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Autofeedback Effects of Prolactin on Basal, Suckling-Induced,
and Proestrous Secretion of Prolactin' (41812)
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Abstract. Subcutaneous injections of ovine prolactin (0PRL, 4 mg/kg) were utilized to study
the negative feedback effect of PRL on its own secretion in lactating and 4-day estrous cycling
female rats. Basal PRL secretion in the 10-day postpartum lactating rat is not suppressed by
acute or 48 hr of exposure to oPRL. In contrast, basal PRL secretion on the morning of proestrus
is inhibited following 48 hr of exposure to oPRL. Thus, the lactating rat appears to be unresponsive
to the negative feedback action of PRL compared with the adult female rat in regards to basal
PRL secretion. The suckling-induced PRL response is partially suppressed by exposure to oPRL
in 10-day postpartum lactating rats. Considering the areas under the PRL response curves, the
suckling-induced release is blunted by 6 (decreased 49%), 12 (decreased 46%), and 48 (decreased
77%) hr of oPRL exposure compared to controls. In contrast, in cycling animals, 48 hr of exposure
to elevated oPRL levels dramatically abolished the proestrous PRL surge. Elevated PRL levels,
by a direct action on the brain and/or indirectly by altering ovarian function, inhibit or override
the hypothalamic mechanism(s) mediating the proestrous PRL surge while having a lesser effect
on the mechanism(s) mediating the suckling-induced PRL response. Taken together, the present
data point to probable differences in the mechanism(s) mediating basal, suckling-induced, and

the proestrous secretion of prolactin.

Prolactin is thought to exert an autoregu-
latory, negative feedback effect on its own se-
cretion (1). This feedback action probably is
exerted within the hypothalamus since direct
inhibition of pituitary PRL secretion by PRL
usually has not been observed in vitro (2-7)
and autosuppression is demonstrable in the
absence of the gonads in male (8) and female
(4) rats. Hypothalamic implants of prolactin
in the median eminence region terminate
PRL-dependent states such as pregnancy,
pseudopregnancy, and lactation (1) and inhibit
the circulating titers of PRL associated with
suckling (9), pregnancy (10), pseudopregnancy
(11), and the proestrous surge (9). In addition,
injection of differing amounts of various pro-
lactin and placental lactogen preparations have
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been reported to inhibit basal (4, 7, 8, 12-14),
stress-induced (7, 12, 15), TRH-induced (7),
and suckling-induced (15) PRL secretion.

We previously have shown that the basal
secretion of rPRL in adult male rats is sup-
pressed within 3-4 hr of an injection of oPRL
(4 mg/kg sc) and that this suppression ceases
about 8-10 hr later when the oPRL has been
substantially cleared from blood (14). Other
instances of PRL release may be more or less
sensitive to this negative feedback effect. In
the present study we have determined the
ability of exogenous oPRL administration to
suppress endogenously secreted rPRL in four
other instances: basal secretion in the cycling
and lactating female, the proestrous surge, and
suckling-induced release. In our experiments,
known amounts of purified oPRL were ad-
ministered and the circulating levels of oPRL
were monitored in the same rats that endog-
enous secretion was evaluated. In addition,
the delivery of oPRL to the medial basal hy-
pothalamus (MBH) via the circulation prob-
ably approximates the in vivo situation better
than intracerebroventricular PRL adminis-
tration (i.e., delivery via the cerebrospinal
fluid) or invasive implantation of PRL pellets
into the MBH.
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Materials and Methods. Adult lactating and
cycling female Sprague-Dawley rats (Zivic-
Miller, Allison Park, Pa.) were used in this
study. Lactating rats weighing 275-350 g were
received from the supplier at 5 days postpar-
tum and were used for experiments at 10 days
postpartum. The day of birth was designated
Day 1 postpartum by the supplier. On Day
10 postpartum, pups were removed from their
mothers at 0900, 1000, or 1100 hr and were
kept in a separate room (16). Care was taken
to minimize sudden noises, movements or
other disturbances which could provoke stress
responses in the mothers (1). Four hours later,
eight pups were returned to each mother and
the onset of suckling (i.e., Time 0) was defined
as the time when six or more of the eight pups
started to suckle. This occurred with a latency
of 0.5-7 min (mean £ SEM = 32 + 0.5, N
= 49) from the time of pup returnin 18 X 9.5
X 7 (1 X w X h)-in. cages. Pups were allowed
to suckle for 40 min and then were removed
to allow us to monitor the attenuation of the
PRL response. In order to study the proestrous
PRL surge, cyclicity of virgin female rats
weighing 200-250 g was determined by daily
vaginal lavage and rats exhibiting at least two
consecutive 4-day estrous cycles were used.
All rats were housed under 14-:10-hr (L:D)
lighting conditions with lights on at 0400 hr.
Rats were fitted with indwelling right atrial
cannulae under ether anesthesia by a simpli-
fied version (17) of the method of Terkel and
Urbach (18). Lactating rats were cannulated
on Day 8 or 9 postpartum and cycling rats
on the morning of diestrous Day 2.

In lactating rats at the time of the first blood
sample, a long piece of PE-50 polyethylene
tubing (Clay Adams, Parsippany, N.J.) was
connected to the indwelling catheter with a
24-gauge piece of stainless-steel tubing (Small
Parts Inc., Miami, Fla.) and exteriorized out
of the cage so that the experimentor could be
well removed from the cage for these sam-
plings. Eight or ten serial blood samples (0.25-
0.4 ml each) were taken from these animals
and the blood volume was replaced with 0.9%
saline. Thus, about 3.5 ml or about 14% (lac-
tating) or 19% (cycling) of the estimated blood
volumes were removed over 2-, 4-, 8-, or 10-
hr periods. The cannulae were kept patent
with heparinized saline whenever blood was
not being removed. Plasma from these serial
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samples was obtained after centrifugation at
4°C and was stored frozen at —20°C until
assayed.

Ovine PRL was provided by Dr. Albert
Parlow through the NIADDK Rat Pituitary
Hormone Distribution Program (NIADDK-
oPRL-14; biopotency, 31 IU/mg). It was dis-
solved in 0.01 M NaHCO; (pH 8.6) and ad-
ministered as sc injections (4 mg/kg body wt).
Rat and ovine prolactin were determined in
plasma samples by homologous double-an-
tibody radioimmunoassays after the method
of Niswender and co-workers (19). Reagents
for these PRL assays were provided by the
Rat Pituitary Hormone Distribution Program.
oPRL was radioimmunoassayed with the final
concentration of reagents being 1:450,000,
1:750, and 1:400 for the first antibody
(NIADDK-anti-oPRL-1), second antibody
(goat-ARGG), and normal rabbit serum, re-
spectively. This resulted in the binding of 40-
50% of 10,000 cpm of '>’I-oPRL which were
added per assay tube. Nonspecific binding
ranged 1-3%. The sensitivity of this 3-day,
room-temperature assay ranged from 50-200
pg (least detectable dose defined as 15% dis-
placement). The oPRL standard used was
oPRL-I-1 (biopotency, 35 IU/mg). In the case
of rPRL, some of these experiments entailed
measuring baseline PRL levels and suppres-
sions from baseline. To accurately quantitate
these changes, the assay was maximized for
sensitivity (20) and 50- or 100-ul plasma al-
iquots were assayed (total assay volume = 0.5
ml). The sensitivity of the assay ranged from
20-50 pg (least detectable dose defined as 15%
displacement) and the aliquot volumes al-
lowed us to determine unknown values from
that portion of the standard curve exhibiting
the greatest precision (i.e., 50 + 20% displace-
ment). The rPRL standard used was rPRL-
RP-2 (biopotency, 30 IU/mg) which is 2.8
times more potent than RP-1.

Cochran’s test for heterogeneity of variance
revealed that the raw PRL data was hetero-
geneous, hence, natural log (In) transformation
of the data was performed to stabilize the vari-
ance. The In-transformed data were statisti-
cally analyzed by one- or two-way analyses of
variance (time and group) with repeated mea-
sures on one factor (time) followed by F tests
or the Newman-Keuls multiple range test at
P =0.05 21).
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Results. Experiment 1. The results of the
first experiment are shown in Fig. 1. oPRL
was injected at Time O and the endogenous
rPRL response was evaluated in serial blood
samples obtained from 10-day postpartum
lactating rats whose pups had been removed
4 hr prior to Time 0. The circulating titers of
oPRL achieved by the single sc injection at
Time 0 (0900 hr) in the lactating rat are shown
in the top panel. The Time-0 sample was un-
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FiG. 1. Lack of negative feedback response of basal
rPRL secretion to an sc injection of oPRL (4 mg/kg) at
0900 hr in 10-day postpartum lactating rats.
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detectable in the oPRL assay. Thereafter, peak
levels were achieved by 2 hr and then returned
to low levels by 8 hr postinjection. The oPRL
values at 1 and 4 hr are similar to those pub-
lished by Advis and co-workers (12) using a
similar oPRL preparation and the overall pro-
file is very much like the one we documented
in intact adult male rats (14). The oPRL in-
jection had no effect on endogenous basal
rPRL secretion in 10-day postpartum female
rats when compared with diluent injected
controls (Fig. 1, lower panel). As stated in the
Materials and Methods section, individual rats
were hooked up for sequential bleeding at
Time 0. This hook up involved cage distur-
bance, hook up of the extension cannula, and
threading of the extension cannula out of the
cage. This was followed by a blood sampling
and then an sc injection of oPRL or diluent.
This hook up and handling resulted in small,
transient stress-induced PRL release in some
rats. We think this accounts for the increased
rPRL values at Time O and the subsequent
declines 30 and 60 min thereafter which occur
in both oPRL- and diluent-treated rats.

Experiment 2. In Experiment 2 (Fig. 2),
oPRL or diluent was injected at 6 hr (6 hr
exposed) or 12 and 6 hr (12 hr exposed) before
the onset of suckling at Time 0. There is a
significant suppression of rPRL at both 30
and 40 min of suckling for both oPRL-treated
groups. Considering the areas under the re-
sponse profiles, the 6-hr exposed area is 49%
less and the 12-hr exposed area is 46% less
than controls. The three Time-0 points are
not different from one another indicating that
6 and 12 hr of oPRL exposure do not suppress
basal rPRL secretion in these lactating rats.
The oPRL titers in the two experimental
groups at Time O (left histogram) and at 120
min (right histogram) may be read on the right-
hand scale. These levels are in the expected
range considering the overall oPRL profile
documented in Fig. 1.

Experiment 3. In experiment 3 (Fig. 3),
oPRL or diluent was administered every 8 hr
for 48 hr prior to the onset of suckling at Time
0. It was considered possible that 48 hr of
exposure to oPRL could decrease milk pro-
duction which, in turn, might affect the in-
tensity of pup suckling during the 40-min
suckling episode. Hence, two precautions were
taken. First, pups from diluent-treated moth-
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F1G. 2. Partial suppression of the suckling-induced prolactin response by 6 and 12 hr of exposure to
exogenously administered oPRL in 10-day postpartum lactating rats.

ers were randomized and used for suckling of
both oPRL and diluent-treated mothers. Sec-
ond, the litters of eight pups were weighed to
the nearest one-tenth of a gram before and
after the 40-min suckling episode. The in-
creased weight/litter for pups suckling diluent-
treated mothers was 3.1 = 0.7 g (mean + SEM,
N = 10 litters) while the weight gain/litter in
pups suckling oPRL-treated mothers was 3.4
+ 0.9 g (N = 8 litters). These means were not
significantly different. In oPRL-exposed rats,
the suckling-induced PRL response was sig-
nificantly suppressed at the 10-, 20-, 30-, 40-,

60-, and 90-min time points. The area under
the oPRL-exposed response profile is 77% less
than the control area. At —120, —60, and 0
times there was no suppression of basal rPRL
secretion in these rats treated with oPRL for
46-48 hr. Again, the oPRL titers in the ex-
perimental group are illustrated as histograms
(Time O on left, 120-min sample on right).
Reading off the right-hand scale indicates val-
ues comparable to those seen previously in
Experiments 1 and 2. Unexpectedly, the peak
PRL levels attained in control rats in this ex-
periment were about one-half as great as in
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FIG. 3. Partial suppression of the suckling-induced prolactin response by 48 hr of exposure to exogenously
administered oPRL in 10-day postpartum lactating rats.
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the previous experiment (Experiment 2). We
cannot account for this discrepancy except to
note that the two experiments were done at
different times of the year, about 6 months
apart, and entailed different rats and assays.

Experiment 4. In Experiment 4, 4-day cy-
cling rats received oPRL every 8 hr starting
at 0900 hr on diestrous Day 1 with the last
injection being given at 0900 hr of the day of
proestrus. This oPRL treatment totally abol-
ished the proestrous PRL surge normally seen
during the afternoon hr (Fig. 4). Seen in the
inset of Fig. 4 are the 0900-, 1030-, and 1200-
hr times plotted on an expanded scale. The
oPRL treatment significantly suppressed basal
rPRL secretion at all three times in these cy-
cling rats. Each of the afternoon rPRL values
in oPRL-treated rats is also significantly sup-
pressed below the morning values of diluent-
treated rats.

Discussion. These results demonstrate that
administration of oPRL (4 mg/kg/injection
sc) suppresses endogenous rPRL secretion un-
der three circumstances: (i) basal release in
cycling rats, (ii) suckling-induced release, and
(iii) the proestrous surge. In previous work in
the adult male rat (14), we showed that
suppression of basal rPRL secretion was first
demonstrable 3—4 hr following a single oPRL

300+ 10
Diluent - injected
o 250F s J
a
o
éj | M_\
% 2001 09(;0h IO;OH I2(.)0h
€
>
£ 150F
£
§ o Dituent-injected
e 100 =
& (n 6)\
€
2
& 50r
—m_"éﬁﬁ :

PROLACTIN SHORT-LOOP NEGATIVE FEEDBACK

injection, that this effect was reversible some
8-10 hr later when the oPRL was substantially
cleared from the blood, and that continued
oPRL administration maintained this sup-
pression over a 48-hr period. The present data
revealed that basal secretion in the cycling rat
is similarly suppressed following 48 hr ex-
posure. In contrast, neither acute (Fig. 1) nor
48 hr (Fig. 3) of exposure was able to inhibit
basal secretion in the 10-day postpartum lac-
tating rat. This is in agreement with Whitworth
and co-workers (15) who also did not suppress
basal secretion in the lactating rat 4 hr after
oPRL administration (3 mg/rat sc). This sug-
gests that the neural mechanism(s) mediating
negative feedback is relatively refractory dur-
ing lactation. It is reasonable that there not
be a sensitive negative feedback relationship
operating during lactation, since this would
presumably compromise the lactational state.
Alternatively, it is possible that basal PRL se-
cretion is so low in the lactating rat that no
further suppression can be shown.

The several lines of evidence supporting the
role of dopamine as the PIH responsible for
the tonic regulation of basal PRL secretion
have been reviewed recently (22-24). Fur-
thermore, increased tuberoinfundibular do-
pamine synthesis, turnover and release is pro-
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FIG. 4. Suppression of basal and proestrous surge levels of prolactin by 48 hr of exposure to exogenously

administered oPRL in 4-day cycling rats.
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voked by intracerebroventricular or peripheral
administration of PRL (25, 26). In male (14)
and female (27) rats treated with the present
oPRL regime, dopamine turnover in the TIDA
neurons was increased at the first time interval
assessed, that is, after 2 and 6 hr of oPRL
exposure respectively. In contrast, in the lac-
tating rat, Demarest and co-workers (28) have
not found exogenous PRL to increase dopa-
minergic activity, a finding which could ac-
count for the inability of oPRL to suppress
basal PRL secretion in the lactating rat.

We observed that oPRL exposure blunts
but does not entirely abolish the suckling-in-
duced PRL response. Our suppression is com-
parable to that reported by Whitworth and
co-workers (15) who found a 61% inhibition
of the suckling-induced response determined
after 30 min of suckling in rats administered
oPRL (3 mg/rat) 4 hr prior to the onset of
suckling. One interpretation of our results is
that a decrease in TIDA neuronal activity me-
diates the suckling-induced PRL response (17)
and that oPRL exposure does not allow this
decrease to occur. The fact that the response
is not totally abolished may be due to a relative
insensitivity of the TIDA neurons to PRL in
the lactating rat (28) or to a PRF-mediated
component of the response. Alternatively, the
suckling-induced response may be solely PRF-
mediated and the present results show that
the response may be partially overridden by
increasing the braking action of the PIH do-
pamine or by directly inhibiting PRF release.

In marked contrast to the suckling-induced
PRL response, the proestrous surge of PRL
was totally abolished by oPRL administration.
Indeed, in oPRL-treated rats, not only is the
rPRL surge abolished in every rat but the af-
ternoon rPRL values, like those values in the
morning, are further suppressed below the
morning baseline levels in diluent-treated rats.
This inhibition may be due to a direct, feed-
back action of PRL on the brain, to an indirect
brain effect secondary to an action of PRL on
the steroid output of the ovary or adrenal
gland, or to both. It is probable that the reason
the proestrous afternoon PRL values are so
thoroughly suppressed is because oPRL exerts
effects at both the brain and the ovary. Do-
pamine turnover is increased and basal rPRL
secretion decreased within 6 hours of the initial
oPRL injection, that is, at 1500 hr of diestrous

403

Day 1 (27). This evidence of rapid brain au-
toregulation of PRL secretion could account
for the subsequent suppression of the proes-
trous PRL surge. On the other hand, this oPRL
treatment inhibits the preovulatory rise in es-
tradiol (27) which is essential to the occurrence
of the proestrous PRL surge (29). Progesterone
secretion in these rats also is increased starting
on diestrous day 2 (27), an effect observed by
others (30-32) and which is indicative of these
rats entering into a pseudopregnant state. The
altered steroid pattern could account for the
complete suppression of the proestrous PRL
surge. In any event, the results demonstrate
that the mechanism(s) regulating the proes-
trous surge of PRL is very sensitive to hy-
perprolactinemia relative to the mechanism(s)
regulating the suckling-induced PRL response.

The physiological significance of these neg-
ative feedback effects remains an enigma.
Blood-borne PRL should have ready access
to hypothalamic PIH (dopaminergic) and PRF
neurosecretory terminals since the median
eminence resides outside the blood-brain-
barrier. Prolactin could reach the median em-
inence via the general circulation or by ret-
rograde flow in portal vessels (33). Indeed,
Olivier and co-workers (34) have reported that
the prolactin concentration in portal blood
delivered to the median eminence is about
4900 ng/ml in the adult male rat. This pro-
lactin, delivered from the anterior pituitary
gland to the brain, may perfuse not only the
median eminence but also the adjacent arcuate
nucleus and retrochiasmatic area via capil-
laries which branch off of the primary portal
plexus and course dorsally and rostrally into
these portions of the medial basal hypothal-
amus (35, 36). Hence the dendrites, cell bodies,
axons and terminal boutons of the neurons
comprising the tuberoinfundibular dopamine
tract may be continuously exposed to micro-
gram concentrations of prolactin. Considering
the physiological range of PRL in the periph-
eral circulation, the oPRL injections admin-
istered every 8 hr in this study result in PRL
exposure to the animal that may be considered
supraphysiological because of the peak levels
attained (around 2000 ng/ml), the continuous
nature and the duration of the exposure. Only
in lactating mammals and in animals with
PRL secreting pituitary tumors are the cir-
culating PRL levels anywhere near as high.
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The manner in which our exogenously ad-
ministered PRL superimposes or interacts with
the microgram concentrations of PRL thought
to be delivered to the brain in the portal blood
is at present a matter of speculation.

It is apparent from these and other results
that substantial amounts of exogenous PRL
need to be administered for a minimum of
3-4 hr to demonstrate the autofeedback
suppression of endogenous PRL secretion. A
milligram dose of oPRL given 30 min prior
to suckling did not affect the response nor did
nanogram amounts given 4 hr prior to suck-
ling (15). Similarly, a small dose of oPRL in-
fused into cows for 2.5 hr did not diminish
milking-induced PRL release (37). Advis and
co-workers (12) blunted the stress-induced
PRL response with a milligram oPRL dose
administered 4 hr prior to ether stress but not
when the same dose was administered with
insufficient time for it to have its effect (1 hr)
or with enough time for the oPRL to be cleared
from the circulation (12 hr). Acute exposure
to crude placental lactogen preparations has
been ineffective in inhibiting the nocturnal
and diurnal PRL surges in pseudopregnant
rats (38), the nocturnal surges in pregnant rats
(10) and the suckling-induced PRL response
(6) probably because of these dose and time
constraints. However, 4 days of exposure to
crude placental extracts recently has been
shown to produce a dose-dependent suppres-
sion of basal rPRL release in intact or castrated
male rats (8).

Taken together [(14) and the present re-
sults], our findings show that PRL release in
five instances (i.e., basal secretion in the male,
cycling female and lactating female, the
proestrous surge and suckling-induced release)
is differentially sensitive to the negative feed-
back action of PRL which suggests that the
PIH/PRF mechanism(s) controlling PRL se-
cretion in these various circumstances prob-
ably differ.
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