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Severe hyperprolactinaemia is associated with decreased insulin 
binding in vitro and insulin resistance in vivo 
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Summary. We studied insulin receptor binding and carbohy- 
drate metabolism in 10patients with severe hyperprolactin- 
aemia and compared the findings with those obtained in 20 
healthy control subjects. Insulin binding to monocytes and 
erythrocytes was significantly decreased in the patients with 
an excess of  prolactin. Scatchard analysis of  binding data in- 
dicated that a decrease in the number of  receptors rather than 
in receptor affinity seems to be the prevailing cause of  low- 
ered binding in hyperprolactinaemic patients. Furthermore, 
patients with severe hyperprolactinaemia demonstrated sig- 
nificantly elevated blood glucose levels following oral or in- 
travenous glucose load  despite having significantly increased 

insulin levels after glucose administration. The infusion of  in- 
sulin induced a delayed hypoglycaemic effect and a decreased 
inhibition of  endogenous insulin secretion, as indicated by the 
suppression of  C-peptide in the hyperprolactinaemic patients. 
The present data indicate that severe hyperprolactinaemia is 
associated with an insulin-resistant state, which seems to be 
caused, at least in part, by a down-regulation of  insulin recep- 
tors. 
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In fus ion  exper iments  in animals  [1, 2] and  in m a n  [3] 
have  s h o w n  that  pro lac t in  m a y  have  a d iabe togenic  ac- 
tion. Various clinical studies in hype rp ro l ac t i naemic  
pat ients  [4-6] with or  wi thou t  p i tu i tary  t umours  have  re- 
vea led  hyper insu l inaemia .  I n  these studies, impa i red  
glucose  to lerance  was no ted  in some  but  no t  all pat-  
ients. By contrast ,  o ther  investigators cou ld  no t  d e m o n -  
strate a d iabe togenic  effect o f  prolac t in  either in m a n  
[7-9] or  in animals  [10, 11]. Fur thermore ,  the under ly ing  
m e c h a n i s m s  involved  in p ro lac t in - induced  changes  in 
insulin release and  glucose homeos tas i s  are u n k n o w n .  
Therefore ,  to  clarify the reasons  for  these d iscrepant  
f indings  and  to evaluate  fur ther  the  rate o f  ca rbohy-  
drate  me tabo l i sm in hyperpro lac t inaemia ,  insulin re- 
cep to r  b ind ing  to m o n o c y t e s  and  erythrocytes  was stud- 
ied in careful ly  selected hype rp ro lac t inaemic  patients,  
no t  present ing  with a ny  o ther  p i tu i tary  dysfunc t ions  
and  well def ined  for  glucose to lerance  and  insulin se- 
cret ion.  

Patients and methods 

Patients 

Ten patients (five females, five males; mean age 37 +_ 3.5 years) with 
prolactinomas were studied. The clinical data and laboratory parame- 
ters of all patients and control subjects are summarized in Table 1. 
Seven of the patients presented with pituitary tumours diagnosed by 

X-ray tomography of the sella turcica and/or computerized axial to- 
mography. In three patients (nos.4, 5 and 10) in whom there was no 
radiological evidence of a macroprolactinoma, it was assumed that 
microadenomas were present, since none of the factors usually asso- 
ciated with persistent hyperprolactinaemia could be identified. The 
patients were selected carefully; they all had normal (or near normal) 
body weight (Table I) and normal pituitary functions, except for hy- 
perprolactinaemia. None of the patients had any illnesses other than 
hyperprolactinaemia, and none was on medication at the time of the 
study. Secretion of growth hormone and cortisol was normal, as mea- 
sured by responses to insulin-induced hypoglycaemia. In addition, 
plasma concentrations of gonadotropins, total testosterone, thyroid 
hormones and thyrotropin showed no differences between patients 
and control subjects. Plasma levels of oestradiol were significantly 
lower in the hyperprolactinaemic patients compared with the control 
subjects (Table 1) and plasma concentrations of dehydroepiandroste- 
rone sulphate (DHAS) were significantly higher. None of the patients 
was overtly diabetic according to World Health Organization criteria 
[12] and none had a family history of diabetes. The patients were ad- 
mitted to the Division of Metabolism and Endocrinology and placed 
on a standard diet of 40 kcal/kg body weight with 40% carbohydrate. 
Informed consent was obtained from all patients before the study and 
the investigations reported were performed in accordance with the 
principles of the Declaration of Helsinki. 

Control subjects 

The 20 control subjects (10 males, 10 females) were recruited from the 
medical and paramedical staff of our hospital. From 3 days before the 
study and throughout the study period, their diet was identical to that 
of the patients. In addition, their physical activity was comparable 
with that of the patients. The mean age and mean body mass index of 
the control subjects and the patients were similar (Table 1). 
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Table 1. Clinical data and laboratory parameters a of hyperprolactinaemic patients and control subjects 

139 

Subjects Age Sex Body mass Immunoreactive Blood glucose 
(years) index prolactin (mmol/1) 

(kg + m 2) (nmol/l)  

Immunoreactive 
insulin 
(pmol/l) 

Oestradiol 
(pmol/1) 

DHAS 
(~tmol/1) 

1 32 F 24 14 3.7 152 
2 57 F 25 8J 4.6 78 
3 J5 M 21 22 4.0 42 
4 43 M 23 6 4.2 116 
5 33 F 26 6 5.3 164 
6 39 M 24 53 4.J 141 
7 39 M 25 84 5.4 85 
8 42 F 26 J4 4.9 18 
9 32 M 22 209 4.5 118 

10 37 F 23 14 3.3 147 

230 7.9 
198 8.6 
194 10.7 
101 10.5 
240 6.5 
121 8.9 
201 8.5 
312 6.8 
196 11.6 
320 8.5 

M e a n + S E M  36.9+4.5 5F/5M 23.9+0.6 50 + 2  4.4+0.2 106+17 211_+23 8.9+0.6 
Control 41.3+4.3 10F/10M 23.1_+0.5 0.4+0.1 4.0+0.07 59+20 320_+36 5.8+0.8 

subjects 
(n =20) 

Significance NS NS NS p < 0.001 NS p < 0.05 p < 0.01 p < 0.005 
versus 
controls 

a All hormonal parameters were analysed in patients and control subjects in fasting state 
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Fig. 1. Plasma insulin and blood 
glucose levels during oral glucose 
tolerance test (Fig. 1 A) and intrave- 
nous glucose tolerance test (Fig. 1 B) 
in hyperprolactinaemic patients and 
controls. 0------0 hyperprolactin- 
aemic patients (n = 10); �9 �9 
control subjects (n = 20); *p < 0.01 

Methods 

Three days after the patients had been admitted to hospital, the insu- 
lin receptors on monocytes and erythrocytes were determined. To 
document the degree of glucose intolerance, insulin secretion and de- 
creased sensitivity to insulin, an oral glucose tolerance test (100 g glu- 
cose), an intravenous glucose tolerance test (0.33 g glucose/kg body 
weight) and an insulin tolerance test (0.1 U Actrapid MC Insulin No- 

vo/kg body weight infused over a period of 60 min) were performed 
on all patients and control subjects. 

Insulin binding studies 

Studies on insulin binding to monocytes and erythrocytes were car- 
fled out in the morning after patients and control subjects had fasted 
overnight. Blood (120 ml) was drawn into tubes containing EDTA 
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Fig. 2. lmmunoreactive C-peptide and blood glucose levels during in- 
travenous insulin tolerance test in hyperprolactinaemic patients and 
controls. 0-----0 hyperprolactinaemic patients (n = 10); O O 
control subjects (n =20); *p <0.01 

(dispotassium salt). Mononuclear leucocytes were isolated by gra- 
dient centrifugation [13]. After centrifugation and cell separation 125j_ 
A14 insulin binding to monocytes (sp. act. 250 ~Ci/lxg, Novo Re- 
search Institute, Copenhagen, Denmark) was studied, using the 
method of Beck-Nielsen et al. [14]. The details of the test procedure 
used in our laboratory have been described previously [15]. Mono- 
cytes were identified by a-naphtyl-acetyl-esterase staining [16] and 
the specific cell-binding fraction was adjusted to a standard concen- 
tration of monocytes of 1.0 x 107 cells/ml. No statistically significant 
difference was observed between the numbers of monocytes in hyper- 
prolactinaemic patients and control subjects. Non-specific binding of 
the monocyte assay was 5.1% + 2.9%. Insulin binding to erythrocytes 
was determined, using the method originally described in detail by 
Pedersen et al. [17]. Erythrocytes were washed and incubated in 
Hepes buffer (100 mmol) at 15 ~ for 210 min. The mean volume frac- 
tion of erythrocytes was 0.44_+ 0.04, there being no statistically signifi- 
cant differences between patients and controls. Duplicates of 500 ~xl 
cell suspension were incubated with 125j-A14-1abelled insulin at a fi- 
nal concentration of 34 pmol/l, with and without increasing amounts 
of native insulin. At the end of the incubation period, cell-bound and 
free insulin were separated by cell centrifugation. Radioactivity which 
remained bound in the presence of an excess of native insulin was 
considered as non-specific binding and averaged 13.2%_ 4.6% of the 
total cell-bound fraction. Specific cell binding was defined as total 
cell binding minus non-specific binding fraction. 

Analysis of  binding data 

The results of the binding studies are presented as specific cell-bound 
fraction, plotted as a function of total insulin concentration (competi- 
tion curve). Binding data were further analysed by Scatchard analysis 
[18] and by the average affinity model of De Meyts and Roth [19]. 

Analytical procedures 

To avoid interassay variation, all plasma samples were stored at 
- 2 0  ~ until glucose and hormone concentrations had been deter- 
mined. Plasma glucose levels were measured by the glucose oxidase 

method and concentrations of immunoreactive insulin, immunoreac- 
tive C-peptide, immunoreactive prolactin, oestradiol and DHAS were 
measured using commercially available radio-immunoassay kits. The 
Wileoxon rank test and the Mann-Whitney non-parametric test were 
used for statistical evaluation where appropriate. The significance of 
any correlation between variables was determined by calculation of 
the correlation coefficient(r) and by least-squares linear regression 
analysis. The results are presented as mean _+ SEM. 

Results  

Oral glucose tolerance 
and intravenous glucose tolerance test 

After  oral  g lucose load,  patients with hyperpro lac t in-  
aemia  s h o w e d  signif icantly h igher  b l o o d  glucose levels 
(p <0 .01  at 30, 90, 120 and  180min )  t han  the control  
g r o u p  (Fig. 1 A). Eight  pat ients  did no t  fulfil the criteria 
o f  impa i red  glucose to lerance  [11], whereas  two pat ients  
(nos. 2 and  6) had  slightly elevated b l o o d  glucose con-  
centra t ions  after 120 min  (8 .0mmol /1  and  8.2 mmol /1  
respectively).  Insul in  secret ion after oral  g lucose load  
(Fig. 1 A) was elevated (significantly at 30 min,  p < 0.01) 
in the pat ients  c o m p a r e d  with the controls.  I n  the early 
phase  o f  the in t ravenous  glucose to lerance  test, b l o o d  
glucose  and  insulin concent ra t ions  were significantly 
h igher  in patients (p <0 .01  at 5, 10 and  15 min) than  in 
the  control  g roup  (Fig. 1 B). G lucose  d i sappea rance  as 
es t imated by  the k-value did no t  significantly differ be- 
tween  the hype rp ro lac t inaemic  pat ients  (1.69 _+ 0.1) and  
the control  subjects (1.87 + 0.06). 

Insulin tolerance test (Fig. 2) 

In fus ion  o f  insulin resul ted in a significantly m o r e  pro-  
n o u n c e d  hypog lycaemic  effect in the control  subjects 
c o m p a r e d  with the hyperp ro lae t inaemic  pat ients  (p < 
0.01 at 15, 30, 90 and  120 min). E n d o g e n o u s  insulin se- 
cre t ion was  inhibited dur ing  the infus ion  o f  exogenous  
insulin in bo th  groups ,  as indica ted  b y  the suppress ion  
o f  C-pep t ide  levels. The  inhibi t ion o f  e n d o g e n o u s  insu- 
lin secret ion was s o m e w h a t  d imin ished  in the hyper-  
p ro lac t inaemic  pat ients  c o m p a r e d  with the controls  
(p < 0.01 at 30, 45 and  60 rain). 

Insulin binding studies (Fig. 3) 

The  da ta  on  the b ind ing  o f  12s J- insulin to m o n o c y t e s  in 
hype rp ro lac t inaemic  pat ients  and  controls  are shown  in 
Fig. 3 A. In  the presence  o f  0 .1-10  nmol /1  insulin, there 
was  significantly less b ind ing  o f  insulin to  the m o n o -  
cytes o f  patients than  to cells f r o m  the hea l thy  subjects 
(p < 0.01). However ,  w h e n  exposed  to concent ra t ions  
> 10 nmol /1  o f  insulin, m o n o c y t e s  f rom patients  did no t  
b ind  signif icantly less insulin (p > 0.05) than  those  f rom 
n o r m a l  subjects. Sca tchard  analysis o f  the b ind ing  da ta  
revealed  that the ma in  reason  for  there  being less insu-  
lin b ind ing  to m o n o c y t e s  was a decrease  in the n u m b e r  
o f  absolute  receptors.  There  were similar f indings re- 
gard ing  insulin b ind ing  to erythrocytes  (Fig. 3 B). I n  pat-  
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Fig. 3. Insulin binding to mononuclear leucocytes (Fig. 3 A) and to erythrocytes (Fig. 3 B) of hyperprolactinaemic patients and control subjects 
(upper part). Scatchard plot (lower part); bound to free ratio of 12sI insulin (B/F) is plotted as a function of the insulin bound. The extrapolation 
of the curve to the horizontal axis is used to derive the total receptor concentration (R0). H hyperprolactinaemic patients (n = 10); �9 O 
control subjects (n =20); *p <0.01 

tents with hyperprolactinaemia, insulin binding to 
erythrocytes was significantly decreased in comparison 
to controls, merely because of a decrease in the number 
of erythrocyte receptors. No correlation was found be- 
tween prolactin levels on the one hand, and insulin 
binding to monocytes and erythrocytes as well as insu- 
lin levels during oral glucose tolerance test and intrave- 
nous glucose tolerance test on the other. No correlation 
was found either between oestradiol or DHAS levels 
and insulin binding or insulin secretion data. 

D i s c u s s i o n  

In the present study carefully selected hyperprolactin- 
aemic patients demonstrated significantly elevated glu- 
cose and insulin levels following an oral or intravenous 
glucose load compared with control subjects. Two pat- 
ients fulfilled the criteria of impaired glucose tolerance 
[11]. The underlying mechanism of hyperinsulinaemia 
in patients with chronic prolactin excess despite normal 
glucose tolerance or mild glucose intolerance is not 
readily apparent. Augmentation of 77-cell secretion 
could be due to a direct 77-cytotropic action of prolactin. 
However, Landgraf et al. [4] found no evidence for such 
a relationship in perfusion studies on the isolated rat 

pancreas. On the other hand, hyperinsulinaemia may be 
a consequence of increased gluconeogenesis in the liver 
or enhanced peripheral resistance to insulin. Formal 
studies of hepatic glucose production would be of inter- 
est, but have not yet been performed in patients with 
long-term endogenous hyperprolactinaemia. Experi- 
mental studies in normal dogs given prolactin over 
several days [2] showed an increase in both glucose pro- 
duction and glucose utilization, whereas plasma insulin 
and glucose levels remained virtually unchanged. Al- 
though the role of the liver in glucose intolerance re- 
mains to be investigated, this mechanism does not seem 
to be the dominating or only one in hyperprolactin- 
aemic patients. 

Various experimental and clinical studies suggest 
that prolactin per se or associated mechanisms may in- 
duce some kind of insulin resistance [1-6]. Administra- 
tion of ovine prolactin has had diabetogenic effects in 
dogs [2] and has induced insulin resistance in hypophy- 
sectomized human diabetics [3]. The hypothesis that se- 
vere hyperprolactinaemia is associated with a dimin- 
ished sensitivity of peripheral tissue to insulin is 
supported by the present study, which shows that (1) in- 
sulin binding at low insulin concentrations is signifi- 
cantly decreased and (2) infusion of exogenous insulin 
results in a delayed hypoglycaemic effect and a dimin- 
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ished inhibition of endogenous insulin secretion. Al- 
though we were unable to demonstrate significant 
correlations between decreased insulin binding and ab- 
solute serum prolactin levels, such connections cannot 
be excluded in a larger group of patients. One of the 
possible explanations for the lack of correlation could 
be the existence of circulating immunoreactive prolac- 
tin with reduced biological activity. Furthermore, the 
duration of the excess of prolactin might also be a vari- 
able and important factor, but could not be exactly 
identified in the present or previous studies. 

Chronic hyperprolactinaemia presumably sup- 
presses gonadal steroid output and stimulates adreno- 
cortical androgen production [20]. Since gonadal and 
adrenocortical steroids might regulate the activity of in- 
sulin receptors and appear to influence glucose ho- 
meostasis via effects on insulin action, possible relation- 
ships were analysed. Oestradiol levels were significantly 
decreased and DHAS concentrations significantly in- 
creased, confirming previous findings on hyperprolac- 
tinaemic patients [20], but showed no correlation with 
the data on insulin receptors, the degree of glucose im- 
balance or the insulin response. A close correlation may 
have been missed, where not a single hormonal mecha- 
nism but a combined effect of prolactin excess and al- 
tered steroid concentrations opposed insulin action in 
peripheral tissues and consequently modified insulin 
secretion. Recent noteworthy studies [22-24] have ques- 
tioned whether androgens or gonadal steroids have a 
strong influence on insulin sensitivity. Shoupe and 
Lopo [22] did not observe any correlation between hy- 
perinsulinism and DHAS levels in the polycystic ovary 
syndrome. Moreover, in vivo insulin sensitivity and in- 
sulin binding to fat cells [24] have been found to be un- 
changed during the menstrual cycle, which does not 
support the hypothesis that progesterone or oestradiol 
have important effects on in vivo insulin-mediated glu- 
cose uptake. 

In conclusion, we found that patients with signifi- 
cantly increased prolactin have impaired insulin recep- 
tor binding, which may decrease insulin effectiveness in 
vivo. The existence of in vivo insulin resistance in severe 
hyperprolactinaemia is supported by the diminished 
hypoglycaemic effect of insulin infusion and by prelim- 
inary findings obtained in hyperglycaemic clamp 
studies [25] showing diminished peripheral insulin sen- 
sitivity. 
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