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W e s tu d ied  co rre la tio n  betw een  a irw ay  hyper-responsiveness induced 
b y  local exposure  to  a  m acrophage  in d u c to r  B roncho-V axom  a n d  th e  devel­
o p m en t o f  a irw ay  in f la m m a tio n  in  dogs. To d e tec t a irw ay  in f lam m atio n , 
b ronchoa lveo la r lavage an d  b iopsy  o f  a irw ay  m ucosa w ere p e rfo rm e d . The 
a irw ay  responsiveness w as reg iste red  b y  cap nog raph  m easu rin g  gas-exchange 
d is tu rb an ces  d u rin g  o b s tru c tiv e  reac tio n s p rovoca ted  by  in h a la tio n  o f  various 
co n cen tra tio n s o f  ace ty lcho line  aerosol. B roncho-V axom  g e n e ra te d  a  p ro ­
tra c te d  a irw ay  in f la m m a tio n  ch a rac te rized  by  a  sligh t an d  rev e rs ib le  increase 
in  th e  n u m b er o f  n e u tro p h ils  a t  24 h  a f te r  induction , and  b y  a  long-lasting  
in flu x  o f  m acro p h ag es p eak ed  a b o u t a t  th e  second w eek. T h e  n u m b e r of 
m acrophages tu rn e d  to  in itia l levels 3 w eeks la te r. M acrophages m ig ra tin g  
to  th e  b ronchoa lveo la r surface  w ere a c tiv a te d  because p e ro x id a se  p o sitiv ity  
an d  bearing  Сзь re c e p to rs  o f  these  cells increased g ra d u a lly  d u r in g  th e  in ­
flam m ato ry  process. A irw ay  responsiveness m easured  a t  3, 6 an d  24 h 
a f te r  in d u c tio n  d id  n o t d iffer s ig n ifican tly  from  baseline v a lu es , b u t  h y p e r­
responsiveness w as developed  a t  96 h  using 0.5 and  1 .0%  ace ty lcho line  
aerosol (p <  0.01 a n d  p  <  0.001) d u rin g  th e  n o n -p u ru len t, m acrophage- 
m ed ia ted  in f lam m atio n . T h is s itu a tio n  m odelled  by  B roncho -V axom  in d u c­
tion  is v ery  s im ila r to  those  observed  in  ch ild ren  w ith  re c u r re n t o b s tru c tiv e  
b ronch itis . T he  re su lts  suggest th a t  a  m acrophage-m ed ia ted  in f la m m a tio n  
caused  by  an tig en s, in fec tions o r p o llu ta n ts  m ay  g en e ra te  a  long -lasting  
a irw ay  hyper-responsiveness.

Bronchial reactivity, a characteris­
tic feature of asthm a is defined as 
increased sensitivity of the airways to 
physical, chemical, and pharmacolog­
ic stim uli [1]. Although the precise 
causes of hyperreactivity are uncer­
tain , recently airway inflam m ation 
has been taken into consideration as 
an im portant cause of increased levels 
o f bronchial responsiveness [2]. So far, 
a  series of studies has examined types 
of cells and mediators responsible for 
ozone-induced changes in airway re­
activ ity  [3, 4, 5, 6]. Increases in re­

sponsiveness after ozone are followed 
by enumeration of neutrophils and 
airway epithelial cells recovered in 
bronchoalveolar lavage (BAL) fluid
[3]. Because of the increase in bron­
chial reactivity generated by ozone 
lasts only for few days, changes in 
the airways may im perfectly mimic 
the abnormalities of asthm a [7]. This 
difference has led the investigators to 
speculate th a t a type o f cell other 
than  the neutrophil is responsible for 
the hyper-reactivity [2].

Recently, children w ith severe epi-
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sodés o f recurrent obstructive  bron­
chitis have been investigated by  BAL 
to  reveal features of the chronic muco­
sal inflamm ation observed broncho- 
scopically [8, 9]. A striking influx of 
macrophages was registered in the 
symptom -free periods w ith o u t accu­
m ulation of neutrophils. This airway 
inflam m ation may be induced by 
resp iratory  infections, as well as by 
antigens, environmental allergens and 
pollu tan ts. I t  is presumable th a t , once 
in itia ted , inflammation should be­
come a  self-perpetuating process in 
our patients, and it should be respon­
sible for airway hyper-responsiveness 
[10].

W e undertook the present study  to 
determ ine whether the  a irw ay  hyper­
responsiveness induced by  local expo­
sure to  a macrophage inductor, Bron- 
cho-Vaxom correlated w ith  the de­
velopm ent of airway inflam m ation in 
dogs. To detect airway inflam m ation, 
we performed biopsies o f th e  airway 
m ucosa as well as BAL, and  th e  lavag- 
able cells were characterized. To in­
vestigate airway responsiveness, gas- 
exchange disturbances were meas­
ured  by  capnograph during obstructive 
episodes generated by acetylcholine 
stim uli. The dogs were used  as their 
own control for the developm ent of 
inflamm ation and hyper-responsive­
ness.

M a t e r i a l s  a n d  M e t h o d s

A n im a ls

12 n o rm al a d u lt dogs o f  b o th  sexes, 
w e ig h in g  5 to  15 kg, w ere u se d . O n D ay  1, 
e a c h  do g  w as firs t lig h tly  an ae s th e tiz ed  
in tra v e n o u s ly  w ith  h e x o b a rb i ta l-N a  (10 
m g /k g ), secured in  th e  su p in e  p o sitio n .

Blood

B lood w as  o b ta in ed  by  p u n c tu re  o f  th e  
fem oral v e in  fo r to ta l  and  differen tia l leu k o ­
cy te  co u n ts .

A irw ay responsiveness

T hen , d ogs w ere in tu b a ted , an d  changes 
in  th e  C O , c o n te n ts  o f exhaled  a ir  w ere 
reg is te red  co n tin u o u sly  b y  cap n o g rap h  
(Jäg e rs ’ ty p e , W ürzbu rg , F R G ). C apno- 
g rap h y  is su ita b le  for a  q u a n ti ta t iv e  e s ti­
m a tio n  fo r th e  response to  acety lcholine 
p ro v o c a tio n  because  o b stru c tiv e  processes 
are  c h a ra c te r iz e d  b y  an  uneven  d is tr ib u tio n  
o f a ir  [11, 12, 13]. B ypass-flow  sam pling  
w as d o n e  a t  a n  a sp ira tio n  ra te  o f 0.5 1/min 
th ro u g h  a  so f t p la s tic  tu b e  in se rted  to  a  
d e p th  o f  3 cm  in  th e  end o trach ea l tu b e . 
All tu b e s  u sed  in  th e  ex p erim en ts  w ere 
m easu red  30 cm  in  leng th  an d  3 m m  in  
d iam ete r . A irw ay  responsiveness w as a s ­
sessed b eg in n in g  30 m in  a f te r  in d u c tio n  o f 
an a e s th e s ia  b y  o b ta in in g  a dose-response 
cu rv e  to  ace ty lcho line  aerosol. A fte r  d e ­
te c tin g  th e  b ase line  values, iso ton ic , sterile  
sod ium  ch lo rid e  so lu tion  w as delivered  to  
th e  a irw a y s  fo r 30 s (5 b rea th s); n ex t, 
CO 2 c o n te n t  o f  ex p ira ted  a ir  w as reg istered  
for 3 m in . I f  th e  resu lt show ed variab lo  
b re a th in g , th e  v a lu es o f several ex p ira ­
tio n s w ere  averaged . T his p rocess w as 
re p e a te d  e v e ry  4 m in  for each  o f increasing  
doses o f  ace ty lch o lin e . The dose o f a c e ty l­
choline w a s  increased : 0 .1%  to  1 .0% .
A cety lch o lin e  aerosols w ere g en era ted  from  
a  je t - ty p e  n eb u lize r (G lück’s ty p e  m odel, 
M edicor W o rk s , H u n g ary ) and  delivered  
to  th e  d o g ’s a irw ays v ia  th e  en d o trach ea l 
tu b e  a t  a  c o n s ta n t a ir flow  (0.1 1/s). T he 
o u tp u t  o f  th e  nebu lizer w as 0.5 m l/m in .

Evaluation of capnograms

P ra c t ic a l  ev a lu a tio n  o f th e  cap n o g ram s 
w as d e sc rib ed  elsew here [11, 12]. B riefly , 
all c a p n o g ra m s  show  an  ex p o n en tia l seg-
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m e n t w hich passes in to  a n d  te rm in a tes  
w ith  a  linear p rov ince  (p la teau ) . T he firs t 
in d ica te s  th e  in te rp ro p o r tio n  betw een  th e  
a ir  o f  th e  dead  space a n d  th e  alveo lar air, 
th e  second  reveals th e  co n cen tra tio n  o f C 0 2 
in  a lv eo la r air. C apnog ram s a re  charac te r-

tg  a
ized b y  th e  q u o tie n t o f  tw o  values : —~ y

w here  a  an d  ß m ean  an g les  form ed th e  
e x p o n en tia l segm en t a n d  th e  linear p la teau  
w ith  th e  ax is t .  In  th is  s tu d y , th e  v a ria tio n  
o f  d a ta  o f capnog ram s w as expressed  in 
th e  re la tiv e  p e r  cen t o f  th e  base line  values.

B iopsy of airway mucosa

A fte r  rem oval o f th e  e n d o trach ea l tu b e  
a  r ig id  tu b e  b ronchoscope (8 m m  in  d ia ­
m e te r)  (F riedel’s B ronchoscope m odel V E B  
M L W  M edizinische G e rä te , B erlin , G D R) 
w as in se rted  in to  th e  t r a c h e a  a n d  a  b iopsy 
w as ta k e n  from  th e  m a jo r  ca rin a  using 
F rie d e l’s forceps. T he b io p sy  specim en  was 
p laced  im m ed ia te ly  in to  10%  buffered 
fo rm alin  and  la te r  w as em bedded  in  p a ra f­
fin  to  c u ttin g  and  s ta in e  d w ith  haem atoxy - 
lin-eosin .

B A L  procedure

L av ag e  w as perfo rm ed  using  3 X 20 m l 
s terile , iso tonic sod ium  cho lide so lu tion  a t  
37 °C th ro u g h  a p la s tic  c a th e te r  wedged 
in  th e  b ronchus o f  th e  low er lobe. The 
flu id  w as im m edia te ly  a sp ira te d . T he av e r­
age recovered  volum e w as 73.6%  o f  th e  
in s tilla ted  flu id . T he lav ag e  p rocedu re  was 
to le ra te d  w ith  no m o r ta l i ty  an d  a p p a re n t 
m o rb id ity . M ucus s tra n d s  in  th e  recovered 
flu id  w ere rem oved  b y  f i lt ra tio n  th ro u g h  
sev era l layers o f very  loose c o tto n  gauze, 
an d  cells collected b y  cen tr ifu g a tio n  (800</ 
fo r 10 m in). T he s u p e rn a ta n ts  w ere 
im m ed ia te ly  frozen a t  — 40 °C for fu r th e r 
in v es tig a tio n s. Cells w ere  resuspended  in 
H a n k ’s ba lanced  sa lt so lu tio n  (H B SS), and 
cell c o u n t as well as d iffe ren tia l cell co u n t 
o n  a  G iem sa s ta in ed  sm e a r  w ere d e te r­
m in ed .

Cytochemistry

E sterase-1  a c tiv ity  w as in v es tig a ted  ac­
co rd in g  to  O rnste in  [14]. P e ro x id ase  ac tiv ­
i ty  w as d e te rm ined  acco rd ing  to  K aplow  
[ 15].

Cell surface receptors

T he presence o f  F ey  a n d  C3|) recep to rs 
w as d e te c te d  on  g la ss-ad h e ren t cells w ith  
r a b b i t  IgG -coated  sheep  re d  blood cells 
(SR B C ) an d  by  th e  use o f  SR B C s coated 
w ith  IgM  frac tio n  o f r a b b i t  a n ti  SRBC 
se ru m  a n d  com plem en t fro m  fresh  mouse 
se ru m  [10].

A irw ay inflammation

B ronchoa lveo la r in f lam m atio n  w as gen­
e ra te d  b y  in s tilla tion  o f  7 m g  Broncho- 
V axom  (OM L ab o ra to rie s , G eneva, Sw it­
zerland  an d  B iogal W orks, D ebrecen , H u n ­
g a ry ) in  5 m l iso ton ic  so d iu m  chloride 
so lu tio n  in to  th e  r ig h t m a in  b ronchus . The 
in so lub le  com ponen ts o f  th is  m edicine were 
rem o v ed  b y  c e n tr ifu g a tio n  (1000g for 
10 m in ). B roncho-V axom  is a  bacte ria l 
ly sa te  w ith o u t an tig en ic  fe a tu re s  whose 
im m u n o s tim u la to ry  a c tiv ity  h a s  been  dem ­
o n s tra te d  b o th  pharm aco log ica lly  and chem ­
ica lly  [17]. T his ly sa te  o f  e ig h t bac te ria  
(H . in fluenzae , D . p n eu m o n iae , K lebsiella  
p n eu m o n iae  an d  ozaneae , S. aureus, S. 
pyogenes an d  v iridans, N . c a ta rrh a lis )  was 
ex p ec ted  as a  p o te n t a lv eo la r m acrophage 
a c tiv a to r  and  as a n  in d u c to r  o f a  non- 
p u ru le n t in f lam m atio n  on  th e  broncho- 
a lv eo la r surface.

A t in te rv a ls  be tw een  3, 6 an d  24 h 
a f te r  in d u c tio n , th e  sam e p ro ced u re  m en­
tio n ed  a n d  d e ta iled  ab o v e  w as used in 
p a ir s  o f  dogs to  avo id  th e  re lav ag in g  in  the  
sam e an im als  w ith in  72 h . Since the  
course  o f  re lavag ing  could  p ro d u ce  strik ing  
increase  in  th e  p e rcen tag e  o f  neu troph ils  
in  th e  lavage flu id  [18]. F o r  th e  sam e 
reaso n , th e  baseline p a ra m e te rs  w ere reg-
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is te re d  a  few  days (6— 12 days) b e fo re  th e  
B ro n ch o -V ax o m  induction . A ll d o g s, how ­
ever, w e re  investiga ted  a t  96 h  u s in g  th e  
w hole p ro ced u re .

Statistical evaluations

but they returned almost to the  initial 
values by 96 h (Fig. 1). No evidence 
of lymphocytosis and eosinophilia or 
other liaematological abnorm ality 
could be found.

F o r  t h e  s ta tis tic a l e v a lu a tio n  o f  th e  
d iffe ren ces  use  was m ade o f  S tu d e n t’s t- 
te s t .  T h e  s ta n d a rd  errors o f  th e  m ean s  
(SEM ) w e re  calcu lated  for each  g ro u p .

R e s u l t s  

Blood leukocytes

The m ean values for leukocyte 
counts, to ta l and differential revealed 
a m arked  increase in the to ta l cell 
count an d  in number of neutrophils in 
venous blood at 24 h after induction,

Biopsy of airway mucosa

Airway biopsy sections obtained 
from different sites of the major 
carina showed an increase in the num ­
ber of neutrophils in the airway m u­
cosa a t 3 and 6 h after induction of 
Broncho-Vaxom. This moderate pu ­
rulent reaction of the mucosa 
decreased gradually and the influx of 
mononuclear cells became dom inant a t 
96 h after induction. So, the propor­
tion of neutrophils and mononuclear 
cells infiltrated  the mucosa was 1 : 4 
a t 96 h.

F ig . 1. E f fe c t  o f B roncho-V axom  o n  th e  n u m b er o f ty p es  o f  cells in th e  venous b lood  a f te r  
to ta l  n u m b e r  o f cells is show n in  consequence  o f th e  en u m era tio n  o f  neu tro p h ils . E a c h

b a r  re p re se n ts  th e  m ean  an d  SEM
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F ig . 2. C hanges in th e  cell co n ten ts  o f th e  reco v ered  lavage flu id  sam p les  a f te r  B roncho- 
V axo in  in d u c tio n . T he to ta l  coll yield an d  n u m b e r  o f  m acrophages w ere in c reased  signif­
ic a n tly  w hile th e  accu m u la tio n  o f  n e u tro p h ils  p ro v ed  to  be reversible. T h e  s lig h t increase 
in  th e  n u m b e r o f lym phocy tes  w as considered  as  a  re su lt o f increased p e rm e a b il ity  o f the 
m ucosa  d u rin g  th e  phase  o f in f lam m atio n  ch a ra c te r iz e d  by  the  tra n s ie n t in f lu x  o f  noutro- 

phils. E ach  b a r  rep re sen ts  th e  m ean  and SEM

Yield of cells

The to ta l number of cells isolated 
from the lavage fluid rose significantly 
within 24 h after instillation of Bron- 
cho-Vaxom (Fig. 2), and diminished 
tem porarily a t 96 h and then showed 
a  rise to  maximal levels a t  14 days. 
The to ta l cell count decreased to  a 
near-normal level a t 21 days after 
induction (data not shown). In  these 
suspensions, the number of macro­
phages increased gradually during 2 
weeks, and declined a t later times to 
about the normal value a t 21 days 
(data not shown). The num ber of 
neutrophils peaked a t 24 h after 
instillation of Broncho-Vaxom and 
dropped rapidly to  the initial level a t 
96 h. Similar changes in the number 
of lymphocytes could be observed.

Functional characteristics of macro­
phages

The number of peroxidase positive 
macrophages showed a  m oderate rise 
up to  96 h. Almost all macrophages 
were positive for esterase staining 
(Fig. 3). A great m ajority  o f alveolar 
macrophages carried Fc y  receptors, 
b u t the percentage o f С3ь receptor­
bearing cells increased slightly with 
the  tim e after Broncho-Vaxom induc­
tion.

Airway responsiveness

D ata  registered during the  provo­
cation of dogs are shown in Fig. 4. 
All dogs reacted m arkedly to  the 
inhalation of acetylcholine. The aver-
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6 2U 96
Hours after induction

F i g . 3. F u n c tio n a l c h a ra c te r is tic s  o f  alveo lar m acro p h ag es a f te r  in stilla tion  of B i’oncho- 
V axom . M ost o f m acrophages c a r r ie d  Fey  recep tors a n d  w ere  positive  for esterase s t a in ­
ing. A  s lig h t increase in  th e  p e rc e n ta g e  o f peroxidase p o s itiv e  m acrophages and  o f b e a rin g  
C3t, re c e p to rs  w as observed  d u r in g  th e  firs t four d a y s  a f te r  B roncho-V axom  in d u c tio n . 

D a ta  p o in ts  re p re se n t the  m ean  a n d  S E M  values

NaCI
Acetylcholine , ° U

F i g . 4. E ffe c t o f in f la m m a tio n  g e n e ra ted  b y  in s tilla tio n  o f  B roncho-V axom  on th e  dose- 
re sp o n se  cu rv e  to  ace ty lch o lin e  aero so l in  12 dogs. T h e  b a se lin e  values determ ined  a f te r  
each  co n cen tra tio n  o f a ce ty lc h o lin e  aerosol show ed t h a t  e a c h  dog responded to  th e  
p ro v o c a tio n . The responsiveness d id  n o t change s ig n if ic a n tly  a t  3, 6 and  24 h  a f te r  
in d u c tio n  o f  B ronco-V axom , b u t  d o g s  becam e h y p erresp o n siv e  a t  96 h using 0.5 a n d  1 .0%  
p ro v o c a tiv e  co n cen tra tions o f  ace ty lcho line . D a ta  p o in ts  re p re se n t th e  average p e rc e n t­

ag es  of ^  “  q u o tie n ts

age -  — quotients did no t essentially

differ from baseline values a t  3, 6 and 
24 h afte r instillation o f Broncho-

Vaxom. The decrease of values became 
pronounced a t  96 h after inhalation of 
0.5 and 1.0% solution of acetylchol­
ine. These changes were statistically
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significant compared to  the baseline 
values indicating the increase in a ir­
way responsiveness during the later 
phase of inflammation characterized 
by the influx of alveolar macrophages.

D i s c u s s i o n

We generated a prolonged broncho - 
alveolar inflammation in dogs instil- 
lating Broncho-Vaxom into the right 
bronchial system. A part from a tra n ­
sient neutrophilia in venous blood and 
a slight and reversible influx of neu­
trophils a t 24 h on the bronchoalveolar 
surface, this inflamm ation could be 
considered as a non-purulent reaction 
characterized first of all by an in­
creased influx of macrophages. The 
enum eration of macrophages lasted 
for about 3 weeks and the features of 
inflam m ation (at 96 h) were corre­
sponded to those observed in children 
from  2 to 6 years of age with recurrent 
obstructive bronchitis [8]. These pa­
tien ts had suffered from serious epi­
sodes of obstructive bronchitis for 
m onths and airway hyper-responsive­
ness was detected. Allergic hyposensi­
tization, focal infections, immunodefi- 
cient status, cystic fibrosis, malfor­
m ations of heart- and large vessels, 
gastroesophageal reflux and other 
disorders which could be associated 
w ith obstructive symptoms were ex­
cluded previously. Clinical criteria of 
our patients referred to  chronic bron­
chitis in childhood w ith récidivé ob­
structive symptoms [19]. Signs of 
chronic inflammation of the mucosa 
were observed bronchoscopically. The

extensive changes in the mucosa were 
appeared even though there was no re­
cent history of an a ttack  or a clinical 
symptom  a t least during the last 
weeks before the exam ination. A sig­
nificant influx of macrophages was 
detected by BAL compared to  those 
registered in young healthy volun­
teers by others and to our patients 
suffered from other chronic lung dis­
eases [8]. This airway inflam m ation 
was considered to be a key determ i­
nan t of the elevated airway respon­
siveness and a pathological basis of 
the frequent relapses [10].

Recently, investigators have turned 
to the use of experimental models of 
inflam m atory changes in the  airways 
associated with the induction of 
hightened bronchomotor responsive­
ness [2]. Airway inflam m ation caused 
by inhaled ozone was characterized 
by injury of airway epithelial cells and 
an influx of neutrophils [3]. After 
ozone exposure, however, the  increase 
in bronchial responsiveness lasts 
only for a day or two [7]. The hyper­
reactivity  in asthm atic patien ts and 
children with recurrent obstructive 
bronchitis persists for years, so the 
ozone-induced inflam m ation with neu­
trophil enumeration does not amount 
to  the status produced by antigen 
challenges or viral infections.

In  our experiments, the  inflam ­
mation induced by Broncho-Vaxom 
was relatively long-lived. The stim u­
lus of the lysate of bacterial walls 
proved to  be intensive and resulted in 
the s ig n ifican t influx o f m acropha­
ges. The morphological, cytochemical 
and functional characteristics of al-
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veolar macrophages were like those of 
o ther tissue macrophages except for 
the peroxidase activity and the  pre­
sence o f C3b receptors [16]. D uring the 
course o f airway inflam m ation, the 
carrying of C3b receptors and the per­
oxidase activity increased slowly tha t 
can be a ttribu ted  to  newly migrated 
monocytes into the lungs and to  acti­
vation  o f resident macrophages [20].

We have dem onstrated a progres­
sive increase in the airway responsive­
ness correlated with the  progressive 
increase in the number of macrophages 
on the  bronchoalveolar surface a t 
96 h, b u t i t  was not so a t 24 h after 
Broncho-Vaxom induction during the 
m oderate influx of neutrophils. The 
role o f airway inflam m ation in the 
developm ent of hyper-responsive air­
ways is complex and incom pletely el­
ucidated [21]. Respiratory infections 
are am ong the most common stim uli of 
asthm atic  attacks. Viral infections can 
induce transient increase in airw ay re­
sponsiveness in non-astham atics also 
[22]. In  model, airway reactiv ity  in­
creased in dogs after type C influenza 
virus infection, the bronchial reactivity 
to  acetylcholine began to  increase to ­
wards day  3, reached a peak a t  1 to  2 
weeks, and returned to  a norm al level 
a t 4 weeks [23]. In  children under 2 
years o f age, respiratory syncytial 
virus is the most prevalent respiratory 
viral infection [24, 25, 26]. I t  may 
cause bronchiolitis w ith sym ptom s of 
acute airway obstruction which is of­
ten  difficult to distinguish from  asth­
ma [27]. These infants go on to 
experience recurrent wheezing later 
in life [28, 29]. In  adults, a variety  of

respiratory viruses (Rhinovirus, P a ­
rainfluenza, Influenza viruses) may 
trigger an  asthm atic attack  and en­
hance bronchial responsiveness [30, 
31, 32]. I t  is generally assumed th a t 
symptoms o f asthm a and obstructive 
bronchitis in childhood following vi­
ral infections are mediated via airway 
inflam m ation and epithelial damage 
[33, 34, 35]. A variety of antigens, oc­
cupational stim uli and pollutants can 
also provoke airway inflamm ation 
[21, 36]. Mediators from m ast cells, 
neutrophils, epithelial cells and mostly 
from activated  macrophages can ini­
tia te  and amplify the airway inflam ­
mation w ith increased responsiveness 
[10, 33, 37]. This hyper-responsiveness 
may last for a long time and make 
the bronchial surface vulnerable to 
antigens resulting in sustained course 
of obstructive symptoms after con­
tac t w ith antigen. More recently, a 
soluble factor produced by alveolar 
macrophages has been reported which 
induce histam ine release from lung 
mast cells prolonging the asthm atic 
symptoms during the macrophage- 
m ediated airway inflammation [38].

The m ost frequent causes of airway 
inflam m ation mentioned above pro­
vocate a non-purulent reaction char­
acterized especially by the influx 
and activation of macrophages. Air­
way hyper-responsiveness with long- 
lasting course correlates w ith this 
type of inflam m atory reaction. H yper­
reactiv ity  is invariably present in p a ­
tients w ith  cystic fibrosis, chronic bron­
chitis and other diseases in which the 
airways are typically infiltrated and the 
process undoubtedly puru- lent [39].
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Taken together, it seems, th a t epi­
thelial damage and influx of neutro­
phils caused by for example ozone 
challenge may result in a short and 
transient airway inflam m ation and 
hy J >er-responsi veness by release of me­
diators such as leukotriens, but a 
macrophage-mediated inflammation 
may generate a self-perpetuated pro­
cess with perm anent bronchial hy­
per-responsiveness.
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