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Various techniques are used to collect specimens from the nasal mucosa for
morphologic and biochemical analysis. The purpose of this study was to
devise a method that overcomes some of the disadvantages (e.9., invasive
procedure, samples not suitable for cytologic and biochemical analysis, lack
of standardization, and poor reproducibility) of these techniques. The new
method requires subjects, with neck extended, to inhale an ultrasonic
nebulization of a hypertonic (3"/" NaCl) solution (UNHS) for 5 min. They
then blow their nose into a Petri dish. one nostril at a time with the other
one blocked. The secretions are dispersed with 0.1% dithiothreitol in
phosphate buffer solution for 20 min. Total cell count (TCC) is evaluated,
and the cellular suspension is divided into two aliquots: one is centrifuged
and the supernatants are collected for eosinophil cationic protein (ECP)
measurements; the other is cytocentrifuged and the slides, stained with
Diff-Quik, are used for differential cell count. The results obtained with the
UNHS and nasal lavage (NL) methods were compared. Eleven nonatopic
healthy subjects and 19 allergic rhinitic patients were studied. Total cell count
(x10) was significantly higher with IJNHS than with NL (13.0+12.3 vs
1.9+-1.6; P<0.01) Th" differential cell count was similar with the two
procedures. ECP levels (Ug/l) were higher with UNHS than with NL
(39.1t38.2 vs 16.l+47.2; P<0.01). For evaluation of reproducibil i ty, four
healthy and six rhinitic subjects underwent UNHS on two occasions within
5 days, and the results of two samples (sample 1 vs sample 2) were analyzed.
Reproducibility was good as to TCC, differential cell count, and ECP.
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(37"C) is instilled in each nostril while the patient's
head is stretched backward with the soft palate
closed (3-5).From 10 to 15 s later, the lavage f luid
is expelled into the collecting tube. In a modified
version of this method (6), the lavage is performed
with a size 12 F Foley catheter bearing an inflating
balloon which is placed in the nasal vestibule. In
yet another version, a nasal pool-device consisting
of a compressible plastic container is used to
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I-Jltrasonic neb uhzation of hypertonlc
solution: a new method for obtaining
specimens from nasal mucosa for
morphologic and biochemical analysis in
allergic rhinitis

One of the main difficulties in conducting studies
of nasal disorders is the collection of nasal secre-
tions. Various techniques are used to obtain speci-
mens from nasal mucosa for the analysis of cells
and soluble components (1). Several of these tech-
niques are invasive, e.g., nasal biopsy (2), or par-
tially invasive, e.9., nasal brush (2) and nasal
scraping (1). The simplest noninvasive technique is
nasal lavage, whereby 5-10 ml of isotonic saline
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introduce 12 ml of fluid into the nasal cavity (7).
Two methods that do not require nasal lavage are
also used to collect nasal mucosa specimens. One
is the filter paper method, modified by Mygind (8),
in which two pieces of folded paper are placed in
each nasal cavity and left for 15 min. The other is
the mucosal imprints method, in which two imprints
are made from the septal side of the nasal mucosa
with a plastic strip to which cells become attached.

Each of the methods described above has some
disadvantage: unsuitability of some samples for
cytologic and biochemical analysis, poor reproduci-
bility of the results, and lack of standardization.
Moreover, most of these methods are af least
partially invasive or require the collaboration of
the patient. Here we describe a new method that
seems to overcome some of the disadvantages of
the methods currently used to assess nasal inflam-
mation.

Material and methods
Subjects

Eleven nonatopic healthy subjects (age + SD, 38+15
years, five men) and 19 allergic rhinitic patients
(age 27+10 years, 15 men) were studied. Ten of the
latter had seasonal symptoms and nine had peren-
nial symptoms. Only two rhinitic patients were on
regular inhaled steroids, and this therapy was con-
tinued throughout the study period. For the pur-
pose of this study, allergic rhinitis was defined as
skin test positivity to one or more allergens, a
history of seasonal or perennial symptoms (sneezing,
itch, nasal discharge, and blocking), and positive
rhinoscopy findings (nasal congestion consequent
to swollen mucous membrane). The most common
inhalant allergens were used for the skin prick tests:
house-dust mite (Dermatophagoides pteronyssinus
and D. farinae), dog and cat dander, Alternaria
alternata, Cynodon dactylon, Poa pratensis, Holcus
lanatus, Parietaria judaica, P. officinalis, Olea
Europaea, and Artemisia vulgaris (Lofarma
Allergeni, Milan, Italy). The healthy subjects had
no history of allergy or of recurrent or chronic nasal
disease; they were skin prick test negative to the
above-mentioned allergens and had nesative
rhinoscopy.

Study design

Each individual enrolled in the study underwent a
standard nasal lavage (NL) and an ultrasonic nebu-
hzatton of hypertonic (3% NaCl) solution (UNHS)
on two different days within 1 week in random
order. The results of the two methods (total and
differential ce11 count and eosinophil cationic

Ultraso nic nebuli zation

protein [ECP] measurement) were compared. Ten
subjects underwent UNHS on two different days
within 5 days, and the reproducibility of total and
differential cell count and ECP measurement was
evaluated.

l{asal lavage

Nasal lavage was performed according to Naclerio
et al.  (9). Brief ly,5 ml of normal sal ine (0.9% NaCl)
at 37'C was instilled into each nostril with the
patient stretching the head bent backward and with
the soft palate closed. Ten seconds later, the sub-
jects flexed their neck and expelled the solution
into a plastic basin. The sample was transferred to
a 1O-ml polypropylene tube, and the volume was
recorded. The total cell count (TCCx1Os) was
evaluated with a standard hemocytometer. The
lavage fluid was then centrifuged at 1500 rpm for
10 min and the supernatant was collected and
stored at -85"C until required for analysis. The cell
pellet was resuspended in phosphate buffer solu-
tion to obtain a final cellular concentration of
2xI05lml: 100 pl was cytocentrifuged (Cytospin 3,
Shandon, Pittsburgh, PA, USA) at 400 rpm for
5 min. Slides were stained with Diff-Quik (Dade
AG, Dudingen, Switzerland). The Diff-Quik solu-
tions allow rapid staining of smears and yield
results comparable to those obtained with the May-
Grunwald-Giemsa technique. Briefly, the air-dried
smears are fixed for 5 s in 0.002 g/l fast green and
methanol, stained for 5 s in 1.22 gll eosin G in
phosphate buffer at pH 6.6, and for 5 s in 1 .1 gll
fhiazin in phosphate buff er af pH 6.6, and rinsed
in running water for 5 s. After staining, the differ-
ential cell count was performed by two separate
investigators on at least 200 cells.

Ultrasonic nebulization of hyp ertonic solution
( U N H S )

Induction of secretions. Ultrasonic nebulization of
hypertonic solution was performed by inhalation
of hypertonic saline solution (3% NaCl), generated
by an ultrasonic nebulizer (Orion 2 Nova, Heyer,
Germany) at maximum output power (4.4 ml/min),
for 5 min while the patients had their necks
extended to facilitate the penetration of the inhaled
solution on the whole surface of the nasal mucosa,
including the posterior nasal cavity. The particles
inhaled through the nose had a mean size of 2.5-
5.0 pm. At the end of inhalation, the patients were
asked to blow their nose forcefully into a Petri dish,
one nostril at a time while blocking the other one.

Sample processing. The secretions collected were
immediately weighed and their weight was
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Fig. 1. Total cell count (TCC) obtained with nasal lavage (NL) and ultrasonic nebulization of hypertonic solution (UNHS) in: a)
all subjects, b) control subjects, c) allergic patients. *P<0.01.

recorded (-g). A volume (pl) of freshly prepared
0J% dithiothreitol in phosphate buffer solution
(Sigma, Milan, Italy) four times the weight in
milligrams of the secretions was added to the
secretions and the final volume was measured (ml).
The sample was left at 3l"C for 20 min and
vortexed every 5 min to obtain cell dispersion. The
sample was then filtered on sterile gauze, and a
small volume (20 pl) was used to evaluate TCC
(x105) with a standard hemocytometer. The sample
was then divided into two aliquots: one was diluted
to obtain a final cellular concentration of 2x105/ml;
100 pl of this sample was cytocentrifuged at 400
rpm for 5 min; the slides were stained with Diff-
Quik, and a differential cell count was made on 200
cells by two separate investigators. The other ali-
quot was centrifuged at 4500 rpm for 10 min, and
the supernatant was aspirated and stored at -85"C
until required for analysis.

ECP measurement

ECP levels were measured in 20 nasal lavage
supernatants and tn 26 UNHS supernatants by the
fluoroimmunoenzymatic method with a commerci-
ally available kit (FEIA, CAP System, Pharmacia,
Uppsala, Sweden), and the results were expressed
in pg/I.

Statistical analysis

Correlations and comparisons between nasal lavage
and UNHS were done with a linear regression test
and the Mann-Whitney U-test for nonparametric
data, respectively. The reproducibility was assessed
with a linear regression test (sample 1 vs sample 2).

Results
As shown in Fig. 1, total cell count (x10s) was
higher in UNHS than in nasal lavage in the whole
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study populat ion (13.0112.8 vs 1.9!1.6; P<0.01), in
the control subjects (9.3+8.3 vs 1.7+1.2; P<0.01),
and in patients with allergic rhinitis (15.1+I4.5 vs
2.0!1.9; P<0.01). There was no dif ference in dif-
ferential cell count between UNHS and nasal
lavage when subjects were considered as a whole
or when patients were considered separately from
healthy subjects. In our study, mononuclear cells
were largely represented by monocyte-macrophages,
and by rare lymphocytes or plasma cells. Epithelial
cells, counted as a whole, were represented by
goblet cells, ciliated cells, and basal epithelial cells
in similar numbers.

As shown in Fig. 2, ECP levels (pg/l) were
significantly higher in UNHS than in nasal lavage
in the overall study group (39.1t38.2 vs 1,6.1+4I.2;
P<0.01), in control subjects (19.8t20.9 vs 1.7+2.1;
P<0.01), and in patients with allergic rhinitis
(46.3t43.4 vs f6.9t43.4; P<0.01). Moreover, E,CP
was not detectable in 8120 (40%) nasal lavage
supernatants (three with rhinitis and five healthy
subjects), and in only 2126 (7.1%) UNHS super-
natants (two healthy subjects).

There was a significant correlation between nasal
lavage and UNHS for percentages of neutrophils
( r=0.65;  P=0.0001) ,  eosinophi ls  ( r  -0 .7 ;P=0.0001) ,
epithel ial cel ls (r=0.81; P=0.0001), and mono-
nuclear cells (r-0.5; P=0.0046), while there was no
correlation between TCC and ECP levels (Table 1).

The reproducibility of UNHS was good for TCC,
differential cell count, and ECP measurement
(Thble 2).

UNHS stimulates nasal secretory activity and
increases nasal secretions by both the glandular
and cellular component. Whereas the specimen
collected by nasal lavage consisted of a mixture of
a variable amount of instilled lavage fluid and
secretions, the specimen collected by UNHS con-
sisted exclusively of undiluted secretions. A signifi-
cantly greafer number of total cells was collected
with the UNHS procedure in both healthy and
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Fig. 2. Eosinophil cationic protein (ECP) obtained with nasal lavage (NL) and with ultrasonic nebulization of hypertonic solution
(UNHS).  *P<0.01.

Tab le  1 .  Cor re la t ìons  be tween  to ta l  ce l l  coun t  (TCC) ,  d i f f e ren t ra l  ce l l  coun t ,
and  eos inoph i l  ca t i on i c  p ro te in  (ECP)  in  nasa l  l avage  and  in  u l t rason ic
nebu l i za t ron  o f  hyper ton ic  so lu t i on  (UNHS)

r *

all parameters considered. In conclusion, the UNHS
method seems to be a sufficiently standardized and
reproducible method, easily repeatable in the same
patient, and is suitable for use also in children
because minimal patient cooperation is required.
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P *

TCC (x l05 )

N e u t r o p h i l s  ( % )

Eos inoph i l s  (%)

M o n o n u c l e a r  c e l l s  ( % )

Ep i the l i a l  ce l l s  (%)

ECP (pg/ l )

0 . 1 0
0.65
0.70
0.50
0.81
0.28

0.5661
0,0001
0.0001
0.0046
0.0001
0.2559

*Linea r  regression test .

Tab le  2  Reproduc ib i l i t y  o f  UNHS fo r  to ta l  and  d i f f e ren t ra l  ce l l  coun t  and  ECP
teve ts

I P x

TCC (x105)

Neu t roph i l s  (%)

Eos inoph i l s  (%)

M o n o n u c l e a r  c e l l s  ( % )

E p i t h e l i a l  c e l l s  ( % )

ECP (pg/ l )

0.81
0.72
0.90
0 7 6
0.75
0.8s

0.001
0.002
0.0004
0 .011
0 .01  19
0.0037

*Linea r  regression test .

rhinitic patients, while there was no difference in
the differential cell count. The latter finding sug-
gests that UNHS does not stimulate the presence
of a particular cell type, but rather increases the
number of cells as a whole. Indeed, hypertonic
solution at 3o/o exerts only a mucokinetic effect,
and it does not irritate the airway mucosa (10).

This study shows that the samples obtained with
the UNHS procedure are suitable for morphologic
analysis and for the evaluation of soluble medi-
ators. The reproducibility of the method is good for
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