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Development of Drug Delivery System for Intrathecal Administration and
Its Therapeutic Effect on Cerebral Vasospasm and Ischemia

Tatsuhiro ISHIDA

Department of Pharmacokinetics and Biopharmaceutics, The University of Tokushima,
1-78—1 Sho-machi, Tokushima 770-8505, Japan

(Received April 5, 2004)

To date, the pharmacologic approach to cerebral vasospasm and ischemia has been hampered in part by an inability
to attain sufficiently high concentrations of drugs in the cerebrospinal fluid (CSF). To overcome this limitation of cur-
rent drug therapy, we have developed a sustained-release preparation of the protein kinase inhibitor fasudil. Experimen-
tal cerebral vasospasm in rats and dogs was induced by double injection of autologous arterial blood into the cisterna
magna. Focal cerebral ischemia in rats was induced by middle cerebral artery occlusion using an intraluminal suture
technique. A single intrathecal injection of liposomal fasudil can maintain a therapeutic the drug concentration in the
CSF due to the sustained-release property of liposomes, significantly decreasing intarct size of acute ischemia and
decreasing vasoconstriction of the basilar artery in cerebral vasospasm. This novel approach for the treatment of

cerebral vasospasm and ischemia may have significant potential for use in the clinical setting.
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Fig. 1. Vasodilator Action of Fasudil in the Contraction of Smooth Muscle Cells

The mechanism of action of Fasudil as an antivasospatic agent is thought to be not only block of Ca2* entry but also inhibition of a variety of serine/threonine
protein kinases, including myosin light chain kinase (MLCK), protein kinase C (PKC), and Rho-associated kinase (Rho kinase) . PI cycle: phosphatidylinositol cy-
cle, PC cycle: phosphatidylcholine cycle, PL: phospholipase, AA: arachidonic acid, DAG: 1,2-diacylglycerol, IP;: inositoltrisphosphate, CaM: calmoduline,

MAPK: mitogen-activated protein kinase, CaP: calponin.
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Fig. 2. Release of the Contents from either Fasudil (@) or
CF (A)-loaded Liposomes in Human CSF

Fasudil was encapsulated into preformed liposomes by means of
remote-loading with an ammonium sulfate gradient. CF was passively encap-
sulated into the liposomes. These liposomes were incubated in human CSF at
37°C. For the fasudil-loaded liposomes, aliquots were removed at specified
time points and applied to a Sepharose CL-4B column which had been
equilibrated with the liposomes from the leaked drug. The latency of the
drug was determined. For the CF-loaded liposomes, aliquots were removed
at specified time points, to determine the increase in fluorescence due to
released CF. (Cited from Ref. 19).
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Fig. 3. Right Microscopic Evaluation of Rat Basilar Artery
on 7 Days after SAH

When compared to normal caliber obtained from sham-operated group
(upper), basilar artery in control group reveals not only marked vasocon-
striction but also endothelial corrugation (lower). On the contrary, treat-
ment with liposomal fasudil substantially prevents vasoconstriction on rat
basilar artery (middle). Scale bar indicates 100 um. (Hematoxylin eosin,
magnification X200) (Cited from Ref. 23).
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Fig. 4. Vertebral Angiograms Obtained on Day 0 (left) and 7
(right) from Dogs Treated with Drug-free Liposomes (A)
and Liposomal Fasudil (B)

Severe vasospasm in the basilar artery is apparent in a dog treated with
drug-free liposomes (A, right), whereas only mild narrowing of the basilar
artery is observed in a dog treated with liposomal fasudil (B, right). (Cited
from Ref. 24).
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Fig. 5. Photograph of Representative Slice in the Control
(left column) and Treated Rats (right column) Following
Focal Cerebral Ischemia

The infarct area appears as unstained following staining with 2,3,5-
triphenyltetrazolium chloride (TTC). Note the significant reduction of in-

farct area in each slice from the treated rat brain. (Cited from Ref. 26).
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