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Prevention of Pancreatic B-cell Damage by Pharmacological Intervention
with Diazoxide and Pioglitazone in Obese Diabetic Mice
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Prevention of the progression of pancreatic f-cell dysfunction in diabetes mellitus is an

important subject in the long-term management of this disease. The preventive effects of diazoxide
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and pioglitazone on pancreatic §-cell damage were evaluated using C57BL/Ksl db+/db+ mice
(db+/db+ mice) with an obese diabetic animal model. Long-term treatment (6 — 18 weeks of
age in db+/db+ mice) with diazoxide (100 mg/kg daily p.o.) or pioglitazone (100 mg/kg daily
p.0.) induced a significant reduction in the fasting blood glucose level (p< (.05 vs the untreated
control, at 18 weeks of age). The % islet area was larger in both diazoxide— and pioglitazone-
treated mice than in the untreated control db+/db+ mice (p<C0.001). The f -cell ratio was also
significantly larger in the pioglitazone-treated mice than in the control mice (p<<0.01). In a short-
term experiment (10— 12 weeks of age), the plasma levels of glucose, triglyceride, and free fatty
acid were significantly decreased by the treatment with diazoxide or pioglitazone. The plasma
adiponectin level increased significantly in both the diazoxide- and pioglitazone—treated mice. This
level was further increased by combined treatment with diazoxide and pioglitazone (p<C0.001 vs
control). Pioglitazone, but not diazoxide, significantly increased insulin sensitivity (p<<0.01).
Triglyceride content in pancreatic islets from the control mice was significantly reduced by the
treatment with pioglitazone, but not by that with diazoxide (p<<0.05). Impaired glucose-
stimulated insulin secretion from pancreatic islets in the control mice was restored by the treatment
with dizoxide or pioglitazone (p<C0.05). The present results suggest that diazoxide directly
reduces pancreatic f-cell overwork and improves the glucose toxicity in db+/db+ mice, resulting
in control of f-cell damage. Pioglitazone, on the other hand, improves glucolipotoxicity by
increasing insulin sensitivity and reducing fat accumulation in the islets in db+/db+ mice.
2003) Kawasaki Igakkaishi 2902 ) 115— 130, 2003
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Table 1. %%L&JAG ﬁ ﬁ,\lmﬁil’,bﬂ,r (%) O)I.tilgf: LEITI’CLLFF)L-ﬂ E) k 1_41_J.|’[-1IJ'\- 1%
Mo vz B wTd C A
BRITEIE (%) e .
123004 1874 s /ﬁ = 'lu?)\' LTwi (h\ﬂ;ﬂﬁ) p<
R dbb/dbt = % 82,2 £ 1.2 73.4 = 2.2 0.001)., EHWHTADRONIET
D db+/db+ T A 0.7 = L5 778 £ 0.8 T T 1 e
PHE dbt/dbt w7 A 82.8 = 0.9 80.6 = 1,2 ** Euj’Th ilgj‘]mi (_ﬁikbrﬂ)‘ .
db+/+m ¥ 7 X 4 £ 44 TRE £ 36 3.39£0.64%, 18HHs (frA12:H)
#5001 vs C B T2.59+0.28%, PRETIZENE
N3.65x0.77%, 2.54+0.28% T
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82.2+12%, D FER0.7+1.5%, P #82.8+0.9

Y TN, db+/db+ =7 A TH R B HE I A
O N R D o 72 (Table 1),
18M 5 Tk db+/+m = 7 AfE77.8+£3.6%, C
PE73.4+2.2%, DI77.3+1.3%, PIE80.6+
12%Tdh O, CEIZBWTINEE LI gkt
O BRI 2B (p<0.01). F/z18M

CHBET AWML T P EO p RIS
IZKTH-7 (p<0.01).
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dl & BRI e R (HEEaL). —Hh,
Ml A ATE12:ME 0 BT D 2 B IR 4 1 D
PET 192 £29 mgydl, P #ET 198 £27 mg/dl,
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1038 i db+/db+ < v7 2D A > 21) il
¥ 3.5+0.4 ng/ml, 12;E#5TiL 3.3 £0.4 ng/
ml & B LR b d o7z, A ARE12:8
WEOIMP A » A1) vMlEZENFR, DR 6.1+
0.9ng/ml, P 2.8+x0.6ng/ml, D+P i 2.2 =
0.4ng/ml T -7z, DEEE CHEIZH LATEIC
i (p=0.017) T#&HDH, PR, D+PIFTIER
A MER E R LA ERETIR Ao .

M TG A E 10 E T 119+ 6 mg/dl, JEFr A
FE12MM T 171215 mg/dl E Sk e amd
7z (p=0.003). WA DEE12MHETIE 105

=13 mg/dl, P#E 11723 mg/dl D+P {if: 102 =
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D % ; diazoxide (100 mg/kg « BW/day, #511) %45,
(100 mg/kg -
BW) +pioglitazone (100 mg/kg « BW) #F114%4,

FHI AR E100% E L, T8 £ BEERE (n=6)
0.05, *FFP<0.001 vs C HE,
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-
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g
=
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Fig. 7. A ¥ A YO .
D & ; diazoxide (100 mg/kg + BW/day, #£01) %
4. (W), P#¥ . pioglitazone (100 mg/kg - BW/day,
LD dxh (M), D+P# | diazoxide (100 mg/kg -
BW) +pioglitazone (100 mg/kg - BW) #EI1# 5
(»), CH; vehicle 258 (O)
A v AN 2 RR T B % 100% & L, PR = R

1L £

M (n=4) THELAZ, *FPL0.01 vs CHE
WS T 1.5+20.1 mEq/L, 128#TIi21.9+0.2
mEq/L & LR Z B2, 1288 DT
i 1.2 £0.2 mEg/L, P B 1.3 £0.2 mEq/L,

D+P?”Fl 2+0. ZmEq/LT“M. Wiy CHE

mm?rfﬁ%?%/WMﬁk%wﬂ%%
100% & 5 &, 128 TIEC T £7%,
D ##T122+26%, PR T226+20%, D+PHT

- Adiponectin

PHE
BW/day, #I1) ¥&45-, D+P #f ; diazoxide (100 mg/kg *

C # ; vehicle i 54,
TRl

& ik (29 25 2003
442+ 70% Tdh-72. CHEL 2 H
fIOMEEIZ & 0 KT 23R 7295,

S AR EICEIILTB D,
B EIZ D <P < <D+P
FEOIHTH o 72 (p<0.05: D #
vs Cff, p<0.001:P £, D+P#
vs C ).
A2 AV RS

4 AN RS (1 B kg
BW) 904 74 o It % fif 12 P B,
D+P §f TSI HT MLBEE 946 = 4 %,
51+ 2% % T L7 (p<0.01
vs CHE). —, CHETIZ102x 8
%, D#TIX116x 1% E{b%E
nu@&?ﬁ")ﬁ (Flg. 71,
HEESKES IO — AEEMS
2 A R UBRG

3mM 72— AR £~

2] R W IS IE A A
Cl, ¥MAADR, PHTIERALREY
75, DAPEEIZBWTHBELVAEIIEETH-
72 (P<0.05). 16.7mM O EHSEE 7 L 2 — AW
MDA > 2] VA I A D 3L &
CRICHL, BmEZRELE. FAEHIIBNT
3mM Z o — AENEEEET AL, CHT
8.5{%, D T13.5f%, PHTI8fE D+PHET
9.5%% & EHHH RN T fsH 7z (Table 2).
HEEESKENTGC &8

B IGEIN TG &id C BE 65. 6= 7. 6 ng/islet,
DB 67.3 7.3 ng/islet, P 43.3 = 3.6 ng/islet,
D+P # 45.9 2.5 ng/islet TH - 7z (Fig. 8),
CRELIBLTPH, DiIPHTHEIETL
7275, DffciRCHLEoflicERAh R
7z (P, D+P v d p<0.05 vs CHE).

pioglitazone

*P<

Z =

AR TIAEIC L 280, 1 > AU Y#sg
Wh, IR S 124 YR PaWMASItE LR
i BE IR N B E 7V T d B CSTBL/KsT db+/
db+ = ZG2H LT, INEE E A 2SR LD
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Table 2. _%%ﬁ_}\ﬁfe@ﬁi@lﬁmﬁI(:ﬁ;—i:i:‘iﬂ-)‘% Fha—RREEA AT B ORI AL & o TEH
R L322 k&l _,w LT

n G3.0mM G16. 7TmM 55

Control Jff 4 0.19 = 0.05 161 = 0.31% ) . o
Diazoxide fif 4 0.20 = 0.03 2.69 = 0.44% ¥ Karp F + A L fi] [ 3 diazoxide
Pioglitazone #F: 4 0.23 = 0.08 4.14 + 0.51% #¥ HD T EOFEMKIZ L BHA v
Diazoxide, Pioglitazone it JH#E 4 0.41 + 0.04%*" 3.88 = 0.49* ** %1 /k‘EAh;f;\‘m% L’fiﬁak%
AT A 3 N .I‘“ 37
Diazoxide #f: ; diazoxide (100 mg/kg -+ BW/day, #£11) 4%%5-, Pioglitazone i [ L =

Bl 5 pioglitazone (100 mg/kg -

¥4, CRBE; vehicle #5807 — # i3 FH = fLE
#P<0.001 vs G3.0mM ¥, #HP<0.01 vs CHE, #P<0.05 vs C %,
0.001 vs D i
*
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D ; diazoxide (100 mg/kg - BW/day, #L1) %
5., P # ; pioglitazone (100 mg/kg « BW/day,

1) #4., D+P P ; diazoxide (100 mg/kg + BW)
+plogllta7nnc (100 mg/kg + BW) #0485, CH#
vehicle % /7. FH=EERE (h=4), *P<

0.05vs C £,

%6 Mk X v 128N o EMIZHh 7z - T, diazoxide

¥ & U pioglitazone {Z & B A& TR, KR
s RE R = oM R LI 2 A 7. EOR5E,

IR A db+/db+ <7 ADEEZ KBTI,

BRllates i e L B I T AR, FIK
B A ZORNRFEDBEFICL D, EEICTHA
150, ¥R - TISERICHIT 21
SIRBTR B X O ML SIS TRz

Foo IMAE L AT EEHI A AL o TIER L L &
WETYH, AL THLLAREES
Bdiz, SHICETKEDF VO — A RENH
A 2 AN YAMERUG F A & D IR L
2. SRSOETHEE, Bk ELICHELELS
db+/db+ = 7 A [ fIBOREREAR T % 4 SR i 3

BW/day, #£11) $%4-, diazoxide, pioglitazone
B | diazoxide (100 mg/kg + BW) +pioglitazone (100 mg/kg - BW)

,n
L7

MpERETEb0L LT, 18
EFVE, FRAFNE, BT K
BhrVidEEMBL v
S 201 23)-25) b b d (= I 2 Bl E
FNTWIZBE T ¥ A %2R
Mg S I A B A, TRA IR,

streptozotocin FHIEHEIRIN 7 v b IT diazoxide %
FlIFeG U785 R, 1 5 Alig sk 2o Rk
SN PEEEN D 2 L BT LA, BHE

AE 2 MUHEER A 7 B, FEAE A S R
AN A L, I B A A aE B B R R A 22T
JEREEN, BERENICMEMT L 22 id S E TS
B iLd v, — 7, pioglitazone (22T § K
ERE)IC BT A A RPN AN
ZCHE B MR B RE DR D & R IR T B S DD
A A%, diazoxide & FHRIZ, RUMAANICI A
T 3 R B s 96 e o U 2 it e T TB Y, BRI
MRS L 728 d A vy, Fujiwara 5025 7~
DG db+/db+ = 7 AT troglitazone % 35 1
I B RN O TEREAE RS 2 4T 0 72785, Dl e
TLEHREBRED LD TH D, HIRIEHEAERD
MoboLidfhizoTnd®,

Diazoxide [ & & T #fed E QT L LT,
RER MO & EIzPED £ 2 A ¥ &2k
OBRIZ L B 2 & FRET S WME AL
s, LaL, 4 ¥20 JERES—#RIZHED
b HERENED 1 BEREBEITBIT S
s SRR A 2 T S IANETH 5.
A FE T I diazoxide 32 5-TF DR 13 I AT
EHBETHD, £ A PEEEREII BN T
LA RN AAEREHARTED NG o7
F el A > A Y iRE D pioglitazone
BEEIE_TH LI EmiTHY, 4 ¥ A ViR
YU LAY diazoxide DTt HEfEL BT H H W
B8 R R ] e HIH AR 3 Sl A N

(n=4).
TP<
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Diazoxide @ 1 ¥ A1) ¥ #Piil e H5) R  R_g
L 72 Aizawa 5 QLT LI L EREIRHE S v b
W28 ARG L, Ty b eSS R
WO A S L, S0k 4 DEETIE,
BB EEEIZVE, 4 A VRSN
ANOHBIBRWIEERLTEY, EBEMO
BT & o THZ B FEHRAE U723 f s i ok
72w, Kullin 5 (3 streptozotocin (2 & » TH| &2
ZENLET KEBOERBENEE, Yra—2A
ik, 4 ¥ A ¥4I 4% diazoxide 3 X UF
diazoxide FHEMIZ L o THILL D A Z &9 5,
Z IS Kare F % A VB 3823 streptozotocin @
e B AR RIS LT S 2D IC X 0
T 5 i LT AY, #i4 @ streptozotocin
VAR T v b B HINLBERERE S @ diazoxide
IZ & BUERIRE AT MEP b HhETELD
b4 YA CERETE Y b2 B R
(2 & % diazoxide @k B il Ha B ri O 3 &) 3 A%k

RIS,

RV HE RGBT B IR B LB R R AT D B
5 & LR (glucose toxicity) & Hi il stk
(lipotoxicity) 239E B & LT %3 K F
@A G INE SN Y Rl 3 SRR
el LTiE, S XA EEMRIE S M
5 A v AN VAT L TA v R
VAW R IEIT A Z T S L o B E B L
FTorZ b shg, FOME oMk
DN T — 2B A ¥ A) Y US E R R
n, Mo & b ICHEIET 5.
Diazoxide ¥ 5-TE 2 A S5 NAERE, V2 —
ABMEA ¥ A YR IGWE, 1 YR ¥
JEREE E A A R R R 2 R b
THYH, FIICIHEFEEOWBEIRE LFGT
LbhobkEbhs,

-Hi, HHIIEA A db+/db+ = 7 AT
WRiiE s & O 7 ICRIN TG &t o & &
Nazehd, BHHEEOEGHRIEING.
4 v R TR ORI IS BN TG &
M A ERESRTWAY, L LIENi#
PHA > 2 YWREICEDOREMS T 5
o ET L b WHETIE R, diazoxide

&R (#29% #5275 2003)

B RETIE A v A ) B A v i
TG i, NEFA i 524 FHE D s
7, BIRBAOTGC RIEIBALLTES T,
diazoxide (2 & 2 I 5 4 B 45 A% O3 3 M 5
OFBEMNTHLOLIEE LI W,

AT 5E T3 pioglitazone & -~ TR XKW
A% diazoxide (2 X B ML T 74 R A7 F D
WmEMSTHASMZ L, 7714 275
OHEREIZVEZH SN % - T v,
PFUBYIRFAL A I LA b IR L 2otk L,
NG, BEACHIC b A B % REo T BT A5
HENTWERE 0 B, oS s
T 74 KR F VIHRIRITIR A 2 A0 ¥
Hehutt & AAHB L, BEIRIINEE T 7 7 4 R
P F EILE A 599 Diazoxide (2 X B
T4 RAR T F Y HEMOBFII W TIEARHT
5 h%, pioglitazone & O ABEIZB W T
M7 7 4 R a7 F AEIE R AR L Fef L
TELIZHML Twa Z &2 5 diazoxide (2 &
ST 74 R A 7 F BN pioglitazone &
RO A frd S REME D MBS 1L 5.

Pioglitazone % 5 ¥ o> 22 I 15 ifn % it 1 SR 4 A
a2y ba— LR LT, diazoxide ¥ & [f]
BRI BT 528, ZOROMmF A » 2
) ofidE ATy Fe= LBk b LA
WIS By o 2z, 00T LI B R A e i
Dd&HHITy I =IVIFETIE, EEORIEC
TR A YA YW A LR WS,
pioglitazone B Tid 4 » A1) » WPuik i ic X
DDA 2 20) Y THHEIMETLTWwWA Z &
ERBTALDTH A, A ¥ A VIESZMERE
D H5H1Z, pioglitazone |2 X ABHE R A4 ¥ A )
SARPUEcEAI R ER L TR, 4 Y AT VIR
PUitk e #2(C X ATt ReC 3 1 3 o 1 D g ki 2
A, B AR T b 6T

I3, thiazolidinedione SR HHIZ L 2 4 » A
) ARPPE BT & L TR o 20
EFNEL R TF 4R A A o5
WMEIAEH 2NTED, E0DITFTTAREY
FriIhsEHIC L TmL, £ ¥Ry
e RR & F PR D TR ) < &5 2
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BT A%, R TH pioglitazone # Tl
izt L, M7 54 R 7 F VigEO LA
RHE Thol. TTARAIF Y S
ik & OBBMWRHEIZOWTIRKRZHSHT
el SHRoBETIETSH S,

— 4212 thiazolidinedione ZIEH| O 512 & Y
TG fli, NEFA fHO{X MH3A L5 & o)
% A BENE C ORTFYE T LY
D& LTI KRENO TG Fim b pioglitazone
HETHLLIZEALTEY, RO MmER S
T B AT R B B 2 5 LT\ B T gk & 7RI
L7z, MEIGAEE & i g e OBl 2R b
Dk LT, Zucker fatty rat & J\ /2B TN
F& LA ORI ME TG i, NEFA o 1745 H
BN, HZIKBNTG SN aZ e, B
HERE 5 ICES % troglitazone S THREES 5 &
WEZ IKEN TG &3 FL, 1 ¥ AN ¥l
Fobid T 2 Z LA SRy, S5
Zucker diabetic fatty rat |2 troglitazone % 7 [
h L, WM IKEN TG 20K FE B Hlfuse
Ui % A Fz & OHUE IR A DU & RS,
thiazolidinedione & HH (2 X 5 WE B I Ho 4% ik ik
SRR B OMIEE T30 THL
LERRETAZLDEVE A,

AFgee Hiix Karp F & 2 VBHIIE diazoxide
L thiazolidinedione Z¥E#| T 5 pioglitazone {2
X B p AN PR R & Z D BEIZET S
MEPEEHFT L2 2 2h b, SHOERER
T4 diazoxide 3 g MK EHAMEM L, w0
PR IZ L B ARG F— 38— — 2 % )
T5H I & TR Mg r T2 0T, M
OB ENIIFLELTWD EEL LN,
— 74, pioglitazone DAEREIF & L TidA ¥ A
Vv AR EER L X DR ORR I R T,
I B AR BT B IR E oM L 5§54
nEBbIiz. TN OTEMET OmIETH S
OPFIC & » TR L DeEd 5 & v
RIZEML TV 5.

KA FE LR 2 Be F VB Cd B db+/db+
< ADE B IR E O R A A B L
WREOMIE A SBT 5 & & 512, fEHORE
52 ODEKI DAL T, FO S M
e Zff Ly 22 2l ehic L, 21
HEPR I DR REERINE 0 T, 1 B HI Ak R
E It L, BEEREEE 1T 30 T
BRI TH B, 2 BRI FEAER) 11 % A
72860 B O KB B~ 2L SRR B
OFHMSAZI D, WHEREOELIZHIEL S 5
ZEERELMCL. S, RHD L 0FAIA
AT X % 2 BURER IS OFREAL R R L DA 325 4
EERENDILDOEFZ LNLLH, ARUFRILE
B A I O A & 3BEI M A DOk % A
IZRLA2OTHY, WEIZBI2RAOH
Mz T2 0LV 5,

it B

fz#z22ild), #HITHE IREzED L
L 7z N BERRR 2N B (a0 - BERAN) & n
B PHRIIEL R 2B EERLET. REFEICBY
THEE TR RS SCER, I R
iz gL ET, FLoEBEETToIlhk
DHLT 74 KA 7 F vtk iGnziZ&d $ LR
KEER AP 2 AP JE R RIS AR AR
B, FRMZICRHMO SRS EIR Y L L RTEF
FERAE AR R - BB, pioglitazone % {5 {2 E
WE LRI DM S &M L i E T

Ao ERRSE 7T P 7 MiFFEd (R
260 MEVE11-403, 12-506, 12-507, 13-503, 13-507)
ORI L - TH bR, BB, ALOEEIEH4MM
[TAHE R A2 AR R A AR 25 (20014 4 H 181, HiA),
SEABI] F AHE R 2 AE AR & (200247 5 H18H,
HEHD), 37" annual meeting of European Association for the
Study of Diabetes (2001, 9 .11, Glasgow), 38" annual
meeting of European Association for the Study of Diabetes
(2002. 9. 5, Budapest) (Z&\TiEEL .
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