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Concentrations of Interleukine-4(IL-4),

Effects of Cordyceps sinensis Water Extract on the Cytokine
in Ovalbumin-induced Asthma Mouse

Hee Sun Jeong, Jong Rok Lee, Sang Chan Kim*

College of Oriental Medicine, Daegu Haany University

Cordyceps sinensis has been clinically used for the treatment of recovering fatigue, promoting the production of
body fluid and qi, resolving sputum and arresting cough. Recent studies showed that Cordyceps sinensis produced
immuno-modulatory, anticarcinogenic and antioxidative effects. But, there are lack of studies regarding the effects of
Cordyceps sinensis on the asthma. So, this study was performed to investigate the oral administrated effects of this
herb against the disease. Asthma was induced to Balb/c mouse by ip. injection and aerosol immunization with
ovalbumin, and the change of the eosinophil number in the bronchoalveolar avage fluid(BALF) was observed.

Interleukine-5(IL-5) in BALF and splenocyte were assessed by ELISA,

ImmunoglobinG(lgG) and ImmunoglobinE(IgE) from serum were calculated by same method. We found that the effects
of Cordyceps sinensis in asthma mouse was implicated in reductions of IL-4, IL-5 released from type2 T helper (Th2)

cell,

and decreases of IgE from plasma cell.

anti-asthmatic effect, which may play a role in allergen-induced asthma therapy.

These findings suggest that Cordyceps sinensis can produce
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B dre gg8EEr Ao viXje ZAE gotdr] 918t
¢d, Balb/c mouseo] ovalbumin© T L E7)4
% BALF(7] &3] Z A3, Bronchoalveolar avage fluid)oll &4}
h= eosinophil, L4, IL-59] H3}, 83 & IgG, IgEY W3l
splenocyte®] IL-4, IL-59] Ev|gtg BaEbld FOHEU= 20
A7lol Bashs dlojth

A g Falst

A

E& female BALB/c mouse(2ZINNE, thH)E A&
AL ot PBSE E08H Normald®, A4l

= Tr_LO]'X]
3} Controld, HA1E LTI &8

PBSEIS &
i3 CE:‘LL_QE LHRo] Z oty ST B158IEE AL
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SES SniEA
25T B S 30-35% 2 2EE gedks 9
B(SEAEAILY, Sh)olli Alssllom, et
2.1

12/ 12AI7JO§ ZZBINTE AIS (3R S 289

Q,ﬁ
32
o
g

id_
FTok

Mok -y oo P oo
N go o
0 32
o) i
Z: .
\-ﬂ u&

g
ol
=)
rr‘

Kol Az Bl R

SEBEE 300 g2 A4 2000 M 3417 71E 2ES &
FEES AAAZ 1A A3 T, BB S rotary evaporator
=2 Z

At
ZHY Boji= 8 mg/20 g= 138)/1Y BABOZ 5k, A
BTFFUZI(ERAL A28 AHESIH BFFAGINC

5ld  ovalbumin(Sigma,USA)E 10
BSoll =01 &M 5 49 Alum(Imject® Alum,
Pierce, USA) 50uf, PBS 4508 BEZFAIE immunizationd}sl
Ll 1A HY /% 1] boostingE {151 4Y & YT &
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Scheme 1. Experimental Design.
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4. Inhalation
1.0% ovalbumin in PBSE Nebulizer(Omron, Japan)E 25

glod 3027 A &, 7IEYHAE RESIRIC

5. EHO x|

Heparinized capillary tube(Superior, Germany)& 0] &8l
TOAE 23 Age the, 15ml tubeo] @O
8,000rpm O 2 1087+ AUEZBINLE 4SHS dEHMA 7
0Coll BHaI

mouse?]

6. NS5 34 W BALFAF

Mouse/I ngier BFREES A 4FE g F
BALFE Z|5I5rt &, H2919 859 12E Zsii, 7184
ol 24G needle(Becton Dickinson, Korea)o st SN
ARE, SR Ted] 2 %, 1 mt syringeo EDTA
(Ethylenediaminetetraacetic acid)8H& 500 W& 22 & 71

AWM E 4115l up & downdkd BALFE ¢Urt o1E 63] gl
E2gld 2171 TE 3719) tubeol] BALF 1 i3 W HA
AFE 1 me2] BALFE 4,000 rpmOZ 357+ B2,
-70°cal E%}Ob;\ﬂ, pellet—: L}
MX| BALFS} 814 AMSH7IA & EHBBINACE

loPé

cytokineZHE 918t Alsale

7. Spleen®] A& W splenocyteX]F]

BALFE AFH3S 5, moused] EHUE Z7)5IA spleen
1538} TS, 5 w9 RPMI 16400 spleeng 22 T2, 0]
FABEL cell strainer(10 ym, Falcon, USA)E A}S o]-OE1
mashé} It Ol 4,000 rpm Q2 327 A4 B8
£ RAS pelletol] RBC lysis buffer 2 & ¥ 2%‘:

8 i< RPMI 16402 22 % 4,000 rpm O & 35

o 4ENZ MABIATE 2 pelletol] 10 S RPMI 16402
&, cell countingskd & & 5x1070Z 24 well plateoi] B
ISRt
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8. Eosinophil 53

BALFE 4,000 rpmQ & 387t YUEF6I JEHES HE
1 pelletoi] RBC lysis bufferS 200 021l vortexgt &, &80
2527} wix|519T) o370 800 409} RPMI 16402 WS &, 4,000
rpmQF 321} AMEEIFIA, AEAe el pelletof =1 mf
9] PRMI 1640 o] & E50] & & 20 UE FHohL, o7l
TIA] trypan blue(Sigma, USA) 60 pE 18l cell countingd}
grh. HASHOE Zt UEAAY 410D cellg F3iA
cytocentrifuge (Wesor, USA)oll &7, 550 rpmC.E 527t A4 &
2lgh ©hg, Diff-Quick staining(Sysmax, Japan)OZ HAMgliL
fixer(Biomeda, Canada)& 10 f Ho{IE2] & eosinophil®] 45
ZEFBIAT)

9. Antibody&%&
1) Microtiter plate (96-well)oll ovabumin 5 uf/m{ PBSN
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KBHEZEZ0] OvalbuminC.ZE

(PBS+sodium azide 0.02%)& welld 100 w4 @1 4CofjA]
overnightd}od coatingdlil, PBSNO.Z 3AjH A& 611

2) 96-well platec]] 1% BSA in PBSNE 150 p/wellS ‘g‘ =
37ColA] 1417} BiQESH &, PBSNCZ 3i}d AlABHA

3) Agluhd 6oA] 8|S HHO] EM sampleg dilution
buffer(0.1% BSA in PBSN)Z 3|4¢F & 37°CollA] 3A[7F o]&) Ht
2271 &, PBSNO.Z 3xke| MHEIA

4) 1gG, 1gEQ] antibodyE dilution buffer2 245K welld
100 wE 7¥SHiL, 37°CollAl 2417F ui et &, PBSNOZ 341 Al
A3

5) 71&Q] pNPP(p-nitrophenyl-phosphate)E carbonate buffer
(pH 9.6)0l 1 mg/mE =063 ZF welld 100 wb/well 2HE 718 &
155(IgG), 12A17KIgE) HRSIGHLL,
Austria) 2 OD(Optical Density)@}& S84

,

spectrophotometer(Tecan,
. (405nm-492nm})

10. CytokineZd

1) Capture antibodyZ platedl] coatingsl?] {1510, 96-well
plateo]] IL-4, IL-5 Z3Z}9] capture antibody(Parmigen, USA) 2
pg2 1 mQ PBSol =0 Z wellld 50 A @il 4Al2oll4]
=0} incubationd}il, PBSE 3xl#] A&

2) 1%9) BSA(Sigma, USA)Z 7} wellg} 200 w3 231, 37°Col|
Al 1A]7} BiQESIY] blocking®t &, PBSE 34 A& 319

3) 41&abH 7014 F1]8F BALFY] 45 sample 100,0008H
2 glMaled 2t wellet 50 w4 ol 3417F wiksh &, PBS
tween@F  3AR AAHGIHoH, Ay 8olx FTHIGH
Splenocyte®= -/+ovalbumin 1% in RPMI 164001 72417t uf &5t
BHAIE ZF wellg 50 i @of 3417 iQFSE =, PBS tween2 2
3R MABIAC.

4) IL-4, IL-59] detection antibody(Parmigen, USA) 2 pg& 1 mé
9] PBSoll 0] 2} welled 50 ¥ @11, 37°CollA 1AIZE BBt
11, PBS tween@ 2 33X HABIHCE

5) Biotinol]] £0]43 & ZH= avidin-HRP(Pierce, USA) 10 pug& 4t
RBE2L 10 niol] = welldd 100 WS LDojA] 302 ekt &
PBS tween®Z 33], 12|11 PBSE 334 MAGIN

6) 49 718¢l OPD peroxidase substrate(Sigma, USA) 2
different tabletsS 20 m¢%] LRSS Foll =0, 2t welle 100 4L
A @1, 158 & spectrophotometer(Tecan, Austria)2 ODZtE

=315 (405nm-492nm)

overnight

EERE

1. BALFolA1Q] eosinophil®] & ®Hglol mxle Gk

BALFollA] eosinophil®} 4= normalZolAlE 2RAEA] &F
QF1, controlZofAlE 4192 + 1.71374, CEZ*olAl= 1.996 +
1901702 UEhJT) Control2S normalTol Hl sl o4
A BTt Z18] 2 CET2 controlytoll HIWGHA ZhAdh=
A LIE oL, 948 Mg vElAlE Zaldict
(Fig. 1).
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Fig. 1. Eosinophil counts in BALF of each studied groups. Mice
were immunized 1p. with 50 e of OVA at days 8 and 20, and challenged via the
alrway with OVA (0.1% ovalbumin in PBS) at days 21, 22, 23, 31, 32 and 33. Data were
presented as the mean = SD of three separate experiments (n = 5 for each group).
CE: Cordyceps sinensis extract, *P < 0.01 compared with normal.

2. Interleukin-42] H3}lo| o|x]e HEF

IL-49) 882 normalztol] ek HIEE &SN 484
I} BALFo)A] normalT>& 1.000 = 0.017, control7o|A{= 1.098
+ 0.012, CEZ-o|A]l= 0.983 + 0.0180]91C}. Control7*2 normalt
o) vlasld FAMUA 49 &g S/HAIEHLH, CEE2
controlo]] ¥| walH IL-49] =F& FAHUA ZAIZACHFig. 24).

A. IL-4 levels in BALF
115
1.1
1.05

1

i

r—
FH

095
09
0.85

Fold Increase
(Relative to Normal)

Control CE

Treatment

Normal

B. IL-4 levels in Splenocyte
1.6

0

£
T #

=
N

Fold Increase
Relative g) Normal
o«

o]
N

{

o

Nomnal Control

Treatment
C. IL-4 levels in Splenocyte incubated with OVA
1.04 .

T
i

Fold increase
{Relative to Normal)

o o o =
£ 88 -8

Normal Control

Treatment
Fig. 2. luterleukin-4 concentration in each studied groups. Mice were
immunized ip. with 50 sz of OVA at days 8 and 20, and challenged via the airway
with OVA (0.1% ovalbumin in PBS) at days 21, 22 23 31, 32 and 33 Data were
presented as the mean + SD of three separate experiments (n = 5 for each group).
CE Cordyoeps sinensls extract, * P (005 compared with normal, ™ P <001 compared
with normal, #: P <005 compared with control.

CE

SplenocyteZ v &St vRAlo A1 9] IL-49] §F2F2 normal2
1.000 + 0.017, controlT-oil A= 1.395 = 0.075, CEZOAl= 1.074
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+ 0.063019Tt. Controli2E normalZol Blskd S9AUA
IL-49] 2 S E71A17 01, CETE controlol] 8] nldled 1L-49]
FEE FAHUA ZAoAZCE (Fig. 2B). w5 OVAE AR
splenocyte®] HiH = 1L-49] &= normald& 1.000 +
0.005, controlTollA]E= 1.017 + 0.009, CEZZol A= 0.980 + 0.001
01t ControlT& normalT ol B Wk SQ1H QA IL42] 4
=g E7NIZ e, CEZE controlo] Hlskd 1149 &S
FO1MEUAH BAAIZEL (Fig. 20).

3. Interleukin-58] H3lol| ©|X]e= F&F

IL-59] HeF2 normaloll thSt HIER AFSGIGCE 434
3} BALFollA} normal& 1.000 = 0.148, controlioll A= 1.128
+ 0.051, CEZFlA1E 1.278 + 0.0308 25 {98t 23E LIER)
Al 9E4r} (Fig. 3A). SplenocyteZ vhJSH wiXjolA19] IL-59) &
22 normalTS 1.000 + 0.268, controlT*o{|A= 1.759 + 0.235,
CEZo A= 1.030 + 0.0030]2At}. Controli-2 normalytol] B 1L
Bl FYHUA IL59] £FZ B3 2, CETE controld]
BlaGld IL59] 458 SOl LA (Fig 3B). OVA
£ XA Z|¢ splenocyted] YA & IL-58] gHF2 normalT2
1'000,i 0421, controloAlE 1.364 + 0.165, CET-o A= 1.042

+ 00312 25 RIS AUE VERIA 24Tt (Fig. 30).
A. IL-5 levels in BALF
1.5
= 125 _
2 E 1 T =
s = L
22 o
2=
Rl B o0s
o
~ 0.25
o
Normal Control CE
Treatment
B. IL-5 levels in Splenocyte
25
— 2 L2l
g E T
82 15}
gL #
2 1}
£ s L
X o5 |
0
Norrmal Control Treatment CE
C. IL-5 levels in splenocyte incubated with OVA
1.8
- 16
O
o E 1.4 I
Lo 12
L= =
2% os
£ 0
2£ 086
£ g o4
€ o2
0 1 1 —
Normal Control CE
Treatrment

Fig. 3. luterleukin-5 concentration in each studied groups. Mice were
immunized ip. with 50 w of OVA at days 8 and 20, and challenged via the airway
with OVA (0.1% ovalbumin in PBS) at days 21, 22, 23, 31, 32 and 33 Data were
presented as the mean + SD of three separate experiments (n = 5 for each group).
CEF\ Cordyc|eps sinensis extract, ™5 P (001 compared with normal, #: P (005 compared
with control.
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4. ¥4 Immunoglobulin®] Hglo] njil= HE
a3 F Ig9 g normalwo] il HIEE AHHSKA

A3 A 1gG= normalo)A]= 1.000 = 0.003, controlToll A=
1.654 + 0.099, CEZoA{E= 2051 + 0.0020]{%ict. Controld&
normalz*ol] HIWGEI FAHYA 1gGY =&& EVIAIERLL,
CET-2 controlof] H]aIskd FoEAe HSE VIERA 53191
C} (Fig. 4A). €& & IgE9 g2 normale 1.000 + 0.083,
controlFo| A= 4.954 + 0.250, CETZOlA1E 3.898 + 0.1140]Q1C4.
Control2 normalioll HWEH |SOAMHUA IgEY] =F& &
A1 o, CEZA2 controlol B]walo] [gES] +=F& 794
H daAlgict (Fig. 4B).

32

A. Ig G levels in Serum

_.25
g >
@ ook
L E
82 E
5o 15 -
£ 1
g2
[15
L=
é:"/ a5
O 1. 4 ot
Normal Control CE
Treatment
B. Ig E levels in Serum
6
Rt
= 5 T
2 E - #
g2
g5
o 2>
252
x 9
Normat Control CE
Treatment

Fig. 4. Immunoglobulin concentration in serum of each studied
groups. Mice were immunized ip. with 50 we of OVA at days 8 and 20, and
challenged via the airway with OVA (0.1% ovalbumin in PBS) at days 21, 22, 23, 31, 32
and 33, Data were presented as the mean + SD of three separate experiments (n = §
for each group). CE: Cordyceps sinensis extract, ™ P {001 compared with normal, # P
(005 compared with control,
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WES Yo7 AoloE= AP &Y, $5711¢, &
o] AEg A thEE A01Y AEIRES, 7129, 715, G,
S E0] Uom, o] & MARES Aolo] R o=
(allergy) O & WolSA AL Qirh, EFE BHOEE WA
9 Y5 EIT, HE, BEE, 713, US(rales)S £ 5 UTh.
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XBEEZREEO] OvalbuminCE FTE WES Cytokineo] n|X|e E&F

HRES S 24 EES U, 2RSS
59 RME WolH BmEs o 88 71, Ef2 T2 M
B BBESOR WOIDZ e KEd 388 T b

2 d7oMe 554 Hlol AEE 4 e 4BEBFEV}
HAloll xle aE Yols 1A}, Balb/c mouseod] ovalbumin
OF UYEIIH HAE 7St & BALFY| EX5H= eosinophil
9] =, IL4, IL-5, &3 & 1gG, IgES] &, splenocyte wiakl &
9] 1.4, IL-59) & BEBIACH

ZBEH) TS @7E B SV #@aELY Udzd U
sSaIl es wei 4 EYe xsFEEdA 2o
acetyepoxyltrichothecenediolo] ©J5ta] 917} ¥iEy HL-60 A%
o NEIAPI AMEE, 1) 91 4 B2 AlgaEaE S5
¥ 2 EY0) gt £@mEES| EIE gukel TF E£4 R
&4 groll thold B asisich

UEAZE SAHTETHS(eosinophilia)at BHO] B
cl o€ S, asthma, allergic rhinitis, atopic skin disease,
syndrome(HES) 18],
inflammatory bowel disease =0l

Eosonophil 184614 Wharton Jonesoll J8) 2AEIQ L, O]
5. Paul Ehricholl 913} A E01 eosindf] Q8] FAECIL 5}
of ZAFTEIL HHBIA. S4FFE B400A] IL-3, GM-CSF,
IL-50)] Joll CD3M4(+)MZZRE EFiEo] dsEer 3-5 &
T 20 BREHOE FUEE 2717} 13-18 AI7R] RS

gEA ATt SRTE HIRS @5 AZEN 479 &
Mo BH|EE 8201 Yol2l(cationic protein)E0] 7%
Mz Eao] BB,

2 4UsoA]9] BALFY] eosinophil =, controliol4]
normalo]l HIWEIH FYHJYA E71sIct Zelv), CEFS
control7*0l BlaEl FOEUe HIE LEINA S ZSI9E

SHE, HAlollA] 71 £ Q) dendritic cell2 naive T cell& Th2
cellZ generationdl] 5l= ol £5&Q] dgtg St Dendritic
cell& 712 Z42Sl antigen presenting cell24] 1X}&Q1 Al ZH
HEREE FUE = Us FYTH MEOIH Zola] 714614
ng43 HAE ERE AM AW ZE 718 olSa 1.
SRS ZE 2 ZE A FHA A2 AYGIA dEZ8e

2 7M1 T BETol FAS MAIsHE A2 . 23k Th
=

I
i=)
Ral)
i
02

juid
ve

o 2

idoiopathic ~ hypereosinophilic

['

™

cell2 PAXMATHES} Tht B peptideE SHEHA
IL-4, IL5, IL-1359)] cytokineS 2HI3l] Ll 27| ¥ES whi
AF1EH Qo) BAEQ date gy

IL-58] 2] allergic asthmaE FAoh= allergeno] HE &
QUEH, mast cell} Th2 cello] 7| BAJolA] E43lxAH =01, gHd
ol 95l &431E Th2 cellS 114, IL-5 121 IL-138 BH]5}
Al E1, mast cell® TNF-oZ 2H]gic) L4}, 1L-13, TNF-ax=
71Z0ll A= epithelial cell, smooth muscle cell, fibroblastg Al=
510 eotaxin®] BEHIE A5HOE EXAZICE Eotaxini} L5
HEAAM A8 FeEol HAUNE cHoMHA, S5olM
eosinophil] M7} 8l 23518 E45I6l, T HA0l =, 7|84

ofl eosinophilg E7IKIA 7159 ¥E W HAlg KUk,

Z 29 dFoll 98k, olgist IL-58 AAIAIA A4 Y o}
£ hypereosinophilic disordersg& X T& 4= U 7ISEE AlAF
L U AXE GarreteE2
mepolizumab& QI o] Fi8lH eosinophil®] 23S {95}
A £Y 4 ULS BusiHct”.

W IL-4F IgEEAQ] 44 W n]ZA CD4+ T helper cell&
TR ZE 2HiA)7]e FQAEAMOIY?. T Yz TolA Sene

£ EF9] cytokineE52 24 EF IgEY LR HBZ 3%
St o) & -4 A8 F(species)of A= ZF IgEofl tigt &
Q¢ AglAlolet. & IL4+ B cellg plasma cell£9] W g
O|Z0] IgE, IgGEY] A4 E FaAIUTh o|EA AHH IgEe
mast cellof ZHES1Y] ‘granuledtEE FEEOEN HNISS
OE]E?J r/}_32-34).

E AglolA{E BALFS} splenocytedl|A] IL-4, IL-59] 22 &
F5l normaloll tigt HIEE LIERAICEH BALFojA19) IL-4
9] MU control£0] normalTtol] Bl WEk SOlAMQUA IL-49)
PEE E7WA1Z A, CETE controlo]] HITWEHA 1149 ~&EE
foly

YUA LR

anti-interleukin-591

1L49] & Z7}17190, CETE controlol} Bk IL-49]
UA ZaAZ et 28], splenocyteo] OVAE A
A3 AT WU OVAR HAGI B2 BT okt
7YX Z controli0] normalol 8138 FAMLUA [L-49] +F&
B7MA17. 20, CET2 controlo]] HIWGIY IL49] £+F& F94
QA ZAaAFEL IL-5 BALFAM = |Foot Z3E UERAA
RLUOLL  splenocyteE  BHYSH uiAlolA9] IL-59] R
controli#0| normalioll BIwSld FALUA IL-59) +=FES
FMAIHOm, CEZE controloll ¥l T310] IL-59] 458 2914
A ZaA133e) sHATE OVAE XXISH splenocyted] skl &
IL59) Bre 149 22) SO 27 UEiR 2tk

IgE= plasma cellollA] 2HIE s ASE, IgE= R0l
FeeRT 02} g2l U8loks EHSEAE m/HE mast cellof
ZetA ZEeict 2Hlo] IgEdl Zgksld ol& +8AE0] WAL
ZgHcross-links)8}A a1, 0]i= mast celld] granule22E] 3}
&5 m) 22489 Bl FachA ol Ay guekse] v
Mot o]ZA Frk ®E basophils(EET) % activated
eosinophil(8Fd 3lEl GAM)ol T FeeR 1 71 2HH T =0, IgEs
o7l % ZEsld Ay ALEiss doyled A = )
o gety m/|BRAEL  F2, histamined} chymase,
tryptase, serine esteraseS9] GAE O|F T BAES ZX|9) 7|
AowEg Sk, FA0 98 RESY. £8 B
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