
Introduction

The rate of blood flow is reduced as a result of arterial
occlusion. In order to restore the rate of flow to the pre-
vious level, angiogenesis, collateral circulation and reverse
flow mechanism move into action. Cranio-cerebral flow is
lowered after the ligation of the bilateral common carotid
artery. The vertebrobasilar system also bears the burden of
the carotids by undergoing morphological and histopatho-
logical transformations to increase the rate of flow (4,5,
14,17).

New anastomosis are created with the neighbouring
arterial structures. New shunts are established while the
shunts in reserve are brought into operation. The blood is
transferred through the reverse flow mechanisms from the
vertebrobasilar system, which is the major blood supplier
of the cranio-cervical region, to the external carotid artery
and its branches (19). The other branches of the subcla-
vian arteries also join this circulation and, cranio-cerebral

circulation is eventually largely restored to its normal level
(19,24). The increased flow and volume cause some irri-
tation and compression syndromes on the structure near
the intracranial compartment, although it is nevertheless
useful (10). This causes systemic complications in the
brain and lungs (6,11). In the basilar artery in particular,
serious pathological situations may arise. Wall tension re-
sistance constitutes the major obstacle to the required
flow increase. The elastic and contractile units on the wall
of the vessel receive the major part of the tension forces.
It is believed that the vessel smooth muscle resistance
may be overcome through the blocking of calcium chan-
nels.

The studies showed that dihydropyridine derivatives will
help the organism after the ligation of the bilateral common
carotid artery and support the survivor mechanisms with
vasodilator flow increasing angioneogenesis, and its anti is-
chemic, perfusion regulatory, anti epileptic, cyto-protective
and pH regulation effects (7,8,12,16,18).
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Materials and Methods

Adult 100 male hybrid rabbits, weighing 3.0 to 3.5 kg
each, were used in this study. All surgical procedures were
performed with anaesthesia induced intramuscularly, using
ketamine hydrochloride (50 mg/kg). The left femoral vein
was catheterised for continuous infusion. Body tempera-
tures and arterial blood pressure were frequently checked
and maintained within the physiological ranges. The all rab-
bits were placed in the supine position with the head fixed
to a horizontal orbitomeatal line. Using sterile technique,
a midline cervical incision was made and the carotid arte-
ries of all rabbits were bilaterally ligated at the carotid bi-
furcation. Only rabbits that were asymptomatic after
carotid artery ligation were included in this study. All ani-
mals were kept on a standard diet and given water.

The rabbits were divided into 2 main groups: control
and treatment, and then both groups were further divided
into 5 subgroups each consisting of 10 rabbits. Group 1 ser-
ved as the control, in which 50 rabbits received daily 0.2 ml
saline solution intravenously through the femoral catheter
over 30 minutes by an infusion pump during the first 14
days after the bilateral common carotid ligation. In group 2
(treated group), 50 rabbits daily received 0.01-mg/kg nimo-
dipine intravenously through the femoral catheter in 30 mi-
nutes by an infusion pump during the first 14 days after the
bilateral common carotid ligation.

The all rabbits were sacrificed between the first day and
the end of 8 weeks for histopathological examination of the
basilar artery (at the end of the 1st and 7th days, and the 2nd,
4th and 8th weeks for each subgroups).

The rabbits’ brains were removed immediately, and the
specimens were then placed in a 10 % formaldehyde solu-
tion for five days. After fixation of the tissues, the samples
were dehydrated using a graded ethyl alcohol series and
cleared through xylen. Tissues were transferred to an incu-
bator (30 °C), and each was processed in two different pa-
raffin baths, (56 °C) for 30 minutes. Following paraffin
embedding, 8 (m sections were cut by a steel blade using
a rotator microtome. Tissue slices were floated on albumi-
ned slides and allowed to dry for 12 hours at 40 °C. Routine

staining was performed using Harris’ Hematoxylene count-
er and alcoholic eosin. The samples were examined and
photographed using an Olympus microscope.

Planimetric measurements were made via an oculometer
at x100 magnification of light microscopy. Luminal cross-
sectional diameters of the rabbit basilar artery were mea-
sured. The planimetric measurements were made on
a cross-sectional diameter of the basilar artery. The diameter
of the basilar artery was measured in specimens at three lo-
cations: near vertebrobasilar junction, midpoint and close
to basilar tip. Vertical and horizontal diameters of the basi-
lar artery were measured, and the median value of these
measurements accepted as the true diameter for each sec-
tion. Two different pathologists performed the measure-
ments independently in blind conditions, and the average
value thus obtained was used in our study.

Three slices were taken from each specimen for plani-
metric and histological analysis. Data for each animal were
expressed as a percentage change for the experimental versus
the control artery, and were pooled for analysis according
to the indices listed. Differences between groups were as-
sessed with the 2-tailed t-test, and the results expressed as
mean and standard deviation (Tab. 1).

Results

Histopathological examination with H&E staining show-
ed narrowing in the cross-sectional diameter of the vascular
lumen and vascular wall in both the control and treatment
groups. Endothelium formed a continuous monolayer over-
lying a thin, undulated internal elastic lamina. Five to eight
layers of concentrically oriented smooth muscle cells sur-
rounded the intima. The normal structure of the basilar ar-
tery is shown below (Fig. 1).

In the control groups, 24 hours after occlusion partial
swelling and minor endothelial damage were observed dur-
ing histopathological examination of the basilar artery
(Fig. 2). In the treated groups, 24 hours after occlusion the
appearance of the basilar artery and endothelium was lar-
gely intact, the lumen was flattened and vessel muscles
began to elongate (Fig. 3). Endothelial damage was more
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Experiment Diameters of basilar artery
Course Time                      t value Control groups (Micron) Treated groups (Micron)
24 Hours* 26,631 M: 766±0.01 SD: 12,05 M: 906±0.15 SD: 11,44
7 Days* 21,677 M: 812±0.02 SD: 16,89 M: 1000±0.20 SD: 21,70
14 Days* 21,327 M: 886±0.03 SD: 12,36 M: 1300±0.3 SD: 60,16
4 Weeks* 1,382 M: 1045±0.02 SD: 60,05 M: 1080±0.02 SD: 53,32
8 Weeks* 2,901 M: 940±0.015 SD: 39,20 M: 1000±0.02 SD: 52,77

M: Mean; SD: Std. Deviation
The increase in the diameters of the basilar artery was higher in animals treated by nimodipine, and that difference was
statistically significant
[2-tailed t-test], * P=0,000

Tab. 1: Diameters of rabbits basilar artery in both control and treated groups.
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Fig. 1: Normal basilar artery: Endothelium (a), Membrana
elastica externa (b), Tunica media (c), Adventitia (d).
There is no membrana elastica interna in the vessels of the
brain. (LM-H&E, x100)

Fig. 2: The appearance of the basilar artery the day after
the bilateral common carotid artery ligation: There is
widening in the arterial lumen (L) together with a swelling
in the endothelium (a), a minimal destruction (b), an inti-
mal oedema (c), and local endothelial proliferations (d).
(LM-H&E, x100)

Fig. 3: The appearance of basilar artery in the animal
which received nimodipine after bilateral common carotid
artery ligation : The endothelium is basically intact and (a),
the lumen is flattened (L) and the vessel muscles have be-
come smooth (b), (LM-H&E, x100)

Fig. 4: The appearance of the basilar artery 14 days after
the bilateral common carotid artery ligation: there is a pro-
liferation in the endothelium (a), to become thin in the wall
(b), an expansion in the lumen (L), an elongation in the
smooth muscles (c), external elastic membrane (d). (LM-
H&E, x100)

evident on the 7th day than on the first, and arterial wall
thickness was thinner than on the first day. After the second
week endothelial proliferation was observed. Furthermore,
lumens became more flattened and the wall continued to
grow thinner. In the control group, the sinusoidal structure
of the membrana elastica externa changed to a linear form
by the 14th day (Fig. 4).

In the treated groups, an elongation in the vessel mus-
cles, an excessive widening in the lumen, local intimal and
medial destruction were seen after 14 days (Fig. 5). At the
end of the first month, endothelial damage decreased while
luminal flattening and membrana elestica externa elonga-

tion increased. During the course of the experiment, the
luminal diameter of the basilar artery increased and the
membrana elastica externa regained its own sinusoidal
structure.

At the end of the second month in the control groups,
significant intimal proliferation and the presence of increas-
ed medial matrix, smooth muscle hypertrophy and an ex-
cessive indentation in the membrana elestica externa were
seen. Luminal flattening started to decrease, and expansion
of the diameter continued (Fig. 6).

In the treatment groups, nimodipine prevented endo-
thelial swelling, decreased the damage that occurred over



the course of time and protected the endothelial cells (Fig.
5). Its relaxing effect was clearly apparent on the smooth
muscles in the first and second weeks. Muscles started to
regain their convoluted structures after it was withdrawn.
The nimodipine significantly prevented the intimal prolife-
ration and medial matrix towards the end of the second
week. At the end of the second month, therefore, endothe-
lial structure regained its normal form and the wall thick-
ness returned to normal. The membrana elastica externa
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Fig. 5: The appearance of the basilar artery 14 days after
the bilateral common carotid artery ligation together with
the infusion of nimodipine: The endothelium has a healthy
appearance (a), An elongation in the vessel muscles and
(b) excessive widening in the lumen. There are local intimal
(c), and medial (d), destruction. (LM-H&E, x100)

Fig. 6: The appearance of the basilar artery two months
after the bilateral common carotid artery ligation: The
endothelium has a normal appearance (a), membrana elas-
tica externa is locally normal (b), there is a smooth muscle
hypertrophy(c), an intimal proliferation and (d), an exces-
sive indentation in the membrana elastica externa (e). (LM-
H&E, x 100)

Fig. 7: The appearance of the basilar artery two months
after the bilateral common carotid artery ligation together
with infusion of nimodipine: The artery appears quite
normal, while the diameter is still above the normal value
(a – endothelium, b – membrana elastica externa, c – smooth
muscles). (LM-H&E, x 100)

partially reverted to its normal shape. The lumen had be-
come circular, and the diameter was still above the normal
value (Fig. 7).

In our study, we noticed a gradual increase in the dia-
meters of the basilar artery as time progressed. The increase
in the diameters of the basilar artery was higher in animals
treated by nimodipine, and that difference was statistically
significant (P=0,000) (Tab. 1). As the diameters increased,
deceleration were observed after the second month because
of the reduced blood load on the vertebrobasilar system as
collateral circulation came into effect, and after the third
week because of a decrease in the vasodilator forces as the
nimodipine was withdrawn. At the end of the forth weeks,
the values that we obtained were lower than the maximum
values. The nearing of normal limits of the lumen may be
attributable to the membrana elastica externa and muscular
activity at the end of the fourth weeks, but there is no such
mechanism that might lead to the reduction of length.

Discussion

The bilateral ligation of Common Carotide Artery re-
sults in an active reorganisation in all parts of the cranio-
cerebral and cervical arterial system, in addition to the
vertebrobasilar system, accompanied by major hemodyna-
mic alterations. This phenomenon causes new formations
in carotico-vertebrobasilar structures and important hemo-
dynamic changes at the beginning of the reverse flow
mechanisms. As a result of these hemodynamic changes,
blood is transmitted from posterior to anterior circulation
by the help of normal shunts (circulus of Willis’). In fact,
there can be flow from Arteria Carotis Interna to Arteria
Carotis Externa and Cerebral Blood Flow and a return to
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normal within a time span of two months as a result of these
phenomena. It is reported that the mortality rate is around
21 % in experimental bilateral carotid occlusion. It is shown
that cerebral oedema and herniations cause high mortality,
especially in the first days (4,6). In our study, the mortality
rate was 9.9 % in the control group, 4.4 % in the test group
and 14.3 % in total.

In the treated group microscopic examination indicated
that nimodipine delayed and reduced the endothelial da-
mage that appeared in the control group on the first day
and the seventh. A similar situation was also observed by
Allen (1) et al. Luminal flattening and wall have become
thin in the basilar artery, which appeared because of the ex-
tension of periods after the ligation and continued until the
second month, are indicated by Oldendorf and his collea-
gues (19). Luminal flattening and extension in the muscles
of the vessels was high in the nimodipine group, and lumi-
nal widening was proved both radiologically and histologi-
cally. Furthermore, the vasodilatatory effects of nimodipine
was shown radiologically by Findlay, and by Auer and Kaz-
da histopathologically (2,9,13).

Endothelial proliferation started after the second week.
No endothelial proliferation was encountered in those sub-
jects which received nimodipine. This observation support
the findings of the paper regarding the anti-proliferative ef-
fect of nimodipine (1). In the second week, the intimal and
medial damage has not appeared in those subjects who re-
ceived nimodipine. It is assumed that it is an important me-
diator for cellular activities and a major element in mitosis
(20). There is also the possibility that the increased inter-
cellular distance in the arteries and the muscular support
had weakened or may have severed the intercellular bonds.
This result confirms that intermittent use of nimodipine is
likely to be beneficial. The membrana elastica externa that
began to flatten in the first weeks of the study, started to re-
gain its original structure after the second month. These
changes were greater in those individuals receiving nimodi-
pine. An elongation may be expected as a result of the flat-
tening in the membrana elastica externa that is unable to
respond adequately to the vascular resistance as result of
the inhibition of vessel smooth muscles by nimodipine.
Afterwards, the endothelial flattening received particular
attention.

Lehman and his colleagues measured the normal dia-
meters of the basilar artery in rabbits as 0.761 + 0.004 mm
(15) in the post-mortem period, but the values which we ob-
tained were 0.765 + 0.005 mm. The standard deviations that
appeared during the experiment displayed a similar trend.

Increased blood flow forces and a likely decrease in
Growth Inhibition Factor (GIF) may have played an im-
portant role in the appearance of morphological and histo-
logical changes in the arterial system we were examining
(19,21). It is reported that NO which enters into action as
a result of partial hypoxia may have had an effect in the ear-
ly period of widening (16,23). The significant vasodilata-
tion that was observed in the test group can be considered

a result of the vasodilator effects of nimodipine (3,10,22).
Vasodilatation started to recede as the nimodipine was
withdrawn. This phenomenon may be based on the vaso-
dilator effect on vessel plain muscles. However the average
diameter of this group was higher than the other group in
the following period as well. This result may tend to indi-
cate that the collaterals were still dominant and that the
blood flow to these regions was still adequate.

From the middle of second month onward, increases
were observed in the formation of medial matrix and inti-
mal proliferation. Several researchers had mentioned these
changes (17,19). This phenomenon was not encountered in
those animals which had taken nimodipine. In fact, other
researchers also confirm that nimodipine prevented this
phenomenon (1,13).

In conclusion, the increase in the diameters of the basi-
lar artery was higher in those individuals which had taken
nimodipine, and that difference was statistically significant.
As the diameters increased, deceleration were observed
after the second month because of the reduced load on the
vertebrobasilar system as collateral circulation came into
effect, and after the fourth weeks because of a decrease in
the vasodilator forces as the nimodipine was withdrawn.
This situation is suggestive of a probable relationship be-
tween calcium and the Growth Inhibition Factor (GIF) me-
chanism. However, further work is necessary to confirm
these preliminary findings and to clearly delineate the me-
chanisms of action.
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