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Effects of Chungganhaewooltang on Serum Levels of Histamine and
Corticosterone and Immune Response

after Immeobilization-Stress or Cold-Stress in Mice

Bok-Hwan Kang, Woo-Suk Jung, Song-Baeg Kim, Sim-Keun Yoo
Department of Oriental Obstetric and Gynecology,
college of Oriental Medicine, Wonkwang University

Purp(I)ngI Investigate the effects of Chungganhaewooltang(CHT) on immobilization-stress or cold-stress in
mice.

Methods : Male C57BL/A] 30 mice of weighting 18t2g, were divided into sixs groups including the
umnbﬂizahm-stress group(Sheads), after immobilization-stress CHT oral adrmmstmhon(ﬂ)()ng/kg)
groups(Sheads), cold-stress group(5heads) and after cold-stress CHT oral administration(500mg/kg)
groups(Sheads). then we observed changes in the serum histamine and corticosterone level and changes
mmune system

Results : Immobilization-stress or cold-stress increased the serum level of histamine and corticosterone. CHT
decreased the serum level of histamine and corticosterone increased by cold-stress. CHT inhibited the release
of histamine from mast cells at the concentration of 0.1 mg/m{. In addition, immobilization-stress or cold-stress
decreased the cell viability of murine thymocytes and splenocytes. CHT increased the cell viability of
thymocytes decreased by immobilization-stress or cold-stress, but did not affect the cell viability of
splenocytes decreased by immobilization-stress or cold-stress. Also, immobilization-stress or cold-stress
increased DNA fragmentation of thymocytes and splenocytes. CHT decreased DNA fragmentation of
thymocytes increased by immobilization-stress or cold-stress, but did not affect DNA fragmentation of
splenocytes increased by immobilization-stress or cold-stress. Immob1hzat10n-stmss increased the population of
thymic CD4" cells. CHT decreased the population of thymic CD4’ cells increased by immobolization-stress.
Immobilization-stress or cold-stress decreased the population of B220" cells and increased the population of
Thyl" cells. CHT decreased the population of Thyl cells increased by immobilization-stress or cold-stress.
Immobilization-stress or cold-stress increased the population of splenic CD4 cells and CD8' cells. CHT
decreased the population of splenic CD4' cells increased by immobolization-stress or cold-stress.
Immobilization-stress or cold-stress decreased the production of y-interferon(IFN), interleukin(IL)-2 and IL-4.
CHT enhanced the production of ¥y-IFN decreased by immobilization-stress or cold-stress, but did not affect
the production of IL-2 and IL-4 decreased by immobilization-stress or cold-stress. Furthermore,
Immobilization- stress or cold-stress decreased the phagocytic activity of peritoneal macrophages and the
pr%lucﬁon of nitric oxide. CHT enhanced the phagocytic activity. and nitric oxide production decreased by
cold-stress.

Conclusion : CHT may be useful for the prevention and treatment of stress via suppression of serum
histamine and corticosterone level and enhancement of immune response.

Key words : Gmggmﬂnauooltang( CHT), immobilization-stress, cold-stress, histamine, corticosterone,
immune response
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I.# =

Stress@ RS MHESIAY KRE
37 A8 Hiae fEnd g2 £
A RIER, BEY, £2G, B
71t itgH ERES HEAMA B
Bt 39 sholh.

HWEBANE (BE - ORR) 2 "%
ER2hED BERARESZ BBESR
SRRER XBFXAA snsE = 3q9
stress®} KRS AT H8, ki BE
sog @rRdgen?, oy Mg o
T RELEA JeEUE BERES £ #
L2 BF3}Aq LH, LR KB & &K
% 59 MM dRa oY =3,
stresse= BEMFS] AR FoA R
GiitiieE el Bl HEd el A0,

BERBES BR B GRER)
o “lB—IEBEN LEEE TETE X
WiER SURREAF KEES EaER &
&EA7E ERE Lk FEREEZ 9%
wH, L AR 59 AEEESN FRk
B —ERY KRS EHoat.

EHREEY 43 BEREY HREEZAMe
A7) wasrEte AT FLEmEMac o s
EENQ BHEEERET ASS #Es)
Qo}, stress H% M Hormone 4
E 2 4EeE 8o vXe BEd 73
Hee oh3 EsnA R

old] EET WHEBHS stresso] o
3 fERBES AstaAl, Y3 HFH®
5SS ROLHEIF F  immobilization
-stress 2 cold-stressE %4 M3l Mk
histamine3} corticosterone & ¥ immune
system®] #LE BRI HEH Je
HRE QA7 @& violtt.

M owE A

I. EBME 2 Ak

1. B% ##

1) H& B

A el AT 7€ BALB/cAl
2 18 + 2 g&, Y3 SDA A 180 +
20 g& ABEBIBMHER)ANA BASA, &
B 20 + 3°C, ®E 50 + 5%, dark/
light 128¢R el H&TAA LER LE
KBz HEAY F EAsHon,
ERfERS 22 AH2dA BERAE
g Ao

2) AL A FAR

BBy AT 3L phospho-cellulose
powder, orthophthal aldehydex= Wako
Co., histamine - 2HCI,
Dulbecco’s modified Eagle’s medium (D
ME), iodide, metrizamide,
penicillin-streptomycin, Dulbecco’s phos-
phate buffered saline (DPBS-A), hista-
mine N-methyl transferase= Sigma Co.,
RPMI 1640, fetal bovine serum (FBS)<
Gibco Co., mouse y-IFN immunoassay

corticosterone,

propidium

kit, mouse interferon-2 (IL-2) immuno-
assay kit, mouse IL-4 immunoassay kit¥
R&D - Co., PE-conjugated anti-CD4,
FITC-conjugated  anti-CD8  antibody,
PE-conjugated anti-B220, FITC-conjugated
anti-Thyl mAbs+= Dainippon seiyaku Co.
FITC-conjugated E. coli K-12 bio-particles
¥ Molecular probes Co. & FA3}
gon, 71g} AL cell culturefi ¥ 15%
AESL FANYNY. EAHBAS  culture
flask (Nunc), multi-well plate (96-well,
24-well, Costar),

(Dynatech MR5000),
(Vision scientific Co.), inverted micro-

Microplate-Reader
COxz-incubator
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scope (Nikon Co.), freeze dry apparatus
(IIsin Co.), (Coulter
EPICS-XL), spectrofluorometer (Kotron
Co) 5& M3

flow cytometer

2. AR ik

1) Bk HA

B gl #AY HHEBBSS BRe
B B9 (SHRHES) o #esigon,
RS EHEL EDCAER HER AR
MBSl imboA AT T RE
AL WHEIAT 2 NAD 1Y) HELS

G432
# WIREBCHTS R

=5
s, iS22 (5
B K¢ Aurantii Nobilis Pericarpium 3.2
EESE Paeoniae Radix alba 32
n =5 Ligustici Rhizoma 3.2
% B  Angelicae Sinensis Radix 32
4%  Rehmanniae Radix crudus 3.2
%k E Pinelliae Tuber 32
EHftF Cyperi Rhizoma 32
# B Aurantii Immatri Pericarpium 2.4
& Polygalae Radix 24
® W Hoelen Cum Radix 24
H 8 Fritillariae Bulbus 24
O Perillae Folium 24
O Platycodi Radix 24
H OB Glycyrrhizae Radix 1.6
&' T Gardeniae Fructus 1.6
A & Akebiae Caulis 1.6
Total 416

W5 3F SRS AWK 2000mE 2
B g g ¥, KAt BRS
rotary evaporator® EfE3F ThS, freeze
dryer2 HfERIES HHEEE BHX
325g ($S8, 262%, o3t CHT= )<
Ao, B EREr T AHAHK HRE
Al1A EA3Y

2) Immobilization stress fifif #4

A 5eidlE 1o Z 3t normalf
(IEE®) 2 controlf¥ (stress Afaff)ole=
A AEKTHE, BERIE CHT 500 mg/
keS 1R 14 78R BOREgd o A
HAE Zd29 A% Yol £HolA %3}
Al 3t 108 F<+ immobilization-stress
2 AMd F ERd ERo.

3) Cold stress 1 B

A3 1#-E 5vtel2 3t normalf¥ (IE
) 2 controlBf (stress BfFff)ole 4
BEABKWLS, EBRHds CHT 500 mg/ks
18 1E4 7AH gnkaEg o3 43
4°C HZEANA 6lFHES ¥ w2
R EHs AT,
4) fu¥ b Histamine & & M
StressE fndt AHE EEdId 2L M
%< wmO4EE (3000 rpm, 10mins)3sla]

ot e

Mm-S AUt fiF 1med 0.4N-HCIO,
25mE ety EEES BRES F B
A wEEstn mOSE (3000 rpm,

Smins)ste] HEWRS oI vig F
#{tA1Z] phospho- cellulose powder& 3
x 0.6cm columno] FEF F 0.03M-
buffere}  0.06M-phosphate
buffer2 A2 BT oS E2 %3
1 0.1M-borate bufferZ histamine % HE
me FAst BHBARD BHEK 3o
orthophthal aldehyde 0.2mE  fn3dlo
spectrofluorometer (excitation 350nm,
emission : 444nm)Z &NE FIESS £
# histamine fE#o) o8 EHFAF.
5) ¥  Corticosterone & & WiE
A—3 HEog 9L mE
corticosterone &S Zenker 59 HiE'
of #34ct. & M 03meo) ZEEAK 0.7
mE Yol 433 chloroform 10mE fn

phosphate
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st 158 LAk #AleHA BT g =
O2 B (2500 rpm, 5mins)dtd FERKS
B8l A chloroform/g-&
0.IN-NaOH #A® 1mZ ¥%#d o2 &L
oHE ¥ EEWRES o BREIIGCY. gk
3t chloroform/g 9Imiol] &N FHHK (H:S0s :
50% CHsOH = 24 : 1) 3m{E m3d o
158 Kb #IEHA RESATH Eoo 8
(2500 rpm, OSmins)d F, LEFY
chloroform/&-& €43 Rxdty BERS
21§ ] <t BEAzZl %
spectrofluorometer (excitation 470nm,
emission : 520nm)E #&¥.-& WEd =
¥t corticosterone HEMH ] 93 EEIHY
o
6) BHPe mast celle] 43

Kanemoto 579 Hpko] #3le 8
fEfE  mast SESIAT. 78
ether2 FiFFEAI £ Tl PMC
buffer (Phosphate Buffered Saline(PBS)
100m¢, Fetal Bovine Serum(FBS) 10mf,
Heparin 10,000unit 1mfol] 3k ZHEKAKES
ndl 1,000me= FE, pH 7.0) 30mE B
BEol HEASI 0FR HEES ZIEA vl
ARG oS RS RIS EOO 8
(1,500 rpm, 5mins)3} Yt 15mé tubed]]
225% metrizamide (4 °C) 2mE Y1
Yurt 59 F#%V¢) wal 1 $jd] DME
Az mRT MEPERS MM m3t
I 1,300 rpmel A 1050 #mO08E 3
. MEE DME WA Hi#ES £ 2 x
10° cells/m2 FABISe] EEkol HARA
o} HEES mast cellE 2 x 10° cells/m{ 2

cell[ &

#BI3le] eppendorf tubed] 1m¢¥ R,
CO2-incubatorsl] A} 1040 g3 3

PMC buffer2 3 CHTES RKEEV}
025, 05 % 25 /M= HEES £% M

33 37 °ColA 1040 1ES oS
compound 48/80 0.5 ug/mlE fndled 10
o #EIIAT BEES 4°CAA &L
o8t (1,500 rpm, 10mins)dle] EREKS
SEESHA

7) Histamine &8

SRES MR ER $9 histamine®] &
& Harvima $79 Hkg IS W
E3AT. BOLOE F RER 109
S-adenosyl (methyl-'“C) methionine (2 u
ci/m¢) 1.548, 300mM Tris-glycine buffer
(pH 8.3) 40ut, histamine N-methyl
transferase 5u0E #Rndte] 37 °C gLx
A 904 KKEAZI F 3N-perchloric

acid 200E Jfndled RMES kA AT
Perchloric acid& A7 7] 3]
10N-NaOH 2008 fndls,

toluene-isoamyl alcohol 1m¢E HHF F
FEw 700E QDo) cocktail BEKOE
scintillation A)Z1 t©}&, B-counterE {FH
3l CPM (counter per minute) %S
¥ F histamine RERR o &S
Hl7ESH ). Histamine #-& histamine #&
g9 Wi ELSERE ErdFen, &
histamine -2 mast cell 87} 2 x 10°
cells/m¢ ¢l 25042 100 °CZ 104RT fnk
# oS BmOSESIY 2 LEROERR
B #iEE histamine &< 10002 F&Y
o}
Histamine ##E (%) = (EE#¥ histamine
YEHE + # histamine FEHE) x 100

8) Thymocytes, splenocytes =

macrophages ] 2)-j

StressE& g AF ] WiR € BES 5
gl  MRMERS  Wysocki” H
Mizel™ 59 J7k& FlAste] @B
F AFAE THETId BRY F, Bl

]
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o Kok 2 S DPBS-AE 22 petri
dishell A ZA H#3t BWEE stainless
meshZ JE#Edte HiEEFHES 2 F,
DPBS-AZ 28] ¥#sst & (1,500 rpmoi
AY 1045R EOSEE,
splenocytes £SO 2 3T
Macrophage?] 4B stressE& H1idl7]
38 fiol AF KEkESl 3% thioglycollate 2
AT EEIHT. fEkES cold
PBS 10mE %ol MMEMIEE Mkt
WeHdh MEE 4 °ColA JmOoEE (1,300
rpm, 10mins)3}3. RPMI ®j A2 28] #E#E
%, BEA 120mm petri disho) EF3lo
COyincubatorof] A #5# A 7)1 285 50
bt & = A s BRET oS, M
3} macrophageE cell scraper2 73}
3T A3 thymocytes, splenocytes
2 macrophage= RPMI 1640 v} XS f{&
g om, w2 o) = 10% FBS$}
penicillin-streptomycin (100 units/m¢, 100
pg/ml)S FEhndte] A
9) Thymocytes ¥ splenocytes®] #iff
LR WE
Thymocytes %

thymocytes 2

A=

1} o
%=

splenocytes®] i
AHFR BT Mosmann®e] BEE o
Kotnik 5™o] WA MTT Hiko
2 PEsas. 583 thymocytes 3
splenocytes& RPMI 1640 v A2 i
BWKRS AR F, 96-well plate?
% wello] MR H®E 100m 1 x 107

cells/m¢)E #M331 thymocytesd] &
concanavalin A (Con A)E,
splenocytesdl & lipopolysaccharide

(LPS) 10 pg/meE TepndtAY HmstAl &
& ®EozZ 37 TY COrincubatore] A
48R5 R EES AT #HE KT AR
fiol 5 me/mt EEE DPBS-Ad #HE

g MTT#H®K 20uE & wellell #bnst
i, 0.AIN-HClYl #®#®EAIZl 10%-SDS
100 S % wello] st SEX R
oM 18ErM o HEY F LD &
well®] ®YJEE microplate-reader2
570 nmolM RWESS MEAEFERS
HE Ao
In vitro BEAA= 2 #3 thymocytes
2 splenocyteso] CHT 10, 100 ¥ 1,000
g/ mLE 48 IR EHsly Y BERS
AAEAT-
10) Thymocytes U  splenocytes®]
DNA fragmentation ¥
5yEE3 thymocytes 2
buffer (0.1% Na-citrate + 0.2%
X-100)9] #fEA1Z) propidium iodide (10
ug/ml) 20uE ol K& TFAA 3050 H
B3 &, flow cytometer2 sub-Gl peakE
BlE st k.
11) Thymocytes %
subpopulation %
4y EE3E thymocytes R splenocytesE #
% RPMI 1640 WA= 3 #fEsti. T
cell 9] population2 PE-conjugated
anti-CD4 2 FITC-conjugated anti-CD8
monoclonal antibodyZ, T 2 B cell9]

splenocytese]| PI

Triton

splenocytes 2]

subpopulation® PE-conjugated anti-B220
2 FITC-conjugated anti-Thyl monoclonal
antibody2 —F Bfdte] 4 °ColAM 30%
il RHEAIZ] & flow cytometer [excitation

488 nm, 525nm  (FITC),
575nm (PE)]2 subpopulations IE 3]
o,

12) Cytokines iz

Splenocytes ¥EE®K + cytokines®] 7€
o HEE MEoZYE MHE &% O#
3], 2 x 107 cells/mE F/EF o %

emission
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well plated] 200 ¥ EF3 F, 728:R/
¢ COrincubatorol A 353}t #3k
e EUSE (2500 rpm, 2mins, 4°C) &
o, T4 50umE Hdte mouse
immunoassay kitE FIf3l] cytokinese)
82 WEYh 5 sample 504L0) assay
diluent 504E |E3I ZHiEolA 28R
¢ incubation® F 4[] gk#ESAC %
#% ¥ anti-mouse cytokines conjugated
concentrate 1004E fnsle] TiEOA 28F
M  incubationd §F, 5F\ ST
substrate solution 1004E E &3 304
FQ EEANA #3#%3ct. Stop solution
1004E tn3led 450nmel A microplate
reader2 BXEE BWES &, vg ERT
BER 3] cytokiness] B& MEIA
o,
13) k¢ macrophages9]
chemiluminescence MW5%E
483 macrophagesE 2 x 10° cells/m¢
7} sl=& DME (without phenol red,
034 g/ ¢ NaHCOs, 2.6 g/ ¢ HEPES, pH
72)d  BEAA EERA FEARACG
Lucigenin ##%<9 #Es 10 m9
DPBS-Ad] WS ¥, W@ WEste -20
“Cold  BESEM s cHstock
solution). Lucigenin stock solutiong {#
m3dl7] Ewie] DME wixo] 1/102 HE2
3o #FASIA Y. Chemiluminescence i
E-L luminometerE Fifffsle] 37 °CollA
BESFAI.  WEM  microplate
(white) 2] % welldj) |
macrophage Z##& 5049 lucigenin
B 50 % zymosan A#E 30 e
Hmdld HE#K volumeo] 20047} =
=& g F, 37 °CoA 1550 wHigRE
& og, 55 HMEo=z 305 FU

lucigenin

lucigenin chemiluminescence =&
ZE 3t A .

14) fif¢ macrophage?] HAEH 9

3 engulfment JWE

FITC-conjugated E.
HBSSo)| %% A)#A sonificationdt ¥ i3}
Fon, trypan blue= citrate buffer(pH
4.4)°) 250 pg/mt BER WEStH EA3
A}t 53 macrophagesE RPMI 1640
A2 1 x 10° cells/mt HE2 FARS F
100448 96 wello] EF§ thg, E coli
particles® HBSS AWK Z 1 mg/ml HA
ABT VWK 2545 I 185 S
COrincubatorol] A}  #2#&3}I Aot EBRES
B&E3}3L extracellular fluorescenceE M|
3t7] $18] trypan blue 100u0E ZFindld
inverted fluoromicroscope® #resl Qo).

15) Bil* macrophages®] nitric oxide

wWE

783 macrophageE 24 well plated]
welld 2 x 10° 233 3
macrophageZ ¥ 4SS nitric oxide
(NO)e] &L Griess¥oz FEs AT
£ wello]] LPS 1 pg/m¢$} y-IFN 25 units/
meE Findlel 24B5RN BT F, HEK
100469} Griess R#E (1% sulfanilamide +
0.1% N-naphthylenediamine - 2HC] + 2.5%
HiPOy) 1004E BA3tY 96 well module
of Wi, 37 °CAA 104M HKES F
570nmoj]A] microplate-reader2 BEXEE
miEste] vl fEE NaNOo| WE#H
o8] NOy9 REE A3

16) ¥ctpEEe

2E BBR&EREL mean + SEE YE
WAL #EFHEREE Student's ttestE Eifi
3t p<0.058 HE¥o0=z HEH BHKE 4
i3 o} '

coli  particles&

cells&
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. g% &%

1. i & histamine & v|X+= E

StressE H{slA] &2 normalfF<] Il
% r histamine &8& 784 + 32 ng/ml
ojlot,

control#f-&

immobilization-stress = 3}
1022 £ 37 ng/ml=E,
AT controlffS 934 =+

3.6 ng/mZ normalfife] B3} s}t
CHT 500 mg/kg& #%HL3}3l immobilization-
stressE HHSIAS We 945 + 34 ng/mZE

controlf¥y} ¥ ER7F 9o, cold-stress

g AMSIEE wWe 802 + 31 ng/mE

controlf el vl3 WA sA T} (Fig. 1).

cold-stress&

Berum histamine (ng/mi)
-« % s 8 8 &

Fig. 1. Effect of CHT on the concentration of
serum histamine in immobilization-stress
or cold-stress mice.

CHT (500 mg/kg) was administered p.o. once a day for
7 days, and mice were treated by immobilization-stress
(IS) for 10 hrs or cold-stress (CS) for 6 hrs at 4 °C. The
serum histamine was determined with spectrofiuorometer.
The data represents the mean * SE of 5 mice.
Significantly different from nomal group (p<0.001). %
Significantly different from control group (p<0.05).

2. ¥ th corticosterone &4 v X=
BOR
StressZ fndlA] &L normalf¥el fiF
7 corticosterone & E-S 4013 + 156 ng/
m¢ ©]%ler}, immobilization-stressE &7
3 controlff2 6708 + 247 ng/mlZ,

cold-stressE B i controlFL 6058 =+

21.3 ng/mlZ normalffo] w3 #nstH .

CHT 500 mg/ ke LI S
immobilization-stress& HH3IYES we
625.9 + 254 ng/mlE controlfifz} ¥ FEHE
7} 901}, cold-StressE M3l S =
510.1 + 22.5 ng/mE controlFfol I3
vt (Fig. 2).

Serum corticasterona (ng/ml)

Ei

g. 2. Effect of CHT on the concentration of serum

corticosterone in  immobilization -stress or

cold-stress mice.

CHT (500 ms/kg) was administered p.o. once a day for
7 days, and mice were treated by immobilization—stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. The serum
corticosterone  was determined with  soectrofluorometer.
SE of 5 mice. 5
Significantly different from normat group (p<0.001). #
Significantly different from control group ( p<0.05).

The data represents the mean =

3. e mast cellZ XL €] histamine ¥t

o v BCR

Control#£¢] mast cello] compound
48/80 05 ug/mE 7HAL W KEHE
histamine®-& 78.6 + 3.8% ©°]3lt}.

CHT 01, 1 2 10 mg/mE #iE 319
L o 623 + 32%, 285 + 24% 2 64
+ 1.2%=2 ZEpEAA EHE mast cellZ2¥
B histamine®] #KiH< M4 (Fig. 3).

Histamine releass (%)
a
8
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Fig. 3. Effect of CHT on histamine
induced by compound 48/80 from rat

release

peritoneal mast cells in vitro.

Various concentration of CHT (0.1, 1.0 and 10 mg/mé)
were added into the rat peritoneal mast cells 10 mins
before compound 48/80 (0.5 ug/mf) treated. The data
represents the mean * SE from 3 experiments.
Significantly  different from ocontrol group (; p<0.05, ™
p<0.001).

4. Thymocytes®] MM4EfFER vA+

BOCR

Normalf#¥ 2] thymocyteso] concanavalin
A (Con A)YE RE}A AXS WY #Mi
HEHFES 100%2 319E W Con AE 3
PSS W 1325 + 21%2 ®myg
i1, immobilization-stress& g3t control
e Con AE EESA LUS W 793 +
17%%, Con AE RHEIIAE W+ 1103
+ 15% 2 normal#ife] Hla MHEFERO)
WA HeH, cold-stressE H7fifgF control
S Con AE B3R &S o 89.7 +
14%%, Con AS EEIIQPSL We 1221
t 11%Z normalfifo] wls] HifE4FRKo]
B etk

CHT 500 mg/keS ¥2EA3}aL immobilization
-stressE Hfg #HL Con AS BEeA &gt
& v 883 + 12%E, Con AZ EHIAL
e 1218 + 20%E, CHT 500 mg/ kg #%
B85 cold B ERNS
Con AS EZ#3A 4re wv 1012 +
13%2, Con AS HREIYL Wt 1354
+ 18%=Z controlffe] wls] ®LndlAcH
(Fig. 4).

CHT 10, 100 2 1,000 pg/mE in vitro
oA gZESsL Con AE RESIA] ke
W] MRAEHERS 100%2 F9e 9
CHTE REZ T2 Z4Z 1032 £ 14%,
1117 + 1.8% 2 1221 + 17%Z 100 g/

-stress&

me ©]de] EEAA MiAEFR Winst
At Con AE EF3 controlffe] a4
FRL 1329 + 14% ojed, CHTS &
BE £L 1367 £ 1.5%, 1446 + 1.7% 2
156.9 + 15%= 100 ug/mé o]4+e] o
A M frERol ®nstdtt (Fig. 5).

Coll Viability (%)
]

o 8 3 3 3

Fig. 4. Effect of CHT on the cell viability of thy-
mocytes in stress  or
cold-stress mice.

CHT (500 mgfkg) was administered p.o. once a day for
7 days, and mice were treated by immobilization-stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. The
separated thymocytes (1 x 107 cells/m) were cultured for
48 hrs in RPMI 1640 media mixed with an activating
mitogen of concanavalin A {Con A). The data represents
the mean = SE of 5 mice. 5 Significantly different from
normal group (5 p<001, ™ p<0.001). * Significantly
different from control group (p<0.05). Con A (-}
Concanavalin  A-nontreated group, - Con A (+)
Concanavalin-treated group

immobilization—

CHT Concentration (ig/ml)

Fig. 5. Effect of CHT on the cell viability of

thymocytes in vitro.

Various concentration of CHT (10, 100 and 1,000 xg/m¢)
were added into mouse thymocytes and were cuitured for
48 hrs. The data represents the mean + SE from 3
experiments. ; Significantly different from control group (;
p<0.01, “; p<0.001).
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5. Splenocytes?] A fFK o

R

Normal#¥¢] splenocytesdl] lipopolysaccharide
(LPS)E EHslx] ¥US W MAEHFER
< 100%2 3FS W LPSE HEsIES
e 1385 +  17%2  ®@m3lda,
immobilization-stressE H 3 control#f
< LPSE @REHSA JUsS o 784
20%%, LPSE EEsP-E wWe 1165
17%2 normalf¥e] M3} MLEFE] B
3l Fon, cold-stressE E 3 control#¥
< LPSE RHESA EUES o] 825 +
14%2, LPSE #=3AL WE 1217 =
1.6% 2 normalfifo] vlal| fMELFFR B
SR

CHT 500 mg/keS #EA3}3 immobilization
stressE BT B LPSE EESA 4%S
W= 823 + 1.8%E, LPSS RISAL Y=
1215 + 21% % controlffo] wis) H %R
7 e, CHT 500 meg/ked HESIR
cold-stressE &7fsr ERHS LPSE EH
2 ¥%e wWe 856 + 1.7%=2, LPSE
BENRYL W 1253 + 1.5%F controlff
of w3 ¥ R/} ANt (Fig. 6).

CHT 10, 100 2 1,000 pg/m¢S in vitro
AN BB LPSE HEHA A%E ©
o] MfEAEERS 100%2 3e W CHT
& BEI 7 47 1025 + 1.8%, 1218
+ 13% 2 1296 £ 1.7%2 100 pg/ml ©]
A BEANA MEFEK] Hindloh
LPSE @EEE controlf¥e] MMEFEL
1378 + 15% ojglow, CHTS ZEg &
2 1382 + 1.7%, 1532 + 1.8% % 1684 +
18%=Z 100 pg/me ©]/3e] BECIAN #il
AR ®|indt Aot (Fig. 7).

U} X &=

H

+

Cell Visbility (%)

Normal  Con¥ol (81 CHT () Coatrol (C) CT (C5)

Fig. 6. Effect of CHT on the cell viability of sple-
nocytes in immobilization— stress or cold-

stress mice.

CHT (500 mg/kg) was administered p.o. once a day for 7
days, and mice were treated by immobilization—stress for 10
hrs or cold-stress for 6 hrs at 4 °C. The separated
splenocytes (1 x 107 cells/mé) were cultured for 48 hrs in
RPMI 1640 media mixed with an activating mitogen of
lipopolysaccharide (LPS). The data represents the mean *
SE of 5 mice.  Significantly different from normal group
(p<0.001). LPS(-); Lipopolysaccharide-nontreated  group,

LPS(+); Lipopolysaccharide-treated group

s
BZ2 Lps 1)

CHT Concentration (ugimf)

Fig. 7. Effect of CHT on the cell viabilty of
splenocytes in vitro.

Various concentration of CHT (10, 100 and 1,000 xg/mé)
were added into mouse splenocytes and were cultured for
48 hrs. The data represents the mean * SE from 3
experiments.
{p<0.001).

", Significantly different from control group

6. Thymocytes®] DNA fragmentationo}

u X = HER

Normal#fe] DNA fragmentation2 2.7
+ 02% o] o1}, immobilization-stress&S
A controlFEL 118  07%%=,
cold-stressE B3t controlffL 75 =+
05%2 normalffel wvja] #E st
CHT 500 meg/ ke & L
immobilization-stressE AFILE W
93 + 05%=, cold-stressZ BM3IHL 4
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AFF RS0 47| ImmobilizationStress P ColdStress BfF# M Histamines} Corticosterone 28 2 #hkol 13 M2

£ 58 + 04%2 control®ol Hls| A3
At} (Fig. 8).

DNA Fragmentation (%)
e w » & o % 2 2

Fig. 8. Effect of CHT on DNA fragmentation of

thymocytes in immobilization-stress or
cold-stress mice.

CHT (500 mefkg) was administered p.o. once a day for
7 days, and mice were treated by immobilization-stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. The
separated thymocytes were stained with propidium
iodide. DNA fragmentation was determined with a flow
cytometer. The data represents the meanSE of 5 mice.
" Significantly different from nommal group (p<0.001). ¥
Significantly different from control group (% p<0.05, *;
p<0.01).

a

7. Splenocytes®] DNA fragmentationo}
LIRS & 3
Normal##

fragmentation® 28 =

splenocytes 2] DNA
0.2%°] 0 2.1,
immobilization-stressE A f3 controlF¥
< 138 + 0.6%=, cold-stress& A3
controlf¥2 11.7 + 0.5% 2 normalifd] 1)
3 @3 ot

CHT 500
immobilization-stress&

mg/ kg i 47E )
ArsRE wWe

126 + 05%E, cold-stressg AHEHFHIIL
= 113 + 0.6%Z controlBfo] s B
R} A (Fig. 9).

Fig. 9. Effect of CHT on DNA fragmentation of
splenocytes in immobilization-stress or

cold-stress mice.

CHT (500 mgf/kg) was administered p.o. once a day for
7 days, and mice were treated by immobilization~stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. The
separated splenocytes were stained with propidium
iodide. DNA fragmentation was determined with a flow
cytometer. The data represents the mean:tSE of 5 mice.
; Significantly different from normal group (p<0.001).

8. Thymocytes®] subpopulationo] u]x]

= R

Normalff thymocytes % CD4" #iiss
125 + 0.3%, CD8" #iffi= 2.9 + 02%°]QL
Y, immobilization-stress& 773} controlE¥
o] CD4" #ilgE 178 + 05%=, CD8" il
£ 31 t 03%Z normalf¥e] vls) CD4" #
2} populationo] st ™, cold-stress
£ ARS controli¥e) CD4™ Mifa: 127 +
03%Z, CD8" fifse 3.0 + 02%Z normal
Froll wis) ¥ £RV} G

CHT 500 mg/ ke& RS
immobilization-stressS H73IS W CD4”
filE 155 £ 04%2 controlffd] w3 4
sty e}, CD8" #iffi= 3.0 + 0.3% 2 control
Fol vid ¥ 2R/ g1tk Cold-stress&
AfelNS W CD4" Mifas 125 + 03%2,
CD8" i 2.8 + 02%2 controlZel u]3)
g ZER7} A (Fig. 10).

(=T
22D cove

Thymocytes subpopulation (%)
s

Normai  Conpal fl} CHT(EN Comivel {CH) CHT KB}

Fi

g. 10. Effect of CHT on subpopulation of
thymocytes in  immobilization-stress  or
cold-stress mice.
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CHT (500 mg/kg) was administered p.o. once a day for
7 days, and mice were treated by immobilization-stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. The
separated thymocytes were stained with PE-conjugated
anti-CD4 and FITC-conjugated anti-CD8 monoclonal
antibody for 30 mins at 4 °C. The subpopulation was
determined with a flow cytometer. The data represents
the meantSE of 5 mice.  Significantly different from
normal  group (p<0.001). % Significantly different from
control group (p<0.05).

9. Splenocytes?] subpopulationo] wu]x]

= R

Normal#¥ splenocytes & B220" #ij:
36.7 + 12%, Thyl" #ifge 216 + 1.2%0]
Ao, fary g
controlff 9] B220" #faE 312 + 1.0%2,
Thyl" #ilgE 265t 1.1%%, cold-stressZ
A8 controlB¥e] B220" Mt 325+
12%%, Thyl" #ilse 258 + 12%=
normal#¥e} vl3 B220" #ie] population
< ¥4 Thyl' ##ae] populationg
@ st At

CHT - 500

immobilization-stress S

immobilization-stress &

ng/ ke Ei'd- 3 A
AfstRS W
B220" #iE 324 + 1.7%= controlte)
s ¥ ERVF gleu, Thyl® e
235 = 12%=2 control#ife] wla} W34
on, A3 control#f 9]
B220" i+ 335 + 1.3%Z controlffd)
3 ¥ 2RV gReud, Thyl' Migs
225 £+ 1.1%=Z controlffe] wvla WA st
=8

Normal## splenocytes & CD4" #iffi=
16.4 + 0.4%, CD8" #ifa= 6.7 + 0.2%0] Y
L1, =P0kds
control#f ¢} CD4" Mg 193 + 05%=,
CD8" #iifi= 9.8 + 04%=, cold-stressZ
ATTE controlBfe] CD4* #ifa= 189 +
03%=, CD8" #ife 88 + 03%=

cold-stress &

immobilization-stress &

normalffe] B3] CD4" Mg 2 CD8"
f12] populationo] #natg .

CHT 500 mg/ ke HeEd stz
immobilization-stressE& HHEHSIEE o
CD4" fifg= 17.8 + 04%= controlBfol
v EAsQeu, CDS' e 91 +
02% =2 controlffol} nvls) B XR7 A
}.  Cold-stressE £773  controlF2)
CD4" fifg= 174 + 04%= controlB¥o)
vls EAsgod, CD8 fE 79 +
03%= controlfifo] W] ¥ 2£R/ Y
t} (Fig. 11).

ubpapulation (%}
B8 g
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3
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Normal  Control (|5 CHT (IS} Comrol (©3) CMT (€%}

Fig. 11. Effect of CHT on subpopulation of

splenocytes in  immobilization-stress  or
cold-stress mice.

CHT (500 mg/kg) was administered p.o. once a day for
7 days, and mice were freated by immobilization-stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. The
separated splenocytes were stained with PE-conjugated
anti-B220 and FiTC-conjugated anti-Thy! monocional
antibody or PE-conjugated anti-CD4 and FIiTC-conjugated
anti-CD8 monoclonal antibody for 30 minutes at 4 °C.
The subpopulation was determined with a flow cytometer.
The data represents the meantSE of 5 mice.
Significantly different from normal group (7 p<0.05,
p<0.01). % Significantly different from control group
(p<0.05).

10. Cytokine 2@l "X & HP
Normal#¥ splenocytest#E#E % y-IFN2]
de 785 + 235 pg/mb olYent,
immobilization-stressE &3t controlf¥
o A& 5125 + 214 pg/mlE normalf¥ i
uldl WA P o, cold-stressE AR
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controlffj &= 6357 + 228 pg/mi=
normal#¥e) vI3] FA 34t

CHT 500 mg/ kg R B3}
immobilization-stressE & 73lQ-& W
598.7 + 21.7 pg/mLE, cold-stressE& £ 75
}9e wWE 7153 * 26 pg/mE
controlFel] 3} &net Rt (Fig. 12).
Normal#¥ splenocytesiZz &k = IL-29]
ke 4783 + 197 pg/mt oo},
immobilization-stressE £ 73t controlf¥
A= 2983 + 189 pg/mlE, cold-stress
E A3 controlffolAe 3574 + 207
pg/nt2 normale] W8 BT
CHT 500 mg/ kg& itz o i
immobilization-stressE  £H3YE W=
3247 + 23.6 pg/mE, cold-stressE i3}
e W 3972 + 226 pg/mE controlff
o wls) ¥ 2RI AT (Fig 13).
Normal#¥ splenocytesiz#E# 3 IL-49
ke 1879 * 176 pg/m olgont,
immobilization-stress& A3+ control#
M= 1125 + 14.8 pg/mlE, cold-stress
E AMS controlFd A= 1268 + 114
pg/mE normalffel] wlsf HA 3ot
CHT 500 mgf kg€ FEL ST
immobilization-stress& HF3IEE WE=
1164 + 125 pg/ml=Z, cold-stress& A7y
3RS W& 1313 + 11.7 pg/mlE control
ol B3] B £RJ QAU (Fig. 14).

i K

Fig. 12. Effect of CHT on the production of y-interferon
from splenocytes in immobilization-stress or

cold-stress mice

CHT (500 mg/kg) was administered p.o. once a day for
7 days, and mice were treated by immobilization-stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. The
production of y-interferon was determined in the
separated splenocytes with ELISA kit. The data represents
the meantSE of 5 mice. ; Significantly different from
normal group (p<0.001). * Significantly different from
control group (p<0.05).

Interieukin2 (pgimi}
- B ¥ 8 3 B B

2!
Woral  Conwol (B) T (1% Conral (03 CHT I

Fig. 13. Effect of CHT on the production of interleukin-2
from splenocytes in  immobilization-stress  or
cold-stress mice

CHT (500 mgf4g) was administered p.o. once a day for

7 days, and mice were treated by immobilization-stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. The
production of intedeukin-2 was determined in the
separated splenocytes  with ELISA kit The data
represents the meanxSE of 5 mice. *; Significantly
different from normal group (p<0.001).

Fig. 14. Effect of CHT on the production of interleukin—4
from splenocytes in immobilization-stress or

cold-stress mice

CHT (500 mg/kg) was administered p.o. once a day for
7 days, and mice were treated by immobilization-stress
for 10 hrs or cold-stress for 6 trs at 4 °C. The
production of interleukin-4 was determined in the
separated splenocytes with ELISA kit The data
represents the meanxSE of 5 mice. " Significantly
different from normal group (p<0.01).
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11. Jikt  macrophages2]
activityo] v X = &%
Normal#¥¢] macrophagesZ %8 4K %
+ CLE Rt

cold-stress &

phagocytic

immobilization-stress 2

& {7 3F control#f &)

AR E = CLE2
normal#fol| BvlE] @A 3] W 3A

macrophagesof A

CHT 500 mg/ ke& B st
immobilization-stress& A3 FEE
macrophages®i] 4] £pEe Cled
controlffell Hls M ERZ Ao,

CHT 500 mg/keS #E13}al cold-stressS
Y BEREFS] macrophagesol| A £ 5
= CLE<L controlf#ifd] wula) i#indlsdch
(Fig. 15). T=3%+ FITC-conjugated E. coli
particles?] HR ERIAMNE TUT #R
T #2Y & AT (Fig. 16).

ence Linit

Luclgenin chemiiumines

0 5 10 15 2 2 EY

Time(min.)

Effect of CHT on
chemiluminescence in

Fig. 15 lucigenin

immobilization
stress or cold-stress mice.

CHT (500 mg/kg) was administered p.o. once a day
for 7 days, and the separated peritoneal macrophages
2 x 10° cells/m?) were cultured in DME media (without
phenol  red)
chemiluminescence was measured for 30 min with
luminometer. Each bar represents the meantSE of 5

mixed with opsonized zymosan. The

mice. Significantly  different  from normal

group
(p<0.001). * Significantly different from control group
(p<0.001).

Fig. 16. Photomicrographs of engulfment of fluorescein conjugated £ coli particles in murine

peritoneal macrophages.

Inverted fluoromicroscope photomicrographs (200x) showing uptake of fluorescein conjugated £ cofi particles in
peritoneal macrophages of control mice (A), immobilization-stress mice (B), cold-stress mice (C), immobilization-stress
mice administered with CHT (D) and cold-stress mice administered with CHT (E).

12. i macrophages®] nitric oxide #:
gt v X WE

Normal#¥ 2] macrophagesZ #-8] 45
+ nitric oxide (NO)&2 LPS¢} y-IEN&
EIPEIA 29ke m 21 + 02 pM o]Qe
o, LPS¢} y-IFN-S [mEstg-S o 177 +
14 tMZ2 Binstaen,
immobilization-stress® H 153l controlE¥
9} macrophagesdl X 4 HE NOEL

LPSe} y-IFNES @Em#styS o 121 + 1.2
UMZE, cold-stressE& HE7HSF L 133 +
1.2 uM=Z normalffol Hl3 B A}
CHT 500 mg/ keg ZHLE 3
immobilization-stressZ HEor HEEHS
macrophageso] A A= NO&E2 135
+ 1.1 uM=# controlffo]| wvls) ¥ ZEREJ}

gigley, CHT 500 mg/hkes fRERSIRL
cold-stress& =NCikla B

97



SEFFFER0] A2} ImmobilizationStress %! Cold-Stress B4 M+ Histamine®} Corticosterone 58 2 Miko) nA= ¥E

macrophagesol| /] 4l EE NOEL 168
+ 1.3 yME controlffo] ul3l Ein3}AcH
(Fig. 17).

Nitric oxide (uM)
-

Fig. 17. Effect of CHT on the production of nitric
oxide from peritoneal macrophages in
immobilization-stress  or cold-stress mice.

CHT (500 me/kg) was administered p.o. once a day for
7 days, and mice were treated by immobilization-stress
for 10 hrs or cold-stress for 6 hrs at 4 °C. 3%
thioglycollate was injected /ip. at the 4th day.
Peritoneal macrophages obtained after 2 hrs
adherence period were cultured in RPMI 1640
media in the presence LPS and y-interferon. The
data represents the meantSE of 5 mice. ; Significantly
different from normal group (; p<0.05, “; p<0.01). %
Significantly different from control group (p<0.05).
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9 &goz HAAEW, ERSY d@
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I HHI) e AL KEde mHol”
35)

ABE LANA Harziold EF
oz mEdcH, KB L He HE
LB Bgd 39, Are gmol &
b3ty FHR I K& WHE H,
FHowe W Giftisos BEA
an.

Stress7} #fF R RERME i3l M
R 45T k¥l fEf e diXe
ERESHA RAEA Gk, stress= 4
ZrEo] MHa Byl IL12 & y-IFN9
SWE BOANA EES O HAAT
31, NK cell®) #ifazgt: 2 lymphocytes
o £& B A719>®, hypothalamic-pituit
ary-adrenal (HPA) %& E#(b3ste] M+
corticosterone ¥ pro-inflammatory cytoki
ned] BEES EBMAFIE AoE €3A U
13}39).

Stressol] RMESE 489 /13 EES
pathway= HPAcl®, HPA7} E#{LE®
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glucocorticoids7} &=l BIBANA HBE
FHRE UE 0], gluconeogenesis, protein ¢
atabolism, glucose transport9} 7+-& %4
3 REARS Hgste A2z HEHA
. SWE glucocorticoids= lymphocyte
s9] programmed cell deathE %3}y
wj 2" HPA pathwayE JE#ALEE
gt stresse Ao A] thymocytes?] apo
ptosisE FHst HIHES HHISe Ro
2 28" Qo =3, catecholamine}
22 448 hormone B lEmEol 4%
S AtlEste Ros 2A Yg.

SHH, KU stress phagocytosis9)
#4, lymphocyte®] HEM: B4 F NK c
ell®} {EH-E WA AL 22X bacteriat} vi
ruso] O i FEKEL /A7 HY,
EAISY BT REAIE RS2 HE
39

ole] EFE= WEHIRBE(CHT)S stress
o o fFABES xPYT Hoz, A
Holl HHBRBES £O%ES 3 immob
ilization-stress @ cold-stress& £ % ins}
2 Mish histamine®} corticosterone &9
#{t R immune system?] #{LE BlZ3}
Rt

Stresst= [A]—3} stressg} dloate Fof
Ae B 2 @A A straind] we}
Rl vA= e ER YT &
AA QT

A# o immobilization-stressS 10 FfRS
AfT3tAS Wl cold-stressE 6 Wk &
3RS W Z+Z serum histamine®& s
B8 A & normalffo] w1 s
EimstRon, CHTS #E33 immobiliz
ation-stressZ A3 QYE 9 serum hista
mine&-& controlf ¥} 8 R} Yo,
cold-stress& AF5IYL W controlEf ol

tress&

vla) @At (Fig. 1). EBAR immo
bilization-stress7} cold-stressoll Hl3) stress
9] mpET}L Zdslgom, CHTE k3 stress
9 AL = histamine® SWES MHISIY
t}.

A A o) immobilization-stressE 10 Krf
B39 S Wl 9cold-stressE 6 KFfH &7
3tRE w Z+Z} serum corticosteronef &
normalffe] HI3} VA3 MWt en, C
HTE #Ei3}31 immobilization-stress& £
728} S ®} serum corticosteronef-&cont
rolff3} ¥ 2ZEJ 9oy, cold-stressE
B3NS Wt controlffel ®l&] A3t
ATt (Fig. 2). CHT= <3t stress@ 7%
o+ corticosteroned] WS HI4stH ch

B gigolA CHTE #% i3l cold-stres
sE HE7{739L v histamine %! corticoste
rones] W7t A BAFYTE KR
¥ CHT7} histamine®] 4WE fi%Isto ¢
orticosterone®] #WE M4lste= Ao of
97 249U ANP AL FF A7
ook & ook,

Mast cells] CHTE #ig#Esly €33
S {23+ compound 48/80% EI 3
< ) CHTE 01 mg/me ool o)A
mast cell2 3 €] histamine WS MHI3}
#Ath (Fig. 3). o] CHT7} mast cell2 5
E] histamined] € 3¢g-& &3} cortico
steroneS WS MEITL 28] A|ALE
£ Rolo

Immobilization-stress =
ATt 9S W thymocytes®] filfiEfFRLE
25 gostgon, ojudx immobilizati
on-stress7} cold-stress R.U} thymocyteso]
MERFRS A @wEsdd. CHTE
#ER3} 1 immobilization-stress & cold-str
essE AFTAS W thymocytesol iiffis

cold-stress &
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EFEESe) Aol ImmobilizationStress D Cold-Stress &7 #% M Histamine®} Corticosterone &8 2 &#kd] 2+ #

R Con AF @EeA 4sE Wy C
on AE EEIIHUS of EF MEFFK
control#fell Bl st (Fig. 4). ©]
& CHT?Z} stressel]l 9j8] #id =+ thymoc
ytes®] MMAEFES BAA REFES
wEAld 7 S-S AAEkeE Aol o
o] fEfo] CHTY E#fEMA 93 AU
712 237 98 CHT 10, 100 € 1,000
ug/ e in vitroo) A thymocytesol] & 3}
A o 100 pg/mb ©)/FS] BEAA i
LR EmstAT (Fig. 5). o] #Re
CHTS] fEflo] BEHAMERA o3l 7=z
AeE Yrdte Aol

I3, immobilization-stress % cold-stres
s& AfT33& W splenocytes®] il FF
K= EF normalffe] Hls) HAdIHoH,
o] wo]% immobilization-stress7} cold-str
ess BT} splenocytes®] #iffiEFES 73}
A WEEIG . CHTE ## & 31 immobili
zation- stress 2 cold-stress& A3 S
W] = splenocytes®] 4:f73Ko] controlf¥}
mate ¥ 2R/ AT (Fig 6). ol
& 4ERE stressE AL HBES T cell
& Con Ao i3 KfEM:] HEin=, stre
ss& A S BESE B cell2 LPSo] o
T RSl W7t fvhe #@EI9) stres
sofl oJ3 T cell9] #jEo] MFIETs W
53)9—} B3} 92 ol stress7} T cell @ B ¢
elld] ME T8 HEBS £ 5 UASS 97
3t Zojth

Immobilization-stress %  cold-stress&
Z+zd A fidtY S u] thymocytes?] DNA f
ragmentation©] normal#fel| H|3] &3}
gon, CHTE RS stressE pndly
€ ] DNA fragmentation controlf¥ o]l
vl&| A 3HY (Fig. 8). =3, immobiliz
ation-stress R cold-stress& 24z £fis}

A& 4 splenocytes®] DNA fragmentatio
no| normalffe] Hls] @indtg e, CHT
E ¥H3t1 immobilization-stress % cold
-stressE E13tY S W] DNA fragmentati
ono| controlffo] Hld] ¥ ZERJ} YUY
(Fig. 9). ol8ig # R+ immobilization-str
ess @ cold-stress7} thymocytes ¥ spleno
cytes®] apoptosisE FE st ML FE
< BAAZE AREE Aot CHTE
5l YS w thymocytesd 7ol str
esso] <J3] FEE apoptosisE WA AIA
MiAERARS EiAZIY,  splenocytesd
AL = stresso| 23 FEF apoptosis
of ¥ HES FA YT

Stresso] 2]3t thymocytes®] subpopulati
on ko] "XE CHTY &g #Z3)
9-8& w immobilization-stressE £ 773}
& A% thymocytese] CD4" cell9] po
pulationo] normalZ¥el] Bvl3l HEm3tH e
1}, CD8" cell9] population normal#f=}
ZE7 gslen, cold-stressE S
A dE CD4" 2 CD8' cell9] population
o] normalffe] Hl3} B R AU C
HTE #Ei13}51 immobilization-stressE &
&S w control#ol] B3] CD4" cell9)
populationo] control#fel] Bvl3f #EA 3 Ah
(Fig. 10). ©] &%= CHT”} immobilizatio
n-stressol] 93 ®@inEE CD4" cell®] pop
ulationg ZH3ld fFES 2HE 5 A
=& AMAtete Aolth

Immobilization-stress 2
ATEgS 9 splenocytes?] B220" cell9]
population& %4 3}31, Thyl® cell®] popu
lation& #@pndlict. CHTE #H3I3 im
mobilization-stress =2 cold-stressE& & 145}
9 o] B220" cell®] populationg control
ol ws] ¥ ER7 oy, Thyl" cell

cold-stress &
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9] population ¥ 3} H T}

Immobilization-stress 2  cold-stress&
£35S o splenocytes®] CD4" cell ¥
CD8" cell9] population® 25 normalf¥
o dla ®matgoy, CHTE &ESEI i
mmobilization-stress 2 cold- StressZ jin
39< W CD4" cell®] populatione contr
olffol ®lal WA st o, CD8” cell®) po
pulation& controlgfo] Hls| ¥ %R} 9
Rk (Fig. 11). |83 EE&ERE CHIZ
stresso)] ¢)3) #{LEE splenic CD4" cell
9] populationg ZE3lY fEiES =
¥ 4 Yge Jujate Aolok

Stressoll 23l splenocyteso| A 4 E =
cytokines®] #{Lo| WA= CHTS &S
B&A8 34}, immobilization-stress 2@ cold-
stressE HE3l9S w y-IFN, IL-2 2 IL-
49 AWE normalBfo] Hls) 25 Mg
ow, CHTE #Eis}3l immobilization-s
tress @ cold-stressE B3NS w y-IF
No] £Sie controlffe]l Hl& Einslgde
u, IL-2 2 IL-49] 4= controlffe] H]
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