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Abstract RF amide peptide family with distinctive ter-

minal –Arg–Phe–NH2 signature is evolutionarily conserved

from invertebrates to mammals. These neuropeptides have

been shown to affect diverse functions in invertebrates and

vertebrates including influencing pituitary hormone secre-

tion. More recently, two members of this family 26-amino

acid and 43-amino acid RF amide peptide (26RFa and

43RFa, respectively) originally isolated from frog have

been cloned in rats and humans. Actions of these peptides

on hormone secretion have not been studied in primates. In

the present study, effect of iv administration of three dif-

ferent doses of human 26RFa and 43RFa on GH secretion

was studied in a representative higher primate, the rhesus

monkey. As control against these two peptides, normal

saline and a scrambled sequence of 26RFa was adminis-

tered. A set of four intact adult male monkeys received the

administration in a random order. Peripheral blood samples

were obtained from the chairrestrained but fully conscious

animals for a period of 30 min before and 240 min after

the administration at 15-min intervals. For quantitative

measurement of GH concentration, a human GH chemilu-

minescent immunometric assay was used. Peripheral

administration of 38 and 76 nmol doses of 26RFa signifi-

cantly (P \ 0.05) stimulated GH AUC during a 0–120 min

period after injection of 26RFa. In contrast to 26RFa,

administration of 43RFa appeared to suppress GH levels

during the later stages of the sampling i.e. from 120 to

240 min period. Mean AUC during the period was signifi-

cantly (P \ 0.05) reduced by 76 nmol dose of 43RFa, while

38 nmol dose of 43RFa also had similar effect but lacked

full statistical significance (P = 0.058). To our knowledge

present study reports for the first time-specific stimulatory

effect of 26RFa on the GH secretion and a novel inhibitory

and delayed effect of 43RFa on the GH secretion in higher

primates. In conclusion, present findings extend evidence

for endocrine actions of RF amides in primates and suggest

differential effect of these peptides on GH secretion in

primates.
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Introduction

Almost 30 years ago, tetrapeptide FMRF amide was iso-

lated from the ganglia of the venus clam, Macrocallista

nimbosa [1]. Since then, a good number of peptides pos-

sessing the Arg–Phe–NH2 motif at their C-terminal have

been identified in all the groups of invertebrates [for

review, [2]]. These peptides now classified as members of a

large family, are collectively termed the RF amide (RFa)

peptides. Over the last decade or so, vertebrate brain has

also been shown to produce number of RFa neuropeptides
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with vast variety of functions. To date, many important

physiological roles in neuroendocrine, behavioral, sensory,

and autonomic functions have been defined for these RFa

peptides [3–5].

A 26-amino acid RFa neuropeptide, originally isolated

from the frog and named 26RFa, has been cloned in human

and rat [6]. This peptide, also known as P518 [7] and QRFP [8]

is the ligand for the previously orphan G-protein-coupled

receptor (GPR) 103. Through bioinformatics approaches,

precursor gene for this novel RFa peptide was identified [7, 8].

Precursor gene, encodes preproprotein that can be processed

into several potential peptides, including 26RFa and a 43RFa

peptide (also termed QRFP) [7, 8]. Both of these peptides

activate GPR103, but 43RFa exhibits more potent agonistic

activity. A combination of in vitro and in vivo approaches

applied in rodents showed that 26RFa and 43RFa have effects

on hormone secretion and behavior. Icv and systemic

administration of 26RFa was able to elicit gonadotropin

release only in female rats [9]. Centrally injected 26RFa also

exhibited orexigenic activity in mice [6]. Intravenous

administration of 43RFa in rats was observed to stimulate

aldosterone release [7]. While central administration of

43RFa in mice induced feeding behavior, intensified groom-

ing response, influenced blood pressure accompanied by

increased general locomotor activity and metabolic rate [10].

Studies using the antagonist against the Y1 and RFa receptor

activity have shown that RFa receptor may also play a role in

regulation of cardiovascular activity by affecting the food

intake and energy homeostasis through interaction with the

central circuits [11]. The prolactin-releasing peptide (PrRP),

another peptide member of this family has been shown to have

potency comparable to TRH in effecting prolactin release.

In vitro and in vivo studies in rats have shown that PrRP

contributes in modulating circulatory prolactin levels along

with TRH. In vitro studies using the rat pituitary primary cell

cultures showed that the prolactin responses to TRH was

clearly augmented by PrRP (10–30 fold increase) and in vivo

the response was increased up to three-folds [12].

Keeping in view the established fact that these RFa are

also present in the higher primates including humans but

with a very little knowledge of their endocrine functions’

present study was designed to determine the effect of

recently characterized two human RFa, 26RFa, and 43RFa

on GH secretion in the adult male rhesus monkey which is

a representative higher primate model.

Materials and methods

Animals

A set of four chair-restrained adult (7–8 years) intact

male rhesus monkeys (Macaca mulatta) (Body weight:

6.0–8.0 kg) was used. Individual cages were used to house

the animals under semi controlled colony conditions in the

Department’s primate facility. The animals were fed

monkey diet at 1,300–1,330 h daily with fresh fruits sup-

plements in the morning (0900–0930 h). Water was

available ad libitum. The animals were gradually habitu-

ated to chair restraint 8 weeks before commencing of the

experiments. Each animal was restrained on chair for a

maximum period of 4 h daily. Animals were also trained to

take their food and water while chair restrained. For the

ease of fixing or removing from the restraining chair,

animals were sedated by intramuscular administration of

ketamine hydrochloride (3–5 mg/kg BW). However, sam-

pling started only after animals had regained full con-

sciousness. All animal studies were approved by the

Departmental Committee for Care and Use of Laboratory

Animals.

Blood sampling

Serial blood samples (2.5 ml) were taken in hepranized

syringes attached to an indwelling cannula placed in the

saphanous vein an hour before sampling under ketamine

sedation (5 mg/kg BW, im). After each sample approxi-

mately 3 ml of normal saline containing 5 IU of heparin/ml

was injected to compensate the lost blood volume and to

preserve patency of the cannula. The samples were

immediately transferred to culture tubes kept on ice. After

completion of sampling, tubes were centrifuged at

3,000 rpm at 4 �C and plasma was extracted and stored at

-15 �C until assayed.

Reagents

Heparin (Rotexmedica, Trittau, Germany) and ketamine

hydrochloride (Ketler, Astarapin, Germany) were pur-

chased locally. Human RFa (26RFa, 43RFa, and Sc 26RFa)

were synthesized in the lab of the one of the co-authors

(HV) and the details have been described before [9].

Working solutions of RFa were made in normal saline.

General experimental design

The experiment comprised of a random administration of

different doses of RFa and controls on 8 non-consecutive

days with a gap of 4 days. All four animals were used on

each day of sampling. A total of 20 blood samples were

taken from each animal on each day of sampling. Sampling

duration was about 5 h (1100–1800 h). The samples were

obtained at 15-min intervals for 30 min before injections
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(-30, -15, and 0 min) and for 240 min thereafter. RF

amides (19, 38, and 76 nmol/animal) or normal saline as

vehicle were administered as iv bolus immediately after

taking 0 min sample. A scrambled sequence of 26RFa was

also used as a specific control to 26RFa. Volume of doses

of the peptides and saline was 1 ml. Doses of the amides

were estimated from neuroendocrine effective doses of

kisspeptin a type of RF peptides, in monkeys [13, 14].

Hormone assays

The quantitative determination of GH concentration in

monkey plasma was done by a Immulite/Immulite 1000

human GH chemiluminescent immunometric assay (Euro/

DPC LTD Gwyneed, UK). All the assays were done

according to the instructions given by the kit manufactur-

ers. Analytical sensitivity of the kit was 0.026 m IU/l.

Intra- and inter-assay % CV was 5.96 and 2.56 %,

respectively.

Statistical analyses

All data presented are mean ± SEM. Paired Student’s t test

was employed to determine differences between pre- and

post-treatment mean GH concentrations, and between

mean area under the curve (AUC) of post-treatment GH

values. One-way analysis of variance (ANOVA) with

repeated measures followed by Dunnett’s test was used to

analyze time course of change in mean plasma GH con-

centrations before and after iv injection of various doses of

RFa and saline. Statistical significance was set at P B 0.05.

Results

Time course of change in mean plasma GH

after administration of 26RFa

Pattern of GH secretion before and after administration of

26RFa is shown in Fig. 1. Peripheral administration of

38 nmol of scrambled sequence of 26RFa (Sc 26RFa)

appeared to occasion a progressive decrease in plasma GH

levels. However, mean plasma GH concentration after the

injection of Sc 26RFa showed a non significant decrease.

Though administration of the 3 doses of 26RFa apparently

increased GH levels within an hour, repeated measures

ANOVA did not indicate difference between time points.

The comparison between mean pre-treatment (-30–0 min)

and mean post-treatment (15–120 min) plasma GH levels

showed non-significant effect on GH levels after adminis-

tration of Sc 26RFa and 19 nmol of 26RFa. Whereas both

38 and 76 nmol of 26 RFa induced a significant (P \ 0.05)

increase in post treatment GH levels.

Comparison of mean AUC of plasma GH

concentrations observed during post 26RFa injection

periods

Comparison between AUC of plasma GH concentrations

during a 0–120 min period after injection of saline, Sc

26RFa, and various doses of 26RFa, in adult male monkeys

is shown in Fig. 2. Paired t test analyses showed that the

mean AUC was significantly increased (P \ 0.05) by the

38 and 76 nmol doses of 26RFa when compared to those

caused by saline and Sc 26RFa.

Time course of change in mean plasma GH

after administration of 43RFa

Saline administered peripherally as vehicle of 43RFa

caused no affect on plasma GH concentrations in the
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Fig. 1 Time course of change in mean (±SEM) plasma GH

concentrations before and after iv bolus injection of 38 nmol of Sc

26RFa and 19, 38, and 76 nmol of 26RFa in adult male rhesus

monkeys (n = 4). Arrow indicates time of administration of the

injection. No significant difference was evident between mean GH at

different time points

0

1000

2000

3000

Saline Scramble 19 nmol 38 nmol 76 nmol

M
ea

n
 A

U
C

 P
la

sm
a 

G
H

   
(m

IU
/L

. 0
-1

20
 m

in
)

26RFa doses

*
*

Fig. 2 Comparison between AUC of plasma GH concentrations

(mean ± SEM) observed during 0–120 min period after injection of

saline, Sc 26RFa and various doses of 26RFa, in adult male rhesus

monkeys (n = 4) *P \ 0.05 versus saline and Sc 26RFa

660 Endocrine (2012) 42:658–663

123



observation period (Fig. 3). Analysis of changes, in mean

plasma GH concentrations after iv bolus injection of dif-

ferent doses of 43RFa showed a slight and short lived rise

and then a progressive decline. Repeated measures

ANOVA showed a significant decrease in mean GH con-

centration after administration of 38 and 76 nmol of 43RFa

at time points between 120 and 240 min as compared to

0 min value (P \ 0.05). No significant effect on GH levels

was observed at any time point after administration of

19 nmol 43RFa. The comparison between mean pre-treat-

ment (-30–0 min) and mean post-treatment (15–120 min)

plasma GH levels showed that there was no significant

alteration observed after the administration of normal sal-

ine and any dose of 43RFa.

Comparison of mean AUC of plasma GH

concentrations observed during post 43RFa injection

periods

Comparison of mean AUC of plasma GH concentrations

after injection of saline and various doses of 43RFa during

the period 120–240 min in adult male rhesus monkeys is

shown in Fig. 4. Paired t-test analyses showed that GH

AUC was significantly (P \ 0.05) suppressed by 76 nmol

dose of 43RFa as compared to saline. Administration of

38 nmol dose of 43RFa also almost significantly

(P = 0.058) decreased the AUC, while 19 nmol dose of

the peptide did not affect the AUC. Comparisons of GH

AUC observed during an earlier period (0–120 min) after

administration of saline and different doses of 43RFa

revealed no stimulatory or inhibitory effects of 43RFa (data

not shown).

Discussion

The main finding of the present study was that iv admin-

istration of 26RFa appeared to acutely increase plasma GH

levels in adult male monkeys. Comparison of post-treat-

ment GH levels with their respective pre-treatment values

showed that 38 and 76 nmol doses of 26RFa stimulated the

GH release. That the increase in GH levels was specific to

the amide treatment, was evident by a lack of any such

effect after the administration of saline and Sc 26RFa.

Present study, therefore reports for the first time specific

stimulatory effect of 26RFa on the GH secretion in a higher

primate. Mean post-treatment GH concentrations appeared

to rise with dose of 26RFa when compared to saline, but

there was not much difference between effects of 38 and

76 nmol doses. The observed stimulatory effect of 26RFa

on GH secretion in adult male rhesus monkeys is in line

with the previous findings in some other vertebrates.

LPXRF amide peptides, gfLPXRFa-1, -2, and -3, have

been observed to stimulate GH release in a dose-dependent

manner from cultured pituitary cells of sockeye salmon.

Moreover, gfLPXRFa-1, -2, and -3 also stimulated release

of FSH and LH [15]. In vitro experiments in amphibians

also support our results, as fGRP a type of RF amide

peptides stimulated GH release from cultured frog pituitary

cells, in a dose related manner [16]. It was also demon-

strated that in juvenile and adult frogs exogenously

administered RFa peptide elevated GH levels in blood [14].

Our results are also similar to the observations made in rats

where icv injections of RFRP-3 another RFa profoundly

increased plasma GH levels [17]. However, in ovine pitu-

itary cells RFRP-3 treatment was shown not altering GH

mRNA [18]. Parenthetically, kisspeptin RFa’s have been

recently shown to increase release of GH from primary
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Fig. 3 Time course of change in mean (±SEM) plasma GH

concentrations before and after iv injection of saline and 19, 38,

and 76 nmol of 43RFa in adult male rhesus monkeys (n = 4). Arrow
indicates time of administration of the injection. Repeated measures

ANOVA followed by post hoc Dunnett’s test showed that mean

plasma GH was significantly reduced by 38 and 76 nmol doses of
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Fig. 4 Comparison of mean (±SEM) AUC of plasma GH concen-

trations during 120–240 min period after injection of saline and

various doses of 43RFa in adult male rhesus monkeys (n = 4)

*P \ 0.05 versus saline. Comparison of saline and 38 nmol means

revealed a difference which was approaching significance (P =

0.058)
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cultures of female baboon pituitaries in a dose dependant

manner [19]. Taken together, foregoing evidence suggests

that GH stimulating actions of RFa peptides prevalent in

lower vertebrates are also present in primates.

In contrast to 26RFa, iv administration of 43RFa

appeared to suppress GH levels during the later stages of

the sampling, i.e., from 120 to 240 min period. Owing to

nature of the effect of 43RFa, statistical comparisons were

extended to include the terminal epoch of the sampling

period as well. Parenthetically, analysis of plasma GH

AUC during the earlier period (0–120 min) did not reveal

any stimulatory or inhibitory effects of any dose of 43RFa.

Analysis of time course of change showed that decrease in

GH levels was specific to the amide treatment as saline

treatment did not significantly affect GH levels. Present

study, therefore, reports for the first time a novel inhibitory

and delayed effect of 43RFa on the GH secretion in higher

primates. Dose dependency trend was evident with this

action of 43RFa as mean post-treatment GH AUC appeared

to decrease, with increase in the dose. However, the mean

AUC was significantly suppressed only by the highest dose

of 43RFa when compared to saline.

Our observation of peripheral action of 43RFa to

reduce the plasma GH levels in adult male rhesus mon-

keys, however, has limited support from previous find-

ings. Two novel RFa peptides in sea lamprey, the 25 aa

peptide RFa-A and the 20 aa peptide RFa-B have been

observed to inhibit the GH secretion [20]. Synthetic RFa-

A and -B inhibited GH mRNA expression in a concen-

tration-dependent fashion in vitro [20]. Our results are

also in line with the findings in teleosts where GH

secretion from the pituitary was inhibited by salmon PrRP

in vivo, but no change in GH release was observed in

vitro [21, 22]. In rats, icv administration of PrRP inhibited

GH release from the pituitary [23, 24]. The inhibitory

effects of PrRP on GH were diminished by depletion or

neutralization of somatostatin [23] indicating that inhibi-

tory effect of PrRP on GH was mediated via somatostatin

release. In favor of this notion, it has been shown that in

rat’s axon terminals of PrRP appeared to contact among

others, somatostatin immunoreactive neuronal elements in

the arcuate nucleus [25–27]. Together, these results sug-

gest that 43RFa peptides can potentially inhibit GH

secretion both indirectly through the hypothalamic action

as well as by a direct pituitary action. However, further

investigation is necessary to elucidate the mechanism

underlying the suppressive effects of 43RF amide pep-

tides on GH secretion in monkeys as observed in the

present study.

There can be two possible reasons for the observed

opposite effects of 26RFa and 43RFa on GH secretion in

monkeys. One possible reason for this dual effect can be

that the two amides utilize two different receptors. Previous

findings support that apart from GPR103 there may exist

other binding sites for 26RFa. In the brain and spinal cord

of rats, 26RFa binding sites were widely distributed,

whereas the expression of GPR103 mRNA was more dis-

crete, notably in the midbrain, the pons, and the medulla

oblongata, suggesting that 26RFa can bind to a recep-

tor(s) other than GPR103. Competition experiments con-

firmed that 26RFa interacts with receptor distinct from

GPR103 that may be NPFF2 [28]. Functional assays and

binding studies indicated that binding of 43RFa to GPR103

has the same efficacy as that of 26RFa. However, 43RFa

has been shown to be slightly more potent than 26RFa with

respect to cAMP inhibition [8]. Second, the expression

pattern of the peptides to their cognate receptors may have

selectivity for GHRH or SRIF systems in the hypothala-

mus. Therefore, selective presence of these amides and

their receptors in regions of the hypothalamus that entrain

inhibitory and excitatory drives to GH release from pitui-

tary, and likelihood of multiple receptors utilized by these

two peptides, provide the possible reasons for the dual

effect of 26RFa and 43RFa on GH release.

Taken together, all the foregoing studies support the

view that the large family of RF amide peptides contrib-

utes to the multifactorial regulation of pituitary hormone

particularly GH release in vertebrates and our results

advance the understanding of such RF amide peptide

actions in primates. Design of the current study did not

allow us to infer much whether actions of 26RFa or 43RFa

were pharmacological or physiological in nature. Paren-

thetically, previous studies point toward the physiological

role of RFa in the regulation of the GH secretion in ver-

tebrates. gfLPXRFa-1, -2, and -3, stimulated the GH

release in a dose-dependent manner from cultured pituitary

cells of sockeye salmon, this stimulatory effect may be

taken as physiological action, because threshold concen-

trations ranged from less than 10-5 M [13]. Similar find-

ings were observed in amphibians, where RFa fGRP

peptide stimulated GH release from cultured frog pituitary

cells, in a dose-related manner with threshold concentra-

tion ranging between 10-9 and 10-8 M suggesting a

physiological action [9]. In conclusion, present findings

demonstrate that 26RFa and 43RFa differentially effect

GH release in the rhesus macaque. However, further

experiments are required to asses if these peptides are

involved in physiological regulation of GH secretion in

higher primates.
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