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JTT-501, a new insulin sensitizer, improves peripheral glucose uptake in insulin-resistant animals such as KK-Ay mice and
Zucker fatty rats. However, the effect of JTT-501 on hepatic glucose metabolism has not been addressed. To investigate this
effect, experiments were performed on 6 alloxan-diabetic dogs. Three experiments were conducted for each dog: the
treatment experiment, which followed a 10-day oral treatment with JTT-501 30 mg - kg~ - d~%, and 2 control experiments 2
weeks before and 2 weeks after the treatment experiment. A hyperinsulinemic-hyperglycemic clamp was performed with the
tracer dilution method (intraportal insulin infusion rate, 18 pmol - kg~ - min=1). Arterial hyperglycemia (~10 mmol/L) was
maintained by adjusting the peripheral glucose infusion rate. After a 45-minute basal period (period 1), portal glucose infusion
(22.2 pmol - kg~tmin~1) was administered for 120 minutes (period Il). This was followed by a 90-minutes recovery period
(period 111). JTT-501 increased insulin-stimulated glucose utilization (P < .05) and enhanced insulin-mediated suppression of
glucose production (P < .05) in periods | and Ill. Net hepatic glucose balance (NHGB) determined by the arterial-venous (A-V)
difference method was increased by JTT-501 in period Il (P < .01). We conclude that JTT-501 enhances both hepatic and
peripheral insulin sensitivity and therefore may have important therapeutic effects in type 2 diabetes.
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NSULIN RESISTANCE is a well-established characteristic rats and also in normal rafs,JTT-501 improved glucose
in subjects with both type 1 and type 2 diabetes. Insulindisposal during a hyperinsulinemic-euglycemic clamp, suggest-

resistance in diabetes is both peripheral and hepatic. The liver i;g an effect on peripheral glucose uptake. However, the effects
a major organ contributing to glucose homeostasis, beingf JTT-501 on hepatic glucose metabolism have not been
capable of both glucose production and uptake. The balancaddressed.
between total glucose production and uptake (net hepatic In the present study, we examined the effects of JTT-501 on
glucose balance [NHGB]) is negative during fasting (netinsulin-stimulated peripheral glucose uptake and NHGB in the
hepatic glucose production) and positive after a meal (netdog, an animal model in which the technique of direct measure-
hepatic glucose uptake). NHGB is altered in diabetes. Manyment of hepatic glucose balance has been establshate
studies have demonstrated that increased hepatic glucose produssed the alloxan-diabetic d8ga model of partial insulin
tion is closely correlated with the degree of fasting hyperglyce-deficiency and insulin resistanggwhile simulating postpran-
mia in both type 1 and type 23 diabetes. Our previous dial conditions in diabetic patients. Specifically, moderate
studie4® have suggested that hepatic glucose uptake is alshyperglycemia was attained and a physiological dose of insulin
impaired in hyperinsulinemic-euglycemic conditions after anwas delivered portally, to simulate the endogenous portal
oral glucose load in type 2 diabetic patients. Thus, it is likely insulin secretion in type 2 diabetes.
that decreased hepatic glucose uptake contributes to postpran-
dial hyperglycemia in diabetes.

JTT-501 (an isoxazolidinedione derivative) is a newly devel-
oped compound with a chemical structure similar to that of theAnimals
thiazolidinediones. JTT-501 has been shown to be effective for All experimental procedures were approved by the Animal Care
ameliorating hyperglycemia and hyperinsulinemia in obeseCommittee of the University of Toronto. Experiments were performed
insulin-resistant animal models such as KK-Ay micgucker ~ with 6 male mongrel dogs weighing 20 to 27 kg. The animals were
fatty rats, and high-fat—fed rafsyithout a stimulatory action on injected. with alloxan 65 mg/kg (AIdrich, Milwagkee, WI) digsolveﬁ at
insulin secretion. In KK-Ay mice, a 4-day treatment with pH 4.4 in 0.1 mol/L aC(_eta_te buffer to_lnduc_:e dlape.eté%]'he diabetic
JTT-501 reduced the level of glucose, triglyceride, and insulindogs were fed once daily in the morning with a diet of 400 to 450 g dry

. . chow (25% protein, 9% fat, and 38% carbohydrate; Ralston Purina,
in a dose-dependent maniién Zucker fatty and high-fat-fed Mississauga, Ontario, Canada) and 670 g beef (Romar Pet Supply,

Toronto, Ontario, Canada). Subcutaneous injections of a combination of
intermediate-acting (NPH) and short-acting (Regular) porcine insulin
From the Department of Medicine, Metabolism and Endocrinology, (Lilly, Indianapolis, IN) were administered once daily at feeding to
Juntendo University School of Medicine, Tokyo, Japan; and Depart-maintain fasting blood glucose less than 11 mmol/L. Three experiments
ments of Physiology and Medicine, University of Toronto, Toronto, were performed on each dog. The first was a control experiment (C1).

MATERIALS AND METHODS

Ontario, Canada. Two weeks later after a 10-day treatment with JTT-501 (30
Submitted August 2, 1999; accepted January 11, 2000. mg - kg'! - d"1 as an oral preparation given at the time of the morning
Supported by a research grant and a postdoctoral fellowship (M.N.)feeding), the second experiment was performed (JTT). JTT-501 treat-

from the Central Pharmaceutical Institute, Japan. ment was stopped after the second experiment, and 2 weeks later, a third

Address reprint requests to Adria Giacca, MD, 1 King's College experiment was performed which was the second control experiment
Circle, Medical Sciences Building, Room 3363, University of Toronto, (C2). The dose of JTT-501 was chosen to produce a significant decrease

Toronto, Ontario, Canada M5S 1A8. in both triglyceride and cholesterol levels after 2 weeks of treatment in
Copyright© 2000 by W.B. Saunders Company preliminary toxicity studies performed by the JTT-501 manufacturer in
0026-0495/00/4907-0018%$10.00/0 normal dogs. The duration of treatment was the minimum compatible
doi:10.1053/mt.2000.6752 with an effect of JTT-501 on insulin sensitivity (approximately 2 weeks
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based on lipid levels) and the maximum allowed by the low feasibility the determination of plasma glucose. The peripheral glucose infusion
of the experimental protocol, because of a failure of the sampling portatate was adjusted according to the plasma glucose level to maintain

and hepatic vein lines over time. steady arterial hyperglycemia throughout the experim&n®lood
samples from the carotid artery and portal and hepatic vein cannulae
Surgical Procedures were drawn at 15-minute intervals for the determination of glucose

tlurnover, other metabolites, and hormones. Arterial and portal vein

A laparotomy and vessel cannulation were performed under gener . . .
parotomy . . . pertorme er g a})Iood samples were collected simultaneously, whereas hepatic vein
anesthesia induced with sodium thiamylal and maintained with nitrous

) . S I samples were taken after a 30-second delay to compensate for transit
oxide, halothane, and assisted ventilation. Silastic catheters (Dov¥. th h the liveto Th t of blood withd )
Corning, Midland, MI) were inserted into the carotid artery, portal vein, Ime through the .'ve - 'he amount o 90 withdrawn per ex_pen-
and left common hepatic vein for sampling and the jugular vein ament was approximately 150 mL. Hepatic blood flow was estimated

) : A ) - : o
branch of the splenic vein, and the jejunal vein for infusion. The tip of using I_CG in all expenments. T_O verify th|§ estimation and to.
the portal catheter was placed 3 cm from the point at which the vessefiétermine the proportion of hepatic flow contributed by the hepatic
enters the liver, and the tip of the hepatic vein catheter was placed 1.8rtery gnd portal veln., portal _and hepatic artery blood flow were
cm inside the left common hepatic véfiLThe tips of the jejunal and  determined every 15 minutes using Doppler flow meters.
splenic vein catheters were placed 2 cm proximal to the point of the first
vessel bifurcation. The gastroduodenal artery was ||ga_1ted and DOpple[aboratory Methods
flow probes (Transonic System, Ithaca, NY) were positioned around the ]
hepatic artery and portal vein. All catheters and lines of Doppler flow The plasma glucose concentration was measured by a glucose
probes were exteriorized at the back of the neck through a subcutaneo@idase method using Glucose Analyzer Il (Beckman, Fullerton, CA).
tunnel. The catheters were flushed with saline twice per week and fillednsulin and glucagon were analyzed by radioimmunoassay (coefficient
with a heparin solution (1,000 IU/mL Hepalean; Organon Canada’Of variation, 12% and 15%, respectively). Plasma nonesterified fatty

Toronto, Ontario, Canada). acids (NEFAs) were determined by a microfluorometric me#tfod.
Arterial and venous concentrations of ICG (Becton Dickinson, Cock-
Experimental Protocol eysville, MD) were measured spectrophotometrically at 810%hm.

. . Plasma PAH levels were determined on a spectrophotometer at 465
At least 2.5 weeks elapsed between surgery and the first experiment, 17 15 measure radioactivity from [3H]-glucose, samples were
The dogs were fasted 18 hours before the experiments. The Ia%eproteinized with zinc sulfate and barium hydroxide. The supernatant

injections of NPH and Regular insulin were given 48 and 12 hoursWas evaporated at 50°C, redissolved in water, and counted in Ready
before each experiment, respectively. The last dose of JTT-501 (3%afe scintillation fluid (Beckman)

mg/kg given orally without the morning feeding) was administered 2
hours before the experiments. A hyperinsulinemic-hyperglycemic clamp
combined with an intraportal glucose load was used to determineCalculations
peripheral glucose uptake and NHGB in the conscious alloxan-diabetic L
dogs. Before insulin infusion, blood samples were taken to determine To assess the completeness of glucose mixing in the portal blood,

fasting plasma glucose, insulin, and glucagon. Arterial blood pressuré:’?H (Slnglja,h St Louis, MHOD')A;V_aSb mrllxid with Ilntrgur)]ortal_ glugose
was determined by a pressure transducer connected to the sampliﬁ usate and the recovery o In both the portal and hepatic vein was

catheter of the carotid artery and recorded on a physiograph. eter.mined accprding to the method of Myers éﬂﬁxperimentg were
Each experiment consisted of a 120-minute tracer equilibrationConSIderecj valid only wheon the recovery of PAH was within the
period (from— 165 to—45 minutes), a 45-minute basal sampling period 2ccéPtable range (100% 40%).

(from —45 to 0 minutes, period 1), a 120-minute portal glucose infusion 1 N€ rates of glucose appearance (Ra) and disappearance (Rd) were
period (from 0 to 120 minutes, period I1), and a 90-minute recovery calculated Wlth [3*H]-glucose as tracét after the data were smoothed
period (from 120 to 210 minutes, period I11) (Fig 1). Throughout the PY the optimal-segments meth&tEndogenous glucose production
experiments, insulin was infused portally at a constant rate (18_0(EGP) was calculated as the difference between the Ra and exogenous
pmol - kg1 - min~1) via the jejunal and splenic veins, while exogenous 9lucose infusion in periods I and Iil. Using only one tracer, EGP could
glucose (25% dextrose) was administered peripherally via the jugulafot be assessed in period Il, since during this period the difference
vein to maintain moderate hyperglycemia0 mmol/L). KCl was  between the total Ra and peripheral@orresponds to the amount of
mixed with the peripheral glucose infusate (20 MEg/mL) to preventdlucose leaving the liver, which is the sum of EGP plus the peripheral
insulin-induced hypokalemia. To determine the glucose turnover rate@ppearance of portally infused glucose. Furthermore, since the portal
[3-3H]-glucose (Du Pont-New England Nuclear, Lachine, Quebec, glucose infusate was radiolabeled and therefore the amount of radioac-
Canada) was given as a primed constant infusion (140,666 B33 tivity reaching the peripheral circulation was unknown in period Il, also
Bg/min) throughout the experiment. A constant infusion of indocyaninethe Rd ¢ total Ra) could not be reliably assessed during this period.
green ([ICG] 0.1 mg/rh- min~Y) was started at-120 minutes to In 4 dogs, the arterial-venous (A-V) difference method was applied to
measure hepatic blood flow. After a 45-minute basal period, portalcalculate NHGB. In 2 other dogs, we could not use the A-V difference
glucose infusion (25% dextrose, 22.2 umol ~kgmin-1) was admin- ~ method because either the hepatic or portal venous catheter was not
istered for 120 minutes. During portal glucose infusion, a fraction of thepatent. The load of glucose reaching the liver (influx) was calculated
portal glucose load that is not extracted by the liver enters the systemigsing the formula, influx= ([A] X 0.25+ [P] X 0.75) X HPF, where
circulation and reduces the peripheral glucose infusion requirement t¢A] and [P] are the arterial and portal vein plasma concentration of
maintain the hyperglycemic clamp-Aminohippuric acid (PAH) was  glucose and HPF is ICG-determined hepatic plasma flow. In agreement
given intraportally with glucose to estimate glucose mixing with portal with previous studied] the average distribution of hepatic blood flow
blood! During period Ill, peripheral glucose infusion alone was given determined by a Doppler flow meter between the hepatic artery and
to maintain the hyperglycemic clamp. Both the peripheral and portalportal vein was 25% and 75%, respectively. The amount of glucose
glucose infusates were radiolabeled. The use of labeled glucoskeaving the liver (efflux) was calculated by the formula, efflax{H] X
infusates allowed us to minimize the changes in plasma glucose specifielPF, where [H] is the hepatic vein plasma concentration of glucose.
activity induced by variations in the glucose infusion rate. Blood NHGB was determined by the formula, NHGB influx — efflux,
samples were taken every 5 minutes from the carotid artery cannula fowhere positive balance indicates uptake.
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Fig 1. Experimental protocol.

0 -1 T T T T T T Three paired experiments were

-180 -120 -60 0 60 120 180 performed in 6 overnight-fasted

and conscious alloxan-diabetic

Time (min) dogs.
Statistical Analysis eral, 407.4+ 13.8 pmol/L; portal, 1,135.5 83.3). Peripheral

The data are expressed as the meaBEM and represent the average 9/Ucagon levels were significantly higher in C1, but not C2,
values for the period. Two-way ANOVA for repeated measurementsVersus JTT (C1, 64.6: 2.5 pg/mL; JTT, 50.9 2.6; P < .01;
followed by Tukey'st test was used for comparisons between and C2, 54.8+ 2.3). Peripheral NEFA levels were lower in JTT
within experimental groups. (0.17= 0.01 mmol/L) versus C1 (0.35 0.04,P < .001) and

C2(0.31+ 0.03,P < .001).
RESULTS
Hepatic Blood Flow and Hepatic Glucose Load

The estimated hepatic blood flow determined by ICG was
constant in each experiment and unaffected by JTT-501 treat-

Arterial Glucose, Insulin, Glucagon, NEFA, Total Cholesterol,
and Triglyceride and Arterial Blood Pressure in the
Postabsorptive State

There were no significant differences in the mean fasting Table 1. Mean Fasting Plasma Glucose and Daily Requirement of
blood glucose and the requirement for intermediate-actingregular and NPH Insulin During Seven Days Before the Experiments
(NPH) and short-acting (Regular) insulin for 7 days before the and Fasting Arterial Insulin, Glucagon, Total Cholesterol,
experiments between JTT and C1 and C2 (Table 1). JTT-501 didTriglyceride, NEFA, and Arterial Pressure on the Day of Experiment
not affect plasma insulin, glucagon, and NEFA in the postabsorp- in Alloxan-Diabetic Dogs With and Without JTT-501 Treatment

tive state. There were significant differences in total cholesterol Parameter cL JTT-501 c2

between JTT a_nd C_:l an_d C2 and in triglyceride between JTT ¢yqting plasma glu-

and C1. Systolic, diastolic, and mean blood pressure were not  cose (mmoliL) 11.6 + 0.7 105+ 0.6 11.3+ 0.7

affected by JTT-501. Regular insulin (U) 94+05 9.3+ 0.6 9.1+0.6
) NPH insulin (U) 195+10  187+13 187 *13

Plasma Glucose, Insulin, Glucagon, and NEFA Insulin (pmol/L) 38.4+6 36048 402+54

The hyperinsulinemic-hyperglycemic clamp achieved stable G!ucagon (pg/mL) 17+ 25 10429 103 =11

. . + + +

and comparable arterial plasma glucose levels in both JTT ilEth (r:nTotI/L) | 185=01  182=02 184201

otal cholestero
+
(10.0% 0.1 mmol/L) and C1 and C2 (9.8 0.1 and 9.8 0.1 (mmoliL) 500+ 05¢ 462402 608 04t

mmol/L). During period II, portal plasma glucose levels were ;. oride mmolil)  7.65 + 09t 444+ 04 552+ 1.1

approximately the same in each group (JTT, 16.8.1 mmol/L; SBP (mm Hg) 127 +104 132+ 6.9 127 + 104
C1, 10.5+ 0.1; C2, 10.4*= 0.1), but the mean plasma glucose pgp (mm Hg) 100 + 8.2 103 + 5.4 100 + 8.2
in the hepatic vein was 9.9 0.1 mmol/L with JTT, which was MBP (mm Hg) 109 * 8.9 113+58 109 + 8.9

Iess_ than the 10.2 0'_1 mmOVL in C1 and C2R < '05)_' . Data are expressed as the mean = SEM; n = 6 in each group.
Perlpheral and portal insulin levels were stable and similar Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood
throughout the experiments in both JTT (peripheral, 4¥78l.4  ,ressure; MBP, mean arterial blood pressure.

pmol/L; portal, 1,134.4+ 87.7) and the controls (C1: periph-  *p< 05vJTT-501.

eral, 422.4+ 13.8 pmol/L; portal, 1,018.% 101.0; C2: periph- tP<.01 vJTT-501.
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Table 2. Estimated Hepatic Blood Flow Determined by ICG, Hepatic
Blood Flow Determined by Doppler Flow Probes, Hepatic Artery and

Portal Vein Contribution to Hepatic Blood Flow, and Hepatic Glucose

Load During Basal Period (period 1), Portal Glucose Infusion Period
(period 1), and Recovery Period (period Ill) in Alloxan-Diabetic Dogs
With and Without JTT-501 Treatment

Parameter Period | Period Il Period Il
Estimated hepatic
blood flow
(mL - kg=!- min-1)
C1 474 + 2.8 44.8 = 3.6 457 = 2.3
JTT-501 479 = 0.9 49.7 1.0 46.0 = 1.4
Cc2 447 = 1.7 470+ 1.3 488 = 1.2
Hepatic blood flow
(mL - kg=!- min-?1)
C1 45.6 = 0.7 454 + 0.8 47.7+0.5
JTT-501 46.7 = 0.9 46.5+ 1.0 475+ 1.6
Cc2 445 = 0.7 44.3 = 0.6 423+ 0.7
Hepatic artery (%)
C1 24911 252 *0.9 23.8 0.7
JTT-501 26215 251*16 251 +09
Cc2 253*04 26.4+04 26.7 £ 0.6
Portal vein (%)
C1 75.1=*1.1 74.8 £ 0.9 76.2 £ 0.7
JTT-501 738 1.6 749 £ 1.6 749 £ 0.9
Cc2 747 0.4 73604 73306

Hepatic glucose load
(umol - kg=t - min-1)
C1
JTT-501
c2

302.4 = 9.8
300.1 = 14.3 3423 + 8.8

271.6 + 243 304.8 + 223 2751+ 116
336.0 = 12.0 300.5 = 11.8
309.0 + 11.7

NOTE. Data are expressed as the mean = SEM; n = 4 in each group.

proportion of hepatic flow contributed by the hepatic artery an
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Fig 3. Whole-body glucose utilization and EGP during the basal
(period 1) and recovery (period Ill) periods in the 3 groups. Values are
expressed as the mean = SEM. *P < .05 v 1st and 2nd control groups;
TP < 0.5 v2nd control (n = 6 in each group).

Peripheral Glucose Infusion Rate, Glucose Utilization,
and EGP

The mean peripheral glucose infusion rate,{Gvas higher

(P < .001) in JTT versus both controls in all periods (Fig 2).
The G, was higher in period Il versus period | in all groups
(P < .001). As already described, neither glucose utilization
(Rd) or EGP could be reliably assessed in period Il. During
periods | and lll, the Rd was higher in JTT-501 versus both
controls (Fig 3). During period lll, the Rd was higher versus
period | in all groups® < .001). EGP was not fully suppressed
in any protocol during any period. It was lower in period Il
versus period | in C1 and JTP(< .001). In period I, EGP in
JTT was significantly lower versus C1 and C2; in period I,
EGP was significantly lower versus C2 (Fig 3). EGP was not
ment (Table 2). Hepatic blood flow determined by Doppler correlated with NEFA or glucagon.

probes was comparable to the estimated hepatic blood flow. The

gNHGB Determined by A-V Difference Method and Hepatic

portal vein was constant throughout the experiment. There Wag%lucose Uptake
no significant difference in the hepatic glucose load between the NHGB determined by the A-V difference method was
positive in all periods, indicating net uptake. NHGB was greater

3 groups in each period.

Fig 2. Glucose infusion rate
during the experimental proto-
col. Values are expressed as the
mean = SEM. The rates were
higher (P < .001) after 10 days of
treatment with JTT-501 (30
mg - kg=! - d-1) than in the con-
trol experiments performed be-
fore treatment and 2 weeks after
discontinuation of treatment
(n = 6in each group).

Glucose Infusion Rate

(umol- kg min)
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——JTT-501

——2nd Control

20 T

115+
125+
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145+
155+
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1+ Control WJTT-501 02" Control values were likely underestimated. We believe that the indirect
8~ 1‘2‘ 1 hl method is not reliable under conditions of hyperglycemia as in
%é 210 1 the present study where hepatic glucose uptake in periods | and
g% b ’6‘ Il is substantial.
3 ;E ’:SL 4 Regardless of the effect of JTT-501 on total hepatic glucose
o 3 - % uptake, the improvement in NHGB during portal glucose

Period I Period I1 Period [T delivery (period Il) appears to be the most important effect of
Fig 4. NHGB during the basal (period | ol i JTT-501 from a physiological point of view, since NHGB is the
ig 4. uring the basal (period 1), portal glucose infusion . . .
(period I1), and recovery periods (period Ill). Values are expressed as amount of glucose that is metabolized by the liver and can be

the mean + SEM. *P < .01 v 1st control; P < .001 v 2nd control; 1P < stored as glycogen during portal glucose absorption.

0.5 v2nd control (n = 4 in each group). JTT-501 markedly improved peripheral glucose uptake in the
present study. However, despite the fact that JTT-501 showed
in JTT versus C1R < .01) and C2 P <.001) in period Il.  peripheral and liver effects in these experiments and decreased

NHGB tended to be greater in JTT versus C1 and C2 also irplasma triglyceride and cholesterol levels, it did not induce
periods | and IlI; in period Ill, NHGB was significantly greater significant improvements in fasting blood glucose or the daily
in JTT versus C2 (Fig 4). In periods | and Ill, total hepatic insulin requirement. One of the possible reasons for the lack of
glucose uptake (sum of EGP and NHGB) was similar betweereffect of JTT-501 on these parameters is that 10 days of
treatments. treatment may be an insufficient period to produce an effect on
the insulin requirement and fasting glucose level. Specifically,
the improvements in peripheral and hepatic glucose metabolism
In the present study, JTT-501 increased NHGB (uptake) andvere observed at high physiological insulin levels under
peripheral glucose uptake during a hyperinsulinemic-hypergly-controlled conditions simulating the postprandial condition. Itis
cemic clamp in alloxan-induced diabetic dogs. During thepossible that JTT-501 improved postprandial glucose control in
experiments, arterial insulin was approximately 400 pmol/L andour dogs. However, postprandial glucose levels were not
portal insulin was approximately 1,200 pmol/L and there weredetermined, because they are highly variable in dogs due to
no significant differences between the JTT group and the npredictable eating behavior, eg, the timing of meal consump-
controls. The insulin concentrations achieved were not far frontion.
those measured under physiological postprandial conditions. Our results in alloxan-diabetic dogs are consistent with the
Hence, these results show that JTT-501 indeed amelioratgsreliminary toxicity studies performed by the JTT-501 manufac-
impaired peripheral glucose uptake and NHGB in alloxan-turer in normal dogs. The latter studies showed that 2 weeks of
induced diabetic dogs, at least under postprandial-like conditreatment with JTT-501 dose-dependently decreased plasma
tions. triglyceride and cholesterol but had no effect on fasting plasma
In this study, JTT-501 increased NHGB (uptake) and sup-glucose in normal dogs. Four weeks of treatment with JTT-501
pressed hepatic glucose production, which suggests that thisduced a further decline in plasma triglyceride and cholesterol
compound may increase hepatic insulin sensitivity. JTT-501and decreased fasting glucose levels in some dogs, although the
also decreased both NEFA and glucagon levels, which maylecrease in glucose was quite variable. As explained in the
have indirectly contributed to the improvement in hepatic Methods, the duration of the treatment period of our alloxan-
glucose metabolism induced by JTT-501. Although there wadiabetic dogs had to be the minimum compatible with an effect
no correlation between EGP and NEFA or glucagon levels, thisof JTT-501 on insulin sensitivity (approximately 2 weeks based
may be due to the low range of variability for these parameteron lipid levels in normal dogs) and the maximum allowed by the
in the present study. low feasibility of the experimental protocol, because of a failure
In periods | and Ill, net hepatic glucose uptake occurred inin sampling of the portal and hepatic vein lines over time. The
JTT, C1, and C2, contrary to our previous study using the sameluration of the washout period appeared adequate, as the results
experimental protocol during euglycenfiavhere NHGB was  in C1 were very similar to those in C2.
close to zero in all groups. The difference between the 2 studies Another possible reason for the negative results on fasting
is presumably due to the different glucose levels, since thévlood glucose or insulin requirements with short-term JTT-501
portal insulin levels were similar. JTT-501 tended to improve treatment may be the experimental model, as short-term treat-
NHGB in all periods. In periods | and lll, this was entirely ment with JTT-501 reduced glucose and insulin levels in rodent
accounted for by decreased glucose production, as JTT-501 dishodels of hyperinsulinemia-associated insulin resistance. We
not enhance total hepatic glucose uptake (sum of EGP andsed a dog model because the triple-catheter technique for
NHGB). JTT-501 increased NHGB in period I, and we cannot direct measurement of hepatic glucose uptake has been estab-
exclude the possibility that in this period an enhancement oflished only in the dog. Alloxan-induced diabetic dogs represent
total hepatic glucose uptake was induced. We tried to use aa model of partial insulin deficiency and insulin resistahée,
indirect method to derive total hepatic glucose uptake in periodoresumably secondary to suboptimal control. Unfortunately,
Il, as in our previous study using the same experimentalthere is no good model of hyperinsulinemia-associated insulin
protocol during euglycemfahowever, in the present study, the resistance in the dog.
indirectly derived values for total hepatic glucose uptake were As mentioned before, we have previously used a similar
markedly lower than the NHGB, which indicates that theseexperimental protocol (portal glucose infusion during a euglyce-

DISCUSSION
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mic clamp with high-dose peripheral insulin infusion) to been further stimulated by pioglitazone. However, we cannot

investigate the effects of pioglitazone, a thiazolidinedione, onexclude that JTT-501 is more potent than pioglitazone in

NHGB and peripheral glucose uptake. In that study in the sam@eripheral tissues. The different structure of JTT-501, which is

animal model, the effects of pioglitazone on both glucosean isoxazolidinedione derivative, might account for a certain

production and NHGB in periods | and Ill were not significant; degree of disparity in its action compared with thiazolidine-

however, in period Il (portal glucose infusion) pioglitazone djones. The precise mechanism of the action of JTT-501 is not

increased NHGB and total hepatic glucose uptake calculateg,|ly understood. However, it is known that JTT-501, similar to

using an indirect method. Therefore, despite some dissimilanjazolidinediones, binds to the nuclear receptor PRAR

results that may be explained by the different glucose levels, |5 conclusion, JTT-501 treatment for 10 days in alloxan-

both JTT-501 and pioglitazone improved hepatic glucose mejnquced diabetic dogs in the presence of insulin significantly

tabolism at high insulin levels. However, neither JTT-501 nor e qces glucose production and enhances peripheral glucose

_plogl_ltazone_ led to a decrease in fasting plasma glucose or thgjization and NHGB. JTT-501 appears to be an effective

insulin requirements. _ o insulin sensitizer and may have therapeutic significance in the
In contrast to the present study with JTT-501, p'09“tazonetreatment of type 2 diabetes.

did not increase peripheral glucose uptake in our previous study.

The differential effects of JTT-501 and pioglitazone on periph-

eral glucose uptake in the 2 studies may be related to the ACKNOWLEDGMENT

experimental protocol, since glucose clearance was markedly The authors thank Debra Bilinski, Mayliza Vandelangeryt, and
lower in the present study than with pioglitazone, in accordance oretta Lam for excellent technical assistance, and Drs Munehide
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