Zhang HQ er al/ ActaPharmacol Sin 2003 Mar; 24 (3): 251-255 - 251-

€2003, ActaPharmacol ogica Sinica
Chinese Pharmacological Society
Shanghai Insti tuteof MateriaM edica
Chinese Academy of Sci ences
http://www.Chi naPhar.com

Therapeutic effects of interleukin-1 receptor antagonist
on allergic rhinitis of guinea pig'

ZHANG Hong-Quan?, SUN Yun, XU Feng

The Medical and Pharmaceutical Academy of Yangz hou Univerity, Yangzhou 225001, China

KEY WORDS interleukin-1 receptors, perennid alergic rhinitis, hisamine; IgE

ABSTRACT

AIM: To determine the effect of interleukin-1 receptor antagonist (IL-1ra) on alergic rhinitis. METHODS:
Allergic rhinitis wasinduced by touene-2,4-diisocyanate (TDI). At the end of thetreatment, the pathd ogica changes
in the nasal mucosa were observed. The concentrations of hitamine in the nasal mucosa and IgE in the blood were
determined aswell. RESULT: Symptoms of alergic rhinitiswere remarkably relieved af ter IL -1ratreatment.
Hematoxylin and eosin staini ng demondrated that less edema was found in the nasal mucosa and small vessel was
normal after |L-1raapplication, but edema,vasodilation, and inflammatory cell infiltration were discovered in the
model group. The concentrations of hitamine in the nasal mucosaand IgE in the blood were lessthan those in the
control group. CONCLUSION: |L-1raimadminigrationselectively and non-traumaticly alleviated nasal congestion,

rhinorrhea, and sneezing.

INTRODUCTION

Allergic rhinitis has been described as an inflam-
matory disorder of the upper airway mucosa,
characterised by alocal influx of eos nophils¥. Expo-
aure of dlergic patientsto their specific allergens pro-
duces a biphasic physiologica responsg?. The early
phase response results in an itching or tingling sensa
tion in the nose within 1to 2min after allergen challenge,
the late phase response, athough poorly understood,
may reflect the inflammatory response to adlergen ex-
posure characterized by sustained nasa congestion.
Airway alergic inflammationis set in motionin geneti-
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caly predisposed individual s at the first exposureto a
novel antigen. Thissendtization step likely depends on
differentiation of Th2lymphocytes and subsequent
cytokine released. Among Th2-derived cytokines,
IL-4 potently enhances B-lymphocyte generation of im-
munoglobulin E antibodies. |1gE wasspecifically asso-
ciaed with dlergic rhinitis¥. Symptomsof allergicrhini-
tisare produced by inflanmatory mediators that are
rel eased upon activation of mast cells by antigen-1gE
interaction. These mediatorstarget the end organs di-
rectly or indirectly. Stimulation of sensory nerves by
histamine, for example, leads to the symptoms?. These
mast cell-derived mediators collectively produce acute-
phaseclinica symptomsby enhancing vascular leakage,
bronchospasm, and activation of nociceptive neurons
linked to parasympathetic reflexes.

Simultaneously, somemast cell mediators up-
regulate expression of adhesion molecules on endothe-
lid cellsfor leukocytes (not only eosnophils, but aso
basophils and lymphocytes), which are key dementsin
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the late-phase dlergic responsg®. And sensitization in-
creasesthe number of histamine H1 receptor. Increased
number of H1 receptor in nasa mucosa in sensiti zed
guinea pigs may be one of the causes of nasal
hyperrespon-sivenessto antigen'®. Increase in IL-4in
seramight be at least partly involved in the seasond
increase in specific IgE in sera. Immunotherapy’ sin-
hibitory effect on IL-4 production and specific IgE re-
sponse might be one of its working mechanisms”

IL-1isactudly afamily of 3 proteins, IL-1a,
IL-1b, IL-1ra IL-1 hassgnificant biologic properties
related to its proinflammatory activity. A prominence
of CD4" T cells and eosinophils, synthesis and release
of T(H)2 cytokines, and the coordinate expresson of
chemokines and adheson mol ecules areall characteris-
tics of the alergic response observed in rhinitis?. In
type | immediae hypersengtivity, IL-1 hasbeen shown
to be involved in generating enhanced basophil-
hisamine release either directly or indirectly through
intermediate induction of 1L-1 aswel | as chemokines.
Allergic rhinitisrepresents a persgtent inflammation in
terms of an activation of eosinophils and congtant
upregulation of proinflammatory cytokine IL-1beta®.
IL-1rais thought to modulate the potentially deleterious
effectsof IL-1 in the natura course of i nflammation,
and hasbeen used experimentaly asan anti-inflamma:
tory agent. Its physologic rolein inflammation and
pathologic rolein sysemic inflammatory states arein-
creasngly recognized. Major anti-inflammatory
cytokinesinclude interleukin (IL)-1 receptor antago-
nigt?,

Interl eukin-1 receptor antagonist (IL-1ra) isan
antagonist that has no agonig activity compared with
other 2 family membersiL-1a and IL-1b. IL-1a and
IL-1b are not only potent enhancersof immuneresponses
but a so very potent inducers of acute phase responses
and inflammation. They haveawide variety of effects
inimmunity. The identification of IL-1raas apotentia
antagonist leads to some very interesting possibilities
for clinical intervention with cytokine antagonists that
have only begun to be explored in terms of their effi-
cacy!™. Based on thecharacterigtics of the IL -1ra, we
want to know theraputica effects of IL-1raon the a-
lergic rhinitisof guineapig challenged by TDI.

MATERIALS AND METHODS

Animals Guinea pigsof ether sex (350-450 g),
conventional animalswere provided by Experimenta
Animal Center of Yangzhou Universty. Certificate

No 93104.

Drugs Toluene-2,4-diisocyanate (TDI) and Olive
oil were supplied by Shanghai Chemical Company.
Interlaukin-1 receptor antagonist (IL-1ra) were supplied
by the Bi opharmaceutical Company of Peking Univer-
Sty

Experimental protocol Forty-eight adult guinea
pigs were randomly divided into Sx groups (n=8):
vehicle(Olive ail), model, dexamethasone (Dex) group;
IL-1ral, 2, 4 mg/kg group. Guinea pig was sendtized
following the procedures with some modificati on'*?.
Vehiclegroup received an intranasal indtillation of 5 i
of Oliveail. The other group received intranasal ingtil-
lation of 5 L of 10 % TDI (vehicle wasOlive oil) once
aday for 7 d.

After 7 d, Dex 2.2 mg/kg was given im once a
day. IL-1ral, 2, and 4 mg/kg wasinjectedim. All the
drugs were administered 30 min before TDI adminis
tration for 14 d.

Within30 min after the sengtizaion, nasa itching,
sneezing, and rhinorrhoea were observed to monitor
the effects of IL-1ra. Performance severity was as
sesad by use of numerical scores. itching, light and
occasional smear, 1 point; severe and continuous smear,
2 points sneezing: 1-3times, 1 point; 4-10 times, 2 points;
over 10 times, 3 points. Rhinorrhoea: within the nasa
cavity, 1point; outsdethenasal cavity, 2 points, on the
face, 3 points. Inthe end scoresfor itching, sneezing,
and rhinorrhoea were added together.

After the drugs were im adminigtered for 30 min
on the last day, the blood was withdrawn from the ca
rotid artery. The concentration of 1gE in blood was
measured by ELISA. The guineapigs were sacrificed,
and the septum nas was dissected, routinely processed,
and embedded in paraffin for histopathological
observation. The nasd mucosawas stained with he-
matoxylin and eosn (HE). The infraturbina, middle
turbinate, and supraturbina were taken from the basal
layer, and nasal mucosa 100-150 mgwas obtaned. Total
histamine content was assayed by Shore’ s method!™!.

Statistic analysis All data were shown as
meantSD and analyzed with ¢-tedt.

RESULTS

Effect of IL-1ra on the performance of guinea
pig induced by TDI In the first week, no sgnificant
differencesin the scores between groups were found,
although the scores were higher than before. Inthe
following two weeks, changes in performance were
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sgnificantly different among groups (P<0.05), IL-1ra
1-4 mg/kg amdliorated the TDI-induced increasein the
scores (P<0.05 vs model group). The effect of IL-1ra
4 mg/kg is better than others (Fig 1).

Effect of IL-1ra on histology changes The na
sal mucosa of Olive oil group wasnormd. In themodel
group, the lesions were characterized by edema,
congestion, and the infiltration of numerous inflamma
tory cellsinto nasa mucosa, especially the eosnophils.
Some increase in number of lymphocyte was also
noticed. IL-1ral, 2, and 4 mg/kg protected nasa mu-
cosa agai ngt morphological damage by TDI. Effect of
IL-1ra4 mg/kg was the best among 3 doses. In Dex
treated group, the mucosalesonswere quditatively smi-
lar but sgnificantly less severe than IL-1ra 4 mg/kg

group (Fig 2).
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Fig 1. Effect of IL-1ra on the performance of guinea pig

induced by TDI. n=8. Mean+SD. "P<0.05 vs model group.
‘P<0.05 vs IL-1ra 4 mg/kg group.

Effect of IL-1ra on histamine TDI induced a
profound increasein higamine (P<0.05) in modd group.
Dex, IL-1ra 1, 2, and 4 mg/kg reduced the TDI -
induced higamineincrease in (P<0.05) (Fig 3).

Fig 2. Representative photomicrographs of mucosa in nasal tissue after administration of IL-1ra for 14 d. A: Vehicle group.
B: Model group. C: Dex group. D, E, F: IL-1ra-treated group at a dose of 1, 2, and 4 mg/kg, res pectively. HE stain, x40.
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Fig 3. Effect of IL-1ra on histamine in allergic nasal mu-
cosa of guinea pig induced by 10 % TDI. n=8. Mean+SD.
"P<0.05 vs model group. °P<0.05 vs vehicle group. "P<0.05ys
Dex group. “P<0.05 vsIL-1ra 1 mg/kg group.

Effect of IL-1ra on IgE in serum Dex, |L-1ra
1, 2, and 4 mg/kg inhibitedthe TDI-induced increase in
IgE (P<0.05), but sgnificant differences between these
groups were found (Fig 4).
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Fig 4. Effect of IL-1ra on IgE in allergic nasal mucosa of
guinea pig induced by TDI. n=8. Mean+SD. "P<0.05 vs
model group. °P<0.05 s vehicle group. "P<0.05 vs Dex group.

DISCUSSION

Our experimentsdemonstrated that IL-1racan a-
leviated the rhinitis symptoms effectively, inhibited the
pathological processes of the nasa mucosa and pre-
vented the infiltration of ymphocytesand eosinophils.
The ameliorating mechanism was perhaps due to the
breakdown of the balance of the inflammation cytokines
and anti- inflammation cytokinesin vivo. Higaminemay
influence several functionsof lymphocytes, monocytes,
basophils, and macrophages to modul ate the rel ease of
inflammatory mediators and cytokines™. Mast cells

arerecognized asa new type of immunoregul atory cells
capable of producing different cytokines™. Taking our
observations i nto account, there was no s gnificant dif-
ference between the Dex, IL-1ral, 2, and 4 mg/kg
group. Perhapsit was related to the complicated net
among the cytoki nes,which indicated multiple facters
influenced hisamine and IgE secretion.

But there were other reports about the contrary
sensethat IL-1ra was in great molar excess in the se-
cretions or the serum™*, But our experiment indicat-
ing that I L-1racould treat dlergic rhinitisin vivo in-
duced by TDI dleviating the symptomsand the patho-
logical processes suggeds that I1L-1ra has protective
effects againg allergic rhinitis. Preventing the increase
in histamin and IgE may serve asone of themechanisms.
Thereby. IL-lramay havea bright future in the therapy
of dlergic rhinitis. Further sudy, such as whether there
isacommon bese between IL-lraand Dex, and whether
thereis difference between the IL-1rain vivo and in
vitro, will be invedtigated.
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