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Abstract : The effect of a new long-acting caldum antagonist. Amlodi

pine, on experimental vasospasm was tested using arat femoral artery

vasospasm model and morphometry, Twenty-four rats were divid

ed into 3 groups, In group i. the femoral arteries were removed aft:er

cardiac perfusion, In groups 2 and 3, the right and [overed with a

silastic cuf!". In these groups the left femoral arteries were covered

with an empty silastic euff, Animals in group 3 were treated with

Amlodipine (ID mglkg) for 7 consecutive days, After perfusion-fixation

the femoral arteries were examined by light and transsmission elec

tron miaoscopy and processed for morphometric analysis,

INTRODUCTION

In large clinical series, it has been shown that
calaum antagonists deuease morbidity and mortality
from vasospasm following subarachnoid haemor
rhage (1.13,20,23,24,25), but angiographiç studies in
animals (6.14.19,29.34)and patients (1.9,23,24,25)have
failed to demonstrate reversal or prevention of
vasospasm. Thus, alternative hypotheses such as the
vasodilatator effect of calaum antagonists have been
put forward to explain the beneficial results of
calaum antagonists in clinical trials (18).More recent
ly, some authors found a more beneficial effeçt of in
trathecal calcium antagonists in reversing
angiographic vasospasm in postoperaLve aneurysm
patients (3)and animals (11,22.31.34).Therefore in the
light of present literature, it can be predicted that new
calcium antagonists with more selective vascular or
neuronal effects can be developed (18). In this study
the effect of a new calcium antagonist Amlodipine
[3-ethyl-5 methyl 2-(2 aminoethoxmethyl) 4-(2
clorophenyl) 1,4 dihydro 6 methyl 3,5-pyridine
dicarboxylate benzene sulfonate] (Norvasc. Pfizer) on

Vessels from animals in group 2 showed significant luminal nar

rowing and morphological changes throughout the vessel wall. In

animals treated with Amlodipine, the vessellumen was slightly

decreased and light and transmission electron microscopy

demonstrated less prominent morphological changes in the vessel

wall. These results suggest that Amlodipine can prevent chronk

morphological vasospasm in rats,

Key Words: Amlodipine, Calcium Channel Blockers, Cerebral

Vasospasm, Morphometry, Subarachnoid Haemorrhage,

experimental chronic vasospasm was tested. This
evaluation was made with a recently developed
model of rat femoral artery vasospasm and mor
phometry (21),

MATERIALS AND METHODS

The details of rat femoral artery vasospasm have
been decribed previously (21), Twenty-four male
Sprague-Dawley rats weighing from 200 to 250 g were
divided into three groups. Animals were anaesthetiz
ed with intramuscular ketamine and xylazine and
allowed to breathe spontaneously, With sterile
microsurgical technique, 1cm segments of both pro
xymal femoral arteries were exposed in the inguinal
region in animals of group 2 (iO animals) and group
3 (LO animals), O.lml fresh autologous whole blood
was appIied directly to the right femoral artery and
covered with a silastic cuff, The left femoral artery
was covered with an empty silastic cuff and the
animals were allowed to recover.

Animals in group 3 received LO mg/kg/day
Amlodipine orally for 7 days. Seven days after the
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experiment. all animals were anaesthetized and the
vessels were perfusion fixed via intracardiac infusion
with 100 ml of 0,03M phosphate buffer (ph 7.4)
followed by 200 ml of 4% paraformaldehyde and 1%
glutaraldehyde in phosphate buffer. After perfusian
fixation 1cm segments ofboth femaral arteries were
removed and stored in 0,03M phosphate buffer.
Vessels from 4 unoperated animals in group 1 were
alsa removed after perfusion fixation in asimilar
fashion. For light microscope examination proximal
5mm segments of the vessels were dehydrated in
graded ethanols embedded in ethly methacrylate sec
tioned and stained with haematoxylin and eosin. For
transmission electron microscopy. the distal 5mm
segment of the vessel was placed in buffered 1%

osmium tetroxide. dehydrated in graded ethanols
and examined by JEOLelectron microscope. for mor
phometric analysis. 5 consecutive light microscopic
sections were photographed and cross sectional areas
of lumen and radial wall thickness were measured.

For each parameter statistical analysis of the morpho
metric study was performed with a Mann-Whitney
U test. Significdnce was assum ed for comparisons in
which the probability level was less than 0,01.

RESULTS

Histological changes:

In light microscopy the left femaral arteries in
groups 2 and 3 were similar in appearance to nor
mal vessels in group 1with monolayer endothelium
overlying a thin nonconvoluted internal elastic
lamina. Concentrically-oriented smooth musde cells
surrounded the intima and no smooth musde pro
liferation or necrosis was observed in these vessels

(Fig. lA), Electron microscopy alsa demonstrated the
normal appearance of the vessels at the ultrastruc
tural level (Fig. 2A), The right femaral arteries in
group 2 (visospastic arteries) demonstrated all mor
phological changes described previously (15.21.28).
Light microscope examination showed prominent
reduction in luminal diameter and market thicken

ing of vessel wall (FIg. 1B), Endothelial cells were
distorted by convolutions of adjacent internal elastic
lamina and protruded into the lumen. Transmission
electron microscopy substantiated distortion.
vacualization and lass of cytoplasmic density in en
dothelial cells (Fig. 2B). The internal electic lamina
was markedly thicker and convoluted. Vacuolar
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Fig. lA: Light photomicrograph showing normal rat femoral
artery with nonconvoluted internal elastic lamina and
concentricaIIy oriented smooth muscIe ceIIes.
(H&Ex200)

Fig. 18: Light photomicrograpn sIJowing vasospastic rat femoral
artery with marked luminal narrowing and increased
waIl thickness. eonvolutions of internal elastic lamina

and degenerative changes in endothelial ceIls and
myonecrosis in smooth muscIe ceIls are also noted.
(H&EX200)

degeneration of the smooth musde cells and an in
crease in extracellular matrix in media were less pro
minent (Fig. 2e).

Morphometric analysis :

Figure 3 shows the measured cross sectional
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Fig. 1C: Light photomicrograph demonstrating right rat femoral
artery from an animal treated with Amlodipine.
Minimalluminal narrowing assodated with slightly in
creased wall thickness is seen. Convolution of internal

elastic lamina is less prominent than that of vasospastic
rat femoral artery. (H&EXlOO)

Fig. lA: Transmission electron micrograph of a normal rat
femoral artery. (En) Endothel. (JEL) Jnternal elastic
lamina. (SM) Smooth muscle celI. Scale bar: 0.5 m.

areas of lumen and radial walI thickness in normaL.

vasospastic and Amlodipine-treated femaral arteries.
There was significant reduction in the luminal area
and a significant increase in radial walI thickness in
vasospastic vessels when compared with normal
vessels. In contrast. animals treated with Amlodipine
exhibited onlyasmalI insignificant reduction in
luminal area and an insignificant increase in walI
thickness compared with normal vessels. The left
femaral arteries in group s 2 and 3 were not
significantly diferent from normal unoperated vessels
for any morphometric parameter.
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Fig. lB: Transmission electron microgrograph of vasospastic
rat femoral artery. The artery shows distortion and
degeneration of endothelial cells (En). convolution of
internal elastic lamina (JEL).vacuolar degeneration of
smooth muscle cells (SM) and increased extracellular
matrix (EM). Scale bar: J in.

DlSCUSSION

The pathophysiology of chronic vasospasm after
subarachnoid haemorrhage is stilI unclear (17.21).

One of the major current theories is that vasoactive
agents in subaracnoid blood permeate into the vessel
walI and promote prolonged contraction of cerebral
arterial smooth muscle (i 7.34). Regardless of the
pathway of stimulation. calctum ian is essential for
activation of the myosin-actin complex that produces
muscle contraction (26). Therefore calctum an
tagonists that black the entry of calcium into the celI
can prevent this prolonged smooth muscle contrac
tion. In recent years. more than fifteen kinds of
calcium antagonists have been tested to prevent
cerebral vasospasm (32).Dihydropyridine calctum an
tagonists (Nimodipine. Nicardipine. and Nifedipine)
have alsa been used in the treatment of vasospasm
(i, 9. i3 ,20,23 .24.25).
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Fig. ie: Transmission electran micrograph of right femoral
artery from an animal treated with Amlodipine. Slight
degeneration of endotbelial cells (En) with vacuol for
mation and decreased cytopliismic electran density is
seen. (IEL) Internal elastic lamina. (SM) Smooth mus
de celI. Scale bar:I m.
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In large clinical trials, ea1cium antagonists
deerease the morbidity and mortality from
vasospasm following subaraehnoid haemorrhage
although they do not seem to alter the inddenee of
angiographie vasospasm (1.9.13,20,23,24,25). Results
of animal experiments are als o eontroversial
(2,6.10,11,14,19,29.34). Experimental studies in
monkeys (6,7.19). dogs (34) and rabbits (22) with
Nimodipine, Nifedipine or Nieardipine administered
orally or intravenously proved that ealdum an
tagonists eould not prevent angiographie vasospasm
of basal arteries. In two other reports, oral ad
ministration of Diltiazem and Nifedipine were effee
tive in the prevention of vasospasm in dogs and
monkeys (2.10). However more reeently. some
authors found a more benefidal effect of intrathecal

ea1cium antagonists in reversing angiographie
vasospasm in animals and humans (3,11,22.31.34). By
intratheeal administration of ealdum antagonists a
higher eerebrospinal fluid or better access to the
smooth muscle eells of the media can be obtained

(22). However, repeated intratheeal infusion of
caldum antagonists may present technical diffieulties,
signifieant side effeets and eomplieations (22). Oral
or intravenous Nimodipine and Nieardipine treat
ment also needs repeated daily doses because of the
short half life of these agents. Higher dosages of
Nimodipine and Nieardipine can produee signifieant
peripheral eardiovaseular effeets, redueing mean
arterial pressure (9.34).
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Fig. 3 : Measured cross sectional area of lumen (A) and radial wall thickness (B). of rat femoral arteries. (N) Normal artery. (v) Vasos
pastic artery. (VA) VasospastIc amlodipine treated artery. ·P<O.OI
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In our study a new long-acting dihydropyridine
calcium antagonist Amlodipine was found to be ef
fective in preventing chronic morphological
vasospasm in rats. This drug has been used in the
treatment of coronary artery disease and hyperten
sion and it is in the same group as Nimodipine and
Nuedipine (12). The major advantage is its long-action
(27.30.33). Amlodipine is a potent vasodilatator and
has a direct relaxant effect on vascular smooth mus

ele (4.16). In vitro Amlodipine inhibits contractions
of rat vascular smooth musele twice as strongly as
Nuedipine (4).It is highly protein-bo und and the peak
plasma level is reached within 6 hours without side
effects du eta acute vasodilatation (5.8.12). The half
life of the drug is as long as 45 hours (8.12.33).

We preferred the rat femoral artery vasospasm
model in this study for two reasons. First, this model
is reliable and inexpensive with a time course similar
to clinical vasospasm in human s (21). Second. the ab
solute bioavailability of Amlodipine is 100% in rats
(26).In our study results were encouraging and show
that calcium antagonists can be effective in preven
ting of morphological vasospasm. However. further
studies (particular1y with primate models) are
needed.

Correspondence : A. Celal Iplikdoglu
Esat Caddesi 143/6

Küçükesat/ANKARA. TÜRKIYE
phone: 4465416

REFERENCES

i. Alien GS. Ahn HS, Preziosy TJ. Battye R. Boone Se. Chou SN.
Kelly DL. Weir BK. Crabbe RA. Lavick PJ. Rosenbloom SB.

Dorsey Fe. Ingram Re. Mellitz DE. Bertsch LA. Boisvert DP,
Huntlein MB. Johnson RK. Strom JA. Transou CR: Cerebral

arteria! spasm: A controlled ma! of nimodipine in patients with
subarachnoid hemorrhage. N Engl J Med 308:619-624. 1983

2. Alien GS. Bahr AL: Serebral arterial spasm: Part 10, Reversal

of acute and chronic spasm in dogs with orally administered
nifedipine. Neurosurgery 4:43-47. 1979.

3. Auer LM: Preventiye nimodipine and acute aneurysm surgery:
Heading for the control of complications after aneurysmal

subarachnoid hemorrhage. Neurochirurgia (Stuttgart) 28:87-92.
1985

4. Burges RA. Gardiner DG. Gwilt M:Calcium channel blocking
properties of amlodipine in vascular smooth musc1e and car
diac musde in vitro: Evidence for voltage modulation of
vaseular dihydropyridine receptors. J Cardiovasc Pharmacol
9:110-119. 1987

5. Dodd MG. Gardiner DG. Carter AJ. Sutton MR. Burges RA:

They haemodynamic properties of amlodipine in anesthetiz
ed and consdous dogs: Comparison with nitrendipine and in
fiuence of beta-adrenergic blockade. Cardiovasc Drugs Ther
3:545-555. 1989

6. Espinosa F. Weir B. Overton T. Custer W. Grace M, Boisvert

Iplikdoglu: Amlodipine Effect On Vasospasm

D: A randomized placebo-controlled double-blind trial of

nimodipine after SAH in monkeys: Part 1: Clinical and
radiological findings. J Neurosurg 60:1167-1175. 1984

7. Espinosa F. Weir B. Stnitka T. Overten T. Boisvert T: A ran
domized placebo-controlled double-blind trial of nimodipine
after SAH in monkeys: Part 2: Pathological findings. J Neurosurg
60:1176-1185. 1984

8. Faulkner JK. McGibney D. Chasseaud LF. Perry JL. Taylor LW:
The pharmacokinetics of amlodipine in hea!tly volunteers after
single intravenous and oral doses and after repeated oral doses

given once daily. Br J Clin Pharmacol 22:21-25. 1986
9. Flamm ES. Adams HP Jr. Beck DW. Pinto RS. Mar/er JR. Walker

MD. Godersky Je. Loftus CM. Biller C. Boarini DJ. O'Dell C.

Banwart K. Kongable G:Dose-escalation study of nicardipine
in patients with aneurysmal subarachnoid hemorryhage. J
Neurosurg 68:393-400. 1988

io. Frazee JG. Bevan JA. Bevan RD. Jones KR: Effect of diltiazem

on experimental chronic cerebral vasospasm in the monkey.
J Neurosurg 62:912-917. 1985

1i. Gioia AE. White RP. Bakhtian B. Robertson JT: Evaluation of

the efficacy of intrathecal nimodipine in canine models of
chronic cerebral vasospasm. J Neurosurg 62:721-728. 1985

12. Heber ME, Brigden G. AI-Khawaja. Raftery EB: Twenty-four
hour blood pressure control with the once daily caldum an
tagonists amlodipine. Br J Clin Pharmacol 27:359-365: 1989

13. Jan M. Buchheit F. Tremoulet M: Therapeutic trial of in
travenous nimodipine in patients with established cerebral

vasospasm af ter rupture of intracranial aneurysms.

Neurosurgery 23:154-157, 1988
14. Levis PJ. Weir BKA, Nosko MG. Tanabe T. Grace MG: ln

trathecal nimodipine therapy in a primate model of chronic
cerebral vasospasm. Neurosurgery 22:492-500. 1988

15. Liszczak TM. Varsos VG. Black PM. Kistler JP. Zervas NT:
Cerebral arterial constriction after experimental subarachnoid

hemorrhage is assodated with blood components within the
arterial wall. J Neurosurg 58:18-26. 1983

16. Matlib MA. French JF. Grupp IL. Van Grop L. Grupp G.
Schwartz A: Vasodilatory action of amlodipine on rat aorta.

pig coronary artery, human coronary artery and on isolated
Langendorff rat heart preparations. J Cardiovasc Pharmacol
12 (Suppl 7): S50-S54. 1988

17. Mayberg MR. Okada T. Bark DH: The significance of mor
phological changes in cerebral arteries after subarachnoid
hemorrhage. J Neurosurg 72:626-633. 1990

18. Meyer FB: Caldum antagonists and vasospasm. Mayberg MR
(Ed): Cerebral vasospasm. Neurosurgery Clinics of North
America. Vol i. Philadelphia: WB Saunders. 1990:367-376

19. Nosko M. WEir B. Krueger C. choock D. Norris S. Overton T.
Boisvert D: Nimodipine and chronic vasospasm in monkeys:
Part i. Clinical and radiological findings. Neurosurgery
16:129-136, 1985

20. Ohman J. Heiskanen O: Effect of nimodipine on the outcome

of patients after aneurysmal subarachnoid hemorrhage and
surgery. J Neurosurg 69:683-686. 1988

21. Okada T. Harada T. Bark DH. Mayberg RA: Arat femoral artery

model for vasospasm. Neurosurgery 27:349-356. 1990
22. Pasqualin A. Vollmer DG, Marron JA, Tsukahara T. Kasseli

NF. Tomer JC: The effect of nicardipine on vasospasm in rab
bit basilar artery after subarachnoid hemorrhage. Neurosurgery
29:183-188. 1991.

23. Petruk KC. West M. Mohr G. Weir BKA. Benoit BG. Gentili

F. Disney LB. Khan MI. Grace M. Holnes RO. Karwon MS, Fort
RM. Kameron GS. Tucker WS. Purwes GB. Miller JDR. Hunter
M. Richard MT. Durity FA. Chan R. Clein LJ. Maroun FB.
Godon A: Nimodipine treatment in poor grade aneurysm pa
tients: Results of a multicenter double-blind placebo-controlled
trial. J Neurosurg 68:505-517. 1988

57



Turkish Neurosurgery 3: 53-58. 1993

24. Philippon J. Grob R. Dagreou F. Gubgiari M. Rivieres M. Viars
P: Prevention of vasospasm in subarachnoid hemorrhage: A
eontrolled study with nimodipine. Aeta Neuroehir (Wien)
82:110-114. 1986

25. Pickard JD. Murray GD. Illingworth R. Shaw MDM. Teasdale
GM. Foy MP. Humphrey PRD. Lang DA. Nelson R. Richards
P. Sinar J. Bailey S. Skene A: Effeet of oral nimodipine on
eerebral infarction and outeome after subaraehnoid haemor

rhage: British aneurysm nimodipine triaL BMJ298:636-642.1989
26. Smigiel MR. Sundt TM Jr: Comparatiye effeetiveness of alpha

blockade and beta stimulation in modifying experimental
basilar arterial spasm. J Neurosurg 41:300-305. 1974

27. Stopher DA. Berefor AP. Macrae PV. Humphrey MJ: The
metabolism and pharmaeokineties of amlodipine in human s
and animals. J Cardiovase Pharmaeol 12 (Suppl 7):S55-S60.1988

28. Tanabe Y. Sakata K. Yamada H, ito T. Takada M: Cerebral
vasospasm and uItrastruetura! changes in eerebra! arteria! wa!L
J Neurosurg 49:229-238. 1978

58

IpJikdoglu: ArnJodipine Effect On Vasospasrn

29. Varsos VG. Liszczak TM. Han DH. Kissler JP. Vielma J. Black
PML. Heros RC. Zervas NT: Delayed eerebra! vasospasm is not
reversible by aminophyIline. nifedipine or papaverine in a
"two hemorrhage" canine model. J Neurosurg 58:11-17.1983

30. Vetrovee G, Dailey S. Kay G. Epstein A. plum v: Hemodynamie
and eleetrophysiologie effeets of amlodipine. a new long ae
ting ealctum antagonist. Am Heart J ii8:ii05-1106. 1989

31. Voldby B, Peterson OF. Bhul M. Jakobsen P. Ostegaard v:
Reversal of eerebral arterial spasm by intratheeal administra
tion of a ealctum antagonist (nimodipine). Aeta Neurochir
(Wien) 70:243-254. 1984

32. Wilkins RH: Attempts at prevention or treatment of intraaania!
arterial spasm: An update. Neurosurgery 18:808-825, 1986

33. Williams DM. Cubedde L: Amlodipine pharmaeokinetics in
healthy volunteers. J Clin Pharmaeol 20:990-994. 1988

34. Zabramski J. Spetzler RF. Bonstelle C: Chronie eerebral
vasospasm: Effeet of ealctum antagonists. Neurosurgery
18:129-135. 1986


