ± 1 Hb, p <
0.01). Stepwise discriminant analysis showed that for both
pneumoconiotic and non-pneumoconiotic respiratory disease
in this cohort, increased enzymatic antioxidants (i.e. Gpx,
Catalase, SOD) were high risk factors, while increased ǹon-
enzymatic’ antioxidants (i.e. vitamin E, GSH) indicated
reduced risk. GST activity showed discriminative power in two
ways, i.e. decreased activity in those at risk for CWP, but
increased in those with rapid decline in FEV1. We conclude
that the multiple marker approach applied here shows the
relevance of interpretation of total ̀ antioxidant status’ versus
single antioxidant measurements in health screening of
individuals at risk for respiratory impairments.

Keywords: blood antioxidants, coal workers’ pneumoconiosis,
airway obstruction, multiple markers, follow-up.

Abbreviations: CR, chest radiograph; CWP, coal workers’
pneumoconiosis; Gpx-Se, selenium-dependent glutathione
peroxidase; Gpx-To, total glutathione peroxidase; GSH, reduced
glutathione; GSSG, oxidized glutathione; GST, glutathione-S-
transferase; SOD, superoxide dismutase.

Introduction
I t is wel l known that occu pati onal  exposure to  coal dust  can lead

to coal workers’  pneum oconio sis (Crystal  et al. 1991) . However,

c h ronic inhala tion  of  coal dust may also cau se other respi ra tory

effect s such  as emphysem a, chro nic bronchi tis and airf low

obstru ctio n (Wouter s et al. 1994). The role of oxygen  radical s in

these diseas es has bee n discuss ed exten sivel y over  the last  decade

(Cantin  and Crystal 1985, Barnes 1990, Kehrer 1993 , Halliw ell

and Cross 1994) . Because  of the intrin sic physicoc hemical

char acter ist ics of  mineral dusts and their  complex beh avio ur in

the lung, the signif icance of `oxida tive stress’  in the dev elop ment

of mineral dust- relat ed resp irato ry disord ers has rece ived special

attent ion (Janss en et al. 1992, Kamp et al. 1992). Previously,  we

show ed that many  compon ent s of  the blood  an tioxidant system  of

coal mine rs were related  to the severit y of coal worker s’

pneum ocon iosis (CWP) (Engelen  et al. 1990). More recen tly,

alt ered  an tioxidan t statu s in  coal  dust exp osu re and stage of

pneumoconiosi s was also repo rted by other s, in the blood (Perr in-

Nadif  et al. 1996),  and in broncho alveol ar lavage  (Vallyathan  et al.

1995 ). Since antiox idant status  has also been related  to  obstru ctive

disease  (Morabia  et al. 198 9, Schwartz  and Weiss 1994, Britton  e t

al. 1995) , one could sugges t that the impaired  oxidan t/antioxidan t

bala nce observe d in coal workers (Engelen  et al. 1990) may also

play  a ro le in  the non-pneu mocon io tic resp irato ry effects  in these

subjects .

A lth ou gh  th e p rese nce  of  `oxidat ive st res s’  in  coal  dust-

exposed subjec ts m ay be evident,  i ts s ignif icance in  the

dev elo pm ent  o r  progres sion of  coal  du st - induced resp iratory

d is o rd er s  rem ains to  be elucid ated.  To determ in e  t h e

signif icance of  antioxidant  m easurem ent s  w i th  regard  to  t he

dev elo pm ent  o r  progres sion of  a disease, a  longitudinal  design

is  ne cessary  (S chu lte  et  al. 1993). However,  fo llo w-up  stud ies

deali ng wi th the prognostic p ower of  an tioxidant  s ta tus are

sca rce .  In  the presen t  st udy sev er al  blood antiox idant

param eter s prev io usly  m ea su red  in  coal workers  are  re lated  to

p ro spective ch anges in  pn eum oconiosis (chest  radio graphy )

an d  th e  p resence of  chronic  bronchit is,  as well as  to

re trospec tive analysis  of  lung function decl ine. T he aim  of this

stu dy is  to  determ in e the  re levance of  b lood antiox id an t  sta tus

in  s urv eil lan ce and  screen ing of (re t ired)  coal  workers.  For this

pu rpo se  discriminant  analy si s is used to  d eterm ine  t o  w h at

extent  m ult iple  blood an tioxidants as  in dicators  of  `oxidative

st ress ’  may identi fy  coal w orkers at increased  r isk  for  coal

d ust - in d u ced  respir atory  d iso rd er s .

METHODS

Study design
Figure 1 shows the design of the study. A group of 91 coal workers from the

K̀empen’ coal-mining region in Belgium previously involved in cross-sectional

studies (1987) to evaluate blood antioxidant parameters in relation to severity of

coal workers’ pneumoconiosis (Engelen et al. 1990, Evelo et al. 1993) was

recruited for follow-up. In the cross-sectional studies, reduced (GSH) and oxidized

(GSSG) glutathione concentrations, total (Gpx-To) and selenium-dependent (Gpx-

Se) glutathione peroxidase activities, glutathione-S-transferase activity (GST),

superoxide dismutase activity (SOD) and catalase activity were measured in red

blood cells and concentrations of vitamin A, vitamin E and iron (Fe) were

determined in serum as described previously (Engelen et al. 1990). GST levels

were measured only in 64 subjects of this cohort (Evelo et al. 1993). Ultimately,

66 out of 91 coal miners previously screened for antioxidant parameters (73% of
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the original cohort) participated in our-follow-up. Meanwhile all miners were retired

due to the closure of the mines in Belgium (Schins and Borm 1995). GST levels

were only known for 46 subjects of this group. Upon written informed consent, a

new chest radiograph was made. A questionnaire was combined with a personal

interview to determine job-history, smoking and medical status. Furthermore, all

medical files were screened retrospectively, for a 10-year period to determine

longitudinal lung function decline (see Figure 1). Lung function decline

(retrospective analysis of medical files) was obtained from 40 out of 91 subjects.

With regard to these different subgroups, no selection bias due to loss to follow-

up was observed for age, smoking habits, exposure, medication, pneumoconiotic

stage and antioxidants (data not shown).

Chest radiography and lung function
Chest radiographs taken in 1987 and in 1992 were scored according to the

classification rules of the International Labour Organization (ILO 1980) by an

experienced panel of three physicians. Scoring was done in plenary sessions

where consensus had to be reached based on individual scores. Miners were

grouped as either h̀ealthy coal workers’ with ILO classification of 0/0 or as miners

with CWP with ILO classification of ³ 0/1. Five-year progression or new

development of CWP was determined from a paired reading session of each

individuals’ chest radiograph of 1987 and 1992 (Schins et al. 1994).

Lung function decline (D FEV1 and D FVC) was calculated by linear regression for

a 10 year interval before blood sampling (1978± 1987). Lung function had been

measured periodically at medical screening using a Vitalograph TM spirometer

(Vitalograph Ltd, UK) at two mine-pits and a Vicatest 4 (Mijnhardt, Odjik, Holland).

Lung function decline of coal miners was calculated as the regression slope

obtained with least-square analysis through minimally eight out of 10 yearly

measurements. Lower and upper quartiles of D FEV1 were used as cut-off point to

define rapid versus slow decliners.

Exposure, smoking, medication, and medical history
Occupational history from each subject was gathered from the personel and medical

files. Individual dust exposure was calculated from each individuals’ job exposure

matrix obtained from a personal interview at follow-up and the medical file. Exposure

parameters used for this study were cumulative dust exposure, cumulative quartz

exposure, years underground in 1987, and years underground in 1992. Cumulative

exposure was calculated as described elsewhere (Schins and Borm 1995).

A validated questionnaire (Cotes et al. 1987) was sent to all participants in

which medical symptoms, medical history, smoking habits and medication were

asked. Answers were verified during personal interviews and by comparison with

records from the preceding study (Engelen et al. 1990). Smoking amounts (pack

years) were calculated as described elsewhere (Jorna et al. 1994). The

questionnaire was used to identify respiratory respiratory symptoms at follow-up.

When bronchitis-like symptoms (i.e. presence of both cough and pleghm) were

reported for most days of the week and at least 3 months per year, the subject

was classified as ̀chronic bronchitis’.

Statistical evaluations
Correlations between antioxidant levels and (cumulative) exposure, age, smoking,

lung function were evaluated by Spearman Rank correlation. Unpaired differences

between 1987 and 1992 (sub) groups were tested by the Mann± Whitney U-test.

Differences between miners without or with CWP progression, obstruction, and

respiratory symptoms were evaluated by the Mann± Whitney test. Finally, stepwise

discriminant analysis was used to determine whether each individuals’ ̀ antioxidant

status’, i.e. the use of multiple antioxidant parameters would allow classification of

coal miners into mutually exclusive groups (Dillon and Goldstein 1984). Therefore,

all subjects were classified in the following groups: subjects (1) with or without

development of CWP, (2) with or without progression of already existing CWP,

subjects with (3) slow or rapid longitudinal FEV1-decline, and (4) subjects with or

without chronic bronchitis. Stepwise discriminant analysis was performed on

natural logarithm-transformed data. Antioxidants tested in the discriminant

function were: catalase, SOD, GSH, GST, Gpx (total), Fe, vitamin A and vitamin E.

Missing values were replaced with the group average. All statistical evaluations

were made using SPSS 6.1 (SPSS Inc. Chicago, IL).

Results

Single marker analysis
None o f  the antioxidants l is ted  in  Table  1  was signif icantly

re lated to  ind ivid ual  cum u lativ e (dust /q uartz)  exposure  nor to

any  o ther  e xpo sure  est im ate ( i.e.  years since f irst  exposure  or

year s exposed ). Furt h e rm o re , no antioxidant  was signif icantly

re lated  to  age  or  smoking habits (pack years) .

B ased on the p ai red  chest  rad iograph reading sessions,  i t

w as ob se rv ed th at  th ree out  of  5 2 m iners  new ly develo ped

CWP, w hile eight  out  of  1 4 miners  had progre ssion of  al re a d y

exist ing CWP. None of  the in i t ial  antioxidant  data  of  these

sub grou ps (Table  1)  was signif ican tly  different  for  m iners  w ith

or  w itho ut  d isease  develo pm ent  or  progress ion,  only re d cel l

SO D act ivi ty  was signif ican tly  higher in  miners w ith

su bse q ue n t p rog ressio n of  CWP (p  < 0.05) .  As can be seen in

Table 1 , this f inding was  not biased by diffe re n ce s in

R. P. F. Schins et al.46

Figure 1. Design of the study. Antioxidants measured in red blood cells or

plasma of coal workers were related to lung function decline over a 10-year

interval (retrospective, n = 40), and to development (n = 52) or progression (n =

14) of coal workers’ pneumoconiosis, and chronic bronchitis (n = 66) determined

at 5-year follow-up (prospective). Lung function decline was determined by

longitudinal analysis of spirometry data (FEV1 and FVC) determined between 1978

and 1987. Progression of CWP was evaluated by paired comparison of chest-

radiographs (CR) made in 1987 and 1992. Job-history (including calculation of

cumulative dust exposure), smoking, medication and medical history (including

chronic bronchitis) were determined at follow-up from questionnaires, personal

interviews and medical files (see text for details).
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dist r ibutions of  age,  smoking or  (cumulative)  exposure . In  the

m iner s with out  develop m en t of  CW P, on e subject  was

id entif ied with  red blood cel l  ca talase def ic iency. Statist ica l

an alysis was repeated upon  exclusion of  this  subject  (see

legend of  Table 1).

The average dec line in  FE V
1

was± 34.1 ml year±1 (n  = 40)) ,

an d b ase d on  u pp er  an d lo we r qu art i les  subjects w ere  div id e d

into rapid  ( cu t  off  ± 68 .4  ml year±1)  or  slow dec liners  (cut off ±

6.9 ml year±1) . However, no signif icant corre l at ion s w ere

o bserved  between  long itudinal  lu ng function  decline ( D FEV
1

or  DF VC) and  individual  antioxidant  param eters ,  nor w as any

signif icant difference seen betw een  slow  and  r apid  d eclin ers

for  any an tioxidant  (see Table 2) . FEV
1
-dec line was n ot

d ifferen t  betw een subjects  w ith or  with out  progre ss ion of

p neum o coniosis (see Table 1) .  Based on the quest ionnaire s , 12

subjects  w ere classi f ied as having chroni c bronchitis a t  fol low-

u p.  Bo th develo pm ent or  progress ion of  CWP were

ind epe nd en t o f  t he presence o f  chron ic b ronch it is ( see Tab le

1),  and FE V
1
-decl in e was n ot  different  betw een su bjects  w ith

o r w itho ut  ch roni c bronchit is (see  Table 2) . In tere st ingly,  in

sub jects with ch ronic bro nch it is  red  ce l l  G SH con centr at ion

w as  signif icantly  re d u ce d  co m p are d w ith  n o rmal (p  < 0.01).

Multiple marker analysis
To determ in e the inv olvem ent  of  m ult ip le  an tioxid ants  in

specif ic  d isease a  discrim inant  an alysis  w as p erfo rm ed . Due to

the distr ibution  sk ew ness  of  several  an tioxidant  p ar ameters ,

ana lysis  w as p erfo rmed on  lo gar ithm -transform e d d at a .

An tiox idan ts test ed in  th e discr im inant  fu nctio n w ere :

catala se, SOD, GSH (i .e. reduced glutathione only) , G ST, GPX

(i.e. to tal ),  Fe, vitamin A and vi tamin  E.  Missin g values (for

GST, vi tamin A and vitam in E ) were  replaced with the ( ln -

transfo rm ed) group average.  F urt h e rm o re, a catala se `out lier’

su bject  was ex clu ded from  all  m ult iple  sta t ist ical  analy ses.

T h e resu lts  of  th e stepwise an alysis are  sho w n in  Table 3 , for

several  discrim inating cr iter ia  a long with the percen tage of

co rrec t group ed  subjects  and i ts sign if icance ( c 2) ,  and  the

antioxidants signif ican tly  att r ibuting to  the correct  gro u pin g.

E ighty six  per  cent of  the subjec ts  w ere  correc tly gro u p e d

in to  progres sion (n = 8) or  no progression (n  = 6)  of alre a d y

exist ing CWP, w he n ery th rocyte  GS H concentrat ion,  SO D and

GST  ac tiv i t ies,  and serum  vitam in E  st atu s were  i n clud e d in

the discr im inant  function (df  = 4,  c 2 = 14 .2, p  < 0.01) . The

discrim inan t  fu nction indicated  a  neg at ive associat io n w ith

di sease p rog ress ion for  GSH, vitamin E and GST, w hile  SOD

was h igh er i n  th ose w ith progre ssion . F urt h e rm o re,  a

signif icant discr im ination of  subjects classi f ied accord ing  to

new  development of  CW P (3 versus 48 subjects)  was  observ e d

with  GS H, vi tam in  E  (both  negat ive)  and ca talase and iro n

(po si t ive)  in  the d iscrim inant  mo del . A d iscrim ination

betw een  slo w and  rap id decliner s in  FE V
1

w as ob taine d w ith

SOD, catalase , glutathione-S- transferase and glu tath ione

Blood antioxidants in coal workers 47

Miners without CWP Miners with CWP

NP P NP P

(n = 49) (n = 3) (n = 6) (n = 8)

Age, years (in 1992) 47.6 (0.7) 45.3 (3.8) 48.6 (1.4) 52.6 (1.3)

Underground in 1987, years 21.8 (0.6) 23.0 (4.6) 24.2 (1.1) 26.0 (1.1)

Total underground (1992), years 22.9 (0.6) 24.0 (4.0) 25.0 (1.4) 26.6 (1.4)

Cumulative dust, gh m± 3 (in 1992) 95 (8) 135 (33) 141 (4) 123 (25)

Smoking, pack years (in 1992) 124 (17) 143 (34) 198 (71) 190 (45)

FEV1 decline (ml year± 1)a ± 30.1 (9.9) ± 69.8 (43.2) ± 36.1 (14.3) ± 82.1 (41.5)

Chronic bronchitis, yes / nob 8/41 1/2 1/5 2/6

Hb, mg Hb ml± 1 15.1 (0.28) 13.9 (0.33) 14.4 (0.31) 15.8 (0.46)

SOD, U g± 1 Hb 1979 (74) 1740 (190) 1703 (156) 2308 (155)*

Catalase, m mole H2O2 min± 1 g± 1 Hbc 0.45 (0.01) 0.50 (0.04) 0.43 (0.02) 0.46 (0.02)

GSHpx-To, m mole NADPH min± 1 g± 1 Hb 9.67 (0.09) 9.79 (0.15) 9.64 (0.20) 9.77 (0.13)

GSHpx-Se, m mole NADPH min± 1 g± 1 Hb 9.25 (0.11) 9.39 (0.28) 9.20 (0.33) 9.39 (0.16)

GST, U g± 1 Hbd 3.11 (0.23) 2.35 (0.50) 3.63 (0.42) 2.54 (0.34)

GSH, m mole g± 1 Hb 3.99 (0.09) 3.38 (0.42) 3.92 (0.25) 3.84 (0.20)

GSSG, m mole g± 1 Hb 0.036 (0.001) 0.033 (0.004) 0.037 (0.003) 0.035 (0.002)

Fe, m mole ml± 1 plasma 18.3 (1.1) 21.0 (5.8) 18.5 (1.9) 14.7 (1.3)

Vitamin A, m g ml± 1 plasma 9.4 (0.4) 7.9 (0.6) 11.2 (1.3) 8.9 (0.9)

Vitamin E, m g ml± 1 plasma 14.6 (0.7) 11.7 (2.8) 20.9 (4.3) 14.0 (1.7)

Table 1. Blood antioxidant parameters, age, exposure, smoking and the 5-year progression of pneumoconiosis in coal workers with and without CWP.

Data are mean (SEM). * Significantly different from NP, p < 0.05, Mann± Whitney U-test.

Key: P, progression (or development) of pneumoconiosis; NP, no progression of CWP.

a FEV1 decline was obtained from 35 miners (i.e. n = 26, n = 2, n = 4, n = 3 subjects respectively).

b Odds ratios for chronic bronchitis and progression were 2.6 in controls and 1.7 in CWP group, both not significant at 90% CI.

c Upon exclusion of one catalase deficient subject, the average of NP controls becomes 0.46 (0.01).

d GST was related to progression in 46 miners (i.e. n = 33, n = 2, n = 6, n = 5 subjects respectively).
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p e ro xidase  in  the mo del . Interest in gly,  these param eters  w ere

all  i ncreased in  those with r apid decline in  FE V
1

i n

com p arison with  th ose wi th a  low  declin e.  T he presence  or

absence of  chro nic bron chit is was s ignif ican tly  d iscr imin ated

with GSH, SOD and vi tam in A, i .e .  explained by lower GSH

a n d  in c reased S OD  and vitam in A  levels in  the sym ptom atic

gro u p .

Discussion
As stated  by  Hall iwell  and Cross (1994), the major issue is not

w hether  ox idativ e st ress  can be dem onstrated in  a  disease ,  b ut

wh ether  i t makes a  signif icant  contr ib utio n to  the disease

activi ty. Previou sly,  w e and oth er s e lu cid ated the f ir st  q uest ion

for subjects  chronical ly  ex posed  to  coal  d ust  by show ing

d ifferen t  antioxidan t  status in  stages of  coal  workers’

pneu mo conio sis  (E n gelen et al. 199 0, Evelo et  al.  1993, Perr in-

Nadif  et al. 1996) . G luta thione concen tr at ions as  well  as

glutath ione-S-transferase  ac t iv i t ies were  signif ican tly

d e c reased at  early  stage pneumoconiosis , w hile  a t  later  s tages

e ry th rocyte  GSH and GS T were back to  normal  (Engelen et  al.

1990, Evelo  et  al. 1993) . In  these cro ss-sect io nal  stud ies ,  our

or iginal  h ypoth esis  was that  sub jects w ho develop

p ne um o co n io sis  are  ` less well  equipped to  deal  w ith reactive

oxygen  specie s’  (E ngelen  et al. 1990), and  that  ery th ro cyt es

cou ld  b e co nsid ered  as  im p ortan t  c ircula t ing  ant ioxidant

c arr iers  in  this disease .  Furt h er  su p p ort  fo r  this hyp oth es is is

p ro vided b y ou r recent  observation that  oxidat ive DNA

R. P. F. Schins et al.48

FEV1 decline Chronic bronchitis

Rapid Slow Yes No

(n = 10) (n = 10) (n = 12) (n = 53)a

Age, years (in 1992) 48.2 (1.7) 46.1 (1.2) 49.5 (1.6) 47.9 (0.6)

Underground in 1987, years 23.0 (3.9) 22.1 (1.3) 23.2 (1.3) 22.5 (0.6)

Total underground (1992), years 23.8 (1.0) 23.5 (1.4) 23.8 (1.3) 23.6 (0.6)

Cumulative dust, gh m± 3 (in 1992) 100 (19) 93 (18) 89 (17) 108 (8)

Smoking, pack years (in 1992) 199 (51) 136 (35) 161 (38) 135 (17)

FEV1 decline (ml year± 1)b ± 100.4 (9.5) 17.0 (10.0)** ± 10.1 (29.3) ± 44.6 (7.8)

Chronic bronchitis, yes/noc 1/9 2/8

Hb, mg Hb ml± 1 15.8 (0.6) 14.7 (0.6) 15.2 (0.5) 15.0 (0.2)

SOD, U g± 1 Hb 2079 (287) 1989 (128) 2171 (126) 1941 (71)

Catalase, m mole H2O2 min± 1 g± 1 Hb 0.46 (0.02) 0.43 (0.01) 0.43 (.01) 0.47 (0.01)

GSHpx-To, m mole NADPH min± 1 g± 1 Hb 9.86 (0.12) 9.48 (0.29) 9.78 (0.16) 9.65 (0.08)

GSHpx-Se, m mole NADPH min± 1 g± 1 Hb 9.35 (0.13) 9.22 (0.27) 9.36 (0.21) 9.24 (0.10)

GST, U g± 1 Hbd 3.09 (0.27) 2.87 (0.57) 3.32 (0.27) 2.99 (0.21)

GSH, m mole g± 1 Hb 4.00 (0.18) 4.12 (0.15) 3.53 (0.16) 4.05 (0.09)**

GSSG, m mole g± 1 Hb 0.035 (0.003) 0.038 (0.003) 0.035 (0.003) 0.035 (0.001)

Fe, m mole ml± 1 plasma 16.9 (1.3) 18.1 (2.0) 18.7 (3.5) 18.0 (1.0)

Vitamin A, m g ml± 1 plasma 10.5 (1.3) 10.6 (1.2) 10.6 (0.9) 9.2 (0.4)

Vitamin E, m g ml± 1 plasma 16.6 (2.3) 16.7 (1.8) 17.7 (1.7) 14.5 (0.8)

Table 2. Blood antioxidant parameters, age, exposure, smoking and FEV1 decline in coal workers with or without bronchitis and lung function decline.

Data are mean (SEM). ** p < 0.01 (Mann± Whitney U -test).

a The catalase-deficient subject was excluded from analysis.

b FEV1 decline determined in n = 10, n = 10, n = 5, n = 35 subjects respectively.

c Odds ratio = 0.44, for chronic bronchitis vs lung function decline; not significant at 90% CI.

d GST subgroup numbers are 7 vs 9, and 7 vs 38 respectively.

Correct

Classification grouped Variables included in

criterion Yes/no (%) c 2 df p-value discriminant model

Development of CWP 3/48 86.0 12.3 4 < 0.02 GSH (± ), vit.E (± ), Fe (+), cat (+)

Progression of CWP 8/6 85.7 14.2 4 < 0.01 GSH (± ), vit.E (± ), GST (± ), SOD (+)

Lung function decline 10/10 85.7 10.2 4 < 0.04 Gpx (+), SOD (+), GST (+), cat. (+)

Chronic bronchitis 12/53 70.3 12.6 3 < 0.01 GSH (± ), SOD (+), vit.A (+)

Table 3. Discriminant analysis of antioxidants in erythrocytes and plasma in relation to coal dust-induced respiratory disorders.

All subjects were classified as follows: (1) presence or absence of development of CWP; (2) presence or absence progression of already existing CWP; (3) rapid 

(= ỳes’) or slow (= ǹo’) decline in lung function (i.e. lower versus upper quartile of D FEV1). The catalase outlier was excluded from analysis. For each classification

criterion, the table shows the percentage of correct grouped subjects, the significance of the canonical correlation and the antioxidants significantly attributing to

the correct grouping, i.e. positive (+) or negative (± ) in the canonical correlation function.
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damage  ( i .e . 8-hydro xyd eoxy guan osine residues)  is  incre a s e d

in peripheral  b lood ly mph ocytes o f  coal  w orkers  com pare d

w ith no n-exp osed  co nt ro ls (S chins et  al. 1995). However,

w hether the variat ion in  oxidative s tress  observed in  coal

workers is signif ican tly  rel ated to  respir atory  d isease,  wo uld

necess ita te  a  diffe rent  ex pe rim ental  app ro ach .

In  the prese n t  s tu d y,  p rospective analysis of  the above

c o h o rt  sin ce 1987  has sh own  that  red blood cel l S OD ac tiv i ty

w as sign if icantly  high er in  m iners  w ith subsequent

p rogre ssion of  pn eum oco niosis  as  co mp ared  w i th  t ho se

w i tho u t  p rogress ion at  5-year  follow-up.  Prev iou sly w e

re p o rted that  SOD  ac tiv i t ies  were  no t  increased in  coal

w o rk er s w ith  p ne um o con io sis  co m p ared w ith  hea lth y m in er s

(Engelen  et al . 1990).  However,  increased  ery th rocyte  S OD

lev els were  fou nd recen tly  in  un de rgro un d co al  m ine rs

c o m p a red  w ith su rface workers (Perr in-Nadi f  et  al. 1996). This

m ight be a  consequence  of  differen ces in  coal  du st  exp osure s

bu t one could also  consider  these f inding s to  ref lect  the higher

p neum o con iosis  r isk  for  un dergro u n d v er su s su rface  worker s.

P rev io usly,  i t  has been sh own  that  macro p ha ge su pe ro x id e

an ion (O
2

· ±)  generation w as  increased in  coal  wo rkers

c o m p a red w ith  n on-ex po se d c on trol s (Rom et  al.  1987,

Wallaert  et al . 1990), and  the  ac tivity  of  SOD m ay therefore

ref lec t the exten t  of  a respir atory  O
2

· ± burst  from  m ac rop h ag es

a n d  n e u t roph ils in  th e lung .  T his  is  und erscored  b y anim al

d ata ,  d emo nst r at ing a  direc t  u pregulat ion of  manganese SO D

e x p ressio n a nd  im m u n o reactiv e pro tein in  the lu ng b y m ineral

d ust s ,  w h ich  wa s re lated to  the in flamm atory  re s p o n s e

(Janssen  et  al.  1992).

A com bination of  antiox id an t  param eter s tested by

d iscrim inant  an aly sis , sho wed th at  in  addit io n to  S OD , also

GST, G SH and vitam in E  status denom inated th e presence or

absence of  CWP  progress ion . Ho wever,  in  contrast  to  SOD

activi ty,  these par am eters  w ere  red u ced  in  t ho se w ith

p rogre ssion (see also  Table 1) . Intere st in gly,  vi tamin E  and

G SH w ere  also red uced in  the few  (n  = 3) healthy min ers  wh o

d evelo ped pne um oco niosis  d ur ing fo l low -u p,  w hi le  in  th ose

subjects  ca talase  act ivi ty  and plasm a iro n  w ere  in crea sed .

T h e refore,  reduced levels of  red cel l  g lutath ion e and  pl asm a

vitam in E  status m ay be considered  as r isk  fac tors for  CWP.

T he concep t  of  reduced GSH as a  possible  f ibrot ic  r isk fac tor

w as also  discussed by Cantin  et  al.  w h o  sh ow e d th at  re d u c e d

extracellu lar  GSH  was associated  with increased  lu ng

fibrobl as t  p ro li feration (Cant in  et al . 1990) .  T he  signi f icance of

reduced GS T in f ibrosis m ay be closely re lated to  this

o bservat ion. I ts redu ced  act iv i ty  m ay  be re lated  to  oxidative

s tress  du rin g l ipid  p eroxidat ion (Halliw el l  and Cross 1994) ,

w h ich  is  con sid ered  as  an im p ortant  feature  of  m iner al  dust-

related lung to xici ty.  Other  sup po rt for  the involvement of  GST

in f ibrosis com es f rom  S m ith et  al. (1994), who rec en tly

sho wed  that  GS T-m class (GST-M1) deficien t  subjects were  at

i n c reased r isk  for  asbestosis.  Although the m ajori ty of  GST

activi ty  in  ery th rocytes originates from  GST-P class

iosenzym es,  G ST  po lymo rphism  could,  in  ad dit ion to  i ts ro l e

in (smoking-rel ated) lung cancer  (S eidegard  et al. 1986,  1990) ,

be s ignif ican tly  in volved in  the development o f

p neu m oc on iosis .  Vitam in  E  in  those  at  r isk  may be decre a se d

because  of  i ts  im portan ce as  chain  reaction term in ato r  in  th e

l i p id  pe rox ida tio n process. Interest ing ly, ery th rocyte  GS H

levels  w ere  not  only associated w ith incre a s e d

pneum oconio tic  r isk ,  b ut  a lso  dram atica l ly  redu ced in  sub jec ts

w i th  c h ro nic bro nch it i s sym p tom s re p o rted at  fol low-up.

Rem ar kably, al l `enzymatic’  an tiox idants (GST, Gpx,  SOD and

catalase)  were  i ncreased  in  tho se  w ith rapid  decline in  F E V
1

versus tho se  with a  slo w decline.  S ince lon gitud inal  declin e

w as an aly se d re t ro spectiv ely,  our observatio ns cou ld be

exp lain ed as a  com p ensatory  u p regulat ion o f  enzymatic

antioxid ants  in  th ose w ith reduced  `non-enzy matic ’

antioxidant  sta tus.  Reduced intake of  vitam in  A (Morabia et  al.

1989) ,  as  wel l  as vi tamins C and E (S chwartz  an d Weiss 1994,

Bri tton et al. 1995)  is  associa ted  w ith increa sed r isk  of

re sp iratory  d isease.  Oth ers  have sho wn reduced G SH  levels  in

b ronchoalveolar  lavage f lu id in  subjec ts with obstru ctiv e lu ng

disease (L ind en et al . 1993) .

F inal ly,  this s tudy enabled us to  test  the re levance of

concom itant  evaluation of  m ult ip le par ameters  of  ox id at ive

st ress  i n  co al  d ust- in duced  respi rato ry  d isorder s .  We fo u nd

that  the r isk  for  progre ssion of  CWP was re la ted to  re d u c e d

concen tr at ions of  ery th rocyte G SH and serum  vitam in E , as

well  as  increa se d red  cel l act ivit ies of  ca talase  and SOD. At the

sam e t im e, an  over-al l  increase  in  enzym ati c  anti oxid ant

capaci ty  id en ti f ied  sub jects  with a  r ap id  re t rospectiv e lu ng

function decline.  GS T ac tivi ty  show ed  a contr as t ing

discriminative pow er ;  low G ST  ac tivi ty  w as  observ e d i n

subjects a t  increa sed r isk  for  prog ressio n of  coa l workers’

pn eum ocon iosis,  but  was also observed  i n  t hose prev io usly

havin g re lat ively s low lun g fun ct io n decline. Althoug h this

f in din g shou ld be in terp re t ed  w ith al l  the n ecessary  re serv es,

due to  th e l im ited nu mber  of  subjects inv olved in  this  analysis ,

recent f indings (GST  polymorphism ) (S mith et  al. 1994)

p ro v ide  s up p o rt for  further  investigation of  the ro le of  GST in

coal  du st- in du ced lun g d isord er s .

A lthough pneum oconiotic  and non-pneum oconiotic

endp oints  were independent,  i t cannot be rul ed out that  both

effects  may  be closel y relat ed  to each  other. On the one hand , a

reduced  intake  of  antiox idan ts asso ciat ed  with  lung funct ion loss

may be  a ri sk  facto r for  coal dust- induced pu lmonary fibro sis. On

the other  hand ,  coa l dust exposure and  its associ ated  gen eration

of ROS could also play  a ro le  in some of  the non-pneumoconiot ic

effects such as chron ic bron chi tis or  chron ic  lung obstru ction.  As

such,  m easurement of  mul tiple an tioxidan ts in  the per ipheral

blood may be  rel evan t for  surv ei llance  and screening  of (ret ired )

coa l worker s. In our opinion, these observ at ions should  be

ex trapo lated to  other  cohorts of coal (or other miner al)  dust-

exposed  subjects,  to  va lidate  whether  ant ioxidan t stat us pa tte rn s

of  the per iphera l blood as re po rted above can  be  considered as

usefu l biolo gical markers in  sub jects chron ica lly  exposed  to coal

(i.e. mineral) dust.
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