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[0001] SULFORAPHANE ENABLED SELF-EMULSIFYING DRUG DELIVERY
SYSTEMS

[0002] CROSS REFERENCE TO RELATED APPLICATIONS/PRIORITY

[0003] The present invention claims priority to United States Provisional Patent Application
Number 62/567,627 filed October 3, 2017, which is incorporated by reference into the
present disclosure as if fully restated herein. Any conflict between the incorporated
material and the specific teachings of this disclosure shall be resolved in favor of the
latter. Likewise, any conflict between an art-understood definition of a word or phrase
and a definition of the word or phrase as specifically taught in this disclosure shall be

resolved in favor of the latter.

[0004] BACKGROUND OF INVENTION

[0005] The quest for discovering new pharmaceutical or drug molecules and the
ongoing efforts to enhance potency and permeability of drugs often results in
highly lipophilic and low water soluble drug candidates. Very often these drugs
demonstrate poor bioavailability, thus necessitating large doses of the drugs
with subsequent side effects of the large doses. Despite much research
performed and many efforts made to address this problem, significant issues
remain. There is a pressing, but seemingly irresolvable need for

pharmaceutical formulations that improve solubility of insoluble lipophilic drugs.

[0006] SUMMARY OF THE INVENTION

[0007] Wherefore, it is an object of the present invention to overcome the above
mentioned shortcomings and drawbacks associated with the current technology.
The invention generally relates to formulations for improving solubility of
insoluble lipophilic drugs, including the use of a natural product from broccoli,
sulforaphane, to develop a self-emulsifying drug delivery system.

[0008] Self-emulsifying drug delivery system (“SEDDS”) are physically stable
isotropic mixtures of drug solubilized in oils/lipids, surfactants, and co-
surfactant/solvent blends. They form fine oil-in-water emulsions under mild
agitation by stomach and intestinal motility when they come into contact with the

aqueous Gl fluid after ingestion. A major challenge in the formulation of SEDDS
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is to identify excipients that are capable of solubilizing a significant amount of
the lipophilic/water-insoluble drug without compromising the self-emulsification
behavior of the formulation and the oral drug absorption.

[0009] The inventors have discovered that sulforaphane (“SFN,” 1-
Isothiocyanato-4-methylsulfinyloutane), a natural product found in broccoli and
other plants such as Brussels sprout, cabbage, cauliflower, bok choy, kale,
collards, Chinese broccoli, broccoli raab, kohlrabi, mustard, turnip, radish,
arugula, and watercress, can act as a super solubilizer for a significant number
of drugs, and for other +lipophilic chemicals. The application of this inventive
application of this discovery in pharmaceutical food, drug development and the
cosmetic industry has tremendous possibilities. As reported in this disclosure,
the application of SFN was able to solubilize the lipophilic chemicals paclitaxel,
docetaxel, cyclosporine and curcumin, to name a few, to concentrations not
achievable with commercially available products, such as Taxol and Neoral.
These drugs are not soluble in water and the formulations were generated using
much smaller volumes of additives than used in the commercially available
products.

[0010] The present disclosure describes the inventors discovery of the
solubilizing capacity of sulforaphane (SFN) and its utilization to formulate
SEDDS of poorly water soluble drugs. A set of 24 drugs were tested for their
solubility in SFN of which compounds such as Cyclosporine A, Celecoxib,
Paclitaxel, Docetaxel, and Curcumin were selected for subsequent SEDDS
formulation development utilizihg SFN as common solubilizer. SFN-SEDDS
formulations were developed utilizing a step-wise screening method that
enabled the selection of the most efficient surfactants and co-surfactants to
yield transparent microemulsions by microscopic analysis and absorbance data.
The optimized SEDDS formulation for curcumin was selected for further
investigation by DSC and FTIR, and was subjected to a dissolution study where
more than 95% of the drug was found to dissolve within ten minutes in both
simulated gastric and intestinal fluids. The physical stability of the SEDDS was

also confirmed in both media when monitored at three different temperatures (4,
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25 and 37 °C) for up to 30 days. This study introduced a new approach to
formulating SEDDS by utilizing the solubilizing capacity of SFN and introduced
high throughput screening approach to formulation development and stability
study.

[0011] Other objects of one or more embodiments of the presently claimed
invention is to reduce the bulk or size of commercially available products (e.g.,
pills that are required to be to large deliver a small amount of drug), increase the
concentration of drugs in commercially available products, increase therapeutic
activity of drug or reduce toxicity of finished product (a consequence to the side
effects of additive), and/or increase the solubility of drug and/or non-drug
molecules in water.

[0012] One embodiment of the presently claimed invention relates to a method
for creating a therapeutic formulation for medicinal and/or cosmetic purposes
comprising solubilizing one of drugs and natural products with a natural product
oil. According to other embodiments, the formulation is a self-emulsifying drug
delivery system. According to other embodiments, the formulation is one of an
emulsion, a microemulsion, and a cream. According to other embodiments, the
natural product oil is derived from one of from broccoli, Brussels sprout,
cabbage, cauliflower, bok choy, kale, collards, Chinese broccoli, broccoli raab,
kohlrabi, mustard, turnip, radish, arugula, and watercress, and some
combination thereof. According to other embodiments, the solubilized drugs are
lipophilic drugs with poor solubility in aqueous solutions, preferably FDA
approved drugs, preferably a drug listed in Fig. 3. According to other
embodiments, the natural product oil contains a compound with an
isothiocyanate group. According to other embodiments, the isothiocyanate
group containing compound is sulforaphane, preferably purified sulforaphane.
According to other embodiments, the drugs are water insoluble anti-cancer
drugs. According to other embodiments, the anti-cancer drugs are one of
paclitaxel and docetaxel. According to other embodiments, the drugs are

immunosuppressive  drugs. According to other embodiments, the
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immunosuppressive drugs are one of FK-506 and cyclosporine. According to
other embodiments, the natural product is curcumin.

[0013] The invention further relates to kits and methods for using microtiter
plates to test combinations of surfactants and co-surfactants with the SFN-API
to discover the most soluble combinations. According to other embodiments,
the a ratio of SFN:API is preferably between 10:1 and 0.1:1, more preferably
between 5:1 and 0.5:1, and most preferably 1:1.

[0014] The invention further relates to methods for solubilizing a chemical,
preferably a lipophilic chemical, comprising solubilizing the chemical with a
compound having an isothiocyanate group. According to other embodiments,
the compound is sulforaphane.

[0015] The invention further relate to therapeutics comprising a liphophilic drug
solubilized with a compound having an isothiocyanate group.

[0016] The presently claimed invention relates to methods and pharmaceutical
compositions for treating a pathology in a mammal comprising an effective
amount of a first therapeutic, wherein the first therapeutic is solubilized with a
solubilizing liquid including a compound having an isothiocyanate group.
According to a further embodiment, the solubilizing liquid is an oil, the first
therapeutic is a lipophilic compound, and the mammal is a human. According to
a further embodiment, the oil includes a natural product oil. According to a
further embodiment, the natural product oil is derived from one of from broccoli,
Brussels sprout, cabbage, cauliflower, bok choy, kale, collards, Chinese
broccoli, broccoli raab, kohlrabi, mustard, turnip, radish, arugula, and
watercress, and some combination thereof. According to a further embodiment,
the compound having an isothiocyanate group is sulforaphane. According to a
further embodiment, the first therapeutic is one of an anti-cancer drug, an
immunosuppressive drug, and a natural product. According to a further
embodiment, the anti-cancer drug is one of paclitaxel and docetaxel, and some
combination thereofe. According to a further embodiment, the
immunosuppressive drug is one of FK-506 and cyclosporine. According to a

further embodiment, the natural product is curcumin. According to a further
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embodiment, the first therapeutic is one of Docetaxel, Paclitaxel, Cyclosporine
A, Curcumin, Celecoxib, Salubrinal, FK-506, and Furesemide. According to a
further embodiment, the first therapeutic is contained in one of an emulsion, a
microemulsion, and a cream. According to a further embodiment, the pathology
is a cancer. According to a further embodiment, the cancer is breast cancer.
According to a further embodiment, the breast cancer is one of MDA-MB-231
and MCF-7.

[0017] The invention further relates to kits and methods for solubizing a
lipophilic chemical comprising combining the lipophilic chemical with a
compound having an isothiocyanate group. According to a further embodiment,
the compound having an isothiocyanate group is sulforaphane. According to a
further embodiment, the compound having an isothiocyanate group is derived
from a natural product oil derived from one of from broccoli, Brussels sprout,
cabbage, cauliflower, bok choy, kale, collards, Chinese broccoli, broccoli raab,
kohlrabi, mustard, turnip, radish, arugula, and watercress, and some
combination thereof. According to a further embodiment, the lipophilic chemical
is contained in one of an emulsion, a microemulsion, and a cream.

[0018] The invention further relates to methods and pharmaceutical
compositions for treating a breast cancer in a human comprising an effective
amount of a first therapeutic, and a natural oil containing sulforaphane, wherein
the first therapeutic is one of paclitaxel and docetaxel, and some combination
thereof, the first therapeutic is solubilized with the natural oil, the natural oil is
derived from one of broccoli, Brussels sprout, cabbage, cauliflower, bok choy,
kale, collards, Chinese broccoli, broccoli raab, kohlrabi, mustard, turnip, radish,
arugula, and watercress, and some combination thereof, the first therapeutic is
contained in one of an emulsion, a microemulsion, and a cream, and the breast
cancer is one of MDA-MB-231 and MCF-7.

[0019] Various objects, features, aspects, and advantages of the present
invention will become more apparent from the following detailed description of
preferred embodiments of the invention, along with the accompanying drawings

in which like numerals represent like components. The present invention may
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address one or more of the problems and deficiencies of the current technology
discussed above. However, it is contemplated that the invention may prove
useful in addressing other problems and deficiencies in a number of technical
areas. Therefore the claimed invention should not necessarily be construed as
limited to addressing any of the particular problems or deficiencies discussed

herein.

[0020] DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are incorporated in and constitute a part of
the specification, illustrate various embodiments of the invention and together
with the general description of the invention given above and the detailed
description of the drawings given below, serve to explain the principles of the
invention. It is to be appreciated that the accompanying drawings are not
necessarily to scale since the emphasis is instead placed on illustrating the
principles of the invention. The invention will now be described, by way of
example, with reference to the accompanying drawings in which:

[0022] Figs. 1A and 1B are a flowchart of high-throughput screening (HTS) Step 1:
screening and optimization of surfactants, which is subdivided into Step 1A:
initial screening of an API/SFN/S/EOH blend at 1:5:5 ratio, and Step 1B
subsequent adjustment in ratio between the API/SFN blend to the S/EOH blend.
Abbreviations used: API/SFN, Drug-Sulforaphane blend; S, Surfactants; EOH,
Ethanol. *Surfactants evaluated: Cremophor EL, Tween 80, Tween 20, Tween
60, Poloxamer 124 and Solutol HS15. **Compositions discarded from
formulation scheme due to the requirement of high surfactants amount.

[0023] Fig. 2 is a flowchart of high-throughput screening HTS Step 2: Screening
and optimization of co-surfactant and final formulation optimization.
Abbreviations used: CoS, Co-Surfactants. *Co-Surfactants evaluated: Labrasol,
Transcutol HP, Labrafil 2125CS, Lauroglycol FCC, Acconon CC-6, mPEG350
and Propylene Glycol. ® No further adjustment to composition was done below
this ratio. F Starting ratio for CLX and CUR. ¥ Starting ratio for CYL and DTX.



WO 2019/070865 PCT/US2018/054179

[0024] Fig. 3 is a bar chart of a solubility screening showing the amount of
sulforaphane needed to solubilize 1 mg of a given API. *indicates the drug was
insoluble at that ratio and no further adjustment to the SFN/API ratio was
sought.

[0025] Figs. 4A and 4B are Polarized light microscope images of (A) crystals
when the API is insoluble in SFN and (B) absence of precipitates for APl when
completely dissolved in SFN. The arrows indicate the insoluble crystals.

[0026] Figs. 5A-5D are DSC thermograms of (A) pure CUR (B) CUR-SFN blend
at 1. 0.75 Ratio, (C) CUR-SFN Blend at 1: 1.5 Ratio, and (D) CUR-SFN Blend at
1:3 ratio. All samples were heated from 20 °C to 220 °C at a rate of 10 °C /min.

[0027] Figs. 6A-6C are FTIR spectra of (A) CUR, (B) SFN, and (C) CUR/SFN
blend.at 1:3 ratio.
[0028] Figs. 7A-7E are absorbance data of the CUR SEDDS during the HTS

formulation development process showing the results of surfactant screening
during Step 1 at CUR/S:S:EOH ratio of (A) 1:5:5, (B) 1: 2.5: 2.5, and (C) 1: 3.75:
3.75. Also shown are the results of the co-Surfactant screening (Step 2) at
CUR/SFN:S:CoS ratio of (D) 1:2.5:2.5 and (E) 1: 1.25: 1.25. Data represent the
means + SD.

[0029] Fig 8 is a marked up photograph of a representative sample
arrangement in 96 well-plates for absorbance data collection during the co-
surfactants screening step.

[0030] Fig. 9 is a graph of a dissolution profile of CUR from the optimized SFN-
SEDDS formulation in simulated gastric fluid (SGF, pH 1.2) without pepsin, and
simulated intestinal fluid (SIF, pH 7.4). Data were collected by UV analysis in
real-time using fiber dip probe. Data represent the means + SD

[0031] Figs. 10A and 10B are photographs of vessels showing the transparent
CUR microemulsion after dissolution in (A) simulated intestinal fluid (SIF, pH
7.4) and (B) simulated gastric fluid (SGF, pH 1.2).

[0032] Figs. 11A — 11D are absorbance data showing the stability of the SEDDS

formulations in SIF and SGF at three temperature conditions that were
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optimized by the HTP process for (A) CYL, (B) CLX, (C) DTX, and (D) CUR
SFN-SEDDS. Data represent the means + SD.

[0033] Figs. 12A and 12B are polarized light microscopy images of (A) Partially
soluble DTX in lower DTX to SFN ratio (Arrow directs to the insoluble DTX
crystals) (B) Solubilized DTX in SFN.

[0034] Figs. 13A to 13D are bar charts showing percent relative absorbance of
the microemulsions during the PTX formulation development process at
PTX/SFN:Ethanol ratio of (A) 1:5:5 and (B) 1:10:10. Step (C) shows absorbance
data for the PTX/SFN:TPGS:Ethanol microemulsion at a ratio of 1:7.5:7.5. Step
(D) shows the absorbance data when ethanol was replaced with transcutol at
PTX/SFN:TPGS:Transcutol HP ratio of 1:7.5:7.5.

[0035] Figs. 14A to 14D are bar charts showing the percent relative absorbance
of the microemulsions during the DTX formulation development process at
DTX/SFN:Ethanol ratio of (A) 1:55 and (B) 1:2.5:2.5. Step (C) shows
absorbance data for the DTX/SFN:TPGS:Ethanol microemulsion at a ratio of
1:1.25:1.25. Step (D) shows the absorbance data when ethanol was replaced
with transcutol at DTX/SFN:TPGS: Transcutol HP ratio of 1:1.25:1.25.

[0036] Figs. 15A and 15B are bar charts showing Physical stability of the (A)
PTX microemulsion at PTX/SFN:TPGS:Transcutol HP ratio of 1:7.5:7.5 and (B)
DTX microemulsion at DTX/SFN:TPGS: Transcutol HP ratio of 1:1.25:1.25 when
diluted when 5% dextrose solution or normal saline and stored at 4, 25, and 37
°C for 30 days.

[0037] Fig. 16 is a Hemolytic activity of the vehicles used in formulating taxane
microemulsion and commercial injection solutions

[0038] Figs. 17A — 17D are line and bar charts showing IncuCyte® cell
proliferation assay of the vehicles; TPGS with or without SFN, against (A) MDA-
MB-231 and (B) MCF7 cells. Also shown is the in vitro CellTiter-Blue® assay of
the same vehicles against the (C) MDA-MB-231 (D) MCF7 cells.

[0039] Fig. 18A — 18D are line charts showing IncuCyte® cell proliferation assay

showing the growth inhibition of MDA-MB-231 human breast cancer cells when
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treated up to 72 h with (A) PTX/SFN microemulsions, (B) PTX Injection USP,
(C) DTX/SFN microemulsion; and (D) DTX Injection USP.

[0040] Fig. 19A — 19D are line charts showing IncuCyte® cell proliferation assay
showing the growth inhibition of MCF7 human breast cancer cells when treated
up to 72 h with (A) PTX/SFN microemulsions, (B) PTX Injection USP, (C)
DTX/SFN microemulsion; and (D) DTX Injection USP.

[0041] Fig. 20A — 20D are bar charts showing In vitro CellTiter-Blue® assay
showing the viability of MDA-MB-231 cells treated with (A) PTX microemulsion
and Injection USP and (B) DTX microemulsion and Injection USP. Also shown
is the viability of the MCF7 cells treated with (A) PTX microemulsion and
Injection USP and (B) DTX microemulsion and Injection USP. ****P<0.05

considered statistically significant

[0042] DETAILED DESCRIPTION OF INVENTION

[0043] The present invention will be understood by reference to the following
detailed description, which should be read in conjunction with the appended
drawings. It is to be appreciated that the following detailed description of
various embodiments is by way of example only and is not meant to limit, in any
way, the scope of the present invention. In the summary above, in the following
detailed description, in the claims below, and in the accompanying drawings,
reference is made to particular features (including method steps) of the present
invention. It is to be understood that the disclosure of the invention in this
specification includes all possible combinations of such particular features, not
just those explicitly described. For example, where a particular feature is
disclosed in the context of a particular aspect or embodiment of the invention or
a particular claim, that feature can also be used, to the extent possible, in
combination with and/or in the context of other particular aspects and
embodiments of the invention, and in the invention generally. The term
‘comprises” and grammatical equivalents thereof are used herein to mean that
other components, ingredients, steps, etc. are optionally present. For example,

an article “comprising” (or “which comprises”) components A, B, and C can
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consist of (i.e., contain only) components A, B, and C, or can contain not only
components A, B, and C but also one or more other components. Where
reference is made herein to a method comprising two or more defined steps, the
defined steps can be carried out in any order or simultaneously (except where
the context excludes that possibility), and the method can include one or more
other steps which are carried out before any of the defined steps, between two
of the defined steps, or after all the defined steps (except where the context
excludes that possibility).

[0044] The term “at least” followed by a number is used herein to denote the
start of a range beginning with that number (which may be a range having an
upper limit or no upper limit, depending on the variable being defined). For
example “at least 1" means 1 or more than 1. The term “at most” followed by a
number is used herein to denote the end of a range ending with that number
(which may be a range having 1 or O as its lower limit, or a range having no
lower limit, depending upon the variable being defined). For example, “at most
4” means 4 or less than 4, and “at most 40%” means 40% or less than 40%.
When, in this specification, a range is given as “(a first number) to (a second
number)” or “(a first number)-(a second number),” this means a range whose
lower limit is the first number and whose upper limit is the second number. For
example, 25 to 100 mm means a range whose lower limit is 25 mm, and whose
upper limit is 100 mm. The embodiments set forth the below represent the
necessary information to enable those skilled in the art to practice the invention
and illustrate the best mode of practicing the invention. In addition, the invention
does not require that all the advantageous features and all the advantages need
to be incorporated into every embodiment of the invention.

[0045] Turning now to Figs. 1A to 20D, a brief description concerning the
various components of the present invention will now be briefly discussed.
[0046] Curcumin (“CUR”) sulforaphane (“SFN”) enabled self-emulsifying
drug delivery systems (“SEDDS”) formulation development by high-
throughput screening (“HTS”). CUR SFN-SEDDS formulation was

developed using the general two-step HTS procedure described herein. Aside

10
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from CUR, this procedure was also utilized in the formulation of SFN-SEDDS for
celecoxib (“CLX"), cyclosporine (“CYL”), docetaxel (“DTX’), and paclitaxel
(“PTX”). Before commencing with the formulation development, the liquid active
pharmaceutical ingredient (“API’)/SFN oil core was first prepared. To avoid
supersaturation, an excess amount of SFN (20% above solubilization ratio) was
added to the in 2 mL glass vials and thoroughly mixed by stirring and vortexing
until complete solubilization was confirmed by visual and polarized light
microscopy observations. Aliquots (equivalent to 1 mg of the API) were
transferred to the wells of a 24 well-plate for subsequent formulation
development process.

[0047] Table 1: The composition of the SFN-SEDDS formulations that were optimized

for the selected drug molecules at the conclusion of the HTS screening process.

API Surfactants Co-surfactants ngfggast:rfactantmo-
CYL Cremophor EL Lauroglycol FCC 1/3.6/5.75/5.75
CLX Tween 80 mPEG350 1/4.8/14.5/14.5
DTX Cremophor EL Transcutol HP 1/2.4/8.5/8.5
CUR Cremophor EL Acconon CC6 1/3.6/11.5/11.5
[0048] Step 1. Screening of surfactants and the optimization of the

APl:surfactant ratio. The first step in formulating the SFN-SEDDS was to identify

a suitable emulsion stabilizing surfactant for the APl. To do so, a stepwise
surfactant screening process (Figs. 1A and 1B) was carried out using a 24 well-
plate as the mixing/interaction chamber. Briefly, surfactants (Figs. 1A and 1B
and Table 1) were solubilized in ethanol at a 1:1 ratio. This surfactant/ethanol
blend was then added, while stirring manually, to the API/SFN blend to attain a
final API/SFN:Surfactant:Ethanol ratio of 1:5:5 (Fig 1A). Blends were diluted
with deionized water to 0.5 mg/mL API concentration and observed for 24 hours
at room temperature. In order to detect precipitation indirectly, samples of the

diluted blends (200 uL) were transferred to a 96 well-plate and monitored for

11
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obscurity by measuring their absorbance at 562 nm using a microplate reader
(BioTek, VT, USA). Prior to analysis, experiments were carried out to confirm
that the selected wavelength would not overlap with the absorbance of the APIs
and would only measure the transparency of the emulsion. Microscopic
observations were simultaneously carried out to confirm the absorbance data.
Surfactants that gave stable emulsions in step 1A (Fig. 1A) were selected for
further optimization to determine the least amount of surfactant needed to yield
a readily emulsifiable formulation without inducing precipitation. This was
accomplished by increasing/decreasing the amount of the surfactant/ethanol
blend added to API/SFN (Fig. 1B) while monitoring for precipitation after 24
hours of storage by the absorbance technique as before. The absorbance data

were reported as percent (%) relative absorbance (Abs) according to following

formula:
[0049] % Relative Abs = Abs of sample—/'lbs c')f diluti'onmedia % 100
Abs of dilution media
[0050] In addition to indirectly detecting crystal growth and precipitation,

absorbance was found to vary with the droplet size of the reconstituted
emulsions. In order to be able to use the absorbance data in formulation
development, preliminary experiments were carried out to identify a threshold %
relative absorbance value above which the emulsions were deemed unstable.
The threshold value for this study was set at 50% for emulsion with API
concentration of 0.5 mg/mL dilution concentration. Any formulation showing %
relative absorbance > 50 was found to produce precipitates. It is worth noting
that this threshold value was experimentally found for the formulation
composition and dilution factors used in this study and may need readjustment
when different formulation development protocols are used. Boxes in Figs. 1A
and 1B that are shaded show the results that were observed during the
development of the CUR/SFN-SEDDS.
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[0051] Step 2: Screening of co-surfactants and final formula optimization. In this

step, suitable co-surfactants were screened and the optimal excipients ratio in
the final SFN-SEDDS formulation was determined. Ethanol from the optimal
surfactant/ethanol blend for each API, which was identified in step 1, was
replaced with a set of co-surfactants. As in step 1, API/SFN and surfactant/co-
surfactant blends were mixed in 24 well-plates. After dilution with deionized
water, each well was observed for precipitation for 24 hour during which
absorbance data were collected and compared. Also observed was the ease
with which the formulations were dispersed upon the addition of the dilution
media. To attain the final SFN-SEDDS formulation the API/SFN to
surfactants/co-surfactants ratio was optimized by sequential screening as
described previously step (Fig. 2). Fig. 2 shows the screening process for
API:SFN:S:CoS at a starting ratio of 1:2.5:2.5, which was the optimum ratio
observed for CUR in step 1. The results of the screening process for CUR are
indicated by the shaded boxes in Fig. 2.

[0052] Solubility study: Of the twenty-four drug molecules that were
investigated in this study, eight showed complete solubilization within the tested
API:SFN ratio limit of 1:10, as follows: Docetaxel, Paclitaxel, Cyclosporine A,
Curcumin, Celecoxib, Salubrinal, FK-506, and Furesemide (Fig. 3). Among the
soluble molecules, Docetaxel had the lowest API:SFN solubilization ratio of 1:2
whereas Furesemide had the highest ratio of 1:7. Soluble API:SFN blends
appeared transparent and were void of any insoluble crystals as confirmed by
polarized light microscopy (Figs. 4A and 4B). This is the first reporting of the
solubilization potential of SFN and the first utilization of this phenomenon in
formulating SEDDS for a range of drug molecules that is known to the inventors.
While the exact chemical basis for the solubilization capacity of SFN is not
clear, the inventors postulate on its interaction with CUR based on Fourier-
transform infrared spectroscopy (‘FTIR”) analysis presented in subsequent
discussion.

[0053] Analysis of CUR/SFN blends by differential scanning calorimetry

(“DSC”). DSC is a thermos-analytical technique that is used to confirm the
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alteration of physical state, phase transition, and decomposition of
pharmaceutical materials. DSC thermograms of pure CUR and CUR:SFN
blends at three different ratios are shown in Figs. 5A-5D. In case of pure
curcumin (Fig. 5A), the endothermic peak at 178.1°C corresponds to its melting
point. With addition and successive increase in SFN amount in the blend, a
decrease in the endothermic peak was observed from 144.5°C for a 1:0.75
CUR:SFN blend (Fig. 5B) to 94.7°C for a 1:1.5 CUR:SFN (Fig. 5C) indicating a
gradual loss in the crystallinity of CUR. Similar trend was observed for the
enthalpy changes between pure CUR and CUR/SFN blends. Along with
broadening of the peak with respect to pure CUR, enthalpy was significantly
reduced from 95.6 J/g for pure CUR to 14.8 J/g for CUR/SFN 1: 0.75 blend and
11.1 J/g for CUR/SFN 1:1.5 blend. This reduction in enthalpy can be attributed
to the gradual dissolution of the CUR crystals in SFN. At soluble CUR:SFN ratio
of 1 to 3 (Fig. 5D), the endothermic peak disappeared marking