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APV Y bV UEIENERW ST v B ICE TSNk o
72D DRRIEBEIRICDOWT

RR BT, RE OEE, ZA RE, FEE B

VERHERE R AR DR RIS R IR R
it FET %

— "R
BERIREE T, BPHEOTIEREEZ HIET 5720 I 2 O3 » ba— koo b ds, £ A ¥
BT, R SR 56 H 5. £2T, ZORIMPEDOTFRRLUEIZED X ) REKEMBAENTH 5
MRE L7z,

Wistar 7> MCZA ML T MY bT v (60mg/kg/bw) ZHK5- L, HIRW (STZ) v FEER L, B M VX
) ¥ (6.0U/kg/bw) % B TFUESL, IAEAS 50mg/dl Kl OURIMKE % fEF2#, FVa—X, AZ7u—X, 73Iu—
A, Fr7y (2g/kg/bw) F7213, ERARAKREREOIRG Lize STZ 7 v M TORKWHE G- %O MBEDOZIZ,
FIVa—R, Azu—RA, 7T3IT—ADEGH, 15 0RICHEOME LA ZR L. £/, FVva—A, Aru—
2%, 3005 TH, MoRKEM L IIEIEETH -7 E5I12, FVva—2%H5 LEEATIE, #5160,
120 5 TH MBI EEZ R L72e A7 B— R, 7I0—R, 772 OHKGHOMHE, 5 120 5% ME %2R L
2o TOK, TIUV—RA, TYTUF, MBEEO LA 2D, EHATEKE OB TIZEZ RO Do 7
HRE O 7V 3 — 2%, RIIEROISELE L L TRETH D, €L T, ZHEOA I u—2%, SHEOT 3
O— 21, RIEOFRIEL TWE I EPEZONL, HWIIE LR OBIRVUETH 5 2 LHVRES
n7z.
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M

BERRAG I T, #BE, BHE, MhREREE, BhIRME
b7 & ORERIGE P DOFIE, #REZ IR 272012
WM T > b e — ARk 5 b, LT, MR
WA, RIS, EEHREIIMA, B
PEHEIND Z LD L% BV, B TH, 4 VA
VinHE, O MEEZMBER TSR TE 2, 1
RBERIREE T&, 4 ¥ 2 ¥ 20Wd 21 B Mifao
B RIC X0, MO9S A 2 2 Y GUWAA T Do
ZLT, 2RBRBEZEICBNTYH, £ VR YOM
SRR E Y, A ¥ R VIHEPSLERIER 5B
o ETADVHAEDA VA VBETIE, EFEDS
Wy — v R ESICHB L Tl EREIL 35 2k
IEFICHEECTH Y, MAEOEENE, ABHIZR AR
MEMRIEH], £72, AHFEEE, A ML AR EDER
ZALIC LY, RELEBEZTLOT, £ VR Uik
FOBERIR AL, MO A CEHSLE L 2D,
AR MBS RS DAL E R M O TR IZ o WTid, 55 7%
Ak & SO B AP LENI R B FRIS, A VAV
OV AR BN BAE, RIS o fa Bk 1B =
Nz RIEE, HPBIXOKBTHRIY, HFiC
K ORERZIE, AANDRED A EHN 720, JE
ICELZZEDHY, ZORBEL L TR DR
HERALEE 2L, L L, ZORKEHOEIU
LD EIEICHRY, RIFCho7zmbEa > ba—
VBN TLE) TN D D, L Led5, HRE
BHEAEMPECHEL T, ZOREDZDIIEDL )R
WAL DHE R T e $ 5 2 &3, FEFISfER
THEETH D, T, WERKETNVEIWZIERL,
B VR B AR (B o 7285, Z O FRiReEE I
ED XD BB HR) T % hIET L7z,

LRV QOViR:S
1. B

7 OO Wistar 7 v b2 HAZ LT XA
L 720 BEREE T IVEIIZ, Wistar 5 v MICA ML

7 MV b ¥ ¥ (60mg/kg/bw) (Sigma) % JEIEPIIRS-
L, AMVT MY MY VEEMERR (STZ) 7 M &
TEBL L 720 XFHEBEICIE, Wistar 7 v P22 T U BR#R
B (RGBT omRiRzix5 Lcb oz v
720 ZLTC, STZ T v MaAER 1 M, fLiRET
DIILFEAS 200me/dl BLED T v b ZFEEIZHEH L 72,
BWziL, FEREE CE-2 (HAZ L7) % HHER
FROHBEKRS Sz, F72, i (23 £ 2C), 8 (55
£5%), BIREH A 7 )L (08: 00~ 20:00) AsHEFESn
7B EICTHE L7,

2. SEEIRAD T —TIVREE

i, ¥ MYV E S =)L (60mg/kg/bw) (KH
ARBLEE) FRE TS THSEZ UM L, A%k E £
SEAT—TNVehLEETANRTREEL, £ L
T OHBICEI A2 ANTA 7 — 7 V&R I) LR ER,
HE, SHMOMIZYIHBZ RS Lz T —T VI
& A~ v (FRHEEKRAA) LAY E= o
VR (FDGHEETSE) ORAGHZ LS 72, $RIL
&, BEHOA T — T VIEFEE DT TV, I
TVT A byt — (ZHEENERT) THE L 72,

3. KMFERFDRAKEMDIREHER

A Y2 YEFIO 2 —< A — F NiE (H
KA =T 490 —=) &HwT, HEEEICE2.00/
kg/bw, STZ J v M2 6.0U/kg/bw DA ¥ A1) ¥
A E SRR EE TG LRI (50mg/dl i) IRRELC
L7zo M, B E STZ 9 v MIEH LA YA ¥
i, RIMEERTER I 7 B /i 2 FHETISRRET L TH W
7o ZLC, IRIMAEZMERL22IZ, ZVa—A, A
ryua—=2A, 7IiIa—A, Fr7v (2g/kg/bw) (FE
FIBETSE), SUAB K & #8145 L7 $RIMIE,
HHEERE 4 R VR, I %% T,
M ILHE % O KAl e ARIE O 5- 15, 30, 60, 120, 180
SEIAT, MBEOEBZRE Lz 4 2 X)) VG
BRIEIEMEL 2T, KIIEBICE 72, T2, kARML
oI, i, STZ 9 v bE i, miEo
FERTIEH L7724 Y R Y OWBERZZF VL) I,
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2 | H Do ¥ 5-92800%, 5 H R LLLRFE & 2200 THT

ol

4. FREtALIE

RERIL, P EERETRL, AEEOBER,
o BN -t M E (ANOVA) (StatView, SAS
Institute Inc.) CTp< 0.0V TZAZEL L7

GRS

1. FE, MEEOZEL

STZ 7 v b (lE¥=7) OIREIZ 223 + 7g, fafkE
O ML IE 365 = 13mg/dl 7R L7ze xf B (Lk=
8) DRI 290 £ 8g, IMLFEIX 110 £ Img/dl TH D,
STZ 7 v MIAE (p<0.001) ITAEDMT, IMHE
o FA %2R 7z,

Oz 0N
B30T sxs
110 ‘
S 90
ah
B
%5 : : \
g 70
50
30

0 | 30 | 60 | 120
BfE (49)

Fig. 1-a. }BS v hTOA > X L EAFHBOMEBEBOLEL
2.0U/kg/bw DA > X 1) LiEEE, WRBEOZ v b (T

=125 OmEE, HL2IETFLTWo% 2L T, 120

DTELFEEZRL 7

"p < 0.001vs 1 >R LEERIOMAE (045)

2. 12X UFH#HOMFENDZEAL (Fig. 1-a,
1-b)

XERBED 4 >~ 2 VST O MAE L 110 + 1mg/dl
Tdho722% 2.0U/kg/bw D4 ¥ A Y {EGH, 30 %
TIX 65 = 2mg/dl, 604 Tlx 55 = 2mg/dl, =L T,
120 43Tl 47 = 1mg/dl & RIMBEDREZ R L7z (p
< 0.001)

STZ I v F®A ¥ A ik o 1ML 358 =
13mg/dl & #fliz/R L7z LT, 6.0U/kg/bw D4
YA YEHE, 604T85 + 1lmg/dl EFHL L (p
< 0.001) MAEAMETF L, 120 4712 ) 46 = 2mg/dl
RL72 (p<0.001)s STZ 7 v M, E5I2180 4T

STZ v bEBIT, £ ¥ A YEHHET £ TIIEFICH)
WT WS, ARIHE DRI 7 2 IO MR 4 IIEE) &
PR, T =Y DHTH)ITLEoTWLRETH - 72

007 gz
JEST
400 | ‘
S 300 |
)]
)
1
H 200
100 |
0
0 30 120 180

B Al (5)

Fig. 1-b. STZ 5 v FTHA LX) LAFEOMEENETL
6.0U/kg/bw DA > R 1) LiE5ttE, STZZ v b (R#=

25) OIMFEE, BBIETL TV ZLT, 120 51

HEMAEZERL 7=

"p < 0.001vs 1 >R EEETOMEE (045)
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3. KMFERE DR AKIE DIRE5FHER T O MAE
OZEAt (Fig. 2-a, 2-b)

H PR O MAEME 2> & 4 > A1) i, R
Bl & FERR L 72t IS &R KL D3 53 B & 1T 5 720
xtHRBE O IMAEIX, 47 = 1mg/dl 2R L7z #8515 54
th, ZVva—2 (101 = llmg/d), A7 a—2A (93 *
5mg/dl), 73Iv—2Z (57 = 5mg/dl), v 7 (73
* 14mg/dl) (&, EFAHK (44 = Img/d) LD HE

(p<0.05 0.01, 0.001) (ZibED EHZRLAz
5.30 5% T, ZVva—2(92 = 9mg/dl) & A7 u—
Z (67 + Tmg/dl) HH-oMpE, 7I0—2 (53 +
dmg/dl) 77~ (52 = 8mg/dl) L D HEETH -

150

130

o, HEE

110 | 85, 4t

=702
" |=0=250-2
" |#-730-R
A|==TY Ty

-+ fERHEK

Mm#E (mg/dl)
8

70 |

50 |

30 L L L L L |
0 15 30 60 120 180

R (9)

Fig. 2-a. XE&Z v b TORMIERFD mAKIEM D% EHER
TOMENZEAL

JIa—-2X (Ef=05), X70—X (LH=05), 73
O—X (E#=05), 7> 7> (Efi=5) &, %5 15714,
HERIEK (T#H=5 OHELVOEDERERL
W50 RETIE, FIa—E70-R1F, HORK
1ML BEETH -7 BEHZ12071C1E, T3 -2X
ERIO-REBICEMEER L, T2 721330 28
IZ, 73IO-XE 60 9%, ZThZhEEERLAEY, %
D%, MEDEFRERL 70
#p < 0.06vs X7/MAO—X, 'p<0.05 ""p<0.001vs 7T
IO—X, ®p<0.000vs T T, "p<0.05 p<
0.01, """p < 0.001 vs £FERIEK

72 (p<0.05, 0.001)s ZVa—A (70 = 9mg/dl) %
b L7z & EolbiiE, #5460 5T b Mo iR
W& ElA R LA B EERBD o7 5
%120 3121, Z v a—2A (56 = 9mg/dl) & 27 o—
Z (52 = 2mg/dl) & DI Z R L, ZFDRE,
MU O 157 %GR 7258, Mo ook b = 4 Bl A ik
EDEI ot T vT RS OmMEEX, #5530
% (62 = 8mg/dl) \RfEZ /R L7228, T Dk, S
ZMAED LA %ZR L7 (p<0.05), 73Iu—RA#EL
OIpEE, #4560 5% (50 = 4mg/dl) IZEAEZE R L,
Z 0%, MHED EAZRO7z (p<0.05),

STZ 7 v + OFGRIOMHBEHE, 46 + 2mg/dl %R
L7zs #5155, Zva—Ax (299 = 37mg/dl),

400 |
#i##, $$$
300 |
—~ +7“)l’]_x
% =0=240-2
£ 200 ¢ —4-730-2
ﬁ -7y
-+ FEREK
100 |
0 | | | | | |
0 15 30 60 120 180
R ()
Fig. 2-b. STZ T v ~ TOIRMFERFD KM DI%5 B
TOMmEONE(L

JIaA—Z (E#H=5), X7O0—X (EF=05), 73I0O—
2 (T#=5) &, 5 150%, 77> (EH=15) 4%
HREK (EH=5) LWAERICNENLEREE#RLE, 7
NaA—XEZX70O0-ZUE, 30 REICIIMORKIEMEL Y F
EBTHo7e JIWI-—REHE LI TDOMAEIL, BER
60 pLIFETHEMEE L, XVAO—-X, P7IO0—-X, 7
LT OMmiEE, #5120 5BICEEERLEZ, 7I0-
ZEFUT L, 180 AEICIFIEED FRER AR D 1=,
#p < 0.05, ###p < 0.0001vs X7 O—X, p<0.05 "p
<0.000vs 73IO—X, *p<0.01, **p<0.001vs 7>
T, 'p<0.05 ""p<0.01, """'p<0.001vs £IERIE
7k
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A7 —A (132 £ 28mg/dl), 7 I H—A (94 +
14mg/dl) 1%, AAAHAK (50 £ 3mg/dl) LY HE (p
< 0.05, 0.01, 0.001) (ZifupED LA 2R L7z, F72,
P 530 40 TlE, b a—2Z (264 + 48mg/dl) & A
yu—2A (102 = 22mg/dl) &5 1MbEE, Mo K
bR AKX D & TH -7z (p < 0.05, 0.01,
0.001) X512, Zva— A %5 L7 & 0likg,
5% 60 43 (146 = 38mg/dl) T MDA XD
R L (p<0.001)s ZLTC, ZVa—2Al,
120 43 (78 + 20mg/dl) THIMMDOFMEE /R L7z (p
<0.05), AZu—2 (43 = 2mg/dl), 7 I T —A (59
+ 9mg/dl), # LT, ¥ 7~ (45 = 2mg/dl) 5%
DM, 5 120 50 IREZ R L7z, £ LT, 180
5ETIE, 7TI—A (74 £ 9mg/dl) L7V T (52
= bmg/dl) &, MFEHO EAERN %2 R 7253, LA
BWKE DL TIIEZRBD LD - 72,
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MmEEEMNE (mg/dl/180%Y)

W
o
f—

Jha-A  AYR-R TIM-R O FUIV AHEEEK

Fig. 3-a. XEBZ v b TORKILMBEEDOMIEEMNE
JIaA—-2X (E#=5) &#&5 L7 OMEEMNED
BbEP ol ZVO0-X (E#H=5) &£73I0—-X (L
=05 %#¥kESL-EEOMPEEME L, FERIEK (T
=05 LWbZEh o/
#0<0.05vs A7H—X, 'p<0.05vs 73IA—X, p<
0.05, """p < 0.001 vs £IEAIEK

4. mKIEMESROMFEENE (Fig. 3-a,
3-b)

AR I KE D IRTE A & 28 i ARA L5 5- F2 > 180 4511
TOMBER L, SHEBETIE, ZVa— 257165 *
28mg/dl, A7 T—AH388 + 2lmg/dl, 7 I T — AR
87 = 23mg/dl, 771386 * 45mg/dl, A
Kix 23 = 24mg/dl TH o720 FVA—A%REL L7z
LEOMBEMNEL, A70—X, 7Iuo—2, L
T, AWK L L THE (p <0.05, 0.001) 12
Shotze F72, AZU—ARLTIO—A%HE L7
L& oMURER L, ARAEKLIYOHLY (p<
0.05) 2% h o7z

STZ 5 v M, ZVa—ZAH633 = 129mg/dl, 2
70— A 153 = 45mg/dl, 7 I H— A 144 *
52mg/dl, 7 7 1% 38 = 156mg/dl, ABAHAKR 9
= 3mg/dl Thotzo ZNVI—A%HKG LzE &0
M2 b % <, MoRAKEMIZELTHE (p <
0.001) 28Nl 720 WIZ, AZU—R, TIT—AD
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600 [ r 1
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Fig. 3-b. STZ v h TORKILMIRSEOMIEENE
JIa—X (E#H=05) 2H/ELL-EEDEMEIFRD
Zh ol RIZ, AVO—X (E#FH=5), 7IO—X (L
=05 DERICLDIEMENZH 7
###p < 0.001 vs 2/ O — X, “'p<0.001 vs 73I0O—
Z, ®p<0.01, **p<0.001 vsF> 7>, “p<0.05
"'P< 0.001 vs £IBAEKEK
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BRI X 2HMENE C, 7 7 v LA KT
LTS (p<0.01, 0.001) ZHEhmL 7z,

E2

BERIGEH DA > 2 BHTIE, s A o a2
Y M E =& D ST ST LRI 2R S ek
B9, BRI, FEEERIAEE 2V EEICELZ LD H
DY OBEIRIRER B AA A ik E D B0 10
LhoTwb, Lo T, £ YA ViHHEPIC, K
MU DRI ST B2 F RIS DO WT, Y 2 E# % 5 2
HIENRDOND, 22T, KIMLBED FRRYEC
ED X %IRRT D % s L7z,

Lrlul, R L72STZ 5 v ME, AMLT RV Y ¥
AWE B MG & AR B U CHERL L 72 1 LR R
DEFIVF v b Th DI LD Rakietin 57 12X 0 it
HENTWS, WBEEZ, 2 v #H5%12040F
T, ZLT, STZI v M&, 429 %54 180 4
T, IO RE B 2. T2, PEBIA Y
YEMEALZICE 20 b ST, WO T v ol
SMIIKT L7z MO T v T, IEEIZHWLT
WBNREEEA YA A, 4 YA YEICE 5
TA VA vERPZ 20 EEZ NS, STZ
Zv FTIE, WHREDA Y2 YA FLTWw 5
72w, A YA YEHFICEDIKFEOA Y R) Y Le T

— L, MmBEASMIKT LA EZ N5,

ARG & D e R TIE, HBEE o 7 a—

, oA 7 u— A1, 5 %EHICIRE L A
L7=2s, 7y 7ia—xiE, #5304, 60 5%
NOMED LA %2Rz, —Ji, STZ v hTiE, H
WHOZ V=R, ZHEOAZ7u—R, ZHEOT

Iu— A, EGHEHEICIEL EAL, 7 Vva—X,

A7 a—2A1%, 530 5RICERbEEEZR L2, &
HIZ, ZFva—REfAf L L oy, #5120
SR THEMEER L. Ak, IEHRIRE T, i
BEHE S B PRV E VG S, FRBIRR E I
Wix & 729" Fio, KM H2 LA v A Vi
RVEY (WhFa—N7Iv, Fuvhary, KEKRV
EY, ANVFIUNGRE) BEIL, RIS EITHES

%o BPIECIIBEIAEATTHE L, FEZE LI XD L3 %,
L2 L, B8R T oK ipE o RE Tk, ko
counterregulatory hormone (4FICA 73— 73 V)
OISO, & HICRIEAHRER D sensitivity DK
OWMBANERL TV, ZLT, 4R VEEPLE
VE ¥ ORIMBE 3 2 5 BB A ER, il b A
W RS, RO TR, Y a=r v R
WA R, FYa—r v OFRINENI L L,
A VA YARRIZEY) 7)) a—F Uik L Twb C
ERHLNE RS TWVE, TD72H, 4 YA VES
WL DA TOZ ) a—=7 Y EEAE L RY, 1
WO LABRDO Lol EZOND,

TN — A &S LEE, RO -0/ T
ORI R HNAT b DY J20, S
WO LA LEMEOY - 2R L7zt EZbNE, &

, ZHREOAZ O =R, SVIA—RETNT F—
AW a1, 2-B-7) 3V FiGEELIZbDTH L, €
D7z, Zva—AAf L) ERLTIIRED A& ¥ —
JERRBOIIEMENSINSL, L2L, STZF v T
i, G LA u—X, ZHEOT7 I0—AD 5K
1LWix, ZVva— 20850846 M EL, #5154
HBCHBE O T 2 2 72 Bk % R~3 STZ 7 v +
T, BRI M- 72720, KA OfEED
E R IRIGEEE O 72580 8 <, 85 15 45 1% T Ik
DY =7 PHERSNEHWEIND, 7TIT—ART ¥
T OB, HREES RPE X0 I o #
FEAEWTY T, TIu—X, Fr7YOANED
ML, BT 120 7 RICIMEZ R L, €%, 7Iu—
A, FU TR, MAHEO FRENE RO EEZD
Do JIEES™ &, 1 B OBRATEZ K E 2 5 F 1)
ARIMAE 2358 L7272, a— Y A% —F Z RIS
HRELAE IS, MEAHEE LS L 2HELTW
5o

L7chso T, HiEEHO 7 Vv a—21E, 4 VR ViR
RIS & 2 2R e AR OIS 2L iE & LTI T D
D, THEoOZX0—2%, ZHEOT I -3,
BRI RT OIS X > TIE RO ME DO F B %, &
BIEFT DI & 1) B 205 OARIHE 0 58 |2 A %)
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The intake of carbohydrates for the prevention of
hypoglycemia in streptozotocin-induced diabetic rat

Eriko ISHIHARA", Rie TAKIZAWA", Toshihiro MIURA",
Masaru USAMI”

"Department of Clinical Nutrition, Faculty of Health Science, Suzuka University of Medical Science

“Tkeda Hospital
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—Abstract

Diabetic patients require strict blood glucose control to prevent the development of complications. However,
insulin-treated diabetic patients may be ensnared in hypoglycemia. In this study, we examined how
carbohydrates have a beneficial effect on the prevention and improvement of hypoglycemia.

Diabetic (STZ) rats were obtained by injecting streptozotocin (60 mg/kg/bw) in normal Wistar rats. STZ
rats were subcutaneously injected with intermediate-acting insulin. STZ rats developed hypoglycemia 120 min
after the injection of insulin. After blood glucose concentrations showed less than 50 mg/dl of glucose, sucrose,
amylose, or starch, as respective carbohydrates (2 g/kg/bw), and normal saline was orally administered to the
control and STZ rats. After each carbohydrate load, blood glucose was raised 15 min after the administration of
glucose, sucrose, and amylose. In the case of glucose and sucrose, blood glucose at 30 min was higher than with
other carbohydrates. Following glucose loads, blood glucose remained at high levels at 60 and 120 min. On the
other hand, blood glucose levels from sucrose, amylose and starch loads decreased at 120 min. The blood glucose
of amylose and starch showed an upward tendency, however they were not different when compared with normal
saline.

Glucose from monosaccharides is better suited to treat hypoglycemia as a stopgap measure. Sucrose from
disaccharides and polysaccharide amylose are adequate for preventing hypoglycemia. These data suggest that a

carbohydrate should be carefully chosen on its basis to prevent hypoglycemia when treating diabetes mellitus.
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