Pharmacological Research 109 (2016) 74-80

journal homepage: www.elsevier.com/locate/yphrs

Contents lists available at ScienceDirect =
Pharmacological

Pharmacological Research

R

Invited review

Dopaminergic drugs in type 2 diabetes and glucose homeostasis @CmsMaIk

Felicitas Lopez Vicchi?, Guillermina Maria Luque?, Belen Brie?, Juan Patricio Nogueira®,
Isabel Garcia Tornadu?, Damasia Becu-Villalobos #*

2 Instituto de Biologia y Medicina Experimental CONICET, Vuelta de Obligado 2490, Buenos Aires 1428, Argentina
b Universidad Nacional de Formosa, Facultad de Ciencias de la Salud; Av. Gutnisky 3200-C.P., 3600-Formosa, Argentina

ARTICLE INFO

Article history:

Received 30 November 2015
Received in revised form

22 December 2015

Accepted 22 December 2015
Available online 31 December 2015

Keywords:
Dopamine
Insulin

Food intake
Glucose
Pituitary
Pancreas
Bromocriptine
Sulpiride

ABSTRACT

The importance of dopamine in central nervous system function is well known, but its effects on glu-
cose homeostasis and pancreatic 3 cell function are beginning to be unraveled. Mutant mice lacking
dopamine type 2 receptors (D2R) are glucose intolerant and have abnormal insulin secretion. In humans,
administration of neuroleptic drugs, which block dopamine receptors, may cause hyperinsulinemia,
increased weight gain and glucose intolerance. Conversely, treatment with the dopamine precursor L-
DOPA in patients with Parkinson’s disease reduces insulin secretion upon oral glucose tolerance test, and
bromocriptine improves glycemic control and glucose tolerance in obese type 2 diabetic patients as well
as in non diabetic obese animals and humans.

The actions of dopamine on glucose homeostasis and food intake impact both the autonomic ner-
vous system and the endocrine system. Different central actions of the dopamine system may mediate
its metabolic effects such as: (i) regulation of hypothalamic noradrenaline output, (ii) participation in
appetite control, and (iii) maintenance of the biological clock in the suprachiasmatic nucleus. On the
other hand, dopamine inhibits prolactin, which has metabolic functions; and, at the pancreatic beta cell
dopamine D2 receptors inhibit insulin secretion.

Wereview the evidence obtained in animal models and clinical studies that posited dopamine receptors
as key elements in glucose homeostasis and ultimately led to the FDA approval of bromocriptine in adults
with type 2 diabetes to improve glycemic control. Furthermore, we discuss the metabolic consequences
of treatment with neuroleptics which target the D2R, that should be monitored in psychiatric patients to
prevent the development in diabetes, weight gain, and hypertriglyceridemia.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

The prevalence of type 2 diabetes is steadily increasing, and
has become a pandemic in developed and developing nations [1].
The increased risk of morbidity and mortality and more particu-
larly of atherosclerotic cardiovascular disease associated with type
2 diabetes is of great public health concern.

Previous observational studies focused on the association of
glycemic control with all-cause mortality, and most of them
showed a positive linear relationship between HbA1c and all-cause
mortality [1]. It is clear that improved management of glucose lev-
els and cardiovascular risk factors associated with diabetes are
necessary. This review focuses on the role of the dopaminergic
system as a new perspective in the control of glucose homeostasis.

The involvement and importance of dopamine as a neuro-
transmitter and neuromodulator which regulates central nervous
system function are well known, but its effect on glucose homeo-
stasis and pancreatic 3 cell function are not fully deciphered.

Dopamine is one of the major neurotransmitters in the brain
which controls a variety of key functions such as locomotion,
cognition, feeding behavior, energy homeostasis, motivation, pun-
ishment, reward, memory, mood, learning, and hormone secretion.
Four major dopamine pathways have been described: the mesocor-
tical pathways (from the ventral tegmental area (VTA) to frontal
lobe of prefrontal cortex), mesolimbic pathways (from VTA to
nucleus accumbens, via hippocampus), and tuberoinfundibular
pathway (from the hypothalamus to the pituitary) (Fig. 1).

2. Dopamine receptors

Dopamine binds to membrane receptors which belong to the
family of seven transmembrane domain G protein-coupled recep-
tors. Five dopamine receptor subtypes have been cloned, and
subdivided in D1 and D2-like subfamilies. D1R and DR5 belong to
the D1 subfamily coupled to stimulatory G proteins, and D2R-D4R
to the D2 subfamily, and are coupled to inhibitory G1/GO proteins
[2]. D2R is expressed in a short (D2S) and a long (D2L) isoform
as a result of alternative splicing. Both isoforms bind dopamine
with similar affinity, but couple preferentially to different second
messengers.

2.1. The dopamine type 2 receptor (D2R)

The dopamine type 2 receptor (D2R)is unique in its participation
of multifaceted and intertwined processes which target adaptive
functions to improve fitness, reproductive success and survival.
Many mechanisms which include the selection of nutritious food,
or sexual coupling recur to the stimulation of this receptor subtype
[3]. D2Rs also participate in motor coordination, locomotion, and

several complex behaviors such as executive planning, motivation,
aversion and social dominance [4]. The participation of the D2R in
the endocrine regulation of prolactin, growth hormone, and insulin,
reinforces its role in reproductive success and survival.

2.1.1. Brain dopamine type 2 receptors

In the brain the D2R is located mainly in the basal ganglia, the
nucleus accumbens and frontal cortex, participating in locomotor
activity, natural reward processing, spatio-temporal organization,
and motivation. The substantia nigra pars compacta and the VTA
give rise to long dopaminergic fibers, indicating that the D2Rs have
apresynaptic location. In contrast, D1-like receptors are exclusively
postsynaptic. In the brain the D2R is expressed in the two isoforms,
and the long isoform (D2L) is the most abundant.

2.1.2. Pituitary dopamine type 2 receptors

At the pituitary level, D2Rs are expressed in lactotropes, and the
long isoform is also preponderant [5].

Dopamine acting on pituitary D2Rs increases potassium con-
ductance and inactivates voltage sensitive Ca2* channels within
seconds. As a result the membrane is hyperpolarized, intracellu-
lar Ca2* concentration is reduced, and prolactin inhibition ensues.
In the absence of dopamine, high intracellular Ca%* concentration
is found coupled to high basal prolactin release. Within minutes
to hours, dopamine suppresses adenylyl cyclase and inositol phos-
phate metabolism, leading to decreased prolactin synthesis. And,
finally within days, dopamine inhibits lactotrope proliferation [6].

2.1.3. Peripheral dopamine type 2 receptors

Outside the brain the D2R is localized in the retina, kidney,
pancreas, and vascular system, besides the pituitary gland. Inter-
estingly, all five dopamine receptor subtypes are expressed in
pancreatic 3 cells [7], and the pancreatic D2R is inhibitory to glu-
cose stimulated insulin secretion in isolated islets from rodents [8]
as well as in 3 cell lines [7].

3. The D2R and glucose homeostasis

Since 1980 it has been documented that the dopamine ago-
nist bromocriptine exerts an inhibitory effect on hyperglycemia in
people with type 2 diabetes [9]. Increasing evidence in later years
posited dopamine receptors as key elements in glucose homeosta-
sis, which ultimately led to the FDA approval of bromocriptine for
use “as an adjunct to diet and exercise to improve glycemic control
in adults with type 2 diabetes”.

In humans, administration of neuroleptic drugs, which block
dopamine receptors, causes hyperinsulinemia in normal subjects
[10], or is associated with diabetes in psychiatric patients [11-14].
Both for atypical and typical antipsychotics the adverse effects of
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Fig. 1. Dopaminergic pathways in the brain. AN: arcuate nucleus, FC: frontal cortex,
NAc; nucleus accumbens, SN: substancia nigra, ST: striatum, VTA: ventral tegmental
area.

weight gain and impaired glucose tolerance have been described
[15,16]. Furthermore, it was described that central dopaminergic
activity is inversely correlated with BMI, glycated hemoglobin and
insulin resistance [17].

Conversely, treatment with the dopamine precursor L-DOPA in
patients with Parkinson’s disease reduces insulin secretion upon
an oral glucose tolerance test [18]. It has also been shown that
bromocriptine improves glycemic control and glucose tolerance
in obese type 2 diabetic patients [19] as well as in non diabetic
obese animals and humans. Bromocriptine can reverse many of the
metabolic alterations associated with obesity.

In rodents it has been described that L-DOPA administration
increases pancreatic content of dopamine (in 8 cells) [20,21]
and consequently decreases insulin secretion induced by secret-
agogues. Furthermore, dopamine antagonists in male rats evoked
high glucose and insulin levels [22,66]. These results suggest that
even though insulin secretion is mainly regulated by glucose, it
can be fine tuned by parasympathtetic or sympathetic input, and
particularly by the dopaminergic system [23].

Furthermore, some in vitro studies performed in isolated pan-
creatic islets point to the participation of the pancreatic D2R
in insulin secretion, and beta cell proliferation and apoptosis
[7,8,24-28]. And, siRNA-mediated knockdown of D2Rs, but not
other dopamine receptor subtypes, affects glucose-stimulated
insulin secretion in [ cell lines, such as insulin-secreting INS-1E
cells [29].

4. Mechanism of action of D2R activation on glucose
homeostasis

Dopaminergic agents exert central as well as peripheral actions
which modulate glucose and energy homeostasis. These actions
impact both the autonomic nervous system and the endocrine sys-
tem (Fig. 2).

4.1. Central nervous system

Different central actions of the dopamine system may mediate
its effects on metabolic regulation: (i) regulation of hypothalamic
noradrenaline output, (ii) participation in appetite control, and (iii)
maintenance of the biological clock in the suprachiasmatic nucleus.

4.1.1. Regulation of hypothalamic noradrenaline output

It is well documented that elevations of noradrenaline in the
hypothalamus lead to hyperglycemia, high plasma free fatty acid
levels, increased appetite, and obesity [30,31]. Activation of D2Rs

reduces the secretion of noradrenaline, and therefore dopamine
agonists may have beneficial effects on metabolism through sup-
pression of the sympathetic nervous system [32]. In fact, it has
been suggested that the effect of dopamine timed release evokes
metabolic changes such as insulin sensitization, by modifying cere-
bral signals, which ultimately decrease elevated serotonin and
noradrenaline activity [33].

4.1.2. Participation in appetite control

Central dopaminergic ‘reward’ pathways contribute to appetite
control in combination with the classic system of energy homeo-
stasis. Especially, dopaminergic projections from the VTA to the
nucleus accumbens have been linked to drug addiction [34].
Humans with decreased central D2Rs are more vulnerable to
compulsive behaviors, including food intake; and decreased D2Rs
associate with addiction to food or drugs [34,35]. To this regard
severely obese individuals have shown defective dopamine neuro-
transmission with decreased striatal D2R availability [36], which
suggests a neuroadaptive response to overconsumption of palat-
able food.

Even though data studying the relation of D2R gene muta-
tions and obesity in humans is still limited, most evidence points
to an association of overweight with loss of function mutations
[11,37,38].

From the opposite state of obesity, it has been described that
patients suffering from anorexia nervosa have increased stri-
atal D2R levels, and recent studies have revealed an association
between anorexia nervosa and multiple D2R polymorphisms [39].
In addition, increased striatal D2R density was observed after
weight loss following bariatric surgery (gastric bypass) in obese
patients [40]. And finally, it has been suggested that treatment with
dopamine agonists could improve the treatment of obesity [41].

In rodents decreased striatal and hypothalamic activity of
dopamine receptors leads to a compensatory hyperphagia and
excess weight gain [42]. Therefore, abundant data in humans and
rodents point to the dopaminergic system as a key factor regulat-
ing food intake, and overeating is generally associated with obesity
and altered glucose metabolism.
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Fig. 2. Possible sites of D2R participation in the regulation of glucose homeostasis.
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4.1.3. Maintenance of the biological clock in the suprachiasmatic
nucleus

It has been described that in healthy individuals there is an early
morning peak in hypothalamic dopaminergic activity [43]. This
observation was the basis for the use of bromocriptine within 2 h
of waking, to mimic and resynchronize the natural dopaminergic
circadian rhythm which may be faulty in diabetic patients.

In fact, the circadian rhythm of dopamine release at the region
of the biological clock, namely the hypothalamic suprachiasmatic
nuclei (SCN), has been implicated in the regulation of peripheral
insulin sensitivity as well as in glucose and lipid metabolism in sea-
sonal mammals [43]. This circadian rhythm of dopamine release
at the SCN is absent in seasonal insulin resistant animals [44],
and disruption of this dopaminergic activity by SCN site-specific
neurotoxin application in both seasonal and non-seasonal insulin
sensitive animals induces a marked insulin resistant state [33].

Moreover, intraperitoneal or intracerebroventricular admin-
istration of bromocriptine to seasonal insulin resistant animals
reverses the insulin resistance or glucose intolerance [45,46]. Such
bromocriptine treatment reduces both hepatic glucose and lipid
production and secretion [46-48].

4.2. Pancreas

Dopamine agents may improve metabolic outcome acting
directly at the pancreatic level. Dopamine acting on {3 cells might
originate in neurons innervating pancreaticislets, the exocrine pan-
creas [49], or the endocrine pancreas itself [27]. The link between
the central nervous system and the pancreatic islets has been well
established. The hypothalamic paraventricular nucleus has direct
connections with the dorsal vagal complex [50], and the central
vagal connection with dopaminergic innervations is reported to
reach the pancreatic islets through the parahypothalamic ventric-
ular nucleus [51].

D2Rs are expressed in pancreatic [3 cells and mediate an inhi-
bition of insulin secretion [7,8]. With regard to the mechanism of
action at this level, it is well known that glucose-induced electrical
activity of B-cells leads to the opening of voltage-gated Ca%* chan-
nels with subsequent Ca%* influx, and Ca?* dependent exocytosis
of insulin [52]. Dopamine decreases cell membrane depolarization
as well as cytosolic Ca2* entry, decreasing insulin secretion evoked
by glucose [7].

Furthermore, it has been reported that dopamine has an anti-
incretin, antiproliferative effect on pancreatic (3 cells [27,53].

4.3. Pituitary

At the pituitary level dopamine agents may have an indirect
effect on glucose homeostasis through the regulation of pituitary
hormones.

Lactotrope D2Rs inhibit prolactin synthesis and release, as well
as lactotrope proliferation, and prolactin has been considered a
metabolic hormone involved in food intake and lipid accretion
[54]. From a biological perspective, prolactin may be a major factor
mediating the hyperphagia in pregnancy and lactation [55,56]. In
particular, high prolactin levels observed in pregnant and lactat-
ing females may contribute to a hyperphagic state [55] probably
sustained by leptin resistant hypothalamic centers controling food
intake [57]. Prolactin has been linked to body weight gain and
increased adiposity in lactotrope specific D2R knockout mice [58].
Therefore. dopamine agents which lower serum prolactin might
prevent the hyperphagic and lipogenic action of this hormone.

Furthermore, in acromegalic patients, activation of D2Rs
decreases GH release [59,60]. Therefore, improvement of glucose
tolerance by dopamine may be related to suppression of GH secre-

tion, and the consequent inhibition of GH-mediated antagonism of
insulin action.

5. Preclinical animal studies

Several preclinical studies demonstrated that administration of
bromocriptine to diabetic or obese animal models improved glu-
cose intolerance, reduced high insulin and lipid levels in serum
[32,48,61-63]. It was suggested that bromocriptine action is
related, at least in part, to its capacity of modifying hypothala-
mic dopamine circadian rhythm (see Section 4.1.3) [33,63]. Animal
studies provided evidence that the timing of bromocriptine admin-
istration, early after light onset, is critical to obtain adequate
results in glucose homeostasis [64]. In this regard, it was demon-
strated that bromocriptine resets corticosteroid rhythms, and the
effect may last for weeks after withdrawal of treatment, suggest-
ing that the adjustment in the biological clock is not temporary
[65]. Furthermore, in SHR with metabolic syndrome bromocriptine
impacted on liver metabolism potentiating a reduction of elevated
lipogenic and gluconeogenic capacity [63].

On the other hand, male rats treated with sulpiride, which is a
dopamine antagonist, exhibit high insulin and high glucose levels
[22,66], and atypical antipsychotics acutely induce side metabolic
effects in rats [66]. In D2R knockout mice, a transgenic tool which
mimics chronic antidopaminergic treatments, impaired insulin
response, high fasting glucose, and glucose intolerance were noted,
indicating a fundamental role of D2Rs in glucose homeostasis
[8]. Glucose intolerance resulted from a blunted insulin secretory
response, rather than insulin resistance, as shown by impaired
glucose stimulated insulin secretion in vivo and in vitro, and a
conserved insulin tolerance test in vivo. Furthermore, short term
treatment with cabergoline, a dopamine agonist, led to decreased
insulin response and consequent glucose intolerance in wildtype,
but not in D2R knockout mice, pointing to an inhibitory role of D2Rs
on insulin release. This effect was partly offset by haloperidol, a
dopamine antagonist at D2R [8] and was also verified in isolated
islets in vitro indicating a role for pancreatic D2Rs. At later stages of
development a reduced [3 cell mass was observed in D2R knockout
mice.

Therefore, studies with this transgenic knockout model demon-
strate that pancreatic D2Rs inhibit glucose-stimulated insulin
release, but chronic failure of dopaminergic inhibition throughout
development may exert a gradual deteriorating effect on insulin
homeostasis, so that eventually reduced 3 cell mass and glucose
intolerance develop.

Recent studies using conditional mutant female mice lacking
D2Rs in pituitary lactotropes (lacDrd2KO) also point to an indirect
role of dopamine on glucose homeostasis. These mice have intact
pancreatic and central D2Rs, but display chronic hyperprolactine-
mia and lactotrope hyperplasia. As a result, increased food intake,
marked body weight gain and adipose tissue accretion, as well as
glucose intolerance develop [58]. These results highlight the hyper-
phagic and lipogenic effects of chronically elevated prolactin levels
due to disruption of lactotrope D2Rs, which are better evidenced
in the presence of functional central D2Rs.

Increased adiposity has been linked to insulin resistance [67],
but even though lacDrd2KO mice had glucose intolerance, and
decreased insulin response to glucose overload, insulin resistance
was not clearly evidenced [58]. This may be indicative of a defective
insulin secretion at the level of the pancreatic 3 cell. Intolerance
to glucose is observed in chronic hyperprolactinemic pituitary-
grafted rats [68], but also in prolactin receptor-deficient mice [69],
highlighting the complex and unresolved participation of prolactin
in carbohydrate metabolism [70].
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6. Metabolic changes associated to antidopaminergic
medications in severe mental illness

Most antipsychotics have D2R antagonist activity with varying
degrees of potency. They are used in psychiatry to treat major psy-
chiatric disorders, including schizophrenia, psychotic depression
and bipolar disorder, disorders linked to dopaminergic dysfunction.

Following the introduction of antipsychotic medications into
the clinical practice, a number of reports suggested that treatment
with these agents is associated with an increase in obesity, clinical
presentation of new onset diabetes mellitus or diabetic ketoacido-
sis, and the development of hypertriglyceridemia [71-74].

Furthermore, it was also documented that chronic treatment
with antipsychotic medications in humans, which can induce
abnormalities in glucose metabolism, may increase the risk not only
for diabetes but for cardiovascular disease [15,75-77]. And impor-
tantly, it was reported that older diabetics who take antipsychotic
medications have an increased risk of ending up in the hospital with
elevated blood glucose levels, or hyperglycemia [78].

It is imperative that psychiatrists bear in mind the possible
metabolic consequences of medications. Regular metabolic mon-
itoring of patients could alert to the development of diabetes and
hypertriglyceridemia in patients on chronic antipsychotics which
target the dopamine system.

7. Metabolic changes associated to dopamine agonist
treatment in Parkinson’s disease, acromegaly and
prolactinomas

Conversely, dopaminergic treatment of Parkinson’s disease, pro-
lactinomas or acromegaly has been linked to improvement of
glucose tolerance.

For example, treatment with the dopamine precursor L-DOPA
in patients with Parkinson’s disease reduces insulin secretion upon
oral glucose tolerance test [18].

In patients with acromegaly, bromocriptine treatment
improved glucose tolerance by suppressing GH secretion from
the pituitary adenomas, and thus suppressing the GH-mediated
antagonism of insulin action [79].

It has also been suggested that the effect of bromocriptine on
blood glucose and improvement of glucose tolerance in maturity
onset diabetics is due its prolactin lowering action [9]. Sustained
elevation of prolactin levels, as in the case of prolactinomas, has
been associated with increased body weight; and normalization
of prolactin levels with dopamine agonists decreased body weight
gain [80]. Therefore, because an increase in body weight and adi-
posity are associated to metabolic changes, prolactin which is
regulated by dopamine pathways remains a plausible link between
dopamine and metabolic regulation.

8. D2R gene polymorphisms and glucose homeostasis in
humans

D2R gene polymorphisms have been studied in association with
cognition, smoking addiction, alcohol dependence or depression
[81], but few reports deal with the relations between D2R variants
and glucose homeostasis or type 2 diabetes.

A recent study evaluated the relationship between D2R poly-
morphisms, glucose-stimulated insulin secretion and type 2
diabetesin a cohort of 25,000 people (8148 with type 2 diabetes and
17,687 control subjects) [82]. In this study, the rs1800497 single
nucleotide polymorphism at the Drd2/ANKK1 locus was associated
with a significantly increased risk for type 2 diabetes in women but
not in men, and a single nucleotide polymorphism at the rs6275
locus in the D2R gene was associated with increased first-phase

glucose-stimulated insulin secretion, also in women only, identify-
ing potential sex-specific type 2 diabetes susceptibility genes linked
to the D2R [82].

Interestingly, in severe mental illness the rate of diabetes mel-
litus is increased by two to three fold [83]; and these disorders are
related to alterations in dopamine pathways. Areas in the genome
which may determine the risk of severe mental illness overlap
with areas associated with diabetes or metabolic disorders, in par-
ticular the 1q21-42 32 region [84]. Furthermore, Genome-wide
association studies determined that both schizophrenia and type
2 diabetes are highly heritable disorders. Many of the genes asso-
ciated with schizophrenia are expressed in the brain, and include
the gene that encodes the D2R [85,86].

Various polymorphisms in genes related to insulin resistance,
adipogenesis or {3 cell function and mass have been described [82],
and atleast 37 have been identified as risk genes both for type 2 dia-
betes and schizophrenia [82]. Importantly, the D2R was proposed
to participate in the development of obesity and type 2 diabetes,
modifying insulin secretion and sensitivity [87], as well as in the
risk of schizophrenia [85].

Another gene that has been associated with both insulin
resistance and schizophrenia is the tyrosine hydroxylase gene, fun-
damental in the pathway of dopamine synthesis. Polymorphisms
in this gene have been pointed in the development of diabetes
mellitus in people with severe mental illness [86,88].

9. Clinical benefits of bromocriptine in type 2 diabetes

Bromocriptine became the first dopaminergic drug approved
and patented to be used in type 2 diabetes [89], after demonstration
of innocuity in cardiovascular the system.

Soon, different preparations which provide quick release (QR),
or high absorbation have been patented [90-92].

Various studies were previously undertaken to evaluate the
effect of bromocriptine on weight and glycemia in obese non-
diabetic and diabetic individuals, and marked reductions in fasting
plasma glucose levels were found. In addition, weight loss, body fat
loss and improved glucose tolerance was also reported in clinical
trials in obese men [92,93].

Cardiovascular safety was demonstrated in a large 52 weeks
long study (the Cylcoset trial) involving 3095 patients with type
2 diabetes treated with bromocriptine QR. The treated group
reported less serious adverse effects and cardiovascular disease end
points [94].

Bromocriptine also presents a beneficial effect on plasma lipids
probably secondary to the activation of central nervous system
dopaminergic pathways [32]. It significantly reduces both lipoly-
isis and lipogenesis but as the reduction is greater for lipogenesis
the net effect is to promote fat mobilization and reduce fat stores
[95].

As stated, administration of bromocriptine-QR within 2h of
waking aims at replicating the normal early peak in dopamin-
ergic activity so as to resynchronize the circadian rhythms to
those of healthy individuals. The drug can be combined with both
metformin and sulphonylureas. Common adverse effects found in
clinical trials were nausea, and vomiting, which were for the most
part transient and modest to moderate in severity [96]. No severe
hypoglycemia was reported, and there was no increased risk for
hypotension in the bromocriptine-QR group.

Finally, even though some data suggested that bromocriptine
may have a protective effect on the preservation of endogenous
insulin secretory capacity of 3 cells [97], it is not recommended for
use in type 1 diabetes.
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10. Conclusions

In the last 30 years, accumulating evidence has posited the
dopamine system as an important player in glucose homeostasis
control. Preclinical data obtained in rodents using antidopaminer-
gic agents, as well as in D2R knockout models showed increments
in glucose and insulin levels. Data obtained from in vitro and in vivo
studies determined that dopamine acting on the D2R modifies glu-
cose and insulin levels acting at different levels: central nervous
system, pituitary and pancreas. Preclinical and clinical studies were
paramount in FDA approval of bromocriptine in type 2 diabetes.
These same studies should alert to the undesired effects of chronic
treatments with neuroleptics which target the D2R, and may have
important metabolic consequences in patients.
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