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NOVEL GOLD-BASED NANOCRYSTALS FOR MEDICAL TREATMENTS AND
ELECTROCHEMICAL MANUFACTURING PROCESSES THEREFOR

FIELD OF THE INVENTION

The present'application claims priority to seven other patent applications: 1) USSN '
61/223,944 filed on July 8, 2009; 2) USSN 61/226,153 filed on July 16, 2009; 3) USSN
61/228,250 filed on July 24, 2009; 4) USSN 61/235,574 filed on August 20, 2009; 5) USSN
61/249,804 filed on October 8, 2009; 6) USSN 61/263,648 filed on November 23, 2009; and 7)
USSN 61/294,690 filed on January 13, 2010. '

The present invention relates to novel gold nanocrystals and nanocrystal shape
distributions that have surfaces that are substantially free from organic or other impurities or
films. Specifically, the surfaces aré “clean” relative to the surfaces of gold nanoparticles made
using chemical reduction processes that require organic reductants and/or surfactants to grow
gold nanoparticles from gold ions in solution.

The invention includes novel electrochemical manufacturing apparatuses and techniques
for making the gold-based nanocrystals. The invention further includes pharmaceutical
compositions thereof and the use of the gold nanocrystals or suspensions or colloids thereof for
the treatment or prevention of diseases or conditions for which gold therapy is already known
and more‘genérally for conditions resulting from pathological cellular activation, such as
inflammatory (including chronic inflammatory) conditions, autoimmune conditions,
hypersensitivity reactions and/or cancerous diseases or conditions In one embodiment, the

condition is mediated by MIF (macrophage migration inhibiting factor).

BACKGROUND OF THE INVENTION

Gold Salts

Robert Koch is credited with discovering the bacteriostatic effect of gold cyanide on
Mycobacterium tuberculosis. It was subsequently observed that patients with tuberculosis often
benefited from a reduction in certain inflammatory conditions when given gold salt injections for
the disease. " This observed reduction in inflammation led to aurothiolates being used by Forestier
in 1927 as a treatment for rheumatoid arthritis (Panyala, 2009) (Abraham, 1997). The early
gold-based products were typically injected in an intramuscular, or subcutaneous manner (and
later in an intraarterial manner)‘ and some are still available today and/or still being used to treat
rheumatoid arthritis.

Specifically, it has been known for many years that certain gold compounds possess anti-

inﬂamfnatory activity. For example, (i) sodium gold thiomalate (also referred to as “gold sodium
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thiomalate”), marketed as Myocrisin and related chemical versions, marketed as Myochrisine
and Myochrisis; (ii) sodium gold thioglucose (also referred to as “gold sodium thioglucose),
marketed as Solganol; (iii) sodium gold thiosulfate, marketed as Sanocrysin and related chemical
versions, marketed as Crisalbine, Aurothion and Sanocrysis; and (iv) sodium gold
thiopropanolsulfonate, marketed as Allocrysine, have been used in the treatment of rheumatoid
arthritis (Sadler, 1976; Shaw, 1999; Eisler, p.133, 2004). Only monovalent gold salts Were »
believed to exhibit therapeutic effects for the treatment of rheumatoid arthritis. In 1961 the
Empire Rheumatism Council affirmed that injectable gold salts showed efficacy and gold salts
remain a widely used method of treatment of progressive rheumatoid arthritis (Ueda, 1998).

Treatment with various gold salts has also been suggested, or anecdotally observed., to be
effective in a range of other diseases, including asthma, HI'V, malaria and cancer. A
co_nsiderable body of evidence exists in these diseases, in both human and animal models,
suggesting that gold may be a viable treatment option for thése areas of unmet medical need
(Dabrowiak, 2009).

Oral Gold »

More recently, an oral gold product, 2,3,4,6-Tetra-o-acetyl I-thio B -D-glucopyranosato-
S-(triethyl-phosphine), marketed as Auranofin® or Ridaura® in several parts of the world, has
become available (Ho & Tiekink, 2005, Dabrowiak, 2009). Auranofin® was approved by the
FDA for human use in the mid-1980’s; and Auranofin® had the advantage of being orally

_absorbed, but was considered to be less effective than the injectable gold thiolates (Sadler, 1976;

Shaw 1999).

Toxicology of Gold Salts and Oral Gold

Historically, toxicity has limited the use of all injectable and oral gold-based therapies,
with anywhere from 30-50% of patients terminating various gold-based treatments due to
undesirable or intolerable side effects. The side effects of many conventional gold therapies
include rashes or mucocutaneous effects (e.g., pruritus, dermatitis and stomatitis); hematologic
changes (e.g., thrombocytopenia); protein in the urine (proteinuria); inflammation of the mouth;
reduction in the number of circulating leukocytes; decreased number of blood platelets; aplastic
anemia due to organ damage; lung abnormalities; adverse immune reactions, such as
eosinophilia, lymphadenopathy, hypergamma globulinemia; severe hypotension, angina,
myocardial infarction, nephrotoxicity and nephrotic syndrome; hepatitis; colitis; and chrysiasis
(pigmentation) of the cornea, lens, and skin (Eisler, p.133-134, 2004). The most common side

effect of chrysotherapy was skin toxicity, accounting for up to 60% of all adverse reactions,
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especially lichenoid eruptions and non-specific dermatitis (Eisler, p.133-134, 2004). These side
effects are believed to be related to the formulations used (e.g., carrier molecule, oxidation state
of the gold in the compound, etc.), rather than the gold itself (Ho & Tiekink, 2005).

Payne and Arena in 1978 reported the subacute and chronic toxicity of several oral gold
compounds, including Auranofin®, in rats, compared to an injected gold control. Sprague
Dawley rats were dosed for periods of 6 weeks, 6 months and one year. In a follow-up study, the
1-year investigation was repeated with sequential kills and a modified dosing regimen.

Thé target organs identified by this study were the stomach and kidney. Gastric changes
consisted of superficial erosions of the mucosa extending up to 1/3 of the thickness of the
mucosa and covering up to 5% of its surface area. This change was dose-related and was
associated with loss of body weight. Healing lesions were also evident. In the kidney of rats
given SK&F 36914 for six months there was enlargement of cortical tubular epithelial cells
(cytomegaly). In addition, there was a dose-related enlargement of the nucleus (karyomegaly),
with evidence of pleomorphic and multinucleate cells. In the 1-year study similar changes were
seen, but in addition renal cortical cell adenomas were seen in a dose-related incidence (0/38,
3/39, 6/37 and 8/37 for control, low, intermediate and high dose respectively). In a repeated 1-
year study an unexpectedly high incidence of mortality occurred. This was attributed to
ileocaecal lesions that progressed to ulceration that appeared to perforate the gut wall in a
number of cases. Presumably death resulted from acute infectious peritonitis. In the injected
controls, gold sodium thiomalate was administered by intra-muscular .injection once weekly for a
year and, in a second study, once weekly for 46 weeks and then daily for 330 days. In the 1-year
study, renal tubular cell karyomegaly was observed and renal cell adenoma was seen in 1/16
females but not in males. In the 21 month study all surviving rats showed karyomegaly of the
renal cortical tubular epithelium and cystic tubules were frequently observed. Renal adenomas,
occasionally multiple, were seen in 8/8 females and 3/7 males surviving to 21 months (Payne &
Arena, 1978). Similar results were seen in dogs (Payne & Arena, The subacute and chronic
toxicity of SK&F 36914 and SK&F D-39162 in dogs, 1978).

Szabo et al 1978a reported fhe effects of gold-containing compounds, including
Auranofin® on pregnant rats and fetuses. The effects of gold sodium thiomalate and the oral
gold compound Auranofin® on maternal and fetal toxicity and teratogenicity were investigated.
Oral gold was administered by intubation on days 6 — 15 of pregnancy, while gold sodium
thiomalate was administered on days 6 — 15 by subcutaneous injection. This was a standard
exposure period in such studies and this exposure is considered to be equivalént to the first
trimester of a human pregnancy. Standard procedures were used to examine fetuses and group

sizes were adequate for the purpose of the study. Maternal and fetal toxicity was evident and
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fetuses of gold sodium thiomalate-dosed animals showed a pattern of dose-related
malformations. The doses used led to death of a proportion of the dams and showed marked
effects on body weight (including actual weight loss at the start of dosing) and reduce& food
consumption. The malformations included skeletal anomalies, external malformations and
degrees of hydrocephalus and ocular defects. SK&F D-39162 did not affect food intake or
weight gain, but was also associated with reductions in fetal weight compared to controls. The ‘
only major defect found with SK&F D-39162 treatment was edema. There was no evidence of
an effect of gold sodium thidmalate on implantation, resorption, fetal number or fetal weight in
the gold sodium thiomalate-treated animals. These authors concluded that the effects on the
fetus were indirect and were attributable to accumulation of gold in the lysosomes of the visceral
yolk sac epithelium, with consequent inhibition of vital enzymes involved in fetal nutrition. This
hypothesis was advanced to explain the teratogenicity of other chemicals and could be plausible
(Szabo, Guerriero, & Kang, The effects of gold containing compounds on pregnant rats and their
fetuses, 1978). .

' Szabo et al 1978b reported the effects of gold-containing compounds on pregnant rabbits
and fetuses. In this study pregnant rabbits were dosed from days 6 — 18 of pregnancy. Gold
sodium thiomalate was administered by sub-cutaneous injection and oral compounds were given
by intubation. Both routes of administration led to maternal deaths and abortions were also
observed in surviving animals. Dose-related decreases in maternal food consumption, leading to

actual body weight losses, were observed at the higher doses of both injected and oral gold.

- Effects were also evident on litter sizes, numbers of resorptions and mean fetal weights. Fetal

anomalies and malformations were also observed, primarily in the abdomen (gastroschisis and
umbilical hernia), with a lower incidence of anomalies affecting the brain, heart lungs and
skeleton. The authors concluded that the incidence of abdominal anomalies, exceeding all of
their historical control data, indicated a specific sensitivity in the rabbit to.such an effect of gold
(Szabo, DiFebbo, & Phelan, 1978).

Based on these studies, oral administration of relatively high doses of gold-containing
compounds was associated with a dose-related incidence of erosions of the gastric mucosa and,
in a longer duration study, of significant ileocaecal lesions (including ulceration) that caused the
deaths of a number of animals. Examination of the data presented suggested that thg gastric
lesions were typical of a marked direct local effect on the mucosa. The renal. cortical tubular
epithelium was another target tissue, perhaps through the development of high local
concentrations during the concentration of the urine. The cortical tubular epithelium lesions
progressed from karyomegaly to adenoma formation in a significant number of animals.

Although this is a bénign tumor it cannot be ignored in terms of risk assessment. However, it is
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also notable that lesions of the rodent kidney are relatively comrﬁon, particularly in males, but
these appeared to affect females relatively more fhan males in these studies.

The gastric lesions occurred after administration of relatively large amounts of gold
solutions. There was also a suggestion in these studies that the important toxic agent is ionic
gold (e.g., Au (IIl) or Aus"). Lesions of this type are also produced by many NSAID agents used
in the treatment of various forms of arthritis and are generally considered to be a manageable,
albeit undesirable, side effect. Accordingly, the absence of such negative effects would
constitute an advantage over existing gold-based therapies.

Cheriathundam and Alvares in 1996 evaluated the effects of sodium gold thiolate and
Auranofin® on liver and kidney markers and metallothionein levels in the Sprague Dawley rat
and three strains of mouse (Swiss-Webs}er, C3H/Hej and DBA/2J). In the rat, gold sodium
thiolate led to a 7-fold increase in liver metallothionein levels, whereas in the mouse strains
metallothionein levels increased 2-fold in the Swiss-Webster and about 5-fold in the inbred
strains. Gold sodium thiolate led to only minimal changes in renal metallothionéin levels in the
mouse strains. The liver marker serum ALAT was not altered by gold sodium thiolate in any of
the species or strains tested. BUN, an indicator of kidney function, was elevated 3-fold in rats
but not in any of the mouse strains. These data are consistent with the observation that gold
sodium thiolate is nephrotoxic in rats and humans, but it is interesting to note the lack of
evidence of nephrotoxicity in the mouse (Cheriathundam & Alvares, 1996).

The observation of embryonic toxicity and fetal defects after treatment of pregnant -
animals of two species suggests the possibility that gold in many, if not all previously used
forms, represents a developmental risk. This has parallels with many other current RA therapies,
in which iﬁethotrexa@e, for example, is subject to label warnings regarding potential harmful
effects on the fetus. ‘

Several possible pharmacological actions contributing to both clinical efficacy and

adverse reactions have been identified for oral gold. For example, Walz and his colleagues

" showed that Auranofin® inhibited carrageenan-induced edema in rats in a dose-related fashion in

concentrations of 40, 20 and 10 mg/kg with maximum inhibition of 86 % at the highest dose, and
a serum gold level of approximately 10ug/mL. The two basic ligands of Auranofin®, namely
triethy Iphosphine oxide and 2,3,4,6-tetra-o-acetyl-1-thio-B-D glucopyranose did not show any
significant biological activity, and gold sodium thiomalate, gold thioglucose and thiomalic acid
did not significantly affect rat paw edema. Auranofin® was shown to significantly suppress
adjuvant arthritis, whereas the ligands were without any effect. Auranofin® inhibited antibody
dependant complement lysis. Auranofin® has been shown to inhibit the release of lysosomal

enzymes such as B-glucuronidase and lysozyme from stimulated polymorphs. Auranofin® is a
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potent inhibitor of antibody dependent cellular cytotoxicity exhibited by pol)_/morphs from
adjuvant arthritic rats. Auranofin® is a much more potent inhibitor of superoxide production
than gold sodium thiomalate. In an immune phagocytosis assay, gold sodium thiomalate showed
no inhibitory activity at a concentration of 40 times that of Auranofin®, causing marked
inhibition (Walz, DiMartino, Intocca, & Flanagan, 1983). '

Walz and his colleagues also stated that Auranofin® was more potent than gold sodium
thiomalate as an inhibitor of cutaneous migration, chemotaxis and phagocystosis by peripheral
blood monocytes. Lipsky and his colleagues showed that Auranofin®, like gold sodium
thiomalate, inhibited lymphoblastogenesis in vitro by directly inhibiting of mononuclear
phagocytes. However, Auranofin® also had an inhibitory effect on IYmphocyte function, not
observed with gold sodium thiomalate. Inhibition of monocytes was achieved with
concentrations of Auranofin® which were 10 to 20 fold lower than those of the gold sodium
thiomalate (Walz, DiMartino, Intocca, & Flanagan, 1983). A

In general, patients with active rheumatoid disease have a decreased capacity for either
mitogen-stimulated lymphoblastogenesis or for lymphoblastogenesis induced by the mixed
lymphocyte reaction. Although patients initially treated with gold sodium thiomalate first
showed some suppression of mitogen-stimulated lymphoblastogensis, those who eventually
responded to the drug showed normal lymphocyte responsiveness in vitro. In contrast, within a
few weeks of patients receiving Auranofin®, lymphocyte respohsivéness was markedly
inhibited. Thus, Auranofin® exhibits a powerful immunosuppressant effect in vitro at an order
of magnitude less than the injectable gold compounds, most likely dué to the major differences in
the pharmacological properties of the oral compounds versus the injectable gold-thiol
compounds (Dabrowiak, 2009). .

Adverse reactions were the major limiting factor to the use of oral gold Eompounds such

as Auranofin®, in that approximately 30—50% of treated patients developed some form of

- toxicity (Dabrowiak, 2009) (Kean & Anastassiades, 1979) (Kean & Kean, The clinical

Pharmacology of Gold, 2008).

Skin rash was the most common negative side effect and some form of rash occurred in
approximately 30% of patients. Most lesions occurred on the hands, fofearm, trunk and shins,
but occasionally occurred on the face and were slightly erythematous with scaly patches, 1-10
cm in size, resembling a seborrheic rash. Severe problems of skin rash in the form of nummular
eczema, total exfoliation and intense pruritis have been recorded as rare.

Oral ulcers (painful and pain free) resembling the aphthous ulcer, occurred in

approximately 20% of patients who received injectable gold therapy. The development of a
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mouth ulcer was a definite contraindication to continuation of gold therapy since it was known
that oral ulceration could herald pemphigold-like bullous skin lesions.

The frequency of proteinurea varied widely (0—40%) in the studies reported by Kean and
Anastassiades, most likely reflecting different deﬁniiions as to what constitutes proteinurea. In
these studies there are no well documented cases of any long term serious or permanent renal

damage due to gold therapy; however microscopic haematuria was a cause for discontinuing oral

gold treatment (Kean & Anastassiades, 1979).

Thrombocytopenia due to gold compounds occurred as two distinct types: the more usual
was associated with platelet sﬁrface IgG antibody and the other less common was secondary to
bone marrow suppression. The genetic marker HLA DR3 may indicate an increased risk of a
patient developing thrombocytopenia associated with platelet surface antibodies.

Idiopathic toxicities in the form of cholestatic jaundice or acute enterocolitis have also
been associated with the injectable gold compounds, particularly gold sodium thiomalate, but
have not been reported with oral gold. '

The deposition of .elemental gold in the lens of the eye and the cornea has been reported,
but this did not seem to result in any specific damage to visual acuity. '

Specific to oral gold therapy was the development of loose soft stools, usually in the first
month of therapy. The lower incidence of altered stools in later treatment months may be related
to an earlier drop-out of those patients suscepiible to the diarrhea. The development of frank
watery diarrhea occurred in 2—5% of patients and appeared to be dose-related.

In general the adverse event incidence is lower with oral gold than injectable gold, but
can still be substantial.

A second major drawback to the use of available gold-based treatments is the very slow
onset of efficacy. Patients often must continue treatment with, for example, gold salts for three
to six months before experiencing any significant benefit. This long Wait for any observed
benefit is a major impediment to patient compliance and therefore adversely affects efficacy.in
use. '

The knowledge of the pharmacokinetic profiles of gold is largely centered oﬁ the
mgasurément of the element Au, but not much is known of the gold structure (e.g., its chemical
or physical or crystalline structure) when the gold is present in various tissues or organs.

After oral ingestion, oral gold complexes are rapidly, but incompletely, absorbed. The
gold moiety of the injectable gold complex seems to be rapidly absorbed into the circulation after

intramuscular injection. In blood circulation, Auranofin® (or ligands thereof) seem to be bound

~ predominately to albumin. Specifically, after oral administration of radiolabeled Auranofin® to

human volunteers, approximately 25% of the administered dose was detected in the blood
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plasma, with peak concentrations of 6-9 ug/100 mL being reached within 1-2 hours. The
plasma half life was on the order of 15-25 days with almost total body elimination after 55-80
days. Only about 1% of radiolabeled Au was detectable after 180 days, whereas up to 30 % of
gold from gold sodium thiomalate was detected at this time. The gold was widely distributed
throughout the reticulo-endothelial system, particularly in the phagocytic cells of the Iivgr, bone
marrow, lymph nodes, spleen, and also in the synovium. Deposition in the skin occurred and it
has been observed that there may be a quantitative correlation between the amount of gold in the
dermis and the total dose of gold giVen. Electron dense deposits of gold were also observed in
the tubular cells of the kidney, another site rich in sulphydryl- containing enzymes, but the
presence of gold associated with the glomerulus does not appear to be common (Walz,
DiMartino, Intocca, & Flanégan, 1983) (Dabrowiak, 2009).

Gold Nanoparticles -

Other formulations of gold have been and continue to be developed, most of which utilize
gold nanoparticles made by a variety of chemical reduction techniques; and some of which
utilize an underwater plasma arcing technique; and most of which result in various stable or

partially stable gold colloids or gold nanbpariicle suspensions. .

Colloidal Gold Nanoparticles by Chemical Reduction

Michael Faraday made the first colloidal gold suspension by chemical reduction methods
around the 1850°s (Faraday, 1857). Faraday used reduction chemistry techniques to reduce
chemically an aqueous gold salt, chloroaurate (i.e., a gold (III) salt), utilizing either phosphorous
dispersed into ether (e.g., CH3-CH,-O-CH,-CH3), or carbon disulfide (i.e, CS;), as the reductant.

Today, most colloidal gold preparations are made by a reduction of chloric acid
(hydrogen tetrachlo‘roaurate) with a reductant like sodium citrate to result in “Tyndall’s purple.”
There are now a variety of “typical” reduction chemistry methods used to form colloidal gold.
Specifically, several classes of synthesis routes exist, each of which displays different

characteristics in the final products (e.g., colloidal gold nanoparticles) produced thereby. It has

. been noted that in addition to the strength, amount and type of the reductant utilized, the action

of a stabilizer (i.e.,the chemical utilized in the solution phase synthesis process) is critical
(Kimling, 2006).

While Faraday introduced colloidal gold solutions, the homogenous crystallization
methods of Turkevich and Frens (and variations thereof) are most commonly used today and
typically result in mostly spherical-shaped particles over a range of particle sizes (Kimling,

2006). Specifically, most current methods start with a gold (IIT) complex such as hydrogen
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tetrachloroaurate (or chloric acid) and reduce the gold in the gold complex to gold metal (i.e.,
gold (0) or metallic gold) by using added chemical species reductants, such as Na thiocyanate,
White P, Naj citrate & tannic acid, NaBH,, Citric Acid, Ethanol, Na ascorbate, Naj citrate,
Hexadecylaniline and others (Brown, 2008). However, another chemical reduction technique
uses sodium borohydride as a chemical species reductant for AuP (Phs) (Brown, 2008).
Depending on the particular processing conditions utilized in these chemical reduction processes,
the sizes of these mostly spherical nanoparticles formed range from about 1nm to about 64nm in
diameter (Brown, 2008). Additionally, spéciﬁc thermal citrate reduction methods utilized by
Kimling resulted in a small fraction of triangular-shaped particles, in addition to spherical-
shaped particles, with the triangular-shaped species at most being about 5% (Kimling 2006).

Additional work has focused on controlling shapes of colloidal metal nanoparticles.
Biologists and biochemists have long understood that “structure dictates function” with regard to
protein functioning. Gold nanoparticles of different shapes also possess different properties
(e.g., optical, catalytic, biologic, etc.). Controlling nanoparticle shape provides an elegant
approach to, for example, tune nanoparticles optically. While all gold nanoparticles contain a
lattice that is face-centered cubic, if permitted or caused by certain processing conditions, gbld
nanoparticles can adopt a variety of crystalline shapes ranging from irregular ellipsoids with
defect loaded surfaces (e.g., steps) to polyhedra with comparatively limited surface defects.-
Different crystalline morphologies are associated with different crystal planes (or sets of crystal
planes). However, some of the most common gold nanoparticie morphologies are not composed
of single domains, but rather are made of twinned planes (Tao, 2008). '

Yuan, et al. recognized that non-spherical-shaped gold nanoparticles could be most

_readily achieved by providing seed crystals from a borohydride reduction of a gold salt (i.e.,

HAUCI, or auric acid). The seed crystals were then placed into contact with the same gold salt in
solution with the chemical species NH,OH, CTAB and sodium citrate being added as reductants
and/or surfactants (e.g., capping agents). Several different crystalline shapes were formed by

this approach including triangular, truncated triangular, hexagonal layers and pseudo-pentagonal.

_Yuan concluded that variations in processing by using differrent chemical reduction techniques

can influence the physical and chemical properties of the resulting particles. The researchers
noted that the choice of a capping agent was a key factor in controlling the growth (and shape) of
the nanoparticles (Yuan, 2003).

The process described and used by Yuan is known as “heterogeneous nucleation” where

seed particles are produced in a separate synthetic step. Thus, this type of shape control can be

considered an overgrowth process (Tao, 2008). Many chemical reduction techniques utilize this

more complex two-step heterogeneous nucleation and growth process. However, others use a
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single step homogenous nucleation whereby seed crystals are first nucleated and nanoparticles
are then formed from the nucleated seed crystals. Typically, a series of chemical reactions occur

simultaneously in homogeneous nucleation. A main goal in homogenous nucleation is to balance

the rate of nucleation against the rate of crystal growth and to control particle size because both

nucleation and growth proceed by the same chemical process(es) (Tao, 2008).

~ Metal nanoparticle synthesis in solution(s) commonly requires the use of surface-active
agents (surfactants) and/or amphiphilic polymers as stabilizing agents and/or capping agents. It
is well known that surfactants and/or amphiphilic polymers serve critical roles for controlling the
size, shape and stability of dispersed particles (Sakai, 2008).

Some of the most common crystal morphologies observed in crystalline gold
nanoparticles (for example in heterogeneous nucleation processes) do not consist of single
crystals or single domains, but rather particles contair{ing multiple crystal domains, often
bounded by twin planes. A regular decahedron (also referred to as a pentagon‘al bi-pyramid) is
an equilibrium shape bound completely by triangular (III) facets and can be thought of as five
tetrahedral sharing a common edge along a fivefold axis. These structures are commonly
observed for nano-crystalline particles synthesized by metal evaporation onto solid substrates
and seeded héterogeneous nucleation reduction chemistry approaches (Tao, 2008). However, for
nanoparticles synthesize_d by the methods of Turkevich and Frens, decahedra are difficult to
observe because they function as favorable seeds for the growth of nanowires and nanorods
(Tao, 2008). Thus, a variety of shapes can be achieved by controlling processing conditions,
along with the amounts and types of surfactants and capping agents added and used during the
reduction chemistry approaches attributed to Turkevich and Frens.

In each of the colloidal gold compositions produced by reduction chemistry approaches,
it is apparent that a surface coating comprising one or more elements of the reductant and/or the
surfactant or capping agent will be present on (or in) at least a portion of the suspended gold
nanoparticles. The use of a reductant (i.e., areducing agent) typically assists in suspending the"
nanoparticles in the liquid (e.g., water). However, the reducing agent coating or surface impurity
is sometimes added to or even replaced by surfactant coatings or capping agents. Such
reductant/surfactant coatings or films can be viewed as impurities located on and/or in the metal-
based nanoparticles and may result in such colloids or sols actually possessing more of the
properties of the protective coating or film than the gold nanoparticle per se (Weiser, p.42,
1933).

For example, surfactants and amphiphilic polymers become heavily iﬁvolved not only in

the formation of nanoparticles (thus affecting size and shape), but also in the nanoparticles per
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se. Surface properties of the nanoparticles are modified by reductant coatings and/or surfactant
molecule coatings (Sperling, 2008).

Absorption of a hydrophobic tail, a hydrophilic head group and certain counter ions (at
least in the case of the use of ionic surfactants).on the surface of nucleated particles, as well as
complexation of metal ions with surfactants and/or amphiphilic polymers with the formed
particles, all can influence the shape of the nanoparticles, the surface of the nanoparticles and/or
alter the functioning of the nanoparticles (Sakai, 2008).

Different surface chemistries or surface films (e.g., the presence of reductant by-product
compositions and/or thicknesses (e.g., films) of reductant by-products) can result in different
interactions of the gold ﬁanopanicles with, for example, a variety of proteins in an organism.
Biophysical binding forces (e.g., electrostatic, hydrophobic, hydrogen binding, van der Waals) of
nanoparticles to proteins are a function not only of the size, shape and composition of the
nanoparticles, but also the type of and/or thickness of the surface impurities or coating(s) on the
nanoparticles. The Turkevich and Frens methods (and variations thereof) for making gold
nanobarticles are the most widely understood and utilized chemical reduction processes. The use
of a citric acid or. sodium citrate reductant results in citrate-based chemistries (e.g., a citrate-
based coating) on the surface of the gold nanoparticle (i.e., also referred to as citrate-stabilized)
(Lacerda, 2010). | |

Further, Daniel et al. reviewed the major gold nanoparticle formation techniques,
including the chemical synthesis and assembly processes including: (1) citrate reduction, which
results in “a rather loose shell of [citrate-based] ligands” éttached to the gold nanoparticles; (2) a
variation of the citrate reduction method which uses a citrate salt and an amphiphile surfactaﬁt
(for size control); (3) the “Brust-Schiffrin” methods which result in thiol or thiolate ligands “that
strongly bind gold”; (4) methods that result in sulfur-containing ligands including xanthates,
disulfides, dithiols, trithiols and resorcinarene tetrathiols; and (5) other ligands that relate to
phosphine, phosphine oxide, amines, carboxylates, aryl isocyanides, and iodides (which can
replace citrate coatings). The authors reiterated statements attributed to Brust regarding formed
gold nanoparticles: “The resulting physical properties are neither those of the bulk metal nor
those of the molecular compounds, but they strongly depend on the particle size, interparticle
distance, nature of the protecting organic shell, and shape of the nanoparticles.” (Daniel, 2004)

While the organic ligands present on the gold nanoparticles (e.g., citrate-based ligands or
coatings or films) helps to stabilize the gold nanoparticles in the liquid to prevent the
nanoparticle from, for example, being attached to other nanoparticles and agglomerating and/or
settling out of suspension due to, for example, gravity, these organic-based ligands (e.g., organic

shells) are impurities (i.e, relative to the underlying gold nanoparticle) and contribute to the gold
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nanoparticle’s interaction with proteins in a living system. Such coating(s) or film(s) can have
strong biological influences (Lacerda, 2010).

Further, Wang et al concluded that the commonly used citrate-reduced gold nanoparticles
interfere with the uptake of gold nanoparticles relative to reductant and stabilizer-free colloidal
solutions (Wang, 2007). -

Likewise, Lacerda, et al. stated that a better understanding of the biological effects of
nanoparticles requires an understanding of the binding properties of the in-vivo proteins that
associate themselves with the nanoparticles. Protein absorption (or a protein corona) on
nanoparticles can change ;as a function of nanoparticle size and surface layer composition and
thickness. Lacerda concluded that the protein layers that “dress” the nanoparticle control the
propensity of the nanoparticles to aggregate and strongly influence their interaction with

biological materials (Lacerda, 2010). :

Cleaning Colloidal Gold Nanoparticles Made by Chemical Reduction Techniques

In some cases, the reductant surface coating or film is peﬁnitted to remain as an impurity
on the surface of the nanoparticles, but in other cases, it is attempted to be removed by a variety
of somewhat complex and costly techniques. When removed, the éoating typically is replaced

by an alternative composition or coating to permit the nanoparticles to stay in suspension when '

hydratéd. The influence of purity on the chemistry and properties of nanoparticles is often

overlooked; however, results now indicate that the extent of purification can have a significant

- impact (Sweeney, 2006). These researchers noted that sufficient purification of nanoparticles

can be more challenging that the preparation itself, usually involving tedious, time-consuming
and wasteful procedures such as extensive solvent washes and fractional crystallization. Absent
such purification, the variables of surface chemistry-related contaminants on the surface of

chemically reduced nanoparticles affects the ability to understand/control basic structure-

function relationships (SWeeney, 2006).

Subsequent processing techniques may also require a set of washing steps, certain
concentrating or centrifuging steps, and/or subsequent chemical reaction coating steps, all of
which are required to achieve desirable results and certain performance characteristics (e.g.,
stabilization due to ligand exchange, efficacy, etc.) for the nanoparticles and nanoparticle
suspensions (Sperling, 2008). In other cases, harsh stripping methods are used to ensure very
clean nanoparticle surfaces (Panyala, 2009).

Thus, others have concluded that the development of gold nanoparticles in the
management, treatment and/or prevention of diseases is hampered by the fact that current

manufacturing methods for gold nanoparticles are by-and-large based on chemical reduction

12



20

25

30

35

WO 2011/006007 PCT/US2010/041427

processes. Specifically, Robyn Whyman, in 1996, recognized that one of the main hindrances in
the progress of colloidal golds manufactured by a variety of reduction chemistry techniques was
the lack of any “relatively simple, reproducible and generally applicable synthetic procedures”
(Whyman 1996). There are many variations of the original reduction chémistry techniques
taught by Faraday ea;:h of which can produce colloidal gold having a variety of different
physical properties (e.g., alone or in suspension) and reductant coatings, all of which can result
in different efficacy/toxicity profiles when used in or with living cells. None of these techniques
meet Whyman'’s criteria. Accordingly, a relatively simple, reproducible and generally applicable
manufacturing approach for méking gold nanocrystals would be welcomed . Further, the ability
of such a manufacturing approach to be compliant with FDA ¢cGMP requirements would be even
more valuable. |

Others have begun to recognize the inability to extricate completely adverse
physical/biological performance of the formed nanoparticles from the chemical formation (i.e.,
chemical reduction) processes used to make them. In this regard, even though somew‘hat
complex, expensive and non-environmentally friendly, washing or cleaning processes can be
utilized to alter or clean the surface of nanoparticles produced by reduction chemistry, elements
of the chemicaIAprocess may remain and affect the surface of nanoparticles (and thus their
functioning). Moreover, thé presence of certain chemicals during the nanoparticle formation
process affects the morphology (i.e, size and/or shape) of the forming nanoparticles. Certain
possible desirable morphologies (shapes) known to exist in gold-based crystalline systems are

not readily observed in many products produced by these reduction chemistry techniques.

Other Techniques for Making Colloidal Gold

Obtaining a surfactant and reducer-free (e.g., no stabilizing, capping or reducing é‘gents
added to achieve reduction of gold ionic species) has become a goal of certain researchers who
apparently understand some adverse consequences of reductant/surfactant coatings being present
from reduction chemist.ry approaches. For example, ultrasound techniques have been used
whereby a 950kHz frequency is applied to an aqueous hydrogen tetrachloraurate solution.
Spherical gold nanoparticles in the range of 20-60nm were prepared at temperatures above 50°C,
while relatively larger triangular plates and some hexagonal spheres coexisted when the mixture
was processed below 50°C (Sakai, 2008).

- X-ray irradiation of HAuCl4 has been developed to obtain reductant and stabilizer-free
gold nanoparticles so as not to “jeopardize” biocompatibility issues in biomedical applications.
The authors speculated that they generated the required electons for chemical reduction of Au*

by using “intense” X-ray beams to create a hydrogen-free radical electron donor (Wang, 2007).
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Another older and more complex technique for minimizing or eliminating the need for
reducing agents and/or minimizing undesirable oxidation products of the reductant utilizes y-
irradiation from a %°Co source at a dose rate of 1.8 x 10° rad/h. In this instance, Au (CN), was
reduced by first creatibg hydrated electrons from the radiolysis of water and utilizing the
hydrated electrons to reduce the gold ions, namely:

€aq + Au(CN), = Au’+2CN"  (Henglein, 1998).

It is known that the surface of the gold nanoparticle ﬁlay be further processed by adding
chemical species, such as polyehteylene glycol (PEG), or other specific ligands. In this regard,
extensive work has occurred in therapies for cancer where PEG-coated gold nanoparticles are
induced by a variety of techniques to migrate to a cancer or tumor site and are thereafter
irradiated with, for example, infrared or radiowaves to heat and destroy cancer cells (Panyala,
2009). Surface PEGylation is also known to increase the blood half-life of nanoparticles; and
polysorbate-80 can imprqve the blood-brain-barrier transport of nanoparticles (Teixido & Giralt,
2008). ’

Colloidal Gold by Underwater Arcing

Also known in the art are methods for making gold nanoparticles by an underwater arcing
method. This method was first pioneered by Bredig in the late 1800’s.. Bredig used a direct
current to create an underwater arc between two wires. Bredig used a current of 5-10 amps and a
voltage of 30-110 volts. In some cases, Bredig also used 0.001N sodium hydroxide instead of
pure water. Bredig thought of his process-as pﬁlverizing the metallic electrodes. Bredig
obtained hydrosols of gold in this manner (Weiser, pp.9-17, 45-46, 1933). |

Svedberg later improved on Bredig’s process by utilizing a high frequency arc instead of
the direct current arc of Bredig. Svedberg pointed out that the arc permits the formation of a
metal gas which subsequently condenses into particles of colloidal dimensions. Much debate
surrounded the exact mechanisms of the process, however vaporization of the metal was viewed
as being important (Weiser, pp.9-17, 45-46, 1933).

The parameters of greatest interest to Svedberg in controlling the electric pulverization
process to form colloid solutions were, a) the rate of pulverization, b) the ratio of sediment to
total metal dispersed, c) the extent of decomposition of the medium, and d) the dependence of
(a)-(c) on the current characteristics. The amount of sediment achieved by the Bredig and

Svedberg processes ranged from about 30% to about 50%, under a variety of processing

. conditionsi(Kraemer, 1924).

More recent work with the Bredig process on palladium was performed by Mucalo, et al.

These investigators tested the theory of whether the metallic particles in Bredig sols were
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“impure” due to impurities from the concurrent electrolyte decomposition of the electrolyte and
oxidized material thought to form during arcing (Mucalo, 2001). These investigators utilized
modern surface analytical techniques (i.e., XPS, or “x-ray photoelectron spectroscopy”) to
determine differences in surface speciation as a function of pH. At lower pH’s a grey-black
unstable material was produced. At higher pH’s, the sol was more stable, but still completely
aggregated within 1-2 weeks. Nanoparticles produced consisted of irregularly-shaped spheres.
While materials produced at both higher and lower pH’s were mostly metallic in character, the
surface characteristics of these unstable colloids were different. The higher pH Bredig sols
resulted in a thicker outer oxide layer on the unstable nanoparticles (Mucalo, 2001).

The methods of Bredig and Svedberg were subsequently improved on by others to result
in a variety of underwater arc-based hethods. However, common to each of these underwater
arcing methods is the result of somewhat irregularly-shaped metallic-based spheres. In this
regard, the nanoparticles produced by the Bredig or Svedberg processes are non-specific,
spherical-like shapes, indicative of a metal-based vaporization followed by rapid quench
methods, the nanoparticles being coated with (and/or containing) varying amounts of differént

oxide-based materials.

Toxicology of Colloidal Gold Nanoparticles

A review on the toxicology of gold nanoparticles was performed by Johnston, et al. and
reported in 2010. There were four intravenous exposure routes summarized for both mice and
rats and an intratracheal approach for rats. Regarding the four intravenous studies summarized,
Johnston, et al. reported that tissue sites of accumulation, in order-of quantity were liver-spleen
in 3 of 4 tests and liver-lung in 1 of 4 tests (i.e., highest gold nanoparticle accumulation was in
the liver). Specifically, the four intravenous tests reported by Johnston et al. are summarized
below (Johnston, 2010).
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The tissue distribution of metal particles, following exposure via a variety of routes (Johnston, et

al., 2010).
Tissue sites of
Paper Np | Sie | Exposure | accumulation(n | coneiusion
quantity)
The primary sites of
Gold Intravenous Liver, spleen, ‘| accumulation are the
Cho, et al.,, 2009 | (PEG 13 . kidney, lung, liver and spleen, NP’s
: (mice) . e
.| coated) brain accumulate within
. macrophages
De Jong, et al., Gold 10, 50, | Intravenous Liver, spleen, Wider organ distribution
2008 100, (rats) lungs, kidneys, of smaller particles,
250 heart, brain, whereas larger particles
thymus, testis were restricted to the
liver and spleen
Semmler- Gold 4 and Intravenous Liver, spleen, Small particles
Behnke, et al., 18 (rats) kidneys, skin, -demonstrate a more
2008 GIT, heart widespread .
accumulation/distribution
Sonavane, et al., | Gold 15, 50, | Intravenous Liver, lung, Wider tissue distribution
2008b 100, (mice) kidneys, spleen, for smaller particles—
200 - brain 15- and 50-nm NP’s
accumulated within the
5 Johnston, et al. were critical of a variety of uncertainties introduced into a number of the

reviewed toxicology studies including that certain conclusions (made by others) regarding

toxicity as a function of only particle size were not accurate. Specifically, Johnston, et al.

reported that Pan et al (in 2007) concluded that 1.4nm gold nanoparticles were the most toxic

gold nanoparticles tested out of a range of nanoparticle sizes, including 1.2nm diameter gold

10

20

nanoparticles. While Pan, et al. believed there to be a difference in toxicity profile as a function

of size, Johnston, et al. noted that the 1.4nm particles were made by the investigators themselves

-and the 1.2nm particles were obtained from an outside company (thus suggesting that there were

different surface characteristics of both nanopaﬁicles). Johnston, et al. concluded that
f‘agglomerations states or surface chemistry” were the reason(s) for differential performance with
both being “known to alter particle behaviour and toxicity” (Johnston, 2010).

Johnston, et al. also concluded that experimental setup influences toxicity results; and
that the tissue distribution of gold nanopar'ti‘cles in an organism is a function of the exposure
route, as well as size, shape and surface chemistry of nanoparticles. Additionally, they observed
that the liver appears to be the primary site of accumulation and speculated that result is due to
the presence of macrophages in the liver. They also noted that nanoparticle uptake is probably a
result of the type and extent of protein binding occurring on the surface of the nanoparticles (e.g.,
a protein corona) which is a function of the size, shape and surface coating on the nanoparticles.
In particular, they noted that the ability of a variety of cell types to internalize nanoparticles by,
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for example, endocytosis. This endocytosis mechanism which appeared to be a function of
particle shape, as well as particle surface characteristics, such as protein absorption on the
surface thereof. In other words, biological uptake is a function of shape, size and charge; and is

also very serum-dependent (Johnston, 2010). -

Efficacy of Colloidal Gold ‘
Work by Abraham and Himmel (reported in 1997) disclosed the use of colloidal gold in

the treatment of 10 patients who previously did not respond to a variety of other gold-based
treatments. The colloidal gold used in the study was made by a variation of the standard “citrate
met'hod” of Maclagan and Frens with “several proprietary modifications.” Maltodextrins (Food
Grade) were used at a concentration of 2.5% to prevent autoaggregation of the gold particles
(Abraham, 2008). The sizes of the colloid particles produced were reported as being less than
20nm, as confirmed by a process of passing the colloidal suspension through a 20nm filter (i.e,
produced by Whatman Anotop). Subsequeht TEM work caused Abraham to conclude that 99%
of the particles produced were less than 10nm. Sodium benxoate was also added (Abraham,
2008).

The colloidal gold suspension resulted in a 1,000 mg/L (i.e., 1,000pm) concentration.

"The dosage level provided to each patient varied between 30mg/day and 60mg/day, with most

dosages being 30mg/day, for a 24 week period. These dosages were taken orally. Table 1
therein lists the patient’s sex, age and previous conditions and/or treatments. The article
concludes that 9 of the 10 patients “improved markedly by 24 weeks of intervention” (Abraham
& Himmel, 1997). Abraham also reported a lowering of certain cytokine concentrations
including IL-6 and TNF (Abraham, 2008).

Work on collagen-induced arthritis in rats by Tsai concluded that nanogold particles
bound to the protein VEGF and that such binding was the reason for an imprbved clinical
performance of rats that were intra-articularly injected with colloidal gold. In this case, the
ihjected colloidal gold was prepared by the standard chemical reduction method of utilizing a
gold chloroaurate reduced with sodium citrate. Tsai, et al. reported that the gold nanoparticles
were spherical haying an approximate diameter of 13nm, as measured by transmission electron
microscopy. The concentration of the intra-articular solution was 180ug/ml (i.e., lSOppm). The
intra-articular injection was made one time, either on day 7 or day 10 after induction of CIA
(Tsai, 2007).

Brown, et al. disclosed in 2007 fhat a standard colloidal gold preparation (referred to as
Tyndall’s purple) was prepared by standard chemical reduction methods, namely, the reduction

of chloroauric acid with sodium citrate. The average particle size of the gold nanoparticles
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produced was 27+/- 3 nm. This colloidal gold was dispersed in isotonic sorbitol and injected by
a parenteral and subcutaneous approach into rats that experienced experimentally induced
arthritis. The dose injected was at a concentration of 3.3pg/kg. Brown, et al. also disclosed that
colloidal gold, when administered subcutaneously, was approximately 1,000 times more
effective than the comparative sodium aurothiomalate. Brown, et al. also disclosed that the
colloidal gold was ineffective when given orally and concluded that the ineffectiveness was due
to coagulation of the gold nanoparticles in the presence of gastric juice and sodium chloride
(Brown, 2007).

Brown, et al. reviewed alternative preparation methods for colloidal gold having a variety
of sizes and shapes (Brown, 2008). Brown, et al. disclosed in Table 2 a variety of properties
associated with “nano-gold hydrosol.” The authors concluded that the studies conducted by
them (and reviewed by them) “suggest that gold nanoparticle (Au0)-based drugs may play'a role
in future clinical therapies targeted to regulating macrophages” (Brown, 2008).
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SUMMARY OF THE INVENTION

New gold nanocrystals are provided that have nanocrystalline surfaces that are
substantially free (as defined herein) from organic or other impurities or ﬁblms. Specifically, the
surfaces are “clean” relative to'_ those made using chemical reduction processes that require
chemical reductants and/or surfactants to grow gold nanoparticles from gold ions in solution. The
majority of the grown gold nanocrystals have unique and identifiable surface characteristics such
as spatially extended low indeX, crystal vplanes {111}, {110} and/or {100} and groups of such
planes (and their equivalents). Resulting gold nanocrystalline suspensions or colloids have
desirable pH ranges such as 4.0 - 9.5, but more typically 5.0 -9.5 and zeta potential values of at
least -20mV, and more typically at least -40mV and even more typically at least -50mV for the
pH ranges of interest. ‘

The shapes and shape distributions of these gold nanocrystals prepared according to the
manufacturing process described below include, but are not limited to, triangles (e.g.,
tetrahedrons), pentagons (e.g., pentagonal bipyramids or decahedrons), hexagons (e.g.,
hexagonal bipyramids, icosahedrons, octahedrons), diamond (e.g., octahedrons, various
eleongated bipyramids, fused tetrahedrons, side views of bipyramids) and “others”. The shape
distribution(s) of nanocrystals (i.e., grown by various embodiments set forth herein) containing
the aforementioned spatially extended low index crystal planes (which form the aforementioned
shapes) and having “clean” surfaces is unique. Furthermore, the percent of tetrahedrons and/or
pentagonal bipyramids formed in the nanocrystalline suspensions is/are also unique.

Any desired averége size of gold nanocrystals below 100nm can be provided. The most
desirable crystalline size ranges include those having an average crystal size or “mode” (as
measured and determined by specific techniques disclosed in detail herein and reported as “TEM
average diameter”) that is predominantly less than 100 nm, and more typically less than 50 nm,
even more typically less than 30 nm, and in many of the preferred embodiments disclosed herein,
the mode for the nanocrystal size distribution is less than 21 nm and within an even more
preferable range of 8-18nm.

Any concentration of gold nanoparticle can be provided according to the invention. For
example, concentrations of these gold nanocrystals can be a few parts per million (i.e., pg/ml or
mg/l) up to a few hundred ppm, but are typically in the range of 2-200 ppm (i.e.; 2 pg/ml - 200
pg/ml) and more often in the range of 2-50 ppm (i.e., 2 pg/ml — 50 pg/ml) and even more
typically 5-20 ppm (i.e., 5 pg/ml — 20 pg/ml). '
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A novel process is provided to produce these unique gold nanocrystals. The process
involves the creation of the gold nanocrystals in water. In a preferred embodiment, the water
contains an added “process enhancer” which does not significantly bind to the formed
nanocrystals, but rather facilitates nucleation/crystal growth during the electrochemical-
stimulated growth process. The process enhancer serves important roles in the process including
providing charged ions in the electrochemical solution to permit the crystals to be grown.. These
novel electrochemical processes can occur in either a batch, semi-continuous or continuous
process. These processes result in controlled gold nanocrystalline concentrations, controlled
nanocrystal sizes and controlled nanocrystal size ranges; as well as controlled nanocrystal
shapes and controlled nanocrystal shape distributions. Novel manufacturing assemblies are
provided to produce these gold nanocrystals.

Pharmaceutical compositions which include an effective amount of these gold
nanocrystals to treat medical conditions are also provided. The pharmaceutical composition can
provide any desired systemic dosage, as a non-limiting example, 0.1mg/kg/day or less, or
0.05mg/kg/day or less, or even more typically 0.025mg/kg/day or less, or most typically
0.001mg/kg/day or less.

Since these gold nanocrystals have substantially cleaner surfaces than the prior available
gold nanoparticles, and can deéirably contain spatially extended low index crystallographic
planes forming novel crystal shapes and/or crystal shape distributions, the nanocrystals appear to
be more biologically active (and may be less toxic) than spherical-shaped nanoparticles, as well
as nanoparticles (or nanocrystals) containing surface contaminants such as chemical reductants
and/or surfactants that result from traditional chemical reduction processes. Therefore, medical
treatments may be effected at lower dosages of gc;ld.

Pharmaceutical compositions are provided that are appropriate for systemic or topical
use, including oral, intravenous, subcutaneous, ir’nraanerial, buccal, inhalation, aerosol,
propellant or other appropriate liquid, etc, as described further in the Detailed Description of the
Invention.

These substantially surface-clean or surface-pure gold crystals can be used to treat any
disorder for which gold therapy is known, which includes a broad range of inflammatory and

autoimmune disorders as well as certain infectious diseases (e.g., HIV, aids malaria, and Chagas

-disease) and cancer. Descriptions of many of these uses are provided in the Background of the

Invention, above.
It has now been surprisingly discovered as part of this invention that the gold
nanocrystals inhibit macrophage migration inhibitory factor (“MIF”). It is believed that this is the

first disclosure of such activity of gold nanocrystals (or nanoparticles), and may provide a
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scientific basis to understand the range of medical uses for gold nanocrystals to date. It also
provides a scientific basis to conclude that the gold nanocrystals will be effective against other
diseases which are mediated by macrophage migration inhibitory factor. In addition, it has been
identified that these gold nanocrystals inhibit IL-6 but not IL-10. For example, because MIF
and/or IL-6 is/are indicated in a large variety of conditions and/or biological signaling pathways,
such finding confirms that the novel gold nanocrystals will be effective for the treatment or
prevention of diseases or conditions resulting from pathological cellular activation, such as
inflammatory (including chronic inflammatory) conditions, autoimmune conditions,
hypersensitivity reactions and/or cancerous diseases or conditions.

Further, by following the inventive electrochemical manufacturing processes of the
invention, these gold-based metallic nanocrystals can be alloyed or combined with other metals
in liquids such that gold “coatings” may occur on other metals (or other non-metal species such
as SiO,, for example) or alternatively, gold-based nanocrystals may be coated by other metals.
In such cases, gold-based composites or alloys may result within a colloid or suspension.
Further, certain composites which include both gold and other metals can also be formed.

Still further, gold-based metallic nanocrystals suspensions or colloids of the present
invention can be mixed or combined with other metallic-based solutions or colloids to form
novel solution or colloid mixtures (e.g., in this instance, distinct metal species can still be
discerned).

According to a first aspect of the invention there is provided, a method for treating a
patient with an arthritic condition comprising administering to a patient in need thereof an
effective amount of a pharmaceutically acceptable suspension comprising:

a.) pharmaceutical grade water;

b.) gold nanocrystals suspended in said water forming a suspension, wherein said gold
nanocrystals:

1.) have surfaces that include at least one characteristic selected from the group of
characteristics consisting of: (1) no organic chemical constituents adhered or
attached to said surfaces and/or (2) are substantially clean and do not have
chemical constituents adhered or attached to surfaces, other than water or
constituents thereof, which alter the functioning of said nanocrystals;
i1.) have a mode particle size of less than about S0nm;
111.) are present in said suspension at a concentration of about 2-200ppm; and

c.) said suspension having a pH of between about 5 to about 9.5, a zeta potential of at

least about -20mV and the suspension does not contain chlorides.
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According to a second aspect of the invention, there is provided a method for treating a
patient with an arthritic condition comprising administering to a patient in need thereof an
effective amount of a pharmaceutical suspension comprising:

a.) pharmaceutical grade water, said water having a pH of between about 5 to about 9.5;

b.) shaped gold nanocrystals in said water forming said suspension, said suspension
having a zeta potential of at least about -20mV and wherein said gold nanocrystals:

1.) have surfaces that include at least one characteristic selected from the group of
characteristics consisting of: (1) no organic chemical constituents adhered or
attached to said surfaces and/or (2) are substantially clean and do not have
chemical constituents adhered or attached to surfaces, other than water or
constituents thereof, which alter the functioning of said nanocrystals;

i1.) have a mode particle size of less than about S0nm;

1i1.) are present in said suspension at a concentration of about 2-200ppm; and

iv.) have shapes comprising pentagonal bipyramids and tetrahedrons in a range of
about 15% to 50%.

According to a third aspect of the invention, there is provided a method for treating a
patient with an arthritic condition comprising administering to a patient in need thereof an
effective amount of a suspension comprising:

a.) pharmaceutical grade water, said water having a pH of between about 5 to about 9.5;

b.) gold nanocrystals in said water forming said suspension, said suspension having a zeta
potential of at least about -20mV and wherein said gold nanocrystals:

1.) have surfaces that include at least one characteristic selected from the group of
characteristics consisting of: (1) no organic chemical constituents adhered or
attached to said surfaces and/or (2) are substantially clean and do not have
chemical constituents adhered or attached to surfaces, other than water or
constituents thereof, which alter the functioning of said nanocrystals;

i1.) have a mode particle size of less than about 50nm; and

1i1.) are present in said suspension at a concentration of about 2-200ppm.

According to a fourth aspect of the invention, there is provided a method for treating a
patient with a condition receptive to gold therapy comprising administering to a patient in need
thereof an effective amount of a pharmaceutically acceptable suspension comprising:

a.) pharmaceutical grade water;

b.) gold nanocrystals suspended in said water forming a suspension, wherein said gold

nanocrystals:
23a
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1.) have surfaces that include at least one characteristic selected from the group of
characteristics consisting of: (1) no organic chemical constituents adhered or

attached to said surfaces and/or (2) are substantially clean and do not have

(V)]

chemical constituents adhered or attached to surfaces, other than water or
constituents thereof, which alter the functioning of said nanocrystals;

i1.) have a mode particle size of less than about S0nm;

111.) are present in said suspension at a concentration of about 2-200ppm; and

c.) said suspension having a pH of between about 5 to about 9.5, a zeta potential

o

of at least about -20mV and the suspension does not contain chlorides.

According to a fifth aspect of the invention, there is provided a method for treating a
patient with a condition receptive to gold therapy comprising administering to a patient in need
thereof an effective amount of a pharmaceutical suspension comprising;

a.) pharmaceutical grade water, said water having a pH of between about 5 to about 9.5;

5 b.) shaped gold nanocrystals in said water forming said suspension, said suspension

having a zeta potential of at least about -20mV and wherein said gold nanocrystals:

1.) have surfaces that include at least one characteristic selected from the group of
characteristics consisting of: (1) no organic chemical constituents adhered or
attached to said surfaces and/or (2) are substantially clean and do not have

0 chemical constituents adhered or attached to surfaces, other than water or
constituents thereof, which alter the functioning of said nanocrystals;
i1.) have a mode particle size of less than about S0nm;
111.) are present in said suspension at a concentration of about 2-200ppm; and
iv.) have shapes comprising pentagonal bipyramids and tetrahedrons in a range of

25 about 15% to 50%.

According to a sixth aspect of the invention, there is provided a method for treating a
patient with a condition receptive to gold therapy comprising administering to a patient in need
thereof an effective amount of a suspension comprising:

a.) pharmaceutical grade water, said water having a pH of between about 5 to about 9.5;

30 b.) gold nanocrystals in said water forming said suspension, said suspension having a zeta
potential of at least about -20mV and wherein said gold nanocrystals:
1.) have surfaces that include at least one characteristic selected from the group of
characteristics consisting of: (1) no organic chemical constituents adhered or

attached to said surfaces and/or (2) are substantially clean and do not have
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chemical constituents adhered or attached to surfaces, other than water or
constituents thereof, which alter the functioning of said nanocrystals;
i1.) have a mode particle size of less than about 50nm; and
111.) are present in said suspension at a concentration of about 2-200ppm.
The present invention also provides use of a suspension as defined above in the
manufacture of a medicament for treating an arthritic condition.
The present invention also provides use of a suspension as defined above in the

manufacture of a medicament for treating conditions receptive to gold therapy.

BRIEF DESCRIPTION OF THE FIGURES

Figures la, 1b and 1c show schematic cross-sectional views of a manual electrode
assembly according to the present invention.

Figures 2a and 2b show schematic cross-sectional views of an automatic electrode control
assembly according to the present invention.

Figures 3a-3d show four alternative electrode control configurations for the electrodes 1
and 5 controlled by an automatic device 20.

Figures 4a-4d show four alternative electrode configurations for the electrodes 1 and 5
which are manually controlled.

Figures 5a-5e show five different representative embodiments of configurations for the
electrode 1.

Figure 6 shows a cross-sectional schematic view of plasmas produced utilizing one
specific configuration of the electrode 1 corresponding to Figure Se.

Figures 7a and 7b show a cross-sectional perspective view of two electrode assemblies

that can be utilized.
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Figures 8a-8d show schematic perspective views of four different electrode assemblies
arranged with planes parallel to flow direction F. ‘ _

Figures 9a-9d show schematic perspective views of four different electrode assemblies
arranged with planes perpendicular to flow direction F.

Figures 10a-10e show a variety of cross-sectional views of various trough members 30.

Figures 11a-11h show perspective views of various trough members 30, with Figures 11¢
and 11d showing an atmosphere control device 35’and Figure 11d showing a support device 34.

Figures 12a and 12b show various atmosphere control devices 35 for locally controlling
the atmosphere around electrode set(s) |1 and/or 5.

Figure 13 shows an atmosphere control device 38 for controlling atmosphere around
substantially the entire trough member 30. _ ‘ _
| Figure 14 shows a schematic cross-sectional view of a set of control devices 20 located
on a trough member 30 with a liquid 3 flowing therethrough and into a storage container 41.

Figures 15a and 15b show schematic cross-sectional views of various angles 6, and 6, for
the trough members 30.

Figures 16a, 16b and 16c show perspective views of various control devices 20
containing electrode assemblies 1 and/or S thereon located on top of a trough member 30.

A Figures 16d, 16e and 16f show AC transformer electrical wiring diagrams for use with

different embodiments of the invention. -

Figure 16g shows a schematic view of a transformer 60 and Figures 16h and 16i show
schematic representations of two sine waves in phase and out of phase, respectively.

Figures 16j, 16k and 161 each show schematic views of eight electrical wiring diagrams
for use with 8 sets of electrodes.

Figure 17a shows a view of gold wires 5a and 5b used in the trough section 30b of Figure
22a in connection with Examples 8, 9 and 10.

Figure 17b shows a view of the gold wires 5a and 5b used in the trough section 30b of
Figure 21a in connection with Examples 5, 6 and 7.

Figure 17c shows the electrode configuration used to make sample GB-118 in Example
16. | |

Figures 17d-17f show the devices 20 used in Examples 1-4 for suspensions GT032,
GTO031, GTO19 and GT033 and to make Samples GB-139, GB-141 and GB-144 in Example 16.

4 Figures 17g, 17h, 17i and 7k show wiring diagrams used to control the devices 20 used in .

Examples 1-4 and 16.

Figure 17j and 171 show wiring diagrams used to power devices 20.
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Figures 17m-17n show alternative designs for the devices 20. The device 20 in Figure
17n was used in Example 18.

Figures 18a and 18b show a first trough member 30a wherein one or more plasma(s) 4
is/are created. The output of this first trough member 30a flows into a second trough member
30b, as shown in Figures 19a and 19b.

Figures 19a and 19b are schematics of two trough members 30a and 30b having two
different electrode 5 wiring arrangements utilizing one transformer (Examples 8 -10) and
utilizing two transformers (Examples 5-7).

Figures 20a-20h are alternatives of the apparatus shown in Figures 19a and 19b (again
having different electrode 5 wiring arrangements and/or different numbers of electrodes),
wherein the trough members 30a’ and 30b’ are contiguous. ‘

Figures 21a-21g show various trough members 30b in connection with Figures 20a-h and
various Examples herein.

Figures 22a and 22b show trough members 30b in éonnection with Figures 19a, 19b and
20 and various Examples herein.

Figures 23a-23d show various schematic and perspective views of an alternative trough
embodiment utilized in Example 19. '

Figure 24a shows a schematic of an apparatus used in a batch method whereby in a first
step, a piasma 4 is created to condition a fluid 3.

Figures 24b and 24¢ show a schematic of an apparatus used in a batch method utilizing
wires 5a and Sb to make nanocrystals in suspension (e.g., a colloid) in association with the
apparatus shown in Figure 24a and as discussed in Examples herein.

Figure 25a is a representative TEM photomicrograph of gold nanocrystals from dried o
suspension GD-007 made according to Example 5.

Figure 25b shows the particle size distribution histogram from TEM measurements for
the nanocrystals of suspension GD-007 made according to Example 5.

Figure 25¢ shows dynamic light scattering data (i.e., hydrodynamic radii) for gold-
nanocrystals made according to Example 5.

Figure 26a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GD-016 made according to Example 6. .

Figure 26b shows the particle size distribution from TEM measurements for the
nanocrystals made according to Example 6.

Figure 26¢ shows dynamic light scattering data (i.e., hydrodynamic radii) for gold

nanocrystals made according to Example 6.
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Figure 27a is a representative TEM photomicrograph of gold nanocrjstals from dried
solution GD-015 made according to Example 7.

Figure 27b shows the particle size distribution histogram from TEM measurements for .
the nanocrystals made according to Example 7.

Figure 27c shows dynamic light scattering data (i.e., hydrodynamic radii) for gold
nanocrystals made according to Exémple 7.

Figure 28a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-018 made according to Exémple 8.

Figure 28b shows the particle size distribution histogram from TEM measurements for
the nanocrystals made according to Example 8.

Figure 28c shows dynamic light scattering data (i.e., hydrodynamic radii) for gold

- nanocrystals made according to Example 8.

Figure 29a is a representative TEM photomicrograph of gold nanoparticles from dried
solution GB-019 made according to Example 9.

Figure 29b shows the particle size distribution histogram from TEM measurements for
the nanocrystals made according to Example 9. _

Figure 29¢ shows dynamic light scattering data (i.e., hydrodynamic radii) for gold
nanocrystals made according to Example 9.

Figure 30a is a representative TEM photomicrograph of gold nanocrystals from dried
§o|ution GB-020 made according to Example 10. |

"Figure 30b shows particle size distribution histogram from TEM measurements for the
nanocrystals made according to Example 10.

Figure 30c shows dynamic light scattering data (i.e., hydrodynamic radii) for gold
nanocrystals made according to Example 10.

Figure 31a is a representative TEM photomicrograph of gold nanocrystals from dried
solution 1 AC-202-7 made according to Example 11.

Figure 31b shows the particle size distribution histogram from TEM measurements for
the nanocrystals made according to Example 11. ‘

Figure 31c shows the dynamic light scattering data (i.e., hydrodynamic radii) for gold
nanocrystals made according to Example 11. ‘

Figure 32a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GT-033 made according to Example 4.

. Figure 32b shqws dynamic light scattering data (i.e., hydrodynan_1ic radii) for gold

nanocrystals made according to Example 4.
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Figure 33a is a representative TEM photomicrograph of gold nanocrystals from dried
solution 1AC-261 made according to Example 12.

Figure 33b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to Example 12.

Figure 34a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-154 (20Hz sine wave) made according to Example 13.

Figure 34b shows a particle size distribution histogram from TEM measurements for the

- nanocrystals made according to Example 13.

Figure 35a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-157 (40hz sinewave) made according to Example13.

Figure 35b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to Example GB-157.

Figure 36a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-159 (60Hz sine wave) made according to Example 13.

Figure 36b shows a particle size distribution hiétogram from TEM measurements for the
nanocrystals made according to GB-159. |

Figure 37a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-161 (80Hz sine wave) made according to Example 13. »

Figure 37b shows a particle éize distribution histogram from TEM measurements for the
nanocrystals made according toGB-161.

Figure 38a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-173 (100Hz sine wave) made according to Example 13.

Figure 38b shows a particie size distribution histogram from TEM measure.me.nts for the
nanocrystals made according to GB-173.

Figure 39a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-156 (300Hz sine wave) made according to Example 13.

Figure 39b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-1 56. '

Figure 40 is a schematic diagram of the electrical setup used to generate the nanocrystals
in solutions GB-166, GB-165, GB-162, GB-1 63vand GB-164.

Figure 41 shows a schematic of the electrical wave forms utilized in solutions GB-166,
GB-165 and GB-162. | |

Figure 42a is a representative TEM photomicrograph of gold nanocrystals from dried

solution GB-166 (60Hz sine wave) made according to Example 14
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Figure 42b shows a particle size distribution histogram from TEM measurements for the
nanocrystals-made according to GB-166.

Figure 43a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-165 (60Hz square wave) made according to Example 14.

Figure 43b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-165.

Figure 44a isa representative TEM photomicrograph of gold nanocrystals from dried
solution GB-162 (60Hz triangle wave) made according to Example 14.

Figure 44b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-162.

Figure 45Ais a schematic of the triangular-shaped electrical wave forms utilized to
generate samples in accordance with GB-163 and GB-164.

Figure 46a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-163 (max duty cycle triangle wave) hade according to Example 15.

Figure 46b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-163.

Figure 47a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-164 (min duty cycle triangle wave) made according to Example 15.

Figure 47b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-164. - |

Figure 48al-is a representative TEM photomicrograph of gold nanocrystals from dried
suspension GB-134 made according to Ekample 16.

Figure 48a2 is a representative TEM photomicrograph of gold nanocrystals from dried
suspension GB-134 made according to Example 16. _

Figure 48b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to Example 16.

Figure 48c shows dynamic light scattering data (i.e., hydrodynamic radii) for gold

nanocrystals made according to Example 16.

Figure's 49a-61a show two representative TEM photomicrographs for dried samples GB-
098, GB-113, GB-118, GB-120, GB-123, GB-139, GB-141, GB-144, GB-079, GB-089, GB-062,
GB-076 and GB-077, respectively, made according to Example 16.

Figures 49b-61b show the particle size distribution histogram from TEM measurements
for the nanocrystals corresponding to dried samples GB-098, GB-113, GB-118, GB-120, GB-
123, GB-139, GB-141, GB-144, GB-079, GB-089, GB-062, GB-O76 and GB-077, respectively,

made according to Example 16.
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Figures 49¢-61c show dynamic light scattering data (i.e., hydrodynamic radii) for gold
nanocrystals corresponding to samples GB-098, GB-I 13, GB;] 18, GB-120, GB-123, GB-139,
GB-141, GB-144, GB-079, GB-089, GB-062, GB-076 and GB-077, respectively, made
according to Example 16; and Figure 54d shows current as a function of time for GB-139 made
in accordance with Example 16. _

Figures 54d, 55d and 56d show measured current (in amps) as a function of process time
for the samples GB-139, GB-141 and GB-144 made according to Example 16.

Figure 61d shows the UV-Vis spectral patterns of each of the 14 suspensions/colloids
made according to Example 16 (i.e., GB-098, GB-113 and GB-118); (GB-120 and GB-123),
(GB-139); (GB-141 and GB-144); (GB-079, GB-089 and GB-062); and (GB-076 and GB-077)
over an interrogating wavelength range of about 250nm-750nm.

Figure 61e show§ the UV-Vis spectral patterns for each of the 14 suspensions over an
interrogating wavelength range of about 435nm-635nm.

Figure 62a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-151 made according to Example 18.

Figure 62b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-151.

Figure 63a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-188 made according to Example 18. . '

Figure 63b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-188. _

Figure 64a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-175 made according to Example 18. |

Figure 64b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-175. | »

~ Figure 65a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-177 made according to Example 18. o

Figure 65b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-177. ‘ |

Figure 66a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-176 made éccording to Example 18.

Figure 66b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-1 76. .

Figure 67a isA a representative TEM photomicrograph of gold nanocrystals from dried

solution GB-189 made according to Example 18.
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Figure 675 shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-189.

Figure 68a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-194 -made according to Example 18.

| Figure 68b shows a particle size distribution hisiogram from TEM measurements for the

nanocrystals made according to GB-194.

Figure 69a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-195 made according to Example 18. A

Figure 69b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-195.

Figure 70a is a representative TEM photomicrograph of gold nanocrystals from dried |
solution GB-196 made according to Example 18.

F igure 70b shows a particle size distribution histogram from TEM measurements for the

‘nanocrystals made according to GB-196.

Figure 71a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-198 made according to Example 18.

Figure 71b shows a particle size distribution histogram from TEM measurements for the '
nanocrystals made according to GB-198.

Figure 72a is a representative TEM photomicrograph of gold nanocrystals from dried
solution GB-199 made according to Example 18.

Figure 72b shows a particle size distribution histogram from TEM measurements for the
nanocrystals made according to GB-199.

Figure 72c shows the UV-Vis spectral patterns of each of the 11 suspensions/colloids
made according to Example 18 (i.e., GB-151, GB-188, GB-175, GB-177, GB-176, GB-189, GB-
194, GB-195, GB-196, GB-198 and GB-199) over an interrogating wavelength range of about
250nm-750nm. '

Figuré 72d shows the UV-Vis spectral patterns for each of the 11 suspensions over an
interrogating wavelength range of about 435nm-635nm.

Figure 73al, a2 show two representative TEM photémicrographs for sample Aurora-020.

Figure 73b shows the particle size distribution histogram from TEM measurements for
the nanoparticles corresponding to dried sample Aurora-020. |

Figure 73c shows dynamic light scattering data (i.e., hydrodynamic radii) for gold
nanoparticles corresponding to sample Aurora-020.

Figures 74al, a2 - 80al, a2 show two representative TEM photomicrographs for dried
samples GA-002, GA-003, GA-004, GA-005, GA-009, GA-011 and GA-013, respectively.
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Figures‘ 74b - 80b show the particle size distribution histogram from TEM measurements
for the nanocrystals corresponding to dried samples GA-002, GA-003, GA-004, GA-005, GA-
009, GA-011 and GA-013, respectively.

Figures 74c — 80c show dynamic light scattering data (i.e., hydrodynamic radii) for gold
nanocrystals corres;ponding to samples GA-002, GA-003, GA-004, GA-005, GA-009, GA-011
and GA-013, respectively.

Figure 81a is a perspective view of a comparative Bredig-arc apparétus utilized to make
representative/comparative gold nanoparticles.

Figure 81b is a cross-sectional view of a comparative Bredig-arc apparatus utilized to-
make representative/comparative gold nanoparticles.

Figure 82a is a representative TEM photomicrograph of gold nanoparticles from dried
solution ARCG-05made according to Example 21.

Figure 82b is a particle size distribution histogram from TEM measurements for the
nanoparticles made according to ARCG-05.

Figures 83a-90a show representative TEM photomicrographs for eight comparative
commercially available colloidal gold products discussed in Example 22.

Figures 83b-90b shows the particle size distribution histograms from TEM measurements
for the nanoparticles corresponding to the eight comparativé commercially available colloidal
gold products discussed in Example 22.

Figure 90c shows the UV-Vis spectral patterns of each of the 7 of the 8 commercially
available gold nanoparticle suspensions discussed in Figure 22a (Utopia Gold, SNG91 1219,
Nanopartz, Nanocomposix 15nm, Nanocomposix 10nm, Harmonic Gold and MesoGold) over an
interrogating wavelength range of about 250nm-750nm.

Figure 90d shows the UV-Vis spectral patterns for 7 of the 8 commercially available gold
nanoparticle suspensions discussed in Figure 22a (Utopia Goid, SNG911219, Nanopartz,
Nanocomposix 15nm, Nanocomposix 10nm, Harmonic Gold and MesoGold) over an
interrogating wavelength range of about 435nm-635nm. -

Figure 91 is a graph showing Zeta Potentials.

Figure 92 is a graph showing conductivity.

Figure 93 shows dynamic light Scaﬁering data (i.e., hydrodynamic radii) for the
nanocrystal suspension GD-006 made according to Example 23a.

Figures 94a-94d show graphically amounts of four different cytokines prdduced by
human PBMCs when antagonized by LPS in the presence of different amounts of GB-079.

Figure 95 is a graph showing the results from a collagen-induced arthritis (“CIA”) model
in mice showing control water, two experimental mixtures (i.e., GT-033 and GD-007) and
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contrasting the measured experimental results with results from a typical steroid model (i.e., not
measured in this model). |

Figures 96a-96d show representative photomicrographs of cross sections of mouse paw
joints at various stages of arthritis. _

4 Figures 97a-97e show representative photomicrographs of cross sections of mouse paw

joints at various stages of arthritis.

Figure 98 is a graph showing results from an Experimental Auto-lrﬁmune Encephalitis
(“EAE”) model in Biozzi mice showing the percent of animals developing symptoms in the
water Control Group | versus the GB-056 Treatment Group 2.

Figure 99 is a graph showing results from an Experimental Auto-Immune Encephalitis

" (“EAE”) model in Biozzi mice showing the average clinical disease score for the water Control

Group | versus the GB-056 Treatment Group 2.

Figures 100a-e are representative TEM photomicrographs of gold nanocrystals from
dried solution GB-056 made in accordance with Example 17.

Figure 101a shows the particle size distribution histogram from TEM measurements for
the gold nanocrystals made according to Example 17.

Figure 101b shows dynamic light scattering data (i.e., hydrodynamic radii) for gold
nanocrystals made according to Example 17.

Figures 102a-d are representative TEM photomicrographs of the same gold nanocrystals
from dried solution GB-056 made in accordance with Example 17 after serving as the test
compound for 24 hours in the EAE test of Exémple 26.

Figure 103a shows the particle size distribution histogram from TEM measurements for
the gold nanocrystals made according to Example 17 after serving as the test compound for 24
hours in the EAE test of Example 26. |

Figure 103b shows dynamic light scattering data (i.e., hydrodynamic radii)for gold
na.nocrystals made according to Example 17 after serving as the test compound for 24 hours in
the EAE test of Example 26.

Figures 104a-c are représentative TEM photdmicrographs of the same gold nanoparticles
from dried solution GB-056 made in accordance with Example 17 after serving as the test
compound for 24 hours in the EAE test of Example 26.

Figure 105a shows the particle size distribution histogram from TEM measurements for
the nanocrystals made according to Example 17 after serving as the test compound for 24 hours
in the EAE test of Example 26.

Figure 106 shows the average weight gain of all mice over a long termstudy according to

Example 27.
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Figure 107 shows the average amount of treatment and control liquids consumed for all
mice over a long term study accbrding to Example 27.

Figure 108 shows the average weight gain of all mice over a 35 day study according to
Example 28. '

Figure 109 shows the average amount of treatment and control liquids consumed for all
mice over a 35 day study according to EXample 28. |

Figure 110 shows the amount of gold found in the feces of mice according to Example

28.
Figure 111 shows the amount of gold found in the urine of mice according to Example
. 28.
Figure 112 shows the amount of gold found in the organs and blood of mice according to
Example 28.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

I. Novel Gold Nanocrystals

New gold nanocrystals are provided that have nanocrystalline surfaces that are
substantially free from organic or other impurities or films. Specifically, the surfaces are “clean”
relative to those made usi_ng chemical reduction processes that require chemical reductants
and/or surfactants to form gold nanoparticles from gold ions in solution. The new gold
nanocrystals are produced via novel manufacturing procedures, described in detail herein. The
new manufacturing procedures avoid the prior use of added chemical reductants and/or
surfactants (e.g., organic compounds) or other agents which are typically carried along in, or on,
the particles or are coated on the surface of the chemically reduced particles; or the reductants
are subsequently stripped or removed using undesirable processes which themselves affect the
particle. '

In a preferred embodiment, the process involves the nucleation and growth 6f the gold
nanocrystals in water which contains a “process enhancer” or “processing enhancer” (typically
an inorganic material or carbonate or such) which does not significantly bind to the formed
nanocrystals, but rather facilitates nucleation/growth during electrochemical-stimulated growth
process. The process enhancer serves important roles in the process including providing charged
ions in the electrochemical solution to permit the crystals to be grown. The process enhancer is
critically a compound(s) which remains in solution, and/or does not form a coating (e.g., an
organic coating), and/or does not adversely affect the formed nanocrystals or the formed
suspension(s), and/or is destroyed, evaporated, or is otherwise lost during the electrochemical
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process. A preferred process enhancer is sodium bicarbonate. Examples of other.process
enhancers are sodium carbonate, potassium bicarbonate, potassium carbonate, trisodium
phosphate, disodium phosphate, monosodium phosphate, potassium phosphates or other salts of
carbonic acid or the like. Further process enhancers may be salts, including sodium or potassium,
of bisulfite or sulfite. Still other process enhancers to make gold nanocrystals for medical
applications under certain conditions may be other salts, including sodium or potassium, or any
material that assists in the electrochemical growth processes described herein; which is not
substantially incorporated into or onto the surface of the gold nandcrystasl; and does not impart
toxicity to the nanocrystals or to the suspension containing the nanocrystals.

Desirable concentration ranges for the processing enhancer include typically 0.01 — 20
grams/gallon (0.0026— 2.1730 mg/ml), more typically, 0.1 — 7.5 grams/gallon (0.0264 — 1.9813
mg/ml) and most typically, 0.5 — 2.0 grams/gallon (0.13210 — 0.5283 mg/ml).

Because the grown gold nanocrystals have “bare” or “clean” surfaces of gold metal (e.g., in
the zero oxidation state) the surfaces are highly reactivé or are highly biocatalytic (as well as
highly bioavailable). The nanocrystals are essentially surrounded by a water jacket. These
features provide increased efficacy in vivo relative to nanoparticle surfaces that contain, for
example, organic material present from reduction chemistry processes. Thé “clean” surfaces may
also reduce the toxicity of the nanocrystals, over those nanoparticles that contain coated or
“dressed” surfaces. The increased efficacy of these “clean” gold nanocrystals may brovide an
increased therapeutic index via a lower dose needed to achieve a therapeutic effect. A
comparative mouse model example herein (Examp]e 25) compares an inventive gold nanocrystal
suspension to Auranofin, a commercially available and FDA-approved gold drug, This Example
shows that these novel gold nanocrystals, in mice, are at least 5 times more active than Auranofin
in the well-accepted collagen induced arthritis model of inflammation in rheumatoid arthritis.

Specifically, the comparative mouse model (E#ample 25) compares the dose levels
demonstrating efficacy using an inventive crystal suspension to the dose levels demonstrating
efficacy using Auranofin, a commercially available and FDA-approved gold-based drug,
Example 25 shows that these novel gold nanocrystals, in mice, achieve efficacy at a dose level at
least 17 times lower than the effective dose level of Auranofin in the well accepted collagen
induced arthritis model of inflammation in the mouse, and S times lower than the gold content
contained in the effective dose level of Auranofin. Thus, comparing relative efficacy levels of
the novel gold nanocrystal to those of the gold-based drug Auranofin, and to only the gold
content of those of the Auranofin, the relative potency of the novel gold nanocrystals is 17 times

greater than Auranofin and 5 times greater than the gold contained in-the Auranofin.
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This potency advantage means that treatment efficacy can be achieved at a much lower dose
level (17X lower dose than Auranofin, 5X lower dose than the gold contained in Auranofin), or
alternatively, that potentially much greater efficacy can be achieved at equivalent dose levels.

There are other important advantages of the novel nanocrystals in two other dimensions:
relative toxicity, and relative speed of onset of benefits. With respect to both observed relative
toxicity, and observed relative speed of onset of benefits, in an animal model, the novel gold
nanocrystals are significantly different and significantly outperform Auranofin, the only orally
administrated, FDA-approved gold-based pharmaceutical product in the prior art.

In a preferred embodiment, the nanocrystals are not dried before use but instead used in
the liquid they were formed in (i.e., forming a suspension) or a concentrate or a reconstituted
concentrate thereof. It appears that completely removing these crystals from their suspension

(e.g., completely drying) may, in certain cases, affect the surface properties of the crystals, (e.g.,

-partial oxidation may occur) and/or may affect the ability to rehydrate the crystals by, for

example, altering the initially formed water jacket. This suggésts that it may be optimal to use
sterile pharmaceutical grade water (i.e., USP) and the aforementioned process enhancers in the
manufacturing processes. -

The gold nanocrystals made according to this invention can also be used for industrial
applications where gold reactivity is important (e.g., catalytic and/or electrochemical processes)
but pharmaceutical grade products are not required. When prepared for non-pharmaceutical uses,
the gold nanocrystals can be made in a wider variety of solvents and with a wider variety of
process enhancers, depending on the application. ,

According to the processes herein, the gold nanocrystals can be grown in a manner that
provides unique and identifiable surface characteristics such as spatially extended low index,
crystal planes {111}, {110} and/or {100} and groups of such planes (and their equivalents). The
shapes of the gold nanocrystals prepared according to the processes descrfbed herein include, but
are not limited to, triangles (e.g., tetrahedrons), pentagons (e.g., pentagonal bipyramids or
decahedrons), hexagons (e.g., hexagonal bipyramids, icosahedrons, octahedrons), diamond (e.g.,
octahedrons, various eleongated bipyramids, fused tetrahedrons, side views of bipyramids) and
“others”. The percent of nanocrystals (i.e., érown by various embodiments set forth herein)
containing the aforementioned spatially extended low index crystal planes and having “clean”
surfaces is another novel feature of the invention. Furthermore, the percent of tetrahedrons
and/or pentagonal bipyfamids formed or present in the nanocrystalline suspensions is/are also
unique. ‘

In a preferred embodiment the percent of pentagonal bipyrémids is at least about 5%, or

isina rénge of about 5% - 35%, and more typically at least about 10%, or is in a range of about
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10% - 35%, and even more typically, at least about 15%, or is in a range of about 15% - 35%,
and still more typically, at least about 25%, and in some cases at least about 30%.

In another preferred embodiment the percent of tetrahedrons is at least 5%, or is in a
range of about 5% - 35%, and more typically at least about 10%, or is in a range of about 10% -
35%, and even more typically, at least about 15%, or is in a range of about 15% - 35%, and still
more typically, at least about 25%, and in some cases at least about 30%.

Still further, the combination of pentagonal bipyramids and tetrahedrons is at least about
15%, or is in a range of about 15% - 50%, and more typically at least about 20%, or is in a range
of about 20% - 50%, and even more typically, at least about 30%, or is in a range of about 30% -
50%; and still more typically, at least about 35%, and in some cases at least about 45%.

Still further, the combination of pentagonal bipyramids, tetrahedrons, octahedrons and
hexagonal is at least about 50%, or is in a range of about 50% - 85%, and more typically at least
about 160%, or is in a range of about 60% - 85%, and even more typically, at least about 70%, or
is in a range of about 70% - 85%, and still more typically, at least about 70%, and in some cases
at least about 80%. . ' '

Any desired average size of gold nanocrystals below 100nm can be provided. The most
desirable crystalline size ranges include those having an average crystal size or “mode” (as

measured and determined by specific techniques disclosed in detail herein and reported as “TEM

‘average diameter”) that is predominantly less than 100 nm, and more typically less than 50 nm,

even more typically less than 30 nm, and in many of the preferred embodiments disclosed herein,
the mode for the nanocrystal size distribution is less than 21 nm and within an even more
preferable range of 8-18nm..

Resulting gold nanocrystalline suspensions or colloids can be provided that have or are
adjusted to have target pH ranges. When prepared with, for example, a sodium bicarbonate
process enhancer, in the amounts disclosed in detail herein, the pH range is typically 8-9, which
can be adjusted as desired.

The nature and/or amount of the surface change (i.e., positive or negative) on formed
nanoparticles or nanocrystals can have a large influence on the behavior and/o'r effects of the
nanoparticle/suspension or colloid. For example, protein coronas such as albuhin coronas
formed in vivo can be influenced by surface charge or surface characteristics of a nanoparticle.
Such surface charges are commonly referred to as “zeta potential”. It is known that the larger the
zeta potential (either positive or negative), the greater the stability of the nanoparticles in the
solution (i.e., the suspension is more stable). By controlling the nature and/or amount of the
surface charges of formed nanoparticles or nanocrystals, the performance of such nanoparticle

suspensions can be controlled.
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Zeta potential is known as a measure of the electo-kinetic potential in colloidal systems
and is also referred to as surface charge on particles. Zeta potential is the potential difference
that exists between the stationary layer of fluid and the fluid within which the particle is
dispersed. A zeta potential is often measured in millivolts (i.e., mV). The zeta potential value of
approximately 20- 25mV is an arbitrary value that has been chosen to determine whether or not a
dispersed particle is stable in a dispersion medium. Thus, when reference is made herein to “zeta
potential”, it should be understood that the zeta potential referred to is a description or
quantification of the magnitude of the electrical charge present at the double layer.

The zeta potential is calculated from the electrophoretic mobility by the Henry equation:

2ezf (ka)

3n

E

where z is the zeta potential, U is the electrophoretic mobility, ¢ is a dielectric constant, 7 is a
viscosity, f(ka) is Henry’s function. For Smoluchowski approximation f{ka)=1.5.

Zeta potentials (“ZP”) for the gold nanocrystals prepared according the methods herein
typically have a ZP of at least -20mV, more typically at least about -30mV, even more typically,

at least about -40mV and even more typically at least about -50mV.

II. Use of Novel Gold Nanocrystals

The gold nanocrystals of the present invention can be used to treat any disorder for which
gold therapy is known to be effective, which includes a broad range of inflammatory and
autoimmune disorders as well as certain infectious diseases and cancer. Descriptions of many of
these uses are provided in the Background of the Invention, abové, or otherwise, in more detail
below.

The subject to be treated may be human or other animal such as a mammal. Non-human
subjects include, but are not limited to primates, livestock animals (e.g., sheep, cows, horses,
pigs, goats), domestic animals (e.g., dogs, cats), birds and other animals (e.g., mice, rats, guinea
pigs, rabbits).

Importantly, it has now been surprisingly discovered as part of this invention that the
gold nanoparticles (énd in barticular the gold nanocrystals described in detail herein) inhibit
macrophage Migration Inhibitory Factor (“MIF”). It is believed that this is the first disclosure of
such activity of gold nanoparticles, and may provide a scientific basis to understand the range of
medical uses for gold compositions to date. It also provides a scientific basis to conclude that the
gold nanoparticles will be eﬁ‘ective against other diseases which are mediated by macrophage
migration inhibitory factor. In addition, it has been identified that these gold nanocrystals inhibit

IL-6 but not IL-10. Because MIF and/or IL-6 is/are indicated in a large variety of conditions
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and/or biological signaling pathways, such finding confirms that the novel gold nanocrystals will
be effective for the treatment or prevention of diseases or conditions resulting from pathological
cellular activation, such as inflammatory (including chronic inflammatory) conditions,
autoimmune conditions, certain infections, hypersensitivity reactions and/or cancerous diseases
or conditions.

MIF is a macrophage derived multifunctional cytokine important in a number of pro-
inflammatory events. MIF was originally described as a product of activated T-lymphocytes that
inhibits the random migration of macrophages. While MIF was initially found to activate
macrophages at inflammatory sites, MIF has now been shown to mediate a range of signaling
agents in the immune system. MIF has been shown to be expressed in human and animal

diseases or conditions which include infection, inflammation, injury, ischaemia and/or

.malignancy. MIF appeérs to have a key role in cell proliferation, cell differentiation,

angiogenesis and wound healing. MIF also seems to mediate glucocorticoid (steroids) activity
by counteracting at least some of their anti-inflammatory effects.

As shown in Examples 25 and 26, the nanocrystalline compositions of the present

invention are very effective in the animal models for CIA and EAE. A connection between these

two animal models (as well as human disease state) is the presence of MIF.

Recent studies have indicated that monoclonal antibody antagonism of MIF may be
useful in the treatment of sepsis, certain types of cancers and delayed type hypersensitivity. It
appears that sepsis is triggered by an over-reaction of the inflammation and immune systems. In
certain infections, upon attack by microorganisms, the innate immune system reacts first,
whereby neutrophils, macrophages and natural killer cells (“NK cells”) are mobilized. Cytokines
(and MIF) thus play an important role as mediators, which regulate activation and differentiation
of these cells. Finally, the innate immune system interacts with the adaptive immune system via
these and other stimulating molecules, upon which the adaptive immune systém has the ability of
conétructing an immunological memory in addition to proViding pathogen specific protection.

MIF is seen as a major mediator in sepsis, as MIF incites the production of TNF, other
pro-inflammatory cytokines and eicosanoids, induces the expression of TLR-4, which recognizes
LPS, and appears to resist in activating the innate immune response. MIF and glucocorticoids
act a.s antzigonists and are at least partially responsible for regulating the inflammatory reaction.
MIF has an inhibiting effect on glucocorticoids, which typically inhibit inflammation.

Therapeutic antagonism of MIF can provide "steroid-sparing" effects or can even be
therapeutic in "steroid-resistant" diseases. Unlike other pro-inflammatory molecules, such as
certain cytokines, the expression and/or release of MIF is coupled to (e.g., can be induced by)

glucocorticoids. MIF seems to be able to antagonize the effects of glucocorticoids. MIF has a
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major role in regulating pro-inﬂamvmatory cytokines. This has been shown to be the case for

. macrophages secreting TNF, IL-1.beta., IL-6 and IL-8. MIF also regulates IL-2 release. MIF

also has a role in regulating T cell proliferation. In vivo, MIF exerts a poyverful glucocorticoid-
antagonist effect in models including endotoxic shock and experimental arthritis (e.g., collagen-
induced arthritis or “CIA” models, such as the one utilized in a later example herein and models
of other inflammatory conditions and immune diseases including colitis, multiple sclerosis (i.e.,
the EAE model discussed in greater detail in Example 26), atherosclerosis, glomerulonephritis,

uveitis and certain cancers).

Further, MIF has recently been shown to be important in the control of leukocyte-

endothelial interactions. Leukocytes interact with vascular endothelial cells in order to gain

egress from the vasculature into tissues. The role of MIF in these processes has been
demonstrated to affect leukocyte-endothelial adhesion and migration.' These processes seem to
be an essential part of nearly all inflammatory diseases, and also for diseases less well-identified
as inflammatory including, for example, atherosclerosis.

MIF is also expressed in plants (thus "MIF" may also refer to plant MIF) and where
appropriate, the inventive gold nanocrystal suspensions (e.g., comprising aqueous gold-based
metal nanocrystals and/or mixtures of gold nanocrystals and other metal(s) and/or alloy§ of gold
nanocrystals with other metal(s) and/or a combination therapy approach) may be used in
botanical/agricultural applications such as crop control.

MIF is a key cytokine in switching the nature of the immune response. The immune
response has two effector mechanisms. The Th1 immune response generates cytotoxic T cells
that kill pathogens and damaged/défunct cells. The Th2 response generates antibodies that
facilliate phagocytosis and activate complement. The role of MIF in determining the polarization
of the immune system is dependent on other cytokines such as IL-10. IL-10 is a potent anti-
inflammatory cytokine that blocks the action of MIF on Thl1. cells and leads to the generation of a
Th2 response. In the absence of IL-10 MIF will stimulate Thl cells to produce a cytotoxic
response. IL10 is produced by Monocytes and B cells in response to stimulation, whereas MIF is,
for example, independently produced and stored in the pituitary and T cells. MIF therefore plays
an important role in both T Cytotoxic cell mediated diseases — such as rheumatoid arthritis and
Crohns, and antibody mediated diseases such as idiopathic thrombocytopenia.

Without wishing to be bound by any particular theory or explanation, when reference is
made herein to “one or more signaling pathway(s)” it should be understood as meaning that MIF,
or at least one protein associated with MIF (e.g., including receptor sites such as CD74 receptor
sites) is/are implicated in the innate immune system (e.g., NK and phagocyte cells, complement

proteins (e.g., C5a) and/or inﬂam.matory pathways) and the adaptive immune systems (e.g., the T
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cell dependent cytotoxicity (Thl) and antibody (Th2) pathways). For example, when MIF is
involved in the Thl signaling pathway generating T Cytotoxic cells other proteins such as, for
example, IL6, TNF, and other cytokines are also involved.

When the Th1 signaling pathway is overactive, a variety of diseases can result, such as
rheumatic diseases, connective tissue diseases, vasculitides, inflammatory conditions, vascular

diseases, ocular diseases, pulmonary diseases, cancers, renal diseases, nervous system disorders,

-complications of infective disorders, allergic diseases, bone diseases, skin diseases, Type 1

Diabetes, Crohn’s Disease, MS and gastrointestinal diseases, etc. Accordingly, by reducing the
amount of MIF function associated with this particular Th1 signaling pathway, chronic disease
conditions can be mitigated.

In contrast, again without wishing to be bound by any particular theory or explanation,
when the Th2 signaling pathway is over-active, the production of various antibodies occurs
leading to diseases such as, for example and including, hemolytic anemia, ITP (Idiopathic
Thrombocytopenic Purpura), Hemolytic Disease of the newborn, etc. Furthermore, over-activity
of this Th2 signaling pathway can result in an under-activity of the Th1 pathway, thus pérmitting
various parasites or cancers to thrive. For example, in the case of malaria where over production
of one or more homologues of MIF leads to the generation of an ineffective antibody response
that is ineffective-against the parasite (e.g., it is plausible that a variety of crystal forms or
homologues of MIF (or equivalents thereto) are made or presented by a variety of bacteria,
parasites, virus, fungi, etc., each of which may have different reactivity relative to, for example,
“ordinary” human MIF, and which may alter host immune response so as to create at least local
environments of “immune privilege”). Accordingly, by reducing the amount of MIF function
associated with this parﬁcular Th2 signaling pathway, other disease conditions can be mitigated.

» Still further, wnthout wishing to be bound by any particular theory or explanation, MIF
also has a role in driving the signaling pathway associated with innate immunity. This pathway
involves the activation of natural killer (“NK”) cells, phagocytes and other non-specific pathogen
cell types and certain prc;teins such as complement proteins (e.g., C5a). Excess MIF (and/or MIF
homologues), or similar effects of the same, can result in undesirable over-expression or over-
reaction in this particular signaling pathway as seen in multiple organ failure as a result of sepsis.
Examples include the Systemic Inflammatory Response Syndrome (SIRS). Accordingly, by
reducing the amount of MIF activity associated with this particular signaling pathway many
inflammatory diseases can be mitigated. '

Accordingly when endogenous MIF is present (e.g., in excess under local énvironmental
conditions), as measured by, for example, known body fluid measuring techniques such as

ELISA, spectroscopy, etc., it is possible that one or more innate or adaptive immune system
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signaling pathways may over-express, over activate or over-produce
inflammatory/immunological components. If for example, one or more forms of MIF present
causes the production of an excessive T Cytotoxic response, or an excessive antibody response
or an exaggerated NK/bhagocyte cell response, human disease can result. When, for example,
too many T Cytotoxic cells are expressed, a variety of chronic inflammatory conditions can
result. Similarly when excessive Th2 or innate responses are facilitated by MIF, other diseases
are produced.

Still further, it is also known that malaria parasites, and other parasites such as nematodes
and filarial worms,.and some cancers produce certain types of exogenous or non-regulated MIF '
or MIF homologues. Again, without wishing to be bound by any particular theory or
explanation, it appears that exogenous expression of MIF, or its homologues, leads to stimulation
of the Th2 signaling pathway, and may be an attémpt by the parasite, or the tumor, (i.e., “the
invader”) to create a state where the immune response is activated by MIF or its homologues
such that that the activated particular signaling pathway is not detrimental to the tumor or the
parasite, etc.

With regard to, for example, a malaria parasite, the parasite may stimulate the Th2
signaling pathway by providing excess exogenous MIF resulting in the production of antibodies
rather than T Cytotoxic cells. However, such antibodies do not typically harm the parasite.
Therefore, the parasite appgars to create at least a local area of immune privilege. In this regard
if an alternative pathway such as, for example, the Thl pathway, or the natural killer (NK) cell
pathway, can be re-activated, damage could then occur to the parasite (e.g., the immune system
could remove the parasite). However, if excéss antibodies or other immune/inflammatory
products are created, for example, as a result of the preferential activation of the Th2 pathway, it
is possible that the excess antibodies will end up cross-linking to various cell sites or activating
other immunological molecules. When such cross-linking or activation occurs, a very Iérge
inflammatory response could result. Without wishing to be bound by any particular theory or
explanation, it is possible that this inflammatory response is precisely the response that occurs in
women who are pregnant and are infected with malaria making them vulnerable to severe
malaria, and the anemia of malaria. It is believed that pregnant women are particularly
susceptible to this effect, due to the immunological effects of the placenta in promoting a Th2
response and sequestering parasites in this immune-privileged zone.

Again, without wishing to be bound by any particular theory or explanation, cancer cells
also express MIF apparently in an attempt to at least partially control immune response thereto

and/or promote their own growth. In this regard, it appears that cancer cells are also attempting

_to manipulate the immune system to follow the Th2 signaling pathway, in contrast to the Thl
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signaling pathway which could damage or kill the cancer cells. For example, by causing local
immune privilege to be created, there is no (or litfle) particular risk to cancer cells. In contrast, if
MIF was to stimulate the Th1 signaling pathway, then a cytokine cell/inflammatory response
may result, causing damage or death to the cancer cells (e.g., the tumor could be naturally
eliminated by the immune system). '

Again, without wishing to be bound by any particular theory or explanation, children
possess an immature immune system, particularly the innate and Th1 pathways. This immaturity
in some children results in altered MIF metabolism. It thus appears that the modulation of MIF in
children could result in the prevention or improvement of infectious or inflammatory diseases.

Accordingly, without wishing to be bound by any particular theory or explanation, the
inventive gold nanocrystal suspensions of the present invention can be used to modify one or
more signaling pathways (e.g., Thl signaling pathway, Th2 signaling pathway and/or innate
immunity pathway) either alone or in conjunction with other therapies that modulate signaling
pathways. Thus, by interacting with or controlling the MIF (or MIF homologue) associated with
one or more signaling pathway(s), various immunological responses can be turned on and/or can
be turned off. Accordingly, the response along the Th1 and Th2 signaling pathways for the
creation of T Cytotoxic cells or antibodies can be turned on, or can be turned off (e.g., the Th1 -
Th2 switch can be controlled to direct more or less of either immune pathway being invoked).
Similarly, the innate immune system aﬁd resultant inflammation can be turned on or can be
turned off. '

With the knowledge that one or more signaling pathways can be turned on/off, very

-important therapeutic treatments can thus occur. For example, a variety of surrogate endpoints

can be monitored or examined for a variety of different diseases, including, for example, many
cancers. For exarhple, the antigen, “carcino-embryonic antigen” or “CEA” is a known surrogate
endpoint marker for the amount of tumor or the amount of tumor burden present in a variety of
different cancers. For example, it is known that the higher the CEA amount, the more tumors
there are associated with ovarian éancer, breast cancer, colon cancer, rectal cancer, pancreatic
cancer, lung cancer, etc. In this regard, the amount of carcino-embryonic antigen can be
measured by, for example, drawing blood and testing for the presence of CEA by known
techniques including, for example, ELISA and certain spectroscopy techniques. In this regard,
once blood is drawn and a measurement is made to determine the amount of CEA, the extent of
treatment required (e.g., the dose, duration and/or the amount) can be driven by monitoring the
change in the amount of CEA measured. For example, if 15-45ml of 10ppm product is taken 2-3
times per day, monitoring of the amount of CEA could cause an increa;se in dosage, or a decrease

in dosage, depending on the desired outcome.
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' Likewise, prostate cancer has a known surrogate endpoint of “prostate-specific antigen”

or “PSA”. This surrogate endpoint can also be monitored by drawing blood and searching for

the same by ELISA techniques.

Still further, various cancers, like melanoma (e.g., ocular, etc.) also express antigens for

5 -example “GP100” and/or “Melan-A”. These surrogate endpoints can also be determined by

drawing blood from a patient and then measuring by similar ELISA or spectrographic techniques

for the amount of antigen present. In all such cases, the presence of antigen can cause an

increase/decrease in the amount of therapeutic treatment provided.

The following “Table A” sets forth a number of known “Tumor Markers” and associated

10 cancers, as well as where biological samples are drawn to measure such markers.

Table A

Common Tumor Markers Currently in Use

Tumor Markers
AFP (Alpha-feto protein)
B2M (Beta-2 microglobulin)
CA 15-3 (Cancer antigen 15-3)
CA 19-9 (Cancer antigen 19-9)

CA-125 (Cancer antigen 125)
Calcitonin

CEA (Carcino-embryonic antigen)

Chromogranin A (CgA)

Estrogen receptors

hCG (Human chorionic
gonadotropin)

Her-2/neu

Monoclonal immunoglobulins

Progesterone receptors

PSA (Prostate specific antigen), total

and free

Thyroglobulin
Other Tumor Markers Less Widely
Used

BTA (Bladder tumor antigen)
CA 72-4 (Cancer antigen 72-4)
Des-gamma-carboxy prothrombin

Cancers

Liver, germ cell cancer of ovaries or testes

Multiple myeloma
and lymphomas
Breast cancer and others, including lung, ovarian

Pancreatic, sometimes colorectal and bile ducts
Ovarian
Thyroid medullary carcinoma

Colorectal, lung,
breast, thyroid, pancreatic, liver, cervix, and bladder

Neuroendocrine tumors (carcinoid tumors,
neuroblastoma)

Breast

Testicular and trophoblastic disease

Breast

Multiple myeloma and Waldenstrom’s
macroglobulinemia

Breast

Prostate

Thyroid

Bladder
Ovarian _
Hepatocellular carcinoma (HCC)

43

Usual
sample

Blood
Blood

Blood
Blood
Blood
Blood

Blood

Blood
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Tumor Markers Cancers Usual
sample
DCP
_ i 1 .
EGER (Her-1) Solid tumors, such as of the lung (non small cell), head Tissue
- and neck, colon, pancreas, or breast
NSE (Neuron-specific enolase) Neuroblastoma, small cell lung cancer Blood
NMP22 Bladder Urine
Prostatic acid phosphatase (PAP) Metastatic prostate cancer, myeloma, lung cancer Blood
Soluble Mesothelin-Related Peptides Mesothelioma Blood

(SMRP)

10

20

25

Still further, various diseases of immune and inflammation dysfunction, like rheumatoid
arthritis and Crohn’s can be assessed using inflammatory markers such as C Reactive Protein
(CRP) or erythrocyte sedimentation rate (ESR). These surrogate endpoints can also be
determined by drawing blood from a patient and then measuring by visual ELISA or
spectrographic techniques for the amount of marker present. In all such cases, the change in an
inflammatory/immune marker can cause an increase/decrease in the amount of therapeutic
treatment provided. V

_ Still furthgr, various antibody-based diseases, like hemolytic anerﬁia or Rhesus disease,
can be monitored by the concentration of specific antibodies present. These surrogate endpoints
can also be determined by drawing blood from a patient and then measuring, by similar ELISA
or spectrographic techniques, for the amount of antibody present. In all such cases, the presence
of antibody can cause an increase/decrease in the amount of therapeutic treatment provided.

Inhibitors or modifiers of MIF and/or one or more of MIF’s signaling pathway(s) may
also be used in implantab>le devices such as stents. Accordingly, in a further aspect the present
invention provides an implantable device, preferably a stent, comprising:

(i) a reservoir containing at least one compound of metallic-based compound comprising
gold solutions or colloids and mixtures and alloys thereof; and

(ii) means to release or elute the inhibitor or modifier from the reservoir.

According to the invention therefore, there are a vhriety of indications that the
nanocrystalline gold-based therapies of the present invention will have desirable efficacy against
including various autoimmune diseases, tumors, or chronic or acute inflammatory conditions or
diseases, disorders, syndromes, states, tendencies or predispositions, etc., selected from the group
comprising:

rheumatic diseases (including but not limited to rheumatoid arthritis, osteoarthritis,
psoriatic arthritis, Still’s disease) spondyloarthropathies (including but not limited to ankylosing

spondylitis, reactive arthritis, Reiter's syndrome), crystal arthropathies (including but not limited
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to gout, pseudogout, calcium pyrophosphate deposition disease), Lyme disease, polymyalgia
rheumatica;

connective tissue diseases (including but not limited to systemic lupus erythematosus,
systemic sclerosis, schleroderma, polymyositis, dermatomyositis, Sjogren's syndrome);

vasculitides (including but not limited to polyarteritis nodosa, Wegener's granulomatosis,
Churg-Strauss syndrome);

inflammatory conditions or tendencies including consequences of trauma or ischaemia;

sa;coidosis;

vascular diseases including atherosclerotic vascular disease and infarction,

atherosclerosis, and vascular occlusive disease (including but not limited to atherosclerosis,

- ischaemic heart disease, myocardial infarction, stroke, peripheral vascular disease), and vascular

stent restenosis;

ocular diseases including uveitis, corneal disease, iritis, iridocyclitis, and cataracts;

autoimmune diseases (including but not limited to diabetes mellitus, thyroiditis,
myasthenia gravis, sclerosing cholahgitis, primary biliary cirrhosis);

pulmonary diseases (including but not limited to diffuse interstitial lung diseases,
pneumoconioses, fibrosing alveolitis, asthma, bronchitis, bronchiectasis, chronic obstructive
pulmonary disease, adult respiratory distress syndrome);

cancers whether primary or metastatic (including but not limited to prostate cancer, colon
cancer, bladder cancer, kidney cancer, lymphoma, lung cancer, melanoma, multiple myeloma,
breast cancer, stomach cancer, leukaemia, cervical cancer and metastatic cancer);

renal diseases including glomerulonephritis, interstitial nephritis;

disorders of the hypothalamic-pituitary-adrenal axis;

nervous system disorders including multiple sclérosis, Alzheimer's disease, Parkinson’s
Disease, Huntington’s disease; _

diseases characterized by modified angiogenesis (e.g., diabetic retinopathy, rheumatoid
arthritis, cancer) and endometriosis;

infectious diseases, including but not limited to bacterial, parasites or viral, including
HIV, HBV, HCV, tuberculosis, malaria, and worms (including the current FDA designated
neglected diseases of the developing world).

complications of infective disorders including endotoxic (septic) shock, exotoxic (septic)
shock, infective (true septic) shock, complications of malaria (e.g., cerebral malaria and anemia),
other complications of infection, and pelvic inflammatory disease;

transplant rejection, graft-versus-host disease;

allergic diseases including allergies, atopic diseases, allergic rhinitis;
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bone diseases (e.g., osteoporosis, Paget's disease);

skin diseases including psoriasis, eczema, atopic dermatitis, UV(B)-induced dermal cell
activation (e.g., sunburn, skin cancer);

diabetes mellitus and its complications;

pain, testicular dysfunctions and wound healing;

gastrointestinal diseases including inflammatory bowel disease (including but not limited

“to ulcerative colitis, Crohn's disease), peptic ulceration, gastritis, oesophagitis, liver disease

(including but not limited to cirrhosis and hepatitis).

In one embodiment, the disease or condition is selected from the group consisting of
rheumatoid arthritis, osteo arthritis, systemic lupus erythematosus, ulcerative colitis, Crohn's
disease, multiple sclerosis, psoriasis, eczema, uveitis, diabetes mellitus, glomerulonephritis,
atherosclerotic vascular disease and infarction, asthma, chronic obstructive pulmonary disease,

HIV, HBV, HCV, tuberculosis, malaria, worms, and cancer(s).
I11. Pharmaceutical Compositions

Pharmaceutical compositions which include an effective amount of the gold nanocrystals
to treat any of the medical conditions described in this application are also provided. Ina
preferred embodiment, the gold nanocrystals are administered in an ora.lly delivered liquid,
wherein the gold nanoerystals remain in the water of manufacture which may be concentrated or
reconstifuted, but preferable not dried to the point that the surfaces of the gold nanocrystals
become completely dry or have their surfaces otherwise altered from their pristine state of
manufacture.

Based on experiments, it appears that the present gold nanocrystals are a more potent
form of gold than prior art gold-based materials, rncluding both FDA-approved gold-.b.ased
pharmaceutical products, and non-FDA-approved gold colloids, due to the substantially clean
very active crystalline surfaces. Because of this, itis expected that significantly lower doses of
the present nanocrystals can be used, than dose levels required by prior art composiiions, '
including the oral gold product Auranofin.

For example, in the widely accepted collagen. induced arthritis mouse model, a standard
dose is 40mg/kg/day of Auranofin, which is approximately 1mg/mouse/day of Auranofin and
0.30 mg gold/day of gold contained in Auranofin. This standard Auranofin dose level appears to
give an equivalent response to that resulting from' a dose of about 0.06 mg/day of the gold
nanocrystals of the present invention (Example 25). Thus, in such experiment, the present
nanocrystals were calculated to be 17 times more potent than was the Auranofin, and 5 times l

more potent than the gold species contained in the Auranofin.
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The standard FDA-approved dose level for Auranofin in humans is 6mg/day, or
0.9mg/kg/day. The gold contained in that human dose levels of Auranofin is 1.74mg, or.
0.025mg/kg. Given the relative potency of the novel gold nanocrystals compared to that of
Auranofin, as demonstrated in the live animal model, an approximate human dose level for the
novel gold nanocrystal can be calculated by dividing the human dose level for Auranofin by the
relative potency factor of 17X, or by dividing the human dose level of the gold contained in the
Auranofin by the relative potency factor of 5X. This results in an approximate human dose level
for the novel gold nanocrystals of 0.35mg/day, versus the 6mg/day required for Auranofin, and
1.74mg/day required for gold contained in Auranofin. 0.35mg/day, for a 70kg human being, is a
dose of 0.005mg/kg/day. ‘ _

It is normal in developing dosing levels to establish a range of one order of magnitude or
more surrouhding an estimated mg/kg dose. In this case, if the approximate suggested base dose
is 1/17 that of the base dose of Auranofin, or 0.348mg/day, which is 0.005mg/kg/day, this
suggevsts that an effective dosing range for Auranofin-like efficacy with the novel nanocrystals
can be achieved at dosing levels of 0.005Smg/kg/day, and even greater efficacy at levels in the
range of 0.01mg/kg/day or 0.25mg/kg/day.

It is important to recognize that in pharmaceutical products the objective is to establish
the minimum dose necessary to achieve efficacy, thus minimizing potential for toxicity or
complications. A new orally administered product with significantly greater potency can achieve
efficacy at dose levels below those of prior art broducts, and/or can achieve subsfantially greater
éfﬁcacy at equivalent dose levels. .

Moreover, it is observed in animal trials that toxicity levels of the novel nanocrystals are
low, even at maximum dose levels, which means that even at higher dose levels there is less
toxicity than with current products such as Auranofin.

It has also been observed in mice that a therapeutic effect is seen faster than with

* Auranofin, which has a typicél onset of action of weeks, compared to days for the present

nanocrystals (See Example 25). This is a major advantage in use, since it means patients enjdy
relief sooner, and are much more likely to continue to comply with the regimen and thus
continue to benefit from the product. _

It has further been observed that the presént gold nanocrystals have a better thebrapeutic
index than Auranofin due to the lower dose required to achieve efficacy and a the associated
lower toxicity.

It is also important to recognize that to have real value as a pharmaceutical treatiment, a
product must be manufacturable under high pharmaceutical-grade manufacturing, sourcing, and

quality control standards, as defined by the FDA as Good Manufacturing Practice (GMP).
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Conventional gold nanoparticles are made by a variety of methods, most of which involve -
chemical reduction processes. There appear to be no current chemical reduction or other
conventional processes for production of gold nanoparticles which comply with GMP, and given
the nature of these processes, it appears that GMP compliance, if pdssible, will be extremely
challenging and will require substantial time, money, and inventive engineering to achieve. The
process by which the present novel gold nanocrystals are produced is designed to be GMP
compliant, establishing another major difference and advantage of the present gold nanocrystals.

While clinical trials are required to confirm the therapeutically efficacious dose, it is
reasonable to conclude that doses ranging from 0.05 mgs or more (or 0.1, 0.5, 1.0, 2.0 mg or
more) to 10 mg or more per dosage (once, twice or multiple times per day) are effective in a
human to treat any of the conditions described herein. Given the low toxicity of these gold
nanocrystals, for more problematic disorders it is appropriate to use at higher dose levels,
including but not limited dosages of 10 mgs or more, such as 20 mg or more per dosage.

Any concenfration of gold nanocrystals can be provided according to the invention. For
example, concentrations of these gold nanocrystals can be a few parts per million (i.e., pg/ml or
mg/l) up to a few hundred ppm, but are typically in the range of 2-200 ppm (i.e., 2 pg/ml — 200
pg/ml) and more often in the range of 2-50 pprﬁ (i.e., 2 ug/ml — 50 pg/ml). A typical convenient

| concentration may be around 5-20 pg/ml, and more typically about 8-15 pg/ml.

Pharmaceutical compositions are provided that are apbropriate for systemic or topical
use, including oral, intravenous, subcutaneous, intra-arterial, buccal, inhalation, aerosol,
propellant or other appropriate liquid, etc, as described further herein, including specific gels or
creams discussed in Exampleb23.

Alternatively, suitable dosages of active ingredient may lie within the range of about 0.1
ng per kg of body weight to about 1 g per kg of body weight per dosage. The dosage is typically
in the range of 1 pgto 1 g per kg of body weight per dosage, such as is in the range of | mgto |
g per kg of body weight per dosage. In one embodiment, the dosage is in the range of 1 mg to
500 mg per kg of body weight per dosage. In another embodiment, the dosége is in the range of 1
mg to 250 mg per kg of body weight per dosage. In yet another preferred embodiment, the
dosage is in the range of 1 mg to 100 mg per kg of body weight per dosage, such as up to 50 mg
per kg of body weight per ddsage. In yet another embodiment, the dosage is in the range of 1 pg
to 1 mg per kg of body weight per dosage.

Suitable dosage amounts and dosing regimens can be determined by the attending
physician or veterinarian and may depend on the desired level of inhibiting and/or modifying
activity, the particular condition being treated, the severity of the condition, whether the dosage

is preventative or therapeutic, as well as the general age, health and weight of the subject.
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The gold nanocrystals contained in, for example, an aqueous medium, colloid,
suspension, foam, gel, paste, liquid, cream or the like, may be administered in a single dose or a
series of doses. While it is possible for the aqueous medium containing the metallic-based
nanocrystals to be administered alone in, for example, colloid form, it may be acceptable to
include the active ingredient mixture with other compositioné and or therapies. Further, various
pharmaceutical compositions can be added to the active ingredient(s)/suspension(s)/colloid(s).

Accordingly, typically, the inventive gold nanocrystal suspensions or colloids (e.g.,
comprising aqueous gold-based metal and/or mixtures of gold and other metal(s) and/or alloys of
gold with other metal(s) and/or a combination therapy approach) are administered in conjunction
with a second therapeutic agent. More typically, the second therapeutic agent comprises a
glucocorticoid.

In a further aspect of the invention, there is provided a pharmaceutical composition
comprising the inventive gold nanocrystal suspensions or colloids (e.g., comprising aqueous

gold-based metal and/or mixtures of gold and other metal(s) and/or alloys of gold with other

" metal(s) and/or a combination therapy approach) together with a pharmaceutically acceptable

carrier, diluent or excipient. The formulation of such compositions is well known to those
skilled in the art. The combosition may cohtain‘phannaceutically acceptable additives such as
carriers, diluents or excipients. These include, where appropriate, all conventional solvents,
dispersion agents, fillers, solid earners, coating agents, antifungal and/or antibacterial agents,
dermal penetration agents, ibuprofen, ketoprofen, surfactants, isotonic and absorption agents and
the like. It will be understood that the compositions of the invention may also include other
supplementary physiologically active agents. Still further, a large variety of dietary supplements
‘and homeopathic carriers can also be utilized. Specifically, choices of such ingredients can be

based in part on known functionality or use of these ingredients such that when combined with

" active ingredients of the invention, additive or synergistic affects can be achieved.

The carrier should be pharmaceutically acceptable in the sense of being compatible with
the other ingredients in the inventive gold nanocrystal suspensions and not injurious (e.g., toxic
at therapeutically active amounts) to the subject. Compositions include those suitable for oral,
rectal, inhalational, nasal, transdermal, topical (including buccal and sublingual), vaginal or
parenteral (including subcutaneous, intramuscular, intraspinal, intravenous and intradermal)
administration. The compositions may conveniently be presented in unit dosage form and may be
prepared by any methods well known in the art of pharmacy, homeopathy and/or dietary
suppleménts. Such methods include the step of bringing into association the inventive metallic-
based nanocrystals or suspensions with the carrier which constitutes one or more accessory

ingredients. In general, the compositions are prepared by uniformly and intimately bringing into
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association one or more active ingredients in the solution/colloid under appropriate non-reactive

conditions which minimize or eliminate, to the extent possible, negative or adverse reactions.

Depending on the disease or condition to be treated, it may or may not be desirable for
the inventive gold nanocrystal suspensions or colloids to cross the blood/brain barrier.

Thus, the gold nanocrystal suspensions or colloids of the present invention may be
manufactured to be of desirable size, desirable cr_ystal ﬁlane(s) and/or desirable shapes or shape
distributions, etc (as discussed elsewhere herein) to assist in crossing the bldod/brain barrier.

Gold nanocrystal suspensions according to the present invention suitable for oral
administration are presented typically as a stable solution, colloid or a partially stable suspension
in water. However, such gold nanocrystals may also be included in a non-aqueous liquid, as
discrete units such as liduid capsules, sachets or even tablets (e.g., drying-out suspensions or
colloids to result in active ingredient gold-based nanocrystals so long as such processing does not
adversely affect the functionality of the pristine gold nanocrystal'surfaces) each containing a
predetermined amount, of, for example, the gold nanocrystal active ingredient; as a powder or
granules; as a solution, colloid or a suspension in an aqueous or as non-aqueous liquid; or as an ‘
oil-in-water liquid emulsion or a water-in-oil liquid emulsion. The gold nanocrystal active
ingredient may also be combined into a bolus, electuary or paste.

A tablet made from the inventive gold nanocrystal suspensions or colloids (e.g.,
comprising aqueous gold-based nanocrystals and/or alloys of gold with other metal(s) and/or a
combination therapy approach) and other materials or compounds may be made by, for example,
first drying the suspension or colloid, coIIectiné residual dried material and by cdmpression or
molding, forcing the powder into a suitable tablet or the like. For example, compressed tablets
may be prepared by compressing in a suitable machine the active ingredient nanocrystals, for .
example, the metallic-based nanocrystals, ina free-flowing form such as a powder or granules,
optionally mixed with a binder (e.g., inert diluent, preservative, disintegrant (e.g., sodium starch
glycolate, cross-linked polyvinyl pyrrolidone, cross-linked sodium carboxymethyl cellulose))
surface-active or dispersing agent. Molded tablets may be made by, for-example, molding or
pressing in a suitable machine a mixture of the powdered compound moistened with an inert

liquid diluent. The tablets may optionally be coated or scored and may be formulated so as to

. provide slow or controlled release of the active ingredient therein using, for example,

hydroxypropylmethyl cellulose in varying proportions to provide the desired release profile.

* Tablets may optionally be provided with an enteric coating, to provide for release in parts of the

gut other than the stomach.
Compositions suitable for topical administration in the mouth include lozenges

comprising suspensions or colloids containing one or more active ingredient(s) gold nanocrystal
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in a flavored base, such as sucrose and acacia or tragacanth gum; pastilles comprising the gold
nanocrystal active ingredient in an inert base such as a gelatin and a glycerin, or sucrose and
acacia gum; and mouthwashes comprising the gold nanocrystal active ingredient in a suitable
liquid carrier.

The inventive gold nanocrystal suspensions or colloids (e.g., comprising aqueous gold-
based metal and/or mixtures of gold and other metal(s) and/or alloys of gold with other metal(s)
and/or a combination therapy approach) may also be administered intranasally or via inhalation,
for example by atomiser, aerosol or nebulizer means for causing one or more constituents in the
solution or colloid (e.g., the gold nanocrystals) to be, for example,'contained within a mist or
spray.

Compositions suitable for topical administration to the skin may comprise the gold
nanocrystals of the invention suspended in any suitable carrier or base and may be in the form of
lotions, gel, creams, pastes, ointments and the like. Suitable carriers include mineral oil,
propylene glycol, polyoxyethylene, polyoxypropylene, emulsifying wax, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol, carbopol
and water. Transdermal devices, such as patches, may also be used to administer the compounds
of the invention. ' '

Compositions for rectal administration may be presented as a suppository with a suitable
carrier base comprising, for example, cocoa butter, gelatin, glycerin or polyéthylene glycol.

Compositions suitable for vaginal administration may be presented as pessaries, tampons,

creams, gels, pastes, foams or spray formulations containing in addition to the active ingredient

- such carriers as are known in the art to be appropriate.

Compositions suitable for parenteral administration include aqueous and non-aqueous.
isotonic sterile injection suspensions or colloids which may contaiﬁ anti-oxidants, buffers,
bactericides and solutes which render the composition isotonic with the blood of the intended
recipient; and aqueous and non-aqueous sterile suspensions which may inciude suspending
agents and thickening agents. The compositions may be presented in unit-dose or multi-dose
sealed containers, for example, ampoules and vials, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of the sterile liquid carrier, for example water
for injections, immediately prior to use. Extemporaneous injection solutions, colloids and
suspensions may be prepared from sterile powders, granules and tablets of the kind previously
described.

Preferred unit dosage compositions are those containing a daily dose or unit, daily sub-
dose, as herein above described, or an appropfiéte fraction thereof, of the active ingredient.

It should be understood that in addition to the gold nanocrystal active ingredients
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particularly mentioned above, the compositions of this invention may include other agents
conventional in the art having regard to the type of composition in question, for example, those
suitable for oral administration may include such further agents as binders, sweeteners,
thickeners, flavouring agents, disintegrating agents, coating agents, preservatives, lubricants,
time delay agents and/or position release agents. Suitable sweeteners include sucrose, lactose,
glucose, aspartame or saccharine. Suitable disintegrating agents include corn starch,
methylcellulose, polyviﬁylpynolidone, xanthan gum, bentonite, alginic acid or agar. Suitable
flavouring agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry
flavouring. Suitable coating agents include polymers or copolymers of acrylic acid and/or
methacrylic acid and/or their esters, waxes, fatty alcohols, zein, shellac or gluten. Suitable
preservatives include sodium benzoate, vitamin E, alpha-tocopherol, ascorbic acid, methyl
paraben, propy| paraben or sodium bisulphite. Suitable lubricants include magnesium stearate,
stearic acid, sodium oleate, sodium chloride or talc. Suitable time delay agents include glyceryl
mono stearate or glyceryl distearate.

Further, by following the inventive electrochemical manufacturing processes of the
invention, these gold-based metallic nanocrystals can be alloyed or combined with other metals
in liquids such that gold “coatings” may occur on other metals (or other non-metal species such
as Si0,, for example) or alternatively, gold-based nanocrystals may be coated by other metals.

In such cases, gold-based composites or alloys may result within a colloid or suspension.

‘Further, certain composites which include both gold and other metals can also be formed.

Still further, gold-based metallic nanocrystals suspensions or colloids of the present
invention can be mixed or combined with other metallic-based solutions or colloids to form
novel solution or colloid mixtures (e.g., in this instance, distinct metal species can still be

discerned).

IV.Method of Manufacturing' Gold Nanocrystals

A novel process is provided to produce these unique gold nanocrystals. The process
involves the creation of the gold nanocrystals in water. In a preferred embodiment, the water
contains an added “process enhancer” which does not significantly bind to the formed
nanocrystals, but rather facilitates nucleation/crystal growth during the electrochemical-
stimulated growth process. The process enhancer serves important roles in the process including
providing charged ions in the electrochemical solution to permit the crystals to be grown.. These
novel electrochemical processes can occur in either a batch, semi-continuous or continuous
process. These processes result in controlled gold nanocrystalline concentrations, controlled
nanocrystal sizes and controlled nanocrystal size ranges; as. well as controlled nanocrystal
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shapes and controlled nanocrystal shape distributions. Novel manufacturing assemblies are
provided to produce these gold nanocrystals.

- In one preferred embodiment, the gold-based nanocrystal suspensions or colloids are
made or grown by electrochemical techniques in either a batch, semi-continuous or continuous
process, wherein the amount, average particle size, crystal plane(s) and/or particle shape(s)
and/or particle shape distributions are controlled and/or optimized to achieve high biological
activity and low cellular/biologic toxicity (e.g., a high therapeutic index). Desirable average
crystal sizes include a variety of different ranges, but the most desirable ranges include average
crystal sizes that are predominantly less than 100nm and more typically, for many uses, less than
50nm and even more typically for a variety of, for example, oral uses, less than 30nm, and in
many of the preferred émbodiments disclosed herein, the mode for the nanocrystal size

distribution is less than 21 nm and within an even more preferable range of 8-18nm, as measured

- by drying such solutions and constructing particle size histograms from TEM measurements (as

described in more detail herein). Further, the particles desirably contain crystal planes, such
desirable crystal planes including crystals having {111}, {110} and/or {100} facets, which can
result in desirable crystal shapes and desirable crystal shape distributions and better performance
than gold spherical or randomly-shaped particles.

Further, by following the inventive electrochemical nianufacturing processes of the
invention, these gold-based metallic nanocrystals can be alloyed or combined with other metals
in liquids such that gold “coatings™ may occur on other metals (or other non-metal species such
as SiO,, for example) or alternatively, gold-based nanocrystals may be coated by other metals.
In such cases, gold-based composites or alloys may result within a colloid or suspension.
Further, certain composites which include both gold and other metals can also be formed.

Still further, gold-based metallic nanocrystals suspensfons or colloids of the present
invention can be mixed or combined with other metallic-based solutions or colloids to form
novel solution or colloid mixtures (e.g., in this instance, distinct metal species can still be
discerned).

Methods for making novel metallic-based nanocrystal suspensions or colloids according
to the invention relate generally to novel methods and novel devices for the continuous, semi-
continuous and batch manufacture of a variety of constituents in a liquid including micron-sized
particles, nanocrystals, ionic species and aqueous-based compositions of the same, including,
nanocrystal/liquid(s), solution(s), colloid(s) or suspension(s). The constituents and nanocrystals
produced can comprise a variety of possible compositions, concentrations, sizes, crystal planes
(e.g., spatially extended low index crystal planes) and/or shapes, which together can cause the

inventive compositions to exhibit a variety of novel and interesting physical, catalytic,
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biocatalytic and/or biophysical properties. The liquid(s) used and created/modified during the
process can play an important role in the manufacturing of, and/or the functioning of the
constituents (e.g., nanocrystals) independently or synergistically with the liquids which contain
them. The particles (e.g., nanocrystals) are caused to be present (e.g., created and/or the liquid is
predisposed to their presence (e.g., conditioned)) in at least one liquid (e.g., water) by, for
example, typically utilizing at least one adjustable plasma (e.g., created by at least one AC and/or
DC power source), which adjustable plasma communicates with at least a portion of a surface of
the liquid. However, effective constituent (e.g., nanocrystals) suspensions or colloids can be
achieved without the use of such plasmas as well.

Metal-based electrodes of various composition(s) and/or unique configurations or

. arrangements are preferred for use in the formation of the adjustable plasma(s), but non-metallic-

based electrodes can also be utilized for at least a portion of the process. Utilization of at least
one subsequent and/or substantially simultaneous adjustable electrochemical processing
technique is also preferred. Metal-based electrodes of various composition(s) and/or unique
configurations are preferred for use in the electrochemical processing technique(s). Electric
fields, magnetic fields, electromagnetic fields, electrochemistry, pH, zeta potential,
chemical/crystal constituents present, etc., are just some of the variables that can be positively
affected by the adjustable plasma(s) and/or adjustable electrochemical processing technique(s) of
the invention. Multiple adjustable plasmas and/or adjustable electrochemical techniques are A
preferred in many embodiments of the invention to achieve many of the processing advantages
of the present invention, as well as many of the novel nanocrystals and nanocrystal compositions
which result from practicing the teachings of the preferred embodiments to make an almost
limitless set of inventive aqueous solutions, suspensions and/or colloids. .

In the continuous process embodiments of the invention, at least one liquid, for example
water, flows into, through and out of at least one trough member and such liquid is processed,
conditioned, modified and/or effected by said at least one adjustable plasma and/or said at least
one adjustable electrochemical technique. The results of the continuous processing include new
constituents in the liquid, micron-sized particles, ionic constituents, nanocrystals (e.g., metallic-
based nanocrystals) of novel and/or controllable size, hydrodynamic radius, concentration,
crystal sizes and crystal size ranges, crystal planes, spatially extended low index crystal planes,
crystal shapes and distributions of crystal shapes and, composition, zeta potential, pH and/or
properties, such nanocrystal/liquid mixture Being produced in an efficient and economical
manner. .

In a preferred émbodiment, the process involves the nucleation and growth of the gold

nanocrystals in water which contains a “process enhancer” or “processing enhancer” (typically
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an inorganic material) which does not significantly bind to the formed nanocrystals, but rather
facilitates nucleation/growth during electrochemical-stimulated growth process. The process
enhancer serves important roles in the process including providing charged ions in the
electrochemical solution to permit the crystals to be grown. The process enhancer is critically a
compound(s) which remains in solution, and/or does not form a coating (e.g., an organic
coating), and/or does not adversely affect the formed nanocrystals or the formed suspension(s),
and/or is destroyed, evaporated, or is oiherwise lost during the electrochemical process. A
preferred process enhancer is sodium bicarbonate. Examples of other process enhancers are
sodium carbonate, potassium bicarbonate, potassium carbonate, trisodium phosphate, disodium
phosphate, monosodium phosphate, potassium phosphates or other salts of carbonic acid or the
like. Further process enhancers may be salts, including sodium or potassium, of bisulfite or
sulfite. Still other process enhancers to make gold nanocrystals for medical applications under
certain conditions may be other salts, including sodium or potassium, or any material that assists
in the electrochemical growth processes described herein; and any material is not substantially
incorporated into or onto the surface of the gold nanocrystasl; and does not impart toxicity to the
nanocrystals or to the suspension containing the nanocrystals.

Desirable concentration ranges for the processing enhancer include typically 0.01 — 20
grams/gallon (0.0026— 2.1730 mg/ml), more typically, 0.1 — 7.5 grams/gallon (0.0264 — 1.9813

"~ mg/ml) and most typically, 0.5 — 2.0 grams/gallon (0.13210 — 0.5283 mg/ml).

For example, certain processing enhancers may dissociate into positive ions (cations) and
negative ions (anions). The anions and/or cations, depending on a variety of factors including
liquid composition, concentration of ions, applied fields, frequency of applied fields, waveform
of the applied filed, temperature, pH, zeta potential, etc., will navigate or move toward
oppositely charged electrodes. When said ions are located at or near such electrodes, the ions
may take part in one or more reactions with the electrode(s) and/or other constituent(s) located at
or near such electrode(s). Sometimes ions may react with one or more materials in the electrode
(e.g., when NaCl is used as a processing enhancer, various metal chloride (MCI, MCl,, etc.) may
form). Such reactions may be desirable in some cases or undesirable in others. Further,

sometimes ions present in a solution between electrodes may not react to form a product such as

MCI, MCl,, etc., but rather may influence material in the electrode (or near the electrode) to form

metallic nano-crystals that are “grown” from material provided by the electrode. For example,
certain metal ions may enter the liquid 3 from the electrode 5 and be caused to come together
(e.g., nucleate) to form constituents (e.g., ions, nanocrystals, etc.) within the liquid 3.

Further, it is important to select a process enhancer that will not impart toxicity to the

" gold nanocrystal or the liquid that the crystal is in to maximize pharmaceutical acceptability. For
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example, for certain applications, chloride ion may be undesired if it creates gold chloride salts
which may have toxicity. |

Further, depending upon the specific formed products, drying, concentrating and/or
freeze drying can also be utilized to remove at least a portion of, or substantially all of, the
suspending liquid, resulting in, for example, partially or substantially completely dehydrated -
nanocrystals. If solutions, suspensions or colloids are completely dehydrated, the metal —based
species should be capable of being rehydrated by the addition of liquid (e.g., of similar or
different composition than that which was removed). However, not all compositions/colloids of
the present invention can be completely dehydréted withqut adversely affecting performance of
the composition/colloid. For example, many nanocrystals formed in a liquid tend to clump or
stick together (or adhere to surfaces) when dried. If such clumping is not reversible during a
subsequent rehydration step, dehydrat'ion should be avoided.

In general, it is possible to concentrate, several folds, certain solutions, suspensions or
colloids of gold made according to the invention, without destabilizing the composition.
However, complete evaporation is difficult to achieve due to, for example, agglomeration effects.
In many of the embodiments disclosed herein, such agglomeration effects seem to begin at an
approximate volume of 30% of the initial or starting reference volume being removed from the
suspension or. colloid. Additionally, one can evaporate off a certain volume of liquid and
subsequently reconstitute or add-back the amount of liquid evaporated to achieve a very similar
product, as characterized by, for example, FAAS, DLS, and UV-Vis techniques. For Example,
tw0‘500ml suspensions of nanocrystalline colloidal gold, made by techniques similar to those to
manufacture GB-139 (discussed in detail in the Examples section herein) were each placed into a
glass beaker and heated on a hot plate until boiling. The suspensions were evaporated to 300mL
and 200mL, respectively, and later reconstituted with that amount of liquid which was removed
(i.e., with water purified by deionization and reverse osmosis (“DI/RO”) water in 200mL and -
300mL quantities, respectively) and subsequently characterized. Additionally, in another
instance, two GB-139 suspension were again evaporated to 300mL and 200mL and then
characterized without rehydration. It was found that these dehydration processes had little to no
detrimental effects on the nanocrystal sizes or nanocrystal shapes (i.e., the nanocrystal size
range and nanocrystal shape distributions did not change dramatically when the GB-139 colloid
was dehydrated; or dehydrated and rehydrated to its initial gold concentration or ppm level).

One important aspect of the invention involves the creation of at least one adjustable
plasma, which adjustable plasma is located between at least one electrode positioned adjacent to
(e.g., above) at least a portion of the surface of a liquid (e.g., water) and at least a portion of the

surface of the liquid itself. The liquid is placed into electrical communication with at least one
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second electrode (or a plurality of second electrodes) causing the surface of the liquid to function
as an electrode, thus taking part in the formation of the adjustable plasma. ‘This configuration
has certain characteristics similar to a dielectric barrier discharge configuration, except that the
surface of the liquid is an active electrode participant in this configuration.

Each adjustable plasma utilized can be located between the at least one electrode located
above a surface of the liquid and a surface of the liquid due to at least one electrically conductive
electrode being located somewhere within (e.g., at least partially within) the liquid. At least one
power source (in a preferred embodiment, at least one source of volts and amps such as a
transformer or power source) is connected electrically between the at least one electrode located
above the surface of the liquid and the at least one electrode contacting the surface of the liquid
(e.g., located at least partially, or substantially completely, within the liquid). The electrode(s)
may be of any suitable composition and suitable physical configuration (e.g., size and shape)
which results in the creation of a desirable plasma between the electrode(s) located above the
surface of the liquid and at least a portion of the surface of the liquid itself.

The applied power (e.g., voltage and amperage) between the electrode(s) (e.g., including
the surface of the liquid functioning as at least one electrode for forming the plasma) can be
generated by any suitable source (e.g., voltage from-a transformer) including both AC and DC
sources and variants and combinations thereof. Generally, the electrode or electrode
combination located within (e.g., at least partially below the surface of the liquid) takes part in
the creation of a plasma by providing voliage and current to the liquid or solution. However, the
adju‘stable plasma is actually located between at least a portion of the electrode(s) located above
the surface of the liquid (e.g., at a tip or point thereof) and one or more portions or areas ofthe
liquid surface itself. In this regard, the adjustable plasma can be created between the
aforementioned electrodes (i.e., those located above at least a portion of the surface of the‘ liquid
and a portion of the liquid surface itself) when a breakdown voltage of the gas or vapor around
and/or between the electrode(s) and the surface of the liquid is achieved or maintained.

In one embodiment of the invention, the liquid combr-ises water (or water containing
certain processing enhancer(s)), and the gas between the surface of the water and the electrode(s)
above the surface of the water (i.e., that gas or atmosphere that takes part in the formation of the
adjustable plasma) comprises air. The air can be controlled to contain various different water
content(s) or a desired humidity which can result in different compositions, concentrations,
crystal size distributions and/or crystal shape distributions of constituents (e.g., nanocrystals)
being produced according to the present invention (e.g., different amounts of 'certain constituents
in the adjustable plasma and/or in the solution or suspension can be a function of the water

content in the air located above the surface of the liquid) as well as different processing times
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required to obtain certain concentrations of various constituents in the liquid, etc. Specific
aspects of the adjustable plasma 4 are discussed in greater detail in Examples 5-7.

The breakdown electric field at standard pressures and temperatures for dry air is about
3MV/m or about 30kV/cm. Thus, when the local electric field around, for exampie, a metallic
point exceeds about 30kV/cm, a plasma can be generated in dry air. Equation (1) gives the
empirical relationship between the breakdown electric field “E¢” and the distance “d” (in meters)

between two electrodes:

E = 3000+%kV/m Equation 1

Of course, the breakdown electric field “E.” will vary as a function of the properties and
composition of the gas or vapor located between electrodes. In this rega_rd, in one preferred
embodiment where water (or water containing a processing enhancer) is the liquid, significant
amounts of water vapor can be inherently present in the air between the “electrodes” (i.é.,
between the at least one electrode located above the surface of the water and the water surface
itself which is functioning as one electrode for plasma formation) and such water vapor should

have an effect on at least the breakdown electric field required to create a plasma therebetween.

- Further, a higher concentration of water vapor can be caused to be present locally in and around

the created plasma due to the interaction of the adjustable plasma with the surface of the water.

The amount of “humidity” present in and around the created plasma can be controlled or

adjusted by a variety of techniques discussed in greéter detail later herein. Likewise, certain
components present in any liquid can form at least a portion of the constituents forming the
adjustable plasma located between the surface of the liquid and the electrode(s) located adjacent
(e.g., along) the surface of the liquid. The constituents in the adjustable plasma, as well as the
physical properties of the plasma per se, can have a dramatic influence on the liquid, as well as
on certain of the processing techniques (discussed in greater detail later herein).

The electric field strengths created at and near the electrodes are typically at a maximum
at a surface of an electrode and typically decrease with incfeasing distance therefrom. In cases
involving the creation of an adjustable p]asma between a surface of the liquid and the at least one
electrode(s) located adjacent to (e.g., above) the liquid, a portion of the volume of gas between
the electrode(s) located above a surface of a liquid and at least a portion of the liquid surface
itself can contain a sufficient breakdown electric field to create the adjustable plasma. These
created electric fields can influence, for example, behavior of the adjustable plasma, behavior of

the liquid (e.g., influence the crystal state of the liquid) behavior of constituents in the liquid, etc.
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In this regard, Figure 1a shows one embodiment of a point source electrode 1 having a
triangular cross-sectional shape located a distance “x” above the surface 2 of a liquid 3 flowing,
for example, in the direction “F”. An adjustable plasma 4 can be generated between the tip or
point 9 of the electrode 1 and the surface 2 of the liquid 3 when an appropriate power source 10
is connected between the point source electrode 1 and the electrode 5, which electrode 5
communicates with the liquid 3 (e.g., is at least partially below the surface 2 of the liquid 3).

The adjustable plasma region 4, created in the embodiment shown in Figure 1a can
typically have a shape corresponding to a cone-like structure or an ellipsoid-like structure, for at.
least a portion of the process, and in some embodiments of the invention, can maintain such
shape (e.g., cone-like shape) for substantially all of the process. The volume, intensity, '
constituents (e.g., composition), activity, precise locations, etc., of the adjustable plasma(s) 4 will
vary depending on a number of factors including, but not limited to, the distance “x”, the
physical and/or chemical composition of the electrode 1, the shape of the electrode 1, the power
source 10 (e.g., DC, AC, rectified AC, the applied polarity of DC and/or rectified AC, AC or DC
waveform, RF, etc.), the power applied by tﬁe power source (€.g., the volts applied, which is
typically 1000 — 5000 Volts, and more typically 1000 — 1500 Volts, the amps applied, electron
velocity, etc.) the frequency and/or magnitude of the electric and/or magnetic fields created by
the power source applied or ambient, electric, magnetic or electromagnetic fields, acoustic fields,
the composition of the naturally occurring or supplied gas or atmosphere (e.g., air, nitrogen,
helium, oxygen, ozone, reducing atmospheres, etc.) between and/or around the electrode 1 and
the surface 2 of the liquid 3, temperature, pressure, volume, floW rate of the liquid 3 in the
direction “F”, spectral characteristics, composition of the liquid 3, conductivity of the liquid 3,
cross-sectional area (e.g., volume) of the liquid near and around the electrodes 1 and 5, (e.g., the
amount of time (i.e., dwell time) thé liquid 3 is permitted to interact with the adjustable plasma 4
and the intensity of such interactions), the presence of atmosphere flow (e.g., air flow) at or near
the surface 2 of the liquid 3 (e.g., fan(s) or atmospheric movement means provided) etc.,
(discussed in more detail later herein).

The composition of the electrode(s) 1 involved in the creation of the adjustable plasma(s)
4 of Figure 1a, in one preferred embodiment of the invention, are metal-based compositions
(e.g., metals such as gold and/or alloys or mixtures thereof, etc.), but the electrodes 1 and 5 may
be made out of any suitable material compatible with the various aspects (e.g., processing

parameters) of the inventions disclosed herein. In this regard, while the creation of a plasma 4

“in, for example, air above the surface 2 of a liquid 3 (e.g., water) will, typically, produce at least

some ozone, as well as amounts of nitrogen oxide and other components (discussed in greater

detail elsewhere herein). These produced components can be controlled and may be helpful or
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harmful to the formation and/or performance of the resultant constituents in the liquid (e.g.,
nanocrystals) and/or, nanocrystal suspensions or colloids produced and may need to be
controlled by a variety of different techniques, discussed in more detail later herein. Further, the
emission spectrum of each plasma 4, as shown for example in Examples 5-7, is also a function of
similar factors (discussed in greater detail later herein). As shown in Figure 1a, the adjustable
plasma 4 actually contacts the surface 2 of the liquid 3. In this embodiment of the invention,
material (e.g., metal) from the electrode 1 may comprise a portion of the adjustable plasma 4
(eg., and thus be part of the emission spectrum of the plasma) and may be caused, for example,
to be “sputtered” onto and/or into the liquid 3 (e.g., water). Accordingly, when metal(s) are used
as the electrode(s) 1, a variety of constituents (such as those shown in Examples 5-7) can be
formed in the electrical plasma, resulting in certain constituents becoming part of the processing
liquid 3 (e.g., water), including, but not limited to, elementary metal(s), metal ions, Lewis acids,
Bronsted-Lowry acids, metal oxides, metal nitrides, metal hydrides, metal hydrates and/or metal
carbides, etc., can Be found in the liquid 3 (e.g., for at least a portion of the process and may be
capable of being involved in simultaneous/subsequent reactions), depending upon the particular
set of operating conditions associated with the adjustable plasma 4 and/or subsequent

electrochemical processing operations. Such constituents may be transiently present in the

processing liquid 3 or may be semi-permanent or permanent. If such constituents are transient or

semi-permanent, then the timing of subsequent reactions (e.g., electrochemical reactions) with
such formed constituents can influence final products produced. If such constituents are
permanent, they should not adversely affect the desired performance of the active ingredient
nanocrystals. ‘

Further, depending on, for example, electric, magnetic and/or electromagnetic field
strength in and around the liquid 3 and the volume of liquid 3 exposed to such fields (discussed
in greater detail elsewhere herein), the physical and chemical construction of the electrode(s) |
and 5, atmosphere (naturally occurring or supplied), liquid composition, greater or lesser

amounts of electrode(s) materials(s) (e.g., metal(s) or derivatives of metals) may be found in the

. liquid 3. In certain situations, the material(s) (e.g., metal(s) or metal(s) composite(s)) or

constituents (e.g., Lewis acids, Bronsted-Lowry acids, etc.) found in the liquid 3 (permanently or
transiently), or in the plasma 4, may have very desirable effects, in which case relatively large
amounts of such materials will be desirable; whereas in other cases, certain materials found in
the liquid 3 (e.g., by —products) may have undesirable effects, and thus minimal amounts of such
materials may be desired in the liquid-based final product. Accordingly, electrode composition

can play an important role in the materials that are formed according to the embodiments
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disclosed herein. The interplay between these components of the invention are discussed in
greater detail later herein.

Still further, the electrode(s) 1 and 5 may be of similar chemical composition (e.g., have
the same chemical element as their primary constituent) and/or mechanical configuration or
completely different compositions (e.g., have different chemical elements as their primary
constituent) in order to achieve various compositions and/ or structures of liquids and/or specific
effects discussed later herein. '

The distance “y” Between the electrode(s) 1 and 5; or 1 and 1 (shown later herein) or 5
and 5 (shown later herein) is one important aspect of the invention. In general, when working
with power sources capable of generating a plasma under the operating condition, the location of
the smallest distance “y” between the closest portions of the electrode(s) used in the present
invention should be greater than the distance “x” in ordér to prevent an undesirable arc or
formation of an unwanted corona or plasma occurring between the electrode (e.g., the
electrode(s) 1 and the electrode(s) 5) (unless some type of electrical insulation is provided
therebetween). Features of the invention relating to electrode design, electrode location and
electrode interactions between a variety of electrodes are discussed in greater detail later herein.

The power applied through the power source 10 may be any suitable power which creates
a desirable adjustable plasma 4 under all of the process conditions of the present invention. In
one preferred mode of the invention, an alternating current from a step-up transformer is utilized.
Preferred transformer(s) 60 (see e.g., Figures 16d-161) for use in various embodiments disclosed
herein, have deliberately poor output voltage regulation made possible by the use of magnetic
shunts in the transformer 60. These transformers 60 are known as neon sign transformers. This
configuration limits current flow into the electrode(s) 1/5. With a large change in output load
voltage, the transformer 60 maintains output load current within a relatively narrow range.

The transformer 60 is rated for its secondary open circuit voltage and secondary short
circuit current. Open circuit voltage (OCV) appears at the output terminals of the transformer 60
only when no electrical connection is present. Likewise, short circuit current is only drawn from
the output terminals if a short is placed across those terminals (in which case the output voltage
equals zero). However, when a load is connected across these same terminals, the output voltage

of the transformer 60 should fall somewhere between zero and the rated OCV. In fact, if the

" transformer 60 is loaded properly, that voltage will be about half the rated OCV.

The transformer 60 is known as a Balanced Mid-Point Referenced Design (e.g., also
formerly known as balanced midpoint grounded). This is most commonly found in mid to higher
voltage rated transformers and most 60 mA transformers. This is the only type transformer

acceptable in a "mid-point return wired" system. The "balanced" transformer 60 has one primary
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coil 601 with two secondary coils 603, one on each side of the primary coil 601 (as shown
generally in the schematic view in Figure 16g). This transformer 60 can in many ways perform
like two transformers. Just as the unbalanced midpoint referenced core and coil, one end of each
secondary coil 603 is attached to the core 602 and subsequently to the transformer enclosure and
the other end of the each secondary coil 603 is attached to an output lead or terminal. Thus, with
no connector present, an unloaded 15,000 volt transformer of this type, will measure about 7,500
volts from each secondary terminal to the transformer énclosure but will measure about 15,000
volts between the two output terminals. These exemplary transformers 60 were utilized to form
the plasmas 4 disclosed in the Examples herein. However, other suitable transformers (or power
sources) should also be understood as falling within the metes and bounds of the invention.
Further, these transformers 60 are utilized exclusively in Examples 1-4 herein. However,
different AC transformers 50 and 50a (discussed elsewhere herein) are utilized for the electrodes '
5/5° in most of the other examples disclosed herein.

In another preferred embodiment, a rectified AC source creates a positively charged
electrode 1 and a negatively charged surface 2 of the liquid 3. In another preferred embodiment,
a rectified AC source creates a negatively charged electrode 1 and a positively charged surface 2
of the liquid 3. Further, other power sources such as RF power sources and/or microwave power
sources can also be used with the present invention. In.general, the combination of electrode(s)
components 1 and 5, physical size and shape of the electrode(s) 1 and 5, electrode manufacturing
process, mass of electrodes 1 and/or 5, the distance “x” between the tip 9 of electrode 1 above
the surface 2 of the liquid 3, the composition of the gas between the electrode tip 9 and the
surface 2, the flow rate (if any) and/or flow direction “F” of the liquid 3, the amoun‘t of liquid 3
provided, type of power source 10, frequency and/or waveform of the power output of the power
source 10, all contribute to the design, and thus power requirements (e.g., breakdown electric
field) required to obtain a controlled or adjustable plasma 4 between the surface 2 of the liquid 3
and the electrode tip 9. ‘

In further reference to the configurations shown in Figure la, electrode holders 6a and 6b
are capable of being lowered and raised by any suitable means (and thus the electrodes are
capable of being lowered and raised). For example, the electrode holders 6a and 6b are capable
of being lowered and raised in and through an insulating member 8 (shown in cross-section).
The mechanical embodiment shown here includes male/female screw threads. The portions 6a
and 6b can be covered by, for example, additional electrical insulating portions 7a and 7b. The
electrical insulating portions 7a and 7b can be any suitable material (e.g., plastic, polycarbonate,
poly (methyl methacrylate), polystyrene,-acrylics, polyvinylchloride (PVC), nylon, rubber,

fibrous materials, etc.) which prevent undesirable currents, voltage, arcing, etc., that could occur
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when an individual interfaces with the electrode holders 6a and 6b (e.g., attempts to adjust the
height of the electrodes) . Likewise, the insulating member 8 can be made of any suitable
material which prevents undesirable electrical events (e.g., afcing, melting, etc.) from occurring,
as well as any material which is structurally and environmentally suitable for practicing the
present invention. Typical materials include structural plastics such as polycarbonates,
plexiglass (poly (methyl methacrylate), polystyrene, acrylics, and the like. Additional suitable
materials for use with the present invention are discussed in greater detail elsewhere herein.
Figure 1c shows another embodiment for raising and lowering the electrodes 1, 5. In this
embodiment, electrical insulating portions 7a and 7b of each electrode are held in place by a
pressure fit existing between the friction mechanism 13a, 13b énd 13c, and the portions 7a and
7b. The friction mechanism 13a, 13b and 13c could be made of, for example, spring steel,
flexible rubber, etc., so long as sufficient contact or friction is maintained therebetween.
Preferred techniques for automatically raising and/or lowering the electrodes 1, 5 are
discussed later herein. The power source 10 can be connected in any convenient electrical
manner to the electrodes 1 and 5. For example, wires 11a and 11b can be located within at least
a portion of the electrode holders 6a, 6b (and/or electrical insulating portions 7a, 7b) with a
primary goal being achieving electrical connections betweén the portions 11a, 11b and thus the
electrodes 1, 5.
_ Figure 2a shows another schematic of a preferred embodiment of the invention, wherein
an inventive control device 20 is connected to the electrodes 1 and 5, such that the control device
20 remotely (e.g., upon command from another device or component) raises and/or lowers the
electrodes 1, 5 relative to the surface 2 of the liquid 3. The inventive c-ontrol device 20 is
discussed in more detail later herein. In this one preferfed aspect of the invention, the electrodes
1 and 5 can be, for example, remotely Iowered and controlled, and can also be monitored and
controlled by a suitable controller or computer (not shown in Figure 2a) containing an
appropriate software program (discussed in detail later herein). In this regard, Figure 2b shows
an electrode configuration similar to that shown in Figure 2a, except that a Taylor Cone “T” is
utilized for electrical connection between the electrode 5 and the surface 2 (or effective surface
2”) of the liquid 3. Accordingly, the embodiments shown in Figures 1a, 1b and 1¢ should be
considered to be a manually controlled apparatus for use with the techniques of the present
invention, whereas the embodiments shown in Figures 2a and 2b should be considered to include
an automatic apparatus or assembly 20 which can remotely raise and lower the electrodes 1 and 5
in response to appropriate commands. Further, the Figure 2a and Figure 2b preferred
embodiments of the invention can also employ computer monitoring and computer control of the

distance “x” of the tips 9 of the electrodes 1 (and tips 9’ of the electrodes 5) away from the
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surface 2; or computer monitoring and/or controlling the rate(s) which the electrode 5 is
advanced into/through the liquid 3 (discussed in greater detail later herein). Thus, the appropriate
commands for raising and/or lowering the electrodes | and 5 can come from an individual
operator and/or a suitable control device such as a controller or a computer (not shown in Figure
22). '

Figure 3a corresponds in large part to Figures 2a and 2b, however, Figures 3b, 3¢ and 3d
show various alternative electrode configurations that can be utilized in connection with certain
preferred embodiments of the invention. Figure 3b shows essentially a mirror image electrode

assembly from that electrode assembly shown in Figure 3a. In particular, as shown in Figure 3b,

with regard to the direction “F” corresponding to the flow direction of the liquid 3, the electrode

5 is the first electrode which communicates with the fluid 3 when flowing in the longitudinal
direction “F” and contact with the plasma 4 created at the ¢lectrode 1 follows. Figure 3¢ shows
two electrodes 5a and Sb located within the fluid 3. This particular electrode configuration

corresponds to another preferred embodiment of the invention. In particular, as discussed in

greater detail herein, the electrode configuration shown in Figure 3c can be used alone, or in

combination with, for example, the electrode configurations shown in Figures 3a and 3b.
Similarly, a fourth possible electrode configuration is shown in Figure 3d. In this Figure 3d, no
electrode(s) 5 are shown, but rather only electrodes 1a and 1b are shown. - In this case, two
adjustable plasmas 4a and 4b are present between the electrode tips 9a and 9b and the surface 2
of the liquid 3. The distances “xa” and “xb” can be about the same or can be substantially
different, as long as each distance “xa” and “xb” does not exceed the maximum distance for
which a plasma 4 can be formed between the electrode tips 9a/9b and the surface 2 of the liquid
3. As discussed above, the electrode configuration shown in Figure 3d can be used alone, or in
combination with one or more of the electrode configurations shown in Figures 3a, 3b and 3c.
The desirability of utilizing particular electrode configurations in combination with each other
with regard to the fluid flow direction “F” is discussed in greater detail later herein.

Likewise, a set of manually controllable electrode configurations, cofresponding
generally to Figure 1a, are shown in Figures 4a, 4b, 4c and 4d, all ef which are shown in a partial
cross-sectional view. Specifically, Figure 4a corresponds to Figure 1a. Moreover, Figure 4b
corresponds in electrode configuration to the electrode configuration shown in Figure 3b; Figure
4c¢ corresponds to Figure 3¢ and Figure 4d corresponds to Figure 3d. In essence, the manual
electrode configurations shown in Figures 4a-4d can functionally result in similar materials
produced according to certain inventive aspects of the invention as those materials produced

corresponding to remotely adjustable (e.g., remote-controlled by computer or controller means)
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electrode configurations shown in Figures 3a-3d. The desirability of utilizing various electrode
configuration combinations is discussed in greater detail later herein. ‘

Figures 5a -5e show perspective views of various desirable electrode configurations for
the electrode 1 shown in Figures 1-4 (as well as in other Figures and embodiments discussed
later herein). The electrode configurations shown in Figures 5a-Se are representative ofa
number of different configurations that are useful in various embodiments of the present
invention. Criteria for appropriate electrode selection for the electrode 1 include, but are not
limited to the following conditions: the need for a very well defined tip or point 9, composition,
mechanical limitations, the ability to make shapes from the material comprising the electrode 1,
conditioning (e.g., heat treating or annealing) of the material comprising the electrode 1,
convenience,ﬂthe constituents introduced into the plasma 4, the influence upon the liquid 3, etc.
In this rega_rd, a small mass of material comprising the electrodes 1 shown in, for example,
Figures 1-4 may, upon creation of the adjustable plasmas 4 according to the present invention
(discussed in greater detail later herein), rise to operating temperatures where the size and or
shape of the electrode(s) 1 can be adversely affected. In this regard, for example, if the electrode
1 was of relatively small mass (e.g., if the electrode(s) 1 was made of gold and weighed about
0.5 gram or less) and included a very fine point as the tip 9, then it is possible that under certain
sets of conditions used in various embodiments herein that a fine point (e.g., a thin wire having a
diameter of only a few millimeters and exposed to a few hundred to a few thousand volts; or a
triangular-shaped piece of metal) would be incapable of functioning as the electrode 1 (e.g., the
electrode 1 could deform undesirably or melt), absent some type of additional interactions (e.g., ‘
internal cooling means or external cooling means such as a fan, etc.). Accordingly, the
composition of (e.g., the material comprising ) the electrode(s) 1 may affect possible suitable
electrode physical shape due to, for example, melting points, pressure sensitivities,
environmental reactions (e.g., the local environment of the adjustable plasma 4 could cause
undesirable chemical, inechanical and/or electrochemical erosion of the electrode(s)), etc.

Moreover, it should be understood that in alternative preferred embodiments of the
invention, well defined sharp points are not always required for the tip 9. In this regard, the
electrode 1 shown in Figure 5S¢ comprises a rounded tip 9. It should be noted that partially
rounded or arc-shaped electrodes can also function as the electrode 1 because the adjustable
plasma 4, which is created in the inventive embodiments shown herein (see, for example, Figures
1-4), can be created from rounded electrodes or electrodes with sharper or more pointed features.
During the practice of the inventive techniques of the present invention, such adjustable plasmas
can be positioned or can be located along various points of the electrode 1 shown in Figure Se.

In this regard, Figure 6 shows a variety of points “a-g” which correspond to initiating points 9 for
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the plasmas 4a-4g which occur between the electrode 1 and the surface 2 of the liquid 3.
Accordingly, it should be under§tood that a variety of sizes and shapeé corresponding to
electrode 1 can be utilized in accordance with the teachings of the present invention. Still
further, it should be noted that the tips 9, 9’ of the electrodes 1 and 5, respectively, shown in
various Figures herein, may be shown as a relatively sharp point or a relatively blunt end.
Unless specific aspects of these electrode tips 9, 9 are discussed in greater contextual detail, the
actual shape of the electrode tip(s) 9, 9’ shown in the Figures should not be given great
significance.

Figure 7a shows a cross-sectional perspective view of the electrode configuration
corresponding to that shown in Figure 2a (and Figure 3a) contained within a trough member 30.
This trough member 30 has a liquid 3 supplied into it from the back side identified as 31 of
Figure 7a and the flow difection “F”is o.ut of the page toward the reader and toward the cross-
sectioned area identified as 32. The trough member 30 is shown here as a unitary piece of one -
material, but could be made from a plurality of materials fitted together and, for example, fixed
(e.g., glued, mechanically attached, etc.) by any acceptable means for attaching materials to each
other. Further, the trough member 30 shown here is of a rectangular or square cross-sectional

shape, but may comprise a variety of different and more desirable cross-sectional shapes

* (discussed in greater detail later herein). Accordingly, the flow direction of the fluid 3 is out of

the page toward the reader and the liquid 3 flows past each of the electrodes 1 and 5, which are,

in this embodiment, located substantially in line with each other relative to the longitudinal flow

direction “F” of the fluid 3 within the trough member 30. This causes the liquid 3 to first
experience an adjustable plasma interaction with the adjustable plasma 4 (e.g., a conditioning
reaction) and subsequently then the conditioned fluid 3 is permitted to interact with the
electrode(s).5. Specific desirablé aspects of these electrode/liquid interactions and electrode
placement(s) or electrode locations within the trough member 30 are discussed in greater detail
elsewhere herein.

Figure 7b shows a cross-sectional perspective view of the electrode configuration shown
in Figure 2a (as well as in Figure 3a), however, these electrodes 1 and 5 are rotated on the page
90 degrees relative to the electrodes 1 and 5 shown in Figures 2a and 3a. In this embodiment of
the invention, the liquid 3 contacts the adjustable plasma 4 generated between the electrode 1 and
the surface 2 of the liquid 3, and the electrode S at substantially the same point along the
longitudinal flow direction “F” (i.e., out of the page) ofth¢ trough member 30.- The direction of
liquid 3 flow is longitudinally along the trough member 30 and is out of the paper toward the
reader, as in Figure 7a. Various desirable aspects of this electrode configuration are discussed in

greater detail later herein.
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Figure 8a shows a cross-sectional perspective view of the same embodiment shown in
Figure 7a. In this embodiment, as in Figure 7a, the fluid 3 firsts interacts with the adjustable
plasma 4 created between the electrode 1 and the surface 2 of the liquid 3. Thereafter the plasma
influenced or conditioned fluid 3, having been changed (e.g., conditioned, modified, or prepared)
by the adjustable plasma 4, thereafter communicates with the electrode(s) S thus permitting
various electrochemical reactions to occur, such reactions being influenced by the state (e.g.,
chemical composition, pH, physic.al or crystal structure, excited staté(s), etc., of thelﬂuid 3 (and
constituents, semi-permanent or permanent, within the fluid 3)) discussed in greater detail
elsewhere herein. An alternative embodiment is shown in Figure 8b. This embodiment
essentially corresponds in general arrangement to those embodiments shown in Figures 3b and
4b. In this embodiment, the fluid 3 first cbmrﬁunicates with the electrode 5, and thereafter the
fluid 3 communicates with the adjustable plasma 4 created between the electrode 1 and the
surface 2 of the liquid 3. In this embodiment, the fluid 3 may have been previously modified
prior to interacting with the electrode S.

Figure 8¢ shows a cross-sectional perspective view of two electrodes 5a and 5b
(corresponding to the embodiments shown in Figures 3c and 4c) wherein the longitudinal flow
direction “F” of the fluid 3 contacts the first electrode Sa and thereafter contacts the second
electrode 5b in the direction “F” of fluid flow.

Likewise, Figure 8d is a cross-sectional perspective view and corresponds to the
embodiments shown in Figures 3d and 4d. In this embodiment, the fluid 3 communicates with a
first adjustable plasma 4a created by a first electrode 1a and thereafter communicates with a
second adjustable plasma 4b created betWeen a second electrode 1b and the surface 2 of the fluid
3.

Figure 9a shows a cross-sectional perspective view and corresponds to the electrode
configuration shown in Figure 7b (and generally to the electrode configuration shown in Figures
3a and 4a but is rotated 90 degrees relative thereto). All of the electrode configurations shown in
Figures 9a-9d are situated such that the electrode pairs shown are located substantially at the
same longitudinal point along the trough<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>