
Abstract 

Objective: To investigate the possible therapeutic
 effects of clenbuterol on cerebral vasospasm after sub-
arachnoid hemorrhage (SAH) in rats.

Methods: Eighteen male albino Wistar rats, each
weighing 200-250 g, were randomized into three groups;
Group 1 (Control group) (n = 6) having no SAH and no
treatment; Group 2 (Sham group) (n = 6) having only
SAH and Group 3 (Experimental group) (n = 6) having
SAH treated with clenbuterol. Group 2 has been accepted
as sham group to the experimental group. Experimental
SAH was induced using a modified rat double hemor-
rhage model. Clenbuterol was administered twice daily
in 12-hour intervals for three days at a dose of
0,1 mg/kg/day. The luminal diameter of the basilar artery
was measured on each section with an optic micrometer
by an experienced pathologist blinded to the groups.

Results: Mean basilar artery diameters were found to
be different between the three groups (p < 0.001). Mean
value of Group 2 was significantly lower than that of
Group 1 (p < 0.001). While mean value of Group 3 was
significantly greater than that of Group 2 (p = 0.001),
Groups 1 and 3 were found to be similar (p = 0.242). 

Conclusion: Clenbuterol has favorable effects in the
treatment of rat cerebral vasospasm (CVS). Further in-
vestigations are needed to evaluate both molecular effects
and to find out effective treatment dose of clenbuterol on
CVS.

Key words: subarachnoid hemorrhage; cerebral vaso -
spasm; clenbuterol; experimental vasospasm.

Introduction

cerebral vasospasm (cVs) is described as
 delayed-onset luminal narrowing of the cerebral
 arteries in response to blood clots left in the sub-
arachnoid space after spontaneous aneurysmal

subarachnoid   hemorrhage (sAh) (4, 16, 22, 27).
it is the most serious complication affecting both
morbidity and mortality (3, 11, 15). in spite of new
therapeutic approaches (7, 11, 13, 17), successful
treatment of cVs after subarachnoid hemorrhage
remains   a dilemma (9, 25).

An imbalance between endothelin-mediated vaso-
constriction and nitric oxide (no) mediated vasodi-
lation has been implicated in the pathogenesis of
cerebral vasospasm (21, 27). inflammation has also
been proposed to play a role in the mechanism of
cVs (2, 18, 27). in this regard, clenbuterol, a β2-
adreno ceptor agonist that has antiinflammatory (12,
28), neuroprotective (20) and no releasing ef-
fects (14), may be considered as a new alternative
for the treatment of cVs. To our best knowledge, it
has not been studied in cVs (14). in this study, we
aimed to investigate the possible therapeutic effects
of clenbuterol on cVs after sAh in rats.

Materials and methods

The experiment was performed in accordance
with institutional Guidelines for the care and use of
laboratory animals and all protocols were approved
by Pamukkale university Medical Faculty ethics
committee. eighteen male albino Wistar rats, each
weighing 200-250 g, were randomized into three
groups; Group 1 (control group) (n = 6): having no
sAh and no treatment, Group 2 (sham to the exper-
iment group) (n = 6): having only sAh and Group
3 (experiment group) (n = 6): having sAh treated
with clenbuterol. All animals were kept at the same
 environmental temperature (22°c) and humidity.
Throughout the experiment, the rats were let free
 access to food and water. 
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exPeriMenTAL sAh MoDeL AnD TreATMenT ProTocoL

The rats were initially anesthesized with intra -
muscular injections of ketamine hydrochloride
(40 mg/kg) and xylazine (10 mg/kg) and were
 allowed to breathe spontaneously throughout the
procedures.

experimental sAh was induced using a modified
rat double hemorrhage model (25). under sterile
conditions, a 23-gauge butterfly needle was inserted
percutaneously into the cisterna magna and 0.1 ml
cerebrospinal fluid (csF) was withdrawn, thereafter
the same amount of fresh nonheparinized autologous
blood obtained from the tail artery was slowly in-
jected into the subarachnoid space to induce the first
sAh. The same procedure was repeated after
48 hours in identical manner for induction of the sec-
ond sAh. 

clenbuterol tablets were pulverized manually and
dissolved in saline solution by mechanical mixing.
no precipitation was observed in the prepared
 solution. clenbuterol was administered twice daily
in 12-hour intervals for three days at a dose of
0,1 mg/kg/day. The drug was given directly into the
stomach through a gastric tube. 

The animals were sacrificed under general anes-
thesia after 72 hours following sAh and were tran-
scardially perfused with 50 ml of phosphate-buffered
saline and then 100 ml of 4% paraformaldehyde to
fix the basilar arteries at their insitu diameter. After
perfusion and fixation, the brains were removed
totally  . Widespread subarachnoid hemorrhage was
macroscopically observed on the basal side of the
brain stem around the vertebro-basillary system in
groups 2 and 3 rats.

MorPhoMeTric AnALYsis

All tissue specimens were kept in 10% formal -
dehyde solution for 24 hours. They were embedded
in paraffin and cut into 5-µm slices using steel knife
rotator microtome. Then they were stained with
hematoxylin and eosin. Three sections from the top,
middle, and bottom of the basilar artery were used
for measurements. The slices were evaluated with a
light microscope and each section was digitally
 photographed. The luminal diameter of the basilar
artery was measured on each section with an optic
micrometer by an experienced pathologist blinded
to the groups. The mean value was calculated for
each basilar artery.

sTATisTicAL AnALYsis

shapiro Wilk’s test was used to assess the distri-
bution of the data. one-way AnoVA was used to

compare the mean values of the groups followed by
Tukey’s multiple comparisons. sPss 13.0 was used
for the statistical analyses and p values less than 0.05
were considered significant.

Results

The groups were similar in terms of body weight
and mean arterial blood pressure. Photomicrographs
of representative slices showed typical features of
vasospasm.

The distribution of the basilar artery diameters are
shown in Figure 1. Mean basilar artery diameters
were found to be different between the three groups
(p < 0.001). Mean value of Group 2 was signifi-
cantly lower than that of Group 1 (p < 0.001). While
mean value of Group 3 was significantly greater than
that of Group 2 (p = 0.001), Groups 1 and 3 were
found to be similar (p = 0.242). 

Discussion

in this study, we have investigated the impact of
clenbuterol on cVs in a rat model and our results
have shown that it had favorable effects. 

cerebral vasospasm is an important cause of cere-
bral ischemia after sAh (2, 22). several cytokines
or neuropeptides have been proposed to play role in
the pathogenesis of vasospasm (13, 22, 27). Accord-
ingly, many treatment alternatives have been tried
and those include calcium antagonists, magnesium,
antiinflammatory drugs, no-related vasodilators,
 endothelin antagonists, statins, antioxidants and
free radical scavengers, serine protease inhibitors,

FiG. 1. — Box-plot graphics demonstrating the distribution of
the basilar artery diameters in each group (x axis = group, y axis
= basilar artery diameter).
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 raloxifene etc. (1, 5, 6, 8, 11, 13, 17, 19, 22, 23, 26).
however, despite accumulating experimental and
clinical data, its mechanism is yet unclear. 

The release of no from the endothelium for auto -
regulation of cerebral vascular tone has an important
role in the pathogenesis of cVs after sAh (17, 24,
27). clenbuterol has been shown to reduce contrac-
tion in the endothelium-denued mesenteric arteries
of the rat via no release, through the activitation of
B2-adrenoceptors probably present in nitrergic
nerves (14). inflammation has also a significant role
in the pathophysiology of cerebral vasospasm (18,
27).

Thus, anti-inflammatory agents that modulate the
early extravasation of leukocytes into the subarach-
noid space have been proposed to be adjuncts in the
treatment of cVs (2, 17). Beta agonists, by increas-
ing the intracellular cAMP levels, inhibit the produc-
tion of proinflammatory cytokines (28). Due to its
diffusion through the blood-brain barrier, direct
 effects on the central nervous system, anti-
 inflammatory and neuroprotective features and
 capability in reducing the contractile responses of

the arteries can make clenbuterol a potential thera-
peutic agent in the treatment of cVs (12, 18, 20). 

We may conclude that clenbuterol has favorable
effects in the treatment of rat cVs. The effective
treatment dose of clenbuterol and its mechanism (its
molecular effects) on cVs need further investiga-
tions.
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FiG. 2. — Photomicrographs of the basilar artery from a nor-
mal rat (A) after sAh (B) and after treatment (c). corrugation
of the internal elastic lamina, thickening and vacuolization of
the arterial wall, and narrowing of the cross-sectional diameter
is seen (B).

A

B

C

05-benek-_Opmaak 1  22/09/11  14:37  Pagina 203



204                                                                       B. Benek eT AL.                                                                             

oxide donor from a controlled-release polymer: toxi-
city and efficacy studies in rabbits and rats. stroke.
2002;33:2681-2686.

7. Grasso G. An overview of new pharmacological treat-
ments for cerebrovascular dysfunction after experi-
mental subarachnoid hemorrhage. Brain res Brain
res rev. 2004;44:49-63.

8. Gulsen s, inci s, Yuruk s, Yasar u, ozgen T. effect
of raloxifene on cerebral vasospasm following exper-
imental subarachnoid hemorrhage in rats. neurol
Med chir (Tokyo). 2007;47:537-542. 

9. hop JW, rinkel GJ, Algra A, van Gijn J: case-fatality
rates and functional outcome after subarachnoid hem-
orrhage: a systematic review. stroke. 1997;28:660-
664.

10. kazanietz MG, Gutkind Js, enero MA. interaction
between beta 2- and alpha 2-adrenoceptor responses
in the vascular system: effect of clenbuterol. eur J
Pharmacol. 1986;130:119-124. 

11. keyrouz sG, Diringer Mn. clinical review: Preven-
tion and therapy of vasospasm in subarachnoid
 hemorrhage. crit care. 2007;11:220.

12. Laan, Bull s, van nieuwstadt rA, Fink-Gremmels J.
The effect of aerosolized and intravenously adminis-
tered clenbuterol and aerosolized fluticasone
 propionate on horses challenged with Aspergillus
 fumigatus antigen. Vet res commun. 2006;30:623-
635.

13. Liu-Deryke x, rhoney Dh. cerebral vasospasm after
aneurysmal subarachnoid hemorrhage: an overview
of pharmacologic management. Pharmacotherapy.
2006;26:182-203.

14. Marin J, Balfagon G. effect of clenbuterol on non-
endothelial nitric oxide release in rat mesenteric
 arteries and the involvement of beta-adrenoceptors.
Br J Pharmacol. 1998;124:473-478. 

15. Mayberg Mr, Batjer hh, Dacey r, Diringer M,
haley ec, heros rc. et al. Guidelines for the man-
agement to aneurysmal subarachnoid hemorrhage.
stroke. 1994;25:2315-2328. 

16. Megyesi JF, Vollrath B, cook DA, Findlay JM. in
vivo animal models of cerebral vasospasm: a review.
neurosurgery. 2000;46:448-461.

17. Mocco J, Brad e. zacharia, ricardo J. komotar, e.
sander connolly Jr. A review of current and future
medical therapies for cerebral vasospasm following
aneurysmal subarachnoid hemorrhage. neurosurg
Focus. 2006;21:e9.

18. Mocco J, Mack WJ, kim Gh, Lozier AP, Laufer i,
kreiter kT. et al. rise in serum soluble intercellular
adhesion molecule-1 levels with vasospasm follow-
ing aneurysmal subarachnoid hemorrhage. J neuro-
surg. 2002;97:537-541.

19. Pradilla G, Wang PP, Legnani FG, ogata L, 
Dietsch Gn, Tamargo rJ. Prevention of vasospasm

by anti-cD11/cD18 monoclonal antibody therapy
following subarachnoid hemorrhage in rabbits.
J neuro surg. 2004;101:88-92.

20. Teng YD, choi h, huang W, onario rc,
Frontera Wr, snyder eY, sabharwal s. Therapeutic
effects of clenbuterol in a murine model of amyo -
trophic lateral sclerosis. neurosci Lett. 2006;397:
155-158.

21. Thomas Je, nemirovsky A, zelman V, Giannotta sL.
rapid reversal of endothelin-1-induced cerebral vaso-
constriction by intrathecal administration of nitric
oxide donors. neurosurgery. 1997;40:1245-1249.

22. Treggiari-Venzi MM, suter PM, romand JA. review
of medical prevention of vasospasm after aneurysmal
subarachnoid hemorrhage: a problem of neurointen-
sive care. neurosurgery. 2001;48:249-262.

23. Vajkoczy P, Meyer B, Weidauer s, raebe A,
Thome c, ringel F. et al. clazosentan (AxV-
034343), a selective endothelin A receptor antagonist,
in the prevention of cerebral vasospasm following
 severe aneurysmal subarachnoid hemorrhage: results
of a randomized, double-blind, placebo-controlled,
multi center phase iia study. J neurosurg. 2005;103:9-
17. 

24. Vatter h, Weidauer s, Dias s, Preibisch c, ngone s,
raabe A. et al. Persistence of the nitric oxide-
 dependent vasodilator pathway of cerebral vessels
after experimental subarachnoid hemorrhage. neuro-
surgery. 2007;60:179-187. 

25. Vatter h, Weidauer s, konczalla J, Dettmann e,
 zimmermann M, raabe A. et al. Time course in the
development of cerebral vasospasm after experimen-
tal subarachnoid hemorrhage: clinical and neuro -
radiological assessment of the rat double hemorrhage
model. neurosurgery. 2006;58:1190-1197

26. Veyna rs, seyfried D, Burke DG, zimmerman c,
Mlynarek M, nichols V. et al. Magnesium sulfate
therapy after aneurysmal subarachnoid hemorrhage.
J neurosurg. 2002;96:510-514.

27. Weir B, stoodley M, Macdonald r. etiology of
 cerebral vasospasm. Acta neurochir. 1999;72:27-46.

28. Yoshimura T, kurita c, nagao T, usami e, nakao T,
Watanabe s. et al. inhibition of tumor necrosis  factor-
alpha and interleukin-1-beta production by beta-
adrenoceptor agonists from lipopolysaccharide-
stimulated human peripheral blood mononuclear
cells. Pharmacology. 1997;54:144-152.

Doç. Dr. Bayram cirak, M.D., 
Pamukkale universitesi,

Tip Fakultesi,
norosirurji Anabilim Dali,

Denizli (Turkiye).
e-mail: bayramcirak@yahoo.com

05-benek-_Opmaak 1  22/09/11  14:37  Pagina 204




