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Abstract To investigate the sites of nitric oxide synthase (NOS) expression 
after brain injury, NADPH-d histochemistry was performed on the 
hypothalamo-neurohypophysial system (HNS) of adult rats several days 
after both ischemia and trauma. Electron-microscopic examination 
revealed the sites of formazan end-product of the diaphorase reaction 
in some neurons, astrocytes, cells and vascular pericytes, and in all acti-
vated microglial/macrophagal cells in perivascular and juxtaneuronal 
regions of hypothalamus. In neurohypophysis, positive NADPH-d stain-
ing was present in cytosol of many pituicytes, endothelial cells, pericytes 
and corresponding axonal endings. NADPH-d activity was also present in 
perivascular macrophages or microglial cells of neurohypophysis. Finally, 
we suppose that NOS expression and the consequent productions of 
nitric oxide could be involved in pathophysiology of HNS injury by isch-
emia and trauma, where activations inducible isoform of NOS especially, 
may contribute to a variety of neurogenerative processes. The imbalance 
in regulation of nitric oxide could disturb the physiological function of 
this neuroendocrine system.
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Introduction

 Reports about the expression of nitric oxide 
synthase (NOS) and the role of nitric oxide (NO) 
in the pathophysiology of the endocrine system 
are scarce. In the hypothalamo-neurohypophysial 
system (HNS), the activity of NOS has been found 
in the hypothalamus, particularly in supraoptic and 
paraventricular nuclei and throughout the neurohy-
pophy-sis, suggesting a neuromodulatory role of 
NO in vasopressin and oxytocin secretion [1, 2]. 
NOS inhibitors augment the corticotropin-releasing 
hormone, adrenocorticotropic hormone, oxytocin, 
luteinizing hormone and growth hormone release 
induced by a variety of stimuli. Thus, NO seems 
to inhibit hormone secretion [3]. However, in other 
experiments, NO was proposed to mediate release 
of corticotropin-releasing factor and luteinizing hor-
mone-releasing hormone. Some reports showed that 
NO mediated vassopresin and oxytocin release in 
vitro and in vivo [4, 5]. Our previous studies have 
revealed up–regulation of NOS in HNS of rat after 
ischemic injury [6, 7]. These observations suggest 
the involvement of NO in the pathophysiology of 
HNS injury. 

Material and Methods

 Animals were handled according to the ethical 
guidelines of our Institution. 15 male rats, weighing 
180–250g were used for this study. 5 rats were used 
as a control. 10 rats were subjected to total brain 
ischemia by 10 min cardiac arrest according to the 
method described earlier by Korpatchev [8]. Then the 
animals were resuscitated and kept alive up to 7 days. 
Then, in halothane anesthesia the cranium was tre-
panned by removing a 2 mm fragment of the bone 
in the fronto-temporal region. Mechanical trauma 
was applied to the hemisphere through the trepanned 
opening. The skin was sutured and the animals were 
sacrifi ced for morphological studies after 4 days. 
Morphological studies and NADPH-d histochemistry 
were performed as described earlier by Gajkowska 
and Walski [6]. The hypothalamo–neurohypophysial 
sections containing supraoptic (SO) and paraventric-
ular (PV) nuclei and neurohypophysis were examined 
by the JEOL 1200EX electron microscope.

Results

The reaction for NADPH-d was performed to 
determine NO production in HNS. The distribu-
tion of NADPH-d in HNS of control animals was 
described in our earlier paper [6]. Here, we did not 
observe any differences in analyzed material. 

Distribution of NADPH-d in nucleus supraop-
ticus (SO) and nucleus paraventricularis (PV) 
after ischemic and traumatic injury. 

We observed positive reaction for NADPH-d in 
many neurons of SO and PV (Fig. 1). The reaction 
product (15 nm granules) was associated with rough 
endoplasmic reticulum and ribosomes. We did not 
show any staining for other neuronal organella. The 
strong accumulation of NADPH-d deposit, clustered, 
was in cytosol of endothelial cells in association with 
ribosomes or mitochondria, and in some region of 
cytoplasm of pericytes (Fig. 2). The richest accumu-
lation of NADPH-d deposit distributed in patched in 
cytoplasm was seen in perivascualr astrocytes and 
smooth muscle cells. A striking fi nding was the pres-
ence of NADPH-d reaction product in many microg-
lial or macrophagal cells in perivascular and juxta-
neuronal regions in whole HNS (Figs. 3, 4).

Distribution of NADPH-d in neurohypophysis 
(NH) after ischemic and traumatic injury.

A population of distinctly NADPH-d stained 
axonal endings was observed (Fig.5). Dense deposits 
of reaction product was seen in axoplasm between 
neurosecretory granules. The strong accumulation 
of NADPH-d deposit was found in many pericytes 
and pituicytes (Fig. 6,7). The deposits were distrib-
uted in patched in cytoplasm. NADPH-d expression 
was strong in perivascualr microglial cells and in 
macrophages (Fig. 8). The distribution and intensity 
of NADPH-d deposit in endothelial cells of neurohy-
pophysis was similar to that described in SO and 
PV.

Discussion

 The present study revealed expression of NOS 
in hypothalamo- neurohypophysial system in the rat 
brain subjected to a combined ischemic and trau-
matic brain damage. Electron-microscopic examina-
tion revealed the sites of formazan end-product of 
the diaphorase reaction in many neurons of supraop-
tic and paraventricular nuclei and their axonal end-
ings in the neurohypophysis. In several recent stud-
ies using this histochemical marker (NADPH-d), it 
was discovered that these neurons are resistant 
to death in a wide variety of neurologic disorders, 
including stroke, Alzheimer’s disease and Hunting-
ton’s disease [9, 10, 11]. Additionally, these neurons 
are resistant to excitotoxic neuronal death mediated 
by glutamate or N-methyl-D-asparate (NMDA)in 
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Fig. 1. Distribution of NADPH-d in nucleus supraopticus after ischemic and traumatic 
injury. Note strong accumulation of NADPH-d deposit in rough endoplasmic reticulum 
(RER) of the neuron (N) and non-stained neuropil. x 16,000

Fig. 2. Distribution of NADPH-d in nucleus paraventricular after ischemic and traumatic 
injury. NADPH-d deposit in cytosol of endothelial cell (E) and in pericyte (P) is present. 
x 50,000
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Fig. 4. Distribution of NADPH-d in nucleus supraopticus after ischemic and traumatic 
injury. Note deposit of NADPH-d in macrophages (MG). x 25,000

Fig. 3. Distribution of NADPH-d in nucleus supraopticus after ischemic and traumatic 
injury. Deposit of NADPH-d in cytosol of microglial cell (Mi) is present. x 30,000
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Fig. 5. Distribution of NADPH-d in neurohypophysis after ischemic and traumatic injury. 
Note NADPH-d deposit in cytoplasm axonal endings (Ax). x 37,000

Fig. 6. Distribution of NADPH-d in neurohypophysis after ischemic and traumatic injury. 
Strong NADPH-d stained the perivascular pericyte (P). x 45,000
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Fig. 8. Distribution of NADPH-d in neurohypophysis after ischemic and traumatic 
injury. Note perivascular macrophage (MG) with strong deposit NADPH-d in cytoplasm. 
x 30,000

Fig. 7. Distribution of NADPH-d in neurohypophysis after ischemic and traumatic injury. 
The reaction product(arrows) in cytoplasm of pituicyte is seen. x 40,000
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experimental animals and in culture [12]. However 
NADPH-d positive neurons have been hypothe-
sized to be lethal to adjacent cells [13]. Besides 
neuronal sites, NOS was concentrated in vascular 
endothelium in HNS. The increased NADPH-d 
staining was signifi cant after ischemic and trau-
matic brain injury. In pathological states including 
traumatic brain injury and ischemia, over-pro-
duction of NO in the brain may lead to vasodilata-
tion and abnormal permeability [14, 15, 16]. Such 
enhanced expression of NOS in microvasculature 
may potentiate the vasogenic edema and hyperemia 
that is seen in human brain injury. However the role 
that NO plays in the mechanism of cerebral ischemia 
is multifaceted. Immediately after ischemia, NOS 
may be an important mechanism alleviating the del-
eterious effects of ischemia on brain tissue and 
limits the degree of ischemia [17]. More then 2 hr 
after ischemia, the vascular effects of NO are no 
longer benefi cial [18]. Our recent immunocytochem-
ical fi ndings are also in general agreement with their 
reports. We showed that ischemia caused an increase 
e-NOS in labelling in capillary endothelial cells and 
additionally an increase in expression of e-NOS in 
perivascular mast cells, in a short time after isch-
emia [19, 7]. We propose that e-NOS induced in 
perivascular mastocytes mediated NO production in 
the early post-ischemic period and thus constitutes 
an important defense mechanism counteracting the 
effects of brain ischemia. Another potential source 
for NO under our experimental pathological condi-
tions was expression of NOS in a variety of cell types 
in HNS including astrocytes, pituicytes, microglia, 
macrophages and smooth muscle cells encircling the 
blood vessels. All these cells contain inducible NOS 
(i-NOS) [20, 21, 7]. The i-NOS differs from the con-
stitutive NOS of neurons and endothelial cells in 
that it is calcium independent, produces NO for 
extended periods, probably mediates most of the 
toxic actions of NO and is induced on stimulation 
with a variety of cytokines. We observed the 
increased NADPH-d staining intensities in many 
glial (astrocytes and pituicytes), microglial and 
macrophagal cells especially in perivascular and 
juxtaneuronal regions of HNS. Our fi ndings are 
also in agreement with reports which clearly show 
NADPH-d activity in astroglial cells following brain 
injury [22, 23]. Also, immunocytochemical data 
revealed that activated glia or macrophages produce 
NO via i-NOS in various pathological conditions [24, 
7]. In contrast to other isoforms of NOS, i-NOS is 
likely to cause dysfunction of HNS during ischemia 
and trauma and therefore observed expression of 
this isoform in glia and macrophages entering in the 
brain may be deleterious rather than protective. In 

conclusion, ultrahistochemical analysis revealed the 
expression of NADPH-d product reaction in most 
glial cells and macrophages frequently present in 
HNS after injury of the brain by ischemia and 
trauma. The imbalance in regulation of NO could 
disturb the physiological function of this neuroendo-
crine system.
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