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MULTIFUNCTIONAL TREATMENT AND DIAGNOSTIC
COMPOSITIONS AND METHODS

DESCRIPTION
GOVERNMENT RIGHTS IN INVENTION

This invention was made with support from Research and Creative Activity grant
by Texas' Stephen F. Austin State University Research Enhancement Program (RCA)
and Texas Research Grant Funding pursuant to The Welch Foundation (AN-0008
Departmental Grant). While neither support source is directly Federally Sponsored
Research or Development, the government may have indirect rights in this invention for
research, educational, and clinical purposes.

BACKGROUND OF THE INVENTION
1. Field of the invention

This invention relates to methods and compositions for therapeutic treatment to
slow or stop the progression of bacteria and cancers and for fluorescence diagnosis. In
one aspect, this invention relates to multifunctional treatment compositions and
methods effective in aerobic, anaerobic or H202rich environments in presence of, or
absence of, light.

In another aspect, this invention relates to in situ generation of one or more
reactive oxygen species and a non-toxic chemotherapeutic agent, selected from the
group consisting of singlet oxygen ('Oz), hydroxyl radical (OH), chemotherapeutic agent
Juglone, or its derivatives, or combinations thereof, and more specifically to methods to
selectively produce a greater amount of one reactive oxygen species over others. In a
particular aspect, this invention relates to compositions that, in a H202 rich environment
in absence of light in aerobic conditions, produce OH and chemotherapeutic agent
Juglone or its derivatives and decompose H20zinto Oz gas, indicating ability to remove
excess toxic H2O2 and eliminate hypoxic environment by produced O: gas.

In one specific aspect, this invention relates to multifunctional treatment
compositions comprising variations of porphyrin and naphthalene derivatives and
certain spatially configured +3 hydrated metal ions, for illustration, compositions
comprising a free base tetrakis Ar substituted porphyrine core without metal or halide
substitution but having ortho- meta-, or para- hydroxyphenyl and alkyl pyridyl
substituents in meso positions and combined with dihydroxynaphthalene and Fe(lll) or

similar size +3 hydrated metal ions. More patrticularly, this invention relates to
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combinations with functionality of results of combination of cationic (i) meso-tetra(N-
methyl-4-pyridyl)porphine tetrachloride (TMPyP) or (ii) meso-tetra(x-
hydroxyphenyl)porphine where x is 0-,m-, or p-, with 1,5-dihydroxynaphthalene (DHN)
and Fe(lll) ions in aqueous solution and the reaction products thereof.

2. Description of the related art

Prior art traditional cancer treatments such as surgery, radiation, and traditional
chemotherapy have limitations. In general, such treatments lack selectivity for removing
or killing malignant tumor tissues and are costly or highly invasive or administer toxic
treatments. Prior art includes metal-based drugs for cancer treatment, for example
cisplatin has long been used. However such metal-based drugs are reported to lack
selectivity and have poor water solubility, pharmacological deficiencies, and serious
side effects such as kidney and nerve damage, hearing loss, vomiting and others.
Thus, there is a continuing need for better therapeutics which can selectively react with
chemical components already present in cancer cells and produce reactive species
capable of killing those cancer cells.

In addition, prior art treatments are not easily synthesized or readily available to
the poor in developing or developed countries. Studies project world-wide cancer-
related deaths will increase seventy percent (70%) by 2040.

Thus, there is a need for improved, non-toxic, noninvasive, low cost effective
cancer therapy methods enabled by compositions that can be readily prepared without
specialized costly synthesis equipment or extensive training.

Prior art photodynamic therapy (PDT) methods for cancer treatment are an
alternative to the traditional methods but also have limitations. PDT involves homing to
or localization of photosensitizers in target tissue at or near tumors, for example, skin,
prostate, and lung cancers. Upon illumination with visible light or other irradiation with
excitation light, photosensitizers transfer energy to ground or lower state oxygen and
generate highly reactive singlet oxygen (1Oz), as a critical intermediate by reacting with
cells of targeted adjacent tissues and result in death of cancer cells. Compared to
traditional non-PDT treatments, prior art PDT treatments are relatively low cost, better
tolerated as diseased tissues are treated non-invasively, and are of low toxicity with low
mutagenic potential. Some prior art PDT treatments provide results from single
treatment, and others allow possibility of repeat treatments at the same target site

without a total-dose limitation.
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However, tumor hypoxia at a target tumor cell site is a significant problem for
prior art PDT compositions and methods. Tumor hypoxia limits prior art clinical utility
because PDT photochemistry highly depends on the presence of oxygen (O>) for
producing cancer lethal singlet oxygen (102).

Since every photosensitization reaction uses light to sensitize dissolved oxygen
(O2) to singlet oxygen ('0O2), PDT methods are completely ineffective in the absence of
light.

PDT is also currently significantly limited by the insufficient generation of singlet
oxygen. Insufficient generation of singlet oxygen, at least in part, at the target site is
due to (i) insufficient photosensitizers localized at the target site, (ii) not enough visible
light at the target site, and (iii) photosensitizer not having favorable or suitable triplet
excited states.

There is a need for improved singlet ('O2) generation from photosensitizers by
dissolving or contacting more photosensitizers in tissue media and allowing a suitable
low-lying triplet state porphyrin sufficient time for ground-state oxygen in the relatively
unreactive triplet state (°02) to transform to an excited state forming reactive singlet
oxygen (1Oz). After much prior art work, issues remain for finding a suitable low-lying
triplet porphyrin for efficient singlet oxygen formation with desired phosphorescence
emissions (triplet quantum yield of energy at least 94 KJ/mol).

Other significant existing problems with prior art PDT treatments limit their singlet
oxygen reactive oxygen species and effectiveness to narrow ranges. These other
limitations include (1) poor solubility of hydrophobic photosensitizers in bodily tissue or
injectable solvent, for illustration, hydrophobic porphyrins may form aggregates in
aqueous environment leading to insufficient tumor localization; (2) limited penetration of
light into fatty and deeper tissues; (3) preparation involves complex organic/inorganic
synthesis and difficult purification procedures for obtaining chemically pure PDT
effective compounds; (4) need for lower toxicity and rapid clearance from the body; and
(5) lack of dual or multiple functionality to address changes in conditions at site of
application.

A need continues for suitable compositions and methods to treat cancers that
possess dual or multiple functionality. For illustration, the prior art reports zinc
bacteriochlorin is an effective dual photosensitizer capable of producing two reactive

oxygen species such as singlet oxygen and superoxide in an aprotic solvent. However,
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the use of these dual photosensitizers was found to be ineffective in the absence of
dissolved oxygen and light and are ineffective in an aqueous environment.

Well known in the prior art of tumor biology is that malignant cells produce more
hydrogen peroxide than normal healthy cells. However, there is a lingering need for
improved compositions and therapeutic methods to decompose excess hydrogen
peroxide H20: into hydroxyl radical (OH) capable of damaging lipids, proteins, and DNA
leading to an ultimate cancer cell death.

Prior art publications indicate a therapeutic method using the Fenton reaction for
H-O2 decomposition by Fe(ll) ions into hydroxyl radical (OH). However, prior art
synthesis of iron-based therapeutics for use in Fenton reaction is expensive and time-
consuming and involves complex purification procedures. In addition, such require
special training and expertise in organic and inorganic synthesis. Moreover, in some
instances, resulting compositions do not pass toxicity tests due to the inherent toxic
nature of the associated ligands. Furthermore, Fenton reactions from prior art iron-
based therapeutics form iron-containing sludge (Fe(OH)s) during the course of reaction,
which reduce capability for hydroxyl radical production.

Thus, there is continuing need for a non-toxic treatment system, without sludge
formation, that is capable of generating reactive oxygen species under various reaction
conditions in aqueous solution, which is multifunctional by being active in H20z2 rich
environments, can be used in aerobic and anaerobic aqueous environments, effective
in presence or absence of light, and able to produce non-toxic chemotherapeutic drugs
in situ.

Therefore, the long felt need continues for a low cost chemotherapeutic drug
solution, available for both developing and developed countries, which can easily be
prepared from commercially available chemicals with highest grade of purity, and where
little or no special equipment, skills or specialized training are required.

SUMMARY OF THE INVENTION

| have discovered a treatment and diagnostic system by combining features of
photodynamic therapy with other anticancer therapeutic methods. This discovery
comprises multifunctional treatment and diagnosis systems which comprise at least one
reactive oxygen species produced in situ and at least one non-toxic chemotherapeutic
agent. Said system slows or stops the progression of bacteria or cancer thus treating
various malignancies and bacterial infections. | have found also that variations of said

system are fluorophores and function for photodynamic diagnosis.
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Variations of these compositions and methods are multifunctional, being capable
of producing in situ one or more reactive oxygen species and chemotherapeutic agents
under various reactions conditions, such as in aerobic, anaerobic or H202rich
environments in presence of, or absence of light, being production capable within any
of such conditions at the same time or any time or in rapid condition switch sequence
from one condition to the other, for illustration, light to dark or aerobic to anaerobic.
Variations are further multifunctional in being therapeutic and diagnostic.

In particular variations, | have discovered compositions and methods that
produce one or more reactive oxygen species and Juglone based chemotherapeutics in
situ. | have found methods for producing hydroxyl radicals in situ in all of (i) aerobic
conditions (ii) in anaerobic conditions and (iii) in H20z2 rich environments. | also found
methods for producing Juglone based chemotherapeutics in situ in all of (i) aerobic
conditions (ii) in anaerobic conditions and (iii) in H2Oz rich environments. | further found
methods for generating singlet oxygen (i) in aerobic conditions and (ii) in anaerobic and
aerobic H202 rich environments.

As used in the Specification and Claims,

"DHN" means one or more isomers of dihydroxynaphthalene including the 1,5-
form shown in FIG. 1A, 1,5-dihydroxynaphthalene as well as isomers such as 1,x-
dihydroxynaphthalene, where x is 2, 3, 4, or 8 or isomers such as 2, x-
dihydroxynaphthalene, where x is 3 or 6. Single 'hydroxy' naphthalene reacts similarly
to DHN under certain conditions in presence of porphine and metal ions for treatment or
diagnostic combinations of this invention, and when so reacting, it is considered a
reaction analog within term "DHN";

"Juglone” means 5-hydroxy-1,4-naphthalenedione form as shown in FIG. 1B,
but also includes other isomers;

"Derivatives of Juglone" means reaction intermediates or products involving
Juglone in reaction path;

"TMPyP" means commercially available free base meso-tetra(N-methyl-4-
pyridyl) porphine tetrachloride as shown in FIG. 4A;

"Fe(llhTMPyP" means commercially available Fe(lll) bound meso-tetrakis(N-
methyl-4-pyridyl) porphyrin as shown in FIG. 4B;

"m-THPP" means commercially available meso-tetra(m-hydroxyphenyl)porphine,
also (5,10,15,20-tetrakis(3-hydroxyphenyl)-21H,23H-porphine) in FIG. 4C;
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"p-THPP" means commercially available meso-tetra(p-hydroxyphenyl)porphine,
also (5,10,15,20-tetrakis(4-hydroxyphenyl)-21H,23H-porphine) in FIG. 4D;

"0-THPP" means meso-tetra(o-hydroxyphenyl)porphine, also (5,10,15,20-
tetrakis(2-hydroxyphenyl)-21H,23H-porphine), not shown;

"ArPP" or "free base tetrakis porphyrine core without metal or halide substitution”
means as shown in FIG. 5A wherein each of the four Ar substituents are at meso
positions and are the same, and "Ar substituents" means also as shown in FIG. 5A
wherein ArPP comprises for example, one or more of TMPyP, o-THPP, m-THPP, and
p-THPP;

"(DHN+TMPyP+Fe(ll1))" means one embodiment of a claimed treatment
composition of this invention as shown in FIG. 5B;

"hMe(lI)" or "hMe(lI)+" or "hydrated metal having a +3 ionic state with spatial
attributes at molecular level at or near that occupied by Fe(lll)" means hydrated metals
in +3 state which have comparable size or spatial geometry under reaction conditions
near that of Fe(lll)+, where hME(IIl) is understood to have a positive charge, for
illustration, "Fe(lll)", such as that from Iron halides and further means anhydrous Fe
halides which are subsequently hydrated and among others, such as
tetraaquadichloroiron(lll) chloride dihydrate and hexahydrate FeClsl 6H2O;

"(ArPP, DHN, and hMe(lll))" or"(ArPP+DHN+hMe(lIl))" means free base tetrakis
Ar substituted porphyrine core without metal or halide substitution wherein each of the
four Ar substituents are the same and Ar are selected from the group consisting of any
of ortho- meta-, or para- hydroxyphenyl and alkyl pyridyl as shown in FIG. 5A
dihydroxynaphthalene as shown in FIG. 1A or hydroxynaphthalene, and hydrated metal
having a +3 ionic state with spatial attributes at molecular level at or near that occupied
by Fe(lll);

"Treatment composition"” means one or more variations of (ArPP+DHN+hMe(lll))
and reaction product or other result of combination of ArPP, DHN, and hMe(lll);

"Singlet oxygen" means "('02)";

"Hydroxyl radical” means "(OH)";

"H202" means hydrogen peroxide, particularly in context of presence at, near or
within a malignant cell;

"ROS" means reactive oxygen species comprising singlet oxygen, hydroxyl
radical, or other chemotherapeutic species comprising oxygen;

"SOSG" means singlet oxygen sensor green detector;
6
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"PDT" means photodynamic therapy;

"H20:2 rich environment” means at, near or above safe dose of 200 to 400 micro-
molar (uM) in context of H2O> at location of tumor, where increased amount may cause
cell damage;

"Non-toxic chemotherapeutic agent"” of this invention means one or more
reaction or resultant products of treatment composition (ArPP, DHN, and hMe(lll))
comprising one or more of ROS, Juglone or derivatives of Juglone;

"Fenton-like reaction” of this invention means as shown in FIG. 6A Scheme 3(a);
and

"in sifu”, in context of combination of variations of ArPP with DHN and hMe(lll)),
means examining the reaction products, mixtures or other combination resulis,
regardiess of where or order combination or result occurs, for illustration, not imitation
in a test tube or contact with mammalian tissue or fluid, examining result exactly in
place where result cccurs.

I have found compositions and methods of generating in situ one or more
reactive oxygen species, including without limitation, singlet oxygen ('O.), hydroxyl
radical (OH), chemotherapeutic agent, Juglone, or its derivatives or combinations
thereof, by use in aerobic, anaerobic or H2O: rich environment in presence of, or
absence of light. These claimed compositions and methods are multifunctional, as
further described herein.

Under visible light irradiation, treatment compositions of this invention
produce’Oz, OH, and Juglone or derivatives of Juglone in aerobic conditions.

And surprisingly, the same treatment compositions also produce OH and
Juglone or derivatives of Juglone, or combinations thereof, in the presence of visible
light in anaerobic conditions.

Most surprisingly, in a H2O» rich environment, treatment compositions of this
invention effectively produce OH and Juglone or derivatives of Juglone by reacting with
H2O, via Fenton-like reaction in absence of light in aerobic conditions. In addition to
OH’s formation from H2O2, the composition decomposes H2Oz into Oz gas providing an
ability to remove excess toxic H2O2 as well as ability to eliminate hypoxic environment
by produced Oz gas.

| have unexpectedly found a method to adapt and use the treatment
compositions to selectively produce one reactive oxygen species over others by varying

concentration of hMe(lll) ions in the treatment composition. The treatment
7
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compositions are highly soluble in an agueous environment due to their ionic nature
and do not form any aggregates at preferred concentrations in aqueous environments.

Also, | found the treatment compositions fluoresce in aqueous solution to a
reasonable extent so that they can be used for photodynamic diagnosis. In addition, |
found the treatment composition possesses great antibacterial properties, particularly
against E.coli bacteria in aerobic and in H20O2rich environments, in presence of or
absence of light.

Thus, the compositions of this invention have characteristics which slow or stop
the progression of bacteria and other cells such as cancers. Treatment can be by a
single dose of composition and in other variations, repeated doses are tolerated.

One embodiment of multifunctional compositions of this invention comprises
variations of hMe(n), porphyrin and naphthalene derivatives. In a specific preferred
embodiment, compositions for treatment and diagnosis are formed from various
amounts of cationic meso-tetra(N-methyl-4-pyridyl)porphine tetrachloride (TMPyP),
Fe(lll) ions, and 1,5-dihydroxynaphthalene (DHN), preferably in aqueous solution. |
found that such embodiments of treatment compositions of this invention produce in
situ 'O, OH, and Juglone or derivatives of Juglone (non-toxic chemotherapeutic drugs)
under visible light irradiation in aerobic aqueous solution; however, | also found that the
same treatment compositions produce OH, and Juglone or derivative of Juglone in
anaerobic aqueous solution under visible light irradiation. Furthermore, | found that
said treatment compositions produce Oz from excess H20: in dark and were capable of
eliminating excess H20.. Quite remarkably, | found that they also generated OH, and
Juglone or one or more derivatives of Juglone from a Fenton-like reaction in dark.

An investigation of fluorescence properties of these embodiments of treatment
compositions revealed that these variations fluoresce in aqueous medium lending
ability to be used for image guided PDT diagnostics application. Finally, this
embodiment of treatment composition shows a great antibacterial property, particularly
against E.coli bacteria, and tunable properties were achieved by varying the
concentration of the components of the treatment composition.

It is important that | have discovered treatment compositions that can easily be
prepared from commercially available chemicals, and without special equipment, skills
or training required, allowing potential for them to be readily available at lower cost in

developing and developed countries.
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As used in this Specification and the Claims, the term "treatment” includes
therapeutic effects by action of one or more agents toward remedial, beneficial,
corrective, restorative, or healing results, and the term "diagnosis” means fluoresces in
aqueous medium having ability to be used for image guided photodynamic diagnostic
applications, and the term “fluorescence diagnosis” as part of "diagnosis” means
generation of one or more optical results from a biological fluid or tissue of interest by
reaction or other interaction with a composition of this invention, wherein such
composition emits electromagnetic energy such as light at a certain wavelength when
the composition or result of application of the composition to home to such fluid or
tissue and such are illuminated by radiation of a selected wavelength. The term
"multifunctional” when used with composition or method of this invention means the
composition or method may have one or more features selected from the group
consisting of the following: (a) in presence of or absence of light, it produces in situ one
or more reactive oxygen species such as, singlet oxygen (102), hydroxyl radical (OH),
chemotherapeutic agent, Juglone, or its derivatives in aerobic, anaerobic or H2O: rich
environment; (b) in the presence of visible light irradiation, it produces 'Oz, OH, and
Juglone or derivatives of Juglone in aerobic conditions and produces OH and Juglone
or derivatives of Juglone in anaerobic conditions; (c) in absence of visible light in
aerobic conditions, it produces OH and Juglone or derivatives of Juglone by reacting
with H202 via a Fenton-like reaction, and when reacted with H202, the treatment
composition converts H2O» to O2 gas and water, evidencing potential to remove not
only toxic H2O2 but also to eliminate hypoxic conditions by producing Oz gas; (d) it
fluoresces in aqueous solution and shows potential for photodynamic diagnosis
applications; (e) it has antibacterial properties, shown for illustration, by inhibiting the
growth of E.coliin aerobic and H20: rich environment in both the presence and
absence of light, or (f) treatment or diagnosis is effective by a single dose or repeated
doses are tolerated.

Other features and advantages of the invention will be apparent from the
following detailed description, examples, drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is chemical structure drawing of commercially available DHN at FIG. 1A
DHN and Juglone at FIG. 1B.

FIG. 2 is a schematic representation of a path for reaction of DHN with singlet

oxygen to form Juglone.
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FIG. 3 is a schematic representation of multiple paths for oxidation of DHN by
hydroxyl radical (OH), wherein Juglone is one possible reaction product.

FIG. 4 is chemical structure drawing of commercially available TMPyP at FIG.
4A, commercially available iron bound Fe(lITMPyP at FIG. 4B and
p-THPP at FIG. 4C and m-THPP FIG. 4D.

FIG. 5 is theoretical architecture for structural drawing of one embodiment of
claimed treatment compositions, wherein in FIG. 5A shows an embodiment of claimed
free base tetrakis Ar substituted porphyrine core without metal or halide substitution,
with claimed Ar substituents and wherein FIG. 5B shows one embodiment of
(DHN+TMPyP+Fe(lll)) formed of DHN and TMPyP with Fe(lll).

FIG. 6 is a schematic representation of three reaction schemes including
production of HO., and evolution of Oz gas and other materials wherein, in FIG. 6A
Scheme 3(a) shows possible reactions via a Fenton-like reaction, in FIG. 6B Scheme
3(b) shows possible reactions from HOz, and in FIG. 6C Scheme 3(c) shows possible
reactions from OH.

FIG. 7 shows in embedded window a reference analysis of fluorescence intensity
of SOSG in response to increasing amount of irradiation time indicating generation of
102 in aqueous solution and FIG. 7 main body is a reference analysis of plots emissions
for TMPyP and SOSG in aqueous solution.

FIG. 8 is reference analysis of UV-vis spectra of TMPyP and DHN in aerobic,
aqueous solution.

FIG. 9 is a plot of the rate of change of absorption of DHN monitored at 301 nm
over 10 minutes as a function of irradiation time in aerobic conditions, conducted in the
presence TMPyP without Iron (lll) and at differing concentrations of Iron (llI).

FIG. 10 is a plot of rate of change of absorption of DHN monitored at 301nm as a
function of irradiation time of various combinations and concentrations of DHN, TMPyP,
NaNgs, Iron, D20, and H20.

FIG. 11 is a plot of rate of change of absorption of DHN monitored at 301nm
over time in aerobic, aqueous solution with Fe(lll)TMPyP, TMPyP and Fe(ll), and
TMPyP and Fe(lll).

FIG. 12 is a plot of the rate of change of absorption of DHN monitored at 301nm
over time in anaerobic, aqueous solution with Fe(lI) TMPyP, TMPyP and Fe(ll), and
TMPyP and Fe(lll).

10



10

15

20

25

30

WO 2019/190459 PCT/US2018/024338

FIG. 13 shows the change in the absorbance peak (301 nm) of DHN in an
anaerobic aqueous solution of just TMPYP and an anaerobic aqueous solution of
TMPYP and Fe(lll).

FIG. 14 shows the rate of change of DHN photooxidation by TMPyP as a
function of Fe(lll) ions in anaerobic aqueous solution.

FIG. 15 shows DHN oxidation by commercially available Fe(ll) TMPyP and
prepared TMPyP+Fe(ll) against prepared TMPyP+Fe(lll) as a function of H2O2
concentration in aerobic aqueous solution under dark conditions.

FIG. 16 shows in FIG. 16A optimization of H202 concentration in the presence of
TMPyP and Fe(lll) in aerobic, agueous solution under dark conditions and in FIG. 16B
UV-vis spectra of DHN by H2O-in the presence of TMPyP and Fe(lll) at three different
H2O2 concentrations.

FIG. 17 shows in FIG. 17A optimization of Fe(lll) concentration in the presence
of 400 uM H20. and TMPyP in aerobic, agueous solution under dark conditions and in
FIG. 17B UV-vis spectra of DHN oxidation by H202 in the presence of TMPyP and
Fe(lll) ions for various Fe(lll) concentrations.

FIG. 18 is a plot of emissions for combination of TMPyP, Fe(lll), and DHN in
aqueous solution and shows the treatment composition is useful for image-guided PDT
applications.

FIG. 19 shows comparisons of photooxidation of DHN by (i) m-THHP, (ii) p-
THHP, (iii) m-THHP/Fe(lll) or (iv) p-THHP/Fe(lll) under anaerobic conditions in
presence of visible light.

FIG. 20 shows comparisons of photooxidation of DHN by (i) m-THHP and (ii) m-
THHP/Fe(lll) under aerobic conditions in presence of visible light.

FIG. 21 also shows comparisons of photooxidation of DHN by (i) p-THHP, and
(i) p-THHP/Fe(lll) under aerobic conditions in presence of visible light.

FIG. 22 compares in vitro effects on BL21 E. coli in aerobic conditions under
visible light irradiation and at dark conditions of FIG. 22E a variation of claimed
treatment composition (DHN+TMPyP+Fe(lll)) against in FIG. 22A, FIG. 22B, FIG. 22C,
FIG. 22D, and FIG. 22F various components of treatment composition or results when
each tested alone or in combinations less than all preferred components of treatment
composition.

FIG. 23 shows in vitro effects on BL21 E. coli under dark conditions in hydrogen

peroxide rich environment of a preferred variation of claimed treatment composition
11
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(DHN+TMPyP+Fe(lll)) at FIG. 23E compared against various Fe(lll) and/or H20-
concentrations in FIG 23A, FIG 23B, FIG 23C, and FIG 23D.
DETAILED DESCRIPTION OF THE INVENTION

| have discovered, as one embodiment of this invention, a composition
comprising (@) a combination of (1) free base tetrakis Ar substituted porphyrine core
without metal or halide substitution wherein each of the four Ar substituents are at meso
positions, are the same, and Ar are selected from the group consisting of any of ortho-
meta-, or para- hydroxyphenyl and alkyl pyridyl, (2) dihydroxynaphthalene or
hydroxynaphthalene and (3) hydrated metal having a +3 ionic state with spatial
attributes at the molecular level at or near that occupied by Fe(lll) and (b) one or more
resultant effects of combinations of above said (a)(1) porphyrine core, said (a)(2)
substituted or unsubstituted hydroxynaphthalene and said (a)(3) hydrated +3 metal.
The term "resultant effect” is used in the Specification and Claims to mean any of (i) a
reaction product or (ii) coordination entity or complex formed by association of
molecular entities from components of said combined (a){1) porphyrine core, (a)(2)
naphthalene based component and (a)(3) hydrated +3 metal of said composition, either
alone or with components present in mammalian tissue or fluid. Thus, one variation of
resultant effect may be a molecular entity resulting from loose association involving two
or more component molecular entities from combination of (a)(1) porphyrine core, (a)(2)
naphthalene based component and (a)(3) hydrated +3 metal of said composition, either
alone or with components present in mammalian tissue or fluid.

In one variation, said (b) resultant effect is one or more chemotherapeutic
therapies selected from a group consisting of singlet oxygen, hydroxyl radical, and
Juglone or its derivatives. Thus, said compositions can be effective for either treatment
or diagnosis of malignancy, bacterial infection, Alzheimer’s symptoms and other
conditions, or for both treatment and diagnosis at the same time depending on
conditions of use.

In an embodiment of this invention important to production of targeted results, |
have discovered that if the amount of (a)(3) hydrated metal is increased or decreased in
relation to combined amounts of said (a)(1) porphyrine or said (a)(2) naphthalene
based material, then relative amounts of components produced as resultant effects,
such as singlet oxygen, hydroxyl radical, and Juglone or its derivatives, can be changed

in a manner whereby one or more preferred resultant effect, for example singlet oxygen
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over hydroxyl radical or Juglone, is increased or decreased in proportion to one or more
other resultant effects.

| have discovered that, by changing the amount of hydrated metal present
relative to porphyrine or naphthalene based material, the relative reactivity or
coordination ability of one or more other components of the combination can be
changed, for illustration, in the instance of achieving a desired rate of photooxidation of
dihyroxynaphthalene by meso-tetra(N-methyl-4-pyridyl)porphine tetrachloride, and it is
uncertain whether such change | found is by impact on coordination stability, reactivity,
stereochemistry or other characteristic of the combination. For illustration, not
limitation, in one variation of composition of invention, resultant effect (b) comprises
singlet oxygen, hydroxyl radical, and Juglone or its derivatives and the ratio of mole of
(a)(3) hydrated metal present is increased or decreased in relation to moles present of
porphyrine and naphthalene based material to increase or decrease presence of one or
more desired resultant effect of selected from singlet oxygen, hydroxyl radical, and
Juglone or its derivatives, in relation to others.

| have also found embodiments of this invention that have multifunctional activity
for treatment or diagnosis in absence of or presence of light and in either, or both,
aerobic and anaerobic conditions. | have also found multifunctionality can be
determined by changing ratios of combinations of (a)(1) porphyrine, (a){2) naphthalene
based material and (a)(3) hydrated +3 metal. For illustration, not limitation,
multifunctional compositions can be made by combining (a)(1) porphyrins selected
from one or more of the group consisting of meso-tetrakis(N-methyl-4-pyridyl) porphine
tetrachloride, meso-tetrakis(o-hydroxyphenyl)porphine, meso-tetrakis(m-
hydroxyphenyl)porphine, and meso-tetrakis(p-hydroxyphenyl)porphine and (a)(2) of
dihydroxynaphthalene and (a)(3) of hydrated Fe(lll) chloride with (b) resultant effect
comprising hydroxyl radical. The resultant effect with hydroxyl radical so produced has
multifunctional activity for treatment, being effective in absence of or presence of light
and in either, or both, aerobic and anaerobic conditions.

In one variation of this embodiment of this invention, a composition is provided
comprising an aqueous solution of porphyrine selected from one or more of the group
consisting of meso-tetrakis(N-methyl-4-pyridyl) porphine tetrachloride, meso-tetrakis(o-
hydroxyphenyl)porphine, meso-tetrakis(m-hydroxyphenyl)porphine, and meso-
tetrakis(p-hydroxyphenyl)porphine with dihydroxynaphthalene and Fe(lll) chloride and

resultant effect comprises one or more of hydroxyl radical, singlet oxygen, and Juglone
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or its derivatives. With such variation, the mole ratio of Fe(lll) chloride is increased or
decreased in relation to moles of said porphyrines and dihydroxynaphthalene to change
of resultant effect ratios produced of said singlet oxygen, hydroxyl radical, and Juglone
or its derivatives.

In a specific variation of an embodiment of a composition of this invention,
TMPyP is combined with 1,5-DHN and hydrated Fe(lll) in mole ratios of (i) TMPyP to
1,5-DHN of 1 to 18 to 22, (ii) TMPyP to Fe(lll) ions of 1 to 15 to 18.33 and (iii) 1,5-DHN
to Fe(lll) of 1.1 to 1.3, wherein final concentration of hydrated Fe(lll) is adjusted and
selected to achieve desired rate of photooxidation of DHN by TMPyP More preferably,
the initial mole ratios of TMPyP to DHN to Fe(lll) are of 1 to 20 to 16.67, then final
concentration of hydrated Fe(lll) is adjusted and selected to achieve a maximum rate of
photooxidation of DHN by TMPyP.

In one embodiment of this invention, a multifunctional treatment system
comprising 1,5-dihydroxynaphthalene, meso-tetra(N-methyl-4-pyridyl)porphine
tetrachloride and Fe(lll) chloride in aqueous solution is provided. Such system is
multifunctional by producing in situ at least one non-toxic chemotherapeutic agent from
a single dose in presence of visible light or in absence of light, effective as treatment
composition in both aerobic and anaerobic environments as well as in H20; rich
environment, enabling production of Oz from excess H202 when H20:2 is present and
produces both (a) singlet oxygen and hydroxyl radicals in aerobic conditions and (b)
hydroxyl radicals in anaerobic conditions. One preferred variation of this embodiment is
a combination comprising TMPyP, DHN and Fe(lll) ions at mole ratios of 1 TMPyP to
20 DHN to 16.67 for initial Fe(lll), wherein is combined as TMPyP as 1.8 x 10 moles
of TMPyP obtained from (3 mL of 6.0 x 10°M), equivalent of 1.47 x 10-°g (Mwt for
TMPyP-818.20), 1,5-DHN is combined to be present in amount of 3.6 x 107 moles
obtained from (36 uL of 1.0 x 102 M), equivalent to 5.67 x 10 g (Mwt for DHN-160.05)
and hydrated Fe(lll) ions in combined at an initial amount of 3.0 x 107 moles obtained
from (30 pL of 1.0 x 102 M), equivalent to 4.82 x 10-°> g (Mwt for FeCls-160.84) but
Fe(lll) is adjusted to an amount within the range of 15 uL of 1.0 x102 M to 50 uL of 1.0
x 102 M to adjust rate of photooxidation of DHN by TMPyP to produce greater
quantities of one or more preferred chemotherapeutic result effects selected from the
group consisting singlet oxygen, hydroxyl radical, and Juglone or its derivatives.

In a first process embodiment of this invention, a method to produce one or more

reactive oxygen species and Juglone or its derivatives in situ is provided as resultant
14



10

15

20

25

30

WO 2019/190459 PCT/US2018/024338

effect of combining ArPP, DHN, and hMe(lll)+. In one variation, optionally the mole
ratio of hMe(lll)+ is increased or decreased in relation to mole ratios of ArPP and DHN
to selectively produce greater or lesser amount of one reactive oxygen species or
Juglone or its derivatives over other resultant effects. Specific enablement of methods
of preparation of solutions of components of treatment compositions are taught by the
Examples below.

In another embodiment, a method to produce hydroxyl radicals in situ in
presence of light or absence of light, wherein in absence of light and in anaerobic
conditions, hydroxyl radical (OH) is produced upon reacting with hydrogen peroxide
(H202), is provided as a resultant effect of combining ArPP, DHN, and hMe(ll1)+.

In a variation, a method to produce hydroxyl radicals in situ in a condition which is
aerobic, anaerobic, or H2O2 rich environment or any sequence or combination of said
conditions, is provided by combining ArPP, DHN, and hMe(lll)+ in presence or absence
of light wherein in absence of light and in anaerobic conditions, hydroxyl radical (OH) is
produced upon reacting combination of ArPP, DHN, and hMe(lll)+ with hydrogen
peroxide (H20>).

When a Juglone family member is desired as treatment, one embodiment of a
method of this invention combines ArPP, DHN, and hMe(lll)+ in presence or absence of
light to produce Juglone or Juglone derived chemotherapeutics in situ in a condition
which is aerobic, anaerobic, or H20z2 rich environment or any sequence or combination
of said conditions.

When singlet oxygen is desired as treatment, another method of this invention
produces singlet oxygen in situ in presence of light in a condition which is which is
aerobic, anaerobic, or H20:2 rich environment or any sequence or combination of said
conditions by combining ArPP, DHN, and hMe(lll)+ in presence of light.

When one or more of singlet oxygen ('O2), hydroxyl radical (OH), Juglone or
Juglone derivatives are desired as a treatment in presence of visible light and in aerobic
condition, yet another method of this invention produces those treatments in presence
of visible light and in aerobic condition by combining ArPP, DHN, and hMe(lll)+ in light
and aerobic conditions.

When one or more of hydroxyl radical (OH) derived from hydrogen peroxide
(H202), Juglone or Juglone derivatives are desired as a treatment in absence of light
and in anaerobic condition, ArPP, DHN, and hMe(lll)+ are combined in absence of light

and in anaerobic condition to produce such desired treatments.
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In an especially important multifunctional embodiment of this invention, for
transition to and from "light and dark" conditions and for changing "aerobic and
anaerobic conditions” during treatment stages, a method of producing one or more non-
toxic chemotherapeutic treatments is provided for such transition and change of
conditions by combining ArPP, DHN, and hMe(lll)+ and forming at or near mammalian
tissue or fluid in one or more regions of treatment (a) in presence of visible light (1) in
an aerobic condition, one or more of singlet oxygen (102), hydroxyl radical (OH), and
one or more of Juglone or Juglone derivatives, then concurrently or sequentially (2) in
an anaerobic condition, hydroxyl radical (OH) and Juglone or Juglone derivatives, then
forming either concurrently or subsequently forming at or near mammalian tissue or
fluid in one or more different regions of treatment (b) in absence of light, hydroxyl
radical (OH) upon reacting ArPP, DHN, and hMe(lll)+ with hydrogen peroxide (H205)
and one or more of Juglone or Juglone derivatives. In preferred variation of such
method for changing conditions, use of multifunctional treatment system comprising
1,5-dihydroxynaphthalene, meso-tetra(N-methyl-4-pyridyl)porphine tetrachloride and
Fe(lll) chloride in aqueous solution is preferred.

In one embodiment, this invention provides a method to treat tumor hypoxia by
oxygenating a less well-oxygenated necrotic region of a solid mammalian tumor having
a wide range of oxygen concentrations not just at extremes of fully oxygenated or fully
hypoxic, by combining ArPP, DHN, and hMe(lll)+ and adjusting concentration of
hMe(l1l)+ ions combined with DHN and ArPP to enable control of the rate of oxidation of
DHN by ArPP in the presence of selected amounts of hMe(lll)+ ions to form a tailored
treatment composition as non-toxic chemotherapeutic agent of choice by selectively
activating one or more of resulting reaction products of singlet oxygen ('Oz2), hydroxyl
radical (OH), Juglone, or its derivatives as nontoxic reaction product or product of
choice in in lieu of one or more of other reaction products. Such selective activation can
be obtained alternatively by applying with other variations, according to herein
described teachings for changes of conditions. In preferred variation of such method
for treating tumor hypoxia, use of multifunctional treatment system comprising 1,5-
dihydroxynaphthalene, meso-tetra(N-methyl-4-pyridyl)porphine tetrachloride and Fe(lll)
chloride in aqueous solution is preferred.

Unlike most prior art chemotherapy, | have found that the above described and
claimed combinations and methods of this invention can be effective in a relatively short

period of time, and in a non-toxic manner. | have found that combinations and methods
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of this invention for preparation of treatment and for its dispensing for application
require less than one (1) hour. Such preparation, dispensing and application can be
substantial completed, as demonstrated by Examples below, in less than twenty (20) to
thirty (30) minutes, and in certain instances about fifteen (15) minutes. Such short
application time enables rapid, effective field treatments, and may include certain
diagnosis, in locations at which any kind of treatments or diagnosis were heretofore
prohibited.

Thus, one additional significant advantage over prior art treatments of the
various compositions and methods of this invention is enablement of portable treatment
and diagnosis, under differing field conditions with kits being prepared from
commercially available materials, which kits can be easily stored, readily transported
without activation, and then activated as needed at a remote site of treatment, such as
remote regions of a developed country or of a developing countries. Treatments
including diagnosis herein claimed being enabled on site without specialized synthesis
apparatus or training.

In one embodiment of this invention, a portable field treatment kit for preparation
of treatment composition mixture for remote locations such as those distanced away
from synthesis laboratories or typical chemotherapy centers, or when other rapid
preparation and administration are preferred for reasons other than location, is provided
and comprises (a) a visible light resistant durable but flexible package with one or more
exterior layers, (b) at least three (3) separate sealed, compartments within said exterior
layer, with one (1) compartment of premeasured quantities of each component ArPP,
DHN, and hMe(lll)+ and optionally a fourth (4) compartment for excipient for injection or
topical use, all within a single package or assembled separately as a collection of
packages, each compartment being breakable upon application of pressure to exterior
layers enable combining ArPP, DHN, and hMe(lll)+, with optional excipient in any, to
form treatment composition with optional excipient and (c) syringe and needle or other
extracting and administering means to extract and inject or extract and topically
dispense the treatment composition with optional excipient. Falling within the foregoing
is use a simple field knife or other cutter means to extract and then topically dispense
the treatment composition. In preferred variation of such kit for portable treatment, use
of multifunctional treatment system comprising 1,5-dihydroxynaphthalene, meso-

tetra(N-methyl-4-pyridyl)porphine tetrachloride and Fe(lll) chloride in aqueous solution
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is preferred. Falling within the foregoing treatment is basic field diagnosis by use of
suitable portable optic fluorescence sensor.

The treatment compositions of the present invention are thus useful in general,
in the manner known in the art for treatment of bacteria or of cancers or for
fluorescence diagnosis. For use in in vivo treatment or diagnosis of malignancies or
bacterial infections treated systemically, the compositions are typically administered by
injection, and permitted sufficient time to home to the malignancies or infections or
infective agents. Injection may be intravenous, subcutaneous, intramuscular, or
intraperitoneal, and other administration may be orally, in some instances, or by other
means of another approved mode of pharmaceutical administration. Injectables can be
prepared in conventional forms, preferably with water as excipient.

As is known in the art, the treatment compositions may also contain minor
amounts of nontoxic, auxiliary substances such as diluents and buffering agents and
others. Fluorescence diagnostics are performed by visual or by fiber optic probes well
known in the art.

As known in the art for the treatment of superficial tumors or skin disorders, the
compositions may be topically administered using standard topical compositions
involving typical excipients in the form of liquids, creams, gels, ointments, aerosols or
others known in the art. In addition to in vivo use, compositions of this invention can be
used in vitro to treat bacterial infectious agents. For illustration, not limitation, blood
plasma or blood for transfusion can be treated with the compositions of this invention,
and when desired, irradiated with appropriate light source as taught herein.

EXAMPLES - Materials, Apparatus, Stock Solutions and Methods
Materials

All chemicals were used as received without further purification, except as noted.
Commercially available Fe(ll) TMPyP and TMPyP, as well as m-THPP and p-THPP,
were purchased from Frontier Scientific Inc., USA. Iron (Il) chloride and Iron (l11)
chloride were obtained from Flinn Scientific Inc., USA. DHN and Juglone were received
from Acros Organics. Ultrapure H20 (18.2 MQ) was obtained from a U.S. Filter
Corporation deionization system. Singlet oxygen sensor green (SOSG) was purchased
from ThermoFisher Scientific Co., USA. 2-propanol was acquired from VWR Analytical,
USA, and p-nitrophenol, D-O, NaNs, and methylene blue were acquired from Sigma
Aldrich, USA.
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Apparatus

Ultraviolet—visible (UV-vis) spectra were recorded by using an Agilent 8453
single beam diode array spectrometer (Agilent Technologies, USA, model 8453).
Fluorescence spectra were recorded by using a Perkin-Elmer LS-55, Fluorescence
Spectrometer (Perkin-Elmer, USA) at room temperature. All photosensitization
experiments were carried out on a Rayonet Chamber Reactor equipped with sixteen
5750 A lamps (The Southern New England Ultraviolet Co, USA, model RPR-100). Blue
continuous-wave ("CW") laser (447 nm, 20 mW, 2.0 mm beam diameter), green CW
laser (532 nm, 20 mW, 2.0 mm beam diameter), and CW laser (655 nm, 100 mW,
Model: MRL-I1I-655-100mW 15060452) were purchased from Dragon Lasers CO,
China.

Stock Preparation and Methods

Standard solutions of TMPyP (1.0 x 108 M), iron (lll) chloride (1.0 x 102 M), and
iron (I1) chloride (1.0 x 10-2 M) were prepared in ultra-pure H20 at room temperature
under normal atmospheric conditions.

DHN (1.0 x 102 M) stock solution was prepared in a CH3CN:H20 (9:1, v/v)
mixture solvents at room temperature under normal pressure. Stock solutions
containing (i) DHN (4.2 x 104 M) and TMPyP (2.1 x 10-5M), (ii) Juglone (4.2 x 10*M)
and TMPyP (2.1 x 10-°M), and (iii) Fe(lll) (3.5 x 104 M) and TMPyP (2.1 x 10-°M) were
added to individual samples.

For a typical experiment, microliter amounts of standard solutions were
combined, for illustration not limitation, microliter amounts of a standard solution of
Fe(lll) solutions (30 pL of 1.0 x 102 M) and DHN solution (36 L of 1.0 x 10-2 M) added
into a cuvette containing 3 mL of solution TMPyP (6.00 x 106 M). Quartz cuvettes with
1 cm path-length and 3 mL volume were used for all measurements.

SOSG stock solutions were prepared by adding 33 uL of methanol to a 100 ug of
SOSG sample to make a stock solution of ~5 mM. Experimental solutions comprising
SOSG were prepared by combining 6 uL of SOSG stock solutions into 3 mL of aqueous
solution of TMPyP (6.0 x 10-¢ M) solution under normal atmospheric conditions.
Experimental solutions of SOSG were then irradiated by a 532 nm CW laser and the
fluorescence emissions at 525 nm (excitation at 504 nm, excitation slit 5 nm, emission
slit 7 nm, speed 1000 nm/min, gain-medium) were recorded to monitor the production

of 102 in every 10 minutes for a duration of 60 minutes.
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For singlet oxygenation of 1,5-dihydroxynaphthalene (DHN) by TMPyP in
aqueous solution, a 3 mL solution of DHN (1.2 x 104 M) and TMPyP (6.0 x 10-¢ M) was
prepared by mixing 36 pL of 1 x 102 M of DHN standard solution and 18 puL of 1 x 108
M of TMPyP standard solution with ultrapure water. The solution was prepared at room
temperature in an open atmosphere. Photooxygenation of samples was performed in a
Rayonet photoreactor and monitored by recording a decrease of UV-vis absorption. For
example, photoxygenation of DHN by TMPyP was performed in a Rayonet photoreactor
for approximately twenty minutes at 28°C and the photooxygenation of DHN was
monitored by recording a decrease of UV-vis absorption of DHN at 301 nm for 20
minutes in 2 minutes intervals. The effect of metal ions on singlet oxygen generation
was studied similarly except with the addition of microliter amounts of M2+ or M3+ ions
(1 x 102 M) (positively charged cations with a +2 charge or a + 3 charge) into a
DHN/TMPyP aqueous solution.

Singlet Oxygen Quantum Yield (®a) of TMPyP was determined using DHN (1.2
x 10 M) as a singlet oxygen quencher and methylene blue (MB) as a reference
standard. A 3 mL solution of TMPyP (6.0 x 106 M) solution and MB (1.0 x 10> M)
solution both of which contain DHN (1.2 x 10-4 M) were prepared. Each solution was
irradiated with a 655 nm CW laser and the UV-vis spectrum of each solution was
recorded at 1 min intervals for 5 minutes. The quantum yields were calculated with
Equation 1 by using ®a) of MB (Pa=0.52) reported in the prior art.
>x X 5 Equation 1
Ss Fy

Pax) = Pacs) X

In Equation 1, S is the slope of the plot of the absorbance versus irradiation, and F is
the absorption correction factor.

Method to assess bacteria inhibition examined in vitro effects with BL21 E. coli.
The study of singlet oxygen generation from various aqueous solutions of DHN (1.2 x
104 M), Juglone (1.2 x 104 M), TMPyP (6.0 x 10%6.00 x 107 M), and Fe(lll) (1.0 x 10-
4 M), either alone or in various combinations, and resulting impact on bacteria were
investigated through observed BL21 E. coli cell growth inhibition of irradiated versus a
control sample containing only sterile water. Prior art procedure reported in
Photochemistry and Photobiology 2010, 86 (4), 890-894 was followed to grow E.coli
cells, even though other prior art procedures can be used. BL21 was selected because

of availability. Itis known that BL21 is deficient in Lon protease (cytoplasm) and OmpT
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protease (outer membrane) and does not carry the gene for T7 RNA polymerase. Luria
Broth (LB)-Lennox formulation were allowed to grow in an incubator at 28°C shaking at
250 rpm until the beginning of their exponential growth phase (Asoo = 0.2). For each
experiment, one milliliter of the E. coli solution was centrifuged and washed with sterile
water once. After removing washing liquid, the E.coli solutions were then re-suspended
in 500.0 uL of sterile water and 200 L of stock solutions of each of the following were
added: (a) DHN (4.2 x 1044.20 x 10~* M), (b) Juglone (4.2 x 1044.20 x 10~* M), (c)
Fe(lll) (3.5 x 104 M) and TMPyP (2.1 x 1052.10 x 107> M), (d) DHN (4.2 x 10-

44.20 X 107 M) and TMPYP (2.1 x 1052.10 x 1075 M), (e) Fe(lll) (3.5 x 104 M), DHN
(4.2 x 104 M) and TMPyP (2.1 x 105 M), (f) Fe(lll) (3.5 x 104 M), Juglone (4.2 x 10* M)
and TMPyP (2.1 x 105 M), and TMPyP(2.1 x 109).

Controls of each sample were prepared similarly and kept covered to assure that
no light was reacted with the TMPyP while other samples were irradiated in a Rayonet
photoreactor for 10 minutes. After irradiation, the 700.0 uL samples were briefly
vortexed and then 20.0 uL of each sample was spread evenly over individual petri
dishes containing LB agar. The plates were inverted, then incubated at 28°C for 48
hours. Observed effects of claimed treatment composition versus the various
components of claimed composition on inhibition of E. coli cells to visually, not
quantitatively, identify effectiveness.

For fluorescence study, three solutions of 3 mL volume were prepared. Study
solution 1 (aqueous solution of TMPyP) was prepared by mixing 18 yL of 1.0 x 103 M
TMPyP with ultrapure water. Study solution 2 (aqueous solution of TMPyP and Fe(lIl)
ions) was made by mixing 18 yL of 1.0 x 10 M TMPyP and 30 pyL of 1.0 x 102 M
iron(l11) chloride with ultrapure water. Study solution 3 (aqueous solution of TMPyP and
DHN) was prepared by mixing 18 pyL of 1.0 x 10 M TMPyP and 36 uL of 1.0 x 102 M
DHN with ultrapure water. Fluorescence emission was measured upon excitation of
each solution at 423 nm with an excitation slit width of 10.0 nm and an emission slit
width of 12.0 nm. Each experiment was carried out at room temperature and under
normal atmospheric conditions.

Fluorescence quantum yield of the aqueous solution of TMPyP (6.0 x 10-¢ M)

was measured by prior art method described in The Journal of Physical Chemistry
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1971, 75(8), 991-1024 and Chemical Communications 2015, 57 (54), 10831-10834.
Crystal violet (1.0 x 10-> M) with a known ®f = 0.020 in water was used as a standard.

Optimization of hydrogen peroxide’s concentration by DHN oxidation was
evaluated by use of eight test solutions. Eight solutions of TMPyP (6.0 x 106 M), Fe(lll)
ions (1.0 x 104 M), and DHN (1.2 x 104 M) were prepared by mixing required amounts
of TMPyP, Fe(lll) ions, and DHN with ultrapure water at room temperature and under
normal atmospheric conditions. To each solution a micromolar (uM) amount of H2O>
was added and the solution was left in dark for about 3 minutes. UV-vis spectrum was
recorded before and after adding hydrogen peroxide to each solution to see the
progress of DHN oxidation reaction. For each of the eight solutions, the following
concentrations of hydrogen peroxide were added: 50 uM, 75 uM, 100 uM, 125 pM, 150
MM, 300 uM, 400 uM, and 500 uM.

Optimization of Fe(lll) ion’s concentration by DHN oxidation was evaluated by
use of seven test solutions. Seven solutions of TMPyP (6.0 x 106 M), DHN (1.2 x 104
M), and H2O, (400 x 10 6 M) were prepared by mixing required amounts of TMPyP,
Fe(lll) ions, DHN, and H20- with ultrapure water at room temperature and under normal
atmospheric conditions. To each solution various Fe(lll) ions ( 0.1 mMto 1.0 uM)
amounts were added and then the solution was left in dark for about 3 minutes. UV-vis
spectrum was recorded before and after adding hydrogen peroxide to each solution to
see the progress of DHN oxidation reaction. For each test solutions, the following
concentrations of hydrogen peroxide were added: 1.0x 104 M, 2.25 x 10 M, 2.0 x 10
M, 1.75 x 10° M, 1.50 x 10> M, 1.0 x 10> M, and 1.0 x 106 M.

Formation of oxygen gas from H202 was determined by visual observation. A5

mL solution of TMPyP (6.0 x 10¢ M), DHN (1.2 x 104 M), and H202 (1.0 x 102 M) was
prepared by mixing 30 uL of TMPyP (1 x 102 M), 60 uL of DHN (1 x 102 M), and 200
uL of H202 (2.6 M) with ultrapure water. The solution was then thoroughly mixed for 3
minutes before Fe(lll) ions was added, then the solution was examined visually for Oy
gas formation. It was observed that oxygen gas (O») bubbles were formed immediately
after the addition of 52 uL of Fe(lll) ions (1 M) to aqueous solution of TMPyP, DHN, and
H20: solution, and the bubble formation lasted more than 30 minutes.

Generation (or lack thereof) of singlet oxygen ('Oz), hydroxyl radical (OH), and
Juglone in aerobic and aerobic conditions under visible light irradiation was assessed in

a series of tests of by various components (either individually or in several
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combinations and concentrations thereof) of claimed treatment compositions and
variations of claimed treatment compositions were tested.

The observation of generation of ROS and formation of chemotherapeutic
Jurlone or its derivatives is not only helpful to further the understanding of interactions
of components, but teaches that these claimed treatment compositions may be of
significance for singlet oxygen based clinical therapy wherein an abundant supply of
singlet oxygen is required.

Results set forth herein below show that claimed treatment compositions and
methods can facilitate multiple functions, under varying conditions (light, dark, aerobic,
anaerobic) simultaneously of or in the same system. Surprisingly, it has been found that
the claimed compositions enable enhanced ROS anti-cancer and diagnosis processes
in the same system even though such processes are competitive.

Example 1
First, an experiment was performed in order to detect the generation of singlet
oxygen ('02) from TMPyP under visible light irradiation at 532 nm by using singlet
oxygen sensor green (SOSG) in aqueous solution of TMPyP.

FIG. 7 shows in embedded window the fluorescence intensity of SOSG at 525
nm gradually increased with increasing amount of irradiation time indicating the
generation of 'Oz in aqueous solution. The fluorescence spectra of the SOSG emission
intensity was recorded immediately after irradiation. As shown in FIG. 7 embedded
window, the emission intensity increased significantly after 60 min of irradiation with
532 nm light. Other experiments indicate that the fluorescence emission intensity of
SOSG in aqgueous TMPyP solution greatly increased in D20 solvent compared to H20
and substantially decreased in presence of NaNs. This data indicates that the aqueous
solution of TMPyP generates 'Oz upon irradiation with 532 nm light showing that
TMPyP is useful as a singlet oxygen photosensitizer in aqueous environment.

FIG. 7 main segment shows a reference emissions plot for TMPyP (6.0 x 10-¢ M)
and SOSG in aqueous solution. Using a 532 nm laser irradiation of the sample was
done at times 0 minutes (blue); 10 minutes (orange); 20 minutes (grey); 30 minutes
(yellow); 40 minutes (light blue); 50 minutes (green); and 60 minutes (purple), in (b) The
SOSG peak at 525 nm after 60 minutes of 532 nm laser irradiation recording the
fluorescence spectra every 10 minutes. Each sample was ran using the following
parameters; Ex WL:423nm; Start:433nm; End:800nm; Ex Slit:10.0nm; Em Slit:12.0nm;

Speed:1000nm/min; Gain: High; Auto Lamp: on.
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To determine the efficiency of TMPyP for singlet oxygen generation in aqueous
solution, 'Oz quantum yield (®a) was calculated by using methylene blue as a standard
with a known ®a of 0.52. 1,5-dihydroxynaphthalene (DHN) has been used as a
chemical probe to detect 'Oz in solution and the reaction of DHN and 'Oz is believed to
be a very fast reaction and forms Juglone as a principal product. See in FIG. 2. Most
importantly, the reaction of DHN and 'Oz can be monitored by observing gradual
decrease of the absorption of DHN peaks from 295 nm to 355 nm and so DHN can be
used as a 'O probe for 'Oz quantum yield (Pa) measurement.

S_x

F.
X = Equation 1
Ss  Fx

Pax) = Pacs) X

Above cited Equation 1 was followed to calculate 'O2 quantum yield (Pa) for
TMPyP, where S is the slope of the plot of the absorbance versus irradiation, and F is
the absorption correction factor. The singlet oxygen quantum yield (®a) of TMPyP was
calculated to be 0.503, which is a little lower compared to prior art reports of 0.58 found
in the prior art. However, a higher singlet oxygen quantum yield (®a) for TMPyP such
as 0.74 and 0.9 were also reported in the prior art.

As shown in FIG. 2, DHN can be photooxidized by 'O, to predominantly
produce Juglone, 5-hydroxy-1,4-naphthoquinone, which is naturally found in walnuts.
Over the last few years, Juglone has received greater recognition for its excellent
pharmaceutical activities including antibacterial and antitumor properties. The recent
success of Juglone-induced apoptosis of human breast cancer cells, colon cancer cells,
and ovarian cancer cells has attracted a great deal of attention in the community and is
therefore recognized as a chemotherapeutic agent against cancers.

As shown in FIG. 8, upon irradiation of TMPyP and DHN solution with visible
light, the various absorption peaks were found to decrease at 301, 317, and 331 nm
during the course of reaction. The decrease of absorptions of DHN reveals that it is
reacting with '0O2 and producing Juglone, which usually absorbs at 423 nm. ltis
worthwhile to mention that the Soret band of TMPyP and the absorption maximum of
Juglone appeared at 420 nm and 423 nm, respectively and thus, the increase of
Juglone absorption at 423 nm was not seen upon irradiation of TMPyP/DHN aqueous
solution.

Example 2
The effect of Fe(lll) ions on photooxidation of DHN was investigated. Iron metal
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is an essential nutrient to the human body and it helps to operate many crucial
functions including cell replication, metabolism, and growth in the mammalian cells. On
the other hand, iron is a transition metal which has the capability to accept or lose
electrons and take part in the free radical formation reactions.

FIG. 9 is a plot of the rate of change over 10 minutes time of DHN monitored at
301 nm as a function of irradiation time in aerobic conditions. Experiments were
conducted in the presence of DHN (1.2 x 104 M) and TMPyP (6.0 x 10-¢ M), and (i)
[ron (l11) (1.5 x 104 M) (square); (ii) without Iron (Ill) (triangle); (iii) lron (lIl) (3.0 x 10
M) (cross); Iron (I1I) (5.0 x 10 M) (diamond); and Iron (IIl) (1.0 x 104 M) (circle).

As shown in FIG. 9, the results of investigation of the effect of Fe(lll) ions on
photooxidation of DHN demonstrates that the rate of photooxidation of DHN by TMPyP
depends on the concentration of Fe(lll) ions in solution. The photooxidation of DHN by
TMPYyP in the presence of Fe(lll) ions {(monitored at 301 nm) was observed to follow
pseudo first order kinetics and the rate constants were calculated by linear regression
fitting of the experimental data (calculated absorbance values as /n(Ao)/(A) vs t, where
Ao is the absorbance at time 0, and A is the absorbance at time ).

Table 1 summarizes all rate constants of DHN photooxidation by TMPyP as a
function of Fe(lll) ions.

Table 1
Solution of D?-'IN and TMPyF Rate constant, Koss {s) RE
with

No Fe (il ions 6.58 x 10% 0.8951
20x 10° M Fe (i) 3.0 x 10 0.8321
4.0 x 10° M Fe (i) 527 x 104 0.8507
3.0x 10° M Fe (ilh 7.15 x 10 0.9505
5.0 x 10° M Fe (i) 7.98 x 104 0.9495
1.0 x 107 M Fe (ith) 8.43 x 10 0.9422
1.8 x 107° M Fe (it} 568 x 10 0.9018

The rate constant of DHN photooxidation by TMPyP was 6.58 x 104 s-'. Upon
addition of 10 pL of 1.0 x 103 M of Fe(lll) ions ,the rate of photooxidation of DHN by
TMPyP decreased (k = 3.90 x 10+ s™') compared to metal free solution whereas a
rapid increase of photooxidation of DHN by TMPyP was seen upon addition of
increasing amount of Fe(lll) ions. However, upon addition of 75 uL of 1.0 x 102 M of
Fe(lll) ions, the rate of photooxidation of DHN by TMPyP significantly reduced (k = 5.68
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x 10~ s*1) indicating optimized reaction conditions, the photooxidation of DHN by

TMPyP when Fe(lll) concentration ranges from about 15 pL of 1.0 x 102 M to 50 uL of

1.0 x 102 M. A maximum rate of photooxidation of DHN by TMPyP was observed

when Fe(lll) ions concentration was about 50 pL of 1.0 x 102 M (k = 9.43 x 104 s1).

Subsequent DHN photooxidation studies were targeted at 50 pL of 1.0 x 102 M.
Example 3

To find the nature of produced ROS in the treatment composition
(DHN/TMPyP/Fe(lll) ions) solution, a series of control reactions were carried out using
above described materials, solutions, apparatus and methods.

Refer to FIG. 10, which is a plot of the rate of change over 20 minutes of DHN
monitored at 301 nm as a function of irradiation time. Experiments were conducted in
the presence of DHN (1.2 x 10 M), TMPyP (6.0 x 106 M) and NaN3z (100 mM) (plotted
as crosses); DHN (1.2 x 104 M), TMPyP (6.0 x 10-¢ M) and D20 (plotted as circles);
DHN (1.2 x 104 M), TMPyP (6.0 x 106 M), and Iron (1.0 x 10 M) (plotted as squares);
and DHN (1.2 x 104 M), TMPyP (6.0 x 106 M), and H2O (plotted as triangles).

The rate of DHN photooxidation by TMPyP/Fe(lll) ions was found to increase
dramatically in D-O compared to in H2O indicating the presence of singlet oxygen (10>),
as shown in FIG. 10. Also, significantly slower photooxidation of DHN by TMPyP/Fe(lll)
ions was observed in the presence of NaNs, a physical quencher of 102, indicating the
evidence of 102 generation in solution.

Example 4

To determine hydroxyl radical (OH) species, DHN was photooxidized by
TMPyP/Fe(lll) ions in the presence of OH’ radical’'s quencher, 2-propanol, using above
described apparatus, materials and methods. Several prior art studies indicated that 2-
propanol reacts very rapidly with hydroxyl radicals (OH) (1.3 x 109 M-'s") and
produces 2-propanone product which can be detected by GC-MS spectrometer.

A series of photooxidation of DHN by TMPyP/Fe(lll) was carried out with an
excess of 2-propanol to verify the production of OH radicals. Qualitative analysis of
GC-MS data showed that the photo-catalytic solution of TMPyP/Fe(lll) ions was able to
convert 2-propanol to its principal oxidation product, 2-propanone in the presence of
DHN (an electron rich aromatic ring) in the solution. Additional experiments
demonstrated that the solution of TMPyP/Fe(lll) ions alone or in the presence of p-
nitrophenol / salicylic acid (an electron deficient aromatic ring) failed to convert 2-

propanol to 2-proanone indicating that the photo-catalytic solution of TMPyP/Fe(lll) ions
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required DHN in order to produce OH under visible light irradiation. This data teaches
that (DHN+TMPyP+Fe(lll)) solution is equally capable of forming singlet oxygen ('O2)
and hydroxyl radical (OH) in aqueous solution under visible light irradiation.

FIG. 11 shows a comparison of rates of the photooxidation of DHN by
TMPyP/Fe(lll) ions (plotted as triangles), TMPyP/Fe(ll) ions (plotted as circles), and
Fe(ll) TMPyP (plotted as squares) (where iron ion is covalently bonded in the core of
porphyrin ring) in aerobic aqueous environment. The obtained rate constants of
photooxidation of DHN by TMPyP with Fe(ll) ions and Fe(lITMPyP were 5.23 x 10
s and 4.67 x 10° s', respectively, whereas the rate constant of photooxidation for
claimed compositions of DHN by TMPyP in the presence of Fe(lll) ions is 6.58 x 10+
s

Table 2 shows rates of photooxidation of DHN (1.2 x 104 M) monitored at 301
nm as a function of irradiation time in the presence of Fe TMPyP (6.0 x 106 M), TMPyP
(6.0 x 106 M) and iron (I1) (1.0 x 10 M), and TMPYP (6.0 x 106 M) and iron (lll) (1.0 x
10+ M), respectively, in aerobic agueous solution. Keps is the rate constant (s') of the

DHN decay kinetics.

Table 2:
Solutlon. of DHN Rate Constant (s™), Kk, R?
with
Fe TMPyP 55x%x10° 0.9679
TMPyP and Iron (IT) 22x10° 0.9329
TMPyP and Iron (IIT) 1.1 x10* 0.9342

This data clearly teaches that claimed treatment compositions comprising
(DHN+TMPyP+Fe(lll)) are potential therapeutic treatment compositions capable of
producing three therapeutic agents, such as, singlet oxygen ('Oz), hydroxyl radical
(OH), and Juglone or derivatives of Juglone in aqueous solution under visible light
irradiation. The claimed therapeutic treatment composition can find potential
applications for superficial cancer treatment or cancers where target is reachable with
sufficient visible light and oxygen.

Example 5

In this Example 5, generation of hydroxyl radical (OH), and Juglone by a
variation of treatment composition in anaerobic condition under visible light irradiation
was assessed using above described solutions, apparatus and methods.

FIG. 3 shows three different proposed reaction schemes for reaction of DHN and
27



10

15

20

25

30

WO 2019/190459 PCT/US2018/024338

hydroxyl radicals as well as the possible products such as Juglone product or other
derivatives. The visible light photoreduction of Mn(lll) and Fe(lll) porphyrins such as
commercially available Fe(ll)TMPyP to generate hydroxyl radical (OH) in aqueous
medium has been studied extensively in the prior art.

The mechanisms are not very well understood, however, it is believed to be an

intramolecular and it forms hydroxyl radical (OH) via Equation 2, as shown below.

Fe((Por)(OH) ——am Fe(I)(Por) + OH
Equation 2

First, the treatment composition (DHN+TMPyP+Fe(lll)) was compared against
commercially available Fe(lll)TMPyP and prepared TMPyP+Fe(ll), all in presence of
DHN, to determine if any or all can produce hydroxyl radical (OH) in anaerobic
condition. An aqueous solution of TMPyP and DHN was thoroughly purged with argon
followed by irradiation with visible light. DHN'’s absorption at 301 nm was recorded in 2
minute intervals to monitor in situ production of OH in solution.

FIG. 12 shows a comparison of the rates of photooxidation of DHN by
Fe(lIhTMPyP (where iron is covalently bonded at the core of porphyrin) versus
prepared TMPyP+Fe(ll) and prepared TMPyP+Fe(lll), in anaerobic aqueous
environment.

FIG. 12 is a plot of the rate of change of absorption over 20 minutes for DHN
(1.2 x 10 M) peak at 301 nm when irradiated with 20 minutes of light in solutions with
FeETMPYP (6.0 x 106 M) (square); TMPYP (6.0 x 106 M) and iron (ll) (1.0 x 10* M)
(circle); and TMPYP (6.0 x 106 M) and iron (lll) (1.0 x 10-* M) (triangle) in anaerobic,
agueous solution.

Photo-oxidation of DHN was found to be very fast in TMPyP/Fe(lll) solution (k =
1.12 x 10 s'1) whereas it was found to be two (2) times slower in Fe(ll) TMPyP
solution (k = 5.50 x 10-® s') than what was observed in TMPyP/Fe(lll) solution. The
rate of DHN photooxidation was observed to be five times slower in TMPyP/Fe(ll)
solution (k = 2.17 x 10-® s°') than in TMPyP/Fe(lll).

Example 6

The influence of Fe(lll) ions concentration on photooxidation of DHN in

anaerobic conditions was assessed using above described solutions, apparatus and

methods.
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FIG. 13 shows the change in the absorbance peak (301 nm) of DHN (1.20 x 10
M) in an anaerobic aqueous solution of just TMPYP (6.0 x 10-¢ M) (triangle) and an
anaerobic aqueous solution of TMPYP (6.0 x 106 M) and iron (Ill) (1.0 x 104 M)
(circle).

As shown in FIG. 13, DHN experienced negligible photooxidation in the absence
of Fe(lll) ions in TMPyP solution, however, as shown in FIG. 14 in the presence of
Fe(lll) ions, the TMPyP and DHN solution showed a substantial photooxidation in
anaerobic condition.

FIG. 14 shows the rate of change of DHN photooxidation by TMPyP as a
function of Fe(lll) ions in a thoroughly argon purged aqueous solution. FIG. 14 is a plot
over 8 minutes of calculated absorbance of DHN (In(Ao)/(A)) monitored at 301 nm as a
function of irradiation time in the presence of DHN (1.2 x 10* M) and TMPyP (2.8 x 10
6 M) (circles); TMPyP (6.0 x 106 M), DHN (1.2 x 104 M), and Fe(lll) ions (2.0 x 106 M)
(lower diamonds); TMPyP (6.0 x 106 M), DHN (1.2 x 10-* M), and Fe(lll) ions (4.0 x 10"
6 M) (squares); TMPyP (6.0 x 106 M), DHN (1.2 x 104 M), and Fe(lll) ions (3.0 x 10
M) (empty triangles); TMPyP (6.0 x 106 M), DHN (1.2 x 104 M), and Fe(lll) ions (5.0 x
10-5 M) (crosses); TMPyP (6.0 x 10¢ M), DHN (1.2 x 104 M), and Fe(lll) ions (1.0 x 10
M) (upper diamonds); and TMPyP (6.0 x 10-¢ M), DHN (1.2 x 104 M), and Fe(lll) ions
(1.5 x 104 M) (filled triangles) in anaerobic aqueous solution.

Comparing FIG. 13 and FIG. 14, the disappearance of absorption of DHN by
TMPyP with Fe(lll) ions was observed to obey pseudo first order decay kinetics and the
rate constants were calculated from the slope of experimental data (where in this
instance, calculated absorbance values are as In(Ao)/(A) vs t, where Ao is the
absorbance at time 0, and A is the absorbance at time 1).

Table 3 is a summary of all rate constants of DHN photooxidation by TMPyP as

a function of Fe(lll) ions.
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Table 3:
Solution of Dij&i\f and TMPyP Rate constant, kops {s™) R
with

No Fe (IHl) ions 1.80 x 10° 0.8642
2.0x 10° M Fe (il 2.80 x 10° 0.9783
4,0 10° M Fe (iIh) 2,70 x 10° 0.8177
3.0 % 10° M Fe (i) 580 % 10° 0.9221
5.0x 10° M Fe (B 7.0 x 10 0.9169
1.0 x 10 M Fe (IIl) 1.9 x 10% 0.9434
1.5 x 10 M Fe (I11) 1.13 x 10™ 0.9578

As depicted in FIG. 14, the rate constants of DHN photooxidation by TMPyP
increased upon addition of increasing amount of Fe(lll) ions and reached maximum
value (1.90 £ x 104 s'') upon addition of 50 pL of 1.0 x 102 M. The rate constant of
DHN photooxidation by TMPyP-generated ROS was noticed to get slowed down upon
addition of 75 uL of 1.0 x 102 M of Fe(lll) ions (k = 1.13 £ x 10 s') and found to be
extremely slow in absence of any Fe(lll) ions (k = 1.80 £ x 10 s') in solution.

Example 7

A series of control reactions were carried out to investigate the nature of ROS
produced from variations of claimed treatment composition (DHN+TMPyP+Fe(lll))
when photo-irradiated in anaerobic conditions,. A direct photosensitization experiment
of TMPyP/Fe(lll) ions in argon purged, neutral aqueous solution showed no indication
of generation of oxygen gas (O2) {(monitored by oxygen meter) over two hours of
irradiation in neutral argon purged aqueous solution. Thus, the ROS species is
believed to be something other than 'O2, because 'O: is generally produced from a
photosensitization reaction which involves a photosensitizer, oxygen, and visible light. It
is not possible to have generated 'Oz in solution in the absence of Oz source. This was
confirmed by carrying out same photosensitization reaction of TMPyP/Fe(lll) ions in
D20 medium and compared with what was observed in H2O. No evidence of an
increase of rate of the photooxidation of DHN by TMPyP with Fe(lll) ions in DO solvent
was observed compared to H20 solvent, which indicates that there was no 'Oz
involvement in the photooxidation process.

To determine the hydroxyl radical (OH) species, a similar DHN photooxidation

was carried out by using TMPyP/Fe(lll) ions in the presence excess 2-propanol in
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argon purged aqueous solution. GC-MS analysis showed a conversion of 2-propanol to
2-propanone as a principal oxidation product. GC MS spectrometer failed to detect 2-
proanone product when TMPyP/Fe(lll) ions of treatment composition had no DHN
present.

These results are not predictable and are unexpected.

The results surprisingly teach that ions from DHN+TMPyP+Fe(lll) compositions
are capable of generating OH radicals in anaerobic aqueous environment. Likewise,
anaerobic photooxidation of DHN by TMPyP/Fe(lll) indicate that Juglone or its
derivatives are forming in situ.

Example 8

Use of variations of claimed treatment compositions in dark conditions for
removal of excess H2O2 and generation of hydroxyl radical (OH), and Juglone were
evaluated using above described solutions, apparatus, and methods.

The efficient production of ROS in dark is a major challenge for current PDT
against malignant cells. Since every photosensitization reaction uses visible light to
sensitize dissolved oxygen (Oz) to singlet oxygen ('02), the PDT method is completely
ineffective in the absence of light.

Recently, Fenton reactions have been recognized as an effective, alternative,
and promising selecting cancer treatment method. To evaluate efficacy of claimed
treatment compositions under dark conditions, Fenton's-like reaction of a variation of
claimed composition (DHN+TMPyP+Fe(lll)) with H2O- in dark conditions were
evaluated.

Similar Fenton-like reactions were carried out to compare reactions with H202 in
dark conditions in the presence of DHN by commercially available Fe(lll)TMPyP and
prepared TMPyP+Fe(ll) against prepared TMPyP+Fe(lll), thus comparing the first two
with DHN against those of the latter claimed treatment compositions of
(DHN+TMPyP+Fe(lll)).

FIG. 15 shows DHN oxidation by commercial Fe(IlhTMPyP and prepared
TMPyP/Fe(ll) against prepared TMPyP+Fe(lll) as a function of H2O> concentration in
aerobic aqueous solution under dark conditions. FIG. 15 is a plot of the rate of DHN
change over volume of peroxide for DHN (1.2 x 104 M) peak at 301 nm when 1.0 x 106
M H2O2is added to solution with Fe(ll) TMPyP (6.0 x 10-¢ M) (plotted as squares);
TMPyYP (6.0 x 106 M) and Iron (I) (1.0 x 10~ M) (plotted as circles); and prepared

TMPyYP (6.0 x 10 M) and Iron (l1l) (1.0 x 10~ M) (plotted as triangles), forming a
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variation of claimed (DHN+TMPyP+Fe(lll)) in aerobic, aqueous solution under dark
conditions.

DHN oxidized more rapidly and almost at the same rates in the presence of
Fe(ll) TMPyP prepared TMPyP+Fe(lll) and compared to TMPyP/Fe(ll). As normally
observed in Fenton-like reaction, H202 reacts with Fe(lll) ions and forms Fe(lll)-peroxo
complexes, which later decomposes into Fe(ll) and HO: radicals. The produced Fe(ll)
ions then reacts with H202 to produce reactive OH radicals via Fenton reaction, which
subsequently reacts with DHN. Similarly, the produced HO: radicals react with other
HO- or Fe(lll) ions or Fe(ll) ions and produce Oz, Fe(ll) and Oz, and [Fe'HO2J2+,
respectively, see in FIG. 6A Scheme 3(a).

These test results are not expected but teach that a Fenton-like reaction of H2O>
with prepared TMPyP+Fe(lll) was capable of generating OH in situ and oxidizing DHN
in dark conditions and forming in situ Juglone or derivatives of Juglone. Control
reactions of DHN with TMPyP and H20- and of DHN with H2O> alone revealed no
detectable DHN oxidation in dark providing unexpected teaching that Fe(lll) ion and
H2O2 are the required reagents for the generation OH radicals in aqueous solution and
support effectiveness of claimed compositions of (DHN+TMPyP+Fe(lll)).

Example 9

For variations of the claimed treatment composition, the optimum concentration
of H202 and Fe(lll) ions for effective Fenton-like reaction mediated OH generation in
aqueous solution under dark condition was determined using above described
solutions, apparatus, and methods.

FIG. 16A shows (a) optimization of H202 concentration in the presence of 6.0 x
106 M TMPyP and 1 x 104 Miron (lIl) in aerobic, aqueous solution under dark conditions
and in FIG. 16B the UV-vis spectra of DHN oxidation by H20O:z in the presence of TMPyP
and Fe(lll), for H.O2 concentrations of 0 uM at solid line, 400 pM at long dash line, and
50 uM Hz20: at short dash line. In FIG. 16A, each un-shaded left parallel bar is Ao and
each right shaded parallel bar is A, where Ao is the absorbance at time 0, and A is the
absorbance at time t for each sample.

FIG. 17A shows optimization of iron (lll) concentration in the presence of 6.0 x 10
6 M TMPyP and 400 uM H2O: in aerobic, aqueous solution under dark conditions and in
FIG. 17B the UV-vis spectra of DHN oxidation by H2O: in the presence of TMPyP and
Fe(lll) ions. Solid line is for (0 uM H202 and 25uM Fe(l11)), small dash line is for (400 uM

H>O2 and 1.0 uM Fe(lll)), medium dash line for (400 uM H20 and 20uM Fe(lll)), and
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long dash line is for (400 uM H2O2 and 25uM Fe(lll)). In FIG. 17A each left un-shaded
parallel bar is Ao and each right shaded parallel bar is A, where Ao is the absorbance at
time 0, and A is the absorbance at time t for each sample.

FIG. 16A shows that the absorption of DHN at 301 nm decreases when the
solution of (DHN+TMPyP+Fe(lll)) is treated with varying amounts of H2O2 and the
Fe(lll) ions (1 x 104 M Fe(lll) ions) and TMPyP (6.6 x 10¢ M) are kept constant. A
maximum decrease of absorption of DHN at 301 nm is observed when 400 uM H20;
was used, as per FIG. 16B.

Similarly, experiments were carried out using above described solutions,
apparatus, and methods to seek an optimum concentration of Fe(lll) ion by varying the
concentration of Fe(lll) while the concentration of TMPyP (6.6 x 106 M), DHN (1.0 x 10
4 M), and H202 (400 uM) were kept constant.

FIG. 17A and FIG. 17B shows absorption of DHN at 301 nm changes with a
varying concentrations of Fe(lll) ions concentration. A maximum decrease of absorption
of DHN was observed when Fe(lll) concentration was 25 uM per see FIG. 17A and FIG.
17B.

This Example 9 data is unexpected, and among other discoveries, teaches
optimum iron concentrations for variations of the claimed treatment concentration.

Example 10

Prior art literature reports that the catalase enzyme plays an important,
protective role in normal cells to prevent the accumulation of toxic H2O2 by converting it
to H20 and Oz. However, an increasing amount of literature reports that cancer cells
produce more H202 compared to normal cells due to rapid proliferation of cancer cells
and the level of catalase at normal physiological concentrations is not sufficient enough
to fully detoxify H2O2 and protect cells from H2Oo.

To mimic catalase type activity for the claimed treatment compositions, several
oxygen evolution reactions were carried out by using variations of the treatment
composition of DHN+TMPyP+Fe(lll) with varying concentration of Fe(lll) ions and H20:
in aqueous solution (pH = 5.5) at room temperature under normal atmospheric
conditions. Oz bubbles in solution were observed and documented. Further
exploration of O, gas generation experiments demonstrated that the reaction is highly
dependent upon the presence of both Fe(lll) and H20,. No evidence of sludge of
Fe(OH)s was observed from O2 evolution experiment of treatment composition with

H20.. However, an O» evolution experiment of FeTMPyP with H>O» produced sludge of
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brown precipitate under identical reaction conditions. The pH of the solution of
Fe(lll)/TMPyP was measured and it showed that the solution’s pH gradually decreased
from 5.5 to 3.0 upon addition of H2O2 The change in pH teaches that Fe(lll) ions
reacted with H2O2 to form Oz gas and released protons (H+) into the solution. As seen
in FIG. 6 Scheme 3, a Fenton-like reaction of Fe(lll) with H202 produces HO2, which
subsequently reacts with another HO2, Fe(lll) ions and OH and produce Oz as a
principal product. See FIG. 6B Scheme 3(b) for Oz evolution reactions.

Oxygen generation evidence teaches that a Fenton-like reaction of the claimed
treatment composition is capable of detoxifying excess H20:2 to Oz under dark
conditions without forming any Fe(OH)s sludge in aqueous solution and with that
capability can protect cells from excess toxic H20». The claimed treatment composition
has a surprising and remarkable application in the elimination of cancer cells' hypoxic
environments by directly producing Oz gas via Fenton-like reactions in dark conditions.

Example 11

Fluorescence properties were studied to determine the potential of the claimed
treatment solution for image-guided photodynamic diagnosis. FIG. 18 shows
comparative emission spectra. Each was run using the following parameters; Ex
WL:423nm; Start:433nm; End:800nm; Ex Slit:10.0nm; Em Slit:12.0nm;
Speed:1000nm/min; Gain: High; Auto Lamp: on;T

FIG.18 long dash line is 6.0 x 10 M TMPyP alone. FIG. 18 short dash line is 6.0
x 106 M TMPyP with 1.0 x 10 M Iron (lll). FIG. 18 solid line is 6.0 x 10 M TMPyP,
1.0 x 104 Miron (lll), and 1.2 x 104 M DHN, the treatment composition.

The study teaches that, upon addition of Fe(lll) ions to only a TMPyP solution, a
very negligible change of fluorescence intensity of TMPyP was observed whereas upon
addition of DHN to TMPyP with Iron (1) a slight reduction of fluorescence intensity of
TMPyP was observed.

Then the fluorescence quantum yield (®r) of TMPyP was calculated by using
Equation 3 and crystal violet (1.0 x 10-> M) as a standard with ®F = 0.020 in water,

fluorescence quantum yield known from the prior art.
Ny 2
CI)F(x) = CI)F(S) X — X Fs X (ns) Equation 3

where in Equation 3, A is the absorbance, F represents the area under the emissions

curve, and n is the refractive index of the solvent used. The ®r of TMPyP was
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calculated to be 0.0139, which is almost comparable with prior art literature value of
0.016.

The experimental data obtained teaches that TMPyP fluoresces in aqueous
media and unexpectedly shows that fluorescence intensity is not severely affected by
the presence of Fe(lll) ions and DHN. Thus, the claimed treatment composition
(DHN+TMPyP+Fe(lll)) is useful for image-guided PDT applications.

Example 12

Tests were conducted, using above described materials, apparatus and
methods, to evaluate generation of hydroxyl radical (OH) and Juglone by use of m-
THPP and p-THPP with DHN and Fe(lll) to determine if m-THPP and p-THPP were
effective in anaerobic conditions with DHN and Fe(lll) in a manner similar to TMPyP.
That is, formulated meso-tetra(m-hydroxyphenyl)porphine (m-THPP) with DHN and
Fe(lll) ions samples and formulated meso-tetra(p-hydroxyphenyl)porphine (p-THPP)
with DHN and Fe(lll) samples were compared against samples of treatment
composition (DHN+TMPyP+Fe(lll)) in anaerobic conditions under visible light irradiation
to determine if m-THPP and p-THPP were effective with DHN and Fe(lll) to form a
treatment composition.

The preliminary data showed that m-THHP or p-THHP are also capable of
producing hydroxyl radicals and Juglone or its derivatives under anaerobic conditions in
the presence of DHN and Fe(lll) ions in presence of visible light.

FIG. 19 shows comparisons of photooxidation of DHN by (i) m-THHP, (ii) p-
THHP, (iii) m-THHP/Fe(lll) or (iv) p-THHP/Fe(lll), in acetonitrile: water (6:4), where un-
shaded triangles represent for DHN photooxidation by m-THHP, shaded triangles
represent for DHN photooxidation by p-THHP or shaded circles represent for DHN
photooxidation by m-THHP/Fe(lll), un-shaded circles represent for DHN photooxidation
by p-THHP/Fe(lll).

The first order rate constants of DHN photooxidation in anaerobic conditions by
m-THHP/Fe(lll) or p-THHP/Fe(lll) were calculated and compared with rates what were
observed for m-THHP or p-THHP.

Table 4 summarizes all rate constants obtained from the photooxidation of DHN
by m-THHP or p-THHP or m-THHP/Fe(lll) or p-THHP/Fe(lll) in anaerobic conditions.
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Table 4:
Compound Rate (sec'l) R2
m-THP 4.00E-05 0.9746
m-THP w/ 1E-4 Fe (III) 1.20E-03 0.9471
p-THP 2.00E-05 0.7034
p-THP w/ 1E-4 Fe (1) 0.0003 0.9957

As shown in FIG. 19 and Table 4, m-THHP or p-THHP are unable to produce
any ROS in anaerobic conditions without Fe(lll) that can cause photooxidation of DHN
under anaerobic conditions. However, in the presence of Fe(lll) ions, m-THHP or p-
THHP are able to photooxidize DHN under anaerobic conditions.

This data teaches that (DHN+m-THHP+Fe(lll)) and (DHN+p-THHP+Fe(lll)) are
capable as treatment compounds of producing hydroxyl radicals and Juglone or its
derivatives in anaerobic conditions in presence of visible light in a manner similar to
(DHN+TMPyP+Fe(lll)).

Example 13

Tests were conducted, using above described materials, apparatus and
methods, to evaluate generation of singlet oxygen, hydroxyl radical (OH) and Juglone
by use of m-THPP and p-THPP with DHN and Fe(lll) to determine if m-THPP and p-
THPP were effective with DHN and Fe(lll) in a manner similar to TMPyP in aerobic
conditions under visible light irradiation.

That is, samples of formulated meso-tetra(m-hydroxyphenyl)porphine (m-THPP)
combined with DHN and Fe(lll) ions and samples of formulated meso-tetra(p-
hydroxyphenyl)porphine (p-THPP) combined with DHN and Fe(lIl) were compared
against samples of treatment composition (DHN+TMPyP+Fe(lll)) in aerobic conditions
under visible light irradiation to determine if m-THPP and p-THPP were effective with
DHN and Fe(lll) to form a treatment composition.

The preliminary data showed that m-THHP or p-THHP are effective to produce
singlet oxygen, hydroxyl radical, and Juglone or its derivatives under aerobic conditions
in presence of visible light.

FIG. 20 shows comparisons of photooxidation of DHN by (i) m-THHP, (ii) p-
THHP, (iii) m-THHP/Fe(lll)and (iv) p-THHP/Fe(lll).
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The first order rate constants of DHN photooxidation in aerobic conditions by m-
THHP/Fe(lll) or p-THHP/Fe(lll) were calculated and compared with rates what were
observed for m-THHP or p-THHP.

Table 5 summarizes all rate constants obtained from the photooxidation of DHN
by m-THHP or p-THHP or m-THHP+Fe(lll) or p-THHP+Fe(lll) in aerobic conditions.

Table 5
Compound Rate (sec™) R?
m-THP 0.0012 0.9977
m-THP w/ 1E-4 Fe(IlI) 0.0015 0.9831
m-THP w/ 5E-5 Fe(IlI) 0.0014 0.9963
p-THP 0.0008 0.9992
p-THP w/ 1E-4 Fe(Ill) 0.0005 0.9934
p-THP w/ 5E-5 Fe(Ill) 0.0007 0.9972

As shown in Table 5. DHN photooxidation by m-THHP is 1.25 times faster in the
presence of 1.4 x 10 M Fe(lll) ions and 1.17 times faster in the presence of 5.0 x 105
M Fe(lll) ions, whereas comparable rates of photooxidation were observed for DHN by
p-THHP in presence of Fe(lll) ions. By using methods disclosed herein, optimum
concentration of Fe(lll) for efficient photooxidation of DHN by p-THHP can be
determined.

FIG. 20 shows the photooxidation of DHN by m-THHP and m-THHP+Fe(lll)
where un-shaded circles represent for DHN photooxidation by m-THHP in presence of
1.4 x 104 M Fe(lll), shaded circles represent for DHN photooxidation by m-THHP in
presence of 5.0 x 10> M Fe(lll), and dashed un-shaded circles represent for DHN
photooxidation by m-THHP in acetonitrile: water (6:4).

FIG. 21 shows the photooxidation of DHN by p-THHP and p-THHP/Fe(lll)
where un-shaded squares represent for DHN photooxidation by p-THHP in presence of
1.4 x 104 M Fe(lll), solid squares represent for DHN photooxidation by p-THHP in
presence of 5.0 x 10> M Fe(lll), and dashed un-shaded squares represent for DHN
photooxidation by p-THHP in acetonitrile: water (6:4).

This data, even though limited, teaches that (DHN+m-THHP+Fe(lll)) and
(DHN+p-THHP+Fe(lll)) are capable as treatment compounds by producing singlet
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oxygen, hydroxyl radicals and Juglone or its derivatives in aerobic conditions in the
presence of visible light in a manner similar to (DHN+TMPyP+Fe(lIl)).
Example 14

In vitro effects of treatment composition (DHN+TMPyP+Fe(lll)) on BL21 E. coliin
aerobic conditions under visible light irradiation were tested and are reported in FIG. 22.
FIG. 22 shows E. coli growth, monitored after 48 hours.

To determine utility for treatment of bacteria of the claimed treatment
compositions, the treatment composition was tested to see if it inhibits E. coli bacteria.

A "light versus dark" comparison study was performed by introducing treatment
composition into two equal concentrations of E. coli bacteria solutions, one E. coli
solution was kept in dark while other was irradiated with visible light.

As part of the test, a comparison study, including "light versus dark" was
performed of treatment composition (FIG. 22E Fe(lll) (3.5 x 104 M), DHN (4.2 x 10#M)
and TMPyP (2.1 x 105 M), versus FIG. 22A DHN (4.2 x 104 M), FIG. 22B Juglone
(4.2 x 10* M), FIG. 22C Fe(lll) (3.5 x 104 M) and TMPyP (2.1 x 105 M), FIG. 22D DHN
(4.2 x 104 M) and TMPyYP (2.1 x 10-5 M), and FIG. 22F Fe(lll) (3.5 x 10 M), Juglone
(4.2 x 104 M) and TMPyP (2.1 x 105 M).

The inhibition of E. coli growth was recorded after 48 hours and the E. coli
growth observed for solutions kept in dark were compared with the E. coli growth of
solutions treated with light.

As depicted in FIG. 22A, DHN alone at experimental concentration (1.2 x 10* M)
showed almost no inhibition of growth of E.coli for dark treated sample whereas the
light treated sample showed a very marginal inhibition effect of E.coli growth.

FIG. 22B confirms complete inhibition of growth of E.coli when E. coli solutions
are treated with Juglone in dark or exposed to visible light. That is a confirmation since
Juglone has been known for its antibacterial behavior for decades.

Interestingly, when TMPyP/Fe(lll) ions were added to any of E. coli solutions
and the solution was irradiated with visible light, an almost complete inhibition of E. coli
growth was observed.

However, when TMPyP/Fe(lll) ions were added to the E. coli solutions but the
solution was kept in dark, absolutely no inhibition was observed. See FIG. 22C. This
teaches that the TMPyP/Fe(lll) ions produce reactive oxygen species leading to the

E.coli inhibition.
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A very similar result was obtained when TMPyP/DHN solution was reacted with
E.coli solution under visible irradiation. See FIG. 22D. Therefore, the TMPyP solution
produced an adequate amount of ROS as well as Juglone or derivatives of Juglone
from DHN under visible light irradiation and the both the ROS and Juglone slowed the
progression of and were detrimental to E. coli.

The claimed treatment composition TMPyP/DHN/Fe(lll) ions produced the same
results (see FIG. 22E as seen for TMPyP/DHN solution under visible light irradiation.
See FIG. 22D. A total inhibition of E.coli was observed with the claimed treatment
composition under visible light irradiation. | theorize that the claimed treatment
composition forms ROS or Juglone or derivatives of Juglone which are the key species
for partial or total inhibition of E.coli bacteria. Thus the treatment composition has
properties that slow or stop the progressions of bacteria and cancers.

Example 15

In vitro effects of treatment composition DHN+TMPyP+Fe(lll) on BL21 E. coli in
in hydrogen peroxide rich environment under dark conditions were tested and are
reported in FIG. 23. FIG. 23 shows E. coli growth, monitored after 48 hours.

As noted in FIG. 6C showing reactions' Scheme 3, Fe(lll) ions and hydrogen
peroxide are common reagents in the Fenton-like reaction which produces ROS, such
as HO, HO: radicals and these ROS are known for inactivation of E.coli bacteria.

To determine utility for treatment of bacteria of the claimed treatment
compositions in an aqueous H20: rich environment (typical tumor environment), E.coli
bacteria were mixed with the treatment composition in the presence of H20: in dark
conditions under normal room temperature and pressure. As shown in FIG. 23E, a
substantial inhibition of growth of E.coli was observed when 1.0 x 10 M Fe(lll) ions
and 400 uM H2O2 were used to react with E.coli bacteria. A series of control reactions
were carried out to see if alone, any of Fe(lll) ions with 1.0 x 10* M concentration (FIG.
23A) or Fe(lll) ions with 1.0 x 10-3 M concentration (FIG. 23B) or 400 pM H20, (FIG.
23C) can inhibit the growth of E.coli bacteria under identical reaction conditions. No
noticeable inhibition of growth of E.coli bacteria was observed when Fe(lll) ions or H20;
at the experimental concentration was used against E.coli. After 48 hours, an almost
complete inhibition of E.coli was observed (FIG. 23E) when ten times concentrated
Fe(lll) ions and H202 reacted with E.coli bacteria versus less quantity (FIG. 23D)
teaching that at suc Fe(lll) concentration, the treatment composition is very effective in

producing ROS for killing E.coli bacteria. Therefore, the claimed treatment composition
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is capable of producing ROS in H202 environment and has the full potential to be
effective in tumor environment where an augmented amount of H2Oz is present.

While the above invention has been described with reference to specific
embodiments of treatment compositions and methods of making and use to impair or
terminate bacteria or malignant tumors, this invention can also be applied to treat other
tissues and pathologies or issues such as Alzheimer's symptoms. It should be
understood that the foregoing disclosure is illustrative and not limiting, and that obvious
modifications may be made by those skilled in the art without departing from the spirit of

this invention.
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Claims

1. A treatment or diagnosis composition comprising
(a) a combination of
(1) free base tetrakis Ar substituted porphyrine core without metal or
halide substitution wherein each of the four Ar substituents are at meso positions, are
the same, and are selected from an Ar group consisting of any of ortho-, meta-, or para-
hydroxyphenyl and alkyl pyridyl ,
(2) dihydroxynaphthalene or hydroxynaphthalene,
(3) hydrated metal having a +3 ionic state with spatial attributes at
molecular level at or near that occupied by Fe(lll) and
(b) resultant effect of combinations of 1.{(a)(1),1.(a){2) and 1.(a)(3).

2. A composition in accordance claim 1 wherein resultant effect 1.(b) is one or
more chemotherapeutic therapies selected from group consisting singlet oxygen,

hydroxyl radical, and Juglone or its derivatives.

3. A composition in accordance claim 1 which has multifunctional activity for
treatment or diagnosis in absence of or presence of light and in either, or both, aerobic

and anaerobic conditions as determined by ratios of 1.(a)(1),1.(a){(2) and 1.(a)(3).

4. A composition in accordance claim 1 wherein said resultant effect 1.(b)
comprises singlet oxygen, hydroxyl radical, and Juglone or its derivatives and said
1.(a)(3) hydrated metal is increased or decreased in relation of said 1.(a)(1) porphyrine
or said 1(a)(2) naphthalene to change of relative amounts of resultant effect of said

singlet oxygen, hydroxyl radical, and Juglone or its derivatives.

5. A composition in accordance claim 1 comprising 1.(a)(1) selected from one or more
of the group consisting of meso-tetrakis(N-methyl-4-pyridyl) porphine tetrachloride,
meso-tetrakis{o-hydroxyphenyl)porphine, meso-tetrakis(m-hydroxyphenyl)porphine,
and meso-tetrakis(p-hydroxyphenyl)porphine and 1.(a)(2) of dihydroxynaphthalene and
1.(a)(3) of Fe(lll) chloride and 1.(b) resultant effect comprising hydroxyl radical.
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6. A composition in accordance claim 1 comprising an aqueous solution of 1.{(a)(1)
selected from one or more of the group consisting of meso-tetrakis(N-methyl-4-pyridyl)
porphine tetrachloride, meso-tetrakis(o-hydroxyphenyl)porphine, meso-tetrakis(m-
hydroxyphenyl)porphine, and meso-tetrakis(p-hydroxyphenyl)porphine and 1.(a)(2) of
dihydroxynaphthalene and 1.{(a)(3) of Fe(lll) chloride and 1.(b) resultant effect
comprising one or more of hydroxyl radical, singlet oxygen, and Juglone or its
derivatives and the ratio of mole of 1.(a)(3) Fe(lll) chloride is increased or decreased in
relation to mole of 1.(a)(1) or 1(a){2) to change of resultant effect ratios of said singlet

oxygen, hydroxyl radical, and Juglone or its derivatives.

7. A composition in accordance claim 1 resulting from combination of 1.a of TMPyP
with 1.b. of 1,5-DHN and 1.(c) of hydrated Fe(lll) in mole ratios of (i) TMPyP to 1,5-DHN
of 1 to 18 to 22, (ii) TMPyP to Fe(lll) ions of 1 to 15 to 18.33 and (iii) 1,5-DHN to Fe(lll)
of 1.1 to 1.3, preferably initial mole ratios of 1.(a) TMPyP to 1.(b) DHN to 1.(c) Fe(lll)
of 1 to 20 to 16.67, and wherein final concentration of hydrated Fe(lll) is selected to

achieve desired rate of photooxidation of DHN by TMPyP.

8. A treatment system comprising 1,5-dihydroxynaphthalene, meso-tetra(N-methyl-
4-pyridyl)porphine tetrachloride and Fe(lll) chloride in aqueous solution which is
multifunctional by producing in situ at least one non-toxic chemotherapeutic agent from
a single dose in presence of visible light or in absence of light, effective as treatment
composition in both aerobic and anaerobic environments as well as in H20; rich
environment which produces O:2 from excess H202 when H20:2 is present and produces
both (a) singlet oxygen and hydroxyl radicals in aerobic conditions and (b) hydroxyl

radicals in anaerobic conditions.

9. A treatment system in accordance with Claim 8 wherein 1.(a) is TMPyP, 1.(b) is
DHN and 1.(c) is Fe(lll) ions at mole ratios of 1 TMPyP to 20 DHN to 16.67 for initial
Fe(lll), and 1.(a) is TMPyP as 1.8 x 108 moles of TMPyP obtained from (3 mL of 6.0 x
10-6M), equivalent of 1.47 x 10-°>g (Mwt for TMPyP-818.20), 1.(b) is 1,5-DHN present in
amount of 3.6 x 107 moles obtained from (36 pL of 1.0 x 102 M), equivalent to 5.67 x
105 g (Mwt for DHN-160.05) and 1.(c) is hydrated Fe(lll) ions in an initial amount of of
3.0 x 107 moles obtained from (30 uL of 1.0 x 102 M), equivalent to 4.82 x 10 g (Mwt

for FeCls-160.84) but adjustable from the range of 15 pL of 1.0 x102 M to 50 uL of
42



10

15

20

25

30

WO 2019/190459 PCT/US2018/024338

1.0 x 102 M to adjust rate of photooxidation of DHN by TMPyP and 1.{b) is one or more
chemotherapeutic result effects selected from group consisting singlet oxygen, hydroxyl

radical, and Juglone or its derivatives.

10. A method to produce one or more reactive oxygen species and Juglone or its
derivatives in situ as resultant effect of combination of ArPP, DHN, and hMe(lll),
wherein optionally mole ratio of hMe(lll) is increased or decreased in relation to mole
ratios of ArPP and DHN to selectively produce greater or lesser amount of one reactive

oxygen species or Juglone or its derivatives over other resultant effects.

11. A method to produce hydroxyl radicals in situ by combining ArPP, DHN, and
hMe(lll) in presence of light or absence of light, wherein in absence of light and in
anaerobic conditions, hydroxyl radical (OH) is produced upon reacting with hydrogen

peroxide (H20>).

12. A method to produce hydroxyl radicals in situ in a condition which is aerobic,
anaerobic, or H2O3 rich environment or any sequence or combination of said conditions,
by combining ArPP, DHN, and hMe(lll) in presence or absence of light wherein in
absence of light and in anaerobic conditions, hydroxyl radical (OH) is produced upon

reacting combination of ArPP, DHN, and hMe(lll) with hydrogen peroxide (H202).

13. A method to produce Juglone or Juglone derived chemotherapeutics in situ in a
condition which is aerobic, anaerobic, or H202 rich environment or any sequence or
combination of said conditions, by combining ArPP, DHN, and hMe(lll) in presence or

absence of light.

14. A method to produce singlet oxygen in situ in a condition which is which is
aerobic, anaerobic, or H2O2 rich environment or any sequence or combination of said

conditions by combining ArPP, DHN, and hMe(lll) in presence of light.

15. A method of producing in presence of visible light and in aerobic condition one or
more of singlet oxygen ('02), hydroxyl radical (OH), Juglone or Juglone derivatives by
combining ArPP, DHN, and hMe(lIl).
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16. A method of producing in absence of light and in anaerobic condition one or
more of hydroxyl radical (OH) derived from hydrogen peroxide (H2O2), Juglone or
Juglone derivatives by combining ArPP, DHN, and hMe(lll).

17. A method of producing one or more non-toxic chemotherapeutic treatments by
combining ArPP, DHN, and hMe(lll) by forming at or near mammalian tissue or fluid in
one or more regions of treatment
(a) in presence of visible light
(1) in an aerobic condition singlet oxygen (102), hydroxyl radical (OH),
and one or more of Juglone or Juglone derivatives, then concurrently or sequentially
(2) in an anaerobic condition, hydroxyl radical (OH) and Juglone or
Juglone derivatives,
then forming either concurrently or subsequently forming at or near mammalian
tissue or fluid in one or more different regions of treatment
(b) in absence of light,
(1) hydroxyl radical (OH) upon reacting ArPP, DHN, and hMe(lll) with

hydrogen peroxide (H202) and one or more of Juglone or Juglone derivatives.

18. A method to treat tumor hypoxia by oxygenating a less well-oxygenated necrotic
region of a solid mammalian tumor having a wide range of oxygen concentrations not
just at extremes of fully oxygenated or fully hypoxic, by combining ArPP, DHN, and
hMe(lll) by adjusting concentration of hMe(lll) ions combined with DHN and ArPP to
enable control of the rate of oxidation of DHN by ArPP in the presence of selected
amounts of hMe(lll) ions to form a tailored treatment composition as non-toxic
chemotherapeutic agent of choice by selectively activating one or more of resulting
reaction products of singlet oxygen ('O2), hydroxyl radical (OH), Juglone, or its
derivatives as nontoxic reaction product or product of choice in in lieu of one or more of

other reaction products.

19. A portable field treatment kit for preparation and administration of treatment
composition mixture for use at remote locations, or for use when rapid preparation and
administration are preferred for reasons other than location, comprising

(a) visible light resistant durable but flexible package with one or more exterior

layers,
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(b) at least 3 separate sealed, compartments within said exterior layer, with 1
compartment of premeasured quantities of each component ArPP, DHN, and hMe(lll).
and optionally a compartment for excipient for injection or topical use, all within a single
package or assembled separately as a collection of packages, each compartment being
breakable upon application of pressure to exterior layers enable combining ArPP, DHN,
and hMe(lll), with optional excipient in any, to form treatment composition with optional
excipient and

(c) syringe and needle or other extracting and administering means to extract

and inject or topically dispense the treatment composition with optional excipient.

20. A portable field treatment kit in accordance with Claim 19 wherein preparation of
treatment composition mixture and its application can be completed at remote location

within one (1) hour or less.
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