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ABSTRACT

The purpose of this study is to investigate the effects of eight weeks high fat intake and regular exercise in skeletal muscle
and adipose tissue for Endoplasmic Reticulum (ER) stress in rats. This experiment involved 32 subjects (sprague-dawley
rats) divided into four groups as follows: chow group (Chow, n = 8), chow and exercise group (Chow + EX, n = 8), high

fat diet-induced hyperlipidemia group (HF, n =

8), and HF and exercise group (HF + EX, n = 8). As a result, there were

significant decrease in body weight and abdominal fat, and blood lipid level was significantly improved by exercise for eight
weeks (p < .05). There were variables changed about the skeletal muscle and ER stress in GRP78, XBP-1, ATF4, CHOP and
JNK mRNA. There increased in mRNA factor by exercise, especially GRP78, and ATF4 mRNA were significantly in-
creased in exercise (p < .05). However, there were increased in adipose tissue by exercise and there were significantly de-
creased in mRNA factor by high fat diet (p < .05). Consequently, this study suggests that the consistent exercise was more
improved of obesity factor, such as dyslipidemia, hyperlipidemia, hyperglycemia, as well as body weight or abdominal fat.
The response of ER stress in adipose tissue and skeletal muscle were more sensitive in exercise than high fat diet feed. (Ko-

rean J Nutr 2012; 45(5): 420 ~ 428)
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Table 1. The composition of high fat diet

Ingredient High-fat diet (g/kg)
Rat chow 591
Butter 180
Corn ol 100
Sucrose 50
Casein 50
Mineral Mixture 19
Vitamin Mixture 8
Methionine 1.5
High-fat diet (% calories)
Carbohydrates 34%
Fat 51%
Protein 15%

Chow: rat chow from Superfeed Co., Korea
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Real Time Polymerase Chain Reaction (RT-PCR)

220 2 HE O] F RNA &2 Fast RNS Kit-Green (In-
tergrated Sciences, NSW, Australia) S AFE3) F&31om A
Al spectrophotometers ©]-8-5F0] &34%= 260 nmo] =
Aaj Arrelick A HA strand cDAN= AMV RT (Promega,
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22 AAE cDANE FF £4o] E wj7ix] -20CelA] B3t
s19om 24952 GRP78, ATF4, XBP1, CHOP 121
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O] AR} v E 2K E, primer Express software package ver-
sion 1.0 (Applied Biosystems CA, US.A)E o]gslo] A2
31t} Forward 9 2 Table 1] Y&}
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RT-PCR2 ABI PRISM 5700 sequence detection system
(Applied Biosystems, CA, U.S.A.)S o|-&35}o] 485131 o,
PCRYF2-2 SYBR" Green I dye”} 0]9)= Brilliant™ QPCR
kit (Stratagene, La Jolla, CA, U.S.A)E o|-83}o] AAJsHSch
Forward®} reverse primer (3 um) 12]3L cDAN (12 pg)= 20
uLe] AA| oz 40Ato]Z9] PCRE S=3s3ict olnff Ay
g 4= Ql= HARS F| A4Sl 91519 cyclophilin (GeneBank-

! reverse primer2] H| <&

Table 2. ER stress genotype of primer set lists

Targer gene Primer sequence (5' to 3") Length
GRP78 F CGGCGCGCTCGATACT 16
R TCT GAT CTC TCA AAC CCG CAA 21
ATF4 F  GIG GCC AAG CAC TTIC AAA CC 20
R TCC ATA GCC AGC CATTCT GAG 21
XBP1 F  GGATICTGA CGCTGTTGC CT 20
R GGTCCA ACTTGT CCA GAATGC 21
CHOP F TIG GAC CGGTIT CTG CTTTC 23
R TCT GAT CTC TCA AAC CCG CAA 20
JNKT1 F AGG AAC GAG TITTAT GAT GAC GC 23
R TGC CGA GAATGA CCTCTG GT 20

GRP78: glucose-regulated protfeins 78, ATF4: activating tran-
scription factor 4, XBP1: X-box binding protein-1, CHOP: C/EBP
homologus protein, JNK1: cJNN NH-terminal kinase

Table 3. The change of body weight and fat (%)

Zloj 4] ER AE# 29| W3}
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ol 218519t} Critical threshold (CT) ZF& ©]-85}4] fluore-
scent emission data @0} mRNA &S EA431%ck
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Fig. 1. The change of body weight during 8 weeks. Chow + EX,
CON + exercise; HF, hight fat diet: HF + EX, HF + exercise.

Chow Chow + EX HF HF + EX
Initial body weight (g) 260.19+10.94 257.75+8.25 262.88+9.09 260.19+11.35
Final body weight (g) 407.88+25.71 387.31+15.48° 451.06+31.40% 423.19+17.71%
Body weight gain (g) 147.69+14.78 129.56+7.22° 188.19 £22.32° 163.00+6.36"
Epididymal fat (g) 2.09+0.16 1.64+0.33° 3.90+0.22% 2.73+0.30°
Retroperitoneal fat (g) 1.28+0.14 1.11+0.15° 3.22+0.26% 1.71+0.43%°

Values are Mean = SD. a: p < 0.5, significantly different from CON, b: p <0.5, significantly different from CON + EX, c: p <0.5, signifi-

cantly different from HF
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Fig. 2. ER stress gene expresstion in skeletal muscle. c: p <0.5,
significantly different from HF.
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Fig. 3. ER sfress gene expression in adipose tissue. a: p <0.5, sig-
nificantly different from CON, b: p < 0.5, significantly different
from CON + EX, c: p<0.5, significantly different from HF.

Chow Chow + EX HF HF + EX
Glucose (mg/dL) 109.06 + 7.80 98.52 + 13.09 144.38 +29.71% 126.15 + 1934%
Total Cholesterol (mg/dL) 88.82 + 10.69 84.79 + 10.09 119.65 +10.62% 106.33 + 10.96%
Free fatty acid (uEq/L) 338.09 + 41.75 24587 +78.23° 538.05 + 87.67% 398.36 + 92.27
Triglyceride (mg/dL) 4300+ 11.79 35.97 +9.87 59.07 + 7.94% 39.49 +11.82°
Insulin (ng/mL) 26.66 + 6.20 23.23 + 6.82 37.60 + 6.48 30.18 +8.73

Values are Mean =+ SD. a: p < 0.5, significantly different from CON, b: p < 0.5, significantly different from CON + EX, c: p < 0.5, sig-

nificantly different from HF



424/ g5o] v B

i
rd
b=}

T} (p < 05). HH, IAHAolel -5
oA TA F7Fsto] A4
ESE ATF4 mRNAQ] 2o A= AAA o]
ol w2 2pol7t §iglert HFS] 7-9-+= Chowell Hl3f| oF
51% 7V AAB] W2 @S Hojsro] FAA {oxtE B
Z9J} (p < .01). T3 HF + EXZol| A= tiA] 5715k HF
of vjal] el S7kshs A& UEtt (p < .05). XBP-1
mRNAZ] ‘ﬂaoﬂ/ﬁi Chow:rLoﬂ B]3]] Chow + EXT-ol|A] o}
a2 ad ot FAA o)k AT HF
o A= Chow:hl- Chow + EXz2ol| B8l 22 63%2}F 69%
7heg 2 S Hol SA|A FoatE BAET (p < 01
S, HF + EX?LOﬂHh 74114 ol flo] oAl F7hsto]
HFol| H[iA= tha 2 HHE-S Holgglom, A/4dlo]
=0 HleiA= oPﬂ 2 ES Holinh (p < .05).
CHOP mRNA2] 238 Chow + EXa0] Chow=¢] B]3l| o}
2 = FAER o FAA FolRb= igick ey A
2Jo]-01 HFS] 79+ Chow<-2} Chow + EXztol| B8l Z}z}
40%2} 55% 71eFe] VA WhdElo] §oRbE HofEglom (p <
0D, HF + EXatollAl= o] S7kske] HEEol chsiAt &4
Ko7 =0 B 99 Hojtt (p < 05). INK mRNAY]
E2 Chow + EXato] Chowtol] BIgl| thd 2 WdE&S
Holz9 o FAH Gk f19lem HFS -+ Chow
3} Chow + EXzoll ]38l 2+t 5198} 59% 7V WA 23
Elo] = ol sl A FofatE HolFditk (b < .01). E
gk HF + EXztollAl= THA] S7Fste] HERll tiahiAl= =,
Chow + EXztol| H]al| A= @A A=} (p < .05).

Jb _I
o,
Hd
1o
i
el o
Mo of
tlo
5
N
¥Q
T

2%

1

TollAe BFHE o2 877 A Aol E HFH st
VAESE st Igolla] Z|&Ao)a 212”1
o] ZAL W A FRAo| 4] AXZAAEY
FEFL HA=AE Gotr i} sioink WA AlE
Halo A= )25 (Chow + EX)o| thZ(Chow)ell
2} 65 o] T RE HApH o R [olgt AlF fad
& HolEglom (p < 05, LARAEFHT HP)E] 9ol
LSl vlgl 7] YFUS AlLJet BE 7]7telA] M
Frofgh Alge s7raAe] vkttt (p < .05). 3, AL
F4lo]-2-F (HF + EX)2 %%t HE A7 Bz
Folgh zto] gl AFT7He Bolom, tixs kol o
A= AEAIER oF 35 214 ©1%) 01 e H2EAR] Al 5
7¥aAo] Yepsttt (p < .05). E3E LAFH o] BlalAl=
3] 5ko]

A abolRt FoJ3 IS HAFthp < .05). ol2I%t

offl

i
QL
I
i

g
i

Bl

B
o=

A

oL

i)

ot

L

o

L

l:l

>,

&2 Ae] 50% olde AAIshE AAMEAol e whE
W Ae) S7F/ o= AR, ol BAUA oA
AARAFREO] e el RISl FolsHAl A WERE A2
2 SR Hold o= Qlek ERE aAYAo] Yl 56l
7

Sollte A F|E TR RO Z ARl

Al

N

N

QL

2

()

A 4

3

N
do =
jm of
of I
o2 &
r_“é
it
1o
33
(e]

(o]
Jo ot
Ry do
X 2 o
oL b
oo b

W TAAe| oA B SE W] T haoRaRre 3
Q1 8 4 9lglek. olelg Auks Aol 1EY W nAEE
fuk wojrol wrzxlo] oleel 48 Aol Ak
931 G FEATE FHUL BAPe, ofe] 71

A chabsph 2efsicka sk ATt st
E3E AoHE Q14U G 52 FAH LFHSS F
s Qlgsloll O3 AT HA0] /ISFUL FET 5 ek

L APg e Sy sk
9,42 O St ) 305 5 A o]

cosetox1<:1ty—4 UH7HXﬂ ]%‘?jf??; 0 2 olaf AXAAEH A
7h R 4= qlom, olefgl AXAAEH AREGo] Ao] W 8-
Faato] ofsf| jAE 4= ek 7HEE k] flsl &5 A

o =& el Fagt thargdo] 7 eHdet 24 9 A
ZAo| M) SZAAEY A T ThAS0 i A s A
HEQ ) WA S A 24 Tl (glucose-regulated pro-
teing) = &% GRPs@} Bip Tl W42 njEZ o} (GR-
P75)9} 234 (GRP94, GRP170)0l] ZA5HA At AE

gl QIAte} aFshA AEYIA QIRfo| FHUE= AFEES] UF
© g uf A} ol A a2e) FH] Tz o] WISt (glyco-
sylation) % TS E3h= 715& w¥ste 2o R 4
A Qe ol BRIA T AFR|O) Cat it W
pH At 123l 2-tSAIZF5L A (2-deoxyglucose)2F =5
AR (glucosamin)oll &J8f W&wo] F7kste Zo2 2l
2 ok’ S5yt ed AYdE AuE AYEE
< e & 597t 70% Omax®] 7=
Yot Au} Ao GRPs2] HS} §i7u 23]

OE’:

-

0z AAAZE



i
i)
i
)
>
=)
k
&2
g

°] %7—%{%011*1% X *—IOEL (Chow)ﬂlﬂﬂ 87ke] ARl
& YR (Chow + EX)°ll WIal th 71k 32
Ao TAA fralde flglom, AEAe] AR
HP)I A= Chowt 4~ v«@ Aol LERHA] %—M =
Bt SIA[GA 12t 25 é T HF + EXZollAl= HF ]
HIsiA frelaiAl S71eE A0 = Uehd T (p < .05). TR ANY
Ao M) WeE-2 25280l whE Abo] glo] HFollAfRt
Trefapl W2 1S HoAFglnt (p < 09). ofefet Bik= 4]
A2)9) Z2zdouf 2ol whE W &of wstolA] Ao}
Chas ke AifolR] st i ol Aol 8l -5

B2 5 AR U] e S

;m
M

){t

FUPJ
i)
ol
o o
do 2 o

:(o
12
i
g
I‘L
rir
nZi
lo
=
ﬁ
E
N
[t
do o

oS
(o] olr
)
a7

£ O W o

i->
f
L
o
33
(a2
BN
>_4
=
P
D)
ju s
;’E
1
=2
i)
N
off
s
i
o
ox Mo

S SIS TR A gl o
A Hitoll A B FlAA

ﬂ%”-lol%oﬂ*i %—4’6‘} | S7F_E Wb a1 xbAlo
A T ol 7t AeIAE S E 4 9)
Activating transcription factor 4 (ATF4)+= cyclic-AMP res-
ponse element-binding (CREB) transcription factor family
Fo| SpfRA] 22 Reje) AEe Lo whgte] AEE 1
B8} 7)20] olohs FaAolry ™ 2 Almu) 48
A EG 2o TofdlAE £9F413Y (tumor progression)©|U &

ru13
N
5
Kl

AJAFAZ (reactive oxygen species: ROS)®|| 2J5F Ak4 WA >
S ZHPARA (osteogenesis)ol] 28t A TS 1}
AR A M eF S o] 2 7 M 2

A5 o057 I3 AARIAE = A Qlr &5
AS FHE At FULellA 2
S & (C57/BI6 wild-type male mice)<
e 2 d3Ade) gxld -5 o) 5 tiEAREZollA] ATE3
A Z7}8t9.0m, ATF4 mRNA
ARuk 9] Z7lstocka B st

SERWESTHER

Eorr o J}o{t
L

ri lm

_?L

s

i

iy

2

9,
H
N
o
Irt
RS
=
ruz
o S
oft g
m{u

O

8
Z
g
e
e
lo
=)
o
Jo U
1o
_?L

(o]
i
¥0 Hor

7ro

xR
_\,1
[
)
T
O
12
>
>
us)
o
FN E _u
10 m
"3
AN
2
%191
k1
HI
E.
E

o
=

E}zv A]o]/d_r]g]-.t} A% AR E T0%} 45% o142 A

o

=3 g F5}+3] A (Korean J Nutr) 2012; 45(5): 420 ~ 428 / 425

°J5 AFIRE v-20) ZA A ATF4 mRNAS| fofeh 2
71 KO olohe th the AR thE F9f A9
&= (SD rats) ARClM= 657H2] AgA4jo] Bl AgAle] A

H & &5 SHgelo] ATF6 mRNAS] Hdo] 7h2]of

A UFERA] gigkem]” Alke TP O R gt Aol Mt 6573t

50% o1&l IAGAOIE HEet 5 FAT MY v S}

SIAIRE frofh Apol7F YIoletar R E A g)ek. AR 40

B Aeire) datel] wigt A d S %HW}D% ATFs9] ‘?a*t:fﬂ

i AR S ol Rl Aol 4 T il
=718} 71 AE A /\],

0] 79 ATF4 mRNAZ} 4

AlolFe] B -ole %%7 TS L] WshE e

WA o2 b, Aol R B g ol AfeE A AA

ol disl] frofsiAl S7ket Ze 2Iskalt (p < .05). e

Eo|do & AHIERA oA 1 AHFAlo] AxFo] AAFAlo] A

Fatol vis 2352 frofshAl W EEES HAFALp <
05), AAGA T oF S-FETE AT ol v o]

N

N

7F (p < 05)=o] BATe 20 2 YEtylth o]2gh A}
= S dFekol & AtollA ALEE 50% o143 A
Hao] AdH et A&A A= Sl AT ATF4 &
AS S7HIFE Aolet AR EU Ao A o] LAHbA]o]
A5l o S 2ol disiale AlEe] oR7F gttt
SHl), ok o] aLAHRAlo] AR Qlsf| 7 ATF4 &
S FoH o2 F7RTH= Aol tieliA= ol thgh A
201 L) AL= 0] AZA|AE AL Hro]7] 2ol 2H8-5191S
713 AArRT:

Ef5E0] 2324 A3 phospholipid AHgHdol =83t
28-S k= o2 d#l X-box binding protein-1 (XBP-1)
L AEA AEH A HESo 95| AJ31E inositol-requiring 1

(IRED] mRNA & (splicing)oll &J3l €4 XBP-1 mRAN
29] Brgo] G Elo] Xtk E3] [REl/XBP-19] AlS 42
A= FEAESE I, 2)5H] HPAl 2 ot o] Tl 2
H|E 3P3}1| F= A iZof|A] 322 UPR (unfolded protein res-
ponse) JARFEO] ML xAE Ao g A gtk &
T TR AYATE AT EH A EE (C57/BI6 wild-type
male mice)S 4O 2 1349 G714 &5 43 & tiEAL
oA XBP-1s Z, spliced mRNAS] &&-8 Z7)5}9 oLt
XBP—1t4 ol 2] Zpol= glglom, 4527k 815 1Ak &
2]7] Teof 285 & ohA] Aasigiokarl e v, Ao
Ad%ell W2 mRNA H@xtolE g8k APAtolA= 858
9] C5TBL/6] uh-AE o831 0% oS 2is% AW
AlolE 6527 AF & At A=} 7Rl A f-olgt
Wraztol= glSIAINL 18599 55 AP s =l 45% o
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glof 23| 2Ed|2 7]4e] glof XBP-19] Wl Az et
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52| B2ATo|A] AojAwe] uhE Wrizjoliz Bl & 4= ¢l
glom, AAbalo] @ IAAlo] ol B SEFUS Fa
A frolate] glo] Tha: F7Hohs AaFTE Bel 3 4= 9
oick Tk Ao 2] mRNA W] Wk oi] AATa
DAl T BE S FEAL FT Thagke] ez}
AARe Tl SOt BAE 422 ohiglon], Sojzlo
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ol HeFA TAYACIR Ao WA 3
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DEA| AEHANEGO B ARTF £2A| SAEHAE A
Ao g v =i A3 AR 2 (apoptosis)ol] ©|2A) F
=, o] ZgellA] ofe] 7FR] AlEEAFAAL A= 7T /dstElo] ¢/
EBP family®]| £53}= C/EBP homologus protein (CHOP) &
22} gdol| olgh A ZARAAR L tA2] djojct” = CHOP
2 pro-apoptotic pathway®l] Z-8-3}= ZHARRIRLZ A ATF42}
[REI10] 23l 28=w, ATF6o| 2Jafjae HaErtar oFejA
ULt M3t FEAIFH A CHOP f2A L Hal =]
Foles EHHOIE oS o AZAAEY A fk Al
ZAPEREE AEZe AdFES Bogitte AFEa=E Ql
3l CHOP 217} B|vt 9 whiehy 2|5 0] WQho & Sk
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