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Abstract

Compositions and articles comprising diamond particles, such as nanodiamond-based pharmaceutical 
compositions, are generally provided. In some embodiments, the articles and methods comprising 
(nano)diamond particles may be useful for monitoring and/or treating a disease (e.g., in a subject).
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COMPOSITIONS AND ARTICLES COMPRISING (NANO)DIAMOND
PARTICLES

RELATED APPLICATIONS

5 This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional

Application No. 62/862,802, filed June 18, 2019, and entitled "COMPOSITIONS AND

ARTICLES COMPRISING NANODIAMOND PARTICLES," which is incorporated

herein by reference in its entirety for all purposes.

10 TECHNICAL FIELD

Compositions and articles comprising diamond particles, such as nanodiamond

based pharmaceutical compositions, are generally provided.

BACKGROUND
15 The use of nanomaterials for novel diagnostics and therapeutic purposes is a fast

progressing scientific discipline that builds on the bioengineering of biological and

pharmaceutical entities in combinations with physical materials.

However, improved articles and methods are needed.

20 SUMMARY
Diamond particles and related devices and methods, such as nanodiamond

particles (e.g., fluorescent nanodiamond particles) for administration of a therapeutic

agent to a subject and/or monitoring the progression of a disease within a subject.

The subject matter of the present invention involves, in some cases, interrelated

25 products, alternative solutions to a particular problem, and/or a plurality of different uses

of one or more systems and/or articles.

In one aspect, articles (e.g., configured for administration of a therapeutic agent,

for use with a subject) are provided. In some embodiments, the article comprises a

plurality of fluorescent diamond particles and a therapeutic agent bound to at least a

30 portion of the fluorescent diamond particles, wherein the article is configured for

prolonged residence internal to an organ of a subject.

In some embodiments, the article comprises an injection component configured

to administer a composition to the subject and a reservoir associated with the injection
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component containing the composition, the composition comprising a plurality of

fluorescent diamond particles.

In another aspect, pharmaceutical compositions are provided. In some

5 a plurality of fluorescent diamond particles suspended in the intravenous carrier fluid.

In yet another aspect, methods (e.g., of treating a disease, of monitoring disease

embodiments, the method comprises administering intravenously, to a subject, a

plurality of diamond particles and a therapeutic agent bound to at least a portion of the

10

residence internal to an organ of a subject.

In some embodiments, the method comprises administering to the subject a

plurality of diamond particles, after the step of administering, obtaining a first image of a

15 obtaining, after a predetermined period of time, a second image of the location internal to

the subject suspected of containing the plurality of diamond particles, and measuring a

morphological change of the location internal to the subject, between the first image and

the second image, relative to the plurality of diamond particles, wherein the

morphological change is associated with progression of the disease.

manufacture of a medicament for the treatment of liver disease and/or liver cancer, are

provided. In some embodiments, use of a plurality of fluorescent diamond particles in

the manufacture of a medicament for monitoring of disease progression, are provided.

Other advantages and novel features of the present invention will become

25 apparent from the following detailed description of various non-limiting embodiments of

the invention when considered in conjunction with the accompanying figures. In cases

where the present specification and a document incorporated by reference include

conflicting and/or inconsistent disclosure, the present specification shall control.

30 BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting embodiments of the present invention will be described by way of

example with reference to the accompanying figures, which are schematic and are not

intended to be drawn to scale. In the figures, each identical or nearly identical
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ordinary skill in the art to understand the invention. In the figures:

5

FIG. 1B is a schematic presentation of method used for quantification of FNDP-

10 liver obtained from rats treated or not with FNDP-(NV)~700/800 nm (FNDP-(NV)),

colors red (FNDP-(NV)), blue (DAPI-nuclei), Green (phalloidin -cytoskeleton) shown

15

20 FIGS. 3A-3H show "panoramic" images of hepatic lobes demonstrate intra-

25

other panels and (FIG. 3C) presents four hepatic lobules demonstrating preferential

30 particle distribution at the boundaries of the 'hexagonal' lobules format and (FIG. 3D)
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single hepatic lobule after thresholding and dilating to improve visibility of very small

aggregates, to demonstrate zonal deposition and (FIG. 3G), (FIG. 3H) providing

magnified images of areas of vasculature from panel (FIG. 3A) indicated by gold dashed

5 various metabolic zones, according to some embodiments;

FIGS. 4A-4B show mathematical plots of size distribution of FNDP-(NV)

stitched from 10x images on an FSX100 microscope; Maximum Entropy criteria was

used to threshold stitched figures in ImageJ and the resulting detected FNDP-(NV)

10

sizes. (FIG. 4B) Distribution of total particle mass estimated by the area of each

assembly, according to some embodiments;

FIGS. 5A-5D show laser scanning confocal microscope images of liver sections

15 embodiments. (FIG. 5A) Parenchymal area of liver with indicated cells in yellow circles

with up-taken particles. Inserts on the bottom and on the right of the photo represent

vertical projection of images performed along the yellow lines. Yellow arrows indicate

location of particles. (FIG. 5B) Parenchymal area of liver where yellow circles suggest

aggregates of particles within liver sinusoids/venues. Inserts on the bottom and on the

20

arrows indicate particles localized in sinusoids/venules. (FIG. 5C) Area of abundantly

vascularized segment of the hepatic lobule where white circles particles suggest sub-

endothelial and adventitial location of particles. Parenchymal cells with supposedly

internalized particles are indicated in yellow circles. Inserts on the bottom and on the

25 right represent vertical projection of images performed along the yellow lines. Yellow

arrows indicate particles internalized in parenchymal cells. (FIG. 5D) Area of the liver

hilum where white circles indicate particles associated with adventitial cellular elements.

Inserts on the bottom and on the right represent vertical projection of images performed

30

FIG. 6 shows confocal 3D reconstruction of hepatocytes with differing amount of

incorporated FNDP-(NV), according to one set of embodiments. Confocal image stacks

from 50µm sections stained with DAPI (blue) and phalloidin (green) with incorporated
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and dense FNDP-(NV) collections internalized in the cells. Left panel represents vehicle

5

FIGS. 7A-7D show plots related to internalization of different concentrations of

10 FNDP by HepG-2 cells and HUVEC exposed to various concentrations of FNDP-(NV).

Error bars for all panels represent SD from quadruplicated samples. (*) P<0.001

15

20 from fluorescence microscope analysis using 160x and 400x magnification after 2 or 20

25

division in the presence of FNDP-(NV), according to one set of embodiments. HUVEC

30 were treated with 0.05 mg/ml of FNDP-(NV) for 20 hours. Images of 400x or 640x

20
26

20
22

73
   

   
24

 M
ar

 2
02

6

W
O
 
2
0
2
0
/
2
5
7
4
6
6

P
C
T
/
U
S
2
0
2
0
/
0
3
8
4
5
2

5

2
0
2
6
2
0
2
2
7
3
 
2
4
 
M
a
r
 
2
0
2
6



WO 2020/257466 PCT/US2020/038452

- 6

FIGs. 10A-10B show the effect of passive adsorption of BSA on aggregation and

surface potential of FDP-NV functionalized with carboxyl groups and suspended in

water, culture medium and biological buffers where the particles were suspended in the

5 instrument (Malvern Inc.) for measurement Z-average, diameter size (FIG. 10A) and -

potential (FIG. 10B) and where error bars represent SD from three measurements of

and native FDP-NV, in particular dispersant, calculated using One Way ANOVA.,

according to one set of embodiments;

10

evaluation of direct cell number, where the graphic presentation of numbers of HepG-2

cells (FIG. 11A) and HUVEC (FIG. 11B) obtained after incubation or not with FDP-NV-

BSA, or vincristine and where error bars represent SD from 5 independent wells, and

15 treated group calculated using One Way ANOVA, and where representative images of

observation fields of HepG-2 cells (FIG. 11C) or HUVEC (FIG. 11D) applied for

determination of cell numbers using ImageJ software with images that were obtained

using fluorescence microscope (Olympus IX81) with application 10x objective and

DAPI (blue) and TRITC (red) filters (shown in different shades of grey) with white

20

to some embodiments;

FIGs. 12A-12B show the effect of FNDP-(NV) on HepG-2 (FIG. 12A) and

HUVEC (FIG. 12B) Redox state tested in MTT assay where error bars represent one SD

from three independent experiments with One-way ANOVA calculated between control

25 and compound treated group, (*) P<0.01 and (**) P<0.001, according to some

embodiments;

FIGs. 13A-13B shows the effect of FNDP-(NV) on HepG-2 (FIG. 13A) and

HUVEC (FIG. 13B) esterase activity monitored calcein AM assay where the graphic

30

representing SD from three independent experiments and where One-way ANOVA was

calculated between control and compound treated group, (*) P<0.01 and (**) P<0.001,

according to some embodiments;
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medium containing 0.1% FBS and error bars representing SD from three independent

5

FIG. 14B shows the effect of FNDP-(NV) on migration of HUVEC stimulated by

10 TRITC (red) filters shown in different shades of grey, according to one set of

15B) stimulated with 2% FBS by 10 and 20 minutes and total MAPK Erk1/2 re-probed

15

20 treated or non-treated cells with FDP-NV-BSA 0. 1mg/ml by 'One-way ANOVA',

25

FIGS. 16C-16D shows the identification of phospho- and total-MAPK Erk 1/2 in

30 cytoplasm and nuclei of HepG-2 cells and HUVEC in the presence and absence of FDP-
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goat anti-rabbit tagged with FITC. slides analyzed under fluorescence microscope

(Olympus IX81) using 400x magnification with oil objective and FITC (green) and

TRITC (red) filters with overlapped areas of green and red in yellow shown with various

5 treated cells if compare with non-treated cells and blue arrows indicate nuclei of cell

non-treated with TPA with red arrows indicating nuclei of cell treated with TPA,

FIG. 17A shows the effect of FDP-NV on induction of apoptosis and ER stress in

HepG-2 cells and HUVEC with a Western blot analysis of cleavage of caspase 3 in the

10

used as positive control for apoptosis. Localization of molecular weight markers is

indicated by arrows on the left side of images, according to some embodiments; and

FIG. 17B shows the effect of FDP-NV on induction of apoptosis and ER stress in

15 ER in the presence or absence of FDP-NV (0.1 mg/ml) in HepG-2 cells and HUVEC.

Tunicamycin was used as positive control for ER-stress, according to some

embodiments.

DETAILED DESCRIPTION

20

pharmaceutical compositions, are generally provided. In some embodiments, the articles

and methods comprising diamond particles may be useful for monitoring and/or treating

a disease (e.g., in a subject). In some embodiments, an article may be configured to

administer a plurality of diamond particles (e.g., fluorescent (nano)diamond particles)

25 that can be used to deliver a therapeutic agent bound to the (nano)diamond particles. For

example, the plurality of (nano)diamond particles may be administered to a subject such

that at least a portion of the plurality of (nano)diamond particles reside at a location

internal to the subject (e.g., within an organ such as the liver). In some embodiments, the

30

intravenous injection) to a subject. In some such embodiments, an image of the location

suspected of containing the plurality of (nano)diamond particles may be obtained, and,

after a diagnostically relevant period of time, a second image of the same location
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particles). In some embodiments, a comparison of the first image and the second image

5

without the plurality of (nano)diamond particles may, in some cases, indicate malignant

10 second image are obtained under similar (e.g., identical) conditions (e.g., same

cow, a horse, a pig, a sheep, a goat, a dog, a cat or a rodent such as a mouse, a rat, a

15

demonstrate health benefits, e.g., upon administration of the (nano)diamond particles.

In some embodiments, (nano)diamond particles described herein may be

20 configured for prolonged residence time within one or more organs (e.g., the liver) of a

25

Because (nano)diamond particles may be configured to have a relatively

30 prolonged residence internal to a location internal to the subject (e.g., an organ),

20
26

20
22

73
   

   
24

 M
ar

 2
02

6

W
O
 
2
0
2
0
/
2
5
7
4
6
6

P
C
T
/
U
S
2
0
2
0
/
0
3
8
4
5
2

9

2
0
2
6
2
0
2
2
7
3
 
2
4
 
M
a
r
 
2
0
2
6



wo 2020/257466 PCT/US2020/038452

- 10 -

an organ of a subject. In some embodiments, the (nano)diamond particles are configured

for residence (e.g., have a size and/or shape that facilitates residence). In some

embodiments, the (nano)diamond particles are configured for residence in an organ for

5 days, greater than or equal to 7 days, greater than or equal to 10 days, greater than or

equal to 2 weeks, greater than or equal to 4 weeks, greater than or equal to 6 weeks,

equal to 52 weeks. In some embodiments, the (nano)diamond particles are configured

for residence in an organ of a subject for less than or equal to 100 weeks, less than or

10

than or equal to 6 weeks, less than or equal to 4 weeks, less than or equal to 2 weeks, less

than or equal to 10 days, less than or equal to 7 days, less than or equal to 5 days, or less

than or equal to 3 days. Combinations of the above-referenced ranges are also possible

15 weeks, greater than 6 weeks and less than 52 weeks). Other ranges are also possible. In

some embodiments, the (nano)diamond particles may be configured to reside in the

organ of the subject for the lifespan of the subject. Advantageously, the (nano)diamond

20

internal to a subject. In some embodiments, the (nano)diamond particles may further

organize or aggregate within a subject or within an organ internal to a subject. In some

embodiments, (nano)diamond particles may form aggregates e.g., within an organ such

as the liver. In some embodiments, diamond nanoparticles (e.g., (nano)diamond

25 particles) may form aggregates within, e.g., the pancreas and/or pancreatic cells. In some

cases, these aggregates advantageously may help to monitor the progression of a

condition or disease within a subject and/or provide long term delivery of a therapeutic

agent.

30

implanted) and/or injected (e.g., into the systemic circulation, intraocular, into the spinal

system cord or fluids, e.g., via syringe). In certain embodiments, the plurality of
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injection such as intravenous injection. For example, an injection component associated

5

syringe. The needle may be of any size or gauge appropriate for administering a

10 embodiments, the injection component is a pipette. Those skilled in the art will be aware

plurality of (nano)diamond particles suspended within the intravenous carrier fluid.

15

In some embodiments, (nano)diamond particles (e.g., the plurality of

(nano)diamond particles comprising a therapeutic agent bound to the (nano)diamond

20 particles) may be administered to a subject (e.g., for the detection of an analyte (e.g., a

25

via functionalization of the (nano)diamond particle. For example, in some embodiments,

30 a (nano)diamond particle is associated with a species via formation of a bond, such as an

silicon, sulfur-sulfur, phosphorus-nitrogen, carbon-nitrogen, metal-oxygen, or other
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covalent bond. The hydrogen bond may be, for example, between hydroxyl, amine,

carboxyl, thiol, and/or similar functional groups. For example, the species may further

include a functional group, such as a thiol, aldehyde, ester, carboxylic acid, hydroxyl,

5 In some embodiments, a function group is bound to the (nano)diamond particles (e.g.,

capable of binding to the therapeutic agent). In some cases, the species may be an

particle and the species comprises an electrostatic interaction.

In some embodiments, a species (e.g. a therapeutic agent) is associated with a

10

functional group by reacting the functionalized (nano)diamond particle and the species in

the presence of a cross-linking agent. Non-limiting examples of suitable cross-linking

agents include carbodiimides such as l-ethyl-3-[3-dimethylaminopropyl]carbodimide

15 imidoester, and hydromethylphosphine; sulfhydryl-reactive compounds such as

maleimide, pyridyl disulfides, and iodoacetyl; aldehyde-reactive compounds such as

hydrazide and alkoxyamine; and photoreactive cross-linking agents such as aryl azides

20

Examples of suitable (nano)diamond particles are described in more detail in co-

owned International Patent Application No. PCT/US2017/050257, filed September 6,

2017, entitled "(NANO)DIAMOND PARTICLES AND RELATED DEVICES AND

METHODS" which is incorporated herein by reference in its entirety for all purposes.

25 As described above and herein, in some embodiments, (nano)diamond particles

may be used for imaging. For example, in some embodiments, the (nano)diamond

particles may emit (i.e. fluorescence) a characteristic emission which may be detected by

a detector. In some embodiments, a detector may be positioned proximate a region of a

30

administered to a subject, and the detector may be positioned proximate the subject such

that any (nano)diamond particles may be detected (e.g., via an emission of the
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microscopes, MRI, CT scanners, x-ray detectors).

5

(nano)diamond particles comprise diamond, other phases or allotropes of carbon may be

10 than one form of carbon may comprise a (nano)diamond particle.

largest cross-sectional dimension of less than 1000 nm), those of ordinary skill in the art

15

have an average largest cross-sectional dimension of less than 2 µm (e.g., less than or

equal to 1800 nm, less than or equal to 1600 nm, less than or equal to 1400 nm, less than

20 or equal to 1200 nm, less than or equal to 1000 nm, less than or equal to 900 nm less

than or equal to 160 nm, less than or equal to 140 nm, less than or equal to 120 nm, less

25

greater than or equal to 120 nm, greater than or equal to 140 nm, greater than or equal to

30 160 nm, greater than or equal to 180 nm, greater than or equal to 200 nm, greater than or

1000 nm, greater than or equal to 1200 nm, greater than or equal to 1400 nm, greater
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than or equal to 1600 nm, or greater than or equal to 1800 nm. Combinations of the

above-referenced ranges are also possible (e.g., less than 2 µm and greater than or equal

to 10 nm, less than or equal to 1400 nm and greater than or equal to 1000 nm). Other

5 suitable methods for determining the average cross-sectional dimension of a plurality of

diamond based upon the teachings of this specification. In an exemplary set of

dimension of less than or equal to 900 nm and greater than or equal to 700 nm. In some

embodiments, diamond particles may form aggregate structures with other diamond

10

some embodiments, may have a largest cross-sectional dimension greater than or equal

to 1 um (e.g. greater than or equal to 1 µm, greater than or equal to 5 µm, greater than or

equal to 10 µm, greater than or equal to 20 µm, greater than or equal to 30 µm, greater

15 greater than or equal to 70 µm, greater than or equal to 80 µm, greater than or equal to 90

µm) and less than or equal to 100 µm (e.g. less than or equal to 100 µm, less than or

equal to 90 µm, less than or equal to 80 µm, less than or equal to 70 µm, less than or

20

are also possible (e.g., greater than or equal to 1 micron and less than or equal to 50

microns, greater than or equal to 1 micron and less than or equal to 100 microns). Other

In some embodiments, (nano)diamond particles may form relatively large

25 aggregate structures with other (nano)diamond particles (e.g., at a location internal to the

subject). For example, in some embodiments, the aggregate of (nano)diamond particles

has a largest cross-sectional dimension of greater than or equal to 100 microns, greater

than or equal to 200 microns, greater than or equal to 500 microns, greater than or equal

30

of (nano)diamond particles has a largest cross-sectional dimension of less than or equal

to 10000 microns, less than or equal to 7500 microns, less than or equal to 5000 microns,
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10000 microns, greater than or equal to 500 microns and less than or equal to 5000

5

In some embodiments, the (nano)diamond particles may emit electromagnetic

10 than or equal to 300 nm, greater than or equal to 350 nm, greater than or equal to 400

than or equal to 650 nm, less than or equal to 600 nm, less than or equal to 550 nm, less

15

equal to 700 nm). Other ranges are also possible.

In certain embodiments, the emission is a near infrared emission. In some

20 embodiments, the wavelength of the emission is greater than 700 nm, greater than or

embodiments, the wavelength of the emission is less than or equal to 1000 nm, less than

25

emission (e.g., greater than or equal to 650 nm and less than or equal to 750 nm) and an

30 average largest cross-sectional dimension of about 700-900 nm. Other combinations of

near infrared emission upon excitation by electromagnetic radiation having a particular
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wavelength. For example, in some embodiments, the (nano)diamond particle may be

exposed to electromagnetic radiation having a wavelength of greater than or equal to 250

nm, greater than or equal to 300 nm, greater than or equal to 350 nm, greater than or

5 greater than or equal to 550 nm, greater than or equal to 600 nm, greater than or equal to

650 nm, greater than or equal to 700 nm, greater than or equal to 750 nm, greater than or

greater than or equal to 950 nm (e.g., such that the (nano)diamond particle emits a

fluorescent emission and/or near infrared emission in one of the above-referenced

10

electromagnetic radiation having a wavelength of less than or equal to 1000 nm, less than

or equal to 950 nm, less than or equal to 900 nm, less than or equal to 850 nm, less than

or equal to 800 nm, or less than or equal to 750 nm, less than or equal to 700 nm, less

15 than or equal to 500 nm, less than or equal to 450 nm, less than or equal to 400 nm, less

than or equal to 350 nm, or less than or equal to 300 nm. Combinations of the above-

referenced ranges are also possible (e.g., greater than or equal to 250 nm and less than or

20

particles described herein may be auto-fluorescent (e.g., the (nano)diamond particles

emit fluorescent light e.g., after absorption of electromagnetic radiation). In some cases,

point defect such as a nitrogen-vacancy (NV) center, a point defect such as a nitrogen-

25 vacancy-nitrogen (NVN) defect, combinations thereof) which result in near-infrared

fluorescence and/or photoluminescence that may be detected and/or quantified. Other

defects are also possible (e.g., Gadolinium, Europium, iron, Si-vacancy defects). In

certain embodiments, the (nano)diamond particles fluoresce in response to an applied

30

(e.g., by applying electromagnetic radiation having a first wavelength) such that the

(nano)diamond particle emits a detectable emission (e.g., an electromagnetic radiation
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quantified. In some cases, detection of an emission of (nano)diamond particles in a

5

amount of analyte present in the subject).

10 one or a combination of therapeutic, diagnostic, and/or enhancement agents, such as

also possible.

15

immunogenic, and/or physiologic effect by local and/or systemic action. For example,

useful or potentially useful within the context of certain embodiments are compounds or

20 chemicals traditionally regarded as drugs, vaccines, and biopharmaceuticals, Certain

including, but not limited to medical or veterinary treatment, prevention, diagnosis,

25

glycosides like digoxin, alpha blockers like tamsulosin, cholesterol absorption inhibitors

30 like ezetimibe, metabolites like colchicine, antihistamines like loratadine and cetirizine,

ciprofloxacin, and azithromycin, anti-malarial agents, and synthroid/levothyroxine);
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substance abuse treatment (e.g., methadone and varenicline); family planning (e.g.,

hormonal contraception); performance enhancement (e.g., stimulants like caffeine); and

nutrition and supplements (e.g., protein, folic acid, calcium, iodine, iron, zinc, thiamine,

5 In certain embodiments, the therapeutic agent is one or more specific therapeutic

agents. As used herein, the term "therapeutic agent" or also referred to as a "drug" refers

recognized condition, or for prophylactic purposes, and has a clinically significant effect

on the body of the subject to ameliorate, treat and/or prevent the disease, disorder, or

10

in the United States Pharmacopeia (USP), Goodman and Gilman's The Pharmacological

Basis of Therapeutics, 10th Ed., McGraw Hill, 2001; Katzung, B. (ed.) Basic and

Clinical Pharmacology, McGraw-Hill/Appleton & Lange; 8th edition (September 21,

15 Diagnosis and Therapy, 17th ed. (1999), or the 18th ed (2006) following its publication,

Mark H. Beers and Robert Berkow (eds.), Merck Publishing Group, or, in the case of

animals, The Merck Veterinary Manual, 9th ed., Kahn, C.A. (ed.), Merck Publishing

20

under 21 C.F.R. § §§ 330.5, 331 through 361, and 440 through 460, incorporated herein by

reference; drugs for veterinary use are listed by the FDA under 21 C.F.R. §§ § § 500 through

small molecule. Exemplary classes of therapeutic agents include, but are not limited to,

25 analgesics, anti-analgesics, anti-inflammatory drugs, antipyretics, antidepressants, anti-

epileptics, antipsychotic agents, neuroprotective agents, anti-proliferatives, such as anti-

cancer agents, antihistamines, antimigraine drugs, hormones, prostaglandins,

antimicrobials (including antibiotics, antifungals, antivirals, anti-parasitics),

30

anesthetics, anti-coagulants, inhibitors of an enzyme, steroidal agents, steroidal or non-

steroidal anti-inflammatory agents, corticosteroids, dopaminergics, electrolytes, gastro-
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In some embodiments, the therapeutic agent is one or more anticancer drugs (e.g.,

5

alkylating agents (e.g., Cyclophosph, Busulfan, cisplatin), antimetabolic compounds

10 proteaome inhibitors (e.g., Gefitinib), hormones (e.g., steroids), biological adjuvants

In another embodiment, the therapeutic agent is an immunosuppressive agent.

15

as cyclosporine, tacrolimus, and sirolimus) and other drugs (such as interferons, opioids,

TNF binding proteins, mycophenolate, and other small molecules such as fingolimod).

20 In certain embodiments, the therapeutic agent is a hormone or derivative thereof.

glycoprotein hormones (e.g., luteinzing hormone, follicle-stimulating hormone, thyroid-

25

about 500 Daltons, less or than about 400 Daltons. In some cases, the therapeutic agent

30 is a small molecule drug having molecular weight between 200 Daltons and 400 Daltons,

of active pharmaceutical agents such as nucleic acids, peptides, bacteriophage, DNA,

20
26

20
22

73
   

   
24

 M
ar

 2
02

6

W
O
 
2
0
2
0
/
2
5
7
4
6
6

P
C
T
/
U
S
2
0
2
0
/
0
3
8
4
5
2

2
0
2
6
2
0
2
2
7
3
 
2
4
 
M
a
r
 
2
0
2
6

2
0



WO 2020/257466 PCT/US2020/038452

- 20 -

mRNA, aptamers, human growth hormone, monoclonal antibodies, adalimumab,

epinephrine, GLP-1 Receptor agonists, semaglutide, liraglutide, dulaglitide, exenatide,

factor VIII, small molecule drugs, progestin, vaccines, subunit vaccines, recombinant

5 vaccine, shingles vaccine, prevnar pneumonia vaccine, mmr vaccine, tetanus vaccine,

hepatitis vaccine, HIV vaccine Ad4-env Clade C, HIV vaccine Ad4-mGag, DNA

rituximab, bevacizumab, any molecule encapsulated in a nanoparticle, epinephrine,

lysozyme, glucose-6-phosphate dehydrogenase, other enzymes, certolizumab pegol,

10

omalizumab, tnf-alpha inhibitors, interleukin inhibitors, vedolizumab, octreotide,

teriperatide, CRISPR cas9, oligonucleotides, and ondansetron.

While much of the description herein is in the context of (fluorescent)

15 the teachings of this specification, that other particles are also possible. For example, in

some embodiments, the device may comprise a particle such as a nanoparticle (e.g., a

silica nanoparticle, a sapphire nanoparticle, a garnet nanoparticle, a ruby nanoparticle, a

20

cases, the particle may be functionalized with (e.g., associated with) a fluorescent

molecule.

to a subject gain access to the liver cells (e.g., hepatocytes, kupfer cells), as well as other

25 cells (e.g., endothelium) where the deposition of (nano)diamond particles in the liver is

substantially immediate (upon (nano)diamond particles injections). In some such

embodiments, the presence of the (nano)diamond particles in the liver is prolonged e.g.,

a single injections could provide a sustained presence of particles at least over 12 weeks.

30

(nano)diamond particles and/or an associated species (e.g., a chemical and/or organic

additive functionalized on the (nano)diamond particle) may, in some cases, find
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the (nano)diamond particles (e.g., bound to therapeutic agents) may advantageously

5

in the liver, may advantageously contribute to betterment of liver function (a severe

10 EXAMPLES

EXAMPLE 1

15

To optimize NIR signal captured from within the body in a location such as the carotid

artery (in humans, 15-20mm from skin surface), large nanodiamond particles were

20 selected: FNDP-(NV)-Z-average~800nm (fluorescent nanodiamond particles having a

particles of the same strain as well as over the NVN "color center" strain. The particles

25

Administration of particles of the size chosen (Z-average~800nm) directly into

30 the systemic circulation may result in prolonged, if not indefinite, particles residency
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other similarly sized particles in cells (in culture) suggested interference with biological

functions and viability.

The examples herein, designed to explore FDNP-(NV) distribution in rat organs

5 the liver with secondary deposition to the spleen while other organs shared only a minor

fraction. Interestingly, the large deposit of FDNP-(NV) in the liver 5 days after exposure

The present investigation on the intra-hepatic topological distribution of FNDP-

(NV) was generally carried out by conventional fluorescent microscopy (FM) and

10 confocal fluorescent microscopy (CFM) of liver slices (5-50µm). Furthermore, an in

vitro investigation on the kinetics of FNDP-(NV) uptake into cells, such as human

hepatic carcinoma cells (HepG2) and human umbilical vein endothelial cells (HUVEC)

commonly used as proxies for hepatocytes and vascular endothelium, respectively, was

performed. The in-vitro results demonstrated the capacity of liver cells to incorporate

15 FDNP-(NV) as well the subcellular distribution of engulfed particles.

Material and Methods

20

properties of the FNDP-(NV) were determined by dynamic light scattering on a Zetasizer

Nano (Malvern) as having an average diameter of 858±47 nm and Z-potential of -56 mV,

studies.

25 Liver specimens were obtained as follows: Briefly, Sprague-Dawley rats were

injected into the femoral vein at 60mg/Kg of FNDP-(NV) suspension in 2mL PBS over

2-3 minutes. After 12 weeks, the animals were sacrificed by exsanguination while under

deep (5% isoflurane) anesthesia, perfused with 10mL sterile saline to minimize residual

30

10% neutral buffered formaldehyde (10% NBF). Liver specimens were then processed

and embedded in paraffin for sectioning into 5 or 50µm slices for analysis by,

fluorescence microscopy (FM) or confocal fluorescent microscopy (SCM), respectively.
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trichrome by independent histopathology evaluation.

5

consecutive rinses (5 min each) with xylene followed by two consecutive rinses (10 min

10

15

stained microfilaments, the red fluorescent filter to was used detect FNDP-(NV) and the

blue fluorescent filters to detect DAPI stained cell nuclei.

Total panoramic views of sagittal sections of the liver were constructed by

'stitching' 4x images using an FSX100 microscope. 50µm sections were stained with

20 FITC-phalloidin for visualization of actin filaments imaged in the green channel, and

In order to improve visualization of FNDP-(NV), which were only a few pixels in size at

25

size distribution by number histogram was constructed to demonstrate the distribution of

30 FNDP-(NV) agglomeration sizes detected within the micrographs, where line height
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reduce this bias, a second histogram of the size distribution by cross-section area was

also constructed where line height correlates with portion of total NIR fluorescing area.

Confocal images of liver slices (10-50µm) were taken using an FV1000 scanning

5 oil immersion objective. For 3D reconstruction, confocal stacks were taken with an

image every 0.5µm through the thickness of the tissue. Nuclei were visualized by DAPI

visualized by FITC-phalloidin with a 488nm excitation and 400-500nm emission. The

NIR fluorescence emitted from FNDP-(NV) was visualized with an excitation of 543nm

10 and an emission of 655-755nm. 2D maximum intensity projection and cross-sectional

views were prepared in Fluoview. Three dimensional views were reconstructed in

ImageJ via the Volume Viewer plugin.

The HepG-2 (human liver hepatocellular carcinoma) cell line was purchased from

15 American Type Culture Collection (ATTC) (Manassas, VA, USA) and cultured in

20

modifications, as illustrated in FIG. 1. Briefly, cells were seeded into 2 96-well plates (2

X 10 cells per well), and allowed to grow to 90% confluence. Media was removed from

added to fix the cells. The control plate was then incubated for 20 min at room

25 temperature and washed 3 times with cell culture media. Subsequently, media was

removed from each well in both plates (fixed control and live sample), replaced with

100µL of media containing FNDP-(NV) at 0.025, 0.05, and 1mg/mL as indicated, and

allowed to incubate for 0.5-20hr. Both plates were washed 3 times with Hanks' balanced

30

0.5% Triton X-100 and overnight incubation at room temperature on orbital shaker.

Plates were read using spectrophotometer (Infinite M200 Pro, Tecan AG, Männedorf,

Switzerland) for FNDP-(NV) associated NIR signal (excitation 570nm, emission
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confluence. Cell were treated with FNDP-(NV) at 0.05mg/mL, and incubated for 2 or 20

5

were removed from the slide, and mounting was completed using buffer containing

10

SPSS; Systat Software Inc., San Jose CA, USA). Statistical significance was established

15

Results

Fluorescence microscopic (FM) and panoramic analysis of preserved liver slices.

FIGS. 2A illustrates the distribution of FNDP-(NV) within a 5µm slice of liver

tissue imaged at 160x and 400x magnifications. Two representative regions have been

20 selected; one (FIG. 2A) where vascular elements are present, second (FIG. 2B) an area of

vehicle (PBS) control animal. FNDP-(NV) (imaged in red, shown in a shade of grey) can

25

panels (FIGS. 2A and 2B). In FIG. 2A, red fluorescence of very small aggregates can be

30 spotted in proximity of nuclei that possibly represent portal vein (PV) endothelium but
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FIGS. 3A-3H presents an analysis at multiple magnifications of a complete

sagittal section from 2 different FNDP-(NV) treated rats. Due to the very low effective

magnification of the 'stitched' image, the red channel, sensitive to the NIR fluorescence

5 methods. This allows qualitative visualization of even single pixel FNDP-(NV). FIGS.

3A and 3B depict particles scattered across the complete "panoramic landscape" yet with

ease of visualization, a select number of hepatic lobules are indicated by "hexagons".

Particles can also be easily spotted in the venous system (yellow boxes). A magnified

10 view, suitable for visualization without enhancement, of a set of four hepatic lobules

(region indicated by blue dotted rectangle in FIG. 3B) is presented in FIG. 3C, which

illustrates apparent heterogeneity of particle distribution within the hepatic lobule. A

FIG. 3D. To enhance visualization, a higher magnification of one representative lobule

15 from each animal (as indicated by yellow hexagon in FIG. 3A and B) is presented in

20

large aggregation of particles (white arrow) that are attached to the wall but protrudes

significantly into the vessel lumen (visualized by the yellow-red transition) accounting

3I provides a scheme of the general orientation of the structure of the hepatic lobule

25 including the primary metabolic zones.

The size of FNDP-NV positive regions in the liver "panoramic" view is highly

variable as indicated above. To quantify this distribution, a histogram of FNDP-NV

positive regions is presented in FIG. 4. The distribution of the regions by number in FIG.

30

(FIG. 3G and H) would represent a disproportionate mass of total particles detected in

the liver section. To represent the percent of total particle mass, the distribution of the

total FNDP-(NV) positive area is presented in FIG. 4B. By area, the modal diameter of
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animal.

5

FIGS. 5A-5D presents four different topographical segments studied by CFM on

10

internal milieu of the parenchyma cells (stained green), though some yellow, indicating

15

arterial, portal vein and likely a bile duct. In FIGS. 5C and 5D several small particle

agglomerates (white circles) are located in the sub-endothelial zone of the vessel intima

while some agglomerates residing inside parenchymal cell (yellow circles) are also

noted.

20 FIG. 6 illustrates confocal 3D reconstruction of hepatocytes with differing

appear to have been amassed very large particles agglomerates. The left panel represents

25

2 cells under various concentration and time course conditions. FIGS. 7A-7C represents

30 the time course at three different exposure levels of FNDP-(NV). Each of the exposed
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(NV) monitored by NIR fluorescence for each of the cell lines at the three concentration

of FNDP-(NV). The difference in total accumulated FNDP-(NV) is statistically

significant between exposure levels, but is similar between cell lines.

FIG. 8A and 8B are FM micrographs of FNDP-(NV) accumulation at an early

5 and late stage of the in vitro experiment. The early phases (up to 2 hour) demonstrate

particles largely in the cytoplasm while the terminal time point (20 hours) reveals heavy

in the preserved liver slices (12 weeks post exposure), as seen in FIG. 6C.

The images of HUVEC in the early mitosis through the end of cytokinesis are

10 presented in FIG. 9A for cells treated with FNDP-(NV) for 20 hours, and in FIG. 9B for

untreated, control cells. All treated cells display heavy peri-nuclear FNDP-(NV)

accumulation, including in late stage cytokinesis and cell separation. Similar observation

15 Discussion

20

not reveal any FNDP-(NV) related gross or histopathology adverse effects. The lack of

adverse effects related to FNDP-(NV) is in accord with reported normal liver function

As described above, the persistence of large numbers of FNDP-(NV) particles in

25 the liver would generally raise concerns about potential negative impacts, especially in

the context of long-term residency, possibly indefinite presence. Such prospect might

raise regulatory hurdles and potentially impact the GLP (Good Laboratory Practice) pre-

clinical development for human use. While the aforementioned certified pathology report

30

distribution in the various liver cells, including intra-cellular location in hepatocytes. 2.

Localization of FNDP-(NV) in the microvascular system of the hepatic lobule. 3.

Explore the kinetics of FNDP-(NV) particle uptake into cultured liver cells and their
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5

intracellular uptake and compartmentalization of FNDP-(NV) in liver cells in vivo and in

10

The distribution of FNDP-(NV) across the complete "panoramic" display (FIGS.

3A-3B) revealed a repetitive pattern prevalent in the hepatic "hexagonal" lobules at large

15

the hepatic lobule, surrounding the 'portal triads' (PT), yet rather scarce in regions more

proximal in the vincinity of the CV. While the mechanism(s) for such distribution are

currently not clear, it is hypothesized that this kind of spatial distribution of FNDP-(NV)

across the hepatic lobule could be the result of several converging factors.

20 First, FNDP-(NV) delivery via the PVs often presented aggregated particles at

without wishing to be bound by theory, prone to mechanical capture at the more

25

recycle into the systemic circulation. The presence of small particles at the entry port of

30 the sinusoid into the central vein (CV) supports this possibility (see FIGS. 3D and 3G).
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rapidly scavenge particles with preferential kinetics for the larger over smaller particles,

which in the case of the FNDP-(NV) will augment their deposition more proximal to the

PV over the CV zone, as demonstrated by the data.

Third, the terminal zone of the sinusoid/venule is generally more 'spacious' than

5 the port of exit of the sinusoid from the PV. Such anatomy could support hemodynamic

conditions, which facilitate clearance of particles into the CV, and further down into the

the CV.

Fourth, the venous microcirculatory system is a critical element in securing the

10 hepatic lobule's most delicate biochemical functions. The data described herein clearly

indicate the presence of large particle aggregates in the PV and possibly CV along with

enhanced presence in the outer circumference of the hepatic lobules (peri PT), and scant

15 hemodynamic disturbances (e.g., turbulence flow) and congestions that obstructs the

20

to stasis), or ischemic consequences at a microscopic level.

Nevertheless, the topographical inhomogeneity of FNDP-(NV) distribution could

location localization and micro-hemodyanmics factors not yet matured (at the time of the

25 study termination) to manifest aberrant consequences on the anatomy and physiology of

the hepatic unit at large. The peripheral zone of the hepatic lobules, where larger

aggregates of particles were most prevalent (see zone 1 in FIG. 3H), is the locale for

many important and critical biochemical and cell survival functions in the liver (e.g.,

30

Support for the likely preservation of liver morphology at the micro-environment

is presented in FIGS. 6A and 6B. The topological survey across the panoramic field of

the whole liver surface suggests that percent of particles and the area that they occupy
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5

the presence of particles. The two different cell types, used as surrogate for the respective

10

In this work, the interactions of FNDP-(NV)-Z-800 nm with liver cells in vitro

and in vivo were studied. These studies addressed the scale and extent of FNDP-(NV)

15

parenchymal and non-parenchymal cells, as well as in the micro-circulation. In vivo data

were complemented by studies conducted in vitro (HUVEC, HepG-2 cells), where direct

kinetic studies of particle uptake and assembly in these surrogate liver cells supported the

results obtained from whole animal exposure study. Taken together, the data described

20 above strongly suggests liver bio-compatibility of the FNDP-(NV), as no aberrant

such, FNDP-(NV) could potentially be well tolerated by humans exposed FNDP-(NV)

25

(HepG-2) exposed to FDP-NV~800 in vitro at exposure levels within the

30 pharmacokinetics (Cmax and the nadir) reported in vivo.
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pharmaceutical technology above and beyond synthetic organic molecules and

engineered biologicals. Nanomedicine builds on diverse materials co-junctional to

additives that aim to direct biologically active nanoparticles to specific cells, organs, or

pathological processes.

5 Of major contemporary interest are particles engineered to emit near infrared

(NIR) light in response to an electromagnetic stimulus (excitation light) that generates

organic fluorescent additives. The ability to emit in the NIR opens the possibility for

imaging of bodily structures per se or as adjunct to state-of-the art imaging technologies

10 (e.g., MRI/magnetic resonance imaging, ultrasound) along with targeted delivery of

therapeutic agents.

Of particular interest are diamond particles, such as nanodiamond particles or

15 (NIR) emission in the peak range of 720-740 nm. The NIR light emission of such

20 nucleic acids.

It has been discovered within the context of this disclosure a bioengineered

fluorescent diamond particles-NV-Z~800nm (FDP-NV) conjugated with snake venom

NV~800nm/Bit binds specifically to the platelet fibrinogen receptor Ibß3 integrin.

25 Subsequently, in vivo studies have demonstrated the binding of FDP-NV-Bit to acutely

generated (iatrogenic) blood clots in rat carotid arteries. Taken together, FDP-

NV~800nm/Bit demonstrated targeted homing in vivo and hence showed the potential to

serve as a diagnostic tool for high-risk vascular blood clots.

30

(FDP-NV) blocked by BSA was infused to intact rats to establish the pharmacokinetic

profile, organ distribution and to assess a comprehensive panel of hematologic,

metabolic and biochemical safety biomarkers. In these studies, it was found that within
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5

In the present example, the search for possible direct FDP-NV-800 nm related

10

the maximal blood levels and its nadir at 90 minutes post-exposure. Considering that

acute biocompatibility studies with FDP-NV-800 nm have yet to be reported in the

15

the acute biocompatibility of FDP-NV in support of the intended clinical development in

humans.

The data overall support reasonable biocompatibility of FDP-NV-800nm with

respect to short term proliferation at Cmax exposure in cultured HUVEC. HepG-2 have

20

Diverse cellular and biochemical functions were monitored, which in summation

25

signaling was assessed by detection of the phosphorylated from of the protein (P-Erk

30 1/2) and its translocation into the cell nucleus.

Results
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Exposure of HUVEC cells to 100 µg/mL FDP-NV (Cmax) suggested potential

adverse effects on cell proliferation, cytosolic esterase activity, and oxidative functions.

Cell signaling (MAPK Erk1/2) and ER-stress biomarkers remained intact as did the

activation of the pro-apoptotic pathway (caspase 3 activation). With a similar exposure

5 and time frame, no aberrant tests have been observed in HepG-2 cells, which

demonstrated resilience in some studies at some levels of exposure.

Material and Methods

Preparation of nanoparticles

10 Carboxyl-functionalized FDP-NV~800nm (FDP-NV) were purchased from

ADAMAS Nanotechnologies (Raleigh, NC, USA). FDP-NV were sanitized by

suspension in 70% ethanol for 15 min at room temperature (RT) followed by

15 with PBS (phosphate buffered saline, pH=7.4, ThermoFisher Sci., Waltham, MA, USA),

20 Particles blocked with BSA (FDP-NV-BSA) or 'naïve' (FDP-NV-COOH, pre-

BSA blocking), were suspended in deionized (DI) water, PBS, or culture media

according to the various protocols used in the cell experiments (vide infra). HepG-2

Essential Medium (EMEM, ThermoFisher Sci.), supplemented with 10% fetal bovine

25 serum (FBS) (ThermoFisher Sci.) and penicillin/streptomycin (ThermoFisher Sci.),

HUVEC were cultured in EGM-2MV media (Lonza, Basel, Switzerland). Particles were

suspended in each culture media as dispersant at a density of 0.5 mg/mL and applied into

dual-purpose capillary cuvettes (1 mL total volume). Samples were tested in a Zetasizer

30

Cell counting was performed. The HepG-2 cell line was purchased from

were purchased from Lonza and used for experiments between the 5th-8th passages.
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5

(4',6-diamino-2-phenylindole, dihydrochloride, ThermoFisher Sci.). The plates were

10

digitally set-up cell counter.

Cells metabolic activity monitored by MTT assay.

15

Proliferation Assay Kit (ThermoFisher Sci.), composed of component A (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)) and component B (SDS

(sodium dodecyl sulfate)) according to manufacturer's protocol. Briefly, HepG-2 cells

and HUVEC were seeded in 96-well plates at a density of 1x 104 cells per well in media

20

component A. Plates were incubated for 4 hours and cells lysed by adding equal volumes

25

Sci.) in serum-free media and incubated for 30 min in 37 °C. Plates were read using a

30 florescence microplate reader FLx800 (BioTek) with 485 nm Excitation and 530

"Wound healing" (WH) in vitro assay
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HUVEC were seeded in 12-well plates and maintained for 1-2 days until 80-90%

confluency and treated or not with FDP-NV-BSA for 24 hrs. Confluent HUVEC cells

(monolayer) were subjected to a 'gentle scrape' across the plate using a plastic spatula

tip, resulting in a gap area (devoid of cells) of approx. 1 mm width. Cells treated with

5 FNDP-NV-BSA were stimulated for 24 hrs migration time by replacing the media to

those containing 2% FBS. Control cells (non-exposed to FNDP-NV-BSA) were divided

minimalized to 0.1% FBS (HUVEC are sensitive for complete removal of FBS and

detach from the surface). Cells were fixed with 4% PFA and stained with DAPI, as

10 described above. Imaging of scratches was performed in a fluorescence microscope

(Olympus IX81) at 20x magnification and DAPI (blue filter) for nuclei visualization and

TRITC (red filter) for FNBDP-NV visualization. Control plates included confluent cells

15 ImageJ software.

20 10, and 20 minutes. Cells were lysed in ice-cold RIPA (Radioimmunoprecipitation

assay) buffer (Teknova Inc., Hollister, CA, USA), containing a 'cocktail' of protease

inhibitors (Sigma Inc.) and the "Halt" phosphatase inhibitor cocktail (ThermoFisher

Protein lysate (20 µg) was applied on SDS-PAGE (sodium dodecyl sulfate,

25 polyacrylamide gel electrophoresis) using Mini-PROTEAN precast gradient (4-20%)

gels (Bio-Rad Inc., Hercules, CA, USA), and transferred into PVDF (Polyvinylidene

difluoride) membranes (Sigma Inc.) using a semi-dry blotting system (Bio-Rad Inc.).

The presence of phospho- and total-Erk1/2 (after membrane 'stripping') was detected

30

COR Biosci., Lincoln, NE, USA). The intensity of the bands was quantified using UN-

phosphor-Erk1/2 to total-Erk1/2.
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5

Cultured Cells (ThermoFisher Sci.) according to the protocol provided by the

10

and nucleus.

Immunostaining of cells cultured in 8-wells glass chamber slides was performed

15

the presence or absence of TPA (see above). A Polyclonal anti-phospho-Erk1/2 antibody

(Cell Sign. Techn.) was used in conjunction with a FITC-tagged goat anti-rabbit IgG

(Vector Labs Inc., Burlingame CA, USA). Slides were analyzed in a fluorescence

microscope (Olympus IX81) using 400x magnification with an oil objective and FITC

20

biomarkers

25

detection. Rabbit mAb (clone C50B12) against BiP and mouse mAb (clone L63F7)

30 against Chop (both from Cell Sign. Techn.) were used for the detection of ER-stress.

anti-actin mouse monoclonal antibody (Sigma Inc.).
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Results

Characteristic of physical properties of FDP-NV~800 nm suspended in various

media

The FDP-NV~800 nm was suspended in various dispersants known to modify

5 particle diameters (Z-average), and surface -potential. FIG. 10 presents the changes in

diameters (Z-average) of FDP-NV-COOH (native particles without passive absorption of

the cell cultures. A substantial and statistically significant increase in the Z-average was

observed when FDP-NV-COOH were suspended in PBS; The particle size increased

from 778 nm (DI water suspension) to 1488 nm (PBS), 1215 nm (HUVEC media), and

1403 nm (HepG-2 cell media), respectively. Passive absorption of BSA on the surface

of the particles (FDP-NV-BSA) neutralized the increases observed in the respective

DI water was -47.9 mV, which increased to -21.9 mV when the particles were immersed

-potential.

Effect of FDP-NV on HUVEC or HepG-2 cell proliferation

HepG-2 cell line was not impacted by the presence of FDP-NV-BSA (up to 0.1

contrast, HUVEC exposed to a high concentration of FDP-NV (0.1 mg/mL FDP-NV-

BSA) showed a statistically significant reduction in the cell number to approximately

60%. Impact following exposure of HUVEC was not observed to a lower concentration

(1/10th) of particles (FIG. 11). As expected, vincristine suppressed proliferation to 50%

and 80% of controls in HepG-2 and HUVEC, respectively. Representative images of

HUVEC (FIG. 11D). Similarly, but less conspicuously, HepG-2 cells also displayed an
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Effect of FDP-NV-BSA on the redox intensity in cultured HUVEC or HepG-2

cells.

5

12A). In contrast, HUVEC demonstrated a diminished oxidative capacity at exposure

10

The calcein AM assay provided information on non-specific esterase activities in

the cytosol. FIG. 13 shows no deviation of this test in HepG-2 cells (FIG. 13A), while

15 HUVEC (FIG. 13A) showed a ~ 30% reduction at a concentration of 0.1 mg/mL FDP-

NV and no interference at the nadir level of exposure (0.01 mg/mL).

Effect of FDP-NV-BSA on HUVEC migration stimulated by FBS in a "scratch"

injury model in vitro

The effects of FDP-NV-BSA on cell migration were investigated in an in vitro

20 model of 'wound healing' ("scratch assay", FIG. 14). This assay was applied only for

HUVEC since the pattern of growth of HepG-2 (forming clusters of colonies) was not

suitable for this test. Quantification of cell migration across an artificially generated cell-

free region (area of scratch) revealed no difference between control, untreated cells and

cells exposed to FDP-NV-BSA. HUVEC treated with 2% FBS migrated readily even

25 when exposed to a high concentration of the particles (0.1 mg/mL, FIG. 14A).

Interestingly, the fluorescence microscopic images revealed a visually similar particle

burden of internalized FDP-NV-BSA (overlapping blue and red colors, shown in

different shades of gray) in the active cells (migrating into the "scratch zone") and in

"stationary" cells located outside the scratch zone (FIG. 14B).

30 Effect of FDP-NV-BSA on the activation of MAPK Erk1/2 in HUVEC and HepG-

2 cells

FIG. 15 shows no significant difference in the FBS-induced activation of MAPK

Erk 1/2 between HUVEC and HepG-2 cells exposed or not to 0.1 mg/ µL FDP-NV-BSA
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at two time points (10- and 20-min) post stimulation. Interestingly, HepG-2 cells reached

the plateau of FBS stimulation in 10 min (FIG. 15A), whereas HUVEC reached maximal

Translocation of proteins from cytosol to nucleus is one of the paradigms that

5 may be affected by intense peri-nuclear accumulation of FNDP-NV. Therefore,

translocation of phospho-MAPK Erk 1/2 to nucleus was tested using an applied

phospho- and total-MAPK Erk1/2 in the cytoplasmic and nuclear fractions by WB

(FIGS. 16A-16B) and by fluorescence microscopy (FIGS. 16C-16D). HepG-2 cells (FIG.

10 16A) and HUVEC (FIG. 16B) showed no difference between FND-NV-BSA exposed

and control (no exposure) cells in the amount of phospho/total MAPK Erk1/2 in their

respective nuclei or cytoplasm. It should be noted that exposure to TPA potentiated the

15
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intravenously at a relatively high dose to intact rats, high biocompatibility was seen as

5

and lung were detected in all of these studies. Furthermore, the pharmacokinetics ranges

10

FDP-NV-800 nm in an acute in vitro setting to gain deeper insights into potential

biochemical consequences that could not be discerned by histological and histochemical

15 biomarkers in vivo. Such studies are justified since no record of public data can be

found, investigating the same FDP-NV size (~800 nm). Moreover, acute safety

biomarkers might not display in the subacute or chronic dosing studies due to

compensatory mechanism following exposure.

Adverse interactions of nanodiamond particles with cellular functions have

20 already been reported albeit using different particle sizes, shapes, and adjuvants. These

reports stress the importance of probing the effects of FDP-NV~800 nm on cellular

functions, especially of cells that will be exposed to the maximum blood levels (Cmax)

during infusion of the particles and shortly thereafter. Naturally, endothelial cells and

circulating blood cells are the prime targets for acute, high dose exposure and as are liver

25 cells, which serve as an instant repository of the FDP-NV-800nm. Indeed, pilot studies

with FDP-NV~800nm using HUVEC and HepG-2 cells revealed uptake of particles into

each of these cells' cytoplasm (over 1-2 hrs.) with ultimate peri-nuclear zone assembly to

form "coronation" over 20-24 h post-exposure. However, cytogenesis and cell division

of these target cells were preserved, suggesting that cell cycle and trafficking in and out

30 of the nucleus remained intact.

The present studies extend observations to probe additional key cellular functions

and biochemical processes, including cell proliferation, migration, and signal

transduction ER-stress, and apoptosis that are cardinal for cell integrity. The present
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studies followed pharmacokinetic data obtained after high dose (60mg/Kg) infusion in

the in vivo (rat) experiments. In the studies described in this manuscript, cultured cells

ug/mL, 90 minutes post infusion) over 24 hrs.

5 A well-known issue concerning size changes of FDP-NV-COOH upon

suspension in solutions containing electrolytes, proteins and various organic additives

COOH in DI water (the native product provided by the manufacturer) revealed close

similarity with the manufacturer's information (778 nm for Z-average) and -48mV for 5-

potential. The marked shifts in Z-average generated by dispersing the particles in PBS or

culture medium were abrogated in the presence of 3% BSA, yet had only a mild (or

negligible) impact on -potential shifts (FIGS. 10A-10B). The possible impact of
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strong agonist TPA. Likewise, FDP-NV did not activate central pathway of apoptosis

5

HUVEC to fully migrate (see FIG. 14) even at the highest FDP-NV exposure, suggesting

10 HUVEC. In some cases, adverse effects of NDP on HepG-2 cell migration at the same

exposure levels used in the HUVEC 'wound healing' model ("scratch assay") were

observed. For example, exposure of HepG-2 cells to 50-100 µg/mL FND resulted in 25-

50% inhibition of migration, which was further inhibited (90%) at 200 µg/mL over the

same time frame (24hrs). It is of interest to note that these exposure levels did not

15 interfere with HepG-2 cell proliferation in line with data reported herein (FIG. 10).

Differences between the two sets of data could represent variances in particle size

(100nm vs 800 nm) and physical properties of non-functionalized NDP of some existing

systems vs. carboxy-functionalized FDP-NV used in the present disclosure.

In vitro studies showed either cell type was exposed to the particles over 24 hrs.;

20 however, the pharmacokinetic data of some existing systems indicate that in vivo

endothelial cells are exposed to Cmax levels of FDP-NV for no more than 15-30

minutes, as the fast clearance into the liver depletes blood levels to <10µg/mL within 90

min after infusion of the particles. In this light, this indicated that FNDP-NV~800 nm are

observed in the cytosol of hepatocyes within 1-2 hrs. post cell exposure. However,

25 within the relevant in vivo short exposure time the intracellular levels of particles are

several folds lower compared to the prolonged (24hrs) in vitro fixed FDP-NV

concentration. The resiliency of the HepG-2 line across all conditions of stress lends

credibility to our in vivo observation of hepatocytes health following high dose FDP-

NV-800nm infusion to rats over 12 weeks follow up.

30 Taken together FDP-NV-800 nm had no adverse effect when infused in vivo to

intact rats 18-20, nor were there any adverse consequences in cultured HepG-2 cells line

across the 7 'stress tests' these cells were subjected in vitro. In some cases, aberrant

consequences related to immune-inflammatory cells or other cells/organs especially
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those with a high capacity phagocytosis or priming effects that could exacerbate

underlining pathological conditions could not be excluded. The results obtained in this

vehicle for the delivery of drugs and therapeutics may be warranted.

5

Summary

respect to endothelial (HUVEC) and hepatic (HepG-2) cells in vitro. This study appears

distinct from existing systems in that it probes biocompatibility within the realm of the

10
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described and claimed. The present invention is directed to each individual feature,

5 of two or more such features, systems, articles, materials, and/or methods, if such

features, systems, articles, materials, and/or methods are not mutually inconsistent, is

included within the scope of the present invention.

10 one."

The phrase "and/or," as used herein in the specification and in the claims, should

be understood to mean "either or both" of the elements so conjoined, i.e., elements that

are conjunctively present in some cases and disjunctively present in other cases. Other

elements may optionally be present other than the elements specifically identified by the

15 "and/or" clause, whether related or unrelated to those elements specifically identified

unless clearly indicated to the contrary. Thus, as a non-limiting example, a reference to

"A and/or B," when used in conjunction with open-ended language such as "comprising"

can refer, in one embodiment, to A without B (optionally including elements other than

B); in another embodiment, to B without A (optionally including elements other than A);

20 in yet another embodiment, to both A and B (optionally including other elements); etc.

As used herein in the specification and in the claims, "or" should be understood

to have the same meaning as "and/or" as defined above. For example, when separating

items in a list, "or" or "and/or" shall be interpreted as being inclusive, i.e., the inclusion

of at least one, but also including more than one, of a number or list of elements, and,

25 optionally, additional unlisted items. Only terms clearly indicated to the contrary, such

as "only one of" or "exactly one of," or, when used in the claims, "consisting of," will

refer to the inclusion of exactly one element of a number or list of elements. In general,

the term "or" as used herein shall only be interpreted as indicating exclusive alternatives

(i.e. "one or the other but not both") when preceded by terms of exclusivity, such as

30 "either," "one of," "only one of," or "exactly one of." "Consisting essentially of," when

used in the claims, shall have its ordinary meaning as used in the field of patent law.

As used herein in the specification and in the claims, the phrase "at least one," in

reference to a list of one or more elements, should be understood to mean at least one
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element selected from any one or more of the elements in the list of elements, but not

necessarily including at least one of each and every element specifically listed within the

This definition also allows that elements may optionally be present other than the

5

or B," or, equivalently "at least one of A and/or B") can refer, in one embodiment, to at

least one, optionally including more than one, A, with no B present (and optionally
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CLAIMS
What is claimed is:

1. An article configured for administration of a therapeutic agent, comprising:

5 a plurality of fluorescent diamond particles; and

the therapeutic agent bound to at least a portion of the fluorescent diamond

particles,

wherein the article is configured for prolonged residence internal to an organ of a

subject.

10

2. An article for use with a subject, comprising:

an injection component configured to administer a composition to the subject;

and

a reservoir associated with the injection component containing the composition,

15 the composition comprising a plurality of fluorescent diamond particles.

3. An article as in any preceding claim, wherein the plurality of diamond particles

have an average particle diameter of greater than or equal to 100 nm and less than or

equal to 2000 nm.

20

4. An article as in any preceding claim, wherein the plurality of diamond particles

are configured to aggregate within the organ of the subject.

5. An article as in any preceding claim, wherein the plurality of diamond particles

25 are configured to be captured by the organ of the subject.

6. An article as in any preceding claim, wherein an aggregate of diamond particles

has an average diameter of greater than or equal to 1 micron and less than or equal to 100

microns.

30

7. An article as in any preceding claim, wherein the plurality of diamond particles

have a characteristic near infrared emission.
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8. An article as in any preceding claim, wherein the organ is the liver of the subject.

9. An article as in any preceding claim, wherein prolong residence is greater than or

5

10.

10

12.
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the liver of the subject.

19. A pharmaceutical composition as in any preceding claim, wherein prolong

5 residence is greater than or equal to 5 days.

20. A pharmaceutical composition as in any preceding claim, wherein the prolong

residence time up to at least 12 weeks.

10 21. A method of treating a disease, comprising:

administering intravenously, to a subject, a plurality of diamond particles and a

therapeutic agent bound to at least a portion of the diamond particles, wherein the

plurality of diamond particles is configured for prolonged residence internal to an organ

15

22. A method as in claim 21, wherein the plurality of diamond particles are present in

the liver of the subject.

23. A method of monitoring disease progression in a subject suspected of having a

20 disease, comprising:

administering to the subject a plurality of diamond particles;

after the step of administering, obtaining a first image of a location internal to the

subject suspected of containing the plurality of diamond particles;

obtaining, after a predetermined period of time, a second image of the location

25 internal to the subject suspected of containing the plurality of diamond particles;

measuring a morphological change of the location internal to the subject, between

the first image and the second image, relative to the plurality of diamond particles,

wherein the morphological change is associated with progression of the disease.

30 24. A method as in claim 23, wherein the morphological change is determined by

measuring the increase in area of an internal organ of the subject relative to the portion of

the internal organ containing the plurality of diamond particles in the second image

versus the first image.
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25. Use of a plurality of fluorescent diamond particles in the manufacture of a

5

27.
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