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Abstract

5-Hydroxytryptamine (5-HT) and the 5-HT1A/7 receptor agonist (+)-8-hydroxy-2-(di-n-propylamino) tetralinHBr (8-OH-DPAT), injected

into the zona incerta (an area in the dorsal hypothalamus) of the female rat, inhibit the release of luteinizing hormone (LH) and the effects of

both are blocked by the 5-HT2/7 receptor antagonist, ritanserin. As both 8-OH-DPAT and ritanserin have moderate activity at the 5-HT7

receptor subtype, the possibility that this subtype might mediate their effects in the zona incerta has been investigated. Ovariectomised rats

were primed with 5 Ag oestradiol benzoate followed at 48 h by 0.5 mg progesterone, which induces an LH surge. 5-Carboxamidotryptamine

(5-CT), a potent but non-selective agonist at 5-HT7 receptors, like 5-HT and 8-OH-DPAT, inhibited the LH surge at 5 and 1.25 nmol injected

bilaterally into the zona incerta. The non-selective 5-HT2/7 receptor antagonist ritanserin and the selective 5-HT7 receptor antagonist, (R)-3-

(2-(2-(4-methyl-piperidin-1-yl)-pyrrolidine-1-sulfonyl)-phenol (SB-269970-A) at 0.5 Ag/side blocked all three receptor agonists when

injected concurrently into the zona incerta. However, lower (0.2 Ag) and higher doses (2 and 5 Ag) of SB-269970-A were less effective,

indicating a bell-shaped dose–response curve. SB-269970-A was also inhibitory when administered systemically (1 mg/kg intraperitoneally

(i.p.)). When LH release was suppressed by 5 Ag oestradiol benzoate, SB-269970-A (0.5 and 2 Ag) did not elevate levels, indicating it is

unlikely that 5-HT7 receptors mediate a tonic inhibition on release but rather are involved in terminating the pre-ovulatory LH surge. These

data demonstrate that 5-HT7 receptors play a role in the regulation of LH by the zona incerta in rat brain.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction nerve terminals surrounding the zona incerta (Bosler et al.,
The zona incerta, an area in the dorsal hypothalamus, is

an integrative centre in the regulation of a wide variety of

functions. A number of reports indicate that neuronal

systems either originating from or innervating the zona

incerta are involved in the control of gonadotrophin release.

These neuronal systems include dopamine, g-amino-butyric

acid (GABA) (Oertel et al., 1982; Kalia et al., 1999),

melanin-concentrating hormone (Bittencourt et al., 1992;

Gonzalez et al., 1997), orexins (Sakurai et al., 1993; Pu et

al., 1998; Small et al., 2003) and 5-hydroxytryptamine (5-

HT; Bosler et al., 1984; James et al., 1989). There are 5-HT
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1984) and we have shown that there is an inverse relation-

ship between 5-HT activity in the zona incerta and plasma

levels of luteinizing hormone (LH) (James et al., 1989). We

have also shown that administration of 5-HT into the zona

incerta inhibits the LH surge normally observed after

priming ovariectomised rats with oestradiol benzoate fol-

lowed by progesterone. This effect is mimicked by a 5-

HT1A receptor agonist ((+)-8-hydroxy-2-(di-n-propylamino)

tetralinHBr; 8-OH-DPAT) and inhibited by a 5-HT1A recep-

tor antagonist (WAY 100135; n-tert-butyl-3-(4-methoxf-

phenyl) piperazin-lyl indicating that 5-HT1A receptors play

a role in mediating the inhibitory effect of 5-HT on LH

release. In the same investigation we showed that the non-

selective 5-HT2 receptor agonist (�)-2,5-dimethoxy-4-

iodoamphetamine HCL (DOI) had no effect on LH release,

but unexpectedly the 5-HT2 receptor antagonist, ritanserin

antagonised the inhibitory effect of both 5-HT and 8-OH-
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DPAT (Siddiqui et al., 2000). A possible explanation might

be that a 5-HT receptor subtype, other than the 5-HT1A

receptor, is involved in mediating the inhibitory effect of 5-

HT and since both 8-OH-DPAT and ritanserin have affinity

for the 5-HT7 receptor subtype (Lovenberg et al., 1993) we

have investigated this hypothesis.

The 5-HT7 receptor was first cloned from mouse, rat,

guinea-pig and human (Bard et al., 1993; Plassat et al.,

1993; Shen et al., 1993; Tsou et al., 1994; Raut et al., 1993)

and has a distinctive pharmacological profile which is

consistent across species (Lovenberg et al., 1993; Bard et

al., 1993; Plassat et al., 1993; Shen et al., 1993; Tsou et al.,

1994; Raut et al., 1993) and between cloned and native

tissue 5-HT7 receptors (To et al., 1995; Boyland et al.,

1996). The receptors are defined pharmacologically by their

high affinity for 5-CT, 5-HT, 5-methoxytryptamine and

methiothepin, moderate affinity for 8-OH-DPAT and ritan-

serin and low affinity for pindolol, sumatriptan and buspir-

one (To et al., 1995) 5-HT7 receptors couple positively to

adenylyl cyclase in heterologous expression systems and in

native tissue (Hagan et al., 2000; Hoyer et al., 1994;

Thomas et al., 1999).

5-HT7 receptors have a wide distribution within the

central nervous system (CNS) and there is reasonable

agreement between mRNA in situ hybridisation, semi-quan-

titative reverse transcription-polymerase chain reaction (RT-

PCR), autoradiographic ligand-binding studies and immu-

nocytochemistry (Lovenberg et al., 1993; Shen et al., 1993;

Raut et al., 1993; Eglen et al., 1997; Neumaier et al., 2001).

The receptor is found predominantly in the thalamus,

hippocampus, amygdala and hypothalamus (Raut et al.,

1993; To et al., 1995; Gustafson et al., 1996; Kinsey et

al., 2001) and the receptors have been reported to be present

on both perikerya and proximal fibres (Neumaier et al.,

2001) and astrocytes (Hirst et al., 1997). In spite of their pre-

synaptic presence on cell bodies they do not appear to exert

an autoregulatory control on 5-HT release (Roberts et al.,

2001).

5-HT7 receptors mediate the effect of 5-HT on a number

of hypothalamic functions such hypothermia (Meuser et al.,

2003; Guscott et al., 2003) and its inhibitory action on

spontaneous discharge (Yu et al., 2001) and photic activa-

tion of suprachiasmatic nucleus cells (Ying and Rusak,

1997; Pickard and Rea, 1997). 5-HT7 receptor activation

is thought to advance the phase of free-running circadian

rhythms (Ehlen et al., 2001), although these observations

require confirmation with selective pharmacological tools.

The receptors are also involved in the hypothalamic–pitu-

itary–adrenal axis with 5-HT7 activation directly stimulat-

ing the adrenal glomerulosa cells to secrete aldosterone

(Lenglet et al., 2002) while in the hippocampus and cortex,

adrenal steroids reduce 5-HT7 receptor expression (Yau et

al., 1997; Le Corre et al., 1997; Shimizu et al., 1997).

In order to clarify the role of 5-HT7 receptors in the

control of LH, a study was carried out using the selective 5-

HT7 receptor antagonist SB-269970-A (Hagan et al., 2000;
Lovell et al., 2000) and 5-carboxamidotryptamine (5-CT), a

non-selective receptor agonist with high affinity and effica-

cy at the human and guinea-pig 5-HT7 receptors (Hagan et

al., 2000; Lovell et al., 2000; Hirst et al., 1997). Doses of

SB-269970-A for systemic injection were selected on the

basis of published data (Hagan et al., 2000).
2. Materials and methods

2.1. Animals and steroid priming

Female Wistar rats (200–250 g) bred at St. George’s

Hospital Medical School were caged in groups of 5 in a

lighting system of 12:12 hours (h) light–dark (lights on 7:00

h). The rats were ovariectomised under halothane (Fluo-

thane; Zeneca, Macclesfield, UK) and nitrous oxide anaes-

thesia at least 2 weeks before the experiment. All rats were

then primed with 5 Ag/rat oestradiol benzoate subcutane-

ously (s.c.) 50 h before the experiment. Administration of

oestradiol benzoate alone exerts a negative feedback effect

on LH release and induces relatively low levels of plasma

LH. Some rats also received 0.5 mg/rat s.c. progesterone 48

h after the oestradiol benzoate and 2 h before the experi-

ment; this treatment stimulates the release of an LH surge

with a peak concentration about 4 h after the progesterone

but often ranging between 3.5 and 5 h after the progesterone

injection. The two priming regimes thus produce models,

suitable for the investigation of agents with potential stim-

ulatory and inhibitory effects on LH release, respectively.

All studies were conducted in compliance with the Home

Office Guidance on the operation of the Animals (Scientific

Procedures) Act 1986.

2.2. Drugs

In most studies, the compounds were injected bilaterally

into the zona incerta in 0.5 Al saline. The serotonergic

receptor agonists were 5-hydroxytryptamine creatinine sul-

phate (5-HT; Sigma, Poole, Dorset, UK), (+)-8-hydroxy-2-

(di-n-propylamino) tetralin. HBr (8-OH-DPAT; Research

Biochemicals International (RBI), Natwick, MA, USA)

and 5-carboxamidotryptamine maleate (5-CT; RBI). The

serotonergic receptor antagonists were (R)-3-(2-(2-(4-

methyl-piperidin-1-yl)-pyrrolidine-1-sulfonyl)-phenol (SB-

269970-A; GlaxoSmithKline Beecham Pharmaceuticals,

Harlow, Essex), n-tert-butyl-3-(4-methoxyphenyl) pipera-

zin-l-yl (WAY 100135; Wyeth Research Centre, Taplow,

Bucks., UK) and ritanserin (6-[2-[4-[bis-(4-fluorophenyl)

methylene]-1-piperidinyl]-ethyl]-7-methyl-5H-thiazole[3,2-

1) pyrimidin-5-one; RBI).

When 5-HT and SB-269970-A were given together the

final injection volume was maintained at 0.5 Al/side by

doubling their concentrations. Groups of rats also received

SB-269970-A (1 to 20 mg/kg) intraperitoneally (i.p.) in 1

ml/kg saline, given 30 min prior to the central injections of



Table 1

The inhibitory effect of serotonergic receptor agonists in the zona incerta on

the release of LH

Treatment Plasma LH ng/mlF S.E.M.

bilaterally

into ZI in

0.5 Al saline

Dose

Ag/side
No. rats

per

group

Basal

pre-inj

conc

Peak

post-inj

conc

Difference

Saline – 18 3.5F 0.6 10.9F 0.7 7.6F 0.7

5-HT 2 Ag
(5.0 nmol)

16 3.0F 0.4 7.8F 0.8 4.7F 0.7 b

0.5 Ag
(1.25 nmol)

6 4.4F 0.6 11.0F 1.6 6.6F 1.0

8-OH-DPAT 1.65 Ag
(5.0 nmol)

5 3.4F 0.8 6.7F 0.5 3.9F 0.6 b

0.4 Ag
(1.25 nmol)

7 2.4F 0.5 5.4F 0.8 3.1F 0.7 c

5-CT 1.5 Ag
(5.0 nmol)

10 3.4F 1.1 8.3F 1.0 4.5F 0.6 c

0.4 Ag
(1.25 nmol)

7 2.4F 0.3 6.7F 0.8 4.5F 0.8 c

The inhibitory effect on LH release of 5-HT, 8-OH-DPAT and 5-CT at 5

and 1.25 nmol given bilaterally into the zona incerta (ZI) in

ovariectomised rats primed with 5 Ag/rat oestradiol benzoate followed at

48 h by 0.5 mg progesterone. The central injections were administered 1–

2 h after the progesterone and blood samples were collected at 30-min

intervals for 3 h after the central injection.

ANOVA: F(6,62) = 4.45, P= 0.0008.

b =P < 0.005, c =P< 0.001 compared to saline controls (Gabriel’s test).
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5-HT into the zona incerta. The other two antagonists WAY

100135 (2 mg/kg) and ritanserin (0.25 mg/kg), were also

given i.p. in 1 ml/kg saline, 1 h before the central injection

of the agonist.

2.3. Experimental procedures

Fifty hours after the oestradiol benzoate injection (2

h after progesterone injection), the rats were anaesthetised

with Saffan at 3 ml/kg i.p. (Alphaxalone 0.9%+Alphado-

lone acetate 0.3%; Glaxo Intervet) and a blood sample (0.1

ml) was collected from the tail vein. The animals were then

placed in a stereotaxic apparatus and either saline, 5-HT 8-

OH-DPAT or 5-CT was injected bilaterally into the zona

incerta using co-ordinates derived from the rat brain atlas

(Paxinos and Watson, 1998) 2.3 mm behind Bregma, 0.5

mm lateral from the midline and 7.5 mm vertically below

the surface of the cortex. The drugs were injected in 0.5

Al saline via a 10 Al Hamilton syringe and the controls

received 0.5 Al saline only. One or two saline treated

animals were included on each experimental day to make

up the final control group. The time of injection was taken

as 0 min and blood samples were collected at 10- or 20-min

intervals for 2 h from the oestradiol benzoate-alone primed

rats and at 30-min intervals for 3 h from the oestradiol

benzoate plus progesterone treated animals. During this

period, the anaesthetised rats were placed on an electric

heating pad in order to maintain body temperature (at

35.5F 0.3 jC: see Siddiqui et al., 2000) and induce a

degree of vasodilatation. At the end of the sampling period,

the rats were autopsied and their brains removed and fixed

in 10% formal saline. The blood samples were centrifuged

at 2000 rpm for 10 min and the plasma stored at � 20 jC
until assayed for LH.

Only results from animals injected within the zona

incerta have been reported. Previous tests, using the dye,

Thionine blue, have shown minimal diffusion from the site

of injection. Additionally, in contrast to the effect of 5-HT

injections inside the site, injections close to, but outside the

zona incerta have no effect on LH release (see Siddiqui et

al., 2000).

2.4. Histology

Using a freezing microtome 60 Am sections were pre-

pared from the fixed brain and stained with Thionine blue

and then examined for the lowest point of the bilateral

needle tracts. This was taken as the site of injection (see

Siddiqui et al., 2000 for details).

2.5. Radioimmunoassay for LH

Ten microlitre plasma samples were assayed in dupli-

cate employing reagents kindly supplied by the National

Hormone and Pituitary Program (Baltimore, MD, USA).

The standard was NIADDK-rLH-RP3 and the antibody,
NIADDK-anti-rLH S10. The inter- and intra-assay coef-

ficients of variation were 8.0% and 9.5%, respectively and

the sensitivity was 10 pg/tube (1 ng/ml).

2.6. Statistical analysis

Data were analysed using one-way analysis of variance

(ANOVA) followed by Gabriel’s test for unequal groups

(Kendall and Stuart, 1968). Student’s t-test was used for two

group comparisons.
3. Results

3.1. The effect of serotonergic agonists on LH release

5-HT, 8-OH-DPAT and 5-CT were injected into the zona

incerta of anaesthetised ovariectomised rats primed with 5

Ag oestradiol benzoate followed at 48 h by 0.5 mg proges-

terone. The receptor agonists were given 2 h after the

progesterone at 5 and 1.25 nmol (2 and 0.5 Ag 5-HT; 1.65

and 0.4 Ag 8-OH-DPAT; 1.5 and 0.4 Ag 5-CT). Since the

actual peak of the LH surge induced by progesterone is

variable, the results in Table 1 have been presented as the

difference between the basal plasma LH levels measured

just before the injection of the compounds and the highest

concentration noted in the 3-h interval after the injection.

Thus the rise in LH in the saline controls was 7.6F 0.7 ng/

ml and the receptor agonists at 5 nmol significantly reduced

this increase. At the lower dose of 1.25 nmol, 5-HT no



Fig. 1. The antagonistic effect of SB-269970-A on the inhibitory effect of

5 nmol 5-HT given bilaterally into the zona incerta (ZI) on LH release in

ovariectomised rats primed with 5 Ag oestradiol benzoate and 0.5 mg

progesterone. DLH ng/ml is the difference of basal pre-injection and peak

post-injection concentrations. The vertical lines indicate the standard error

of the mean. The numbers in each histogram indicate the number of rats in

the group. ANOVA: F(5,42) = 3.5, P= 0.0099, aP< 0.05 compared to

saline. bP< 0.05 compared to 5-HT alone.
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longer had a significant effect, while 8-OH-DPAT and 5-CT

still inhibited the release of LH (see Table 1).

3.2. The effect of SB-269970-A, on the action of

serotonergic agonists on LH release

Table 2A and Fig. 1 show the effect of 5 nmol 5-HT (2

Ag) on the LH surge in oestradiol benzoate plus progester-

one primed ovariectomised rats, when given alone or

together with increasing doses of SB-269970-A. As before

5-HT reduced the rise in LH when compared to that seen in

the saline-treated controls. When SB-269970-A was given

with 5-HT, it completely prevented the inhibitory effect of

5-HT at the dose of 0.5 Ag/side. It has no effect at the lower

dose of 0.2 Ag/side; nor at the highest dose tested, which

was 5 Ag/side. At 2 Ag/side SB-269970-A, the overall effect
was a slight inhibition of the 5-HT activity, such that the rise

in LH was not significantly different from the saline con-

trols, but was also not significant from the value noted after

5-HT alone. Table 2B and C shows that over the dose range

of 0.5 to 5 Ag/side SB-269970-A had an almost identical

antagonistic effect on the action of 8-OH-DPAT and 5-CT in

that it significantly prevented their inhibition of LH release
Table 2

The antagonistic effect of SB-269970-A on the inhibitory actions of

serotonergic receptor agonists in the zona incerta on LH release

Treatment Plasma LH ng/mlF S.E.M.

bilaterally

in ZI at

5 nmol

SB-

269970-A

Ag/side

No.

rats

per

group

Basal

pre-inj

conc

Peak

post-inj

conc

Difference

A Saline – 10 4.5F 0.6 12.8F 1.4 8.3F 1.1

– 0.5 7 3.5F 0.5 11.1F1.1 7.6F 0.4

– 2.0 5 2.5F 0.6 9.2F 1.1 6.7F 1.0

5-HT – 7 2.4F 0.4 5.9F 0.7 3.5F 0.6 a

5-HT 0.2 7 2.7F 0.6 5.6F 0.5 2.8F 0.4 a

5-HT 0.5 8 4.2F 0.5 12.2F 2.1 8.1F1.9 d

5-HT 2.0 10 2.2F 0.4 7.9F 1.4 5.6F 1.4

5-HT 5.0 6 2.7F 0.7 6.9F 1.3 4.2F 0.8 a

B Saline – 10 2.6F 0.4 9.5F 0.5 6.7F 0.5

8-OH-DPAT – 5 3.4F 0.8 6.7F 0.5 3.2F 0.6 c

8-OH-DPAT 0.5 8 3.2F 0.7 10.6F 1.4 7.4F 1.2 e

8-OH-DPAT 2.0 6 2.2F 0.2 4.4F 0.6 2.3F 0.7 c

8-OH-DPAT 5.0 6 2.3F 0.7 5.0F 1.0 2.6F 0.5 c

C Saline – 13 2.8F 0.3 11.1F1.9 7.0F 1.0

5-CT – 5 3.4F 1.2 7.8F 0.9 3.8F 0.6 a

5-CT 0.5 6 6.9F 2.1 13.2F 2.9 6.2F 0.9 d

5-CT 2.0 8 4.5F 0.5 6.8F 0.9 3.4F 0.7 a

5-CT 5.0 6 3.8F 0.9 6.9F 2.2 3.1F1.4 a

The antagonistic effect of SB-269970-A on the inhibitory actions of 5 nmol

5-HT (A), 8-OH-DPAT (B) and 5-CT (C) given bilaterally into the zona

incerta (ZI), on LH release in ovariectomised rats primed with 5 Ag
oestradiol benzoate and 0.5 mg progesterone.

ANOVA: 5-HT, F(5, 42) = 3.5, P= 0.0099; 8-OH-DPAT, F(4, 30) = 9.75;

P < 0.0001; 5-CT, F(4, 33) = 3.31, P= 0.022.
a =P< 0.05, c =P < 0.001 compared to saline controls.
d = P<0.05, e = P < 0.001 compared to receptor agonist given alone

(Gabriel’s test).
at 0.5 Ag/side and had no significant effect at 2 or 5 Ag/side.
SB-269970-A alone had no effect on LH release in the

oestradiol benzoate plus progesterone primed model at 0.5

or 2 Ag/side (Table 2).

Table 3 shows the effect of systemic administration of

SB-269970-A on the inhibition of LH release exerted by 5-

HT injected into the zona incerta. The compound was given

intraperitoneally to groups of rats over a dose range of 1 to

20 mg/kg, 30 min prior to the central injection of 5-HT. The

lowest dose of 1 mg/kg significantly antagonised the effect

of 5-HT, while the higher doses (3, 10 and 20 mg/kg) were

less effective.
Table 3

The antagonistic effect of SB-269970-A given intraperitonally on the

inhibitory effect of 5-HT in the zona incerta on LH release

Treatment SB-269970-A No. Plasma LH ng/mlF S.E.M.

bilaterally in

ZI. 5-HT at

5 nmol

(2 Ag)/side

mg/kg i.p. of

rats
Basal

pre-inj

conc

Peak

post-inj

conc

Difference

Saline – 13 2.8F 0.3 11.1F1.9 7.0F 1.0

5-HT – 5 0.9F 0.6 4.5F 1.1 3.6F 0.6 a

5-HT 1.0 5 2.5F 0.7 8.3F 0.8 5.8F 0.7 d

5-HT 3.0 6 0.3F 0.2 5.4F 1.2 5.1F1.2

5-HT 10.0 5 2.1F 0.6 7.5F 2.0 5.4F 1.5

5-HT 20.0 5 3.4F 0.5 8.6F 3.4 5.8F 2.5

The antagonistic effect of SB-269970-A given intraperitoneally (i.p.) 30 min

prior to central injection of 5-HT (5 nmol bilaterally into the zona incerta

(ZI) in ovariectomised rats primed with oestradiol benzoate and 0.5 mg

progesterone.
a =P < 0.05 compared to saline controls; d =P < 0.05 compared to 5-HT

given alone (Student’s t-tests).



Table 4

The antagonistic effect of ritanserin and WAY 100135 given intra-

peritonally on the inhibitory effect of 5-CT in the zone incerta on LH

release

Treatment Antagonist No. rats LH ng/mlF S.E.M.

bilaterally

in ZI at

5 nmol

treatment per group
Basal

pre-inj

conc

Peak

post-inj

conc

Difference

Saline – 10 2.1F 0.3 7.9F 0.4 5.6F 0.4

5-CT – 6 2.2F 0.3 5.5F 0.2 3.2F 0.4 a

5-CT Ritanserin 9 3.0F 0.8 10.6F 2.8 5.8F 1.1 d

5-CT WAY100135 9 1.7F 0.4 8.1F 0.6 6.4F 0.3 d

The antagonistic effect of ritanserin (0.25 mg/kg i.p.) and WAY 100135

(2 mg/kg i.p.) given 1 h prior to central injection of 5-CT (5 nmol

bilaterally into the zona incerta (ZI)).

ANOVA: F(3,30) = 3.53, P= 0.027.
a =P< 0.05 compared to saline controls; d =P < 0.05 compared to 5-CT

given alone (Gabriel’s test).
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3.3. The effect of 5-HT1A and 5-HT2 antagonists on the

action of 5-carboxamidotryptamine (5-CT) on LH release

Previous experiments show that the inhibitory effect of 5-

HT and 8-OH-DPAT in the zona incerta on LH release can

be prevented by the selective 5-HT1A receptor antagonist,

WAY 100135, and the 5-HT2 receptor antagonist, ritanserin.

When these agents were given alone they had no effect on

LH release (Siddiqui et al., 2000). Table 4 shows that both

antagonists also block the inhibitory effect of 5-CT in the

zona incerta when given intraperitoneally, 1 h before the

central administration of the agonist.

3.4. Investigation into a putative stimulatory effect of SB-

269970-A on LH release

Since SB-269970-A appeared to prevent the inhibitory

effect of exogenous 5-HT release, an experiment was carried

out to see if it might antagonise a possible tonic inhibitory

action of endogenous 5-HT. SB-269970-A was injected at

0.5 and 2 Ag/side into the zona incerta of ovariectomised

rats primed with oestradiol benzoate alone so that basal
Table 5

The effect of SB-269970-A in the zone incerta on the tonic release of LH

LH ng/mlF S.E.M.

Bilateral treatment

in ZI

0 10 20 30 40

Saline 0.5

Al/side (8)

3.2F 0.6 4.1F1.0 3.4F 0.5 3.7F 0.7 4.3F

SB-269970-A 2

Ag/side (8)

4.6F 0.7 5.3F 1.1 3.3F 0.5 5.5F 0.9 5.6F

SB-269970-A 0.5

Ag/side (8)

3.1F 0.7 3.9F 0.6 5.0F 0.9 3.5F 0.8 3.6F

The effect of SB-269970-A given bilaterally into the zona incerta (ZI) on plasma L

oestradiol benzoate alone.

Blood samples were collected starting 48 h after oestradiol benzoate and at 10- o

A.U.C.F S.E.M. =Mean area-under-the-curveF standard error of the mean. Figu
levels of LH were low. Table 5 shows that LH levels after

SB-269970-A at both doses were not significantly different

from those of the saline controls.
4. Discussion

Previous results obtained in this laboratory, indicate

that serotonergic neurons in the zona incerta exert an

inhibitory effect on LH release and this is mediated via 5-

HT1A receptors, since the 5-HT1A receptor agonist, 8-OH-

DPAT mimics the inhibitory effect of 5-HT and the effect

of both receptor agonists is prevented by a selective 5-

HT1A receptor antagonist, WAY 100135 (Siddiqui et al.,

2000). However, the same studies indicated that another

receptor subtype may be involved in mediating the

inhibitory serotonergic effect. The 5-HT7 receptor was a

candidate for this role because 5-HT7 receptors are present

in the zona incerta (Neumaier et al., 2001) and the

inhibitory effect of 8-OH-DPAT (as well as 5-HT) could

be reversed by ritanserin. Although 8-OH-DPAT has a

high affinity and potency at the 5-HT1A receptor and

ritanserin has a high affinity for the 5-HT2 receptor

(Hoyer et al., 1994), they also share the common property

of moderate affinity for the 5-HT7 receptor (Lovenberg et

al., 1993; To et al., 1995) and the experiments described

in this report investigated the possibility that 5-HT7

receptors might mediate serotonergic regulation of LH

release in the zona incerta.

The first approach was to show that the serotonergic

receptor agonist 5-CT, which has highest affinity and

potency for 5-HT7 receptors, although it is still non-selec-

tive, had a similar inhibitory effect on LH release to that of

5-HT and 8-OH-DPAT. In vitro functional and binding

studies indicate that the rank order of 5-HT7 potency of

the three compounds is 5-CT>5-HT>8-OH-DPAT (Thomas

et al., 1998; Inoue et al., 2003). However, this was not

demonstrated in vivo, with 5-HT the natural ligand, being

the least potent; perhaps because it is more rapidly degraded

than the synthetic compounds. In addition, none of the
60 80 100 120 min after

injection

A.U.C.

F S.E.M.

1.0 6.8F 1.9 7.8F 1.7 6.6F 1.3 6.9F 5.6 684F 103

1.3 8.7F 1.4 7.9F 1.3 5.2F 0.5 4.8F 1.2 732F 110

0.6 3.3F 1.1 6.0F 1.6 4.7F 1.4 5.1F1.0 563F 84

H concentrations (ng/mlF S.E.M.) in ovariectomised rats primed with 5 Ag

r 20-min intervals for 2 h, post-central injection.

res in parenthesis indicate number of samples in the group.
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agents are selective and their additional effect on the 5-

HT1A receptors may have affected the final result.

In common with 5-HT and 8-OH-DPAT the inhibitory

effect of 5-CT was prevented by both the 5-HT1A receptor

antagonist, WAY 100135, and the 5-HT2 receptor antago-

nist, ritanserin. This indicates that all three serotonergic

receptor agonists exert their action via the 5-HT1A receptor

and additionally by another receptor that is blocked by

ritanserin. It is unlikely that this is the 5-HT2 receptor since

the 5-HT2 receptor agonist DOI does not inhibit LH release

(Siddiqui et al., 2000), nor do 8-OH-DPAT or 5-CT bind to

the 5-HT2 receptor (Hoyer et al., 1994). Instead, as hypoth-

esised above, the second receptor may be the 5-HT7

subtype.

SB-269970-A is a highly potent 5-HT7 receptor antago-

nist with selectivity of 100-fold or greater across a wide

range of receptors and enzymes, except for the 5-HT5A

receptor for which selectivity is 50-fold (Lovell et al., 2000;

Hagan et al., 2000). On rat cortical membranes, it has a KD

of 0.9F 0.1 nM and Bmax of 30F 20.1 fmol/mg protein

(Thomas et al., 2002). When injected into the zona incerta

together with 5-HT, 8-OH-DPAT or 5-CT, SB-269970-A at

0.5 Ag/side prevented the inhibitory effects on LH release of

the three agonists. The lower dose of 0.2 Ag/side and the

higher doses of 2 and 5 Ag/side had no significant effect.

Thus in this model, SB-269970-A had an inverse U-shaped

dose–response curve and is only effective over a relatively

narrow dose range. Similar results were obtained when SB-

269970-A was given systemically, in that it was more

effective at 1 mg/kg i.p. than at higher doses (3–20 mg/

kg). It is difficult to explain the lack of effect of the higher

concentrations and the appearance of the bell-shaped re-

sponse-curve. This has not been reported in other pharma-

cological studies. It is possible that the effect on the 5-HT5

receptor comes into play and masks the action on the 5-HT7

subtype when tissue concentration is high. Alternatively,

perhaps the 5-HT7 receptor mediates the regulation of other

neuroendocrine functions and at the higher doses SB-

269970-A affects endogenous 5-HT activity on these other

systems which then interact and/or mask its effect on LH

release.

If exogenous 5-HT exerts an inhibitory effect on LH

release via 5-HT7 receptors, it is possible that endogenous 5-

HT exerts a similar tonic effect. This would be revealed by

administering the 5-HT7 antagonist alone to see if it

removes the putative inhibitory effect and induces a rise

in circulating LH. SB-269970-A was therefore injected

alone into the zona incerta of ovariectomised rats treated

with oestradiol benzoate, which suppresses LH release

allowing observation of any stimulatory effect. No rise in

basal levels of LH was noted after either 0.5 or 2 Ag/side of
the receptor antagonist. Previous findings showed that the

selective 5-HT1A receptor antagonist Way 100135 was also

ineffective in this model (Siddiqui et al., 2000), indicating

that neither 5-HT1A and 5-HT7 receptors are involved in

mediating any endogenous inhibitory control of LH release
at this site and in these conditions. This is in contrast to the

effect of naloxone (a A-opioid receptor antagonist), which

induces a rise in LH plasma levels indicating it has dis-

inhibited the LH system from a tonic inhibitory effect of

endogenous h-endorphin (Van Vught et al., 1982). The

physiological significance of the involvement of 5-HT

receptors in the zona incerta on the control of LH release

is unclear. It is important that the pre-ovulatory LH surge

(mimicked in the ovariectomised-steroid-primed model) is

transient, thus mechanisms are required for initially stimu-

lating LH release followed rapidly by an inhibition. Perhaps

the 5-HT7 receptor-mediated activity is involved in this

rhythmic change in a similar manner to its proposed

involvement in circadian rhythms (Lovenberg et al., 1993;

Pickard and Rea, 1997).

In conclusion, it is suggested that the inhibitory effect

of 5-HT in the zona incerta may be mediated, in part, by

5-HT7 receptors. This is based on the pharmacological

evidence that the inhibitory effects of 5-HT and two

other serotonergic agents with affinity for the 5-HT7

receptor (5-CT and 8-OH-DPAT) are blocked by a non-

selective 5-HT7 receptor antagonist (ritanserin) and more

importantly by a highly selective 5-HT7 receptor antag-

onist (SB-269970-A).
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