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In the actiological diagnosis of bronchial asthma,
inhalation provocation tests are essential for de-
termining the extent of specific or non-specific
alrway reactivity (2, 9). In these tests, solutions of
allergen extracts and pham:amlng:cu] irritants
are nebulized and ad) 1 to the patients
(13, 19). To improve reproducibility, sensitivity,

and specificity of these tests, standardization of
the procedures is essential, and as several factors
influence the response to a bronchial challenge,
each factor must be described and controlled.
The technical and methodological factors in-
clude aerosol generation and inhalation (2, 9),
preparation and storage of test solutions, mea-
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surement of the response, and expression of the
resubts. The non-technical factors include patiem
characteristics such as bascline airway caliber,
medication, environmental factors and medical
diseases,

The first part of the present study was designed
w investigate whether different types of nebu-
lizers and diluents used to reconstitute lyophilised
allergen extracts might cause a decline in the
allergenic activity of the aerosol. The sccond parn
was designed 1o determine the distribution of the
particle sizes of aerosols obtained after reconstitu-
tion with different diluents,

MATERIAL AND METHODS

Allesgen extracts

Beitula verrucosa (birch) pollen extracts 100,000 bi-
ological units per ml (BU/ml) (Pharmalgen®, Al-
lergologisk Laboratorium A/S (ALK), Copen-
hagen, Denmark), standardized according 1o the
Nordic guidelines, were used (6). Allergen was
obtained as Ivophilised extract, and the same
batch was used in all experiments, Extracts for
testing were reconstituted and diluted immedi-
ately before use in 1) Albumin diluem™ (AD)
(0.03% human albumin, 0.9% saline, 0.4%
phenol) obtained from ALK; 2) sterile isotonic
saline (saline); 3) sterile HO (H.O). The lauer
two diluents were delivered from the hospital
pharmacy.

Allergen guantitalion

Allergen activity was measured using a RAST
inhibition technique (17) modified from the IgG
subclass RAST developed by Djurup (7). 500 ul
of the birch allergen extract diluted 1o 500 BU/ml

in incubation buffer (sodium phosphate 0.1
mol/l, sodium chloride 0.15 mol/l, sodium acid
10 mg/l, EDTA 7.4 g/l, bovine gammaglobulin 5
/1, and normal rabbit serum 10 % (w/v), pH 7.0)
including polyethylene glyeol 6,000 2% (wiv),
and incubated overnight at 4°C. The next day,
the incubation mixture was centrifuged (1800
£/20 min), and the supernatants tested in dupli-
cate in the IgG, RAST: 500 pl were added to the
allergen coated test tubes and incubated for 5 hoat
room temperature. After three washings, 500 ul
of anti-IgG, monoclonal antibody (Unipath, Bed-
ford, England, diluted 1:32,000) were added to
the tubes and incubated for 3 h, After washing,
the tubes were incubated overnight with 500 ul of
iodine-labelled rabbit anti-mouse 1gG (DAKO,
Copenhagen, Denmark), and on the following
day washed and counted in a gamma-scintillation
counter, Counts per minute corrected for back-
ground were used for further caleulations.

The coefficient of varation was 11.7% be-
tween duplicate determinations of the same aller-
gen sample, and 10.4% between  duplicate
samples. To eliminate day-to-day variations, all
samples from each nebulizer were processed on
the same day.

Analysis of allergen quality

CIE was performed according to Haiby (16, 25)
using 1 % agarose { HSA-grade, Litex, Denmark)
in T'ris-barbital-buffer (0.024 M sodium barbiral,
0.073 M Trisand 0.01 M sodium acid pH 8.6). In
the first dimension 10 or 20 ul of antigen were
applied and processed lor 30 min at 10 V/em, The
second dimension was processed for 18 hat 2 Viem
using 12 (or 24) pl/em” of rabbit antiserum against
birch allergen extract (prepared according 1o Har-
boe & Ingild (15)). For detection of human serum

were added to the test tubes (M p¥, poly-
styrene tubes, 70 x 11 mm, NUNC, Roskilde,
Denmark), and the whes were incubated over-
night at room temperature. After coating, the
tubes were washed three times with phosphate
buffered saline (PBS).

Serum from a patient who had been under-
going birch immunotherapy for 3 years was used
for 1gG, RAST inhibition. The allergen sample
was diluted 1:10, mixed with serum diluted 1:40

dbumin (HSA), an antibody against HSA {DA-
KO, Copenhagen, Denmark) was applicd (30 plf
em’) 1o an imermediate antibody gel. The plates
were washed, pressed and dried in hot air (16) and
stained with Coomassie bluc.

Nebulizers

Four nebulizers used for routine bronchial provo-
cation tests were selected: 1) a Pari nebulizer
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No.16 (Paul Ritzan Pariwerke, Stanberg am
See, Germany). The nebulizer and the nebu-
lization chamber are made entirely of polycarbo-
nate material; 2) a Sandoz 1500 jet nebulizer
(Sandoz Products, Rugby, Warwickshire, Eng-
land). The nebulizer is made of polycarbonate
material; and 3) and 4) a Wright jet nebulizer
(28). The nebulizer is made of methylmethacryl-
ate, whereas the nebulization chamber is made of
glass. The latter nebulizer was used with a stan-
dard reservoir 3) and with a newly constructed
small reservoir 4) made of methylmethacrylate

meter 0.51 pm, 0.794 pm and 1.1 pm (Standard
Particle Unisphere, Serva), 2.02 pm and 5.05 pm
(Duke Scientific Latex)). Particle size distribu-
tion was determined three times for each nebu-
lizer and for each solution. Results are reported
ay number of particles versus log acrodynamic
diameters (17 logarithmic steps which equalized
99%  cumulative  number  of  particles
determined).

Pratocol

(20). The same nebulizers were used throughout
the study. The Wright and Sandoz nebulizers
were operated by compressed air at 1.3 bar at a
flow of 12.5 Fmin, The Pan nebulizer was oper-
ated by a pressure of 1.3 bar ar a flow of 5 [/min.

The output from each nebulizer was deter-
mined by weighing on a Mettler balance the
complete nebulizer before and after 2.0 min neb-
ulization of 2 ml diluent. Ten determinations
were made for cach diluent (AD, saline, H,0) and
each nebulizer and mean £ SD is given as result
{Table 1),

Analyses of aerosol particles

The acrosol was analysed during 100-s sampling.
Electrostatic charge on acrosol particles was neu-
tralized by a KR" radioactive source (TSI model
3054) (5). The liquid droplets were then evap-
orated in a diffusion dryer and led to a mixing
chamber for dilution with dry air (TSI diluter
3302). The aerodynamic diameter could subse-
quently be analysed in an acrodynamic panticle
sizer, model APS 3300, The velocities of the
individual particles in the air stream were mea-
sured by a two-slot laser velocimeter focusing a
photomultiplier  tube. The particle passing
through the two beams produces two electrical
impulses. The time interval between the two im-
pulses is inversely proportional to the particle
velocity, and directly proportional 0 particle
acrodynamic diameter. Acrosols were examined
with regard to dry particles, the relationship be-
tween the size of dry particles and saturated drop-
lets according 1o (10). The aerodynamic particle
sizer was calibrated with Latex particles (dia-

In Part [ qualitative and quantitative deteriora-
tion, if any, of allergenic activity was compared
for each type of nebulizer and diluent.

To elucidate the quantitative recovery of aller-
genic activity, birch allergen diluted to a final
concentration of 10,000 BU/ml with AD, saline,
and H,O. respeetively, was nebulized twice for 2
min using each of the four nebulizers described
above. Four samples were drawn during each run
from 1) the vial in which the lyophilised extract
was reconstituted, 2) from the nebulization
chamber before, 3) after 1 min, and 4) after 2 min
of nebulization. The allergenic activity in these
samples was determined by RAST inhibition.

CIE was used to verify whether the individual
proteins in the allergen solution were nebulized
and still present in the acrosol. Using a Finn
pipette, four samples of each diluent (AD and
saline] were drawn: sample 1 from the original
vial, sample 2 from the nebulization chamber
before nebulization, sample 3 from the impacted
aerosol, and sample 4 from the nebulization
chamber after nebulization. The aerosol was pro-
duced by the Wright nebulizer. The impacted
acrosol was collected by leading it into a spiral
tube which induces the liquidized aerosol o im-
pact on the wall (Fig. 1),

Part 11 describes the distribution of particle
size. We wanted to sec whether changes in di-
luents altered the distribution of particle size for a
Jjet nebulizer (Wright). The allergen solutions
tested were diluted with AD and saline.

Statistics
Mean and standard deviations are given. The
95 % conlidence interval was calculated by means
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Tahle 1

Ourput determined for three different ncbulizers and the Wright nebulizer equipped with a standard chamber and a small
chamber. Three different diluents hive been used (£ 0.05

Ourpun
Part Sandoz Wright sandard Wright small
chamber chamber

H,0
ul x min")
sD

222 147 136
. B0 ] (] 0
Saline
W min'y
s i) 146 132

W (U] 10
Albumin diluem®
ol miny 233 5 145 129
sh B0 10 1 10

of t-distribution (1), Logarithmic transformation
was carried out when appropriate. Least-square

Fig. 1. Device for collecting the impacted acrosol by keading
the aerosol into a spiral wbe which induces the acrosol 10

impact on the wall,

regression was used for analysis of linear relation-
ship. P < 0.05 was considered significant.

RESULTS
Part 1

Fig. 2 shows the allergen activity for each diluemt
(AD, saline, H,0), nebulized by the four nebu-
lizers before and after nebulization for 1 and 2
min, using the RAST inhibition technique. Four
dots represent two experiments with two determi-
nations. No significant differences were abserved
between the two experiments and two determina-
tions for each diluent. Statistically significant
changes (P<(0.05) in allergen activity were
found between the solutions diluted with H.O
and AD for two of the nebulizers: Wright
equipped with a small chamber, and Sandoz, but
the pattern, although not statistically significant,
was seen for all nebulizers with solutions diluted
with AD, indicating greater allergen activity in
these solutions than in those diluted with H,0O
and NaCl before and after nebulization. No stat-
istically significant differences were observed be-
tween any of the samples drawn from the original
vials and nebulization chambers (P> 0.05).
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Table 2 gives the CIE test results of the four
samples of allergen solutions. The four samples
diluted with saline showed three precipitates.
Samples 1, 2, and 4 showed identical patterns,
whereas sample 3 (the impacted aerosol) showed
diminution of one of the precipitates,

The four samples diluted with AD showed
precipitates in the samples from the original vial

Chy i
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+50 4
\ % Pari
o
oad 8 i
04— oes * l
o %
=1
-
-501 °
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+50 .!
o H
8
A . ©
1] Cex g .
o
-50 P<00S Pe0.0§
[+] 50 100
% Nebulization time
» H:0 o NaCl » ADR

2. Allergen activity before and after 1 and 2 min nebuli-
zation by IgG, RAST inhibition 1echnique for each diluent
nebulized by four different nebulizers (Wright, Pari, Wright
small chamber, and Sandoz), A statistically significant
change (P<0.05) in the allergen activity before and after
nebailization was found between the solution diluted with AD
and HO for wo nebulizers, Wright small chamber and
Sandoz (analysis of variance with a 93% confidence interval
for mean),

5, and from the nebulization chamber 6 before
nebulization, with the exception of one of the
precipitates which disappeared in samples 7 (the
impacted aerasol) and 8 (the nebulization cham-
her after nebulization).

To investigate whether the extract proteins had
been bound by albumin, sample 4 taken from the
nebulization chamber after 2 min nebulization of
both diluents (AD and saline) was subjected 10
CIE with rabbit anti-human albumin in an inter-
mediate gel 4a (Fig.3). This procedure trans-
formed one precipitate from both solutions 10 a
precipitate in the intermediate gel, indicating that
both dilutions contained albumin, whereas the
AD-diluted allergen contained a larger amount of
albumin Ba (Fig.3). That one precipitate dis-
appeared from the anti-allergen antibody gel may
indicate thar one or more proteins in the extraet
are associated with albumin.

Part 11

There was no significant difference in output
function between the three nebulizers as a fune-
tion of diluent (Table 1). The particle size distri-
bution curves measured for dry particles of each
allergen dilution (AD and saline) were identical
for the Wright nebulizer (Fig. 4).

DISCUSSION

An acrosol is a mechanically stable but thermo-
dynamically labile system containing water in a
close temperaure-  and  humidity-dependent
equilibrium with the water vapour of the sur-
rounding air. Thus, great difficulties are encoun-
tered when determining allergen activity in the
aerosol droplets. We determined the allergen ac-
tivity of the allergenic extracts (solutions) remain-
ing in the nebuli during i The
quality of acrosolized allergens was examined by
determining the relative distribution between in-
dividual components in a sample from the acro-
sol. This sample was collected in an impaction
device (Fig. 1) constructed so as to reduce the risk
of allergen denaturation.

Using IgG, RAST inhibition technique, the
activity of allergen solutions diluted with three
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Tuhle 2

Four samples of allergen solutions diluted by vither saline or AD described by CIE

Tntermediae P'Jﬂ:ipi.lﬂ.l-' Ne,

Samples from Diluent y

gl 1 2 3
L. Tube saline empty + + +
2 Neulizatton chamber before nebulization saline emply + * +
3 Impacted aeross] saline empry * + +
4 Nebulization chamber after nebulization saline exmply + + .
5 Tube AD cmpty + . +
3 Nebulization chamber after nebulization AD empey + . +
7 Impacted acrosal AD cnpry = + +
) Nebuliztion chamber after nebulizaion Al . + 4
LY Mebulization chamber afier nebmlization saline + + -
8a. Nebulization chamber afier nebulization AD anti-alb®* - + -
* A sl precipitale appearcd in the intermediate gel
** A large preciy Appe i in the intermed) wel

different diluents and nebulized by four different
nebulizers was investigated. There was signifi-
cant difference in allergen activity before and
after nebulization between HO and AD diluents
for two of the nebulizers. To verify whether in-
dividual proteins in the allergen aerosol were still
present after nebulization, CIE was performed on
samples from the allergen solutions diluted with
AD and saline, and from the impacted aerosol.
This showed that a precipitate disappeared from
the anti-allergen antibody gel in the sample dilut-
ed with AD, indicating an association of one or
more proteins in the extract with albumin, The
small precipitate appearing in the intermediate
gel when diluted with saline (Table 2, Fig. 3) may
be ascribed 1o albumin present either in the orig-
inal extract or as a cross-contamination in the
nebulizer. Analysis of a freshly prepared allergen
solution with saline from another vial of the same
batch revealed the presence of minute amounts of
albumin, even when analysed by an alternative
method (nephelometry). In either case the pres-
ence of albumin in the intermediate gel binds one
or more proteins.

Methods for quantitative determination of al-
lergenic actvity in extracts are numerous: skin
u:sﬁing (8), of single antigens by

hods, and RAST inhib-
18, 26). These

ition, i:mng tht principal (12,
hods can be suppl d with e of
individual ¢ in an gen mixture by

CIE (18), or other electrophoretic teck

such as SDS-polyacrylamide gel electrophoresis
or wsoelectric focusing (14).

RAST inhibition measures total allergen activ-
ity (3). As we wanted an estimate of the total
allergen activity of the extracts, we used inhib-
ition of IgG-subclass RAST. The serum used for
inhibition was rich in 1gG, antibodies due to
long=term specific immunatherapy, and this sub-
class is known to express higher titres and to cover
maore components than Igk in an allergen extract
(27). Further determination of airbarne birch
pollen antigens by IgG, inhibition RAST has
1 to the pollen count of
that season (17). RAST inhibition has frequently
been used in other studies and has proved reliable
for assessing the stability of allergen extracts (26).
CIE was used to determine individual allergens
in the extracts, a method which is less sensitive
than the IgG, RAST inhibition. However, both
technigues demonstrated the presence of aller-
gens before and after nebulization, and the CIE
further demonstrated the presence of allergens in
the impacted acrosol, although one allergen com-
ponent was reduced in the saline-nebulized aero-
sol and in the acrosol and remaining extract
diluted with AD.

The decaying mechanisms of allergenic ex-
tracts may be adsorption, thermal denaturation
or enzymatic auto-digestion. The generation of
acrosol dmpl:ts in the nebulizers might cause

allon or Aggred of the allergens. As

shown a close correlani

this meck combined with adsorption was
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suspected 1o oceur more rapidly than thermal or
enzymatic degradation, our investigations fo-
cused on this aspect. Adsorption to the wall of the
¢ iner b more imp with highly
diluted extracts (22), as the adsorbed fraction of
the active material will be proportionally higher
(24). Small volumes will enhance the adsorption
effect because of the higher surface/volume ratio.
This is stressed by the fact that imense or sus-
tained shaking enhances adsorption (12), while
gentle and temporary shaking does not (23). In
this study different nebulizers constructed from
different materials were used, Samples were

Fig. 3. Analysis of allergen quality perf

drawn with the same device, but only small vol-
umes enhancing the absorption effect were used,
and significant differences were observed be-
tween AD and H,O as diluents; a non-significant
pattern equalizing this was also abvious (Fig. 2).

Adsorption of proteins 1o a solid phase is highly
dependent on the material and surface character-
istics of the solid phase. Concentration of aller-
gens remaining in the nebulization chambers
showed no statistically significamt decline in any
of the four set-ups during nebulization (Fig. 2),
perhaps indicating that in spite of differences in
the construction materials, no significant adsorp-

2

d by erossed i
(Table 2) and 4 = 8a (Table 2).

phoresis, | = 4 (Table 2), 2 = 4a (Table 2), § = 8
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Number
i

2+

0.6 1.0 20
Aerodynamic diameter
(micrometers)

Fig. +
suline solution, b} Albumin Diluent® s
100,000 BU/ml. Wright nebulizer, S
significant difference between curves (£ 2 (005},

The panicle size distnbution for dry particles: a)

mpling tim

ion 1o the walls of the chambers oceurred. How-

ever th greater allergen ity in the
AD-diluted than in the H,O-diluted solution,
ch might explain
adsorption to the wall.

As the same patiern was observed in all four
set-ups, although not significant, this might be of
significance over a longer period. Allergen activ-
ity might also be concentrated because of the
decreased amount of diluent in the nebulization
chamber after nebulization; but allergens were
detected even in impacted aerosols (Table 2,
Fig.3). Albumin is virtually safe and non-ir
munogenic for man (4). That one precipitate
disappeared from the anti-allergen antibody gel
in the extract to which AD was added, may

s solution’s lower allergen

confirm that adsorption is prevented by the asso-

ciation of one or more proteins with albumin in
the allergen extract. The percentual adsorption of
allergens wo the wall of the container is dependemt
total protein content of the extract; the
ed betier stability of horse dandruff extract
pared with timothy pollen extract (11} may
gher protein content. This

be related 10 its hi

might indicate that high amounts of allergenic or

n-allergenic protein may prevent adsorption of

ce of this mechanism is

allergens. The impor
stressed by the beneficial effect of AD, polysor-
bates (Tween 80), and glycerol, which prevent
adsorprion of allergens 1o glass surfaces (23, 24).
This is a problem especially in highly diluted
allergen preparations, and storage for more than
a few hours.

Further studi needed to identify the rela-
h

i allergen or one of

ce of the albu ssociated bi

tive impor

podlen, i.e. wheth isar
the

The output from the nebulizers was unaffected
by whether the diluent chosen was AD or saline
The aerodynamic diameter of the particles gener-

termediate allergens

ated from the two solutions was identical with

{Fig.4). The optimal

equal distribution curve
acrodynamic particle size will result in maximum
deposition at the recepror site, and for dry par-
icles the optimal acrodynamic diameter for tra-
cheo-bronchial and pulmonary deposition is < 1
pm (9, 10, 21) and < 6 um for sawwrated droplets
(1, 14, 28). For the nebulizers used in this study,

99% of the particles were distributed within the
13, 19) (Fig. 4). This applied for
h diluent used, although during jet nebul
ton the HSA-comaining diluent (AD) fo
the nebulizer vial. This has no effect on the
distribution of particle size or on the activity of
the allergen extract acrosol,

This study investigated whether allergen activ-
ity in an allergen solution reconstituted with differ-
ent diluents was deteriorated by nebulization with
different nebulizers. This appeared not to be the
case, but addition of HSA (AD) 1o the allergen
solution might induce one or more proteins in the
extract to associate with the HSA, thus decreasing
adsorption of the allergens to the vial surfac
statistically significant increase in allergen activity
was found in the AD-diluted solution with added

optimal limits (9,

P

5 in

t, A% a
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HSA, compared with the H.O-diluted solution.
No such significant difference was found between
the solutions diluted with NaCl and AD, but this

was tested over a very short period. M

different methods of provocition, Clin Allergy 17, 439-
48, 1967,

Haas H, Becker W-M, Maasch H], Schlaack M. Analysis
of allergen companents in grass pollen extracts usang -

y we

showed that the use of two different diluents docs
not change the distribution of particle size gunerat-
ed by the nebulizers,
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