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Table 1. mean worm recovery rates (%) after infection with E. hortense
metarcercaria in BALB/c mice with ketotifen treatment - - - - - - 9
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BSA : bovine serum albumin

DEX : dexamethasone

DEPC : diethyl pyrocarbonate

ELISA : enzyme-linked immunosorbent assay
IFN : interferon

Ig : immunoglobulin

IL : interleukin

PBST : phosphate buffered saline-tween 20
TBE : Tris-borate/EDTA

WRR : worm recovery rate
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H}-9-2~0| A Eosinophile] ™ < 1Qk-g-3}

A% 7 Aol YEEs Solddl weukge) sz %A Wes 5 4
o]
-

o & Aol A= BALB/c vhg-2oll A e A whgoll dojshs sAkge] W

x2

II.

S-S dolr ] Yl EE2EAT PSS (Echinostoma hortense)®] ¥
k-0 A AL w5 A A

ol w A} ek a3 & dejA] A A ketotifenS HTAOR HHgFS
Al ketotifeno] FAFRo] W eRES o WX = g3Fol] thate] ropm girt.

BALB/c vk 20257553 HHA7]13L, ketotifens Fol8 o3} 7
ofatA] e wolAe FA I4E&S vl A ketotifen FolwollA o =%
i, FAZE F o el s a2y dHolA e dgERaddgA, IgE,
IgGl, 1gG2) &A7F= ketotifens FostA] g2 oA HT} ketotifens o] g
oA sretAlE AE B 53] 7S] #adHW @4 gEY w4 s
I 22 WS4 o] o =4 Y=, ketotifen T SATE 24
A Mo IgE FAABA-S =X 3= Th2 cytokine?] 1L-49] AA-S A3t}
83l ketotifen Fol &= IgGl, IgG2 Ao AL JAETS & = AU

ol ¢} #o] ketotifene ole] 7Fx ¢ AAFEZE YUY cytokine A E HAAME
ol

A AT BEE JAGoRA, VAT HAC el FE= dHA wkgel o

]o

AN = W T EUHATFTEE ketotifen, WIS 2 EH, 4 BALB/c



71l 5ol AAHd vgs AEAE AAUAN AFoR AsHa AR
gt aeu AR VIEES =
g, dA HE7IZbe]l Ay Ay
(chai, et al., 1993; Wakelin, et al., 1993).
e Hogwrs F 78 FY Al gk 5ozl Meukgol st o4y
A fegs 5 F A F, VATl 557 U2 oo A AR 224 o 24t
T w& o] YelYal(Kingger, 1997; Saito et al., 1996) @ oA IgE &A|7l7F &
AstA A5 ¥ =4 (Kojima, et al, 1972; Jarrette and Bazin, 1974; Ishizaka, et

<
= 542 nag

i
@
><
g
=3
2
S
2
)

al., 1976; Rouseaux-Prevost, et al.,1979; Rihet, et al., 1991) ©]# 3 IgE w74
A 18 &2 A 93 (Type I allergic reaction)2 5o Hdreg Fasl= I
o] Eol& wf o] g AMEHSAE FATE wEo A 7] witoltt

Z Ad Aol YElgE dgurse 232 o sake] i o]y (Kingger,
1997; Saito et al, 1996), @3 Wl Ig #FA7ke] de IS = F v
(Hogarth-Scott et al., 1969; Rosenberg et al., 1970; Kojima et al., 1972;

o
ol

Dessaint et al., 1975; Ito and Sawada, 1976; Juhlin et al., 1969). ©]&]3gF Z 2k
of Bdlolyt A== WEl= cytokinedt A A #Ho] Sl Heow
2= a1 ¢dti(Callard and Tunner, 1990; Calvert et al., 1990; King et al., 1990;
Philps et al., 1990; Lagente et al., 1995).

g dex oFER QPEer el AR I 9= ketotifend M EUFS] &S

M

S 2438 3, histamine FEAE ARt WA J&S v A HGrant, et al.,
1990). ©] °FAl= Beta F&AE T sta, A= o EujE= wifEd
o] BH]E AR 3Y(Castillo et al, 1991; Cordoba, 1992). =3+ [gA #H|Z W3
st "WEZEY ZAH [gGl ¥ IgG2wreS  #adtth(Kondo, er al, 1994;
Doligalska, 2000). —L&] il - 2 MY E ZA43510] IgE FA S H8 =

T2k x
IL-49] A4 A dde AU S5 #AAZT Ketotifene EF Th2

ol



cytokine®] 7AE %3] IgA, PEG2, LTB AAS 7ZHAA7)Y, nitric oxide
synthase(NOS) A =5 F7F Al7l= A& o= afA A2 3 deA 9 Az A
2537 QT (Konno et al., 1994; Eliakim et al.,, 1992; Karmeli et al., 1991).
Al A= BALB/c vh2o SERASTEFY] TS AR
5 dotrdrt ob&e] 3 LA AA

ZAAN I A A £
WA, el A wkgol weleli sl

(e} i=i

=
i)
2
-
Lo

iy

=
r (

e
Ql ketotifens ATH o= A7F Fofs}
Amzz i 2@ wsts dolrdrt g upg-2~ A oA ELISA WHo=
ketotifen d-Fo] Woa=2Ed IgA, IE, IgGl, IgG2 % o¥ 7HA

cytokine(IFN-v, IL-12, IL-4)& Z7ste] A tgo] xo]& Hlul A g0 = A

ketotifen®] WAl ofulslt F&FS F=X Lol A}t 3T



A2 AFAE R EH

1. 48F=

A 6573 BALB/c &% vh-2=8 dighbteleda AdSE AHAA 79
ato] AREskaith Ketotifens Foldh AL FolatA] &2 dEL oz ol
Zkz} 3wk ¥ 857 Ak
2. AU

1) Ketotifen &%

upg-2 Ao vlEEte] ketotifens Ay A Aol mol, EUlE AE3El]

oz AH Fo 3921 (0.1 mg ketotifen/kg), TENAF T &5 JITF5
S AN 1FARE A & d7A vl A Fodssith

2) 3ERA2FTEFTY A3 HFF 7
Ketotifens Folgt A3 1

e AT #FHIAHH

ot

2] ero iz mrEw 3079 uudg

s 7L 1FddA 8Fd 7h#] HAFT
2|4 sAste] 7Y ZFAE Fstdrt. wp2o ethyl etherE o] &3}o]
AFErHoR AANA 2FE oY 24oR A& Hs 085% A4

ZA 3 2942 Baermann's apparatus 9ol 24

BB obE F AFL SRR vhezel YA AYHFFG A5 A

4) AT BAFH L 93 Lendrum’s(1994) method
2SS A, HEE FESte] olE2- S AAS I 10% T4

Fl
I
e
ac)
B=)



o 1A E Z2AL paraffin 2¥HE e S Mayer's Hematoxylin® 2 30%7F
A AAsEAY. a8l FA4$ & Carbol-chromotrope solution® 2 30 < 238}

5) & €% W9 Eosinophil A&
FA £ BALB/c v~ F AuxaS A dE FERGIllDE F
292 MAse] dujFd oz A=At F, 10709 FRoA ZHzte] AEFE A

14 10 villus—crypt unit(VCU)E 7l 4ts}A

6) ELISA ZALE & A Fv 9 IgA, IgE, 1gGl, IgG2 &R

Ketotifene T3 Fot3 FojstA] @2 ot vhg-29 QhopA w4
gl s w7 fHste] dAEEs] S A2 F 70T olstell A H#sHaAth

ELISA= Voller 5(1976)°] 723 W¥Rol wel s =46l 9 =%
A& S d sheFo]l 5 pg/ml= Al 0.05 M carbonate-bicarbonate buffer(15 mM
NaxCO3, 35 mM NaHCO; pH 96)2 343l o™ polystyrene microplate(Nunc,
Roskilde, Denmark)2] Z} welldl] 100 pl® L5kl 37ColA 1A17F HF&-A1 7] L
microplateE PBSTZ 33] A& 3}ith 3% BSA/PBSTE 200 wi/well 2 HE3}
of 37TColA 1A WhgAIA &do] FAEA| e F9E ads & 33 AlH s}
Atk 18] 31 horseradish peroxidase-goat anti-mouse IgGl(Serotec, Kidlington,
Oxford, 1 : 1,000), IgG2(Serotec, 1 : 1,000), horseradish peroxidase-goat
anti-mouse IgA(Serotec, 1 : 2,000)¢} horseradish peroxidase-rat anti-mouse
IgE(Biosource, Camarillo, U.S.A)E 100 pl/well  EF3Fe] 37T A 1A 7 B
ek & 583 33 AMF ST 8k o-phenylen diamine 0.5 mg¥ 30% H2O: 10
WZ 0.1 M phosphate citrate buffer(pH 5.0) 50 mlel]l =21 712 AE 100 b/ well
A F7bske] A2 bAoA IAZE Agsid WS AAATIZ] flEke] 25 M
HoSO4 25 w0 A 7Fehed a1, ELISA reader((Molecular Devices, U.S.A)E A}-&3}

o] 490 nmol A EFEE =AU}



7) ELISAE o] &3 dA A9 Cytokine &3
Cytokine ¥d S 9% FHE WHAsEEY SN Y 43 Uy

oz FHlakth IFEN-v, IL-12, IL-4% sandwitch¥ & o] &3tol ZFA3stolrh
monoclonal anti-mouse IFN-v antibody, monoclonal anti-mouse IL-12
antibody, monoclonal anti-mouse IL-4 antibody(R&D system, U.S.A)% TE=E
27y 250 ng/100 w7} ¥ %% PBSZE 34 38e] polystyren microplate(Nunc,
Roskide, Denmark) Zr wellol 1003 Eo] 4TolA 24A7F kA #HT} o
microplate® PBST (phosphate bufferd saline-0.05% Tween 20)%

-

tohy
Y
Y
rot
offt ot

3
1% bovine serum albumin/PBSZ welld 200 pl® EF3 T 2204 90E
¢F W2 Al A monoclonal anti-mouse antibody7} H-2HEx] ¢& B2z

331 ATt o7]el FHl FHE 100 wl/well® ®EFaFa Ao A 243t

o

HkS- Al Zi T} Cytokine Wz well?] 4% 229 cytokine(R&D system, U.S.A)&
1875 pg/100 wloll A 1 ng/100 wlZ 1% BSA/PBSZE ©@AEZ 3]X &l 100
/well®  EF3h. o]AS PBSTE A& 3al anti-mouse IFN-v antibody,
anti-mouse IL-12 antibody, anti-mouse IL-4 antibody9 ®%E Z+ZF 20 ng/100
w7 F=5 1% BSA/PBSE 34 8te] 100 pb/well® FFska Ao 243
Uk A # T o] AS PBSTE 33] A&38tal  horseradish peroxidase-rabbit
anti-goat IgG(Sigma, St. Louis, U.S.A)¢} PBST 1 : 3,0002.2 3]4s}e] 100 b
/well®  EF3ake] 37ColA 307 WA F 33 AFHsiAo 7ddow=
OPD(o-phenylene diamine) (Sigma, St. Louis, U.S.A) 8 mg¥ 30% H:0-(Fluka,
St. Louis, US.A) 5 w4E 0.1 M phosphate citrate buffer(pH 5.0) 12 mlol =1t}
o] A& 100 pb/well® FH7tato] ALolA €& kg F 202 &F WAIEATH
2 N H:SOs& 100 A H7rsle w88 AHAAA| 7| ELISA 333 Al (Molecular
Device, U.S.A)E AF&3Fe] 34 490, 650 nmol A SFH =S A5



A & 4&S Table 1914 R E=n0E9} 2ol ketotifens T34 &2 & 74

T 150 E=durh 255 H dgso] st Y 45 olF BgE A stk

783 ketotifen Felwel e #d F 1, 2FelA we A9EE ot 3F
o]% FA3 A A F 4F7AT FFEHAT A 3 FE& S ketotifen
Tolpol A o %e H48S HYTHFig 1.

STESES FEAA ¥ T A E Fig. 2

of zfel7} Yetwth =, 7Y F 2, 4, 6, 85l ketotifen Fof wol A= Z7F 53
05, 167 = 15, 10.7 + 1.1, 47 = 052 YEIH O™, ketotifens Folsh=] &2

=

3+ 11,207 £ 25 187 + 1.1, 127 + 1.1% et} o] Axz

8
T M= FoshA] @2 wH T} eosinophil HEAYETE Ha A vlol

Z o] § oA eosinophil 7|5+ ketotifen Folol o @A Qo] 7Y 4

FolA FA43 Agstel AuAE mdod oF AR pisr As
Cl

1) IgA



B ketotifen o o F-ol @Al FF=7F A F TN HuAE 2
=l ketotifen Folar& 021 + 0.03°]", Fofal=] &2 o+ 045 + 0.

Byt o ketotifens FoJ8tA] &2 o= Auty oz A& AJFsle] FHax
of =23ttt ketotifen Foltoll A FolstA] e el Hlste] wre FAIME
A A tH(Fig. 4).

2) IgE
TEHASTE5EY AdFTS #HEAX BALB/c vH-29 €3 IgE 53
= ketotifens FoIetA & & A F 4, 55704 035 £ 0568 HIAAE
HAa, FoJa2 4504 03 £ 0059 654 03 + 0012 HixE HAT}
ketotifen Fojt ¥ FoJdhx] @& o BT H|S=d RHAYAFS WY o} ketotifen

Folell A F ¥ w2 dAVtE dHEbd A vh(Fig. 5).

3) IgG1
FERASFEFY IAEdF5S #9420 BALB/c vhg-2=ddA 8H IgGl
A 7t ketotifens FoIshA] &2 Tl = #ZE F 35004 1.2 £ 0.02744] F

Vst rt 4 RE AA 72 AsA T ketotifen Tl Tl A= 7 5534 09 + 0.04
2 HuAE Bon olF ot it IgGlel A5 tE WY
Bl v d =& 3A71S 1 H(Fig. 6).

o
o

FE2EHA

FEAAFTEFY] YdFES F9AZ BALB/c -2 83 IgG2
A Fx WstE S 2o, &, ketotifens F81HA &

B o ketotifen FolToldE 7Y 5 359 0.19

flo
=

o
& 7Y ¥ 4F

=2
o
[\
(@)
I+
o
(@]
=
il
Y
Kl
i

+ 0.08%2 HAE XY} ketotifenS FoJotA] &2 o A Bt} ketotifen Fo] -
A o & dAZFE YE A oH(Fig. 7).

4. ELISAE o] &% E3olA Cytokined T
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BALB/c 7}-f-20l ketotifens FodtA] &2 w3 FofutolA cytokine Td
Fde BEI A= Fig. 8 Fig. 9 2 Fig. 10914 ¥ wke} 2ol ) Thl
cytokine® # &%l IFN-v= ketotifens FoetA] 2 wh-¢29 A 45744
= s=E FASHIE 55 7] Al e, ketotifens Fol gk Wt
o= 155H HAsk7] AAste] 45 o] $ R He dAFES FASAT
18] 3L ketotifen o] wh-2ol A IFN-ve] Fwrb o vt Sdsta les o
+ AthFig. 8). IL-129] %A= tE cytokined] H]dlo] A7} w
Skt 18] AL ketotifen 7o of Fo] W& Afol= yEbUAl &kt (Fig. 9).

Th2 cytokine® 2 <% IL-4% Kketotifens FoI3FA] &S oA 250

"
A

IAE Holy o]F ZFAsly] Al ATl ketotifen ol A= 3F7HA E7)
st HAUAE HPOoH, 45 o] FRE = HA FASHHA wl§ 9 YAdFLEE

RAY IL-49dAM % ketotifen FoJ 7oA o ¥ Hds=sE YeErW G (Fig. 10).



Table 1. mean worm recovery rates (%) after infection with E. hortense metarcercaria

in BALB/c mice with ketotifen treatment.

Weeks after BALB/c mouse
infection ketotifen untreated ketotifen treated
1 23.0£2.5 26.7£0.6
2 10.0x1.0 20.0x1.0
3 6.710.6 9.3+0.6
4 - 3.3£0.6
5 - —
6 — —
7 — —
8 — —




mketotifen-untreated
Wmketotifen-treated

WRR (%)

Figure 1. worm recovery rate (%) of E. hortense infected BALB/c mice with ketotifen

treatment.
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Figure 2. Microphotographs of intestinal duodenum villi showing eosinophils in BALB/c
mice.
Lendrum’s staining was performed to identify eosinophils in duodenum villi.
A and B, Echinostoma hortense—non-infected experimental controls; C and D,
E. hortense infection and ketotifen—untreated; E and F, E. hortense-infected
and ketotifen treatment. Original magnifications: A, C and E, x 100; B, D

and F, x 1000. Arrows indicate the eosinophils.
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—@—uninfected control
—m—Kketotifen-untreated

25 1 o ketotifen-treated

20 r
¢ 3
:157
§1of *
8 - I .

0

0 2 4 6 8
week

Figure 3. average number of eosinophilli in duodenum of ketotifen-treated BALB/c mice

infected with E. hortense.
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Oketotifen-untreated
Wmketotifen-treated

Absorbance

Figure 4. IgA change in the serum of BALB/c mice infected with E. hortense by

ketotifen treatement.
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Dketotifen-untreated

0.5 r Wketotifen—treated

Absorbance

week

Figure 5. IgE change in the serum of BALB/c mice infected with E. hortense by

ketotifen treatement.
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.57 Oketotifen-untreated
Wketotifen-treated

Absorbance

1 2 3 4 5 6 7 8
week

Figure 6. IgGl change in the serum of BALB/c mice infected with E. hortense by

ketotifen treatement.
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0.5 r
Oketotifen-untreated

0.4 - Eketotifen—treated
(0]
20.3 -
[qv]
O
o
302 ¢
<C

0.1 r

0
1 2 3 4 5 6 7 8
week

Figure 7. IgG2 change in the serum of BALB/c mice infected with E. hortense by

ketotifen treatement.
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—e—Kketotifen-untreated
—=—Kketotifen-treated

E100

(@]

(@}

@

[

%

< 50 r

(&)

0
1 2 3 4 5 6 7 8
week

Figure 8. IFN-v change in the serum of BALB/c mice infected with E. hortense by

ketotifen treatement.
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100

—e—ketotifen-untreated

— 80 1 —=—ketotifen-treated
£
2 60
ey
=
S 40
=
(&)

20 r

0

1 2 3 4 5 6 7 8
week

Figure 9. IL-12 change in the serum of BALB/c mice infected with E. hortense by

ketotifen treatement.
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400

350 —e—ketotifen-untreated
—s—ketotifen-treated

300 r
250
200 r
150 r

cytokine(pg/ml)

100 r
50

week

Figure 10. IL-4 change in the serum of BALB/c mice infected with E. hortense by

ketotifen treatement.
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BALB/c wh¢-2o] Z2RA255559 5 FFA7L b3 22 WY
8-S AT &, d4 5 4dA AmAZ A (Konno et al, 1994,
Eliakim et al., 1992; Karmeli et al., 1991 ™, WIS 2 E AT} Alo]ET7}QIe] &
v E A (Kondo et al., 1994; Doligalska, 2000)A17] & 2845 3l oz &4y
71 ketotifens "o Al A=A o2 A Foe A, ketotifeno] 59 W
Whg-oll oju gk FaFs mA=A dotr izt shivt

A Hae] ostH QA VAFES SFo WG] webA oddt 3

S W= Aow ayA drvh(Wakelin et al., 1993; Chai et al., 1984). 71 8% 74
or Q3 Lo IgE F7F=  Ascaris  lumbricoides, Toxocara canis,
Schistosoma  japonicum, Wuchereria  bancroft, Schistosoma  mansoni,
Schistosoma haematobium®t 2L 7| AZF A TRECT(Juhlin et al, 1969;
Hogarth et al., 1969; Ito et al., 1976; Kojima et al., 1972). A3 = A 7=
= AN F BEF AR IgEe] F7F @Al uvEda ddn. S,
Toxocara catiE NAAA ZFEAZ A3 &5 I3 W9 IgE AV 53R

3 X3 s o (Rouseanx-Prevost et al., 1977; 1979), I3k uf$-2oA
Paragonimus westermanis AAZ § 3@ AL &5 3 o IgE
A 7M7Y 4sS B2k vk ok (Min and Soh, 1980).
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Abstract

Inhibition of eosinophil infiltration and humoral
immune reaction by ketotifen in BALB/c mice infected

with Echinostoma hortense

Lim, Byung Hyuk
Dept. of Biomedical Life Science
The Graduate School of Health and Environment

Yonseil University

There is on allergy reaction among specific immune reactions when infected
with parasites. To examine the immune reaction by eosinophils which is
related with the allergy reaction in BALB/c mice, were infected mice with
Echinostoma hortense's metacercaria, and then treated with ketotifen orally, an
anti—allergy drug, to identify its effect on eosinophil immune reaction in villi of
host intestine.

The rate of worm recovery was higher in mice treated with ketotifen than
in mice untreated and worms in the treated mice lasted longer than that of the
untreated control mice. However, the antibody titer in serum of the
ketotifen—treated mice is lower. Especially, E. hortense infection induced a
sharp increase of IgE in blood and eosinophil infiltration into villi of mouse

intestine. This data indicated that Kketotifen treatment suppressed eosinophil
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infiltration to the infected area and inhibited IL-4 expression. The reduced IL-4
expression maybe related to the reduction of IgE expression and inhibited
expression of IgGl and IgG2.

In summary, ketotifen has an resulting from inhibiting eosinophil infiltration
effect on allergy reaction, induced by parasite infection and expression of

immunoglobulin and cytokine.

Key Words : FEchinostoma hortense, Xketotifen, Immunoglobulin, Eosinophil,

BALB/c
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