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(57) ABSTRACT 

The present invention provides methods for the treatment or 
the prevention of neuronal damage in the CNS. Speci?cally, 
the methods of the invention provide for the administration of 
a therapeutically effective amount of a progestin or progestin 
metabolite following a traumatic or ischemic injury to the 
CNS such that, prior to termination of administration of the 
progestin or progestin metabolite the administration is 
tapered to avoid Withdrawal. The drug taper employed can 
involve a linear taper, an exponential taper, progressively 
dividing administered doses by 50%, or can be determined 
based on the treating physician’s assessment of the patient’s 
response to therapy. The tapered administration methods of 
the present invention may be used in combination With any 
therapeutic protocol or regimen for the administration of a 
therapeutically effective amount of a progestin or progestin 
metabolite to treat a traumatic or ischemic CNS injury. 
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Figure 8 
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Figure 9 
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METHODS FOR THE TREATMENT OF A 
TRAUMATIC CENTRAL NERVOUS SYSTEM 
INJURY VIA A TAPERED ADMINISTRATION 

PROTOCOL 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[0001] This invention Was made With United States Gov 
ernment support under grant numbers R01 N5038664-04 and 
R01N5040825-03 awarded by the National Institute of Neu 
rological Disorders and Stroke (NINDS) of the National 
Institutes of Health. The United States Government has cer 
tain rights in the invention. 

FIELD OF THE INVENTION 

[0002] The invention relates to methods for treating a trau 
matic or ischemic injury to the central nervous system. 

BACKGROUND OF THE INVENTION 

[0003] There is growing experimental evidence that 
progesterone, its metabolites and other gonadal steroids such 
as estrogen and possibly testosterone, are effective neuropro 
tective agents; although the speci?c, physiological mecha 
nisms by Which these hormones act in the central nervous 
system to enhance repair are not completely understood. In 
addition to being a gonadal steroid, progesterone also belongs 
to a family of autocrine/paracrine hormones called neuro ster 
oids. Neurosteroids are steroids that accumulate in the brain 
independently of endocrine sources and Which can be synthe 
siZed from sterol precursors in glial cells. These neurosteroids 
can potentiate GABA transmission, modulate the effects of 
glutamate, enhance the production of myelin, reduce the 
expression of in?ammatory cytokines and prevent release of 
free radicals from activated microglia. 
[0004] In vivo data has demonstrated progesterone’s neu 
roprotective effects in injured nervous systems. For example, 
folloWing a contusion injury, progesterone reduces the sever 
ity of post injury cerebral edema. The attenuation of edema by 
progesterone is accompanied by the sparing of neurons from 
secondary neuronal death and improvements in cognitive 
outcome (Roof et al. (1 994) Experimental Neurology 129164 
69). Furthermore, folloWing ischemic injury in rats, proges 
terone has been shoWn to reduce cell damage and neurologi 
cal de?cit (Jiang et al. (1996) Brain Research 7351101-107). 
Progesterone’s protective effects may be mediated thorough 
its interaction With GABA and/or glutamate receptors as Well 
as its effects on in?ammatory cytokines and aquaporin 
expression Which are mediated by the intranuclear progest 
erone receptor. 
[0005] Various metabolites of progesterone have also been 
suggested to have neuroprotective properties. For instance, 
the progesterone metabolites allopregnanolone or epipreg 
nanolone are positive modulators of the GABA receptor, 
increasing the effects of GABA in a manner that is indepen 
dent of the benZodiaZepines (Baulieu, E. E. (1992) Adv. Bio 
chem. Psychopharmacol. 4711-16; Robel et al. (1995) Cril. 
Rev. Neurobiol. 91383-94; Lambert et al. (1995) Trends Phar 
macol. Sci. 161295-303; Baulieu, E. E. (1997) Recent Prog. 
Horm. Res. 5211-32; Reddy et al. (1996) Psychopharmacol 
ogy 1281280-92). In addition, these neurosteroids act as 
antagonists at the sigma receptor: a receptor that can activate 
the NMDA channel complex (Maurice et al. (1998) Neuro 
science 831413-28; Maurice et al. (1996) J. Neurosci. Res. 
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461734-43; Reddy et al. (1998) Neuroreporl 913069-73). 
These neurosteroids have also been shoWn to reduce the 
stimulation of cholinergic neurons and the sub sequent release 
of acetylcholine by excitability. Numerous studies have 
shoWn that the cholinergic neurons of the basal forebrain are 
sensitive to traumatic brain injury and that excessive release 
of acetylcholine can be more excitotoxic than glutamate (Ly 
eth et al. (1992) J. Neurolrauma 9(2)1S463-74; Hayes et al. 
(1992) J. Neurolrauma 9(1)1S173-87). 
[0006] FolloWing a traumatic injury to the central nervous 
system, a cascade of physiological events leads to neuronal 
loss including, for example, an in?ammatory immune 
response and excitotoxicity resulting from the initial impact 
disrupting the glutamate, acetylcholine, cholinergic, 
GABAA, and NMDA receptor systems. In addition, the trau 
matic CNS injury is frequently folloWed by brain and/or 
spinal cord edema that enhances the cascade of injury and 
leads to further secondary cell death and increased patient 
mortality. 
[0007] Other kinds of CNS injury can set into motion dif 
ferent physiological events that lead to neuronal loss. For 
example, ischemic injury occurs When blood ?oW to the CNS 
is interrupted. During ischemia, consumed cellular ATP usu 
ally cannot be adequately replenished in the absence of a 
supply of oxygen. Other physiological events associated With 
ischemic CNS injury include release or overexpression of 
proteins such as neuron-speci?c enolase (NSE), myelin basic 
protein, glial ?brillary acidic protein (GFAP), the S-100 pro 
tein, and the gamma isoforrn of protein kinase C (PKCg), 
stimulation of membrane phospholipid degradation and sub 
sequent free-fatty-acid accumulation, cellular acidosis, 
glutamate release and excitotoxicity, calcium ion in?ux, and 
free radical generation. 
[0008] Signi?cant ischemia in the CNS occurs With stroke, 
leading to rapid cell death in the core regions of the stroke 
Where blood ?oW is reduced to about 20% of normal levels. 
HoWever, there is a larger area of potential injury, called the 
ischemic penumbra, Where blood ?oW is reduced to a lesser 
extent. Cells in this region are endangered, but may not be 
irreversibly damaged. 
[0009] Because of limitations in current therapies for CNS 
injuries as described above, improved methods for treating 
traumatic and ischemic CNS injury are needed. 

SUMMARY OF THE INVENTION 

[0010] Methods for the treatment or the prevention of neu 
ronal damage in the CNS are provided. In particular, the 
present invention provides a method of administration of a 
therapeutically effective amount of a progestin or progestin 
metabolite folloWing a traumatic or ischemic injury to the 
CNS such that, prior to termination of the pro gestin or pro ges 
tin metabolite administration is tapered to avoid WithdraWal. 
The drug taper employed can involve a linear taper, an expo 
nential taper, progressively dividing administered doses by 
50%, or can be determined based on the treating physician’s 
assessment of the patient’s response to therapy. The tapered 
admini stration methods of the present invention may be used 
in combination With any therapeutic protocol or regimen for 
the administration of a therapeutically effective amount of a 
progestin or progestin metabolite to treat a traumatic or 
ischemic CNS injury. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 shoWs a dosage response curve forbehavioral 
recovery folloWing a traumatic brain injury. FIGS. 1A and 
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1 13 demonstrate that following treatment With loW (8 mg/kg), 
moderate (16 mg/kg), and high (32 mg/kg) doses of proges 
terone in a cyclodextrin-containing carrier, both loW and 
moderate doses of progesterone produced consistent 
improvement in Morris Water maZe performance. 

[0012] FIG. 2 shoWs the results from the “sticker removal 
task” following treatment With loW (8 mg/kg), moderate (l 6 
mg/kg), and high (32 mg/kg) dosages of progesterone in a 
cyclodextrin-containing carrier. 
[0013] FIG. 3 shoWs somatosensory neglect data at one day 
(FIG. 3A) and one Week (FIG. 3B) post-WithdraWal. FIG. 3A 
shoWs that at one day post-WithdraWal, TWL animals shoWed 
decreased latency compared to VL and AWL animals (#, 
p<0.05). AWS rats demonstrated elevated sensory de?cien 
cies compared to the TWS and VS groups (*, p<0.05). FIG. 
3B shoWs that at one Week post-WithdraWal, sham animals 
demonstrated equivalent latency, While tapered treatment 
maintained decreased latency compared to acute and vehicle 
treatment (#, p<0.05). 
[0014] FIG. 4 shoWs center time, as determined from Digis 
can Locomoter Activity Boxes, betWeen one FIG. 4A) and 
seven (FIG. 4B) days post-WithdraWal. FIG. 4A shoWs that 
one day after WithdraWal, center time Was increased for TWS 
animals compared to all other shams (#, p<0.05), While TWL 
center time Was increased compared to other lesion groups 
(**, p<0.05). AWL animals increased center time compared 
to vehicle animals (##, p<0.05), and AWS animals signi? 
cantly decreased center time compared to VS animals (*, 
p<0.05). FIG. 4B shoWed that TWL center time one Week 
after WithdraWal is increased over AWL (**, p<0.05), Which 
is increased over VL (##, p<0.05). No difference Was seen 
betWeen sham groups. 

[0015] FIG. 5 shoWs p53 Western blotting densitometry 
betWeen experimental groups demonstrating an increase in 
apoptotic activity for VL animals over all other treatment 
groups (*, p<0.05). 
[0016] FIG. 6 shoWs HSP70 Western blotting densitometry 
betWeen experimental groups demonstrating an increase for 
TWL animals over all other groups (*, p<0.05). 

[0017] FIG. 7 shoWs BDNF Western blot densitometry 
betWeen experimental groups demonstrating an increase for 
TWL animals over all other groups (*, p<0.05), folloWed by 
AWL (#, p<0.05). VL BDNF levels Were comparable to 
shams. 

[0018] FIG. 8 shoWs representative images of selected sec 
tions anterior to bregma (FIG. 8A), and quanti?ed data for 
each lesion group (FIG. 8B). FIG. 8A shoWs representative 
thionin-stained sections at m anterior to bregma for lesion 
animals. FIG. 8B shoWs percent lesion volume at 3 Weeks 
post-injury is greatest in vehicle-treated animals, folloWed by 
those With acute WithdraWal (*, p<0.05) and tapered With 
draWal (#, p<0.05). 
[0019] FIG. 9 shoWs relative reactive astrocytes as deter 
mined by immuno?uorescent GFAP staining at three Weeks 
post-injury. FIG. 9A shoWs immuno?uorescent staining for 
GFAP in brain slices from the folloWing groups: (A) VL; (B) 
AWL; (C) TWL; (D) VS; (E) AWS; and (F) TWS. Images are 
shoWn at 40x, With 10 um represented. FIG. 9B shoWs quan 
ti?cation of luminosity for GFAP immuno?uorescent stain 
ing of reactive astrocytes indicates the greatest response in 
VL (*, p<0.05) animals, folloWed by AWL (**, p<0.05) and 
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TWL animals. AWS animals had signi?cantly elevated levels 
of reactive astrocytes compared to other sham groups In (#, 
p<0.05). 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present invention provides methods and com 
positions for the treatment or prevention of neurodegenera 
tion folloWing a traumatic or ischemic injury to the central 
nervous system. In particular, the methods of the invention 
provide for the administration of a therapeutically effective 
amount of a progestin or progestin metabolite folloWing a 
traumatic or ischemic injury to the CNS such that, prior to 
termination of administration of the progestin or progestin 
metabolite the administration is tapered to avoid WithdraWal. 
As described in further detail elseWhere herein, the present 
invention demonstrates that the tapered administration alloWs 
for a more bene?cial CNS repair than When an abrupt termi 
nation of the progestin or progestin metabolite occurs. 
[0021] By “treatment” is intended any improvement in the 
subject having the traumatic or ischemic injury including 
both improved morphological (i .e., enhanced tissue viability) 
and/ or behavioral recovery. The improvement can be charac 
teriZed as an increase in either the rate and/or the extent of 
behavioral and anatomical recovery folloWing the traumatic 
or ischemic CNS injury. Accordingly, a “positive therapeutic 
response” induces both a complete response and a partial 
response. Various methods to determine if a complete or 
partial therapeutic response has occurred are disclosed else 
Where herein. 
[0022] Neurodegeneration is the progressive loss of neu 
rons in the central nervous system. As used herein, “neuro 
protection” is the arrest and/ or reverse progression of neuro 
degeneration folloWing a traumatic or ischemic central 
nervous system injury. Hence, the methods of the invention 
also ?nd use in reducing and/ or preventing the physiological 
events leading to neurodegeneration. Speci?cally, the present 
invention provides methods for reducing or eliminating neu 
ronal cell death, edema, ischemia, and enhancing tissue 
viability folloWing a traumatic or ischemic injury to the cen 
tral nervous system. 
[0023] The sex hormones are steroids that may be classi?ed 
into functional groups according to chemical structure and 
physiological activity and include estrogenic hormones, 
progestational hormones, and androgenic hormones. Of par 
ticular interest in the methods of the present invention are 
progestational hormones, referred to herein as “progestins” 
or “progestogens”, and their derivatives and bioactive 
metabolites. Members of this broad family include steroid 
hormones disclosed in Remington ’s Pharmaceutical Sci 
ences, Gennaro et al., Mack Publishing Co. (18th ed. 1990), 
990-993. As With all other classes of steroids, sterioisomer 
ism is of fundamental importance With the sex hormones. 
Hence, a variety of progestins (i.e., progesterone) and their 
derivatives are encompassed by the present invention, includ 
ing both synthetic and natural products. In one aspect of the 
invention, the progestin or progestin metabolite is progester 
one. 

[0024] The term “progesterone” as used herein refers to a 
member of the progestin family and comprises a 21 carbon 
steroid hormone. Progesterone is also knoWn as D4-preg 
nene-3,20-dione; 64-pregnene-3,20-dione; or pregn-4-ene-3, 
20-dione and it its structure is provided beloW as formula (I). 
The progesterone used in the methods of the invention can be 
naturally occurring or synthetic. 
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Formula I 

O 

[0025] Further encompassed by the methods of the inven 
tion are synthetic progestins. As used herein a “synthetic 
progestin” is a molecule Whose structure is related to that of 
progesterone, is synthetically derived, and retains the biologi 
cally activity of progesterone (i.e., treats a traumatic CNS 
injury). Representative synthetic progestin include, but are 
not limited to, modi?cations that produce l7a-OH esters (i.e., 
l70t-hydroxyprogesterone caproate), as Well as, modi?ca 
tions that introduce 60t-methyl, 6-Me, 6-ene, and 6-chloro 
substituents onto progesterone (i.e., medroxyprogesterone 
acetate, megestrol acetate, and chlomadinone acetate). Table 
1 provides further, non-limiting examples, of synthetic 
progestins. 

TABLE 1 
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l70t,20[3,2l -tetrol; allopregnane-30t or 3[3, l l [3, 170.,21 - 
tetrol-20-one, allopregnane-3[3,l70t or 20[3-triol; allopreg 
nane-3[3,l70t,2l-triol-l1,20-dione; allopregnane-3[3,l l [3,21 - 
triol-20-one; allopregnane-3[3, 170.,21 -triol-20-one; 
allopregnane-30t or 3 [3-ol-20-one; pregnanediol; 3,20-preg 
nanedione; pregnan-30t-ol-20-one; 4-pregnene-20,2l -diol-3, 
l l-dione; 4-pregnene-l l [3, l70t,20[3 ,2 l -tetrol-3 -one; 4-preg 
nene-l70t,20[3,2l -triol-3, l l -dione; 4-pregnene-l70t,20[3,2 l - 
triol-3-one, and pregnenolone methyl ether. Further pro gestin 
derivatives include esters With non-toxic organic acids such 
as acetic acid, benZoic acid, maleic acid, malic acid, caproic 
acid, citric acid and the like. Inorganic salts include, for 
example, hydrochloride, sulfate, nitrate, bicarbonate and car 
bonate salts. Additionally, compounds that may ?nd use in the 
present invention include the progestin derivatives that are 
disclosed in US. Pat. No. 5,232,917, herein incorporated by 
reference. 

[0027] The progestin or progestin metabolite may be 
administered per se or in the form of a pharmaceutically 
acceptable salt. When used in medicine, the salts of the 
progestin or progestin metabolite should be both pharmaco 
logically and pharmaceutically acceptable, but non-pharma 
ceutically acceptable salts may conveniently be used to pre 
pare the free active compound or pharmaceutically 
acceptable salts thereof and are not excluded from the scope 
of this invention. Such pharmacologically and pharmaceuti 

Classi?cation of Synthetic Progestins 

Classi?cation Usual classi?cation by generation* 

by structure First Second Third 

Estranes Ethynodiol diacetate (With i i 

ethinyl estradiol: Demulen) 
Norethindrone (Micronor) 
Norethindrone acetate 
(Aygestin) 

Gonanes Norgestrel (Ovrette) Levonorgestrel Desogestrel (With ethinyl 
(Norplant; With estradiol: Desogen) GestodeneT 
ethinyl estradiol: Norgestimate (With ethinyl 
Alesse, Nordette) estradiol: Ortho-Cyclen, 

Ortho Tri-Cyclen) 
Pregnanes Medroxyprogesterone i i 

acetate (Provera) 

* i The traditional classi?cation is based on time since market introduction and not on structural and 

physiologic differences or ef?cacy. 

[0026] As used herein, by “bioactive metabolite” or 
“derivative” of pro gestin is intended any naturally or syntheti 
cally produced progestin that prevents or retards neurodegen 
eration. Such progestin derivatives include, for example, 
derivatives of progesterone, such as 5-dehydroprogesterone, 
6-dehydro-retroprogesterone (dydrogesterone), allopreg 
nanolone (allopregnan-30t, or 3[3-ol-20-one), ethynodiol 
diacetate, hydroxyprogesterone caproate (pregn-4-ene-3,20 
dione, l7-(l-oxohexy)oxy); levonorgestrel, norethindrone, 
norethindrone acetate (l9-norpregn-4-en-20-yn-3-one, l7 
(acetyloxy)-,(l70t)-); norethynodrel, norgestrel, preg 
nenolone, and megestrol acetate. Useful progestins also can 
include allopregnone-30t or 3[3, 20a or 20[3-diol (see Merck 
Index 258-261); allopregnane-3[3,2l-diol-l1,20-dione; allo 
pregnane-3 [3, l70t-diol-20-one; 3 ,20-allopregnanedione, 
allopregnane, 3[3,l l [3, l70t,20[3,2l-pentol; allopregnane-3[3, 

cally acceptable salts can be prepared by reaction of a proges 
tin or progestin metabolite With an organic or inorganic acid, 
using standard methods detailed in the literature. Examples of 
pharmaceutically acceptable salts are organic acids salts 
formed from a physiologically acceptable anion, such as, 
tosglate, methenesulfurate, acetate, citrate, malonate, tart 
arate, succinate, benZoate, etc. Inorganic acid salts can be 
formed from, for example, hydrochloride, sulfate, nitrate, 
bicarbonate and carbonate salts. Also, pharmaceutically 
acceptable salts can be prepared as alkaline metal or alkaline 
earth salts, such as sodium, potassium, or calcium salts of the 
carboxylic acid group. 
[0028] A traumatic injury to the CNS is characterized by a 
physical impact to the central nervous system. For example, a 
traumatic brain injury results When the brain is subjected to a 
physical force that results in progressive neuronal cell dam 
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age and/or cell death. A traumatic brain injury may result 
from a blow to the head and manifests as either an open or 
closed injury. For example, blast injuries are caused by the 
complex pressure Wave generated by an explosion, and can 
include closed injuries such as concussion Without external 
signs of head trauma. Other physical forces that may act on 
the brain include increased intracranial pressure due to, for 
example, subarachnoid or intracranial hemorrhage, tumor 
groWth, ventriculomegaly, or cerebral edema. Severe brain 
damage can occur from lacerations, skull fractures, and con 
versely, even in the absence of external signs of head injury. 
The physical forces resulting in a traumatic brain injury cause 
their effects by inducing three types of injury: skull fracture, 
parenchymal injury, and vascular injury. 
[0029] Parenchymal injuries include concussion, direct 
parenchymal injury and diffuse axonal injury. Concussions 
are characterized as a clinical syndrome of alteration of con 
sciousness secondary to head injury typically resulting from 
a change in the momentum of the head (movement of the head 
arrested against a ridged surface). The pathogenesis of sud 
den disruption of nervous activity is unknown, but the bio 
chemical and physiological abnormalities that occur include, 
for example, depolarization due to excitatory amino acid 
mediated ionic ?uxes across cell membranes, depletion of 
mitochondrial adenosine triphosphate, and alteration in vas 
cular permeability. Postconcussive syndrome may shoW evi 
dence of direct parenchymal injury, but in some cases there is 
no evidence of damage. 

[0030] Contusion and lacerations are conditions in Which 
direct parenchymal injury of the brain has occurred, either 
through transmission of kinetic energy to the brain and bruis 
ing analogous to What is seen in soft tissue (contusion) or by 
penetration of an object and tearing of tissue (laceration). A 
bloW to the surface of the brain leads to rapid tissue displace 
ment, disruption of vascular channels, and subsequent hem 
orrhage, tissue injury and edema. Morphological evidence of 
injury in the neuronal cell body includes pyknosis of nucleus, 
eosinophilia of the cytoplasm, and disintegration of the cell. 
Furthermore, axonal sWelling can develop in the vicinity of 
damage neurons and also at great distances aWay from the site 
of impact. This phenomenon can be characterized as “diffuse 
neuronal injury” and is caused by stretching and shearing of 
the axon. The in?ammatory response to the injured tissue 
folloWs its usual course With neutrophiles preceding the 
appearance of macrophages. 
[0031] An ischemic injury to the CNS is characterized by 
an insuf?ciency or interruption in the blood supply to any 
locus of the brain such as, but not limited to, a locus of the 
cerebrum, cerebellum or brain stem. The spinal cord, Which is 
also a part of the CNS, is equally susceptible to ischemia 
resulting from diminished blood ?oW. An ischemic episode 
may be caused by a constriction or obstruction of a blood 
vessel, as occurs in the case of a thrombus or embolus. Alter 
natively, the ischemic episode may result from any form of 
compromised cardiac function, including cardiac arrest. 
Where the de?ciency is suf?ciently severe and prolonged, it 
can lead to disruption of physiologic function, subsequent 
death of neurons, and necrosis (infarction) of the affected 
areas. The extent and type of neurologic abnormality result 
ing from the injury depend on the location and size of the 
infarct or the focus of ischemia. Where the ischemia is asso 
ciated With a stroke, it can be either global or focal in extent. 

[0032] Global ischemia, as used herein in reference to the 
CNS, refers to a condition that results from a general dimi 
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nution of blood How to the entire brain, forebrain, or spinal 
cord, Which causes the delayed death of neurons, particularly 
those in metabolically active loci, throughout these tissues. 
[0033] Focal ischemia, as used herein in reference to the 
CNS, refers to a condition that results from the blockage of a 
single artery that supplies blood to the brain or spinal cord, 
resulting in the death of all cellular elements (pan-necrosis) in 
the territory supplied by that artery. 
[0034] As described above, the present invention provides a 
method for treating or preventing neuronal damage caused by 
a traumatic or ischemic injury to the CNS through the admin 
istration of a therapeutically effective amount of a progestin 
or progestin metabolite such that, prior to termination of 
administration of the progestin or progestin metabolite the 
administration is tapered to avoid WithdraWal. As described in 
more detail in the Experimental Section beloW, the present 
invention relates to the ?nding that, When stopping progest 
erone therapy, tapered administration of progesterone to 
avoid WithdraWal results in greater e?icacy of progesterone 
therapy compared to abrupt termination of administration. 
[0035] By “tapered administration” or “tapered admini stra 
tion dosing regimen” is meant successive reduced doses and 
eventual elimination of the progestin or progestin metabolite, 
either over a ?xed period of time or a time determined empiri 
cally by a physician’s assessment based on regular monitor 
ing of a therapeutic response of a patient to a traumatic or 
ischemic CNS injury. The period of the tapered progestin or 
progestin metabolite administration can be about 12, 24, 36, 
48 hours or longer. Alternatively, the period of the tapered 
progestin or progestin metabolite administration can range 
from about 1 to 12 hours, about 12 to about 48 hours, or about 
24 to about 36 hours. In one aspect of the invention, tapered 
administration of a pro gestin or pro gestin metabolite involves 
tapered administration of progesterone. 
[0036] The drug taper employed could involve progres 
sively dividing administered doses by 50%. For example, 
such a taper from 500 mg Would go 500, 250, 125, 62.5, etc. 
The drug taper employed could be a “linear” taper. For 
example, a “10%” linear taper from 500 mg Would go 500, 
450, 400, 350, 300, 250, 200, 150, 100, 50, etc. Alternatively, 
an exponential taper could be employed Which, if the program 
outlined above is used as an example, the exponential taper 
Would be, e.g., 500, 450, 405, 365, 329, 296, 266, 239, etc. 
Accordingly, about a 5%, 10%, 20%, 30%, or 40% linear or 
exponential taper could be employed in the methods of the 
invention. In addition, a linear or exponential taper of about 
1% to 5%, about 6% to 10%, about 11% to 15%, about 16% 
to 20%, about 21% to 25%, about 26% to 30%, about 31% to 
35%, about 36% to 40% could be employed. Alternatively, 
the taper schedule can be determined based on the treating 
physician’s assessment of the patient’s response to therapy. 
[0037] The tapered administration methods of the present 
invention are used in combination With administration of 
progestin or progestin metabolite therapies for subjects hav 
ing traumatic or ischemic CNS injury. As de?ned herein, the 
subject can be any mammal, preferably a human or an animal, 
including domestic, agricultural, or exotic animals. In spe 
ci?c embodiments, the human is an adult (over 18 years of 
age), While in other embodiments, the human is a child (under 
18 years of age). The child can be a neonate, infant, toddler, 
pre-pubescent or post-pubescent and range in age from about 
birth, 1 month to about 2 year, about 1 year to about 5 years, 
about 4 years to about 9 years, about 8 years to about 14, or 
about 13 to about 18 years of age. In addition, the human can 
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be about 55 to 60, 60 to 65, 65 to 70, 70 to 75, 75 to 80, 80 to 
85, 85 to 90, 90 to 95 or older. 

[0038] Prior to the tapered administration of the present 
invention, the progestin or progestin metabolite is adminis 
tered at a therapeutically effective level to a subject in need 
thereof for the treatment of a CNS injury. By “therapeutically 
effective amount” is meant the concentration of a pro gestin or 
progestin metabolite that is suf?cient to elicit a therapeutic 
effect. Thus, the concentration of a progestin or progestin 
metabolite in an administered dose unit in accordance With 
the present invention is effective in the treatment or preven 
tion of neuronal damage that folloWs a traumatic or ischemic 
injury to the CNS and hence, elicits a neuroprotective effect. 
The therapeutically effective amount Will depend on many 
factors including, for example, the speci?c activity of the 
progestin or progestin metabolite, the severity, pattern, and 
type of injury (e.g., traumatic or ischemic), the resulting 
neuronal damage, the responsiveness of the patient, the 
Weight of the patient along With other intraperson variability, 
the method of administration, and the progestin or progestin 
metabolite formulation used. Various methods for adminis 
tering a therapeutically effective amount of the progestin or 
progestin metabolite treat CNS injury, including determina 
tion of e?icacy, dosage, and route of administration, are 
knoWn in the art (see, e.g., US. Patent Application No. 
60/664,728 ?led Mar. 24, 2005, and US. patent application 
Ser. No. 09/973,375, ?led Oct. 9, 2001, both of Which are 
herein incorporated by reference). Any therapeutic protocol 
or regimen for the administration of a therapeutically effec 
tive amount of progestin or progestin metabolite to treat a 
traumatic or ischemic CNS injury may be used in combina 
tion With the tapered administration method of the present 
invention. 

[0039] In one embodiment of the invention, the tapered 
administration methods of the present invention are used in 
combination With administration of progestin or progestin 
metabolite at least once a day, including administration once 
or several times a day. The duration of the treatment may be 
once per day for a period of from tWo to three Weeks and may 
continue for a period of months or even years. The daily dose 
can be administered either by a single dose in the form of an 
individual dosage unit or several smaller dosage units or by 
multiple administration of subdivided dosages at certain 
intervals. 

[0040] For instance, a do sage unit can be administered from 
about 0 hours to about 1 hr, about 1 hr to about 24 hours, about 
1 to about 72 hours, about 1 to about 120 hours, or about 24 
hours to at least about 120 hours post injury. Alternatively, the 
dosage unit can be administered from about 0.5, 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 30, 40, 48, 72, 96, 120 hours or longer post injury. Sub 
sequent dosage units can be administered any time folloWing 
the initial administration such that a therapeutic effect is 
achieved. For instance, additional dosage units can be admin 
istered to protect the patient from the secondary Wave of 
edema that may occur over the ?rst several days post-injury. 

[0041] In another embodiment of the invention, the tapered 
administration methods of the present invention are used in 
combination With a constant progesterone or synthetic 
progestin dosing regimen. By “constant progesterone or syn 
thetic progestin dosing regimen” is intended the patient 
undergoing therapy With the progesterone or synthetic 
progestin is administered a constant total hourly dose of the 
progesterone or synthetic progestin over the course of treat 
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ment. This hourly dose of the progesterone or synthetic 
progestin is partitioned into a series of equivalent doses that 
are administered according to an appropriate dosing schedule 
depending on the method of administration. The duration of 
the constant progesterone or synthetic progestin dosing regi 
men is about 12, 24,36, 60,72, 84, or 120 hours or about 1 to 
24 hours, about 12 to 36 hours, about 24 to 48 hours, about 36 
to 60 hours, about 48 to 72 hours, about 60 to 96 hours, about 
72 to 108 hours, about 96 to 120 hours, or about 108 to 136 
hours. 

[0042] In other embodiments of the invention, the tapered 
administration methods of the present invention are used in 
combination With a “tWo-level progesterone or synthetic 
progestin dosing regimen” By “tWo-level progesterone or 
synthetic progestin dosing regimen” is intended the patient 
undergoing the therapy With the progesterone or synthetic 
progestin is administered the progesterone or synthetic 
progestin during tWo time periods of progesterone or syn 
thetic progestin dosing. The tWo-time periods can have a 
combined duration of about 12 hours to about 7 days, includ 
ing, 1, 2, 3, 4, or5 days orabout 15, 15, 30, 35, 40, 45, 50, 55, 
60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 
130, 135, 140, or 144 hours or about 1 to 24 hours, about 12 
to 36 hours, about 24 to 48 hours, about 36 to 60 hours, about 
48 to 72 hours, about 60 to 96 hours, about 72 to 108 hours, 
about 96 to 120 hours, or about 108 to 136 hours. In one 
embodiment, the tWo-level progesterone or synthetic proges 
tin dosing regimen has a combined duration of about 1 day to 
about 5 days; in other embodiments, the tWo-level progester 
one or synthetic progestin dosing regimen has a combined 
duration of about 1 day to about 3 days. 

[0043] In one embodiment, the total hourly dose of the 
progesterone or synthetic progestin that is to be administered 
during the ?rst and second time periods of the tWo-level 
progesterone or synthetic progestin dosing regimen is chosen 
such that a higher total hourly dose of the progesterone or 
synthetic progestin is given during the ?rst time period and a 
loWer hourly dose of the progesterone or synthetic progestin 
is given during the second time period. The duration of the 
individual ?rst and second time periods of the tWo-level 
progesterone or synthetic progestin dosing regimen can vary, 
depending upon the health of the individual and history of the 
traumatic or ischemic injury. Generally, the patient is admin 
istered higher total hourly dose of progesterone or synthetic 
progestin for at least 1, 2, 3, 4, 5, 6, 12 or 24 hours out ofthe 
1 day to 5 day tWo-level progesterone or synthetic progestin 
dosing regimen. The length of the second time period can be 
adjusted accordingly, and range for example, from about 12 
hrs, 24 hrs, 36 hrs, 48 hrs, 60 hrs, 72 hrs, 84 hrs, 96 his, 108 
hrs, 120 his or about 12 to about 36 his, about 24 to about 36 
hrs, about 24 to about 48 hrs, about 36 hrs to about 60 hours, 
about 48 his to about 72 hrs, about 60 hrs to about 84 hours, 
about 72 hrs to about 96 hrs, or about 108 hrs to about 120 hrs. 
Thus, for example, Where the tWo-level progesterone or syn 
thetic progestin dosing regimen has a combined duration of 3 
days, the higher total doses of the progesterone or synthetic 
progestin could be administered for the ?rst hour, and the 
loWer total hourly dose of the progesterone or synthetic 
progestin could be administered for hours 2 to 72. 

[0044] In still further embodiments, the total hourly dose of 
progesterone that is to be administered during the ?rst and 
second time periods of the tWo-level progesterone or syn 
thetic progestin dosing regimen is chosen such that a loWer 
total hourly dose of the progesterone or synthetic progestin is 
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given during the ?rst time period and a higher hourly dose of 
the progesterone or synthetic pro gestin is given during the 
second time period. 
[0045] Area under the curve (AUC) refers to the area under 
the curve that tracks the serum concentration (nmol/ L) of the 
progesterone or synthetic progestin over a given time folloW 
ing the IV administration of the reference progesterone or 
synthetic progestin standard. By “reference progesterone or 
synthetic progestin standard” is intended the formulation of 
the progesterone or synthetic pro gestin that serves as the basis 
for determination of the total hourly progesterone or synthetic 
progestin dose to be administered to a human patient With a 
traumatic or ischemic central nervous system injury in accor 
dance With the desired constant or tWo-level progesterone or 
synthetic dosing regimen to achieve the desired positive 
effect, i.e., a positive therapeutic response that is improved 
With respect to that observed Without administration of the 
progesterone or synthetic progestin. Accordingly, the total 
hourly dose of progesterone or synthetic progestin to be 
administered during the constant or tWo-level progesterone or 
synthetic progestin dosing regimen can therefore alloW for a 
?nal serum level of the progesterone or synthetic progestin of 
about of about 100 ng/ml to about 1000 ng/ml, about 1100 
ng/ml to about 1450 ng/ml, 100 ng/ml to about 250 ng/ml, 
about 200 ng/ml to about 350 ng/ml, about 300 ng/ml to about 
450 ng/ml, about 400 ng/ml to about 550 ng/ml, about 500 
ng/ml to about 650 ng/ml, about 600 ng/ml to about 750 
ng/ml, about 700 ng/ml to about 850 ng/ml, about 800 ng/ml 
to about 950 ng/ml, about 900 ng/ml to about 1050 ng/ml, 
about 1000 ng/ml to about 1150 ng/ml, about 1100 ng/ml to 
about 1250 ng/ml, about 1200 ng/ml to about 1350 ng/ml, 
about 1300 ng/ml to about 1500 ng/m. In speci?c embodi 
ments, the serum level of the progesterone or synthetic 
progestin comprises about 100 ng/ml, 250 ng/ml, 500 ng/ml, 
750 ng/ml, 900 ng/ml, 1200 ng/ml, 1400 ng/ml, 1600 ng/ml. 
[0046] The tapered administration methods of the present 
invention also contemplate embodiments Where a patient 
undergoing a constant progesterone or synthetic progestin 
therapy or a tWo-level progesterone or synthetic dosing regi 
men is given a time period off from progesterone or synthetic 
dosing. For example, When a progesterone or synthetic 
progestin dosing regimen is performed, the time period off 
from the progesterone or synthetic progestin can occur 
betWeen the conclusion of the ?rst time period of the tWo 
level progesterone or synthetic pro gestin do sing regimen and 
the initiation of the second time period of the tWo-level 
progesterone or synthetic progestin dosing regimen. For 
example, one could contemplate the ?rst time period being 
administered in a pre-hospital setting, for instance at the site 
of the trauma. The second time period could then begin upon 
arrival at a hospital. In these embodiments, the tWo-level 
progesterone or synthetic progestin dosing regimen is inter 
rupted such that progesterone or synthetic progestin dosing is 
Withheld for a period of about 15 minutes, 30 minutes, 1 hr, 2 
his, 3 hrs, 4 hrs, 5 hrs, 6 hrs or more. 
[0047] Where a patient undergoing therapy in accordance 
With the previously mentioned dosing regimens exhibits a 
partial response, or a relapse folloWing completion of therapy, 
subsequent courses of progesterone or synthetic progestin 
therapy may be needed to achieve a partial or complete thera 
peutic response. Thus, subsequent to a period of time off from 
treatment, Which may have comprised a constant progester 
one or synthetic progestin dosing regimen or a tWo-level 
progesterone or synthetic progestin dosing regimen, a patient 
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may receive one or more additional treatment periods com 
prising either constant or tWo-level progesterone or synthetic 
progestin dosing regimens. Such a period of time off betWeen 
treatment periods is referred to herein as a time period of 
discontinuance. It is recogniZed that the length of the time 
period of discontinuance is dependent upon the degree of 
patient response (i.e., complete versus partial) achieved With 
any prior treatment periods of the progesterone or synthetic 
pro gestin therapy. It is further recogniZed that prior to a period 
of time off or discontinuance, administration of the progest 
erone or synthetic progestin therapy may be tapered. 
[0048] For use With the tapered administration methods of 
the present invention, multiple treatment sessions are referred 
to herein as maintenance cycles, Where each maintenance 
cycle comprises a completed dosing regimen. By “completed 
tWo-level dosing regimen” is intended the patient has been 
administered both the ?rst period and the second period of 
progesterone or synthetic progestin dosing. The necessity for 
multiple maintenance cycles can be assessed by monitoring 
the physiological and behavioral improvement of the patient. 
The duration betWeen maintenance cycles can be about 1 hr, 
15 hrs, 1 day, 2 day, 3 day, 4 day, 5 day, 6 day or other such 
time periods falling Within the range of about 1 day to about 
14 days. 
[0049] For use in the tapered administration methods of the 
present invention, progestin or progestin metabolite may fur 
ther comprise an inorganic or organic, solid or liquid, phar 
maceutically acceptable carrier. The carrier may also contain 
preservatives, Wetting agents, emulsi?ers, solubiliZing 
agents, stabiliZing agents, buffers, solvents and salts. Com 
positions may be steriliZed and exist as solids, particulants or 
poWders, solutions, suspensions or emulsions. In addition to 
the aforementioned ingredients, the compositions of the 
invention may further include one or more accessory ingre 
dient(s) selected from the group consisting of diluents, buff 
ers, ?avoring agents, binders, disintegrants, surface active 
agents, thickeners, lubricants, preservatives (including anti 
oxidants) and the like. 
[0050] The progestin or progestin metabolite can be formu 
lated according to knoWn methods to prepare pharmaceuti 
cally useful compositions, such as by admixture With a phar 
maceutically acceptable carrier vehicle. Suitable vehicles and 
their formulation are described, for example, in Remington ’s 
Pharmaceutical Sciences (16th ed., Osol, A. (ed.), Mack, 
Easton Pa. (1980)). In order to form a pharmaceutically 
acceptable composition suitable for effective administration, 
such compositions Will contain an effective amount of the 
progestin or progestin metabolite, either alone, or With a 
suitable amount of carrier vehicle. 

[0051] The pharmaceutically acceptable carrier Will vary 
depending on the method of drug administration and may be, 
for example, either a solid, liquid, or time release. Represen 
tative solid carriers are lactose, terra alba, sucorse, talc, gele 
tin, agar, pectin, acacia, magnesium stearate, stearic acid, 
microcrystalin cellulose, polymer hydrogels, and the like. 
Typical liquid carriers include syrup, peanut oil, olive oil, 
cyclodextrin, and the like emulsions. Those skilled in the art 
are familiar With appropriate carriers for each of the com 
monly utiliZed methods of administration. Furthermore, it is 
recogniZed that the total amount of progestin or progestin 
metabolite administered as a therapeutic effective dose Will 
depend on both the pharmaceutical composition being 
administered (i.e., the carrier being used) and the mode of 
administration. 
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[0052] Compositions for use in the methods of the present 
invention include those suitable for oral, rectal, topical, nasal, 
ophthalmic, or parenteral (including intraperitoneal, intrave 
nous, subcutaneous, or intramuscular injection) administra 
tion. The compositions may conveniently be presented in unit 
dosage form and may be prepared by any of the methods Well 
knoWn in the art of pharmacy. All methods include the step of 
bringing the active agent into association With a carrier that 
constitutes one or more accessory ingredients. In general, the 
compositions are prepared by uniformly and intimately 
bringing the active compound into association With a liquid 
carrier, a ?nely divided solid carrier or both, and then, if 
necessary, shaping the product into desired formulations. 
[0053] Compositions for oral administration may be pre 
sented as discrete units such as capsules, cachets, tablets, 
loZenges, and the like, each containing a predetermined 
amount of the active agent as a poWder or granules; or a 
suspension in an aqueous liquor or non-aqueous liquid such 
as a syrup, an elixir, an emulsion, a draught, and the like. 
[0054] A tablet may be made by compression or molding, 
optionally With one or more accessory ingredients. Com 
pressed tablets may be prepared by compressing in a suitable 
machine, With the active compound being in a free-?owing 
form such as a poWder or granules Which is optionally mixed 
With a binder, disintegrant, lubricant, inert diluent, surface 
active agent or dispersing agent. Molded tablets comprised 
With a suitable carrier may be made by molding in a suitable 
machine. 
[0055] A syrup may be made by adding the active com 
pound to a concentrated aqueous solution of a sugar, for 
example sucrose, to Which may also be added any accessory 
ingredient(s). Such accessory ingredients may include ?avor 
ings, suitable preservatives, an agent to retard crystallization 
of the sugar, and an agent to increase the solubility of any 
other ingredient, such as polyhydric alcohol, for example, 
glycerol or sorbitol. 
[0056] Formulations suitable for parental administration 
conveniently comprise a sterile aqueous preparation of the 
active compound, Which can be isotonic With the blood of the 
recipient. 
[0057] Nasal spray formulations comprise puri?ed aque 
ous solutions of the active agent With preservative agents and 
isotonic agents. Such formulations are preferably adjusted to 
a pH and isotonic state compatible With the nasal mucous 
membranes. 
[0058] Formulations for rectal administration may be pre 
sented as a suppository With a suitable carrier such as cocoa 
butter, or hydrogenated fats or hydrogenated fatty carboxylic 
acids. 
[0059] Ophthalmic formulations are prepared by a similar 
method to the nasal spray, except that the pH and isotonic 
factors are preferably adjusted to match that of the eye. 
[0060] Topical formulations comprise the active compound 
dissolved or suspended in one or more media such as mineral 
oil, petroleum, polyhydroxy alcohols or other bases used for 
topical formulations. The addition of other accessory ingre 
dients as noted above may be desirable. 

[0061] Further, compositions for use in the methods of the 
present invention include liposomal formulations. The tech 
nology for forming liposomal suspensions is Well knoWn in 
the art. When the progestin or progestin metabolite salt 
thereof is an aqueous-soluble salt, using conventional lipo 
some technology, the same may be incorporated into lipid 
vesicles. In such an instance, due to the Water solubility of the 
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compound or salt, the compound or salt Will be substantially 
entrained Within the hydrophilic center or core of the lipo 
somes. The lipid layer employed may be of any conventional 
composition and may either contain cholesterol or may be 
cholesterol-free. When the compound or salt of interest is 
Water-insoluble, again employing conventional liposome for 
mation technology, the salt may be substantially entrained 
Within the hydrophobic lipid bilayer that forms the structure 
of the liposome. In either instance, the liposomes that are 
produced may be reduced in siZe, as through the use of stan 
dard sonication and homogeniZation techniques. The liposo 
mal formulations containing the progestin or progestin 
metabolite or salts thereof, may be lyophiliZed to produce a 
lyophiliZate Which may be reconstituted With a pharmaceuti 
cally acceptable carrier, such as Water, to regenerate a lipo 
somal suspension. 
[0062] Pharmaceutical formulations for use in the methods 
of the present invention also include those Which are suitable 
for administration as an aerosol, by inhalation. These formu 
lations comprise a solution or suspension of the desired 
progestin or progestin metabolite or a salt thereof or a plural 
ity of solid particles of the compound or salt. The desired 
formulation may be placed in a small chamber and nebuliZed. 
NebuliZation may be accomplished by compressed air or by 
ultrasonic energy to form a plurality of liquid droplets or solid 
particles comprising the compounds or salts. 
[0063] Further pharmaceutical formulations for use in the 
methods of the present invention include controlled release 
preparations. Such controlled release preparations may be 
achieved by the use of polymers to complex or absorb the 
progestin or progestin metabolite. The controlled delivery 
may be exercised by selecting appropriate macromolecules 
(for example, polyesters, polyamino acids, polyvinyl pyrroli 
done, ethylene-vinylacetate, methylcellulose, carboxymeth 
ylcellulose, or protamine sulfate). The rate of drug release 
may also be controlled by altering the concentration of such 
macromolecules. 

[0064] Another possible method for controlling the dura 
tion of action comprises incorporating the therapeutic agents 
into particles of a polymeric substance such as polyesters, 
polyamino acids, hydrogels, poly(lactic acid) or ethylene 
vinylacetate copolymers.Altematively, it is possible to entrap 
the therapeutic agents in microcapsules prepared, for 
example, by coacervation techniques or by interfacial poly 
meriZation, for example, by the use of hydroxymethyl cellu 
lose or gelatin-microcapsules or poly(methylmethacrylate) 
microcapsules, respectively, or in a colloid drug delivery sys 
tem, for example, liposomes, albumin, microspheres, micro 
emulsions, nanoparticles, nanocapsules, or in macroemul 
sions. Such teachings are disclosed in Remington ’s 
Pharmaceutical Sciences (1980). 
[0065] For use in the methods of the present invention, 
compositions comprising a therapeutically effective concen 
tration of progestin or progestin metabolite may be adminis 
tered using any acceptable method knoWn in the art. Thus, for 
example, the pharmaceutical composition comprising 
progestin or progestin metabolite can be administered meth 
ods that include intravenous (IV), intramuscular (IM), sub 
cutaneous (SC), intraperitoneal, transdermal, buccal, vaginal, 
or intracerebroventricular administration. When adminis 
tered intravenously, the pharmaceutical composition com 
prising progesterone or synthetic progestin can be adminis 
tered by infusion over a period of about 1 to about 120 hours. 
In some embodiments, infusion of progesterone or synthetic 
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progestin occurs over a period of about 24 to about 72 hours, 
over a period of about 48 to about 96 hours, or over a period 
of about 24 to about 120 hours. 

[0066] An embodiment of the present invention provides 
for the administration of a progesterone or synthetic pro gestin 
or analogue thereof via IV administration in a dose of about 
0.1 ng to about 100 g per kg of body Weight, about 10 ng to 
about 50 g per kg of body Weight, from about 100 ng to about 
1 g per kg of body Weight, from about 1 pg to about 100 mg 
per kg of body Weight, from about 1 ?g to about 50 mg per kg 
of body Weight, from about 1 mg to about 500 mg per kg of 
body Weight; and from about 1 mg to about 50 mg per kg of 
body Weight. Alternatively, the amount of progesterone or 
synthetic pro gestin administered to achieve a therapeutic 
effective dose is about 0.1 ng, 1 ng, 10 ng, 100 ng, 1 pg, 10 pg, 
100 pg, 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg, 
10mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, 18 
mg, 19 mg, 20 mg, 30 mg, 40 mg, 50 mg, 60 mg, 70 mg, 80 
mg, 90 mg, 100 mg, 500 mg per kg of body Weight or greater. 
[0067] In another embodiment of the present invention pro 
vides for the administration of a progestin or progestin 
metabolite or analogue thereof via parenteral administration 
in a dose of about 0.1 ng to about 100 g per kg of body Weight, 
about 10 ng to about 50 g per kg of body Weight, from about 
100 ng to about 1 g per kg of body Weight, from about 1 pg to 
about 100 mg per kg of body Weight, from about 1 pg to about 
50 mg per kg of body Weight, from about 1 mg to about 500 
mg per kg of body Weight; and from about 1 mg to about 50 
mg per kg of body Weight. Alternatively, the amount of 
progestin or progestin metabolite administered to achieve a 
therapeutic effective dose is about 0.1 ng, 1 ng, 10 ng, 100 ng, 
1 pg, 10 pg, 100 pg, 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 
8 mg, 9 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16 
mg, 17 mg, 18 mg, 19 mg, 20 mg, 30 mg, 40 mg, 50 mg, 60 
mg, 70 mg, 80 mg, 90 mg, 100 mg, 500 mg per kg of body 
Weight or greater. In one aspect of the invention, the progestin 
or pro gestin metabolite for parenteral administration is 
progesterone or allopregnanolone. 
[0068] In further embodiments of the present invention, the 
tapered administration methods of the invention are used in 
combination With the use of a progestin or progestin metabo 
lite and at least one additional neuroprotective agent to 
enhance neuroprotection folloWing a traumatic or ischemic 
CNS injury. Such agents include, for example, any combina 
tion of progestin or progestin metabolite. Other neuroprotec 
tive agents of interest include, for example, compounds that 
reduce glutamate excitotoxicity and enhance neuronal regen 
eration. Such agents may be selected from, but not limited to, 
the group comprising groWth factors. By “groWth factor” is 
meant an extracellular polypeptide-signaling molecule that 
stimulates a cell to groW or proliferate. Preferred groWth 
factors are those to Which a broad range of cell types respond. 
Examples of neurotrophic groWth factors include, but are no 
limited to, ?broblast groWth factor family members such as 
basic ?broblast groWth factor (bFGF) (Abraham et al. (1986) 
Science 2331545-48), acidic ?broblast groWth factor (aFGF) 
(Jaye et al. (1986) Science 2331541-45), the hst/Kfgf gene 
product, FGF-3 (Dickson et al. (1987) Nature 326-833), 
FGF-4 (Zhan et al. (1988) Mol. Cell. Biol. 813487-3495), 
FGF-6 (deLapeyriere et al. (1990) Oncogene 51823-831), 
keratinocyte groWth factor (KGF) (Finch et al. (1 989) Science 
2451752-755), and androgen-induced groWth factor (AIGF) 
(Tanaka et al. (1992) Proc. Natl. Acad. Sci. USA 8918928 
8923). 
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[0069] Additional neuroprotective agents include, ciliary 
neurotrophic factor (CNTF), nerve groWth factor (NGF) 
(Seiler, M. (1984) Brain Research 300133-39; Hagg T. et al. 
(1 988) Exp Neurol1011303-312;Kromer L. F. (1987) Science 
2351214-216; and Hagg T. et al. (1990) .1. Neurosci 10(9): 
3087-3092), brain derived neurotrophic factor (BDNF) 
(Kiprianova, I. et al. (1999) .1. Neurosci. Res. 56121-27), Neu 
rotrophin 3 (NT3), Neurotrophin 4 (NT4), transforming 
groWth factor-[31 (TGF-[31) (Henrick-Noack, P. et al. (1996) 
Stroke 2711609-14), bone morphogenic protein (BMP-2) 
(Hattori, A. et al. (1999) .1. Neurochem. 7212264-71), glial 
cell line derived neurotrophic factor (GDNF) (MiyaZaki, H. et 
al. (1999) Neuroscience 891643-7), activity-dependant neu 
rotrophic factor (ADNF) (Zamostiano, R. et al. (1999) Neu 
rosci Letter 26419-12), cytokine leukemia inhibiting factor 
(LIF) (Blesch, A. et al. (1999) .1. Neurosci. 1913356-66), 
oncostatin M, interleukin, and the insulin-like groWth factors 
1 and 2. 

[0070] Other forms of neuroprotective therapeutic agents 
include, for example, ClomethiaZole (Zendra) (Marshal, J . W. 
et al. (1999) Exp. Neurol. 1561121-9); kylnurenic acid 
(KYNA) (Salvati, P. et al. (1999) Prog Neruopsychopharma 
col Biol Psychiatry 231741-52), Semax (Miasoedova, N. F. et 
al. (1999) Zh Neurol Psikhiatr Imss Korsakova 99115-19), 
FK506 (tacrolimus) (Gold, B. G. et al. (1999) .1. Pharmacol. 
Exp. T her 28911202-10), L-threo-l-phenyl-2-decanoy 
lamino-3-morpholino-1-propanol (Inokuchi, J. et al. (1998) 
Act Biochim Pol 451479-92), andrenocorticotropin-(4-9) ana 
loge (ORG 2766) and diZolcipine (MK-801) (HerZ, R. C. et 
al. (1998) Eur .1. Pharmacol 3461159-65), cerebral interleu 
kin-6) (Loddick, S. A. et al. (1998) .1. Cereb Blood Flow 
Metab 181176-9), selegiline (Semkova, I. et al. (1996) Eur]. 
Pharmacol 315119-30), MK-801 (Barth, A. et al. (1996) 
Neuro Report 711461-4; glutamate antagonist such as, 
NPS1506, GV1505260, MK801 (Baumgartner, W. A. et al. 
(1999) Ann Thorac Surg 6711871-3), GV150526 (Dyker, A. 
G. et al. (1999) Stroke 301986-92); AMPA antagonist such as 
NBQX (Baumgartner, W. A. (1999) et al. Ann T horac Surg 
6711871-3, PD152247 (PNQX) (Schielke, G. P. et al. (1999) 
Stroke 3011472-7), SPD 502 (Nielsen, E. O. et al. (1999) .1. 
Pharmacol Exp Ther 28911492-501), LY303070 and 
LY300164 (May, P. C. et al. (1999) Neuroscience Lett 2621 
219-221). 
[0071] Where the tapered administration methods of the 
invention are used in combination With the use of a progestin 
or progestin metabolite and at least one additional neuropro 
tective agent to enhance neuroprotection folloWing a trau 
matic or ischemic CNS injury, it is recognized that even less 
of the pro gestin or pro gestin metabolite may be required to be 
therapeutically effective. 
[0072] The methods of the present invention ?nd use in 
treating a traumatic or ischemic injury of the central nervous 
system. Methods to quantify the extent of central nervous 
system damage (i.e., neurodegeneration) and to determine if 
neuronal damage Was treated or prevented folloWing the 
administration of a progestin or progestin metabolite are Well 
knoWn in the art. Such neuroprotective effects can be assayed 
at various levels, including, for example, by promoting 
behavioral and morphological (i.e., enhancing tissue viabil 
ity) recovery after traumatic or ischemic brain injury. A vari 
ety of anatomical, immunocytochemical and immunological 
assays to determine the effect of the progestin or progestin 
metabolite on necrosis, apoptosis, and neuronal glial repair 
are knoWn in the art. As such, the neuroprotection resulting 
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from the methods of the present invention Will result in at least 
about a 10% to 20%, 20% to 30%, 30% to 40%, 40% to 60%, 
60% to 80% or greater increase in neuronal survival and/or 
behavioral recovery as compared to the control groups. 

[0073] Histological and molecular marker assays for an 
increase in neuronal survival are knoWn. For example, 
GroWth Associated Protein 43 (GAP-43) can be used as a 
marker for neW axonal groWth folloWing a CNS insult. See, 
for example, Stroemer et al. (1995) Stroke 2612135-2144, 
Vaudano et al. (1995) J. ofNeurosci. 1513594-3611. Other 
histological markers can include a decrease in astrogliosis 
and microgliosis. Alternatively, a delay in cellular death can 
be assayed using TUNEL labeling in injured tissue. Further 
anatomical measures that can be used to determine an 

increase in neuroprotection include counting speci?c neu 
ronal cell types to determine if the progestin or progestin 
metabolite is preferentially preserving a particular cell type 
(e.g., cholinergic cells) or neurons in general. 
[0074] In addition, behavioral assays can be used to deter 
mine the rate and extent of behavior recovery in response to 
the treatment. Improved patient motor skills, spatial learning 
performance, cognitive function, sensory perception, speech 
and/or a decrease in the propensity to seiZure may also be 
used to measure the neuroprotective effect. Such functional/ 
behavioral tests used to assess sensorimotor and re?ex func 
tion are described in, for example, Bederson et al. (1986) 
Stroke 171472-476, DeRyck et al. (1992) Brain Res. 573144 
60, Markgraf et al. (1992) Brain Res. 5751238-246, Alexis et 
al. (1995) Stroke 26:2336-2346; all of Which are herein incor 
porated by reference. Enhancement of neuronal survival may 
also be measured using the Scandinavian Stroke Scale (SSS) 
or the Barthl Index. Behavioral recovery can be further 
assessed using the recommendations of the Subcommittee of 
the NODS Head Injury Centers in Humans (Hannay et al. 
(1996) J. Head Trauma Rehabil. 11:41-50), herein incorpo 
rated by reference. Behavioral recovery can be further 
assessed using the methods described in, for example, Beau 
mont et al. (1999) Neurol. Res. 211742-754; Becker et al. 
(1980) Brain Res. 200107-320; Buresov et al. (1983) Tech 
niques and Basic Experiments for the Study ofBrain and 
Behavior; Kline et al. (1994) Pharmacol. Biochem. Behav. 
481773-779; Lindner et al. (1998) J. Neurotrauma 151199 
216; Morris (1984).]. Neurosci. Methods 11147-60; Schallert 
et al. (1983) Pharmacol. Biochem. Behav. 181753-759. 
[0075] It is recogniZed that a traumatic injury to the CNS 
results in multiple physiological events that impact the extent 
and rate of neurodegeneration, and thus the ?nal clinical 
outcome of the injury. The treatment of a traumatic injury to 
the CNS, as de?ned by the present invention, encompasses 
any reduction and/ or prevention in one or more of the various 
physiological events that folloW the initial impact. Hence, the 
methods of the invention ?nd use in the reduction and/or 
prevention of physiological events leading to neurodegenera 
tion folloWing a traumatic injury to the central nervous sys 
tem. 

[0076] For instance, cerebral edema frequently develops 
folloWing a traumatic injury to the CNS and is a leading cause 
of death and disability. Cortical contusions, for example, 
produce massive increases in brain tissue Water content 
Which, in turn, can cause increased intracranial pressure lead 
ing to reduced cerebral blood ?oW and additional neuronal 
loss. Hence, the methods of the invention ?nd use in reducing 
and/ or eliminating cerebral edema and/ or reducing the dura 
tion of the edemic event folloWing a traumatic injury to the 
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CNS. As says to determine a reduction in edema are knoWn in 
the art and include, but are not limited to, a decrease in tissue 
Water content folloWing the administration of the progestin or 
progestin metabolite (BetZ et al. (1990) Stroke 2111199-204, 
Which is herein incorporated by reference). Furthermore, an 
overall improvement in behavioral recovery can also be used 
as a measure for a decrease in edema. A decrease in edema in 
the effected tissue by at least about 15% to 30%, about 30% to 
45%, about 45% to 60%, about 60% to 80%, or about 80% to 
95% or greater Will be therapeutically bene?cial, as Will any 
reduction in the duration of the edemic event. 

[0077] Vasogenic edema folloWing a traumatic brain injury 
has been associated With damage to the vasculature and dis 
ruption of the blood-brain barrier (BBB) (Duvdevani et al. 
(1995) J Neurotrauma 12165-75, herein incorporated by ref 
erence). Progesterone has been shoWn to reduce the perme 
ability of the BBB to macromolecules, but not ions, such as 
sodium in vitro (BetZ et al. (1990) Stroke 2111199-204; Beta 
et al. (1990) Acta. Neurochir Suppl. 511256-8; both ofWhich 
are herein incorporated by reference). Hence, the methods of 
the invention ?nd use in reducing or eliminating vasogenic 
edema folloWing a traumatic brain injury. Assays to deter 
mine a decrease in vasogenic edema are knoWn in the art and 
include, for instance, a reduction in Evans’ blue extravasation 
after cortical contusion (Roof et al. (1994) Society for Neu 
roscience 20191, herein incorporated by reference). 
[0078] Further physiological effects of a traumatic brain 
injury include an immune response. See, for example, Soares 
et al. (1995) J Neurosci. 15:8223-33; Holmin et al. (1995) 
Acta Neurochir. 1321110-9; Arvin et al. (1996) Neurosci. 
Biobehav. Rev. 201445-52. FolloWing a cortical impact, 
severe in?ammatory reactions and gliosis at the impact site 
and at brain areas distal to the primary site of injury occurs. 
The in?ammatory response is characteriZed by the expression 
of adhesion molecules on the vascular surfaces, resulting in 
the adherence of immune cells and subsequent extravasation 
into the brain parenchyma. By releasing cytokines, the invad 
ing macrophages and neutrophils stimulate reactive astrocy 
tosis. Release of different chemokines by other cell types 
induces these immune cells to become phagocytic, With the 
simultaneous release of free radicals and pro-in?ammatory 
compounds, e.g., cytokines, prostaglandins, and excitotoxins 
(Arvin et al. (1996) Neurosci. Biobehav. Ref 201445-52; 
Raivich et al. (1996) Kelo J. Med. 451239-47; Mattson et al. 
(1997) Brain Res. Rev. 23147-61; all of Which are herein 
incorporated by reference). 
[0079] The methods of the invention provide a means to 
reduce or eliminate the in?ammatory immune reactions that 
folloW a traumatic CNS injury. Furthermore, by reducing the 
in?ammatory response folloWing an injury, the progestin or 
progestin metabolite of the present invention can substan 
tially reduce brain sWelling and intracranial pressure and 
reduce the amount of neurotoxic substances (e.g., free radi 
cals and excitotoxins) that are released. Therefore, by reduc 
ing the immune/ in?ammatory response folloWing a traumatic 
injury to the CNS, neuronal survival and/or behavioral recov 
ery Will be enhanced. 

[0080] Assays that can be used to determine if the progestin 
or progestin metabolite of the invention is imparting an anti 
in?ammatory and a nonspeci?c suppressive effect on the 
immune system folloWing a traumatic CNS injury include, 
for example, a reduction in cytokine induced microglial pro 
liferation in vitro (Hoffman et al. (1994) J. Neurtotrauma 
111417-31; Garcia-Estrada et al. (1993) Brain Res. 6281271 
















