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ABSTRACT

Prolactin response to intravenous bolus injection of 1 pg/kg
vasoactive intestinal polypeptide was determined in 8 patients with chronic
renal failure undergoing chronic hemodialysis and in 8 normal controls,
age- and sex-matched. Plasma prolactin in chronic renal failure patients
showed a blunted response following vasoactive intestinal polypeptide
injection, whereas the controls showed significantly higher mean peak

prolactin value over the baseline value (p<0.002).

On a separate day, each individual underwent a thyrotropin-releasing
hormone (500 pg) challenge with the prolactin response determined. The
chronic renal failure patients had significantly higher peak prolactin values

(p<0.002), however, were not significantly different than those in control

group.

In the group of chronic renal failure patients, the net prolactin
increments (peak levels minus basal levels) were significantly higher with
thyrotropin-releasing hormone than with vasoactive intestinal polypeptide
(p<0.02). The net prolactin increments to thyrotropin-releasing hormone
challenge were significantly higher in the control group than in chronic renal
failure patients (p<0.001). Whereas, the peak values and the AUC were

larger with the TRH challenge but were not significantly different.

The results demonstrate the lack of prolactin response to the
stimulatory effect of vasoactive intestinal polypeptide in chronic renal
failure. These data suggest that the responsiveness of plasma prolactin to
vasoactive intestinal polypeptide is defective in these patients, the

mechanism(s) of which are yet to be defined.



INTRODUCTION

Mild hyperprolactinemia is a common finding in patients with end
stage renal disease (CRF) on chronic hemodialysis (1-6). A major
mechanism for hyperprolactinemia in CRF appears to be reduced renal
removal of prolactin (PRL) through tubular catabolism and/or urinary
clearance (7). However, deficient PRL-inhibiting factor secretion had been
suggested in CRF patients causing the PRL elevation (4). In addition, it has
been shown that the PRL stimulation response to thyrotropin-releasing

hormone (TRH) is blunted in CRF indicating a further disturbance at the

pituitary level (1,3-4).

The physiological role of vasoactive intestinal polypeptide (VIP) in the
regulation of prolactin secretion from the anterior pituitary has been
proposed based on several lines of evidence. The localization of VIP within
the paraventricular nucleus, median eminence, and anterior pituitary and in
hypophyseal blood at levels greater than those in peripheral blood is
supportive of VIP functioning as a hypophysiotrophic factor (8-10). VIP
stimulates prolactin secretion in vive and in vitro (11-13). Further lines of
evidence include the VIP induced increase in prolactin mRNA (14) and the

isolation of VIP specific receptors in anterior pituitary lactotrophes (15).

In the present report, in order to assess hypothalamic-pituitary
regulation of PRL secretion, we have examined PRL secretion in response
to the stimulatory effect of VIP and TRH in patients undergoing
maintenance hemodialysis. In this study, the effect of intravenously
administered VIP on plasma PRL concentration in a group of eight patients

with CRF was studied.



MATERIALS AND METHODS

Volunteers

Eight patients, undergoing long-term hemodialysis for chronic renal
failure with hyperprolactinemia, gave informed consent to participate in the
studies with VIP after the study was approved by Human Research
Committee of the University of Jordan School of Medicine. Women (n=4)
were aged 40.0 + 2.0 years (range 35 - 45 years), and men (n=4) aged 37.5
+ 5.5 (range 22 - 48 years). The patients had been receiving hemodialysis
for 16.0 = 2.1 months at the time of the study. Maintenance hemodialysis
(two to three times per week) was instituted because of end stage renal
insufficiency of various etiologies (Table I). All studies were done one day
after having scheduled dialysis. Aluminum hydroxide (phosphate binder)
and multivitamins were administered routinely to all patients, no anabolic
drugs or hormones were given. The data were compared to a group of
normal volunteers (age- and sex- matched) without the history of renal
failure, hyperprolactinemia,or drug intake. The control group had normal
kidney function, and the females had regular menses in the females and

studied during the follicular phase.

VIP Administration

Synthetic porcine VIP (Bachem, Torrance, CA) was dissolved in
normal saline, and sterilized by passage through a 0.22um Millipore Millex-
GV filter (Millipore Corp., Bedford, MA). After an overnight fast, all
subjects were kept in a quiet room, and an indwelling venous catheter was
placed in an antecubital vein. Following a 30 minute equilibrium period,
VIP was given as a single IV bolus dose of 1pg/kg to all subjects (dose

range 65-90 pg). Blood samples were obtained for hormone analyses



immediately before, and 5, 15, 30, 45, 60, 90, and 120 min after VIP
injection.

On another day, the patients underwent a 500ug thyrotropin-
releasing hormone (TRH, Abbott Laboratories, North Chicago, IL)
challenge test with blood samples obtained for hormone analyses as in the
VIP challenge test.

Ten microliters of Trasylol (Bayer; 10,000 KIU/ml) were added to
each sample of blood, and samples were then centrifuged immediately at

4°C, and plasma was removed and frozen at -20°C until assay.

Radioimmunoassays:

Plasma VIP was measured in duplicate using an assay method
previously reported (9). Prolactin (PRL) was measured in duplicate using
material kindly provided by the National Hormone and Pituitary Program
(NIDDK), and the University of Maryland School of Medicine (16). All
VIP and PRL values were obtained from a single assay, with intraassay of
variation of <5%. The PRL secretory responses were expressed as either
absolute values (1g/l) or areas under the curve (AUC; pg/l.hr) calculated by
trapezoid integration. Net increments in PRL levels were calculated as peak

PRL levels minus basal PRL levels.

Statistics

Data were analyzed using repeated measure ANOVA and Student's t
test for paired and unpaired data as appropriate. All data are depicted as

mean + SEM.



RESULTS

Clinical symptoms and signs and plasma VIP levels after VIP injection
Within a few minutes of VIP administration, both systolic and
diastolic blood pressures decreased and pulse rate increased transiently and
disappeared by 30 min after VIP injection. Obvious facial flushing was
observed in all CRF patients and the control group. Intravenous VIP
administration at a dose of 1 pg/kg resulted in a significant increase in
plasma VIP, with a peak 5 min after the injection in all subjects. The VIP
levels increased from undetectable baseline levels to 4.5 £ 1.2 pg/l
(p<0.005 versus basal values) in CRF patients and to 1.7 £ 0.5 pg/l
(p<0.01 versus basal values) in the normal controls (Figure 1). Plasma VIP

levels fell to baseline by 45 min in the CRF patients and the normal

controls.

Effect of VIP on plasma PRL levels in patients with chro._nic renal failure

In CRF patients, basal plasma PRL levels ranged from 24.4 - 45.8
pg/l, with a mean of 32.7 £ 2.9 pg/l (Table 2). Plasma PRL levels did not
change significantly after VIP injection; the peak values, net increments in
plasma PRL and AUC after VIP challenge were 36.5 +3.3 ug/l, 4.2 £ 1.7
pg/l and 1985.6 & 215.2 pg/l.hr, respectively (Table 2). On the other hand,
VIP caused significant increases in plasma PRL levels in the control group;
the peak values were 41.6 £ 4.2 ug/l (p<0.002 versus basal values;
p<0.001 versus peak values in CRF patients). In the control group, the net
rise in plasma PRL and AUC after VIP injection were significantly greater

than that in CRF patients (p<0.0001).



Figure 2 shows the pattern of plasma PRL responses to VIP. All
patients failed to respond to VIP, except for patient #1 with > 50% increase

in plasma PRL levels above baseline value.

Effect of TRH on plasma PRL levels in patients with chronic renal failure
Intravenous injection of TRH resulted in significant increase in
“plasma PRL levels in CRF patients (Table 2). The mean peak value (41.6 +
4.2 ng/l) was significantly larger than the basal value (p<0.002). Net
increments in plasma PRL and AUC after TRH injection were 10.6 + 2.2
ng/l and 2203.5 + 211.0 pg/L.hr; respectively. In control group, the peak
PRL value was significantly larger than the basal values (p<0.002), (Table
2).
Furthermore, in CRF patients the net increase in PRL secretion with
TRH challenge was significantly greater than with VIP challenge (p<0.02),
whereas, the peak values and the AUC were larger with the TRH challenge

but not significantly different.

DISCUSSION

This study demonstrates hyporesponsive prolactin stimulation to
VIP in chronic renal failure with hyperprolactinemia. As compared to TRH
challenge test, VIP injection resulted in no significant prolactin release. The
pharmacokinetics of VIP was not significantly different in CRF patients as

compared to controls.

The association of hyperprolactinemia and chronic renal failure that
persisted despite dialysis treatment has been reported by various

investigators (1-6). The incidence of hyperprolactinemia among patients



with CRF undergoing hemodialysis and receiving no PRL-modifying drugs
ranges from 73 -91% in women, and 25 - 57% in men (4-5). Etiologically,
none of our patients had symptoms suggestive of pituitary or central
nervous system lesions, and none received medications known to stimulate

PRL secretion.

Several factors may affect this increase in circulating PRL. Since the
degradation of PRL is largely dependent on the kidney, increased PRL
could possibly be a reflection of impaired renal clearance (17). In uremic
patients the metabolic clearance rate of PRL was found to be depressed only
by 25%, while its secretory rate was increased 4-folds (18). Modlinger et
al. (19) showed that in man renal vein PRL concentration did not differ
from those in the peripheral vein obtained simultaneously suggesting that
the kidney does not play a significant role in PRL excretion or degradation.
Furthermore, renal vein PRL from the diseased kidney was not different

from that found in the contralateral normal kidney.

The hyperprolactinemia of uremic humans is characterized by a
relative autonomy of the lactotrophes. Lactotrophes are resistant to
suppression by dopaming (1,4), as well as hyporesponsive to stimulation
by chlorpromazine or TRH (1,4), suggesting that a defect exists in the
pituitary, involving either receptor binding or post-receptor event. Another
finding supportive of a pituitary dysfunction is the markedly blunted PRL

response to VIP.

In vitro immunoneutralization studies suggest positive regulation of
prolactin secretion by pituitary VIP (20-22). The content of pituitary VIP
mRNA is shown to be increased in hypothyroidism and replacement with 1-

thyroxine prevented this increase (23). Basal prolactin secretion from



cultured hypothyroid pituitary cells decreased significantly in the presence
of anti-VIP antisera (22). In patients with CRF, hypothyroidism is common
(high TSH levels in 6 of 8 patients in our group, Table 1) (17) and thus may
contribute to hyperprolactinemia by increasing the VIP induced prolactin
synthesis and release. However, the increased pituitary VIP mRNA in
hypothyroidism may down-regulate the receptors to further VIP induced
prolactin release. In addition, prolactin stimulation by TRH and by VIP
involve different mechanisms (24), contributing to the difference in

prolactin release by VIP and by TRH in our group of CRF patients.

In summary, the present study demonstrates hyporesponsive
prolactin stimulation by VIP in hyperprolactinemic-chronic renal failure
patients. The results suggest a defect in VIP induced prolactin release, the

mechanism (s) of which are yet to be defined.
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Table I. Clininal features and endocrine data on 8 patients with chronic renal failure

Case  Age Sex Diagnosis Duration of dialysis PRL GH TSH LH FSH
No (yr) (month) (g (pg/ (mU/1) aum aum
1 40 F Chronic 22 44 23 8 6 12
Glomerulonephritis

2 48 M Chronic 24 30 36 2 105 60
Glomerulonephritis

3 22 M Chronic 13 25 19 5 31 7
Glomerulonephritis

4 40 M Chronic 18 46 13 9 149 15
Glomerulonephritis

5 35 F Undetermined 14 35 14 8 9 9

6 45 F Mixed Connective 6 31 8 5 70 113

Tissue Disease
7 40 M Chronic Interstitial 12 24 12 3 40 21
Nephritis
8 40 F Chronic Interstitial 20 27 7 5 7 8

Nephritis




Table 2. Plasma prolactin levels (g/l) and area under curve (AUC, pg/l/hr) in response to VIP (1pg/kg BW, iv),

and TRH (500ug, iv) in chronic renal failure patients.

VIP Test TRH Test

Case No. Basal Peak Net increase AUC Basal Peak  Netincrease AUC

1 30.9 458 149 2329.2 448 58.4 13.6 28424

2 44,0 46.0 2.0 2349.6 35.3 454 10.1 2318.7

3 30.3 31.8 1.5 1625.5 27.0 34.0 7.0 16559

4 35.2 36.7 1.5 2146.0 28.5 46.9 184 23327

5 24.7 29.2 4.5 1176.2 18.3 34.0 15.7 1566.0

6 45.8 49.3 6.5 2729.8 40.8 55.9 15.1 2970.5

7 244 26.2 1.8 1508.8 28.1 202 1.1 1692.5

8 26.5 272 0.7 1635.1 25.0 28.7 3.7 1669.9
Mean + SEM 32729 365+33 42+1.7 1946.5 £ 183.7 310+ 3.1 41.6+422 106+22P 2131.1+199.8
CONTROLS
Mean + SEM 124+29 603+£9.12 479+ 6.6 1205.0 + 78.2 124+ 29 453 +502 329+58 1552.0 £ 156.3
P value vs Controls <0.0001 <0.001 <0.0001 <0.0001 <0.0001 NS <0.001 <0.005

3 p<0.002 versus basal; ® p<0.02 versus net increase after VIP, NS = not significant



LEGENDS TO FIGURES

Figure 1. Radioimmunoassayable plasma vasoactive intestinal polypeptide
(VIP) concentrations after intravenous bolus injection of VIP 1pug/kg in
chronic renal failure patients (@—@®) and normal subjects (O—O). The mean

+ SEM are shown. *, p<0.005, **, p<0.01, ***, p<0.025, versus baseline

levels.

Figure 2. Plasma PRL responses to VIP (1pug/kg BW, iv) in 8 chronic renal

failure patients. Numbers indicate the patient # in table 2.
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