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Therapeutic index for rosiglitazone in dietary obese rats: separation

of efficacy and haemodilution
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1 The blood glucose-lowering efficacy of rosiglitazone (RSG) and the mechanisms of associated
weight gain were determined in dietary obese rats (DIOs). DIO and chow-fed rats received RSG
0.3-30 mg kg~ daily for 21 days.

2 In DIOs, plasma glucose and insulin concentrations were reduced by RSG at dosages of 3 and
10 mg kg~', respectively. Homeostasis model assessment (HOMA) indicated the threshold for a
reduction of insulin resistance was 1 mg kg~'. Neither glucose nor insulin levels were affected by
treatment in chow-fed rats.

3 RSG 0.3 mg kg~! lowered free fatty acids (FFAs) in DIOs, whereas for plasma triglycerides
(TGs), the threshold was 3 mg kg~'. By contrast, the threshold for reducing packed red cell volume
(PCV) and increasing cardiac mass was 10 mg kg~'. Thus, the therapeutic index for RSG in DIOs
was >3 and <10.

4 Energy intake and weight gain increased in treated DIOs (by 20% and 50 g, at 30 mg kg™') and
chow-fed rats (by 25% and 35 g, at 30 mg kg™'). In DIOs, these increases coincided with falls in
plasma leptin (40% lower at 30 mg kg~') and insulin (43% lower at 30 mg kg~'). By contrast, in
chow-fed rats, weight gain and hyperphagia occurred without changes in either leptin or insulin.
However, reductions in FFAs below 0.4—0.3 mM were associated with hyperphagia and weight gain
in DIO and chow-fed rats.

5 We conclude that increased energy intake and body weight did not attenuate the improved
metabolism evoked by RSG in DIO rats, and that insulin action was enhanced at a dose >3 fold

below the threshold for causing haemodilution and cardiac hypertrophy in DIO rats.
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PPARY, peroxisome proliferator activated receptor gamma; RSG, rosiglitazone; TZD, thiazolidinedione, TG,
triglyceride
Introduction

The thiazolidinedione (TZD) chemical class, whose members
include troglitazone, rosiglitazone (RSG) and pioglitazone,
represent a promising new therapeutic approach to the
treatment of type 2 diabetes mellitus (Henry, 1997; Kaneko,
1997; Saltiel & Horikoshi et al., 1995; Saltiel & Olefsky 1996).
The primary molecular target for TZDs is the nuclear
transcription factor, peroxisome proliferator activated recep-
tor gamma (PPARY) (Adams et al., 1997; Berger et al., 1996;
Lambe & Tugwood, 1996; Lehmann et al., 1995; Shao et al.,
1998; Willson et al., 1996; Young et al., 1998), activation of
which results in increased gene transcription and the de novo
synthesis of proteins involved in glucose and lipid metabolism
(Gimble et al., 1996; Ibrahimi et al., 1994; Lefebvre et al., 1997,
Martin et al., 1997; Paulik & Lenhard, 1997; Pearson et al.,
1996; Tai et al., 1996). In isolated cells and tissues of animal
models and clinical studies, the relative potency at PPARy is
correlated with potency in reducing insulin resistance and
improving glycaemic control (Adams et al., 1997; Berger et al.,
1996; Henry, 1997; Kaneko, 1997, Kawamori et al., 1997a,b;
Patel et al., 1997; 1998; Wasada et al., 1996; Willson et al.,
1996; Young et al., 1998).

Whilst the effects of TZDs on PPAR?y in adipose tissue and
the subsequent improvement in insulin sensitivity is estab-
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lished, it is somewhat less clear what long-term side effect
liability is to be expected with these agents in man. At one
extreme, hepatic toxicity is an acknowledged and potentially
lethal rare complication of troglitazone therapy in humans
(Shibuya et al., 1998; Watkins & Whitcomb, 1998), although at
present there is no evidence that this is a class effect of TZDs.
By contrast, haemodilution appears as a common side-effect
of TZDs in animal studies (Cantello et al., 1994) and clinical
usage (Patel et al., 1998; Rezulin Package Insert, 1999). A
potential outcome of prolonged haemodilution, if caused by
significant plasma volume expansion, is cardiac hypertrophy,
and this is cited as a side-effect of TZDs in animals (e.g.,
Ghazzi et al., 1997; Rezulin Package Insert, 1999) without
explanation of the mechanism. Nonetheless, cardiac hyper-
trophy has not been observed in patients taking troglitazone,
even after 96 weeks of follow-up (Driscoll et al., 1997; Ghazzi
et al., 1997), suggesting that the degree of haemodilution being
observed in man is devoid of pathological importance.
Weight gain is a further side-effect of troglitazone treatment
in man (Rezulin Package Insert, 1999) and has also been
demonstrated for several TZDs in animal studies (Arakawa et
al., 1998; de Souza et al., 1995; Hirshman et al., 1995; Ikeda et
al., 1990; Inoue et al., 1995; Yoshioka et al., 1993; Zhang et al.,
1996). The mechanism(s) of weight gain may have several
putative components; e.g., reduced urinary glucose excretion,
expansion of plasma volume, antilipolytic (Oakes et al., 1994;
1997; Souza et al., 1998) and adipogenic actions (Gimble et al.,
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1996; Ibrahimi ez al., 1994; Lefebvre et al., 1997; Martin et al.,
1997; Paulik et al., 1997; Pearson et al., 1996; Tai et al., 1996)
and changes to energy intake (Shimizu et al., 1998; Wang et al.,
1997) or expenditure (Oakes et al., 1997). However,
appropriate animal studies on TZDs, to define the contribu-
tion of each of these components, have not been published.

Even accepting that haemodilution and some weight gain
may thus be accompanying side-effects of TZD usage in man,
it is by no means clear at this point whether individual drugs
differ in their liability for these effects at an appropriately
antihyperglycaemic dosage. Whilst such information may
ultimately become available from long-term clinical trials, it
is of considerable interest to study the dose-effect relationship
for the disparate actions of TZDs (e.g., insulin action-
enhancing, haemodilution, cardiac hypertrophy and weight
gain) in a single, appropriate, animal model.

Since the majority of human obesity is characterized by
increased thermogenesis and is associated with a Western
lifestyle, including ready availability of highly palatable food,
we chose the dietary obese (DIO) rat as a relevant animal
model. The choice of a non-diabetic model was based on the
premise that in the diabetic state, a difference in glycemic
control between placebo and drug-treated animals constitutes
a confounding factor for food intake and plasma volume
regulation. The DIO rat model is characterized by hyperpha-
gia, increased thermogenesis, hyperleptinaemia and mild
insulin resistance (McCormack et al., 1989; Widdowson et al.,
1997; Wilding et al., 1992). RSG, the most potent of the TZDs
in late stage clinical development, was selected for the present
study.

Methods
Animals and treatment

Thirty-six male Wistar rats (220 g; Charles River U.K. Ltd.,
Margate, U.K.) were fed a highly palatable diet for 8 weeks to
induce mild obesity, and 36 age-matched controls were fed
rodent pelleted chow, comprising 60% of energy as carbohy-
drate, 30% as protein and 10% as fat (CRM (P), Special Diet
Services, Essex, U.K.). The palatable diet consisted of 33%
chow, 33% condensed milk (Nestlé U.K. Ltd., York, U.K.)
and 7% sucrose (Tate & Lyle, London, U.K.) by weight, with
the remainder being added water. This provided 65% of energy
as carbohydrate, 19% as protein and 16% as fat. This diet is
designed to promote weight gain through hyperphagia,
without employing major changes in macronutrient composi-
tion, compared with normal rat chow. We have previously
found this to be a reliable method of inducing weight gain and
insulin resistance (Widdowson et «l., 1997; Wilding et al.,
1992). Rats were allowed free access to water throughout the
study and were maintained on a 12:12 h light:dark phase
schedule.

At the end of the 8-week period, when the palatable diet-
treated rats had developed significant obesity, vehicle (1%
carboxymethyl cellulose at 1 ml kg=' body weight; Sigma,
Poole, Dorset, U.K.) or RSG ((+/—)-5-([4-[2-methyl-2-
(pyridylamino)ethoxy] phenyllmethyl) 2,4-thiazolidinedione;
SmithKline Beecham Pharmaceuticals) at five doses (0.3, 1,
3, 10 or 30 mg kg~ ") was given by gavage daily for 21 days to
six rats per dose group, for both DIO animals and chow-fed
rats. Food intake and body weight were measured daily
throughout the treatment period. All procedures were
performed in strict compliance with U.K. Home Office
regulations governing animal experimentation.

Metabolic data and tissue mass

At the end of the study, and after a 4-h fast, rats were killed
by CO, inhalation. Blood was collected by cardiac puncture
and, in the case of all DIO rats and of chow-fed rats treated
with vehicle, the packed red cell volume (PCV) was
measured. Also, hearts were excised, cut open, blotted and
weighed in these animals. For all rats, plasma was separated
by centrifugation and stored at —40°C until assayed. Plasma
glucose concentration was determined using a glucose oxidase
method, and FFA and TG concentrations were measured
using commercial diagnostic kits (Boehringer Mannheim,
Milton Keynes, Bucks and Sigma Diagnostics, Poole, Dorset,
U.K.). Insulin and leptin concentrations were measured by
radioimmunoassay (RIA) kits (Pharmacia/Upjohn Diagnos-
tics, Lewes, Sussex and Linco Research, Biogenesis, Poole,
Dorset, U.K., respectively). Body fat content was estimated
by dissection and weighing of epididymal and perirenal fat
pads and expressed as a percentage of total body weight. The
latter was considered a useful measure of the fat-to-lean
ratio, as the animals in the different groups were of different
weights.

Homeostasis Model Assessment (HOMA)

This model, which incorporates measures of both fasting
plasma concentrations of glucose and insulin, was used to
calculate an index of insulin resistance as insulin (xU ml™") x
glucose (mM)/22.5 (Matthews et al., 1985).

Statistical analyses

Data are presented as mean +s.e.mean. The DIO and chow-
fed vehicle controls were compared using 2-sample -tests for
all parameters. The RSG dose-response relationship was
studied separately for the DIO and chow-fed rats. Dose-
response curves were constructed for each of the parameters,
and the significance of dose determined by one-way ANOVA.
Between-dose comparisons for all parameters, comparing each
dose to vehicle control, were made by post-hoc Bonferroni
modified #-tests. Correlation coefficients were calculated for the
relationships between plasma leptin, FFA and insulin
concentrations and body weight gain and calorie intake during
the dosing period. All statistical analysis was carried out using
Arcus Pro-stat (Version 3.23; lain Buchan, Liverpool, U.K.).
Results were considered statistically significant at the P<0.05
level.

Results
Dietary obesity

At baseline, the groups destined for chow feeding or to be
given the palatable diet were of similar weight (227+2 vs
226+ 2 g, respectively). After being fed the palatable diet for 8
weeks prior to drug treatment, rats developed mild obesity,
becoming 4% heavier than chow-fed rats (540 +6 vs 520+ 6 g;
P <0.05). At termination, DIO vehicle control rats were 9%
heavier (596+9 g vs 547+10 g; P<0.005) and had greater
absolute perirenal and epididymal fat masses than chow-fed
vehicle controls (perirenal: 11.5+1.8 vs 7.0+ 0.7 g; epididymal:
12.6+1.4 vs 9.240.6 g; both P<0.05). The mean value of
insulin resistance, as shown by an increase in HOMA, in DIO
vehicle control rats was 45% higher than that of chow-fed
vehicle controls, but this was not statistically significant
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(P=0.1; Figure la). Changes in lipid metabolism were also
apparent in the DIO vehicle controls with 29% higher plasma
FFA (P<0.05), 75% higher TG and nearly 3 fold higher
plasma leptin levels than chow-fed vehicle controls (both
P<0.01; Table 1).
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Figure 1 Final HOMA values (a), PCV (b) and cardiac mass (c) in

chow-fed, vehicle-treated controls (cont) and DIO rats treated with
RSG at various doses for 3 weeks (n=6/group/dose). There were no
significant differences between untreated chow-fed and DIO rats.
ANOVA followed by Bonferroni modified r-tests in the DIO group
showed that insulin sensitivity (a) improved at a threshold dose of
1 mg kg~ !, whereas significant haemodynamic side-effects (b,c) were
present only at 10mgkg™' and above (*P<0.05; **P<0.0l;
***P<0.0001). Data are expressed as mean +s.e.mean.

Effects of RSG on metabolic parameters

In DIO rats, the concentration of plasma glucose was
significantly reduced at 3 mgkg™' of RSG (by 21%;
P<0.01), whereas the plasma insulin concentration was
lowered at 10 mg kg=! (by 27%; P<0.05; Table 1). Neither
plasma glucose nor insulin levels were affected by RSG
treatment in chow-fed rats (P>0.05; Table 1). The HOMA
model showed that RSG induced a dose-related improvement
in insulin sensitivity in DIO rats with a threshold of 1 mg kg™
(P<0.05; Table 1 and Figure 1a), but drug treatment did not
significantly alter insulin sensitivity in chow-fed rats (P> 0.05;
Table 1). Fasting plasma FFA levels were significantly reduced
by drug treatment in DIO rats, although at a lower dose
(0.3mgkg~"'; 37% fall; P<0.01) than that required for
improving insulin sensitivity. Plasma TG levels were also
reduced by RSG in DIO rats, decreasing by 42% at a threshold
dose of 3 mg kg~' (P<0.01). Both plasma FFA (by 69%) and
TG (by 57%) levels were also reduced by RSG in chow-fed
rats, but at 10 fold higher threshold doses than those required
in DIO rats; i.e., 3 and 30 mg kg™, respectively (both P<0.01;
Table 1).

Haemodynamic factors

Effects of RSG on PCV and cardiac mass in DIO rats were
only apparent at doses of 10 or 30 mg kg~'. At the threshold
dose, there was a 3.5% fall in PCV (P<0.05; Figure 1b) and a
13% increase in cardiac mass (P <0.001; Figure 1¢). Thus, the
therapeutic index for RSG in DIO rats (the ratio of the
threshold dose for causing haemodilution/cardiac hypertrophy
to that for improving insulin sensitivity) was >3 and <10
(also compare panels b and ¢ with panel a in Figure 1).

Food intake and body weight

RSG increased food intake dose-dependently in DIO rats
(P<0.05). In chow-fed rats, however, this effect was only seen
at doses >3 mg kg~' (P<0.01; Table 2). RSG also augmented
weight gain in DIO rats (P<0.0001; Table 2), an effect which
coincided with a 20-24% increase in gonadal fat mass
(P<0.05; Table 1). Chow-fed rats did not significantly gain
body weight at doses of RSG below 3 mg kg~', and their
gonadal fat pad mass did not increase at any dose. However,
the mass of the perirenal depot did increase significantly at 10
and 30 mg kg=' (P<0.01; Table 1). Plasma FFAs were
significantly negatively correlated with weight gain during the
3 week dosing period in both DIO (R*=0.89; P<0.005) and
chow-fed rats (R*=0.87; P<0.005; Figure 2a). Similarly,
plasma FFAs were also significantly negatively correlated with
energy intake in these groups (DIO rats: R?=0.76; P<0.02;
chow-fed: R?=0.89; P<0.005). By contrast, whilst plasma
insulin concentrations were significantly negatively correlated
with both weight gain (R?=0.71; P<0.05; Figure 2b) and
energy intake (R*=0.72; P<0.02) in DIO rats, no such
correlations were seen in chow-fed rats (P=0.43 for weight
gain; Figure 2b; P=0 for energy intake).

Leptin

Plasma leptin concentrations (Table 1) were correlated overall
with body weight across all DIO and chow-fed groups
(R?=0.46; P<0.01). In DIO vehicle control rats, the plasma
leptin concentration was 65% higher than in chow-fed vehicle
controls (P<0.01). There was also a pattern of decreasing
plasma leptin concentration with increasing dose of RSG in
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Table 1 Effects of 21-day administration of RSG on terminal fat pad masses and plasma concentrations of hormones and metabolites
in DIO and chow-fed rats

Dose Insulin
(mg kg™ ") (pm)
Palatable dietfed (DIO)
0 143+15
0.3 142422
1 12248
3 120+8
10 104 +6*
30 824 6%*
Chow-fed

0 108+ 12
0.3 151+17
1 122410
3 130+ 14
10 112+11
30 105+18

Glucose
(mm)

57404
5.6+0.3
51403
4.64+0.4%*
4.5+0.1%*
4.74+0.5%*

54404
4940.3
51+04
4.6+0.3
42402
4.240.1

HOMA

6.240.8
59+1.0
4.6+0.5%
4.0+0.2*
3.540.2%*
2.840.4%*

4340.7
54+04
4.6+0.5
4.440.6
3.6+£0.4
3.340.6

FFA
(mm)

0.67+0.08
0.42£0.06%*
0.39+0.06%*
0.24 4 0.03%**
0.2740.04%**
0.26 £ 0.04***

0.524+0.08%
0.47+0.05
0.39+0.09
0.31£0.04**
0.29£0.04%**
0.20+0.02%*

G Leptin Epididymal Perirenal
(mMm) (ng ml™") fat mass(%)  fat mass(%)
3.5940.37 29.84+7.2 2.104+0.21 1.9340.29
3.904+0.63 25.5+6.0 2.51+0.14* 1.9840.20
2.814+0.38 242438 2.66+0.10%*  2.33+0.25
2.09+0.15%* 18.442.2%* 2.1240.14 2.014+0.18
1.14+0.04*%**  19.8+1.8** 2.614+0.12%*  2.47+0.26
0.99+0.09%**  17.541.4%* 2.604+0.08*%*  2.34+0.13
2.054+0.367+ 10.5+ 1.5 1.68+0.10 1.2840.12
2.71+0.16 144+42.0 1.80+0.14 1.28+0.19
2.3440.26 13.84+2.6 1.88+0.20 1.4040.16
2.2140.32 21.94+6.0 1.814+0.18 1.4740.22
1.60+0.14 122+2.0 2.034+0.16 2.08 £0.24**
0.88 +0.04** 142433 1.954+0.15 1.934+0.14*

Statistical significance of differences vs corresponding controls: *P <0.05; **P <0.01; ***P <0.0001. Statistical significance of differences
between chow-fed and DIO vehicle controls: TP <0.05; 1P <0.01. Data are expressed as mean+s.e.mean of six animals. Fat pad mass

expressed as per cent of terminal body weight.

Table 2 Effects of 21-day administration of RSG on
cumulative energy intake and body weight gain in DIO
and chow-fed rats

Dose Energy intake  Body weight gain

(mg kg™ (kJ) (®

Palatable diet fed (DIO)

0 10078 +£516 39+4

0.3 11098 +319* 60 +4*

1 11363 426%* 68 4 7**

3 11428 +281** 80 4 4***

10 12339 4 247** 04 + 4x**

30 123024 325%* 92 4 S¥**

Chow-fed

0 9436 +214 2742

0.3 9744 +222 2942

1 99104268 3743

3 11491 +1026** 60+ 6***

10 11119 +282* 62 + 4%

30 119124 531%** 65+ 6%**
Statistical significance of differences vs corresponding
controls: *P<0.05; **P<0.01; ***P<0.0001. Data are

expressed as mean +s.e.mean of six animals.

DIO rats (P<0.01), which was not seen in chow-fed rats
(P>0.05; Table 1). Indeed, there was a significant negative
correlation between plasma leptin levels and body weight gain
(R*=0.9; P<0.005; Figure 2c) or energy intake (R*=0.73;
P<0.02) during the 3 weeks of RSG administration in the
DIO group, but not in the chow-fed group (for body weight:
P=0.4; Figure 2c; for energy intake: P=0.3).

Discussion

These results show that RSG effectively improves insulin
sensitivity and lipid abnormalities in DIO rats, but this effect is
not apparent in chow-fed rats. In essence, our data in DIO rats
support the hypothesis that the insulin-sensitizing effect of
RSG is closely linked to the reduced availability of fatty acids
as a fuel for skeletal muscle (Oakes et al., 1994, 1997) via the
Randle cycle (Randle ez al., 1963). Thus, in the present study in

DIO rats, plasma FFAs fell at a dose of RSG (0.3 mg kg™')
slightly lower than that required to detect improved insulin
sensitivity (1 mg kg="). Coincidentally, gonadal fat mass
increased significantly at the lower dose, suggesting either
enhanced fatty acid clearance and deposition as triglyceride in
adipose tissue and/or reflecting the antilipolytic action of the
drug (Oakes et al., 1994; 1997; Souza et al., 1998).

Additionally, the observation that the threshold dose for
lowering plasma TGs in DIO rats was 3 mg kg~ (i.e., 10 fold
higher than the lowest dose used, where FFAs were already
reduced), suggests that changes in the plasma FFA level
represent the more important trigger for improving insulin
action. This discordance between effects of RSG on plasma
FFAs and TGs may reflect a complex series of events. Reduced
lipolysis will decrease the supply of FFAs and should lower
TGs, but this may be offset by increased food consumption
and the generation of additional circulating TG-rich lipopro-
teins. Furthermore, TZDs may directly affect TG clearance
from the circulation, although there is some controversy about
this effect. In one ex vivo study (Lefebvre et al., 1997),
epididymal fat lipoprotein lipase (LPL) mRNA and activity
were increased by RSG, but in a study using rat adipocytes in
culture, both troglitazone and RSG inhibited LPL activity
(Ranganathan & Kern, 1998).

Importantly, the insulin action-enhancing effect of RSG
was observed at a dose between 3 and 10 fold lower than that
required to cause haemodilution and cardiac hypertrophy.
Haemodilution with TZDs is also commonly encountered in
man (Patel ez al., 1998; Rezulin Package Insert, 1999), though
its mechanism has not been defined in the literature.
Troglitazone does not influence red blood cell mass, as
estimated using >'Cr labelling of erythrocytes (Young et al.,
1997). This suggests that plasma volume expansion is the key
component of haemodilution. A known property of TZDs,
independent of their effect on PPARY, is their ability to inhibit
vascular smooth muscle cell Ca?* channels and to reduce
vascular tone (Buchanan et al., 1995; Fujiwara et al., 1995;
Nakamura et al., 1998; Song et al., 1997; Verma et al., 1998;
Walker et al., 1998; Walsh et al., 1996; Zhang et al., 1994). By
extrapolation, it is possible that haemodilution in both rat and
man, and cardiac hypertrophy in rat, though not seemingly in
man (Driscoll et al., 1997, Ghazzi et al., 1997), can be traced
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Figure 2 Relationship between final plasma concentrations of FFA
(a), insulin (b), leptin (c¢) and weight gain in chow-fed and DIO rats
after 3 weeks of treatment with RSG at various doses (0—
30 mg kg~!). There was a significant relationship between FFA
levels and body weight gain in both groups (chow: R2=0.87;
P<0.005; DIO: R*=0.89; P<0.005). Insulin levels were negatively
correlated with weight gain in DIO rats (R>=0.71; P<0.05), but not
in chow-fed rats (R*=0.1; P=0.43). Leptin levels were negatively
correlated with body weight gain (R>=0.9; P<0.005) in DIO rats,
but not in the chow-fed group (R*=0.17, P=0.4).

back, at least partly, to this inhibitory effect on vascular
smooth muscle cell Ca®>" ion flux. The ingredients of a
potentially relevant haemodynamic action, including reduced
diastolic blood pressure and peripheral vascular resistance, and
increased cardiac index and stroke volume index, have been

reported during the clinical use of troglitazone (Ghazzi et al.,
1997).

Whilst the present study suggests that RSG exhibits dose-
differentiation for its effects on insulin action and haemodilu-
tion in the DIO rat, the situation is unresolved for troglitazone
and pioglitazone. Troglitazone is a more potent calcium
channel blocker than pioglitazone (Nakamura et al., 1998),
and an earlier study indicated that troglitazone, but not RSG,
relaxes human subcutaneous arterial resistance vessels, albeit
apparently by a prostaglandin-related mechanism (Walker et
al., 1998). Nonetheless, a recent report that RSG also causes
haemodilution in man at antihyperglycemic doses (Patel ez al.,
1998), suggests that the situation may be more complex than
the picture presented here for DIO rats. Clearly this is an issue
which requires additional evaluation.

That TZDs cause hyperphagia in rats has been known for
some time (De Vos et al., 1996; Wang et al., 1997; Zhang et al.,
1996), but the finding that increased appetite may also occur in
man with troglitazone is noteworthy (Shimizu et al., 1998). In
the present study, food consumption in DIO rats was
significantly increased even at the lowest dose of RSG tested
and there was a highly significant negative correlation between
plasma leptin concentration and both energy intake and weight
gain in these animals. Like leptin, however, insulin itself is a
satiety signal in rodents (Schwartz et al., 1992), suggesting that
RSG-evoked falls in the plasma levels of both these hormones
may have contributed to hyperphagia and weight gain. Indeed,
as with leptin, the plasma insulin concentration in DIO rats
correlated negatively with energy intake and weight gain. The
decrement in plasma leptin caused by RSG may also have been
at least partly due to the fall in plasma insulin, since insulin
stimulates ob gene expression (Leroy et al., 1996) and leptin
secretion from adipocytes (Hardie er al., 1996). Nonetheless,
direct effects of TZDs on OB gene expression (Kallen & Lazar,
1996) and leptin secretion (Nolan et al., 1996) have also been
documented. Other studies have shown that the effects of
TZDs translate to a reduction in the plasma leptin
concentration in type 2 diabetic animals (McCormack et al.,
1989; Zhang et al., 1996) and man (Walsh et al., 1996). As for
the hypothalamic signal transducing the hyperphagic signal,
NPY is not a prime candidate, at least as has been
demonstrated in Zucker fatty rats given a low, insulin-
sensitizing dose of RSG (Wang et al., 1997).

Our data in chow-fed rats, however, suggest that changes in
plasma leptin and insulin do not entirely explain the RSG-
induced hyperphagia and weight gain. Whilst RSG did not
significantly influence food intake in chow-fed rats until the
dose was raised to 3 mg kg™, neither plasma insulin nor leptin
were reduced in these rats even at 30 mg kg~'. Moreover,
unlike DIO rats, there was no negative correlation between
plasma leptin or insulin and calorie intake or weight gain in
chow-fed rats. The difference in dose level for causing
hyperphagia in DIO and chow-fed rats thus constitutes a
conundrum and may suggest that, at least at higher dosages of
RSG, an additional mechanism may be operating. Whether
this mechanism is of peripheral or central identity is not certain
from present data, but it is of interest that the lowest doses that
resulted in weight gain in both chow-fed and DIO animals
were identical to those that reduced FFA concentrations.
Furthermore, there was a highly significant negative correla-
tion between terminal plasma FFA and energy intake or
weight gain in both DIO and chow-fed rats.

In summary, we have shown that RSG improves the
metabolic profile and insulin resistance in the DIO rat model,
and we have also demonstrated clear dose separation of these
beneficial effects from the adverse effects of haemodilution and
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cardiac hypertrophy. Weight gain, whilst seemingly closely
related to the FFA lowering and insulin-sensitizing effects of
RSG in DIO rats, did not conspicuously attenuate the marked
improvement in metabolic status which was observed, but we
do not yet know if these findings apply to man.
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