
Neuroendocrinology Letters No.3 June Vol.26, 2005 
Copyright © 2005 Neuroendocrinology Letters ISSN 0172–780X   www.nel.edu

O
R

I
G

I
N

A
L

 
A

R
T

I
C

L
E

The atypical antipsychotics quetiapine, risperidone and 
ziprasidone do not increase insulin release in vitro

Kristina Melkerssona,b* & Eva Jansson b

a Sollentuna Psychiatric Polyclinic and 
b Department of Molecular Medicine, Karolinska Institute, Stockholm, Sweden. 

Correspondence to: Kristina Melkersson, MD
Sollentuna Psychiatric Polyclinic
Nytorpsvägen 10
SE-191 35 Sollentuna, SWEDEN

TEL: +46-8-58730405; FAX: +46-8-351318
EMAIL: Kristina.Melkersson@cns.ki.se

Submitted: April 24, 2005  Accepted: May 2, 2005

Key words: antipsychotic agents; Quetiapine; Risperidone; Ziprasidone; insulin; in vitro

Neuroendocrinol Lett 2005; 26(3):205–208 PMID: 15990722  NEL260305A02 © Neuroendocrinology Letters www.nel.edu

Abstract OBJECTIVES : In the light of the recent fi nding that the atypical antipsychotics clo-
zapine and olanzapine have a stimulatory eff ect on basal insulin release in vitro, 
the infl uence on insulin release of three other atypical agents; quetiapine, risperi-
done and ziprasidone, was examined.
METHODS : Th e eff ect of each atypical antipsychotic in a concentration of 10–6 M 
was investigated on both basal and glucose-stimulated insulin release from iso-
lated rat pancreatic islets.
RESULTS : No diff erence in eff ect on insulin release was found for any of the three 
atypical antipsychotic substances compared to controls without antipsychotics, 
either in basal or in glucose-stimulated insulin release.
CONCLUSION : Th is study demonstrates that the main compounds of quetiapine, 
risperidone and ziprasidone do not increase insulin release from isolated pan-
creatic islets, which stands in clear contrast to what has been found previously 
for clozapine and olanzapine. Th us, atypical antipsychotics seem to diff er in their 
eff ect on insulin release in vitro.

Introduction

Adverse metabolic eff ects, such as weight 
gain, diabetes mellitus and lipid abnormalities, 
have increasingly been recognized with the use 
of the newer, so-called atypical antipsychotic 
drugs. However, these agents may diff er in their 
risk to aff ect weight, glucose-insulin homeosta-
sis and lipid metabolism; clozapine and olan-
zapine appear to have the highest propensity to 
induce weight gain, diabetes and lipid abnormal-
ities, quetiapine and risperidone intermediary, 
and ziprasidone the least propensity [1,7,24,17]. 
Given that insulin is a hormone that is involved 
in both the regulation of body weight, as well 

as in glucose regulation and lipid metabolism 
[19,25], it is worth while studying the potential 
infl uence of atypical antipsychotics on pancre-
atic insulin secretion, and also to compare these 
agents in this regard.

In in vitro studies, we have recently demon-
strated that the atypical antipsychotics clozapine 
and olanzapine have a stimulatory eff ect on basal 
insulin release from isolated pancreatic islets and 
INS-1 cells [15,16], when conversely, conven-
tional antipsychotics earlier have been shown 
to inhibit glucose-stimulated insulin release in 
vitro [2,5,6,9,18,10,22,15]. Accordingly, in clin-
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ical studies, treatment with clozapine or olanzapine 
has been associated with elevated insulin levels and 
insulin resistance, whereas insulin levels appeared 
not to be appreciably aff ected by conventional agents 
[26,13,14].

Th e aim of the present study was to continue exam-
ining the infl uence of atypical antipsychotics on insu-
lin release in vitro. We investigated the eff ect of an 
additional three atypical agents; quetiapine, risper-
idone and ziprasidone, on both basal and glucose-
stimulated insulin release from isolated rat pancre-
atic islets.

Materials and Methods

Materials
D(+)Glucose was obtained from BDH Laboratories 

Supplies (Poole, UK), collagenase A from Roche Diag-
nostics (Penzberg, Germany), HEPES and histopaque 
1119 and 1077 from Sigma (St. Louis, MO, USA), and 
RPMI 1640 medium and HBSS from the National Vet-
erinary Institute (Uppsala, Sweden). All other chemi-
cals were from either Life Technologies (Paisley, Scot-
land) or Merck (Darmstadt, Germany).

Isolation and culture of rat pancreatic islets
Th e study was approved by the ethical commit-

tee for research on animals. Pancreata from 3 months 
old male Wistar rats weighing 330–350 g (B&K Uni-
versal, Sollentuna, Sweden) were used. Rats were 
killed by decapitation, and pancreatic islets were iso-
lated by means of a minor modifi cation of a previ-
ously described method [23]. In brief, a catheter was 
inserted into the common bile duct near to the hilus 
of the liver, and 7 ml collagenase solution (collagenase 
type A; 0.9 mg/ml in HBSS was injected into the pan-
creatic duct system in a retrograde way. Each infl ated 
pancreas was then removed, cleaned of the fat tissue, 
and incubated in 3 ml collagenase solution at 37 °C for 
24 min. Aft er incubation, the pancreata were cut into 
small pieces (3–4 mm in size), gently syringed sev-
eral times through a 14 FG needle, washed 3 times in 
HBSS, and passed through a strainer of approximately 
500 µm pore size. Th ereaft er, islets were isolated from 
the exocrine pancreatic tissue by centrifugation on a 
histopaque gradient (800 x g; 20 min). Th e islets were 
then cultured overnight at 37 °C in RPMI 1640 sup-
plemented with fetal calf serum (10%), glucose (11 
mM), glutamine (2 mM), penicillin (100 IU/ml) and 
streptomycin (100 µg/ml).

Insulin release
For measurement of insulin release, static incuba-

tions were used. Islets were preincubated for 30 min at 
37 °C in Krebs-Ringer Bicarbonate (KRB) buff er (pH 
7.4) containing in mM: 115 NaCl, 4.7 KCl, 2.56 CaCl2, 
1.2 KH2PO4, 1.2 MgSO4, 20 NaHCO3 and 10 HEPES, 
supplemented with 2 mg/ml bovine serum albu-
min and 3.3 mM glucose. Batches of three islets were 
then transferred to tubes (in triplicate, n=3), contain-
ing 300 µl of KRB buff er with 3.3 or 16.7 mM glucose 

and the respective antipsychotic substance or no anti-
psychotic, and incubated for either 1 or 4 h at 37 °C 
during mild agitation. Th e incubation was stopped by 
chilling the samples in ice-water. Aft er centrifugation 
(200 x g; 1 min), the supernatants were collected and 
stored at –20 °C until assay.

Antipsychotic substances
Th ree pure atypical antipsychotic substances: que-

tiapine (AstraZeneca, UK), risperidone (Janssen Phar-
maceutica, Belgium) and ziprasidone (Pfi zer, USA), 
were tested in the concentration of 10–6 M and com-
pared to controls without antipsychotics. Th e sub-
stances and the controls were investigated aft er 1 and 
4 h of incubation with the islets, both during basal (i.e. 
3.3 mM glucose) and glucose-stimulated (i.e. 16.7 mM 
glucose) insulin release. In all, four complete experi-
ments were carried out.

Radioimmunoassay
Rat insulin was measured by a radioimmunoassay 

method, using antibodies against porcine insulin, and 
charcoal addition to separate bound and free insulin 
[8]. 125I-labeled porcine insulin was used as tracer and 
rat insulin as standard (Novo, Bagvaerd, Denmark). 
Th e intra- and interassay coeffi  cients of variation were 
both 2.6%.

Expression of data and statistical analysis
Data are expressed as median with 25th and 75th 

percentiles. Insulin concentrations in medium from 
batches treated with antipsychotic substances were 
calculated as % of the median in control batches. As 
the data were not normally distributed, the Mann-
Whitney rank sum test was performed to evaluate 
the eff ect of each antipsychotic substance compared 
to controls. A P-value of less than 0.05 was considered 
statistically signifi cant. All calculations were made 
with the statistical programme Statistica for Windows 
(Statsoft , Tulsa, OK, USA).

Results

Insulin release in controls
In the controls, the glucose-stimulated insulin 

release was signifi cantly higher compared to the basal 
release both aft er 1 and 4 h of incubation, medians 
(25th and 75th percentiles) being 731 (523–1497) ver-
sus 438 (308–554) mU/L (P= 0.02), and 881 (645–
2222) versus 557 (211–902) mU/L (P=0.04), respec-
tively, confi rming that the islets used retained an 
appropriate insulin-secreting responsiveness to glu-
cose.

Insulin release in the presence of antipsychotics
No diff erence in eff ect on insulin release was found 

for any of the three atypical antipsychotic substances 
(10–6) compared to the control aft er 1 and 4 h of incu-
bation, either in basal or in glucose-stimulated insu-
lin release (Table 1).
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Discussion

Th e present fi nding that the atypical antipsychotics 
quetiapine, risperidone and ziprasidone had no signif-
icant eff ect on insulin release in vitro stands in clear 
contrast to our previous results showing increased 
basal insulin release in the presence of both atypi-
cal agents clozapine and olanzapine [15,16]. Th is dis-
crepancy was found, despite the atypical agents in the 
present and previous studies were tested in the same 
concentration [15,16]. Nevertheless, taken together, 
these results point to atypical antipsychotics probably 
diff ering in their eff ect on insulin release in vitro.

Even if atypical antipsychotics belong to one group 
of antipsychotics, they are in several aspects hetero-
geneous compounds which bind in various degrees 
to diff erent types of cell-surface receptors [11,21,3]. 
Th erefore, it is not surprising that these agents may 
diff er in eff ect on insulin release. However, the exact 
mechanism(s) underlying atypical agents´ action on 
pancreatic insulin release is/ are still poorly under-
stood.

Interestingly, the fi nding in this study that quetiap-
ine, risperidone and ziprasidone do not increase insu-
lin release in vitro is in line with results in clinical 
studies reporting that these three agents have inter-
mediary, or least propensity, among atypical anti-
psychotics to induce weight gain, diabetes and lipid 
abnormalities [1,7,24,17]. In contrast, clozapine and 
olanzapine, which have been shown to increase basal 
insulin release in vitro [15,16], have also been found 
to have the highest potential among the atypicals to 
induce weight gain, diabetes and lipid abnormalities 
[1,7,24,17]. Th us, this diff erence in eff ect on pancre-
atic insulin release between atypical antipsychotics, at 
least in part, may explain the diff erent risks of adverse 
metabolic eff ects found among these agents.

In the present study, the main compounds of que-
tiapine, risperidone and ziprasidone have been tested. 
It can however, not be excluded that metabolites of 
these three agents [12,20,4] have an eff ect on insu-
lin release, something that not have been evaluated 
in this study.

In conclusion, the present study demonstrates that 
the main compounds of quetiapine, risperidone and 
ziprasidone do not increase insulin release from iso-
lated pancreatic islets, which stands in clear contrast 

Atypical antipsychotics and insulin

to what has been found previously for clozapine and 
olanzapine. Th us, atypical antipsychotics seem to dif-
fer in their eff ect on insulin release in vitro.

Acknowlegdments

Th is research was supported by grants from Fredrik 
and Ingrid Th uring’s Foundation, Stockholm County 
Council (no 2005-7703) and Th e Swedish Society of 
Medicine.

      REFERENCES

  1  Allison DB, Mentore JL, Heo M, Chandler LP, Cappelleri JC, Infante 
MC, et al. Antipsychotic-induced weight gain: a comprehensive 
research synthesis. Am J Psychiatry 1999; 156:1686–96.

  2  Ammon HP, Orci L, Steinke J. Effect of chlorpromazine (CPZ) on 
insulin release in vivo and in vitro in the rat. J Pharmacol Exp 
Ther 1973; 187:423–9.

  3  Bymaster FP, Calligaro DO, Falcone JF, Marsh RD, Moore NA, Tye 
NC, et al. Radioreceptor binding profile of the atypical antipsy-
chotic olanzapine. Neuropsychopharmacology 1996; 14:87–96.

  4  DeVane CL, Nemeroff CB. Clinical pharmacokinetics of quetiap-
ine: an atypical antipsychotic. Clin Pharmacokinet 2001; 40:509–
22.

  5  El-Denshary ES, Montague W. Effects of drugs on glucose and 
tolbutamide-stimulated insulin release from isolated rat islets of 
Langerhans. Biochem Pharmacol 1976; 25:1451–4.

  6  El-Denshary ES, Ismail NA, Montague W. Effects of chlorproma-
zine on isolated rat islets of Langerhans. Horm Metab Res 1977; 
9:95.

  7  Fenton WS. Review: most antipsychotic drugs are associated with 
weight gain. EBMH 2000; 3:58.

  8  Herbert V, Lau K-S, Gottlieb CW, Bleicher SJ. Coated charcoal 
immunoassay of insulin. J Clin Endocrinol Metab 1965; 25:1375–
84.

  9  Hermansen K. Haloperidol, a dopaminergic antagonist: soma-
tostatin-like inhibition of glucagon and insulin release from the 
isolated, perfused canine pancreas. Diabetologia 1978; 15:343–
7.

10 Joost HG, Göke B, Hasselblatt A. Effects of pimozide and apomor-
phine on insulin secretion from the perfused rat pancreas. Arch 
Int Pharmacodyn 1983; 263:155–63.

11 Leysen JE, Janssen PM, Megens AA, Schotte A. Risperidone: a 
novel antipsychotic with balanced serotonin-dopamine antago-
nism, receptor occupancy profile, and pharmacologic activity. J 
Clin Psychiatry 1994; 55[5, suppl.]:5–12.

12 Mannens G, Huang M-L, Meuldermans W, Hendrickx J, Woesten-
borghs R, Heykants J. Absorption, metabolism, and excretion of 
risperidone in humans. Drug Metab Dispos 1993; 21: 1134–41.

Table 1. Insulin release in % of control, described as median (25th and 75th percentiles). 
Results are based on four experiments with n=3 in each experiment.

Antipsychotic 
substances

1 h of incubation 4 h of incubation

3.3 mM glucose 16.7 mM glucose 3.3 mM glucose 16.7 mM glucose

Quetiapine 104† (77–115) 105† (78–131) 102† (71–135) 105† (92–128)

Risperidone 97† (88–115) 92† (79–113) 107† (92–120) 93† (73–137)

Ziprasidone 92† (62–119) 110† (66–140) 99† (66–143) 109† (81–153)

† Non-significantly different to controls without antipsychotics



208 Neuroendocrinology Letters No.3 June Vol.26, 2005 Copyright © Neuroendocrinology Letters ISSN 0172–780X   www.nel.edu

13 Melkersson KI, Hulting A-L, Brismar KE. Different influences of 
classical antipsychotics and clozapine on glucose-insulin ho-
meostasis in patients with schizophrenia or related psychoses. J 
Clin Psychiatry 1999; 60:783–91.

14 Melkersson K, Hulting A-L. Insulin and leptin levels in patients 
with schizophrenia or related psychoses – a comparison be-
tween different antipsychotic agents. Psychopharmacology 
2001; 154: 205–12.

15 Melkersson K, Khan A, Hilding A, Hulting A-L. Different effects of 
antipsychotic drugs on insulin release in vitro. Eur Neuropsycho-
pharmacol 2001; 11:327–32.

16 Melkersson K. Clozapine and olanzapine, but not conventional 
antipsychotics, increase insulin release in vitro. Eur Neuropsy-
chopharmacol 2004; 14:115–9.

17 Melkersson KI, Dahl M-L. Adverse metabolic effects associated 
with atypical antipsychotics: literature review and clinical impli-
cations. Drugs 2004; 64:701–23.

18 Nakadate T, Kubota K, Nakaki T, Kato R. Effect of chlorpromazine 
on insulin release in mice: comparison between in vivo and in 
vitro. Jpn J Pharmacol 1982; 32:950–3.

19 Olefsky JM. Insulin resistance. In: Porte D, Sherwin RS, editors. Di-
abetes Mellitus. Stamford, CT: Appleton and Lange; 1997. p.513–
52.

20 Prakash C, Kamel A, Gummerus J, Wilner K. Metabolism and ex-
cretion of a new antipsychotic drug, ziprasidone, in humans. 
Drug Metab Dispos 1997; 25:863–72.

21 Seeger TF, Seymour PA, Schmidt AW, Zorn SH, Schulz DW, Lebel 
LA, et al. Ziprasidone (CP-88,059): a new antipsychotic with com-
bined dopamine and serotonin receptor antagonist activity. J 
Pharmacol Exp Ther 1995; 275:101–13.

22 Sussman KE, Pollard HB, Leitner JW, Nesher R, Adler J, Cerasi E. 
Differential control of insulin secretion and somatostatin-recep-
tor recruitment in isolated pancreatic islets. Biochem J 1983; 
214:225–30.

23 Sutton R, Peters M, McShane P, Gray DW, Morris PJ. Isolation of rat 
pancreatic islets by ductal injection of collagenase. Transplanta-
tion 1986; 42:689–91.

24 Taylor DM, McAskill R. Atypical antipsychotics and weight gain 
– a systematic review. Acta Psychiatr Scand 2000; 101:416–32.

25 Woods SC, Kaiyala K, Porte D, Schwartz MW. Food intake and en-
ergy balance. In: Porte D, Sherwin RS, editors. Diabetes Mellitus. 
Stamford, CT: Appleton and Lange; 1997. p.175–92.

26 Yazici KM, Erbas T, Yazici AH. The effect of clozapine on glucose 
metabolism. Exp Clin Endocrinol Diabetes 1998; 106:475–7.

Kristina Melkersson & Eva Jansson 


