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Abstract Atypical antipsychotic drugs (AAPD) are widely
used to treat severe psychiatric disorders, have well docu-
mented metabolic side effects such as disturbances in glu-
cose metabolism, insulin resistance and weight gain. It has
been shown that BGP-15, a hydroxylamine derivative with
insulin sensitizing activity can prevent AAPD provoked fat
accumulation in adipocyte cultures, and insulin resistance in
animal experiments and in healthy volunteers. The aim of
this study was to compare the preventive effect of BGP-15
with conventional oral antidiabetics on metabolic side
effects of AAPDs. We found that BGP-15 that does not
belong to either conventional insulin sensitizers or oral
antidiabetics, is able to counteract insulin resistance and

weight gain provoked by antipsychotic agents in rats while
rosiglitazone and metformin were not effective in the ap-
plied doses. Our results confirm that BGP-15 is a promising
new drug candidate to control the metabolic side effects of
atypical antipsychotics. Data indicate that this rat model is
suitable to analyze the metabolic side effects of AAPDs and
the protective mechanism of BGP-15.
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Introduction

Drugs termed atypical antipsychotics (AAPD), like cloza-
pine, olanzapine and risperidone represent the second gen-
eration of antipsychotic agents and principally used for the
treatment of schizophrenia, manic-depressive psychosis and
several other psychiatric disorders. AAPDs produce meta-
bolic side effects, especially weight gain, hyperinsulinae-
mia, type 2 diabetes and dyslipidemia. The exact
mechanism responsible for weight gain associated with the
use of antipsychotics is not known, although studies have
demonstrated that it may result from antagonism of the
histaminic and muscarinic receptors and blockade of the 5-
HT2C receptors [1], or may directly impair glucose trans-
porter function. [2]. Recently it has been shown that anti-
psychotics activate SMAD3, a downstream effector of the
transforming growth factor beta (TGFβ) pathway but the
activation by AAPDs was TGFβ receptor unrelated. The
TGFβ pathway and SMAD3 are highly associated with
obesity, insulin resistance, and diabetes [3]. The metabolic
risks associated with atypical antipsychotics are outlined in
the American Diabetes Association-American Psychiatric
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Association (ADA-APA) Consensus Guidelines Panel [4].
Moreover studies have shown the prevalence of diabetes
and obesity in patients with schizophrenia to be 1.5 to 2
times higher than in unaffected subjects [5]. The metabolic
side effects of AAPDs decrease compliance and result in an
increased frequency of serious cardiovascular events.

BGP-15 [O-(3-piperidino-2-hydroxy-1-propyl)nicotinic
amidoxime dihydrocholride] has been shown to improve
metabolic control in various experimental models of diabe-
tes underpinned by an improvement of tissue sensitivity to
insulin both in animal models [6] and in insulin-resistant
patients [7,8]. Earlier we have shown, that the nonproteo-
toxic, lipid-interacting BGP-15 capable for heat shock pro-
tein (HSP) co-induction in the absence of the production of
unfolded proteins. The drug affects those domains of
membrane-lipid phase where the thermally or chemically
induced perturbation of lipid phase is sensed and transduced
into a cellular signal, ultimately leading to an enhanced
activation of heat shock protein genes [9]. We have docu-
mented that BGP-15 treatment, resulting in increased HSP
expression, diminishes the activation of c-jun amino termi-
nal kinase (JNK) and inhibitor of κB kinase (IKK), which
are among the major mediators of insulin resistance [10,11].
Previously, we observed that BGP-15 administration pre-
vented olanzapine-induced insulin resistance in healthy vol-
unteers [12]. We have recently reported that BGP-15 could
prevent olanzapine-induced reduction in HSP72 protein ex-
pression in peripheral monocytes [13]. Furthermore BGP-15
treatment reduced AAPD induced fat accumulation in cul-
tured adipocytes [13].

This series of work was to study the effect of BGP-15 and
some currently used antidiabetic drugs on insulin resistance and
weight gain provoked by atypical antipsychotic agents in rats.

Materials and Methods

Experimental Animals

The experiments were carried out with adult female Wistar
rats weighing 200–220 g, (housed in an animal room 12-
hours light/dark periods a day, temperature of 22–25 °C,
humidity of 50–70 %). The animals were fed commercial
laboratory chow and allowed free access to tap water ad
libitum. The treatments began after 1-week acclimatization
to the laboratory conditions.

BGP-15 was Provided by N-Gene Inc.

Risperidone + BGP-15 Combination Treatment

The method of Ota [14,15] was used, with modification to
study the effect of risperidone on body weight gain. In the

experiments, we applied only single daily risperidone treat-
ment in contrast to the twice-daily treatment of the Ota’s
study. The animals were divided into six groups of ten
animals each. Groups were treated either with saline (control
group); 0,005 mg/kg risperidone; 0,05 mg/kg risperidone;
20 mg/kg BGP-15; 0,005 mg/kg risperidone +20 mg/kg
BGP-15 or 0,05 mg/kg risperidone in combination with
20 mg/kg BGP-15.

Rats were treated subcutaneously with risperidone and
orally with BGP-15 once daily for 21 consecutive days.
Body weights were measured weekly.

Clozapine + BGP-15 Combination Treatment

The animals were divided into four groups of six animals
each. Groups were treated either with saline (control group),
10 mg/kg clozapine alone for 2 months, or 10 mg/kg cloza-
pine (2 months) in combination with 20 mg/kg BGP-15
during the second month of clozapine treatment (1 month)
or 20 mg/kg BGP-15 alone for 2 months. Insulin sensitivity
was determined by hyperinsulinemic euglycemic glucose
clamp.

Olanzapine + BGP-15 Combination Treatment

The animals were divided into eight groups of six
animals each. Groups were treated either with saline
(control group), 1 mg/kg olanzapine, 10 mg/kg BGP-
15, 100 mg/kg metformin, 3 mg/kg rosiglitazone, or
1 mg/kg olanzapine plus 10 mg/kg BGP-15, 1 mg/kg
olanzapine + 100 mg/kg metformin or 1 mg/kg olanza-
pine + 3 mg/kg rosiglitazone for 28 days. The whole
body insulin sensitivity, body weight was determined at
the end of the 28-day treatment period, body weights
were measured weekly.

Hyperinsulinaemic Euglycaemic Glucose Clamp (HEGC)

Whole body insulin sensitivity was determined by hyper-
insulinaemic euglycaemic glucose clamping essentially as
described [16]. Human regular insulin was infused at a
constant rate (5–12 mU/kg/min) via a catheter inserted into
one of the jugular veins over 120 min. This insulin infusion
rate was adjusted to procedure 100±5 μU/ml in steady state
in each species. Blood samples (0.2 ml) were taken from an
arterial cannula introduced into one of the external carotid
arteries for blood glucose concentration at 10-minutes inter-
vals. Blood glucose concentration was maintained constant
(5.5±0.5 mmol/l) by a variable rate of glucose infusion.
When blood glucose has stabilized for at least 20 min, we
defined this condition as steady state. The glucose infusion
rate during steady state was used to characterize insulin
sensitivity.
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Statistics

The results were analyzed with one-way analysis of variance
followed by a modified t-test for repeated measures accord-
ing to Bonferroni’s method [17]. Changes were considered
significant at P<0.05.

Results

The Effect of BGP-15 on Risperidone Induced Weight Gain

In the presented study 21-day risperidone treatment resulted in
a significant increase in body weight gain in rat. Our results
are in concert with the observations of Ota [14,15]. BGP-15
alone had no significant effect on body weight gain. BGP-15
significantly decreased the rate of body weight gain when it
was applied in combination with risperidone (Fig. 1).

The Effect of BGP-15 on Clozapine Induced Insulin Resistance

The aim of this experiment was to evaluate whether BGP-15
can improve insulin sensitivity after a chronic (1 month)
clozapine treatment.

Two-month clozapine treatment resulted in significant insu-
lin resistance in female Wistar rats. Glucose infusion rate was
by 38 % lower in clozapine treated than in the vehicle treated

control animals in hyperinsulinemic euglycemic clamp test.
BGP-15 treatment significantly ameliorated the clozapine-
induced insulin resistance. Glucose infusion rate was higher
in BGP-15 treated than in the control group, but the difference
was not statistically significant at P<0,05 level (Table 1).

Effect of BGP-15 on Olanzapine Induced Metabolic Side
Effects

Olanzapine at the dose applied induced insulin resistance.
The insulin induced glucose utilization was decreased by
about 60 %. BGP-15 significantly restored whole body
insulin sensitivity in olanzapine-treated animals. The

Fig. 1 The effect of BGP-15 on
risperidone induced weight
gain. The results are expressed
as means ± S.D. obtained with
10 animals per group. *Signifi-
cantly different from the con-
trol. ** Significantly different
from risperidone treated groups.
The data were analyzed with
repeated-measures ANOVA
followed by Student’s t-test
modified according to Bonfer-
roni’s method. Changes were
considered statistically signifi-
cant at P<0.05

Table 1 Effect of BGP-15 on glucose infusion rate in rats with
established insulin resistance caused by clozapine treatment. *Signifi-
cantly different from the control, **Significantly different from the
clozapine treated group. P<0,05. ANOVA, Bonferroni post hoc test

Treatment groups N Mean of glucose
infusion rate
(mg/kg/min)

s.e.

Control – (Saline) 6 21,63 1,05

Clozapine 10 mg/kg 6 13,53* 0,72

Clozapine 10 mg/kg + BGP-15
20 mg/kg

6 18,32** 0,93

BGP-15 20 mg/kg 6 22,78 1,27
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hydroxylamine derivative by itself did not influence insulin
sensitivity in healthy animals (Fig. 2). The data also show
that BGP-15 inhibits weight gain associated with subchronic
administration of olanzapine (Fig. 3). Nevertheless, neither
metformin nor rosiglitazone produced any significant effect
in the applied doses in insulin sensitivity or prevented
weight gain provoked by olanzapine (Fig. 2; 3).

Discussion

The series of experiments described above demonstrate that
BGP-15 abolishes the development of olanzapine-induced
insulin resistance under conditions, at which conventional
insulin sensitizers such as metformin and rosiglitazone in
the applied doses were not effective.

Although it is well known that the metabolic side effects
of AAPD appears also in rodents including rats and mice,
only few study analyzed the effect of the existing antidia-
betic agents on the metabolic side effects of AAPD in
animal models [18]. In a previous study, Arulmozhi et al.
observed that rosiglitazone exhibited beneficial glucose and

triglyceride lowering effects in mice treated over a period of
7-days [19].

We evaluated the effect of rosiglitazone, metformin and a
new insulin sensitizer candidate BGP-15 on weight gain and
insulin resistance provoked by subchronic olanzapine treat-
ment (Fig. 2; 3). Moreover the results of this study indicate
that BGP-15 is also efficient in existing insulin resistance
caused by antipsychotic drugs. BGP-15 treatment can re-
verse insulin resistance even after extended antipsychotic
drug therapy (Table 1).

In patients with severe mental illness, obesity can be
attributed to an unhealthy lifestyle, personal genetic profile,
and to a great extend antipsychotic drug therapy. Since the
introduction of the AAPDs, a 0.7 % per year increase in
incidence of type 2 diabetes has been seen in patients
compared with the general population [20]. Insulin resis-
tance, type 2 diabetes mellitus, obesity, coronary heart dis-
ease, and hypertension at least in part due to AAPD
medication can significantly contribute to an approximately
20 % shorter life expectancy than in general population [21].

Several conventional antidiabetics have been tested to re-
duce or prevent the metabolic side effects of antipsychotic

Fig. 2 The effect of BGP-15 compared with oral antidiabetics on
olanzapine provoked insulin resistance. *Significantly different from
the control. **Significantly improved insulin sensitivity compare with
control group. ***Significantly different from olanzapine treated

groups. The results expressed as means ± S.D. were analyzed with
one-way analysis of variance followed by a modified t-test for repeated
measures according to Bonferroni’s method [17]. Changes were con-
sidered significant at P<0.05.
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drugs. The preventive effect of metformin was controversial in
clinical trials. Ren-Rong Wu et al. observed that metformin
attenuated the antipsychotic-induced weight gain in drug-
naive young patients [22]. On contrary, Trino Baptista et al.
have found that in a 14-week long clinical trial, metformin did
not produce any significant preventive effect on AAPD-
induced metabolic abnormalities [23]. Rosiglitazone did not
improve insulin sensitivity in combination with clozapine [24]
and could not prevent olanzapine induced weight gain [25].

Moreover, in diabetic patients, metformin did not prevent
cardiovascular complications, and rosiglitazone was associ-
ated with a significantly increased risk of heart attack (odds
ratio01.43, (95 % confidence interval, 1.03 to 1.98; P0
0,03), and an even higher risk of death from all cardiovas-
cular diseases (odds ratio01.64) [26]. Furthermore, our
previous results indicate that besides preventing insulin
resistance, BGP-15 may have additional cardiovascular pro-
tective activity i.e. it prevented ischaemia/reperfusion-in-
duced heart injury, restored vascular responsiveness in
insulin resistance [8,27,28]. Recently it has been also dem-
onstrated that BGP-15 confers protection against rapid
pacing-induced atrial fibrillation, at least in a Drosophyla
melanogaster model of cardiac arrhythmias [8,29].

We conclude that BGP-15 may be considered as a prom-
ising new drug candidate for pharmacological interventions
to prevent metabolic side effects of AAPD treatment. There-
fore, the drug candidate may serve as a pharmacological tool
to increase the compliance during antipsychotic therapy and,
as expected, may also reduce the occurrence of cardiovas-
cular complications in patients suffering from psychiatric
diseases treated with 2nd generation neuroleptics. Overall,
this may be of importance in increasing life expectancy of
psychiatric patients.
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