
dopaminergic inhibitory tone because of a relative insen-
sitivity to the catecholamine, or the presence of a factor
that drives the lactotroph to produce and secrete abnor-
mally high levels of hormone.
Evidence for the production of PRL-releasing factors
(PRFs) in hypothalamus is abundant, and yet exhaustive at-
tempts to purify and identify novel PRFs have failed [3–7].
Just the same, there appear to be stimulatory factors of hy-
pothalamic origin and the existence of a DA-resistant sub-
population of hyperprolactinemic patients justifies, indeed
drives, the search for additional neuroendocrine factors
that might control the pituitary production and secretion of
PRL. The search for the missing, physiologic PRF has un-
covered the PRF activity of several previously identified
peptides and led to the identification of at least one new hy-
pothalamic peptide [7–10].

Known peptides with PRF activity

Knowledge of the integrative physiology of lactation led
several investigators to hypothesize that oxytocin (OT) re-
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Abstract. Although dopamine is considered the major
hypothalamic controller of prolactin release from the an-
terior pituitary gland, there is evidence that a yet to be di-
scovered prolactin releasing factor (PRF) also exists in
brain. Recently, two peptides were isolated, products of
the same prohormone, that were reported to have signifi-
cant prolactin-releasing activity. These peptides, called
prolactin releasing peptides, are not accepted by all inves-
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tigators to be in fact PRFs. Instead, it appears that their
widespread distribution in brain and the presence of re-
ceptors for the peptides in sites unrelated to neuroen-
docrine function are the basis for a variety of central ner-
vous system action including activation of the autonomic
nervous system. Thus, these peptides may not be PRFs,
but instead neuroactive agents that are involved in many
brain circuits with divergent functions. 

Key words. Prolactin; releasing factors; autonomic function; brain.

Introduction

Dopamine (DA), of hypothalamic origin, is recognized to
be the major, physiologic regulator of prolactin (PRL)
secretion from the anterior pituitary gland [1–3]. The in-
hibitory effect of DA, released into the vicinity of the
fenestrated capillary endothelium of the hypophysial por-
tal vessels in the median eminence, is best appreciated
when either DA production is blocked or the portal ves-
sels themselves are severed [1, 2]. Indeed, relative DA ab-
sence or insensitivity accounts for a major portion of the
observed cases of hyperprolactinemia, a condition that in
menstruant-aged women leads frequently to amenorrhea
and infertility [2]. Fortunately, many of those women re-
spond to pharmacologic intervention with DA mimetics
[2] and in fact many cases of hyperprolactinemia are con-
trolled by drug therapy. However, a significant portion of
the patient population displaying hyperprolactinemia are
DA resistant, suggesting either the absence of the normal
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leased in response to suckling, not only stimulated milk
ejection in the breast [11], but also, because of its close
proximity to the anterior pituitary gland when released into
the sinusoids of the posterior pituitary gland, played a
neuroendocrine role in the subsequent stimulation of PRL
release from the lactotroph [12]. In fact, the release of OT
from the posterior pituitary gland precedes PRL secretion
during lactation and steroid-induced hormone release [13],
and OT receptors are present in the anterior lobe [11]. The
presence of OT in hypophysial portal blood [14] and the
apparent physiologic regulation of those blood hormone
levels gave support to a proposed PRF activity for OT. We
were able, in 1983, to provide evidence for a direct, dose-
related action of OT on the lactotroph [12], and later to
demonstrate the first evidence for a physiologic role for
endogenous OT in the regulation of PRL secretion [13].
However, neither antagonists nor antibodies directed
against endogenous OT could completely abrogate the
PRL surge to steroid priming or lactation, which led us to
speculate that other peptides of hypothalamic origin acted
to oppose the inhibitory effect of DA [7, 13]. 
It was at that time already known that another hypothala-
mic peptide, thyrotropin-releasing hormone (TRH),
which was recognized to be the major neuroendocrine
factor controlling thyrotropin (TSH) release, also acted
pharmacologically to stimulate PRL release both in vitro
[15] and in vivo [1]. Although some investigators believe
that TRH may play a physiologically relevant role in the
neuroendocrine regulation of PRL secretion [16], others
do not agree [see 2, 3]. Indeed, the fact that TSH and PRL
releases are not always simultaneous or at least coordina-
ted in vivo argues against the importance of the PRL-re-
leasing action of TRH, at least under normal physiologic
conditions [2]. All the same, TRH is a valuable tool for
clinical testing of lactotroph function [2].
Another hypothalamic peptide that was demonstrated vir-
tually simultaneously by three independent groups to
stimulate PRL release in vitro [17–20] was vasoactive in-
testinal polypeptide (VIP). We had demonstrated pre-
viously the presence of VIP in median eminence and
hypophysial portal blood [21] predicting our [18] and
other [19, 20] demonstrations of the PRF activity of the
peptide. However, as would later be the case for OT [7, 9,
13], blockade of VIP’s action with selective antagonists or
compromise of its function with specific antibodies
failed to completely nullify the PRL responses to stress,
lactation or steroid priming [22–24]. 
Numerous other known peptides were reported to stimu-
late PRL (fig. 1) release in vitro, under selective condi-
tions, but none were reproducibly as potent as OT, TRH
or VIP, and those peptides could not account for the non-
OTergic, non-VIPergic and non-TRHergic PRF being
purified from hypothalamic extracts [5, 6, 9]. Those PRFs
were peptidergic in nature, but their identity remained for
many years elusive to standard peptide purification ap-

proaches [6]. In fact, the search for the missing peptid-
ergic PRF stagnated for several years, as many investiga-
tors sought more fundable research foci.

Novel methodology reenergizes the hunt 
for the missing PRF

The advent of modern molecular technologies heralded a
renaissance in the study of neuroendocrine regulation of
anterior pituitary function. Investigators able to accurat-
ely monitor the regulation of the production and proces-
sing of known neuropeptides in the hypothalamus and
numerous novel signaling systems were identified and an
ever-expanding catalog of ‘orphan’ receptors developed.
The proteins, classified as receptor proteins because of
their structural homology to known, seven transmem-
brane-spanning-domain molecules recognized to be re-
ceptors for such diverse ligands as catecholamines and in
some cases, hypothalamic neuropeptides [25], were iden-
tified by cloning techniques. Many lacked identified bio-
logic ligands. One of these, UHR-1 was originally identi-
fied in hypothalamic extracts by subtraction cloning and
in fact named because of its presence in the hypothalamic

Figure 1. Hypothesized neuroendocrine mechanisms controlling
prolactin (PRL) release from the anterior pituitary gland. Dopamine
(DA) is major regulator of hormone secretion although physiolo-
gically relevant stimulatory actions of thyrotropin releasing hor-
mone (TRH), oxytocin (OT) and vascoactive intestinal peptide
(VIP) have been demonstrated. It is believed that a physiologically
relevant, but as yet unidentified, prolactin releasing factor (PRF)
exists in brain.
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‘Zeitgeber’, the suprachiasmatic nucleus [26]. The dis-
coverers of this orphan receptor originally thought that it
might transduce signals important in the regulation of cir-
cadian rhythms.
The ligand for UHR-1, and the human counterpart hGR3
[27], remained unknown until scientists at Takeda Che-
mical Industries employed it in high-throughput screen-
ing assays to identify a new class of hypothalamic neuro-
peptides. Not only did they identify the peptide of hypo-
thalamic origin that bound the orphan receptor, but they
also recognized that one of the highest densities of UHR-
1 expression was the anterior pituitary gland. Peptidergic
fractions of hypothalamus stimulated arachidonic acid
metabolism in CHO cells transfected with the hGR3 re-
ceptor, and this reporter assay (arachidonic acid metabo-
lite release) was employed to obtain partial sequence
identity of the bioactive ligands purified. Complemen-
tary DNAs (cDNAs) were then isolated and determined
to encode a preprohormone that varied in length depen-
ding upon species from 98 (bovine), to 87 (human) to 83
(rat) amino acids in length. More recently, Langmead and
colleagues [28] asserted that the human PrRP recep-
tor identified by Hinuma [27], hGR3, is essentially iden-
tical to the G-protein-coupled receptor originally iden-
tified as GPR-10 [29]. In HEK293 cells transfected 
with GPR-10, both rat and human PrRP bind with high
affinity [28].
The preprohormone contained a typical N-terminal signal
peptide and two internal cleavage sites that predicted post-
translational processing to result in the formation of po-
tentially two peptides, one of 31 and another of 20 amino
acids, constituting the C-terminus of the larger peptide
(fig. 2). Highest expression of the messenger RNA
(mRNA) encoding these peptides was observed in me-
dulla oblongata, with some mRNA detected in hypothala-
mus, where the highest peptide bioactivity was localized.
These peptides were named prolactin releasing peptides
(PrRP-31 and PrRP-20) because of their ability to stimu-
late PRL secretion from a rat pituitary adenoma-derived
cell line (RC-4B/C cells) and from primary cultures of an-
terior pituitary cells harvested from lactating female rats,

a model recognized by most in the field to be the most sen-
sitive to the PRF activity of a variety of hypothalamic
peptides [3, 18]. These authors reported the potency of
PrRP-31 in RC-4B/C cells to equal that of TRH. The PRL-
releasing activity in cells harvested from lactating female
rats appeared selective since the authors reported no sig-
nificant effects of PrRP-31 on luteinizing hormone, fol-
licle-stimulating hormone, thyroid-stimulating hormone,
growth hormone or adrenocorticotropin release under
basal conditions. Furthermore, the PRF activity of PrRP-
31 was expressed in cells that did not respond to a variety
of other hypothalamic peptides reported by others to
stimulate PRL release in vitro, including VIP, oxytocin
and galanin. We found this perplexing, since in our hands
VIP [18] and OT [12, 13] are potent releasers of PRL in
cells harvested from lactating female rats.
Our group was excited that the missing PRF might finally
have been identified, and immediately obtained peptide
to further characterize the reported PRF activity of PrRP-
31 and PrRP-20. To our disappointment [30], neither
peptide was active in cells harvested from male rat pitui-
tary donors, and both were only active in cells harvested
from random cycle female rats at very high doses
(100–1000 nM). Similarly, in our hands cells harvested
from lactating female rats were also relatively insensitive
to the PRF activity of PrRP-31. Although the affinity of
rat PrRP for the UHR-1 receptor has been identified [31],
the doses required in vitro for PRF activity are certainly
in excess of the IC50 (the dose required to displace 50%
of labeled peptide bound to the receptor) determined in
those binding studies (micromolar versus nanomolar) and
well in excess of doses (nanomolar) required for the PRF
activity of TRH, OT or VIP in cells similarly harvested
and cultured [3, 13, 18]. Furthermore, plasma levels of
PrRP in female rats have been reported to be 0.14 fmol/
ml [32]. Thus, whereas levels of PrRP in female rat
plasma are approximately 5.0 pg/ml, doses of at least 
350 ng/ml were required to observe PRF activity in vitro.
Affinities described for the human PrRP receptor, GPR-
10/hGR3, transfected into HEK293 cells were reported to
be in the mid to high picomolar range, but no data are

Figure 2. Schematic structure of the rat prolactin-releasing-peptide prohormone, indicating the location of the two PrRPs and their amino
acid sequences (redrawn from [54]).



available describing binding affinities in normal human
tissue or in rat pituitary gland, which is the current in vitro
model for PRL release.
We felt that it was possible that PrRP exerted physiologi-
cally relevant PRF actions during the initial phase of hor-
mone secretion when DA levels in portal plasma fell (i.e.
DA withdrawal), and this would not have been observed
in first studies when cells were incubated in the absence
of DA. Therefore, we conducted cell culture protocols 
similar to those described by Martinez-Escalera [33] in
which cells cultured in the presence of physiologic levels
of DA were examined for a PRL response to PrRP follow-
ing a transient removal of DA-ergic tone. Whereas TRH
exposure following DA withdrawal led to the expected
accentuation of the PRF activity of the peptide, PrRP did
not stimulate significant release of PRL either in the pre-
sence of DA or following transient withdrawal of the ca-
techolamine (manuscript in preparation). Thus, we can-
not support the contention of Hinuma and co-workers
[27] that the peptide they discovered is a physiologically
relevant prolactin-releasing peptide, and in our minds, the
identity of the long-pursued peptidergic PRF of hypo-
thalamic origin remains elusive.
Additional evidence against the neuroendocrine status of
the PrRPs comes from peptide localization studies that
failed [34–41] to detect significant quantities of peptide
immunoreactivity in the external lamina of the median
eminence. This is the site where recognized releasing and
inhibiting factors of hypothalamic origin gain access to
the hypophysial portal vasculature and the anterior lobe.
Instead, PrRP immunoreactive neurons in medulla have
been identified by retrograde labeling to project to the
paraventricular nucleus of the hypothalamus [40]. Fur-
thermore, the number of PrRP neurons does not differ in
the medulla of brains from male, nonpregnant female and
pregnant female rats [40], and the distribution of PrRP
immunoreactive fibers does not change during the es-
trous cycle [31]. Finally, Lawrence and co-workers [42]
have reported that expression of PrRP apparently de-
creases in lactation and fasting, suggesting a role for the
peptide related to energy homeostasis and not the neu-
roendocrine regulation of PRL secretion.
The Takeda group [43] has reported that intravenous ad-
ministration of relatively high doses of PrRP-31 (ap-
proaching 40 mg per injection) significantly stimulated
PRL release in conscious rats during proestrus, estrus and
metestrus. An even higher dose ([500 nmol/kg intra-
venous (iv), or almost 400 mg]) was required to observe a 
stimulatory effect of PrRP-31 in male rats. Another 
group [44] reported that slightly lower doses of PrRP-31,
10–15 mg iv, stimulated PRL release from anesthetized
female rats during estrus. In ovariectomized, estrogen-
primed rats PrRP-31 at similar doses stimulated PRL re-
lease, but not to the extent observed following similar in-
jection of TRH. These doses of PrRP can only be viewed

as supraphysiologic, since circulating levels of the pept-
ide have been reported to be 0.13 fmol/ml or fractions of
a picogram per milliliter of plasma [32]. Indeed, Jarry 
and co-workers [45] using lower doses of PrRP-31 were
unable to demonstrate a PRF activity of the peptide when
administered intravenously, although TRH was active. It
should be noted that the dose of PrRP-31 in the Jarry
study [45], 1 nmol, would certainly have raised plasma
PRL levels well above values [32] reported to be present
in rat plasma. 

If not PRFs, what do the PrRPs do?

The excitement over the potential for significant biologi-
cal activity of the PrRPs led to an initial wave of reports
on the central nervous system localization of PrRP im-
munoreactivity and binding sites. There is general agree-
ment that three main populations of PrRP-producing neu-
rons exist with the major number found in the nucleus
tractus solitarius and the reticular formation of the ven-
trolateral medulla. Scattered neurons also are present in
the caudal aspect of the dorsomedial nucleus of the hypo-
thalamus [34–40]. Immunoreactive fibers positive for
PrRP project to paraventricular nucleus of hypothalamus
(PVN), particularly the parvocellular elements, and to
other rostral sites, including supraoptic nucleus, para-
tenial thalamus, basolateral amygdala, and the bed
nucleus of the stria terminalis (BNST). Only scant fibers
project to the basal hypothalamus, including the median
eminence, and little staining was observed in the poster-
ior pituitary gland. Several groups have identified the
medullary cells expressing PrRP also to be tyrosine hy-
droxylase positive, for example the A2 and A1 noradren-
ergic cell groups [34, 35, 40], suggesting cosecretion of
peptide and catecholamine within the brain.
The projection fibers staining positive for PrRP terminate
in brain regions that express abundant mRNA for the PrRP
receptor [34, 46]. In a remarkably comprehensive study,
Roland and co-workers [30] observed receptor mRNA in
highest intensity in the paraventricular nucleus of the hy-
pothalamus, predominantly at its midportion adjacent to
the third ventricle, a site associated less with regulation of
OT and vasopressin (AVP) release and more with the role
of the nucleus in stress and cardiovascular regulation [47].
Additional intense hybridization was detected in the thala-
mic reticular nucleus, the area postrema and the commis-
sural aspect of the nucleus tractus solitarius, supporting a
role for PrRP in central control of autonomic function. Lo-
calization of receptor message in the dorsomedial nucleus
of the hypothalamus suggests a role for the peptide in
neuroendocrine function or metabolic regulation [45].
Such a role is suggested by the observation that centrally
administered PrRP (4 nmol) significantly inhibited spon-
taneous and restriction-stimulated food intake [42]. Addi-
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tional potential roles for PrRP were suggested by identifi-
cation of moderate intensity of message for the receptor in
the medial preoptic area and nucleus (neuroendocrine con-
trol of gonadotropin secretion), the anterior parvicellular
region of the PVN (autonomic/stress regulation and pos-
sible regulation of OT and AVP release), ventrolateral hy-
pothalamus (behavioral or appetitive actions) and locus
coeruleus (autonomic regulation).
We were drawn to the extrahypothalamic distribution of
PrRP-immunoreactive axonal projections that matched
peptide binding sites in areas of brain more related to car-
diovascular function than to neuroendocrinology [47,
48]. When PrRP was injected (fig. 3) into the lateral ce-
rebroventricle in conscious, unrestrained rats, significant
elevations in mean arterial blood pressure were observed
[49]. The delay in onset of this activation of the sympa-
thetic nervous system suggests an action of the peptide
distant from the site of injection, but still fairly close to
the walls of the third and fourth ventricles. We would
hypothesize that exogenously administered PrRP acces-
ses receptors in the periventricular tissues such as the
paraventricular nucleus of the hypothalamus, the area
postrema or the commissural nucleus tractus solitarius,
all areas known to be important in central autonomic re-
gulation [48]. Site-specific injections into those areas
will certainly elucidate these possibilities. 
Diencephalic sites expressing PrRP receptor mRNA in-
clude areas involved in neuroendocrine regulation of 
anterior pituitary function [34]. Thus it was important to
administer exogenous PrRP into the cerebroventricular
system of conscious rats to determine if the peptide might
alter the release of known hypothalamic releasing and in-
hibiting factors into the hypophysial portal vessels for de-

livery to the anterior lobe. Indeed the presence of PrRP-
positive nerve terminals and PrRP receptors in parvocel-
lular PVN predicted an action of the peptide on the re-
lease of corticotropin-releasing hormone (CRH). When
administered into the cerebrospinal fluid, PrRP induced
c-fos expression in PVN, and synaptic innervation of
CRH-containing neurons by PrRP-positive terminals has
been described [50]. Caution should be exercised in the
interpretation of these data because the dose of PrRP em-
ployed, approximately 70 mg per injection, was without a
doubt well in excess of total brain PrRP content. Central
administration of PrRP, again in a relatively high dose of
approximately 35 mg per injection, resulted in a signifi-
cant elevation of circulating levels of adrenocorticotropin
(ACTH), and this effect of PrRP could be blocked by pre-
treatment peripherally with the CRH antagonist, a-heli-
cal CRH [50]. Thus a neuromodulatory role for PrRP on
cells producing hypothalamic releasing factors was sug-
gested, but a lower dose of PrRP, approximately 3.5 mg,
was ineffective, and no dose relationship demonstrated.
For these observations to support a potential physiologic
effect of PrRP in brain, dose-related stimulation should
be observed and then particularly with more physiologi-
cally relevant doses of the peptide.
The presence of PrRP receptors in the rostral and medio-
basal hypothalamus suggested a role for the peptide in the
regulation of gonadotropin release, and certainly those
distributions and the PVN localization hinted at a pos-
sible neuromodulatory role related to PRL secretion.
However, in our hands no significant effects of central ad-
ministration of PrRP-31 on plasma PRL or growth hor-
mone (GH) levels could be detected (table 1) when doses
of 3.5 and 10.5 mg per injection were employed. Similarly

Figure 3. Intracerebroventricular administration of PrRP-20 elevates mean arterial blood pressure in conscious, freely moving, male rats.
Responses are compared with those elicited by angiotensin II (A II). Reprinted with the permission of Elsevier Publishers from the origi-
nal publication by Samson et al. [49]. 
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Seal and co-workers [51] did not observe any significant
effects of centrally administered PrRP on PRL levels in
peripheral plasma, although only one dose was tested
(17.5 mg). Finally, Watanobe and co-workers [52] failed
to observe any significant effects on PRL secretion, in-
duced by stress or ether inhalation, when antiserum to
PrRP was administered into the cerebrospinal fluid. In the
study by Seal and colleagues [51], the effect of PrRP on
gonadotropin release was apparently mediated by stimu-
latory effects of PrRP on LHRH release in median emi-
nence. The specificity of this final observation must be
demonstrated in future experiments since not only
LHRH, but also galanin and VIP release was also stimu-
lated, and no dose-response testing reported [51].
Although the distribution of PrRP receptors in the PVN
might favor a role for the peptide in the regulation of
CRH release and/or autonomic function, receptors are
present in the PVN and supraoptic nucleus (SON), where
effects on AVP and OT release could be hypothesized
[34]. In fact, in conscious female rats, PrRP injection sig-
nificantly elevated plasma levels of both OT and AVP,
whereas in males only OT levels increased [53]. Thus ac-
tions on magnocellular elements of the PVN and SON
may have physiologic relevance, and they deserve further
study. However, again caution must be observed in the in-
terpretation of these data since the effects on OT and AVP
release were not demonstrated to be dose related and were
observed only at a very high dose of peptide (35 mg) in-
jected into the ventricular system [53].

Are the actions of the PrRPs limited only 
to the central nervous system?

Clearly, there remains controversy over the reported, direct
pituitary actions of PrRP. Although the initial report of the
discovery of the peptides demonstrated significant PRF ac-

tivity in cells harvested from lactating female rats [27], and
intravenous administration of peptide results, at least in
some hands [43, 44], but not others’ [45], in the release of
PRL under certain physiologic states, the direct pituitary
action of PrRP has not been observed by all investigators
[30]. A very strong argument for a direct pituitary site of
action of the peptide comes from the positive results ob-
tained in peripheral administration studies; however, those
effects on PRL release may not reflect a direct action in the
pituitary gland, but instead release of the hormone second-
ary to a primary action in another tissue. We have observed
that in addition to its hypertensive effect when adminis-
tered into the ventricular system, peripheral infusion of
PrRP results in rapid, dose-related elevation in mean ar-
terial pressure [unpublished]. Because abundant receptors
for PrRP are present in area postrema, a region lacking the
blood-brain barrier, it is possible that peripherally adminis-
tered peptide directly alters neuronal activity in this region.
Alternatively, changes in baroreceptor activity secondary
to the hypertensive action in the vasculature itself may af-
fect neuronal activity in brain stem cardiovascular centers.
In either case, these changes in medullary neuronal activity
may, via efferent fiber pathways to the hypothalamus and
brain stem reticular activating systems, result in PRL and
ACTH releases secondary to the perceived stress or phy-
siologic challenge of hypertension. Clearly, much work is
needed to unravel the true meaning of the reported hypo-
thalamic actions of the PrRPs.
Although most of the research focus has been directed to
brain and pituitary actions of the peptides, Roland and co-
workers [34] demonstrated convincingly that PrRP pep-
tide and receptors are present in peripheral tissues. Satoh
[31] has demonstrated PrRP binding sites in rat heart, so-
leus muscle, adipose tissue, kidney, adrenal gland, testes
and small intestine. Roland’s group went further in de-
scribing expression of the PrRP receptor messenger RNA
(mRNA) in adrenal medulla, although no mRNA for the

Table 1. Failure of lateral cerebroventricular administration of PrRP-31 to significantly alter the in vivo release of PRL or GH in conscious,
unrestrained male rats* (250–300 g, Sprague Dawley, Harlan, IN).

Treatment group Time following i.c.v. injection (min)

0 5 15 30 60

Plasma prolactin levels (ng PRL/ml plasma, mean, SEM)
Saline vehicle (n = 7) 23.5 ± 2.8 25.3 ± 3.0 21.2 ± 5.4 15.7 ± 3.2 13.6 ± 2.4
1.0 nmol PrRP (n = 7) 21.7 ± 4.3 23.0 ± 4.3 15.8 ± 4.7 13.4 ± 3.3 16.8 ± 2.7
3.0 nmol PrRP (n = 9) 22.7 ± 2.2 25.0 ± 2.5 19.8 ± 2.7 16.5 ± 4.1 16.8 ± 2.2

Plasma growth hormone levels (ng GH/ml plasma, mean, SEM)
Saline vehicle (n = 7) 8.2 ± 3.1 5.8 ± 1.5 4.5 ± 1.0 12.6 ± 4.9 11.9 ± 5.3
1 nmol PrRP (n = 7) 9.1 ± 3.6 3.9 ± 0.6 4.7 ± 1.7 7.0 ± 3.1 13.6 ± 3.6
3 nmol PrRP (n = 9) 15.2 ± 4.0 6.8 ± 2.0 4.4 ± 1.0 10.2 ± 3.0 13.2 ± 3.0

* A chronic indwelling lateral cerebroventricle cannula was implanted 7 days before experimentation, and an indwelling jugular cannula
implanted on the day before experimentation, as previously described [11, 12]. Within and between groups ANOVA (analysis of variance)
failed to reveal any significant effects. 



peptide was detected [30]. It is possible that the peptide
content of adrenal gland reported by Matsumoto [40] re-
flected peptide bound to the receptor. This peptide may
have originated in plasma (source of production un-
known) or it may have been delivered by the nerves in-
nervating the chromaffin cells of the adrenal medulla. In
any case a detailed examination of the possible effects of
PrRP on medullary catecholamine release is now justi-
fied. Finally, Roland also described the presence of PrRP
mRNA in the lamina propria of the large and small in-
testines [34] and although no data were shown, Hinuma
and co-workers [54] have reported in preliminary in vivo
studies that administration of PrRP ‘influences’ insulin
secretion. Thus, PrRP of gut origin may play a role simi-
lar to that of gastric inhibitory peptide (GIP) in the
preparation of the b cell for the appearance of glucose in
portal blood subsequent to ingestion of carbohydrates. 

Other RF-amide peptides

The PrRPs belong to a class of neuropeptides containing
a carboxy-terminal RF-amide sequence, other members
of which include neuropeptide FF (NPFF) and neuro-
peptide AF (NPAF), both of which may interact with
brain opiate systems [55] and may modulate PRL secre-
tion [56]. Because nonmammalian species express mul-
tiple RF-amide peptides, the Takeda group [57] searched
the GenBank/EMBL databases for potential, additional
RF-amide peptides in mammals. Their selection criteria
included the RFGR motif, in which the final R (arginine)
could serve as a cleavage site, and the C-terminal G (gly-
cine) would serve as an amide donor. They also selected
sequences with the RFGR motif that followed an up-
stream, signal peptide sequence. Their search resulted in
the identification of two expressed sequence tags (ESTs)
that could potentially express novel RF-amide peptides.
cDNAs were then isolated and the peptides encoded iden-
tified. In the end three novel RF-amide peptides were pre-
dicted, and the synthetic peptides corresponding to those
sequences were screened in a battery of orphan-receptor-
expressing CHO cell lines. Two of the novel peptides, the
RF-amide related peptides (RFRP-1 and RFRP-3), sti-
mulated extracellular acidification in CHO cells expres-
sing the seven transmembrane-spanning-domain receptor
OT7T022, an orphan receptor previously isolated by
those investigators from rat brainstem RNA by reverse-
transcriptase polymerase chain reaction (RT-PCR) [57].
In an impressive series of experiments [57], Hinuma and
co-workers then identified the sites in brain where these
peptides, posttranslational products of the same gene, are
expressed, and remarkably mapped the sites of OT7T022
receptor expression. Peptide expression is limited to a
discrete region of the caudal hypothalamus, an area locat-
ed roughly between the dorsomedial and ventromedial
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hypothalamic nuclei extending laterally from the periven-
tricular into the lateral hypothalamic area. The only other
sites of significant, albeit much lower, expression of the
peptides are the eye and the testis. Receptors are expres-
sed predominantly in hypothalamus, although within the
brain receptor expression was also detected in the cere-
bral cortex, striatum, hippocampus, thalamus, midbrain,
cerebellum, medulla and spinal cord. Receptor mRNA
was also localized to optic nerve and eye, as well as pi-
tuitary gland, testis, ovary and placenta.
Within the hypothalamus, strongest expression of the re-
ceptor was detected in the PVN and the periventricular
area (PeVN). These authors speculated that since some of
the PeVN neurons also express tyrosine hydroxylase and
therefore might be dopaminergic cells that project to the
median eminence [57], the RFRPs might alter DA turn-
over, contributing to the hypothalamic regulation of PRL
secretion. The flaw in their logic was the fact that the ma-
jor dopaminergic innervation of the median eminence
comes not from the PeVN, but instead from the tubero-in-
fundibular dopaminergic neurons [1–3] of the arcuate
nucleus (ARC), where the OT7T022 receptor was report-
ed not to be expressed. In fact, thyrotropin releasing hor-
mone TRH-expressing neurons are present in the PeVN,
and the action of the RFRPs may instead be on those
neuroendocrine neurons. Unfortunately, the significance
of the OT7T022 receptors in the PVN was not addressed
[57], and indeed, the RFRPs might act there to alter the
activity of oxytocinergic neurons, cells reported to play a
significant role in the hypothalamic regulation of PRL
secretion [13]. Still these authors hypothesized that be-
cause of their potential innervation of dopaminergic cells
of the PeVN, the RFRPs might regulate PRL secretion.
When a very high dose of RFRP (10 nmol, or approxi-
mately 15 mg of peptide) was injected into the cerebro-
spinal fluid of conscious rats, plasma PRL levels rose sig-
nificantly. Dose-dependent increases were not, as the aut-
hors asserted, demonstrated since the 1-nmol dose did not
significantly elevate plasma PRL levels, and the levels of
PRL in plasma in animals administered the 1-nmol dose
of RFRP were not reported to differ from those in animals
exposed to 10 nmol of RFRP. Data were not presented for
plasma levels of other anterior lobe hormones, but the ef-
fect on PRL secretion was reported to be selective. 
Since OT7T022 receptor expression was reported in pi-
tuitary gland, and since the homologous RF-amide pep-
tide PrRP acts in the gland at high doses to stimulate PRL
release, Hinuma and co-workers examined the possibility
that the RFRPs might also stimulate PRL release by a di-
rect pituitary action. Although no data were presented, the
authors asserted that the RFRPs did not significantly sti-
mulate PRL release from cultured rat anterior pituitary
cells [54]. Their final conclusion [57] was that the RFRPs
and PrRP ‘influence secretion of PRL by different me-
chanisms.’ Clearly, this remains to be established.



Summary and perspectives

In less than 2 years since their discovery, much has been
learned about the PrRPs, peptides originally thought to be
neuroendocrine factors regulating PRL release from the
anterior pituitary gland. These peptides have multiple
biologic activities, many predicted by the excellent loca-
lization studies that mapped the sites of their production
and, importantly, the receptive fields for the axon termi-
nals containing the peptide. There remains significant
controversy over the physiological relevance of the first
bioactivity described for the peptides, and a clear indica-
tion of the potential neuromodulatory effects of the pep-
tides, independent from their reported pituitary site of ac-
tion, has emerged. Little is known, however, of the phy-
siological relevance of any of the brain actions of PrRP
described to date, and as well, the mechanisms control-
ling peptide production or release in brain remain largely
unclear. The initial findings, largely published in brief
commentary or rapid communication formats, must now
be corroborated by comprehensive studies using more
physiologically relevant doses of the peptide with com-
plete dose-response testing. Until selective antagonists,
or genetically engineered animal models, become availa-
ble, the majority of the literature on these peptides will
continue to be descriptive in nature. Just the same, it is
now clear that the nomenclature chosen (i.e. prolactin re-
leasing peptides) may have been premature, since the
peptides are effective in brain at lower doses than those
required to express the releasing factor activity in pitui-
tary gland, and even that action remains challenged by ne-
gative data in the literature. This does not however, di-
minish, the significance of the discovery of the peptides,
an effort that will certainly serve not only as a model
technical approach [50] for the identification of novel
peptides but also the foundation of what will surely
become an ever-growing literature on the biological
activities of these peptides. 
Future studies must examine the potential biological ef-
fects of the RFRPs in all tissues where the OT7T022 re-
ceptor is expressed, and caution should be exercised so
that sweeping conclusions like those already advanced do
not become interpreted in the literature as statements of
fact. There is no doubt that the Takeda group has provided
the scientific community with a framework for much dis-
covery and healthy debate; however, the singular focus on
PRL secretion may have been misleading and, indeed, is
not yet justified by the existing scientific evidence. As in
all things, discovery breeds controversy; but diligent,
cautious investigation delivers fact. Hopefully, the scien-
tific community will not consider the further study of the
physiological relevance of PrRP or the RFRPs to be re-
dundant based on the limited published literature. Instead,
fertile soil remains untilled for molecular biologists, cell
physiologists and whole-animal biologists in which care-

fully sown seeds of discovery will certainly lead to abun-
dant harvests of relevant findings on the functions of the
RF-amide peptides.
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