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— Abstract —

Background: Thiazolidinediones are synthetic peroxisome proliferator—activated receptor—y
agonists that decrease insulin resistance but, as in vitro and in vivo studies suggest, may
have direct beneficial effects on pancreatic beta cells. Here, we investigated the effects
of thiazolidinediones (TZDs) on the insulin resistance, B—cell mass and insulin secretion in
obese diabetic OLETF rats.

Methods: We studied insulin resistance (by hyperinsulinemic euglycemic clamp) and insulin
secretion (by hyperglycemic clamp) in TZDs administered OLETF and LETO rats. Histologic
alterations of the islets were observed and pS-——cell mass was also measured by point
counting method.

Results: Chronic administration of troglitazone (TGZ, 0.15%) or pioglitazone (PGZ, 0.02%)
prevented the development of glucose intolerance in OLETF rats, as assessed by oral
glucose tolerance test. There was significant difference in submaximal glucose infusion rate
between TGZ-treated and untreated OLETF rats during euglycemic clamp studies at 24
weeks of age. At 16 and 24 weeks of ages, G-cell mass significantly increased in
TGZ-treated OLETF rats compared to untreated animals. At 19 weeks and 30 weeks of age,
first—phase insulin secretion was not different in PGZ-treated OLETF rats from untreated
OLETF rats during hyperglycemic clamp study. At 30 weeks of age, late—phase insulin
secretion was decreased in PGZ-treated OLETF rats compared to untreated OLETF rats. The
expression of a-smooth muscle actin, a marker of activated pancreatic stellate cells that
are involved in the fibrosis of the pancreas, in the islets was suppressed by TGZ treatment
at 24 weeks of age.

Conclusion: The treatment of TGZ prevented the development of diabetes, and increased
insulin sensitivity and pancreatic G—cell mass in OLETF rats. These results might be related
with the suppression of pancreatic stellate cells. Insulin secretion was not affected by PGZ
treatment. (J Kor Diabetes Assoc 31:33~43, 2007)
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1. Alsl=

S
=28
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= % e

AYEE2E 7 OLETF (Otsuka Long Evans
Tokushima Fatty) #, &&= 4270 LETO (Long
Evans Tokushima Otsuka) 7} ARSI} o] 5&2 85
Hof| @ =7} A|2F3]A} (Otsuka Pharmaceutical, Tokushima,
Japan) ZHE o] Witk A9 Fu A 22 + 2T
AUleEe) 124]7Fe] WS 28 B4 A
o B3 F AR (Purina Formula, St Louis, MO)E- #|
gk glo] SF383ith 15 1A o2 Ay XS 543}
o YEAEE AT

EZZFERE (Troglitazone, TGZ) Fo Adrl= 165
B} 2420 oA FoI3k OLETF # (1655 n = 22, 245+ n
= 16)9} LETO A (165 n = 10, 245 n = 6), oIS Fofs}
A ¢k iz OLETF 7 (165 n = 21, 245 n = 14)9}
LETO # (165 n = 10, 24 n = 6)& A3} A7t
L 8H AdEE AR ded seE S78sIsich
gk of4) Folgk OLETF # (165 n = 8, 245 n = 4)9}
LETO # (165 n = 4, 245 n = 6), 2HAIS FoolA] &
OLETF # (165 n = 8, 245 n = )&} LETO # (165°n =

o APzl Fels wEalar vepE 848 SAIIch

¥ ¢ FE|ElE (Pioglitazone, PGZ) o Add= 165
B3} 24730l oA FoI3k OLETF # (165 n = 22, 24
n = 10)9} GAE FoslA] &2 OLETF # (165 n = 22,
245 n = 8)olA AFBHsHIAE G WS TS
a1, 197387 3055 7t ' 4vlele] FHolA undd

I JPHo = QEY BHlES SASIITh
2. Thiazolidinediones 504

10738 F29) 2 X529} g2t o0& o], A8
oAl TGZ (Dr. Horikoshi, Sankyo Research Institute Al
&)= 1.5 g/lkg chow? &%%, 52 PGZ (TAKEDA
Chemical Industries, Pharmaceutical Research Division,
Tokyo)2 0.2 g/lkg chow?| ¥%=2 # Al (Purina
Formula, St Louis, MO)l| 4ol 147 Al&-slick
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%+ GPO-PAP kit (Boehringer Mannheim, Mannheim,

Germany)E o]&3l9a, A& SAHL WA A&
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PGZ A& F 197% 9 305 133 S92 23S
ARSI akled-Adddd ST A3 sdshl A
g 15d A ddewe] 5w See] myks Ahlst
L, =R E 15U 5 AES ARSI 6413 =
2} 5 IS 13.9 mMo fA817] flste] 15387 8%
T weE SAM EEgS FPsklt ndd A
go] T2et & ¥ $EE 13.9 mME A= 2
=g 7 s 2t 93 ¥t Qleds 5
gatr] flate] A3 AR 1ARE A AFsiglon, A9

H|SOf| CiPt thiazolidinediones?] B1af —

HI

AFE BAsto] A A OLETF & 4% chloral
hydrate2 57 vlFst & 8-S A&t dojd 273
222 Bouin AN O 2 4AIZF FoF nA3E 5 Fof AlH
3ld 0.1 M phosphate ¢5-8Hol A8t} slelalo]
Zrigt & 5 ume] F2AHREE REEITE APdEAelA F
A B2S- $1519] avidin-biotin—peroxidase complex
of o] WHAgxAZEAME APsglrt. 1A A=
mouse anti—human insulin antibody (1:250)9} rabbit
anti~human glucagon antibody (1:400, DAKO Corp.,
Carpinteria, CA), mouse anti—-human a-smooth muscle
actin (a=SMA) antibody (1:50, DAKO Corp., Carpinteria,
CAE AHg3lglem, 22+ A= biotinylated horse
anti-mouse IgGE A&t

22 ] GubA|are) slepAEe] AoidQl 2 vt et
Hzprt F2ke d@n)7d (Olympus BH2) slellA] 4008 &
9] =E BUE/Y <438t point countHOE =451
HY, 7 2AF RN 2 20057-9F TR Aeslo]
91 & 90709 AL g A=At destel ek 2
AAA] = F-21ollA LAl Ee} HEAE o] 75 =
45)9ic.

8. A 24

AFAE e £ FTEARE B80T, TARAE
Prism 67| T23E o] 833lt) ARzt 2jol= t-test
o ANOVAE Aldste] HAsIGlth SAI3H frolide P
#rol 0.057RI1 A-$-2 33t

N
H

1. EzZeElE £0f & xET} Aol Hal

165 € 24530 A5 LETOd H|&le] OLETF+
oA F7FIaL (P < 0.01), AAFEE LETO ol Hlated
OLETFwllA Z718ldt} (P < 0.01). 28y TGZ (n =
12)& F3 OLETF#¥ Fo3l#] & OLETF (n =
12) Atolel] Aot Aatke] xloli= gigivt (Fig 1). PGZ
S FoJ3k OLETFw-9] Al 30530l 733.8 + 26.6 g,
B e 7ol 687.3 £ 16.7 go & FolilolA =
7S nojo} FAHoR AJoli= QI

2

rlo

2. Thiazolidinediones 01 & Ez8 2FyEo| H5}

167l Alast A7d5ska At 22 TGZE FoAs
OLETF #<] 4.5% (1/22)¢} TGZE T34 22 OLETF
] 14.3% (3/21)°IA WFegelt Bazrgo] TAYEI8Ict
(P=0.252). &3t PGZE FoIgk OLETF # ¢ 0% (0/22)
9} PGZS FofalA] & OLETF #¢] 18.2% (4/22)9l14
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Fig. 1. Body weight and food intake in age—matched control and TGZ-treated LETO and OLETF rats. Restits are the mean
+ SEM of 6~12 rats.
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Fig. 2. Fasting plasma total cholesterol, LDL—-cholesterol, HDL—cholesterol, free fatty acid and triglyceride levels at 16 and
24 weeks of age (6 and 14 weeks of treatment). Results are the mean = SEM of 6~12 rats.

0

5ol dige] skt (2 < 0.05). 3. EEZZEEE T T €3 XESL, FeX[ght &
24570l Alggk AdelzdAL Ay TGZE Folgh elaglszel Bist

OLETF #9 25% (4/16)$}, TGZS FolskA] &S OLETF

7] 64.3% (9/14)°1A W7ot Fargo] HAYsIeict

(P < 0.05). =3 PGZE Fo8 OLETF <] 20% (2/10)

9} PGZS FofslA] 92 OLETF #2] 100% (8/8)°ll4 1)

P Faergo] ¥hEITt (P < 0.001).

165 2 245HolM F F=HE (1.95 + 0.06 vs.
1.67 + 0.01 mmol/L, P< 0.01, 2.10 £ 0.19 vs. 1.71 £
0.07 mmol/L, P < 0.01, Fig 2A)7 sax44t (1517.0 £
90.3 vs. 1153.0 £ 100.2 ymol/L, P < 0.01, 2200.0 £
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384.3 vs. 1261.0 = 63.8 ymol/L, P < 0.01, Fig. 2B)& 2z}
7} A@akA] @S OLETFToIA W% xg@ahx] @2
LETO ] H]gfe] Eoke) gk 65 14T7P TGZE
o3 OLETFwol TGZE Fo984] 22 OLETFw-3 Hl
wate] FZHAHE (1.95 + 0.06 vs. 1.72 + 0.09
mmol/L, P< 0.05, 2.10 + 0.19 vs. 1.66 + 0.11 mmol/L,
P < 0.01, Fig 2A)Z} FA4E (1517.0 £ 90.3 vs.
1198.0 + 120.1 pmol/L, P < 0.05, 2200.0 * 384.3 vs.
1581.0 + 78.2 umol/L, P < 0.01, Fig. 2B)¢] %7} o
AA ke

24570l % 3] @& OLETF ol A
28814 LETO ] nlale] #=9kom (108.8 £ 18.5
vs. 36.2 £ 2.7 pmol/L, P < 0.001, Fig 20), TGZZ T3t
OLETF-oll] Foidkx] ek ol n]ate] P SA3x)wo]
o] oAl W} (48.6 + 3.6 vs. 108.8 + 18.5 pmol/L, P
< 0.001, Fig 20). HDL-Z#=H1ZS X886k &2 LETO
oA X|Z8HA] ek OLETF H|gke] oju] QlA| =9k
™ (1.33 £ 0.17 vs. 0.82 £ 0.07 mmol/L, P < 0.05, Fig
2D), TGZE o8t OLETF A Folalx] ¢ke o) us}
o] ou] QA Edeh (1.14 + 0.08 vs. 0.82 + 0.07 mmol/L,
P < 0.05). LDL-FI2HE2 *|8s5k4] ¢ OLETF2}
215344 22 LETO Aole]l zte]7t §iglem, OLETF

oA TGZ Foiell we} ztel7t f1dth (Fig 2E).

AL A EBHH] 2

[ XN
jEopmn

4. ERZE|ERE F0{ & HagY I J[HoilM 2
sE H FEXIE sEof Hat

165750 A3 &l s
ey 2458 SAHT dEd A58 e
OLETF oA &34 28 LETOT 4 (0.38 + 0.05
vs. 0.19 + 0.02 nmol/L, P< 0.05), TGZS FoI3+ OLETF
ol Hl&ked (0.38 £ 0.05 vs. 0.23 £ 0.04 nmol/L, P <

g

2 2H|50]| ofPt thiazolidinediones?] 81f —

0.01) o] Al =34t} (Table 1). 16Z 9 24730l A
X“@E* S Ao A Hd deBFHYA =
o] €% ¢ld FE7} 15 nmol/LE Z3ske] <l
Ed Aol JJEHE “XJHJ“ Ao HERNRILE &
T4l oJ3) A5 FE7F S7FEAA A
A=, TGZ S OM OLETFEL, TGZ& F
I} Fof A LETO oA 55 dF fefAditke]
T} Al o), TGZE T8k @82 OELTE el
A At Holx] 29ktt (Table 1).
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5. E2Ze|EE 0| & HAMECE

ToFYSTe| Hat

SUZ J|™oIM =

submaximal %£E2] 9

= 8), &3 & OLETF (n = 8), TGZS F
LETOw (n = 4), AB3HA] &2 LETO (n = 4)ol4 2=zt
17685 = 387.9, 1270.7 £ 130.9, 2907.3 £ 1674, 3010.1 =
167.1 nmol/kg/min®]Act. B8t Hul&eo] Al = Al
o= GIRS 242} 3878.9 + 228.2, 3436.2 + 110.3, 5447.3
+ 373.1, 5031.0 £ 329.3 nmol/kg/min®|}{c} (Fig. 3).
24580 Al33F Aol A submaximal =2 ¢l&d
9 Al GIRS TGZS T3t OLETF (n = 4), =314
2 OLETF (n = 4), TGZE FJ& LETO® (n = 6),
|53H4] &2 LETO (n = 6)oll 22 1731.5 + 236.1,
1124.7 £ 176.7, 2803.1 £ 180.9, 2579.6 £ 159.5
nmol/kg/min®]leH, Hh&re] ol&ad 9 A9 GIRE
Z¥7} 2885.6 £ 296.7, 2737.5 £ 161.7, 4514.7 + 382.7,
4020.8 + 491.4 nmol/kg/min°]Ac} (Fig. 3). 24F% 9]

N

Table 1. Changes of Concentrations of Plasma Insulin and FFA During Hyperinsulinemic—-euglycemic

Clamp Studies

Untreated-OLETF

TGZ treated OLETF

Untreated-LETO TGZ-treated LETO

16 wks 24 wks 16 wks 24 wks 16 wks 24 wks 16 wks 24 wks

Insulin (nmol/L)

Basal 0334003 038+005 0324005 0234004 024+004 019 %002 029+ 006 020+ 007
Submaximal 070 £ 0.04 096 £ 0.06 088 £025 1.03+003 068 £008 078 =009 079 £ 0.19 0.85 + 0.08
Maximal 1890 + 2.20 1600 + 1.76 2059 + 7.18 1580 + 492 4955 + 34.17 17.54 + 1.70 27.32 + 6.83 17.93 + 1.71
FFA (umol/L)

Basal 1517.0 + 90.3 22000 + 3343 1198.0 + 120.1 1581.0 + 78.2 1153.0 + 100.2 1261.0 + 63.81068.0 + 96.112490 + 115.1
Submaximal  1459.0 + 75.7 21600 £ 4168 831.9 + 154.9 1500.0 + 23.9 655.0 + 198.6 766.1 £ 1047 667.3 + 1466 588.8 + 46.8
Maximal 11010 + 16521628.0 + 39.1 5839 + 10537 10480 + 2427 5163 +2192" 6294 + 988" 4754 + 746" 5447 + 77.9'

Results are the mean £ SEM.
* 2 < 0.05 vs. untreated OLETF.
TP < 0.05 vs. FFA at basal infusion of insulin.
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submaximal GIRE TGZE FIgt OLETFol|A Fois14]
%> OLETFw3 vluste] ofn] QA wkovt Ao 91s
d 79 Al GIRS A&53% OLETFT &3] 82
OLETF* Ztol| Atel7} $iich

5. HRFE[ERE Foi & Y S} Z 7| Zzfe| et

58 17 913,

H]
9 (area under the

=
o, olo

2l first-phase insulin
response; FPIR)E B3tk 195:82] FPIRS PGZS
g OLETF+ (n = 4)7} Fo43}4] 282 OLETF (n = 4)
Atolol] fol7h IQAT (61.8 + 20.1 vs. 92.8 £ 29.4, Fig
4A). 30532 FPIR 9] PGZ& FJ3 OLETF* (n =
4)3} FoI3lA] @& OLETFE (n = 4) Alelol xto)7} €191
t} (95.3 + 10.8 vs. 99.5 +13.1).

307l Aldst ¥ S 7ol A Fk7] QlEd
L PGZE Fo8 OLETFTolA FolslA] e
OLETF=el| vlsto] ofu] QA WAl et (21.8 £ 1.3 vs.
39.7 £ 5.2, P< 0.01, Fig. 4B), 91&¥ 7549] 7/iA 4
7AS Bk

16 Week

*P<0.001vs. OLETF
**p <0.001 vs. OLETF+TGZ

*ok
* CJOLETF
8 COOETFH+TXZ
W LETO
P L ETOHTGZ

Submaximal Maximal

g

Glucose infusion rate
(nmol/kg/min)
N
8

6. EZZE|El=E Fof
X s}

= FMlzZof Hefof HIEM Z2

24579 TGZS FofsiAY FolahA] &2 LETO #

B AR AR FEHE Btk AEAEE T2
Avt BRd ol o, Qo] dAe Mgt EE FA
o 53l 0}"313} (Fig. 5C, D, G, H). 25314
OLETF #¢] #wAxre] 24 nolon theket wike
e AAS B & SRR dolds

]

flo -{E

o).
5

Lo

S
=

n)Agt FxPAT wEpA|ES] 124 S
LE]%LD% (Fig. 5A), ¢9AIEE 2394 A=A
AAE 2k TR I (Fig. 5E). ©l9h=

TGZS $918 OLETF #9 #AgxAlA=
B2 94 Fej7t ohdet Aree] 3PS B 1—‘5 7 o]9]

A2E Bolow, WA AR oHE FolskA
rJr zto)7F 91Aek (Fig. 5B). HIERA| S %@% 16
FJr 2457 BEFoA TGZE T3 OLETFellA
TGZS FolalA] & OLETFETl Hlste] <Jn] 9l7 Ak
(245 £ 0.26 vs. 4.18 + 047 mg, P< 001, 207 + 0.17
vs. 3.68 £ 0.26 mg, P < 0.01, Fig. 6). 245%°] TGZ<
Fo3 OLETF #A9] AFZANME TGZE FoahA] &

O
3
AT rﬂ

¥

(

}

i_“;%ém%
TR
i_u
orﬂ;ﬁ

[e]
1..

N &
ol rlo
= oZi

24 W\eek

*P<0.05vs. OLETF
*p<0.01vs. OLETF + TGZ
*%

1 * CIQEF
40001 COOETRTGZ
B LETO
3000 * . | ETOHTCZ
20001 *
1000
0

Submaximal Maximal

Glucose infusion rate
(nmol/kg/min)

Fig. 3. Hyperinsulinemic—euglycemic clamp in OLETF and LETO rats with or without TGZ treatment.
Following 1 h for stabilization, the GIR necessary to maintain blood glucose at 5 to 6 mmol/L. was measured. Results are the mean

+ SEM for each group over 1 h.

A

19 week

N
o

I
1=}

-%- OLETF
—e— OLETF+PGZ

=) o

Plasma insulin (ng/mL)
o

Ot——T—T— T T T T T T 1
0246 81015 30 45 60 75 90 105 120
Time(min)

Plasma insulin

200
=
ETS
20
£ 125
100

024681015 304560 75 9)106120
Time (mrin)

Fig. 4. Changes of concentrations of plasma insulin during hyperglycemic clamp studies. Results are the mean + SEM.
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Fig. 5. Insulin staining of pancreatic islets in untreated OLETF rats (A), TGZ-treated OLETF rats (B), untreated LETO
rats (C) and TGZ-treated LETO rats (D), and glucagon staining of pancreatic islets in untreated OLETF rats (E),
TGZ-treated OLETF rats (F), untreated LETO rats (G) and TGZ-treated LETO rats (H) at 24 weeks of age.

*P<0.01 *P <0.001
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Fig. 6. Changes in pancreatic G-cell mass in OLETF and LETO groups at 16 and 24 weeks of age. Total S-cell area was
measured using a point—counting procedure with a 48-point transparent overlay.
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Fig. 7. a-SMA staining of pancreatic islets in untreated OLETF rats (A) and TGZ-treated OLETF rats (B) at 24 weeks of age.
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