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USE OF TRIAQUA-U3-OXOHEXAKIS-U- 
PROPIONATOTRICHROMIUM(1+), 
CR3O(O2CCH2CH3)6(H2O)3]+, ASA 
NUTRITONAL SUPPLEMENT OR IN 

TREATMENT OF MEDICAL CONDITIONS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to methods of using 
the chromium(III) complex represented by the formula 
CrO(OCCH-CH-) (HO) as a nutritional Supplement, 
and for treating medical disorders associated with chromium 
deficiency. The invention also relates to nutritive and phar 
maceutical compositions containing this chromium(III) 
complex. 

0003 2. Background of the Invention 
0004. The biologically-active, naturally-occurring oli 
gopeptide low-molecular-weight chromium-binding Sub 
stance (LMWCr) has been found to activate the insulin 
dependent tyrosine protein kinase activity of insulin receptor 
(IR) approximately eightfold with a dissociation constant of 
circa 250 pM." This activity is directly proportional to the Cr 
content of the oligopeptide (being maximal at four chromic 
ions per oligopeptide), while Substitution of chromium with 
metal ions commonly associated with biological Systems 
results in inactivating the oligopeptide. Similarly, LMWCr 
has been reported to activate a membrane-associated phos 
photyrosine phosphatase; this activation also requires four 
chromic ions per oligopeptide to be maximal, while chromic 
ions could not functionally be replaced with other transition 
metal ions. A role for LMWCr in amplification of insulin 
signaling has been postulated." Chromium is mobilized 
from the blood and taken up by insulin-dependent cells in 
response to insulin." LMWCr is maintained in its apo form 
but possesses a large chromic ion binding constants(s) as it 
is capable of removing chromium from Cr-transferring.' 
The holo LMWCr is then capable of stimulating IR kinase 
activity, amplifying the Signal of insulin into the insulin 
dependent cells. An association between chromium and 
insulin-dependent glucose and lipid metabolism has been 
reported for nearly four decades; however, only recently 
since procedures for isolation of quantities of LMWCr 
suitable for kinetic and spectroscopic studies have been 
developed has progreSS been made in understanding the 
asSociation on a molecular level. 

0005. An association between the essential nutrient chro 
mium and adult-onset diabetes has also been postulated. 
Most recently Anderson and coworkers found improved 
glycemic control for 180 adult-onset diabetic patients fol 
lowing chromium Supplementation.” while Ravina and 
SleZack using 138 adult-onset diabetic patients found 
reduced insulin requirements." Unfortunately, the form of 
chromium used as a dietary Supplement in these Studies, 
chromium(III) picolinate, has been found to cause chromo 
Some damage.' This Suggests that a new form of chromium 
for use as a dietary Supplement and as part of a potential 
treatment for adult-onset diabetes is required. 
0006 LMWCr would appear to be a possibility. It has a 
high LDso and is biologically active, opposed to chromium 
picolinate and glucose tolerance factor (a material isolated 
from acid-hydrolyzed Brewer's yeast extracts) which serve 
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only as sources of readily absorbable chromium." However, 
LMWCr is susceptible to hydrolysis under acidic condi 
tions' and consequently could not be taken orally without 
degradation. 
0007. Despite the apparent significance of Cr, as much as 
ninety percent of the American population and half of the 
population of developed nations fail to intake the daily 
recommended safe and adequate quantities of Cr." Accord 
ingly, there remains a need for improved chromium-con 
taining dietary Supplements. 

SUMMARY OF THE INVENTION 

0008. The present invention is based on the discovery 
that the chromium(III) complex having the formula 
CrO(OCCHCH)(HO)' (complex (1)) activates 
tyrosine kinase activity, e.g., insulin receptor tyrosine kinase 
activity. Complex (1) catalyzes the transfer of the gamma 
phosphate of ATP to tyrosine residues of proteins or 
polypeptides. The complex can thus be used as a biomi 
metic, i.e., a Synthetic enzyme, in applications where gen 
eration of phosphotyrosine is desired. AS phosphorylation of 
tyrosine is an essential Step in many signal transduction 
pathways Such an artificial tyrosine protein kinase may have 
numerous medicinal applications. In addition, the complex 
is biologically active, stable under acidic conditions, and 
readily and inexpensively Synthesized. 
0009 Complex 1 may be used a nutritive supplement for 
augmenting the diets of animals with chromium. The cat 
ionic complex may also be used to treat medical conditions 
asSociated with a decrease in chromium and/or responsive to 
enhanced bodily levels of chromium, e.g., adult-onset dia 
betes and other conditions associated with glucose intoler 
ance, and cardiovascular disorders. 
0010 Complex 1 may be used alone for these purposes, 
or may be combined with excipients and/or other animal 
nutrients to provide a nutritive composition for bolstering 
chromium levels. The complex may also be combined with 
additional pharmaceutical agents. 

BRIEF DESCRIPTION OF THE FIGURES 

0011. A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by refer 
ence to the following detailed description when considered 
in connection with the accompanying drawings. 
0012 FIG. 1: Activation of protein tyrosine kinase activ 
ity of the isolated active site fragment of the B-subunit of 
insulin receptor by bovine liver LMWCr (open squares) and 
CrO(OCCH-CH-) (HO)NO (solid circles) using a 
fragment of gastrin (0.75 mM) as Substrate in the presence 
of 100 nM insulin. The line is the best curve fit giving for 
LMWCr a dissociation constant of 133 pM and for 
CrO(OCCHCH)(HO), a dissociation constant of 
100 nM. 

0013 FIG. 2: Activation of rat adipocytic membrane 
protein tyrosine kinase activity using a fragment of gastrin 
(0.75 mM) as substrate by LMWCr (solid circles) and by 
(CrO(OCCH-CH-) (H2O)4NO, (open squares) in the 
presence of 100 nM IGF-1.25 it of rat membrane suspen 
sion corresponding to 0.0895 mg protein/mL was utilized. 
The line is the best fit hyperbolic curve giving a dissociation 
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constant of 507 pM for LMWCr and for 
CrO(OCCH-CH-) (H2O)4NO, a dissociation constant of 
730 p.M. 
0.014 FIG. 3: Activation of rat adipocytic membrane 
protein tyrosine kinase activity using 0.75 mM gastrin 
(amino acids 1-17) as substrate by CrO(OCCH)(HO), 
Cl (solid squares) and by CrO(OCCH-CH-) (HO)NO 
(open circles) in the presence of 100 nM insulin. 25ul of rat 
adipocyte membrane Suspension corresponding to 0.0856 
mg of protein/mL was utilized. 100% activity corresponds to 
insulin-Stimulated kinase activity and is typically about 
0.338 pmol phosphotyrosine per mg membranes. The line is 
the best fit hyperbolic curve yielding a dissociation constant 
of 2.98 nM for CrO(OCCHCH)(HO)NO. 
0.015 FIG. 4: Activation of rat adipocytic membrane 
protein phosphatase activity using 5 mM p-NPP as substrate 
by CrO(OCCH)(H2O)Cl (solid squares) and by 
CrO(OCCH-CH-) (H2O)4NO, (open circles). 125 uL of 
a rat membrane Suspension corresponding to 0.0856 mg of 
protein/mL was utilized. The line is best fit hyperbolic curve 
yielding a dissociation constant of 30 nM for 
CrO(OCCHCH)(HO). 
0016 FIG. 5: Influence of chromium complexes (nM) 
and their components (uM propionate and nM nitrate) on 
adipocytic membrane tyrosine protein kinase activity in the 
presence of 100 nM insulin solid bars) and adipocytic 
membrane phosphotyrosine phosphatase activity (open 
bars). 100% activity represents the activity in the absence of 
added chromium complexes or their components. 25 till of 
a rat membrane Suspension corresponding to 0.0895 mg 
protein/mL was utilized. For the kinase assays, 50 nM 
concentrations of LMWCr, complex 1, and the Cr-amino 
acid mixture (in terms of Cr) were used; 500 nM nitrate and 
propionate were used. For the phosphatase assays, 50 uM 
concentrations of LMWCr, complex 1, and the Cr-amino 
acid mixture (in terms of Cr) were used; 50 uM nitrate and 
propionate were used. Model=complex 1, Acid=propionic 
acid; AA+Cr=chromium amino acid mixture. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0017 Chromium complex 1 can be used to supplement 
the diet of animals with chromium. The complex may be 
administered to the patient by injection, I.V. or oral admin 
istration as, for example, an aqueous Solution or Suspension. 
These Solutions and Suspensions may contain all of the 
customary additives well known to those of skill in the art, 
e.g., buffering agents, Salts (e.g., NaCl), Sugars (e.g., glucose 
and lactose), etc. Alternatively, the complex can be formu 
lated into a Solid dosage form, Such as a tablet, pill, capsule 
or caplet, Suitable for oral ingestion. The daily dosage of 
complex 1 may vary over a wide range, Such as 5 to 600 
micrograms of Cr per day, including all Specific values and 
Subranges therebetween. 
0.018 Complex 1 may be used as a chromium dietary 
Supplement to maintain good health and nutrition. Complex 
1 may also be used to treat medical conditions which are 
asSociated with chromium deficiency or conditions which 
are ameliorated by increasing bodily levels of chromium. 
0.019 Complex 1 activates insulin receptor protein 
tyrosine kinase activity. Accordingly, administering the 
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complex may be used as a method of treating adult-onset 
diabetes. In addition, it is known that cardiovascular dis 
eases are associated with chromium deficiencies. Accord 
ingly, cardiovascular diseases may be effectively treated by 
administering complex 1 to patients. 
0020 Complex 1 may also be used as a component of an 
animal nutrient composition. Such a composition contains 
chromium complex 1 and at least one pharmacologically 
acceptable excipient. Suitable excipients are well-known 
and include diluents, disintrgrators, binders and lubricants 
(glidants). Specific examples include, for example, cellulo 
ses, gelatins, Starches, polySorbate 80, oils (e.g., peanut oil, 
fish liver oil). Preferably, the nutritive composition is made 
to U.S. Pharmacopiea quality, purity and potency Standards. 
The nutrient composition is preferably in the form of a solid. 
For a description of Solid compositions, See Pharmaceuti 
cals, Kirk-Othmer Encyclopedia of Chemical Technology, 
Fourth Edition, Volume 18, pp. 480-510, incorporated herein 
by reference. 
0021. The nutritive composition may also contain at least 
one additional animal nutrient. AS used herein the term 
"animal nutrient” refers to compounds and Substances which 
are recognized to maintain and regulate bodily functions. 
Specific examples of additional animal nutrients include 
Vitamins (e.g., Vitamin A, beta caroteine, Vitamin B, Vitamin 
B, Vitamin B, Vitamin B, Vitamin C, Vitamin D, Vitamin 
E, Vitamin K), minerals (e.g., calcium, iron, copper, Sele 
nium, zinc, magnesium), enzyme cofactors, iodine, phos 
phorous, folate, biotin, and niacin. 
0022 Complex 1 may also be used as a component of a 
pharmaceutical composition. Such a composition contains 
chromium complex 1 and at least one additional pharma 
ceutical agent. AS used herein the term "pharmaceutical 
agent” refers to compounds and Substances which are rec 
ognized to as treatment and or therapies for a disease State, 
e.g., drugs. Specific examples of the pharmaceutical agent 
include insulin and other anti-diabetes medications. For a 
discussion of insulin and other antidiabetes medicines, See 
Insulin and Other Antidiabetic Agents, Kirk-Othmer Ency 
clopedia of Chemical Technology, Fourth Edition, Volume 
14, pp. 662-676, incorporated herein by reference. The 
pharmaceutical composition may also contain any of the 
well-recognized excipients discussed above. The pharma 
ceutical composition is preferably in a Solid dosage form as 
discussed above. 

0023. As used herein, the terms “animal' and “patient” 
include humans and non-human animals. A particularly 
preferred group of non-human animals are mammals (Such 
as farm animals, cats and dogs). 
0024. Since 1 is a cation, the complex will, of course, be 
in the form of a salt with an anion. The anion should be 
non-toxic when used in the methods according to the present 
invention, i.e., the anion is pharmcologically acceptable. 
The anion is preferably the Salt of a pharmcologically 
acceptable inorganic or organic acid. Specific examples of 
Suitable anions include nitrate, Sulfate, chloride, bromide, 
iodide, phosphate, 
0025 Having generally described this invention, a further 
understanding can be obtained by reference to certain spe 
cific examples which are provided herein for purposes of 
illustration only and are not intended to be limiting unless 
otherwise Specified. 
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EXAMPLES 

0026 Materials and Methods 
0027 LMWCr, CrO(OCCH)(HO)C1, and 
(CrO(OCCHCH.). (HO), INO, 
0028 LMWCr was available from previous work and 
contained 3.6-4.0 chromium per oligopeptide." 
CrO(OCCH-) (HO)Cl. (2) and CrO(OCCHCH.) 
(H2O)NO (1) were prepared as previously described.'' 
Oligopeptide concentrations were assayed using the fluo 
rescamine procedure of Undenfriend and coworkers'7 with 
glycine as a Standard. chromium concentrations were mea 
sured using the diphenylcarbizide method' and the method 
of Standard additions to minimize any potential matrix 
effects. For all kinetic experiments, solutions of LMWCr, 1, 
and 2 were prepared by dilutions from more concentrated 
Stock Solutions. The chromium(III)-amino acid mixture was 
prepared by mixing chromic nitrate, aspartate, glutamate, 
glycine, and cysteine in a 4:2:4:2:2 ratio in water, followed 
by heating at 37 C. for thirty minutes to allow complexes 
to form. To obtain proper concentrations of this mixture (in 
terms of Cr concentration) for kinetic experiments, serial 
dilutions were prepared. 
0029 Purification of Isolated Adipocytes and Adipocytic 
Membranes 

0030) Fat cells from male Sprague Dawley rats were 
isolated using the procedures of Rodbell' and Anderson et 
al' with modifications. Three rats (not kept on a Cr 
deficient diet) were sacrificed by decapitation, and their 
epididymal fat pads removed. Rat adipocytes were washed 
with 1% bovine serum albumin (BSA). 50 mM Hepes, pH 
7.4 buffer containing 10 ug/mL leupeptin and 5 lug/mL 
aprotinin. Cells were homogenized with a manual teflon 
homogenizer and frozen and thawed five times. The lipid 
layer was removed, and the cell homogenate was centrifuged 
for one hour at 40,000 g. The Supernatant was removed, and 
the pellet was Suspended in Hepes buffer and used as the 
Source of membrane phosphatase and kinase activity. Pro 
tein concentrations were analyzed using the BCA method 
(Pierce Chemical Co.) with BSA as standard. 
003.1 Phosphotyrosine Phosphatase Activity 
0032 p-nitrophenyl phosphate (p-NPP) was used to 
determine the amount of PTP activity using the method of Li 
et al.' The assay-used 5 mM substrate in 0.05M Tris, pH 
7.5, unless noted. Activation of PTP activity by LMWCrand 
other Cr-containing species was examined as described by 
Davis et al.’ Solutions of LMWCr, 1.2, and the Cr-amino 
acid mixture were incubated with the enzyme for fifteen 
minutes at 37 C. before initiation of the reaction. Hydroly 
ses proceeded for one hour at 37 C. The extent of hydrolysis 
was determined at 404 nm (e=1.78x10"Mcm). 
0.033 Phosphotyrosine Kinase Activity 
0034 Phosphotyrosine kinase activity was measured 
using a protein tyrosine kinase assay kit (Boehringer Man 
nheim) which uses an anti-phosphotyrosine antibody to 
recognize phosphotyrosine. A fragment of gastrin (amino 
acids 1-17) which has been biotinylated so it can be immo 
bilized to Streptavidin-coated microtiter plates (Boehringer 
Mannheim) was used as the Substrate. The assays were 
performed in 50 mM Tris, pH 7.4 containing 0.75 mM APT 
and 7.5 mM MgCl2 at 37 C. for 75 minutes as previously 
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described' unless otherwise noted. The membrane fragments 
which contain phosphotyrosine themselves were removed 
from the reaction was terminated with EDTA by Microcon 
30 or Microcon 50 microconcentrators (Amicon), and 
ammonium Vanadate was used as a phosphatase inhibitor. 
Contributions to the assay by the addition of metal-contain 
ing materials were determined by measuring the background 
absorbency of the assay in the absence membranes, and 
these contributions were Subtracted from all data Bovine 
pancreas insulin was from Sigma. Isolated kinase active site 
fragment from he beta Subunit of human insulin receptor 
(residues 941-1343) was obtained from Stratagene and 
diluted with 50 mM Tris, pH 7.4; the fragment does not 
require activation of the kinase activity by added insulin. 
Five units of IR fragment were used in kinetic assays, a unit 
of activity is defined as the picomoles of phosphate incor 
porated/minutefulL of kinase as received from the manufac 
turer. Recombinant human insulin-like growth factor-1 
(IGF-1) was obtained from Sigma and reconstituted with 10 
mM HC1. 

0035) Miscellaneous 
0036) All visible spectroscopic measurements were 
obtained with a Shimadzu UV-160A diode array spectro 
photometer. Fluorescence measurements were made with a 
Perkin-Elmer 204 fluorescence spectrophotometer. H NMR 
were obtained using a Bruker AM-360 spectrometer at circa 
23° C. Chemical shifts are reported on the 8 scale (shifts 
down field are positive) using Solvent protio-impurity as a 
reference. Curve-fitting was performed using Sigrinaplot 
(Jandel Scientific). All kinetic experiments were performed 
in triplicate. Errors are presented throughout including all 
tables and graphs as the Standard deviations (1O) of the 
triplicate analyses. Similarly, all Cr and LMWCr concen 
tration determinations were made in triplicate. Doubly 
deionZed water was used in all operations, plasticware was 
used whenever possible. 
0037 Results and Discussion 
0038. The binding of insulin to the alpha subunit of 
insulin receptor results in tyrosine autophosphorylation of 
the beta Subunit of the receptor, transmitting the Signal of the 
hormone insulin into a cell; autophosphorylation activates 
the kinase in the beta Subunit which catalyzes phosphory 
lation of other proteins.’ This kinase activity is potentiated 
by the oligopeptide LMWCr. Using isolated IR, potentiation 
of IR tyrosine protein kinase activity by LMWCr has been 
found to require insulin and is prevented when the insulin 
binding site of the external alpha subunit is blocked." 
However, the binding site on IR for LMWCr is unknown. 
However, Studies with a catalytically active fragment (resi 
dues 941-1343) of the beta subunit of the human enzyme 
indicate that the effect of LMWCr on kinase activity is 
associated with this fragment. As shown in FIG. 1, addition 
of LMWCr to the fragment results in an approximately three 
fold activation of the kinase activity. Fitting the curve to a 
hyperbolic equation gives a dissociation constant for 
LMWCr of 133 pM, very similar to the dissociation constant 
found for the interaction of LMWCr with isolated rat insulin 
receptor (250 pM). The threefold activation is significantly 
less than that observed with isolated receptor (approximately 
eightfold), but this may be associated with small structural 
differences between the fragment and the entire receptor 
protein. The results suggest that LMWCr may associate with 
the kinase active site of the insulin receptor. 
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0.039 Insulin receptor is part of a family of receptor 
proteins which includes the insulin-like growth factor recep 
tors. All these receptors are disulfide-bound heterotetram 
ers of alpha and beta Subunits. Ligand (insulin or insulin-like 
growth factors) presumably cause a conformational change 
in the preformed receptors, resulting in receptor activation. 
To examine the specificity of LMWCr, the effects of the 
oligopeptide on IGF-1 receptorS was probed. The kinase 
activity of rat adipocytic membrane fragments in the pres 
ence of 100 nM IGF-1 is more than doubled by the addition 
of LMWCr (FIG.2) with a dissociation constant of 507 p.M. 
In contrast, in the presence of 100 nM insulin kinase activity 
has previously been shown using the same fragment of 
gastrin as Substrate to be increased three and one-half times 
by LMWCr with a similar dissociation constant of 875 p.M.' 
In the absence of added hormone, LMWCr has no detect 
able effect on the membrane kinase activity.' Thus, 
LMWCr potentiates both members of the IGF receptor 
family. 
0040 Given this novel role in the amplification of signal 
transduction for LMWCr and its rather simple composition 
(carboxylate-rich oligopeptide binding four chromic ions). 
the possibility of identifying a functional model for LMWCr 
was examined. Such a model would be required to be 
Soluble and Stable in aqueous Solution, be well character 
ized, and contain a carboxylate-Supported multinuclear 
chromic assembly. Fortunately, a review of the literature 
revealed a number of trinuclear and tetranuclear Cr(III) 
carboxylate assemblies;" however, few were soluble in 
water. Based on these requirements, two were chose: 
CrO(OCCH-CH-) (HO)" 1. and 
CrO(OCCH)(HO) 2. Both of these complexes pos 
sess a basic carboxylate type structure comprised of a 
planar triangle of chromic ions with a central u-Oxide. Each 
set of two chromic ions is bridged by two carboxylates 
ligands, while Six coordination about the chromium centers 
is completed by a terminal aquo ligand. 

0041) The cation CrO(OCCHCH)(HO), 1 is a 
well characterized species. Its preparation was first 
described in 1911, although the formula was proposed as a 
hydrate salt of Cr(OCCHCH)(OH)". A similar syn 
thesis of a variety of salts of the cation (still with the wrong 
formulation) was reported in 1930.7 The cation, which was 
originally characterized only by its color and elemental 
analysis, has Subsequently been characterized by variable 
temperature magnetic Susceptibility measurements,' 
electronic spectroscopy, luminescence spectroscopy.” 
infrared spectroscopy and X-ray crystallography (of the 
nitrate salt), ESR, fast atom bombardment and electro 
sprary mass spectrometry,’ and NMR. The cation 
CrO(OCCH)(HO), 2 has been more exhaustively 
Studied and has served as a model upon which theories of the 
magnetic interactions between multiple paramagnetic cen 
ters were tested (reviewed in ref. 25). 
0042. The ability of the synthetic materials to activate 
membrane phosphotyrosine protein phosphatase activity and 
insulin-dependent membrane tyrosine protein kinase activity 
were examined; (LMWCr has previously been shown to also 
activate a membrane-associated phosphotyrosine phos 
phatase activity in rat adipocytic membrane fragments). AS 
shown in FIGS. 3 and 4, the acetate triangle 2 does not 
activate but rather inhibits both the membrane phosphatase 
and kinase activity. In Stark contrast, the propionate ana 
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logue (1) results in an activation of both activities in a 
fashion very similar to LMWCr. The kinase activity is 
Stimulated approximately twofold, while the phosphatase 
activity is increased nearly 50%. Fitting the curves of FIGS. 
3 and 4 to a hyperbolic function results in dissociation 
constants for the trinuclear species of 2.98 nM and 30 nM for 
the kinase and phosphatase activities, respectively. These 
results are strikingly similar to those using LMWCr. 
LMWCr results in a 250% increase in insulin-dependent 
tyrosine kinase activity with a dissociation constant of 875 
pM' (one third that of the model) and a 100% increase in 
phosphatase activity with a dissociation constant of 4.4 nM 
(one Seventh that of the model). Consequently, 1 is an 
excellent functional model of LMWCr but possesses some 
what leSS activation while requiring slightly higher concen 
trations to achieve these affects. To test just how good a 
model of LMWCr that complex 1 is its ability to activate the 
active site fragment of the beta subunit of IR and the IGF-1 
receptor were also examined (FIGS. 1 and 2). For the IR 
beta Subunit fragment, complex 1 resulted in a circa 60% 
increase in kinase activity with a dissociation constant of 
730 nM; for the IGF-1-dependent membrane kinase activity, 
an increase of 250% was observed with a dissociation 
constant of 1.00 nM. In both cases the dissociation constant 
for the Synthetic material is within a order of magnitude of 
that for LMWCr. Thus, the trinuclear chromic assembly 1 
mimics LMWCr in its ability to activate adipocytic mem 
brane phosphotyrosine phosphatase activity, insulin-depen 
dent adipocytic membrane tyrosine protein kinase activity, 
insulin-like growth factor-1-dependent adipocytic mem 
brane tyrosine protein kinase activity, and the tyrosine 
protein kinase activity of the active site fragment of the beta 
subunit of insulin receptor. The ability of LMWCr and 
complex 1 to activate both protein tyrosine kinases and 
phosphotyrosine phosphatases may seem paradoxical; how 
ever, the Stimulation of both types of enzymes appears to be 
common in complex signal transduction pathways." 
0043. To guarantee that the trinuclear cation 1 was the 
actual active Species in Solution, the Stability of complex in 
water and in the buffer had to be ascertained. Parmagnetic 
NMR has been demonstrated to be of utility in characteriz 
ing antiferomagnetically-coupled chromium(III) 
assemblies. For acetate and propionate ligands bridg 
ing between chromic centers in these assemblies, the reso 
nances of methyl hydrogens of acetate and the methylene 
protons of propionate occur in the +35 to +45 ppm range. 
The nitrate sale of 1 was dissolved in DO and adding a 
quantity of DCI equivalent to the quantity of HCl needed to 
make the same quantity of 50 mM Tris buffer, pH 7.4 in 
HO; H NMR spectra of 5 mM solutions of 1 were 
collected every five minutes for two hours. During this 
period, the integration of the propionate methylene reso 
nances (+42 ppm) were unchanged, and no new signals 
appeared. Thus, the triangle appears to be stable in aqueous 
Solution and in the assay buffer, and the activation activity 
can be assigned to the trinuclear cation. 
0044) Additionally the components of 1 were examined 
for any ability to potentiate membrane phosphatase activity 
and insulin-dependent membrane kinase activity (FIG. 5). 
Propionic acid and nitrate (at concentrations comparable to 
those if 1 dissociated completely in water) do not potentiate 
either phosphatase or kinase activity; previously, mono 
nuclear chromic Salts were also been shown to not result in 
potentiation of either activity.' A mixture of the compo 
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nents of LMWCr was similarly tested for its ability to 
potentiate these activities. The mixture consisted of chromic 
ions, aspartate, glutamate, glycine, and cysteine in a 
4:2:4:2:2 ratio, corresponding to the approximate ratio of the 
components in isolated bovine liver LMWCr. At a chro 
mium concentration equivalent to that used for LMWCr in 
the assays, the mixture actually inhibited kinase and phos 
phatase activity. Thus, the multi-nuclear chromic complexes 
1 and LMWCr appear to be unique in their ability to 
potentiate membrane phosphotyrosine phosphatase and 
insulin-dependent membrane kinase activity. 

0045 While LMWCr has been proposed for use as a 
nutritional Supplement and in treatment of adult-onset dia 
betes and related conditions associated with improper car 
bohydrate and lipid metabolism," complex 1 may be even 
more promising for use in these applications. The Synthetic 
material is prepared from inexpensive reagents' (and con 
Sequently not requiring a time consuming isolation as with 
LMWCr), is extremely stable in aqueous solution (LMWCr 
undergoes a slow hydrolysis), and even stable in acidic 
solution. The trinuclear basic carboxylates of chromium(III) 
can, for example, be recrystallized from dilute mineral 
acids; consequently 1 might readily Survive oral ingestion 
unlike LMWCr. Cation 1 also has a molecular weight of 664 
compared to approximately 1480 daltons for bovine liver 
LMWCr, which should facilitate movement of the former 
acroSS cell membranes. Curiously, Mirsky and coworkers 
reported that addition of cations 1 and 2 and 
CrO(OCH(HO) caused a 15-20% enhancement of 
carbon dioxide production by yeast; the similar behavior 
of the three cations does not agree with the quite different 
behavior seen for cations 1 and 2 in this work. Unfortu 
nately, experimental details for the Studies with the three 
cations by Mirsky et al. are lacking, and no data is presented. 
AS a result, it is difficult to determine how the cations might 
be influencing fermentation and to ascertain the relationship 
(if any) between the yeast fermentation assay and human 
glucose and lipid metabolism. 

0046 Conclusions 

0047. These studies show that LMWCr and the synthetic 
analogue Cr3O(OCCHCH)(H2O) activate insulin 
receptor protein tyrosine kinase activity by interacting at or 
near the kinase active site of the enzyme’s beta Subunit, 
while both materials are able to activate protein tyrosine 
kinase activity of rat adipocytic membrane fragments in 
response to insulin-like growth factor in addition to insulin 
and also activate phosphotyrosine phosphatase activity of 
adipocytic membranes. The Similarity between the activa 
tion by LMWCr and complex 1 Supports the proposal that 
LMWCr possesses a multinuclear chromic assembly similar 
to that of complex 1. The mechanism of the activation by 
the chromium complexes is under investigation, as are the 
effects of the materials on diabetic animal models. 

0.048. Obviously, numerous modifications and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
Scope of the appended claims, the invention may be prac 
ticed otherwise than as Specifically described herein. 
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1. A method of Supplementing the diet of an animal with 
chromium, comprising administering a chromium(III) com 
plex represented by the formula 
CrO(OCCHCH)(HO) to the animal. 
2. The method of claim 1, wherein the chromium(III) 

complex is administered in the form of an aqueous Solution. 
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3. The method of claim 1, wherein the chromium(III) 
complex is administered as a Solid dosage form. 

4. The method of claim 1, wherein the animal is a 
mammal. 

5. The method of claim 1, wherein the animal is a human. 
6. The method of claim 5, wherein 5 to 600 mcg of 

chromium is administered per day. 
7. A method of treating adult-onset diabetes, comprising 

administering an effective amount of a chromium(III) com 
plex represented by the formula 
CrO(OCCH-CH-) (HO) to a patient in need thereof. 
8. The method of claim 7, wherein the chromium(III) 

complex is administered in the form of a Solid. 
9. The method of claim 7, wherein the chromium(III) 

complex is administered in the form of an aqueous Solution. 
10. The method of claim 7, wherein the patient is a 

mammal. 
11. The method of claim 10, wherein the patient is a 

human. 
12. The method of claim 11, wherein 5 to 600 mcg of 

chromium is administered. 
13. The method of claim 11, wherein an additional 

anti-diabetic agent is also administered to the patient. 
14. The method of claim 13, wherein the additional 

anti-diabetic agent is insulin. 
15. A nutritive composition for animals, comprising: 
(a) a chromium(III) complex represented by the formula 

CrO(OCCH-CH-) (HO)"; and 
(b) at least one pharmaceutically acceptable excipient 

and/or additional animal nutrient. 
16. The nutritive composition of claim 15, comprising 

Said at least one pharmaceutically acceptable excipient 
which is Selected from the group consisting of disintrgrators, 
binders and lubricants. 

17. The composition of claim 15, comprising Said at least 
one additional animal nutrient which is Selected from the 
group consisting of Vitamins, minerals and enzyme cofac 
torS. 

18. The composition of claim 15, which is in the form of 
a Solid. 

19. The composition of claim 18, which is in a dosage 
form of a tablet, a capsule or a caplet. 

20. The composition of claim 19, which each dosage form 
is formulated to provide 5 to 600 mcg of chromium. 

21. A pharmaceutical composition, comprising: 

(a) a chromium(III) complex represented by the formula 
CrO(OCCH-CH-) (HO)"; and 

(b) at least one additional pharmaceutical agent. 
22. The composition of claim 21, wherein the additional 

pharmaceutical agent is an anti-diabetes agent. 
23. The composition of claim 21, wherein the anti 

diabetes agent is insulin. 
24. The composition of claim 21, which is in the form of 

a tablet, capsule or caplet. 
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