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ABSTRACT

Two dose levels of bovine prolactin were administered to intact, 

adrenalec tomized, and hypophysectomized adult male Wistar rats re

ceiving large fluid loadso Significant changes from control values in 
water, sodium, and potassium excretion rates over four and one half 

hour periods were determined by analysis of variance programso Paired 
comparisons between means were performed using the Tukey criteria,, 

Prolactin caused an overall decrease in water excretion in the three 

groups of animalso The percent decrease in sodium excretion rate 

after prolactin was significant in the intact and hypophysectomized 

animals onlyo No important significant changes in potassium excretion 

rate or sodium-potassium ratio of urine were observed0 These results 

are interpreted to indicate a prolactin effect on water excretion un-. 

mediated by aldosterone and separate from the sodium effect of the 

hormone, possibly through changes in RBF or GFR, or an effect on the 

distal tubuleo The prolactin effect on sodium excretion appears to 

involve an interaction with aldosterone and probably occurs at the 

distal tubule although some evidence for a release of aldosterone by 

prolactin also exists =, A tentative interaction of prolactin with 
aldosterone to produce a potassium retaining effect is also proposed,,



INTRODUCTION

Prolactin, art anterior pituitary polypeptide hormone, has a 

wide range of accepted and proposed activities (1, 2, 3)° These in
volve direct, synergistic, and permissive actions and affect a multi

tude of different target organs (2)<, The amino acid sequence of the 

ovine hormone has been determined recently by Li,, and consists of 198 

residues (MW = 23,300) in a single polypeptide chain with three disul

fide bridges (4, 5)= Bovine prolactin is thought to be very similar to 

the ovine molecule due to the similarity between their amino-terminal 

ends, their similar molecular weights (about 25,000) and their vir
tually identical immunological cross reactions (6)=

Prolactin’s activity as a reproductive hormone has been long 

established* Synergism with reproductive steroids and/or corticos

teroids produces a mammogenic effect and initiation and maintenance of 

milk secretion is also dependent on synergism with corticosteroids (1)* 
Prolactin stimulates the secretion of progesterone in certain species 

of rodents (1), and in the human prostate, it increases androgen bind
ing in vitro (7) o Prolactin also synergizes with gonadal steroids in 

stimulation of the accessory reproductive organs and gonads in various 

avian and mammalian species* The ability of prolactin to stimulate 

the induction of brood patches in certain species of birds and the for

mation of crop "milk" in pigeons and doves in conjunction with a normal, 

hormonal milieu of gonadal steroids is the basis of the pigeon crop



sac bioassay, the most important bioassay for this hormone0 Although 
prolactin has been shown to have luteotropic activity in rats and mice, 

the extent of this effect in other mammals is still very unclear (8, 9)= 
However, the evidence which does exist (10, 11, 12, 13) points to the 

possibility that a synergistic action of prolactin with other hormones, 
particularly lutinizing hormone and follicle stimulating hormone, is 

responsible for luteotropic activity in other mammalian species in

cluding mice, rats, rabbits, and hamsters0
Growth promoting activity has been amply demonstrated for pro

lactin in many of the vertebrate classes, the most startling example 

occurring in amphibian larvae where mammalian prolactin increased body 
weight and tail length (14, 15, l6)o Prolactin increases lean body 

weight and promotes tail regeneration in lizards and forelimb regenera

tion in urodeles (2)o Large doses cause visceral enlargement in labo

ratory animals (17)= Obvious growth promoting activity occurs syner- 

gistically in specific tissues in mammals and fish, including the 

mammary gland and male accessory glands0
Another well established effect of prolactin is that of the 

eft water drive, where it was shown to be necessary for the return of 

urodele amphibians to the water and their subsequent development to 

sexual maturity (l8)0 Prolactin is also responsible for the physio
logical adjustments of these salamanders which allows for their sur

vival in an aquatic mediumo
The last important activity of prolactin is an osmoregulatory 

one= The firm establishment of this role began with the paper of
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Pickford and Phillips in 1959 which reported that prolactin favored the 

survival of hypophysectomized euryhaline fish in fresh water (19)o 
Since then prolactin has been implicated in water and ion regulation at 

the brachial, renal, bladder, and integumentary levels in fish (1, 3)° 
In many cases, interaction of prolactin with steroids is also indicated* 

In amphibians, prolactin is able to correct the hyponatremia 

(20, 21, 22) and skin water permeability (23) of hypophysectomized 
animals and causes increases in the ion absorbing ability of the gills 

of certain larvae (24)*

Information on prolactin's role in osmoregulation in reptiles 

and birds is very meager* The single paper on reptiles reported a 
synergistic relationship between prolactin and corticosterone in re

storing plasma and muscle levels of sodium, potassium, and water to 

normal values in hypophysectomized lizards (25)= In ducks, prolactin 

may have a direct effect on the nasal salt gland (26), possibly syner- 
gistically with corticosterone (27)=

Studies in the mammalian system began in 1965 with two papers 

by Lockett* First, female rats were given oral water loads, followed 

by 5 to 10 meg intraperitoneal doses of ox and sheep prolactin (28)* 
Sodium and potassium excretion rates were measured at 3 and 6 hours 
after the injections and found to be significantly different than con

trol values, as were calculated sodium-potassium ratios* Urine 

creatinine excretion rates did not change significantly, indicating 

that the effect of prolactin was not mediated through a change in 

glomerular filtration rate (GFR)*
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Next, heart-lung-kictney preparations in male and female spinal 

cats were used to test the effect of prolactin on renal blood flow 

(RBF), creatinine clearance, urine flow rate, and sodium and potassium 

excretion rates (29)0 Doses of 1205-30 meg of bovine and ovine pro
lactin caused a short and transient increase in RBF and creatinine 

clearance accompanied by a rise in sodium excretion rate followed by a 

rapid decrease in sodium concentration with a concomitant decrease in 

sodium excretion rate0 Changes in potassium excretion rate were gener

ally not seeno Some decrease in water excretion occurred* Prolactin, 

like oxytocin, reversed the natriuretic and diuretic effect of exog

enous aldosterone in the blood of headless cats* Lockett concluded 

from these two studies that there was a direct renal effect of pro

lactin and that prolactin contained oxytocin-like amino acid sequences0
Horrobin et al* (30) made single injections of 8 mg ovine 

prolactin into 5 well hydrated male human volunteers and found that 
water and sodium excretion decreased significantly and that potassium 

excretion was reduced over a seven hour period* A sharp initial de

crease in water excretion was postulated to be due to a release of ADH 

by prolactin* Horrobin postulated a proximal tubule site of action 

for prolactin based on the fact that there was no increased loss of 

potassium or hydrogen ions in the urine during increased sodium reten

tion, which normally would be associated with sodium reabsorption in 

the distal tubule *

Buckman and Peake (31) used male and female human volunteers 

to monitor serum prolactin levels by radioimmunoassay (RIA) in response



to intravenous hypertonic and hypotonic water loads0 Highly signifi
cant correlations were found between infusion of hypertonic solutions 
and increased serum prolactin levels as well as between infusion of 

hypotonic solutions and low serum prolactin levels*, Buckman and Peake 

state that these changes are appropriate since high prolactin values 

should facilitate water retention in a hyperosmotic state and low pro

lactin values should facilitate diuresis in a hyposmotic state 0 There
fore , a physiological role of prolactin in water regulation is postu

lated through its action on the kidneyo

Two similar studies were performed by Relkin0 The first used 

male rats maintained on a low sodium diet for three weeks, and tested 

pituitary and serum prolactin at the end of this time (32)® The levels 

of both increased in a highly significant manner0 This was interpreted 

as indicating that prolactin secretion is essential for the enhancement 

of the aldosterone secretory response to sodium deprivation0 But they 

stated that it was still uncertain as to whether under physiological 

circumstances prolactin acts directly on the renal tubule, either 

alone or in concert with aldosteroneQ In the next study, rats were 

used to determine the effect of changing serum osmolarity on pituitary 

and serum prolactin (33)° This report verified in the rat the results 

of the Buckman-and Peake study on humans and gave the additional in

formation that pituitary prolactin decreased with infusion of hyper

tonic saline at the same time as plasma prolactin increased*

The idea of a direct renal effect by prolactin is labeled sus

pect i however, in a recent review article (3)» Studies are cited in



which organ-cultured teleost bladders and incubated rat jejunal sacs 

failed to demonstrate a direct effect of prolactin over one to several 

hours (34, 359 36)o
In summary, prolactin has important functions as a metabolic as 

well as a reproductive and behavioral hormone0 Special note is made 

here of the obvious abundance of effects attributed to interactions 
with other hormones and in particular to those involving synergism be

tween prolactin and steroid hormoneSo Osmotic effects in this category 

involving proven interactions with corticosteroids include sodium re

tention or transport in the teleost gill, gut, and kidney, sodium 

transport across the anuran bladder (aldosterone), restoration of 
plasma sodium levels, in hypophysectomized lizards, and stimulation of 

nasal salt gland secretion in ducks*, In mammals, lactation, which in

volves large shifts of water and electrolytes from the extracellular 

fluid compartment, requires the. presence of a hormonal milieu which 

includes gonadal and adrenal steroidso In addition, synergism with 

aldosterone has been proposed as one mechanism for prolactin’s effect 

on renal sodium and potassium excretion in rats and humanso

Despite this, it appears that there is a certain ambiguity con

cerning prolactin’s mode of action in the mammalian kidneye The goals 

of this study have been to isolate hormonal interactions in living 

animals to determine the proportion of the effect of single prolactin 

injections due to; (a), direct actions of the hormone, and (b) inter

action of the hormone with corticosteroids and pituitary hormones<>



METHODS AND MATERIALS

A total of thirty male Wistar rats divided into three surgi

cally modified groups of ten each were used in this study0 These con
sisted of intact and hypophysectomized animals9 obtained from Simonsen 
Laboratories, Gilroy, California,, One group of these intact rats was 

adrenalectomized in this laboratory under nembutal anesthesia,, Intact 
animals drank tap water; adrenalectomized and hypophysectomized animals 
were maintained on solutions prepared with tap water of one percent 

sodium chloride and five percent glucose, respectively0 All animals 
drank freely and were fed ad libitum on a standard pellet dietQ They 

were accustomed to handling and stomach tubes before the actual experi

ments were run„

Pure bovine prolactin was obtained through the kind auspices 

of the National Institute of Arthritis, Metabolism and Digestive 

Diseases from Dr0 Leo E c Reichert, Jr„, of Emory University= It was 

dissolved at a final concentration of 100 mcg/ml in a blank solution 
consisting of 0<,9%> sodium chloride which had been brought to pH 9=1 

with OolM sodium hydroxide0 Ten ml aliquotes were stored at -20°C and 
thawed immediately prior to use„ Dilutions to 50 mcg/ml were made 
immediately before use for those trials which required the smaller 

dose* Animals which received the maximum dose of prolactin were in

jected with 0=053 mcg/g at 100 mcg/ml„ The half dose consisted of 

Q0O265 mcg/g at 50 mcg/mlo Thus, both the maximum and half doses



consisted of equal volumes, within each surgical group„ The control 
injections of blank solution were consistent with the above volumesc 

Prior to each experimental procedure, the rats in each group 
were fasted for two hours0 At the end of this time they were weighed, 
their bladders were emptied, and an oral fluid load of 2=0% body weight 
was administeredo Since, after practice, each rat mictuated spon

taneously upon handling, suprapubic pressure was used only to ensure 

that the bladder was empty» Intact and adrenalectomized rats received 

tap water, while hypophysectomized rats received a five percent glucose 

solution (prepared with tap,water)0 In each case, further similar 
fluid loads preceded each subsequent collection periodo

Immediately after fluid loading, the animals were placed in 

metabolism cages for the collection of all urine entering the bladder 

in the next hour and a halfo At the end of this time period, an intra- 

peritoneal injection of prolactin or blank was given and the animals 
were returned to their cages for two further ninety minute periods of 

urine collection., Trials were begun at the same time of day to assure 

that the animals would be in as similar a physiological state as pos
sible 0 Collected urine was transferred to graduated centrifuge tubes, 

the volume was recorded, and the tubes were centrifuged at 3^50 rpm 
for two minutes to separate hair and other debris« Ten microliters of 
clear urine were added to a blank solution containing 20 mM lanthanum 
chloride and 32 mM cesuim nitrate (37)o This produced a 1:500 dilution 

with a final volume of five milliliters which provided a dilution 

optimal for the prevention of self-absorption in the flame emission



analysis as well as a quantity sufficient for the determination of both 

sodium and potassium concentrations^ The samples were then stored at 

-20°C in sealed plastic tubes (Falcon #2005) for no more than two weeks 
before they were analyzed for sodium and potassium coneetitrations =
These values were obtained by flame emission spectrophotometry on a 
Heath 703 atomic absorption spectrophotometero Sodium and potassium 

emissions were read at wavelengths of 5892 nm and 7665 nm, respectively* 
Standards were prepared by serial dilutions from stock solutions of 

1,000 parts per million, which in turn were prepared with oven dried 
chloride salts* Standard curves were run at the beginning of each ses
sion at the spectrophotometer and plotted to the best power curve fit* 

Analysis of the data was performed by the use of an analysis of vari

ance (AITOVA) program from the library of the DEC-10 computer system*

All mean values shown in the tables are accompanied by their standard 

errors*



RESULTS

The following four variables were tested for significant dif

ferences due to prolactin with the MOVA procedure;

1= Urine excretion rate (ml/100g/90min)
20 Percent change in sodium excretion rate (%)
3o Percent change in potassium excretion rate (%)

k0 Sodium-potassium ratio in urine 
The results of these analyses are contained in Appendix A» In numbers 
one and four of the ANOVAs above, the expected highly significant dif

ferences between groups resulting from the effects of surgical modifi

cation were apparent0 In all the analyses, elapsed time also caused 

highly significant differences in the quantities measured= These re

sults are consistent, in turn, with the continued oral ingestion of 

the large fluid loads involved in this study0 Other significant inter

actions which occurred but which have no bearing on the scope of this

thesis are reported in Appendix A but are not discussed in the texto

The prolactin effect on each of the above four categories, its 

interactions with the surgical treatment of the animals, and its inter

actions with both surgical treatment and elapsed time are discussed in 

detail in the appropriate section of the texto Paired comparisons he—

^ tween means were performed by a Tukey test in each instance where a 

significant effect or interaction of effects with prolactin occurred 

to determine the precise locus of the significance0 Calculations of

10
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critical differences between means (D^) can be found in Appendix B for 

each of the Tukey tests which were performed* Appendix C contains the 
raw data from the individual animals used in this study*

The overall effect of prolactin on urine excretion in the three 
groups of surgically modified rats can be seen in Figure 1* The de

crease in the rate of urine excretion from control values was signifi

cant at the *025 level* Paired comparisons of the mean urine excretion 

rates of animals receiving the full prolactin dose and the blank in

jection exceeded the critical difference established by the Tukey test 

at the *05 level*
An interaction of prolactin, elapsed time, and surgical treat

ment on urine excretion, rate was found to be significant at the *001 
level* Table 1 shows only the differences between the means which are 
important to this study* The notation for surgical treatment, prolac

tin dose, and elapsed time are as follows;

Group 1 intact animals
Group 2 Adrenalectomized animals
Group 3 Hypophysectomized animals

S blank saline injection
P/2 one-half the maximum prolactin dose (*0263mcg)

S
P maximum prolactin dose (*053mcg)

• g
A 0 to 1-1/2 hours after the initial oral fluid injection

(control),
B 1-1/2 to 3 hours after the initial oral fluid injection,

0 to 1-1/2 hours after blank or prolactin injection,
C 3-4-1/2 hours after the initial oral fluid injection,

1-1/2-3 hours after the blank or prolactin injection*
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1.4

Mean Urine
Excretion
Rate
(ml/100g/90
min)

1=3

1.2

1=1

1.0

0.9

0.8
zero half full

Prolactin dose

Figure 1. The overall response of all animals to blank and bovine 
prolactin injections.
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Table 1= Significant differences between selected mean urine excre

tion rates during various combinations of surgical treat
ment, elapsed time, and prolactin dosage0

Surgical 
Group and 
Prolactin 
Treatment

Time
A Means

Time 
B . Means

Time
0 Means

IS NSD
1=24 + =09

lP(B)b
2S(B)

1=30 + =05 
=62 "*■
=70

25(C)
35(C)

1=53 + =21
=58
=93

as 2S(B)*
2S(C)

1=20 + =29 
=70 
=58

35(B)*
=70 + =l6 

1=19 NSD
=58 + =18

3S 35(0*
1=41 + =10 
o93 NSD

1=19+ =13
NSD

=93 + =10

IP/2 NSD
1=38 + =07

1P(B)
2P/2(B)'
3P/2(B)?

1=37 + =08 
=62 ”
=66
=87

2P/2(C)
3P/2(C)

1=43 + =08
=72 •,
=86

2P/2 NSD
=97 +_ =14

NSD
=66 +_ =15

NSD
=72 + =26

3P/2 NSD
1=17 + =10

NSD
=87 + =07

NSD
=86 + =10

IP lP(B)a 
2P (A)

1=47 + =08 
=62 - 
=83

ip(o)d
062 + =17

1=35 “ 2P(C)
3P(C)

s0+1H

2P 3P(A)
=83 + =15 

1=42 - NSD
=8o + =20

NSD
o7X + o24

3P 3P(B)C
3P(C)

1=42 + =12 
=90 
.73

NSD
=90 + =14

NSD
o?3 ol3

Note; The differences between the means of the groups listed above 
exceed the Critical difference established by the Tukey test 
at the o01 level unless otherwise indicated by an asterisk to 
be the o05 level0 NSD indicates "no significant differences." 
Superscripts are referred to in the text. Units of the re
ported means are ml/lOOg/90min o



14
Table 1 shows three principal findings« First, superscripts 

a and b show significant decreases from control values of intact ani

mals one and a half hours after they received a full protactin dose 

(Figo 2)o Similar changes occurred in hypophysectomized animals 

(Table 1, c) and are shown in Figure 3= Secondly, significant intra
group differences between control values of the three surgical treat

ments void any further comparisons which might be made between the 

groups for similar prolactin treatments and elapsed time0 Lastly, 

superscript d indicates a time dependency for prolactin’s effect on in
tact animals not seen in the hypophysectomized animals=

A significant interaction between prolactin and surgical treat

ment occurred on the percent change in initial sodium excretion rates 

and exceeded the <,025 level0 The differences between the means did not 

exceed the Tukey criteria in a manner important to this experimento 

However, an examination of Table 2 and Figure 4 will show a dose de

pendent decrease of sodium excretion in groups one and three with pro

lactin and an opposite effect in the adrenalectomized animals under the 

same conditions= This opposite effect accounts for the significance 

observed in the AITOVA„

There were no significant prolactin effects or interactions of 

effects with other factors on the percent change in potassium excretion 

rates as determined by the ANOVAo
The only prolactin effect on the urine sodium-potassium ratio 

was a three-way interaction between elapsed time, surgical treatment 

and the prolactin dosage„ The Tukey test between paired means revealed
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1.4 - 

1.3 - 

1.2 -
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(ml/100g/90min)

0.9 — 
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Figure 2. Significantly different water excretion rates in group 1.
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Figure 3- Significantly different water excretion in group 3
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Table 20 Percent decrease in sodium excretion rates in surgically 
modified rats after various doses of bovine prolactin0

Prolactin
Dose

Intact 
(Group 1)

Adrenalectomized 
(Group 2)

Hypophysectomized 
(Group 3),

Blank
(s) . 37,5 + 13.1 72»7 +_ 606 23=7 + 16=2

Half
(P/2) 55=8 + 13=8 57=3 ± 15=1 57=2 + 14=0

Maximum
(P> 86o5 + 3=4 47=7 ±  21=2 46=7 + 15=8
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Rate

Figure 4.

Adrenalectomized

70 -■

60 -

50 -

4o -
Intac
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2 0 Hypophysectomized

10
maximumhalfzero

Prolactin Dose

Percent decrease in sodium excretion rate under various 
doses of bovine prolactin.
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that control values in each of the three groups were significantly dif
ferent at all three time periods, voiding further intragroup compari

sons (Table 3)o Also, control levels within Group 2 varied signifi

cantly with elapsed time, invalidating further comparisons with the 

adrenalectomized animals« No other important significant differences 

occurredo
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Table 3<> Significant differences in mean sodium-potassium rati os 0

Surgical 
Group and 
Prolactin 
Treatment

Time
A Means

Time
B Means

Time
C Means

28
18(A)
3S(A)
28(B)
28(C)

2.9 ±  1.2 
.35 ±  .07 
.74 i  .20 

1.6 1  .79 
1.3 ±  .82

18(B)
3S(B)
2P/2(B)
2P(B)

1.6 ±  .79 
.17 + .04 
.73 -  .24 
.59 ±  =13 
.65 1  .16

18(C)
3S(C)
2P/2(C)
2P(C)

1.3 ±  .82 
.20 + .05
.87 + .26 
=47 ±  .09 
.38 ±  .11

2P/2 NSD
.99 1  .14

NSD

0 i + 0 VI

NSD

0 1+ s

2P 1P(A)*
1.1 ±  .15 
.37 ±  =06 NSD

0 
+ 10

NSD
.38 ±  .11

Note: The differences between the means of the groups listed above
exceed the critical difference established by the Tukey test 
at the o01 level unless otherwise indicated by an asterisk to 
be the o05 level0 NSD indicates "no significant differences,,"

!



DISCUSSION

Each of the proposed osmoregulatory roles of prolactin in mam
mals has been examined in this study0 These are the retention of 

water8 sodium, and potassium in intact animals, including man0 This 

study has verified some aspects of past reports (28, 29, 30) and in 
addition, has sought to determine the influence of aldosterone and 
antidiuretic hormone on prolactin* s actions by the administration of 
the hormone to adrenalectomized and hypophysectomized animals, respec- 

tively0

Review of Sodium, Potassium, 
and Water Recovery in the Nephron

Approximately seventy-five percent of the filtered sodium is 
actively transported and an equal amount of water is passively reab

sorbed in the proximal tubule= Sodium reabsorption under the influence 

of aldosterone occurs in the ascending limb of the loop of Henle, un

coupled to the movement of other ions0 In the distal tubule, aldos

terone’s effect on sodium recovery is coupled to an exchange for 

potassium and hydrogen, whereas in the collecting duct, an exchange 

with ammonia is apparent (Figo 5)°
Urinary excretion of potassium is regulated by three sequential

steps:
lo Almost complete net reabsorption in the proximal tubule (38),

21



22

collecting ductHaOBowman*s 
Capsule

distal
tubule

Naproximal
tubule

(ADH)
ALDOSTERONE

Na
NH

Nadescending 
limb - 
loop of 
Henle

Ascending 
limb - 
loop of 
Henle

Figure 5* Renal nephron and collecting duct.



23
2o net secretion in the distal tubule through an exchange with 

sodium (although net reabsorption can occur under conditions of low 
potassium), and

3o a small9 variable component of either net reabsorption or
f

secretion in the collecting dueto

Water reabsorption follows sodium reabsorption through osmotic 

effects in the proximal and distal tubule 0 Proper water balance is 

maintained by the active reabsprption of water in the collecting duct 

by the action of ADHo

Prolactin?s Effect on Water Excretion 
Considering all the animals used in the study, prolactin caused 

a decreased rate of water excretion which was dose dependent (Fig* 1)0 
Significant interactions between elapsed time, surgical treatment, and 

prolactin dosage were limited to intact and hypophysectomized animals => 

The greater duration of the prolactin effect in the hypophysectomized 

rats seems more likely to be due to the overall decrease in systemic 

metabolic rate in these animals than to any other single cause0 Appar

ently, under the conditions of the experiment, an increased water ex

cretion rate due to a lack of antidiuretic hormone in the hypophysec

tomized animals was not an important factor since in no case were group 

three means significantly larger than those of group one (Table 1)o 

The decrease in water excretion rate appears similar, therefore, in all 

the animals despite their endocrinological differences*
These results indicate that prolactin does not require the 

presence of corticosteroids for its effect on.water excretion* There



are two most likely sites of action for this effect0 The first site is 

the distal tubule and/or the collecting duct where water reabsorption 

would lead to a decreased urine output0 The second would be a decrease 

in EBF or GFRo Determinations of creatinine clearance in rats, known 
to be a poor measure of GFR in this species, showed no statistically 

Significant change due to prolactin in Lockett's studies and although 

her work on spinal cats showed a slight and transient increase in 
-creatinine clearance, no attempt was made to determine whether the 

changes were significant or note In addition, Lockett failed to demon

strate the water retaining effect of prolactin which was observed both 

in this study and in that of Horrobin et al0 (30)o This brings up the 
possibility that the purity or biological potency of the prolactins 

used in Lockett's studies may have been different than the prolactin 

supplied by NIAMDDo In any case, the effects of prolactin on HBF and 

GFR have not yet been investigated fully enough to rule out this possi

bility o Further study in this area employing inulin clearance tech

niques is indicated.,

Prolactin's Effect on Sodium Excretion Rate 

Differences in the percent change in sodium excretion rates 

show a similarity in the direction of change in this factor in intact 

and hypophysectomized animals while an opposite effect occurs in 

adrenalectomized animals0 Thus, sodium retention increases due to an 

interaction of some sort between prolactin and aldosterone 0 The some

what smaller decrease in sodium excretion occurring in the hypophysec- 

tomized animals is, once again, probably due to the lower overall



25
metabolic rate in these animals0 Another possibility here is the 

atrophy of the prolactin receptor mechanism in animals deprived of 

pituitary secretions for long periods of time0

Despite the failure of the sodium excretion data to exceed the 

Tukey criteria at the <,05 level, the positive effect on lowering sodium 

excretion rate in the intact and hypophysectomized animals is in the 
same direction as the results in the studies of Lockett and Horrobin0 
Difficulties in establishing the significance of these changes are con

sidered to be due to the small number of subjects used in this study 

and the limited number of trials performed,, Additionally, the potency 

and dose size of the prolactins used in the different studies are vir

tually impossible to compare meaningfully0 Lockett’s study also in

volved the use of female rats whose higher titer of endogenous prolac

tin, fluctuating cyclically during the estrus cycle, could cause 
greater sensitivity to the presence of similar quantities of equally 

potent hormoneo
The positive effect observed in this report, coupled with the 

opposite effect on the adrenalectomized rats points to the conclusion 
that aldosterone is necessary for the interaction which allows prolac

tin to exhibit its sodium retaining effect0

There are two possible mechanisms for this interaction0 The 

first and most obvious possibility is synergisism between aldosterone 

and prolactin occurring somewhere distal to the ascending limb of the 

loop of Henle, since this is where aldosterone produces its effect<, 

Research by Falconer and Rowe (39) has indicated that prolactin is
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capable of activating a- sodium pump in rabbit mammary tissue, probably 

through prolactin receptors as described by Shiu and Friesen (40)„ At 

the level Of nephron, the presence Of aldosterone may be necessary for 
the interaction of prolactin with similar receptorso Next, prolactin 

may be the pituitary factor which is responsible for increased aldos
terone secretion under condition of sodium depletion (32, 4l)0 Thus, 

the increased sodium recovery seen with prolactin may be due to a 

stimulation of aldosterone secretion*

The locus of the prolactin effect is most probably at the por
tions of the tubule affected by aldosterone * If prolactin has an 

effect on the proximal tubule, as postulated by Horrobin, it is not 

large enough to show up in the adrenalectomized animals* Some support 

of this hypothesis, however, comes from a recent microautoradiography 
study in rats and mice (42) where a large proportion of injected labeled 

prolactin was bound to the proximal tubule» It is more likely, how

ever, that this is due to the mechanism for the excretion of the pro

lactin molecule itself*

Further investigation should logically involve adrenalectomized 

animals receiving various doses of prolactin coupled with various 

amounts of aldosterone repletion and subsequent measurement of sodium 
excretion rates in these animals*

Prolactin's Effect on Potassium Excretion Rate 

Since no significant differences in the percent change in po

tassium excretion rates due to prolactin were observed in intact
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animals, it was impossible to detect any differences in the hormone’s 
effect in the adrenalectomized animals attributable to lack of aldos

terone e Failure to demonstrate significance is again attributed to 
the small number of subjects and trials» Horrobin also failed to

Sdemonstrate the significant decrease in potassium excretion rates which 

was shown by Lockett and Nail (28), claiming it was due to small sample 

size* Other arguments are similar to those advanced for the diffi

culties in establishing significance in sodium excretion rates0 Never
theless, the direction of change in potassium excretion rates was simi

lar in the intact and hypophysectomized animals, and these results are 

consistent with those of Horrobin and Lockett0 Again, the results show 

changes opposite in direction in the adrenalectomized rats (Figo 6)0 
Tentatively then, it can be said that ah interaction with aldosterone 

might occur in prolactin’s effect on potassium excretionb

The use of adrenalectomized animals to approach this problem 

is valid, neverthelesso. Research involving a larger number of subjects 

is called for to determine the possible interaction of prolactin with 

aldosterone in its effect on potassium excretion rate0 Micropuncture 

studies, both in vivo and in vitro, of water and ion concentrations 

with various combinations of doses of prolactin and aldosterone would 

be invaluable aids to the understanding of the prolactin effect oh 

these factorso Additionally, a determination of the mode of prolactin’s 

effect on potassium could greatly aid the search for the locus of the 

effect on both sodium and potassium recovery0
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SUMMARY

Prolactin caused an overall decrease in water excretion in each 

of the three surgically modified groups of animals0 This effect Of 
prolactin appears to he independent of aldosterone interaction and is " 
unrelated to the sodium effects of prolactin0 The two possible modes 
of action are an effect on the distal tubule and/or collecting duct or 

an activity causing a decrease in GFR or RBFo

The similarity in response between intact and hypophysectomized 

animals is interpreted to mean that prolactin and ADH do not interact 
in any fashion to produce water retaining effects*

The effect of prolactin on decreasing sodium excretion occurs 

only in intact and hypophysectomized animals* An interaction of pro

lactin with aldosterone is indicated and the most probable site of 

interaction is the distal renal tubule* The effect could also be due 

to a stimulation of aldosterone release by prolactin*

No important conclusions concerning the potassium effect of 

prolactin could be drawn from this Study, but further investigation 

with adrenalectomized animals is indicated in determining the role of 

aldosterone in this effect*
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Table A.-l.o Urine volume <,

Source of 
Variation

Degrees of 
Freedom

Sums of 
Squares

Mean • 
Squares

F
Ratio

Degrees of 
Freedom P <

E 2 4.430 2.214 9=318 (2,54) .001
P 2 o9703 .4852 4*910 (2,54) =025
T 2 12.08 6.037 5*947 (2,27) .01
EP 4 =7155 *1789 2.691 (4,108) .05
ET k 3*434 08383 3*614 (4,54) *025
PT 4 *9221 .2305 2.336 (4,54) -
EPT 8 3*343 *4429 60663 (8,108) .001
S(T) 27 27*41 1.015
S(T)E 54 12.83 *2376
S(T)P 54 3*328 .0987
S(T)PE 108 7*178 .0665
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Table A-20 Percent change in sodium excretion rate0

Source of 
Variation

Degrees of 
Freedom

Sums of 
Squares

Mean
Squares

F
Ratio

Degrees of 
Freedom P<

E 1 96if0 9640 12=5 (1,27) =005
P 2 8076 4038 1=68» (2,54) -
T 2 11671 5836 1=07 '(2,27)
EP 2 1400 700=0 1=37 (2,54) -
ET 2 10211 5105 6=73 (2,27) =005
PT if 34610 8653 3=59 (4,54) =025
EPT if 4576 1144 2=23 (4,54) -
S(T) 2? 146659 5432
S(T)E 27 20474 758=0
S(T)P 54 12997 2407
S(T)PE 54 27601 511=1

(
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Table A-3o Percent change in potassium excretion ratec

Source of 
Variation

Degrees of 
Freedom

Sums of 
Squares

Mean
Squares

F
Ratio

Degrees of 
Freedom P<

E 1 3619 3619 5*09 (1,27) =05
P 2 8798 4399 .84 (2,54)
T 2 15059 7530 lo55 (2,27) ”
EP 2 24? 124 =16 (2,54)
ET 2 8832 4416 60 21 (2,27) oOl
PT 4 43528 10882 2.09 (4,54) -
EPT 4 4589 1147 1=48 (4,54) 6=
S(T) 2? 130519 4834
S(T)B 27 19196 711
S(T)P 54 281362 5210
S(T)PE 54 41703 772
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Table A-40 Change in urine sodium-potassium ratio=

Source of 
Variation

Degrees of 
Freedom

Sums of 
Squares

Mean
Squares

F
Ratio

Degrees of 
Freedom P<

a 2 11.0 5.50 19.0 (2,54) .001
p 2 13.0 6.50 2.43 (2,54) -
T 2 38.0 19.0 4.28 (2,27) .025
BP 4 0.51 .128 .776 (4,108) -
PT 4 18.6 4.65 1.74 4,54) .01
EPT 8 5=46 0683 4.14 (8,108) .001
S(T) 27 120 4.44
S(T)E 54 15.6 .290
S(T)P 54 144 2.67
S(T)EP 108 17.8 .165



APPENDIX B

CALCULATIONS FOR TUKEY CRITICAL DIFFERENCES (D^)

lo Prolactin effect on tirine volume

20 EPT interaction, urine volume

3o PT interaction, percent change in sodium excretion

4o EPT interaction in sodium-potas'sium ratio

Dc ~ J  t e r r o r  ) (SRS^)

where
D = Tukey critical difference c

MS = Mean square error term from ANOVA for the effect
error being tested

n = Number of data points involved in the effect 
being tested

SRS = Studentized range statistic

x = Number of means involved in the interaction of 
factors from the ANOVA

35
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lo Prolactin effect on urine volume

Dc = (3*40) for p o05 = 0II26 (df = 54)
(4028) for p .01 = .1417

2. EPT interaction, urine volume

Dc = V"°i'0'̂  (3=62) for p .05 = .4582 (df = 108)
(6.21) for p .01 = .5065

5. PT interaction, % change in sodium excretion rate

Dc = V W  (4o55) for P .05 = 49.92 (df = 54)
(5=36) for p .01 = 58.80

4. EPT interaction, sodium-potassium ratio

Pe (5=62) for p .05 = ,7219 (df = 108)
(6.21) for p .01 = .7977



APPENDIX C 

DATA FBOM INDIVIDUAL ANIMALS
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Table C-lo Group Is intact animals, blank prolactin injection (IS)0

Animal Weight Urine Volume Sodium-Potassium ratio % A Sodium ; % A Potassium
(Noo) (g) (ml/lOOg) (ratio) m m

A B •c A B C B 0 B C

1 500 1=5 1=4 2=1 =94 =52 =45 -23=0 13=0 39=0 132=5
2 437 1=7 1=1 1=6 =48 =11 =08 -87=2 —92=1 -42=0 -52=9

3 550 1=2 1=4 2=0 =33 =21 =39 -23=2 97=9 23=8 69=1

4 491 1=3 1=2 1=7 =32 =22 =32 -49=0 -28=5 -28=3 -29=5

5 454 1=5 1=1 1=6 =17 =18 =33 -50=4 39=6 -51=3 -26=7

6 461 1=2 1=4 1=6 =17 =03 =08 -72=3 -37=7 64=2 19=8
7 506 1=2 1=4 1=3 =33 =21 =05 -51=6 -87=1 -27=6 —18=6
8 516 =66 1=1 1=5 =32 =07 =08 -83=0 -78=4 -27=8 -19=2
9 425 =99 1=5 1=6 =07 =05 =11 —42=0 — 8=9 -19=9 —4l=8

10 443 1=3 1=3 1=3 =36 =14 =10 —40=0 -46=2 55=1 93=6

Avec 4?8 1=24 1=30 1=53 =35 =17 =20 -52=2 —22=8 - 1=5 12=6
SoEc 13=9 =09 =05 =21 =0? =04 =05 7=1 19=1 13=5 20=2



Table C-2» Group Is intact animals, half dose prolactin injection (IP/2)o

Animal Weight Urine Volume Sodium-Potassium ratio °/o A Sodium % A Potassium
(No.) (g) (ml/lOOg) (ratio) m m

A B C A B G B C B G

1 519 1=4 1=4 1=2 =47 =29 =15 -50=0 -78=2 -18=9 -31=4
2 456 1=4 1=7 1=4 =36 =14 =06 -67=8 -91=9 -12=8 -53=7
3 563 1=4 =98 1=6 =24 =09 =10 -77=9 -63=8 —4l=0 -12=5
4 528 1=7 1=5 1=2 00-d-0 =26 =30 -52=0 -75=6 -10=5 —6l=3

5 4?0 1=3 1=2 1=0 =21 =11 =17 -61=7 -45=4 -27=5 -34=4

6 4?0 =96 1=7 1=7 =16 =11 H0 11=1 50=3 56=4 76=8

7 522 1=1 1=6 1=5 =31 =12 =01 "43=0 -94=1 46=2 72=0
8 524 1=4 1=2 1=5 =13 =02 =02 -85=4 -87=4 -12=2 -11=3

9 446 1=6 1=2 1=6 =24 =01 =02 -92=6 -89=7 14=5 - 4=7
10 461 1=5 1=3 1=6 =20 =19 =07 47=3 -68=3 50=8 - 5=0

Ave0 496 1=38 1=37 1=43 =28 =13 =10 -47=2 -64=4 4=5 — 6=6

SpE0 12=1 =07 =08 =08 =04 =03 =03 13=9 13=6 11=1 14=8



Table G-3« Group It intact animals, maximum dose prolactin injection (1P)0

Animal Weight Urine Volume Sodium-Potassium ratio % Sodium % Potassium
(No.) (g) (ml/lOOg) (ratio) (#) w

A B C - A B C B C B c

1 497 1.7 1.1 1.4 .44 .14 .24 -88.3 -81.3 -64.4 -66.3
2 439 1.6 .30 1.9 .48 .07 .04 -97.6 -97=2 -84.7 -67.9
3 548 1.5 .38 1=3 =37 .10 .13 -91=7 -85.O -69=6 -56.1
4 494 1.8 .77 1.3 .51 .36 .25 -79=1 -69.4 -69.9 -37.5

5 446 1.7 .47 .94 .23 .14 .02 -87.0 -98.3 -78.9 -76.8

6 461 1.6 1.6 1.1 .18 .04 .05 -73.7 -82.8 9.4 -43=8

7 499 1.4 .16 1.0 .19 .07 .03 -86.7 -80.0 —6l .4 13.5
8 508 1.0 .12 2.1 =80 .05 .07 -98.7 -87.O -79.1 58.2
9 426 1.2 1.2 1.9 .22 .03 .06 -91.1 -63=6 -21.2 28.6

10 447 1.3 .09 .49 .27 .14 .03 -95.3 -96.8 —90 08 -73.7
Ave„ • 477 1.4? 062 1.35 .37 .11 .09 -88.9 -84.1 —61.1 -32.2

SoEo 9o8 .08 .17 =16 .06 , .03 .03 2.6 4.2 9.9 15.2



Table 0-4* Group 2: adrenalectomized animals, blank prolactin injection (25)o

Animal Weight Urine Volume Sodium-Potassium ratio % A Sodium % A  Potassium
(No* ) (g) (ml/lOOg) (ratio) (#) (30

A B G A B 0 B C B C

1 277 2=9 =97 =43 2=8 1=8 1=1 -52=9 -79=8 -25=8 -49=1
2 331 =21 =57 1=2 =96 1=1 =43 -72=7 -86=5 -77=4 -71=0

3 236 =72 =38 =42 13=6 8=6 8=5 -51=1 -40=8 -19=8 - 3=1
4 305 2=3 1=4 1=5 3=1 =44 -95=1 -100 -64=6 -80=1

5 250 =56 =24 =08 1=3 =73 =51 -60=8 -88=2 -28=2 -69=5
6 338 2=2 1=8 1=5 =52 ee -100 —100 —18=6 -34=7

7 274 1=1 =36 =29 1=5 =97 =65 -72=3 -73=2 -56=5 -37=5
8 299 =74 =47 =10 =94 =46 =53 —72=0 -93=2 -42=7 -88=3
9 248 =52 =32 =20 2=3 1=1 =64 -42=9 —74=8 15=5 - 9=7

10 241 =58 =50 =10 2=0 1=0 =53 -21=5 -77=9 86=6 - =87
Ave* 280 1=2 =70 =58 2=9 1=6 1=3 -64=0 —8l=4 -23=2 -44=4

S*E* 11=3 =29 =16 =18 1=2 =72 =82 7=6 5=5 14=8 10=3



Table C-5o Group 2s adrenalectomized animals, half dose prolactin injection (2P/2)0

Animal Weight Urine Volume Sodium-Potassium ratio % A Sodium % A Potassium
(Noo) (g) (ml/lOOg) (ratio) (#) (#)

A B C A B C B C B c
1 318 1.8 .72 .50 1.5 1.0 .64 '-54.2 -69=5 -31=4 —28=6
2 367 .49 065 1.9 1.1 .68 =79 28.4 48.0 106.0 104=3

3 269 1=5 .6? .39 1.4 =96 .81 —47.6 -65=9 -25.9 -42.7
4 319 .82 1.1 1=7 .68 .13 =04 —67=9 -89.9 70=2 62.9

5 277 1.2 .58 .14 1=5 1.1 .62 -45=9 -86.9 -22.8 -67.1
6 363 1.3 1.8 2.0 =35 - - -100 -100 - 4.8 -47.8

7 284 =63 .42 .23 1.3 =97 =72 4.5 -45=3 39=0 - 2.8

8 324 .56 .09 =06 .30 =17 =49 -86.6 -69=4 -76.5 -81.4

9 287 .73 .23 =16 =91 =33 =25 —80.I -87.2 -44.4 -52.7
10 266 =64 .34 .10 .82 =54 =32 -44.0 -86.7 -15=8 -64.9

Ave0 307 .97 .66 .72 =99 =59 =47 -49=3 -65=3 - 5=0 -22.1

SoEo 12.8 .14 .15 .26 .14 .13 .09 12.6 13=5 18.3 19.1



Table C-6=, Group 2: adrenalectomized animals, maximum dose prolactin injection (2P)C

. Animal Weight Urine Volume Sodium-Potassium ratio % A Sodium % A Potassium
(Noo) (g) (ml/lOOg) (ratio) m m

A B 0 A B c B C B C

1 293 1=9 1=1 =68 1=7 1=4 =90 : -37=7 -68=3 -24=8 —40=5
2 344 =90 1=7 2=0 =98 =28 =15 -83=0 -93=1 -39=4 -55=8

3 238 =92 =63 =34 1=9 1=5 =93 -32=8 —68=0 -12=4 -33=2
4 310 1=0 =90 1=2 =54 =13 =11 -73=1 —78=4 14=5 8=3
3 264 =11 =25 =42 =64 =41 =37 75=9 143=8 173=8 316=7
6 340 =94 2=0 2=0 =6l =13 -84=1 -100 ' -23=2 -58=8
7 279 =47 =6l =22 1=2 =92 065 68=9 -39=3 127=6 16=3
8 303 =99 =16 =03 =74 =40 =31 —82=8 -96=7 -68=3 —92=6

. 9 256 =55 =24 =12 1=4 =63 -66=6 -100 -27=5 -97=3
10 243 0 vn 00 =40 =05 : 1=4 =74 COK\0 ' —46=8 -92=0 2=4 -71=9

Ave0 287 =83 =80 =71 1=1 =65 =38 -36=2 -59=2 12=3 -10=9
SoEo 11=9 =15 =20 =24 =15 =16 = U 19=1 23=2 24=4 38=3



TableC — 7o Group 3s Hypophysectomized animals, blank prolactin injection (3S)o

Animal Weight . Urine Volume Sodium-Potassium ratio % A Sodium % A Potassium
(No,) (g) (ml/lOOg) (ratio) (96) m

A B C A B C B G B C

1 153 1=6 1=2 1=1 =38 1=3 2=6 54=8 - 6=8 -53=7 -86=5
2 154 1=2 1=2 =97 =65 =30 =93 —67=6 -50=9 -27=4 -65=1

3 144 1=7 2=2 1=1 2=2 2=7 =75 106=5 -23=6 68=4 125=7
4 143 1=8 1=1 1=1 . =58 =63 1=9 -39=2 -31=8 -42=3 -79=4

5 160 1=7 1=1 1=2 =26 =75 1=2 35=6 5=6 -52=9 -76=3
6 140 1=1 =86 1=2 =72 =4l =56 -54=6 -38=5 —18=9 -20=7

7 151 1=4 1=1 =86 =19 =37 =31 -37=0 -77=8 -68=7 —86=1

8 146 =96 =82 =45 1=4 =31 =14 -76=3 -87=8 7=1 12=4

9 147 1=0 =95 =30 082 =21 =10 -59=6 -90=7 50=3 -26=2
10 140 1=5 1=4 1=0 =30 =35 =25 59=9 6=0 34=5 17=5

Ave, 148 1=41 1=19 =93 =74 =73 =87 — 7=8 -39=6 -10=4 -28=5

SoEo 1=5 =10 =13 =10 =20 =24 =26 20=7 11=6 15=2 21=2



Table 0-80 Group 3: hypophysectomiaed animals, half dose prolactin injection (.39/2) 0

Animal Weight Urine Volume Sodium-Potassium ratio % A Sodium . % A Potassium
(Noo) (g) (ml/lOOg) (ratio) (%) (%)

A B 0 A B C B C B C

1 152 .66 1.1 1=3 =20 .44 .98 65.7 35=7 -23=4 -71=7
2 150 .87 =40 =53 3=6 1.1 .13 -81.8 -95=9 —4o.8 16.4

3 143 1.4 1.1 1.1 =90 =40 =19 -77=0 -89=8 —48.1 -51=0

4 142 1.7 085 .85 1.5 2.4 .98 -50.0 -68.8 -69=0 -52.8

5 162 1.5 1.0 1.1 .54 =60 =77 -35=1 -49=3 -41.5 -64.3
6 136 1=3 .96 1=2 =95 .84 =07 -28.0 —86.2 -18.4 -23=7

7 149 1.3 1.1 1=0 =79 .16 .05 —810 4 —96.6 -10.2 -36.0

8 144 1.0 069 .67 .48 .14 =16 -71=1 -72.3 — 7=4 -17=2
9 148 .74 .61 =34 .81 .11 .07 -94.5 -97=5 -61.8 —69=3

10 140 1=3 .86 .60 065 .62 =31 - 2.6 -65=9 3=3 -27.7

Ave0 14? 1.17 .87 .86 ; 1.0 .68 =37 -45=6 -68.7 -31=7 -39=7
S oEo 2.8 .10 .07 .10 = 32 .28 .12 15=4 12.6 7=7 8.8



Table C-9* Group 3: hypophysectomized animals9 maximum dose prolactin injection (3P)o

Animal Weight Urine Volume Sodium-Potassium ratio % A Sodium % A Potassium
(No0) (g) (ml/lOOg) (ratio) m

A B G A B C B C B C

1 153 1=2 .92 1=4 =14 =66 1=5 60=4 49=5 —64=9 -85=5
2 153 1=2 =72 =59 1=4 =46 =26 -79=0 -94=5 -38=2 -70=1

3 145 1=7 1=7 =97 =81 2=1 1=6 13=2 -46=9 “•JO oO -73=5
k 143 2=1 1=2 =56 1=5 1=5 1=3 -35=9 -75=7 -36=7 -70=9

5 162 2=0 =68 =86 1=3 =55 =06 -77=5 -97=8 -48=3 -55=3
6 135 1=3 =89 1=2 =13 =33 =64 47=1 -76=5 —43=2 -13=4

7 150 1=4 1=3 =8? =25 =18 =17 -76=0 -79=4 —41=9 -71=3 '

8 146 1=0 =14 =05 1=3 =67 =56 —65=8 -87=9 -34=3 —71=6

9 150 1=1 =51 =15 =77 =24 =02 -74=8 -99=0 -14=9 —6l=8

10 140 1=2 1=0 =71 =42 =44 =34 2=9 —4l=2 1=5 -26=0

Ave0 148 1=42 =90 =73 =80 =71 =59 -28=5 —64=9 -35=1 -52=9

• S oB o 2=0 =12 =14 =13 =17 =20 =20 17=4 14=2 5=7 11=9
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