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Brief Communications

Increased Exhalation of Hydrogen Peroxide in Patients 
with Stable and Unstable Chronic Obstructive 
Pulmonaiy Disease

P. N. RICH A RD  D EKH U IJZEN , KATJA K. H . ABEN , IN G RID  D EKKER, LEO N  P. H. J. AARTS, 
PASCAL L. M . L. W lELD ERS, CEES L. A. V AN  H ERW AA RD EN , and AALT BAST

D e p a r tm e n t  o f  P u lm o n a ry  D iseases , A c a d e m ic  H o s p ita l  N i jm e g e n ;  a n d  D e p a r tm e n t  o f  P h a rm a c o c h e m is try ,

F ree  U n iv e rs i ty  o f  A m s te rd a m ,  th e  N e th e r la n d s

An  im b a la n ce  be t w e e n  o xid a t iv e  st re ss a n d  a n t io x id a t iv e  ca p a cit y  is t h o u gh t  to  p iay an im p o rt a n t  ro le  

in  t he  d e ve lo p m e n t  and  p ro gre ssio n  o f  ch ro n ic o b st ru ct ive  p u lm o n a ry  d ise ase  (CO P D ) .  To  assess the  

lu n g o xid a t ive  st a t us in p a t ie n t s w it h  CO P D , w e  st u d ie d  w h e t h e r  e xh a le d  h yd ro ge n  p e ro xid e  ( H 2O 2) 

is in cre a se d  in b re a t h  co n d e n sa t e  o f  p a t ie n t s w it h  st a b le  CO P D  (n  = 12 , m ean FEV1 5 1 %  p re d ) an d  

in  p a t ie n t s w it h  e xa ce rb a t e d  CO P D  (n  =  1 9 , a ct u a l FEV i 3 6 %  p re d )  co m p a re d  w ith  a h e a lt h y co n t ro l 

gro u p  (n  = 10 , FEV i 1 0 8 %  p re d ) .  Exp ire d  b re a t h  co n d e n sa t e  d u r in g 15 m in  o f  t id a l b re a t h in g w as 

co lle ct e d  b y co o lin g. Th e  co n ce n t ra t io n  o f  H 2O 2 w a s m e a su re d  sp e ct ro p h o t o m e t r ica lly  by m eans o f 

horse  rad ish  p e ro xid a se -ca t a lyze d  o xid a t io n  o f  t e t ra m e t h ylb e n zid in e . Co n ce n t ra t io n s o f H 2O 2 (m ean ± 

SEM ) w ere  sign if ica n t ly  e le va t e d  a t  0 .2 0 5  ±  0 .0 5 4  nM  in p a t ie n t s w it h  st a b le  CO PD  co m p a re d  w ith  

0 .0 2 9  ± 0 .0 1 2  n.M  in t he  co n t ro l gro u p  (p  <  0 .0 5 )  a n d  w e re  fu r t h e r  in cre a se d  to  0 .6 0 0  ±  0 .0 7 5  nM  

in  p a t ie n t s w it h  a cu t e ly  e xa ce rb a t e d  CO P D  ( p  <  0 .0 0 1  co m p a re d  w it h  p a t ie n t s w it h  stab le  CO PD ) . 

Pa t ie n t s w it h  p u lm o n a ry  in f ilt ra t e s o n  ch e st  ra d io gra p h  sh o w e d  sim ila r  va lu e s co m p a re d  w it h  pa t ie n t s 

w it h o u t  o b vio u s in filt ra t e s. Th e se  f in d in gs d e m o n st ra t e  t h a t  p a t ie n t s w it h  stab le  CO PD  e xh ib it  increased  

o xid a n t  p ro d u ct io n  in  t he  a irw a ys a n d  t h a t  o x id a n t  p ro d u ct io n  in cre a se s fu r t h e r  d u r in g e xace rb a t io n s. 

D e k h u i j z e n  P N R ,  A b e n  K K . H ,  D e k k e r  I ,  A a r t s  L P H J,  W l e l d e r s  P L M L ,  V a n  H e r w a a r d e n  C I A ,  B a s t  

A .  I n c r e a s e d  e x h a l a t i o n  o f  h y d r o g e n  p e r o x i d e  i n  p a t i e n t s  w i t h  s t a b l e  a n d  u n s t a b l e  c h r o n i c  o b 

s t r u c t i v e  p u l m o n a r y  d i s e a s e .  am  I r e sp ir  c r i t  ca r e  med 1994,-154* 1 3~i<>.

R eactive o x y g en -d er iv ed  sp ec ies  (R O S ) h ave b een  im p lic a te d  in  
th e p ath ogen esis  and p a th op h y sio log y  o f  to b a c c o  sm o k e -in d u c e d  
ch ro n ic  o b stru c tiv e  p u lm o n a ry  d isea se  (C O P D )  (I). T h is  c o n 

ten tion  is su p p o rted  by several find ings. C ig a rette  sm o k e  is a rich  
.source o f  o x id a n ts . S m o k ers have in creased  n u m b ers  o f  m a c r o 

p h a g es  an d  n eu tro p h ils  in their a lv eo li (2 ), an d  th e se  ce lls  are 
activa ted  an d  p ro d u ce  in creased  a m o u n ts  o f  R O S  (3 , 4 ). O x id a 

tive  in a ctiv a tio n  o f  m e th io n in e  residues o f  a ,-p r o te in a s e  in h ib i 

tor m ay contrib ute to  the o n se t and p rogression  o f  em p h y sem a  (5).

P rod u ction  o f  R O S is lik ely  to  increase fu rth er  d u rin g  an  acu te  
ex a cerb a tio n  b eca u se  o f  th e  a c c o m p a n y in g  in crea sed  n u m b ers  
o f  in f la m m a to r y  cells  in th e  low er a irw ays (6 ). In a d d it io n , a lv e 

o la r  m a cro p h a g es (A M ) in  sm ok ers w ith  a recen t low er  resp ira-

resp ect, e x h a la tio n  o f  hydrogen  p erox id e (H z0 2) is o f  potentia l 
in terest. H y d ro g en  p erox id e  is a h arm fu l ROS b ecau se  it is rela 

t ive ly  s ta b le , it can  cross m em branes du e to its sm all size and  
its lack o f  charge, and it can  generate the highly reactive hydroxyl 
radical in th e  p resen ce o f  su p ero x id e  a n io n s  and iron (8). C lin i 

ca lly , in creased  levels o f  exh aled  H *O j have been d em on strated  
in ch ild ren  w ith  a sth m a  (9 ) and in p atien ts w ith ad u lt respira 

tory  d istress sy n d ro m e and  acu te  h yp oxem ic  respiratory failure 
( 1 0 , 11) .

We h y p o th es ized  th a t an increased  ox id ative  burden in the 
lungs o f  patients w ith  C O P D  w ould  be reflected in increased levels 
o f  ex h a led  H 20 2. T h e  present stu d y  w as undertaken  to  answ er  
tw o  q u estio n s: 1) Is th e  co n cen tra tio n  o f  exhaled  H a0 2 increased

to ry  tract in fe c t io n  were fo u n d  to release in crea sed  n u m b ers  o f  in p a tien ts  w ith  stab le  C O P D  co m p a red  w ith  n orm al su b jects,

R O S  (7).

D irect in vivo  e v id e n c e  o f  in creased  c o n c e n tr a t io n s  o f  R O S  
in p a tien ts  w ith  C O P D  h a s n o t been  p r o v id e d , h ow ever. In th is

a n d  2) A re  levels o f  ex h a led  H zO j increased  even further during  
e x a c e r b a tio n s  o f  C O P D ?

(Receivedin original form December 8, 1995 and in revised form February 75, 1996)

C o r re s p o n d e n c e  a n d  re q u e s ts  f o r  re p r in ts  s h o u ld  b e  a d d re s s e d  to  P. N . R ic h a rd  

D e k h u i jz e n ,  M .D . ,  D e p a r tm e n t  o f  P u lm o n a ry  D is e a s e s , A c a d e m ic  H o s p i ta l  

N i jm e g e n ,  P .O . B o x  9 1 0 1 , 6 5 0 0  H B  N i jm e g e n ,  th e  N e th e r la n d s .
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M ET H O D S

Subjects. T h ree  grou p s o f  su b jects  were stu d ied  (Tables 1 and  2): nor 

m al control subjects, patients w ith stable C O P D , and patients with acutely 
exacerb ated  C O P D . N o rm a l con tro l su b jects (n =  10; m ean  [±  SE M ] 
a g e , 53 ±  4 yr) were never-sm okers w ith  n o  p u lm on ary  d isorders and  
n o  sig n s o f  upper or low er respiratory tract in fection  in the previous



8 1 4 A MER IC A N  lO U R N A L  O F RESPIRATORY A N D  C R IT IC A L CARE M E D IC IN E  V O L 154 1996

T A B L E  1

C H A R A C T E R IS T IC S  O F  P A T IE N T S  W IT H  S T A B L E  C O P D

P a tie n t
. - - | ..I-.._1 | —.. . ..--- 19 . . p f".

A g e , sex S m o k in g * Pao2 (kPa)
* » . ni il ‘i n i f c  .—m ---- •»- » ■ w , •. —

Pac02 (kPa) FEVi (%  pred) t H 2O 2 (ixM)

l 63, M C 9 .2 5 .8 63 0 .0 0 0

2 72, M E 8 .9 5 .6 36 0 .1 9 6

3 55, M C 8.3 4 .8 5 7 0 .1 5 7

4 73, M E 6.6 5 .8 38 0 .0 5 2

5 86, M E 7.2 5 .2 55 0 .2 1 0

6 74, M E 9.7 6 .3 18 0 .0 5 2

7 58, M C 9.4 4 .8 61 0 .0 0 0

8 64, F C 8 .6 4 .6 63 0 .151

9 82, F E 6.2 5 .8 62 0 .571

10 60 , M E 10.7 4 .0 70 0 .2 1 2

11 74, M E 9.3 5 .7 49 0 .5 1 2

12 8 0 , F E 8.2 5 .3 45 0 .3 4 5

M e a n 70 8.5 5 .3 51 0 .2 0 5

SEM 3 0 .4 0 .2 4 0 .0 5 4
. _111-wti- II •[ I I - I Ill IB vvju-^* *■ |.r* ¿ 1«, * 1’ -* »* s^- -..i.«*j..--.tí,»p-« .*%»>..,i' — w.- u .—*'>».. L. -J- ▼- ----'—j-Vv* — m , n rmmá h i ‘ ‘ irf*y*i ■i» ^ v w b w * l,niry«nii». ..i ■—r. ♦¿•f’.r*. ^ i ■ I ■ ■ i*» m  i ^ m i i  wMMfcn "—» i il .............................................. » ■»■ —*

*  S m o k in g : C  =  c u r re n t,  E ~ e x .

t  FEVi : a c tu a l v a lu e  a t th e  m o r n in g  o f c o lle c t io n  o f  b r e a th  c o n d e n s a te .

3 m o (F E V t 108 ±  6%  pred [12]). P a tien ts  w ith  C O P D  were in c lu d ed  
i f  postbronchod ila tor F E V , w as b elow  60%  pred a n d /o r  F E V ,/v ita l ca 

pacity ratio w as below  60% . A ll patien ts were c lassified  as sm ok ers or 
exsm okers (i.e., d iscon tin u ation  o f  sm o k in g  for at least 3 m o) b a sed  on  
m edical history. E xclusion criteria  w ere p u lm on ary  disorders at present 
or in the past possib ly  con tr ib u tin g  to  ch ron ic  a irflow  o b stru c tio n  (e.g., 
tuberculosis, sarcoidosis, b ron ch iectasis , and asthm a), clin ical s ig n s  o f  
bronchial hyperreactivity a n d /o r  acute response to  an inhaled bronchodi- 
lator o f  m ore than 15% o f  pred icted  va lu e , ch ron ic  a irflow  o b stru c tio n  
w ithout sm o k in g  in the p ast, regular in ta k e  o f  v itam in  C and E , and  
treatm ent w ith  oral or in h a led  /V -acetylcysteine. P atien ts w ith  stab le  
C O P D  (n =  12; m ean [ ±  S E M ] a g e , 70  ±  3 yr; m ean  F E V ,, 51 ±  4%  
pred) were d efin ed  as h av in g  n o  increase in  sy m p to m s and n o  exacerb a 

tions in the previous 3 m o. T h ey  were on  m ain ten an ce  therapy w ith  in 

haled bronchodilators; o n e  u sed  in h a led  corticostero id s, and n o n e  re

ceived oral steroids. An exacerbation w as d efined  by an acute deterioration  
o f  breath lessness, m ostly  w ith  increased  co u g h in g  and p ro d u ctio n  o f  
purulent sp u tu m , for w hich  a d d itio n a l m ed ica tion  was in d icated  (in 

h a led  b r o n ch o d ila to r s , oral or in traven ous co rtico stero id s , or an tib io t 

ic s). In th is g r o u p , 19 p atien ts were stu d ied  (m ea n  [ ±  SE M ] age, 69  ±  
2 yr; F E V , m ea su red  w ith in  6  m o  b efore  th e  ex acerb ation , 49 ±  4%  
p red ). P a tien ts  w ith  signs o f  upper resp iratory  tract in fection  were ex 

c lu d ed . M ea su rem en ts  in the a cu te  p a tien ts  w ere p erform ed  o n  the first 
o r  seco n d  day a fte r  co n su lta tio n  a t the o u tp a tien t c lin ic  or  at h osp ita l 

iz a tio n . O n ly  p a tie n ts  w h o  so u g h t m ed ica l a tten tio n  w ith in  1 wk after  
th e  start o f  e x a c e r b a tio n  sy m p to m s were in c lu d ed  in  the study. A ll re

c e iv ed  su p p le m e n ta l oxygen , w h ich  w as d isc o n tin u ed  for a t least 30 m in  
b efo re  th e  c o lle c t io n  o f  exh a led  breath co n d en sa te . T h e study was a p 

proved by the h o sp ita l eth ics com m ittee; in fo rm ed  co n sen t was obtained  
fro m  a ll su b jec ts .

Collection o f  expired breath and measurement o f  H30 2. T he sam 

p le s  were c o lle c te d  in the m o rn in g , ap p ro x im a te ly  1 h after inhalation  
o f  th e  p a tie n t’s o w n  b ron ch od ila tor . C urrent sm ok ers were requested 
to  refrain  from  sm o k in g  a fter  m id n igh t. F irst, F E V , w as m easured. Sub 

seq u en tly , th e  p a rtic ip a n ts  were b reath in g  th rou gh  a  fa ce  m ask w ith a  
tw o-w ay valve. T h e  expired air w as co n d u cted  through  a tu b e  w ith a c o l 

C H A R A C T E R IS T IC S

T A B L E  

O F  P A T IE N T S

2

W IT H E X A C E R B A T E D C O P D

P atien t
V ... .. ---

• .. '.r r . ■ r"* r > v * - s- .  V.|. • 1

A g e , sex

isni* .-.sr.— - ,,-r̂  V-T-l'““ '1 •“ *rl * -J * -

S ystem ic  s te ro id s S m o k in g *
• 1 1 ♦ M .1 ‘»rj lA | .*1..

P^O 2 P a cû 2 FEVj (% pred) t H 2O 2

i 65 , M X H 6 * 7 5 .6 25 0 .1 4 8

2 75, M X E 8 .5 5 .7 26 0 .2 7 6

3 73, M X E 8 .2 4 .9 55 0 .591

4 62 , M X E 8 .7 4 .5 32 0 .3 0 7

5 72, M E 8 .5 5.3 2 0 i . m

6 59, F c 8 .4 4 .6 2 8 0 .7 1 9

7 83, M X E 8 .4 4 .9 2 9 0 .5 5 9

8 51, F X E 8 .8 4 .9 46 0 .8 3 7

9 60 , M X E 7 .3 6 .8 21 0 .6 3 6

10 82, F X E 8 .3 5 .7 78 0 .3 4 3

11 76, M X E 8 .9 5.1 23 1 .023

12 79, F X E 6 .2 5 .8 n .m . 0 .3 9 6

13 70, F X E 6 .3 8 .4 2 0 0 .761

14 57, M X E 7.1 5 .2 22 0 .5 5 8

15 60 , M X E 9 .6 5 .6 31 0 .3 2 6

16 76, F X E 7 .6 5 .3 63 0 .3 2 9

17 63, M X C 9 .7 5 .7 2 9 0 .2 0 4

18 64, M X E 8 .5 5 .3 70 1 .0 6 3

19 74, M X E 7 ,0 5 .6 35 1 .2 0 8

M ean 6 9 8 .0 5 .5 36 0 .6 0 0

SEM 2 0 .2 0 .2 4 0 .0 7 5

*  S m o k in g : C  -  c u r r e n t ,  E =  ex ,

 ̂ F E V i: a c tu a l v a lu e  a t  th e  m o r n in g  o f  th e  c o lle c t io n  o f  b r e a th  c o n d e n s a te .

% A r te r ia l b lo o d  g a s  o b ta in e d  a f te r  a t  le a s t 3 0  m in u te s  o f  b r e a th in g  a m b ie n t  a ir .  

n .m , =  n o t  m e a s u re d .
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lecting system which was placed in ice. The collecting system was con 

nected to a 2 ml sterile plastic tube. In this way, approximately 1 ml o f 
breath condensate was collected within 15 min o f  tidal breathing. The 
samples were immediately placed in liquid nitrogen. Measurements o f  
H20 2 were performed within 6 h after sample collection, since prelimi

nary data showed that H 20 2 concentrations did not change during this 
period. The method described by Gallati and Pracht was applied (13). 
Briefly, 100 jj.1 o f  420 |iM 3',3,5,5'-tetramethylbenzidine (dissolved in 
0.42 M citrate buffer, pH 3.8) and 10 (4,1 o f  52.5 U /m l o f  horseradish 
peroxidase (HRP; Sigma Chemicals) were added to 100 |xl o f  the con 

densate. The reaction proceeded for 20 min at room temperature. Sub 

sequently, the mixture was acidified to a pH of 1 with 10 |il o f  18 N 
sulfuric acid. The reaction product was measured spectrophotometri- 
cally at 450 nm using an automated microplate reader (m odel EL312; 
Bio-Tek Instruments Inc.), The absorbance is directly proportional to 
the concentration o f H 20 2. The detection limit was approximately 0.1 
(.iM H20 2. All samples were measured in duplicate; mean values were 
used for subsequent analysis.

Statistical analysis. Data between the three groups were compared 
using one-way analysis o f  variance followed by Duncan’s multiple range 
test. A W ilcoxon test was performed to test differences between patients 
with or without pulmonary infiltrates. Spearman correlation tests were 
performed to detect a correlation between the concentration o f  exhaled 
H i0 2 and clinical markers o f  severity o f the disease such as FEW  and 
Pao2. All values are presented as mean ± SEM; statistical significance 
was assumed at p <  0.05.

8, FE V j 47 ±  6%  pred) exhaled 0 .2 6 9  ±  0.068 (xM (current versus 
ex sm o k ers , p  =  0 .094). N o  s ig n if ic a n t  correlation s were fo u n d  
b etw een  th e levels o f  H 20 2 and  FEY* (r =  0.13) or P a o 2 (r =  
0.16) in  p a tien ts  w ith  stable and u n sta b le  C O P D .

D ISCU SSIO N

T h is study show s increased H 20 2 concentrations in exhaled b reath  
c o n d e n sa te  in  p atien ts w ith stab le  C O P D , provid ing  direct e v i 

d e n c e  o f  in creased  p rod u ction  o f  R O S  in the airw ays o f  th e s e  
p a tien ts . A  fu rth er increase was o b ser v e d  in p atien ts w ith an  e x 

a c er b a tio n .

C o n c e n tr a tio n s  o f  H 20 2 m easu red  in  exhaled  breath c o n d e n 

sa te  m a y  be con sid ered  as the net result o f  p rod u ction  v ersu s  
sca v en g in g  o f  H 20 2. A n  increased p rod u ction  o f  H 20 2 m ay b e  
cau sed  by an  increased num ber o f  lu n g  in flam m atory cells a n d /o r  
in crea sed  p ro d u ctio n  o f  H 20 2 by th e se  cells (7). A n  in creased  
n u m b er  o f  th ese  cells have been  fo u n d  in the lu n g s o f  p a tie n ts  
w ith  sta b le  C O P D . B oth  bronchial lavage and b ro n ch o a lv eo la r  
lavage f lu id  o b ta in ed  from  sm okers w ith  C O P D  con ta in ed  m o r e  
n eu tro p h ils  th a n  fou n d  in fluid o b ta in ed  from  h ea lth y  n o n sm o k 

ers (14, 15). Increased  num bers o f  m a cro p h a g es an d  T  ly m p h o 

cy tes  w ere p resen t in the b ron ch ia l m u co sa  o f  p atien ts w ith  
ch ron ic  bronchitis and airflow ob stru ction  com pared w ith h ea lth y

RESU LTS

N orm al su b jects  had  th e low est co n cen tra tio n  o f  H 20 2 in  b rea th  
condensate  (0 .029  ±  0.012 |iM ) (Figure 1). N o  H 20 2 w as d etected  
in 6 o f  10 healthy subjects. In contrast, patients w ith  stab le C O P D  
exhib ited  an  in creased  co n cen tra tio n  o f  exh a led  H 20 2 (0 .2 0 5  ±  
0 .054  ¡l lM ,  p <  0 .05 co m p a red  w ith  n o rm a l su b je c ts ) . H y d r o g e n  
peroxide w as n o t detected  in 2 o f  these  12 subjects. F inally , H 2O z 
was detected  in all sa m p les  o f  th e  p a tien ts  w ith  ex a cerb a ted  
C O P D  and  w as elevated  in  co m p a r iso n  w ith  p a tie n ts  w ith  s ta b le  
C O P D  (0 .6 0 0  ±  0 .075  \xM, p <  0 .001).

P atien ts w ith  an exa cerb a tio n  w ith  p u lm o n a ry  in filtra tes  o n  
chest rad iograp h  (n =  5) sh ow ed  sim ilar va lues c o m p a r e d  w ith  
patients w ith o u t o b v io u s  in filtra tes (n =  14) (0.601 ±  0 .1 6 6  n M  
and 0 .599  ±  0 .087  |j,M, respectively). In the g r o u p  o f  p a tie n ts  
w ith stab le C O P D , th o se  w h o  still sm o k ed  (n =  4 , F E V , 61 ±  
1% pred) exhaled  0.077 ±  0 .044  |o,M, whereas th e ex sm o k ers (n =

p < 0.05 p <  0 . 0 0 1
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Figure 7. In d iv id u a l  d a ta  f o r  H 2 O 2 c o n c e n tra t io n s  in  b re a th  c o n 

d e n s a te .

n o n sm o k er s  (16). E xacerbations o f  ch ron ic  bronchitis in p a t ie n ts  
w ith  m ild  C O P D  (m ean  FEV i ap p rox im ate ly  66%  pred) w ere  
a sso c ia te d  w ith  increased  num bers o f  eosin op h ils , n eu tro p h ils , 
a n d  T  ly m p h o c y te s  in the b ron ch ia l w all (6).

In d ic a tio n s  o f  increased a c tiv a tio n  and p rod u ction  o f  R O S

by th ese  cells  have been  observed  in sm ok ers (3, 4 , 7, 17). B ron 

ch o a lv eo la r  lavage flu id  from  sm ok ers contained  increased n u m 

bers o f  A M  w ith  h igher densities, w h ich  produced m ore superox 

id e  a n io n  rad icals (17). In a d d ition , A M  from  sm okers w ith  a  
recent low er respiratory tract in fe c tio n  released increased q u a n 

tities  o f  H 2O z (7).

T h e p ro d u ctio n  o f  R O S m ay b e  red uced , at least in vitro, by  
m e d ic a t io n s  such  as f}2 sy m p a th o m im etic  drugs and th eo p h y l 

lin e  (18). W h eth er this effect a lso  occu rs in vivo is unknow n. N a t 

ural p r o te c tio n  against an in creased  con cen tration  o f  H 20 2 
is p ro v id ed  by ca ta lase  and —o f  particu lar im portance in  th e

— g lu ta th io n e . O nly  a few s tu d ie s  have addressed the a n -  
t io x id a tiv e  c a p a c ity  o f  the lungs o f  sm o k ers  (4 ,1 5 , 19). R educed  
activ ities  o f  su p erox id e dism utase, g lu ta th ion e  S-transferase, a n d  
g lu ta th io n e  p erox id ase  were found  in th e A M  o f  elderly sm okers  
(4). In co n tra st, en h an ced  activities o f  superoxide d ism u tase a n d  
c a ta la se , but n ot o f  g lu ta th ion e  p ero x id a se , were sh ow n  in th e  
A M  o f  y o u n g er  sm okers (19). L inden  an d  co lleagues (15) d e m o n 

strated  an in creased  con cen tration  o f  to ta l g lu ta th io n e  (free an d  
d isu lf id e  b o u n d ) in b ron ch oa lveo lar  lavage fluid ob ta in ed  fro m  
p a tien ts  w ith  C O P D  w h o  were current sm okers. It is u n k n o w n  
w h eth er  th is  increase in total g lu ta th io n e  is caused  by co n tin u ed  
sm o k in g  or by C O P D  itse lf (i.e., a lso  occurring in exsm ok ers).

In con trast to our findings, Sznajder and co lleagues (10) fou n d  
s ig n if ic a n tly  h igher con cen tration s o f  exhaled  H 20 2 in p atien ts  
with acute respiratory failure and p u lm on ary  infiltrates com pared  
w ith  th o se  w ith o u t. T h ese  authors a ls o  noted  that central n er 

vous system  in volvem ent in these p atien ts increased exhaled H 20 2 
levels c o m p a red  w ith  th o se  patients w ith o u t  involvem ent; m o re 

over, p a tien ts  w ith  in filtrates and se p s is  exhaled  h igher levels o f  
H 20 2 th a n  th o se  w ith o u t sepsis. T h u s , the d ifferen ces ob served  
in th e stu d y  by S zn ajd er and c o lle a g u e s  m ay not be a ttr ib u ted  
so le ly  to the presence or absence o f  infiltrates.

T h e  current sm ok ers in the g ro u p  w ith  stable C O P D  ten d ed  
to  e x h a le  lo w er  con cen tra tion s o f  H 20 2 com pared  w ith  th e ex 

sm ok ers. T h e  num ber o f  patients stu d ied , however, w as too sm a ll 
to  m a k e  any c o n c lu s io n s  ab ou t th e  e f  fects o f  sm o k in g  in th is  
resp ect. In a d d it io n , b ias may have occu rred  in our sep aration
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o f  sm o k ers  a n d  ex sm o k ers , w h ich  w as b ased  so le ly  o n  m ed ica l 
h istory .

H y d ro g en  p ero x id e  is p ro d u ced  n o t o n ly  in th e low er b u t a lso  
in th e  upper airw ays. T herefore, patients w ith  clin ically  suspected  
u p p er  a irw ay in fe c t io n  w ere ex c lu d ed  from  the stu d y  in  order 
to  avo id  a m a jo r  co n tr ib u tio n  o f  these  airways to  total H 20 2 exha 

la t io n . D iffe r e n c e s  in m in u te  v en tila tio n  and breath ing  pattern  
m ay have o ccu rred  a m o n g  th e  d ifferen t groups. T h is, how ever, 
w as n o t  lik e ly  to  a cco u n t for th e  d ifferen ces ob served  in  exh a led  
H z0 2 levels , as ch a n g es  in m in u te  v en tila tio n  and  b reath in g  pat 

tern  d id  n o t  alter H 20 2 e x h a la t io n  in  an im al exp erim en ts (10).

In  c o n c lu s io n , our d a ta  sh o w  th at in creased  H 20 2 o ccu rs in 
su b je c ts  w ith  sta b le  C O P D  a n d  even  m ore so  in p a tien ts  w ith  
ex a cerb a ted  C O P D . T h ese  d ata  are co n sis ten t w ith  th e  co n cep t  
th a t o n g o in g  a irw ay in f la m m a tio n  w ith  elevated  p ro d u ctio n  o f  
R O S  in creases lu n g  ox id ative  stress in p atien ts w ith stab le C O P D .
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