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Response of nasal ciliated cells of the guinea-pig
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Response of nasal ciliated cells of the guinea-pig during allergic reactions in
human blood. Y. Ohashi, Y. Nakai, H. fkeoka, H. Koshimo, Y. Esaki.
ABSTRACT: Nasal mucosal samples from thirty-five guinea-pigs were placed
in a chamber, containing the medium RPMl 1640. Ciliary activity (beats·s- 1)
of the most active cell in each mucosal culture was measured using a
photoelectric method. T he RPMI 1640 was then replaced by 2 ml of RPMI
1640 and 1 ml of heparinized human blood from a non-allergic patient, with a
ragweed-sensitive nasal allergy, or patients with D. farinae-sensitive nasal
allergy: the ciliary activity of the same ciliated cell in each culture did not
change significantly. We then added 1 pg of D. farinae extracts to evoke an in
vitro allergic reaction. Ciliary excitation was induced when D.farinae extracts
were added to the blood from D. farinae-sensitive subjects but not when added
to blood fro m subjects without sensitivity to D. farinae. The peak and plateau of
such an event occurred after 20-30 min. Ciliary stimulations were correlated
with D. farinae-ind uced histamine release from whole blood. Thus, in 11itro
allergic reactions stimulate activity in cilia from normal nasal mucosa.
Eur Respir J. , 1988, I, 621- 625.

Nasal allergy is a disease ensuing from a type-1
allergic reaction, in which the most significant
pathogenetic factor is an interaction between allergens and their relevant IgE antibodies attached to
mast cells and basophils [I, 2]. Recent studies suggest
that allergen-specific IgG4 antibodies act as blocking
antibodies because they produce favourable effects
following hyposensitization or immunotherapy according to the current terminology (3]. We previously
determined the level of JgG4 antibodies in sera of
patients with Dermatophagoides farinae-sensitive nasal allergy before and after immunotherapy [4].
Induction of lgG4 antibodies relieved nasal symptoms in most cases. In some cases, however, an
increased level of lgG4 antibodies failed to relieve the
nasal symptoms. We demonstrated that an improved
ciliary function in allergic nasal mucosa could follow
a clinically successful immunotherapy [5]. Thus, it
seems that not all of the clinical problems involved in
nasal allergy are solved through an immunological
aspect alone. In other words, nonspecific pathology
of nasal cavity mucosa following immunological
reactions might be implicated in the clinical manifestation of the disease.
Mucociliary function is an important primary
nonspecific defence mechanism of the nasal cavity. It
protects the host by trapping and sweeping away
inhaled particles including allergens. An impaired
mucociliary function is unable to eliminate allergens
from the nasal region, resulting in prolonged contact
of allergens and IgE antibodies.
Morphological studies have confirmed the presence
of pathological ciliated cells in allergic conditions [6].
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Our present study concerns the response of normal
nasal cilia from guinea-pigs during an in vitro allergic
reaction. To evaluate ciliary responsiveness without
the influence of nasal secretions, an in vitro method
was employed.
Materials and methods
Thirty-five Hartley strain male guinea-pigs (average weight 250 g) were used. The animals were
decapitated and a mucosal specimen from a nasal
turbinate was obtained from each animal. Each
mucosal sample was placed in a sealed chamber
containing 3 ml of RPM) 1640 solution [7, 8]. T hirtyfive cultures were prepared and kept at 30°C. After
confirmation of ciliary activity under a phase-contrast
microscope (Nikon, Japan), the following examinations of ciliary activity were performed:

I ) Ciliary activity in RPM! 1640. T he ciliary
activity of the most active cell in the RPMJ 1640 was
determined for 20 min at an ambient temperature of
30°C, using a direct and quantitative photoelectric
method; the methodology and justification of the
method employed in this study have been described
elsewhere [9, 10]. In brief, changes in rays of light
refracted by ciliary motion were projected onto a
cadmium sulphite photoceptive plate through a
pinhole, and signals received by the plate were fed to a
pulse-wave pickup (Nihon Koden, Japan) and then to
a highly sensitive D.C. amplifier (Nihon Koden,
Japan). Finally, these signals were fed to an oscilloscope (VC-8, N ihon Koden, Japan) and ciliary beats
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observed under a 405-scanning electron microscope
(Hitachi). Samples for TEM were embedded in epoxy
resin after dehydration. Ultra-thin sections were
made and examined under an H-300 transmission
electron microscope (Hitachi).
Immunological backgrounds (lgE, IgE antibodies
to D. farinae , lgG4 antibodies to D. farinae, and
percentage histamine release) of the venous blood,
obtained from the four patients, were examined by
the following methods: I) IgE (IU ·ml - 1) was
measured by the radioimmunosorbent test (RIST ;
Pharmacia); 2) lgE antibodies (PRU · ml- 1 ) to D.
farinae were measured by the radioallergosorbent test
(RAST; Pharmacia); 3) IgG4 antibodies (% reference
serum) to D. farinae were determined by the enzymelinked immunosorbent assay (ELISA) [4]; 4) percentage histamine release from the whole blood by D.
farinae (antigen concentration: 10 jlg · ml- 1) was
examined by the method of TANIZAKT et al. [11].

per second (Hz) were automatically calculated by an
image analysis computer. The medium of RPMI 1640
solution in each chamber was then decanted.

2) Ciliary activity in RPM! /640+blood. Seven
cultures (nos 1-7) were immediately filled with 2 ml of
the same (fresh) RPMI 1640 and 1 m! of heparinized
blood from a non-allergic human (N). Seven cultures
(nos 8- 14) were immediately filled with 2 ml of the
same RPMI 1640 and I ml of heparinized blood from
a patient (A) with nasal allergy due to ragweed. The
remainder were immediately filled with 2 ml of RPMI
1640 solution and I ml of heparinized blood from
various patients (B, C, and D) with nasal allergy due
to Dermatophagoides farinae. Blood from patients B,
C, and D was also used for culture numbers 15- 21,
22- 28, 29-35, respectively. The ciliary activity in the
same cell of each culture was then recorded for 30 min
at an ambient temperature of 30°C, using the same
photoelectric method.

Results

3) Ciliary activity in RPM1 1640+ blood+ D. farinae
extracts. After 30 min recording of the ciliary activity,
I 11g of D. farinae extracts was added to each
chamber. At intervals of 5, 10, 15, 20, 30, 40, 50, 60,
7 5, 90, I05, and 120 m in after addition of D. farinae
extracts, the ciliary activity of the cell previously
studied was determined according to the same
photoelectric method.
In this study, examination of ciliary activity in each
mucosal sample was measured five times and the
average values were used. The ciliary activity was
expressed as the beating frequencies per second (Hz).
The data obtained were analysed by an unpaired
Student's t-test.
After examination of ciliary activity, each mucosal
sample was immediately immersed in 2.5% cold
glutaraldehyde in 0.1 M phosphate buffered solution
and fixed for 2 h. Samples were transferred to buffer
solution for washing and post-fixed by 2% osmium
tetroxide in the same buffer. Samples from oddnumbered cultures were used for scanning electron
microscopy (SEM), and those from even-numbered
cultures were used for transmission electron microscopy (TEM). After dehydration, samples for SEM
were critical point dried, coated with gold, and

Immunological background of the blood used in this
study
The values of total IgE (IU · ml- 1), IgE antibodies
(PRU ·ml - 1) to D. farinae, lgG4 antibodies (%
reference serum) to D. farinae , and percentage
histamine release (antigen concentration: I 0 llg · ml - 1
D. farinae extracts) from whole blood are shown in
table I. In the serum of patient A, IgE antibodies to
D. farinae were not detected, but the value of lgE
antibodies to ragweed was 6.3 PRU ·ml- 1 •

Changes in ciliary activity
1) Ciliary activity in RPM1 1640. The ciliary activity
(mean ± standard deviation) in the RPMI 1640 is
shown in table 2. There were no significant differences
in the level of ciliary activity for the five groups. In
any group, the ciliary activity showed no significant
changes during 20 min observation.
2) Ciliary activity in RPM! /640+blood. The ciliary
activity in the RPMI 1640 + blood is shown in table 3.
During 30 min examination, the mean ciliary activity
in every group tended to slow down. H owever,

Table 1.- Immunological background of blood of patients used in the study
Patient

Age

Sex

A
B

32
35
33
35

F
F

c

D

F
F

IgE
IU·ml-1
38
256
682
752

lgE antibody
lgG4 antibody
% reference serum
PRU·mt1
0
2.4
11.7
10.2

8.3
28.5
25.4
62.8

%histamine
release
0
38.6
86.5
61.2

Venous blood A was obtained from a patient with ragweed-scnsitive nasal allergy. Bloods
B, C, and D were obtained from patients with D. farinae-sensitive nasal allergy. Blood B
contained low TgE and low IgG4 antibody levels to D.farinae. Blood C contained high
IgE and low IgG4 antibody levels to D.farinae. Blood D contained high TgE and low IgG4
antibody levels to D.farinae
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Table 2.- Ciliary activity (beats·s· 1 ) of five groups examined in the presence of RPM I 1640 solution for up to 20 m in
Patient
N
A
B

c

D

Culture
number

Omin

1-7
8-14
15-21
22-28
29-35

5min

12.5±0.37
13.0±0.43
12.9±0.32
13.0±0.40
13.0±0.37

13.0±0.45
13.1±0.48
12.9±0.35
13.0±0.43
13.0±0.40

10min

15 min

20min

12.9±0.40
13.1±0.38
12.9±0.37
13.0±0.40
13.1±0.42

13.0±0.43
13.1±0.38
13.0±0.38
13.0±0.38
13.0±0.38

13.1±0.38
13.1±0.43
12.6±0.38
13.0±0.42
13.0±0.37

In any group the ciliary actlvJty shows no significant change during 20 min examination. Patients N: healthy; A: ragweedsensiLive; B, C and D: D.Jarinae-sensitive. (mean±so)

Table 3.- Ciliary activity (beats·s·1 ) of five groups examined in the presence of RPMI 1640 solution and blood from
five humans for up to 30 m in
Patient
N
A
B

c

D

Culture
number

Omin

5min

lOmin

15 min

20min

25 min

30min

1-7
8- 14
15- 21
22- 28
29- 35

13.1±0.38
13.0±0.43
12.8±0.38
13.0±0.42
13.0±0.37

13.1±0.43
13.0±0.43
12.7±0.40
13.0±0.40
13.0±0.37

13.1±0.40
13.1±0.47
12.7±0.38
12.9±0.33
13.0±0.37

12.9±0.45
13.0±0.45
12.7±0.42
12.8±0.30
13.0±0.40

13.0±0.43
12.9±0.43
12.8±0.38
12.9±0.27
12.9±0.33

13.0±0.33
13.0±0.40
12.7±0.42
12.8±0.28
12.9±0.30

12.9±0.42
12.9±0.40
12.7±0.42
12.8±0.32
12.9±0.32

Blood from a non-allergic subject (N) was used for cultures 1- 7, and blood from a ragweed-sensitive patient (A) was used
for cultures 8-14. Blood from three patients (B, C and D) with nasal allergy to D.Jarinae was used for cultures 15- 21. 22-28,
and 29-35, respectively. During 30 min observation no significant changes were observed in ciliary activity of any groups
examined. (mean±so)

Table 4. - Ciliary activity (beats·s·1 ) of five groups was examined after addition of 1 119 of D. farinae extracts, for up
to 120 min
Culture number (patient)
min

0

5
10
15
20
30
40
50
60
75
90
105
120

1-7 (N)

8-14 (A)

15-21 (B)

22-28 (C)

29- 35 (D)

12.9±0.42
13.0±0.42
13.1±0.50
13.0±0.43
12.9±0.37
13.0±0.43
13.0±0.38
12.9±0.52
12.9±0.48
12.9±0.38
12.8±0.43
12.8±0.50
12.7±0.58

12.9±0.40
12.9±0.30
12.9±0.40
12.9±0.28
12.9±0.47
12.9±0.42
12.9±0.45
12.9±0.45
12.8±0.42
12.9±0.42
12.8±0.43
12.7±0.42
12.3±0.37

12.7±0.42
13.3±0.23
13.9±0.28*
14.0±0.42*
14.1±0.42*
14.1±0.37*
14.0±0.38*
13.7±0.42
13.6±0.45
12.9±0.38
12.6±0.40
12.5±0.43
12.6±0.45

12.9±0.32
13 .8±0.27*
14.7±0.53**
15.7±0.62**
16.2±0.53**
16.3±0.50**
15.9±0.57**
14.6±0.47*
14.1±0.52*
13.4±0.55
13.1±0.52
12.9±0.55
12.8±0.47

12.9±0.32
13.8±0.28
14.2±0.40*
15.0±0.48**
15.4±0.60**
15.4±0.60**
15.0±0.53**
14.1±0.50*
13.8±0.43
12.9±0.45
12.9±0.57
12.7±0.52
12.7±0.65

No significant changes in ciliary activity were observed after addition of D.farinae extracts with the blood of the healthy subject (N)
cultures 1-7 and ragweed-sensitive patient (A) 8-14. On the olher hand, in the remaining groups of D.farinae-sensitive patients (B, C
and D), cilio-stimulation was observed after addition of D.farinae extracts.*: p<0.05; **: p<O.Ol. (mean±so)
VC: vital capacity; TLC: total lung capacity; RV: residual volume; FVC: forced vital capacity; FEV1: forced expiratory volume in one
statistical analysis did not show a significant change
in any group.

activity of five groups in the RPM I 1640+ blood + D.
farinae. In two groups, the healthy subject (cultures

3) Ciliary activity in RPM! 1640 + blood+ D.farinae.

1- 7) and t he patient sensitive to ragweed (cultures
8-14), no significant changes in ciliary activity were
observed during 120 min examination.

Table 4 shows the time-course changes in ciliary
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In the group of cultures from patients sensitive to
D.farinae (15-21, 22-28, 29-35), the ciliary activity
between I0- 60 m in was always significantly larger
than the ciliary activity before addition of D. farinae
extracts. In these groups which showed significant
ciliary excitation, the peak and plateau of such
phenomena were at 20- 30 min after the addition of
D.farinae extracts. The ciliary activity after 75 min in
these groups was no different from that before
addition of D. farinae extracts.
Electron microscopic examination
In no group examined were morphological changes
in epithelial cells or cilia observed under electron
microscopy.

Discussion
The mucociliary transport in patients with bronchial asthma is impaired [ 12). In young asymptomatic
subjects with bronchial asthma (non-smokers) the
mean baseline tracheal mucus velocity is 54% of that
in normal control non-smokers, and inhalation
challenge with specific antigen further reduces the
tracheal mucus velocity by 28%. Such changes in
mucus transport are prevented by pretreatment with
sodium cromoglycate, suggesting that the decrease in
tracheal mucus velocity might be related to the release
of biologically active mediators of anaphylaxis [13].
Since nasal allergy is a type of allergic disease of the
respiratory system like asthma, patients with nasal
allergy may have an impaired mucociliary transport
velocity in the nose. It is also possible that specific
antigen challenge further reduces nasal mucociliary
transport in patients with nasal allergy. In human
subjects with chronic nasal allergy, the number of
ciliated cells is diminished and the morphology of
ciliated cells is affected [6, 14]. In vitro ciliary activity
in a physiological saline solution without the influence of nasal secretions is reduced compared with that
of healthy controls, and the degree of reduction in
ciliary activity is related to the morbid period (15].
However, results of studies on the response of nasal
ciliated cells during an allergic reaction are conflicting. Histological examinations of nasal mucosa show
that deposition of pollen grains destroys the nasal
ciliated epithelium 10-30 min later in sensitized
animals [16). In human subjects with nasal allergy, an
increased thickness of the mucus layer has been
reported [17). In contrast, another study conducted by
WrHL and M YGIND [18] did not observe any significant alterations to the nasal epithelium after intranasal
antigen challenge in patients with hay fever.
Divergent results have also been presented concerning mucociliary activity during allergic reactions.
CHEVANCE [19] found that nasal ciliary activity in
sensitized animals ceased 1- 10 min after deposition of
pollen grains. GUERCIO et al. [20] showed an impairment of nasal mucociliary transport in human
subjects with ragweed rhinitis after local deposition of

ragweed extracts but not after inhalation of ragweed
pollen. WJHL and MYGIND [18] found no slowing of
nasal mucociliary transport in a short-term challenge
of patients with nasal allergy due to pollen grains.
The morphological basis of the nasal mucociliary
system is the ciliated cell and the mucus covering it,
and the ciliary activity is an integral component of the
function of mucociliary transport. Impaired nasal
mucociliary transport could result from a reduced
ciliary activity and/or abnormalities of the physical
properties of nasal secretions. Quantitative changes in
airway mucus have been reported in bronchial asthma
(21]. More recently, biochemical changes of nasal
secretions induced by histamine and specific allergens
have been demonstrated [22]. Although alterations in
respiratory secretions are more likely to cause
mucociliary dysfunction in nasal allergy, it is necessary to study the change of ciliary activity during an
allergic reaction for a better understanding of nasal
allergy.
We studied the response of nasal cilia from normal
guinea-pigs during an allergic reaction. Ciliary activity was examined at an ambient temperature of 30°C,
because ciliary activity is greatly influenced by
ambient temperature but the activity is almost
constant between 28-32°C [9]. Firstly, ciliary activity
in the presence of blood from non-allergic and allergic
patients was examined. A ciliary dyskinesia factor in
the serum of asthmatic patients has been reported
previously (23]. In our study, however, neither blood
from a non-allergic subject nor blood from allergic
subjects affected the nasal ciliary activity of healthy
guinea-pigs. The discrepancy might be due to the
method employed and/or different species used.
When D. farinae extracts were added to the blood
from two control subjects, no changes were induced
in ciliary activity during 120 min observation. On the
other hand, ciliary excitation was found when D.
farinae extracts were added to the medium containing
blood from D. farinae-sen sitive individuals. Such
cilio-stimulatory effects were not always correlated
with the level oflgE antibody to D.farinae. Although
the level of specific IgE antibody in patient C's serum
was quite close to that of patient D, larger antigeninduced cilio-stimulatory effects were found with
patient C's blood than in patient D. This result might
be ascribed to the higher level of IgG4 blocking
antibody in patient D. On the other hand, ciliastimulatory effects were correlated with percentage
histamine release induced by D. farinae extracts.
Several biochemical mediators of anaphylaxis including histamine have been reported to stimulate ciliary
activity [24]. lt might, therefore, be presumed that
histamine released by D. farinae is involved in such a
ciliary excitation observed in our models. In our
morphological examinations using scanning and
transmission electron microscopy, no changes were
observed in ciliated cells or cilia after an in vitro
allergic reaction. Ciliary excitation observed in our
models is not the result of morphological changes in
cilia or ciliated cells.

NASAL CILIATED CELLS AND ALLERGIC REACTIONS
MAURER et al. [25] have demonstrated that specific
antigen stimulates ciliary activity in a sensitized tissue
in vitro. We confirmed this phenomenon in a passively
sensitized animal tissue using blood samples from
patients with nasal allergy. In conclusion, our present
study suggests that primary ciliary dysfunction is not
likely to be responsible for the antigen-induced
depression of mucus transport in the nose.
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RESUME: Des echantillons de muqueuse nasale ont ete obtcnus
chez 35 cobayes sa ins. Chacun d'cntre eux a cte place dans une
chambre scellee contenant 3 ml du milieu RPMI 1640. L'activite
ciliaire (battements ·s _ ,)de la plupart des ccllulcs actives de chaque
culture muqueuse a i:te mesuree pendant 20 minutes en utilisant une
methode photoelectrique. Apres rcmplacement des 3 ml de RPM I
1640 par 2 ml de RPMI 1640 et I ml de sang veincux heparinc
provenant d'un sujet humain non allergique, d'un patient avec une
allergie nasalc a l'egard du 'ragweed', ou de trois patients avec une
allergic nasale a l'egard de D.farinae, l'activite ciliaire des memes
cellules ciliees a ete examinee dans chaque culture pendant 30
minutes par la meme mcthode. L'activitc ci liaire de chaque culture
n'a pas montre de modification significative ni dans le RPMI 1640
seu l ni dans le RPMI 1640 additionne de sang humain. I ~g
d'extrait de D.farinae a ete ajoute a chaque chambre pour
provoquer une reaction allergique in vitro, et l'activite ciliaire des
memes cellules ciliecs a ctc examinee pendant 120 minutes. Lorsque
les extraits de D.farinae sont ajoutes dans la chambre contenant du
sang de sujets non sensibles
D.farinae, on n'observe pas de
modification de l'activite ciliaire pendant l'examen. D'autre part,
l'on induit une excitation des ci ls lorsquc lcs extraits de D.farinae
sont ajoutes dans la chambre contenant du sang provenant de
sujets sensibles a D.farinae. Le pie et le plateau de cette excitation
sont observes de 20 a 30 minutes apres !'addition de l'allergene, et,
aprcs le plateau, I' on observe un retour progrcssif aux valeurs de
base. Les stimulations ciliaires ont ete mises en correlation avec le
pourcentage de liberation histaminiquc induite par D.farinac dans
le sang total. Nos resultats montrent que !'exposition in vitro a une
reaction allergiquc stimule l'activite ciliaire d'une muqueuse nasale
norma le.
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