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[57] ABSTRACT

Compositions containing as the active ingredient a spin-
trapping reagent, preferably o-phenyl butyl nitrone (PBN)
or spin-trapping derivatives thereof, in a suitable pharma-
ceutical carrier for administration to a patient are disclosed
for treating or preventing symptoms associated with aging or
other conditions associated with oxidative tissue damage.
Other spin-trapping agents can also be used, such as 5,5-
dimethyl pyrroline N-oxide (DMPO) or o-(4-pyridyl
1-oxide)-N-tert-butylnitrone (POBN), and other spin-
trapping derivatives thereof. These compositions and meth-
ods are useful in the treatment of age-related disorders,
pre-surgical and/or pre-anesthetic preparation or administra-
tion of chemotherapeutic agents, and in the treatment of
disorders or trauma of the brain, cardiovascular system, and
lymphatic system. Studies in animals demonstrate that
administration of compound for a two week period reduces
the level of oxidized brain enzymes to normal and restores
memory to the same level as tested in young control animals.

135 Claims, 5 Drawing Sheets
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METHOD OF TREATMENT OF
CONDITIONS ASSOCIATED WITH
OXIDATIVE TISSUE DAMAGE

This is a continuation of application Ser. No. 08/365,548,
filed Dec. 28, 1994, now U.S. Pat. No. 5,578,617, which is
a divisional of application Ser. No. 08/027,559, filed Mar. 5,
1993, now U.S. Pat. No. 5,405,874, which is a continuation
of application Ser. No. 07/589,177, filed Sep. 27, 1990, now
abandoned, which is a continuation-in-part of application
Ser. No. 07/422,651, filed Oct. 17, 1989, now U.S. Pat. No.
5,025,032.

BACKGROUND OF THE INVENTION

The present invention is a method and compositions
containing spin trapping agents for the treatment of age
related dysfunctions and other conditions arising from oxi-
dative damage.

Age related changes in central nervous system function
have generally been associated with the loss of cells, a
widening of lateral ventricles and deficits in short term
memory. The precise mechanisms of functional changes as
a result of aging, or other diseases associated with aging,
have not generally been agreed upon.

Several mechanisms for the generation of oxidized mate-
rial in the brain have been proposed. In particular, transition
metals, especially iron and copper, have been suggested as
mediating aspects of this oxidation. A marked reduction in
certain neurotransmitter receptor systems has been associ-
ated with increased oxidation of proteins. For example,
decreases in muscarinic receptors and other cholinergic
systems have been characterized as they relate to alterations
in functions in Alzheimers disease. It has also been hypoth-
esized that aging is associated with multiple minor periods
of ischemia (multi-infarct conditions or transient ischemia
attacks) which, over a period of time, may give rise to the
production of oxidized protein.

Changes associated with ischemic brain disease have been
proposed to be the result of alterations in calcium
disposition, increase in excitoxic neurotransmitter release,
production of free radicals and the attendant acidosis that
results in an increase in the loosely related metals in the cell
that are catalytic for the generation of oxygen free radicals.
These changes are largely limited to neuronal elements.
Reactive glia have been demonstrated, however, they are
mostly associated with postneuronal damage.

The treatment of age related dementias have been largely
limited by the inability to develop an appropriate model for
the study of this condition. This is due to the fact that aging
is a very complicated condition which is difficult to model,
especially with the lack of specific information associated
with the functional and biochemical basis of human age
related dementias. The use of animal models has largely
depended upon model systems used in brain studies, where
the brains are not truly senescent, or the use of senescent
animals, with little understanding of the origin of the senes-
cence or, in some cases, the inability to demonstrate truly
functional senescence.

The demonstration in a variety of systems, both neural
and nonneural, that there is an age related enhancement of
the level of oxidized protein in tissue gives rise to the
possibility that age related dysfunctions in the central ner-
vous system may be associated with the build-up of oxidized
proteins and oxidized macromolecules within neurons
throughout the central nervous system. The hypothesis is
that cells which have a buildup of oxidized protein are less
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functional and less able to maintain the specified role of
those cells in that particular area of the central nervous
system. While this hypothesis has been suggested by several
investigators, there are no reports of substantial investiga-
tions in which alterations in the oxidized protein burden of
the central nervous system was manipulated and correlated
with a functional outcome on the part of the animal. Such an
approach, if truly associated with brain dysfunction, would
provide a basis for reversing the age related neuronal deficit
of cells that are still viable. Thus, such an approach is
targeted at cells which are marginally functional but still
viable.

It is therefore the object of the present invention to
provide composition and methods for the use in preventing
or reversing age related functional deficits.

It is further the object of the present invention to provide
composition and methods for use thereof which are useful in
preventing and reversing cognitive deficits associated with
infection or inflammation.

It is another object of the present invention to provide
composition and methods reducing post traumatic cognitive
dysfunction.

SUMMARY OF THE INVENTION

Compositions containing as the active ingredient a spin-
trapping reagent, preferably o.-phenyl butyl nitrone (PBN),
or spin-trapping derivatives thereof, in a suitable pharma-
ceutical carrier for patient, are disclosed for treating or
preventing symptoms associated with aging or other condi-
tions associated with oxidative tissue damage. The preferred
PBN compositions have the following general formula:

H, O
AN /
/(:N A
X Y
wherein:
=\ (OR)
X is phenyl or \ / , wherein R is H,
(o)
O
7—C Z CH_N/
—C—, or Z; or — s
N
Y

and n is a whole integer from 1 to 5; or

(0]

ol

Y is tert-butyl group that can be hydroxylated or acetylated on
one or more positions; phenyl; or

ow

X

o]
s I
wherein W is—C—CH,, —NH—C—Z—, —C—O0Z, or Z; and

Z is a C; to Cs straight or branched alkyl group.

Other spin-trapping agents can also be used, such as
5,5-dimethyl pyrroline N-oxide (DMPO) or a-(4-pyridyl
1-oxide)-N-tert-butyinitrone (POBN), and other spin-
trapping derivatives thereof.

In the preferred embodiment, the compositions are admin-
istered one to two times daily by oral administration, at a
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dosage equivalent to between one and ten milligrams PBN/
70 kg of human body weight. Studies in animals demon-
strate that administration of compound for a two week
period reduces the level of oxidized brain enzymes to
normal and restores memory to the same level as tested in
young control animals. A significant reduction in oxidized
proteins and memory recovery is observed as early as seven
days after initiation of treatment; levels are still comparable
to young controls one to three days following cessation of
treatment, and partially reduced at seven days following
cessation of treatment.

These compositions and methods are useful in the treat-
ment of age-related disorders, pre-surgical and/or pre-
anesthetic preparation or administration of chemotherapeu-
tic agents, and in treatment of disorders or trauma of the
brain, cardiovascular system, lymphatic system, and,
potentially, in the treatment of some viral disorders charac-
terized by oxidation of host proteins in cells infected by the
virus.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a graph of the alkaline protease activity from
gerbil cortex (% of young, three to four month old gerbil
cortex) for young gerbils (age three to four months), old
gerbils (retired breeders of twelve to fifteen months of age),
old gerbils that received twice daily injections of 0.1 ml
saline/kg body weight, and old gerbils that received twice
daily injections of 10 mg PBN in saline/kg body weight for
two weeks. Protease activity was determined using oxidized
protein extracted from young gerbil cerebral cortex.

FIG. 2A and FIG. 2B are graphs comparing protein
carbonyl activity (pmol/mg protein) (FIG. 2A) and
glutamine synthetase activity (FIG. 2B) in the cerebral
cortex (neocortex) of young adult and old gerbils over days
of administration of 32 mg PBN/kg administered twice a day
for one, three, seven or fourteen days. At the end of each of
the days indicated, animals were decapitated and cerebral
cortex removed and rapidly frozen in liquid nitrogen. Pro-
tein carbonyl content was determined using the DNPH
procedure. The results demonstrate the reduction in oxida-
tive damage to proteins and the loss of enzyme activity in
gerbil cerebral cortex as a result of twice daily administra-
tion of 32 mg PBN/kg (i.p.). Each histogram is the mean of
three subjects.

FIGS. 3A, 3B and 3C are graphs comparing changes in
protein carbonyl (pnol/mg protein) (FIG. 3A), glutamine
synthetase (FIG. 3B), and protease activity (% control)
(FIG. 3C) over days following termination of twice daily
dosing with 10 mg PBN/kg body weight. FIG. 3A represents
the level of carbonyl in the soluble protein obtained from
gerbils treated for fourteen days and tested at 1, 3, 7 and 14
days post dosing. FIG. 3B is the time related decrease in
cortical glutamine synthetase (GS) activity after termination
of twice daily injections of PBN. FIG. 3C demonstrates the
time related decrease in alkaline protease activity following
termination of twice daily injections of PBN. Each histo-
gram is the mean = standard error (S.E.) of three subjects at
each of the indicated times. The asterisk and dashed line
indicates the old gerbil, untreated control values for each of
the measures.

FIGS. 4A, 4B and 4C are graphs comparing changes in
protein carbonyl (pnollmg protein) (FIG. 4A), glutamine
synthetase (FIG. 4B), and protease activity (% control)
(FIG. 4C) over days following termination of twice daily
dosing with 32 mg PBN/kg body weight. FIG. 4A represents
the level of carbonyl in the soluble protein obtained from
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gerbils treated for fourteen days and tested at 1, 3, 7 and 14
days post dosing. FIG. 4B is the time related decrease in
cortical glutamine synthetase (GS) activity after termination
of twice daily injections of PBN. FIG. 4C demonstrates the
time related decrease in alkaline protease activity following
termination of twice daily injections of PBN. Each histo-
gram is the mean = S.E. of three subjects at each of the
indicated times. The asterisk and dashed line indicates the
old gerbil, untreated control values for each of the measures.

FIG. 5 is a graph of the eight arm radial arm maze
performance of young or old gerbils treated with either
saline or PBN. Gerbils were placed into the central com-
partment of the maze with the barrier in place to limit
exploration. After the barrier was removed, the number of
arms re-entered and the total elapsed time before all eight
arms were entered was recorded. Each histogram represents
the mean + of 18 gerbils. The animals were administered
PBN twice daily (either 10 or 32 mg PBN/kg body weight)
for seven days and tested at the end of seven days of dosing.

DETAILED DESCRIPTION OF THE
INVENTION

It has now been discovered that, further to the methods
using PBN for the treatment and prevention of ischemic
damage described and claimed in U.S. Ser. No. 07/422,651
filed Oct. 17, 1989, now Reissue U.S. Pat. No. 35,112,
spin-trapping agents are useful in preventing or treating
symptoms associated with aging, trauma, drug administra-
tion and surgery, especially of the brain. As used herein, a
free radical scavenger or spin-trap reagent is a molecule that
will form a stable complex with free radical. A free radical
carbon trap is a molecule in which the free radical is
localized on a carbon atom or a nitrogen atom. As a result
of this chemical bond formation, the free radical is no longer
damaging to the cell. In combination with a pharmaceutical
vehicle suitable for administration to a patient, preferably by
oral administration, these compounds are useful in prevent-
ing or reversing symptoms associated with aging, for
example, increased levels of oxidized proteins, decreased
enzymatic activity, and spatial and short term memory.
Currently, there are no effective, non-toxic treatments for
aging. Effectiveness has been demonstrated in animals after
as few as seven days of administration. Effectiveness con-
tinues for at least one week after administration. Values
return to pretreatment levels after two weeks.

USEFUL SPIN-TRAPPING COMPOUNDS
PBN and Derivatives Thereof.

The preferred spin-trapping compounds are c-phenyl
t-butyl nitrone (PBN), and derivatives thereof. PBN has no
measurable effect on normal or uninjured cells. PBN is the
preferred compound at this time, although a number of
derivatives are also useful, including hydroxy derivatives,
especially 2-, 3- or 4-hydroxy PBN and mono-, di- and
trihydroxy tert-butyl nitrone; esters, especially esters which
release 2-, 3, or 4-hydroxyphenyl t-butyl nitrone such as the
acetoxy derivative, 2-, 3-, or 4-carboxyphenyl t-butyl
nitrone, such as the ethyl derivative, or phenyl hydroxybutyl
nitrone, such as the acetoxy derivative; alkoxyl derivatives,
especially alkoxyl derivatives which release 2-, or
4-hydroxyphenyl t-butyl nitrone, such as the methyl deriva-
tive; and acetamide derivatives, especially acetamide deriva-
tives which release 2-, or 4 aminophenyl t-butyl nitrone,
such as the acetyl derivative; diphenyl nitrone (PPN) and the
analogous diphenyl nitrone derivatives. As used herein,
“PBN” refers to both phenyl t-butyl nitrone and derivatives
thereof, unless otherwise stated.
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/ \/OW,
\
5
wherein W is
o} 0
I I I 10
NH—C—2Z2—, — C—CH;, —C—O0Z,
or Z; and
S=H, (OR),,, wherein R is H,
15
o o
l ’
72—C—, Z, o — CH=N+
\
Y
20
wherein Y is as defined above,
n is a whole number from 1 to 4, or
o}
” 25
NH— C—7Z; and
Z is a C, to Cs straight or branched alkyl group; 30

(d) at least one other alpha-phenyl t-butyl nitrone (PBN)
derivative selected from the group consisting of
hydroxy PBNs, PBN esters, acetoxy PBNs, alkyl
PBNs, alkoxy PBNs and phenyl PBNs having spin-
trapping activity in vivo in tissue; 35

(e) at least one other alpha-(4-pyridyl 1-oxide)-N-tert-
butylnitrone (POBN) derivative selected from the
group consisting of hydroxy POBNs, POBN esters,
acetoxy POBNSs, alkyl POBNs, alkoxy POBNs and
phenyl POBNs having spin trapping activity in vivo in
tissue; and

() at least one other 5,5-dimethyl pyrroline N-oxide
(DMPO) derivative selected from the group consisting
of hydroxy DMPOs, DMPO esters, acetoxy DMPOs,
alkyl DMPOs, alkoxy DMPOs and phenyl DMPOs
having spin trapping activity in vivo in tissue;

optionally in association with a pharmaceutically accept-
able carrier.

6. The method of claim 5 wherein said active agent is

defined by formula (I).
7. The method of claim 6 wherein X is

(OR),.
@ 55

8. The method of claim 6 wherein X is

“ 60
NH—C—Z

9. The method of claim 6 wherein Y is a tert-butyl group 65
that can be hydroxylated or acetylated on one or more
positions.

40

45

50
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10. The method of claim 6 wherein Y is phenyl.
11. The method of claim 6 wherein Y is

12. The method of claim 5 wherein X is

and Y is a tert-butyl group.

13. The method of claim 5 wherein said active agent is
defined by formula (II).

14. The method of claim 13 wherein A and B are selected
from the group consisting of CH;, CH,OH and CH,OW.

15. The method of claim 13 wherein at least one of A and

Bis

16. The method of claim 5 wherein said active agent is
defined by formula (III).

17. The method of claim 16 wherein Y is a tert-butyl
group that can be hydroxylated or acetylated on one or more
positions.

18. The method of claim 16 wherein Y is phenyl.

19. The method of claim 16 wherein Y is

20. The method of claim 16 wherein S is (OR),.
21. The method of claim 16 wherein S is

22. The method of claim § wherein said active agent is
selected from the group consisting of hydroxy PBNs, PBN
esters, acetoxy PBNs, alkyl PBNs, alkoxy PBNs and phenyl
PBNs.

23. The method of claim § wherein said active agent is
selected from the group consisting of hydroxy POBNS,
POBN esters, acetoxy POBNs, alkyl POBNs, alkoxy
POBNSs, and phenyl POBNSs.

24. The method of claim § wherein said active agent is
selected from the group consisting of hydroxy DMPOs,
DMPO esters, acetoxy DMPOs, alkyl DMPOs, alkoxy
DMPOs and phenyl DMPOs.

25. A method according to claim 5 wherein said active
agent is PBN.

26. A method according to claim 5 wherein said com-
pound is provided in combination with a pharmaceutical
carrier selected from the group consisting of microspheres,
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liposomes, immobilizing substrates, polymeric matrices,
and buffering agents.

27. A method according to claim 5 wherein said com-
pound is administered in a dosage of from 1 to 300 mg/kg
body weight.

28. A method of treating intermittent claudication in a
patient suffering from intermittent claudication comprising
administering to said patient an effective intermittent
claudication-treating amount of a composition having as the
active agent a compound selected from the group consisting
of alpha-phenyl t-butyl nitrone (PBN); 5,5-dimethyl pyrro-
line N-oxide (DMPO); alpha-(4-pyridyl 1-oxide)-N-tert-
butylnitrone (POBN) and derivatives thereof selected from
the group consisting of hydroxy PBNs, POBNs and
DMPOS; PBN, POBN and DMPO esters; acetoxy PBNs,
POBNs and DMPOs; alkyl PBNs, POBNs and DMPOs;
alkoxy PBNs, POBNs and DMPOs; and phenyl PBNs,
POBNSs and DMPOs having spin trapping activity in vivo in
tissue; and

a pharmaceutically acceptable carrier therefor.

29. The method of claim 28 wherein the active agent is
PBN.

30. The method of claim 28 wherein the active agent is
provided in a dosage of between 1 to 300 mg/kg body
weight.

31. The method of claim 28 wherein the active agent is
provided in combination with a pharmaceutical carrier
selected from the group consisting of microspheres,
liposomes, immobilizing substrates, polymeric matrices and
buffering agents.

32. A method of treating intermittent claudication in a
patient suffering from intermittent claudication comprising
administering to said patient an effective intermittent
claudication-treating amount of a composition having as the

active agent a compound selected from the group consisting
of

(a) at least one compound of formula (I):

)
H o
/
C=N,
N\
X Y
wherein:
X is phenyl or
- e (OR)m

wherein R is H,
O
Il o
/
—Z—C—,orZ;or— CH=N,
N
Y
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and n is a whole integer from 1 to 5; or

Y is a tert-butyl group that can be hydroxylated or
acetylated on one or more positions; phenyl; or

—\ _OW,
P
wherein W is
0 0 0
Il Il I
C—CH;, NH—C—1Z, C—O0Z,
or Z; and

Z is a C; to C; straight or branched alkcyl group; or
(b) at least one compound of formula (II):

iy
N

B

(m

wherein A and B are independently CH;, CH,OH,

CH,OW, or
C)/:: (OW)n,

and
wherein n is an integer from 1 to 5,
Wis

0 0 o)

Il Il Il
—C—CH;, —NH—C—Z—, —C—O0%Z,

or Z;

Zis a C, to Cs straight or branched alkyl group;
(c) at least one compound of formula (III):

(1T

0
!
=N—%Y

HC
]
N

Qw7

wherein
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Y is a tert-butyl group that can be hydroxylated or
acetylated on one or more positions; phenyl or

N _OW;
/ X
wherein W is
o) o) o)
Il Il Il
NH—C—Z—, —C—CH;, —C—O0%,
or Z; and
S=H, (OR),,, wherein R is H,
o) o
Il /
Zz—C—,Z,o0 —C=N,
y

wherein Y is as defined above,

n is a whole number from 1 to 4, or

(¢]
NH—C—Z; and

Z is a C, to Cs straight or branched alkyl group;

(d) at least one other alpha-phenyl t-butyl nitrone (PBN)
derivative selected from the group consisting of
hydroxy PBNs, PBN esters, acetoxy PBNs, alkyl
PBNs, alkoxy PBNs and phenyl PBNs having spin-
trapping activity iln vivo in tissue;

(e) at least one other alpha-(4-pyridyl 1-oxide)-N-tert-
butylnitrone (POBN) derivative selected from the
group consisting of hydroxy POBNs, POBN esters,
acetoxy POBNSs, alkyl POBNs, alkoxy POBNs and
phenyl POBNs having spin trapping activity in vivo in
tissue; and

() at least one other 5,5-dimethyl pyrroline N-oxide
(DMPO) derivative selected from the group consisting
of hydroxy DMPOs, DMPO esters, acetoxy DMPOS,
alkyl DMPOs, alkoxy DMPOs and phenyl DMPOs
having spin trapping activity in vivo in tissue;

optionally in association with a pharmaceutically accept-
able carrier.

33. The method of claim 32 wherein said active agent is
defined by formula (I).

34. The method of claim 33 wherein X is
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35. The method of claim 33 wherein X is

36. The method of claim 33 wherein Y is a tert-butyl
group that can be hydroxylated or acetylated on one or more
positions.

37. The method of claim 33 wherein Y is phenyl.

38. The method of claim 33 wherein Y is

39. The method of claim 32 wherein X is

O
NH—C—2Z

and Y is a tert-butyl group.

40. The method of claim 32 wherein said active agent is
defined by formula (II).

41. The method of claim 40 wherein A and B are selected
from the group consisting of CH;,, CH,OH and CH,OW.

42. The method of claim 40 wherein at least one of A and

Bis
@ (OW),.

43. The method of claim 32 wherein said active agent is
defined by formula (III).

44. The method of claim 43 wherein Y is a tert-butyl
group that can be hydroxylated or acetylated on one or more
positions.

45. The method of claim 43 wherein Y is phenyl.

46. The method of claim 43 wherein Y is

47. The method of claim 43 wherein S is (OR),,.
48. The method of claim 43 wherein S is

49. The method of claim 42 wherein said active agent is
selected from the group consisting of hydroxy PBNs, PBN
esters, acetoxy PBNs, alkyl PBNs, alkoxy PBNs and phenyl
PBNs.

50. The method of claim 42 wherein said active agent is
selected from the group consisting of hydroxy POBNS,
POBN esters, acetoxy POBNs, alkyl POBNs, alkoxy
POBNSs, and phenyl POBNSs.
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51. The method of claim 42 wherein said active agent is
selected from the group consisting of hydroxy DMPOS,
DMPO esters, acetoxy DMPOS, alkyl DMPOS, alkoxy
DMPOs and phenyl DMPOs.

52. A method according to claim 42 wherein said active
agent is PBN.

53. A method according to claim 42 wherein said com-
pound is provided in combination with a pharmaceutical
carrier selected from the group consisting of microspheres,
liposomes, immobilizing substrates, polymeric matrices,
and buffering agents.

54. A method according to claim 42 wherein said com-
pound is administered in a dosage of from 1 to 300 mg/kg
body weight.

55. A method of treating exercise-induced muscle damage
in a patient suffering from exercise-induced muscle damage
comprising administering to said patient an effective
exercise-induced muscle damage treating amount of a com-
position having as the active agent a compound selected
from the group consisting of alpha-phenyl t-butyl nitrone
(PBN); 5,5-dimethyl pyrroline N-oxide (DMPO); alpha-(4-
pyridyl 1-oxide)-N-tert-butylnitrone (POBN) and deriva-
tives thereof selected from the group consisting of hydroxy
PBNs, POBNs and DMPOs; PBN, POBN and DMPO esters;
acetoxy PBNs, POBNs and DMPOs; alkyl PBNs, POBNs
and DMPOs; alkoxy PBNs, POBNs and DMPOS; and
phenyl PBNs, POBNs and DMPOs having spin trapping
activity in vivo in tissue; and

a pharmaceutically acceptable carrier therefor.

56. The method of claim 53 wherein the active agent is
PBN.

57. The method of claim 53 wherein the active agent is
provided in a dosage of between 1 to 300 mg/kg body
weight.

58. The method of claim 53 wherein the active agent is
provided in combination with a pharmaceutical carrier
selected from the group consisting of microspheres,
liposomes, immobilizing substrates, polymeric matrices and
buffering agents.

59. A method of treating exercise-induced muscle damage
in a patient suffering from exercise-induced muscle damage
comprising administering to said patient an effective
exercise-induced muscle damage treating amount of a com-
position having as the active agent a compound selected
from the group consisting of

(a) at least one compound of formula (I):

)
H [}
\C= N/
/ kS
X Y
wherein:
X is phenyl or
— / (OR)m
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wherein R is H,
O
[ d
—Z—C—, or Z; or —CH=N,
\Y

and n is a whole integer from 1 to 5; or

Y is a tert-butyl group that can be hydroxylated or
acetylated on one or more positions; phenyl; or

— oW,
N
wherein W is
o o 0
Il l Il
C—CH;, NH—C—Z, C—O0Z,
or Z; and

Zis a C, to Cs straight or branched alkyl group; or

(b) at least one compound of formula (II):

e
N

o

(I

wherein A and B are independently CH;, CH,OH,

CH,OW, or
@(OW)H, and

wherein n is an integer from 1 to 5,
Wis

O O O

——C—CH;, —NH—C—Z—, —C—O0Z,

or Z;
Zis a C, to Cs straight or branched alkyl group;
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(c) at least one compound of formula (III):

(1)

HC=N—Y

N

Q=

wherein

10

15
Y is a tert-butyl group that can be hydroxylated or

acetylated on one or more positions; phenyl or

OwW;
</ Y

wherein W is

I I I
NH—C—Z—, —C—CH; —C—O07Z,
or Z; and

S=H, (OR),,, wherein R is H,
O )
Il ©
z—C—, Z, o —CH=N,
N\
Y
wherein Y is as defined above,
n is a whole number from 1 to 4, or
o)
and

Z is a C, to C; straight or branched alkyl group;

(d) at least one other alpha-phenyl t-butyl nitrone (PBN)
derivative selected from the group consisting of
hydroxy PBNs, PBN esters, acetoxy PBNs, alkyl
PBNs, alkoxy PBNs and phenyl PBNs having spin-
trapping activity in vivo in tissue;

(e) at least one other alpha-(4-pyridyl 1-oxide)-N-tert-
butylnitrone (POBN) derivative selected from the
group consisting of hydroxy POBNs, POBN esters,
acetoxy POBNSs, alkyl POBNs, alkoxy POBNs and
phenyl POBNs having spin trapping activity in vivo in
tissue; and

() at least one other 5,5-dimethyl pyrroline N-oxide
(DMPO) derivative selected from the group consisting
of hydroxy DMPOs, DMPO esters, acetoxy DMPOs,
alkyl DMPOs, alkoxy DMPOs and phenyl DMPOs
having spin trapping activity in vivo in tissue;

optionally in association with a pharmaceutically accept-
able carrier.

60. The method of claim 59 wherein said active agent is

defined by formula (I).
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61. The method of claim 60 wherein X is

o

62. The method of claim 60 wherein X is

I
@NH— C—7Z

63. The method of claim 60 wherein Y is a tert-butyl
group that can be hydroxylated or acetylated on one or more
positions.

64. The method of claim 60 wherein Y is phenyl.

65. The method of claim 60 wherein Y is

o

66. The method of claim 59 wherein X is

(0]

Ol

and Y is a tert-butyl group.

67. The method of claim 59 wherein said active agent is
defined by formula (II).

68. The method of claim 67 wherein A and B are selected
from the group consisting of CH;, CH,OH and CH,OW.

69. The method of claim 67 wherein at least one of A and

Bis
@ (Ow)n

70. The method of claim 59 wherein said active agent is
defined by formula (III).

71. The method of claim 70 wherein Y is a tert-butyl
group that can be hydroxylated or acetylated on one or more
positions.

72. The method of claim 70 wherein Y is phenyl.
73. The method of claim 70 wherein Y is

o

74. The method of claim 70 wherein S is (OR),,.
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75. The method of claim 70 wherein S is

I
@NH— C—Z.

76. The method of claim 59 wherein said active agent is
selected from the group consisting of hydroxy PBNs, PBN
esters, acetoxy PBNs, alkyl PBNs, alkoxy PBNs and phenyl
PBNs.

77. The method of claim 59 wherein said active agent is
selected from the group consisting of hydroxy POBNS,
POBN esters, acetoxy POBNs, alkyl POBNs, alkoxy
POBNSs, and phenyl POBNSs.

78. The method of claim 59 wherein said active agent is
selected from the group consisting of hydroxy DMPOs,
DMPO esters, acetoxy DMPOs, alkyl DMPOs, alkoxy
DMPOs and phenyl DMPOs.

79. A method according to claim 59 wherein said active
agent is PBN.

80. A method according to claim 59 wherein said com-
pound is provided in combination with a pharmaceutical
carrier selected from the group consisting of microspheres,
liposomes, immobilizing substrates, polymeric matrices,
and buffering agents.

81. A method according to claim 59 wherein said com-
pound is administered in a dosage of from 1 to 300 mg/kg
body weight.

82. A method of inhibiting inflammation arising from
viral infection in a patient suffering from inflammation
arising from viral infection comprising administering to said
patient an effective inflammation-inhibiting amount of a
composition having as the active agent a compound selected
from the group consisting of alpha-phenyl t-butyl nitrone
(PBN); 5,5-dimethyl pyrroline N-oxide (DMPO); alpha-(4-
pyridyl 1-oxide)-N-tert-butylnitrone (POBN) and deriva-
tives thereof selected from the group consisting of hydroxy
PBNs, POBNs and DMPOs; PBN, POBN and DMPO esters;
acetoxy PBNs, POBNs and DMPOS; alkyl PBNs, POBNs
and DMPOs; alkoxy PBNs, POBNs and DMPOs; and phe-
nyl PBNs, POBNs and DMPOs having spin trapping activity
in vivo in tissue; and

a pharmaceutically acceptable carrier therefor.

83. The method of claim 82 wherein the active agent is
PBN.

84. The method of claim 82 wherein the active agent is
provided in a dosage of between 1 to 300 mg/kg body
weight.

85. The method of claim 82 wherein the active agent is
provided in combination with a pharmaceutical carrier
selected from the group consisting of microspheres,
liposomes, immobilizing substrates, polymeric matrices and
buffering agents.

86. A method of inhibiting inflammation arising from
viral infection in a patient suffering from inflammation
arising from viral infection comprising administering to a
patient an effective inflammation-inhibiting amount of a
composition having as the active agent a compound selected
from the group consisting of
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(a) at least one compound of formula (I):

®

H, o}
\C=N+
/ AN
X Y
wherein:
X is phenyl or
_/(OR)n

\ /

wherein R is H,

o}
o
—7—=C Z CH_N+/
— , or Z; or —
AN
Y

and n is a whole integer from 1 to 5; or

I
@NH— C—Z

Y is a tert-butyl group that can be hydroxylated or
acetylated on one or more positions; phenyl; or

— /OW

\ /

wherein W is
0 0 0
| Il
C—CH;, NH—C—2Z, C—O07Z,

or Z; and
Zis a C, to Cj straight or branched alkyl group; or
(b) at least one compound of formula (II):

0
N

o

(I

wherein A and B are independently CH;, CH,OH,

CH,OW, or
Q: A (OW)y,
and

wherein n is an integer from 1 to 5,
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Wis
0 o 0
Il Il I
—C—CH;, —NH—C—Z—, —C—O%Z,
or Z;

Z is a C, to C; straight or branched alkyl group;
(c) at least one compound of formula (III):

(1)

HC =N—Y

<

Q=2

wherein
Y is a tert-butyl group that can be hydroxylated or
acetylated on one or more positions; phenyl or

/:\(OW;

wherein W is

o) (ﬁ o)
NH—C—7Z—, —C—CH;, —C—O0Z,
or Z; and

S=H, (OR),,, wherein R is H,
o) o
I /
z—C—, Z, oo —CH=N,
AY
Y
wherein Y is as defined above,
n is a whole number from 1 to 4, or
I

Z is a C, to Cs straight or branched alkyl group;

(d) at least one other alpha-phenyl t-butyl nitrone (PBN)
derivative selected from the group consisting of
hydroxy PBNs, PBN esters, acetoxy PBNs, alkyl
PBNs, alkoxy PBNs and phenyl PBNs having spin-
trapping activity in vivo in tissue;

(e) at least one other alpha-(4-pyridyl 1-oxide)-N-tert-
butylnitrone (POBN) derivative selected from the
group consisting of hydroxy POBNs, POBN esters,
acetoxy POBNSs, alkyl POBNs, alkoxy POBNs and
phenyl POBNs having spin trapping activity in vivo in
tissue; and

() at least one other 5,5-dimethyl pyrroline N-oxide
(DMPO) derivative selected from the group consisting
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of hydroxy DMPOs, DMPO esters, acetoxy DMPOs,
alkyl DMPOs, alkoxy DMPOs and phenyl DMPOs
having spin trapping activity in vivo in tissue;
optionally in association with a pharmaceutically accept-
able carrier.
87. The method of claim 86 wherein said active agent is
defined by formula (I).
88. The method of claim 87 wherein X is

: _(OR),.

89. The method of claim 87 wherein X is
0
I

NH—C—Z.

90. The method of claim 87 wherein Y is a tert-butyl
group that can be hydroxylated or acetylated on one or more
positions.

91. The method of claim 87 wherein Y is phenyl.

92. The method of claim 87 wherein Y is

93. The method of claim 86 wherein X is

O
NH—C—2Z

and Y is a tert-butyl group.

94. The method of claim 86 wherein said active agent is
defined by formula (II).

95. The method of claim 94 wherein A and B are selected
from the group consisting of CH;, CH,OH and CH,OW.

96. The method of claim 94 wherein at least one of A and

Bis
T

97. The method of claim 86 wherein said active agent is
defined by formula (III).

98. The method of claim 97 wherein Y is a tert-butyl
group that can be hydroxylated or acetylated on one or more
positions.

99. The method of claim 97 wherein Y is phenyl.

100. The method of claim 97 wherein Y is

101. The method of claim 97 wherein S is (OR),,.
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102. The method of claim 97 wherein S is

103. The method of claim 86 wherein said active agent is
selected from the group consisting of hydroxy PBNs, PBN
esters, acetoxy PBNs, alkyl PBNs, alkoxy PBNs and phenyl
PBNs.

104. The method of claim 86 wherein said active agent is
selected from the group consisting of hydroxy POBNS,
POBN esters, acetoxy POBNs, alkyl POBNs, alkoxy
POBNSs, and phenyl POBNSs.

105. The method of claim 86 wherein said active agent is
selected from the group consisting of hydroxy DMPOs,
DMPO esters, acetoxy DMPOs, alkyl DMPOs, alkoxy
DMPOs and phenyl DMPOs.

106. A method according to claim 86 wherein said active
agent is PBN.

107. A method according to claim 86 wherein said com-
pound is provided in combination with a pharmaceutical
carrier selected from the group consisting of microspheres,
liposomes, immobilizing substrates, polymeric matrices,
and buffering agents.

108. A method according to claim 86 wherein said com-
pound is administered in a dosage of from 1 to 300 mg/kg
body weight.

109. A method of treating diabetic retinopathy in a patient
suffering from diabetic retinopathy comprising administer-
ing to said patient an effective diabetic retinopathy-treating
amount of a composition having as the active agent a
compound selected from the group consisting of alpha-
phenyl t-butyl nitrone (PBN); 5,5-dimethyl pyrroline
N-oxide (DMPO); alpha-(4-pyridyl 1-oxide)-N-tert-
butylnitrone (POBN) and derivatives thereof selected from
the group consisting of hydroxy PBNs, POBNs and
DMPOs; PBN, POBN and DMPO esters; acetoxy PBNs,
POBNs and DMPOs; alkyl PBNs, POBNs and DMPOs;
alkoxy PBNs, POBNs and DMPOs and phenyl PBNs,
POBNSs and DMPOs having spin trapping activity in vivo in
tissue; and

a pharmaceutically acceptable carrier therefor.

110. The method of claim 109 wherein the active agent is
PBN.

111. The method of claim 109 wherein the active agent is
provided in a dosage of between 1 to 300 mg/kg body
weight.

112. The method of claim 109 wherein the active agent is
provided in combination with a pharmaceutical carrier
selected from the group consisting of microspheres,
liposomes, immobilizing substrates, polymeric matrices and
buffering agents.

113. A method of treating diabetic retinopathy in a patient
suffering from diabetic retinopathy comprising administer-
ing to said patient an effective diabetic retinopathy-treating
amount of a composition having as the active agent a
compound selected from the group consisting of
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(a) at least one compound of formula (I):

®

H ¢
\C_ N/
AR
X Y
wherein:
X is phenyl or
—\ . (OR),,
/( )

wherein R is H,

(0] o
l %
—Z7—C—, Or Z; or —CH=N+\
Y

and n is a whole integer from 1 to 5; or

o)
NH—C—Z;

Y is a tert-butyl group that can be hydroxylated or
acetylated on one or more positions; phenyl; or

— ow;
e
wherein W is
o o o
Il Il Il
C—CH;,, NH—C—Z, C—O0Z,
or Z; and

Zis a C, to Cj straight or branched alkyl group; or

(b) at least one compound of formula (II):

(0]

(m

wherein A and B are independently CH;, CH,OH,
CH,OW, or
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hydroxy PBNs, PBN esters, acetoxy PBNs, alkyl

(OW)y, and PBNs, alkoxy PBNs and phenyl PBNs having spin-
<<j ) trapping activity in vivo in tissue;

(e) at least one other alpha-(4-pyridyl 1-oxide)-N-tert-

’ butylnitrone (POBN) derivative selected from the
wherein n is an integer from 1 to 5, group consisting of hydroxy POBNs, POBN esters,
W is acetoxy POBNs, alkyl POBNs, alkoxy POBNs and

phenyl POBNs having spin trapping activity in vivo in
o o o 10 tissue; and
_l(lj_CH3, NH_!';_ z, —llj—oz, (f) at least one other 5,5-dimethyl pyrroline N-oxide

(DMPO) derivative selected from the group consisting
7 of hydroxy DMPOs, DMPO esters, acetoxy DMPOs,
or £, lkyl DMPOs, alk DMPO d phenyl DMPO
Z is a C, to Cs straight or branched alkyl group; 15 ; y oS, aRoRy TS dnd pheny . >
aving spin trapping activity 1n vivo 1n tissue;
(c) at least one compound of formula (III): ) . o ) )
optionally in association with a pharmaceutically accept-

() able carrier.
0 114. The method of claim 113 wherein said active agent
T 2 s defined by formula .
115. The method of claim 114 wherein X is
HC=N—Y
(OR),.
) : @]
7S
N
J 116. The method of claim 114 wherein X is
0 30
o]
Il
wherein NH—C—Z
Y is a tert-butyl group that can be hydroxylated or
acetylated on one or more positions; phenyl or 35

117. The methbd of claim 114 wherein Y is a tert-butyl

N _OW;
</ () group that can be hydroxylated or acetylated on one or more

positions.
40 118. The method of claim 114 wherein Y is phenyl.

. . 119. The method of claim 114 wherein Y is
wherein W is

o o o ow.
l I 45
NH—C—Z—, —C—CH;, —C—O0Z,

Z; and . . .
S=(§ (Oel% wherein R is H 120. The method of claim 113 wherein X is
50
0 ) 0
l /° Il
72—C—, Z, or —CH=N+\ NH—C—7Z
Y
55

wherein Y is as defined above,

n is a whole number from 1 to 4, or and Y is a tert-butyl group.

121. The method of claim 113 wherein said active agent

i 60 is defined by formula (I).
NH—C—7Z7; and
122. The method of claim 121 wherein A and B are

selected from the group consisting of CH;, CH,OH and

CH,OW.
Z is a C, to Cs straight or branched alkyl group; 65

(d) at least one other alpha-phenyl t-butyl nitrone (PBN) 123. The method of claim 121 wherein at least one of A
derivative selected from the group consisting of and B is
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124. The method of claim 113 wherein said active agent
is defined by formula (III).

125. The method of claim 124 wherein Y is a tert-butyl
group that can be hydroxylated or acetylated on one or more
positions.

126. The method of claim 124 wherein Y is phenyl.

127. The method of claim 124 wherein Y is

128. The method of claim 124 wherein S is (OR),,.
129. The method of claim 124 wherein S is
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130. The method of claim 113 wherein said active agent
is selected from the group consisting of hydroxy PBNs, PBN
esters, acetoxy PBNs, alkyl PBNs, alkoxy PBNs and phenyl
PBNs.

131. The method of claim 113 wherein said active agent
is selected from the group consisting of hydroxy POBNSs,
POBN esters, acetoxy POBNs, alkyl POBNs, alkoxy
POBNSs, and phenyl POBNSs.

132. The method of claim 113 wherein said active agent
is selected from the group consisting of hydroxy DMPOs,
DMPO esters, acetoxy DMPOs, alkyl DMPOS, alkoxy
DMPOs and phenyl DMPOs.

133. A method according to claim 113 wherein said active
agent is PBN.

134. A method according to claim 113 wherein said
compound is provided in combination with a pharmaceutical
carrier selected from the group consisting of microspheres,
liposomes, immobilizing substrates, polymeric matrices,
and buffering agents.

135. A method according to claim 113 wherein said

compound is administered in a dosage of from 1 to 300
mg/kg body weight.



