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Ovarian folliculogenesis is regulated by the gonadotrophins, but in recent
years other peptides have been found to serve as local regulators of ovarian function. The aim of this study is to evaluate the effects of NPY,
galanin and VIP on pituitary and gonadal hormone release. Effects of
NPY, galanin and VIP on progesterone, estradiol production by cultured
rat granulosa and effects of these peptides on pituitary hormone release
by cultured pituitary cells were examined according to methods previously described. Maximal effects of NPY, galanin and VIP on pituitary
hormone release and on gonadal steroids were observed after administration of 10 nM of these peptides during 60 mins incubation. VIP and NPY,
but not galanin, stimulated PRL release from cultured pituitary cells.
VIP increased also LH release whenever NPY and galanin did not change
LH release from pituitary cells. Galanin, but not NPY and VIP, leads to
an increase of GH production. VIP, NPY and galanin did not change TSH
and FSH release. NPY, galanin and VIP markedly stimulated progesterone release from cultured granulosa cells. NPY, galanin and VIP did not
change estradiol and testosterone release. Conclusions. Direct effects of
NPY, galanin and VIP on pituitary hormone release may indicate their
role in the mechanism of pituitary hormone release. A marked increase
of progesterone from cultured granulosa cells after VIP, NPY and galanin
suggests that these peptides may be involved in the local ovarian
steroidogenesis.
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Introduction
It has been commonly accepted that some
neuropeptides play an important role in the mechanism of hormone release.
Neuropeptide Y (NPY) and galanin are widely distributed not only in the central and peripheral nervous systems but also in various peripheral organs.
NPY and galanin-like activity have been discovered in hypothalamo-pituitary system, adrenal
medulla, gastrointestinal, genitourinary and respiratory tracts [1, 2, 3, 4, 5, 6].
Although some data were presented that NPY
and galanin may influence hypothalamo-pituitary
regulation, the effects of these peptides on pituitary
hormone release remain controversial [7, 8, 9, 10, 11,
12, 13].
Ovarian folliculogenesis is regulated by the gonadotrophins, but in recent years other peptides were
found to serve as local regulators of ovarian function
[14, 15, 16, 17].
Our previous studies indicated that VIP (vasoactive intestinal peptide) and PACAP 38 (pituitary
adenylate cyclase activating polypeptide) may play a
role in the local ovarian steroidogenesis [18].
Th aim of this study is to evaluate the effects of
NPY, galanin and VIP on pituitary and gonadal hormone release.
Material and Methods
Effects of NPY, galanin and VIP on progesterone,
estradiol production by cultured rat granulosa.
Effects of NPY, galanin and VIP on progesterone
and estradiol production by cultured granulosa cells
were examined.
The ovaries from WKY rats in diestrus were
collected under aseptic conditions. Isolated ovaries
were washed with PBS, supplemented with a mixture of antibiotics and then they were rubbed
through a sieve (mech 50). Granulosa cells were
treated with 0.15 collagenase and 0.1% hyaluronidase in Hank’s buffer, at 37°C, for 30 min and
digested in a buffer containing: 0,02% EDTA, 0.1%
glucose, 0.1% NaCl, 0.19% NaHCO3 and 0.1% trypsin at 37° C for the next 30 mins. Dispersed cells
were washed with culture medium (RPMI, containing 0.5% BSA and 10% fetal calf serum) and seeded
in culture medium in 96-well culture plates. The
cells were then cultured for three days in a humidified atmosphere of 95% air and 5% CO2 at 37°C.
After that period the medium was removed and the
cells were cultured under serum-free conditions with
NPY, galanin and VIP in varying concentrations: 1,
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10, 100 nM. The control culture group was cultured
in physiological solution. Cell cultures were maintained for three hours. Culture supernatants were
then decanted and stored until a hormone analysis.
That method was conducted according to details
described previously [19, 20, 21, 22, 23]. The experiments were repeated 4 times, 2 x 105/l ml cells were
present in each culture. For the statistical analysis,
the unpaired Student test and the analysis of variance were used, as appropiate.
Effects of NPY, galanin and VIP on LH, FSH,
PRL, GH, TSH release by cultured pituitary cells.
The procedure of pituitary tissue dissociation, cell
preparation and cell culture were based on methods
described previously [24, 25, 26]. Briefly, pituitary
glands were obtained from three-month-old (weight
app. 200 g) female WKY rats, anesthetized by pentobarbitalum vetbutal injection and decapitated. They
were washed twice with DMEM pH 7.3 with 0.2%
glucose, 2 mmol glutamine/l, 0.3% bovine serum
albumin (BSA), penicillin (50 U/ml) and streptomycin (50 µg/ml) and processed for culture immediately.
They were enzymatically dispersed during 20 min
incubation at 37°C in 0.1% trypsin in PBS buffer
(without Ca2+ and Mg2+) followed by 20 mins of incubation in 0.1% Dnase I (deoxyribonuclease I from
bovine pancreas, type IV) in DMEM pH 7.3 with,
0.3% BSA, penicillin (50 U/ml) and streptomycin (50
µg/ml). The glands were finally mechanically dispersed on a sieve (50 mesh) and washed twice by
centrifugation for 10 min at 50 g with culture
medium (DMEM pH 7.3 with 0.2% glucose, 2 mmol
glutamine/l, 0.3% BSA and 10% fetal calf serum
(FCS). The pituitary cells were counted in a hemocytometer and assessed for viability by exclusion of
trypan blue (>85%).
The pituitary cells (0.2 x 106/ml) were incubated
in 24-well culture plates for up to 48 hrs in a humidified atmosphere of 95% air and 55 CO2 at 37°C. The
culture plates were washed with twice the volume
of the serum-free medium with 30 µg ascorbic acid/l
30 mins before every experiment. The neuropeptides
were dissolved in saline at concentrations 1 mmol/l.
They were diluted with serum-free medium with
30 µg ascorbic acid /l to final nanomolar concentrations.
For short-term effects, NPY, galanin and VIP
were added after 48 hrs of culture and the medium
was collected 30, 60, 120, 240 and 480 mins thereafter. The collected medium was stored at -20°C until
assayed for LH, FSH, PRL, GH and TSH. All media
and chemicals were purchased from Sigma (Sigma-
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Aldrich Chemie GmbH, Deisenhofen, Germany) and
culture dishes from Corning (Bibby Sterlin Ltd, Staffordshire, UK). The experiments were repeated 3
times, 2 x 105/l ml cells were present in each culture.
For the statistical analysis, the unpaired Student
test and the analysis of variance were used, as appropriate.

Fig. 1. Effects of NPY, galanin and VIP on prolactin release from
cultured pituitary cells.

Fig. 2. Effects of NPY, galanin and VIP on LH release from cultured
pituitary cells.

Results
Maximal effects of NPY, galanin and VIP on pituitary hormone release and on gonadal steroids were
observed after administration of 10 nM of these peptides during 60 mins incubation.
VIP and NPY but not galanin stimulated PRL
release from cultured pituitary cells (Fig. 1). VIP
increased also LH release whenever NPY and galanin
did not change LH release from pituitary cells (Fig.
2).
Galanin but not NPY and VIP leads to an increase
of GH production (Fig. 3).
VIP, NPY and galanin did not change TSH and
FSH release (data not shown).
NPY, galanin and VIP markedly stimulated progesterone release from cultured granulosa cells (Fig.
4).
NPY, galanin and VIP did not change estradiol and
testosterone release (data not shown).
Discussion

Fig. 3. Effects of NPY, galanin and VIP on GH release from cultured
pituitary cells.

Fig. 4. Effects of NPY, galanin and VIP on progesterone release
from cultured granulosa cells.

Our present and previous results [18] have demonstrated that VIP markedly increases progesterone
production by cultured rat granulosa cells. The findings of Davoren et al. [27] confirmed the hypothesis
that VIP was able to stimulate ovarian steroidogenesis. Previously we have published data about stimulation of adrenal progesterone release in response to
VIP administration [28].
The effect of VIP on gonadotropin release remains
controversial. It was reported that an intracerebroventricular injection of VIP led to an increase of
LH-RH release, however, an intravenous administration of VIP did not change LH secretion [29, 30]. Our
studies in vitro demonstrate that VIP stimulated PRL
and LH release from pituitary cells. Some studies
indicated that the orexigenic peptide NPY may play
an important role not only in the control of appetite
but also in the mechanism of hormone secretion [31,
32]. NPY neurons regulate the activity of the reproductive axis at hypothalamic and adenohypophysial
levels [33]. NPY can stimulate LH-RH release in vivo
through a direct Y1-like receptor-mediated action on
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the LH-RH neuron itself [9].
Some authors demonstrated that NPY neurons
participate in the generation of LH surge through
increased production of NPY and subsequent potentialization of the release and/or action of LH-RH
[7, 8]. On the other hand, NPY is one of the strongest orexigenic factors in the hypothalamic control
of feeding behavior [31, 32, 33, 34].
NPY may have a role in mediating nutritional
effects on the reproductive system and GH release
[35].
It has been reported that leptin—a protein
secreted by adipocytes—may modulate the NPY
activity in the central nervous system [12].
NPY can inhibit GH secretion in the male and
female rats [36, 37, 38] possibly by stimulating hypothalamic somatostatin release.
Our studies “in vitro” have demonstrated that
NPY can directly stimulate PRL release from pituitary cells. We did not observe any effects on LH
and GH release. However, NPY strongly stimulated
progesterone release from cultured granulosa cells.
Galanin-like immunoreactivity was discovered in the
highest concentrations in the median eminence and
this finding may suggest that galanin may have a role
in the regulation of the anterior pituitary function
[35, 39].
Galanin is produced in the hypothalamus and
anterior pituitary and its synthesis is highly stimulated by estrogens [40]. It was also reported that
galanin controlled the preovulatory surges of LH
and PRL [10] and regulated steroidogenesis in ovarian tissue as an intraovarian regulatory peptide [14].
Galanin is cosecreted with GnRH and can modulate
the secretion of GnRH [11].
Galanin increased GH release in rats after central (icv) and peripheral administration [41, 42,
43]. Immunoneutralization of endogenous galanin
within the CNS significantly disrupts a normal GHsecretory pattern in male rats [44]. These results
suggest an important physiological role for endogenous galanin in the control of spontaneous GH secretion [35].
Our results showed that galanin directly stimulated GH release from cultured pituitary cells. These
findings are in accordance with “in vivo” studies
[41, 42, 43]. We observed that galanin markedly
increased progesterone production by cultured granulosa cells. These results confirmed the thesis that
galanin takes part in the intraovarian regulation of
progesterone release.
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Conclusions
1. Direct effects of NPY, galanin and VIP on pituitary hormone release may indicate their role in the
mechanism of pituitary hormone release.
2. A marked increase of progesterone from cultured granulosa cells after VIP, NPY and galanin
suggest that these peptides may be involved in the
local ovarian steroidogenesis.

REFERENCES
1 Gray TS, Morley JE. Neuropeptide Y: Anatomical distribution and
possible function in mammalian nervous system. Life Sci 1986;
38:389–401.
2 Ekblad E, Winther C, Ekman R. Projection of neuropeptide containing peptides in rat small intestine. Neuroscience 1987;
20:169–188.
3 Bennet WM, Wang ZL, Jong P. Presence of neuropeptide Y
and its messenger ribonucleic acid in human islets: Evidence
for a possible paracrine role. J Clin Endocrinol Metab 1996;
81:2117–2120.
4 Tatemoto K, Rokaeus A, Jornvall H, McDonald TJ, Mutt V.
Galanin—A novel biologically active peptide from porcine intestine. FEBS Lett 1983; 164:124–128.
5 Rokaeus A. Galanin, a newly isolated biologically active neuropeptide. Trends Neurosci 1987; 10:158–164.
6 Bauer FE, Christofides ND, Hacker GW, Blank MA, Polak JM, Bloom
SP. Distribution of galanin immunoreactivity in the genitourinary
tract of man and rat, Peptides 1986; 7:5–10.
7 Bauer-Dantoin AC, McDonald JK, Levine JE. Neuropeptide Y
potentiates luteinizing hormone (LH)-releasing hormone-induced
LH secretion only under conditions leading to preovulatory LH
surges. Endocrinology 1992; 131:2946–52.
8 Bauer-Dantoin AC, Urban JH, Levine JE. Neuropeptide Y gene
expression in the arcuate nucleus is increased during prevulatory
luteinizing hormone surges. Endocrinology 1992; 131: 2953–8.
9 Besecke LM, Wolfe AM, Pierce ME, Takahashi JS, Levine JE. Neuropeptide Y stimulates luteinizing hormone-releasing hormone
release from superfused hypothalamic GTI-7 cells. Endocrinology
1994; 135:1621–7.
10 Lopez F, MeadeEH Jr, Negro-Vilar A. Endogenous galanin modulates the gonadotropin and prolactin proestrous surges in the rat.
Endocrinology 1993; 132: 795–800.
11 Rosmanith WG, Marks DL, Clifton DK, Steiner RA. Induction of
galanin gene expression in gonadotropin releasing hormone neurons with puberty in the rat. Endocrinology 1994; 135:1401–8.
12 Lee J, Morris MJ. Modulation of neuropeptide Y overflow by leptin
in the rat hypothalamus, cerebral cortex and medulla. Neuroreport 1998; 9:1575–1580.
13 Schwartz MW, Baskin DG, Bukowski TR, Kuijper JL, Foster D,
Lasser G,et al. Specificity of leptin action on elevated blood glucose levels and hypothalamic neuropeptide Y gene expression in
ob/ob mice. Diabetes 1996; 45:531–535.
14 Fox MD, Hyde JF, Muse KN, Keeble SC, Howard G, London SN.
Galanin a novel intraovarian regulatory peptide. Endocrinology
1994; 135:636–41.
15 Zhong Y, Kasson BG. Pituitary adenylate cyclase polypeptide

Effects of neuropeptide Y (NPY), galanin and vasoactive intestinal peptide (VIP)
on pituitary hormone release and on ovarian steroidogenesis

16
17
18

19

20

21

22

23

24

25

26

27
28

29

30

31

32

stimulates steroidogenesis and adenosine 3′ 5′-monophosphate
accumulation in cultured rat granulosa cells. Endocrinology 1994;
135:207–213.
Ottesen B, Pedersen B, Nielsen J, Dalgard D, Fahrenkrug J. Effect
of VIP on steroidogenesis in women. Regul Pept 1986; 16:299.
Goze I, Tsafriri A. Detection of VIP-encoding messenger ribonucleic
acid in the rat ovaries. Endocrinology 1986; 119:2606–2610.
Baranowska B, Wasilewska-Dziubinska E, Radzikowska M, Plonowski A, Roguski K, Kawalec M, et al. Vasoactive intestinal
peptide (VIP) and pituitary adenylate cyclase activating polypeptide (PACAP)—effects on ovarian production of gonadal
steroids.Polish Endocrinol 1998; 49:183–192.
Gras S, Ovesen P, Andersen AN, Sorensen S, Fahrenkrug J, Ottesen B. Vasoactive intestinal polypeptide and peptide histidine
methionine. Presence in human follicular fluid and efects on
DNA synthesis and steroid secretion in cultured human granulosa
cells.Hum. Reprod 1994; 6:1053–1057.
Kotsuji F, Kamitani N, Goto T, Tominaga I. Bovine theca and
granulosa cell interactions. Modulate their growth, morphology
and function. Biol Reprod 1990; 43:726–732.
Leya JM, Rawlins RG, Radwanska E, Beckmann MW. Steroidogenesis of cultured granulosa cells in women at risk for ovarian
hyperstimulation syndrome.Fertil Steril 1992; 58:1153–1157.
Hughes JFM, Lane TA, Chen TT, Gorospe WC.Effects of cytokines
on porcine granulosa cell steroidogenesis. In vitro.Biol Reprod
1990; 43:812–817.
Kannzaki M, Hattori MA, Horiuchi R, Kojima I. Cordinate actions
of FSH and insulin like growth factor-1 on LH receptor expression
in rat granulosa cells. J. Endocrinol 1994; 141:301–308.
Artz E, Buric R, Stelzer G, Stalla J, Sauer J, Renner U,et al. Interleukin involvement in anterior pituitary cell growth regulation:
effects of IL-2and IL-6. Endocrinology 1993; 132:459–467.
Renner U, Newton CJ, Pagotto U, Sauer J, Arzt E, Stalla GK.
Involvement of interleukin-1 and interleukin-1 receptor antagonist in rat pituitary cell growth regulation. Endocrinology 1995;
136:3186–3193.
Soto J., Castrillo JL, Dominguez F, Dieguez C. Regulation of
the pituitary-specific transcription factor GMF-1/Pit-1 messenger
ribonucleic acid levels by growth hormone-secretagogues in rat
anterior pituitary cells in monolayer culture. Endocrinology 1995;
136:3863–3870.
Davoren JB, Hsueh AJW. VIP: a novel stimulator of steroidogenesis
by cultured rat granulosa cells. Biol Reprod 1985; 33:33–37.
Baranowska B, Wasilewska-Dziubinska E, Radzikowska M, Plonowski A, Roguski K, Krawczyk E, et al. Effects of (PACAP)
and VIP on Adrenal Progesterone Release. Ann NY Ac Sci 1996;
805:628–633.
Culler MD, Paschall CS. Pituitary adenylate cyclase-activating
polypeptide PACAP potentiates the gonadotropin-releasing acivity of luteinizing hormone-releasing hormone. Endocrinology
1991; 129:2260–2262.
Vijaan E, Samson WK, Said SJ, Mc Cann SM. Vasoactive intestinal peptide : evidence for hypothalamic site of action to release
growth hormone, luteinizing hormone and prolactin in conscious
ovariectomized rats. Endocrinology 1978; 104:53–57.
Sainsbury A, Cusin J, Doyle P, Rohner-Jeanrenaud B. Intracerebroventricular administration of neuropeptide Y to normal rats
increases obese gene expression in white adipose tissue. Diabetologia 1996; 39:353–6.
Stanley BG, Kyrkouli SE, Lampart S, Leibowitz SF. Neuropeptide
Y chronically injected into the hypothalamus: a powerful neu-

33

34

35

36

37

38

39

40

41

42

43

44

rochemical inducer of hyperphagia and obesity. Peptides 1986;
7:1189–92.
Zaryevski N, Cusin I, Vettor R, Rohner-Jeanrenaud F, Jeanrenaud B.
Chronic intracerebroventricular neuropeptide Y administration to
normal rats mimics hormonal and metabolic changes of obesity.
Endocrinology 1993; 133:1753–8.
Zaryevski N, Cusin I, Vettor R, Rohner-Jeanrenaud F, Jeanrenaud B.
„Intracerebroventricular administration of neuropeptide Y rto
normal rats has divergent effects on glucose utilization by adipose
tissue and skeletal muscle. Diabetes 1994; 43:764–9.
Giustina A, Veldhius JD. Pathophysiology of the neuroregulation
of growth hormone secretion in experimental animals and the
human. Endocr Rev 1998; 19:717–797.
Harfstrand A, Eneroth P, Agnati L, Fuxe K. Further studies on the
effects of central administration of neuropeptide Y on neuroendocrine function in the male rat: relationship to hypothalamic
catecholamines. Regul Pept 1987; 17:167–179.
Rettori V, Milenkovic L, Aguila MC, McCann SM. Physiologically
significant effect of neuropeptide Y to suppress growth hormone
release by stimulating somatostatin discharge. Endocrinology
1990; 126:2296–2301.
Catzeflis C, Pierroz DD, Rohner-Jeanrenaud F, Rivier JE, Sizonenko
PC, Aubert ML. Neuropeptide Y administered chronically into the
lateral ventricle profoundly inhibitis both the gonadotropic and
the somatotropic axis in intact adult female rats. Endocrinology
1993; 132:224–234.
Skofitsh G, Jacobowitz D. Ouantitative distribution of galaninlike immunoreactivity in the central nervous system. Peptides
1985; 7:609–613.
Hemmer A, Hyde JF. Regulation of galanin secretion from pituitary cells in vitro by estradiol and GNRH. Peptides 1992;
13:1201–6.
Murakami Y, Kato Y, Shimatsu A, Koshiyama H, Hattori NY, Yanaihara N, et al. Possible mechanisms involved in growth hormone
secretion induced by galanin in the rat. Endocrinology 1989;
124:1224–1229.
Ottlecz A, Samson W, McCann S. Galanin: evidence for a hypothalamic site of action to release growth hormone. Peptides 1985;
7:51–53.
Ottlecz A, Synder GG, McCann SM. Regulatory role of galanin in
control of hypothalamic pituitary function. Proc Natl Acad Sci
USA 1988; 85:9861–9865.
Maiter DM, Hooi SC, Koenig JI, Martin JB. Galanin is a physiological regulator of spontaneous pulsatile secretion of growth
hormone in the male rat. Endocrinology 1990; 126:1216–1222.

Neuroendocrinology Letters ISSN 0172–780X Copyright © 1999 Neuroendocrinology Letters

389

