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Abstract

Background: 1t is well known that eosinophilic airway in-
flammation develops after allergen challenge in sensi-
tized humans and animals. However, the detailed time
course of suppression of early eosinophilic airway in-
flammation by pharmacological agents given just after
challenge has not been discussed. Therefore, we aimed
to evaluate the time course relationship of the suppres-
sion of peak eosinophilia by anti-cytokines and pharma-
cological agents given several hours after the aerosol
challenge by a therapeutic approach. Methods: We used
crude mite extract as an allergen to create a sensitiza-
tion and inhalation challenge, and performed bron-
choalveolar lavages (BAL) after the inhalation challenge
to observe the degree of eosinophilic airway inflamma-
tion in guinea pigs. Various anti-cytokines (anti-IL-3 and
anti-IL-5) and pharmacological agents (dexamethasone,
theophylline, and roxithromycin) were given within sev-
eral hours after the acute aeorosol challenge to evaluate
the suppressive effect on peak eosinophilia in BAL fluid,
which occurred 24 h after the challenge. Results: Our

results show that anti-IL-5 and dexamethasone, given
within 4 and 8 h after the inhalation challenge, respec-
tively, inhibit the acute allergen-induced peak eosino-
philia in BAL fluid. However, anti-IL-3, theophylline, and
roxithromycin had no effect on peak eosinophilic airway
inflammation after challenge. Conclusion: These obser-
vations suggest that several hours are needed to com-
plete the process of cytokine-induced recruitment of
eosinophils from the blood to the airways after acute al-
lergen challenge. This may be the optimal time to ad-
minister anti-cytokines and dexamethasone to attenu-
ate the subsequent eosinophilic airway inflammation
after acute allergen-induced asthmatic attacks.

Introduction

Airway hyperresponsiveness is considered to be the ba-
sic pathophysiologic mechanism of asthma, and airway in-
flammation with eosinophils is strongly related to airway
hyperresponsiveness [1-5]. Recent evidence suggests that
the migration of eosinophils from the blood into airway tis-
sue is dependent on the expression of adhesion molecules
on endothelial cells. When the sensitized subject or animal
inhales the allergen, the T lymphocytes will secrete many
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cytokines (especially IL-5). This enhances the expressionfaf10 min, or until the development of severely labored breathing as

adhesion molecules, including ICAM-1 and VCAM-1, orgvidenced by deep chest wall indrawing or cyanosis. According to the

the endothelial cell surface [6-10]. The eosinophils in tligecmcatlons of the manufacturer, the particle sizes produced ranged

. rom 1 to 5um and the output of the nebulizer was 0.5 ml/min.
blood stream adhere to the surface of the endothelium an(g1 " P

then migrate into the airway tissue. Previous studies haveBronchoalveolar Lavage
shown that pretreatment with anti-IL-5 antibodies or corti- The experimental animals were anesthetized with an intraperi-
costeroids before aerosol challenge can inhibit the subgeal injection of pentobarbital (75 mg/kg) and killed by exsan-

. . . . uination through the carotid artery. A tracheostomy was performed
quent eosmoph|llc airway inflammation after the Cha”enggvhere 5 ml of 37°C normal saline was instilled into the trachea, al-

However, the therapeutic effect of anti-cytokines and ph%\'/ved to dwell for 20 s, and then withdrawn. The lavage was repeat-
macological agents given just after the challenge has raredywith another 5 ml, and the recovered fluid was combined with the
been documented [11]. In addition, the time course of tfist lavage. The recovered BAL fluid volume was measured, and the
therapeutic effect of the suppression of peak eosinophﬂhﬂd was placed immediately on ice. Cells were sedimented by cen-

;o . ifugation at 20Qy for 10 min at 4°C. The supernatant was discarded
aftgr allergen challenge by anti-cytokines and pharmaéaﬁiqd the cells were resuspended in 5-10 ml of Hanks’ balanced salt so-
logical agents has not yet been reported.

¢ ) lution. A cell count was performed on a hemocytometer, and a differ-
In this study, we used crude mite extract (CME) as an ahtial count of more than 500 cells was performed on cells transferred

lergen to create sensitization and challenge, and perfornted glass slide using a Cytospin centrifuge (Shandon, Pittsburgh, Pa.,
bronchoalveolar lavage (BAL) to observe the degree aH8A) and stained with Liu's stain (a modified Wright stain). The

. . . . Lo . ._counting and calculation of the cells in the BAL fluids were per-
duration 9f eosmqphlllc glrway inflammation in g'umea Pig ormed by one of the authors (A.H.) who was unaware of the status of
[12]. Various anti-cytokines and pharmacological agent$ animals.

were used within several hours after the challenge to evalu-
ate the suppressive effect on peak eosinophilia which devel-Study Design
oped 24 h after challenge in BAL fluid. Our results show To demonstrate the time course of eosinophilic airway inflamma-

e . . inpn after CME aerosol challenge in sensitized animals, we performed
that anti-IL-5 and dexamethasone, given within 4 and stkﬁe inhalation challenge on day 21, and the BAL was performed at 6,

after the inhalation challenge, respectively, could inhibit thg, (gay 22) and 72 h (day 24) and at 7 days (day 28) after the inhala-

acute allergen-induced eosinophilia in BAL fluid. tion challenge in various actively sensitized animals. Two groups of
animals were used in this experiment. Mite-sensitized and mite-chal-
lenged (M-M) animals received an intraperitoneal injection ofyig0

Materials and Methods CME with 4 mg AI(OH)} on days 0 and 7, and the inhalation chal-
lenge of the CME aerosol was performed on day 21. Mite-sensitized
Preparation of CME and normal saline-challenged (M-NS) animals underwent the same

CME from purified Dermatophagoides farina@Allergon AB, procedures as the M-M animals except for using normal saline instead
Uppsala, Sweden) was prepared by the method described by Haidaf &@ME for inhalation challenge on day 21.
al. [12]. Briefly, the purified cultured mites were defatted with ether, To evaluate the effect of pretreatment with anti-cytokines or phar-
and then 30 ml of phosphate buffer was added to 1 g of defatted mitemcological agents on peak eosinophilia, which was present in BAL
and homogenized in an ice bath. Seventy milliliters of phosphdteid 24 h after the challenge, M-M animals received intraperitoneal
buffer was added, and the mixture was then stirred or rotated foinctions of either 100 or 3Q@ of rat anti-mouse IL-5, IL-3, or GM-
days, centrifuged at 2@pfor 30 min at 4°C, and the supernatant wa€SF monoclonal antibody in 1 ml normal saline 2 h before the CME
removed and dialyzed in distilled water for 48 h, after which it washallenge. Another group of M-M animals received dexamethasone
lyophilized. The lyophilized CME was stored at —20°C until use. THED mg/kg i.p. b.i.d., dexamethasone 30 mg/kg i.p. b.i.d., theophylline
protein content of the CME was about 50 v/iw% as measured witi@mg/kg per os b.i.d., theophylline 30 mg/kg per os b.i.d. roxi-
Bio-Rad protein assay kit (Bio-Rad Lab, Hercules, Calif., USA). thromycin 10 mg/kg per os b.i.d. or roxithromycin 30 mg/kg per os

b.i.d. for 3 days just before the challenge. BAL was performed 24 h

Guinea Pigs and Active Sensitization of Guinea Pigs to CME after the challenge.

Male Camm-Hartley guinea pigs, 300-360 g, from the Laborato- We also investigated whether peak eosinophilia can be blocked by
ry Animal Center of National Taiwan University were used. Thegiving anti-cytokines or pharmacological agents at different time in-
were actively sensitized with an intraperitoneal injection of 40 tervals after the inhalation challenge from a therapeutic point of view.
CME with 4 mg Al(OH} in 1 ml normal saline on days 0 and 7 [13].Anti-IL-5 or anti-IL-3 (300ug) in 1 ml normal saline was given in-

traperitoneally to various M-M animals at various intervals, i.e. 2, 4,

Inhalation Challenge of Mite Aerosol in Mite-Sensitized Guinea8, or 12 h after the challenge. Another group of M-M animals received

Pigs dexamethasone 30 mg/kg i.p., theophylline 30 mg/kg per os, or roxi-

Intraperitoneally sensitized guinea pigs were challenged with miteromycin 30 mg/kg per os at 2, 4, 8 or 12 h after the challenge. All
aerosol on day 21. Animals were placed into a 10-liter clear Plexigthgse treated animals had BAL 24 h after the inhalation challenge.
box into which nebulized (DeVilbisis aerosonic 500D; DeVilbisis
Co., Somerset, Pa., USA) CME solution (1 mg/ml, 5 ml) was blown
at 8 liters/min. Awake animals spontaneously breathed mite aerosol
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Table 1. Total and differential counts in BAL fluids after aerosol challenges in mite-sensitized guinea pigs

(X10® cells)
Procedure Total cells Eosinophils Neutrophils Lymphocytes Macrophages
6h
M-NS 11.691.12 1.340.26 0.2%0.08 0.590.21 11.120.98
M-M 14.98+2.04 1.36¢0.27 1.680.32 0.59+0.19 11.4%1.38
24 h
M-NS 10.36:0.84 1.150.13 0.120.03 0.8%0.21 8.210.78
M-M 29.57+4.40» 12.78:2.64~ 1.18t0.27° 0.84+0.25 14.7#2.37°
3 days
M-NS 11.98:1.23 1.260.16 0.1%0.03 0.680.16 9.931.43
M-M 22.78+2.1% 10.05t2.11a 0.12+0.03 0.880.22 11.731.98
7 days
M-NS 11.88-1.19 1.240.11 0.1@0.02 0.7&0.24 9.761.03
M-M 19.77+1.68 8.21+1.47a 0.08+0.03 0.540.12 10.931.74

Values are means SEM. There were 6-8 animals in each groyp<0.01 as compared with the M-NS group;
bp<0.05 as compared with the M-NS group.

Drugs

The following materials and reagents were used: rat anti-mot
IL-5, rat anti-mouse IL-3, rat anti-mouse GM-CSF, and isotype r
IgG1 (Pharmagine, San Diego, Calif., USA), dexamethasone & £_1100ug 1P
theophylline (Sigma Chemical Co., St. Louis, Mo., USA), and rox 20 - o
thromycin (Hoechst Marion Roussel, Germany). .

|

10 -

25 -

Statistics

All data are presented as meanSEM. A one-way ANOVA with
the Newman-Keuls multiple comparisons procedure or Student’
test was used for comparison of the data0m5 was considered to
be significantly different.

Eosinophils in BAL fluid (X 108)

0 T T I T 1
Results Control anti-iL-5 anti-IL3  anti-GM-CSF

Total and Differential Counts in BAL Fluid after Fig. 1. Effect of intraperitoneal pretreatment with anti-cytokines,

CME Aerosol Challenge given 2 h before the challenge, on peak eosinophilia in BAL fluid 24 h
The total white cell and differential counts of BAL fluidafter the challenge in mite-sensitized guinea pigs (n = 5-6). Control

at different time intervals after the CME inhalation chaknimals received 30(g of isotype rat IgG1 as a control antibody.
lenge in actively sensitized guinea pigs are shown in tablé R:=0-01. **p<0.05 as compared with the control animals.
Total white cells and eosinophils were significantly in-
creased at 24 h, 3 and 7 days after the challenge in the M-M
but not in the M-NS animals. Neutrophils were also signifi- Effect of Pretreatment with Anti-Cytokines or
cantly increased in M-M animals at 6 and 24 h after the Pharmacological Agents before Challenge on Peak
challenge. Eosinophilia in BAL Fluid
The eosinophil count in BAL fluids 24 h after the inhala-
tion challenge with pretreatment with anti-cytokines is
shown in figure 1. Pretreatment with 100 or 30§ of
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Fig. 2. Effect of pretreatment with pharmacological agents, give c 8-
before the challenge, on peak eosinophilia in BAL fluid 24 h after tt 2
challenge in mite-sensitized guinea pigs (n = 6-8). Control anim: [ 4 -
received no drugs. *0.01 as compared with the control animals £
dexa = dexamethasone; theo = theophylline; roxi = roxithromycin. i 0 T T T T ]
Control -2hrs  +2hrs  +4 fus b

anti-IL-5 instead of anti-IL-3 or anti-GM-CSF 2 h beforeFig. 3. Effect of anti-IL-5 30Qug i.p. ) and anti-IL-3 30Qig (b),

the challenge caused a dose-dependent inhibition of tlien at various time intervals after the challenge, on peak eosinophil-

peak eosinophilia in BAL fluids. In addition, pretreatmerig i BAL fluid 24 h after the challenge (n = 5-6). Control animals re-
ith 50010 of anti-IL-5 did not increase the dearee of inhi(—:elved 300ug of isotype rat IgG1 as a control antibody 2 h before

W_'_ “g ] - g ‘challenge. Anti-IL-5, given within 4 h after the challenge, attenuated

bition of peak eosinophilia. The effects of pretreatment withe eosinophilia in BAL fluid; however, anti-IL-3 had no effect.

various pharmacological agents on peak eosinophilia ape<0.01 as compared with the control animals.

shown in figure 2. Only dexamethasone inhibited peak

eosinophilia. Theophylline and roxithromycin did not have

this effect.

Effects of Anti-Cytokines and Pharmacological Agents mycin given within 8 h after the challenge did not have any

Given at Different Intervals after the Challenge on Peakeffect on eosinophilia in BAL fluid (fig. 4b, c).

Eosinophilia in BAL Fluid

The effects of 30@g anti-IL-5 given at different inter-
vals before and after the inhalation challenge are shown inDiscussion
figure 3a. Anti-IL-5 given 2 h before and 2 and 4 h after the
challenge caused a significant decrease in eosinophilia inBronchial mucosal eosinophilic inflammation is recog-
BAL fluid 24 h after the challenge. However, anti-IL-5 giv-nized as one of the main events associated with bronchial
en at 8 h did not have this effect. The effects of anti-IL-yperresponsiveness and asthma [1-5]. It is now well-es-
given at different intervals before and after the challenge dablished that cooperation between eosinophils and T lym-
shown in figure 3b. Anti-IL-3, given at any interval, did nophocytes is mandatory for the pathogenesis of asthma [14].
decrease eosinophilia in BAL fluid. In this study, aerosol challenge of intraperitoneally mite-

The effects of dexamethasone are shown in figure 4nsitized animals caused eosinophilia in BAL fluid, which
We found that, like anti-IL-5, dexamethasone inhibitedeaked 24 h after the aerosol challenge. Eosinophilia was
eosinophilia when the drug was given within 8 h after thgenerally sustained for at least 1 week, and subsided after 2
inhalation challenge. However theophylline or roxithroweeks [13].
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The pathogenesis of the peak eosinophilia in BAL flui

after the challenge is strongly related to cytokines releas & 50

from Th2 cells during the inhalation challenge [15-17]. Pr = Dexamethasone

vious studies [18-23] have already demonstrated that p E 16 |

treatment with anti-IL-5 or cytokine-suppressing drug =

such as dexamethasone and theophylline before the ¢ I 12 4 ”

lenge can inhibit the peak eosinophilia after the challenge ”En 8

ovalbumin-induced asthma models. In this study, we al = . o« "

found that pretreatment with dexamethasone and anti-IL g 4 ﬁ

2 h before the challenge inhibited peak eosinophilia in BA § 0 ﬁ ‘_T_\

fluid in mite-induced allergic airway inflammation in w Control 2fva +2hs eAls sdhm +12he | @

guinea pigs. However, other anti-cytokines such as anti-I
3 and anti-GM-CSF did not have any inhibitory effect. Be
cause theophylline and roxithromycin have been demc
strated to have anti-inflammatory and anti-cytokine effec
[19-21, 24], we also evaluated the possible suppressive
fects of these agents on eosinophilic airway inflammatic
We found that pretreatment with a high dose of theophyllii
had no effect. This result was different from previous stu
ies [19-21] in which theophylline reduced peak eosinoph
ia 24 h after challenge in ovalbumin-sensitized guinea pi
This discrepancy may be related to the different allerg
and method used. We also found that roxithromycin did r
have a suppressive effect on airway eosinophilia in ©
model.

The time course of the inhalation challenge, expressi
of adhesion molecules, and eosinophilic airway inflamm 16
tion have not been fully explored before. Allergen challen 12 |
can cause secretion of cytokines (especially IL-5) from
lymphocytes which results in pulmonary eosinophili 8
[15-17]. The mechanism of IL-5-induced eosinophilia i 4
not totally clear, but previous reports have demonstrat
that IL-5-induced expression of adhesion molecules ¢ 0 T T T B |
eosinophils and endothelial cells [25-27] is a major comp Control -2hrs  +2hrs - +4hrs  +8 hrs =
nent. Our previous report indicated that the expression ui
adhesion molecules in endothelial cells develops until &Fly. 4. Effects of dexamethasone 30 mg/kg i.p), (theophylline
after the inhalation challenge in sensitized mice [28]. Fro#f mg/kg per osk), and roxithromycin 30 mg/kg per os)(given at

these findings and the therapeutic point of view, we Speaiﬁerent time intervals after the challenge, on peak eosinophilia in
’ BAL fluid 24 h after the challenge (n = 6). Control animals received

; ; ) . ) ) W& medication. Dexamethasone, given within 8 h after the challenge,
airway inflammation. If we can give anti-cytokines Ofnhibited peak eosinophilia in BAL fluid. Theophylline and rox-
cytokine-suppressive drugs before full expression of theromycin had no effect. *£:0.01, **p<0.05 as compared with the

adhesion molecules on the endothelial cell surface, we €antrol animals.

decrease peak eosinophilic airway inflammation and subse-

guent epithelial damage and airway hyperresponsiveness.

We found that anti-IL-5 given within 4 h after the inhalatiotion is that the full expression of the adhesion molecules for
challenge significantly inhibited eosinophilic airway inthe eosinophils on the endothelial surface develops several
flammation 24 h after the challenge. However, when antieurs after the inhalation challenge. Anti-IL-5 given within
IL-5 was given more than 8 h after the challenge, the peék after the challenge can stop the progress of the IL-5-in-
eosinophilic airway inflammation did not decrease. Fronuced expression of adhesion molecules. After 8 h, it is pos-
this observation and previous studies, a possible explasie that IL-5-induced expression of the adhesion

20 1 Theophylline

16

12
8 -
4 _
0 1 I I

T T
Control -2hrs +2hrs +4hrs  +81ws b

Eosinophils in BAL fluid (X 105)

20 + Roxithromycin

Eosinophils in BAL fluid (X 106)
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molecules has already fully developed; therefore, anti-ILggak eosinophilic airway inflammation, possible subse-
given after this time does not further decrease adhesguent airway inflammation or hyperresponsiveness after an
molecules and eosinophilic airway inflammation. Thiallergen-induced acute asthmatic attack is within 4—8 h after
speculation needs further study. the acute attack.

The cytokine-suppressive drug dexamethasone givenin conclusion, we found that anti-IL-5 given within 4 h
within 8 h after the inhalation challenge can also inhib#ind dexamethasone given within 8 h after the inhalation
eosinophilic airway inflammation. Dexamethasone possihallenge can attenuate the acute allergen-induced peak
bly inhibits eosinophilic airway inflammation by its sup-eosinophilia in BAL fluid in guinea pigs. These findings
pressive effect on cytokine (including IL-5) productiorsuggest that several hours are needed to complete the pro-
from Th2 lymphocytes and an enhanced apoptosis effeess of cytokine-induced recruiting of eosinophils from the
[29]. The inhibition of eosinophilia by dexamethasone wdsdood to the airways after acute allergen challenge. This pe-
more complete and more prolonged even at 8 h after inhaiad is very important from the therapeutic point of view, es-
tion challenge. These observations suggest that a high doseially for patients with an evident environmental aller-
of corticosteroids is a strong inhibitor of cytokine produgen-induced acute asthmatic attack.
tion, and enhanced apoptosis may be another important
mechanism in the suppressive effect of allergic eosinophilic
inflammation by corticosteroids. From the therapeutic point
of view, our observations demonstrate that the optimal time this work was supported by the National Science Council grant
to give anti-IL-5 or corticosteroids to decrease the degreeNsC 84-2331-B-006-099 MO03 of the Government of Taiwan.
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