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2 °F: ARY di nfeAR 8FT 50%, 75% Ao §AAA 9 AP &% 5
9 2 Jfdo] mAlE 92 Hlw 2SI 398 C57BL/6 mRe-A 48ntE]E URh T
(Normal, n=8)& A|9|5}1, Streptozotocin (STZ) & @hZ §oslo] A2F Fd(DM, £=8), A2F
Fe+VOomax 50% FAtAE5FHDOMS0A, 1n=8), Al2¥ T+VOmmax 75% F4r45wH(DMT5A
n=8), A28 Whk+1RM 50% AHIF2FS(DMS0R, »=8), 181 AI2¥ F=u+1RM 75% AF-&5
(DMT75R, n=8)0.2 FHSIFALE f4IAYY 252 5 5¢, 149 4084 85 EFEE 258 HASHIL
o, DM50A#S 1~453E 8m/min, 5~85F+& 8~10m/minC &, DM75A%2 1~43E 12m/min, 5~8FE
12~14m/minS 2 HZFsto] Attt AP 62 F5Y 87 Al AF2ES HAsHEeH,
DMSORZE 1RMS] 50%, DM7SRFL 1IRMO] 75%2 25 HHE Afo] 287ke] FALS o] % g¥lo|
Climbing= AAISHAT} 85319 &5 & T8 -2 DMl HIs] DM-2awolA 4oz wero
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FTZ|2HEY LDL-C& DM+ 1+e] Aol7t gigl oy, HDL-Ci= DMT75A°] 7H =2 Fo=
e, $42%-2 DM75Re] 7Y @A yetgrh A3 91 A4= Normalet @ DM75Aw0]
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Abstract :

¥5 47

The purpose of this study was to examine the effects of aerobic and resistance

exercise of different intensity on anti—diabetic and lipid profile improvement in type 2 diabetic

mice. C57BL/6 mice were divided into six groups (=8, in each group): normal group (Normal),
type 2 diabetes (DM), type 2 diabetestVO,max 50% aerobic exercise group (DM50A), type 2
diabetes+VO;max 75% aerobic exercise group (DM75A), type 2 diabetest1RM 50% resistance
exercise group (DM50R), and type 2 diabetestIRM 75% resistance group (DM75R). DM50A and
DMT75A were subjected to treadmill exercise 40 min/day, 5 days/week, during 8 weeks (DM50A,
at the speed of 8 m/min for 1-4 weeks and 8~10 m/min for 5-8 weeks; DM75A, 12 m/min for
1-4 weeks and 12~14 m/min for 5-8weeks). DM50R (1IRM50%) and DM75R (1RM75%) were
subjected to ladder—climbing exercise with weights secured to their tails, 8 set/day, 5 days/week,
during 8 weeks. After 8 weeks of exercise, fasting blood glucose and HOMA-IR was significantly
lower in DM group than in DM group. HbAlc showed significantly lower DM50R and DM75R
groups than DM group. HDL-C showed the highest level in DM75A group and triglyceride was
lowest in DM75R group. The cardiovascular risk index was lowest in the Normal and DM75A

groups. Therefore, moderate intensity exercise in T2DM mice showed better improvement in blood

glucose and insulin resistance control, and moderate intensity aerobic exercise was effective in

reducing the cardiovascular risk index by increasing HDL-C levels.

Keywords * type 2 diabetes, aerobic exercise, resistance exercise, anti—diabetic, blood lipids

1. M8

¥ (Diabetes mellitus, DM)-& dgx4 7]
ol oido] A 1dFZF(hyperglycemia)o] L
Bl tiApARbolth Al2Y F(Type 2
diabetes mellitus, T2DM)L WkH 29
90~95%% AAetal, 1 FHES AlEsiA 57t
St Qlom &% 259¢ ot FE QIsh Ay
o] JFE W= AHEY e A AAFCR oF
69 9,3009F ol =g Ao AFECHL, 2]
T2DM2 =71 d&d A3 (nsulin resistance,
RS2 Y F-Ax9] 71577t Fht=E= X
P4 AgroltH3]. Qede] Tt =2k B
ot e APAEE olAWA] Xt 5A
X ATAEZ Y2 SFEIAV FYEE 5ol

2 52 fAst

17} =& T2DM

of thet f1do] =5l
Ho=2 T2DM e ity skl
g2 Fro] 1dk Ao FHAHE
(HDL-O) 4 718 A4k g ZAHE
(LDL-C)& EALR o= oldxddFS e
ot 4299 St Sl F5RE Ad
W(TG-rich lipoproteins, TRL)®] AJAF Z7ht
AAEL] ol o7t ditolw, FE Al F47A]
ol 8 HHAQ] 2AHUE A (Very Low
Density Lipoprotein, VLDL)2] A4 Z7}= <l
ad APl ogt EAolgr & 4 Utt6l
Jded AP}  FEEe IJEHEF
(Hyperinsulinemia) “gefollA+ AFEA A &
A 4te] Eoi7b A es Frish, tes
FEAHARS] §4lo] FTtEo] ThollA A 3
3t VLDLO] Aideo] Jrtetet. E3h 2z
A A 2358 A (lipoprotein  lipase, LPL)E
Fgstot= el 8o AHPAdol A BF
F4A ol FrFHT]. AFAALESTS ZH
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2HE aHE HAE A (Cholesteryl ester
transfer protein, CETP)2] &4 ZAstz <lIsto
F4A o] F5RE Ao HDL ¥ LDL
2 FAAE o5 FXgt}. o] &9 HDL
9 LDLO] FA4A &2 F7tety, S48
o] ozl HDL¥ LDL2 lipoprotein lipase E
+ hepatic lipaseol oJ5f &= AY 2ol
o] HDLY] Z49t small dense-LDLY] 4=5=9]
Z7Fertt6,81.
T2 Ao x4 JhssiAR A7t
why ol% A&Ael AR} A
gE o €9 T 9 {9 A9 oA
ol =Heflof JHCH9). oleb TSt 2E2>
T2DME it S22 97t T e =k
Z 7P A AR A=, Aoja¥ 9 PF
A 7 2= T2DM 9 gt o&f o2
a9 "4 FAdasot10]. sAYE T2DM
o] tRES HEHoz A 4AAZF
S oA g Zow HuHhh AgtHoz 13
Al A gFe] oot Fdxdoe] M=,
214, d9, AdEAs, AME, 49 Ao 34

(]

Aol 9L nAE Ao FeiA A2P Fuy
2 sl AN 4 el

oJE% T2DM TRl glo] 252 BY
A@zAWe ohe} chp FAH o] Ho]
AL BHSHAT12), &% fo wet gra
9 AW gEe] mit oldsl BAY & glo

SAolAg rie] ATt §
4 9% Eb BFeFoldt o
ane FFEvl, T2DMe| A= o
My 2ET APY 259 AX e
Qe wHg Aol ofe] Ao
STZ2 =9 A2F Fh ohereld 50%,
5% AEO SR W AGH 25 S
of FPn ¥ AP MY An] nHE
Ml BAshe ) glct,

2t
o, px
O:

2, Mz A Wy

21, MElSE
4% (C57BL/6 mice 481FE]E  Samtako
(Osan, Korea)2 HE Bokdtop Dojsky o7}

5ol A28 G vh920) P, A AL AL 9T 3

g T2 ARSAA q cagedll 44 Yol A
ottt AEEEES 36530 2 wWA &
3 Aol AfFAlol(ad libitum)Z  FFotch
e ASEAE N B AATVE SEche
HEPA(high efficiency particulate arrestant) =¥
oF QRO o F7I7F ApdE= g AHlE A4
FI9lom, ARS AYel 2:(22+27), E&
60%+5%), =12 hour light/dark cycle) &
o] A-F Alojxlo] AT 29 AMREAES A
Tot¥Tt. BE HAE= D University Medical
School Institutional Animal Care and Use
Committee?] 51 HWeton, 24882914

o]o] A3 wet Alegsht.

2.2, M28 Y&x(Type 2 Diabetes Mellitus,
T2DM) S &

3257o] =& Al dukalo|ti i Normal,
n=8)3 A2¥ GT(DM, r=40)22 EF3IH
o}, Normalw2 dy¥talo|(&3tE 69.41%, ©
A 24.34%, A 6.25%)8 4F5H, DMu-2
45% DA GA o] (F3tE 35%, A 20%, A
W 45%)5 AT 36FH0] HE AJ-E 6
AZF FE & STZ(Sigma Chemical, USA)&
0.IM sodium citrate solution(pH 4.5) &<
Bl ARl F 4de] AH F 43], 40 mg/kge
StEH| Fofstdnt, A2d Jdd fk SRl
TE ddfo] 250 mg/dL oY AL Ad T
ot WS Aoz wosiyich Gt Eld
39739 HAe2 gutAlol2(CO, n=8), A2
d Gaa(DM, »7=8), A2¥ Hk+VO,max
50% GAALSETHDMS0A, n=8), AI2¥ "k
+VOmax 75% A5 (DMT5A, n=8), Al
28 G+1RM 50% AF-5E(DMS50R, n=8),
a83 A28 @R+IRM 75% AFLET
(DMT75R, n=8)°2 #F5}ch(Table 1).

»
HO
Ofn
-
Ral

Jo ®
>
B
o
o fo

r

T2 A71E A= glo] = AY
Abgste] F 59, 19 4084 8%
. FAZEE DM50A

DM75A+-2 39 b AAE  0%elA
Sm/min~10m/min®] £=2 1027t Eg=d &
5 AsS AT 2FA T Scheferst
Talan[15]9] &4 FYAE &8st A5t
m/min®& z+ 5

[m i
==}

oo
[m |
R
Ho

(o} ol.ﬂ
il
_?L
2
v

AL, FHEL FEREe
B s 2 2% 4%, DMS0A#E 1

- 1110 -



~
Mo
ol
ki
A%
P
fol
—o
()
™
[
N
Io
H‘
oty
=
o
H—1
re
o
ox,
>
_?L
3

Journal of the Korean Applied Science and Technology

Table 1. Experimental design for the aerobic exercise and resistance exercise in STZ induced diabetic

mice

Group Experimental design Weight(g)
Normal Non diabetic control group + Normal diet 37.14+4.43

DM Type 2 diabetes control group + High fat diet 38.50+4.97
DM50A  Type 2 diabetes + High fat diet + treadmill exercise (VO;max 50%) 37.39+2.42
DM75A  Type 2 diabetes + High fat diet + treadmill exercise (VO;max 75%) 36.26+2.67
DM50R  Type 2 diabetes + High fat diet + ladder climb exercise (IRM 50%) 36.93+3.39
DM75R  Type 2 diabetes + High fat diet + ladder climb exercise (1RM 75%) 35.66+3.57

FoA 4F= 8m/min, 554 8F+= 8m/min
7} 10m/min® 2 HZE5F 1, DM75A#L 15
ol 4F% 12m/min, 554 8FE 12m/min
3 14m/min® &2 HFFsto] 5okt

AP 52 807 AAR H A 5 7
F(110cm high X 18cm wide, 2cm grid step)
£ olgsjo] % 59 870 Akl A 52
sttt 2 Ad A 39 B¢ A glo] 33 At
0y 52 A-gAFeH, DMR#T &5 H3t
£ A8st7] f8l HAdFTFE~EMaximal Load
Test)E sttt BIZE W2 AlFo] 75%°1 of
Fote T FE Ao 21 AdEE &=t
A stgew, B4R s Al AT 15% F
F2 HAXHer Frlste] IRMS H7IsHH
DM50R#2 1IRMQ] 50%, DMT75R< 1RM2]
5% sfdot= F5 T G Attt %5
= otgon, IRM2 259 3F A =75t
T FolE TUSHA A8k Atte] A3
T2 AE HHE Alo] 28710 FAS Fo] F
Ho] ClimbingS AAI5HAE.

ol
oo Mo Mo

5 AX 8% F ABU| vperg 1247
oV WANZ the me] FMelH APT A

< B3l GlucoDr FFZ47](All Medicus,
Korea)2 A2 SAot3la, 1 F oH=2= nt
b 7 AN ABse. AEE A2
3000 rpme2 10E7F AAEEste] A4S AS
3gatgon], 24 -80C ZAYsid Yo
Byetgot d% SAAL(AMISTS-K, Asan Co.,
Korea), Z=ZYAHE(AM202-K, Asan Co.,
Korea) ¥ X=X thlIHAEE(AM203-K,
Asan Co., Korea) @&F2 G4 o2t A8
kit§ olgste] EAstott. 8% 2 plo 54

8 300 xlE H7kstol wwbstal, 37C <IFH]
ofgoA F FH2HE W LUE AT Z7
2EIES 5w, A 1027 HEgAIA A
71 % blankE Wix2 sto] ZFFEAE °l8
stod 500 nm(F EH2HE, XEE A F

>

A2EE) Ee 550 nm(EEARANA SF=E
Z4stant.  AdE Agd  ZH2HES

Friedewald et al[16]9] A4 LDL-C = TC-
(HDL-C+ TG/522 AAilstgon, @ 9
¥ 2]4=(Cardiac risk factor, CRF)= ZZd AH|
E S HDL-C oz Yol Altstart
[171.

ded, AN FAO EAE dote] &
A-F4 ¥ =745 ELISA(Enzyme-Linked
Immunosorbent Assay) ¥ o]8ote] =45t
For, Q&L ELISA kit for insulin
(CEA448Mu, Cloud-Clone Corp., China), @3}t
M A= ELISA kit for glycated hemoglobin
Alc (CEA190Mu, Cloud-Clone Corp., China)
E ol8styq SAoidt Qled APE A=x
(HOMA-IR)E=  [fasting insulin(xU/m) X
fasting glucose(mmol/1/22.52 #H/4toto] AtEsH
k.

2,5, Xtz x2|

38" A== SPSS 23.0 (IBM  Corp.,
Armonk, NY, USA) T2 I3 A8sle] =4
FEol digt #Heg(Mat BFHAHED)E A=
sk, e b Zole A W FAREA
(One-way ANOVA)S 3skicth ek 7 zpo7f
ot AL, AFAZ SR Duncan’s multiple
range testS AASIROH, fFojeE 052 A
gkt
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Table 2. Effect of the aerobic exercise and resistance exercise on the serum lipid profiles in diabetic mice

Total . .

Gow s TESGE USRS au
Normal — 14431£16.21°  63.29£9.06"  34.85%20.67°  96.79+21.85° 5.59+3.02°
DM 255.19437.19*  71.57+11.47°  25.25+12.44* 208.92+38.14>  12.82+6.67°
DMS50A  247.80+46.09° 67.35+£10.94>  2577+9.36°  201.58+38.20°  10.65+3.65"
DM75A  232.38455.15°  64.30+£11.69%  41.59+£10.90® 193.80+24.93°  5.74+1.51°
DMS50R  223.514+61.00° 57.18+14.92%®  3226+9.68"  193.88+46.85°  7.39+2.32%®
DM75R  203.40+53.17°  54.35+8.54°  31.96+14.50® 186.76+£38.01>  8.07+4.66®

Value are mean+SD (n=8), CRF: Cardiac risk factor
% Values with different superscripts within the row are significantly different at p<0.05 by

Duncan's multiple range test.

3. gd7&a}

3.1. &4, Insulin, HOMA-IR, HbA1cOf|

O|xl= &

0% B 75% Z3&Zo] fAtad 4 A &5
T 9qg, Jd=d, Jed A Ao
gt AI= Figure 13 T 38 g2
Normal#(116.75+18.96 mg/d)Ett DM
(240.75+19.34  mg/dho]  =A  YERFeH,
DMS50AT(203.25+15.65 mg/dl), DMT75AF
(200.25+19.02 mg/dl), DM50R(176.75%
23.64 mg/dl), DM75R(165.884+32.96 mg/dl)
=02 YA YeRgTtH(p<0.001).

l&EHdL  Normal®(17.47+2.55 mU/)ETH
DMt 2% footA =4 yetten, DM+
(23.48+2.48 mU/l), DM50A-(23.24+3.08
mU/), DM75A%(23.23+3.00 mU/l), DM50R
T(23.624+3.37 mU/l), DMT75R(23.62+2.57
mU/D9] ztol= gls A2 UeRHTH(p<0.001).
HOMA-IR2 DMtollA 13.99+2.2302 7P
LA vebgon, DMTRE DM50AT(11.65+
1.67), DM75A(11.52+2.10), DM50R(10.38
+2.55), DM75RZ(9.67+2.08)0] {2514 ZF&
Ao 2 e TH(p<0.001).

HbAlc= DMo] 897.13+113.72 ug/mle &
W =A Uetoen, DMwETE DMS0RTE
(646.29+182.72 ug/ml), DM75R(663.48+
173.33 ug/mbo] fFolstA @2 Aoz yepytt
(p<0.001).

K

3.2, &3 X|H ol ojxl= g
50% ‘3! 5% 3o 444 9 A &%
T d3F AE FFo Uit Ait= Table 29 ¢
t}. = —LEﬂiEﬂE,_ Normal#H2tt DM+ 2%
11’—40}71] =7 vl en, DM DM2-5+
9] ztol= FATH(PO. 001) 422 DMT75R
ol 71 @A YEbtor, ol NormalaEth
e oz ‘/}E}‘Xz\}ﬂr(p@.OS). HDL-CE=
DM75Aw0] 7F =2 $5o® Uy,
LDL Cx NormaltEtt DM BF f-25H
=7 veigtoen, DM#d DMeFwe] Aole=
0“: Ao g UeRtth(p<0.001). AE® 97
Z(TC/HDL-C)= Normalit 2 DM75A+0]

71 GA YR tH(p<0.05).

T2DME] 7H¢ ZEZAHQ BEAE= <l
Zrgo] it At elH, %61 oledlo

Ras E5 g A

3 4 glok A& 917.4@91 At 19l

g qureli, lado] REsix] ke AEjolA
A&d 2go| Fasie zold G-A8EE 2
o] 2&5te] Aito] Z7tatA HTH18]. whahbA
&3 AHPFL TSME/t Ergdyl 2R

X el o ¢
o S
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A BAEE ZEZAS SEZ2HI(HbAlo)S
RUHPIH19]. Alck: SRZIEHY p-AE
o] N-=the] #E(valine)o|] @go] H|7tedzo
FA= =Y HEFo 32 oF 120
BHog HbAICE A77te] g
28 dhdste], AAlE 8-12F Boko] B &
528 UERATH20]. B A4 T2DMeO]
d ueAE B4 ukeAasth Hlwste] P&
, HOMA-IR ¥ HbAlc =
o, 1eddSo] e
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o552 AMP/ATP Z7te]  9jt AMP-
activated protein kinase(AMPK), A|Z 4] Ca’+
X, ROS ¥ PKCE ZASstal, ole oA
TBCID1 E& AS160E <l4tssto] GLUT4 ©]

e
o =

= °
NRITH22,23]. webd Aol A& Hel &

Bo B4 ool mry §4E ¥

offl o2

< 459 55 F 259 4eh 58 H
GLUT4 422 Z71A7]n, olgist W= 9%

f N

gl I =2 2 Al 7]

Normal DE  DRI0A DE7SA DMSOR UMYSR

1509 5

12041 4

i)
2
=

23
=1
=

[
=
=

=)

£ bt be
1 ab ah
| \ “ -
T T 1

Nonmal DM DMICA DIMFIA DMSOR DMESR

Fig. 1. Effect of the aerobic exercise and resistance exercise on the serum (A) glucose,
(B) insulin, (C) HOMA-IR and (D) HbAlc level in diabetic mice.
4 Values with different superscripts within the row are significantly different at

p<0.05 by Duncan’s multiple range test.
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A9 A g % BE T2DMO] GLUT4Z &
2 858 A g9l

=90

o =
T2 @99 fAago]l DMetol Hls|  ZHz
36.2%, 45.14%2 o5t HpAE =B
HOMA-TRS 7}7t 34.8%, 44.8%9] =&
& Hgon, ol= DM50A, DM75AFET}
o] 2 Zo=E UEyth HbAlco &=
DM o4 DM50R, DM75R70] 71 we
o=z uyeigen, DM HE| ZHZ 38.8%,
35.2%2 #AAE JEY o], Normal®d 717k-&
$Zog2 Ztasigrt. HOMA-IRO Ao &
2 7=l DM75A7ET DM75R70] 19.14%
#AasHE=d oldet Ak A AP =F
o] EFEHS o]83t fAAA &5 EY T2DM
2 A0 Ity HOMA-IR 7RAe] o =& 4
=

o 38
N

P KU O P

T

oN

lo I

duigdo] Frhs dupHo=r ZlxdiAL
7HZIH, A RE U B2 SIS
of 7]o4giti[24]. T2DMe] A4 =
W GLUT4 oFgat ohefst Qledl Aodg
A(insulin  receptor, protein kinase
glycogen synthase) ¥& o] &4sts Fall 42
oA el ¢lad 28-S FIAA EZ=T| o8&
7tk 5hlar(25], T2DM BERl Zucker
rat®] 8570l AlE] APLFS <& EEY
Wds ded dads AdReH, 28 349
AR el Z429 GLUT4 215 57t
AFTH26]. T2DM 2k2e] 1053 A =5
W FARE F e 35 99 o=
HbAle & E°l= H arHo|le K
5 I8l HbAlec $5o] © ol Astdl
tH27]. A8Aog Aol ¥hgste] A
g2 EE Aol FEAoR F5lH 4% 2
A A7 Axtolw[10], Z=
2 4T AlZollM =g &
TEGS HATTH28]

E AFeA HOMA-IR2 DMT75R
daees UEUY, 59T

DMS50R® B BHH 74% ¥ Zo2 U

I Ho

A
o]
o O
— —
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50l A28 P ohe20 PGk, A ] vA= GF 7

BRSO 257 Afole gle Aoz uERdTh
3tH, 17te Z¥o] T2DM mR¢A9 GLUT4
il gt 9 38 ¥ 59 A8 &
=9 ¢ ayAolgt HIEH[29], VO,max
50~60%9] E7 % 9 85~90%9] 1L GAitA
4 5L G uheloAN FHELTHO 17
Lol 280 GLUT4ge =71t o &
insulin—stimulated Akt <I4ISh H]-&2 e o]
SFIA AN Hoh gg34o2 /Mgty B
THECH30]. EF 2T HWEREA zzo]| =W
13T APA 350] T2DM A= HbAlce
Aad ARG o & a8 Yeide A
o2 yehgdTH31]l. 22y T2DME] AS Je
Ao % 9N w2 2EAETE aHQl

of A4gd W PR 250 437 &
Sepol o Fash BAlR ¢ 4 ork32l
22 Qo] 2w T2DMe] Bgeso] &
%5 EX 44 e5HTh HbAlo] @x
2 BIsEI[33], olefFt FTAIE T
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AT oplzt gle] EHY|E Frh HE
T2DMe] 27t BE 4L Uele A2 of
yzgt, oF 60~70%+= AE oldS yehliH, o
AAAE S-S T2DMI A@ES Alo]o] 9
S ATAS YErdTH34]. 2 A4 T2DM

e upe A= A uheAsl Hlwste] =
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FAE HYO X o fAddFS e
T ol dAAEFTY g = AL 9
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gt H] oA AE F shRA 5o ERFET
Aom, 2&AH1 %%% A4 *éﬁoﬂ F3H
dgFe FH35). A 252 IDL-C 5%
o] Wg}l glo] HDL-CE Z7M718A TG &
S ZAAZ|I[36], T2DM Bd FHoA 44
ol ggt FAAA 5 AHXE TCY TGE T4
Aoz n ol dxddFe] /MA-E HugitH37].
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