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BRONCl IOSPASM CAUS]<D

BY A C i ' i i i i r v s r i ^ i N i ' ; IN C I I I I J ) R ] ' ; N

W I T H BRONCl IIAI. AS'I'IIMA

C;EOKC; D A N O

N-acc ty l - l ^-cyslein ( A c ) Is a mucolytic p r epa ra t i on which, on

c o m p a r i s o n with clc\'cn o the r sptitiini-hi|Liil)'inn' p repa ra t ions ,

p rovc t i to he the most e l lec t i \ ' e nuicol}'tic a^ent a\-aihihle tor

clinical use ( i s ) - ''it-' mucolytic action ol y\c is prohahly tluc

t o the o p e n i n g ol distil I ule bonds in the muctis nuicoproteins

by A c ' s su l lydryl f^roup, whereupon the nuictis li(]uilies ( s ) .

I n h a l a t i o n ol Ac has been used in nuicovisciilosis with nood

effect and it is one ol the impor tan t therapeut ic agents in

th is d isease ( i , ^ 24, J, 17, 1 8 ) . In bronchial as thma, increased

secre t ion of mucus l o r m s one ol the p r imary reactions tha t

c h a r a c t e r i z e the thsease ( i ) , and the most impor tan t cause

of obstr t ict ion ol the respiratoi"}' passaj^es in |Kitients M'ho

h a v e died in stattis as thmat icus is pluoninji; ol the bronchioles

by secret ion ( 2 7 , 11, H, 2<S). In [irolonLted as thmat ic states

in which secret ion accumulates , it is necessary to adminis ter

a g e n t s t ha t liquify the iiuicus ( 2 7 , 4 ) , ami since Ac has p r o \ c d

t o be such an e l l e c t i \ c mticol\'tic ajreiit (10 , 14, 15 ) , its tise

in bronchia l a s thma would seem to be ol \ 'alue.

Sitle e l l e c t s ol Ac u'cre amoi i" o thers ilescribcil by / / c])b

( 2 9 ) . In 6 0 0 pa t ien ts ( w h o reccn'cd se\-ei"al thotisand doses

o f 20 per cent Ac) he lound bronchospasm in two, s tomati t is

in l ive, nausea and \-omitino m six. l'"i\e ol the pat ients

t h o u g h t the p r e p a r a t i o n had a d isagreeable odor .



l82

In a s t h m a pa t i en t s , b ronchospasn i is tlie mos t u m l e s i r a h l e

side effect , jrrhh ( 2 9 ) s tudied \\ a s thmat ics , ol w h o m s e v -

eral liad s ta tus a s thma t i cus , and louiul no increase in b r o n -

chospasni followinfj,- the use ol Ac, but on the c o n t r a r y a d e -

crease in a i rway obstrLiction. Bernstc'ni ct al. ( 5 ) , on t b e o t h e r

hand , found sip;ns of b ronchospasn i in loLir ol seven a s t h m a t i c s

af te r inhala t ion of 20 per cent Ac.

T h e above pa r t i a l ly con t r ad i c to ry r e p o r t s , only a fe^y

l imited s tudies in a s thma t i c s and the lack ol stui l ies on a

child ma te r i a l mot iva te t l this invcs t i^a l ion ol the p o s s i b l e

occurrence of b ronchos i iasm associated with inha la t ion of A c

in chi ldren with bronchia l a s t h m a .

M V.T l i o n

I''or measurinfj; chanfj;es in tlie d e c r e e ol b ronch ia l o b s t r u c -

t ion, a s imple aj^iKiratus easy lo r a child to m a n i p u l a t e w a s

used, namely W r i g h t ' s lieak Mow me te r ( n o . 1 1 f)4, l a ro ;e ) ,

( ^1 ) . T h e a p p a r a t u s was ca l ih ra ted tlurinji,- the cou r se of t h e

study {.linnrd, llarloiv). M e a s u r e m e n t of the m a x i m a l ex-

p i r a t o r y flow (j ieak exj i i ra tory flow ra t e ^^ VV.V) has p r o v e d

to he useful as an intlirect m e a s u r e m e n t of a i rway obs t ruc -

t ion. H i e r e a re pLiblished n o r m a l values lo r ch i ld ren ageci

3 to iS yea r s ( 2 1 , 7, 22 , 1 2 ) . I leaf el al. ( 1 2 ) hatl no dif-

ficulty ohtainino; sa t i s fac tory aiul reprotlucil i le I'I'"I'" N-aUies

in chilt lren as younji; as t h r ee years ol a^e. 1 l o w c v e r , since

the n o r m a l v a r i a t i o n s I rom person to pe r son a rc re la t ive ly

lart^e, the WW was usetl in this stutly only to follow changes

in bronchia l obstrLiction m a ^ivcn iiitlu'idLial, anti lo r this

ini rpose tbe methot i has been shown to be re l iable in bo th

chi ldren antl atlults ( 9 , 13, 3 0 ) .

M A T 1", Kl A 1.

^7 c l i i l t l r en—14 skirls antl 23 h o y s — w i t h hi 'onchial a s t h m a

( rcve r s ih le dyspnea , whee / in t ; , a ptisilive skin test ami inhala-

tion p r o v o c a t i o n ) a^t 'd 5 - ' 7 }'L'ars and with a s t h m a t)f 1-15



y e a r ' s c h i r a t i o n , i n h a l e d th rou . t i h a I ' a r i - n c l n i l i / c r ( P a r l \ \ ' c r k ,

S t a r n b c r g , d ' c n i i a i i y ) — ( [Ki r t i c l c s i / c o . ; t o ^-/O 2 ml o f 10

p e r c e n t A c a n d , 5 0 i n i i u i l c s l a t e r , 2 m l o f 2 0 p e r e e n t v \e

A f t e r a n i n l e r \ - a l o l s e \ e r a l h o u r s t h e p a t i e n t s i n h a l e t l 2 m l

o l C o e a ' s s o l u t i o n ( p h o s p h a t e In i l l e i " e o n t a i n i n g 11.4 p e r een t

p h e n o l ) , \ \ h R h is c u s t o m a r i l y t ised a s a c o n t r o l in testiii"'-

a l l e r g e n s , a n d 5 0 m i n u t e s l a t e r , 2 ml of t h e d i l u e n t u s e d in

t h e Ac s o l u t i o n . A f ) p r o \ i m a t c l y h a l f o f t h e c h i l d r e n s t a r t e d

n e b u h / a t i o n w i t h C o c a ' s s o l u t i o n a n d a l t e r t h e i n t e r \ - a l

c o n t i i n i e d w i t h A c ( T a h l e 1 ) . ' I ' l ie o t h e r c h i K l r e n ( I ' a h l e 2 )

b e g a n w i t h A c a n d a l t e r t h e i i i t e r \ ; i l c o n t i n u e d w i t h C o e a ' s

s o l u t i o n . I ' o r p r a c t i c a l i -easoi is o n l y h o s f i i t a l i / e d p a t i e n t s w e i ' e

u s e d l o r t h i s s t u t l y .

TABLE I.
(Uiililrcii slarting iirlinliziilioti ici/li ('ofit's solu/ion.

N'ame

B(.3-s
A. D.
O. B.
F. L.
A. I..

A.J.
B. O.
G. R.
G.V.

Girls
F.A.
0. L.
I. A.
F. M.
D.C.
S. H.

Age
\'ears

13

7
1 I

1 S

9

1 I

5
1 0

8
1 0

7
9

13

1 7

Asthrn.i
yea is

1 2

3
10

I

7
1 0

3

7

S

10

5
5
3

1 5

/JclV.R-

l u ' l n i l i / a -
t i i i M

1 8 0

'>3

3S7
488

3<'S

473

154

195

1 9 2

''3
283

233
4 , 8

1 9 5

Morning

After

solut ion

1 9 0

7 3

3S5
4 S 2

2 9 8

4 7 2

173

2 4 7

1 9 2

S5
2 8 2

2 2 7

4 1 5

223

I'F.F

After
2 (•( '

n i l i i c n l

1 9 0

S2

3 5 0

i 2 7

3 "7
443

•''3
228

' 9 3

S3
263

2 1 7

4 1 8

1 8 2

l/niin

Hrfon-
l l r i m l i z a -

t i d i i

2 2 0

9 0

3''7

sss
297

4 7 0

I 60

2 0 7

1 9 5

75

277

237
4 0 2

277

. ' \ftcrii i ioM

.•\ftcr
2 re

10'v

A c i t y l -

1 9 2

8s
3r,8
5 2 2

278

468

1S3

227

19s

1 1 3

263

ss
395

233

After
2 ('(•

20 ' f

Aci'tyl-
('\ Stt'ilU'

1 4 0

''3
3 6 0

5 so

287

46S

1 4 0

228

187

82

2 2 8

73
4 0 2

1 2 8



TABLE 2.
Children starting nehulization •with lo per cent Acetylcysteine.

• • • ]

Name

Boys
I. 0.
F. S.
D.H.
E. A.
F. M.
S.K.
E.P.
S.P.
E.A.
A. P.
L. U.
J.B.
H. D.
V.J.
N.L.

Girls
N. E.
B.P.
H.S.
S.I.
O.A.
J.L.
G.A.
K. K.

Age

years

12

12

10

7
8

9
5

13

13
g

IO

g

9
9

12

I O

I O

g
5
g

7
8

9

Asthma
years

6

9

5

5

7
I

5
I O

9

5
I

I

7

5

9

6

9

3

4
6

5
6
8

Before
nebuliza-

tion

3 0 2

423

257
237

270

303

153
405

435
308

3>4
247

278

274
2 1 8

345
295

2 3 0

7 2

160

1 2 2

293

158

Morning

After
2 cc

J O %

Acetyl-
cysteine

283

443
172

2 4 0

2 5 0

303
172

393
438

308

313

235

273

245

77

327

293
2 2 7

45
150

107

275

155

PEF

After
2 cc

2 0 %

Aeetyl-
cysteine

277

433
168

2 2 0

258

305

i6z

4 ' 7

445
317

327

2 l g

2 7 2

185

66

318

2 8 2

2 3 2

4 0

137

•15
273

113

1/min

Before
nebnliza-

tion

-

-

285

-

-

-

157

413
-

307

-

2 1 7

2 7 0

257

243

-

-

2 2 5

57
.67

113

283

•55

Afternoon

After
2 cc

^ ,
Coca s

solution. lU . 11 L 11^ 1 I

3 1 2

4 2 2

2 5 0

2 2 0

2 4 2

3 1 2

1 6 2

392

440

2 9 0

340

252

277

277

243

335

297

237
84

.63

1 2 0

297

168

——.

After
2 cc

Diluer,

327

427
287

197

167

302

' 5 7

393
4 4 0

315

337
2 4 4

2 8 0

267

2 2 3

313
295

2 3 0

77

' 7 7
i i g

2S8

148

In order to avoid the effects of medication with bron-
chodilators, only patients in a quiescent phase of asthma anci
not receiving any medication were included. Before the inhala-
tions 7 children (hoys D. H., A. D., O. B., girls O. L., S. B.,
S. I., J. L.) had slight wheezing while 30 were symptomfree.



The day before the test the children were told that they
would inhale agents that loosen mucous secretions, but they
were not told which agents \yeye to be used. After training
with Wright's peak flow meter, the PEF was measured ten
times before, and ten times after each inhalation. Tbe aver-
ages of the three highest of the ten values before and im-
mediately after the inhalations were calculated and used to
express the maximal expiratory flow (PKF)—Table i and 2.
The PEF -was measured immediately after each inhalation,
15 minutes later and after 41; minutes (about ^000 measure-
ments in all). Each time the PEF was measured, the lungs
were auscultated and the patient's subjective evaluation of the
inhalation solution was noted.

. RESULTS

The PEF values are shown in Tables i and 2. Some afternoon
values ,,before nebulization" in Table 2 are missing and these
nine children have been omitted when calculating with baseline
values for PEF ,,before the inhalation". After inhalation of
10 per cent Ae the children had a significant* decrease in
PEF (p < o . o i ) compared with the control values before
inhalation. Similarly, there was a significant decrease in the
PEF (p < 0.05) after inhalation of 10 per cent Ac compared
with the values after inhalation of Coca's solution.

After inhalation of 20 per cent Ac there was a significant
decrease in the PEF (p < o.ooi) compared with the control
values before inhalation and also a significant decrease in
the PEF (p < o.oi) compared with the values after inhala-
tion of Coca's solution. Even a comparison ol the values
obtained after 10 per cent anci after 20 per cent Ac, showed
a significant decrease (p < 0.05) after inhalation of 20 per
cent Ac. On tbe other hand, there was no significant dil ierence
between the values obtained after Coca's solution and after

* The statistical treatment (t-tcst for pairing oliservations) was performed
by fil. kand. Erik Arvidsson, Swedish Medical Research Council's Statistical
Service, Umea University. All te.sts were performed on the 5 per cent level.
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the solvent used in the Ac solution. After the inhalation of
Coca's solution there was even an increase m the P E F
(p < o.oi;) compared with the control values he fore inhala-
tion.

There was no significant difference hetween the mean
values for P E F after Coca's solution, io per cent Ac and 20
per cent Ac respectively whether Coca's solution and the
solvent used for Ac were inhaled hefore the two Ac solu-
tions or the Ac solutions were inhaled hefore Coca's solu-
tion and the solvent for Ac. There was no significant dif-
ference hetween the original haseline values for PEF hefore
the inhalation of Coca's solution-diluent on the one hand and
10 per cent—20 per cent Ac on the other. In seven children
with whee/.ing hefore the inhalations there was no significant
change in the PEF after either 10 per cent or 20 per cent Ac,
compared with 21 children without whee/Jng.

27 of the 37 children thought that 10 per cent Ac had an
unpleasant odor, and ahout the same numher thought that 20
per cent Ac had an unpleasant odor, whereas 17 and 12
children respectively thought that Coca's solution and the
diluent for Ac had unpleasant odors. No stomatitis or nausea
was seen.

D I S C U S S I O N

In nehuli/.ation the size of the drops is important, since if they
are too large they fasten in the pharynx without reaching the
lungs, and if too small they are exhaled. The Pari-nehulizer
used here produces drops of the si/,e recommended for
aerosols (6) .

In selecting an investigative technique that would not tire
a child, would be easy to learn and as gentle as possible,
choice fell on the use of Wright's peak How meter. Hcaf et al.
(12) described good correlation between the PEF anci the
one-second FEV in hoth normal and asthmatic children,
whereas Hoffbrand ct al. (16) found the PEF to be more
sensitive to changes in airway resistance than the one-second
FEV.
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The reliability of the peak flow meter was described by
Fagerbcrg (9) and Hcrxlieivicr ( i j ) and has recently been
tested by JFcng cl al. (30), who compared airway resistance
in 48 asthmatic children by means of body plethysmograph,
spirometer, and Wright's peak flow meter. Although airway
conductance (body plethysmograph) was the most sensitive
methoci for measuring changes in airway resistance, they
found PEF to be easy to measure, reasonably sensitive, and
reliable as an index of airway obstruction. Thus, PEF seemed
to be acceptable for our measurements of changes in airway
obstruction in a given patient.

Abramoivilz cl al. (2) investigated whether the PEF val-
ues obtained in 50 patients would difler if the following dif-
ferent methods were used: Of 5 successive exhalations the
highest value, the average of the last 3 values and the average
of the 3 highest values were taken.

Of 10 successive exhalations the highest value, antl the
average of the 3 higliest values were taken.

Of 15 successive exhalations, the highest value, and the
average of the last 10 were taken.

They found no significant differences between the results
of the different procedures.

\n this investigation 10 exhalations were prefered in order
to eliminate the possibility that fewer trials would fail to give
reliable values for chiklren. T have used average of the 3
highest values when calculating the maxima! expiratory flow.
In my experience, 10 successive exhalations do not cause
fatigue, and the maximal values were scattered over the entire
range between the first and the tenth trial.

To minimize the source of error that arises on comparison
of repeated daily measurements of PEF (and airway resist-
ance) in patients with asthma and which consists of the
spontaneous variation in the patient's airway obstruction
(26) , new baseline values were determined before the inhala-
tions in both the morning and the aiternoon.

There was no significant difference bet«-een the two base-
line values whether the nebulization program began M'ith Ac
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or with Coca's solution, and the two baseline values were
regarded as equal. The time interval hetween the two sets of
nehulizations should have heen sufficient to permit possible
bronchospasm to disappear during the interval. This is sup-
ported by the fact that there were no significant differences
between the average PEF's for the different solutions before
and after the interval.

Ac was introduced and is now marketed as a 20 per cent
solution. Ilirsch ct a!. (14), compared 10 per cent and 20
per cent Ac solutions and found the former to be equally ef-
fective as a mucolytic agent. Like Bernstein et al. (5) , ilirsch
el al. observed bronchospasm in some of 15 asthmatics after
inhalation of 20 per cent Ac. This side effect was reduced if
the solution was diluted to 10 per cent (14) . However most
patients showed no bronchospastic spirometric changes after
Ac inhalation. On the other hand fVcbh in 13 asthmatics
(29), and Saarne, who tested Ac in 15 asthmatic patients,
found no side effects and a favorable response to treatment
(25). Neither did Moser (20) observe any significant degree
of bronchospasm in ijo patients with chronic obstructive pul-
monary disease after inhalation of 2 ml 10 per cent Ac. The
present results show a statistically significant reduction in
PEF (indicative of bronchial obstruction) after both 10 per
cent and 20 per cent Ac. The 20 per cent solution produced
significantly more bronchial obstruction than did 10 per cent
Ac. ^

The fact that no significant decrease in P E F was obtained
after Coca's solution or the solvent for Ac, whereas the P E F
was reduced after both 10 per cent and 20 per cent Ac, indi-
cates that the substance causing bronchial obstruction was not
in the diluent but was the Ac itself.

How can bronchospasm be counteracted as a possible side
effect of Ac therapy when the marked mucolytic effect of Ac
is desirable? Bernstein et al. (5) found bronchospasm to be
slight and transitory and that it could be prevented by adding
Isoproterenol to the Ac solution. It might even be possible to
add another bronchodilating agent, Orciprenalin (18), but it



is not known whethei- Ac remains active when mixed with
other compounds. This is currently being investigated (14,

C O N C L U S I O N

It has been shonm that Ac can produce signs of bronchial
obstruction in asthmatic children when used as either a 10
per cent or 20 per cent sohition. Since the latter produces
signs of a greater degree of bronchial obstruction and the 10
per cent solution has been shown to be equally effective as a
mucolytic agent, it is proposed that the 10 per cent solution
be used instead of the 20 per cent for inhalation therapy. The
possible risk of administering Ac to asthmatic patients should
be weighed against its potential benefits.
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