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T(GT75R, =922 ERIIALE ATA &% ZrIade 55 AgE EfcES ARgsie] 59, 1
o 4084 857t Eﬂﬂt‘j‘fo% AXSHATE AP 252 F5Y 8F At HF 52 FHEALO]
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Abstract : The purpose of this study was to investigate the effect of endurance and resistance
exercise by using different intensity on diabetic—related blood profiles in impaired glucose tolerance
mice. 54 C57BL/6 mice were divided into (1) Control group (CO, n=9), (2) impaired glucose
tolerance group (GT, 1=9), (3) IGT + 50% of VO;m. endurance exercise group IGT50A, #=9), (4)
IGT + 75% of VOgma endurance exercise group (IGT75A, n=9), (5) IGT +50% of 1RM resistance
exercise group (IGT50R, n=9), 28|31 (6) IGT + 75% of 1RM resistance exercise group (IGT75R,
=9). Endurance exercise program was performed 40 min/day, 5 days a week for 8 weeks on
treadmill. Resistance exercise program was consisted in ladder—climbing 8 set/day, 5 days a week for
8 weeks. After completed the exercise program, there was no different insulin level in the groups. The
fasting glucose was significantly lower in CO than in other groups, and it was not different among the
exercised groups. However, IGT75R was statistically lower than IGT. HOMA-IR was only different
between CO and IGT. HbAlc was higher in IGT than in other groups. As compared with exercised
groups, IGT 75A was lower than IGT50R. TC was lower in CO than in other groups, but there was
no different in TG. Endurance exercise groups showed higher than CO and IGT in HDL-C level.
LDL-C was lower in CO than other groups. In addition, IGT75A was lower than IGT and IGT50R
in LDL-C level. In conclusion, 75% of 1RM resistance exercise had more positive effect on fasting
glucose, and 75% of VOjm endurance exercise improved HbAlc and LDL-C level. In addition,
endurance exercise had more effective in HDL-C improvement as compared with resistance exercise.

Keywords : Impaired glucose tolerance, Endurance exercise, Resistance exercise, Blood glucose,
Insulin

A(Insulin resistance, IR)& F7FA]7]
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i (Diabetes mellitus, DM)-L  #7]Z el Stot [3]. ERE AHAE 57t AAES
oAt Agor 1EGE, J&d Y 9 A& i g2 koh Bl dojvt= Al 29
A 2ol lojA ARl Aoyt EF A el o't Hd A= 2RT AW

o|tH1]. £35] P FAte] R EL A 28 T ucose intolerance)?t A& HPAHL FT7HA
H(Type 2 diabetes mellitus, T2DM)o|H SHE 1 At [4].
L2 &R oz Zrkska Qrt [1]. Wsdol(Impaired glucose tolerance, IGT)
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T2DM2 #EH AFd, 555 193 o © @5 Z=gel Widel A Qedol Al s
2 % BAFT wg AT F7t 5ol thpgt 2 S Rehe AHE H 89 $A7 100~
olfE A AAHcR FErz FAHT 9 125mg/dLelstelal AAF 24%F & 141~199mg
Axoltt [2,3]. B3, FRH A&vt e5xx /L olstoltt [5]. ol @RAE A4 WIR
3 e @re) Wshe AA ¥ A A the mou Wy welHre e AR =
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Ax7]l= G377t Ak [16]. Michishita, Shono,
Kasahara & Tsuruta [17]2 IHZFol WS
ol e 71 oA 125 &<t StF 30-60&
oEXNUEE FA ARE 5= AHASIRE
o, Qled Aol Frlekdota HAstytt
T35t Lee & Lee [18]2 1257 I70E 25X
AXE fAAEEE AZ Ad, e 5T
oA <Qled AP AU dEha, TC
(Total Cholesterol), TG(Triglyceride), HDL-C
(High—-Density Lipoprotein Cholesterol), CRP
(C-reactive Protein)o] 7Aooz Aldy 2 9
Faolo] a34Ql ZAoR Yerdtt o]]of o
St A A4Sl T2DM ¥ Wds ol &2t
A 52 AR A3 Jded A g

F

A B ooiEt P T A9 g1l FAHA
Q1 Qg nlAE Aoz vehdet [(419,20].
Ty oot Z2 AYA FHo: =5ty
5 A Z2a92 A 2Fel =dHA
Ao AHY F Hhe obd] =49 AXE
AT Qo ued B el
Streptozotocin(STZ) ¢
e fes Ude
4 80 AYY 258

Aol vl

o

(o3

i
FFe

2.1, MdEsSs

4% C57BL/6 F] 54vtE]lE Samtako(Osan,
Korea) 2 8E fFgyto} Dfjetn oiofst =
ARSALO A GF cageell 4wt Ho] ARSSHAITH
ARFEES 3659l 2 "7kA 8% Aols
ad libitum©e 2 o}t & AFSAHLS FA| B
A4571E FaFA71= HEPA(high efficiency
particulate arrestant) ZE|e}, ]F9] o HF 7|7}
AGE = S ARE ZET glon, ARSAY
L (22+20), 5%60%+5%), ZH(12 hour
light/dark cycle)) &°l A& Alofso] At =
A9 AEEEE AFstatt. B HAx= D o
g AT 87 Y3 UL 2|

whe} Aashelet,

2.2, LigsEol(Impaired glucose
tolerance, IGT) RE

2FPel Wi Aol Qe ER(CO,
n=9)7 WsFHZ(GT, n=45°c2 EF}H
ot COT2 dutAo|(deata 69.41%, T
24.34%, A% 6.25%)5 AFAZIAL IGTHE
45% DAY Aol (Fshm 35%, T 20%, A
T 45%)S Akt Wdsdel s sl
Gilbert et al. [21]9] 975 Farsto] 3657l

Hie ARl 6ARt FE ¥ STZ(Sigma
Chemical, USA)Z 0.IM sodium citrate

solution(pH 4.5) ||| &5jA]71 5 o|Eo] A
A % 28], 40mg/kgS sHERO| Fojslgirt. &

WA A A glucose tolerance test)= STZ Fo 3
d T HAPstaet. 1247 B8 S5 FAE9
wHHW FAoA FE G2 % T AF
T 3g9 FFIAE BF Y Tt ol%
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308, 60&, 1208737 A = A
on RE ot HAR= GlucoDr @%=A7](All
Medicus, Korea)E ]85ttt Wds&ol 4=

o

5
el Bdud A Al FE Edel 180~
250mg/dLY B¢ W7t et Zer
geste.

23. 23=Z=0HY

szt &9l © 3735 HeE2 (1) ¢
ROt 2 (CO, n=9), (2) WsFHZUGT,
n=9), (3) WFSHN+VOome 50% ATA5
TAGT504, 1=9), 4) WBEZN+VOsmx 75%
AL EEAGTISA, n=9), (5) UgsAol
+1RME] 50% AFHs(IGT50R, #=9), 1
21 (6) WEsAo+1RMY] 75% AFAHe=+
(IGT75R, n=9) o2 BE&35}9ct

A7 5 TR 39 B BAE 0%
oA 5m/min-10m/mine] £&=2 1087 EF =
1 25482 AAstE e, FATEE IGT50A
o IGTT5A 11852 A714 A= glol 55 4¢
4 EfEgg A8ote] 54, 1Y€ 40824 8%
7t EFEde5S AASHATE Scheferet Talan
[22]9] *& A= FHAE 85t FxE A
Aotgon, FHsH FYes2 Sm/minSE
7y 5EZF st eH, B 5 3089 B¢,
IGT50AE 1594 4FE 8m/min, 5504 85
8m/minTt 10m/min® 2 HZ5hH, IGT75A
1594 4= 12m/min, 55904 8F+=
12m/min¥t 14m/min® 2 HZ35le] 258 AA]
sttt

APY 52 80° AAR H A % 7]
F(110cm high X 18cm wide, 2cm grid step)
£ o]gdto] F59 8 Ay AHE 252 A
Aottt 2 A d 39 Bt A3 glo] 39
Al 52 F-SAIE ™, IRME 50%°l i
got=  IGTS0R I8 75%°]  sfidste=
IGT75R 159 &8ss &8st s 2d
ZFFH|AE(Maximal Load Test)S AA|5HAT]
HAE W2 AlFo 75%°) sidol=s 5% 5
E meEd 21 AtEE A steeH, J
AR g A AT 15% TS dHe=
F7Fste] IRM& H7Fskgith. IRM2 25of 3F
A A S5ty LEHE TS FEAIFH.
Atcte] A 52 HHEAo] 287Me] FAS
Fo] F 8W9] Climbing AAISH L}
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HEFEES THEHAE olgste] uhFgh &
SR Qo ARE A7, Al A
93, 3000rpmo2 1087 YA st 43
AE slgstgon, 222 FA| -80T A2
Falof| Yol Bystyltt. 85 S4AAMISTS
-K, Asan Co., Korea), ZZd|AHE(AM202
-K, Asan Co., Korea) ¥ 1MW EX|ch = AH]
E(AM203-K, Asan Co., Korea) 42 a4H
o 9§ g kitE ol8ste S5t &
2ple] EA48 300 ¢1E F7Fste] wHbst
7C QFHlelgoA FHAHE ¥ 1UEZ

l)ll ol

Rl

ol-gsto] 500nm(FEH|AEHE, XA A] T
2EHE) Ee 550nmEAAY) oA FFEE
=740ttt AEEA G W I AHE-2 Friedewald
5 [23]19] A4 LDL-C = TC- (HDL-C+
TG/5) 02 A4ttt

A&t FEINLE FA E4AE AFA
A FA-FY §-3E ZAste ELISA(Enzyme-
Linked Immunosorbent Assay) H#-2 o]-&3}o]
=Z4st9lon, Jd&wd2 ELISA kit for insulin
(CEA448Mu, Cloud-Clone Corp., China), B35}
4= ELISA kit for glycated hemoglobin
Alc (CEA 190Mu, Cloud-Clone Corp., China)
£ ol&ste] Skt

fasting glucose(mmol/Ll) x
fasting insulin (2 U/ml)/22.5

2,5, 84 &4

2 3L SPSS Version 25.0 54 =g
(IBM Corpl, Armonk, NY, US)& °]&35}o
Aokt & Aol dojRl BE FEHHAE
7)1&E A% (descriptive) 2 HAM)I EEH
(SD)E sttt "t 2pol& BAsH] 9
FTEHRJIES one-way ANOVAE APt & A
SHZOo=2 Tukey's post hoc testE A&sFHTt.
I A A7 2 AFelAEE wA s Slol
two—way repeated ANOVAE AA|stgict. £4
21 {FORE Zpo|7t et Ae AAEHFZo=R
A7] ol paired t-test®t IEIlE one—way
ANOVAE A3t & Tukey's post hoc testE
AgstRtt. BAA FoleEe 05= Skl

=i
S 2% rlo {r o

-~
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Table 1. The difference of weight between 37week and 45week

Ah s Aol S0 Fudd AR oA 9%

37 week 45 week p—value
CO(g) 43.34+3.31 44431274 Group 130
IGT(g) 42.37+5.83 47.74+5.75° Time <.001
IGT50A(g) 42.53+3.47 40.60+3.92" Interaction <.001
IGT75A(g) 42.77+3.15 40.30+3.11*°
IGT50R (g) 44.88+3.38 45.09+4.69
IGT75R(g) 42.48+2.55 43.36+2.02

Value ar mean+SD
* ; significant difference between groups (p<0.05)

"} significant difference between 37 and 45 week (p<0.05

Table 2. The difference of insulin, glucose, HOMA-IR, and HbAlc among the groups

Group Insulin(mU/]) Glucose(mg/dl) HOMA-IR HbAlIc(ug/ml)
CcO 41.3£13.5 125.4+ 16.7bcdef 12.7+4.5 376.5+171.8°
IGT 48.6+9.6 214.6£15.5% 25.9+6.3 681.5+116.4*%
IGT50A 38.2+17.0 202.8+15.0° 18.8+£8.8 382.9+130.3°
IGT75A 3594+10.5 197.8+£11.7% 18.0£5.6 258.9+87.8"
IGT50R 4331136 205.8+29.1¢ 19.8+6.6 452.6+109.5™
IGT75R 438+12.2 184.4+11.3% 18.0+5.6 306.5+65.2

a; significant difference compared to CO b; significant difference compared to IGT

c; significant difference compared to IGT50A d; significant difference compared to IGT75A
e; significant difference compared to IGT50R f; significant difference compared to IGT75R

3. & 1t

3.1. 37x&1} 45589 MZF xto|

8Tt 5 TR WE AFY HIt:=
(Table 1)>ollAl BoFar gQlrh A[7]e] SRt
A Folgt ApolE HGlom TIFET AZIHY] A
SAgol  [FOSHA YERTH(p<0.001). 3759t
45F0X 9] AFS HlwstAE W IGT(42.37+
5.83 vs. 47.74%5.75 g)atollA felgt 7171 9l
lom IGT75A(42.77+3.15 vs. 40.30%+3.11 g)
A= Folgt AATE dolwttt 375 A =
1830 Zpol7t glelon 455l A= IGT50A
(40.60£3.92 gt IGT75A(40.30+3.11 g
2 IGT(47.74+£5.75 gl vl @2 AFS #
2|5kt

(Table 2>l Yeht Qlth. Jdedle EAHo=m
LE I8 2ozt gith(p=0.384). 35 &
e xR IGTA SAHez §ols)
A=A vebdon,  IGT50R, IGT50A,
IGT75A, IGT75RE A2 tixol Hl5] =7
YUERGTHp<0.001). EJF IGT#-S IGT75RT]
H)3l folsHA =2 25 EATHp=0.008).
d&d AIFAHS HARF HOMA-IRS tixF
I IGTZOATE folgt zfolE Bt g3t
& AAAME IGTHo] thE BE Hdsd H]
3 =& £AE HPow(p<0.001), IGT75ATT}
IGT50R0] felgt ztolE HATH(p=0.013).

ATA W AP o5 Dejet oF Ao of
2 9% Ago] Aol (Fig 1olA Rz
Jdtt. & ZAAHRE h27(146.7+21.0 mg/d)

xto| o] UgsAo S$EFEUIGT;  239.3+34.3,
ol&d, g o&d A 1ol gsiEAM IGT50A; 211.7433.5, IGT75A; 232.4+38.3,
20 o= Aol o w2 1=7ho] o] IGT50R; 244.6+26.7, IGT75R; 251.6+36.0
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Fig. 1. The difference of serum lipid profiles.
(a) Total Cholesterol, (b) Triglyceride, (c) High—density lipoprotein, (d) Low—density lipoprotein
a; significant difference compared to CO, b; significant difference compared to IGT
c; significant difference compared to IGT50A, d; significant difference compared to IGT75A
e; significant difference compared to IGT50R, f; significant difference compared to IGT75R

mg/dD)T} H|Wsto] footA F2 $2| 5 HolF 4. = 9

SHp<0.001). W AL 18] Fol7h

9AcH(p=0.200). HDL-C: AF4 2575 Ysgole gy ddAz 1dd, 18¢,
(IGT50A: 80.4+16.2, IGT75A; 821%151 @ % Ze|~e2 ZAx9 71837 LDL-C =

mg/dl)o] HZE(58.2+13.9 mg/d)T IGT(59.5+ # HDL-C Ast 59| B3txol BaSo] Yol
5t =

8.9 mg/dDwtell HIsH oot w2 425 HA o] Ht} [25]. E3|, ol&d AP Z7l= 1
o AP eFEUAGT50R:  73.6£13.6, Q&APZL Sursl H o&do] A 7|5S
IGT75R; 72.4£16.6 mg/dD¥}2] Ztol= §I9iTh. 3}2] oo} 7oA o] WAIMGHA o] &Eo] At

LDL-CE H23(77.5+17.9 mg/dl)e] IGT(169.5 o] Z71= 71497 =t [26]. wetA] ol&E A
+38.2 mg/dDw# F5EIAGT75A; 121.4+ Aol =yl QA Lo|k
21.4, IGT50A; 138.1+35.8, IGT75R; 159.1+ Zdre] B0} AR s 2AA duka d
34.5, IGT50R; 165.8+27.0 mg/dl)ef ®ls] 2] T AR F£AE = [27]. & AFolM W

I
u
4
ol
[>
o
ofN
2,

7 ¥e #2158 Hiow, IGTT5A-2 IGTH Lojs ourel 7o TR el M4, ol
Y} IGT50R<of| Hlsf &2 25 HA. 9 A AR 527 dxZ SOt 3t
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