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NEUROPROTECTIVE COMPOSITION AND
METHOD OF USE

STATEMENT OF GOVERNMENTAL RIGHTS

[0001] This invention was made with government support
under National Institute for Neurological Disorders of the
NIH Grant #:R21-NS031176 and National Eye Institute of
the NIH Grant #:R01-EY014430. The government has cer-
tain rights in the invention.

FIELD OF THE INVENTION

[0002] The polyarginine and polyarginine/cysteine compo-
sitions disclosed here provide therapeutic options for neuro-
logical insult with particular reference to stroke, traumatic
brain injury, and spinal cord injury (collectively “neuronal
injury”). Specific note is made of the compositions of this
invention moderating or avoiding the pathologic metabolic
cascades associated with stroke, traumatic brain injury (TBI)
and retinal damage as a result of glaucoma. Treatment of
macular degeneration is also noted.

BACKGROUND OF THE INVENTION

[0003] A stroke, or cerebrovascular accident (CVA), is the
rapid loss of brain function due to disturbance in the blood
supply to the brain. This can be due to ischemia (lack of blood
flow) caused by blockage (thrombosis, arterial embolism), or
a hemorrhage (broadly termed “neurological insult™). As a
result, and often worsening over time, brain injury becomes
permanent dysfunction/damage. Typically, affected areas of
the brain have diminished or complete loss of function. In
particular instances this is exhibited as an inability or reduced
ability to move one or more limbs on one side of the body,
inability to or difficulty in understanding or formulating
speech, or an inability to see one side of the visual field. In the
case of stroke, secondary neuronal damage following the
initial insult is a significant factor in patient decline and
eventual death. This decline manifests itself weeks to months
following the initial stoke and, without effective therapeutic
intervention, leads to a slow but continuous decline in the
patients physical and mental health.

[0004] In the case of TBI, the progression of damage is
typically slower than that in stroke. Recent reports, however,
establish TBI as equally destructive in outcome in the more
severe cases Current reports find that about 40% of people
with TBI exhibit a continuing decline in both physical and
mental capacity. This represents a significantly higher inci-
dence of dementia, in some instances is an aggravating factor
in death.

[0005] Animportant consideration in therapeutic treatment
and improved outcomes in patients afflicted with neuronal
injury (including either Stroke or TBI) is to block secondary
injury of surrounding neurons that were not, in the first
instance, directly affected by the primary insult. Literature
reports that secondary neuronal damage occurs after a variety
of brain insults including subarachnoid hemorrhage, stroke,
and traumatic brain injury and involves metabolic cascades.
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Noted metabolic aspects include prolonged secondary
ischemia, cerebral hypoxia, hypotension, cercbral edema,
changes in the blood flow to the brain; and raised intracranial
pressure. Other secondary insults include hypercapnia, aci-
dosis, meningitis, and brain abscess. In addition, alterations
in the release of neurotransmitters particularly glutamate can
cause excitotoxic neuronal cell death by causing free radicals
generation and oxidative stress within these neurons that
leads to neurodegeneration.

[0006]
which are incorporated by reference in their entirety:

[0007] 1. The Behavioral and Cognitive Neurology of
Stroke Ed. Olivier Godefroy (Cambridge University Press,
2nd edition, 2013);

[0008] 2. Stroke Rehabilitation: A Function-Based
Approach, 3rd, Ed. Glen Gilled, (Mosby, 2010);

[0009] 3. Stroke Part III: Investigation and management,
Volume 94: Handbook of Clinical Neurology (Series Editors:
Aminoft, Boller and Swaab, Ed. Marc Fisher (Elsiver 2009);

[0010] 4. Traumatic Brain Injury: Methods for Clinical and
Forensic Neuropsychiatric Assessment, Second Edition,
Robert P. Granacher Jr. (CRC Press 2007);

[0011] 5. Sports Neuropsychology: Assessment and Man-
agement of Traumatic Brain Injury, Ed. Ruben J. Echemendia
PhD (The Guilford Press, 2006);

[0012] 6. Brain Injury Medicine: Principles and Practice,
Second Edition Ed. Nathan D. Zasler M D (Demos Medical;
2012); and

[0013] 7.Blockade of PARP activity attenuates poly(ADP-
ribosyl)ation but offers only partial neuroprotection against
NMDA-induced cell death in the rat retina. (Goebel and Win-
kler, J Neuro Chem, 98:1732-1745, 2006) (NMDA-induced
chemical stroke in vivo rat retinal neurotoxicity model).

[0014] Reference is made to the Glasgow Coma Scale. The
Glasgow Coma Scale 15-point test used to assess the initial
severity of a brain injury by checking a person’s ability to
follow directions and move their eyes and limbs. Abilities are
scored numerically. Higher scores mean milder injuries.

The following references are noted, the teachings of

SUMMARY OF THE INVENTION

[0015] The compositions of this invention include a pol-
yarginine peptide of from 5 to 9 arginines. Both d- and 1-argi-
nine is contemplated. The compositions may further include
1 terminal cysteine. Terminal cysteines may be either N-ter-
minus or C-terminus cysteines. Options also include the addi-
tion of a second cysteine that is linked to the terminal cysteine
on the peptide by a disulfide bridge, and/or the placement of
a terminal cysteine on both ends of the R(5+n) peptide, with
or without the addition of two additional cysteines via disul-
fide linkage.

[0016] Particular reference is made to the following com-
positions.
[0017] A polyarginine with between 5 and 9 arginines:

RRRRR also termed R(5). Similarly, R(6), R(7), R(8) and
R(9). Both I- and d-amino acids are contemplated.
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[0018] By way of example, this composition might also be
expressed as “C-s-s-C-R-R-R-R-R-R-R. This notation distin-
guishes the disulfide bond, present here, from a conventional
peptide bond. The compositions depicted below are similarly
expressed mutatis mutandis.
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-continued
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[0019] This invention includes a polyarginine peptide com-
prising from 5 to 9 arginines. In some embodiments this
peptide further comprises 1 or more terminal cysteines. In
some instances there are at least 2 terminal cysteines linked
by a disulfide bond.

[0020] A particular polyarginine peptide of comprises C-s-
s-CRRRRRRR where C is cysteine, C-s-s-C is a disulfide
bond between 2 cysteines and R is arginine. Optionally this
peptide the 2 cysteines are N-terminus linked.

[0021] In other embodiments the polyarginine peptide
comprises CRRRRRRR, or comprises RRRRRRR.

[0022] The noted peptide may include at least 1 d-arginine
and additionally at least 1 or more terminal cysteines which
are d-cysteine.

[0023] Yet further embodiments of the polyarginine pep-
tide comprise up to 2 terminal neutral amino acids.

[0024] This invention is further drawn to a therapeutic
method of treating actual or anticipated neuronal injury com-
prising the step of administering a therapeutically effective
dose of a polyarginine peptide of from 5 to 9 arginines.
Optionally, the method further includes administering such
peptide further comprising 1 or more terminal cysteines. In
one embodiment the polyarginine peptide is C-s-s-CR-
RRRRRR. All methods of administration are contemplated
including i.v. A useful range for methods of i.v. treatment
dosing is from about 0.01 mg/kg to about 20 mg/kg.

[0025] This invention is yet further drawn to a method of
protecting against glaucoma associated vision damage to at
least one eye in a subject comprising administering to said
subject a therapeutically effective dosage of the compositions
described herein. Particular reference is made to a polyargi-
nine peptide comprising from 5 to 9 arginines and further
comprising 1 or more terminal cysteines. Administration may
be by any usual form including oral and by eye drops. Doses
from about 0.1 to about 10 pg per 20 ul drop are noted.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Without being bound by any particular theory, it is
believed that the compositions of the present invention act to
preserve mitochondria as function organelles, and that this
influences the broadly observed neuroprotection disclosed
herein.
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[0027] Neuorprotection by C-R-R-R-R-R-R-R (C is cys-
teine, R is arginine; composition termed “CR(7)”) is effective
when the peptide is made with either I- or d-amino acids.
Dosing too is substantially I- or d-independent.

[0028] Without being bound by any particular theory, ref-
erence is made to the strong positive charge of the polyargi-
nine compositions. E.g., over all charge of the peptide is +7
with 7 arginine residues. Notably, substituting lysine (also
positively charged) for arginine in the presence or absence of
a terminal cysteine did not provide neuroprotection.

[0029] Further, a peptide with at least 5 or more arginines
can be flanked by 1 or 2 neutral amino acids and still be
therapeutically active. In such instances, cysteine, if present,
is attached at the arginine end. By way of example, C-R-R-
R-R-R-R-A, or, C-R-R-R-R-R-R-A-A, the A representing
alanine which is neutral.

[0030] Dosing should be instituted is soon as possible after
the subject presents with a neuronal injury; e.g., stroke-like
indicia or Traumatic Brain Injury. Dosing is stated for R7 (i.e.,
7 arginine peptide) compositions, but is similar for all com-
positions disclosed herein. Broadly, therapeutically effective
intraventricular dosages of from about 1,000 pg/kg to about 1
ng/kg are noted. For i.v administration, therapeutically effec-
tive dosages from about 20 mg/kg to about 0.01 mg/kg are
noted. Oral, intrathecal, and indeed all forms of administra-
tion are contemplated.

[0031] For intravetricular injection particularly useful (but
non-limiting) dosages ranges are

[0032] R(7)-CC:
[0033] high end: 500 ng/kg
[0034] low end: 5 ng/kg
[0035] R(7)-C
[0036] high end: 450 ng/kg
[0037] low end: 4.5 ng/kg
[0038] R(7)
[0039] High end: 400 pg/kg
[0040] Low end: 4.0 ng/kg
[0041] For dosing via i.v. injection in mg/kg/hr and assum-

ing 20% remaining active following crossing of blood brain
barrier.

[0042] R(7)-CC (N-terminus):
[0043] high end: 5 mg/kg
[0044] low end: 0.05 mg/kg
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[0045] R(7)-C(N-terminus)
[0046] high end: 4.5 mg/kg
[0047] low end: 0.045 mg/kg
[0048] R(7)
[0049] High end: 4 mg/kg
[0050] Low end: 0.040 mg/kg
[0051] Dosing is contemplated to begin as soon as possible

after the initial neuronal injury. Dosing may be daily for about
10,20, or 30 days or more post-insult. Dosing every other day
or varied regimens based in circulating blood levels of com-
position are contemplated.

[0052] I.v.infusion over the initial post-injury 1 to 10 hours
is contemplated, but infusion may be usefully be adminis-
tered daily for about 10, 20, or 30 days or more post-insult.

Composition Synthesis:

[0053] Disclosed arginine compositions can be prepared by
avariety of well known synthetic techniques. In one embodi-
ment standard fmoc-based protocols were used (Merrifield et
al., J. Am Chem. Soc. (1963) 85, 2149-2155). The teachings
of this and all references cited herein are incorporated by
reference in their entirety.

[0054] Reference is made to the chiral nature of arginine
and cysteine. Both I- and d-based compositions (e.g. d-R,
d-C, I-R, 1-C) were neuroprotective. The terminal cysteine(s)
are contemplated as attached at either/both the N-terminus or
C-terminus via peptide bond and to reduce the reactivity of
the exposed SH group, will have the option of being protected
by way of a disulfide linkage to a second cysteine (designated
here as C-s-s-C).

[0055] In a test model, the retina was protected from
NMDA-induced chemical stroke. Notably d-amino acid pep-
tides are resistant to most protease digestion and, in some
embodiments, exhibit longer half-life in vivo. The composi-
tions of this invention are useful in a variety of clinical situ-
ations, most of which are characterized by neurological insult
or cellular insult typified by mitochondrial damage. Without
being bound by any particular theory, untreated mitochon-
drial damage is believed to lead to generation of free radical
species. The compositions of this invention appear to avert or
curtail oxidative stress in the retina following NMDA-insult
by reducing mitochondrial originated free radical generation.
Without being bound by any particular theory, such activity is
believed to be significant in neuroprotection arising from the
compositions of this invention.

[0056] Particular reference is made to neuronal injury such
as stroke and Traumatic Brain Injury (including closed head
injury, e.g. sports, accidental injury involving concussion,
blast injury (combat or other). In one embodiment, football
players and boxers are dosed prophylactically prior to a game,
practice, or bout. Additionally dosing may be immediately
after first contact in a scheduled game or bout. Dosing is based
on an assumption of neurological insult or incipient damage
without regard to actual (detected) presenting symptoms.
[0057] The pharmacologically active compositions of this
invention can be processed in accordance with conventional
methods of Galenic pharmacy to produce medicinal agents
for administration to subjects, e.g., mammals including
humans. The therapeutic compositions disclosed herein are
usefully prepared an aqueous solutions. Particular not is made
of'isotonic saline. Other dosage forms are also contemplated.
Particularly suitable are injectable, sterile solutions.
Ampoules are convenient unit dosages.
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[0058] It is also possible to freeze-dry the new composi-
tions and use the lyophilisates obtained, for example, for the
preparation of products for injection.

[0059] Dosages for a given host can be determined using
conventional considerations, e.g., by customary comparison
of'the differential activities of the subject compositions and of
aknown agent, e.g., by means of an appropriate, conventional
pharmacological protocol.

[0060] Attention is drawn to the uptake into brain tissues
under in vivo conditions Fluorescent-tagged R(7) and C-s-s-
CR(7) were injected into the vitreal chamber of a rat eyes and
analyzed for specific uptake into retinal neurons at multiple
time points post-injection. Both compounds demonstrated
uptake into the retina within 30 min following injection and
showed significant accumulations with retinal neurons and
glia cells located in both the ganglion and inner nuclear layers
of'the retina. At longer time points (2-4 hrs post injection) the
accumulation of the labeled peptides accumulated within the
cytoplasm of the majority of neurons in the inner half of the
retina with preferential accumulations being localized to
small membrane-bound organelles surrounding the nucleus
of'both ganglion cells and amacrine cells as well as in exiting
ganglion cell axons. Double labeling studies show that the
majority of these labeled puncta colocalize with mitochon-
drial-specific markers, strongly implying that the R(7) pep-
tides are targeting the mitochondria.

[0061] Testing addressed intrathecal and intraventricular
injection of fluorescent-tagged R(7) and C-s-s-C-R(7). Both
intrathecal and intraventricual injections of fluorescent-
tagged CR(7) show that the peptide readily crosses the pia
matter glial barrier to accumulate in multiple populations of
neurons in the spinal cord and in the brain. Preferential accu-
mulation was noted in the neurons located within the hippoc-
ampus and cerebral cortex. This approach is a workable
option for quick delivery to prevent both stroke or traumatic
injury to these tissues.

[0062] Data establish that the compounds of the present
invention protect the neural tissue (retina) against a strong
NMDA-insult, with particular reference to R(7), CR(7) and
C-s-5-CR(7). Testing employed an in vivo rat retinal toxicity
model that models neurochemically induced stroke (Goebel,
D.J. and Winkler, B., J. Neurochem. 98:1732-1745, 2006). It
has been documented that R(7), CR(7) and C-s-s-CR(7) block
short-term neuronal cell death signaling when administering
a compound simultaneously with the induction of chemically
induced stroke using the glutamate receptor agonist N-me-
thyl-D-aspartate (NMDA). All three compounds listed above
blocked NMDA -induced loss of plasma membrane selectiv-
ity in all NMDA-receptive neurons out to 8 hrs post-insult
whereas retinas treated with NMDA-alone showed signifi-
cant neuronal distress 2 to 4 hrs post insult. In addition,
short-term (2-4 hrs post-NMDA-insult) biochemical studies
also show that R(7), CR(7) and C-s-s-CR(7) fully block
NMDA-induced caspase activation, poly-(ADP)ribosylola-
tion and mitochondrial-induced oxidative stress in the retina,
all hallmarks for early signaling neuronal cell death in our
system.

[0063] Both CR(7) and C-s-s-CR(7) demonstrated long-
term protection against NMDA-induced retinal ganglion cell
death 14-21 day post-insult, with both peptides providing
protection that was not significantly different from results
obtained from untreated or sham-treated control retinas.
Although R(7) provides full short-term protection. R(7) was
less effective in providing longer-term protection against reti-
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nal ganglion cell death using a single dosing. Repeated dosing
is indicated to extend the period of protection.

[0064] Protection mediated by polyarginine requires a
minimum of 5 consecutive arginine residues. Cysteine place-
ment on either the amino- or carboxy-terminus of the poly-
arginine peptide extends the neuroprotective action.

[0065] R(7)-C treatment produced both short and long-
term protection against an NMDA -insult that was shown not
to be significantly different from retinas treated with CR(7) or
C-5-s-CR(7).

[0066] Data compared peptides generated with d- and
l-amino acid bases. Results also show that d-CdR(7) and
d-C-s-s-dCdR(7) isomers provided full short- and long-term
neuroprotection against and NMDA-insult and that the level
of protection provided were not significantly different for the
corresponding 1-isoforms or untreated retina. These findings
indicate that stereo-specificity of CR(7) peptides is not
required to mediate neuroprotection against an excitotoxic
challenge.

[0067] Without being bound by ant particular, data indicate
that R(7), CR(7) and C-s-s-CR(7) block mitochondrial
induced oxidative stress and attenuate mitochondrial hyper-
polarization following excitotoxic stress. In one test, cultured
HEK293 cells pretreated with R(7), CR(7) or C-s-s-CR(7)
were accessed for mitochondrial respiration changes in mito-
chondrial membrane potentials and for oxidative stress fol-
lowing a controlled chemically induced excitotoxic challenge
to the cultured cells. Results showed that all three peptides
showed significant attenuation in oxidative stress and in
stress-induced hyperpolarization of the mitochondrial mem-
brane potentials as compared with shame-treated controls. In
addition, studies by our group also show that all three com-
pounds significantly prevented mitochondrial oxidative
stress, indicating that the peptides are either directly or indi-
rectly targeting the mitochondrial to block them from initiat-
ing cell death signaling events linked to neuron cell loss

Example 1

Stroke Patient

[0068] A 57 year old male enters the emergency room and
is diagnosed with an ischemic event involving the middle
cerebral artery, with symptomatology onset being under 1 hr.
Immediately, the patient was administered an i.v. supple-
mented with poly-arginine (R(7)C-s-s-C, 5 mg/kg) while
blood supply to the restricted area is restored.

[0069] Daily testing of cognitive and motor systems show
no deficits in physical or mental capacities. In addition,
CT/MRI imaging show no signs of lesioning in the affected
region, immediately following recovery and that this was
maintained and confirmed by follow-up imaging and behav-
ior testing.

Example 2

Post-Stroke Patient

[0070] A 64 year old woman is revived following stoke in
her home by EMS and is rushed to the nearest hospital 80
miles away. Upon arriving at the hospital it is determined that
the patient is showing signs of weakness on her left side. In
addition she complains of having blurred vision and exhibits
difficulty in speaking clearly. She is immediately started an
i.v. and administered poly arginine (R(7))@ 4 mg/kg/hr over
aperiod of 5 days to arrest post-stroke neuronal damage. The
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patient is monitored for recovery signs. Improvement in her
speech pattern is noted over the next 30 days as is increased
muscle tone on the left side and muscle recovery strength and
usage of her effected limbs.

Example 3

TBI Patient

[0071] A 17 yearold high school football player is rushed to
the emergency room of a local hospital suffering from a
severe concussion following a helmet to helmet impact with
anopposing player. The patient is initially unconscious on the
field for over 20 min. EMS personnel arrived to find the
patient responding to stimuli, but completely disoriented and
unable to coordinate muscle movement, articulate speech or
focus eye movements. Upon arriving at the ER, the patient is
administered an i.v. containing R(7)C-s-s-C peptide at 0.05
mg/kg. Delivery of the peptide continued until brain swelling
resulting from the impact returns to normal state (3-5 days).
Without being bound by any particular theory, the therapeutic
is to arrest neuronal cell death resulting from these docu-
mented post-traumatic effects. Monitoring the patient though
this period (and beyond) shows that he remains symptom free
of TBI and post-concussion effects (i.e. avoiding short-term
memory loss or exhibiting longer-term learning deficits.

Example 4

TBI Patient

[0072] The same scenario of Example 3 is noted except
here, the polyarginine is R(7)-C (C-Terminus) and the dosage
is 4/mg/kg

Example 5

TBI Patient

[0073] The same scenario of Example 3 is noted except
here, the polyarginine composition is R(7) and the dosage is
4 mg/kg.

Example 6

TBI Patient

[0074] The same scenario of Example 3 is noted except
here, the polyarginine is R(7)C-C and the dosage is 0.05
mg/kg.

Example 7

TBI Patient

[0075] The same scenario of Example 3 is noted except
here, the polyarginine composition is R(7) and the dosage is
0.04 mg/kg.

Example 8

Spinal Cord Injury

[0076] A 30 year old female presents with a spinal cord
injury following an automobile accident. The subject is con-
scious but unable to move her legs. Multislice spiral com-
puted tomography (MSCT) demonstrates a foreign body in
spinal canal at the level of the Th11-Th12. A Th(11)-L(2)
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laminectomy is performed along with retrieval of foreign
bodies and dura repair. Upon admission the patient is admin-
istered an i.v. containing R(7)C-s-s-C peptide at 0.15 mg/kg.
Delivery of the peptide is continued every other day for 30
days when substantial ability to move her legs is returned.

Example 9

GlaucomaTherapeutic

[0077] A 60 year old female presents with a complaint of
blurry vision in her left eye for 1 week. Her IOP is above 21
mmHg. A diagnosis of glaucoma is made.
[0078] Effort is made to surgically reduce IOP. In post-
surgical monitoring, [IOP levels remain above normal
excepted levels. To prevent retinal damage resulting from the
prolonged exposure to elevated IOP. the patient is adminis-
tered CR(7) in the form of eye drops suspended in a corneal
penetrating lipophilic suspension. Each 20 pl drop contains
1.25 pg of CR(7) The total applied/treatment is 2.5 ng. Two
drops are administered morning and two drops at night
[0079] Treatment is continued chronically and no progres-
sion of neuronal cell death is detected.

1. A polyarginine peptide comprising from 5 to 9 arginines.

2. The polyarginine peptide of claim 1 further comprising
1 or more terminal cysteines.

3. The polyarginine peptide of claim 2 comprising at least
2 terminal cysteines, said at least 2 cysteines linked by a
disulfide bond.

4. The polyarginine peptide of claim 2 comprising C-s-s-
CRRRRRRR where C is cysteine, C-s-s-C is a disulfide bond
between 2 cysteines and R is arginine.
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5. The polyarginine peptide of claim 4 wherein said 2
cysteines are N-terminus linked.

6. The polyarginine peptide of claim 2 comprising
CRRRRRRR. 7. The polyarginine peptide of claim 1 com-
prising RRRRRRR.

7. The polyarginine peptide of claim 1 wherein at least 1
arginine is d-arginine.

8. The polyarginine peptide of claim 2 wherein at least 1 or
more said terminal cysteines is d-cysteine.

9. The polyarginine peptide of claim 1 further comprising
up to 2 terminal neutral amino acids.

10. A therapeutic method of treating actual or anticipated
neuronal injury comprising administering a therapeutically
effective dose of a polyarginine peptide of from 5 to 9 argin-
ines.

11. The method of claim 10 wherein said polyarginine
peptide of claim 9 further comprising 1 or more terminal
cysteines

12. The method of claim 11 wherein said polyarginine
peptide is C-s-s-CRRRRRRR.

13. The method of claim 12 wherein administration is i.v.

14. The method of claim 13 wherein administration is from
about 0.01 mg/kg to about 20 mg/kg.

15. A method of protecting against glaucoma associated
vision damage to at least one eye in a subject comprising
administering to said subject a therapeutically effective dos-
age of a polyarginine peptide comprising from 5 to 9 argin-
ines and further comprising 1 or more terminal cysteines.

16. The method of claim 15 wherein said administration is
in the form of drops to said at least one eye.
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