Pharmacology Biochemistry & Behavior, Vol. 31, pp. 533-540. © Pergamon Press plc, 1989. Printed in the U.S.A.

Prolactin and Growth Hormone Stimulate
Food Intake in Ring Doves

JOHN D. BUNTIN' AND GARY R. FIGGE?

Department of Biological Sciences, University of Wisconsin-Milwaukee, Milwaukee, WI 53201

Received 12 February 1988

BUNTIN, J. D. AND G. R. FIGGE. Prolactin and growth hormone stimulate food intake in ring doves. PHARMACOL
BIOCHEM BEHAYV 31(3) 533-540, 1988.—Ingestive behavior and body weight were measured in male and female ring
doves given twice daily subcutaneous injections of ovine prolactin (7 mg/kg/day) or vehicle and in male doves given daily
intracerebroventricular (ICV) injections of ovine prolactin at doses ranging from 0.1 to 2.0 ug/day. Changes induced by
ICV administration of turkey prolactin, turkey growth hormone, ovine growth hormone, human growth hormone, and
vehicle were also examined. Subcutaneous injections of ovine prolactin markedly increased food intake and body weight in
both sexes. Similar effects occurred in dose-related fashion in male doves given ICV injections of ovine prolactin. The three
growth hormone preparations also increased feeding and body weight significantly, but turkey prolactin was ineffective in
this regard. Changes in drinking generally paralleled feeding patterns but were less pronounced and may have been
secondary to feeding changes. We conclude that feeding in this species is strongly stimulated by some prolactin and growth
hormone preparations. However, the physiological mechanisms underlying these effects remain to be clarified.
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PROLACTIN (PRL) is a pituitary hormone and putative
neuropeptide (19, 24, 58) with diverse physiological and be-
havioral actions (4, 14, 47). Prolactin reportedly promotes
hyperphagia in several vertebrate species, and some inves-
tigators have suggested a causal role for the hormone in the
elevated food intake associated with mammalian lactation
(35,42) and premigratory fattening responses in passerine
birds (21). However, the effects of PRL on food intake have
not been systematically characterized in any species and the
available data suggest that the effects of the hormone on
ingestive behavior may be complex. In rats, the effects of
PRL vary markedly with sex, physiological state, and exper-
imental conditions. Increased food intake has been reported
in virgin female rats made hyperprolactinemic by ectopic
pituitary transplantation (42) and in virgin females given sys-
temic injections of ovine PRL (35). Exogenous PRL adminis-
tration also reportedly increased food intake in hypophysec-
tomized, ovariectomized females but had diminished effec-
tiveness in males (51), and had little effect in lactating
females whose pups had been removed (22) and in ovariec-
tomized virgin females with intact putuitaries (23).
Inconsistent effects of PRL on food consumption have
also been reported in lower vertebrates. Hyperphagic effects
of ovine or bovine PRL have been reported in toads (63), in
two lizard species (36,37) and in hypophysectomized pigeons
following systemic injections of mammalian PRL prepara-
tions (2,54). Food intake is also dramatically increased in
ring doves following intracerebroventricular injections of
ovine PRL (9). In contrast, no increase was observed in

spotted munia given intramuscular injections of bovine PRL
(12) and a significant decrease in food consumption was re-
corded in turkey hens given intracerebral injections of a
purified turkey PRL preparation (16).

These conflicting patterns of PRL-induced changes in
food intake may reflect species differences in sensitivity to
various PRL preparations or the confounding influence of
other physiological factors which may mediate or modulate
the effects of PRL under different physiological conditions.
Such possibilities cannot be adequately evaluated without
additional information on the sites, characteristics, and
mechanisms of PRL action in this regard. The ring dove is a
good choice for investigating the effects of PRL on ingestive
behavior because it is one of the few species in which feeding
changes have been documented following central adminis-
tration of the hormone. Effects of PRL on food intake in this
species are also dramatic, with males and females exhibiting
an increase of 50-100% in daily food consumption and a
10-20% increase in body weight after 10 days of twice daily
intracerebroventricular (ICV) injections of ovine PRL (9).

"Based on this previous work, the purpose of the present

study was to characterize the dose-response relationship be-
tween centrally administered ovine PRL and changes in in-
gestive behavior in the ring dove and to compare these re-
sponses with those obtained following central administration
of various preparations of growth hormone, a structurally
related molecule with reputed hyperphagic actions of its own
(2, 37, 51, 63). The effects of purified turkey PRL were also
examined in an attempt to explain the opposing patterns of
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feeding changes induced in turkey hens by ICV injections of
turkey PRL (16) and those induced in ring doves by ICV
administration of ovine PRL (9). Male doves were used ex-
clusively for these comparisons because previous work has
shown that ovine PRL exerts more pronounced effects on
food intake in this sex (9). Two additional objectives of the
study were to determine whether systemic injections of
ovine PRL were capable of altering food and water con-
sumption in a manner similar to that observed following cen-
tral administration of the hormone, and to determine if the
sex-specific pattern of food intake changes seen in birds re-
ceiving ICV injections of PRL (9) is unique to this route of
hormone administration.

METHOD
Animals

Eighty-seven aduit male and 12 adult female ring doves were
drawn from the colony maintained and bred at the University
of Wisconsin-Milwaukee. Birds were housed in visual isola-
tion from other birds for at least three weeks prior to the start
of the experiment. Isolation cages were constructed of wood
with wire mesh front doors and measured 40x40x53 cm.
Constant photoperiod (14 hr light:10 hr dark; lights on at
0700 hr) and temperature conditions (20-22°C) were main-
tained and grit, water and seed mixture (kafir, milo, wheat,
hulled oats, buckwheat, and white proso millet) were avail-
able at all times.

Procedure

Twelve male doves ranging in weight from 130.4 to 167.7
g (mean+SEM = 148.1+3.0 g) and 12 females ranging in
weight from 135.6 to 161.3 g (mean=SEM = 146.3+2.0 g)
were given twice-daily subcutaneous injections of ovine
prolactin (0PRL; NIADDK oPRL-18, 7 mg/kg body weight,
30 IU/mg) or saline-NaHCO; vehicle (n=6 males and 6
females per group) for six consecutive days. Injections were
given between 0700 and 0800 hr and between 1530 and 1700
hr. Food intake, water intake, and body weight were re-
corded once daily at 0700 hr beginning two days before the
first injection. Changes in the weight of food and water con-
tainers were used to estimate daily intake. Containers were
replenished with fresh seed mixture and water as needed.

The remaining 75 male doves were fitted with cannula
assemblies which were stereotaxically implanted into the
right lateral cerebral ventricle and secured to the skull with
cranioplastic cement. Birds were allowed a minimum of 10
days to recover from the surgery prior to experimental use.
Following the recovery period, food and water containers
were weighed and body weights were recorded once daily at
1400 hr for five consecutive days to provide preinjection
baseline data. Preinjection body weights of these animals
ranged from 127.4 to 180.4 g and averaged 152.5+1.24 g
(mean=SEM). Immediately following the last of these prein-
jection measurements, birds were randomly assigned to nine
treatment groups and given daily ICV injections of one of the
following: 0.1 ug oPRL (NIADDK oPRL-17, 34 IU/mg), 0.5
ng oPRL, 1.0 ug oPRL, 2.0 ug oPRL, 1.0 ug ovine growth
hormone (0GH; NIADDK oGH-12), 1.0 g human growth
hormone (hGH; NIADDK hGH-I-1), 1.0 ug turkey prolactin
(tPRL; purified and supplied by J. Proudman, USDA), 1.0
g turkey growth hormone (tGH; purified and supplied by J.
Proudman, USDA) or saline-NaHCO; vehicle. All treatment
groups consisted of 8 birds each with the exception of the 1.0
g oPRL group (n=12) and the oGH group (n=7). All injec-

BUNTIN AND FIGGE

tions were administered once daily at 1500-1600 hr for 5
consecutive days. Food and water containers were weighed
and body weight was recorded immediately prior to each
daily ICV injection (at approximately 1400 hr) and at 24 hr
after the last injection.

After the last food, water and body weight measurement,
blood samples (400-600 ul) were collected from each bird by
wing vein venepuncture for radioimmunossay of plasma
luteinizing hormone levels [see (7)]. Birds were then killed
by anesthesia overdose on the day following blood collection
for verification of cannula placement. Because changes in
crop sac weight are a reasonably sensitive index of prolactin
stimulation [see (47)], crop sacs were also removed and
weighed at autopsy in order to evaluate the possibility that
circulating PRL levels increased in response to ICV injec-
tions of the hormone.

Cannulation and Intracerebroventricular Injection

A double-barreled cannula assembly (Plastic Products,
Inc., Roanoke, VA) was stereotaxically implanted into the
right lateral cerebral ventricle of each bird in the ICV study
and cemented to the skull under Chloropent anesthesia (Fort
Dodge Laboratories, 3.0 ml/kg) using a modification (9) of
the Gibson and Cheng (25) procedure. Each cannula assem-
bly consisted of a 22 ga stainless steel outer guide cannula
and a 28 ga inner dummy cannula. Intracerebroventricular
injections were administered over a 15 sec period through a
10 ul Hamilton syringe which was attached via polyethylene
tubing to a 28 ga infusion cannula (Plastic Products, Inc.). All
hormones were injected in 2 ul sterile vehicle consisting of
avian saline (0.87%) and 0.01 M NaHCO; (pH 8.0) in a ratio
of 9:1. The injection cannula was removed and replaced with
the dummy cannula at 1.5 to 2 min after injection.

At the end of the experiment, each bird in the ICV study
received a 2 ul ICV injection of 25% India ink followed 5 min
later by a lethal dose of Chloropent anesthesia (1 ml/bird).
The subject was then perfused transcardially with avian
saline (0.87%) followed by formalin (109%%). The fixed brain
was removed from the cranium and sectioned coronally for
gross observation. Two birds were excluded from the exper-
iment at this point because no dye was observed in the cere-
bral ventricular system. The crop sac and testes of each bird
were also removed and weighed at autopsy.

Statistical Analysis

A two-tailed significance level of p<<0.05 was used for all
statistical analyses. In both the systemic injection study and
the ICV injection study, repeated measures analyses of vari-
ance were used to analyze changes in food and water intake
during the treatment period (BMPD Program 4V, Los
Angeles, CA). Daily food and water consumption measure-
ments during the pretreatment period in each study were
averaged for each animal, and group differences were as-
sessed using one-way analyses of variance. If a significant
overall group difference was obtained in baseline food or
water intake, then the relative change in intake was deter-
mined for each bird by expressing the average intake during
the treatment period as a percentage of the baseline value for
each subject. These percentage values were then used to test
for treatment group differences using one-way analyses of
variance and Tukey’s studentized range tests. One-way
analyses of variance were also used to assess differences
across groups in pretreatment body weight (i.e., body weight
on the day prior to treatment) and percent change in body
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FIG. 1. Effects of twice daily subcutaneous injections of ovine prolactin (lC]) or
vehicle (AA) on average daily food intake (mean+SEM) in male (BA) and female
(OA) ring doves (n=6/group) during a 6 day treatment period. Pretreatment
(baseline) food intake values (B) are also indicated. See text for dosages. A
significant treatment effect (p<0.01), sex X treatment interaction (p<0.05), and
treatment X days interaction (p <0.001) were obtained.
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FIG. 2. Changes in food intake (mean+SEM) in male doves given daily intracerebroventricular injections of
saline vehicle (veh) of purified prolactin (PRL) or growth hormone (GH) preparations of ovine (o), turkey
(1), or human (h) origin. Doses shown are daily doses per bird. Baseline food intake levels (B) differed
significantly across treatment groups (p<0.05) and a group X time interaction was observed (p <0.001)
during the injection period. See text for details (n=8 for all treatment groups except 1.0 ug oPRL, n=10).

weight over the treatment period (i.e., body weight on day 5
of the treatment period) expressed as a percentage of pre-
treatment body weight.

If significant heterogeneity of variance was encountered
across treatment groups on any measure, nonparametric
Kruskal-Wallis one-way analyses of variance and Mann-
Whitney U-tests (56) were employed in the analysis of over-
all treatment effects and pairwise group differences, respec-
tively.

Missing data caused by occasional spilling of water con-
tainers during weighing resulted in a reduction in sample size
in some water intake comparisons.

RESULTS
Systemic Injection Study

While no significant sex or gorup differences in food in-
take were observed prior to treatment (Fig. 1), PRL-injected
birds ate approximately 70% more during the treatment
period than did vehicle-injected controls, F(1,20)=100.69,
p<0.001. Although a significant treatment difference was de-
tectable in both sexes [males: F(1,20)=76.37, p<0.001;
females: F(1,20)=29.72, p<0.001], the response to PRL in-
jections was markedly sex-specific with PRL-injected males
consuming significantly more food during the treatment
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TABLE 1

EFFECTS OF SYSTEMIC INJECTIONS OF GVINE PROLACTIN OR
VEHICLE ON WATER INTAKE AND BODY WEIGHT IN DOVES

Treatment Daily Water Body Weight
Group Sex N Intake (g) (% change)
Vehicle Male 6 13.87 = 3.07 -1.0 = 0.7
Female 5 16.87 = 2.54 -0.3 £ 09
Prolactin Male 6 19.14 = 3.05 +16.0 = 1.1*
Female 6 17.76 + 4.85 +11.1 = 1.5%F

Birds were given 6 twice-daily subcutaneous injections of ovine
prolactin or saline vehicle (see text for dosage). Water intake values
reflect average daily consumption (mean + SEM) during the treat-
ment period. Baseline water intake values did not differ significantly
across sex or treatment groups. Body weights recorded at the end of
the treatment period were compared with baseline values recorded
during the two days period to injection to yield the percentage values
for each subject. Values depicted are group means + SEM. Signifi-
cant differences were as follows: *p <0.001 vs. vehicle; Tp<0.005 vs.
male prolactin.

period than PRL-injected females, F(1,20)=9.20, p<0.01. In
contrast, no sex difference in feeding was observed in the
vehicle-injected control group, thereby yielding a significant
sex by group interaction effect, F(1,20)=5.40, p<<0.05.
Analysis of food intake patterns over time revealed that
males and females in the PRL group exhibited a significant
increase in daily food consumption during the treatment
period [males: F(5,100)=11.70, p<0.001; females: F(5,100)=
6.32, p<0.001] while vehicle-injected birds did not. As a re-
sult, the analysis yielded a significant treatment by time in-
teraction effect, F(5,100)=8.78, p<0.001. Differences in
food intake between PRL and vehicle-injected birds were
detectable on the first day of treatment and persisted
throughout the injection period, F(1,20)=22.96, p<0.001, for
all comparisons.

Body weight differences between groups and sexes were
similar to food intake differences [% body weight change:
treatment, F(1,20)=169.21, p<0.001; treatment X sex,
F(1,20)=6.14, p<0.025]. As depicted in Table 1, PRL-
injected males gained significantly more weight than PRL-
injected females, F(1,20)=10.08, p<0.005, and PRL-treated
birds of both sexes gained more weight than did control
animals [male: F(1,20)=119.9, p<0.001; female: F(1,20)=
55.44, p<<0.001]. In contrast, water consumption did not dif-
fer significantly between groups or between sexes during the
treatment period (Table 1).

ICV Injection Study

Food intake. Daily food intake generally increased over
the 5 days of treatment, F(4,260)=59.46, p<0.001, but, as
shown in Fig. 2, changes over time were not uniform across
groups [group X time, F(32,260)=5.04, p<0.001]. All groups
except those given tPRL, 0.1 ug oPRL, or vehicle showed a
significant increase in daily food intake over the treatment
period, F(4,260)=7.64, p<0.001, for all significant differ-
ences.

Significant differences in baseline food consumption
across groups, F(8,65)=2.17, p<0.05, necessitated the use of
relative changes in food intake (see the Method section) for
analysis of treatment differences (Fig. 3). This analysis re-
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FIG. 3. Average % change in daily food intake (mean+SEM) in male
doves given 5 daily intracerebroventricular injections of prolactin
growth hormone, or saline vehicle. See Fig. 2 for abbreviations.
Daily food intake values for the S treatment days were averaged and
compared with the average baseline value for the 5 days prior to
treatment to yield percentage values for each subject (n=8 per group
except 1.0 ug oPRL, n=10). All groups except tPRL and 0.1 ug
oPRL differed significantly from the vehicle control group (p<0.01).

vealed a significant overall treatment difference, F(8,65)=
27.97, p<0.001. All doses of oPRL except the lowest dose
effectively elevated food consumption (p<0.01 for all com-
parisons) over that observed in the control group and did so
in a dose-dependent fashion (0.1 vs. 0.5 and 0.5 vs. 2.0 ug/
day, p<0.01). A significant increase in food intake was also
observed in the three groups that received injections of GH
(p<0.01 for all comparisons) and the food intake changes
observed in these groups did not differ significantly from
those observed in birds given the same dose of oPRL (1.0
pg/day). In contrast, no significant increase in food intake
occurred in birds receiving tPRL. As shown in Table 2, a
similar pattern of group differences was obtained when
changes in food intake were based on the measurements
made on the last day of injections rather than on average
food consumption during the treatment period,
F(8,65)=32.36, p<0.001.

Water intake. Water consumption varied significantly
over the 5 day treatment period, F(4,152)=6.74, p<0.001. A
treatment by time interaction was also observed, F(32,152)=
2.78, p<0.001, with some groups exhibiting significant fluc-
tuations in water intake over the injection period [0.1 ug
oPRL, 2.0 ug oPRL, tGH and hGH, F(4,152)=2.82, p<0.03
for all comparisons] and others showing no significant
changes (veh, 0.5 ug oPRL, 1.0 ug oPRL, tPRL, and oGH).

As was the case in food intake analyses, group differences
in water intake were based on average changes over the
treatment period, since baseline values differed significantly
across groups, F(8,65)=2.84, p<0.01. In addition, non-
parametric statistical tests were used because preliminary
tests revealed significant heterogeneity of variance on this
measure [Levene’s test, F(8,65)=2.50, p<0.02]. As shown in
Fig. 4, the average change in water consumption during the
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TABLE 2

EFFECTS OF INTRACEREBROVENTRICULAR INJECTIONS OF
PROLACTIN OR GROWTH HORMONE PREPARATIONS ON
FOOD INTAKE AND BODY WEIGHT IN MALE DOVES

% Increase From Baseline

Daily Food Intake
Treatment Dose (Treatment
Group (ug) N Day 5) Body Weight
Vehicle — 8 13.7+ 4.6 2.1 + 0.7
oPRL 0.1 8 211 = 59 5.8+0.7
0.5 10 71.6 = 7.5* 14.9 + 1.0*
1.0 8 108.2 = 7.9* 14.0 = 0.8*
2.0 8 119.4 = 6.0* 16.0 = 1.2*
tPRL 1.0 8 192+ 5.3 32+0.8
tGH 1.0 8 82.4 = 9.0* 14.6 = 0.8*
oGH 1.0 8 86.0 + 10.1* 10.4 = 1.6*
hGH 1.0 8 99.1 = 10.1* 17.4 = 1.2*

Birds were given 5 daily injections of purified prolactin (PRL) or
growth hormone (GH) preparations of turkey (t), ovine (o), or
human (h) origin. Food intake and body weight values for the last
day of the treatment period were compared with average baseline
values obtained during the 5 day period prior to treatment to yield
the percentage values for each subject. Values depicted are group
means + SEM. Values that significantly exceeded vehicle control
values are indicated (*p <0.01).

treatment period varied significantly across treatment
groups, H(8)=32.37, p<0.001. The three highest oPRL dose
groups showed a significantly greater increase in water in-
take during the treatment period than did the 0.1 ug oPRL
group (p<0.02 for all comparisons) but only the 0.5 ug dose
groups differed significantly from vehicle-injected controls
(p<0.01). In addition, no differences were observed among
the 0.5 ug, 1.0 ug, and 2.0 ug dose groups (Fig. 4). Among
the remaining treatment groups, only the hGH-injected
animals differed significantly from vehicle-injected controls
in water intake change (p<0.01). However, several other
groups showed elevations in water intake that approached
statistical significance (veh vs. 1.0 ug oPRL, 2.0 ug oPRL,
tGH, or oGH, p<0.10).

Body weight and crop sac weight. Group differences in
body weight changes over the treatment period were also
observed, F(8,65)=32.36, p<<0.001, and differences among
individual groups generally paralleled the pattern observed
in food intake analyses (Table 2). In contrast, crop sacs in all
treatment groups were undeveloped and none of the PRL or
GH groups showed evidence of significant crop sac growth
in crop sac weight comparisons with the control group.

DISCUSSION

The results of this study demonstrate that oPRL is capa-
ble of elevating food intake when administered by central
(ICV) or peripheral (subcutaneous) injection. Moreover, as
has been observed following ICV injection (9), subcutaneous
administration of oPRL induced a more pronounced hyper-
phagic response in males than in females. The degree to
which feeding varies with PRL dosage following subcutane-
ous injections is unknown, but PRL-induced body weight
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FIG. 4. Average % change in water intake (mean+SEM) in male
doves given 5 daily intracerebroventricular injections of prolactin,
growth hormone, or saline vehicle. See Fig. 2 for abbreviations.
Daily water intake values for the 5 treatment days were averaged
and compared with the average baseline value for the 5 days prior to
treatment to yield percentage values for each subject (n=8 per group
except 1.0 ug oPRL, n=10). Only the hGH and 0.5 ug oPRL groups
differed significantly from controls (p<0.01).

changes, which in the present study were closely related to
food intake changes, may be used to estimate this relation-
ship indirectly. In a previous study involving subcutaneous
injections of oPRL (29), a linear increase in body weight was
observed over the entire range of doses tested (0.8 to 7.0
mg/kg). A comparison of this dose-response curve with that
obtained in the present study with ICV-injected oPRL indi-
cates that centrally and peripherally administered oPRL dif-
fer in relative potency by at least 3 orders of magnitude. This
difference in effectiveness and the lack of PRL-dependent
crop sac growth in ICV-injected animals suggest that oPRL
is capable of acting centrally to promote feeding and body
weight gain. Although it is unclear whether systemically
administered oPRL gains access to and interacts with PRL-
sensitive target sites in the brain to promote hyperphagia,
there is evidence to support this possibility. While the
blood-brain barrier would preclude direct CNS uptake of
oPRL, circulating hormone could conceivably gain access to
the brain by a blood-to-CSF transport mechanism located in
the choroid plexus (32,61). Evidence for specific binding
sites for PRL in choroid plexus in several mammalian spe-
cies (52) and in the ring dove (10) provides support for this
concept as does the recent finding in the rat that the choroid
plexus is a site of saturable receptor-mediated transport of
blood-borne PRL into the CSF (61).

Recent studies using %I-oPRL as a tracer have revealed
sites which bind PRL with high affinity and high specificity
in ring dove brain homogenates, with highest activity in di-
encephalic and telencephalic regions (8). Although the pre-
cise distribution of PRL-secreting cells in dove brain have
yet to be mapped, these findings leave open the possibility
that PRL acts directly at periventricular loci which have
been implicated in the regulation of feeding activity [see
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(30,46) for review]. Moreover, electrophysiological evidence
for PRL-induced changes in neuronal activity in the ven-
tromedial hypothalamus of the rat lends support to this view
(11,62). Based on studies with other ICV-injected peptides
(3, 41, 49), however, it is also conceivable, although perhaps
not likely (20,55), that CSF-borne PRL alters food intake
indirectly by travelling to the pituitary to alter hypophyseal
function.

The marked hyperphagia and body weight increase in-
duced by ICV injections of oPRL corroborate the previous
report of Buntin and Tesch (9) and extend these results by
demonstrating that these responses are dose-dependent with
thresholds below 22 pmol (0.5 ug)/day. Although drinking
was also elevated in most oPRL treatment groups, changes
in water intake during the treatment period were less
pronounced than changes in food consumption and were not
strongly related to the dose of hormone administered. This
suggests that the PRL-induced elevation in drinking activity
is secondary to the hyperphagic response. Moreover, recent
evidence that PRL does not elevate drinking in food-
deprived animals supports this interpretation (unpublished
observations).

The virtual doubling of daily food intake and the 15%
increase in body weight which male doves in the 2.0 ug
oPRL group exhibited over a 5 day period rivals that ob-
served in rats following repeated intracranial injections of
the most potent orexigenic agents known (39,57). However,
the mechanisms by which PRL acts to promote these dra-
matic changes are poorly understood. As has been demon-
strated for several other PRL-dependent changes (14), inter-
actions between sex steroids and PRL could be involved in
the PRL-induced feeding response since male doves showed
more pronounced hyperphagia than females following sys-
temic (Fig. 1) or ICV (9) administration of the hormone.
However, a critical test of this hypothesis has yet to be con-
ducted. PRL-induced stimulation of tuberoinfundibular
dopamine synthesis and turnover has been reported in birds
[see (28)] and is well documented in mammals (43).
Moreover, PRL-induced changes have been observed in
other dopaminergic systems (13,59). However, there is cur-
rently no compelling evidence that dopamine mediates the
hyperphagic action of PRL. The effects of dopamine on feed-
ing behavior are complex and site-specific [see (38,44) for
review] and in the pigeon, the dopamine agonist apomor-
phine reportedly suppresses rather than facilitates feeding
when given via peripheral injection (17). In addition, the neu-
rochemical and electrophysiological changes induced by in-
tracranial PRL administration can differ markedly from
those induced by dopamine or dopamine agonists (11,33).
PRL also reportedly stimulates the release of GABA and
beta endorphin in rat hypothalamus (40, 50, 53) which in turn
may stimulate feeding activity (15, 18, 27, 45). It is also con-
ceivable that norepinephrine mediates the hyperphagic ac-
tion of PRL (38); however, this hypothesis is difficult to
evaluate because the effects of PRL on norepinephrine turn-
over in the hypothalamus appear to vary markedly between
species (1). Other possibilities remain to be investigated in-
cluding the interaction between PRL and other appetite-
stimulating peptides such as NPY (31).

Growth hormone has been reported to promote food in-
take in several vertebrate species (2, 37, 51, 63) and our
results with ICV-injected turkey, ovine, and human GH are
consistent with these findings. Although quantitative esti-
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mates of relative potency cannot be calculated from single
dose tests, food intake changes in the three GH groups were
similar in magnitude to those observed with an equivalent
dose of oPRL. Systemic injection studies in toads (63) and
lizards (37) have yielded similar results, with bovine GH
being equal or superior to oPRL in potency. Because hGH
binds to PRL receptors as well as GH receptors in a variety
of target tissues (48) and is a highly effective competitor of
5[.oPRL in binding to dove brain membranes (8), the
hyperphagic actions of hGH in doves could be explained at
least in part by its PRL-like activity. In contrast, oGH and
tGH are 50-100 times less effective than oPRL as a binding
competitor of ®*I-oPRL in dove brain and liver membranes
(6,8). Although the relationship between GH dose and feed-
ing response must be established before definitive conclu-
sions can be drawn, these data raise questions regarding the
degree to which oPRL and the nonhuman GH preparations
interact with the same class of binding sites to promote feed-
ing activity.

The inability of turkey PRL to significantly augment food
consumption contrasts markedly with the results obtained
with the other PRL and GH groups, but is consistent with the
rather weak receptor binding activity observed with this
preparation in previous studies. The binding potency of the
tPRL preparation that we used has been estimated by
chicken kidney radioreceptor assay to be approximately !/3
that of oPRL (J. Proudman, unpublished results). In dove
forebrain membranes, in contrast, this same preparation was
15 times less effective than oPRL as a binding competitor of
125]-0PRL (8). Poor binding activity was also observed in dove
liver membranes when a different preparation of purified
tPRL was tested (6). Such differences in relative binding
activity between oPRL and tPRL in dove tissues could help
to explain the low orexigenic potency of tPRL. However, the
apparent differences in binding potency of tPRL in doves
and 1n gallinaceous birds makes it difficult to interpret the
divergent feeding responses of turkeys and ring doves to this
hormone (9,16). Additional information on the effects of
oPRL on feeding behavior in turkeys would help to resolve
these discrepancies as would feeding studies in doves using
purified pigeon or dove PRL preparations.

While the effects of PRL and GH on food intake and body
weight are dramatic in this species, the functional signifi-
cance of these changes and their generality to other species
require further study. Food consumption remains unchanged
in breeding pairs of doves sampled during the incubation
period when circulating PRL levels are rising, but it in-
creases substantially during the second and third week of the
posthatching period when PRL levels are declining (5,26).
This raises questions regarding the relationship between cir-
culating PRL levels and feeding activity in breeding doves.
However, the issue is complicated by the fact that PRL may
also promote the display of other behaviors such as nest
attentiveness during the incubation and early posthatching
period which are incompatible with the expression of feed-
ing. Plasma levels of GH reportedly remain unchanged
throughout the breeding cycle but do show seasonal fluctua-
tions (34). Additional experimentation will be required to
determine if these changes correlate with seasonal changes
in feeding patterns in this nonmigratory species and to char-
acterize the role of PRL and GH in regulating the marked
hyperphagia and fattening observed in other avian species
prior to migration.



PROLACTIN, GROWTH HORMONE AND FEEDING

11.

12.

13.

15.

16.

18.

539

ACKNOWLEDGEMENTS

The authors express their appreciation to Elaine Ruzycki for
technical assistance and to Alnita Allen and Dorothy Perry for secre-
tarial help. The authors also acknowledge the generous gift of turkey
prolactin and growth hormone from Dr. John A. Proudman at USDA
and the allocation of mammalian hormone preparations from the
National Hormone and Pituitary Program, NIADDK. This work was
supported by NIMH grant 41447 and NSF grant DCB 8303026

to J.B.

REFERENCES

. Bartke, A.; Morgan, W. W.; Clayton, R. N.; Banerji, T. K.;

Brodie, A. M.; Parkening, T. A.; Collins, T. J. Neuroendocrine
studies in hyperprolactinemic male mice. J. Endocrinol.
112:215-220; 1987.

. Bates, R. W.; Miller, R. A.; Garrison, M. M. Evidence in the

hypophysectomized pigeon of a synergism among prolactin,
growth hormone, thyroxine, and prednisone upon weight of the
body, digestive tract, kidney and fat stores. Endocrinology
71:345-360; 1962.

. Ben-Jonathan, N.; Mical, R. S.; Porter, J. C. Transport of LRF

from CSF to hypophyseal portal and systemic blood and the
release of LH. Endocrinology 95:18-25; 1974.

. Bern, H. A. Functional evolution of prolactin and growth hor-

mone in lower vertebrates. Am. Zool. 23:663-671; 1983.

. Brisbin, L. L., Jr. Bioenergetics of the breeding cycle of the ring

dove. Auk 86:54-74; 1969.

. Buntin, J. D.; Keskey, T. S.; Janik, D. S. Properties of hepatic

binding sites for prolactin in ring doves (Streptopelia risoria).
Gen. Comp. Endocrinol. 55:418-428; 1984.

. Buntin, J. D.; Lea, R. W.; Figge, G. Reductions in plasma LH

concentrations and testes weight in ring doves following intra-
cranial injection of prolactin or growth hormone. J. Endocrinol.
118:33-40; 1988.

. Buntin, J. D.; Ruzycki, E. Characteristics of prolactin binding

sites in the brain of the ring dove (Streptopelia risoria). Gen.
Comp. Endocrinol. 65:243-253; 1987.

. Buntin, J. D.; Tesch, D. Effects of intracranial prolactin admin-

istration on maintenance of incubation readiness, ingestive be-
havior, and gonadal condition in ring doves. Horm. Behav.
19:188-203; 1985.

. Buntin, J. D.; Walsh, R. J. In vivo autoradiographic analysis of

prolactin binding in brain and choroid plexus of the domestic
ring dove. Cell Tissue Res. 251:105-109; 1988.

Chan, A.; Dudley, C. A.; Moss, R. L. Action of prolactin,
dopamine, and LHRH on ventromedial hypothalamic neurons
as a function of ovarian hormones. Neuroendocrinology
36:397-403; 1983.

Chandola, A.; Pavgi, S. Prolactin-induced gain in body weight
in relation to caloric intake and energy expenditure in spotted
munia. Horm. Behav. 12:225-231; 1979.

Chen, Y. F.; Ramirez, V. D. Prolactin stimulates dopamine
release from male but not female rat striatal tissue perfused in
vitro. Endocrinology 111:1740-1742; 1982.

. Clarke, W. C.; Bern, H. A. Comparative endocrinology of

prolactin. In: Li, C. H., ed. Hormonal proteins and peptides.
vol. VIII. New York: Academic Press; 1980:105-197.

Cooper, S. J. GABA and endorphin mechanisms in relation to
the effects of benzodiazepines on feeding and drinking. Prog.
Neuropsychopharmacol. Biol. Psychiatry 7:495-503; 1983.
Denbow, D. M. The influence of prolactin on food intake in
turkey hens. Poult. Sci. 65:1197-1200; 1986.

. Deviche, P. Administration of small doses of apomorphine at-

tenuates feeding in non-deprived pigeons. Physiol. Behav.
33:581-584; 1984.

Deviche, P.; Schepers, G. Intracerebroventricular injection of
ostrich beta-endorphin to satiated pigeons induces hyperphagia
but not hyperdipsia. Peptides 5:691-696; 1984.

19

20.

21.
22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

. DeVito, W. J.; Connors, J. M.; Hedge, G. A. Immunoreactive
prolactin in the rat hypothalamus: in vitro release and subcellu-
lar localization. Neuroendocrinology 46:155-161; 1987.

El Halawani, M. E.; Fehrer, S. C.; Silsby, J. L. Enhanced
luteinizing hormone releasing hormone in incubating turkeys
(Meleagris gallopavo). Biol. Reprod. 36:884-889; 1987.

Ensor, D. M. Comparative endocrinology of prolactin. London:
Chapman and Hall; 1978.

Fleming, A. S. Control of food intake in the lactating rat: Role of
suckling and hormones. Physiol. Behav. 17:841-848; 1976.
Fleming, A. S. Effects of estrogen and prolactin on
ovariectomy-induced hyperphagia and weight gain in female
rats. Behav. Biol. 19:417-423; 1977.

Fuxe, K.; Hokfelt, T.; Eneroth, P.; Gustafsson, J. A.; Skett, P.
Prolactin-like immunoreactivity: localization in nerve terminals
of rat hypothalamus. Science 196:899-900; 1977.

Gibson, M. J.; Cheng, M.-F. Neural mediation of estrogen-
dependent courtship behavior in female ring doves. J. Comp.
Physiol. Psychol. 93:855-867; 1979.

Goldsmith, A. R.; Edwards, C.; Koprucu, M.; Silver, R. Con-
centrations of prolactin and luteinizing hormone in plasma of
doves in relation to incubation and development of the crop
gland. J. Endocrinol. 90:437-443; 1981.

Grandison, L.; Guidotti, A. Stimulation of food intake by mus-
cimol and beta-endorphin. Neuropharmacology 16:533-536;
1977.

Hall, T. R.; Harvey, S.; Chadwick, A. Control of prolactin se-
cretion in birds: a review. Gen. Comp. Endocrinol. 62:171-184;
1986.

Janik, D. S.; Buntin, J. D. Behavioural and physiological effects
of prolactin in incubating ring doves. J. Endocrinol. 105:201-
209; 1985.

Kuenzel, W. J. Central neural structures affecting food intake in
birds: the lateral and ventral hypothalamic areas. In: Scanes, C.
G.; Ottinger, M. A.; Kenny, A. D.; Balthazart, J.; Cronshaw,
J.; Chester-Jones, ., eds. Aspects of avian endocrinology:
Practical and theoretical implications. Lubbock: Texas Tech
University; 1982:211-216.

Kuenzel, W. J.; Douglass, L. W.; Davison, B. A. Robust feed-
ing following central administration of neuropeptide Y and pep-
tide YY in chicks, Gallus domesticus. Peptides 8:823-828; 1987.
Landas, S.; Thompson, S. A.; Lewis, R.; Stamler, J. F.;
Raizada, M. K.; Phillips, M. I. Uptake of prolactin from cere-
brospinal fluid in rat brain. Neuropeptides 3:173-179; 1982.
Laping, N. J.; Ramirez, V. D. Prolactin and apomorphine in-
duced yawning behavior requires an intact nigro-striatal
dopamine system. Soc. Neurosci. Abstr. 12:184.16; 1986.

Lea, R. W.; Sharp, P. J.; Klandorf, H.; Harvey, S.; Dunn, 1. C.;
Vowles, D. M. Seasonal changes in concentrations of plasma
hormones in the male ring dove (Streptopelia risoria). J.
Endocrinol. 108:385-391; 1986.

Leon, M. Maternal pheromone. Physiol. Behav. 13:441-453;
1974.

Licht, P. Interaction of prolactin and gonadotrophins on appe-
tite, growth and tail regeneration in the lizard, Anolis
carolinensis. Gen. Comp. Endocrinol. 9:49-53; 1967.



540

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Licht, P.; Hoyer, H. E. Somatotrophic effects of exogenous
prolactin and growth hormone in juvenile lizards (Lacerta s.
sicula). Gen. Comp. Endocrinol. 11:338-346; 1968.

Liebowitz, S. F. Brain monoamines and peptides: role in the
control of eating behavior. Fed. Proc. 45:1396-1403; 1986.
Liebowitz, S. F.; Roossin, P.; Rosenn, M. Chronic norepi-
nephrine injection into the hypothalamic paraventricular nu-
cleus produces hyperphagia and increased body weight in the
rat. Pharmacol. Biochem. Behav. 21:801-808; 1984.

Locatelli, V.; Apud, J. A.; Gudelsky, G. A.;: Cocchi, D.;
Masotto, C.; Casanueva, F.; Racagni, G.; Muller, E. E.
Prolactin in cerebrospinal fluid increases the synthesis and re-
lease of hypothalamic gamma-aminobutyric acid. J. Endocrinol.
106:323-328; 1985S.

Lumpkin, M. D.; Samson, W. K.; McCann, S. M. Effects of
intraventricular growth hormone-releasing factor on growth
hormone release: further evidence for ultrashort loop feedback.
Endocrinology 116:2070-2074; 198S.

Moore, B. J.; Gerardo-Gettens, T.; Horowitz, B. A.; Stern, J.
A. Hyperprolactinemia stimulates food intake in the female rat.
Brain Res. Bull. 17:563-569; 1986.

Moore, K. E. Interactions between prolactin and dopaminergic
neurons. Biol. Reprod. 36:47-58; 1987.

Morley, J. E. Neuropeptide regulation of appetite and weight.
Endocr. Rev. 8:256-288; 1987.

Morley, J. E.; Levine, A. S.; Yim, G. K.; Lowry, M. T. Opioid
modulation of appetite. Neurosci. Biobehav. Rev. 7:281-305:
1983.

Morley, J. E.; Levine, A. S.; Gosnell, B. A.; Billington, C. J.;
Hahn, D. D. Control of food intake. In: Muller, E. E.; Mac-
Leod, R. M.; Frohman, L. A., eds. Neuroendocrine perspec-
tives. vol. 4. Amsterdam: Elsevier; 1985:145-190.

Nicoll, C. S. Physiological actions of prolactin. In: Knobil, E.;
Sawyer, W. H., eds. Handbook of physiology, section 7: Endo-
crinology. vol. 4. Part 2. Baltimore: Williams and Wilkins;
1974:253-393.

Nicoll, C. S.; Tarpey, J. F.; Mayer, G. L.; Russell, S. M.
Similarities and differences among prolactins and growth hor-
mones and their receptors. Am. Zool. 26:965-983; 1986.
Oliver, C.; Ben-Jonathan, N.; Mical, R. S.; Porter, J. C. Trans-
port of thyrotropin-releasing hormone from cerebrospinal fluid
to hypophyseal portal blood and the release of thyrotropin. En-
docrinology 97:1138-1143; 1975.

Panerai, A. E.; Sawynok, J.; LaBella, F. S.; Friesen, H. G.
Prolonged hyperprolactinemia influences beta-endorphin and
met-enkephalin in the brain. Endocrinology 106:1804-1808;
1980.

51.

52.

53.

54.

5S.

56.

57.

58.

59.

60.

61.

62.

63.

BUNTIN AND FIGGE

Pfaff, D. Sex differences in food intake changes following pitui-
tary growth hormone or prolactin injections. Proc. 77th Ann.
Conf. Am. Psychol. Assoc. Proc. 1969:211-212.

Posner, B. 1.; van Houten, M.; Patel, B.; Walsh, R. J. Charac-
terization of lactogen binding sites in choroid plexus. Exp. Brain
Res. 49:300-306; 1983.

Sarkar, D. K.; Yen, S. S. C. Hyperprolactinemia decreases the
luteinizing hormone-releasing hormone concentrations in pitui-
tary portal plasma: a possible role for beta-endorphin as a
mediator. Endocrinology 116:2080-2084; 1985.

Schooley, J. P.; Riddle, O.; Bates, R. W. Replacement therapy
in hypophysectomized juvenile pigeons. Am. J. Anat. 69:123-
154; 1941.

Sharp, P. J.; Lea, R. W. The response of the pituitary gland to
luteinizing hormone-releasing hormone in broody bantams.
Gen. Comp. Endocrinol. 45:131-133; 1981.

Siegel, S. Nonparametric statistics for the behavioral sciences.
New York: McGraw-Hill; 1956.

Stanley, B. G.; Kyrkouli, S. E.; Lampert, S.; Liebowitz, S. F.
Neuropeptide Y chronically injected into the hypothalamus: A
powerful neurochemical inducer of hyperphagia and obesity.
Peptides 7:1189-1192; 1986.

Toubeau, G.; Desclin, J.; Parmentier, M.; Pasteels, J. L. Cellu-
lar localization of a prolactin-like antigen in the rat brain. J.
Endocrinol. 83:261-266; 1979.

Van Loon, G. R.; Shum, A.; George, S. R.; Shin, S. H.
Prolactin increases the activity of tuberoinfundibular and ni-
grostriatal neurons. Brain Res. Bull. 10:539-545; 1982.

Walsh, R. J.; Posner, B. I.; Kopriwa, B. M.; Brawer, J. R.
Prolactin binding sites in the rat brain. Science 201:1041-1043;
1978.

Walsh, R. J.: Slaby, F.; Posner, B. I. A receptor mediated
mechanism for the transport of prolactin from blood to cere-
brospinal fluid. Endocrinology 120:1846-1850; 1987.

Yamada, Y. Effects of iontophoretically-applied prolactin on
unit activity of the rat brain. Neuroendocrinology 18:263-271;
1975.

Zipser, R. D.; Licht, P.; Bern, H. A. Comparative effects of
mammalian prolactin and growth hormone on growth in toads
Bufo boreas and Bufo marinus. Gen. Comp. Endocrinol.
13:382-391; 1969.



