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ABSTRACT

Background : Recent studies have shown that stress fundamentally influences the functional modulation of organ and
stress-related disease causes high morbidity and mortality rates.

Obijective : The present research investigated the effect of restraint stress on psychological and physiological responses.

Results : Body weight and food intake were changed in stress group. Body weight has continuously decreased, and
food intake has been slightly altered. As a result of measuring each tissue's weight, the liver and kidney's weight
loss was greater than that of other organs. The lipid profile of stressed animals showed significant increases in
cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL) levels compared to
control. As hepatic marker enzymes, serum glutamic pyruvic transaminase (GPT; alanine aminotransferase), glutamic
oxalacetic transaminase (GOT; aspartate aminotransferase), and lactic dehydrogenase (LDH) were increased in the
stress group. However, levels of serum cortisol and corticosterone did not affect. Results of the behavioral tests
show that the stress group has increased activity, sluggish movements, and anxiety in the central part compared
with the control group through the open field test. In the forced swim test, the stress group models had a longer
duration of slowing movement, and its rate also increased. Also, in immunoblotting, stress increased the
inflammatory factors Inducible Nitric Oxide Synthase (INOS), cyclooxygenase-2 (COX-2) and activated the
mitogen-activated protein kinase (MAPK) pathway.
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Conclusions :

We observed that mouse model were affected behavioral response and liver injury when exposed to

restraint stress, indicating the importance of the restraint stress in the development of psychological and

physiological processes.

Key words : Restraint-stress, Behavioral change, Inflammation, Liver injury
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Aetsl  F49)AF (Osan, Korea) oA st T2 RS AT (Stress—)2 ICR vhe-20
ARESHATE. FE2 AY FY7A] 2@ ARENNestle ol AskA] ¢kekal, ATt (Stress+)> C5TBL/6]
Purina Petcare Korea, Seoul, Korea)e} B2 A|5tglo] e As A7 Bt &5 AEYHAE HASHA
Age HHE G =S ol AEEEES  (Table ). 74 AEdAL 50 mLo] 4@8 R
ZHAlo] SHHEA 2% 20-23T, $% 60%, 12A13F (Conical tube, SPL life science)®] &ol 7|5 It
light/dark cycleo] §21% oA 7947 A-3AX & THE B2 APEEES o v A Hol FAYE
Aol Argstit 2 Oq:rL—J = Al B BE ARtsl= WAlor  Rofstrh stress—wta AR
AV ghat gholst A (KIOM: Daegu, Korea)<) DE AREES 0H QXARE 9% A7 &% 6
Institutional ~ Animal Care and Use Committee AP TLERE A5 or 22 ARtof| & AERAE
(TACUQ)NA 591 HE D-16-0152 H2I=9emH, Folsielt. AA7IEst APEEolAA FAEE
KIOM®] IACUC A3& &4s5to] 48 =3ioh U2 kgt AdEEY ASy 34 AFRS
TE AE A kEEHY] M| SAEHGICH, 75

2. 58 AY A4 2EY 20 kEH § 59 AoAlel HAl =9
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= 9 o RASE AAste] 2719 A HEsdto] 80 Cofl HHstrk
Table 1. Treatments group and control group (n=5)

Group
Stress— Control group
Stress+ Restraint—induced stress during 6 hours

3. éﬁé AysperA At A Bl AAF Bl olFe £YE SYCE Hf

APsEe] BEdiguoziy 1 mL o]ge dd= 2ol A-ATE 7R s A F Video
'H@é}oq Ao & YMEEIE ARESE 4 TolA 10 tracking system (SMART V3.0)& E&3lo] P55 =4
2 12000rpmo 2 A ottt @4 F 1 & = Stk AdS AERNEG SAO] R Sl A
4 ukAQl glutamic  pyruvic transaminase (GPT; TS Uelsd os A¥FE0] ol&s AE 30
alanine  aminotransferase),  glutamic  oxalacetic B Dol 7|23519 1, AR £ oto] 9dolg oz
transaminase (GOT; aspartate aminotransferase)+ o] AYFEo AU A U ZF FAoA HE A
ELISA  kitE AR8Ste] EASHH 121 lactate T (Y 994 F A", 28 ARF H 28 A
dehydrogenase (LDH)+= Analysis kits(Point Scientific £ S5kt
Inc., Canton, MI, USA)®} Automated blood
chemistry analyzer (Photometer 5010, Robert Riele 5. BA+9A A (Forced Swim Test, FST)
GmbH & Co KG, Berlin, Germany)E A8oto] £4 BATFAAE Tl 2EH 20 whE FTHIE =
Stk ESF enzyme-linked immunosorbent assay Qlstr] flsfl WA, 93 AHAE (FA 20cm X Zo]
(R&D System, Minneapolis, MN, USA)E Ahg-oto] 40cm)ell 2% 25+1 T && Ak 2E AAT=0]
2E#A AEE2A €3 U cortisold} corticosterone FSTAEE A H & FHoA15E B3 dH]49
FAE SAsrh = & =0l At Stk 24417 &, FSTAH

A4, HAE Jidecr APdsES Yt 99 43Y

4, @ gt g AE (Open Field Test, OFT) o5 Bt Fol AATdS AASt AEEEY

7t2, A=, =ol7t Z4ZF 30cm X 30cm X 30cm<l PFo 52 F9F Video tracking system (SMART
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6. Immunohistochemical (IHC) staining
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7. Western blot
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Figure 1. Changes in body weight and food intake in restraint—induced stress model. (A) Changes in body

weight in the restraint—induced stress model. (B) Changes in food intake in the restraint—induced

stress model. Data were analyzed for statistical significance using analysis of variance, followed by

Two—way ANOVA test used GraphPad Prism. Differences were considered statistically significant as
follows, *p < 0.05, **p < 0.01, ***p < 0.001 versus the stress— group.

2. 74 AEAAR A% 27 B4 W8 Ausge A AF F 7, A wEe] zol
T4 AEQAZ A6 stresst T8O L AR M e Mg gasigAs, M 240 AAshe
z70] TPt gastel, uAe BAE Zelact. e Zrekart (Table 2)
Table 2. Effects of restraint stress on tissue weights
Treatment
Tissue weight
Stress — Stress +
Liver weight (g) 1.87+0.14 1.5940.08**
Liver weight
@ bty o 5.56+0.45 5.20+0.32
Kidney weight(g) 0.53+0.04 0.45+0.04*
Kidney weight
(% body weight) 1.59£0.14 1.48+0.15
Spleen weight(g) 0.11£0.01 0.11+0.06
Spleen weight
(% body weight) 0.33+£0.04 0.31+0.03
Brain weight(g) 0.48+0.02 0.46+0.02
Brain weight
@ body weight) 1.44+0.04 1.51+0.11

The results presented are mean * SD. Data were analyzed for statistical significance using analysis of variance,
followed by Two—way ANOVA test used GraphPad Prism. *p < 0.05, **p < 0.01 versus the stress— group.
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3. & 2EFAR % EH U I #3} Lactate Dehydrogenase (LDH)7} @514 Z7}5h
TE AEHAR QRE F &Y AR A7) ) A< gholstgirh.
Y ®HskE A A stresst IgOlA EF
Table 3. Effects of restraint stress blood parameter
Treatment
Blood parameter
Stress — Stress +
AST
(IU/L) 250.0 = 22.4 368.2 =+ 15.1
ALT
(/L) 120.0 £ 9.4 1545 £ 88
ALP
(/L) 390.0 £ 12.7 320.5 + 28.0
ALB
(g/dL) 185 £ 0.6 184 + 0.5
TC
(mg/dL) 625.0 = 454 668.2 + 27.2
LDL
(mg/dL) 58.0 + 4.6 72.5 + 3.1
HDL
(mg/dL) 547.0 £ 459 560.0 + 19.5
TG
(mg/dL) 555.0 + 39.8 6409 + 41.5
CREA
(mg/dL) 2.5 = 0.0 2.5 = 0.0
UREA
(mg/dL) 1245 + 5.0 100.2 + 5.6
TP
(g/dL) 27.0 £ 0.5 26.1 £ 0.6
IU/L) 4305.0 + 547.6 61295 + 397.9

The results presented are mean + S.E. Data were analyzed for statistical significance using analysis of variance,

followed by Two—way ANOVA test used GraphPad Prism. Differences were considered statistically significant as

follows,

T
erofi]

*#*p < 0.001 versus the stress— group.
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Figure 2. Effects of restraint—induced stress hepatic damage in mice. (A) Effects of restraint stress on serum

GPT level. (B) Effects of restraint stress on serum GOT level. The results represent the mean =+

SEM values of each mouse in the same group,

*0.48 = TU/L.

5. & AEHAR QS cortisol ¥ corticosterone 4]
T AEHAS AHTd oJ’FS Hrkshr] {6l

3 cortisol®} corticosterone?] $2]& =%5}Ec;

& %k %

p < 0.001 versus the stress— group. Karman Unit

corticosterone =5 &A%t A3} €4 W cortisolT}
corticosterone B stress—1E2T  H|WEIHS O,
o e AAE JelR] gkttt (Figure. 3A and 3B).

T4 AEYA §E2 A 4 W cortisold}
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Figure 3. Cortisol and corticosterone levels in sera collected from restraint—induced stress models. (A) Level of

cortisol in blood serum (B) Level of corticosterone in blood serum. Data were analyzed for statistical

significance using analysis of variance, followed by One—way ANOVA test used GraphPad Prism, not

significant versus the stress— group.
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F4 FIollA LEFe HEL, stress— il H]F AR S AT stress+ LFOIA ool FUHREE
JPAtE| g oAl B AlZte] @A Zastgdh. BRAAW o] T = IF H] foA Qe Woh=
(Figure. 4A and 4B) T2 ZASIAAE AAISH Holz] okttt (Figure 4C and 4D).
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i - [ Sivess - [ Siess -
2o Stress< sapsn- B Stess+
g 15,580 T .. =
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= g o e
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5 - s o207
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302+ g 8164
o0 T S aes
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Eaunekility Low Act HighAcr

Figure 4. Neurobehavioral changes observed in the open field test (OFT) in restraint—induced stress models. (A)

Mice spent less time in the center and periphery of the open field, while also displaying movement in

all zones. (B) Distance traveled by mice in the center and periphery of the open field. Forced swim
test (FST) in the restraint—induced stress models. (C) Immobility duration in the FST. (D) Total

duration of movement during 5 min (s). Data were analyzed for statistical significance using analysis

of variance, followed by Two-way ANOVA test used GraphPad Prism. Differences were considered

statistically significant as follows, **p < 0.

per group.
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7. F& 2EHA7 fEE FE RUAAY 7 &4 el 2t 2Ao| HCE AAISHIH. 38t AnAs
4 d4F v ol-gsto] TR A, stress+ TLEOIA AT AlES
T4 AEHAE Fosie ol Ad 29 telA macrophage®] infiltration®] F71et Z& gelshalct
macrophage infiltration®] ®|X]&  FFES  ERIH] (Figure 5).
Stress- Stress+
* 55 C - » . : -
. - . i ¢ y . (S ML o
P . ,_, 8t A ! . 'y . - «
- ¥ & <" 3 . . »
: 87 3 s < T | .
AR N R St I R RS AN T
.. ~ » - - slapn . ’ S 4 o
F4i80 : .*.¢ ‘;\‘, o.e, X -‘.’ X .\‘-\.....2‘ N
25 ! o 9% A ' N Sh . T
| ‘o - .. s $ ~_x % ‘. .b\ ..‘ % L
» M oy N e~ '
a® . R B KY ' p!
o A ™ - 7 e P & AT » e > . : .
| < GU . 200pm - - edieg CoF 0% o K 2009m

Figure 5. Effects of restraint—induced stress hepatic damage in mice. Immunohistochemistry change (200 X
magnification, scale bar : 200 zm)

8. & AEFAV} x5 MAPK XS A= mitogen—activated protein kinase (MAPK) ¥
2EZ AT 2o wX= FRE ZQIsk] s Tl phosphorylation of ~ ERK (p—ERK) H#
i ddgs SAsld 1 2%, 95 Axd phosphorylation of JNK  (p—JNK)¢] wdaFo]
Inducible Nitric Oxide Synthase (INOS), Z7FAtt (Figure 6). o4& 53l 2E#H A= MAPK
cyclooxygenase—2 (COX-2)7} stress+ 1ol A ARE E3 SHrel A2 SIS

stress— g0l HlS|  FUbetich EgE  ASA=RS

Stress- Stress+

..-,——-—-““—Qﬂ\'os

SR —--—--’coxz

—— A -l -1 K

| — -
T e W W WP W | OPRE

R — - — | {}-2ctin

Figure 6. Effects of inflammation—related protein expression. iNOS, COX-2, p-JNK and p-ERK in
restraint—induced stress models were measured by Western blot in the liver tissue. Expression of
iINOS, COX-2 were increased in stresst group compare to stress— group. And the phosphorylation
of JNK and phosphorylation of ERK were related MAPK signaling increased in stress+ group.
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ol EAsta, GPTO #A¢, F=2 ol EAfeict V.
stresst 1E4 GPT 2 GOT9| ]2t AdF5E<
A FFA F = 22 BA9 Hlgo| FTIRE Aoz
LE A AlSHaet 247te] 719 &4 kit

S oF XA
;\(__—I]EE]—T

tt (Figure 2 and Table 2). ZE3H

2EH 2o keEFH vheal] M b dFY md
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fire] 2Eaeow,

2EHA Holl=
HPA = 243 ¥
S22 CRH ¥ ACTH 4] 715
8B 2 cortisol2 AEHA Hiolentr| EZZ,
2EHAA FTIgITE SirRE 2 A9
S 2ol cortisol?} corticosterone®] -G-2]u]gt
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