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novel high penetration compositions or high penetration pro-
drugs (HPP), in particular HPPs for 4-aminophenol deriva-
tives, which are capable of crossing biological barriers with
high penetration efficiency. The HPPs herein are capable of
being converted to parent active drugs or drug metabolites
after crossing the biological barrier and thus can render treat-
ments for the conditions that the parent drugs or metabolites
can. Additionally, due to the ability of penetrating biological
barriers, the HPPs herein are capable of reaching areas that
parent drugs may not be able to access or to render a sufficient
concentration at the target areas and therefore render novel
treatments. The HPPs herein can be administered to a subject
through various administration routes. For example, the HPPs
can be locally delivered to an action site of a condition with a
high concentration due to their ability of penetrating biologi-
cal barriers and thus obviate the need for a systematic admin-
istration. For another example, the HPPs herein can be sys-
tematically administer to a biological subject and enter the
general circulation with a faster rate.
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Cumulative amounts of N-acetyl-p-aminophenyl dimethylaminobutyrate. HCI (A,

20% solution), 4-acetamidopheny! saticylyl dimethylaminobutyrate. HCI (A, 20% solution),

N-acetaminophen (A, 20% suspension), and 4-acetamidophenyl! salicylate (D, 20%

suspension) crossing isolated human skin tissue in Franz cells (n=5). In each case, the

vehicle was pH 7.4 phosphate buffer (0.2 M).
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Figure 1: Cumulative amounts of N-acetyl-p-aminophenyl dimethylaminobutyrate HCI (A,
20% solution), 4-acetamidopheny! salicylyl dimethylaminobutyrate. HCI (A, 20% solution),
N-acetaminophen (A, 20% suspension), and 4-acetamidophenyl salicylate (D, 20%
suspension) crossing isolated human skin tissue in Franz cells (n=5). In each case, the

vehicle was pH 7.4 phosphate buffer (0.2 M).
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Figure 2: Total plasma levels of acetaminophen and acetaminosalol after topical
application of 1 ml of N-acetyl-p-aminophenyl dimethylaminobutyrate.HCI, 4-
acetamidophenyl salicylyl dimethylaminobutyrate.HCI, acetaminophen and

acetaminosalol in 70% ethanol to the backs of hairless mice (n=7).
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Figure 3. The prolongation time of the pain threshold of mice tails after 50mg/kg of N-
acetyl-p-aminophenyl dimethylaminobutyrate. HCI| and 4-acetamidophenyl salicylyl
dimethylaminobutyrate:HCl were administered transdermally. Group A is the control

group.
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HIGH PENETRATION COMPOSITION AND
USES THEREOF

PRIORITY CLAIM

[0001] The present application is a continuation-in-part
application of International Application PCT/IB2006/
053091, with an international filing date of Sep. 3, 2006, and
designating the U.S.; and a continuation-in-part application
of' U.S. application Ser. No. 12/351,804, filed on Jan. 9, 2009,
both of which are incorporated herein by reference in their
entirety. The present application also claims priority to U.S.
Provisional Application 61/120,052, filed Dec. 4, 2008,
which is incorporated herein by reference in its entirety. The
U.S. application Ser. No. 12/351,804, filed on Jan. 9, 20009, is
a continuation-in-part application of International Applica-
tion PCT/IB2006/052318, with an international filing date of
Jul. 9, 2006; a continuation-in-part application of Interna-
tional Application PCT/IB2006/052461, with an interna-
tional filing date of Jul. 18, 2006; a continuation-in-part appli-
cation of International Application PCT/IB2006/052549,
with an international filing date of Jul. 25, 2006; a continua-
tion-in-part application of International Application PCT/
1B2006/052563, with an international filing date of Jul. 26,
2006; a continuation-in-part application of International
Application PCT/IB2006/052575, with an international filing
date of Jul. 27, 2006; a continuation-in-part application of
International Application PCT/IB2006/052732, with an
international filing date of Aug. 8, 2006; a continuation-in-
part application of International Application PCT/IB2006/
052815, with an international filing date of Aug. 15, 2006; a
continuation-in-part application of International Application
PCT/IB2006/053090, with an international filing date of Sep.
3, 2006; and a continuation-in-part application of Interna-
tional Application PCT/IB2006/053741, with an interna-
tional filing date of Oct. 11, 2006; and designating the U.S.,
all of which are incorporated herein by reference in their
entirety.

FIELD OF THE INVENTION

[0002] This invention relates to the field of pharmaceutical
compositions and methods of using the pharmaceutical com-
positions for penetrating one or more biological barriers,
treating conditions, diagnosing conditions or screening for
new compositions.

BACKGROUND

[0003] Active agents or drugs that are effective in vitro may
not be as effective in vivo due to the delivery difficulties in
Vivo, in particular, their limited penetration ability across one
or more biological barriers (BBs) before reaching the site of
action where diseases occur in vivo.

[0004] Currently many drugs are administered through sys-
tematic route, such as oral or parenteral administration, to
reach the action site of a condition or disease. Since a higher
dosage of a drug is required to reach a distal location in the
systematic administration, drugs delivered by such a route
may cause adverse reactions. For example, 4-aminophenol
derivatives (e.g. acetaminophen (N-acetyl-p-aminophenol))
have been used as analgesic and antipyretic drugs. Although
acetaminophen is used to relieve fever as well as the signs and
symptoms of rheumatoid arthritis and osteoarthritis, a num-
ber of side effects are associated with the use of acetami-
nophen and the related compounds. The side effects include
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hepatotoxicity and nephrotoxicity in humans and in experi-
mental animals. Acute overdosage of acetaminophen may
result in dose-dependent and potentially fatal hepatic necrosis
as well as renal tubular necrosis and hypoglycemia.

[0005] Modifications of the known drugs have been
reported to improve their efficacy and decrease their side
effects. Fishman and many others (Fishman; Robert, U.S. Pat.
No. 7,052,715; Van Engelen et al. U.S. Pat. No. 6,416,772;
Macrides et al. U.S. Pat. No. 6,346,278; Kirby et al. U.S. Pat.
No. 6,444,234, Pearson et al. U.S. Pat. No. 6,528,040, and
Botknecht et al. U.S. Pat. No. 5,885,597) have attempted to
develop a delivery system for transdermal application by drug
formulation to reduce the side effects associating with oral
administration and achieve localized drug administrations
with reduced systematic exposure. However, to treat a condi-
tion at distal areas, a much higher plasma concentration of the
active agent is required when the drug is administered orally
than when the drug is administered at the particular site of the
condition. It is very difficult, however, to deliver therapeuti-
cally effective plasma levels of these drugs by the known
formulations.

[0006] Therefore, there is a need to develop novel compo-
sitions and methods that are capable of delivering an active
agent efficiently and effectively to an action site of a condition
(e.g., a disease) to prevent, reduce or treat the condition and
minimize side effects.

SUMMARY OF THE INVENTION

[0007] One aspect of the invention relates to a high pen-
etration prodrug (HPP) or a high penetration composition
(HPC) comprising a functional unit covalently linked to a
transportational unit through a linker.

[0008] In certain embodiments, the functional unit com-
prises a moiety of an agent wherein the delivery of the agent
into a biological subject or transportation across a biological
barrier (BB) is desired. In certain embodiments, the agent
comprises an active agent or an agent that can be metabolized
into an active agent or active metabolite.

[0009] In certain embodiments, the functional unit may be
hydrophilic, lipophilic, or amphiphilic (hydrophilic and lipo-
philic). For example, the lipophilic nature of the function unit
may be inherent or achieved by converting its hydrophilic
moieties to lipophilic moieties.

[0010] Incertainembodiments, the functional unit ofa HPP
or HPC comprises a moiety of an agent wherein the agent is
a 4-aminophenol derivative, an active 4-aminophenol deriva-
tive metabolite or an agent that can be metabolized into a
4-aminophenol derivative or 4-aminophenol derivative
metabolite after the HPP or HPC penetrates one or more BBs.
Examples of 4-aminophenol derivatives include, but are not
limited to, N-acetyl-p-aminophenol (acetaminophen), 4-ac-
etamidophenyl salicylate (acetaminosalol) and related com-
pounds.

[0011] Incertain embodiments, the transportational unit of
a HPP or HPC comprises a protonatable amine group that is
capable of facilitating the transportation or crossing of the
HPP through one or more biological barriers. In certain
embodiments, the protonatable amine group is substantially
protonated at the pH of the BBs the HPP penetrates through.
In certain embodiment, the amine group can be reversibly
protonated.

[0012] In certain embodiments, the linker covalently link-
ing the functional unit and the transportational unit comprises
a bond that is capable of being cleaved after the HPP pen-
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etrates across one or more BBs. The cleavable bond com-
prises, for example, a covalent bond, an ether, thioether,
amide, ester, thioester, carbonate, carbamate, phosphate or
oxime bond.

[0013] Another aspect of the invention relates to a pharma-
ceutical composition comprising one HPP and a pharmaceu-
tically acceptable carrier (HPP composition). Another aspect
of the invention relates to the use of a HPC or HPP of the
invention in penetrating a biological barrier by applying the
HPC or HPP to the biological barrier.

[0014] Another aspect of the invention relates to methods
for screening a test functional unit, a test linker, or a test
transportational unit with desired characters. Another aspect
of' the invention relates to methods for preventing, ameliorat-
ing, or treating a condition in a biological subject by admin-
istering a composition of the present invention. In certain
embodiments, the method relates to treating a condition treat-
able by a 4-aminophenol derivative (e.g. fever, pain, rheuma-
toid arthritis and osteoarthritis) by administering a HPP or
HPC of a 4-aminophenol derivative.

[0015] Another aspect of the invention relates to adminis-
tration ofa HPP or HPC to a subject in need thereof. In certain
embodiments, the composition of the present invention is
administrated to a biological subject through various delivery
routes such as oral, enteral, buccal, nasal, topical, rectal,
vaginal, aerosol, transmucosal, epidermal, transdermal, der-
mal, ophthalmic, pulmonary, subcutaneous, and/or parenteral
administration. In certain embodiments, the composition of
the present invention is administered orally, transdermally,
topically, subcutaneously and/or parenterally.

[0016] Another aspect of the invention relates to the advan-
tages of HPP or HPC according to the present invention. The
advantages include, for example, local administration of a
HPP or HPC to a site of condition with less dosage but higher
concentration, avoidance of systematic administration and
reduction of adverse effects (e.g., pain of injection, gas-
trointestinal/renal effects, and other side effect), possible
novel treatment due to high local concentration of the HPP or
active agent derived thereof. The advantages further include,
for example, systematic administration of a HPP to a biologi-
cal subjectto achieve faster and more efficient bioavailability,
penetration of biological barriers (e.g., the blood brain bar-
rier) which have been difficult to cross, and new indications as
a result of passing through biological barriers.

DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1: Cumulative amounts of N-acetyl-p-ami-
nophenyl dimethylaminobutyrate. HC1 (A, 20% solution),
4-acetamidophenyl salicylyl dimethylaminobutyrate. HC1 (B,
20% solution), N-acetaminophen (C, 20% suspension), and
4-acetamidophenyl salicylate (D, 20% suspension) crossing
isolated human skin tissue in Franz cells (n=5). In each case,
the vehicle was pH 7.4 phosphate buffer (0.2 M).

[0018] FIG. 2: Total plasma levels of acetaminophen and
acetaminosalol after topical application of 1 mL. of N-acetyl-
p-aminophenyl dimethylaminobutyrate. HC1 (A, 20% solu-
tion), 4-acetamidophenyl salicylyl dimethylaminobutyrate.
HCI (B, 20% solution), acetaminophen (C, 20% suspension)
and acetaminosalol (D, 20% suspension) in 70% ethanol to
the backs of hairless mice (n=7) respectively.

[0019] FIG. 3. The prolongation time of the pain threshold
of' mice after 50 mg/kg of N-acetyl-p-aminophenyl dimethy-
laminobutyrate. HCl (B) and 4-acetamidophenyl salicylyl
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dimethylaminobutyrate.HCI (C) were administered transder-
mally respectively. Group A is the control group.

EXEMPLARY EMBODIMENTS OF THE
INVENTION

1. Structure of High Penetration Prodrug (HPP) or
High Penetration Composition (HPC)

[0020] One aspect of the invention relates to a high pen-
etration prodrug (HPP) or a high penetration composition
(HPC). The term “high penetration prodrug” or “HPP” or
“high penetration composition” or “HPC” as used herein
refers to a composition comprising a functional unit
covalently linked to a transportational unit through a linker.
The functional unit comprises a moiety of an agent (e.g., a
drug). The functional unit has properties including that 1) the
delivery of the agent or the HPP into a biological subject or
transportation across a biological barrier is desired, 2) the
HPP is capable of penetrating or crossing a biological barrier,
and 3) the HPP is capable of being cleaved so as to turn the
moiety of the agent into an agent or active agent after cleav-
age. In certain embodiments, the agent of a HPP or HPC
comprises an active agent or an agent that can be metabolized
into an active agent or active metabolite.

[0021] In certain embodiments, a functional unit of a HPP
or HPC may be hydrophilic, lipophilic, or amphiphilic (hy-
drophilic and lipophilic). A lipophilic moiety of a function
unit may be inherent or achieved by converting one or more
hydrophilic moieties of the functional unit to lipophilic moi-
eties. For example, a lipophilic moiety of a functional unit is
produced by converting one or more hydrophilic groups of
the functional unit to lipophilic groups via organic synthesis.
Examples of hydrophilic groups are carboxylic, hydroxyl,
thiol, amine, phosphate/phosphonate and carbonyl groups.
Lipophilic moieties produced via the modification of these
hydrophilic groups are ethers, thioethers, esters, thioesters,
carbonates, carbamates, amides, phosphates and oximes.
[0022] Incertain embodiments, the agent of a HPP or HPC
is a 4-aminopheno derivative, an active 4-aminophenol
derivative metabolite, an agent that can be metabolized into a
4-aminophenol derivative or an active 4-aminophenol deriva-
tive metabolite after the HPP or HPC penetrates one or more
BBs. The agent of the functional unit can be further converted
to lipophilic moiety as described supra.

[0023] The term “4-aminophenol derivative” is a com-
pound comprising the following structure A:

WX

Structure A

Y, Y
Yy Y;
(6]
[0024] including stereoisomers and pharmaceutically

acceptable salts thereof.
[0025] 4-Aminophenol derivatives have analgesic and/or
antipyretic effects, Examples of 4-aminophenol derivatives
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include, but are not limited to, N-acetyl-p-aminophenol (ac-
etaminophen), 4-acetamidophenyl salicylate (acetaminos-
alol) and related compounds.

[0026] In one embodiment, the functional unit of a HPP of
a 4-aminophenol derivative comprises a moiety having a
structure selected from Group F-1, wherein Group F-1
includes the following structures:

Structure F-1a
NHCOR;
Y, Y>
Yy Y3
X—
Structure F-1b
NHCSRs
Y, Y>
Y Y3
X—
Structure F-1c
Y,
Ye Yg
O
Ys o)]\ Rs
HN [@]
Y, Y>
Yy Y3
Structure F-1d

S

Y, Y
Y Y,
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-continued
Structure F-le
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Structure F-1f
Y7
Y Yg
Ys
HN [@]
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S
Structure F-1g
NHCORs

Y, Y
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(@] (0]
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-continued
Structure F-1h
NHCSRs
Y, Yo
Yy Y;
(6] (0]
Ys
Ye Ys
Y;
[0027] including stereoisomers and pharmaceutically

acceptable salts thereof.

[0028] As used herein, unless specified otherwise, each R
and R -R; is independently selected from the group consist-
ing of H, OH, Cl, F, Br, 1, substituted and unsubstituted alkyl,
substituted and unsubstituted cycloalkyl, substituted and
unsubstituted heterocycloalkyl, substituted and unsubstituted
aryl, substituted and unsubstituted heteroaryl, substituted and
unsubstituted alkoxyl, substituted and unsubstituted alky-
Ithio, substituted and unsubstituted alkylamino, substituted
and unsubstituted perfluoroalkyl, and substituted and unsub-
stituted alkyl halide, wherein any carbon or hydrogen may be
further independently replaced with O, S, N, P(O)ORg,
CH—CH, C=C, CHRg, CR R, aryl, heteroaryl, and cyclic
groups.

[0029] As used herein, unless specified otherwise, each Y,
to Yy is independently selected from the group consisting of
H, halogen, CN, R,,, CH,C=C, CR,=C, P(O)ORy, CF;,
CF,0, CH,, CF,CF,, CF,CF,0, CH,CH,, CH,CH,CH,,
(CH;),CH, (CH,),CHCH,, CH,CH,CH(CH,), (CH,),C,
C,H,, CH,,, CH,CO, CH,CH,CO, R,CO, CH,COO,
R;CO0, R;COOCH,, RgNHCOOCH,, CH;COS, CH,0,
Rs0, HO, R, ,O, CF;CH,SCH,, CHCI,, CH,COORg, CH;S,
R;S, HS, R,,S, CH;0CH,CH,, R;OCH,, R,,0CH,CH,,
R;0(C—=0), C,H;OCONH, CH,NHR,, CH,OCONH,
CH,S0,, CH,SO, R,S0,, RSO, NH,S0,, C;H,CH,, NH,,
NHR,,, cyclobutyl, cyclopropyl, 4-chlorophenyl, 4-fluo-
rophenyl, CH,—CH, CH,—CHCH,, CH,CH—CH,
NHR;SO,, N(R;),S0,, R;OCH,CH,CH,, and NO,.

[0030] Asusedherein, unless specified otherwise, eachR |,
is independently selected from the group consisting of noth-
ing, H, R4, RcC(—0)—, R,NH(C—0), R;,O(C—0), R,C
(=NH)—, R,C(—=S)—, CNR, and R,OCO(CH,), C(—0),
wherein n is selected from the group of natural numbers. In
certain embodiments, n is selected from the group of natural
numbers of the range of 1-30. In certain embodiments, n is
selected from the group of natural numbers of the range of
1-20. In certain embodiments, n is selected from the group of
natural numbers of the range of 1-12.

[0031] As used herein, unless specified otherwise, X is
selected from the group consisting of nothing, O, 2-OCO—
C,H,— and 2-OCO—CH,—O—CO—CH,—, wherein
each of the benzene ring can be further substituted by one or
plural of the same or different Y|, Y,, Y5, Y,, Y5, Y, Y, 0r Y.
[0032] As used herein, unless specified otherwise, the term
“alkyl” means a branched or unbranched, saturated or unsat-
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urated, monovalent or multivalent hydrocarbon group.
Examples of alkyl include, but are not limited to, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, ethenyl,
propenyl, butenyl, isobutenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl, undecenyl, dodecenyl, ethynyl,
propynyl, butynyl, isobutynyl, pentynyl, hexynyl, heptynyl,
octynyl, nonynyl, decynyl, undecynyl, dodecynyl, methyl-
ene, ethylene, propylene, isopropylene, butylene, isobuty-
lene, t-butylene, pentylene, hexylene, heptylene, octylene,
nonylene, decylene, undecylene and dodecylene. In certain
embodiments, the hydrocarbon group contains 1 to 20 car-
bons. In certain embodiments, the hydrocarbon group con-
tains 1 to 30 carbons.

[0033] Asused herein, unless specified otherwise, the term
“cycloalkyl” means an alkyl which contains at least one ring
and no aromatic rings. Examples of cycloalkyl include, but
are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl and cyclododecyl. In certain embodiments, the
hydrocarbon group contains 1 to 20 carbons. In certain
embodiments, the hydrocarbon chain contains 1 to 30 car-
bons.

[0034] As used herein, unless specified otherwise, the term
“heterocycloalkyl” means a cycloalkyl wherein at least one
ring atom is a non-carbon atom. Examples of the non-carbon
ring atom include, but are not limited to, S, O and N.

[0035] As used herein, unless specified otherwise, the term
“alkoxyl” means an alkyl, cycloalkyl or heterocycloalkyl,
which contains one or more oxygen atoms. Examples of
alkoxyl include, but are not limited to, —CH,—OH,
—OCH,;, —0-alkyl, -alkyl-OH, -alkyl-O-alkyl-, wherein the
two alkyls can be the same or different.

[0036] As used herein, unless specified otherwise, the term
“alkyl halide” means an alkyl, cycloalkyl or heterocycloalkyl,
which contains one or more halogen atoms, wherein the halo-
gen atoms can be the same or different. The term “halogen”
means fluorine, chlorine, bromine or iodine. Examples of
alkyl halide include, but are not limited to, -alkyl-F, -alkyl-Cl,
-alkyl-Br, -alkyl-I, -alkyl(F)—, -alkyl(Cl)—, -alkyl(Br)- and
-alkyl(1)—.

[0037] As used herein, unless specified otherwise, the term
“alkylthio” means an alkyl, cycloalkyl or heterocycloalkyl,
which contains one or more sulfur atoms. Examples of alky-
Ithio include, but are not limited to, —CH,—SH, —SCH,,
—S-alkyl, -alkyl-SH, -alkyl-5-alkyl-, wherein the two alkyls
can be the same or different.

[0038] As used herein, unless specified otherwise, the term
“alkylamino” means an alkyl, cycloalkyl or heterocycloalkyl,
which contains one or more nitrogen atoms. Examples of
alkylamino include, but are not limited to, —CH,—NH,
—NCH,;, —N(alkyl)-alkyl, —N-alkyl, -alkyl-NH,, -alkyl-
N-alkyl and -alkyl-N(alkyl)-alkyl wherein the alkyls can be
the same or different.

[0039] As used herein, unless specified otherwise, the term
“perfluoroalky]l” means an alkyl, cycloalkyl or heterocy-
cloalkyl, which contains one or more perfluoro group, includ-
ing, without limitation, perfluoromethyl, perfluoroethyl, per-
fluoropropyl.

[0040] As used herein, unless specified otherwise, the term
“aryl” means a chemical structure comprising one or more
aromatic rings. In certain embodiments, the ring atoms are all
carbon. In certain embodiments, one or more ring atoms are
non-carbon, e.g. oxygen, nitrogen, or sulfur. Examples of aryl
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include, without limitation, phenyl, benzyl, naphthalenyl,
anthracenyl, pyridyl, quinoyl, isoquinoyl, pyrazinyl, quinox-
alinyl, acridinyl, pyrimidinyl, quinazolinyl, pyridazinyl, cin-
nolinyl, imidazolyl, benzimidazolyl, purinyl, indolyl, fura-
nyl, benzofuranyl, isobenzofuranyl, pyrrolyl, indolyl,
isoindolyl, thiophenyl, benzothiophenyl, pyrazolyl, inda-
zolyl, oxazolyl, benzoxazolyl, isoxazolyl, benzisoxazolyl,
thiaxolyl and benzothiazolyl.

[0041] In certain embodiments, the transportational unit of
a HPP or HPC comprises a protonatable amine group that is
capable of facilitating the transportation or crossing of the
HPP through one or more biological barriers. In certain
embodiments, the protonatable amine group is substantially
protonated at a physiological pH. In certain embodiments, the
amine group can be reversibly protonated. In certain embodi-
ment, the transportational unit may or may not be cleaved
from the functional unit after the penetration of HPP through
one or more biological barriers.

[0042] In certain embodiments, the protonatable amine
group is selected from the group consisting of pharmaceuti-
cally acceptable substituted or unsubstituted primary amine
groups, pharmaceutically acceptable substituted or unsubsti-
tuted secondary amine groups, and pharmaceutically accept-
able substituted or unsubstituted tertiary amine groups.

[0043] In certain embodiments, the protonatable amine
group comprises a moiety having a structure selected from
Group N, wherein Group N includes Structure Na, Structure
Nb, Structure Nc, Structure Nd, Structure Ne, Structure Nf,
Structure Ng, Structure Nh, Structure Ni, Structure Nj, Struc-
ture Nk, Structure N1, Structure Nm, Structure Nn, Structure
No, Structure Np, Structure Nq and Structure Nr:

Group N:
Structure Na
Ry
4
~
-~ Rz
Structure Nb
Rii
RN
Riz
Structure Ne
Rll\
/N Ryg
Rz
Structure Nd
Rll\
N\
/ R4
Riz
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StructureN e

Structure Nf

StructureN g

Structure Nh

Structure Ni

Structure Nj

Structure Nk

StructureN |

Structure Nm
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-continued
StructureN n
Rll\
[P
R N
\ / Ria
Rl3\ /
Ris
Structure No
Ris
Ri
~,
//\ \\;\\\
Rz ~
/N\\ / Ryg
Rys
StructureN p
Rys
11
\><
R7; N\
e N\\ / R4
Rl3\ /
Ri6
StructureN q
Ru\
RomSN R
v
R/ 13
15
Structure Nr
Rll\\
R1277R14
Riz
[0044] including stereoisomers and pharmaceutically
acceptable salts thereof.
[0045] As used herein, unless specified otherwise, each

R,,-R,¢ is independently selected from the group consisting
of nothing, H, CH,COOR ,, substituted and unsubstituted
alkyl, substituted and unsubstituted cycloalkyl, substituted
and unsubstituted heterocycloalkyl, substituted and unsubsti-
tuted aryl, substituted and unsubstituted heteroaryl, substi-
tuted and unsubstituted alkoxyl, substituted and unsubsti-
tuted alkylthio, substituted and unsubstituted alkylamino,
substituted and unsubstituted perfluoroalkyl, and substituted
and unsubstituted alkyl halide, wherein any carbon or hydro-
gen may be further independently replaced with O, S, P,
NR,,, or any other pharmaceutically acceptable groups.
[0046] In certain embodiments, the linker covalently link-
ing the functional unit and the transportational unit of a HPP
or HPC comprises a bond that is capable of being cleaved
after the HPP penetrates across one or more BBs. The cleav-
able bond comprises, for example, a covalent bond, an ether,
thioether, amide, ester, thioester, carbonate, carbamate, phos-
phate or oxime bond.
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[0047] Incertain embodiments, a HPP of a 4-aminophenol
derivative has the following Structure L:

Structure L
Ly L,
F PN L4/ ST

[0048] including stereoisomers
acceptable salts thereof, wherein:
[0049] F comprises a moiety having a structure selected
from Group F-1;

and pharmaceutically

[0050] T comprises a moiety having a structure selected
from Group N;

[0051] L, is selected from the group consisting of nothing,
0, S, —N(L3)-, —N(L)-CH,—0, —N(L5)-CH,—N(L,)-
—0O—CH,—0—, —O—CH(L,)-0, and —S—CH(L,)-
Oi.

[0052] L, is selected from the group consisting of nothing,
0, S, —N(L,)-, —N(L;)-CH,—0O, —N(L;)-CH,—N(L5)-,
—0O—CH,—0—, —O—CH(L;)-0, —S—CH(L;)-0—,
—O-L;-,—N-L;-, —S-L;-, —N(L;)-L;- and L;

[0053] L, is selected from the group consisting of C—0,
C=S,
OL, OL,
N/ ’ N/ ’ (€]
I l |
—C-Ls-, —C— , and —P—O0-13-;
OL;

[0054] each L; is independently selected from the group

consisting of nothing, H, CH,COOR ,, substituted and unsub-
stituted alkyl, substituted and unsubstituted cycloalkyl, sub-
stituted and unsubstituted heterocycloalkyl, substituted and
unsubstituted aryl, substituted and unsubstituted heteroaryl,
substituted and unsubstituted alkoxyl, substituted and unsub-
stituted alkylthio, substituted and unsubstituted alkylamino,
substituted and unsubstituted perfluoroalkyl, and substituted
and unsubstituted alkyl halide, wherein any carbon or hydro-
gen may be further independently replaced with O, S, P, NL,
or any other pharmaceutically acceptable groups.

[0055] Incertain embodiments, a HPP of a 4-aminophenol
derivative has the following Structure 1:

Structure 1
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[0056] including stereoisomers and pharmaceutically

acceptable salts thereof.
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[0057] In certain embodiments, a HPP of a 4-aminophenol
derivative has Structure 1, including stereoisomers and phar-
maceutically acceptable salts thereof, wherein:

[0058] Transportational-unit comprises a moiety having a
structure selected from Group N;

[0059] R is selected from the group consisting of 0-20
carbon atoms alkyl, 1-20 carbon atoms alkyloxyl, 1-20 car-
bon atoms perfluoroalkyl, 1-20 carbon atoms alkyl halide,
6-20 carbon atoms aryl, and 2-20 carbon atoms heteroaryl
groups wherein any CH, may be independently replaced with
O, S, NR, or other groups;

[0060] X is selected from the group consisting of O,
2-0CO—C,H,—0Oand 2-OCO—CH,—O0—CO—CH,—
O, wherein the benzene ring can be further substituted by one
or plural of the same or different Y, Y,, Y5, orYy,;

[0061] each Y, to Y, is independently selected from the
group consisting of H, halogen, CN, R, CH;C=C, CR =C,
P(O)OR,, CF,, CF,0, CH,;, CF,CF,, CF,CF,0, CH,CH,,
CH,CH,CH,, (CH,),0OH, (CH,),CH;H,, CH,CH,CH
(CH,), (CH;)5C, C,H,, C;H,,CH,CO, CH;CH,CO, R5CO,
CH,COOQ,R,CO0, R;COOCH,, R]NHCOOCH,, CH;COS,
CH,0, R,,, HO, CF,CH,SCH,, CHCl,, CH,COOR,, CH;S,
RS, HS, CH,OCH,CH,, R;OCH,, R;OCH,CH,, RO
(C=0), C,H;OCONH, CH,NHR,, CH;OCONH, CH,SO,,
CH,SO, R;S0,, R;SO, NH,SO,, C,H,CH,, NH,, NHR,,
cyclobutyl, cyclopropyl, 4-chlorophenyl, 4-fluorophenyl,
CH,—CH, CH,—CHCH,, CH,CH—CH, NHRSO,, N(Ry)
»S0,, R;OCH,CH,CH,, and NO,;

[0062] X, is selected from the group consisting of nothing,
O, NH, NR; and S;

[0063] each R5 and Ry is independently selected from the
group consisting of H, OH, CI, F, Br, 1, substituted and unsub-
stituted alkyl, substituted and unsubstituted cycloalkyl, and
substituted and unsubstituted heterocycloalkyl, substituted
and unsubstituted aryl, substituted and unsubstituted het-
eroaryl, substituted and unsubstituted alkoxyl, substituted
and unsubstituted alkylthio, substituted and unsubstituted
alkylamino, substituted and unsubstituted perfluoroalkyl,
substituted and unsubstituted alkyl halide, wherein any car-
bon or hydrogen may be further independently replaced with
O, S, N, P(O)OR4, CH—CH, C=C, CHR,, CR.Ry, aryl,
heteroaryl, and cyclic groups.

[0064] In certain embodiments, a HPP of a 4-aminophenol
derivative has the following Structure la:

Structure la
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[0065] including stereoisomers and pharmaceutically

acceptable salts thereof.
[0066] As used herein, the term “HA” is nothing or a phar-
maceutically acceptable acid, e.g. hydrochloride, hydrobro-
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mide, hydroiodide, nitric acid, sulfic acid, bisulfic acid, phos-
phoric acid, phosphorous acid, phosphonic acid, isonicotinic
acid, acetic acid, lactic acid, salicylic acid, citric acid, tartaric
acid, pantothenic acid, bitartaric acid, ascorbic acid, succinic
acid, maleic acid, gentisinic acid, fumaric acid, gluconic acid,
glucaronic acid, saccharic acid, formic acid, benzoic acid,
glutamic acid, methanesulfonic acid, ethanesulfonic acid,
benzensulfonic acid, p-toluenesulfonic acid and pamoic acid.
[0067] Asused herein, “A” or “A-"is nothing or a pharma-
ceutically acceptable anion, e.g. Cl—, Br—, F—, [—, ace-
tylsalicylate, nitrate, sulfate, bisulfate, phosphate, acid phos-
phate, isonicotinate, acetate, lactate, salicylate, citrate,
tartrate, pantothenate, bitartrate, ascorbate, succinate, male-
ate, gentisinate, fumarate, gluconate, glucaronate, saccha-
rate, formate, benzoate, glutamate, methanesulfonate,
ethanesulfonate, benzensulfonate, p-toluenesulfonate and
pamoate or any pharmaceutically acceptable anion.

[0068] Incertain embodiments, a HPP of a 4-aminophenol
derivative has Structure 1a, including stereoisomers and phar-
maceutically acceptable salts thereof, wherein:

[0069] each R, R, and R; is independently selected from
the group consisting of H, alkyl, alkyloxyl, alkenyl and alky-
nyl radicals having 1 to 12 carbon atoms and aryl radicals;

[0070] X represents O or 2-OCO—CH,—O;
[0071] n is selected from the group of integers; and
[0072] any CH, groups in R,-R; may be independently

replaced with O, S, or NH.

[0073] Incertain embodiments, nis selected from the group
of'integers of 1-30. In certain embodiments, n is selected from
the group of integers of 1-20. In certain embodiments, n is
selected from the group of integers of 1-12.

II. Pharmaceutical Compositions Comprising HPPs

[0074] Another aspect of the invention relates to a pharma-
ceutical composition comprising a HPP and a pharmaceuti-
cally acceptable carrier.

[0075] The term “pharmaceutically acceptable carrier” as
used herein means a pharmaceutically-acceptable material,
composition or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent or encapsulating material, involved in car-
rying or transporting a HPP from one location, body fluid,
tissue, organ (interior or exterior), or portion of the body, to
another location, body fluid, tissue, organ, or portion of the
body.

[0076] Each carrier is “pharmaceutically acceptable” in the
sense of being compatible with the other ingredients, e.g., a
HPP, of the formulation and suitable for use in contact with
the tissue or organ of a biological subject without excessive
toxicity, irritation, allergic response, immunogenicity, or
other problems or complications, commensurate with a rea-
sonable benefit/risk ratio.

[0077] Some examples of materials which can serve as
pharmaceutically-acceptable carriers include: (1) sugars,
such as lactose, glucose and sucrose; (2) starches, such as
corn starch and potato starch; (3) cellulose, and its deriva-
tives, such as sodium carboxymethyl cellulose, ethyl cellu-
lose and cellulose acetate; (4) powdered tragacanth; (5) malt;
(6) gelatin; (7) talc; (8) excipients, such as cocoa buffer and
suppository waxes; (9) oils, such as peanut oil, cottonseed oil,
safflower oil, sesame oil, olive oil, corn oil and soybean oil;
(10) glycols, such as propylene glycol; (11) polyols, such as
glycerin, sorbitol, mannitol and polyethylene glycol; (12)
esters, such as ethyl oleate and ethyl laurate; (13) agar; (14)
buffering agents, such as magnesium hydroxide and alumi-
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num hydroxide; (15) alginic acid; (16) pyrogen-free water;
(17) isotonic saline; (18) Ringer’s solution; (19) alcohol, such
as ethyl alcohol and propane alcohol; (20) phosphate buffer
solutions; and (21) other non-toxic compatible substances
employed in pharmaceutical formulations such as acetone.
[0078] The pharmaceutical compositions may contain
pharmaceutically acceptable auxiliary substances as required
to approximate physiological conditions such as pH adjusting
and buffering agents, toxicity adjusting agents and the like,
for example, sodium acetate, sodium chloride, potassium
chloride, calcium chloride, sodium lactate and the like.
[0079] In one embodiment, the pharmaceutically accept-
able carrier is an aqueous carrier, e.g. buffered saline and the
like. In certain embodiments, the pharmaceutically accept-
able carrier is a polar solvent, e.g. acetone and alcohol.
[0080] The concentration of HPP in these formulations can
vary widely, and will be selected primarily based on fluid
volumes, viscosities, body weight and the like in accordance
with the particular mode of administration selected and the
biological subject’s needs. For example, the concentration
can be 0.1% to 99.5%, 10% to 70%, 5% to 20% wt.

[0081] The compositions of the invention can be adminis-
tered for prophylactic, therapeutic, and/or hygienic use. Such
administration can be through various delivery routes such as
oral, enteral, buccal, nasal, topical, rectal, vaginal, aerosol,
transmucosal, epidermal, transdermal, dermal, ophthalmic,
pulmonary, subcutaneous, and/or parenteral administration.
In certain embodiments, the composition of the present inven-
tion is administered orally, transdermally, topically, subcuta-
neously and/or parenterally The pharmaceutical composi-
tions can be administered in a variety of unit dosage forms
depending upon the method of administration. For example,
unit dosage forms suitable for oral administration include
powder, tablets, pills, capsules and lozenges.

[0082] Thus, a typical pharmaceutical composition for
intravenous administration would be about 10~ g to about
100 g, about 107 g to about 100 g, about 0.001 g to about 100
g, or about 0.01 g to about 10 g per subject per day. Dosages
from about 0.01 mg, up to about 5 g, per subject per day may
be used. Actual methods for preparing parenterally adminis-
trable compositions will be known or apparent to those skilled
in the art and are described in more detail in such publications
as Remington’s Pharmaceutical Science, 15th ed., Mack Pub-
lishing Company, Easton, Pa. (1980).

[0083] Ineach embodiment, a pharmaceutical composition
comprises a HPP of a 4-aminophenol derivative according to
the present invention.

II1. Applications of HPPs

[0084] 1) Methods for Penetrating a Biological Barrier.
[0085] Another aspect of the invention relates to a method
of'use of a composition of the invention in penetrating one or
more BBs in a biological subject. The method comprises a
step of administrating to a BB a HPP or a HPC. In certain
embodiments, a HPP or HPC shows more than 100 times
higher penetration rate through one or more BBs than its
parent drug. In certain embodiments, a HPP or HPC shows
more than 50 times higher penetration rate through one or
more BBs than its parent drug.

[0086] The term “biological barrier” as used herein refers
to a biological layer that separates an environment into dif-
ferent spatial areas or compartments, wherein the layer is
capable of modulating (e.g. restricting, limiting, enhancing or
taking no action in) the passing through, penetrating or trans-

Sep. 3, 2009

location of substance or matter from one compartment/area to
another. The different spatial areas or compartments as
referred to herein may have the same or different chemical or
biological environment(s). The biological layer as referred
herein includes, but is not limited to, a biological membrane,
acelllayer, a biological structure, an inner surface of subjects,
organisms, organs or body cavities, an external surface of
subjects, organisms, organs or body cavities, or any combi-
nation or plurality thereof.

[0087] Examples of biological membrane include a lipid
bilayer structure, eukaryotic cell membrane, prokaryotic cell
membrane, intracellular membrane (e.g., nucleus or
organelle membrane, such as membrane or envelope of Golgi
apparatus, rough and smooth endoplasmic reticulum (ER),
ribosomes, vacuoles, vesicles, liposomes, mitochondria,
lysosome, nucleus, chloroplasts, plastids, peroxisomes or
microbodies.

[0088] The lipid bilayer referred to herein is a double layer
of lipid-class molecules, including, but not limited to, phos-
pholipids and cholesterol. In a particular embodiment, lipids
for bilayer are amphiphilic molecules consisting of polar
head groups and non-polar fatty acid tails. The bilayer is
composed of two layers of lipids arranged so that their hydro-
carbon tails face one another to form an oily core held
together by the hydrophobic effect, while their charged heads
face the aqueous solutions on either side of the membrane. In
another particular embodiment, the lipid bilayer may contain
one or more embedded protein and/or sugar molecule(s).
[0089] Examples of cell layers include linings of eukary-
otic cells (e.g., epithelium, lamina propria and smooth muscle
or muscularis mucosa (in gastrointestinal tract)), amd lining
of'prokaryotic cells (e.g., surface layer or S-layer which refers
to a two dimensional structure monomolecular layer com-
posed of proteins or glycoprotein). For example, a cell layer
includes a biofilm (a structured community of microorgan-
isms encapsulated within a self-developed polymeric matrix
and adherent to a living or inert surface), and plant cell layer
(e.g., epidermis). The cells may be normal cells or pathologi-
cal cells (e.g. disease cells, cancer cells).

[0090] Examples of biological structures include structures
sealed by tight or occluding junctions which provide a barrier
to the entry of toxins, bacteria and viruses, e.g. the blood milk
barrier and the blood brain barrier (BBB). In particular, BBB
is composed of impermeable class of endothelium, which
presents both a physical barrier through tight junctions
adjoining neighboring endothelial cells and a transport bar-
rier comprised of efflux transporters. The biological structure
may also include a mixture of cells, proteins and sugars (e.g.
blood clots).

[0091] Examples of inner surfaces of subjects, organisms,
organs or body cavities include buccal mucosa, esophageal
mucosa, gastric mucosa, intestinal mucosa, olfactory
mucosa, oral mucosa, bronchial mucosa, uterine mucosa and
endometrium (the mucosa of the uterus, inner layer of the
wall of a pollen grain or the inner wall layer of a spore), or a
combination or plurality thereof.

[0092] Examples of external surfaces of an subjects, organ-
isms, organs or body cavities include capillaries (e.g. capil-
laries in the heart tissue), mucous membranes that are con-
tinuous with skin (e.g. such as at the nostrils, the lips, the ears,
the genital area, and the anus) outer surface of an organ (e.g.
liver, lung, stomach, brain, kidney, heart, ear, eye, nose,
mouth, tongue, colon, pancreas, gallbladder, duodenum, rec-
tum stomach, colonrectum, intestine, vein, respiratory sys-
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tem, vascular, the anorectum and pruritus ani), skin, cuticle
(e.g., dead layers of epidermal cells or keratinocytes or super-
ficial layer of overlapping cells covering the hair shaft of an
animal, a multi-layered structure outside the epidermis of
many invertebrates, plant cuticles or polymers cutin and/or
cutan, external layer of the wall of a pollen grain or the
external wall layer of a spore), or a combination or plurality
thereof.

[0093] In addition, a biological barrier further includes a
sugar layer, a protein layer or any other layer, or a combina-
tion or plurality thereof. For example, skin is a biological
barrier that has a plurality of layers. The outer surface of the
skin is the epidermis, which itself contains several layers: the
basal cell layer, the spinous cell layer, the granular cell layer
and the stratum corneum. The cells in the epidermis are called
keratinocytes. The stratum corneum (“horny layer”) is the top
layer of the epidermis, wherein cells here are flat and scale-
like (“squamous™) in shape.

i1) Methods for Diagnosing a Condition in a Biological Sub-
ject.

[0094] Another aspect of the invention relates to a method
of use of a composition of the invention in diagnosing a
condition in a biological subject. The method comprises the
following steps:

[0095] 1) administrating a composition comprising a HPP
or HPC to the biological subject;

[0096] 2)detecting the presence, location and/or amount of
the HPP in the biological subject; and

[0097] 3) determining a condition in the biological subject.
[0098] In certain embodiments, a HPP (or an agent cleaved
from a HPP) aggregates in the site of action where a condition
occurs. In certain embodiments, the presence, the location or
amount of the functional unit of a HPP is also detected. In
certain embodiments, the onset, development, progress, or
remission of a condition (e.g., an infection or a disease)
associated is also determined based on the level of the aggre-
gation of a HPP (or an agent cleaved from a HPP) in a site of
action.

[0099] In certain embodiments, a HPP is labeled with or
conjugated to a detectable agent. Alternatively, the HPP is
prepared to include radioisotopes for detection.

[0100] Numerous detectable agents are available which can
be generally grouped into the following categories:

[0101] (a) radioisotopes, such as >°S, '*C, 130, N, 1*°],
H, and **'I. The diagnostic agent can be labeled with the
radioisotope using the techniques known in the art and radio-
activity can be measured using scintillation counting; in addi-
tion, the diagnostic agent can be spin labeled for electron
paramagnetic resonance for carbon and nitrogen labeling;
[0102] (b) fluorescent agents such as BODIPY, BODIPY
analogs, rare earth chelates (europium chelates), fluorescein
and its derivatives, FITC, 5,6 carboxyfluorescein, rhodamine
and its derivatives, dansyl, Lissamine, phycoerythrin, green
fluorescent protein, yellow fluorescent protein, red fluores-
cent protein and Texas Red. Fluorescence can be quantified
using a fluorometer; and

[0103] (c) wvarious enzyme-substrate agents, such
luciferases (e.g., firefly luciferase and bacterial luciferase),
Iuciferin, 2,3-dihydrophthalazinediones, malate dehydroge-
nase, urease, peroxidase such as horseradish peroxidase
(HRPO), alkaline phosphatase, -galactosidase, glucoamy-
lase, lysozyme, saccharide oxidases (e.g., glucose oxidase,
galactose oxidase, and glucose-6-phosphate dehydrogenase),
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heterocyclic oxidases (such as uricase and xanthine oxidase),
lactoperoxidase, microperoxidase, and the like; examples of
enzyme-substrate combinations include, for example: (i)
Horseradish peroxidase (HRPO) with hydrogen peroxidase
as a substrate, wherein the hydrogen peroxidase oxidizes a
dye precursor (e.g., orthophenylene diamine (OPD) or 3,3",5,
S'-tetramethyl benzidine hydrochloride (TMB)); (ii) alkaline
phosphatase (AP) with para-Nitrophenyl phosphate as chro-
mogenic substrate; and (iii) f-D-galactosidase (B-D-Gal)
with a chromogenic substrate (e.g., p-nitrophenyl-f-D-galac-
tosidase) or fluorogenic substrate 4-methylumbelliferyl-p-D-
galactosidase.

[0104] In certain embodiments, a detectable agent is not
necessarily conjugated to the diagnostic agent but is capable
of recognizing the presence of the diagnostic agent and the
diagnostic agent can be detected.

[0105] In certain embodiments, a HPP or HPC of the
present invention can be provided in a kit, i.e., a packaged
combination of reagents in predetermined amounts with
instructions for performing the diagnostic assay. When a HPP
or HPC is labeled with an enzyme, the kit will include sub-
strates and cofactors required by the enzyme (e.g., a substrate
precursor which provides the detectable chromophore or
fluorophore). In addition, other additives may be included
such as stabilizers, buffers (e.g., a block buffer or lysis butfer)
and the like. The relative amounts of various reagents may be
varied widely to provide for concentrations in solution of the
reagents which substantially optimize the sensitivity of the
assay. Particularly, the reagents may be provided as dry pow-
ders, usually lyophilized, including excipients which on dis-
solution will provide a reagent solution having the appropri-
ate concentration.

[0106] 1iii) Methods for Screening a Substance for a Desired
Character
[0107] Another aspect of the invention relates to a method

of screening a HPP for a desired character.

[0108] In certain embodiments, the method comprises:

1) covalently linking a test functional unit to a transporta-
tional unit through a linker to form a test composition (or
covalently linking a functional unit to a test transportational
unit through a linker, or covalently linking a functional unit to
a transportational unit through a test linker)

2) administrating a test composition to a biological subject;
and

3) determining whether the test composition has a desired
character.

[0109] In one embodiment, the desired character may
include, for example, 1) the ability of a test functional unit to
form a high penetration composition or convert back to a
parent drug, 2) the penetration ability and/or rate of a test
composition, 3) the efficiency and/or efficacy of a test com-
position, 4) the transportational ability of a test transporta-
tional unit, 5) the cleavability of a test linker.

[0110] iv) Methods for Treating a Condition in a Biological
Subject
[0111] Another aspect of the invention relates to a method

of'use of a HPC or HPP in treating a condition in a biological
subject. The method comprises administrating the HPC or
HPP to the biological subject. Examples of the conditions the
method can treat include conditions that can be treated by a
parent drug of a HPP.

[0112] The term “treating” as used herein means curing,
alleviating, inhibiting, or preventing. The term “treat” as used
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herein means cure, alleviate, inhibit, or prevent. The term
“treatment” as used herein means cure, alleviation, inhibition
or prevention.

[0113] The term “biological system,” “biological subject”
or “subject” as used herein means an organ, a group of organs
that work together to perform a certain task, an organism, or
a group of organisms. The term “organism” as used herein
means an assembly of molecules that function as a more or
less stable whole and has the properties of life, such as animal,
plant, fungus, or micro-organism. In at least some form, all
organisms are capable of response to stimuli, reproduction,
growth and development, and maintenance of homeostasis as
a stable whole

[0114] The term “animal” as used herein means an eukary-
otic organism characterized by voluntary movement.
Examples of animal include, without limitation, vertebrate
(e.g. human, mammals, birds, reptiles, amphibians, fishes,
marsipobranchiata and leptocardia), tunicata (e.g. thaliacea,
appendicularia, sorberacea and ascidioidea), articulata (e.g.
insecta, myriapoda, malacapoda, arachnida, pycnogonida,
merostomata, crustacea and annelida), gehyrea (anarthro-
poda) and helminthes (e.g. rotifera).

[0115] The term “plant” as used herein means organisms
belonging to the kingdom Plantae. Examples of plant include,
without limitation, seed plants, bryophytes, ferns and the fern
allies. Examples of seed plants include, without limitation,
cycads, ginkgo, conifers, gnetophytes and angiosperms.
Examples of bryophytes include, without limitation, liver-
worts, hornworts and mosses. Examples of ferns include,
without limitation, ophioglossales (e.g. adders-tongues,
moonworts and grape-ferns), maraftiaceae and leptosporan-
giate ferns. Examples of fern allies include, without limita-
tion, lycopsida (e.g. clubmosses, spikemosses and quill-
worts), psilotaceae (e.g. lycopodiophyta and whisk ferns) and
equisetaceae (e.g. horsetails).

[0116] The term “fungus™ as used herein means a eukary-
otic organism that is a member of the kingdom Fungi.
Examples of fungus include, without limitation, chytrids,
blastoclad iomycota, neocallimastigomycota, zygomycota,
glomeromycota, ascomycota and basidiomycota.

[0117] The term “micro-organism” as used herein means
an organism that is microscopic (e.g. with length scale of
micrometer). Examples of micro-organism include, without
limitation, bacteria, fungi, archaea, protists, microscopic
plants (e.g. green algae) and microscopic animals (e.g. plank-
ton, planarian and amoeba).

[0118] Another aspect of the invention relates to a method
of'use of a HPP composition of a 4-aminophenol derivative in
treating a condition in a biological subject by administrating
a HPP ofa 4-aminophenol derivative to the biological subject.
[0119] Some examples of conditions treatable by the
method of using a HPP or HPC of 4-aminophenol derivatives
include:

1) autoimmune disease, e.g. discoid lupus erythematosus,
systemic lupus erythematosus (SLE), autoimmune hepatitis,
cleroderma, Sjogren’s syndrome, rheumatoid arthritis, poly-
myositis, scleroderma, Hashimoto’s thyroiditis, juvenile dia-
betes mellitus, Addison disease, vitiligo, pernicious anemia,
glomerulonephritis, pulmonary fibrosis, multiple sclerosis
(MS) and Crohn’s disease;

2) pain;

3) injuries;

4) fever; and

Sep. 3, 2009

5) neurodegenerative disease, e.g. Alzheimer’s diseases and
Parkinson’s disease.

[0120] In certain embodiments, the method of treating a
condition amelioratable or treatable with a 4-aminophenol
derivative or related compounds thereof, comprises adminis-
tering a HPP of a 4-aminophenol derivative or related com-
pounds thereof to a subject. Examples of the condition
include, for instance, rheumatoid arthritis, osteoarthritis,
fever, pain, injuries Alzheimer’s diseases, Parkinson’s dis-
eases and other neurodegenerative diseases.

[0121] Incertain embodiments, a HPP of a 4-aminophenol
derivative shows analgesic activities. In certain embodi-
ments, a HPP of a 4-aminophenol derivative shows anti-
pyretic activities.

IV. Administration of HPP or HPC

[0122] A HPP or HPP composition of the invention (e.g.
HPP of 4-aminophenol derivative) can be administered to a
biological subject by any administration route known in the
art, including without limitation, oral, enteral, buccal, nasal,
topical, rectal, vaginal, aerosol, transmucosal, epidermal,
transdermal, dermal, ophthalmic, pulmonary, subcutaneous,
and/or parenteral administration. The pharmaceutical com-
positions can be administered in a variety of unit dosage
forms depending upon the method of administration.

[0123] A parenteral administration refers to an administra-
tion route that typically relates to injection which includes but
is not limited to intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intra cardiac, intrader-
mal, intraperitoneal, transtracheal, subcutaneous, subcuticu-
lar, intraarticular, subcapsular, subarachnoid, intraspinal,
and/or intrasternal injection and/or infusion.

[0124] A HPP or HPP composition can be givento a subject
in the form of formulations or preparations suitable for each
administration route. The formulations useful in the methods
of the present invention include one or more HPPs, one or
more pharmaceutically acceptable carriers therefor, and
optionally other therapeutic ingredients. The formulations
may conveniently be presented in unit dosage form and may
be prepared by any methods well known in the art of phar-
macy. The amount of active ingredient which can be com-
bined with a carrier material to produce a single dosage form
will vary depending upon the subject being treated and the
particular mode of administration. The amount of a HPP
which can be combined with a carrier material to produce a
pharmaceutically effective dose will generally be that amount
of'a HPP which produces a therapeutic effect. Generally, out
of one hundred percent, this amount will range from about 1
percent to about ninety-nine percent of the HPP, preferably
from about 20 percent to about 70 percent.

[0125] Methods of preparing these formulations or compo-
sitions include the step of bringing into association a HPP
with one or more pharmaceutically acceptable carriers and,
optionally, one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately bring-
ing into association a HPP or HPC with liquid carriers, or
finely divided solid carriers, or both, and then, if necessary,
shaping the product.

[0126] Formulations suitable for oral administration may
be in the form of capsules, cachets, pills, tablets, lozenges
(using a flavored basis, usually sucrose and acacia or traga-
canth), powders, granules, or as a solution or a suspension in
an aqueous or non-aqueous liquid, or as an oil-in-water or
water-in-oil liquid emulsion, or as an elixir or syrup, or as
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pastilles (using an inert base, such as gelatin and glycerin, or
sucrose and acacia) and/or as mouth washes and the like, each
containing a predetermined amount of a HPP as an active
ingredient. A compound may also be administered as a bolus,
electuary, or paste.

[0127] In solid dosage forms for oral administration (e.g.,
capsules, tablets, pills, dragees, powders, granules and the
like), a HPP or HPC is mixed with one or more pharmaceu-
tically-acceptable carriers, such as sodium citrate or dical-
cium phosphate, and/or any of the following: (1) fillers or
extenders, such as starches, lactose, sucrose, glucose, manni-
tol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyr-
rolidone, sucrose and/or acacia; (3) humectants, such as glyc-
erol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain sili-
cates, and sodium carbonate, (5) solution retarding agents,
such as paraffin, (6) absorption accelerators, such as quater-
nary ammonium compounds; (7) wetting agents, such as, for
example, acetyl alcohol and glycerol monostearate; (8) absor-
bents, such as kaolin and bentonite clay; (9) lubricants, such
atalc, calcium stearate, magnesium stearate, solid polyethyl-
ene glycols, sodium lauryl sulfate, and mixtures thereof; and
(10) coloring agents. In the case of capsules, tablets and pills,
the pharmaceutical compositions may also comprise buffer-
ing agents. Solid compositions of a similar type may also be
employed as fillers in soft and hard-filled gelatin capsules
using such excipients as lactose or milk sugars, as well as high
molecular weight polyethylene glycols and the like.

[0128] A tablet may be made by compression or molding,
optionally with one or more accessory ingredients. Com-
pressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert
diluent, preservative, disintegrant (for example, sodium
starch glycolate or cross-linked sodium carboxymethyl cel-
Iulose), surface-active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of
the powdered peptide or peptidomimetic moistened with an
inert liquid diluent. Tablets, and other solid dosage forms,
such as dragees, capsules, pills and granules, may optionally
be scored or prepared with coatings and shells, such as enteric
coatings and other coatings well known in the pharmaceuti-
cal-formulating art. They may also be formulated so as to
provide slow or controlled release of a HPP or HPC therein
using, for example, hydroxypropylmethyl cellulose in vary-
ing proportions to provide the desired release profile, other
polymer matrices, liposomes and/or microspheres. They may
be sterilized by, for example, filtration through a bacteria-
retaining filter, or by incorporating sterilizing agents in the
form of sterile solid compositions which can be dissolved in
sterile water, or some other sterile injectable medium imme-
diately before use. These compositions may also optionally
contain pacifying agents and may be of a composition that
they release the HPP(s) or HPC(s) only, or preferentially, in a
certain portion of the gastrointestinal tract, optionally, in a
delayed manner. Examples of embedding compositions
which can be used include polymeric substances and waxes.
A HPP or HPC can also be in micro-encapsulated form, if
appropriate, with one or more of the above-described excipi-
ents.

[0129] Liquid dosage forms for oral administration include
pharmaceutically acceptable emulsions, microemulsions,
solutions, suspensions, syrups and elixirs. In addition to a
HPP or HPC, the liquid dosage forms may contain inert
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diluents commonly used in the art, such as, for example, water
or other solvents, solubilizing agents and emulsifiers, such as
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene glycol,
1,3-butylene glycol, oils (in particular, cottonseed, ground-
nut, corn, germ, olive, castor and sesame oils), glycerol, tet-
rahydrofuryl alcohol, polyethylene glycols and fatty acid
esters of sorbitan, and mixtures thereof. Besides inert dilu-
ents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweeten-
ing, flavoring, coloring, perfuming and preservative agents.
[0130] Suspensions, in addition to a HPP or hPC, may
contain suspending agents as, for example, ethoxylated isos-
tearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bento-
nite, agar-agar and tragacanth, and mixtures thereof.

[0131] Formulations for rectal or vaginal administration
may be presented as a suppository, which may be prepared by
mixing one or more HPPs or HPC(s) with one or more suit-
able nonirritating excipients or carriers comprising, for
example, cocoa butter, polyethylene glycol, a suppository
wax or a salicylate, and which is solid at room temperature,
but liquid at body temperature and, therefore, will melt in the
rectum or vaginal cavity and release the active agent. Formu-
lations which are suitable for vaginal administration also
include pessaries, tampons, creams, gels, pastes, foams or
spray formulations containing such carriers as are known in
the art to be appropriate.

[0132] Formulations for the topical or transdermal or epi-
dermal or dermal administration of a HPP composition
include powders, sprays, ointments, pastes, creams, lotions,
gels, solutions, patches and inhalants. The active component
may be mixed under sterile conditions with a pharmaceuti-
cally acceptable carrier, and with any preservatives, buffers,
or propellants which may be required. The ointments, pastes,
creams and gels may contain, in addition to the HPP compo-
sition, excipients, such as animal and vegetable fats, oils,
waxes, paraffins, starch, tragacanth, cellulose derivatives,
polyethylene glycols, silicones, bentonites, silicic acid, talc
and zinc oxide, or mixtures thereof. Powders and sprays can
contain, in addition to the HPP composition, excipients such
as lactose, talc, silicic acid, aluminum hydroxide, calcium
silicates and polyamide powder, or mixtures of these sub-
stances. Sprays can additionally contain customary propel-
lants, such as chlorofluorohydrocarbons and volatile unsub-
stituted hydrocarbons, such as butane and propane.

[0133] A HPP composition can be alternatively adminis-
tered by aerosol. This is accomplished by preparing an aque-
ous aerosol, liposomal preparation or solid particles contain-
ing the HPPs. A nonaqueous (e.g., fluorocarbon propellant)
suspension could be used. Sonic nebulizers can also be used.
An aqueous aerosol is made by formulating an aqueous solu-
tion or suspension of the agent together with conventional
pharmaceutically acceptable carriers and stabilizers. The car-
riers and stabilizers vary with the requirements of the particu-
lar compound, but typically include nonionic surfactants
(Tweens, Pluronics, or polyethylene glycol), innocuous pro-
teins like serum albumin, sorbitan esters, oleic acid, lecithin,
amino acids such as glycine, buffers, salts, sugars or sugar
alcohols. Aerosols generally are prepared from isotonic solu-
tions.

[0134] Transdermal patches can also be used to deliver
HPP compositions to an infection site. Such formulations can
be made by dissolving or dispersing the agent in the proper
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medium. Absorption enhancers can also be used to increase
the flux of the peptidomimetic across the skin. The rate of
such flux can be controlled by either providing a rate control-
ling membrane or dispersing the peptidomimetic ina polymer
matrix or gel.

[0135] Ophthalmic formulations, eye ointments, powders,
solutions and the like, are also contemplated as being within
the scope of this invention.

[0136] Formulations suitable for parenteral administration
comprise a HPP or HPC in combination with one or more
pharmaceutically-acceptable sterile isotonic aqueous or non-
aqueous solutions, dispersions, suspensions or emulsions, or
sterile powders which may be reconstituted into sterile inject-
able solutions or dispersions just prior to use, which may
contain antioxidants, buffers, bacterostats, solutes which ren-
der the formulation isotonic with the blood of the intended
recipient or suspending or thickening agents.

[0137] Examples of suitable aqueous and nonaqueous car-
riers which may be employed in the formulations suitable for
parenteral administration include water, ethanol, polyols
(e.g., such as glycerol, propylene glycol, polyethylene glycol,
and the like), and suitable mixtures thereof, vegetable oils,
such as olive oil, and injectable organic esters, such as ethyl
oleate. Proper fluidity can be maintained, for example, by the
use of coating materials, such as lecithin, by the maintenance
of'the required particle size in the case of dispersions, and by
the use of surfactants.

[0138] Formulations suitable for parenteral administration
may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention
of'the action of microorganisms may be ensured by the inclu-
sion of various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenol sorbic acid, and the
like. It may also be desirable to include isotonic agents, such
as sugars, sodium chloride, and the like into the compositions.
In addition, prolonged absorption of the injectable pharma-
ceutical form may be brought about by the inclusion of agents
which delay absorption such as aluminum monostearate and
gelatin.

[0139] Injectable depot forms are made by forming
microencapsule matrices of a HPP or HPC or in biodegrad-
able polymers such as polylactide-polyglycolide. Depending
on the ratio of the HPP or HPC to polymer, and the nature of
the particular polymer employed, the rate of drug release can
be controlled. Examples of other biodegradable polymers
include poly (orthoesters) and poly (anhydrides). Depot
injectable formulations are also prepared by entrapping the
HPP in liposomes or microemulsions which are compatible
with body tissue.

[0140] In an embodiment of the invention, a HPP compo-
sition is delivered to a disease or infection site in a therapeu-
tically effective dose. As is known in the art of pharmacology,
the precise amount of the pharmaceutically effective dose of
a HPP that will yield the most effective results in terms of
efficacy of treatment in a given patient will depend upon, for
example, the activity, the particular nature, pharmacokinet-
ics, pharmacodynamics, and bioavailability of a particular
HPP, physiological condition of the subject (including race,
age, sex, weight, diet, disease type and stage, general physical
condition, responsiveness to a given dosage and type of medi-
cation), the nature of pharmaceutically acceptable carriers in
a formulation, the route and frequency of administration
being used, and the severity or propensity of a disease caused
by pathogenic target microbial organisms, to name a few.
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However, the above guidelines can be used as the basis for
fine-tuning the treatment, e.g., determining the optimum dose
of administration, which will require no more than routine
experimentation consisting of monitoring the subject and
adjusting the dosage. Remington: The Science and Practice of
Pharmacy (Gennaro ed. 20.sup.th edition, Williams &
Wilkins PA, USA) (2000).

[0141] In certain embodiments, a composition of a HPP of
a 4-aminophenol derivative is administrated to a biological
subject through any administration route known in the art,
including without limitation, oral, enteral, buccal, nasal, topi-
cal, rectal, vaginal, aerosol, transmucosal, epidermal, trans-
dermal, dermal, ophthalmic, pulmonary, subcutaneous, and/
or parenteral administration.

V. Advantages

[0142] In certain embodiments, since a HPP of the present
invention is capable of crossing one or more biological bar-
riers, the HPP can be administered locally (e.g., typically or
transdermally) to reach a location where a condition occurs
without the necessity of'a systematic administration (e.g., oral
or parenteral administration). The local administration and
penetration of a HPP or HPC allow the HPP or HPC to reach
the same level of local concentration of an agent or drug with
much less amount or dosage of HPP in comparison to a
systematic administration of a parent agent or drug; alterna-
tively, a higher level of local concentration which may not be
afforded in the systematic administration, or if possible,
requires significantly higher dosage of an agent in the sys-
tematic administration. The high local concentration ofa HPP
or HPC or its parent agent if being cleaved enables the treat-
ment of a condition more effectively or much faster than a
systematically delivered parent agent and the treatment of
new conditions that may not be possible or observed before.
The local administration of a HPP or HPC may allow a
biological subject to reduce potential sufferings from a sys-
temic administration, e.g., adverse reactions associated with
the systematic exposure to the agent, gastrointestinal/renal
effects. Additionally, the local administration may allow a
HPP or HPC to cross a plurality of biological barriers and
reach systematically through, for example, general circula-
tion and thus avoid the needs for systematic administration
(e.g., injection) and obviate the pain associated with the
parenteral injection.

[0143] Incertain embodiments, a HPP or HPC according to
the present invention can be administered systematically
(e.g., orally or parenterally). The HPP or the active agent
(e.g., drug or metabolite) of the HPP may enter the general
circulation with a faster rate than the parent agent and gain
faster access to the action site of a condition. Additionally, the
HPP can cross a biological barrier (e.g., BBB) which has not
been penetrated if a parent agent is administered and thus
offer novel treatment of conditions that may not be possible or
observed before.

V1. Examples

[0144] The following examples are provided to better illus-
trate the claimed invention and are not to be interpreted as
limiting the scope of the invention. All specific compositions,
materials, and methods described below, in whole or in part,
fall within the scope of the present invention. These specific
compositions, materials, and methods are not intended to
limit the invention, but merely to illustrate specific embodi-
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ments failing within the scope of the invention. One skilled in
the art may develop equivalent compositions, materials, and
methods without the exercise of inventive capacity and with-
out departing from the scope of the invention. It will be
understood that many variations can be made in the proce-
dures herein described while still remaining within the
bounds of the present invention. It is the intention of the
inventors that such variations are included within the scope of
the invention.

Example 1
Preparation of a HPP from a Parent Drug

[0145] Incertain embodiments, a parent compound having
the following Structure P:

F-L-H Structure P

reacts with a compound having the following structure Q:

Structure Q
Ly T
e
w” Ny

to obtain a HPP of Structure L:

Structure L

L I,
F/ \L4/ S

[0146] including stereoisomers
acceptable salts thereof, wherein:
[0147] F,L, ,andT are defined as supra; and

[0148] W is selected from the group consisting of OH,
halogen, alkoxycarbonyl and substituted aryloxycarbony-
loxy. (Scheme 1)

and pharmaceutically

Scheme 1. Preparation of a HPP from a parent compound.
Iy T
_ e
F L—H + W \LZ/ —_—

Ll L2
F/ \L4/ ST

Preparation of N-Acetyl-p-Aminophenyl
Dimethylaminobutyrate. HC1

[0149] 15.1 g (0.1 mol) of acetaminophen was dissolved in
200 ml of acetone and 200 ml of 10% NaHCO;. 18.6 g (0.1
mol) of dimethylaminobutyryl chloride hydrochloride was
added into the mixture was stirred for 3 hours at RT. The
solvents were evaporated off. 500 ml of ethyl acetate was
added into the reaction mixture and the mixture was washed
with 5% NaHCO; (1x200 ml) and water (3x100 ml). The
organic solution was dried over anhydrous sodium sulfate.
Sodium sulfate was removed by filtration. HCI gas was
bubbled into the solution. The solid product was collected by
filtration. After drying, it yielded 26 g of the HPP product
(86.4%). Elementary analysis: C, ,H,, CIN,O5; MW: 300.78.
Calculated % C, 55.90; H,7.04; Cl: 11.79; N, 9.31; O: 15.96;
Found % C, 55.96; H, 7.06; Cl: 11.76; N, 9.29; O: 15.93.
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'H-NMR (400 MHz, D,0): &: 1.98 (s, 3H), 2.01 (m, 2H), 2.21
(m, 2H), 2.90 (s, 6H), 3.24 (m, 2H), 7.05 (m, 2H), 7.60 (m,
2H), 7.80 (b, 1H).

Preparation of N-Acetyl-p-Aminophenyl
Diethylaminobutyrate. HCI

[0150] 15.1 g (0.1 mol) of acetaminophen and 16 g (0.1
mol) of diethylaminobutyric acid were dissolved in 300 ml of
dichloromethylene. The mixture was cooled to 0° C. with ice
bath. 20.6 (0.1 mol) of N,N'-Dicyclohexylcarbodiimide was
added into the reaction mixture. The mixture was stirred for 1
hour at 0° C. and 2 hours at RT. The solid is removed by
filtration. The dichloromethylene solution was washed with
5% NaHCO; (2x100 ml) and water (3x100 ml). The organic
solution was dried over anhydrous sodium sulfate. Sodium
sulfate was removed by filtration. 6 g of acetic acid was added
into the reaction mixture with stirring. The solid product was
collected by filtration. After drying, it yielded 27 g of the HPP
product (82.1%). Elementary analysis: C,sH,sCIN,O5; MW:
328.83. Calculated % C, 58.44; H,7.66;Cl: 10.78; N, 8.52; O:
14.60; Found % C, 58.40; H, 7.68; Cl: 10.76; N, 8.55; O:
14.61. "H-NMR (400 MHz, D,0): 8: 1.50 (t, 6H), 2.00 (m,
2H), 2.02 (s, 3H), 2.21 (m, 2H), 3.24 (m, 2H), 3.27 (m, 4H),
7.05 (m, 2H), 7.60 (m, 2H), 7.80 (b, 1H).

Preparation of 4-acetamidopheny] salicylyl
dimethylaminobutyrate. HCI

[0151] 27.1 g (0.1 mol) of acetaminosalol was dissolved in
200 ml of acetone and 200 ml of 10% NaHCO,. 18.6 g (0.1
mol) of dimethylaminobutyryl chloride hydrochloride was
added into the mixture was stirred for 3 hours at RT. The
solvents were evaporated off. 500 ml of ethyl acetate was
added into the reaction mixture and the mixture was washed
with 5% NaHCO; (1x200 ml) and water (3x100 ml). The
organic solution was dried over anhydrous sodium sulfate.
Sodium sulfate was removed by filtration. HCI gas was
bubbled into the solution. The solid product was collected by
filtration. After drying, it yielded 36 g of the desired product
(85.5%). Elementary analysis: C,,H,sCIN,O5; MW: 420.89.
Calculated % C, 59.93; H, 5.99; CI: 8.42; N, 6.66; O: 19.01;
Found % C, 59.96; H, 6.02; Cl: 8.40; N, 6.64; O: 18.98.
'H-NMR (400 MHz, D,0): 8: 1.99 (s, 3H),2.01 (m, 2H), 2.21
(m, 2H), 2.90 (s, 6H), 3.24 (m, 2H), 7.13 (m, 2H), 7.22 (m,
2H), 7.47 (m, 1H), 7.60 (m, 2H), 7.80 (b, 1H), 8.10 (m, 1H).

Preparation of 4-acetamidopheny] salicylyl
dimethylaminobutyrate. HCI

[0152] 27.1 g (0.1 mol) of acetaminosalol and 16 g (0.1
mol) of diethylaminobutyric acid were dissolved in 300 ml of
dichloromethylene. The mixture was cooled to 0° C. with ice
bath. 20.6 (0.1 mol) of N,N'-Dicyclohexylcarbodiimide was
added into the reaction mixture. The mixture was stirred for 1
hour at 0° C. and 2 hours at RT. The solid was removed by
filtration. The dichloromethylene solution was washed with
5% NaHCO; (2x100 ml) and water (3x100 ml). The organic
solution was dried over anhydrous sodium sulfate. Sodium
sulfate was removed by filtration. 6 g of acetic acid was added
into the reaction mixture with stirring. The solid product was
collected by filtration. After drying, it yielded 39 g of the HPP
product (86.9%). Elementary analysis: C,;H,,CIN,O5; MW:
448.94. Calculated % C, 61.53; H, 6.51; Cl: 7.90; N, 6.24; O:
17.82;Found % C, 61.50; H, 6.56; Cl: 7.85; N, 6.22;0: 17.87.
'H-NMR (400 MHz, D,0): 8: 1.50 (t, 6H), 2.00 (m, 2H), 2.02
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(s, 3H), 2.21 (m, 2H), 3.24 (m, 2H), 3.27 (m, 4H), 7.11 (m,
2H), 7.21 (m, 2H), 7.47 (m, 1H), 7.65 (m, 2H), 7.80 (b, 1H),
8.10 (m, 1H).

Example 2

HPPs of 4-Aminophenol Derivatives Showed Higher
Aqueous Solubility Comparing to their Parent Drugs

[0153] HPPs of 4-aminophenol derivatives had higher
aqueous solubility comparing to their parent drugs (Table 1).

TABLE 1

Solubility of HPPs and parent drugs

HPP (g/L) Parent Drug (g/L)
N-Acetyl-p-aminopheny! >400 N-Acetyl-p-aminophenol <0.2
dimethylaminobutyrate*HCI (acetaminophen)
4-acetamidopheny! salicylyl >400 4-acetamidophenyl <0.1
dimethylaminobutyrate*HCI salicylate (acetaminosalol)

Example 3

HPPs of 4-Aminophenol Derivatives Showed Higher
In Vitro Penetration Rates Across Human Skin Com-
paring to their Parent Drugs

[0154] The penetration rates of HPPs of 4-aminophenol
derivatives and their parent drugs through human skin were
measured in vitro by modified Franz cells. The Franz cells had
two chambers, the top sample chamber and the bottom recep-
tor chamber. The human skin tissue (360-400 um thick) that
separated the top and the receptor chambers was isolated from
the anterior or posterior thigh areas.

[0155] The compound tested (2 mL, 20% in 0.2 M phos-
phate bufter, pH. 7.4) were added to the sample chamber of a
Franz cell. The receptor chamber contained 10 ml of 2%
bovine serum albumin in saline which was stirred at 600 rpm.
The amount of the tested compound penetrating the skin was
determined by high-performance liquid chromatography
(HPLC) method. The results were shown in FIG. 1. The
apparent flux values of the tested compounds were calculated
from the slopes in FIG. 1 and summarized in Table 2.
[0156] The lowest detectable apparent flux values in this
method was 1 pg/cm?/h, the parent drugs tested (e.g. acetami-
nophen and acetaminosalol) had detectable apparent flux
value, and the corresponding HPPs had higher apparent flux
value.

TABLE 2

Sep. 3, 2009

Example 4
In Vivo Transportation of HPPS

[0157] A. Transportation of HPPs into Plasma

[0158] Test compounds (20% solution or suspension of
HPPs or parent drugs in 1 mL of 70% ethanol) were admin-
istered transdermally to 10 cm? skin on the backs of hairless
mice. The plasma levels of the parent compounds were deter-
mined by HPLC. The results showed that HPP were converted
to their parent drugs within a short period of time after admin-
istration. The peak levels of the active compounds in plasma
were reached in around 50 minutes after the transdermal
administration of the HPPs (FIG. 2), which was shorter than
the time required to reach the plasma peak levels of the parent
drugs when the parent drugs were taken orally. The Peak
plasma levels of the prodrug compounds and the parent com-
pounds were summarized in Table 3.

TABLE 3

Plasma concentration of the parent compounds after administration of
prodrug compounds and parent compounds.

t Parent t
Prodrug compound min mg/L. compound (h) mg/L
N-acetyl-p-aminopheny! ~50  30.0 acetaminophen ~5 0.1
dimethylaminobutyrate*HCI
4-acetamidophenyl salicylyl ~50  30.0 acetaminosalol ~5 0.1
dimethylaminobutyrate*HCI

B) In Vivo Transportation of HPPs.

[0159] N-Acetyl-p-aminophenyl dimethylaminobutyrate.
HCl1 (20% in 1 mL of 50% ethanol) was applied to about 10
cm? skin on the backs of rats (~200 g). After 6 hours, the rats
were terminated, and methanol (5 ml.) was added to 1 g of
tissue on the back of rat (under the skin), 1 ml of blood, 1 g of
liver, 1 g of kidney, and 1 g of brain respectively (the tissue,
liver, kidney or brain was washed with pH 7.2 buffer for three
times) and the mixtures were homogenized. The samples
were then centrifuged for 5 min and analyzed using HPLC.
The amounts of N-acetyl-p-aminophenyl dimethylaminobu-
tyrate and acetaminophen in each organ and tissue were sum-
marized in Table 4.

TABLE 4

In vivo transportation of N-Acetyl-p-aminopheny!
dimethylaminobutyrate* HCI

Underskin
Compound tissue Blood  Liver Kidney Brain
detected in vivo (ng/e)  (ug/e)  (ng/g)  (ng/s)  (ngle)

acetaminophen 6010 308 20x10 20x10 10=38
N-acetyl-p- 158 10£4 Tx4 6x4 33
aminophenyl

dimethylaminobutyrate

In vitro Penetration rate of prodrug compounds and parent drugs

g g
Prodrug compounds em’/h Parent compounds ~ cm®/h
N-acetyl-p-aminopheny! 1500 acetaminophen 10
dimethylaminobutyrate*HCI
4-acetamidopheny! salicylyl 1800 acetaminosalol 10
dimethylaminobutyrate*HCI

Example 5
Acute Toxicity of HPP and Parent Drug

[0160] Theacute toxicity of prodrug compounds and parent
compounds were measured by LD, of rat. As used herein, the
term “LDs,” is the dose that kills 50% of the animal tested.
The results (Table 5) showed that the prodrug compounds
were less toxic than the corresponding parent compounds.
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TABLE §
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TABLE 7

The acute toxicity of HPP and their parent drugs in mice (LDsg).

Antipyretic Activity of prodrugs of
acetaminophen and acetaminosalol

LDs, LDso
HPP (g/kg) Parent Drug (g/ke) Compound t =0 min. t=90min. t=180 min. t=270 min.
N-acetyl-p-aminophenyl 0.65 acetaminophen 0.34 A (Control 37.34£0.05 37.36+0.07 37.37+0.05 37.44+0.08
dimethylaminobutyrate*HCI group)
4-acetamidophenyl salicylyl 0.67 acetaminosalol 0.55 B (100 mg/kg)  37.32£0.06 36.61 £0.05 36.50=0.08 36.50+0.07
dimethylaminobutyrate*HCI C (100 mg/kg)  37.27 £0.06 36.63 £0.05 36.52+0.08 36.50 =£0.07
Example 6 1. A high penetration composition comprising

Analgesic Activities of HPPS and their Parent Drugs

[0161] The analgesic activities of prodrug compounds and
parent compounds were determined using the D’Amour-
Smith Method (J. Pharmacol. Exp. Ther., 72, 74 (1941)).
[0162] After the tested compounds were administered
transdermally (50 mg/kg) to a group of mice (six mice every
group), the tails of the mice were exposed to heat and the
prolongation time of pain threshold was determined. The
results showed that the prodrug compounds had analgesic
activities. (FIG. 3)

[0163] Acetic acid solution was administered intraperito-
neally to a group of mice (6 mice every group) 120 minutes
after a test compound was administered to the mice at the
dosage specified in the tables below. The prodrug compounds
were administered either transdermally or orally. N-acetyl-p-
aminophenyl dimethylaminobutyrate. HCI (100 mg/kg, B)
and 4-acetamidophenyl salicylyl dimethylaminobutyrate.
HCI, (100 mg/kg, C) were administered transdermally. The
number of writhings that occurred when mice were adminis-
tered the acetic acid solution were counted, and the rate of
inhibition based on the control group which was not pre-
treated with any test compounds was calculated. The results
showed that the prodrug compounds have analgesic activities.
Group A was the control group. The results are shown in Table
6.

TABLE 6

The rate of writhings inhibition by prodrugs
of acetaminophen and acetaminosalol

Group Dose (mg/kg) No. of Writhings %
A 0 35.0 —
B 100 15.6 55
C 100 15.7 55

Example 7

Antipyretic Activities of Prodrug Compounds Com-
paring to their Parent Compounds

[0164] Rats received a sterilized E. coli suspension as a
pyrogen. The control group was group A. 2 hours later,
N-acetyl-p-aminophenyl dimethylaminobutyrate. HC1 (100
mg/kg, B) and 4-acetamidophenyl salicylyl dimethylami-
nobutyrate. HC], (100 mg/kg, C) were administered transder-
mally respectively. The body temperature of rats was taken at
90 min. intervals before and after the administration of the test
compounds. The results are shown in Table 7.

a) a moiety of an agent, wherein

b) a transportational unit;

wherein the functional unitis covalently linked to the trans-
portational unit via a linker;

the functional unit comprises a moiety of an agent selected
from a group consisting of a 4-aminophenyl derivative,
an active 4-aminophenyl derivative metabolite, an agent
that can be metabolized into a 4-aminophenyl derivative
or an active 4-aminophenyl derivative metabolite;

the transportational unit comprises a protonatable amine
group; and

the linker is or comprises a chemical bond that is capable of
being cleaved after the high penetration composition
penetrates across a biological barrier.

2. The high penetration composition according to claim 1,
wherein the chemical bond is selected from the group con-
sisting of a covalent chemical bond, an ether bond, a thioether
bond, an ester bond, a thioester bond, a carbonate bond, a
carbamate bond, a phosphate bond and an oxime bond.

3. The high penetration composition according to claim 1,
wherein upon cleavage of the cleavable bond, the moiety of
the agent is converted to the agent or a metabolite ofthe agent.

4. The high penetration composition according to claim 1,
wherein the functional unit comprises a lipophilic derivative
of'a moiety of the agent.

5. The high penetration composition according to claim 4,
wherein the lipophilic derivative is selected from the group
consisting of carbonate, ester, amide, carbamate, N-mannich
base, ether, thioether, thioester, phosphate, oxime and imine
of the moiety of the agent.

6. The high penetration composition according to claim 1,
wherein the protonatable amine group is selected from the
group consisting of a pharmaceutically acceptable substituted
or unsubstituted primary amine group, a pharmaceutically
acceptable substituted or unsubstituted secondary amine
group, and a pharmaceutically acceptable substituted or
unsubstituted tertiary amine group.

7. The high penetration composition according to claim 6,
wherein the protonatable amine group comprises a moiety
having a structure selected from Structure Na, Structure Nb,
Structure Nc, Structure Nd, Structure Ne, Structure Nf, Struc-
ture Ng, Structure Nh, Structure Ni, Structure Nj, Structure
Nk, Structure NI, Structure Nm, Structure Nn, Structure No,
Structure Np, Structure Nq, and Structure Nr.

Group N:

Structure Na
Ry

|
N
Ny

12
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-continued
Structure Nb
Ry
R127N
Rz
Structure Ne
Ry
N—Ry4
Riz
Structure Nd
Rll\
N\
/ Rig
RIZ\
Ris
StructureN e
Rll\
\ N—R
RIZ/ 14
Rz
Structure Nf
11\
A
Rz
\ / \R
14
Rl3\ /
Ris
StructureN g
Rll\
Rz
/N\ /
Rz
Structure Nh
Rll\
N\
/N\ / Ris
Riz
Structure Ni
/Rll
R13
Structure Nj
Rll\
N
/N\ / \R
14
RIZ\
Ris

-continued

R14

Ru\
\ \}\
N RIZ/ \R14
- \\
Riz
R11

A0

Rie

/éRIZ—N
/\Rl3

R

Rys

Ry

\\R

R127

Riz

14

salts thereof, wherein:
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Structure Nk

StructureN |

Structure Nm

StructureN n

Structure No

StructureN p

StructureN q

Structure Nr

including stereoisomers and pharmaceutically acceptable

R, ,-R,¢ is independently selected from the group consist-

ing of nothing, H, CH,COOR | ,, substituted and unsub-
stituted alkyl, substituted and unsubstituted cycloalkyl,
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substituted and unsubstituted heterocycloalkyl, substi-
tuted and unsubstituted aryl, substituted and unsubsti-
tuted heteroaryl, substituted and unsubstituted alkoxyl,
substituted and unsubstituted alkylthio, substituted and
unsubstituted alkylamino, substituted and unsubstituted
perfluoroalkyl, and substituted and unsubstituted alkyl
halide, wherein any carbon or hydrogen may be further
independently replaced with O, S, P, NR ,, or any other
pharmaceutically acceptable groups andR,; and R, are
not H at the same time.

8. The high penetration composition according to claim 1,
wherein the functional unit is a moiety of a 4-aminophenol
derivative having a structure selected from Group F-1
wherein Group F-1 includes the following structures:

Structure F-1a
NHCOR;
Y, Y
Yy Y3
X—
Structure F-1b
NHCSRs
Y, Y>
Yy Y3
X—
Structure F-1c
Y,
Y Yg
O
ve o)l\ Rs
HN (@]
Y, Y
Yy Y3
Structure F-1d
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-continued
Structure F-le
Y 8
Ys
Y, 2
Yy 3
(@]
Structure F-1f
3

Y 8
Ys

S

Y,

Y,
Y
HN (6]
Y.
Y
O\n/ Rs
Y,
Y
HN (6]
3¢
Yy Y;
O\”/ Rs
including stereoisomers and pharmaceutically acceptable
salts thereof, wherein:
each R, R5 and R is independently selected from the group
consisting of H, OH, Cl, F, Br, 1, substituted and unsub-
stituted alkyl, substituted and unsubstituted cycloalkyl,
substituted and unsubstituted heterocycloalkyl, substi-
tuted and unsubstituted aryl, substituted and unsubsti-
tuted heteroaryl, substituted and unsubstituted alkoxyl,
substituted and unsubstituted alkylthio, substituted and
unsubstituted alkylamino, substituted and unsubstituted
perfluoroalkyl, and substituted and unsubstituted alkyl
halide, wherein any carbon or hydrogen may be further
independently replaced with O, S, N, P(O)OR,,
CH—CH, C=C, CHRq, CR4Ry, aryl, heteroaryl, and
cyclic groups;
each Y, to Y, is independently selected from the group
consisting of H, halogen, CN, R, CH;C=C, CR~=C,
P(O)OR,, CF;, CF;0, CH;, CF;CF,, CF,CF,0,
CH,CH,, CH,CH,CH,, (CH,),CH, (CH,),CHCH,,
CH,CH,CH(CH,), (CH,):C, C,Hs, CsH,,, CH;CO,
CH,CH,CO, R,CO, CH,COO, R;,CO0, R,COOCH,,
R{NNHCOOCH,, CH,COS, CH,0, Rs,, HO,
CF,CH,SCH,, CHCl,, CH,COOR,, CH,S, R.S, HS,
CH,OCH,CH,, R;OCH,, R;OCH,CH,, R;O(C—0),
C,H,OCONH, CH,NHR,;, CH,OCONH, CH,SO,,
CH,S0O, R;SO,, RSO, NH,S0,, C,H,CH,, NH,,
NHRg, cyclobutyl, cyclopropyl, 4-chlorophenyl, 4-fluo-
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rophenyl, CH,—CH, CH,—CHCH,, CH,CH—CH,
NHR;SO,, N(R5),S0,, R;OCH,CH,CH,, and NO,;

X is nothing or selected from a group consisting of O,
2-0CO—C4H,— and 2-OCO—C,H,—0—CO—
C¢H,—, wherein each of the benzene ring can be further
substituted by one or plural of the same or different Y,
Y2s Y3s Y4s YS: Y6s Y7s or YS: and

the composition does not have the following structure:

e}

N

HN CH;

H H
(@] C C
SN Nen,
/

O HC

\

CH,

9. A high penetration composition having the following
chemical structure:

Structure L

L, L,
F/ \L4/ Nt

including stereoisomers and pharmaceutically acceptable
salts thereof, wherein:

T comprises a moiety having a structure selected from
Group N as defined in claim 7;

L, is selected from the group consisting of nothing, O, S,
—N(Ly)-, —N(Ly)-CH,—O, —N(Ly)}-CH,—N(Ls)-,
—0O—CH,—0—, —O—CH(L;)-O, —S—CH(L;)-
O0—;

L, is selected from the group consisting of nothing, O, S,
—N(Ly)-» —N(L3)-CH,—O, —N(Ly)}-CH,—N(Ls)-,
—0O—CH,—0—, —O—CH(L;)-O, —S—CH(L;)-
O—,—O0-L;-, —N-L;-, —S— I ;-and N(L,)-L;-;

L, is selected from the group consisting of C—0, C—S,

OL3 OL3
w i

—C-l3, —C—— , and —P—O0-Ls;
OL3

each L, is independently selected from the group consist-
ing of nothing, H, CH,COOR |, substituted and unsub-
stituted alkyl, substituted and unsubstituted cycloalkyl,
and substituted and unsubstituted heterocycloalkyl, sub-
stituted and unsubstituted aryl, substituted and unsub-
stituted heteroaryl, substituted and unsubstituted
alkoxyl, substituted and unsubstituted alkylthio, substi-
tuted and unsubstituted alkylamino, substituted and
unsubstituted perfluoroalkyl, substituted and unsubsti-
tuted alkyl halide, wherein any carbon or hydrogen may
be further independently replaced with O, S, P, N L; or
any other pharmaceutically acceptable groups;

F is a moiety of a 4-aminophenol derivative having a struc-
ture selected from Group F-1 wherein Group F-1
includes the following structures:
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Structure F-1a
NHCORs

= =
= &

Structure F-1b
NHCSRs

= i
= o

Structure F-1c

2

= Rt
b i
]
]
£k
S &
>==o
g

Structure F-1d
Y,

8

Rs

X s
2 :
) Q =
>p=m

2

3

= i
d i

Structure F-1le
Y,

i

Y

Yy Y3

Rs

~
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-continued
Structure F-1f
Y5
Ye Yg
Ys
HN [@]
Y, Y>
Y4 Y3
S
Structure F-1g
NHCOR;
Y, Yo
Yy Y3
(@] O
Ys
Y Y
Y5
Structure F-1h
NHCSRs

Y7

including stereoisomers and pharmaceutically acceptable

salts thereof, wherein:

each R, R5and Ry is independently selected from the group

consisting of H, OH, C1, F, Br, 1, substituted and unsub-
stituted alkyl, substituted and unsubstituted cycloalkyl,
substituted and unsubstituted heterocycloalkyl, substi-
tuted and unsubstituted aryl, substituted and unsubsti-
tuted heteroaryl, substituted and unsubstituted alkoxyl,
substituted and unsubstituted alkylthio, substituted and
unsubstituted alkylamino, substituted and unsubstituted
perfluoroalkyl, and substituted and unsubstituted alkyl
halide, wherein any carbon or hydrogen may be further
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independently replaced with O, S, N, P(O)OR,,
CH—CH, C=C, CHRq, CR4Ry, aryl, heteroaryl, and
cyclic groups;

each Y, to Y, is independently selected from the group
consisting of H, halogen, CN, R, CH;C—C, CR—C,
P(O)OR,, CF;, CF;0, CH;, CF;CF,, CF,CF,0,
CH,CH,, CH,CH,CH,, (CH,),CH, (CH,),CHCH,,
CH,CH,CH(CH,), (CH,),C, C,H,, C.H,, CH,CO,
CH,CH,CO, R,CO, CH,COO, R;CO0, R;COOCH,,
R{NNHCOOCH,, CH,COS, CH;0, RO, HO,
CF,CH,SCH,, CHCl,, CH,COOR,, CH,S, R.S, HS,
CH,OCH,CH,, R;OCH,, R;OCH,CH,, R;O(C—0),
C,H,OCONH, CH,NHR,, CH,OCONH, CH,SO,,
CH,S0O, R;SO,, RSO, NH,S0,, C,H,CH,, NH,,
NHRg, cyclobutyl, cyclopropyl, 4-chlorophenyl, 4-fluo-
rophenyl, CH,—CH, CH,—CHCH,, CH,CH—CH,
NHR;SO,, N(R5),SO,, R;OCH,CH,CH,, and NO,;

X is nothing or selected from a group consisting of O,
2-0CO—CH,— and 2-OCO—CH,—0—CO—
C¢H,—, wherein each of the benzene ring can be further
substituted by one or plural of the same or different Y,
Y., Y5, Y, Y5, Ys, Yy, or Yg; and

the composition does not have the following structure:

e}

N

HN CH;

H H
C C
\N/ \CH

/
0 HC

3

CH;

10. The high penetration composition of claim 9 wherein

the high penetration composition has a structure selected
form the group consisting of Structure 1:

Structure 1

HN Rs
Y, Y3
Yy Yy
X \”/ X, ~p /Tra.nsponational—unit
¢}

including stereoisomers and pharmaceutically acceptable
salts thereof, wherein:

Transportational-unit has a structure selected from Group
N;
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R is selected from the group consisting of 0-20 carbon
atoms alkyl, 1-20 carbon atoms alkyloxyl, 1-20 carbon
atoms perfluoroalkyl, 1-20 carbon atoms alkyl halide,
6-20 carbon atoms aryl, and 2-20 carbon atoms het-
eroaryl moieties wherein any CH, may be independently
replaced with O, S, NRg, or other groups;

X is selected from the group consisting of O, 2-OCO—
CH,—O and 2-OCO—C,H,—0—CO—C,H,—O,
wherein the benzene ring can be further substituted by
one or plural of the same or different Y, Y,, Y5, orY,;

each Y, to Y, is independently selected from the group
consisting of H, halogen, CN, R, CH;C=C, CR~=C,
P(O)OR4, CF;, CF;0, CH;, CF;CF,, CF,CF,0,
CH,CH,, CH,CH,CH,, (CH,),CH, (CH,),CHCH,,
CH,CH,CH(CH,), (CH,);C, C,H,, C;H,,, CH,;CO,
CH,CH,CO, R,CO, CH,COO, R;,CO0, R,COOCH,,
R(NNHCOOCH,, CH,COS, CH;0, RO, HO,
CF,CH,SCH,, CHCl,, CH,COOR,, CH;S, RS, HS,
CH,OCH,CH,, R;OCH,, R;OCH,CH,, R;O0(C—0),
C,H,OCONH, CH,NHR,, CH,OCONH, CH,SO,,
CH,SO, R;SO,, R.SO, NH,SO,, C,H.CH,, NH,,
NHRg, cyclobutyl, cyclopropyl, 4-chlorophenyl, 4-fluo-
rophenyl, CH,—CH, CH,—CHCH,, CH,CH—CH,
NHR;SO,, N(R;),S0,, R;OCH,CH,CH,, and NO,;

X, is selected from the group consisting of nothing, O, NH,
NR; and S;

each R and Ry is independently selected from the group
consisting of H, OH, C1, F, Br, 1, substituted and unsub-
stituted alkyl, substituted and unsubstituted cycloalkyl,
substituted and unsubstituted heterocycloalkyl, substi-
tuted and unsubstituted aryl, substituted and unsubsti-
tuted heteroaryl, substituted and unsubstituted alkoxyl,
substituted and unsubstituted alkylthio, substituted and
unsubstituted alkylamino, substituted and unsubstituted
perfluoroalkyl, and substituted and unsubstituted alkyl
halide, wherein any carbon or hydrogen may be further
independently replaced with O, S, N, P(O)OR,
CH—CH, C=C, CHR, CR,R,, aryl, heteroaryl and
cyclic groups.

11. The high penetration composition of claim 9 having the

following Structure la:

Structure la
CH;
HN @]
4
HZ\)\ ©
X C R
~RZ
| "R
(0] R3;
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including stereoisomers and pharmaceutically acceptable
salts thereof, wherein:

each R, R, and R; is independently selected from the

group consisting of H, alkyl, alkyloxyl, alkenyl and
alkynyl radicals having 1 to 12 carbon atoms and aryl
radicals;

X represents O or 2-OCO—CH,—O;

n is selected from the group of integers; and

any CH, groups in R -R; may be independently replaced

with O, S, or NH.

12. A pharmaceutical composition comprising a high pen-
etration composition according any of claim 1 and a pharma-
ceutically acceptable carrier.

13. The pharmaceutical composition according to 12,
wherein the pharmaceutically acceptable carrier is polar.

14. The pharmaceutical composition according to claim
13, wherein the pharmaceutically acceptable carrier is
selected from the group of alcohol, acetone, ester, water, and
aqueous solution.

15. A method for penetrating a biological barrier, compris-
ing administrating to the biological barrier a pharmaceutical
composition according to claim 1.

16. A method for treating a condition of a biological sub-
ject, comprising administrating to the biological subject a
high penetration composition of a 4-aminophenol derivative
according to claim 9.

17. The method according to claim 16, wherein the condi-
tion is selected from the group consisting of autoimmune
disease, pain, neurodegenerative diseases, injuries and fever.

18. The method according to claim 17, wherein the autoim-
mune disease is selected from the group consisting of discoid
lupus erythematosus, systemic lupus erythematosus (SLE),
autoimmune hepatitis, cleroderma, Sjogren’s syndrome,
rheumatoid arthritis, polymyositis, scleroderma, Hashimo-
to’s thyroiditis, juvenile diabetes mellitus, Addison disease,
vitiligo, pernicious anemia, glomerulonephritis, pulmonary
fibrosis, multiple sclerosis (MS) and Crohn’s disease.

19. The method according to claim 17, wherein neurode-
generative disease is selected from the group consisting of
Alzheimer’s diseases and Parkinson’s diseases.

20. The method according to claim 17, wherein the phar-
maceutical composition is administered to the biological sub-
ject through a route selected from oral, enteral, buccal, nasal,
topical, rectal, vaginal, aerosol, transmucosal, epidermal,
transdermal, dermal, ophthalmic, pulmonary, subcutaneous,
and parenteral administration.

21. The method according to claim 17, wherein the 4-ac-
etophenol derivative is N-Acetyl-p-aminophenol (acetami-
nophen).

22. The method according to claim 16 wherein the condi-
tion is a condition treatable by acetaminophen.

23. The method according to claim 22 wherein the condi-
tion treatable by acetaminophen is selected from the group
consisting of gouty arthritis, pain and inflammation of
arthritic and other inflammatory conditions, fever, injuries,
Alzheimer’s diseases, Parkinson’s diseases and other neuro-
degenerative diseases.
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