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Abstract

Introduction: The aim of this study was to compare the efficacy of the ACE (Angiotensin-Converting Enzyme) inhibitor
lisinopril on basilar artery vasospasm in an experimental subarachnoid hemorrhage (SAH) model in rats.

Methods: A total of 32 Wistar albino rats were divided into four groups: Group | (n=8), the control group; Group Il (n=8),
the vasospasm group; Group lIl (n=8), the vasospasm group treated with 5 mg/kg/day for 7 days starting within the first 24
hours; and Group IV (n=8), the vasospasm group treated with 10 mg/kg/day for 7 days starting within the first 24 hours. After
7 days, the basilar artery was excised and examined histopathologically under a light microscope.

Results: The study found that 10 mg/kg/day lisinopril significantly prevented vasospasm following SAH. The mean vessel
wall thickness was lowest in the lisinopril 10 mg group and highest in the SAH group, with a statistically significant difference.
In Group Ill, a dose of 5 mg/kg/day of lisinopril reduced wall thickness, while in Group IV, a dose of 10 mg/kg/day was more
effective. Group Il had a greater decrease in lumen area compared to Group II, but not as much as Group V. Comparing
the vessel lumen thickness of Group Il with Group |, there was a significant decrease in Group IV. Although not as much as
in Group IV, the lumen diameter increased in Group Ill compared to Group . Group IV had an increase in lumen diameter
similar to that of Group I.

Discussion and Conclusion: The study findings suggest that intraperitoneal administration of lisinopril at a dose of 10 mg/
kg/day can prevent morphologic vasospasm after experimental vasospasm. However, the dose of 5 mg/kg/day of lisinopril
is less effective than the 10 mg/kg/day dose.
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ubarachnoid hemorrhage (SAH) is a severe type of stroke
with high morbidity and mortality rates.['l It is typically
caused by trauma. Non-traumatic causes of SAH include
aneurysms and arteriovenous malformations (AVMs) (80%),
unknown causes (10-15%), vascular anomalies, tumors,
infections, systemic diseases, and spinal diseases (5-10%).2]

Approximately two hours after the occurrence of SAH,
the first cellular reactions in the meninges are observed,
which are caused by erythrocytes and their degradation
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products. Polymorphonuclear leukocytes first appear in
the arachnoid membrane, followed by lymphocytes and
then macrophage exudation. During the cellular repair
process, erythrocyte and fibrin aggregation, hemosiderin
accumulation, and phagocytosis are noted. As connective
tissue organizes, fibroblasts synthesize reticulum fibers.13]

The leading cause of morbidity and mortality after fixing a
ruptured aneurysmis cerebral vasospasm. Patients are most
at risk of cerebral vasospasm between days 4 and 14 after
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hemorrhage.l¥! It is crucial to begin vasospasm treatment
as soon as possible after controlling the subarachnoid
hemorrhage, even though the risk of vasospasm starts on
day 1.1

Despite numerous clinical and experimental investigations,
the pathophysiology of cerebralvasospasmafter SAH remains
unclear. In addition to the numerous pathophysiological
effects that occur following SAH, the renin-angiotensin
system is also activated. This results in an increase in both
renin and angiotensin levels in the plasma, with angiotensin
subsequently causing contraction and hypertrophy in
vascular smooth muscles [l

Angiotensin Il (All) has a dual effect on the vasculature.While
it causes contraction of small vessels, it has the opposite
effect on larger vessels, increasing phosphorylation of
myosin light chain in vascular smooth muscle cells in
pathological inflammatory states.[”]

Angiotensin-converting enzyme (ACE) inhibitors have
been demonstrated to increase the release of arachidonic
acid (by triggering prostaglandin) by blocking the
formation of angiotensin. Furthermore, they have been
shown to decrease kinin and plasmin in the vascular wall
by blocking the contractile effect in smooth muscle cells
and to prevent vascular damage by inhibiting neo-intima
formation. (8]

This study investigates the effect of lisinopril, a long-acting
ACE-Il inhibitor, on vasospasm in the basilar arteries of rats
with an experimental SAH model. Lisinopril is believed to
suppress the vascular response by inhibiting the conversion
of angiotensin | to active All.[°]

Materials and Methods

The surgical experimental section of the study was
conducted at the Basic Sciences Laboratory of Istanbul
University Cerrahpasa Medical Faculty, Istanbul University,
following the protocol of the Animal Protection Association.
The study used randomly selected Wistar Albino rats
with an average weight of 200-250 grams. Experimental
SAH was induced using the model of Barry et al.['% and
histopathological examination of the basilar artery was
performed after cerebral vasospasm.

Four groups, each consisting of eight rats, were randomly
selected from a total of 32 rats. The groups were as follows:

+  Group | (n=8, control): Suboccipital craniectomy and
C1 laminectomy were performed using microsurgical
techniques. After dura incision, the basilar arteries were
dissected using microdissection.

+  Groupll(n=8,vasospasm):0.5 mloffreshnon-heparinized
blood taken from the ventral tail artery of vasospasm
group rats was injected into the cisterna magna after
CSF drainage. The basilar artery was dissected using the
same surgical procedure (Fig. 1).

« Group Il (n=8, vasospasm+5 mg/kg/day lisinopril):
Lisinopril was administered intraperitoneally at 5 mg/
kg/day for 7 days, starting 24 hours after the induction
of experimental vasospasm.

+ Group IV (n=8, vasospasm+10 mg/kg/day lisinopril):
Lisinopril was administered intraperitoneally at 10 mg/
kg/day for 7 days, starting 24 hours after the induction
of experimental vasospasm.

After 7 days, the rats were anesthetized and sacrificed. The
basilar artery was then exposed without disrupting the
brain's integrity. For histopathological examination, the
artery was fixed in a 10% formalin solution, washed with
alcohol for dehydration, and then passed through xylene
and paraffin. After 24 hours, it was cut to a thickness of 5
micrometers and stained with Hematoxylin-Eosin. The
preparations underwent examination using an Olympus
BX7 microscope at x40 and x100 magnification. The
resulting images were transferred to a computer for
histomorphometric analysis. The lumen areas and wall

Figure 1. A vasospasm model was created after SAH by injecting 0.5
ml of fresh non-heparinized blood from the ventral tail artery of rats
into the cisterna magna following CSF drainage. Total brain tissue
was removed after the experiment.
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thicknesses of the basilar artery were measured using an
image analysis system. These values were then calculated
as unit values over squares.['"]

Statistical Analysis

The data were analyzed using the NPar test and
Mann-Whitney U tests. The NPar test was employed to
compare the distribution of non-normal parameters
between groups. A significance level of p<0.01 was used to
determine statistical significance. The results showed that
p<0.01 was statistically significant.

Results

Histopathologic Findings

The preparations prepared from all sections of the
basilar artery were examined under a light microscope.
No degeneration or proliferation was detected in the
endothelial cells arranged in a single row in Group | (control
group). The invagination of the lamina elastica interna was
normal. The medial smooth muscle cells appeared normal
in size and were arranged side by side. Loose connective
tissue cells were observed in the vascular adventitia,
while macrophages, polymorphonuclear leukocytes, and
erythrocytes were not present (Fig. 2a).

In Group Il (vasospasm group), endothelial cell rupture,
edema, proliferation into the lumen, thickening of the
lamina elastica interna, and increased invagination were
observed. In the adventitia, chromatin condensation

Figure 2. Shows H&E X200 images of the control group (a), vaso-
spasm group (b), 5mg/kg/day lisinopril (c), and 10mg/kg/day lisino-
pril group (d) under a light microscope.

in medial smooth muscle cell nuclei, shortening and
thickening of cell length, necrosis, macrophages, and
erythrocytes were present. Grossly, a significant decrease
in lamina distance and a significant thickening of the vessel
wall were observed (Fig. 2b).

In Group Ill (5 mg/kg/day lisinopril; vasospasm), endothelial
cells appeared edematous in some areas, with more
frequent lamina elastica invaginations than in Group | but
fewer than in Group Il. A decrease in chromatin content in
the medial smooth muscle cells was observed, and although
not as severe as in Group ll, shortening and thickening
of the smooth muscle cells were present. Erythrocytes
and macrophages were found in the adventitia, which
remained loose (Fig. 2¢).

In Group IV (10 mg/kg/day lisinopril; vasospasm), no
proliferation or edema was detected in endothelial cells, as
in Group . The thickening and invagination of the internal
elastic lamina had significantly decreased, the size of
the smooth muscle cells was normal, and no edema was
observed (Fig. 2d).

The analysis results indicate a significant difference in mean
lumen area and vessel wall thickness (Table 1).

The minimum mean vessel wall thickness was observed
in the group treated with 10 mg of lisinopril, while the
maximum was observed in the SAH group. Treatment with

Table 1. Lumen diameters and wall thicknesses in groups

Group Lumen Wall Thickness
Control

Mean 1047,.0 27.63

N 8 8

SD 78.513 2.326
Vasospasm

Mean 211.25 66.00

N 8 8

SD 35.632 5.952
5mg lisinopril

Mean 458.75 38.00

N 8 8

SD 58.661 4.276
10 mgq lisinopril

Mean 1145.00 27.75

N 8 8

SD 63.019 2.252
Total

Mean 715.63 39.84

N 32 32

SD 402.532 16.377

SD: Standard Deviation.
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Figure 3. Shows the mean vessel wall thicknesses in the groups.

5 mg of lisinopril resulted in a decrease in wall thickness,
but 10 mg was found to be more effective (Figs. 3 and 4)
(p<0.01). The difference in wall thickness between Group |
and Group Ill was significant.

The vasospasm group had a thicker vessel wall than the
other groups, as revealed by the lumen area examination.
When comparing Group Il and Group IV in terms of wall
thickness, a significant decrease was observed in Group
IV (p<0.01). Group lll showed a decrease in wall thickness
compared to Group Il, but not as much as Group IV
(p<0.01). Group Ill exhibited a reduction in lumen area
compared to Group Il, but not to the same extent as Group
IV. A significant decrease in vessel lumen thickness was
observed when comparing Group Il to Group |. When
comparing Group | and Group IV, a significant difference
was observed (p<0.01).

Discussion

Cerebral vasospasm typically starts between days 3-5 after
SAH and reaches its peak on days 7-8.1'21 It is the primary
cause of morbidity and mortality in SAH. The etiology of
vasospasm is multifactorial and may include prolonged
contraction of smooth muscle, narrowing of the lumen
due to structural changes in the vessel wall, inflammation,
denervation hypersensitivity, endothelial dysfunction,
and immunologic reactions. Angiotensin Il production in
the cerebral artery wall and the vasoconstrictor effect of
endothelin secreted from the vascular endothelium may
contribute to the pathogenesis of cerebral vasospasm.!'3!

According to reports, Angiotensin Il (All) causes smooth
muscle cell contraction, thickens the basement membrane,
stimulates endothelial cells to activate hypertrophy
and proliferation, increases protein synthesis and cell
mass in arterial smooth muscle cells, and enhances the

Figure 4. Shows the mean vessel wall thicknesses in the groups.

effect on smooth muscles by stimulating epidermal and
platelet-derived growth factors released from platelets.l'%

All is a potent oxidant that converts nitric oxide (NO)
to peroxynitrite. It has been suggested that increased
systemic arterial pressure in response to increased
intracranial pressure after SAH stimulates activation of the
Renin-Angiotensin System (RAS), leading to an increase
in renin and angiotensin levels.[®! RAS also activates the
sympathetic nervous system, which in turn increases renin
release from the kidney, further increasing angiotensin
activity. RAS has a negative effect on vessels by disrupting
the rhythm of NO and stimulating the accumulation of
LDL. Local ACE in tissues exacerbates vascular damage
by decreasing bradykinin, which increases NO, and by
suppressing kinin-nitric oxide-dependent vasodilation.
This damage can be counteracted by ACE inhibitors, which
stabilize endothelial function, decrease vascular reactivity,
and increase vasodilator prostaglandin synthesis.!>]

All mediates harmful effects on the brain, such as
hypertension, inflammation, increased oxidative stress,
blood-brain barrier disruption, and neurotoxicity.['®!
According to reports, endothelial cells in the arterial wall,
without vasospasm, are arranged in a single layer on the
internal elastic lamina. These cells form tight junctions with
each other and with the basement membrane. Chromatin
condensation is absent, and normal heterochromatin is
presentin all cells. The cytoplasm does not exhibit budding
or vacuolization.[7]

In vasospasm after SAH, morphologic changes occur in
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almost every layer of the vessel wall. Folds of the lamina
elastica are formed, tight junctions between endothelial
cells are separated, and the remaining endothelial cells
bud into the lumen. Apoptosis-like changes occur in
endothelial cells (chromatin aggregation, budding,
cytoplasm condensation, cytoplasm vacuolization), fluid
accumulates in the subendothelial space, and necrosis
of smooth muscle cells is observed. The lamina elastica
disintegrates, the intima swells, lymphocytes, plasma cells,
mast cells, macrophages, and connective tissue increase in
the adventitia, followed by progressive thickening of the
intima due to the accumulation of smooth muscle cells.!8]

Gavras et all'®! showed that ACE inhibitor treatment
reversed angiographic spasm of the basilar artery of dogs 72
hours after experimental SAH. Treatment with ACE inhibitors
has been shown to reduce hypertrophy in the media layer
of arteries and prevent myointimal proliferation due to
vascular damage.['%] Similar to this study, ACE inhibitors are
thought to suppress the vascular response to injury in Group
IV, which was treated with 10 mg lisinopril.l>!

There are studies showing that lisinopril, an ACE inhibitor,
prevents vasospasm due to its effects, such as decreasing
vasoconstrictor prostaglandins, increasing vasodilator
prostaglandins, decreasing aldosterone release by
inhibiting All formation, and reducing the tendency to
thrombosis and atherosclerosis.[20]

Our study investigated the effect of lisinopril, a long-acting
ACE inhibitor, on chronic vasospasm after SAH at two
different doses. The results showed that lisinopril prevented
morphologicchangesinarteries duetoendothelial damage
after SAH, indicating its potential benefits. The study found
that intraperitoneal administration of lisinopril at a dose
of 10 mg/kg/day prevented morphologic vasospasm and
eliminated morphologic changes in brain vessels caused
by endothelial damage. The effects were less pronounced
at a dose of 5 mg/kg/day and were not as effective as the
10 mg/kg/day dose, indicating a dose-dependent effect.
Further studies are needed to determine the optimal dose
range of lisinopril and its effect on chronic morphologic
vasospasm. Furthermore, as molecular biology and genetic
technology continue to advance, the investigation of
the role of ACE inhibitors in cerebrovascular events may
warrant inclusion in the vasospasm protocol.

Conclusions

Inthis experimental study, it was found that lisinopril,an ACE
inhibitor, prevented the morphologic changes in arteries
secondary to endothelial damage after SAH in a dose-

dependent manner. The intraperitoneal administration
of lisinopril at a dose of 10 mg/kg/day clearly prevented
chronic morphologic vasospasm, while a dose of 5 mg/kg/
day reduced vasospasm but was not as effective as the 10
mg/kg/day dose.
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