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The chronic stage of vasospasm occurring several days after subarachnoid
hemorrhage (SAH) is characterized by the development of histopathologic changes
in cerebral arteries causing cerebral ischemia. Numerous experimental data indicate
the involvement of immune mechanisms in the angiopathy caused by SAH.
Endogenous opioidy play also an important role in the ischemic lesions of the brain.
Corticotropin releasing hormone (CRH) induces the release of B-endorphin (B-END)
from hypothalamic neurogz and also from mononuclear white blood cells. The
function of CRH and B-END in vasospasm following SAH and the interrelationship
between neuroendocrine and immune changes requires further elucidation.

In the present study we investigated the influence of CRH injected into cerebral
cisterna magna (CM) of rats on $-END-like level in cerebrospinal fluid (CSF) in
acute and chronic phase of cerebral vasospasm following artificial SAH. Acutely
CRH induced a significant rise of B-END-like in CSF both in SAH and sham SAH
rats. However, in rats subjected to SAH, a single injection of CRH caused
a prolonged rise of B-END in CSF, which was also seen 2 days after SAH, during the
chronic phase of vasospasm. The obtained results indicate that CRH increases
neuroendocrine changes induced by SAH, probably by an activation of immune cells
involved in the patomechanism of chronic vasospasm. )

Key words: vasospasm after SAH, influence of the CRH on the f-END-like concentration
in rats CSF

INTRODUCTION

w SAH may be complicated by cerebral vasospasm, in the course of which
cao Phas_es:. the.early, acute and the late phase, so called chronic vasospasm,
Obn be d1§t1ngu1shed (1). The very same two-phased course of vasospasm is

S¢rved in animal experimental models with its maximal intensity in 10—20
Mnutes and in 2 days after hemorrhage (2, 3,4). Following spontaneous and
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experimental SAH erythrocytes lysis in subarachnoid space, and the brain and
its vascularity are exposed to many different spasmogenic substances. Their
rapid metabolism may prove to be beneficial after SAH (5, 6).

The initial vasospastic response to SAH probably involves simple,
reversible smooth muscles contraction caused by a variety of angioactive
substances as: F2-a-prostaglandin, serotonine, oxyhemoglobin or bilirubin,
released from blood clots to the subarachnoid space (2,3,4,5,7). The chronic
stage of vasospasm, occurring several days after hemorrhage, is characterized
by the development of histopathologic changes of vascular walls including
corrugation of the elastic lamina, detachment of endothelial cells and vascular
formation in smooth muscle layer (1, 8,9, 10, 11). In result of these changes, the
proliferative angiopathy develops and causes considerable narrowing of vessels
and in consequence cerebral ischemia (9, 10,12). The mechanism of origin of
angiopathy i1s still uncertain, although there are many proofs of its
immunologic background (10,13,14—17). However, neuroendocrine pathways
have also to be considered. Serotonine and prostaglandins, which increase in
CSF during SAH, stimulate hypothalamic secretion of CRH and cause the
release of B-END (18, 19). These neuropeptides events may also contribute to
the development of angiopathy (18, 19). Several reports suggest that cerebral
ischemic disease is associated with increased levels of B-END immunoreactivity
(20,21,22) and B-END contributes to pial artery constriction (23).

Endogenous opioids play an important role in the development of ischemic
lesions of the brain and the spinal cord, as proven in many studies investigating
the actions of naloxone, an opiate antagonist (18,20,24,25,26). In humans
naloxone has been reported to attenuate the neurological deficits after cerebral
ischemia and to have the beneficial effect on the blood flow and on the sequelae
of spinal injury (20,25). Adenohypophysis is the main source of peripheral
B-END and its production is stimulated by hypothalamic CRH, but p-END
present in CSF comes almost entirely from the neurons of hypothalamic
arcuate nuclei (27,28,29). CRH induces also the release of B-END from
mononuclear white blood cells (30,31, 32).

The role of -END and CRH in vasospasm following SAH is unclear. It has
been shown that CRH deereases permeability of chemically injured peripheral
vessels and cold-injured cerebral vessels and reduces blood-brain barrier’s
damage after SAH (33,34,35). It was found that its concentration in CSF
patients with vasospasm following SAH is higher and signiﬁcantly rises in the
chronic phase while the cerebral ischemia develops (36). It is unknown whether
any release of B-END to the perivascular space occurs in the vasospasm after
SAH. In the present study we investigate the changes of B-END secretion t0
CSF in the acute and chronic phase of cerebral vasospasm and estimate the

influence of CRH injected to the CSF on B-END release in rats with vasospast
following SAH.
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MATERIAL AND METHODS

The study was performed on Wistar male rats (250—300 g. b.w.) were housed in cages
in-groups of six under controlled standard microclimate condition (18° +2°C temp. and
50—60% humidity) and illumination (light-dark cycle of 12:12h) and had free access to
standard food and water. All the experiments were carried out between 2 and 4 p.m. on
animals anesthetized with intraperitoneally injected Ketamine in dose of 100 mgxkg .
The Bioethical Committee of Silesian Medical University granted the permission for the

study.

The technique of SAH induction and cannulation of cisterna magna (CM):

All the experiments were carried out in the sterile condition. The trephination window
was drilled over the right hemisphere 3-mm caudally from the coronals suture and 2 mm
laterally from the sagittal suture. The Neoflon 0.6-mm needle punctured the dura mater and
its cannula was inserted into the subdural space forward and a little down over the brain
surface. The entrance to the subarachnoid space was recognized by the CSF flow out. The
trephination hole was protected with osseous wax and the cannula was fixed to the bone with
the cyanoacrilic glue. Animals were injected with either a 0.9% saline solution in the sham
SAH groups or 250 ul of autologous non-heparinized blood obtained from orbital arterio-venous
plexus to induce the SAH.

The cannulation of CM was performed using the original technique described by Solomon
(1985) (37) with minor modification. Briefly: the trephination hole was burred sagitally over
the parieto-occipital suture. The cannula prepared from Abbot Venocath—18 was placed via
the hole in the CM. The correct position of the cannula was maintained by observing a) the
localization of its end in the CM through the atlanto-occipital membrane, b) the easy outflow
of CSF through the cannula. Cannula was attached to the parietal bone using cyanoacrilic
glie. The trephination hole was protected from the CSF leakage with osseous wax and
Cyanoacrilic glue.

Experiments were conducted 1 week after surgery. This period assured lack of surgical
procedure consequence (38). The 50 pl samples of CSF obtained directly after the
@nnulation were established for initial B-END-like concentrations. CSF was aspirated in
the same time through the cannula inserted into CM using Hamilton syringe in the coursc
of 1—5 minutes and was immediately cooled down to the temperature —4°C and
Centrifuged (at 3000 rpm for 10 min) and kept frozen at —25°C until assayed. The CSF
Samples for B-END-like concentration assay were collected 20 minutes after induction of
SAH or saline application (acute phase of vasospasm) and on the two days after SAH
(ChTOI.IIC vasospasm). CRH (10 pg in 100pul of diluent — Bissendorf Peptide’s Corticobios)
:V;S Injected in two groups of rats into the CM after the drainage of the same CSF

ume,

The animals were divided into three groups: 1) — with CRH and SAH (CRH/SAH group)
(S“= 1), 2) — with CRH and sham SAH (CRH/NaCl group) (n = 10), 3) — without CRH and with

AH (NaCl/SAH group) (n = 9).

B—END-like immunoconcentration was measured with commercially available RIA KIT
l’znegrok, Nichols Institute Diagnostics B.V., Bad Nauheim, Germany). Sensitivity of the assay was
5 O(I)’g/ml and was 16% cross react?vity .between B-endorphin and B-lipotropin at highest doses
eVizﬁ'g/mD studied. The results obtained in the groups were calculated as the mean with a standard

1on; and, subsequently, an analysis of the results was performed using Student’s unpaired

Mest, with the level of significance — p<0.05.
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RESULTS

The mean B-END-like concentration in rats’ CSF obtained directly after
CM cannulation was 98,0 + 334 pg/ml. A significant increase of CSF
B-END-like level was observed on 20’ after SAH or its imitation in both CRH
pretreated groups: either CRH/SAH (p<0,01) and CRH/NaCl (p<0,05)
(Fig. I). The values observed in both groups did not differ signif:cantly.
A smaller and statistically insignificant rise was stated in the NaCl/SAH group.
These was, however no significant difference between both SAH groups: CRH
pretreated and without CRH group (NaCl/SAH) (Fig. I).
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Fig. 1 Graph showing the change in B-END-like concentration in CSF after 10 pg CRH injection
into CM followed by 20’ later subarachnoid blood injection (group CRH/SAH) and in two control
groups. First-after 10 ug CRH injection into CM followed by sham SAH with 0,9% NaCl (group
CRH/NaCl) and second — after 0,9% NaCl injection into CM followed by subarachnoid blood
injection (group NaCl/SAH). .
The statistically significant increase of CSF B-END-like concentration is found between sample
0 day and 20’ after CRH in both SAH and sham SAH groups (x-p<0,01 and y-p <005
respectively), while SAH without CRH induced only an insignificant B-END-like rise (group
NaCl/SAH).
In the experimental group (CRH/SAH) the concentration of B-END-like on day 2 after SAH w‘as
significantly different from the response to SAH after 20° (xx-p<0,05) and from initial
concentration of B-END-like on day 0 (xxx-p <0,001). This value was also significantly higher than
B-END-like level seen on day 2 in control animals, which received SAH without CR
pretreatment (z-p<0,001) and sham SAH with pretreatment CRH (yy-p <0,01)
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The second estimation of B-END-like, carried out on day 2, during
the chronic phase of vasospasm, revealed significant differences between
groups. In the CRH/SAH group a further increase of CSF B-END-like
level was seen, while a decrease was observed in CRH/NaCl and NaCl/SAH’
groups (Fig. I). The increase of B-END-like in CRH/SAH rats was statistically
significant both in comparison with the initial B-END-like level (p<0,001)
and with the values seen during acute phase of vasospasm (p<0,05)
(Fig. 1). The difference between CRH pretreated and control animals subjected
to SAH was statistically significant (p<0,001) (Fig. ). B-END-like CSF
level in the CRH/NaCl group behaved intermediately — a small decrease
was seen and this difference was statistically significant in comparison
with the CRH/SAH group (p<0,01) (Fig. I).

DISCUSSION

We observed an increase of CSF B-END-like 20’ after SAH, but it was not
statistically significant and transient. The values observed on day 2 were
similar to the initial ones — it means, SAH by itself had no significant influence
on B-END-like level. CRH induced a significant rise of CSF B-END-like
investigated 20° after control NaCl injection and this effect was related to the
known actions of neuropeptide. The early response seen in the animals
subjected to SAH was very similar. However, the combined treatment with
CRH and SAH resulted in a prolonged CSF B-END-like increase. The values
f)bserved on day 2 were significantly higher than in the NaCl/SAH group. This
Increase should not be interpreted as caused by CRH pretreatment only, as no
fis¢ was observed in the CRH/NaCl group and it is improbable, that B-END
Secretion would be increased 2 days after CRH administration without any
Intensifying mechanism. It should by related to an interaction between
SAH-induced changes and CRH injection, which caused a prolonged
BEND-like rise in CSF in CRH/SAH, treated animals. SAH-induced
inflammatory response was probably enhanced at the early stage by CRH and
the following cytokine cascade resulted in prolonged B-END increase in CSF.
. In the patients with cerebral infarctions (4—48h) and in rats after brain
schemia (15—90 min) the increase of B-END concentration in the acute phase
haS_ been described only in CSF, with no changes in plasma (20, 39). After this
P?rlod the significant decrease of B-END concentration in CSF occurred.
qlrc}llating B-END in plasma has been shown to arise largely from the
E)ltultary (40), while brain B-END derives almost exclusively from neurons in

© arcuate nucleus of the hypothalamus 41,42).

. Thus, the effect in the acute phase of vasospasm might be interpreted not as
fesult of B-END transudation from the serum to the CSF through the
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damaged blood-brain barrier, but as the effect of the augmented production in
the hypothalamus. That is secondary to the activation of neurons in the
arcuate nucleus (28,29,43). We have seen a similar influence of SAH on B-END
secretion to CSF in experimental animals but it was transient and not
statistically significant. In CRH pretreated animals SAH augmented the
secretion of B-END-like in the chronic phase of vasospasm. An interaction
between CRH action and SAH is to be responsible for the effect.

CRH plays an important role in the mutual influences between
immunological, nervous and endocrine system, mainly through the influence
on the production and release of B-END from pituitary and hypothalamus
(19,30,44,45). A CRH induced release of interleukins from lymphocytes and
macrophages, stimulation of lymphocytes proliferation and increase of
receptors for IL-2 (IL-2-R) expression on lymphocytes leading to increased
B-END production by lymphocytes may contribute to the observed
B-END-like CSF level, as lymphocytes are capable to produce and release
B-END (19,46). In turn, B-END stimulates the IL-2 production and
lymphocyte blastic transformation (19).

It has become evident, that in the pituitary the cytokines IL-1, IL-2 and
IL-6 can induce the secretion of POMC peptides (19,47,48). IL-1 can exert its
effect either via a direct interaction with the pituitary or via induction of release
of CRH from cells of hypothalamus (36,49, 50). Next, IL-1 may induce the
synthesis and secretion of CRH of neurons of periventricular hypothalamic
nuclei (32,51, 52, 53, 54). CRH increases B-END production, so the loop closes
and the cascade may be repeated amplifying the effect on CSF B-END level.

The cytokines are involved in the pathology of several central nervous
system diseases, particularly in cerebral inflammatory responses (55,56,57)
Astrocytes are known to produce and/or respond to a variety of cytokines (58)
IE-1 has been reported to act on endothelial cells and to induce cell adhesion
molecules, such as intercellular adhesion molecule-1 (ICAM-1) (59), that
promote the infiltration of neutrophils into the brain parenchyma and to
accelerate ischemic brain damage (60). So it might influence proliferative
change in vessels wall.

In humans significantly higher concentrations of IL-1 o and B in CSF on
day 3 and especially day 5 were reported during SAH (9). Either neurons of
neuroglia cells were considered to secrete IL-1 and prostaglandins were found
to be one of stimulating factors (7, 19, 61,62). Svendgaard et al. already in 1985
suggested, that a substance liberated either by the hypothalamus or by the
pituitary after SAH be involved in the occurrence of vasospasm (3).

CRH and B-END strongly stimulate the immunologic system in a positive
feedback circle via induction of the production of interleukins (19, 30, 51, 61,63)
and may participate in SAH induced brain damage. Prostaglandins and
serotonine released after SAH from blood cloths may be other promoters of the



425

mechanisms leading to the increase of IL-1 production. Simultaneously they
simulate CRH and B-END synthesis and secondarily influence the increase
IL-1 secretion in to CSF. The intensity of these processes may be dependent on
the strength of the SAH and duration of such stimulation, what may finally
lead to the development of chronic vasospasm as the result of proliferative
angiopathy.
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