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Abstract 3-Hydroxy-3-methylglutaryl coenzyme A (HMG

CoA) reductase inhibitors, commonly known as statins, are

widely used clinically for their lipid lowering properties.

Recent experimental evidence shows that statins are also

effective in ameliorating cerebral vasospasm, which occurs

as sequelae of subarachnoid hemorrhage. This literature re-

view focuses on the literature-based putative mechanisms

involved in statin mediated attenuation of cerebral vasospasm,

such as eNOS, vascular inflammation, apoptosis, especially

the phosphatidylinositol 3-kinase/Akt (PI3K/Akt) pathway

from our experimental study.
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Introduction

In addition to their cholesterol lowering effect, statins are

well known to exhibit many pleiotropic actions. Statins

improve the integrity of endothelial cells and preserve the

endothelial function [8]. Statins are likely to protect against

cerebral vasospasm by improving endothelial function [7],

inhibiting Rho kinase [1], Endothelin-1 [6], Inflammation

[12], NADPH oxidase [4], and Caveolin-1 [11] signaling

pathway in endothelial cells and vascular smooth muscle.

These statins’ effects on each pathway have been shown

mainly in the cardiovascular fields. To date, only five animal

studies evaluated the effect of statins on cerebral vasospasm

have been published (Table 1).

This statins’ effect on cerebral vasospasm was shown by

McGirt et al. in 2002 [9] for the first time. They showed that

simvastatin pretreatment increased middle cerebral artery

diameter and reduced neurological deficits with increasing

eNOS protein simultaneously; however, simvastatin post-

treatment caused a modest increase in middle cerebral artery

diameter and reduced neurological deficits without increas-

ing eNOS protein. They concluded that the mechanism may

be attributable in part to eNOS upregulation. McGirt et al.

also showed inflammation as the possible mechanism in

2006 [10]. They reported that basilar artery diameter was

greater in simvastatin treated rabbits versus vehicle and

simvastatin attenuated the increase in perivascular CD18-

positive cells after SAH simultaneously. They concluded

that subcutaneous administration of simvastatin after the

onset of SAH attenuates perivascular granulocyte migration

and ameliorates basilar artery vasospasm after experimental

SAH in rabbits, and simvastatin may potentially serve as

agents in the prevention of cerebral vasospasm after SAH.

Bulsara et al. evaluated amelioration of cerebral vaso-

spasm during simultaneous upregulation of NO with simva-

statin and immunosuppression with cyclosporin A in 2006

[2]. They showed that vasodilation greater than baseline is

seen at day 10 in the simvastatin group, but the combination

of simvastatin and cyclosporine does not ameliorate cerebral

vasospasm in a canine model to a greater extent than simva-

statin alone. They concluded that the results lead us to

suggest that combined therapy with cyclosporine and simva-

statin is not as efficacious in ameliorating vasospasm as

simvastatin alone; interestingly, cyclosporin may limit the

beneficial effect of simvastatin.
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Gao Cheng et al. explored apoptosis inhibiting effects of

atorvastatin and its potential apoptotic signal pathway in

2009 [3]. They reported that ameliorating cerebral vaso-

spasm was obtained after prophylactic use of atorvastatin

with marked reducing TUNEL positive cells both in basilar

artery and in brain cortex by atorvastatin; apoptosis-related

proteins P53, apoptosis-inducing factor and cytochrome c

(in hippocampus and basal cortex) were up-regulated after

SAH while they were not affected by atorvastatin, and up-

regulation of caspase-3 and caspase-8 (in hippocampus and

basal cortex) after SAH was decreased by atorvastatin treat-

ment both in mRNA and in protein levels. They concluded

that the neuroprotective effects of atorvastatin after SAH

may be related to its inhibition of caspase dependent proa-

poptotic pathway based on their results.

We investigated the role of the PI3K/Akt pathway and

endothelial nitric oxide synthase (eNOS) in the cerebral

vasculature in statin-mediated attenuation of cerebral vaso-

spasm using wortmannin, a pharmacologic irreversible PI3K

inhibitor, and a rat endovascular perforation model of SAH.

Materials and Methods

Simvastatin was administered intraperitoneally in two

dosages (1 mg/kg and 20 mg/kg) at 0.5, 24, and 48 h after

SAH. Morphology, such as diameter, perimeter, and wall

thickness, with histology of the ipsilateral intracranial carot-

id artery (ICA); proteins, such as Akt, eNOS, phosphory-

lated Akt (pAkt), and phosphorylated eNOS (peNOS),

with western blot and fluorescence immunohistochemical

staining; and neurological deficits with a modification of

the scoring system reported by Garcia et al. [5], were

assessed at 24 and 72 h after SAH.

Results

SAH significantly decreased ICA diameter and perimeter

while increasing wall thickness at both 24 and 72 h. High

dosages of simvastatin prevented the reduction of ICA di-

ameter and perimeter following SAH, and both high and low

dosages significantly reduced wall thickness at 24 and 72 h.

The effects of simvastatin were reversed by wortmannin.

High-dosage simvastatin increased pAkt and peNOS (phos-

phorylated forms) levels without increasing Akt and eNOS

expression when compared with the SAH group. This treat-

ment also improved neurological deficits at 24 and 72 h.

Simvastatin did not induce changes in protein levels in the

absence of SAH, as both vehicle and simvastatin treated

shams at equal levels. This study elucidates the critical role

of the PI3K activation leading to phosphorylation of Akt and T
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eNOS in simvastatin-mediated attenuation of cerebral vaso-

spasm after SAH.

Conclusion

This study showed that PI3K activation, leading to phos-

phorylation of Akt and eNOS by statin, may be one of the

important roles in simvastatin-mediated attenuation of cere-

bral vasospasm after SAH. Further investigation of proposed

pathway is needed to clear the mechanisms of cerebral

vasospasm after SAH.

Conflict of interest statement We declare that we have no con-

flict of interest.

References

1. Budzyn K, Marley PD, Sobey CG. Targeting Rho and Rho-kinase

in the treatment of cardiovascular disease. Trends Pharmacol Sci.

2006;27:97–104.

2. Bulsara KR, Coates JR, Agrawal VK, Eifler DM,Wagner-Mann CC,

Durham HE, et al. Effect of combined simvastatin and cyclosporine

compared with simvastatin alone on cerebral vasospasm after sub-

arachnoid hemorrhage in a canine model. Neurosurg Focus.

2006;21:E11.

3. Cheng G, Wei L, Zhi-Dan S, Shi-Guang Z, Xiang-Zhen

L. Atorvastatin ameliorates cerebral vasospasm and early brain

injury after subarachnoid hemorrhage and inhibits caspase-depen-

dent apoptosis pathway. BMC Neurosci. 2009;10:7.

4. Erdos B, Snipes JA, Tulbert CD, Katakam P, Miller AW,

Busija DW. Rosuvastatin improves cerebrovascular function in

Zucker obese rats by inhibiting NAD(P)H oxidase-dependent su-

peroxide production. Am J Physiol Heart Circ Physiol. 2006;290:

H1264–270.

5. Garcia JH, Wagner S, Liu KF, Hu Xj. Neurological deficit and

extent of neuronal necrosis attributable to middle cerebral artery

occlusion in rats. Stroke 1995;26:627–635.

6. Hernandez-Perera O, Perez-Sala D, Navarro-Antolin J, Sanchez-

Pascuala R, Hernandez G, Diaz C, et al. Effects of the 3-hydroxy-

3-methylglutaryl-CoA reductase inhibitors, atorvastatin and

simvastatin, on the expression of endothelin-1 and endothelial

nitric oxide synthase in vascular endothelial cells. J Clin Invest.

1998;101:2711–2719.

7. Laufs U, Fata VL, Liao JK. Inhibition of 3-hydroxy-3-methylglutaryl

(HMG)-CoA reductase blocks hypoxia-mediated down-regulation

of endothelial nitric oxide synthase. J Biol Chem. 1997;272:

31725–31729.

8. Laufs U, La F, V, Plutzky J, Liao JK. Upregulation of endothelial

nitric oxide synthase by HMG CoA reductase inhibitors. Circulation

1998;97:1129–1135.

9. McGirt MJ, Lynch JR, Parra A, Sheng H, Pearlstein RD,

Laskowitz DT, et al. Simvastatin increases endothelial nitric

oxide synthase and ameliorates cerebral vasospasm resulting

from subarachnoid hemorrhage. Stroke 2002;33:2950–2956.

10. McGirt MJ, Pradilla G, Legnani FG, Thai QA, Recinos PF,

Tamargo RJ, et al. Systemic administration of simvastatin after

the onset of experimental subarachnoid hemorrhage attenuates

cerebral vasospasm. Neurosurgery 2006;58:945–951.

11. Pelat M, Dessy C, Massion P, Desager JP, Feron O, Balligand JL.

Rosuvastatin decreases caveolin-1 and improves nitric oxide-de-

pendent heart rate and blood pressure variability in apolipoprotein

E-/- mice in vivo. Circulation 2003;107:2480–2486.

12. Vaughan CJ, Gotto AM Jr, Basson CT. The evolving role of statins

in the management of atherosclerosis. J Am Coll Cardiol. 2000;

35:1–10.

Mechanisms of Statin Treatment in Cerebral Vasospasm 11



http://www.springer.com/978-3-7091-0355-5


	Chapter : Mechanisms of Statin Treatment in Cerebral Vasospasm
	Introduction
	Materials and Methods
	Results
	Conclusion
	References


