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NADPH-DIAPHORASE AND GnRH: ANATOMICAL RELATIONSHIP IN
THE RAT HYPOTHALAMUS
MANUEL RUEro‘, Rosxruo AREVALO2, FERNANDO SANCHEZ‘, JosE RAMON ALONSO2,
Rrcxruno VAZQUEZ1 and JosE AIJON2
‘Department of Human Anatomy and Histology, Faculty of Medicine and 2Department of Cellular Biology and Pathology, University of Salamanca 37007, Salamanca, Spain

ABSTRACT

In order to check possible neuroendocrine functions of nitric oxide, coexistence of
gonadotropin-releasing hormone (GnRH) immunoreactivity and NADPH-diaphorase (ND)
activity was studied in the rat hypothalamus using combined immunocytochemical and histochemical techniques. No coexistence was found in any hypothalamic nuclei. However, in speciﬁc areas such as the organum vasculosum of the lamina terminalis, the medial preoptic
nucleus, and the periventricular area of the third ventricle GnRH-immunoreactive and ND-active
elements were observed in close anatomical relationship. On the basis of the topographical
distribution and morphological characteristics of labelled elements, it is possible to conclude that
in normal male animals both markers are expressed in different cells and ﬁbres, but, based in
its close proximity, the released nitric oxide may be effective in influencing GnRH elements.

Nitric oxide (NO) is a neuronal messenger
involved in diverse and important functions in the
nervous system (31). At present the distribution of
the brain nitric oxide synthase (NOS) is welllmown in most areas of the brain as assessed by
biochemical, histochemical, immunohistochemical

and molecular biological techniques. In aldehydeﬁxed brain sections, NADPH-diaphorase (ND) has
been identiﬁed as an accurate marker for NOScontaining neurons (17). ND-positive neurons are
located throughout the hypothalamus, including the
areas where the gonadotropin-releasing hormone
(GnRH)-immunoreactive neurons are present (5,
9).
Several studies have suggested a role for NO in
the control of hypothalamic luteinizing hormone
secretion through the regulation of the GnRH neurons activity (12, 23, 24, 26, 27, 32). Despite this

functional link, very little is known about the
anatomical relationship between NOS- and GnRH-

absence of colocalization was found (16). In
steroid-treated ovariectomized immature rat (9) and
ovariectomized rats (16) no coexistence has been
found. However, under certain conditions GnRH
neurons may express NOS since GT1 cells (transformed immortalized neurons) have been reported
to possess NOS mRNA (22, 24), suggesting therefore the presence of posttranscriptional regulation.
Additionally, with the exception of the paper of
Grossman er al. (15) in which both sexes were
considered, the rest of the studies have been
focused only in female rats.
The aim of the present study is to determine
whether GnRH-neurons are able to express ND
activity in the hypothalamus of intact male animals, and the degree of anatomical relationship

between GnRH- and ND-positive elements, by
means of a histochemical ND and immunocytochemical GnRH double labelling staining of the
same sections.

systems in the intact hypothalamus. Moreover,

some controversy exists both in untreated and
animals under several experimental conditions. In
normal animals very low partial coexistence (1
colocalizing neuron out of 370 neurons) (15), or

MATERIAL AND METHODS
Four adult male Wistar rats, weighing between 210

and 270g were used in the present study. After
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