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- 2. The objectives of this study were.

F; a) Using a bedrest model to determine the role of the renin-angio-
i !
), tensin-aldosterone system in the cardiovascular deconditioning of
=

a gf space flight and in the severe electrolyte disorders seen with pro-

a b

= E 33 longed weightlessness. -

BB %

g} g; b) To determine if the cardiovascular deconditioning and electro-

] i

g 8; ivte abnormalities associated with space flight can be prevented
w

Q i . . : . ) . .

g 8 by pharmacclegic interventions involving the renin-~angiotensin-aldos-

o] Sened

terone system.
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3. SUMMARY REPORT

Because of unanticipated scheduling delays at the N.A.S.A. bedrest

mary Report,

facility, it was not possible to begin clinical studies during the

HYPERPROLACTINENIA AND PLASMA ALDOSTERCNE
unm G

RELATICHNSHIP RETWEEN ENDOGGENSUS

CARDIQOVASCULAR HOMEOSTASIS.

(NASA-CR=-151715)
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first year of this project. During the projesct period some modifications

were introduced into the protocal in order to incorporate non-invasive

5 techniques of assessing cardiac function (echocardiography) and arrange-
-80>
fgcggzlnents were made with the Squibb Company to make available the orally

?
™active dipeptide converting-enzyme inhibitor for bedrest studies. How-
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gééver, during the delay in the initiation of clinical studies, we elected
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to investigate two aspects of the proposed study in order to gain new
insights into the mechanism of the electrolyte abnormalities of spaceflight.
a) Spaceflight and prolonged bedrest are associated with naturesis and
kaliuresis; any attempt to explain or present this abnormality in electrolyte
metabolism must take into consideration all factors known to influence
naturesis. Recently, a role for the pituitary hormone prolactin in the
regulation of electrolyte excretion and its control of aldosterone ha;

been suggested (1-7}. While some opposing data are availabie (8-10) to
demonstrate that acute endogenous hyperprolactinemia dces not alter electro-
lyte metabolism, the-issue remained unresolved. Because of the possibility

. that hyperprolactinemia might play a role 1n the hyperaldosteronism of bedrest
and spaceflight, we investigated the effect of endogenously-produced hyper-
prolactinemia on the secretion of aldosterone. Thyrotropin releasing hormone
(TRH), a known secretogogue of pituitary prolactin, was administered to normal
female subjects to induce endogenous hyperprolactinemia., Wo elevation in
plasma aldosterone was seen for one hour following the induction of hyper-
prolactinemia., Because prehypothyroid women respond to thyrotropin releasing
hormone with an exaggerated prolactin response, we administered TRH to a
group of these women and followed serum aldosterone concentrations. In spite
of hyperprolactinemia no stimulation of aldosterone was observed. Finally

a group of patients with pituitary tumors and extremely high serum proiactin
concentrations were studied and no evidence for hypersecretién of aldosterone
was detected. The details of these studies are Included in the accompanying
manuscript (in press, Clinical Endocrinociogy). Thus, it does not appear that
endogenous hyperprolactinemia plays an important rele in the control of
aldosterone secretion and this observation taken together with previously

publ ished data (8-10) make it unnecessary to explicitly investigate the
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possible role of prolactin in the naturesis of spaceflight.

b) Prolonged inhibition of converting-enzyme by either the continuous
administration of nonapeptide or dipeptide (oral) convegting-enzyme in-
hibitor will play a role in our proposed studies of bedrest and spaceflight.
thle awaiting availability of space at the N.A.S.A. bedrest facility, we
undertook to begin an investigation of the effects of prolonged administration
of nonapeptide inhibitor to man (Re, Escourrou, Talamo, and Haber - manuscript

in preparation). A 28-year old, severely hypertensive male was studied on the

metabolic ward of the Massachusetts General Hospital after withdrawal of
antihypertensive medication. Nonapeptide converting-enzyme inhibitor was
administered intravenously on an intermittent basis as needed for blood
pressure control over a three;day period. Diastolic blood pressure, al-
though not normalized, was consistently reduced by 30mm Hg. The patient
suffered no ill effects from his therapy. Following the initial injections
of CE!, plasma renin increased {from about 2.0 ng/mi/hr to 12.0 ng/ml/hr),

but by the end of the therapy period no’such brisk response occurred, sug-
gesting possible ''exhaustion'' of renin release. No tachyphylaxis secondar;
to hyperreninemia was observed. Plasma bradykinin was determined before

and after CE! administration (doses of CEl ranged from 0.25 mg/kg to 1 mg/kg).
No increase in bradykinin was observed (values were 0.25 ng/ml before CEI

and <0.35 ng/ml following most injections of CEi}. Thus, CEl can produce
inhibition of converting enzyme and'lowering of blood pressure without hyper-
bradykininemia, thus pointing out that CEl is potentially a ''cleaner’ block-
ing agent than previously thought (11). Significant naturesis was not cons:dis-
tently observed in this patient, but it must be remembered that this patient

was pnot continuocusly infused with the drug.
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Thus, this study provided considerable insight into the effects of long-
term CEl administration in man and provides the background for future
continuous infusion experiments.

Along with the above study, we undertook the perfection of a‘radio-
immunoassay for angiotensin |l and the development of new antisera for the
accurate measurements of this compound. We now have a working radicimmuno-
assay with detection limit of about 12 pg/ml and we are continuing develop-
ment of newer assays. This is Ilmportant tc the monitoring of Angiotensin Il
levels in clinical studies of spaceflight, especially {though not exclusively)
those involved with the adminfs}:ration of CEI. ‘

Thus, we have made considerable progress in the last year, and it is
clear that the next reasonable step in our research would be a study of
continuous CEl administration to normal volunteers in order to assess its
effects on renal function. This could be done at the M.G.H. and would not

require use of the N.A.S.A. bedrest faclility.
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SUTRIARY

It has been sugpested that prolactin 1s a regulator of aldosterone secre-

tion. 1In order to test this hypothesis, we measured prolactin, thyrotropin

and aldosterone by radioimmunocassay and plasma renin activity by the radio-
immunoassay of angilotensin I in 8 normal women before and after Lhe intravenous

injection of 200 yg of thyrotropin releasing hormone. Prelactin increased from

4.4 + 1.1 ng/ml (mean + SE) to a peak of 27.4 + 3.8 (p < 0.005) at 15 minutes
following thyrotropin releasing hormone. Plasma renin activity was not

different from control levels (1.0 + 0.2 ng/ml/hr) durrng the first hour

following the administration of thyrotronin releasing hormone, nor did the

plasma aldosterone concentration differ significantly from the control

levels (39 + 7 pg/ml) during this period. I However, with upright
posture, an increase in aldosterone (from 31 + 3 pg/ml at 1 hr to 68 + 9 at

2 hrs, p < 0.005) and 1nlplasma renin activity (from 0.9 F 0.2 ng/ml/hr at
1 hr to 2.0 + 0.5 at 2 hrs, p < 0.05) was noted, demonstrating a normal
capacity to secrete aldosterone in these subjects.

Similarly, no change in aldosterone was seen 1n 9 patients with primary
hypothyroidism glven‘thyrotropln releasing hormone, despite the fact that
the increase i1n prolactin was greater than normal. 'Chronic hyperprolactinemia
was not associated with hyperaldosteronasm in 6 patients with pituitary

tumor. These data demonstrate that acutely or chronically elevated serum

prolactin levels <do not result in increased plasma aldosterone levels in

humans.



114 RODUCE LON

Prelactin has been demonstrated to have a sodium velaining action 1n

marine teleosts, and Lhere are data to suggest Lhat in mammals 1t also plays

a role in sodium homeostasis and esmoregulation {(Locket & Mail, 1965; Locket,
1965; lorrobuin el al., 1973, Relkin & Adachi, 1973; Buckman & Peake, 1973,

Buckman ef ol., 1976, Horrobin et al., 1971). Recently attention has been

focugsed on the possibility that prolactin stimulates secretion of aldosterone
by the adrenal cortex (Beck et al., 1964; Horrobin, 1975; Ldwards et al.,
1975). Baumann and Loriaux {1976}, however, have reported that elevations
in endogenous prolactin in normal men induced by thyrotropin releasing
hormone were not associated with increased plasma aldosterone, cortisol, or
renal electrolyte excretion, and similar results were obtained by Ogihara
et al., 1977, using metoclopramude to stimulate prolactin secretion in
normal men.

We have invesLigaled the effect of elevations in serum prolactain induced
by thyrotropin releasing hormone on the control of aldosterone secretion in
normal women and in women with praimary hypothyroidiem, whose thyrotropin

releasing hormone-stimulated prolactin levels are supranormal. We have also studied

the effect of chronically elevated prolactain levels in patients with a pituitary

Lumor.

ORIGINAT: PAGE 1§
OF POOR QUALITY!
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HALLRIALS A HETHODS

Subjects: Light normal women {euthyroid with normal menslrual cycles
and on no medications) between 21 and 29 years of age were injected with
200 pg of thyrotropin r1elcasing hormone inlravenously at § A1, while supine.
Patients remained supine for one hour and engapged in ad 17bifur activity

thereafter. Blood was obtained at various time intervaks before and for

1
three hours after thyrotropin releasaing hormone injection (200 pg 1.v.) and
assayed for aldosterone, plasma renin activity, thyroid stimulating hormone,

prolactin, thyroxine (Th)’ [ree thyroxine (FTQ) and triiodothyronine (T3).

Similar studies were performed 1n 9 women (30—56 years old) with

untreated primary hypothyroidism (including 4 women wrth galactorrhea), and
1in 4 women and 2 men (25-—69 years old) with a proven pituitary tumor and
chronically elegated prolactan. <Clinical anformation reparding the patients
with pituitary tumors 1s provided in Table I; only one patieat with pituirtary

tumor required glucotorticord replacement. The 2 premenopausal women with a

piturtary tumor had galactorrhea. ALl patients were studied on an ad Iibiium

diet.

Labordatory Stwdies: Plasma renin activity was measurcd by the method of

Haber ef al. (1969) (normal < 0.1—4.7 ng/mi/hr). Plasma aldoslerone was
determined by a sensitive radioimmunoassay wvhich does not requite preliminacy
chromatography (Poulsen ef al., 1974) (normal £ 15—270 pg/ml). ‘lhyroud
stimulating hormone was determined by radioimmunoassay (Ridgway el al., 1973)
(normal < 0.5—3.2 pii/ml). Prolactin was measurced by a hnmo]bgous rad 1o immu-
noassay (Cautvik ¢l al., 1974, Kourides et al., 1976} (normal < 2—12 ng/ul).
Tﬁ (normal = 4—11 pg/dl) and FTA {normal = 0.8—2.4 ng/dl) were determined
by competitive protein banding assay and equilibrium dialysis respectively

(Rudgway et al , 1973). T,y was determined (normal = 70—170 ng/dl) by



radioimmunodassay (Gautvik e¢f col., 1974},

Analysis of Data: Data for each group were analyzed by paired Studeat's

t-test. Comparisons between groups were perflormed by Student's t-test or

one-way analysis ol variance as appropriate.
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Normal Subjecls: HMormal subjects had a mean serum 1& of 6.4 + 0.5 ne/dl
(mean + SE), FT& of 1 2+ 0.1 ng/dl, T3 ol 8L + 4 ng/dl, and thyrond stimulating

hormone of 1.6 + 0.3 pU/ml. tican prolactin increased from 4.4 + 1.1 ng/ml
before thyrotropin releasing hormone Lo a peak of 27 -k 3.8 at 15 minutes

following thyrotropin releasing hormone (p < 0.005). However, plasma renin

activity before thyrotropin releasing hormone, 1.0 - 0.2 ag/ml/hr and maximal

plasma renin activity during the first hour after thyrotropin releasing

hormone, 1.0 -+ 0.3 ng/mi/hr, were not diflferent. Simrlarly, plasma aldosterone

before thyrotropin releasing hormone, 39 + 7 pg/ml, and maximal plasma aldos-

terone during the [1rst hour after thyrolropin releasing hormone, 39 + 6 pe/ml

(Figure 1) were not different. However, with the assumption of upright posture

(between hours 1 and 2 of this study), increases 1n plasma renin actuvity
(0.9 + 0.2 ng/ml/hxr at one hour to 2.0 + 0.5 ng/ml/hr at Luvo hours, p < 0.05)
and 1n plasma aldosterone (from 31 + 3 pp/ml at one hour to 68 + 9 at two

hours, p < 0.005) were noted, indicating a normal capacity to secrete aldos-

terone in these subjects.

Frolactin hyperresponders:

The 9 patients with primary hypolhyroidism

had a mean T4 of 1.4 + 0.4 ug/ldl, "E:l?[+ cf C.3 4+ 0.1 ng/dl, T3 of 43 + 9 ng/dl,

and thyroid stlmulatlﬁg hormone of 119 + 19 uU/ml. Folloving Luyrotropin
releasing hormone, prolactin increased from a mean of 13 + 1.9 ni/dl to 132

+ 12 ng/dl at 15 munutes (p < 0.001) and Lo 88 + 17 np/dL at 60 minutes

(p < 0.001).

The prolactin levels in Lhese pallculs were signifivcantly greater

Lhan those in the normals at 15 minutes (p < 0.001). Plasma aldosterone was

49 + 11 pg/ml before thyrotropin releasing hormone and was not sigailicantly
sncreased at 15 minutes (43 + 10 pg/ml) or at 60 minutes (60 + 13 pg/ml)

(Figure 2}. Ia addition, when one-way analysis ol variance was catvried out,



there was no significant dilference among the zero time, 15 ninute, or 60
minute aldosterone values. Mean basal aldosterone concentratien in the hypo-

thyroid patieats was also not significantly different from that of normals.

Chronic Prolactin llypersecreters: -In the 6 patients with a pituitary

tumor and chronic hyperprolactinemia, mean serum Tﬁ was 7.3 + 1.9 pg/dl,
F'I.‘4 was 1.9 + 0.6 ng/dl, T3 was 148 + 41 ng/dl, and thyroud stimulatang
hormone was 3.2 + 2.2 yU/ml. Thyrotropin releasing hormone 1nfu51§$ resulted
in small increases 1n prolactin (Table I) which were not statistically
significant. Mean basal plasma aldosterone (62 -+ 18 pg/wl) an these patients
was not significantly different from that of normals, and no significant”

increase in plasma aldosterone occurred following thyrotropin rcleasing hormone.



DISCUSSLON

Prolactin has been demonstrated to play an osmoresulatory role in fish
(Tnsor & Ball, 1972). Although the action of this hormone in mammals seems

predominantly related to breast development, data exlst Lo sugpest that Lt

also plays a role in sodium reteation ond osmoregulation (Locket & tiail, 1965;

TLocket, 1965; liorrobin et al., 1973; Relkin & Adacﬁl, 1973; Buckman & Peake,

1973; Buckman et al., 1976; Horrobin et al., 1971; Buckman et al., 1973).

While it has been suggested that prolactin may directly act on the kidney to
promote sodium reabsorption (Locket, 1965; Horrobin et al., 1971), recent
studies have focused on the possibility that prolactin stimulates adrenal

secretion of aldosterone. Increased urinary excretion of aldosterone has

been reported in man followaing the administration of ovine prolactin (Beck
et at., 1964). lowever, when endogenous prolactin was Lranstently increased

in normal men by the administration of thyrotropin releasiny horrone, no

change in plasma aldosterone or urinary electrolytes was Tound (Baumann &

Loriaux, 1976). It is possible that vasopressin contamination of the ovine

prolactin used 1n the earlier studies may account [or the reported differ-
ences in cJectrolyte'excretion. A-correlation between the duiurnal rhythms

of aldosterone and prolactin has been reported in man (llorrobin, 1975), but

a recent study fairled to demonstrate this correlation in rats (Gomez-Sanchez
et al., 1976). Tinally, bromergocryptine, aan inhibitor of pirtuitary prolactin
seccelion, has been »hown Lo block the normal wncrcase, 1n plasma aldosterone
seen following Furosemide administration zn man, without an inhibition of
renin stimulation (Ldwards ef al., 1975). While a dircct suppressive effect
of bromergocryptine on the secretion of aldosterone by the adrenal <ould not
be excluded, the data raised the possibility that bromerpocryptine-mediated
suppression of pituttary prolactin secrelion led to Lhe absence of an aldosterone

response to elevated plasma renin activity.

ORIGINAL PAGE It
OF POOR QUALITY
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Ue have increased endogenous prolactin levels in normal women by the
administration of thyrotropin releasing hormone, but no change wn plasma
renin activity or plasima aldosterone followed the increase in prolactin.

These data conmcur wilh those reported .only fornormal nen by Baumann & Loriaux

(1976) . 1In order to determine whether greater elevations 1n endogenous

prolactin might stimulate aldosterone secretion, we extended these investi-
gations by for the first time studying plasma aldosterone concentrations in

hypothyroid patients whe were prolactin hyperresponders to thyrotropin

raleasing hormone. Acukte supranormal elevation in prolactin was associated

with only a small rise in plasma aldosterone at 60 minutes, vhich was not

statistically significant. Additionally, we studied patients with chronically

increased prolactin due to pituitary tumor and found Lheir plasma aldosterone
to not be significantly different from that of cur 8 normal subjects, and

to be within the normal ranee for aldosterons in our laboratory. In these

patients with severe chronic hyperprolactinemia, thyrotropin releasing hormone

infusion resulted in no change in plasma aldosterone and little further

increase in prolactin. Hormonal deficiencies in the pilurtary tumor

patients were varied, ranglng from vivrtually normal pituittary function

(patient M.M.) to deficicncies of adrenocortaicotropin and thyrotropin
(patient $.G.). Thus it 1s highly unlikely that the deficiency of any
particular pituitarvy hormone masked a stimulatory effect of prolactin on
aldosterone. [t 1s thus reasonable to 1nfer from absence of hyperaldoster—
onism 1n our palients with pituitary tumor and hyperprolactinemia Lhat chronic
elevation of prolactin has little elfect on pldasma aldosterone.

Qur data demonstrate that under the conditions of this study, neither

transient nor chronic increases in endogencus prolactin lead to significant

increases in plasma aldosterone. These faindings, taken wilh the demonstration

E Iy
ORIGINAL PAGE:
OF POOR QUALITY



that chronic hyperprolactinemia does nol alter renal cloectrobyvte indling

(Baumann el al., 19/7), strongly suggesl that prolactin does not play an

important osmoregulatory role in humans.
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Table 1+ Clintcal (haracteristics of Patients vith Piluitary Turors

—_—— v ——— A P8 A . e e oy et

Patient Asre Sax Abnormalities

K.S. 6l y.o. male clevated prolactin and cg~subunik

of Lhyrotropin

L.0O. 25 y.o female amenorrhea, galacktorrhea, pr1mar§

hypothyroidism {but chronically
euthyroid on replacement), elevated

thyrotropin, prolactin

S.C. 69 y.o. female premature menopause with low gonad-
otroping; elevated prolactin without
palactorrhea; clevated secretien

of a-subunit of thyrotropin.;
hypoadrenal and hypothyroid.
Replacement therapy with 5 mg
prednisone, 0.15 mg L-Thyroxaine;

clinically eulhyround

1.G. 38 y.o. male acromegalic wilh increased growth

hormone, increased prolactin,.

increased thyrotropin, hyperthyrowd

N.F. 59 y.o. Lemale elevated prolactin without galac-
torrhea; suprasellar extension of
tumor; premalure menopause with low
gonadotroping; hypothyrowd vith

clevated thyrotropin

M. . 25 y.o. female oligomenorrhea with clevated pro-
lactin; normal prowth hormone and
cortisol response to insulin toler-
ance test; normal thyrotropin response

Lo thyrotropin i1eleasing hormone

ORIGINAL PAGE IS
OF POOR QUALITY



“il-

Table [T Studies 1n 6 Hyperprolactinemic Pataents

with a Piturlary Tumor

Paticent Basal Prolactin {ng/ml) tarimal Prolactin (ng/ml)

following TRt (200 hg V)

$.G. 11,900 12,300
N.F. 4,490 4,960
K.S. 4,200 4,320
L..0. 479 559
M.G. 74 96
M. 62 98

tean Plasna Aldosterone + 15T

Following TRM Infusion in the Same 6 Patients

Time {(min) ] 5 15 0 60
Plasma Aldosterone (pp/ml) mean 62.0  60.5%  61.27 52.5% 74,27
+ 1SE  18.1 17.9 25.6 16.6 16

#not significantly different {rom 0 tame value




LLGLADS O 1 LGURI'S

Fig. 1. Serum prolacLin, aldesterone and plasma reniu activity (mean + 1SE)

in 8 normal subjects following the administratron of 200 ug thyrotropin

releasing hormone i.v. Subjects were supine untll 60 minutes after thyrotropin

releasing hormone injection.
L4

Fig. 2. Serum prolactin and aldosterone (mean -+ 1SL} 1n 9 hypethyroid women
following the administration of 200 ug thyrotropin releasing hormone 1.v.

The prolactin response of the normal subjects is shown on this figure as the

shaded area.
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