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| ABSTRACT |

Effects of Hwaganjeon on Immobilization-Stress or Cold-Stress in Mice

Jong-Moon Park, Jeong-Min Ko
Kyu-Hwan Ahn, Chang-Min Choe, Sim-Keun Yoo

Department of Oriental Obstetric and Gynecology.
college of Oriental Medicine, Wonkwang University

Purpose : This study is to examine the effects of Hwaganjeon water
extract(HGJ) on immobilization-stress or cold-stress in BALB/c mice.

Methods : We have Hwaganjeon water extract(HGJ) by freeze-dryer & melt
it by a saline solution. We feed HGJ 500mg/Kg to 5Smice, and add
immobilization-stress by putting mice in plastic cylinder 10 hours. and add
cold-stress by putting mice in 4C cold room 6 hours.

Results :
1. HGJ decreased the serum level of histamine and corticosterone increased by

immobilization-stress or cold-stress. HGJ inhibited the release of histamine from
mast cells at the concentration of 1 mg/ml.

2. HGJ did not affect the cell viability of thymocytes decreased by
immobilization-stress or cold-stress, but increased the cell viability of splenocytes
decreased by immobilization-stress or cold-stress.

3. HGJ decreased the population of splenic CD4" and CD8'cells increased by

immobolization-stress or cold-stress.
4. HGJ enhanced the production of v-interferon(IFN) and interleukin(IL)-2

decreased by immobilization-stress or cold-stress.

Conc]usion : These results indicate that HGJ may be useful for the
prevention and treatment of stress via suppression of serum histamine and
corticosterone level and enhancement of immune response..

K.ey words K Hwaganjeo(HGJ). immobilization-stress. cold-stress. histamine,
corticosterone, Immune response
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Stress@t etelojellA] g gtz 5
Bige] WyHEy, LD, R Eh
NEREE RGN Abele] #ffel 7 A,
ABERES) (R AEhol faEE oz
e 2 K #Rkez vebvde
Ae B’

EE ARl £aisES e
f8HIQ stressoll W3l {E¥ 1 (homeostasis)
olgh= kSt MMy RIES WIS B
#ale MRS 1A Ao Stressell o
gt [ FE2 T2 adrenocorticotropic hormone,
catecholamine 2 glucocorticoids®} 72
neuroendocrine messengers$} Hiks K
177} slem, stress7t deolhe Ft o
£ messengerst ERE7] @EFESISL Abel
2 5 UES S £EMd 8BS
o= Aoz d¥x Qlvh AERel
o gt stress®] R Ehipel TEM, stress
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SRl A stress7b S A T ERE
el adelM i (LEbel R
o] fjgkel o Sl BURTEHZE k=
o] K] MY RIFHMEEEE
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FWwE (S, ACTHYE FIBKE
A} glucocorticoidE WAl A, PEFTAE, 1T
RIEER 59 RaEbs oA 4R
7} stressell & {K{THES vepiA g
o3 ETFA] stress®] first mediator®
= histamine, vassopressin, catecholamine,
serotonin. CRF @ ACTH 3¢ %43 A
el

~

Z

o

HEZE) M = stressE 7] $9)
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ol Bigsle 871 W& JEfTAI71A] %
stoz vehded, ol AdHrt 2
g1 EKRE KZ A% FiREe 1t
vrebupA e,

fLAFfS Bk DS (RERE)
RBREGE, RWEEEIK, EBMEE
fo, BEJR, BhMSSiE " olet Bw= FL#k
2Lk, FFREEE Q3 #E W, 8
WeFa, WEA. Wi, MHREHE. BREAE,
thin 58 HEFSHY) 8 EiRelA e
RS el g™,

{LiFRiel 3 |l HEEAME &
P71 AN CCL4ZRE FHs s iF
rEgel olg AFfmARS] BiE=zYE EZ
RERREIE D& IESFAS Y, stress
&%it% Mme Hormone A& ¥ HIEKE
gfbel PIA e 2ol [ HiEE oHA
e EA] 2t

olo] FEEL {LATATS] stressel w3k
TERREES seagslaal, Aol (LAFRT
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T
A HEel AT A3+ BALB/cA

18 + 2 g&, 35 SDA 7 180
+ 20 g5 KRBEBIHER AN BASH
o, EE 20 £ 30C, BE 50 = 5%,
dark/light 128fe] &4 TIM 13EA
LIb EEEd #EAZ ¥ A
o, BRI BS AS2HA HERE)
=5 3

2. BB KiE

1) tikel

A FERol A (LR MRS 8
Bo| (iE2E) o #slaled, #MAH
S S EDEREK BERAE HWE
ZLEH R BAT 3 REY A
< figstel HASAT I RAS 18
o HES 985 2o,

# LAFRI(HGS S A4

(554 Y BER(g)
= & Au;an?u Irpmatrl 8.0
ericarpium
Aurantii Nobilis
LS Pericarpium 8.0
= Paeoniae Radix 8.0

£ Fritillariae Bulbus 8.0

r
s

# & Moutan Cortex Radicis 6.0
¥E-F (%)  Gardeniae Fructus 6.0
- Alismatis Rhizoma 6.0
Total 50.0

Bh 3 AES KK 2,000m 2 2[E
m#E st ¥, At RS rotary
evaporator® {B#Est oh%, freeze dryer

2 REETES (LATRL K 41.6g (2
58, 27.7%. °l3 HGJ=t §H)< e,
B EEEE Ak ERAA
A3k o

2) Immobilization stress Afi T

A 18-S 57lglZ sled normali¥
(IE#%E) 2 controlff (stress AFTEE)
= EmagmEkers. BT HGI
500 mg/ke2 18 1[EA 7HH MOHEM
¢ og AAE FEiE dBe e
SR olx  FalA  sle]  10EERH  F
immobilization-stressZ MN& I FEHol
sk

3) Cold stress &fi &M%

A7 18E Svt¥E 3te] normalkf
(EE#EE) 2 controlBf (stress AfTER)
= AHAEgEKTS BEiEdE HGI
500 mg/ke2 18 1EA 7HRH KOEM
g o2 AFAE 4 oC HEEANA 6 KefH
Yol & T ol ARG,

4) Mm% 9 histamine A& A&

Stress® Mt AFAES Eriasied A2
MmiES FHL4EE (3,000 rpm, 10mins) 3}
o MmMFEE dds. miF 1lm@
0.4N-HCIO4 25mE sty EQES
Bral 3 BsshAl iREE R H LB
(3,000 rpm, 5mins) 3t LEKS EE
sk, wEl {&M{EAIZ] phospho-
cellulose powderE 3 x 0.6cm columnell
FEES % 0.03M- phosphate buffers}
0.06M-phosphate buffer® }#l2 Eifk
g IS E= RSt 0.1M-borate
bufferg- histamine {FHIEHER L H 3}t
HHA RS, EHiHE 3nlel  orthophthal

aldehyde 0.2mE- fN3ked spectrofluorometer

(excitation : 350nm. emission : 444nm)
2 &kE JlESt 1E# histamine 1%
Bigol o8 ZE3a9”.

5) Ii%E ™ corticosterone & HlE
Rl—3 HiEez o mFE &

corticosterone A& Zenker 59 FHik
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Vo estdct, & miF 0.3 mlell K
0.7 mE el RA3IY chloroform 10
nlE fnsled 158 LIk BZuskAl kst
o2 SR EE(2500 rpm. 5mins) 8hed
LE#S BFEsC 9 A chloroform/&
0.IN-NaOH #ig 1m 2 ifest o2
OB 3 EERES 2B BREIACh
UEHRSE  chloroformf§ 9mle]  #HRIK
(H2504 : 50% C2HS50H = 24 : 1) 3
nlE M3 o 158 Lk #@pisA iR
el ek E 048 (2,500 rpm, 5mins)
g &, E/EeSl chloroform/E-g 43 B
K3ty BEEES 2MFE T BEAR
£ sgpectrofluorometer  (excitation
470nm, emission : 520nm)= #t-S #|
JE8le] fE#E corticosterone MEEfR] <
8 E&E3FA

6) TERE mast cell®] 4B

Kanemoto $°V9] Fikel #este] A
FERE mast cell& ZEEsIAC AFAE
ether® HEifFAIZl ¥ Z=ifldlA PMC
buffer (Phosphate Buffered Saline(PBS)
100ml, Fetal Bovine Serum(FBS) 10,
Heparin 10,000unit 1miel]l 3=k ZHiF/KZS
sl 1.000m 2 FE. pH 7.0) 30mE fE
foll AT 90FPH REEES ZPHA v}
AR g ohg sG-S FREEES EAL
Bt (1.500 rpm, 5mins)3sic}. 15m tube
o 22.5% metrizamide (4 oC) 2m& ¥
I Yurt 59 HiEPd wel 2 94
DME wiA| 2 fifest #iidikns MA
3 sl 1.300rpmelt A 104008 &5
Bt sl #iEE DME WA kst
& 2 x 105 cells/m 2 FEISIe] FERO
fEAstd . 4B mast cell& 2 x 105
cells/m 2. ISt eppendorf tubeell 1
m# Y37, CO2-incubatorelA 107

tlo

£ 3 PMC bufferz 23 HGJE
HARIEEZE 025 05 2 25 me/nlE H
=5 &% mskz 37 oCollA 1040 3%
#3t ©}& compound 48/80 0.5 wg/m =
matel 10 EEEstdeh. BRES
1,500 rpme.Z 1057 (4 oC) SEL o7
3l LS oEEstd o

7) Histamine E&

e fAREERTE el histamine®
EBS Harvima $%¢ HiEg i5Es
o HEAC ELoBE F EE#® 10
ul 2} S-adenosyl (methyl-14C) methionine
(2 pei/m) 154, 300mM Tris-glycine
buffer (pH 83) 40ul., histamine
N-methyl transferase 5ul & #hnsked 37
oC #FxolA WOHH RKEAZD %
3N-perchloric acid 20wl E fnste] KFE
4 ik AlZ o Perchloric acidE 1Al
7171 $1s] 10N-NaOH 20wt & mstz,
toluene-isoamyl alcohol 1ml & g %
FEE 700uE A cocktail HKLZ
scintillation A%l &, B-counterd
fi3dted CPM (counter per minute) #t&
BlES ¥ histamine [Z#EfhiRol <3l
®E  HESIYY.  Histamine #&
histamine f8&o] 3 HHHREZ R}
Qo™ # histamine &2 mast cell ¥
7} 2 x 105 cells/m 1 250ul & 100 oCE
1057/ Mm#agt oF Eooiste 92
Rz e H@xEE histamine &
10022 E3} ol

# # Histamine 8z (%) = (5
B¥ histamine #2HfE + #2 histamine
BEE) x 100

8) Thymocytes, splenocytes 2 &S

macrophages®] 77 h
Stress® g AF2 Mg 2 S
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Srekstel MRS Wysocki™ H
Mizel® 59 KiES FIFsted FAHEA
o & AFE HMESI} B F
e M 2 MBS DPBS-AE ¥
petri dishell A ZHA pEsta RiEd
stainless meshZ. U:@3te] AR S
e % DPBS-AZ 2@ %k &
(1,500 rpmelA  104F9  FEL5EE,
thymocytes ¥ splenocytes Fiffiio =
st9dch. Macrophage®] ZBEE stressE
mstzl 38 Hiel AF fEiEAl 3%
thioglycollate 2m & £ Ast HESIS
o}, BERES] cold PBS 10mlE o] JERE
HiEE s IES g 4 oC
oA 1,300 rpme 2 1070 F-L7BtEsk
2 RPMI wiA= 2[ g ¥ ER
120mm petri disholl 5314
CO2-incubatorol| M 538 A1 712 205f] ¥
of MiFEHA &> #HRE BRES OG5
#7538 macrophage® cell scraper® 4
Bestey fEASIAC. A3 thymocytes,
splenocytes ¥ macrophage®™ RPMI
1640 #iAE EAIFACH, wiA A=
10% FBS$} penicillin-streptomycin (100
units/ml, 100 we/ml)& Hinsled A}
A=t

9) Thymocytes % splenocytes®] #hf

AR JIE

Thymocytes 2 splenocytes®] #fa4:
4 BIES Mosmann®™e] BIEEste
Kotnik 5o 8121 MTT %oz
#ESIA . 7B thymocytes 2
splenocytesZ RPMI 1640 ¥l A2 ik
PilriS #EISE ¥, 96-well plate?] &
wellell #RARIEHER 100 (1 x 107 cells/
nl )& #FE3 T thymocytesol & concana
valin A (Con A)E, splenocytesel &

lipopolysaccharide (LPS) 10we/mlE iR
mEkAV Bk L fkfFe= 37 T
o] CO2-incubatorell A 48B¢fE 3%t
o, HEE BT 4RER Hiol 5 me/ml IRE
Z DPBS-Ae) fifgd MTTiHw 20uE
% welldll 0k, 0.IN-HClel F#EA
71 10%-SDS 100 & & wellel sk
of ESE AREECN A 18FRRE o Mg &
BEEd & welll HEEE microplate
-reader® 570nmell M HIEste] fHAETE
B HESHA.

In vitro Tl A £ 78S thymocytes
2 splenocytesell HGJ 10, 100 % 1,000
wg/mlE 48 FRfH ST [Fl—3% EE
= BhEst .

10) Thymocytes ¥ splenocytes®] DNA

fragmentation #|Z

4 BESE thymocytes ¥ splenocytesell
PI buffer (0.1% Na-citrate + 0.2%
Triton X-100)e &E#A1Z]  propidium
iodide (10 wg/ml) 20ul B o KT ol
A 307 M Yt F, flow cytometer®
sub-G1 peakS I 3l

11) Thymocytes 2 splenocytes®] sub

population #IE

4BESE thymocytes ¥ splenocytesE
&% RPMI 1640 ®iA1= 3[] ikHkstsd
ok T cell®] population PE-conjugated
anti-CD4 ¥ FITC-conjugated anti-CD8
monoclonal antibody®, T % B cell9
subpopulation PE-conjugated anti-B220
% FITC-conjugated anti-Thyl monoclonal
antibody® ZFE {efasle] 4 oCellM 30
o REAZ % flow cytometer
(excitation : 488nm. emission : 525nm
(FITC), 575nm (PE)]& subpopulation
< WESH .
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12) Cytokines #I%E

Splenocytes 3E3&iz & cytokines®] Hl
T pET Mo RE MiEE X%
riEste], 2 x 107 cells/ml 2 FAEIT ok
2 96 well plated] 200ul % EF3 X
7288 F<t CO2-incubatorell A1 H5aE3}
Aotk EEKS WUOoEE (2500 rpm,
2min, 4 oC) & oh&, A5 50uE
sled mouse immunoassay kitZ- FFIs}
o] cytokines®] &E WEIAH. F
sample 50ul ol assay diluent 50w & (R
At EilelA 2KER <t incubation
g F 4E pRiEstedh. HEMR F
anti-mouse cytokines conjugated
concentrate 100w & fndhe] =ifelA 2
BERT  incubation¥ ¥, 5[ EHESFIL
substrate solution 100w & E&3I 30
5 Feb EiRIAM  HEzEsdc. Stop
solution 100w E Mn3led  450nmel A
microplate reader2 WFEZ WE 3.
ulg] gl E BEe 98] cytokines?
& s,

13) Bk macrophages®l lucigenin che

miluminescence #I%E

488 macrophagesE 2 x 106 cells/
m7} =2 DME (without phenol red,
0.34 g/ ¢ NaHCO3. 2.6 g/¢ HEPES,
pH 7.2)ell {FifrAA Bl Az
Lucigenin &% #{EE 10m9
DPBS-Ao] #fFs ¥, IE# B
-20 oCelAM fREIEA A
(stock  solution).  Lucigenin  stock
solution fEfsl7] &EHiol DME wiA]
o 17108 FiREsted  fEASEACL
Chemiluminescence M- luminometer
2 FFS 37 oColl A st =",
AEM microplate(white)®] &  wellell

G e 50 <}
lucigenin i&#& 50w ¥ zymosan &g 30
dE Hmsted & volumeol 200w 7k
HEE 3 %, 37 oCollA 155 R
& oL, 55 MRz 304 <
lucigenin chemiluminescence®-& % 3}
At

14) 8K macrophages®] BA{EM

2] &t engulfment BIE

FITC-conjugated E. coli particlesE
HBSSel f&i&A1A sonificationdt ¥ £
skl 2™, trypan blue: citrate buffer
(pH 4.4 250 we/nl BER st
st 783 macrophages® RPMI
1640 »iA]1 2 1 x 105 cells/ml HESF A
3 & 100w Z 96 wellol] EF3 ob2,
E. coli particles® HBSS 522 1 me
/ul E A FEIS BEIR 25uE Nt
1EERT Z<F CO2-incubatorell Al 3E#%38Hsd
o}, EEKRS BRFEIT extracellular
fluorescence® #I%I&7]  $13] trypan
blue  100uE  #Hnsle
fluoromicroscope®. HEEslA

15) FE#E macrophages®] nitric oxide

HE

488 macrophage® 24 well platel
welld 2 x 106 cells® +F3% *
macrophage & HE AEREHE  nitric
oxide (NO)2] =& Griessifdd) o= Hi
&3t el & wellel LPS lug/ml ¢} v-IFN
25 units/ml S FRANSIe] 24BERH] HE3EE F
Meggie 100wk Griess AFE (1%
sulfanilamide + 0.1% N-naphthylenediamine
- 2HCl + 25% H3P04) 100uE BA
3le] 96 well moduled] ¥, 37 oCell A
1057# iEE ¥ 570nmol Al microplate
-reader® TREEE BlESS 9=l (B

macrophage

inverted
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& NaNO29] tagfgel o8 NO02-9 &
EE HEs S

16) #atiEsE

EE BRERES mean = SEZ Y
BT HEHEMYE Student’s t-testS
ThEsted p0.058 HH#eoz HEME M
TE FlEA

III. BB &R

1. Mm% # histamine &&d mlx+=
BE

Stress® Af3MA 92 normalfiEe
Ii#F & histamine F&- 675 £ 4.1
ng/m o] 2}, immobilization-stress&
f473F controlff2 96.3 £ 3.2 ng/nl Z,
cold-stressE AT controlfE-E 85.9 =+
3.5 ng/m Z normalifel vl Ehnstsich

HGJ 500 me/kes $%883}3 immobilization
-stressE Af7EE W& 833 = 34
ng/m ., cold-stress® AfsES @i
72.3 + 32 ng/m 2 controlffel ws] K
4319 ek (Table 1).

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

Histamine
Samples Stress (ng/nl)
Normal - 67.5 = 4.1

Immobilization-stress 963 + 3.2

Control _
85.9 + 35

Cold-stress

+

Immobilization-stress 833 + 3.4%

HGJ
Cold-stress 723 + 3.0°F

HGJ (500 mg/ke) 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 oC. The serum histamine was determined
with spectrofluorometer. The data represents the

mean * SE of 5 mice. *: Significantly different from
normal group (*: p<0.01. **:  p<0.001). #:
Significantly different from control group (p<0.05).

2. M3 # corticosterone & &el] u X
= BER

Stress® Aff3HA &2 normalle]
mi#F ¢ corticosterone A& 3768 +
132 ng/m  e°]%ler},  immobilization
-stressS  AfTSE controlBEE  630.5
215 ng/mE, cold-stressE AT
controlfF-Z 532.1 + 22.5 ng/nl 2 normal
fEell Wl skl =t

HGJ 500 mg/kes %8833 immobil
ization-stress® AMEN S W& 550.7 £
23.2 ng/mZ, cold-stress® At S
3= 450.7 + 21.7 ng/mlE controliel
vl s EAEkgd el (Table 11).

H+

L

Table II. Effect of HGJ on the
concentration of serum corticosterone in
immobilization-stress or cold-stress mice

Corticosterone
Samples Stress (ng/al)

Normal - 376.8 £ 13.2
Immobilization-stress 630.5 + 21.5°

Control
Cold-stress 532.1 + 225
Immobilization-stress 550.7 = 23.2%

HGJ n
Cold-stress 450.7 = 21.7

HGJ (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 oC. The serum corticosterone was
determined  with  spectrofluorometer. The data
represents the mean + SE of 5 mice. *: Significantly
different from normal group (p<0.001). #:

Significantly different from control group ( p<0.05).

3. BEE mast cell2 %€ histamine ¥#
Bl WA= MR

Mast cellel compound 48/80 0.5 we/
mE 7FI& 9 KBSEE histamine®E 2
78.6 + 3.8% °ldch. HGJ 01.1 F 10

99



{LAFRR0| 24549 Immobilization-Stress S Cold-StressOl OIX

= Sz
=

mg/nlE FIEE 3PS e 753 ¢
34%, 237 £ 27% ¥ 85 * 1.8%= 1 me
/nl 048} FEA H7F mast cell2F-
Bl  histamine®] diE  #HIsHA S
(Table IID).

Table III. Effect of HGJ on
histamine release induced by compound
48/80 from rat peritoneal mast cells in
vitro

Drug Concentration Histamine release

(mg/ml) (%)
Control 786 £ 3.8
HGJ 0.1 753 + 3.4
HGJ 1.0 237 + 37
HGJ 10.0 85 + 18

Various concentration of HGJ (0.1, 1.0 and 10 mg/
nl) were added into the rat peritoneal mast cells 10
mins before compound 48/80 (0.5 wg/nl) treated. The
data represents the mean * SE from 3 experiments.
*:  Significantly different from control group
(p<0.001).

4. Thymocytes®] ffgtfraEe] n*
= MR

Normal#2] thymocytesell concanavalin
A (Con A)E EHsIA] &ske ol #
Mt frasg 100%2 319 % o) Con AE
EEslel S W 1299 + 1.8%% #Eist
%)X, immobilization-stressE AR T
controlBf> Con AS EH3IA odsts
) 834 = 2.6%%, Con AS EH3AS
9= 1115 + 1.7%= normalffel] u]3)
A TEEse] s 2™, cold-stress
£ EA%78 controlffS Con AS KIS}
) okekd wf 913 + 1.2%=. Con AE
3l S W 1204 + 1.4%3 normal
frell wls) T o] W e

HGJ 500 mg/kgS 3l
immobilization-stress® AR S
Con AE EFISHA] 4sts #& 862 +

1.8%2., Con AE KIS W+ 1149
+ 21%2 controlffel wis] M ER7)
gadoem, HGJ 500 mg/ked $%E3
cold-stressZ Af73 HEH-S Con AE
EHEA dskE wWe 938 + 15%E,
Con AE B3RS dE 1239 £ 21%
2 controlffel] wls) H 2ZHE7 ddo
(Table IV). HGJ 10. 100 2 1.000 we/
mlZ in vitrooll A BT Con AE &
BeA sk W] MisAEFEE 100%
2 39 $ o HGIE EEd 2 474
101.3 + 1.2%, 1125 + 1.4% % 1206 =+
1.8%% #fHlu4d:fEsol @mmstsdi=. Con
AS EFI dxF9 Mgz
1385 = 1.7% eolgdew, HGJS EH3
2 1407 = 1.7%, 1509 + 15% H
160.7 + 1.6%= A& ] s
o} (Table V).

Table IV. Effect of HGJ on the cell
viability of thymocytes in immobilization
-stress or cold-stress mice

Cell Viability (%)

Samples  Stress Con Con
A-nontreated  A-treated
Normal - 1000 £ 15 1299 + 18
Immobilizat > -
Control ion- stress 834 + 26 1115 £ 1.7
Cold-stress 913 £ 1.2 1204 = 14
Immobilizat
HGJ ion- stress 86.2 £ 1.8 1149 + 21
Cold-stress  93.8 + 1.5 1239 + 2.1

HGJ (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 oC. The separated thymocytes (1 x 107
cells/ml) 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. *: Significantly different from
normal group (*: p<0.01, **: p<0.000).
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Table V. Effect of HGJ on the cell
viability of thymocytes in vitro.

Drug Cell viability (%)
Concentration Con " Con
(ug/ml) A-nontreated  A-treated
Control 100.0 £ 1.2 1385 = 1.7

HGJ 10 101.3 + 1.2 1407 + 1.7

HGJ 100 1125 + 1.4° 1509 £ 1.5

*

1.6

H+

HGJ 1.000 1206 + 1.8°  160.7

Various concentration of HGJ (10. 100 and 1,000
wg/ml) were added into mouse thymocytes and were
cultured for 48 hrs. The data represents the mean *
SE from 3 experiments. *: Significantly different from
control group (p<0.001).

5. Splenocytes®] #HMEFE v A=
BR

Normal®£2] splenocytesell lipopolysa
ccharide (LPS)E EH3IA| ots o2
et EEE 10042 39S o LPSE
st E W= 1421 £ 1.9%= Ems3lt
93, immobilization-stressE A fFE
controlf#-2 LPSE EI3IA Adske o
81.2 + 22%=., LPSE EHsdS d&
124.5 + 2.4%2 normalffel ulsl HHAE4
7Eo] st o, cold-stressg Aff

b controlfif> LPSE EIHA 4k
o 866 + 1.2%2. LPSE mEade o
= 1295 + 1.8%% normalffel w3 i
faEfrdsel WA+,

HGJ 500 me/kes $%88}37 immobilization
-stressE AN B2 LPSE EH3HA
gt Wi 936 * 14%%, LPSE K™

“slle W 1387 £ 20%2 controlfEe]
s sgmstdem, HGJ 500 me/kedr
3t ik cold.—:stress% Afsh BT
LPSS EmstA kote WE 056 +
1.6% %, LPSE EHNE H+ 1383 +
1.3%2. controlfifel] wls gt
(Table VI). HGJ 10, 100 2 1,000 we/
mlZ in vitrool A E¥sZ LPSE EH
A kg wo] MlatFES 100%2
3lele& o HGIE EEI + 747
102.7 £ 2.2%, 1158 = 1.7% 2 1279 +
15%% #ia4EfFEdo] @istdet. LPS
T EES NETY HieAETES 1428
+ 19% oldon, HGJIE HEY o
1448 + 15%, 157.4 = 1.9% 2 1645 =
18%=%  fHlA4fFEse] % hosk ol o
(Table VID).

Table VI. Effect of HGJ on the cell viability of splenocytes in immobilization-stress

or cold-stress mice

Gl Vidbility (%)

Sampl St
AmpIes ress LPS-nontreated LPS-treated
Normal - 100.0 = 16 v 142.1 + 19
Immobilization- stress 81.2 + 227 g 1245 = 2
Control -
Cold-stress 86.6 + 1.2 i 1295 + 18
HGy Immobilization- stress 936 = 1.4%* | 1387 + 2077
Cold-stress 956 £ 1.6% 1383 + 137

HGJ (500 meg/ke) was administered p.o. once a day for 7 days. and mice we're" treated by immobilization-stress
for 10 hrs or cold-stress for 6 hrs at 4 oC. The separated splenocytes (1 x 107 cells/m) 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<0.05,

control group (#: p<0.05. # #: p<0.01).

*: p<0.01). #: Significantly different from
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Table VII. Effect of HGJ on the cell
viability of splenocytes in vitro.

Drug Cell viability (%)

Concentration
(ua/m)  LPS-nontreated LPS-treated

Control 100.0 £ 1.0 1428 + 1.9
HGJ 10 1027 = 22 1448 £ 15
HGJ 100 1158 + 1.7° 1574 + 1.9
HGJ 1.000 127.9 = 1.5° 1645 + 1.8

Various concentration of HGJ (10, 100 and 1.000
ueg/ml) were added into mouse thymocytes and were
cultured for 48 hrs. The data represents the mean *
SE from 3 experiments. *: Significantly different from
control group (p<0.001).

6. Thymocytes®l DNA fragmentation
of "X & HKE

Normal®£¢] DNA fragmentation< 3.5
+ 02% °l9l2v}, immobilization-stress
T A control#ES 127 = 09%=
cold-stressE A %3t controlff2 8.3 =
0.6%2 normalBfel] uls] Ehnslsdct.
HGJ 500 i
immobilization-stresss Af73ll& W+
11.2 = 0.8%2., cold-stressZ AfistAS
= 75 + 0.4%Z controlffel w3 H
ZE7 ¢l (Table VIID).

mg/keS

Table VIII. Effect of HGJ on DNA
fragmentation of thymocytes in
immobilization-stress or cold-stress mice

DNA
Samples Stress fragmentation
(%)
Normal - 35 £ 02
Immobilization-
127 + 09
Control stress
Cold-stress 8.3 = 0.6
Immobilization-
HGJ stress 112 £ 0.8
Cold-stress 7.5 £ 04

HGJ (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 oC. The separated thymocytes were stained
with propidium iodide. DNA fragmentation was

determined with a flow cytometer. The data
represents the mean+SE of 5 mice. *: Significantly
different from normal group (p<0.001).

7. Splenocytes®] DNA fragmentation
o B A& %E

Normal#¥ splenocytes®] DNA
fragmentation® 3.3 = 0.3%c°lgou,
immobilization-stress& £ %3 controlff
2 147 £ 05%2., cold-stressE AHT
control#£2 10.3 + 0.7%2 normalfifel
ns) gk, HGJ 500 me/kes %
#1381 immobilization-stressS &3+
% = 11.3 £ 0.6%E controlfel sl

WAstd e, cold-stressE AR
“Hl“: 8.3 + 0.4%= controlffol ®la) &
43t (Table I1X).

Table IX. Effect of HGJ on DNA
fragmentation of splenocytes in
immobilization-stress or cold-stress mice

DNA fragmentation

Samples Stress o,
(%)
Normal - 33 03
Immobilizatio 147 + 05°
Control ___ n-stress
Cold-stress 103 = 07"

Immobilizatio p
HGJ n-stress 113 + 06
Cold-stress 83 =

HGJ (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 oC. The separated splenocytes were stained
with propidium iodidee. DNA fragmentation was
determined with a flow cytometer. The data
represents the mean+SE of 5 mice. *: Significantly
different from normal group (p<0.00D). #:

Significantly different from control group (p<0.05).

+

8. Thymocytes®] subpopulationel w]
e R

Normal# thymocytes & CD4+ #ig
T 123 £ 03%, CD8+ #iflgs 3.1
0.2% °1 1 o1},

@

I+

immobilization-stress=
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A e controliEe] CD4+ fig: 17.2
0.7% =, CD8+ #fiflge= 3.0 * 02%=

immobilization-stressE® AfstdS o
CD4+ #BiRE= 16.3 £ 0.5%=. CD8+ #i

normalgel] u] s CD4+ #miEe i 29 + 0.3%E controlfel uls] #H
populatione] ¥HN3FA 2™, cold-stress ZHE7} d9d.em, cold-stressE AH3FA
S AT controlite] CD4+ #HlE: 4 w CD4+ #Hig: 124 = 02%=,

125 03%%., CD3+ #ufg= 32 +
0.2%2 normalffel] wls] W 2ZFHJ

+

CD8+ #ilEE 3.2 = 0.3%Z controlffol
wjs) ¥ £R7} gt (Fig. 1. Table

b, HGJ 500 me/keS $RESIT X).
Fa 2 EBE zé g o 2 ':;" 1 2 8] i 2
123 ;172 12.5 16.3] 124
g o ey R
31 Y B 3oj [ I T : E 28 B 32 ,‘
Normal IS CS IS CS
Control HGJ
Fig. 1. Cytofluorometric pattern of thymocytes subpopulation change in

immobilization-stress (IS) or cold-stress (CS) mice administered with HGJ.

Table X. Effect of HGJ on subpopulation of thymocytes in immobilization-stress or

cold-stress mice

Subpopulation (%)

Samples Stress DA CD8 CDACDE
Normal - 123 £ 0.3 31 02
Control Immobilization— stress 172 + 0.7 3.0 £ 0.2
Cold-stress 125 £ 0.3 3.2 £ 02
HG Immobilization- stress 163 + 0.5 29 £ 0.3
Cold-stress 124 + 0.2 3.2 £ 0.3

HGJ (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 oC. The separated thymocytes were stained
with PE-conjugated anti-CD4 and FITC-conjugated anti-CD8 monoclonal antibody for 30 mins at 4 oC.
The subpopulation was determined with a flow cytometer. The data represents the mean*SE of 5 mice. *:
Significantly different from normal group (p<0.001).

9. Splenocytes®] subpopulatione] wuj
e ME

Normal#¥ splenocytes & B220+ #Hlg
= 376 £ 1.7%. Thyl+ #HisE 225 *
1.1%°15 2},  immobilization-stress=
A7gE controliEe] B220+ fAiE 30.4
+ 13%=Z, Thyl+ #ile:s 27.7 + 1.3%

2., cold-stress® HAH3 controlfEY

B220+
A
B220+

HfEs 323 £ 1.2%Z, Thyl+
268 * 1.3%% normal#fel »v]s)
fifge] population KA
Thyl+ #8Ag<] populatione &Nt =
HGJ 500 mg/ ke rmel
immobilization-stress® EAfisld & =
B220+ #fAiE: 353 + 14%=. Thyl+
fMiEE 265 £ 1.1%= controlfife] uls)
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B220+ #HAEe] population Hhn3l o CD8+ #HiE:= 9.0 + 0.3%= normalffe]
™, cold-stressE B control#Ee] vlg] CD4+ e 2 CD8+ i#Hfze
B220+ #Hfg: 36.7 * 1.4%32. control#¥ populatione] #mstd k. HGJ 500 me/
of wlsl ' £5H7F gl e, Thyl+ # kg® {%#35L3  immobilization-stressS

fax 23.0 + 1.3% 2 controlBel] W]} I AwrdldS oW CD4+ flg:s 178 =
485dck, Normal®f  splenocytes 5 03%%., CD8+ #ilg:s 92 + 04%=
CD4+ #Hlz= 15.7 + 0.5%. CD8+ #HfE controlffel]l wla] ¥ =ERJ o,
E 72 = 04%°l2l 2}, immobilization cold-stressE AfIst controlffe CD4+
-stressE AT controlBEe] CD4+ #l s 162 + 04%=. CD8+ fHig:
fae 185 £ 04%=Z, CD8+ #lfiz: 9.6 79 £ 0.4%= controlffel ®lal A3
+ 0.3%Z, cold-stress® AMrgE control o} (Fig. 2, Table XI).

el CD4+ HHREE 179 = 03%=,

g

g 3 2 g‘i? 1 2 - BN 2 $ s 3 2
376 304 1223 1353
1 3 S - 3 3
Cs S 4 BT . Ty L 4 o Bf L ‘ L )
= ) "'22.5m1 I EEO Ry v d g e o o288 [ SRS 230
R - "Towe T - sy T R i - i 5 - Toss
Normal Control (IS) Control (CS) HGJ (IS) HGJ (CS)
! : B A g g - i g
T1s7] 179 185 17.8 162
2 i & @ &4 &
g ‘:’,'_'. . g0, oo, g
BEE 72 1 Fi g0 JT 08 3R g2 455 79 )
iy 00 A . ity -t wrniny O 1 CO8CELTD) fue "” aaceyre 8
Normal Control (IS) Control (CS) HGJ (IS) HGJ (CS)

Fig. 2. Cytofluorometric pattern of splenocytes subpopulation change in
immobilization-stress or cold-stress mice administered with HGJ.

Table XI. Effect of HGJ on subpopulation of splenocytes in immobilization-stress or
cold-stress mice

Subpopulation (%)

Samples Stress B220° Thyl’  CD{’ CD§’
Normal - 376 £ 1.7 225+ 11 157 £ 05 72 + 04
Control Immobilization- stress 304 £ 13 277+ 13 18504 96 =03
Cold-stress 323+12° 268+ 13 17903 90 =03
HGJ Immobilization- stress 353 + 1.4 265 £ 1.1 178 = 03" 92 + 04
Cold-stress 367+ 14  230+13 162=04 79+ 04
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HGJ (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 oC. The separated splenocytes were stained
with PE-conjugated anti-B220 and FITC-conjugated anti-Thyl monoclonal antibody -or PE-conjugated
anti-CD4 and FITC-conjugated anti-CD8 monoclonal antibody for 30 mins at 4 oC. The subpopulation

was determined with a flow cytometer. The data represents the meanzSE of 5 mice.

*

*: Significantly

different from normal group (p<0.05). #: Significantly different from control group (p<0.05).

10. Cytokines 4ritell ®i R & R

Normal#f splenocytestiz®ilt F v
-interferon®] <2 824.8 + 29.7 pg/ml ©]
¢lev}, immobilization-stressE B
controlffell M= 5017 + 234 pg/mE
normalffel] wl&l {EA8t 2, cold-stress
Z £frg controlffel A= 603.8 £ 254
pg/mlZ normalffel wl&] e
HGJ 500 me/keS #%£23t3 immobiliza
tion-stress® A S W& 6117 =
23.1 pg/m & controlEfel vl Enstad
o, cold-stressE AfifsldE dE
7289 + 27.6 pg/mlE controlffel W]l
whnstd o (Table XI1I).

Table XII. Effect of HGJ on the
production of  v-interferon from
splenocytes in immobilization-stress or
cold-stress mice

Samples Stress v-interferon

(pg/ml)
Normal - 824.8 £ 29.7
Immobilization-str 5017 + 93.4°
Control ess .
Cold-stress 603.8 = 254

Immobilization-str "
HGJ oss 6117 + 23.1
Cold-stress 7289 + 27.6%*

HGJ (500 mg/ke) 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 oC. The production of v-interferon was
determined in the separated splenocytes with ELISA
kit. The data represents the mean*SE of 5 mice. *:
Significantly different from normal group (p<0.001).
# . Significantly different from control group (#:
p<0.05, # #: p<0.01).

Normal#¥ splenocytest ik =

interleukin-29] <= 532.1 = 21.8 pg/ml
o]¢] 21}, immobilization-stressE A Tr
3}t controlffdl M= 312.7 £ 253 pg/mE

normalffel Lk st o,
cold-stressS  Afigt  controlffel A &=

391.4 = 21.5 pg/mlE normalffel] w3
Wbsteler. HGJ 500 mg/ked 128l w
immobilization-stress= &f3YE W
4978 + 24.8 pg/nl 2, cold-stressE AT
S W= 4705 + 197 pg/mlE
controlffel ®]&] Ehndtdet  (Table
XIID).

Table XIII. Effect of HGJ on the
production of interleukin-2  from
splenocytes in immobilization-stress or
cold-stress mice

Samples Stress Interleukin-2 (pg/ml)
Normal - 532.1 £ 21.8

Immobiliza -
Control tion-stress 312.7 = 253

Cold-stress 3914 + 215

Immobiliza "
HGJ  tion-stress 4278 + 24.8

Cold-stress 4705 + 19.7%

HGJ (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 oC. The production of interleukin-2 was
determined in the separated splenocytes with ELISA
kit. The data represents the mean*SE of 5 mice. *:
Significantly different from normal group (p<0.001).
#:. Significantly different from control group
(p<0.05).

==

Normal## splenocytests #Eif% =
interleukin-42] ¢F2 215.8 + 18.5 pg/m
o]9l. 2}, immobilization-stressE A
g controlffell M & 1276 £ 12.8 pg/ml
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7

., cold-stressE ATt controlffel A&
136.4 = 10.8 pg/mZ normalffe] w3
Wbsteder, HGJ 500 mg/keS %618} 32
immobilization-stress& Af73ld< W
136.5 = 13.6 pg/ml 2., cold-stressS Bfif
€ wWE 1479 + 105 pg/mZE
controlffell w3 M RV UG
(Table XIV).

Table XIV. Effect of HGJ on the
production  of  interleukin-4  from
splenocytes in immobilization-stress or
cold-stress mice

Samples Stress Interleukin-4 (pg/ml)
Normal - 215.8 = 185

Immobilizati 127.6 = 128"
on-stress

Cold-stress 1364 + 108"

Imm_obilizati 1365 = 13.6
HGJ on-stress

Cold-stress 1479 £ 105

HGJ (500 mg/ke) 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

Control

hrs at 4 oC. The production of interleukin-4 was
determined in the separated splenocytes with ELISA
kit. The data represents the mean*SE of 5 mice. *:
Significantly different from normal group (p<0.05).

11. BifE macrophages® phagocytic
activityel =12+ %R

normal®¥2] macrophages® 3-8 4K
= CLE Xt immobilization-stress

92 cold-stress® A& controlBES
macrophagesll 41 &K EE CLES

normalffe] w8 AA 3] jFAsHA

HGJ 500 £ i
immobilization-stress & BARKisF TERES]
macrophagesel A A£EKEE CLES
control#fell H)s Emstd e, HGJ
500 mg/kgS $EMEL T cold-stressS A fif
g TEEREES] macrophagesoll M AKE £
CLEX controlfel wl&] gmslsdet
(Fig. 3). =3 FITC-conjugated E. coli
particles®] B4 EEHAME TId&F &
RE BEY + A (Fig. 4).

mg/kg&

- 10000

=4 —®— Controtl

= —>— CS5-HGJ

@ —a—CS

2 8000 —O— IS+HGJ

¢ —e— 15

7

o #

[~ *

E 6000

3 # « d #

E p . .
#

g 4000 LS *

4 *

£

c

0] 2000 S

5

g -

a

0 L 2 1 J
0 5 10 20 25 30

Time(min.)

Fig. 3. Effect of HGJ on lucigenin chemiluminescence in

cold-stress mice.

immobilization-stress or

HGJ (500 mg/ke) was administered p.o. once a day for 7 days. and the separated peritoneal macrophages
(2 x 106 cells/ml) were cultured in DME media (without phenol red) mixed with opsonized zymosan. The
chemiluminescence was measured for 30 min with luminometer. Each bar represents the mean+SE of 5 mice.

#*

(p<0.00D).

. Significantly different from normal group (p<0.001). #: Significantly different from control group
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Fig. 4. Photomicrographs of engulfment of fluorescein conjugated E. coli particles in

murine peritoneal macrophages.

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

12. B macrophages®] nitric oxide
el mA e R

Normal®$¢] macrophages® ¥ 4
F= & nitric oxide (NO)<F-2 LPSs} v
-IFN% JRBEESHA] oksk& 9 25 + 02 p
M ollew, LPS¢} v-IFNE& EFEsts
< 9 195 + 1.2 pM=E st o,
immobilization-stressE A%t controlf
2] macrophagesell M #HREHE NOY>
LPS¢} v-IFN<S EHE3IG S « 128 +
1.3 uMZE, cold-stress® AT #
152 + 1.1 uME normalffel vl R4
3ot

HGJ 500
immobilization-stressS AR HEREEQ)
macrophagesel A 4= = NO%-E 17.3
+ 1.4 uMZ controlffel ulsi #inst4d
om, HGJ 500 mg/kes IRMEIT
cold-stress= Bt e
macrophagesell A 4K S+ NOY=E 18.7
+ 1.3 uM&Z controlffel wlsl &l
o} (Table XV).

me/ kg2

Table XV. Effect of HGJ on the
production  of nitric oxide from
peritoneal macrophages in
immobilization-stress or cold-stress mice

Samples Stress Nitric oxide (uM)
Normal - 195 £ 1.2
Immobilization 128 = 137
Control -stress i
Cold-stress 152 £ 11
e Imm_oslzil;::tlon 173 = 147
Cold-stress 187 + 1.3%

HGJ (500 mg/ke) 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 oC. 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 vy-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).

V. % %

Stress¥® [A]—3F stressz} 3tojels &
o] A& B W EAS F 9 strainol o}
2} ihel vl Bl R UG
3 A A weN, Kk FEel
M stressE BfisE BES ¢ o
BALB/cA A& AH&-3telen. immo
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L— 87450
= g2

bilization-stress®] &> Eun 59 &
=8 o) 8led stress ARTHERE 10BHR
o7 3lgdew, cold-stress®] &M
Morishita 5 #& el 8ko] stress
BFFER S GREf 22 3lole.

A #F ol immobilization-stressE 10
M A%t W e} cold-stressE 6 KEfi
Afistd & @ Z+Z serum histamine &
96.3 ¥ 85.9 ng/mZ stressE BAfrHA
o2 normalff 675 ng/mlol] W]}
sl o™, HGJ 500 mg/kgs 7Y 7t %
3l91-& o serum histamine®-2 83.3 ¥
723 ng/mZ stressE Afg controlf¥
of vl HEME A Wstde (Table
D. HE#SE immobilization-stress7}
cold-stressoll ®]&l stress®] EE7} 7}3}
Ao, HGJ7} stress] FEfHol A A
o] histamine®] WS #IfI3IAet. ol&
electric shock stress™” o cold stress™ 7}
serum histamines §MNA A= HiE <
= 53 Rl

A F o immobilization-stressE 10 K
M A%ista e i ehcold-stressE 6 MefH]
&5t & w27 serum corticosterone
22 6305 2 5321 ng/nlE normalff
376.8 ng/mioll ws] &3] gh3t L
o, HGJE &Mmsids o
corticosterone®-2 550.7 ¥ 450.7 ng/ml
2 controlffel] wle A3l et (Table
ID. o123 #ERE  stressoll 93] serum
corticosteronefol IEMTTE Li 5
% Eun 579 #iEss 59T #Eel
ot Nakano 5% EI% id ratel
stressE Afshd A4 ratel] wlE| FEC
dgo] IEhnst=dl, glucocorticoidE R
e FECEo] sk, stress B
Al glucocorticoid®] 4ridkell histaminee]

serum

247 el mediatorE# HITdry 3

. ¥ EEIA HGJ #%81A] histamine
9 corticosterone®] W7t Al A
s ohe #RE HGJI7F histamine®] 47
WS HIske]  corticosteroned] ZWE
MEIs e Aol obd7l HeER e

Histamine 4% Wel 3+ mast cell
o] fakidel Brii=lel Avh7t mast cell
o] HPAME IgE Z%&%% (FeeRDE A
f3ted HEEZE delud iRl e
Ca2+ sE7F 453t ko] dojrt
histamine 52| mediator7} #z8E= o] o
oFgt AelAql #AE vehlie ez
o=l 9 HGJ7t serum histamine
< LA A Ee, ol {ERS &
A3} A} mast cellS sEEse] EEESIS
o}, Mast cellel HGJE RigEs T fRE
K-S {23 compound 48/80& HEFE
& d HGIE 1 me/ml oJAS] %
o] A mast cell2%¥ histamine ZWE
kst (Table IID. ol HGJ7F
mast cell23-E] histamine®] MRS
PnkIsted corticosterones FWS I
£ 7E3] AApskE Aol

Stress7} GfE Rl vlA = BES AT
B7] 93] thymocytes ¥ splenocytes®]
i EFES S8tk Immobilization
-stress % cold-stressS A3t o
thymocytes®] fHEAEfFEE 25 @A st
gony, ool = immobilization-stress
7} cold-stress E.©} thymocytes®] #fl
RS 738 MEstd e HGIE 1%
#18} 57 immobilization-stress ¥ cold-stress
2 &3S 9 thymocytes®] flfEs:
732 Con AE EFESA Adgs ot
Con AS mHsIAE = =57 MARLETF
Zz o} controlffell sl W £ 27t gt
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(Table IV, V). ol HGJ7} stressell ¢
s} 5= thymocytes®] 720l
B F2 gS AAElE Al
olo] {EMel HGJS @ik 23 7
A7bE Flaby] s HGJ 10, 100 #
1,000 we/mE in vitrolA thymocytes
of EFslAS wl MinEfFEe] st
ok o] HEY: HGJIO (BRIl ME(E
el & 71d=E T A& Ewsle A
o]t}

=3k, immobilization-stress 4
cold-stressE Afrstsle o splenocytes
¢ MpEFEE 2% normalffe] uls)]
WAstelen,  immobilization-stress7t
cold-stress Xt} splenocytes® fllE41F
&g 7rskA #Elsid el HGJE #ast
I immobilization- stress ¥ cold-stress
E A3t & o= splenocytes®] AAF
gso] controlffs} Wlwste] EF NS}
9tk (Table VI, VIID). ¢l HGJ7}
stressell &) 2= = splenocytes®] 4
RS BMAA RERES EEAMNE &
s AAEHE Aeolth. ol& stressE
Efista ABESE T cell> Con Ael =gk
REMol Em=Evh, stressE A%l
77BEZE B cell LPSell it KEEd:el
Wil dohe wE Y vz e o
stress7b T % B cellol Mz =& 2%
< £ & Ud5T Bkt Aol

Thymocyte 2 splenocytes®] #AETF
B 7Y o] & #AES] apoptosisell 2
s o718 FAVME T s
WE s
Immobilization-stress X cold-stress&
22y BFiete-& 9 thymocytese] DNA
fragmentation®l normalffel wisl &M
slgder, HGIE %3 stressE B

DNA  fragmentations

#5t91S = DNA fragmentation> © 3
=3 4 287 Qe (Table VIID.
=3},  immobilization-stress X cold-
stressS Z+7Z- &1stsl S @ splenocytes
°] DNA fragmentation®] normalffell ¥
3 st e, HGIE &3tz
immobilization-stress X cold-stressE
Afistel & © 2% DNA fragmentation
o] WAstHA Tt (Table IX). ] #R&
immobilization-stress %  cold-stress+
2% thymocytes & splenocytes®] apoptosis
= Fimete] MlaATEEE WA 7Y
HGJE #%#3l9 S = thymocytesd A
<o = gstressoll &s] i53E¥ apoptosisell
S A 2 splenocytesd 7§
o) &= stressell 28] iFE= apoptosisE
WA A HRAETFES EMAZES A
2399, o33 BT cold-stressell ¢
8] thymocytes®] apoptosis7t {&#= <}t
+ Morishita 59 #%EVd=E FTdL
fE R ol

StressE "2 A F = bone marrow,
liver, thymus ¥ spleen 5 =29 X
of ulgl fAiEiliae] subpopulatione] ©h
okgt #{t7} vepte Aoz odeA 3l
P Stressell €13 thymocytes %
splenocytes?] subpopulation #t{tell vl
e HGIY 2ES BEINGdeE o
immobilization-stress& Afatd& ¢
ol  thymocytes®  CD4+  cell®
population®] normalfifel Bl g3k
o1}, CD8+ cell®] population= normal
FEel W 2R/ ddded, cold-stressE
Bfrsta S W CD4+ cell ¥ CD8+
cell?] populatione normalBis} £V}
Ak HGJS %833 immobilization
-stressE AfEFAE @ controlifel H
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g H 287 Ao (Fig. 1, Table X).
o] #i%+ HGJI”} immobilization-stress
of s  ®mEE  CD4+  celld]
populationell ##& FA EF§E AAF
& Aol
Immobilization-stress = cold-stress

= A%st9 S 9 splenocytes®] B220+
cell®] population=>= A3k, Thyl+
cell®l population< Einsld=t. HGIE
%823} 7 immobilization-stressE £ 13}
9g9& W B220+ cell®] population
control#fell wlsl 1#@ANdtT Thyl+ cell®]
population& ¥ §#e] ik
Cold-stress® HfistdS W+ B220+
cell®] population controlffell wls) 8
£Z827 ddev,  Thyl+  cell®}
population- controlffel ®lsl 48l
o}. Immobilization- stress ¥ cold-stress
S  Awdsde W splenocytes®l
CD4+CD8- cell ® CD4-CD8+ cell9]
population< EF normalffe] w|s] 1§
sk e, HGJE #%583137 immobilization
-stressE ATt E = CD4+CD8- ¥
CD4-CD8+ cell®] population control
B 9 2871 dded, cold-stressE
st W  CD4+CD8-
CD4-CD8+ cell®l populatione] =l F
o] vjal 5% jEAstsdet (Fig. 2. Table
XD).

gt9, Evans 578 stress®] Mol
w2} A= cytotoxic T cell®] population
of WAty $hiEdted, stress®] &
o we} subpopulationell #{t7} £ R}
AE & AdSE AAE AT

Thymocytes: thymus®] KEH 2 &
HellA 385 R e & 714 helper
T lymphocyte (Th) X cytotoxic T

lymphocyte (Te)Z 4MbH™, 4fk=
Thl cell& v-interferon (v-IFN) %
interleukin-2 (IL-2)Z, Th2 cell2 I1L-4,
IL-5, IL-6 2 IL-10 5] cytokines 4
wated 98 T cell, B cell ¥
macrophage®] 185z} {LE {RHESHA,
cytotoxic T celle tumor cell®] lysis=
do7)v macrophages {EHEALAITIE
Aoz A gp?

Li 572 stress® Thl cell& #0813k
of v-IFN W IL-29 4E-& #0Hshd,
Th2 celll A 7= e IL-48 e+
s WU 5 KR N
Sukhikh 52 stressel 2J#l interferon
9] el A H NK celld iffkel
kR et $RiE3te], stress”t cytokine
SWE MK RS MHE 5 3l
=& AAER
Stressol] €J8] splenocytesell Al W =

cytokines®] #i{bo] wAE= HGJIY
#-5 #5822}, immobilization-stress
2 cold-stress® Afisld& @ v-IFN
9l JL-2% 437} normalfifel vle] =&
fsEg e, HGIE #HA3T immo
bilization-stress ¥ cold-stressS Ais}
A< 4@ yv-IFN % IL-29 #ZuE
controlffell  wl& &@fnstsdet (Table
XII, XIII). IL-49 4+ immobi
lization-stress 2 cold-stress® Afi3+4
< 9 normalffel] Bl&) &3kl

HGJZ #3812 immobilization-stress
2 cold-stressE Fifif3td& # inerleukin
-49] W controlffel wl&) H ER7L
At (Table XIV). ol & A7HY
stressell 23 A& Thl cell®] i&tEel 1
=Y, 2 AIZEe] stressel]l  2JEAE
Thl cell ¥ Th2 cell® FHikel ZF 41

j=8 [e]
MEE FA

g &
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#l9o= Eun 59 #F1 V4= fAHg
$iftolot, HGJ %ol o3 v-IFN %
IL-28] #izb Emiadds #HRe
HGJ7} 2 Thl cell®] {HEHS EA
713 d&& AAEHE Aol

SMBERE] BYEe FASA =W
£ ACHEE #38l macrophages
7} &1k =l o] phagocytosis?} 1R#ER o},
2] 8} phagocytosist polymorphonuclear
leukocytesoll M = < o] *de}. Phagocytosis
t RiEm i@l EEISA T, AFA
A4 BRANE ol BRI E H
Bgoll M macrophages®}
activityZ HE3+=4 chemiluminescence
(CLYE WEstE WL ol &3kt
o] b2l 2] macrophages”} particle
< phagocytedt= &<+ oxygen radicals
A sk, ol AR ® oxygen radical
#} lucigenine] XFES}ed lucigenin CLE
WA s s BlEF22ZH phagocytic
activity7} AP FHE A& Fldte Ao
c}. Macrophage2 ¥-E] 45 CLE
AlESE #F  immobilization-stress ¥
cold-stressE A3t S @ normalfiel
Hls CLEe] #Hibdhed 2™, immobilization
-stress”} cold-stress®e} © & 7}EHA)
CLES WAAIFH Y, HGIE #H#astx
immobilization-stress ¥  cold-stressE
ATTeS W controlfel wls) CLE
o] EmEATt (Fig. 3, 4). o #HFEE
HGJ7}F stressell &fsl (€T =+ phagocy
tosisE EIfEAIA 4 ASE Brksls A
o] =t

Nitric oxide(NO) = EEER
macrophages®] pseudopodia 3 A& I
e Zloz delA gl

Immobilization-stress 2 cold-stress=

phagocytic

A7%73t9lE& W macrophages®%E NO
-2 normalffel wvls] @Al oL
HGJE #8332 immobilization-stress
3 cold-stressS Afsld+E @ control
Fgoll wjsl NO&ol &Mmstdet (Table
XV). & FHERIA stressell &3 NO 4
B o] #Iik|=) 2 phagocytic activityZF 41
=)ok AL stressell 9] 3F phagocytic
activity®] A7 NO7} ofd 92 A=
of o& FEET AT AAEIE Aol
o}, Stressell o8] 4% phagocytic
activityZt HGJ %8l <3 18m= A=
= HE#EE HGJI’H macrophages”}
Fsel s JEFPRMEERES E8EAZ
= &S Fukdlte Aelth

LS k] HEERR {LAFRI
immobolization-stress ¥  cold-stressell
o]&] i#hn=l= histamine ¥ corticosterone
o BE Mysty, WAEE HEM ¢
RN RIZRES EMEAIA stressE #I
i gkt

V. # W

AR (HGJ) & AF o KHikmst

immobilization-stress ™ cold-stress
£773t9 S ® hormone ¥ HIZFRS
#LE et 2o

e Ry

1. Immobilization-stress ¥ cold-stressell
9]&) serum histamineES &= <
o, HGJE #Esde o Wi d
A=t

2. Immobilization-stress ™ cold-stressell
2]3} serum corticosteroneE-Z &N
Haer, HGIE #HMstaS = &
L E et
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— B
[

3. HGJE mast cell2%-¥] histamine 47
WE 1 meg/ml oA Fx=eolA I
skl et

4. Immobilization-stress ™ cold-stressell
°]&] thymocytes®] #IMRATEZRE
LEQer, HGIE #Z#Esidg o
ol A

5. Immobilization-stress ¥ cold-stresse
9] splenocytes®] FHABAEFERS
LERem, HGIE #HHastdE o
Em= et

6. Immobilization-stress = cold-stressell
2}s]l  thymocytes®) DNA frag
mentation<  EMEG o, HGIE
XAkl & W el

7. Immobilization-stress ¥ cold-stressell
9]s]  splenocytes®] DNA  frag
mentation<  EmMARLH, HGJE
il S o HAE A

8. Immobilization-stressell 23]  thy
mocytes®] CD4+ g2l popula tion
2 EhElged, HGIE &fEsgd$

2ol sl

9. Immobilization-stress % cold-stressel
ols}  splenocytes®] B220+ {fHAEe]
population-> &A= 32 Thyl+ #HiRe
population ME e, HGIE
##m3l-S 9 immobilization-stress
o 98 WA® B220+ HiEE
S, cold-stressell & EhE
Thyl+ fles &A= ok

10. Immobilization-stress ¥ cold-stress

o 9}&) splenic CD4+ % CD8+ #@
fze]  populatione HEhnE ot
HGJE #%#3190& o cold-stressell
o3 @me CD4+ ¥ CD8+ifARe]
population®] 4= Aot

11. Immobilization-stress % cold-stress
of o] v-IFN % IL-29 %57t
WAEden, HGIE #h#tsted
o &= %)

12. Immobilization-stress % cold-stress
o o)s] IL-49 7wt WAEHe
=, HGJE #Aslld = Hie]
A=t

13. Immobilization-stress % cold-stress
ol 98} macrophages®] phagocytic
activity® A E v, HGJE #%
Mmatge o EinE .

14. Immobilization-stress %! cold-stress
o) 9}a]l macrophages®E] nitric
oxide ZW7F A=l oy, HGIE
e skl S o s e

Pkl mEER LAFR2 immoboli
zation-stress & cold-stressell &3] #Ehn
=& histamine ¥ corticosterone?] &-&
Esl e, WAE T FREM P OIEFRMY
FIZRES MIIEAIA stressE MEIstE A
o2, BEIRANA stresset BEEE AEAR)
de {HHE & g Aes Biiddo

O% x o 20069 109 274
OA AF 49 @ 20066 109 30
O A2kt 2006 119 069
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