US 20070149618A1

a2y Patent Application Publication (o) Pub. No.: US 2007/0149618 A1

a9y United States

Cuevas Sanchez et al.

43) Pub. Date: Jun. 28, 2007

(54) METHODS OF USE FOR
2,5-DIHYDROXYBENZENE SULFONIC ACID
COMPOUNDS FOR THE TREATMENT OF
CANCER, ROSACEA AND PSORIASIS

(75) Inventors: Pedro Cuevas Sanchez, Madrid (ES);
Antonio Romero Garrido, Madrid
(ES); Guillermo Gimenez Gallego,
Madrid (ES); Serafin Valverde Lopez,
Madrid (ES); Rosa Maria Lozano
Puerto, Madrid (ES)

Correspondence Address:
LADAS & PARRY
26 WEST 61ST STREET
NEW YORK, NY 10023 (US)
(73) Assignee: ACTION MEDICINES, S.L.
(21) Appl. No.: 11/506,469
(22) Filed: Aug. 16, 2006
Related U.S. Application Data
(63) Continuation-in-part of application No. 10/588,166,
filed as 371 of international application No. PCT/
ES05/70017, filed on Feb. 16, 2005.
(30) Foreign Application Priority Data

Feb. 17,2004  (ES) oo P200400371

Publication Classification

(51) Int. CL
AG6IK 31/185 (2006.01)
AGIK  31/60 (2006.01)
AG6IK  31/59 (2006.01)
AG6IK  31/56 (2006.01)
(52) US.Cl oo 514/553; 514/171; 514/559;
514/167; 514/159
(57) ABSTRACT

The invention describes compositions and methods of use
for 2,5-dihydroxybenzene sulfonic acid compounds and
pharmaceutically acceptable salts thereof. The invention
provides methods for (a) treating skin cancer; (b) treating
cancer of the organs; (c) treating leukemia; (d) improving
the efficacy of chemotherapy, radiation therapy and/or can-
cer immunotherapy; (e) treating rosacea; and (f) treating
psoriasis by administration of a composition comprising at
least one 2,5-dihydroxybenzene sulfonic acid compound or
a pharmaceutically acceptable salt thereof, and, optionally at
least one therapeutic agent. Also disclosed are compositions
comprising administration of at least one 2,5-dihydroxyben-
zene sulfonic acid compound, or a pharmaceutically accept-
able salt thereof, and, at least one therapeutic agent. In the
invention the 2,5-dihydroxybenzene sulfonic acid com-
pounds or pharmaceutically acceptable salts thereof are
2,5-dihydroxybenzene sulfonic acid, calcium 2,5-dihy-
droxybenzenesulfonate, potassium 2,5-dihydroxybenzene-
sulfonate, magnesium 2,5-dihydroxybenzenesulfonate and
diethylamine 2,5-dihydroxybenzenesulfonate.
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DHBS DHBS + Irinotecan

Figure 3

Irinotecan
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Figure 4
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Figure 10




Patent Application Publication Jun. 28,2007 Sheet 11 of 18 US 2007/0149618 A1

Figure 11
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Figure 12
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Figure 14
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Figure 16
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Figure 17
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METHODS OF USE FOR
2,5-DIHYDROXYBENZENE SULFONIC ACID
COMPOUNDS FOR THE TREATMENT OF
CANCER, ROSACEA AND PSORIASIS

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 10/588,166 filed Aug. 2, 2006, which
claims priority under 35 USC §120 to PCT/ES2005/070017
filed Feb. 16, 2005; which claims priority under 35 USC
§119 to ES Application No. P200400371, filed Feb. 17,
2004; the disclosures of which is incorporated by reference
herein in its entirety.

FIELD OF THE INVENTION

[0002] The invention describes compositions and methods
of use for 2,5-dihydroxybenzene sulfonic acid compounds
and pharmaceutically acceptable salts thereof. The invention
provides methods for (a) treating skin cancer; (b) treating
cancer of the organs; (c) treating leukemia; (d) improving
the efficacy of chemotherapy, radiation therapy and/or can-
cer immunotherapy; (e) treating rosacea; and (f) treating
psoriasis by administration of a composition comprising at
least one 2,5-dihydroxybenzene sulfonic acid compound or
a pharmaceutically acceptable salt thereof, and, optionally at
least one therapeutic agent. Also disclosed are compositions
comprising administration of at least one 2,5-dihydroxyben-
zene sulfonic acid compound, or a pharmaceutically accept-
able salt thereof, and, at least one therapeutic agent. In the
invention the 2,5-dihydroxybenzene sulfonic acid com-
pounds or pharmaceutically acceptable salts thereof are
2,5-dihydroxybenzene sulfonic acid, calcium 2,5-dihy-
droxybenzenesulfonate, potassium 2,5-dihydroxybenzene-
sulfonate, magnesium 2,5-dihydroxybenzenesulfonate and
diethylamine 2,5-dihydroxybenzenesulfonate.

BACKGROUND OF THE INVENTION

[0003] Despite recent advances in chemotherapy and
radiation, cancer is one of the leading causes of death at any
age in the United States. There are nearly three million new
cancer cases diagnosed every year. The overall five-year
survival approximates fifty percent for all patients, and the
prognosis remains particularly poor for those with advanced
solid tumors.

[0004] Rosacea is a common facial and eye disease that
currently affects millions worldwide. It is a chronic and
progressive cutaneous vascular disorder, primarily involving
the malar and nasal areas of the face. Rosacea is character-
ized by flushing, erythema, papules, pustules, telanglectasia,
facial edema, ocular lesions, and, in its most advanced and
severe form, hyperplasia of tissue and sebaceous glands
leading to rhinophyma. Rhinophyma, a florid overgrowth of
the tip of the nose with hypervascularity and modularity, is
an unusual progression of rosacea of unknown cause. Ocular
lesions are common, including mild conjunctivitis, burning,
and grittiness. Blepharitis, the most common ocular mani-
festation, is a nonulcerative condition of the lid margins.

[0005] Psoriasis is a chronic disease that affects about
2-3% of the world population. It is characterized by hyper-
proliferation of epidermal cells. The symptoms of psoriasis
include sharply defined erythematous patches covered with
a distinctive scale, hyperproliferation of the epidermis,
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incomplete differentiation of keratinocytes and dermal
inflammation. Clinical variants of psoriasis include erythro-
derma, seborrheic, inverse, guttate, and photosensitive pso-
riasis, pustular variants and Reiter’s disease. Currently there
is no cure for psoriasis

[0006] There is still a need in the art for new effective
therapies to treat cancer, to treat rosacea and to treat pso-
riasis. The invention is directed to these, as well as other,
important ends.

SUMMARY OF THE INVENTION

[0007] The invention describes methods for (a) treating
skin cancer; (b) treating cancer of an organ; (c) treating
leukemia; and (d) improving the efficacy of chemotherapy,
radiation therapy and/or cancer immunotherapy in a patient
in need thereof comprising administering to the patient an
effective amount of at least one 2,5-dihydroxybenzene sul-
fonic acid compound or a pharmaceutically acceptable salt
thereof. The methods can optionally further comprise the
administration of at least one therapeutic agent, such as, for
example, chemotherapeutic agents, steroids, retinoids, anti-
microbial compounds, antioxidants, anti-inflammatory com-
pounds, NMDA receptor antagonists, endothelin antago-
nists, immunomodulating agents, vitamin D analogues,
salicylic acid, and combinations of two or more thereof. In
this embodiment of the invention, the methods can involve
(1) administering the 2,5-dihydroxybenzene sulfonic acid
compound, or (ii) administering the 2,5-dihydroxybenzene
sulfonic acid compound and at least one therapeutic agent.
The 2,5-dihydroxybenzene sulfonic acid compounds and/or
therapeutic agents can be administered separately or as
components of the same composition in one or more phar-
maceutically acceptable carriers.

[0008] The invention describes methods for treating
rosaeca in a patient in need thereof comprising topically
administering to the patient an effective amount of at least
one 2,5-dihydroxybenzene sulfonic acid compound or a
pharmaceutically acceptable salt thereof. The methods can
optionally further comprise the administration of at least one
therapeutic agent, such as, for example, chemotherapeutic
agents, steroids, retinoids, antimicrobial compounds, anti-
oxidants, anti-inflammatory compounds, NMDA receptor
antagonists, endothelin antagonists, immunomodulating
agents, vitamin D analogues, salicylic acid, and combina-
tions of two or more thereof. In this embodiment of the
invention, the methods can involve (i) topically administer-
ing the 2,5-dihydroxybenzene sulfonic acid compound, or
(ii) topically administering the 2,5-dihydroxybenzene sul-
fonic acid compound and at least one therapeutic agent. The
2,5-dihydroxybenzene sulfonic acid and/or therapeutic
agents can be administered separately or as components of
the same composition in one or more pharmaceutically
acceptable carriers.

[0009] The invention describes methods for treating pso-
riasis in a patient in need thereof comprising topically
administering to the patient an effective amount of at least
one 2,5-dihydroxybenzene sulfonic acid compound or a
pharmaceutically acceptable salt thereof. The methods can
optionally further comprise the administration of at least one
therapeutic agent, such as, for example, chemotherapeutic
agents, steroids, retinoids, antimicrobial compounds, anti-
oxidants, anti-inflammatory compounds, NMDA receptor
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antagonists, endothelin antagonists, immunomodulating
agents, vitamin D analogues, salicylic acid, and combina-
tions of two or more thereof. In this embodiment of the
invention, the methods can involve (i) topically administer-
ing the 2,5-dihydroxybenzene sulfonic acid compound, or
(i) topically administering the 2,5-dihydroxybenzene sul-
fonic acid compound and at least one therapeutic agent. The
2,5-dihydroxybenzene sulfonic acid and/or therapeutic
agents can be administered separately or as components of
the same composition in one or more pharmaceutically
acceptable carriers.

[0010] The invention provides compositions comprising at
least one 2,5-dihydroxybenzene sulfonic acid compound and
at least one therapeutic agent, including, but not limited to,
chemotherapeutic agents, steroids, retinoids, antimicrobial
compounds, antioxidants, anti-inflammatory compounds,
NMDA receptor antagonists, endothelin antagonists, immu-
nomodulating agents, vitamin D analogues, salicylic acid,
and combinations of two or more thereof. The invention also
provides for such compositions in a pharmaceutically
acceptable carrier.

[0011] These and other aspects of the present invention are
explained in detail herein.

BRIEF DESCRIPTION OF FIGURES

[0012] FIG. 1 shows histograms that demonstrate the
potentiating effect of chemotherapy (assessed as an antipro-
liferative effect) by 2,5-dihydroxybenzene sulfonic acid,
with different cytostatic compounds, (Panel A), Cisplatin (5
ng/ml); (Panel B), Vincristine (0.1 pl/ml); (Panel C), Pacli-
taxel (5 Ug/ml) and (Panel D), 5-fluorouracil (100 pg/ml).
Ordinates: Absorbance 595 nm; Abscises: white histogram
(control); dotted (cytostatic compound; day 1); lined histo-
gram (2,5-dihydroxybenzene sulfonic acid+ cytostatic com-
pound; day 1); square histogram (2,5-dihydroxybenzene
sulfonic acid (day 0)+ cytostatic compound; day 1).

[0013] FIG. 2 shows the effect of the treatment with
2,5-dihydroxybenzene sulfonate (DHBS; 100 pM) on the
proliferation of C6 rat glioma cells for the cytostatic agents,
cisplatin (CSP; 5 pg/ml) (Panel A), vincristine (VC; 0.5
pg/ml) (Panel B), paclitaxel (PTX; 5 pg/ml) (Panel C),
S-fluorouracil (SFU; 100 pg/ml) (Panel D) and irinotecan
(CPT; 0.1 pg/ml) (Panel E). DHBS was either administered
or not administered after seeding the C6 cells (10* per well)
until fixation of the cells at 96 h. The cells were treated with
the cytostatic agents for the last 48 h. The y axes gives the
absorbance at 595 nm. Data are expressed as mean+SEM of
the absorbance at 595 nm that is proportional to the number
of cells stained with crystal violet from 3 experiments for
each cytostatic agent. Open bars represent control cells;
stripped bars represent cells treated with the respective
cytostatic agent and solid bars represent cells treated with
the combination of DHBS and each one of the cytostatic
agent. In all cases, p<0.001 group treated with cytostatic
agent alone vs group treated with DHBS plus the cytostatic
agent.

[0014] FIG. 3 upper panels A, B and C, are the magnetic
resonance images (MRIs) of rat brains showing the presence
of tumours (indicated by the arrows) two weeks after the
implantation of 10° glioma cells. MRIs were obtained before
the treatment with irinotecan in two four-days cycles sepa-
rated by a four-days resting period (Panel A), before the
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treatment with 2,5-dihydroxybenzene sulfonate (DHBS)
(Panel B) or before the treatment with the combination of
irinotecan plus 2,5-dihydroxybenzene sulfonate (Panel C).
The lower panels D, E and F are the MRIs from rat brains
showing the progression of the tumours (indicated by
arrows) 6 weeks after the implantation of C6 glioma cells.
Panel D shows the MRIs after treatment with irinotecan
(CPT-11; 10 mg/kg/day; i.p.); Panel E shows the MRIs after
treatment with 2,5-dihydroxybenzene sulfonate (200 mg/kg/
day; i.p.); (Panel F shows the MRIs after treatment with the
combination of irinotecan (CPT-11; 10 mg/kg/day; i.p.) plus
2,5-dihydroxybenzene sulfonate (200 mg/kg/day; i.p.).
Treatments were started 4 weeks after implantation.

[0015] FIG. 4 is a photograph showing the difference in
size between two heterotopic gliomas developed after sub-
cutaneous implantation of 5x10° C6 glioma cells in a saline-
treated rat (a) and in a rat treated with intra-tumoural
injection of 2,5-dihydroxybenzene sulfonate (100 mg/kg)
(b). Tumours were removed 10 days after treatment, which
was done one week after implantation of tumour cells.

[0016] FIG. 5 shows the effects of intraperitoneal admin-
istration of 2,5-dihydroxybenzene sulfonate (DHBS; 100
mg/kg; twice a day for 10 days) or saline on the progression
of established rat subcutaneous gliomas. Data are expressed
as mean+SEM of tumor volume in mm?> from 6 rats per
group. * p<0.05 vs saline by unpaired t-test.

[0017] FIG. 6 are photographs showing the effects of
2,5-dihydroxybenzene sulfonate on melanoma growth.
Panel A shows the melanoma in rabbit cornea in an untreated
animal. Panel B depicts the histological feature of the
melanoma obtained from the boxed area in Panel A. The
strong tumor angiogenesis are indicated by asterisks in Panel
B. Panel C shows the reduced melanoma growth in an
animal treated with 2,5-dihydroxybenzene sulfonate (200
mg/ml; 0.5 ml/h for 14 days). Panel C depicts the histologi-
cal feature from the boxed area in panel C. Scarce tumor
cells (marked by arrows) and absence of angiogenesis was
observed.

[0018] FIG. 7 shows photographs of a patient with infil-
trative BCC: Panel A before treatment; Panels B and C at 2
and 4 weeks, respectively, after topical treatment with
2,5-dihydroxybenzene sulfonate cream (2.5%) twice a day;
Panel D shows the patient 6 weeks after finishing treatment.

[0019] FIG. 8 shows the photograph of the same patient as
in FIG. 7 two years after completion of the treatment with
2,5-dihydroxybenzene sulfonate cream (2.5%).

[0020] FIG. 9 shows the histopathological pictures after 4
weeks of treatment with 2,5-dihydroxybenzene sulfonate
cream (2.5%). Panel A shows there is no evidence of BCC
in section specimen (Masson’s trichrome staining; original
magnificationx22). Panel B is the same specimen as shown
in Panel A), shows the presence of apoptotic cells that were
revealed by the terminal 2'-deoxyuridine-5'-triphosphate
(dUTP) nick-end-labelling (TUNEL) positive cells with
brown nuclei (stained by the TUNEL technique; original
magnificationx65).

[0021] FIG. 10 shows photographs of a patient with infil-
trative BCC: Panel A before treatment; Panel B after two
months of topical treatment with 2,5-dihydroxybenzene
sulfonate cream (2.5%) twice a day; Panel C six months
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after completion of the topical treatment with 2,5-dihy-
droxybenzene sulfonate cream (2.5%) twice a day.

[0022] FIG. 11 shows photographs of a patient with nodu-
lar BCC: Panel A before treatment; Panel B after two months
of topical treatment with 2,5-dihydroxybenzene sulfonate
cream (2.5%) twice a day; Panels B and C two different
times during the topical treatment with 2,5-dihydroxyben-
zene sulfonate cream (2.5%) twice a day; Panel D after six
months of topical treatment with 2,5-dihydroxybenzene
sulfonate cream (2.5%) twice a day.

[0023] FIG. 12 shows the immunohistochemical detection
of the cell proliferation rate in dermal tissue of skin speci-
mens from 5 different patients with basal cell carcinoma
before treatment (Panels a, b, ¢, d, e, respectively) and in
specimens from the same patients after topical treatment
with 2,5-dihydroxybenzene sulfonate cream (2.5%) twice a
day for two months (Panels f, g, h, i, j, respectively).
Immunostaining with chromogen diaminobenzidine (DAB)
revealed the presence of Ki-67, a marker for cell prolifera-
tion.

[0024] FIG. 13 shows the immunohistochemical detection
of the cell proliferation rate in epidermal tissue of skin
specimens from 5 different patients with basal cell carci-
noma before treatment (Panels a, b, ¢, d, e, respectively) and
in specimens from the same patients after topical treatment
with 2,5-dihydroxybenzene sulfonate cream (2.5%) twice a
day for two months (Panels f, g, h, i, j, respectively).
Immunostaining with chromogen diaminobenzidine (DAB)
revealed the presence of Ki-67, a marker for cell prolifera-
tion.

[0025] FIG. 14 shows the immunohistochemical detection
of vascularization in dermal tissue of skin specimens from 5
different patients with basal cell carcinoma before treatment
(Panels a, b, c, d, e, respectively) and in specimens from the
same patients after topical treatment with 2,5-dihydroxy-
benzene sulphonate cream (2.5%) twice a day for two
months (Panels f, g, h, i, j, respectively). Immunostaining
with chromogen diaminobenzidine (DAB) revealed the
presence of CD34, a marker for vascularization.

[0026] FIG. 15 shows the histological detection of apop-
tosis rate in dermal tissue of skin specimens from 5 different
patients with basal cell carcinoma before treatment (Panels
a, b, c, d, e, respectively) and in specimens from the same
patients after topical treatment with 2,5-dihydroxybenzene
sulphonate cream (2.5%) twice a day for two months (Panels
f, g, h, 1, j, respectively). The presence of apoptotic cells was
revealed by the terminal 2'-deoxyuridine-5'-triphosphate
(dUTP) nick-end-labelling (TUNEL) method.

[0027] FIG. 16 shows the photograph of a patient with
rosacea: Panel A before treatment; Panel B after two months
of topical treatment with 2,5-dihydroxybenzene sulfonate
cream (2.5%) twice a day; Panel C one year post-treatment

(©).

[0028] FIG. 17 shows the photograph of a patient with
rosacea: Panel A before treatment; Panel B after three weeks
of topical treatment with 2,5-dihydroxybenzene sulfonate
cream (2.5%) twice a day.

[0029] FIG. 18 shows the images of a hiperkeratosic
psoriatic plaque located in the rear region of the left elbow
of a patient. Image A shows the psoriatic plaque before
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treatment (day 0). Image B is the same plaque after six days
of treatment with a cream that contains 5% of the potassium
salt of the 2,5-dihydroxybenzene sulfonic acid. Image C
shows the psoriatic plaque after 18 days of treatment with a
cream that contains 5% of the potassium salt of the 2,5-
dihydroxybenzene sulfonic acid.

DETAILED DESCRIPTION OF THE
INVENTION

[0030] As used throughout the disclosure, the following
terms, unless otherwise indicated, shall be understood to
have the following meanings.

[0031] “Patient” refers to animals, preferably mammals,
most preferably humans, and includes males and females,
and children and adults.

[0032] <“Effective amount” refers to the amount of the
compound and/or composition that is effective to achieve its
intended purpose.

[0033] “Treating,”“treat” or “treatment” refers to using the
compounds or compositions of the present invention either
prophylactically to prevent the symptoms of the disease or
disorder, or therapeutically to ameliorate an existing condi-
tion.

[0034] “Cancer” refers to a disease or disorder character-
ized by the uncontrolled division of cells and the ability of
those cells to invade other tissues, either by direct growth
into adjacent tissue through invasion or by implantation into
distant sites by metastasis.

[0035] “Skin cancer” refers to and includes, basal cell
cacinoma, squamous cell carcinoma, melanomas, keratoa-
canthoma, actinic keratosis, Bowen’s disease, verrucae, sar-
comas, angiosarcoma such as Kaposi ’s angiosarcoma and
the like.

[0036] “Cancer of an organ” refers to and includes, breast
cancer, bladder cancer, colon cancer, rectal cancer, endome-
trial cancer, kidney cancer, lung cancer, cervical cancer,
pancreatic cancer, prostate cancer, sweat gland cancinoma,
sebaceous gland carcinoma, testicular cancer, thyroid can-
cer, ovarian cancer, Wilm’s tumor, glioma, glioblastoma,
meningioma, and the like.

[0037] “Leukemia” refers to and includes, blood borne
cancers, such as, for example, acute lymphocytic leukemia;
acute myelocytic leukemia, such as, myeloblastic, promy-
eloblastic, myelomonocytic, erythrocytic leukemia, and the
like; chronic leukemia, such as, chronic myelocytic (granu-
locytic) leukemia, chronic lymphocytic leukemia, and the
like; polycytemia vera, lymphoma (Hodgkin’s disease and
non-Hodgkin’s disease), multiple myeloma, Waldenstrom’s
macroglobulinemia, heavy chain disease, and the like.

[0038] “Chemotherapy” refers to the use of a chemothera-
peutic agent to treat a cancer.

[0039] <“Radiation therapy” or “radiotherapy” refers to the
medical use of ionization radiation as part of the treatment
of cancer to control malignant cells.

[0040] “Cancer immunotherapy” refers to the stimulation
of the immune system to reject or destroy tumors, and,
includes, but is not limited to, BCG immunotherapy, topical
immunotherapy, injection immunotherapy, and the like.

2%¢
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[0041] <“Psoriasis” refers to and includes, immune-medi-
ated diseases which affects the skin and joints. When it
affects the skin it commonly appears as red scaly elevated
patches called plaques. Psoriasis plaques are areas of inflam-
mation and excessive skin cell production.

[0042] “Therapeutic agent” includes any therapeutic agent
that can be used to treat or prevent the diseases described
herein. “Therapeutic agents” include, but are not limited to,
chemotherapeutic agents, steroids, retinoids, antimicrobial
compounds, antioxidants, anti-inflammatory compounds,
NMDA receptor antagonists, endothelin antagonists, immu-
nomodulating agents, vitamin D analogues, salicylic acid,
and the like. Therapeutic agent includes the pharmaceuti-
cally acceptable salts thereof, pro-drugs, and pharmaceutical
derivatives thereof

[0043] “Lower alkyl” refers to branched or straight chain
acyclic alkyl group comprising one to about four carbon
atoms. Exemplary lower alkyl groups include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, and
the like.

[0044] “Antimicrobial compound” refers to any com-
pound that alters the growth of bacteria, fungi or virus
whereby growth is prevented, modified, impaired, stabi-
lized, inhibited or terminated. Antimicrobial compounds can
be microbiocidal or microbiostatic and include, but are not
limited to antibiotics, semisynthetic antibiotics, synthetic
antibiotics, antifungal compounds, antiviral compounds, and
the like.

[0045] “Antifungal compound” refers to any compound
that alters the growth of fungi whereby growth is prevented,
modified, impaired, stabilized, inhibited or terminated.

[0046] “Antiviral compound” refers to any compound that
alters the growth of viral cells whereby growth is prevented,
modified, impaired, stabilized, inhibited or terminated.

[0047] “Antioxidant” refers to and includes any com-
pound that can react and quench a free radical including, but
not limited to, free radical scavengers, iron chelators, small-
molecule antioxidants and antioxidant enzymes, and the
like.

[0048] “Taxane” refers to any compound that contains the
carbon core framework represented by formula A:

CH;

[0049] “NSAID” refers to a nonsteroidal anti-inflamma-
tory compound or a nonsteroidal anti-inflammatory drug.
NSAIDs inhibit cyclooxygenase, the enzyme responsible for
the biosyntheses of the prostaglandins and certain autocoid
inhibitors, including inhibitors of the various isozymes of
cyclooxygenase (including but not limited to cyclooxyge-
nase-1 and -2), and as inhibitors of both cyclooxygenase and
lipoxygenase.

[0050] “Organic cation” refers to a positively charged
organic ion. Exemplary organic cations include alkyl sub-
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stituted or unsubstituted ammonium cations, primary, sec-
ondary and tertiary amines, alkyl amines, aryl amines, cyclic
amines, N,N'-dibenzylethylenediamine, and the like

[0051] “Inorganic cation” refers to a positively charged
metal ion. Exemplary inorganic cations include Group I
metal cations, such as, for example, sodium, potassium,
magnesium, calcium, and the like.

[0052] “Topical” refers to the delivery of a compound by
application to the body surface and includes, but is not
limited to, transdermal delivery and transmucosal delivery.

[0053] “Transdermal” refers to the delivery of a com-
pound by passage through the skin and into the blood
stream.

[0054] “Transmucosal” refers to delivery of a compound
by passage of the compound through the mucosal tissue and
into the blood stream.

[0055] “Parenteral” refers to delivery of a compound by
subcutaneous, intravenous, intramuscular, intracardiac,
intradermal, intraperitoneal, intrathecal or intrasternal injec-
tion and also includes infusion techniques.

[0056] “Penetration enhancement” or “permeation
enhancement” refers to an increase in the permeability of the
skin or mucosal tissue to a selected pharmacologically active
compound such that the rate at which the compound per-
meates through the skin or mucosal tissue is increased.

[0057] “Carriers” or “vehicles” refers to carrier materials
suitable for compound administration and include any such
material known in the art such as, for example, any liquid,
gel, solvent, liquid diluent, solubilizer, or the like, which is
non-toxic and which does not interact with any components
of the composition in a deleterious manner.

[0058] “Sustained release” refers to the release of an
active compound and/or composition such that the blood
levels of the active compound are maintained within a
desirable therapeutic range over a period of time. The
sustained release formulation can be prepared using any
conventional method known to one skilled in the art to
obtain the desired release characteristics.

[0059] In one embodiment, the invention describes the
methods of use of 2,5-dihydroxybenzene sulfonic acid com-
pounds of Formula (I) and pharmaceutically acceptable salts
thereof:

@

SO;3”
OH
X

HO N
[0060] wherein:
[0061] X is a hydrogen, an organic cation or an inorganic
cation;
[0062] n is an integer from 1 to 2; and
[0063] m is an integer from 1 to 2.
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[0064] The cation X in the 2,5-dihydroxybenzene sulfonic
acid compounds of Formula (I) may be any physiologically
acceptable cation known to one skilled in the art, and
include, but are not limited to, those described in Heinrich
Stahl, P., Camille G. Wermuth (Editiors), “Handbook of
Pharmaceutical Salts Properties, Selections and Use”, Verlag
Helvetica Chimica Acta, Zurich, Switzerland, Wiley-VCH,
Weinheim, Germany, 2002; the disclosures of each of which
are incorporated by reference herein in their entirety. The
cation X is selected such that the overall charge of the
2,5-dihydroxybenzene sulfonic compounds of Formula I is
neutral.

[0065] In one embodiment of the invention the inorganic
cation ion is sodium, potassium, lithium, calcium or mag-
nesium.

[0066] Inanother embodiment ofthe invention the organic
cation is [NH, R T":

[0067] wherein p at each occurrence is independently
selected from an integer from O to 4; and

[0068] R is a lower alkyl group.

[0069] In another embodiment of the invention, the
organic cations are a diethylamine group [H,N*(C,Hj),],
piperazine or pyridine.

[0070] In other embodiments of the invention, the com-
pounds of Formula (I) are:

[0071] 2,5-dihydroxybenzene sulfonic acid (dobesilate);

[0072] calcium 2,5-dihydroxybenzenesulfonate (calcium
dobesilate);

[0073] potassium 2,5-dihydroxybenzenesulfonate (potas-
sium dobesilate);

[0074] magnesium 2,5-dihydroxybenzenesulfonate (mag-
nesium dobesilate); and

[0075] diethylamine
(ethamsylate).

2,5-dihydroxybenzenesulfonate

[0076] Compounds of the invention that have one or more
asymmetric carbon atoms may exist as the optically pure
enantiomers, pure diastereomers, mixtures of enantiomers,
mixtures of diastereomers, racemic mixtures of enantiomers,
diastereomeric racemates or mixtures of diastereomeric
racemates. It is to be understood that the invention antici-
pates and includes within its scope all such isomers and
mixtures thereof.

[0077] The 2,5-dihydroxybenzene sulfonic acid com-
pounds of Formula (I) may also be in the form of solvates,
particularly in the form of hydrates. The manufacture of the
2,5-dihydroxybenzene sulfonic acid compounds of Formula
(D) as well as their solvates may be synthesized by one
skilled in the art using conventional methods and commer-
cially available reagents.

[0078] The compounds of Formulas (I) can be synthesized
by one skilled in the art using conventional methods or are
commercially available. The synthesis of the compounds of
Formula (I) are disclosed in, for example, U.S. Pat. No.
5,082,941; and “The Merck Index” 13™ edition, Merck &
Co., R. Rahway, N.J., USA, 2001; the disclosures of each of
which are incorporated by reference herein in their entirety.

Jun. 28, 2007

[0079] The invention provides compositions comprising at
least one compound of Formula (I) and at least one thera-
peutic agent, including, but not limited to, chemotherapeutic
agents, steroids, retinoids, antimicrobial compounds, anti-
oxidants, anti-inflammatory compounds, NMDA receptor
antagonists, endothelin antagonists, immunomodulating
agents, vitamin D analogues, salicylic acid, and combina-
tions of two or more thereof. In one embodiment of the
invention, the therapeutic agent does not include anti-in-
flammatory compounds. The invention also provides for
such compositions in a pharmaceutically acceptable carrier.

[0080] The compounds of Formula (I) can optionally be
used in combination with therapeutic agents; such as for
example, chemotherapeutic agents, steroids, retinoids, anti-
microbial compounds, antioxidants, anti-inflammatory com-
pounds, NMDA receptor antagonists, endothelin antago-
nists, immunomodulating agents, vitamin D analogues,
salicylic acid, and combinations of two or more thereof for
treating skin cancer; treating cancer of the organs; treating
leukemia; improving the efficacy of chemotherapy, radiation
therapy and/or cancer immunotherapy; treating rosacea; and
treating psoriasis.

[0081] Suitable chemotherapeutic agents, include, but are
not limited to, alkylating agents, such as, for example,
cyclophosphamide, carmustine, daunorubicin, mechlore-
thamine, chlorambucil, nimustine, mephalan, and the like;
anthracyclines, such as, for example, daunorubicin, doxo-
rubicin, epirubicin, idarubicin, mitoxantrone, valrubicin,
and the like; taxane compounds, such as, for example,
pacitaxel, docetaxel, and the like; topoisomerase inhibitors,
such as, for example, etoposide, teniposide, taluposide, and
the like; nucleotide analogs, such as, for example, azaciti-
dine, azathioprine, capecitabine, cytarabine, doxifluridine,
fluorouracil, gemcitabine, mercaptopurine, methotrexate,
tioguanine, and the like; platinum based agents, such as, for
example, carboplatin, cisplatin, oxaliplatin, and the like;
antineoplatic agents, such as, for example, vincristine, leu-
covorin, lomustine, procarbazine, and the like; hormonal
modulators, such as, for example, tamoxifen, finasteride,
5-a-reductase inhibitors, and the like; vinca alkaloids, such
as for example, vinblastin, vincristine, vindesine, vinorel-
bine, and the like. Suitable chemotherapeutic agents are
described more fully in the literature, such as in the Merck
Index on CD-ROM, 13% Edition.

[0082] In some embodiments of the invention the chemo-
therapeutic agents are S-fluorouracil, tamoxifin, paclitaxel,
cisplatin, carboplatin, carmustine, nimustine, leucovorin,
gemcitabine, docetaxel, vincristin, vinblastin, vinorelbine,
vindesine, irinotecan, vinca alkaloids or topoisomerase
inhibitors.

[0083] Suitable steroids, include, but are not limited to,
budesonide, dexamethasone, corticosterone, prednisolone,
and the like. Suitable steroids are described more fully in the
literature, such as in the Merck Index on CD-ROM, 13%
Edition.

[0084] Inoneembodiment of the invention the steroids are
dexamethasone, prednisolone and corticosteroids.

[0085] Suitable retinoids, include, but are not limited to,
natural and synthetic analogs of vitamin A (retinol), vitamin
A aldehyde (retinal), vitamin A acid (retinoic acid (RA)),
including all-trans, 9-cis, and 13-cis retinoic acid), tretinoin,



US 2007/0149618 Al

isotretinoin, alitretinoin, etretinate, acitrtin, tazarotene, bex-
arotene, and the like. Suitable reinoids are also disclosed in
EP 0379367 A2, U.S. Pat. Nos. 4,887,805, 4,888,342. 5,514,
825; 5,698,700, 5,696,162; 5,688,957, 5,677,451, 5,677,
323; 5,677,320, 5,675,033; 5,675,024, 5,672,710; 5,688,
175; 5,663,367, 5,663,357, 5,663,347, 5,648,514; 5,648,
503; 5,618,943; 5,618,931; 5,618,836; 5,605,915; 5,602,
130, 5,648,563; 5,648,385; 5,618,839; 5,559,248, 5,616,
712; 5,616,597, 5,602,135; 5,599,819, 5,556,996; 5,534,
516; 5,516,904; 5,498,755; 5,470,999; 5,468,879, 5,455,
265; 5,451,605, 5,343,173, 5,426,118, 5,414,007, 5,407,
937, 5,399,586, 5,399,561; 5,391,753, and the like; the
disclosures of each of which are incorporated by reference
herein in their entirety.

[0086] Insomeembodiments of the invention the retinoids
are retinol, retinal, retinoic acid, tretinoin, isotretinoin or
alitretinoin.

[0087] Suitable antimicrobial compounds, include, but are
not limited to, macrolides, such as, for example, azithromy-
cin, clarithromycin, dirithromycin, erythromycin, milbemy-
cin, troleandomycin, and the like; monbactams, such as, for
example, aztreonam, and the like;

[0088] Tetracyclins, such as, for example, demeclocyclin,
doxycycline, minocycline, oxytetracyclin, tetracycline, and
the like; aminoglycosides, such as, for example, amikacin,
gentamicin, kanamycin, neomycin, netilmicin, paromomy-
cin, streptomycin, tobramycin, and the like; carbacephem,
such as, for example, loracarbef, and the like; carbapenems,
such as, for example, ertapenem, imipenem, meropenem,
and the like; penicillins, such as, for example, amoxicillin,
ampicillin, azlocillin, carbenicillin, cloxacillin, dicloxacil-
lin, flucloxacillin, mezlocillin, nafcillin, penicillin, piper-
acillin, ticarcillin, and the like; polypeptides, such as, for
example, bacitracin, colistin, polymyxin B, and the like;
beta-lactamase inhibitors; cephalosporins, such as, for
example, cefaclor, cefamandole, cefoxitin, cefprozil,
cefuroxime, cefixime, cefdinir, cefditoren, cefoperazone,
cefotaxime, cefpodoxime, cefadroxil, ceftazidime, ceftib-
uten, ceftizoxime, ceffiriaxone, cefazolin, cefixime, cephal-
exin, cefepime, and the like; quinolones, such as, for
example, ciprofloxacin, enoxacin, gatifloxacin, levofloxacin,
lomefloxacin, morifloxacin, norfloxacin, ofloxacin, trova-
floxacin, and the like; streptogramins; sulfonamides, such
as, for example, mefanide, prontosil, sulfacetamide, sul-
famethizole, sulfanilamide, sulfasalazine, sulfisoxazole, tri-
methoprim, trimethoprim-sultamethoxazole, and the like;
and the combination drugs such as for example, sul-
famethoxazole and trimethoprim, and the like. Suitable
antimicrobial compounds of the invention are described
more fully in the literature, such as in Goodman and Gilman,
The Pharmacological Basis of Therapeutics (9th Edition),
McGraw-Hill, (1996); Merck Index on CD-ROM, 13" Edi-
tion; STN Express, file phar and file registry, the disclosures
of each of which are incorporated by reference herein in
their entirety.

[0089] In some embodiments of the invention, the antimi-
crobial compounds are tetracycline, erythromycin or clin-
damycin.

[0090] Suitable antioxidants include, but are not limited
to, free radical scavengers, iron chelators, small-molecule
antioxidants and antioxidant enzymes, and the like. Suitable
iron chelators include, but are not limited to, deferoxamine,
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deferiprone, dithiocarbamatem, ethylene diamine tetraacetic
acid, and the like. Suitable small-molecule mantioxidants
include, but are not limited to, hydralazine compounds,
glutathione, ascorbic acid (vitamin C), vitamin E, cysteine,
N-acetyl-cysteine, [-carotene, ubiquinone, ubiquinol-10,
tocopherols, coenzyme Q, superoxide dismutase mimetics,
such as, for example, 2,2,6,6-tetramethyl-1-piperidinyloxy
(TEMPO), DOXYL, PROXYL nitroxide compounds; 4-hy-
droxy-2,2,6,6-tetramethyl-1-piperidinyloxy (Tempol),
M-40401, M-40403, M-40407, M-40419,M-40484,
M-40587, M-40588, and the like. Suitable antioxidant
enzymes include, but are not limited to, superoxide dismu-
tase, catalase, glutathione peroxidase, NADPH oxidase
inhibitors, such as, for example, apocynin, aminoguanidine,
ONO 1714, S17834 (benzo(b)pyran-4-one derivative), and
the like; xanthine oxidase inhibitors, such as, for example,
allopurinol, oxypurinol, amflutizole, diethyldithiocarbam-
ate, 2-styrylchromones, chrysin, luteolin, kaempferol, quer-
cetin, myricetin, isorhamnetin, benzophenones such as 2,2',
4.4'-tetrahydroxybenzophenone, 3,4,5,2',3' 4'-
hexahydroxybenzophenone and 4.4'-
dihydroxybenzophenone; benzothiazinone analogues such
as 2-amino-4H-1,3-benzothiazine-4-one, 2-guanidino4H-1,
3-benzothiazind-one and rhodanine; N-hydroxyguanidine
derivative such as, PR5 (1-(3,4-dimethoxy-2-chloroben-
zylideneamino)-3-hydroxyguanidine); 6-formylpterin, and
the like. The antioxidant enzymes can be delivered by gene
therapy as a viral vector and/or a non-viral vector. Suitable
antioxidants are described more fully in the literature, such
as in Goodman and Gilman, The Pharmacological Basis of
Therapeutics (9th Edition), McGraw-Hill, 1995; and the
Merck Index on CD-ROM, Thirteenth Edition; and on STN
Express, file phar and file registry.

[0091] Insome embodiments the antioxidants are ascorbic
acid, Vitamin E, apocynin, hydralazine compounds or super-
oxide dimutase mimetics.

[0092] Suitable NSAIDs include, but are not limited to,
acetaminophen, acemetacin, aceclofenac, alminoprofen,
amfenac, bendazac, benoxaprofen, bromfenac, bucloxic
acid, butibufen, carprofen, cinmetacin, clopirac, diclofenac,
etodolac, felbinac, fenclozic acid, fenbufen, fenoprofen,
fentiazac, flunoxaprofen, flurbiprofen, ibufenac, ibuprofen,
indomethacin, isofezolac, isoxepac, indoprofen, ketoprofen,
lonazolac, loxoprofen, metiazinic acid, mofezolac, miropro-
fen, naproxen, oxaprozin, pirozolac, pirprofen, pranoprofen,
protizinic acid, salicylamide, sulindac, suprofen, suxibu-
zone, tiaprofenic acid, tolmetin, xenbucin, ximoprofen, zal-
toprofen, zomepirac, aspirin, acemetcin, bumadizon, carpro-
fenac, clidanac, diflunisal, enfenamic acid, fendosal,
flufenamic acid, flunixin, gentisic acid, ketorolac, meclofe-
namic acid, mefenamic acid, mesalamine, prodrugs thereof,
and the like. Suitable NSAIDs are described more fully in
the literature, such as in Goodman and Gilman, The Phar-
macological Basis of Therapeutics (9th Edition), McGraw-
Hi}hl, 1995, Pgs. 617-657; the Merck Index on CD-ROM,
13 Edition; and in U.S. Pat. Nos. 6,057,347 and 6,297,260
assigned to NitroMed Inc., the disclosures of which are
incorporated herein by reference in their entirety.

[0093] In some embodiments the NSAIDs are acetami-
nophen, diclofenac, flurbiprofen, ibuprofen, indomethacin,
ketoprofen, naproxen or aspirin.
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[0094] Suitable N-methyl-D-aspartate (NMDA) receptor
antagonists, include, but are not limited to, ketamine, dex-
tromethorphan, memantine, amantadine, nitrous oxide,
Gacyclidine and the like.

[0095] In some embodiments the NMDA receptor antago-
nists are dextromethorphan.

[0096] Suitable endothelin antagonists include, but are not
limited to, atrasentan, bosentan, darusentan, enrasentan,
sitaxsentan, sulfonamide endothelin antagonists, tezosentan,
BMS 193884, BQ-123, SQ 28608, and the like. Suitable
endothelin antagonists are described more fully in the lit-
erature, such as in Goodman and Gilman, The Pharmaco-
logical Basis of Therapeutics (9th Edition), McGraw-Hill,
1995; and the Merck Index on CD-ROM, Thirteenth Edi-
tion; and on STN Express, file phar and file registry.

[0097] Suitable immunomodulating agents, include, but
are not limited to, interferon o IIb, autologous granulocyte
macrophagecolony  stimulating factor, APC 8015
(Provenge), cancer vaccines, anti-sense oligonucleotides,
bacillus of Calmette-Guerin (BCG), and the like.

[0098] Suitable vitamin D analogues, include but are not
limited to, vitamin D3 analogues such as, cholecalciferol,
calcidiol, calcitriol, and the like.

[0099] The invention describes methods for treating skin
cancer; treating cancer of an organ; treating leukemia; and
improving the efficacy of chemotherapy, radiation therapy
and/or cancer immunotherapy in a patient in need thereof
comprising administering to the patient in need thereof an
effective amount of the compounds and/or compositions
described herein. For example, the patient can be adminis-
tered an effective amount of at least one 2,5-dihydroxyben-
zene sulfonic acid compound. In another embodiment, the
patient can be administered an effective amount of at least
one 2,5-dihydroxybenzene sulfonic acid compound, and, at
least one therapeutic agent, including but not limited to, such
as, for example, chemotherapeutic agents, steroids, retin-
oids, antimicrobial compounds, antioxidants, anti-inflam-
matory compounds, NMDA receptor antagonists, endothelin
antagonists, immunomodulating agents, vitamin D ana-
logues, salicylic acid, and combinations of two or more
thereof. The 2,5-dihydroxybenzene sulfonic acid com-
pounds and/or therapeutic agents can be administered sepa-
rately or as components of the same composition in one or
more pharmaceutically acceptable carriers.

[0100] In one embodiment of the invention for the meth-
ods for treating skin cancer; treating cancer of an organ;
treating leukemia; and improving the efficacy of chemo-
therapy, radiation therapy and/or cancer immunotherapy the
therapeutic agent is selected from the group consisting of
chemotherapeutic agents, steroids, antimicrobial com-
pounds, antioxidants, anti-inflammatory compounds,
NMDA receptor antagonists, endothelin antagonists, immu-
nomodulating agents, and combinations of two or more
thereof.

[0101] The invention describes methods for treating rosa-
cea in a patient in need thereof comprising topically admin-
istering to the patient in need thereof an effective amount of
the compounds and/or compositions described herein. For
example, the patient can be administered an effective
amount of at least one 2,5-dihydroxybenzene sulfonic acid
compound. In another embodiment, the patient can be
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administered an effective amount of at least one 2,5-dihy-
droxybenzene sulfonic acid compound, and, at least one
therapeutic agent, including but not limited to, such as, for
example, steroids, retinoids, antimicrobial compounds, anti-
oxidants, anti-inflammatory compounds, and combinations
of two or more thereof. The 2,5-dihydroxybenzene sulfonic
acid compounds and/or therapeutic agents can be adminis-
tered separately or as components of the same composition
in one or more pharmaceutically acceptable carriers.

[0102] In one embodiment of the invention for the meth-
ods for treating rosacea the therapeutic agent is selected
from the group consisting of steroids, retinoids, antimicro-
bial compounds, antioxidants, anti-inflammatory com-
pounds, vitamin D analogues, salicylic acid, and combina-
tions of two or more thereof.

[0103] The invention describes methods for treating pso-
riasis in a patient in need thereof comprising administering
to the patient in need thereof an effective amount of the
compounds and/or compositions described herein. For
example, the patient can be administered an effective
amount of at least one 2,5-dihydroxybenzene sulfonic acid
compound. In another embodiment, the patient can be
administered an effective amount of at least one 2,5-dihy-
droxybenzene sulfonic acid compound, and, at least one
therapeutic agent, including but not limited to, such as, for
example, steroids, retinoids, antimicrobial compounds, anti-
oxidants, anti-inflammatory compounds, and combinations
of two or more thereof. The 2,5-dihydroxybenzene sulfonic
acid compounds and/or therapeutic agents can be adminis-
tered separately or as components of the same composition
in one or more pharmaceutically acceptable carriers.

[0104] In one embodiment of the invention for the meth-
ods for treating psoriasis the therapeutic agent is selected
from the group consisting of steroids, retinoids, antimicro-
bial compounds, antioxidants, anti-inflammatory com-
pounds, vitamin D analogues, salicylic acid, and combina-
tions of two or more thereof.

[0105] When administered separately, the 2,5-dihydroxy-
benzene sulfonic acid compound, can be administered about
the same time as part of the overall treatment regimen i.e.,
as a combination therapy. “About the same time” includes
administering the 2,5-dihydroxybenzene sulfonic acid com-
pound, simultaneously, sequentially, at the same time, at
different times on the same day, or on different days, as long
as they are administered as part of an overall treatment
regimen, i.e., combination therapy or a therapeutic cocktail.

[0106] When administered in vivo, the compounds and
compositions of the invention can be administered in com-
bination with pharmaceutically acceptable carriers and in
dosages described herein. When the compounds and com-
positions of the invention are administered as a combination
of at least one 2,5-dihydroxybenzene sulfonic acid com-
pound and/or at least one therapeutic agent, they can also be
used in combination with one or more additional compounds
which are known to be effective against the specific disease
state targeted for treatment. The therapeutic agents and/or
other additional compounds can be administered simulta-
neously with, subsequently to, or prior to administration of
the 2,5-dihydroxybenzene sulfonic acid compound.

[0107] The compounds and compositions of the invention
can be administered by any available and effective delivery
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system including, but not limited to, orally, bucally,
parenterally, by inhalation, by topical application, or rectally
(e.g., by the use of suppositories) in dosage unit formula-
tions containing conventional nontoxic pharmaceutically
acceptable carriers, adjuvants, and vehicles, as desired.

[0108] In one embodiment of the invention the 2,5-dihy-
droxybenzene sulfonic acid compounds of the invention are
administered orally, bucally, parenterally, by inhalation, by
topical application or rectally for the treatment of skin
cancer; cancer of an organ; leukemia; and improving the
efficacy of chemotherapy, radiation therapy and/or cancer
immunotherapy. In another embodiment of the invention the
2,5-dihydroxybenzene sulfonic acid compounds are admin-
istered orally, parenterally or by topical application for the
treatment of skin cancer or improving the efficacy of che-
motherapy, radiation therapy and/or cancer immunotherapy.
In yet another embodiment of the invention the 2,5-dihy-
droxybenzene sulfonic acid compounds are administered
orally, bucally, parenterally or by topical application for the
treatment of cancer of an organ. In one embodiment of the
invention the 2,5-dihydroxybenzene sulfonic acid com-
pounds are administered orally, bucally or parenterally for
the treatment of leukemia.

[0109] In some embodiments of the invention the 2,5-
dihydroxybenzene sulfonic acid compounds are adminis-
tered orally, bucally, parenterally or topically for the treat-
ment of psoriasis.

[0110] Solid dosage forms for oral administration can
include capsules, sustained-release capsules, tablets, sus-
tained release tablets, chewable tablets, sublingual tablets,
effervescent tablets, pills, suspensions, powders, granules
and gels. In such solid dosage forms, the active compounds
can be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms can also
comprise, as in normal practice, additional substances other
than inert diluents, e.g., lubricating agents such as magne-
sium stearate. In the case of capsules, tablets, effervescent
tablets, and pills, the dosage forms can also comprise
buffering agents. Soft gelatin capsules can be prepared to
contain a mixture of the active compounds or compositions
of the invention and vegetable oil. Hard gelatin capsules can
contain granules of the active compound in combination
with a solid, pulverulent carrier such as lactose, saccharose,
sorbitol, mannitol, potato starch, corn starch, amylopectin,
cellulose derivatives of gelatin. Tablets and pills can be
prepared with enteric coatings.

[0111] Liquid dosage forms for oral administration can
include pharmaceutically acceptable emulsions, solutions,
suspensions, syrups, and elixirs containing inert diluents
commonly used in the art, such as water. Such compositions
can also comprise adjuvants, such as wetting agents, emul-
sifying and suspending agents, and sweetening, flavoring,
and perfuming agents.

[0112] Suppositories for vaginal or rectal administration
of the compounds and compositions of the invention can be
prepared by mixing the compounds or compositions with a
suitable nonirritating excipient such as cocoa butter and
polyethylene glycols which are solid at room temperature
but liquid at rectal temperature, such that they will melt in
the rectum and release the compounds and compositions.

[0113] Injectable preparations, for example, sterile inject-
able aqueous or oleaginous suspensions can be formulated
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according to the known art using suitable dispersing agents,
wetting agents and/or suspending agents. The sterile inject-
able preparation can also be a sterile injectable solution or
suspension in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol. Among
the acceptable vehicles and solvents that can be used are
water, Ringer’s solution, and isotonic sodium chloride solu-
tion. Sterile fixed oils are also conventionally used as a
solvent or suspending medium.

[0114] Topical administration of the compounds and com-
positions invention can be in the form of creams, gels,
lotions, liquids, ointments, sprays solutions, dispersions,
solid sticks, emulsions, microemulsions, eye drops, nose
drops, ear drops, and the like, that can be formulated
according to the conventional methods using suitable excipi-
ents, such as, for example, emulsifiers, surfactants, thicken-
ing agents, sunscreen agents, moisturizers, cooling agents,
skin lightening agent, skin conditioning agents, skin pro-
tectants, emollients, humectants, coloroants, and combina-
tions of two or more thereof

[0115] The compounds and compositions of the invention
can be transdermally administered in the form of transder-
mal patches or iontophoresis devices. Other components can
optionally be incorporated into the transdermnal patches.
For example, compositions and/or transdermal patches can
be formulated with one or more preservatives or bacterio-
static agents including, but not limited to, methyl hydroxy-
benzoate, propyl hydroxybenzoate, chlorocresol, benzalko-
nium chloride, and the like. Woven pads or rolls of
bandaging material, e.g., gauze, can be impregnated with the
compositions in solution, lotion, cream, ointment or other
such form can also be used for topical application. In one
embodiment, the compositions of the invention are admin-
istered as a transdermal patch. In another embodiment
compositions of the invention are administered as a sus-
tained-release transdermal patch. The transdermal patches of
the invention can include any conventional forms such as,
for example, adhesive matrix, polymeric matrix, reservoir
patch, matrix or monolithic-type laminated structure, and are
generally comprised of one or more backing layers, adhe-
sives, penetration enhancers, an optional rate controlling
membrane and a release liner which is removed to expose
the adhesives prior to application. Polymeric matrix patches
also comprise a polymeric-matrix forming material. Suitable
transdermal patches are described in more detail in, for
example, U.S. Pat. Nos. 5,262,165, 5,948,433, 6,010,715
and 6,071,531, the disclosure of each of which are incor-
porated herein in their entirety.

[0116] The compositions of this invention can further
include conventional excipients, i.e., pharmaceutically
acceptable organic or inorganic carrier substances suitable
for parenteral application which do not deleteriously react
with the active compounds. Suitable pharmaceutically
acceptable carriers include, for example, water, salt solu-
tions, alcohol, vegetable oils, polyethylene glycols, gelatin,
lactose, amylose, magnesium stearate, talc, surfactants,
silicic acid, viscous paraffin, perfume oil, fatty acid
monoglycerides and diglycerides, petroethral fatty acid
esters, hydroxymethyl-cellulose, polyvinylpyrrolidone, and
the like. The pharmaceutical preparations can be sterilized
and if desired, mixed with auxiliary agents, e.g., lubricants,
preservatives, stabilizers, wetting agents, emulsifiers, salts
for influencing osmotic pressure, buffers, colorings, flavor-
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ing and/or aromatic substances and the like which do not
deleteriously react with the active compounds. For
parenteral application, particularly suitable vehicles consist
of solutions, preferably oily or aqueous solutions, as well as
suspensions, emulsions, or implants. Aqueous suspensions
may contain substances which increase the viscosity of the
suspension and include, for example, sodium carboxymethyl
cellulose, sorbitol and/or dextran. Optionally, the suspension
may also contain stabilizers.

[0117] The composition, if desired, can also contain minor
amounts of wetting agents, emulsifying agents and/or pH
buffering agents. The composition can be a liquid solution,
suspension, emulsion, tablet, pill, capsule, sustained release
formulation, or powder. The composition can be formulated
as a suppository, with traditional binders and carriers such as
triglycerides. Oral formulations can include standard carri-
ers such as pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine, cellulose,
magnesium carbonate, and the like.

[0118] Various delivery systems are known and can be
used to administer the compounds or compositions of the
invention, including, for example, encapsulation in lipo-
somes, microbubbles, emulsions, microparticles, microcap-
sules and the like. The required dosage can be administered
as a single unit or in a sustained release form.

[0119] Suitable sustained-release forms as well as the
materials and methods for their preparation are described in,
for example, “Modified-Release Drug Delivery Technol-
ogy”, Rathbone, M. J. Hadgraft, J. and Roberts, M. S. (Eds.),
Marcel Dekker, Inc., New York (2002); “Handbook of
Pharmaceutical Controlled Release Technology”, Wise, D.
L. (Ed.), Marcel Dekker, Inc. New York, (2000); “Controlled
Drug Delivery”, Vol. 1, Basic Concepts, Bruck, S. D. (Ed.),
CRC Press Inc., Boca Raton (1983) and from Takada, K. and
Yoshikawa, H., “Oral Drug delivery”, Encyclopedia of Con-
trolled Drug Delivery, Mathiowitz, E. (Ed.), John Wiley &
Sons, Inc., New York (1999), Vol. 2, 728-742; Fix, J., “Oral
drug delivery, small intestine and colon”, Encylopedia of
Controlled Drug Delivery, Mathiowitz, E. (Ed.), John Wiley
& Sons, Inc., New York (1999), Vol. 2, 698-728; the
disclosures of each of which are incorporated herein by
reference in their entirety.

[0120] In one embodiment of the invention, the orally
administrable form of the 2,5-dihydroxybenzene sulfonic
acid compounds is in a sustained-release form further com-
prising at least one coating or matrix. The sustained-release
coating or matrix, include, but are not limited to, modified,
water-insoluble, natural, semisynthetic or synthetic poly-
mers, natural, semisynthetic or synthetic waxes, fats, fatty
alcohols, fatty acid, plasticizers, or a combination of two or
more thereof.

[0121] Suitable water-insoluble polymers, include, but are
not limited to, acrylic resins, such as, for example, poly-
(meth)acrylates, poly(C,_,) alkyl(meth)acrylates, poly(C,.
4)dialkylamino (C,_,) alkyl(meth)acrylates and/or copoly-
mers, and the like, and combinations of two or more thereof;,
copolymers of ethyl acrylate and methyl methacrylate with
a monomer molar ratio of 2:1 (EUDRAGIT NE30D®),
copolymers of ethyl acrylate, methylmethacrylate and trim-
ethylammonium ethyl methacrylate-chloride with a mono-
mer molar ratio of 1:2:0.1 (EUDRAGIT RS®), copolymers
of ethyl acrylate, methyl methacrylate and trimethylammo-
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nium ethyl methacrylate-chloride with a monomer molar
ratio of 1:2:0.2 (EUDRAGIT RL®), and the like, and
combinations of two or more thereof.

[0122] Suitable water-insoluble polymers, include, but are
not limited to, cellulose derivatives, such as, for example,
alkyl celluloses, ethyl cellulose, cellulose esters, cellulose
acetate, AQUACOAT®, SURELEASE®, and the like.

[0123] Suitable natural, semisynthetic or synthetic waxes,
fats or fatty alcohols, include, but are not limited to, car-
nauba wax, beeswax, glycerol monostearate, glycerol
monobehenate, glycerol ditripalmitostearate, microcrystal-
line wax, cetyl alcohol, cetylstearyl alcohol, and the like,
and combinations of two or more thereof.

[0124] Suitable plasticizers, include, but are not limited to,
lipophilic diesters of a C4-C,, aliphatic or aromatic dicar-
boxylic acids, C,-Cg aliphatic alcohols, such as, for
example, dibutyl phthalate, diethyl phthalate, dibutyl seba-
cate, diethyl sebacate, and the like; hydrophilic or lipophilic
citric acid esters, such as, for example, triethyl citrate,
tributyl citrate, acetyltributyl citrate, acetyltriethyl citrate,
and the like; polyethylene glycols, propylene glycol, glyc-
erol esters, such as, for example, triacetin, MYVACET®
(acetylated mono- and diglycerides, C,;H,,05 to C,;H
470), medium-chain triglycerides (MIGLYOL®), oleic acid
or mixtures of at least two of said plasticizers. The sustained-
release formulations may comprise one or more plasticisers
in amounts of, about 5 to about 50 wt. % based on the
amount of polymer(s) used.

[0125] The sustained-release formulations may also con-
tain other conventional excipients known to one skilled in
the art, such as, for example, lubricants, colored pigments,
surfactants, and the like. The sustained-release formulations
may also contain an enteric coating.

[0126] Suitable enteric coatings, include, but are not lim-
ited to, methacrylic acid/methyl methacrylate copolymers
with a monomer molar ratio of 1:1 (EUDRAGIT L®),
methacrylic acid/methyl methacrylate copolymers with a
monomer molar ratio of 1:2 (EUDRAGIT S®), methacrylic
acid/ethyl acrylate copolymers with a monomer molar ratio
of 1:1 (EUDRAGIT L30D-55®), methacrylic acid/methyl
acrylate/methyl methacrylate copolymers with a monomer
molar ratio of 7:3:1 (EUDRAGIT FS®), shellac, hydrox-
ypropyl methyl cellulose, acetate-succinates, cellulose
acetate-phthalates or a combination of two or more thereof.
These enteric coating can optionally also be used in com-
bination with the water-insoluble poly (meth) acrylates
described herein. In one embodiment the enteric coatings are
used in combination with EUDRAGIT NE30D®. and/or
EUDRAGIT RL® and/or EUDRAGIT RS®.

[0127] The enteric coatings may be applied using conven-
tional processes known to those skilled in the art, as
described in, for example, Johnson, J. L., “Pharmaceutical
tablet coating”, Coatings Technology Handbook (Second
Edition), Satas, D. and Tracton, A. A. (Eds), Marcel Dekker,
Inc. New York, (2001), 863-866; Carstensen, T., “Coating
Tablets in Advanced Pharmaceutical Solids”, Swarbrick, J.
(Ed.), Marcel Dekker, Inc. New York (2001), 455-468;
Leopold, C. S., “Coated dosage forms for colon-specific
drug delivery”, Pharmaceutical Science & Technology
Today, 2 (5), 197-204 (1999), Rhodes, C. T. and Porter, S.
C., Coatings, in Encyclopedia of Controlled Drug Delivery.
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Mathiowitz, E. (Ed.), John Wiley & Sons, Inc., New York
(1999), Vol. 1, 299-311; the disclosures of each of which are
incorporated herein by reference in their entirety.

[0128] In one embodiment of the invention, the sustained
release formulations comprising at least one 2,5-dihydroxy-
benzene sulfonic acid compound is in an immediate release
form and in a sustained release form in the same formula-
tion. The formulation may further comprises at least one
therapeutic agent, such as for example, chemotherapeutic
agents, steroids, retinoids, antimicrobial compounds, anti-
oxidants, anti-inflammatory compounds, NMDA receptor
antagonists, endothelin antagonists, immunomodulating
agents, vitamin D analogues, salicylic acid, and combina-
tions of two or more thereof.

[0129] While individual needs may vary, determination of
optimal ranges for effective amounts of the compounds
and/or compositions is within the skill of the art. Generally,
the dosage required to provide an effective amount of the
compounds and compositions, which can be adjusted by one
of ordinary skill in the art, will vary depending on the age,
health, physical condition, sex, diet, weight, extent of the
dysfunction of the recipient, frequency of treatment and the
nature and scope of the dysfunction or disease, medical
condition of the patient, the route of administration, phar-
macological considerations such as the activity, efficacy,
pharmacokinetic and toxicology profiles of the particular
compound used, whether a drug delivery system is used, and
whether the compound is administered as part of a drug
combination.

[0130] The amount of a given 2,5-dihydroxy benzene
sulfonic acid compound that will be effective in the treat-
ment of a particular disorder or condition will depend on the
nature of the disorder or condition, and can be determined by
standard clinical techniques, including reference to Good-
man and Gilman, supra; The Physician’s Desk Reference,
Medical Economics Company, Inc., Oradell, N.J., 1995; and
Drug Facts and Comparisons, Inc., St. Louis, Mo., 1993; the
disclosures of each of which are incorporated herein by
reference in their entirety. The precise dose to be used in the
formulation will also depend on the route of administration,
and the seriousness of the disease or disorder, and should be
decided by the physician and the patient’s circumstances.

[0131] Inoneembodiment, the 2,5-dihydroxybenzene sul-
fonic acid compounds of Formula (I) can be orally, bucally
or parentally administered in an amount of about 0.05 g per
day to about 50 g per day. In particular embodiments, the
2,5-dihydroxybenzene sulfonic acid compounds of Formula
(D can be orally, bucally or parentally administered in an
amount of about 0.10 g per day to about 25 g per day. In
more particular embodiments, the 2,5-dihydroxybenzene
sulfonic acid compounds of Formula (I) can be orally,
bucally or parentally administered in an amount of about
0.25 g per day to about 10 g per day. In a more particular
embodiment, 2,5-dihydroxybenzene sulfonic acid com-
pounds of Formula (I) can be administered in an amount of
about 0.5 g per day to about 5 g per day. In an even more
particular embodiment, 2,5-dihydroxybenzene sulfonic acid
compounds of Formula (I) can be administered in an amount
of about 0.75 g per day to about 2.5 g per day. In another
particular embodiment, 2,5-dihydroxybenzene sulfonic acid
compounds of Formula (I) can be administered in an amount
of about 1 g per day to about 1.5 g per day. The particular
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amounts of the 2,5-dihydroxybenzene sulfonic acid com-
pounds of Formula (I) can be administered can be admin-
istered as a single dose once a day; or in multiple doses
several times throughout the day; or as a sustained-release
oral formulation. In one embodiment of the invention the
2,5-dihydroxybenzene sulfonic acid compounds of Formula
(D) is administered orally, bucally or parentally as about 50
2,25g,10¢g,5¢,1g,0.75g,0.5g,0.25 gor 0.1 g once per
day (q.d). In another embodiment of the invention the
2,5-dihydroxybenzene sulfonic acid compounds of Formula
(D) is administered orally, bucally or parentally as about 50
g,25g,10g, 5¢g,1¢g,0.75¢g, 0.5¢g,025gor0.1 g twice
per day (b.i.d). In yet another embodiment of the invention
the 2,5-dihydroxybenzene sulfonic acid compounds of For-
mula () is administered orally, bucally or parentally as about
50g,25¢,10g,5¢,1¢g,0.75¢,0.5g,025 gor 0.1 g three
times per day (t.i.d.). In another embodiment of the inven-
tion the 2,5-dihydroxybenzene sulfonic acid compounds of
Formula (I) is administered orally, bucally or parentally as
about 50 g, 25¢g,10g,5¢g,1¢g,0.75¢g,05g, 025 gor 0.1
g four times per day.

[0132] In particular embodiments, the 2,5-dihydroxyben-
zene sulfonic acid compounds of Formula (I) can be topi-
cally administered in a formulation comprising an amount of
about 0.001% to about 30% (w/w) of the 2,5-dihydroxyben-
zene sulfonic acid compounds of Formula (I). In a more
particular embodiment, the 2,5-dihydroxybenzene sulfonic
acid compounds of Formula (I) can be topically adminis-
tered in a formulation comprising an amount of about 0.01%
to about 20% (w/w) of the 2,5-dihydroxybenzene sulfonic
acid compounds of Formula (I). In an even more particular
embodiment, the 2,5-dihydroxybenzene sulfonic acid com-
pounds of Formula (I) can be topically administered in a
formulation comprising an amount of about 0.1% to about
15% (w/w) of the 2,5-dihydroxybenzene sulfonic acid com-
pounds of Formula (I). In a more particular embodiment, the
2,5-dihydroxybenzene sulfonic acid compounds of Formula
(D) can be topically administered in a formulation compris-
ing an amount of about 0.5% to about 10 % (w/w) of the
2,5-dihydroxybenzene sulfonic acid compounds of Formula
(D). In another particular embodiment, the 2,5-dihydroxy-
benzene sulfonic acid compounds of Formula (I) can be
topically administered in a formulation comprising an
amount of about 1% to about 5% (w/w) of the 2,5-dihy-
droxybenzene sulfonic acid compounds of Formula (I). In a
more particular embodiment, the 2,5-dihydroxybenzene sul-
fonic acid compounds of Formula (I) can be topically
administered in a formulation comprising an amount of
about 2.5% to about 4% (w/w) of the 2,5-dihydroxybenzene
sulfonic acid compounds of Formula (I). The topical for-
mulation comprising the 2,5-dihydroxybenzene sulfonic
acid compounds of Formula (I) can be administered as a
single dose once a day; or in multiple doses several times
throughout the day. In one embodiment of the invention the
topical formulation comprising about 30%, 20%, 15%. 10%,
5%, 2.5%, 1%, 0.5%, 0.1% or 0.001% of the 2,5-dihydroxy-
benzene sulfonic acid compounds of Formula (I) is admin-
istered four times per day. In another embodiment of the
invention the topical formulation comprising about 30%,
20%, 15%. 10%, 5%, 2.5%, 1%, 0.5%, 0.1% or 0.001% of
the 2,5-dihydroxybenzene sulfonic acid compounds of For-
mula (I) is administered three times per day (t.i.d). In yet
another embodiment of the invention the topical formulation
comprising about 30%, 20%, 15%. 10%, 5%, 2.5%, 1%,
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0.5%, 0.1% or 0.001% of the 2,5-dihydroxybenzene sulfonic
acid compounds of Formula (I) is administered two times
per day (b.i.d). In another embodiment of the invention the
topical formulation comprising about 30%, 20%, 15%. 10%,
5%, 2.5%, 1%, 0.5%, 0.1% or 0.001% of the 2,5-dihydroxy-
benzene sulfonic acid compounds of Formula (I) is admin-
istered once times per day (qd).

EXAMPLES

[0133] The following non-limiting examples further
describe and enable one of ordinary skill in the art to make
and use the present invention.

[0134] In all the examples, 2,5-dihydroxybenzene sul-
fonate (DHBS) refers to the potassium salt of 2,5-dihy-
droxybenzene sulfonic acid.

Example 1

2,5-Dihydroxybenzene Sulfonic Acid Potentiates
Chemotherapy

[0135] C6 cells cultured in vitro under the same conditions
as described in PCT Application No. 2005/077352. 1. 1x10°
cells per well were cultured in 24-well plates. Three types of
treatment were conducted: a) 24 hours after seeding, the
cells were separately treated with each of the following
medicines; cisplatin (5 pg/ml), vincristine (0.1 pg/ml), pacli-
taxel (5 pg/ml) and S-fluorouracil (100 g/ml); b) 24 hours
after seeding, the cells were treated with a combination of
2,5-dihydroxybenzene sulfonic acid (100 pM) and each one
of the following agents; cisplatin (5 pg/ml) vincristine (0.1
ng/ml), paclitaxel (5 pg/ml) and S-fluorouracil (100 pg/ml);
c) at the time of seeding (Day 0), the cells were pre-treated
with 2,5-dihydroxybenzene sulfonic acid (100 uM). The
next day the cultures were also treated with each one of the
following agents: cisplatin (5 pg/ml) vincristine (0.1 pg/ml),
paclitaxel (5 pg/ml) and S-fluorouracil (100pg/ml). The
controlled cultures did not receive any treatment for 2 days.
After 48 hours (day 2), the cells were evaluated in all the
cultures. This study was carried out in triplicate independent
experiments and was repeated three times.

[0136] FIG.1 (A, B, Cand D) shows the histograms of the
experiments performed to evaluate the effect of the 2,5-
dihydroxybenzene sulfonic acid to potentate cytostatic
agents. Treatment with cysplatin, vincristine and 5-fluorou-
racil produced an inhibition of 50% in the proliferation of C6
cells, while treatment with paclitaxel resulted in 67% inhi-
bition of the cellular proliferation. The treatment with the
combination of the 2,5-dihydroxybenzene sulfonic acid and
the cytostatic agents (cysplatin, vincristine and 5-fluorou-
racil) resulted in an 84% inhibition in cellular proliferation.
The combination treatment with 2,5-dihydroxybenzene sul-
fonic acid and paclitaxel resulted in 86% inhibition of the
cellular proliferation: When the cellular cultures were pre-
treated with the 2,5-dihydroxybenzene sulfonic acid fol-
lowed by the cytostatic agents: cysplatin, vincristine and
5-fluorouracil, 90% inhibition was obtained in the cell
proliferation. When paclitaxel was used, the inhibition in
cellular proliferation was up to 92%.

[0137] The results demonstrate that the simultaneous
treatment of the 2,5-dihydroxybenzene sulfonic acid with
the chemotherapeutic agents, increases their therapeutic
efficacy and the chemical potentiation effect is higher when
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the cells have been pre-treated with 2,5-dihydroxybenzene
sulfonic acid. These data support the use of the 2,5-dihy-
droxybenzene sulfonic acid as an aid in the treatment
associated with chemical therapy and radiotherapy.

Example 2

2,5-Dihydroxybenzene Sulfonate Increases the
Chemo Sensitivity in Rat C6 Glioma Cells

[0138] Cultures of rat glioma C6 cells were grown as
described in Cuevas P et al. Neurol Res., 27: 797-800
(2005). Briefly, cells were grown as adherent cells in Dul-
becco modified Eagle medium supplemented with 1% (v/v)
fatal bovine serum, 10 pg/ml streptomycin and 10 units/ml
penicillin (DMEM). Tumour cells were set up in 24-well cell
culture plates, at a density of 10,000 cells per well and
incubated at 37° C. in a humidified chamber with 5% CO,.
Cells were either treated with 2,5-dihydroxybenzene sul-
fonate (100 uM in DMEM) or with DMEM (controls).
Eighty hours after the addition of 2,5-dihydroxybenzene
sulfonate, the cells were either treated or not treated with the
cytostatic agents, cisplatin (5 pg/ml in DMEM), vincristine
(0.5 pg/ml in DMEM), paclitaxel (5 pg/ml in DMEM),
S5-fluorouracil (100 pg/ml in DMEM) and irinotecan (CPT-
11; 0.1 pg/ml in DMEM). After an additional two days the
proliferation of the glioma cells was assessed using crystal
violet staining of fixed cells. The cell number was computed
by the amount of retained dye determined spectroscopically
at 595 nm after its resolubilization. Cell viability was
estimated by trypan blue dye assay.

[0139] As shown in FIG. 2 all the cytostatic agents used,
except for irinotecan, partially inhibited C6 glioma cell
proliferation. However, a markedly enhanced inhibition of
proliferation of glioma cells was observed in all cases when
the cells were pre-treated with 2,5-dihydroxybenzene sul-
fonate. Thus, 2,5-dihydroxybenzene sulfonate enhances the
sensitivity of glioma cells to the anti-proliferative action of
the cytostatic agents.

Example 3

2,5-Dihydroxybenzene Sulfonate Increases the
Efficacy of Irinotecan (CPT-11) in Rat Glioma

[0140] Cultures of rat glioma C6 cells were grown as
described in Cuevas P et al. Neurol Res., 27: 797-800
(2005). Confluent C6 cells cultured in 75 cm® flasks were
detached and implanted into the left frontal lobe of anaes-
thetized rats using a stereotactic device. The implantation of
the 10° glioma cells was accomplished by means of a
Hamilton syringe coupled to a glass pipette (40-60 um in
diameter) through a small orifice performed in the cranium
by a stainless steel needle. FIG. 3, panels A, B and C shows
the magnetic resonance image of the rat brain two weeks
after implantation. Ten days after the existence of a tumour
was confirmed, rats were randomly assigned to receive or
not receive 2,5-dihydroxybenzene sulfonate (200 mg/kg/day
in saline; i.p) throughout the period of observation. Two
days after starting the treatment with 2,5-dihydroxybenzene
sulfonate, the rats were treated with irinotecan (CPT-11; 10
mg/kg/day; ip. Campto® solution (20 mg/ml; Aventis,
Madrid, Spain) or saline in two four-days cycles separated
by a four-days resting period. After the treatment (6 weeks
after implantation of glioma cells), FIG. 2, panels D,E and
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F show the magnetic resonance images of the brain obtained
from rats treated with irinotecan, 2,5-dihydroxybenzene
sulfonate or the combination of irinotecan and 2,5-dihy-
droxybenzene sulfonate respectively. n=3 rats (irinotecan);
n=4 rats (DHBS); n=4 rats (irinotecan+DHBS)

[0141] As can be seen in FIG. 3, panel D, six weeks after
the implantation of glioma cells, the rats treated only with
irinotecan had a large sized brain tumour, surpassing the size
of the rat cerebral hemisphere. Rats treated only with
2,5-dihydroxybenzene sulfonate presented a brain tumour
smaller than that observed in the irinotecan-treated rat, and
with altered distribution of the contrast agent (FIG. 3, panel
E). The rat treated with 2,5-dihydroxybenzene sulfonate plus
irinotecan had a smaller sized brain tumour than that
observed in the other two treatments, with poor distribution
of the contrast agent (FIG. 3, panel F). Thus, the treatment
with 2,5-dihydroxybenzene sulfonate increases the efficacy
of the cytostatic agent, irinotecan, to reduce the progression
of an established orthotropic glioma.

Example 4

Effect of 2,5-Dihydroxybenzene Sulfonate on the
Progression of Established Rat Subcutaneous
Gliomas

[0142] Confluent C6 cells cultured as described in
Example 2 were detached and subcutaneously implanted
under the dorsal skin in anaesthetized rats. One week after
the implantation of the tumour cells, the rats were randomly
assigned to receive intra-tumoural injection of 2,5-dihy-
droxybenzene sulfonate (100 mg/kg in saline) or saline
twice a day. Ten days after starting the treatment, subcuta-
neous heterotopic gliomas were removed from the rats and
their volumes were calculated.

[0143] FIG. 4 shows that the tumour obtained collected
from saline-treated rats (a) was markedly larger than the
tumours obtained from rats treated by intra-tumoural injec-
tion of 2,5-dihydroxybenzene sulfonate (b). FIG. 5 shows
that the volume of tumours from rats intraperitoneally
treated with 2,5-dihydroxybenzene sulfonate was signifi-
cantly reduced when compared to saline-treated rats thereby
demonstrating the inhibitory effect of 2,5-dihydroxybenzene
sulfonate in the progression of established heterotopic glio-
mas.

Example 5

Effect of 2,5-Dihydroxybencene Sulfonate on
Melanoma Growth

[0144] New Zealand White rabbits (weight 3.0£0.5 kg)
were used. All surgical procedures were performed under
intramuscular general anaesthesia (xylazine hydrochloride,
5 mg/kg). The rabbit eyes were treated with licalin, an
ophthalmic solution for surface anaesthesia. Using a surgical
microscope a millimetre fragment of human melanoma
biopsy was implanted into a pocket made in the stroma of
the cornea. About 2 mm away from the limbal origin of the
cornea. An osmotic minipump (Alzet 2002, Alza Corpora-
tion, Palo Alto, Calif., USA) was implanted subcutaneously
into the rabbit neck region to ensure continuous infusion of
either saline or 2,5-dihydroxybenzene sulfonate (200 mg/ml
in saline). A delivery catheter was placed free in the sclera
through a tunnel performed into the superior tharsus to
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deliver either 2,5-dihydroxybenzene sulfonate or saline at a
constant rate of 0.5 pl/h. To ensure a constant ocular
concentration of 2,5-dihydroxybenzene sulfonate a tharso-
raphy was performed. After 14 days of therapy, corneas were
removed and processed for histological examination (10%
formalin fixation, alcohol dehydration and paraffin embed-
ding). FIG. 6 shows that the melanoma in rats treated with
2,5-dihydroxybenzen sulfonate (panels C and D) was
reduced relative to rabbits treated with saline (panels A and
B).

Example 6

Effect of 2,5 Dihydroxybenzene Sulfonate on Basal
Cell Carcinoma

[0145] 2,5-dihydroxybenzene sulfonate cream (2.5%) was
applies topically twice a day to the lesions of a patient with
basal cell carcinoma (BCC). As shown in FIG. 7, the lesion
in the patient with facial infiltrative BCC were cleared after
4 weeks of treatment, with no recurrence for a two years
period after treatment (FIG. 8). Treatment with 2,5-dihy-
droxybenzene sulfonate (2.5%), cleared the histopathologi-
cal signs of BCC and increased the rate of apoptosis (FIG.
9). Topical administration of 2,5-dihydroxybenzene sul-
fonate cream (2.5%) twice a day for two months also cleared
the lesion in two other patients with infiltrative BCC,
showing no recurrence six months after treatment comple-
tion (FIG. 10). BCC tumour lesions of a nodular type from
two additional patients disappeared after six months of
treatment with topical administration of 2,5-dihydroxyben-
zene sulfonate cream (2.5%) twice a day (FIG. 11). Topical
administration of 2,5-dihydroxybenzene sulfonate cream
twice a day inhibited proliferation rate in dermis and epi-
dermis in BCC specimens from 5 different patients (FIGS.
12 and 13). In addition, the treatment with 2,5-dihydroxy-
benzene sulfonate cream (2.5%) inhibited vascularization
and increased apoptosis rate in these 5 patients (FIGS. 14
and 15).

Example 7

Effect of 2,5-Dihydroxybenzene Sulfonate on
Rosacea

[0146] A woman with facial rosacea was treated twice a
day with 2,5-dihydroxybenzene sulfonate cream (2.5% ) by
topical application in the affected area for two months. As
shown in FIG. 16 topical treatment with 2,5-dihydroxyben-
zene sulfonate cream led to a significant improvement in
erythema and telangectasia. Furthermore, the symptoms of
flushing, burning and stinging sensations were all reduced
after treatment, with no recurrence one year after stopping
the treatment.

Example 8

Effect of 2,5-Dihydroxybenzene Sulfonate on
Rosacea

[0147] A woman with facial rosacea was treated twice a
day with 2,5-dihydroxybenzene sulfonate cream (2.5% ) by
topical application in the affected area for three weeks. As
shown in FIG. 17 topical treatment with 2,5-dihydroxyben-
zene sulfonate cream led to a significant improvement in
erythema and telangectasia.
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Example 9

Effect of 2,5-Dihydroxybenzene Sulfonate on
Psoriatic Lesions

[0148] The potassium salt of 2,5-dihydroxybenzene sul-
fonic acid was formulated at 2.5 and 5% as a cream that is
typically used for the topical treatment of skin diseases. The
selected concentrations of the 2,5-dihydroxybenzene sul-
fonic acid salt is within the range of the concentrations used
for treatment of diabetic retinopathies: 6 tablets per day of
500mg of calcium salt of the 2,5-dihydroxybenzene sulfonic
acid (Benakis A et al Thérapie 1974; 29: 211-219). Distilled
water was used as the aqueous phase of the cream. The fatty
phase was by cetylic alcohol, stearic alcohol or Vaseline.
The span is an emulsifier efficient in the preparation of the
cream. Although both formulations (2.5 and 5%) of the
product was shown to be clinically efficient, the best thera-
peutic benefit was obtained at the concentration of 5%.
Hence the results herein are those obtained with the 2,5-
dihydroxybenzene sulfonic acid formulated in the cream at
5%.

[0149] The following example illustrates one formulation
of an efficient cream for the topic treatment of psoriasis:

[0150] Active Component: (potassium salt of the 2,5-
dihydroxybenzene sulfonic acid at 5.6%)

[0151] Inactive Componesnt: cetylic alcohol (2.5%),
stearyl alcohol (2.5%), liquid Vaseline (30%), white soft
paraffin (20%), sorbinate deato (5%) and distilled water
(c.s.p. 100 g).

[0152] The clinical efficacy of the treatment was evaluated
in accordance with the index that quantifies the desquama-
tion signs (D), erythema (E) and infiltration (I) to which the
following scoring system was assigned: (0) absent; (1)
slight; (2) moderate and (3) severe (Freeman AK et al. ] Am.
Acad Dermat 2003; 48: 564-568). FIG. 18 shows the images
before treatment, six and eighteen days after treatment of the
same chronic psoriatic plaque located at the extension of the
left elbow treated with the potassium salt of the 2,5-dihy-
droxybenzene sulfonic acid at 5%. As was observed, the
topical treatment two times at day with a cream containing
the potassium salt of the 2,5-dihydroxybenzene sulfonic acid
produces an early (6 days) very notable “clearing” of the
plaque with almost total disappearance of hyperkeratosis.
The therapeutic efficacy of the cream is more evident at the
end of the second week of treatment (18 days). The treat-
ment produces a significant reduction of the global values of
the DEI index (DEI global pre-treatment=6+1.57 vs. DEI
global post-treatment=1 0.58; p<0,0001; unpaired student’s
t test).

[0153] The disclosure of each patent, patent application
and publication cited or described in the present specifica-
tion is hereby incorporated by reference herein in its entirety.

[0154] Although the invention has been set forth in detail,
one skilled in the art will appreciate that numerous changes
and modifications can be made to the invention, and that
such changes and modifications can be made without depart-
ing from the spirit and scope of the invention.

What is claimed is:
1. A method for treating a skin cancer; treating cancer of
an organ; treating leukemia; improving the efficacy of che-
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motherapy, radiation therapy and/or cancer immunotherapy
in a patient in need thereof comprising administering to the
patient a therapeutically effective amount of a compound of
Formula (I), or a pharmaceutically acceptable salts thereof:

wherein the compound of Formula (I) is:

@
SO;3”

OH

HO

wherein:
X is a hydrogen, an organic cation or an inorganic cation;
n is an integer from 1 to 2; and

m is an integer from 1 to 2.

2. The method of claim 1, further comprising administer-
ing a pharmaceutically acceptable carrier.

3. The method of claim 1, wherein the compound of
Formula (I) is selected from the group consisting of:

2,5-dihydroxybenzene sulfonic acid;

calcium 2,5-dihydroxybenzenesulfonate;
potassium 2,5-dihydroxybenzenesulfonate;
magnesium 2,5-dihydroxybenzenesulfonate; and

diethylamine 2,5-dihydroxybenzenesulfonate.

4. The method of claim 1, further comprising at least one
therapeutic agent.

5. The method of claim 4, wherein the therapeutic agent
is a chemotherapeutic agent, a steroid, a retinoid, an anti-
microbial compound, an antioxidant, an anti-inflammatory
compound, a NMDA receptor antagonist, an endothelin
antagonist, an immunomodulating agent, a vitamin D ana-
logue, salicylic acid, or a combination of two or more
thereof.

6. The method of claim 5, wherein the therapeutic agent
is selected from the group consisting of a chemotherapeutic
agent, a steroid, an antimicrobial compound, an antioxidant,
an anti-inflammatory compound, a NMDA receptor antago-
nist, an endothelin antagonist and an immunomodulating
agent.

7. The method of claim 1, wherein the skin cancer is basal
cell cacinoma, squamous cell carcinoma, a melanoma, a
keratoacanthoma, an actinic keratosis, a Bowen’s disease
verrucae, sarcomas orangiosarcoma.

8. The method of claim 1, wherein the compound of
Formula (I) is administered orally, bucally, parenterally, by
inhalation, by topical application or rectally.

9. A method for treating rosacea in a patient in need
thereof comprising topically administering to the patient a
therapeutically effective amount of a compound of Formula
(D) or a pharmaceutically acceptable salts thereof:
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wherein the compound of Formula (I) is:

D
SOy

OH

HO

wherein:
X is a hydrogen, an organic cation or an inorganic cation;
n is an integer from 1 to 2; and

m is an integer from 1 to 2.

10. The method of claim 9, further comprising adminis-
tering a pharmaceutically acceptable carrier.

11. The method of claim 9, wherein the compound of
Formula (I) is selected from the group consisting of:

2,5-dihydroxybenzene sulfonic acid;

calcium 2,5-dihydroxybenzenesulfonate;
potassium 2,5-dihydroxybenzenesulfonate;
magnesium 2,5-dihydroxybenzenesulfonate; and

diethylamine 2,5-dihydroxybenzenesulfonate.

12. The method of claim 9, further comprising at least one
therapeutic agent.

13. The method of claim 12, wherein the therapeutic agent
is a chemotherapeutic agent, a steroid, a retinoid, an anti-
microbial compound, an antioxidant, an anti-inflammatory
compound, a NMDA receptor antagonist, an endothelin
antagonist, an immunomodulating agent, a vitamin D ana-
logue, salicylic acid, or a combination of two or more
thereof.

14. The method of claim 13, wherein the therapeutic agent
is selected from the group consisting of a steroid, a retinoid,
an antimicrobial compound, an antioxidant, an anti-inflam-
matory compound, a vitamin D analogue and salicylic acid.

15. A method for treating psoriasis in a patient in need
thereof comprising administering to the patient a therapeu-
tically effective amount of a compound of Formula (I) or a
pharmaceutically acceptable salts thereof and at least one
therapeutic agent:
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wherein the compound of Formula (I) is:

D
SOy

OH

HO

wherein:
X is a hydrogen, an organic cation or an inorganic cation;
n is an integer from I to 2; and

m is an integer from 1 to 2.

16. The method of claim 15, further comprising admin-
istering a pharmaceutically acceptable carrier.

17. The method of claim 15, wherein the compound of
Formula (I) is selected from the group consisting of:

2,5-dihydroxybenzene sulfonic acid;

calcium 2,5-dihydroxybenzenesulfonate;
potassium 2,5-dihydroxybenzenesulfonate;
magnesium 2,5-dihydroxybenzenesulfonate; and

diethylamine 2,5-dihydroxybenzenesulfonate.

18. The method of claim 15, wherein the therapeutic agent
is a chemotherapeutic agent, a steroid, a retinoid, an anti-
microbial compound, an antioxidant, an anti-inflammatory
compound, a NMDA receptor antagonist, an endothelin
antagonist, an immunomodulating agent, a vitamin D ana-
logue, salicylic acid, or a combination of two or more
thereof.

19. The method of claim 18, wherein the therapeutic agent
is selected from the group consisting of a steroid, a retinoid,
an antimicrobial compound, an antioxidant, an anti-inflam-
matory compound, a Vitamin D analogue and salicylic acid.

20. The method of claim 15, wherein the compound of
Formula (I) and the therapeutic agent are administered
orally, bucally, parenterally, by inhalation, by topical appli-
cation or rectally.



