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responses of lymph node cells were similar in PCG- and pol-
len-sensitized rats. IgE and IgG1 levels were higher in pollen- 
than in PCG-sensitized rats. However, eosinophils, lympho-
cytes and pro-allergy cytokines in BALF were higher in 
PCG- than in pollen-sensitized rats.  Conclusions:  Thus, PCGs, 
able to deeply penetrate in the respiratory tract, induced lo-
cal and strong allergic and inflammatory responses more 
linked with asthma- than rhinitis-related allergic symptoms. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Respiratory allergic diseases, such as allergic rhinitis 
and asthma, are currently a major public health problem 
worldwide, in particular in industrialized countries. 
Over the last decades, epidemiological studies have 
shown that the prevalence of allergic diseases has dra-
matically increased, especially in the younger genera-
tions and in people living in urban areas  [1] .

  These atopic diseases are complex immune and in-
flammatory disorders influenced by both genetic and en-
vironmental factors, among which pollen is quantitative-
ly one of the most important aeroallergens. However, al-
though the symptoms associated with these disorders 
coincide with the pollination season, it is now well estab-
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 Abstract 

  Background:  Grass pollen is one of the most important 
aeroallergens in Europe. It highly contributes to respiratory 
allergic diseases, mainly allergic rhinitis. In contact to water 
or airborne pollutants, pollen grains can release pollen cyto-
plasmic granules (PCGs) containing allergens. Because of 
their size ( ! 5  � m), PCGs may penetrate deeper into the lungs 
to induce higher allergic responses, such as asthma. They 
have been associated with thunderstorm-related asthma. 
The aim of this study was to evaluate, with Brown Norway 
rats, the allergenic potential of isolated PCGs and to compare 
it with the allergenicity of whole timothy grass pollen.  Meth-

ods:  Rats were sensitized (day 0) and challenged (day 21), in 
controlled comparative conditions, with pollen grains (0.5 
mg) or PCGs (4.5  !  10 7  and 0.5 mg). At day 25, blood sam-
ples, bronchoalveolar lavage fluid (BALF) and bronchial 
lymph node were collected. IgE and IgG1 levels in sera were 
assessed by ELISA. Alveolar cells, protein and cytokine con-
centrations were quantified in BALF. T cell proliferation, in 
response to pollen or granules, was performed by lymph 
node assay.  Results:  The results showed that proliferative
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lished that a direct relationship does not exist between 
these two phenomena and that many other factors must 
be taken into account.

  In parallel, several studies have shown that after light 
rainfall or thunderstorm, a single pollen grain can release 
700–1,000 small particles called pollen cytoplasmic gran-
ules (PCGs)  [2] . PCGs consist of starch granules and
polysaccharide-particles  [3] . In fact, starch granules have 
been isolated from the Melbourne atmosphere with 10- to 
50-fold increase following rainfall  [4, 5] . Furthermore, 
our team has previously shown that after exposure to gas-
eous pollutants such as ozone or nitrogen dioxide, pollen 
grains release PCGs  [6] . The likelihood that whole grass 
pollen grains (15–60  � m) will reach the deeper human 
airways is low, but PCGs ( ! 5  � m) might penetrate into 
the lower respiratory tract and could induce symptoms of 
bronchial asthma  [7, 8] . Several grass pollen allergens 
have been found in PCGs by immunogold labeling and/
or Western blot studies, such as Lol p 5 and Lol p 9 for rye 
grass  [9] , and Phl p 4, Phl p 5 and Phl p 6 for timothy grass 
 [10–12] . As well, small particles derived from birch pollen 
contain the major allergen Bet v 1  [4] .

  It has been shown in previous in vivo studies that tim-
othy grass PCGs can induce high humoral and cellular 
responses in pollen- and PCG-sensitized rodents  [13–15] . 
Moreover, isolated PCGs can elicit a positive skin prick 
test in asthmatic patients and play a role in ‘thunderstorm 
asthma’ either directly  [16, 17]  or indirectly through in-
teraction with respirable particulate matter present in the 
atmosphere, such as diesel exhaust particles  [18] .

  The aim of this study was to compare, in clearly de-
fined conditions, the allergenic potential of PCGs and 
timothy grass pollen. Rats’ immunizations performed 
with isolated size-controlled PCGs and pollen grains 
were processed in parallel, in the same experimental de-
sign. Allergic and inflammatory responses have been as-
sessed following intratracheal instillation of PCGs or 
whole pollen in Brown Norway rats, a relevant animal 
model of allergy  [19, 20] . Systemic pollen-specific IgE and 
IgG1 responses were quantified, and the local immune 
and inflammatory responses were evaluated in bronchial 
lymph node and bronchoalveolar lavage fluid (BALF) 
(cytokines and alveolar cells).

  Materials and Methods 

 Animals 
 Six-week-old male Brown Norway rats were obtained from 

Charles River Laboratories (L’Arbresle, France). Animals were 
housed in an air-conditioned room (22   °   C, 60% relative humidity) 

with restricted access. They received conventional laboratory diet 
and tap water was available ad libitum. They had a light-dark cir-
cadian rhythm of 12 h. Their acclimation had begun one week 
before use in the animal facility. Rats were handled in accordance 
with French and European State Council guidelines for the care 
and use as well as ethical approval of laboratory animals (Decree 
2001-486,187 and directive 86/609/EEC, respectively). The exper-
iments were approved by the Institutional Animal Care and Use 
Comity at the INERIS. The rats were randomly divided into 6 
groups of 6 rats each.

  Pollen and PCGs 
 Timothy grass pollen ( Phleum pratense ) from the 2006 harvest 

was obtained from Allerbio AB (Varennes-en-Argonne, France) 
and immediately after the harvest sent to our laboratory without 
conservative treatment. Pollen grains were stored at 4   °   C. Pollen 
grains were used for both rats’ immunization and PCG isolation.

  PCGs (0.6–5  � m) were isolated from whole grass pollen fol-
lowing exposure of intact pollen grains to osmotic shock, accord-
ing to Motta et al.  [15]  with slight modifications. Timothy grass 
pollen (500 mg) was suspended in 5 ml distilled water to allow the 
release of PCGs. After 1 h of gentle agitation, the suspension was 
centrifuged (10,000  g,  10 min) through a 5- � m mesh filter (Ul-
trafree-MC; Millipore Corp., Bedford, Mass., USA). PCG pellet 
was collected and washed twice in 5 ml distilled water and resus-
pended in 1 ml of saline solution (NaCl 0.9%).

  The size and the number of PCGs were assessed with a particle 
counter (Z3 Multisizer TM  Coulter Counter � , Beckman Coulter, 
Villepinte, France). For pollen grains, a particle counter (Z2 TM  
Coulter Counter � , Beckman Coulter) was used for the size evalu-
ation and the counting.

  Endotoxin Assay 
 The presence or the absence of endotoxins/lipopolysaccharide 

in pollen extract, PCGs extract and saline solution were deter-
mined by Limulus Amebocytes Lysate test (E-Toxate TM  Kit; Sig-
ma, St. Louis, Mo., USA).

  Sensitization and Challenge of the Rats 
 Animals were anesthetized by an intramuscular injection of a 

mixture of ketamine hydrochloride (0.5 mg/kg body weight), at-
ropine (0.1 mg/kg body weight) and xylazine (1 mg/kg body 
weight). Rats were then sensitized on day 0 and challenged on day 
21 by intratracheal instillation of 150  � l of aeroallergen (pollen 
grains or PCGs), which were suspended in saline solution (NaCl 
0.9%) and used as allergen sources as described in  figure 1 . Pollen-
sensitized rats correspond to the rats immunized by 0.5 mg of 
whole pollen grains. Two rats’ groups were sensitized with PCGs: 
PCG-1 and PCG-2. PCG-1 corresponds to the rats immunized 
with 4.5  !  10 7  PCGs, corresponding to the number of PCGs re-
leased with 0.5 mg of pollen if 100% of pollen burst. The rats of 
the PCG-2 group were immunized with 0.5 mg of PCGs, contain-
ing 9  !  10 7  PCGs. Negative control (NC) animals received saline 
solution.

  Autopsy and Sampling 
 At day 25, rats were anaesthetized by intraperitoneal injection 

of pentobarbital (150 mg/kg body weight). They were exsangui-
nated by cutting the inferior vena cava after blood taking. Bron-
choalveolar lavage was then performed. A cannula was inserted 
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in the trachea and the lungs were washed 3 times with 10 ml of 
phosphate-buffered saline (pH 7.2). Bronchial lymph nodes were 
removed and immediately plunged in 5 ml of ice-cold RPMI-1640 
medium (Invitrogen, Cergy Pontoise, France).

  After collection, blood was kept at 4   °   C for about 2–4 h for
clotting. The blood samples were then centrifuged for 10 min at 
2,000  g  at 4   °   C. Serum was removed and stored in 500  � l aliquots 
at –80   °   C until use.

  Fluid collected from the bronchoalveolar lavage of each ani-
mal was centrifuged at 150  g  for 10 min. Cell-free BALF was con-
centrated using Amicon Ultra tubes �  (Millipore) until the vol-
ume reached 1 ml.

  Protein Assay 
 The protein concentrations in water-soluble extracts of pollen 

grains and PCG suspension and those of BALF were determined 
by the Lowry method  [21] . Bovine serum albumin was used to 
obtain the calibration curve.

  ELISA for Specific Anti-Timothy Pollen IgE and IgG1 
 Water-soluble pollen extract was prepared according to 

Mahler et al.  [22] . This extract contained together the water-sol-
uble proteins from pollen and PCGs. Pollen extract was labeled 
with digoxigenin-3-O-succinyl- � -aminocaproic acid-N-hydroxy-
succinimide ester (DIG-NHS) using a DIG protein labeling kit 
(Roche Diagnostics, Mannheim, Germany). Pollen extract (1 mg/
ml) was mixed with DIG-NHS according to the manufacturers’ 
restrictions. Labeled proteins were collected and concentrated us-
ing centrifugation (2,000  g,  4   °   C) in Amicon Ultra tubes �  (Milli-
pore) until the volume was equal to 1 ml and stored in 50- � l ali-
quots at –80   °   C.

  ELISA was performed according to Motta et al.  [15] . Briefly, 
96-well microtiter plates were coated with 1:   500 diluted mouse 
anti-rat-IgE or anti-rat-IgG1 antibody (Zymed, San Francisco, 
Calif., USA). After night incubation at room temperature, wells 

were washed and saturated with a solution of phosphate-buffered 
saline containing 1% (w/v) skimmed milk powder and 0.1% (v/v) 
Tween-20. After 1 h incubation, rat sera were added to the wells 
(in duplicate) at the proper dilution (1:   2 and 1:   1,500 for IgE and 
IgG1 detection, respectively) and incubated for 1 h at 37   °   C. After 
washing, wells were incubated with a pollen-DIG solution (dilu-
tion 1:   800). Thereafter, a horseradish peroxidase-conjugated anti-
DIG antibody was added (Roche Diagnostics; dilution 1:   625). The 
amount of IgE or IgG1 was measured by adding peroxidase sub-
strate and the absorbance values were measured at 450 nm with a 
multichannel photometer (Tecan, Lyon, France).

  BALF Alveolar Cells 
 After centrifugation, cells were suspended in 800  � l RPMI-

1640 medium. The collected cells (diameter ranges from 9 to 20 
 � m) were counted with Z2 Coulter Counter (Beckman Coulter) 
and applied to a slide by centrifugation using a Shandon Cytospin 
2 (Pittsburgh, Pa., USA) at 150  g  for 5 min. Cell differential counts 
were performed after May-Grünwald Giemsa staining and a min-
imum of 400 cells were counted per slide.

  Evaluation of Cytokines in BALF 
 Cytokines were quantified in BALF using bio-Plex kit for IL-

1 � , IL-1 � , IL-6 and IFN- �  (catalog No. 171K11070; Biorad, 
Marnes-la-Coquette, France) and multiplex immunoassay kit for 
IL-5, IL-13 and Rantes (catalog No. RCYTO-80k-04; Linko, Mil-
lipore, France) according to the manufacturer’s instructions.

  Bronchial Lymph Node Cell Assay 
 The bronchial lymph node assay previously described  [15]  was 

slightly modified. Briefly, isolated lymph nodes were forced 
through a sterile 70- � m mesh nylon cell strainer (Falcon; Becton 
and Dickinson Company, Franklin Lake, N.J., USA). The collect-
ed cells were centrifuged twice at 300  g  for 10 min at 4   °   C. After 
removing the supernatant, the cell pellet was resuspended in 1 ml 

Intratracheal instillation (150 µl/rat)
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  Fig. 1.  Schematic representation of the ex-
perimental design. By intratracheal instil-
lation, rats were sensitized at day 0 and 
challenged at day 21 with pollen grains or 
PCGs (PCG-1 and PCG-2). Negative con-
trol (NC) animals received saline solution. 
At day 25, humoral and cellular allergic 
and inflammatory responses were as-
sessed. Total number of rats studied: 24. 
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of 10% fetal calf serum medium, and counted with Z2 TM  Coulter 
Counter � . Cells were incubated in U-bottomed 96-well plates 
(Cellstar; Greiner bio one, Frickenhausen, Germany), containing 
50  � l 10% fetal calf serum medium, 1.5  �  M  2 � -mercaptoethanol, 
with and without allergen sources (pollen: 10 and 100  � g/ml; 
PCGs: 9  !  10 5  and 9  !  10 6  PCGs/ml), for 3 days in humidified 
atmosphere at 37   °   C and 5% CO2. Then, cells were incubated 24 h 
with 10  � l/well [ 3 H]-thymidine (Amersham, Little Chalfont, UK; 
37 kBq/ml) and harvested for scintillation counting in a  � -plate 
counter (1205 Betaplate TM ; Wallac, Turku, Finland) to measure 
cell proliferation. T cell proliferation was expressed as counts per 
minute.

  Statistical Analysis 
 The results of all studied parameters are expressed as means 

 8  SEM. For statistical analysis nonparametric tests (Kruskall-
Wallis and Mann-Whitney) were used. The results were consid-
ered significant when a p value  ! 0.05 was found.

  Results 

 PCG Size Distribution 
 The average diameter of a timothy grass pollen grain, 

measured by Z2 Coulter, was 31  8  2  � m. By such a count-
ing type, we determined that 1  � g of pollen contained 
roughly 90 pollen grains and a single pollen grain con-
tains 1,000 PCGs  [2] , that is, 1  � g of pollen should cor-
respond to 9  !  10 4  PCGs. However, experimentally, only 
2% of PCGs can be released in aqueous solution. The size 
distribution of PCG, evaluated by Z3 Multisizer (Beck-

man Coulter), is reported in  figure 2 . The average diam-
eter of PCGs was 1.1  � m.

  Proteins and Endotoxins in Instilled Solutions 
 The water-soluble protein concentration in pollen sus-

pension, used for rats’ immunization, was 76  � g/ml. For 
the 2 PCG suspensions used for immunization of rats’ 
groups PCG-1 and PCG-2, the water-soluble protein con-
centrations were 6.8  8  0.03 and 3.6  8  0.08  � g/ml, re-
spectively. After each aqueous wash of PCG, a decrease of 
the protein concentration in the supernatant was ob-
served. After 5 washes, water-soluble protein concentra-
tion was near 0 (data not shown).

  Neither PCGs extract nor saline solution contains en-
dotoxins, whereas they are found in pollen extract.
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  Fig. 2.  Particle size distribution of cytoplasmic granules from tim-
othy grass pollen grains was performed by Z3 Multisizer Coulter 
Counter (Beckman Coulter). The grey area corresponds to PCGs 
counted between 0.6 and 2  � m. The black area corresponds to the 
PCGs counted between 2 and 5  � m. 

  Fig. 3.  Timothy grass pollen-specific IgE and IgG1 levels in sera 
(mean  8  SEM).  *  Significantly different to NC (p  !  0.05);  +  sig-
nificantly different to pollen group (p  !  0.05).     
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  Pollen-Specific IgE and IgG1 Levels in Serum 
 The IgE and IgG1 levels are presented in  figure 3 . Sen-

sitization with 0.5 mg of whole pollen generates signifi-
cant pollen-specific IgE and IgG1 levels. Rats sensitized 
with 4.5  !  10 7  and with 0.5 mg of PCGs had higher IgE 
and IgG1 levels than the NC group. All PCG-sensitized 
rats produced lower IgE and IgG1 responses than those 
of the pollen group.

  Protein Concentrations in BALF 
 As an evaluation of in situ inflammation and immune 

response, protein concentrations were measured in BALF 
in differentially sensitized animals ( fig. 4 ). Pollen grain- 
and PCG-sensitized rats showed a significant increase in 
protein concentrations in BALF. No significant differ-
ence was found between protein concentration in BALF 
from 4.5  !  10 7  PCG- and pollen-sensitized groups. A 
two-fold increase in protein concentration was observed 
in BALF of rats sensitized with 0.5 mg of PCGs compared 
to the pollen group.

  Cytokines in BALF 
 Several cytokine (IL-1 � , IL-1 � , IL-5, IL-6, IL-13, IFN-

 � , Rantes and TNF- � ) concentrations were determined 
in the different rat groups ( table 1 ).

  All BALF cytokine concentration values were higher 
than NC in pollen- and PCG-sensitized rats, but some 
differences were statistically significant: (1) pollen grains 
significantly increased IL-6, IFN- �  and TNF- �  concen-
trations; (2) 4.5  !  10 7  PCGs significantly increased IL-
1 � , IL-5, IL-13, Rantes and TNF- �  concentrations; (3) all 
cytokine concentrations increased significantly in 0.5 mg 
of PCG-sensitized rats.

  Compared to pollen-sensitized rats, 4.5  !  10 7  PCG-
sensitized rats showed higher IL-5, IL-13 and Rantes con-
centrations in BALF, but lower IL-6 and IFN- �  cytokine 
concentrations. These differences were statistically sig-
nificant for Rantes only.

  For the rats sensitized with 0.5 mg of PCGs, all BALF 
cytokine concentrations were significantly increased 
compared to pollen-sensitized rats, except for IL-1 � .

  Alveolar Cells in BALF 
 Pollen-sensitized rats had a significantly higher num-

ber of macrophages, eosinophils and neutrophils than 
NC ( table  2 ). Moreover, the rats’ immunization per-
formed with PCGs (4.5  !  10 7  and 0.5 mg) leads to a sig-
nificant increase in all alveolar cell types in BALF com-
pared with the NC group.

  When compared to pollen-sensitized rats, (1) rats sen-
sitized with 4.5  !  10 7  PCGs showed a smaller macro-
phage number and, at the same time, a higher number of 
eosinophils and lymphocytes, this last one being the only 
statistically significant number, and (2) the highest dose 
of PCGs (0.5 mg) induced a significantly higher number 
of eosinophils and lymphocytes and leads to a smaller 
number of macrophages ( table 2 ).

  Lymph Node Cell Proliferation Induced by Pollen or 
PCGs 
 Lymph node cell of pollen- and PCG-sensitized rats 

showed a greater proliferation than NC after in vitro ad-

*+

0

P
ro

te
in

co
n

ce
n

tr
a

ti
o

n
(m

g
/m

l)

6.00

NC Pollen

*

PCG-1

*

PCG-2

1.00

2.00

3.00

4.00

5.00
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Table 1. Cytokine levels in BALF

NC Pollen PCG-1 PCG-2

IL-1� 4.881.9 8.481.8 9.981.5 12.482.4*
IL-1� 120820 186831 257840* 554862*, **
IL-5 1386 142851 3168110* 1,4838110*, **
IL-6 2188 98820* 55818 670895*, **
IL-13 1586 43810 61821* 1,0308307*, **
IFN-� 6.985.7 41.8811.9* 16.686.0 124810*, **
Rantes 6.881.8 9.982.2 22.483.1*, ** 273858*, **
TNF-� 1288 71811* 72811* 233841*, **

 The cytokine concentrations are expressed as pg/ml. NC = Neg-
ative control group.

* Significantly different to NC (p < 0.05); ** significantly differ-
ent to pollen group (p < 0.05).
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dition of pollen grains (10 and 100  � g/ml,  fig. 5 a and b, 
respectively) or PCGs (9  !  10 5  and 9  !  10 6  PCGs/ml, 
 fig. 5 c and d, respectively).

  After in vitro addition of 10  � g of pollen, significantly 
less proliferation was observed in lymph node cells from 
animals sensitized to PCGs than in those issued from 

pollen-sensitized rats. A slight increase, not significantly 
different, in the lymph node cell proliferation from pol-
len-sensitized rats, compared to those from PCG-sensi-
tized animals, was observed after in vitro addition of 100 
 � g of pollen. Conversely, after in vitro addition of PCGs 
(9  !  10 5  and 9  !  10 6  PCGs/ml), the proliferation of 

  Fig. 5.  Pollen- and PCG-induced proliferation of lymph node. Cells from NC, pollen- or PCG-sensitized rats 
were cultured with [       3 H]-thymidine in the presence of pollen (10 and 100    � g,  a  and  b , respectively) and PCGs (9 
 !  10 5  and 9  !  10 6  PCGs,  c  and  d , respectively). CPM = Thymidine incorporation by antigen-stimulated cells; 
CPM0 = thymidine incorporation in control cells.  *  Significantly different to NC (p  !  0.05); + significantly dif-
ferent to pollen group (p  !  0.05).   
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Table 2.  Number and type of alveolar cells in BALF

NC Pollen PCG-1 PCG-2 

Macrophages (!106) 3.3980.44 7.8581.33* 6.9580.50* 5.4081.58*
Eosinophils (!106) 0.4080.09 4.0080.83* 5.3280.49* 7.0081.33*, **
Lymphocytes (!106) 0.2180.06 0.1180.09 0.6380.19*, ** 0.9880.21*, ** 
Neutrophils (!106) 0.0380.01 0.2580.11* 0.2980.13* 0.3680.10*

D ata are expressed as means 8 SEM. NC = Negative control group.
* Significantly different to NC (p < 0.05); ** significantly different to pollen group (p < 0.05).
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lymph node cells from PCG-sensitized rats was slightly 
higher than the proliferation of those from pollen-sensi-
tized rats, but not significantly.

  Discussion 

 In this study, pollen cytoplasmic granules of timothy 
grass, as well as pollen grains, were shown to induce al-
lergenic and inflammatory responses in Brown Norway 
rats. PCGs induced lower systemic immune responses 
than pollen grains, but the local immune and inflamma-
tory responses varied according to the different param-
eters studied.

  For a better comparison with 0.5 mg of whole pollen, 
used to sensitize rats, two PCG doses were chosen: (1) in 
terms of quantities, 4.5  !  10 7  PCGs, which corresponds 
to the PCGs number released from 0.5 mg of pollen when 
100% of pollen grains are broken, and (2) in terms of 
mass, the same amount as the instilled pollen grains dose 
(0.5 mg). The immunization route that we used, that is 
intratracheal instillation, might be considered similar to 
what happens between humans’ tracheal and/or bronchi-
al walls and the aeroallergens (PCGs and pollen grains) 
because the tracheal diameter is large enough to accom-
modate whole pollen grains. This method is a simple and 
rapid technique, allowing the introduction of a controlled 
dose of the allergenic product. Intratracheal instillation 
can also minimize risk accidents related to the manipula-
tion of toxic and allergenic products for laboratory work-
ers.

  In our study, by a single sensitization and one chal-
lenge, PCGs administered by intratracheal instillation 
can induce an increase in IgE (marker of allergy) and 
IgG1 (marker of inflammation) levels in sera (systemic 
responses). In several studies on allergy, it has been shown 
that allergenic sources such as pollen grains could in-
crease IgE and IgG1 levels in animal sera  [19, 23] . Motta 
et al.  [15]  also showed an increase in these parameters af-
ter a sensitization and two challenges with PCGs from 
timothy grass pollen administered by intratracheal in-
stillation, but this increase was higher than what has been 
obtained in the present study. This difference to Motta’s 
work could mainly be explained by the use of an oversen-
sitizing dose due to an underestimation of the PCG num-
ber  [15] .

  In our study, PCGs induce lower systemic immune 
and inflammatory responses than pollen grains. The ra-
tio between IgE levels in PCG-sensitized rats and in pol-
len-sensitized rats was 33% ( fig. 3 ). This ratio was close to 

the humoral responses of Motta’s studies  [14, 15] , but with 
different experimentation protocols, 2 or 4 challenges for 
PCG- and pollen-sensitized rats, respectively. These dif-
ferences in systemic responses, between PCG- and pol-
len-sensitized rats, could be explained by the quantity 
and quality of allergens present on isolated PCGs versus 
the whole pollen ones. In fact, a high amount of water-
soluble proteins in pollen grain suspension, higher than 
those in PCG suspensions, were observed. On the other 
hand, several grass pollen allergens have been found in 
PCGs by immunogold labeling and/or Western blot stud-
ies, such as Lol p 5 and Lol p 9 for rye grass  [9]  or Phl p 4, 
Phl p 5 and Phl p 6 for timothy grass  [10–12] . Finally, pro-
teomic analysis, that is, two-dimensional gel electropho-
resis followed by mass spectrometry analysis, allowed the 
detection of Phl p 5a and Phl p 5b in PCG extracts (data 
not shown).

  Beside the systemic responses, different parameters of 
local immune responses were assessed: (1) pro-allergy cy-
tokine concentrations, (2) eosinophil numbers, (3) lym-
phocyte numbers in BALF and (4) lymph node cell pro-
liferation. For these four parameters, PCGs have induced 
similar and/or higher responses than pollen grains.

  Concerning the pro-allergy cytokines (IL-5, IL-13 and 
Rantes), pollen-sensitized animals presented no signifi-
cant difference from NC, while rats sensitized with 4.5  !  
10 7  PCGs showed increase in the pro-allergy cytokine 
levels compared to NC and pollen-sensitized rats. The 
second PCG dose (0.5 mg) drastically increased all pro-
allergy cytokine levels compared to whole pollen. In pre-
vious human studies, increases in IL-5 and IL-13 concen-
trations were shown in allergic patients  [24, 25] . Asth-
matics also presented an increase in the Rantes level in 
BALF during the pollen season compared to their Rantes 
level before the pollen season  [26] . Moreover, asthmatic 
patients, but not seasonal allergic rhinitis patients, have 
increased levels of Rantes in sputum compared to healthy 
subjects  [27] .

  In our experiments, 4.5  !  10 7  PCGs and 0.5 mg of 
PCG doses induced a greater infiltration of eosinophils 
in lungs than what is obtained with NC and pollen-sen-
sitized rats. However, only 0.5 mg of PCGs showed a sig-
nificant difference, for eosinophil levels in BALF, with 
NC and pollen-sensitized rats. The results reported here-
in are similar to previous studies. Bacsi et al.  [13]  report-
ed that mice sensitized intraperitoneally with 150  � g of 
ragweed pollen and challenged intranasally with 25  � g of 
PCGs showed an accumulation of eosinophils in the peri-
bronchial area. On the other hand, in thunderstorm-re-
lated asthma patients, where PCGs are suspected to be a 
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 � ) concentrations, macrophage and neutrophil numbers 
were studied in BALF. Differences in response between 
PCG- and pollen-sensitized rats were observed according 
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inducing asthma symptoms in contrast to pollen more 
involved in rhinitis.
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