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ABSTRACT 
Background: Victims of sulfur mustard (SM) gas exposure experience different 

types  of chronic pu lmonary  disease, manifested as cough, sputum production, 
and dyspnea.  Conventional therapies  (eg, immunosuppress ive  drugs, cortico- 
steroids) have  not been effective in these  patients. 

Objective: This study was carried out to determine the  efficacy of concomitant  
administration of the  macrolide clarithromycin and the  mucolytic agent acetylcys- 
teine in the t reatment  of bronchiolitis obliterans in SM-exposed patients. 

Methods:  This open-label clinical s tudy was conducted  at the  Research 
Center  of Chemical Injuries, Baqiyatallah Medical Sciences University, Tehran, 
lran. Clari thromycin and acetylcysteine were adminis tered concomitant ly  for 
6 months  to male SM-exposed patients with chronic bronchitis and bronchiolitis 
obli terans who were  nonrespons ive  to conventional  t rea tments .  Efficacy analy- 
sis included symptom assessment  and pu lmonary  function tes ts  (forced ex- 
pi ra tory  vo lume  in 1 second [FEV1], forced vital capaci ty  [FVC], and FEV1/ 
FVC ratio) using spirometry,  per formed at basel ine and after  2 and 6 months  of 
t reatment .  

Results: Seventeen  male  pa t ients  ( m e a n  [SD] age, 38.3 [5.3] yea r s  [range, 
31-50 years] ;  mean  [SD] body  weight, 77.9 [ 15.7] kg) were included in the  study. 
Cough and spu tum product ion were  each found in 10 of 17 patients (58.8%) at 
basel ine and were  improved in all 10 patients after the  administrat ion of cla- 
r i thromycin and acetylcysteine.  FEV 1 and FVC also were  improved,  by  mean  
(SD) 10.6% (9.7%) (P < 0.001 vs  baseline) and 12.9% (13.6%) (P 0.001 vs  base- 
line). No significant change in FEV1/FVC ratio was found. 

Conclusions: In this s tudy of concomitant  administrat ion of clari thromycin 
and acetylcysteine for the  t rea tment  of bronchiolitis obliterans in SM-exposed 
patients, symptoms  and pu lmonary  function were improved.  These  results may  
have  been related to the  therapeut ic  effects of a macrolide antibiotic on chronic 
bronchitis and bronchiolitis obliterans in these  patients. Based on the  results 
of this study, we recommend  this t rea tment  for chemical warfare vict ims with 
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recurrent  exacerbat ion of bronchi t is  who do not respond to conventional  treat- 
ment.  (Curr Ther Res Clm Exp. 2004;65:495-504) Copyright  © 2004 Excerpta  
Medica, Inc. 

Key words: sulfur  mustard ,  chemical  warfare,  chronic  bronchit is ,  bronchi-  
olitis, c lar i thromycin,  acetylcysteine.  

INTRODUCTION 
Macrolides h a v e  been shown to have  s o m e  ant i - inf lammatory effects that  m a y  
cont r ibu te  to the i r  therapeut ic  efficacy. Newer  macro l ides  (eg, tacrol imus) ,  
which have  mainly i m m u n o s u p p r e s s i v e  efficacy, are  used  in the  m a n a g e m e n t  of 
bronchiol i t is  obl i terans  af ter  lung t ransplanta t ion.  1,2 The  beneficial effects of 
t he  mucolyt ic  agent  ace ty lcys te ine  in the  t r ea tmen t  of chronic  bronchi t i s  h a v e  
also been  noted. 3 Acetylcyste ine  reduces  the  elast ici ty of m u c o u s  secre t ions  by  
reducing disulfide bonds.  3 In addition, ace ty lcys te ine  is a po ten t  ant ioxidant  
that  ac ts  as  a p rodrug  for cys te ine  and glutathione. 4 

During the  lran-lraq War (1980-1988), t housands  of I ranians were  exposed  to 
sulfur  mus ta rd  (SM) gas. 5 Most  su rv ivor s  (-60%) have  chronic  pu lmona ry  dis- 
ease  with different degrees  of impai rment .  6 Chronic bronchit is ,  bronchiec tas is ,  
and pu lmona ry  f ibrosis  have  been repor ted  as  late compl ica t ions  of SM expo- 
sure.. 6 Two s tudies  7,8 have  shown that  bronchiol i t is  obl i terans  is ano the r  com- 
plication in this  population. As in lung t ransplant  recipients,  9,1° convent ional  
d rugs  (eg, i m m u n o s u p p r e s s i v e  drugs,  cor t i cos te ro ids )  have  been shown to be  
ineffect ive in the  t r ea tmen t  of bronchiol i t is  obl i terans  in SM-exposed pat ients .  7 

In th is  study, we examined  the  efficacy of concomi tan t  adminis t ra t ion  of t he  
macrol ide  c lar i thromycin  and acety lcys te ine  in the  t r ea tmen t  of bronchiol i t is  
obl i terans  in SM-exposed patients.  

PATIENTS AND METHODS 
This open-label clinical s tudy  was conducted  at the  Research Center  of Chemical 
Injuries, Baqiyatallah Medical Sciences University, Tehran, lran, be tween  March 
2001 and Sep tember  2002. The s tudy  was approved  by the  e thics  commi t t ee  at 
the  university. 

Inclusion and Exclusion Criteria 
Men with chronic bronchitis  and bronchiolitis obli terans who were exposed to 

SM between 1985 and 1988 (during the  lran-lraq War) and were receiving long-term 
follow-up care were enrolled. Additional inclusion criteria were as  follows: 

1. Documented  chemical  exposure  based  on official cert i f icat ion from the  
Bonyad Mostazafan & Janbazan  Foundation, Tehran 

2. Mil i tary/medical  records  showing  that  t he  pat ient  was t rans fe r red  to a 
local mil i tary hospital  af ter  attack, where,  based  on s igns  and symp- 
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t o m s  and the  use  of special  kits by mil i tary se rv ices ,  t he  types  of chem- 
ical agents  to which the  pat ient  was  exposed  were  de termined,  af ter  
which the  pat ient  received care  accord ing  to s t andard  protocols  deter- 
mined  by mil i tary  heal th se rv ices  

3. Pathologic findings compatible  with bronchiolitis on transbronchial  lung 
biopsy 

4. Radiologic ev idence  of bronchiol i t is  obl i terans on high-resolution com- 
puted t o m o g r a p h y  (HRCT) of t he  ches t  (desc r ibed  later)  (ie, the  pres- 
ence  of air  t r app ing  in ->25% of the  cross-sect ional  areas  of an affected 
lung on ->1 scan  level and with ->3 m o n t h s  free of i m m u n o s u p p r e s s i v e  
drug  the rapy)  

5. Nonresponse to high<lose bronchodilator therapy (salmeterol, 25 pg, 4 puffs 
BID) and inhaled corticosteroid therapy (fluticasone propionate, 125 mg, 
2 puffs BID) ->3 months  before the  study. 

Each HRCT examinat ion  was  conduc ted  us ing  the  Hi Speed Advan tage  
Scanner  (General  Electric Medical Systems,  Milwaukee, Wisconsin)  and consist-  
ed of five 1.0-mm coll imation images  obta ined dur ing  deep inspirat ion and full 
expiration, with the  pat ient  supine.  Images  were  obta ined at t he  levels of t he  
aort ic  arch, midway  be tween  the  aort ic  arch and the  t racheal  carina, midway  
be tween  the  t racheal  car ina  and the  right hemid iagram,  and 1 cm supe r io r  to 
t he  r ight  hemid iagram.  IV cont ras t  material  was  not  adminis tered .  All images  
were  recons t ruc ted  us ing a high spatial  resolution a lgor i thm and d isplayed at 
s t andard  (level, -700 Hansfield units  [HU]; width, 1500 HU) and nar row (level, 
700 HU; width, 1000 HU) lung window set t ings.  The HRCT scans  were  reviewed 
by  a radiologist  and a pulmonologist ,  who knew only the  age, sex, and the  SM 
exposure  h is tory  of the  patients.  The in te robserver  agreement  for air  t rapping 
and mosaic  parenchymal  at tenuat ion was registered. The expira tory  images  were  
a s se s sed  for the  p resence  and lobar  distr ibution of air trapping, defined as al- 
te ra t ion  of normal  a n t e r o p o s t e r i o r  lobar at tenuat ion gradients  and/or  lack of 
homogeneous  increase in pu lmonary  at tenuat ion resulting in pers is tent  areas  of 
decreased  attenuation. The extent  of air  t rapping was qualified and classified 
using the  s a m e  sys tem as defined for hyperlucent  regions on inspira tory images.  
The p resence  of air  t rapping  was considered to be  an indication of bronchiolit is 
obli terans only if it exceeded  25% of the  cross-sectional area  of an affected lung 
on ->1 scan level. Expi ra to ry  i m a g e s  d i sp layed  at s t a n d a r d  and  na r row window 
se t t ings  were  d i rec t ly  compared  to de termine  differences in the  conspicui ty  of 
air  trapping. 

Pat ients  with the  following charac te r i s t ics  were  excluded from the  study:  

1. Radiographic  ev idence  of pneumonia ,  act ive tuberculosis ,  lung cancer, 
o r  an infection that  necess i t a ted  the  use  of a concomi tan t  antibiot ic  

2. Cigaret te  smok ing  or  occupat ional  exposure  to toxic agents  in the  pre- 
v ious  10 yea r s  
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3. History of hypersensi t ivi ty  to beta-lactam or  macrol ide antibiotics 
4. T rea tmen t  with a sys temic  antibiotic, any investigational  medicine,  

or  a long-acting injectable antibiotic within 7 days,  4 weeks, and 6 
weeks, respectively,  before  the  study, or  t he  use  of concomi tan t  theo- 
phyll ine or  c a rbamazep ine  (unless  the  se rum concent ra t ion  was reg- 
ularly moni tored)  

5. Exacerbat ion phase  of respi ra tory  complications.  

Written informed consent  was obtained from all eligible patients before the  
study. 

Study Drug Administration and Efficacy Assessments 
The t r ea tmen t  regimen consisted of clari thromycin* (500-mg tablet  QD) and 

acetylcysteine effervescent* (600-mg tablet  QD), both given for 6 months.  
Measurements  for the  therapeut ic  efficacy of this regimen were  evaluated 
before, during, and after the  t rea tment  period. Clinical and paraclinical param- 
eters  moni tored were the  severi ty  of cough and spu tum production,  and 
changes  in pu lmonary  function. Bronchodilator  and inhaled cort icosteroid 
the rapy  were continued throughout  the  study. 

P u l m o n a r y  funct ion tes t s  (PFTs) were  p e r f o r m e d  at  base l ine  and af ter  2 
and 6 m o n t h s  of t r ea tmen t ,  us ing s p i r o m e t r y  (Mas te rScope  PC, Jaegger ,  
Wfirzburg, Germany) ,  based  on Amer ican  Thorac ic  Society cri teria,  n Briefly, 
this  tes t ing  involved  m e a s u r i n g  forced  e x p i r a t o r y  v o l u m e  in 1 s econd  
(FEV1) and forced  vital c apac i t y  (FVC) and calcula t ing t he  FEV1/FVC ratio.  
The  tes t s  were  p e r f o r m e d  by expe r i enced  r e s p i r a t o r y  t echn ic i ans  u n d e r  
t he  d i rec t ion  of l icensed phys ic ians ,  us ing a s t a n d a r d  sp i rometer .  The  
t echn ic i ans  were  bl inded to t he  s tudy.  All of t he  pa t i en t s  were  expe r i enced  
with PFTs. 

While sea ted  with a nose clip in place, patients were  asked to perform ->3 
forced expira tory  maneuvers ,  with verbal  encouragement  to blow maximally 
throughout  expiration until they  felt there  was no air to expel. Both the  patient 
and the  technician received visual feedback from a moni tor  during the  test,  
which was repeated until 3 technically sat isfactory cu rves  with reproducible  
contours  were obtained. All of the  indices used for the  analysis were  der ived 
from the  m a n e u v e r  with the  largest FVC. 

Statistical A.aly~is 
Data are expressed  as mean  (SD). The Student t tes t  and SPSS vers ion  11.5 

(SPSS Inc., Chicago, Illinois) was used to calculate the  differences be tween  base- 
line and end-of-study results. Differences of P < 0.05 were considered statistical- 
ly significant. 

*Trademark: Klacid ® (Abbott GmbH, Wiesbaden, Germany). 
tTrademark: Flumacil ® (Zambon Group, Vicenza, Italy). 
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RESULTS 
Seventeen male  pat ients  (mean  [SD] age, 38.3 [5.3] years  [range, 31-50 years];  
mean  [SD] body weight, 77.9 [15.7] kg) were included in the  study. All pat ients  
were  t reated with the  2 s tudy drugs and comple ted  the  study. In all of the  
patients,  the  chemical  insult occurred  be tween  1985 and 1988. None of the  
patients were active smokers  at the  t ime of the  study; however,  4 pat ients  
(23.5%) had a his tory of smoking >10 years  before the  study. In all patients, find- 
ings on HRCT were  consistent  with a diagnosis of bronchiolitis obli terans (air 
t rapping on expiration, 13 patients [76.5%]; bronchiectasis,  12 patients [70.6%]; 
and inspiratory mosaic parenchymal  attenuation, 10 patients [58.8%]) (Table  I). 

Although the  precise  amount  of exposure  to chemical  agents  could not  be  
de te rmined  on the  battlefield, according to each pat ient 's  medical  records, the  
patients were symptomat ic  at the  t ime of the  chemical  attack, but  symptoms  of 
the  acute  phase  were  transient,  resolving after  the  patients were  t r anspor ted  
for medical  care. 

At baseline, cough, spu tum production,  and dyspnea  were the  mos t  c o m m o n  
symptoms,  each occurr ing in 10 patients (58.8%). However, because  dyspnea  is 
a highly subjective symptom and is difficult to quantify, cough and spu tum pro- 
duction were used to assess  efficacy. The preva lence  of cough and spu tum pro- 
duction before and after t r ea tment  are  shown in Table  II. 

At baseline, mean  (SD) FEV 1 was 2.57 (0.98) L and mean  (SD) FVC was 3.31 
(0.92) L. FEV1/FVC ratio was 75.8%. After 2 months  of therapy,  FEV1, FVC, and 
FEV1/FVC ratio were  calculated as 2.91 (0.96), 3.90 (0.90), and 74.1%, respective- 
ly. FEV 1 improved  by mean  (SD) 10.6% (9.7%) (P < 0.001 vs  baseline) and FVC 
improved  by mean  (SD) 12.9% (13.6%) (P 0.001 vs  baseline). The distributions 
of percentage  improvement  from baseline in FEV 1 and FVC after  6 months  of 
t r ea tment  are  shown in Figures 1 and 2, respectively. No significant change in 
FEV1/FVC ratio was found after  t rea tment .  

DISCUSSION 
Chronic bronchi t i s  affects a significant p ropor t ion  (-60%) of chemica l  war-  
fare vict ims.  6 This condi t ion is cha rac t e r i zed  by frequent ,  recur ren t ,  acu te  

Table I. Baseline findings on high-resolution computed tomography 
(HRCT) of the chest in sulfur mustard gas-exposed patients 
(N = 17). 

Prevalence, 
HRCT Finding No. (%) 

Air trapping on expiration 13 (76.5) 
Bl~nchiectasis 12 (70.6) 
Inspiratol~ mosaic parenchymal attenuation 10 (58.8) 
Interlobular septal thickening S (29.4) 
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Table II. Prevalence (no. [%]) of cough and sputum production before and after 6 months 
of concomitant administration of clarithromycin and acetylcysteine in sulfur 
mustard gas-exposed patients with bronchiolitis obliterans who were sympto- 
matic at baseline (n -- 10/17). 

Cough Sputum Production 

Before After Before After 
Severity Treatment Treatment Treatment Treatment 

A lot evel T day 9 (90.0) 3 (30.0) 8 (80.0) 4 (40.0) 
A little every day 1 (10.0) 6 (60.0) 0 (0.0) 4 (40.0) 
A little on most days 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0) 
A little occasionally 0 (0.0) 0 (0.0) 1 (10.0) 0 (0.0) 
Rarely 0 (0.0) 0 (0.0) 1 (10.0) 2 (20.0) 

bac ter ia l  infect ion exace rba t i ons ,  wh ich  are  an i m p o r t a n t  c a u s e  of mor-  
b id i ty  in th i s  pa t i en t  popula t ion .  Infec t ious  e x a c e r b a t i o n s  of ch ron ic  bron-  
chi t i s  a re  f r equen t ly  induced  by  p a t h o g e n s  tha t  r e s ide  in t h e  r e s p i r a t o r y  
t rac t .  Risk f a c t o r s  for  c h r o n i c  b ronch i t i s  i nc lude  f a c t o r s  tha t  a l t e r  n o r m a l  
h o s t  d e f e n s e  m e c h a n i s m s  in t h e s e  p a t i e n t s  (eg, m u c o c i l i a r y  d y s f u n c t i o n ,  
a c c u m u l a t i o n  of s e c r e t i o n s ,  bac t e r i a l  co lon iza t ion ) .  C l a r i t h r o m y c i n  is an  

4 
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Figure 1. Distribution of patients according to percentage improvement in forced expi- 
ratory volume in 1 second (FEV1) after 6 months of concomitant administration 
of clarithromycin and acetylcysteine in sulfur mustard gas-exposed patients 
with bronchiolitis obliterans (N -- 17). Mean (SD) percentage improvement 
was 10.6% (9.7%) (P < 0.001 vs baseline). Curve -- normal distribution. 
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Figure 2. Distribution of patients according to percentage improvement in forced 
vital capacity (FVC) after 6 months of concomitant administration of cla- 
rithromycin and acetylcysteine in sulfur mustard gas-exposed patients with 
bronchiolitis obliterans (N -- 17). Mean (SD) percentage improvement was 
12.9% (13.6%) (P -- 0.001 vs baseline). 

a d v a n c e d - g e n e r a t i o n  m a c r o l i d e  wi th  po ten t  an t imicrob ia l  ac t iv i ty  aga ins t  
t h e  c o m m o n  g r a m - n e g a t i v e  and  g r a m - p o s i t i v e  m i c r o o r g a n i s m s  tha t  exacer -  
ba te  ch ron ic  bronchi t i s .  

The  m e c h a n i s m  of macrol ide  antibiot ic  act ion is based  on inhibit ion of bac- 
terial prote in  syn thes i s  by  interact ion with 23S rRNA in the  central  loop of t he  
pep t idy l t rans fe rase  center, as  well as with specif ic  r ibosomal  prote ins  found in 
the  s a m e  region of the  r ibosome.  Macrol ides are bes t  known as  anti-infective 
agents ,  bu t  t h e y  also exe r t  o t h e r  i m p o r t a n t  p h a r m a c o l o g i c  effects,  such  as  
i m m u n o s u p p r e s s i o n  and  i m m u n o m o d u l a t i o n .  

In this  study, the  combina t ion  of c lar i thromycin  and acety lcys te ine  de- 
c reased  the  preva lence  of cough and spu tum product ion,  t he reby  effectively 
t rea t ing  exacerba t ions  of SM-induced bronchioli t is .  These  findings are  compat -  
ible with prev ious  repor ts  regarding the  efficacy of combina t ion  t h e r a p y  with 
c lar i thromycin  and acety lcys te ine  in chronic  bronchit is .  

Several  double-blind trials have  d e m o n s t r a t e d  that  s y m p t o m s  of bronchi t i s  
and chronic  obs t ruc t ive  pu lmona ry  d i sease  were  improved  by the  use  of acetyl- 
cys te ine  and that  exacerba t ions  of t he se  d i seases  were  prevented .  12 15 An addi- 
tional s t udy  showed  that  pu lmonary  t i s sue  m a y  be pro tec ted  by  the  ant ioxidant  
act ivi ty  of acetylcysteine.16 

A n u m b e r  of randomized,  parallel-group s tudies  17 21 have  used clar i thromycin 
for t he  t r ea tment  of acute  bacterial  exacerbat ions  of chronic  bronchitis .  
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Macrolide antibiotics have been shown to decrease  sputum volume and 
increase sputum elasticity in patients with diffuse panbronchiolitis, chronic bron- 
chitis, and bronchiectasis.  22 Numerous studies have shown that macrolides 
decrease  interleukin (IL)-8-induced neutrophil accumulation; suppress  IL-6 expres- 
sion; inhibit expression of intercellular adhesion molecule 1; decrease superoxide 
formation in neutrophils; decrease lipopolysaccharide-induced levels of tumor  
necrosis factor; and decrease  lipopolysaccharide-induced neutrophil migration 
into bronchial t issues,  neutrophil adhesion, and vascular  leakage. 18,19,23,24 Two 
case-report  studies 7,25 have shown that  bronchiolitis obliterans is the  main pul- 
monary  abnormali ty after exposure to SM and that pulmonary function abnormal- 
ities were not reversed by t rea tment  with cort icosteroids or bronchodilators.  

Fifteen years  after exposure  to SM as a chemical warfare agent, the  patients  in 
our  s tudy  were experiencing the  chronic and often disabling respiratory symp- 
toms  of dyspnea,  cough, and sputum production. Most  of these  patients had unre- 
markable plain ches t  radiographs;  however, the  findings of bronchiectasis ,  air 
t rapping on expiration, and inspiratory mosaic  parenchymal  at tenuation on HRCT 
pointed to the  diagnosis of bronchiolitis obliterans in this patient population. 

CONCLUSIONS 
In this  s t udy  of concomi tan t  admin i s t ra t ion  of c la r i th romycin  and acetylcys-  
te ine  for t he  t r ea tmen t  of bronchiol i t is  obl i terans  in SM-exposed pat ients ,  
s y m p t o m s  and p u l m o n a r y  funct ion were  improved .  These  resul ts  m a y  h a v e  
been  related to the  the rapeu t i c  effects  of a macro l ide  ant ibiot ic  on chronic  
bronchi t i s  and bronchiol i t is  in t h e s e  pat ients .  Based on the  resul ts  of th is  
study, we r e c o m m e n d  this  t r ea tmen t  for chemical  war fa re  v ic t ims  with recur- 
rent exacerba t ion  of bronchi t i s  who do not respond to convent ional  t rea tment .  
However,  th is  s t udy  m u s t  be  regarded  as a first s tep  in examining  the  eff icacy 
of t h e s e  d rugs  for t he  t r e a t m e n t  of individuals  exposed  to chemical  war fa re  
agents .  To fur ther  a s s e s s  ou r  conclusions ,  larger, double-blind, case-control  
s tud ies  are required.  
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