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■ Abstract 
The effects of bromocriptine (10 mg/kg), known to inhibit 
prolactin secretion and lower autoimmune processes, were 
studied on glucose homeostasis in non-fasted non-obese 
diabetic mice, a spontaneous model of type 1 diabetes. Hy-
perglycemia was observed 120 and 240 min after i.p. but not 
s.c. injection. Bromocriptine administration i.p. led to rapid 
and marked hyperglycemia characterized by sexual dimor-
phism with males having higher glycemia than females. 
Bromocriptine induced a rapid but transient decrease in in-
sulinemia in males only and biphasic increases in glucagon 
levels and a sustained stimulatory effect on circulating corti-

costerone in both sexes. Bromocriptine-induced hypergly-
cemia involved D2-dopaminergic receptors, as demon-
strated by the inhibitory effect of the D2-dopamine antago-
nist, metoclopramide (10 mg/kg). Simultaneous injection of 
bromocriptine and metoclopramide also blocked the rise in 
blood corticosterone. In conclusion, by inducing hypergly-
cemia, i.p. bromocriptine administration to prediabetic auto-
immune mice may counteract its beneficial anti-
immunostimulatory effects. 
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Introduction 
 

          beneficial effect of bromocriptine, a D2-dopa- 
      minergic agonist, has been described in various 
      rodent models of autoimmune diseases, such as 

arthritis and uveitis, which do not involve alterations 
of glucose homeostasis [1]. Attenuation of these dis-
eases reflected the ability of the dopaminergic agonist 
to suppress pituitary secretion of the immunostimula-
tory hormone, prolactin. Similarly, in a spontaneous 
model of autoimmune type 1 diabetes, the non-obese 
diabetic (NOD) mouse, diabetes incidence was lower 
in NOD females receiving chronic s.c. injections of 
bromocriptine [2]. Intriguingly, we were unable to re-

produce those data in NOD mice with chronic i.p. in-
jections [3]. 

Type 1 diabetes is both an autoimmune and a 
metabolic disease, and we thought that the hypergly-
cemic effect of dopamine or its analogs, which has 
been described in control rodents [4-6], might explain 
the contrast in the reported effects of bromocriptine. 
The hyperglycemic effect observed in rats involves a 
specific interaction between dopamine or dopaminer-
gic agonists and D2-subtype receptors [7]. We previ-
ously showed that acute or chronic i.p. bromocriptine 
injection induced hyperglycemia in NOD mice [3], but 
it remained to be investigated whether or not subcuta-
neous injections had the same effect. 
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Moreover, little information was available on the 
mechanisms of the in vivo hyperglycemic effect of D2-
dopaminergic agonists. Glucose homeostasis primarily 
depends on the opposing metabolic actions of two 
pancreatic hormones, insulin, which decreases glyce-
mia, and glucagon, which together with other non-
pancreatic counterregulatory hormones, increases it [8]. 
In fasted male rats, sacrificed one hour after drug in-
jection, bromocriptine markedly reduced insulinemia 
[4], whereas lergotrile, another D2-dopaminergic ago-
nist, did not significantly alter glucagon levels [6]. 

The main non-pancreatic counterregulatory hor-
mones released during hypoglycemia and other stress 
conditions are glucocorticoids, catecholamines and 
growth hormone [9]. Like glucagon, these hormones 
have insulin-antagonistic effects both in the liver and 
peripheral tissues [10]. Bromocriptine-induced hyper-
glycemia in rodents appears to be independent of any 
variation in growth hormone release [11]. With regard 
to catecholamines, the stimulatory effect of the D2-
dopaminergic agonist, quinpirol, on epinephrine re-
lease from rat adrenals [12], strongly suggests that they 
are involved in inducing hyperglycemia. Finally, meas-
urement of circulating glucocorticoids has been used 
routinely in rats to evaluate D2-dopaminergic activity 
and dose-dependent increases in serum corticosterone 
following the injection of various D2-dopaminergic 
agonists [13-15]. 

In this study, we analyzed in greater depth the 
mechanisms of bromocriptine-induced hyperglycemia, 
which, to the best of our knowledge, have yet to be 
elucidated in mice. We investigated, in 8-week old fe-
male and male NOD mice, i.e. in pre-diabetic animals, 
the effect of bromocriptine on: 1) glycemia, after i.p. 
versus s.c. injection; 2) the kinetics of serum concen-
trations of glucose, insulin, glucagon and corticoster-
one after i.p. injection and 3) these parameters in the 

presence of a D2-dopaminergic antagonist, metoclo-
pramide. 

Material and methods 
Animals 

NOD mice (originally provided by Clea-Japan Inc., 
Tokyo, Japan) were bred in our own facilities under 
pathogen-free conditions. NOD mice were anti-virus 
antibody-free for thirteen strains including diabeto-
genic viruses. All the mice were maintained on a 12-h 
light/12-h dark cycle with lights on from 7:00 a.m. to 
7:00 p.m. at 22 ± 1°C under laminar flow ventilation, 
and were given standard food pellets and water ad libi-
tum. The animal facilities and care respected the norms 
stipulated by the European Community. In the ex-
periments, female and male nondiabetic NOD mice 
(with basal non-fasting glycemia < 11 mmol/l as as-
sessed by Glukotest, Boehringer-Mannheim, Mann-
heim, Germany) were used at eight weeks of age. In 
our NOD colony, during the investigation period, 
overt diabetes appeared at twelve and sixteen weeks of 
age for females and males respectively, and 80% of 
females and 40% of males were diabetic at six months 
of age. 

Treatments and blood sampling 
Drugs were obtained from Sigma-Coger (Paris, 

France). Saline:water:ethanol (60:20:20) served as the 
vehicle for bromocriptine and metoclopramide, a D2-
dopaminergic antagonist, was dissolved in 0.9% NaCl. 
Bromocriptine (10 mg/kg) and metoclopramide (10 
mg/kg) were injected i.p. unless otherwise stated. All 
experiments started at 9:00 am and unanesthetized 
animals were bled in less than two minutes by retro-
orbital puncture in a way that avoided stress-induced 
metabolic changes, at least during the sampling time 

[16]. In kinetic studies, different 
groups of animals were bled at 
different times to avoid the hy-
perglycemic effect of repeated 
orbital puncture routinely ob-
served in mice [16]. For circulat-
ing glucagon, blood samples were 
supplemented with recombinant 
aprotinin, 3000 kallikrein IU/ml 
of blood (Bayer Inc., Kankakee, 
IL, USA). Mice were sacrificed 
immediately after being bled. 
Blood samples were kept on ice, 
centrifuged at 13000 × g for two 
min at 4°C, and stored at -20°C. 

 
Table 1. Effect of the bromocriptine administration routes on glycemia in 8-week old 
NOD female and male mice 
 

 

Bromocriptine 
(10 mg/kg) 

 

   NOD females 
 

        Vehicle        Bromocriptine 

 

     NOD males 
 

            Vehicle       Bromocriptine 

 

s.c. injection 
 

   
  

 
  

 
  

 

  120 min 7.
 

3 

 

± 0.
 

2 7.
 

4 
 

± 

 

0.
 

3 8.
 

3
 

±
 

0.
 

2 9.
 

1
 

±
 

0.
 

4 

 

  240 min 7.
 

3 

 

± 0.
 

3 7.
 

2 
 

± 

 

0.
 

2 7.
 

5
 

±
 

0.
 

2 7.
 

9
 

±
 

0.
 

1 

 

i.p. injection 
 

   
  

 
  

 
  

 

  120 min 7.
 

7 

 

± 0.
 

2 13.
 

4 
 

± 

 

0.
 

7*
 7.

 

2
 

±
 

0.
 

2 14.
 

9
 

±
 

0.
 

7*
 

 

  240 min 7.
 

2 

 

± 0.
 

1 9.
 

3 
 

± 

 

0.
 

3**
 7.

 

6
 

±
 

0.
 

2 11.
 

2
 

±
 

0.
 

3*
 

 

Legend: Data are blood glucose levels in mmol/l (mean ± SE) 120 min and 240 min after injection. 
s.c.: subcutaneous. i.p.: intraperitoneal. n = 6 mice/group. * p = 0.0001, ** p = 0.002. 
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Glucose, insulin, glucagon and corticosterone determinations 
Glucose concentrations were measured using the 

glucose-oxidase method (Biotrol glucose enzymatic 
color, Biotrol, Paris, France). Standard radioimmuno-
assay kits were used for insulin (Insulin-CT, CIS Bio-
international, Gif-sur-Yvette, France), glucagon (Bio-
data, Pharmacia, St-Quentin-en-Yvelines, France) and 
corticosterone (ICN Biomedicals Inc., Sorin Bio-
medica, Antony, France) determinations. 

Mean (± SE) non-fasting, non-vehicle treated se-
rum values for two-month old NOD females and 
males respectively were: 6.6 ± 0.2 and 6.9 ± 0.1 
mmol/l for glucose, 588 ± 102 and 354 ± 30 pmol/l 
for insulin, 252 ± 7 and 210 ± 3 pg/ml for glucagon 
and 69 ± 8 and 25 ± 3 ng/ml for corticosterone (n = 
12-15 mice/sex). 

Statistical analyses 

All data are expressed as means ± SE. The differ-
ences between mean glucose, insulin, glucagon and 
corticosterone values were compared using two, three 
or four p-factor analysis of variance (ANOVA). Post-
hoc analysis using the Newman-Keuls test was per-
formed when the main effect and interaction were sig-
nificant (p < 0.05) as assessed by analysis of variance. 

Results 

Dependence of the hyperglycemic effect of bromocriptine on the 
administration route 

Blood glucose levels were determined in NOD 
mice 120 and 240 min following either a single s.c. or 
i.p. injection of bromocriptine (10 mg/kg). As shown 
in Table 1, in both sexes of non-fasted NOD mice, 
bromocriptine had no effect on glycemia when in-
jected s.c., regardless of the time of investigation. In 
constrast, glycemia was significantly higher in females 
and males 120 min (p = 0.0001 in both cases) and 240 
min (p = 0.002 and p = 0.0001 respectively) after i.p. 
injection. Moreover, a significant sex effect could be 
noted: hyperglycemia was higher in males than females 
120 and 240 min after injection (p = 0.001 and p = 
0.0003 respectively). 

Kinetics of bromocriptine effects on glycemia in NOD mice 

Bromocriptine effects on non-fasting blood glucose 
levels in mice of both sexes were compared from 5 to 
360 min after i.p. administration (Figure 1). In females, 
glycemia was significantly increased as early as 10 min 
following bromocriptine injection (p = 0.00003). The 
maximum drug effect (an approximately 1.7-fold in-
crease) was observed 15 min after injection and per-
sisted for 180 min (p range: 0.0001 to 0.0004), before 
returning to basal values 360 min post administration. 
In males, bromocriptine also induced significant hy-
perglycemia as early as 10 min after injection (p = 
0.00002). The maximum drug effects (an approxi-
mately 2.5-fold increase) were obtained between 30 
min and 60 min (p = 0.00004 in both cases). Thereaf-
ter, blood glucose levels gradually declined but re-
mained significantly higher than basal levels up to 360 
min following bromocriptine administration (p range: 
0.0002 to 0.00004). Finally, at any time other than 180 
min, bromocriptine-induced hyperglycemia was signifi-
cantly higher in males than females (p range: 0.04 to 
0.00002). 
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Figure 1. Kinetics of the bromocriptine effect on gly-
cemia in NOD females and males. Means ± SE, n = 6 
animals per sex/time group. From 10 to 180 min following 
bromocriptine injection (10 mg/kg, i.p.), glycemia was sig-
nificantly higher in bromocriptine-treated mice than in vehi-
cle-treated mice of both sexes (p range: 0.00004 to 
0.0002). Significant bromocriptine-induced hyperglycemia 
persisted 360 min after injection only in males (p = 
0.00002). 
 



 
188  The Review of Diabetic Studies Durant, Coulaud, Homo-Delarche 

  Vol. 4 ⋅ No. 3 ⋅ 2007 
 

Rev Diabet Stud (2007) 4:185-194  Copyright © by the SBDR 

Kinetics of bromocriptine effects on NOD mouse insulinemia 
We then studied the kinetics of i.p. injected bro-

mocriptine or its vehicle on blood insulin, glucagon 
and corticosterone, which are the major hormones that 
regulate glucose homeostasis. Bromocriptine effects on 
insulin (Figure 2) differed according to sex: in females, 
while apparently decreased at the earliest time point, 
insulin concentrations were not significantly altered, 
regardless of the time after administration; in males, a 
significant decrease was observed 15 min and 30 min 
after injection (p = 0.04 and p = 0.02, respectively). 
Thereafter, insulin values from bromocriptine-treated 
animals of both sexes were comparable to those of ve-
hicle-treated animals. 

Interestingly, blood insulin concentrations progres-
sively rose with time after administration of the vehi-
cle, which was significant in males at 120 min (p = 
0.001), while it only tended towards significance in fe-
males (p = 0.06). 

Kinetics of bromocriptine effects on NOD mouse glucagon levels 
Blood glucagon concentrations (Figure 3), deter-

mined at different times after vehicle injection, did not 
change significantly for females or males. Moreover, 
bromocriptine action was similar in both sexes 
throughout the kinetic study: it was characterized by 
biphasic increases in glucagon levels. First, a sharp and 
significant rise was observed between 5 and 15 min af-
ter i.p. bromocriptine injection (p range: 0.002 to 
0.0001 in both sexes), followed by a drop to vehicle-
treated levels at 30 min. Then, 60 and 120 min after 
bromocriptine injection, a second, mild but significant 
increase of glucagon was detected in both sexes (p 
range: 0.04 to 0.0007). 

Kinetics of bromocriptine effects on NOD mouse corticosterone 
levels 

During the first 30 min after vehicle injection, 
blood corticosterone concentrations (Figure 4) were 
markedly enhanced in both sexes, because of the stress 
of the injection alone. Corticosterone levels compara-
ble to basal non-injected levels were recovered around 
60 min post-injection in both sexes. 

Blood corticosterone concentrations were similar in 
bromocriptine- and vehicle-injected mice 15 min after 
i.p. injection in both sexes of NOD mice, because of 
the stress induced by injection alone, as stated above. 
Then, in females, a sustained elevated corticosterone 
concentration was observed at all times investigated (p 
= 0.0001). In males, however, although bromocriptine 

induced significantly higher than vehicle blood corti-
costerone levels from 30 to 180 min after injection (p 
range: 0.0009 to 0.0001), this effect was not sustained 
as it was in females. Furthermore, a sex effect was ob-
served, with bromocriptine-treated females having sig-
nificantly higher blood corticosterone concentrations 
than males at all times except at 60 min (p range: 0.005 
to 0.0001). 

Effects of the D2-dopaminergic antagonist, metoclopramide, on 
glycemia and some of its regulatory hormones 

We first studied the effects of metoclopramide and 
bromocriptine (10 mg/kg, each) administered i.p., 
alone or concomitantly, on the glycemia of NOD fe-
males and males, 120 min after injection, i.e. a time at 
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Figure 2. Kinetics of the bromocriptine effect on insu-
linemia in NOD females and males. Means ± SE, n = 6 
animals per sex/time group. Bromocriptine (10 mg/kg, i.p.) 
significantly lowered insulinemia in NOD males only 15 
min (p = 0.04) and 30 min (p = 0.02) after injection. More-
over, 120 min after administration, insulin levels were sig-
nificantly increased in vehicle-injected NOD males (p = 
0.001), and bromocriptine-injected female and male NOD 
mice (p = 0.0001 and p = 0.0002 mice respectively). 
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which bromocriptine still had a significant hypergly-
cemic effect in both sexes but was late enough to 
avoid the stress effect of injection and to allow meto-
clopramide to exert its antagonistic action. In both 
sexes, metoclopramide alone had no effect on glyce-
mia, while it significantly inhibited hyperglycemic re-
sponse to bromocriptine (p = 0.004 and p = 0.0001 
for females and males respectively, Figure 5). 

We then assessed the possible antagonistic action 
of metoclopramide on bromocriptine modulation of 
the various hormones involved in glucose homeostasis, 
the kinetics of which are presented above. However, 
because of the diversity of kinetic responses to bro-
mocriptine, i.e. rapid and non-sustained (insulin), more 
or less sustained (glucose and glucagon) or involving a 
transient early stress effect from the injection alone 

(corticosterone), two different protocols were used: 1) 
metoclopramide injection, followed 30 min later by 
bromocriptine, with regulatory hormone determina-
tions at 60 min or 2) concomitant injection of both 
compounds with measurements made 120 min later. 
These two approaches were assessed only in NOD 
males. In the separate or concomitant administration 
experiments, metoclopramide significantly counter-
acted the hyperglycemic effect of bromocriptine (p = 
0.0002 and p = 0.0001 respectively, Figure 6), repro-
ducing the data presented in Figure 5 for both sexes. 
However, no significant antagonistic action on bro-
mocriptine-induced modulation of hormones could be 
demonstrated after separate drug injections, possibly 
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Figure 3. Kinetics of the bromocriptine effect on glu-
cagon levels in NOD females and males. Means ± SE, n 
= 6 animals per sex/time group. The stimulatory bro-
mocriptine effect (10 mg/kg, i.p.) on glucagon levels is bi-
phasic, being significant in both sexes at all times investi-
gated, except 30 min (p range: 0.04 to 0.0001 for both 
sexes). When no SE bar is visible, the value is smaller 
than the data symbol. 
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Figure 4. Kinetics of the bromocriptine effect on circu-
lating corticosterone in NOD females and males. 
Means ± SE, n = 6 in each sex/time group. Note the sig-
nificant stress effect of i.p. injection alone (p = 0.001 in 
both sexes) 15 and 30 min after vehicle injection. From 30 
to 180 min following bromocriptine injection (10 mg/kg, 
i.p.), blood corticosterone values were significantly higher 
in NOD females and males than in sex-matched vehicle-
treated mice (p = 0.0001 for females and p range 0.0009 
to 0.0001 for males). A significant sexual dimorphism was 
observed, with females having higher corticosterone levels 
than males (p range: 0.005 to 0.0001). When no SE bar is 
visible, the value is smaller than the data symbol. 
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because of the high corticosterone levels present in 
each group after two successive injections (Figure 6). 

However, as also shown in Figure 6, 120 min after 
concomitant injection of metoclopramide and bro-
mocriptine into NOD males, the bromocriptine-
induced increase of corticosterone concentrations was 
significantly inhibited (p = 0.0001), while insulin levels 
were (as expected) unaffected, regardless of the agent 
administered. Metoclopramide induced a slight but 
significant increase in glucagon levels, as did bro-
mocriptine (p = 0.03 and 0.04, respectively), but had 
no antagonistic activity. 

Discussion 
We first showed that the bromocriptine-induced 

hyperglycemic effect in NOD mice is clearly depend-
ent on the route of administration. Therefore, bro-
mocriptine differs from other dopaminergic agonists, 
such as lergotrile or quinpirole, which are hyperglyce-
mic even after s.c. injection [7, 17]. The absence of a 
hyperglycemic action on the part of s.c. injected bro-
mocriptine remains unexplained, but it is possible to 
hypothesize that i.p. administration leads to faster or 
more complete absorption and/or increased conver-
sion into active metabolite(s), as suggested by others 

[7]. However, a rapid action mediated through central 
nervous system dopamine receptors together with 
faster absorption may also be causative for the velocity 
of the bromocriptine-induced hyperglycemic effect [7, 
24]. The differential effect obtained according to the 
route of administration might explain why NOD fe-
males were protected from diabetes, when s.c. injected 
but not i.p. [2, 3]. Bromocriptine administered s.c. in-
hibits prolactin secretion only, thus lowering its immu-
nostimulatory effects and dampening the autoimmune 
reaction [1, 2], while i.p. bromocriptine induces a hy-
perglycemic effect that counteracts its beneficial action 
on the immune system. 

Kinetic studies revealed that bromocriptine-
induced hyperglycemia occurs rapidly, is significant in 
both sexes 10 min after i.p. injection, and persists up 
to 180 and 360 min in non-fasted NOD females and 
males respectively. Previously reported kinetic data 
concerned only the injection of dopaminergic agonists 
into fasted male rodents: a significant hyperglycemic 
effect of apomorphine in rats 15 min after s.c. injec-
tion [7] and marked hyperglycemia lasting up to 5 h 
after i.p. bromocriptine administration to mice [4]. Our 
data underline a marked sex difference in the bro-
mocriptine-induced hyperglycemic effect in non-fasted 
mice, with males having higher blood glucose levels 
than females, as expected from the well known andro-
gen-induced insulin resistance [18]. Because metoclo-
pramide injection is able to abolish the hyperglycemic 
effect of bromocriptine, in NOD mice the latter ap-
pears to be due to D2-dopaminergic receptor stimula-
tion, as previously demonstrated for various D2-
dopaminergic agonists [4, 7]. 

Regarding the bromocriptine effect on non-fasted 
NOD mouse insulinemia, kinetic studies reveal an 
early significant decline 15 min and 30 min after i.p. 
injection only in males. These data corroborate those 
showing an in vivo diminution of serum insulin one 
hour after i.p. bromocriptine injection into fasted male 
rats [4]. Moreover, in vitro, various dopaminergic ago-
nists, including bromocriptine, inhibit insulin release 
from isolated rodent islets [19, 20]. In mouse islets, this 
effect is blocked by pimozide, a D2-receptor-subtype 
antagonist, suggesting that insulin release is inhibited, 
at least partially, through bromocriptine activation of 
D2-dopaminergic receptors [20]. It is worth noting 
here: 1) the presence of non-negligible quantities of 
dopamine in the islets of mouse, hamster and guinea 
pig [21], and 2) that i.v. L-Dopa injection into mice 
rapidly increases β-cell dopamine and consequently 
lowers insulin response to different secretagogues [22]. 
Thereafter, insulinemia gradually rose during the rest 
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Figure 5. Specificity of the bromocriptine effect on gly-
cemia in NOD females and males. Means ± SE, n = 6 
animals per sex/drug group, 120 min after administration 
of 10 mg/kg bromocriptine (BRC) alone or concomitantly 
with 10 mg/kg i.p. metoclopramide (MCP), a D2-
dopaminergic antagonist. Metoclopramide significantly in-
hibited bromocriptine-induced glycemia in females and 
males respectively. Bromocriptine vs. vehicle: p = 0.0002 
and p = 0.0001. Bromocriptine vs. metoclopramide: p = 
0.004 and p = 0.0001. 
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of the kinetic study. In bromocriptine-treated animals, 
the latter effect is mainly the consequence of increased 
glycemia and glucagon levels. Indeed, glucagon is 
known to stimulate insulin release directly through 
specific receptors on β-cells [23]. In vehicle-treated 
animals, late insulin increase might reflect recovery 
from the stress-induced inhibitory effects of injection 
on insulin secretion, NOD β-cell hyperactivity and/or 
insulin resistance [16, 18]. 

Bromocriptine inhibition of insulin secretion may 
also result from indirect pathways involving the release 
of catecholamines and/or glucocorticoids, both known 
for their ability to block insulin secretion. In fact, vari-
ous D2-dopaminergic agonists induce rapid and 
marked increases in circulating epinephrine [12, 24, 
25]. In this context, the partial inhibition of a quinpi-
role effect by domperidone, a D2-dopaminergic an-
tagonist unable to cross the blood-brain barrier, sug-
gests that dopamine analogs stimulate epinephrine re-
lease from the adrenal medulla via peripheral D2-
dopaminergic receptors [12]. Moreover, dopaminergic 
agonists also activate the sympathoadrenal system 
through a primary action on dopamine receptors in the 

central nervous system [24]. Finally, catecholamines 
present in islet innervation [26-28] might also directly 
modulate insulin release [21]. Regardless of their ori-
gin, catecholamines inhibit insulin secretion through 
specific α2-adrenergic receptors present on β-cells [29]. 
Still at the β-cell level, corticosteroids, the secretion of 
which is strongly enhanced by bromocriptine (present 
data and [14, 15]), might potentially be responsible for 
part of the inhibitory effect observed, because of the 
presence of specific glucocorticoid receptors in β-cells 
and their rapid inhibitory effect on pancreatic insulin 
release [30-33]. Corticosteroids may also have more 
long-term inhibitory effects on insulin synthesis. 

Regarding glucagon, the α-cell counterregulatory 
hormone, a rapid, marked and sustained increase is ob-
served after i.p. bromocrip-tine injection, with similar 
kinetics in both sexes. Studies conducted on rodents 
after dopamine or dopaminergic-agonist administra-
tion showed either an increase [34] or no change [6, 17, 
24]. However, differences in the methodologies ap-
plied make comparison difficult and the biphasic pat-
tern, observed here, may explain these discrepancies. 
Since pancreatic α-cells do not appear to contain do-
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Figure 6. Specificity of the bromocriptine effect on glycemia, insulinemia, glucagon levels and circulating corti-
costerone in NOD males. Means ± SE, n = 6 in each group, for the 2 different protocols: either first 10 mg/kg i.p. meto-
clopramide (MCP), a D2-dopaminergic antagonist, at time 0. This was followed 30 min later by 10 mg/kg i.p. bromocriptine 
(BRC) injection, designated as a “separate injection”, with determinations at 60 min or 120 min after concomitant admini-
stration of the 2 agents, designated as a “concomitant injection”. Metoclopramide significantly inhibited the bromocriptine-
induced effects on glycemia in both protocols (p = 0.0002 and p = 0.0001 respectively) and  the effects on blood corticos-
terone after simultaneous injection only (p = 0.0001). 
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pamine receptors, only indirect effects mediated by 
catecholamines and/or corticosterone release appear 
to be involved in bromocriptine-induced increased 
glucagon levels in mice. As mentioned above, dopa-
mine agonists can stimulate catecholamine release 
from the adrenal medulla either directly [12] or indi-
rectly through central nervous system activation of the 
sympathoadrenal system [24]. In addition, islets are, 
particularly at their periphery where α-cells are located, 
richly innervated by sympathetic nerves, which synthe-
size catecholamines locally [26, 28, 35]. Therefore, the 
elevated circulating glucagon concentration observed 
after dopaminergic-agonist injection might, at least in 
part, indirectly result from the interaction of cate-
cholamines with specific α2- and β2-adrenergic recep-
tors present on pancreatic α-cells [36]. Moreover, bro-
mocriptine sharply increases corticosterone levels in 
NOD mice, an effect that could contribute, via the 
presence of specific glucocorticoid receptors in α-cells 
[33], to stimulation of glucagon release, as described in 
the isolated perfused rat pancreas [30]. Such an effect 
might be predominant in the second phase of kinetic 
response. 

Finally, a significant increase of corticosterone, an-
other counterregulatory hormone, can be observed 
only 30 min after i.p. bromocriptine injection, because 
of the stress of the injection alone. Thereafter, bro-
mocriptine effects on blood corticosterone are compa-
rable in both sexes and, after 60 min, vary according to 
sex, with more sustained levels in females than males. 
This difference reflects the sexual dimorphism that ex-
ists in rodent hypothalamo-pituitary-adrenal axis activ-
ity, because of a stimulatory action on the part of es-
trogens [37]. The D2-dopaminergic antagonist, meto-
clopramide, completely inhibits late bromocriptine ef-
fects on NOD corticosterone levels, suggesting an ac-
tion mediated by specific D2-dopaminergic-receptor 
stimulation. In rats, the observation that the pergolide-
induced increase in corticosterone is blocked by halop-
eridol, a dopaminergic antagonist that acts both cen-
trally and peripherally, but not by the peripheral an-
tagonist, domperidone, is indicative of central D2-

dopaminergic-receptor involvement [15]. These recep-
tors are probably located in the hypothalamus, since 
direct quinpirole administration into the third ventricle 
increases serum adrenocorticotrophic hormone 
(ACTH) levels in rats [13]. A rapid rise in blood 
ACTH is also observed after i.p. injection of haloperi-
dol or bromocriptine into adult male rats or mice [38, 
39]. Considered as a whole, these data suggest that the 
stimulatory effect of bromocriptine on corticosterone 
results from enhanced hypothalamo-pituitary-adrenal 
axis activity mediated by hypothalamic dopaminergic 
receptors and pituitary ACTH release. 

In conclusion, in pre-diabetic NOD mice, complex 
neuroendocrine interactions are involved in the bro-
mocriptine-induced hyperglycemic effect. The latter 
appears to result from successive and synergistic inter-
actions, involving decreased insulin and increased anti-
insulin hormones, such as glucagon, catecholamines 
and corticosterone, as previously shown in various 
models of stress-induced hyperglycemia [40, 41]. Some 
of these hormones are short-term regulators of glucose 
homeostasis (catecholamines and glucagon), others are 
long-term regulators (corticosterone) [42]. Moreover, 
from a therapeutic point of view, it should be men-
tioned that D2-dopaminergic agonists might have the 
opposite effects on glucose homeostasis. For example, 
in obese and/or diabetic (type 2) humans or rodents, 
chronic bromocriptine administration significantly 
lowers glycemia and therefore has a potentially benefi-
cial effect [43, 44], in contrast to that observed in nor-
mal rodents and type 1 pre-diabetic, i.p. injected NOD 
mice [3, 7, 19, 38]. The mechanisms underlying these 
differences remain to be investigated in the light of an 
increasing incidence of intermediary forms of diabetes, 
e.g. latent autoimmune diabetes in adults, also called 
type 1 ½ diabetes [45]. 
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