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V ANADRJMCOMPLEXES OF MONOHY»ROXAMATES .AND 

PHARMACEUTICAL COMPOSmONS COMPRISING THEM 

FIELD OF INVENTION 

The present invention relates to vanadium complexes of monohydroxamates and to 

pharmaceutical compositions comprising them useful for the treatment of diabetes. 

10 ABBREVIATIONS Asp{~)HXM, L-aspa¢c acid IJ-monohydroxamate; CytPTK, 

15 

cytosolic protein-tyrosine kinase; Gluty)HXM, L-_ glutamic acid y-monohydroxamate; HXM, 

monohydroxamate; InsRTK, insulin receptor tyrosine kinase; IRS -1, Insulin receptor 

substrate 1; PTK, protein tyrosine kinase; KRB, Krebs Ringer bicarbonate; NaV03, sodium 

metavanadate; STZ, streptozocin; VOS04, vanadyl sulphate; VOCl2, vanadylchloride. 

BACKGROUND OF THE INVENTION 

Intensive studies have been carried out in the last two -decades on the insulinomimetic 

effects of vanadium (reviewed in Shechter et al.,1995). In vitro, vanadium salts mimic most -

of the effects of insulin on the main target tissues of the honnone, and in vivo they _induce 

20 nonnoglycemia, and improve glucose homeostasis in insulin-deficient and insulin-resistant 

diabetic rodents (reviewed in Brichard and HenqUin, 1995). In the basic research frontier, 

data continues to accumulate showing that vanadium salts manifest their insulin-like 

metabolic effects through alternative pathways~ not involving insulin-receptor tyrosine kinase 

activation, nor phosphocylation of insulin-receptor substrate 1 (IRS-1). The key players of 

25 this back-up system appear to involve inhibition of protein-phosphotyrosine phosphatases and 

activation of nonreceptor protein tyrosine kinases (reviewed in Brichard and Henquin, 1995). 

Vanadium is an ultra trace element in mammals. The dietary intake varies between 

10-60 µg day-1, and the intracellular concentration is approximately 20 nM (reviewed in 

Shechter et al., 1995 and Brichard and Henquin, 1995). The bulk of the intracellular 

30 vanadium is probably in the Yanadyl (+4) form. Aciite oral administration of vanadium 

compounds proved to be moderately toxic. Nevertheless, the profound anti-diabetic effects 

of oral vanadium therapy in insulin-deficient and insulin-resistant diabetic rodents (reviewed 

in Brichard and Henquin, 1995) encouraged the start of clinical studies. Small doses of 
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vanadium (100-125 mg/person/day, over a period of 3 week$) were allowed and, although 

100 fold lower than ~se used in most animal studi~ several beneficial effects were 

observed (Cohen et al., 1995). 

Organically chelated vanadium (+4) complexes are about S fold more potent than free 

5 vanadium (+4) in facilitating the metabolic effects of insulin in vitro (Li et al., 1996) and in 

STZ-rats in vivo (Sakurai et al., 1995). The theoretical basis for that is still under study, and 

is likely the result of stabilizing the more potent insulin-like vanadium species. 

Vanadium salts mimic the metabolic effects of insulin through . alternative 

insulin-independent machinery components in vitro and can overcome states of 

10 insulin-resistance in diabetic rodents in vivo . As such vanadium. therapy could make a useful, 

attractive and complementary approach to insulin therapy, provided that vanadium salts were 

less toxic or certain manipulation could be made to carry on vanadium therapy with. no, or 

reduced quantities of, exogenous vanadium source. 

Israel Patent No. 99666 and corresponding US Patent No. 5,338,759 of the same 

15 applicants describe vanadyl complexes of dihydroxamates of the formula: 

R.2R3C {CH20 (CH2)m CO[NHCHR (CH2)q CO]nNOHR1}2 

which are said to be useful for the treatment of diabetes, but were later found by the inventors 

to be unsuitable in vivo for normalizing blood glucose levels in model diabetic rats. 

Hydroxamic acid derivatives were shown to be involved in the microbial transport of 

20 iron, and therefore suggested for treatment of conditions of iron deficiency. They are also 

inhibitors of urease activity and indicated for. the treatment of hepatic coma. Much of their 

biological activities are related to their potency to chelate a variety of metals. In the majority 

of metal chelates formed by hydroxamic acids, coordination occurs by deprotonation of the 

OH group and subsequent (0,0) coordination with the carbonyl oxygen and deprotonated 

25 · OH. 

Amino acid monohydroxamates are simple, nontoxic derivatives of amino acids. 

D-Aspartic acid 13-hydroxamate (D-Asp(~)HXM) was shown to have antitumoral activity on 

murine leukemia LS178Y, both in vitro and in vivo, and is active against Friend leukemia 

cells in vitro (Tournaire et al., 1994). L-Glutamic acid (y)-monohydroxamate (Glu(1)HXM) is 

30 cytotoxic against leukemia Ll210 cells in vitro, and against le~a L1210 and melanoma 

816 cells in vivo (Vila et al., 1990). 
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-
SUMMARY OF THE INVENTION 

It has now been found in accordance with the present invention that certain amino acid 

monohydroxamates {HxM), in particular the L-fonns of glutamic acid y-monohydroxamate 

(Glu(y)HXM) and aspartic acid P-monohydroxamate (Asp(p)HXM), interact with vanadium 

S (+4) and vanadium (+5). At a 1:1 or 2: 1 HXM: vanadium molar stOichiometry, they largely 

potentiate the insulinomimetic potencies of vanadium (+4) and (+5) in vitro, and normalize 

the blood glucose level of streptozocin-treated rats in vivo. 

10 

15 

The present invention relates to novel vanadium complexes of monohydroxamates of 

the formula (I): 

R-CO-NHOH. X (I) 

wherein 

R is a residue selected from: 

(i) H2N-CH (COY) - (CH2)n -

(ii) H2N-CH (COOH)-CH2-S-CH2-; and 

(iii) pyridyl, piperidyl or tetrahydroisoquinolinyl; 

wherein n is 1,2 or 3, and Y is OH or NH2; and X is a vanadium compound selected 

from a vanadyl (V02l, metavanadate (VOi) or vanadate (VOi1 salt. 

According to the present invention, in the monohydroxamates of (i) above, n is 

preferably 1 or 2, namely the P- and y-monohydroxamates of L-aspartic acid and L-glutamic. 

20 acid, respectively. In a most preferred embodiment, the amino acid monohydroxamate is 

Glu(y)HXM, that was found to be more effective in the manifestation of the metabolic effects 

of insulin in rat adipocytes as compared to various a-amino acid monohydroxamates. 

Interestingly enough, among all known vanadium chelators disclosed in the literature 

such as acetylacetoiiate, bispicolinato and the dihydroxamate RL-252 described in . the 

25 above-mentioned US S,338,759, amino acid monohydroxamates are unique in their capacity 

to produce insulin effects, in vitro, in the absence of externally added vanadium, indicating 

that amino acid monohydroxamates might be capable of converting the minute quantity of 

intra.cellularly located vanadium (+4, -20nM) into an insulinomimetically-active species. 

Further studies in vitro revealed that Glu(y)HXM facilitates all the physiologically relevant 

30 bioeffects of insulin. These include activation of hexose uptake and inhibition of 

isoproterenol mediated lipolysis. Quite importantly, activation by Glu(y)HXM is additive to 

maximal effect produced by a saturated concentration of insulin. 
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Among the monohydroxamates of (iii) above, preferred are the 3-pyridyl radical, namely 

the nicotinic acid hydrQxamate, the 2- or 3-piperidyl radical 8119 the 3-tetrahydroisoquinolinyl 

radical. 

The monohydroxamates used in the present invention are soluble in water in contrast 

5 · to the dihydroxamates of the above mentioned US 5,338,759, that are water insoluble. Thus 

the vanadium complexes of the present invention can be prepared by simple dissolution in 

water of the monohydroxamate and of the vanadium salt. 

Examples of vanadium salts used to form the complexes used in the compositions of 

the present invention are, without being limited to, VOCh (+4), VOS04 (+4), NaV03 (+5) 

10 andNa3V04(+S). 

Various HXM: vanadium salt stoichiometric molar ratios of the complexes are 

envisaged by the present invention, but 1: 1 and 2 HXM: 1 vanadium salt molar ratios are 

preferred. 

The complexes of formula I of the invention are prepared by mixing water solutions 

15 of the monohydroxamate and the vanadium salt, :freezing and lyophilizing the solution, thus 

obtaining a dry powder that can be stored, for example, at room temperature. 

The invention further provides a phannaceutical composition useful for the treatment 

of diabetes, particularly for reduction of blood glucose levels and induction of 

normoglycemia in diabetic patients, comprising a vanadium complex of a monohydroxamate 

20 of formula (I) as an active ingredient and, optionally, a pharmaceutically acceptable carrier. 

Said compositions may be used for treatment of both insulin.;..dependent diabetes mellitus 

(IDDM) and non-insulin-dependent diabetes me~itus (NIDDM). 

·The dosage to be· administered will depend on the conditions of the diabetic patient 

and may be within a range of from 0.2 mg/kg to Z mg/kg mµIy. Since the allowed amount of 

25 vanadium being used in diabetic patients in clinical trials today is about 2 m~g/day, the 

minimum amount provided by the present invention represents a 10 fold increase in efficacy. 

The compositions of the invention comprising the vanadium complex of formula I 

may be presented in soluble form, such as drops, or in the form of capsules or tablets and are 

preferably administered orally. They may be administered alone ot in combination with 

30 insulin. 

The· vanadium complex of formula I may also be generated in vivo by separate 

administration of the vanadium salt and of the monohydroxamate. The invention thus further 

comprises a phaanaceutical package comprising a pharmaceutical composition comprising a 

monohydroxamate of the formula R-CO-NHOH, wherein R is a residue selected from: 
4 
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(i) H;iN-CH (COY) - (CHl)n -; (ii) H2N-CH (COOH)-CH2-S-CH2-; and (iii) pyridyl, 

piperidyl or tetrahyc4'<>isoquinolinyl; and n is 1,2 or 3, and Y is OH or NH2; and a 

pharmaceutical composition comprising a vanadium compound selected from a vanadyl 

(V021, metavanadate (VOi ) or vanadate (VOi) salt, with instructions how to administer 

5 them. Preferably, the· composition comprising the vanadimn salt is admhrl.stered prior to the 

monohydroxamate composition. The two ingredients may also be comprised within a 

compal'tment of a single composition, e.g. a capsule, separated by a non-permeable 

membrane. 

Since a monohydroxamate of formula R-CO-NHOH above, particularly Glu(y)HXM, · 

10 can by itself associate to endogenous intracellular· vanadium, modifying the latter into an 

active species that evoke the metabolic responses of insulin, the invention further envisages a 

pharmaceutical composition for the treatment of diabetes comprising a monohydroxamate of 

the formula R-CO-NHOH , wherein R is a residue selected from: (i) H2N-CH. (COY) -

(CH2)n -; (ii) H:zN-CH (COOH)-CH2-S-CH2-; and (iii) pyridyl, piperidyl or tetrahydro-

15 isoquinolinyl; and n is 1,2 or 3, and Y is OH or NH2. 

The invention further relates to the use of a monohydroxamate of the formula 

R-CO-NHOH , wherein R is a residue selected from: (i) H2N-CH (COY) - (CH2)n -; (ii) 

H2N-CH (COOH)-CH2-S-CH2-; and (iii) pyridyl, piperidyl or tetrahydro- isoquinolinyl; and 

n is 1,2 or 3, and Y is OH or NH2, for the preparation of a pharmaceutical composition for the 

20 treatment of diabetes. 

In another embodiment, the invention relates to a method for red.Uction of blood 

glucose levels in a diabetic patient which comprises administering to said patient an effective 

amount of a vanadium. complex of a monohydroxam.ate of formula (I) herein, or of effective 

amounts of a monohydroxamate of the formula R-CO-NHOH herein and a vanadium. 

25 compound selected from a vanadyl (V02
), metavanadate (VOJ ·) or vanadate C:VOl1 salt, or 

. ' 

of effective amounts of a monohydroxamate of the formula R-CO•NHOH herein, alone or in 

combination with insulin therapy. 

In a further embodiment, the invention relates to a method for inducing 

normoglycemia in a diabetic patient which comprises administering to said pateint an 

30 effective amount of a vanadium complex of a monohydroxamate of formula (I) herein, or of 

effective amounts of a monohydroxamate of the formula R•CO-NHOH herein and a 

vanadium compound selected from a vanadyl (V02), metavanadate (VD-J. ) or vanadate 
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cYOl) salt, or of effective amounts of a monohydroxamate of the formula R-CO-NHOH 

herein, alone or in co~bination with insulin therapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

S Fig. 1 shows concentration-dependent activation of lipogenesis by 1: 1 to 1 :5 

complexes ofGlu(y)HXM: VOCI2 (+4) in comparison to free VOCb and free Glu (y)HXM. 

Fig. 2 shows that a 1:1 complex of Glu(y)HXM:VOCh (+4) potentiates the 

norm.oglycemic effect of vanadium in STZ-rats in comparison to free VOCh. 

Fig. 3 shows concentration-dependent activation of' lipogenesis by Glu(y)HXM : 

10 NaVOJ (1: 1 complex), free NaV03 and free Glu (y)HXM. 

Fig. 4 shows that free Glu (y)HXM , free Na V03 and a 2: 1 complex of Obi (y)HXM : 

Na V03 stimulate hexose influx at two different concentrations . 

. Fig. S shows that Glu (y)HXM: NaV03(2:1 complex) lowers blood glucose levels in 

STZ~treated rats in comparison to free Glu (y)HXM and free NaV03. 

15 Fig. 6 shows that free Glu (y)HXM activates lipogenesis in rat adipocytes in the 

absence of exogeneously added vanadium. 

Fig. 7 shOws the extent of lipogenesis evoked by either free Glu (y)HXM, free Na VOJ 

' or·in~~in at increasing concentrations of staurosporine. 

Fig. 8 · shows a comparison of·. lipogenesis activation evoked by increasing 

20 concentrations of free Glu (y)HXM in norm81 adipocytes and vanadium-enriched adipocytes. 

Fig. 9 shows a comparison of lipogenesis capacity of free Glu(y)HXM, VOCb and 

NaV03, and dry powderofGlu(y)HXM: VOCI2 and Glu(y.)HXM:: NaV03 2: 1 complexes 

stored at room temperature. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the present invention, a unique and specific potentiation of vanadium 

insulinomimetic potency is achieved by certain monohydroxamate complexants of vanadium. 

Particularly, L-glutamic acid (y) monohydroxamate (Glu(y)HXM) potentiates f:17-l 0 fold 

vanadium (+5) in activating glucose metabolism in rat adipocytes, and elevates 5-7-fold the 

30 efficacy of vanadate to lower blood glucose levels in STZ-treated diabetic rats in vivo . 

Potentiation is mmdmal at a 2:1 molar ratio of L-Glu(y)HXM:Vanadium. Both nonmodified 

a.-amino and a.-carboxyl moieties of L-Glu(y)HXM are essential for the potentiation. 

Moreover, the synergistic action of L-Glu(y)HXM is stereospecific and is not facilitated with 
6 
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D-Glu{y)HXM, although the latter also complexes with vanadium. Interestingly enough, of 

all documented vanadium complexan.ts that potentiate the insulinomim.etic ··actions of 

vanadium, L-Glu{y)HXM is unique in the sense of activating lipogenesis in rat adipocytes in 

the absence of exogenously added vanadium as well. It is herein further established that this 

5 effect manifests through the vanadium pathway by ·experimental data indicating that 

L-Glu{y)HXM is capable of converting the minute physiological quantity of endogenously 

present vanadimn in rat adipocytes into an insulinomimetic active species. Chemophysical 

studies of this active complex, indicates a unique physicochemical features. Vanadium is 

· ; : maintained at the +5 oxidation state, at physiological pH value, at equilibrium also if 

10 prepared with the vanadyl +4 cation. 

The in vitro screening assay used in the present invention indicates that, in addition to 

Glu(y)HXM, also L-Asp(j3)HXM and nicotinicacid-HXM (at 1:1 molar ratio) potentiate the 

insulinomimetic potency of vanadium{+4) as well. Their synergizing effect is -85% and 

-57% of that exerted by Glu(y)HXlv.t. ·In contrast, a-amino acid hydroxamates as well as the 

15 D-isomers of both Glu(y)HXM and Asp(j3)HXM, did not potentiate the insulinomimetic 

eficacy of voc12. 

The invention Will now be illustrated by the following non-limiting examples. 

Experimental Procedures 

20 (a) Materials. D-[U-14q glucose and 2-deoxy-D-[G-3H] glucose were purchased 

from New England Nuclear (Boston, MA). Collagenase type I (134 U/mg). was obtained 

from Worthington Biochemicals (Freehold, NJ). Porcine insulin was purchased from Eli 

Lilly Co. {Indianapolis, IN). Phloretin, 2 deoxyglucose, L-glutamic acid r-monohydroxamate 

(Glu{y)HXM),. glycine hydroxamate (Gly-HXM), L-isoleucine hydroxamate {isoleu-HXM), 

25 L-tryptophan hydroxamate (frp-HXM), L-tyrosine hydroxamate (Tyr-HXM) and L-cystine 

dihydroxamate (Cystine(HXM2) were purchased from Sigma Chemical Co., St Louis, MO. 

30 

Krebs-Ringer bicarbonate (KRB) buffer, (pH 7.4), contained 110 mM NaCl, 25 mM 

NaHC03, 5 mM KCI, 1.2 mM KH2P04, 1.3 m.M CaCl2, 1.3 mM MgS04. 

All other chemicals and reagcmts used in this study were of analytical grade. 

(b) Streptozocin(STZ)-treated rats: Diabetes was induced by a single intravenous injection 

of a freshly prepared solution of streptozocin (55 mg/kg of body weight) in 0.1 M citrate 
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buffer (pH 4.5). The effect of the tested compounds on blood glucose level was determined 

14 days following induction of diabe~s. 

(c) Cell preparation and Lipogenesis bioass~: Rat adipocytes were prepared essentially 

5 by the method of Rodbell, 1964. The fat pads of male WiStll' 1'.ats were cut into small pieces 

with scissors and suspended in 3 nil Qf KRB buffer. Th~. digestion was perfonned with 
' ' ' 

collagenase (type 1, 134 units/mg; 1 mg/ml) in a 25-ml 'fl~ble plastic bottle under an 

atmosphere of carbogen (95% Ch, 5%. C02) for 40 min at 37~C with vigorous shaking. Cell 

preparations showed more than 95% viability by Trypan blue exclusion, at least 3 hours after 

10 digestion. Five ml of buffer was then added, and the cell$. wer~ passed through a mesh 

screen. The cells were then allowed to stand for several minu~s in a 15-ml plastic test tube 

at room temperature, floating, and ~ buffer underneath. was removed. This procedure 

(suspension, floatingJ and removal of b~et underneath) was repeated three times. 

In the lipogenic assay, for measurement of glucose uptake and its incorporation into 

15 lipids Qipogenesis), the adipocyte suspensions (~xlOS cells/ml) were divided into plastic vials 

(O.S ml per vial) and incubated for 60 min at 37°C under an atmosphere of carbogen with 0.2 
' ' 

mM [U-14C]glucose (4-7 mCi/mol), in ~ither the absence or presence ofinsulin (100 nglml), 

and the complexes to be tested. Lipogenesis was tenninated by adding· toluene-based 

scintillation fluid (1.0 ml per vial) and the radioactivity ~ extracted lipids was counted 

·20 . (Moody et al., 1974). In a typical ~xperiment fusuliD.-~ulated lipogenesis was 4-5 fold 

higher than basal. Vbasal 11:12000 cp~ per 3x105 cell/h; vfusunn II:! 8,000-10,000 cpm per 

3xl05 cell/h. 

EXAMPLES 
25 Example 1. In vitro potentiation of the lipogenic capacity of low concentrations of VOCl2 

(lOmM) by equimolar concentrations of mono~ydroxamates. 
The following protocol was found tO be a reliable ass~y in vitro, that is indicative for 

the potentiation effects of the amino a~id monohydroxamates'on vanadium (+4) in STZ-rats 

in vivo. 

30 Activation of lipogenesis was performed as described in Experimental Procedures, 

section (c), using 10 µM solutions of various free amino acid monohydroxamates (HXM), 10 

µM solution of VOCI2 (+4), or 10 µM solution of :freshly prepared' 1:1 complex of amino 

acid-HXM: VOCI2. 
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The following amino acid monohydroxamates were tested: L-glutamic acid 
:(::.:~%;/~t. ?.·:: .,, .·· 

y-monohydroxamate . "[Gfo(y)HXM], glycine hydroxainate (Gly-HXM), L-isoleucine 

hydroxamate (lle-HXM), L-tryptophan hydroxamate (Trp-HXM), L-tyrosine hydroxamate 

(Tyr-HXM), L-cystine dihydroxamate [Cys(HXM)2], L-lysine. hydroxamate (Lys-HXM), 

5 nicotinic acid hydroxamate (Nic-HXM), L-arginine hydroxamate (Arg-HXM), L-histidine 

hydroxamate (His-HXM), D-glutamic acid y-monohydroxamate [D-Glu(y)HXM], 

N-acetyl-L-glutamic acid y-monohydroxamate [N-acetyl-Glu(y)HXM], L-aspartic acid 

~-monohydroxamate [Asp(fl)HXM], aminoisobutyric acid monohydroxamate [Aib-HXM]. 

The results are summarized in Tables I and II. As shown in Table 1, Glu(y)HXM (10 

10 µM), VOCI2 (10 mm) or their 1:1 complex produced 22%, 40% and 117%, respectively, of 

maximal insulin response. The net potentiating effect amounted therefore to 51 %. Nic-HXM 

also potentiates the lipogenic capacity of VOCl2 (29%, net potentiating effect Table I). Other 

amino acid hydroxamates studied did not potentiate the effect of vanadium (+4). The same is 

valid for D-Glu(y)HXM and for N-acetyl-Glu(y)HXM, indicating that for Glu(y)HXM, the 

15 free a-amino group and the L-isomeric form are essential for the potentiation. 

9 

I 



5 

10 

- WO 99/12875 PCT/IL98100441-

Table I. Potentiation of the lipogcnic capacity of low concentrations of VOC12 (10 µ.M) 

by equimolar concentrations of amino acid monohydroxamates 

Percent of maximal e·ffect of insulin 

Amino acid VOCl2 VOGb:HXM Net 

-HXMonly Only '1:1 Potentiating 

Effect 

(10 µM) (10 µM) (lOµM) (%) 

Ohi(y)HXM 22% 40% 117% 51% 

Nic-HXM 11% 40% 80% 29% 

Aib-HXM 0% (-3%) 40% 22% 0 

Lys-HXM 0% {-4%) 40% 36% 0 

D-Glu(y)HXM. 1% 40% .17% 0 

N-acetyl 

OlU(y)HXM 0% 40% 24% 0 

L-Asp(p)HXM 8% 11% 73% 54% 

Arg-HXM 4% 11% 17«'/o -2% 

Trp-HXM 2% 11% 22o/o -9% 

His-HXM 4% 11% 18% -3% 

Table II. lnsulinomimetic effect of various VOC12: BXM (1:1), in comparison to 

L-Glu(y)HXM:VOCl2 (1:1) 

1:1 complex ofVOCh and: 

L-Olu(y)HXM 

L-Asp(p)HXM, Nic-HMX 

D-Glu(y)HXM, N-acetyl Glu(y)HXM, D-Asp(p)HXM 

Aib-HXM, Lys-HXM, Arg-HXM, Trp-HXM, His-HXM 

10 

% activity relative to 
Glu(y)HXM VOCh 

100% 

70% 

0% 
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Example 2. Concenti'iitio_~-dependent in vitro activation '!flipogenesis by a 1:1 to 1:5 
·:·~-.~:~.L~~ .! :; ·J: 

complex of Glu('T)HXM.: VOCl2 in comparison to free VOCli find free Glu('T)JIXM 

In order to d.eterlnine the most effective ratio of the Glu(y)HXM :VOCh complex. to 

synergize the insulinomimetic potency of vanadium, lipogenesis was performed as descnl>ed 

S in Experimental Procedures, section (c), using 1:1 to 5:1 complexes of Glu(y)HXM :VOCh, 

free VOC!i, and free Glu(y)HXM. The results shown in Fig. 1 demonstrate that, in 

comparison to the lipogenic potency of s mM voc12 alone and complexed with increasing 

10 

concentrations of Glu(y)HXM (S-25 µM), a 1:1 stoichiometric complex of both was found 

most effective in synergizing the insulinomimetic potency of vanadium ( +4). 

Example 3. Effect of Glu(rJHXM: YOCl2 (1:1 complex) on blood glucose levels (BGL) of 

STZ-rats; Comparison to low VOCl2 alone. 

In order to show that vanadium ( +4) amino acid monohydroxamate chelators 

potentiate the normoglycemic effect of vanadium in vivo, STZ-rats (see Experimental 

15 Procedures, section (b)), were given intraperitoneal (i.p.) injections of either VOCI2 (0.02 

mmol/kg/day) or of VOCl2 : Glu(y)HXM 1: 1 complex. (0.02 mmol/kg rat/day). Blood 

glucose levels were measured over a period of 12 days. The results are depicted in Fig. 2, 

showing that daily i.p. injections of a low dosage of voc12 by itself (approximately 2 mg 

vanadium/kg/day) had no significant effect on decreasing blood glucose levels, while the, 1:1 . 

20 complex of Glu(y)HXM:VOCl2 (approximately 1 mg vanadium/kg/day) was effective and 

produced a dramatic decrease in blood glucose levels of STZ-rats toward normal values. 

Stable normoglycemia has been achieved within 2 days after administrating the complex, and 

persisted for several days. following administration (Fig. 2, dashed line represents blood 

· glucose levels of control healthy rats). 

25 The ~ount of free vanadium (+4) required to induce normoglycemia, is 9.3 

mg/kg/day (i.p. administration). Glu(y)HXM:VOCl2 complex (1:1) reduced the daily dosage 

to about lmg/kglday (i.p. administration). Thus, in this in vivo STZ-rat model, complexation 

of vanadium (+4) to Glu(y)HXM appears to potentiate vanadium (+4) about 9-fold. 

30 Example 4. Monohydroxamates also synergize the insulinomimetic potency of vanadium 

(+5): L-Glu(r)HXM highly potentiates the vanadium (+5) to activate glucose metabolism 

in rat adipocytes. 

11 
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In order to test the synergistic effect of Glµ(y)HXM upon complexation with vanadate 

(+5), lipogenesis was performed as described in Experimental Procedures. section (c), with 

concentrations·ninging from 10 µM to SO·µtd of 1:1 complex of Glu (y)HXM:V04+3(+5), 

free Na3V04 and free Glu(y)HXM, respectively. Unlike with the dihydroxamate chelator 

S designated RL-252 described in US 5,338,759; that was found to potentiate the 

insulinomimetic capacity of vanadium· ( +4) but had no effeqf on, and even reduced, the 

potency of vanadium (+S) in vitro, Glu(y)HXM dramatically potentiated the insulin-like 

effect of vaiiadate (+S) (Fig. 3). It is estimated that Glu (y)HXM: VQ43+(+S) is at least 

7-fold more potent in activating lipogenesis as compared to either free Na3V04 or free 

10 Glu(y)HXM. 

Example S. Glu('J')HXM and Glu('!)HXM:NaV03 (2:1) complex stimulate hexose influx.. 

In order to test the specific effect of free Glu(y)HXM: · and the Glu(y)HXM:NaV03 

(2:1) complex on the entrance of glucose into cells, an in vitro assay was performed using 

15 2-deoxy-D- [6-3H]glucose (2-DG). 2-DG is a non-metabolized analog of glucose and this 

assay thus represents the influence of a compound on glucose influx to cells, independent of 

glucose metaboli8m. 

Freshly prepared adipocytes (3xlOS cells/ml) suspended in KRB buffer pH 7.4, 

containing 1.0% BSA, were preincubated for 30 min , in the absence and the presence of 

20 insulin (17 nM), and the indicated concentrations (20 and 40 µtd) of Glu(y)HXM, 

Glu(y)HXM:NaV03 (2:1) complex and NaV03. Aliquots (70 µl) of the aforementioned 

samples were transferred into tubes that contained 2-deoxy-D-[6-3H]glucose (0.1 mM final 

concentration). After 3 minutes, phloretin (0.1 nM) was added in order to terminate the 

penetration of2-DO into the cells. Samples of the suspended· cells were then-transferred to 

25 tubes with silicone oil where, upon centrifugation, the cells· separate from the KRB medium 

and leftover 2-DG. 

As shown in Fig. 4t free Glu(y)HXM and Glu(y)HXM:NaV03 (2:1) complex was 

found to activate glucose entry illto the cells independently of glucose metabolism. The 

magnitude of the effect amounted to about 60% and 120%, respectively, of maximal insulin 

30 response. 

12 
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Example 6. Glu(rJHXM:NaV03 (2:1) complex lowers blood glucose levels in STZ-treated 

rats. 
In order to· show that complexes of vanadium (+5) and monohydroxamate chelators 

potentiate the normoglycemic effect of vanadium in vivo and to test the normoglycemic effect 

5 of free Glu(y)HXM in vivo, STZ-diabetic rats were divided into 4 groups of 4-5 rats each: 

diabetic control rats; vanadate (+5)-treated rats; Glu(y)HXM:NaV03 (2:1) complex-treated 

rats ; and free Glu(y)HXM-treated rats. Each group received daily i.p. injections of 0.05 

mm.al/kg (at 11.00 a.m.), of the corresponding compound. As shown in Fig. 5, after the first 

day (blood gluoose level was measured at 8,00 a.m.) the blood glucose level of the 

10 complex-treated group reduced to normal levels. 

Example 7. Glu(rJHXM activates lipogenesis in rat adipocytes in the absence of 

exogeneously adtkd vanadium. 

In order to investigate the nonnoglycemic potential of free Glu(y)HXM, lipogenesis 

15 was carried out as described above, using concentrations ranging between 10-100 µM of 

Glu(y)HXM. As shown in Fig. 6, Glu(y)HXM is, among all vanadium binders.tested herein, 

unique in the capacity to produce insulin effects in the absence of. exogeneously added 

vanadium. It is assumed that L-Glu(y)HXM.differs from all other amino acid~HXM in being 

capable of converting the minute quantity of intracellularly-located vanadium ( -20nM) into 

20 an insulinomimetically-aCtive species. 

Example 8. Staurosporine inhibits Glu(rJHXM-evoked lipogenesis in rat adipocytes. 

Comparison to staurosporine effect on insulin- and vanadate-evoked lipogenesis. 

· · Stamosporine, a potent inhibitor of rat-adipose CytPTK ~ .. - 2nM) and a weak 

25 inhibitor of lnsRTK (ki .... 1 µM), preferentially inhibits the effect of vanadate in stimulating 

lipogenesis. In order to determine whether free Glu(y)HXM also works through the vanadium 

pathway, adipocytes were subjected to vari()us concentrations of stamosporine (as indicated 

in Fig. 7) for 30 min at 37°C. Lipogenesis was then carried out using adipocytes prepared as 

described above, in the presence of insulin (17 nM}, sodium metavanadate (0.8 mM) or 

30 Glu(y)HXM (100 µM). Maximal activation (100%) is that obtained with insulin, vanadate or 

Glu(y)HXM in the absence of stauroSJ)orine. 

13 
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Fig. 7 shows the extent of lipogenesis evoked by free Glu(y)HXM, sodium 

metavanadate, or insulin at increasing concentrations of staurosporine. Activation of 

lipogenesis by Glu(y)HXM was·inhibited by staurosporine in a dose-dependent manner. The 

inhibition curve resembled that obtained for vanadate- (rather· than that for insulin-) evoked 

5 lipogenesis, indicating that free Glu(y)HXM works through vanadiwn (insulin-independent) 

pathway. 

Example 9. Lipogenesis: comparison between normal adipocytes and vanadiun­

enriched adipocytes, treatedwith Gia ('y)HXM. 

10 Free Glu(y}HXM is unique in the sense of activating lipogenesis in rat adipocytes 

in the absence of exogeneously added vanadium. It is herein established that this effect is 

manifest through the vanadium pathway by experimetJ.tal data showing that free 

Glu(y)HXM is capable of converting the minute physiological.quantity of endogeneously 

present vanadium in rat adipocytes into an insulinomimetically active species. 

15 To demonstrate this effect, male Wistar rats receiv~~ daily subcutaneous (s.c.} 

injections of NaV03 (12 · mg/kglday}for five days (hereinafter designated . 

"enriched-vanadium rats''). Lipogenesis was performed as described above using free 

Glu(y)HXM to compare freshly prepared rat adipocytes (3xl05 cells/ml) from 

non-enriched vanadium rats to the enriched-vanadium rats.· As shown in Fig. 8, the free 

20 Glu (y)HXM was found to potentiate the effect of the intracellular vanadium. in the 

enriched-vanadium rat cells to a much greater extent 

Example 10. Vanadlum complexes of Glu ('Y)HXM are stable. 

To sho~ that Glu(-y)HXM forms stable complexes with Na YOJ and VOCl2 that 

25 remain highly active during an extended period of time when kept as dry powder at room 

temperature, 2:1 c0mplexes of Glu (y)HXM: NaV03 and Glu (y)HXM: VOCI2 were 

prepared by dissolving the· monohydroxamate and the vanadium salt in 2: 1 equimolar 

concentrations, respectively' in water. The water solutions were then mixed, frozen with 

liquid nitrogen, and lyopbilized. The dry powder obtained Was allowed to stand at room 

30 temperature for 4 weeks. Lipogenesis was then performed as described above, using free 

Glu (y)HXM, NaV03 and VOCI2, and the Glu (y)HXM: NaV03 and Glu (y}HXM: 

14 
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5 

VOCl2 2:1 complexes.,~, dry powders. As shown in Fig._9, both complexes maintained 
:·~; .... ~· :;" i~·'.: . . .·. ' 

their level of insulinomiriietic activity, indicating that they are stable. 
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CLAIMS 

1. A monohydroxamate vanadium complex of the formula (I): 

R-CO-NHOH. X (I) 5 
: J:llllllf 111111 11111 11111111111 

* C · L M S * wherein 

R is a residue selected from: 

(i) HiN-CH (COY) - (CH2)n -

wherein n is 1). or 3, and Y is OH or NH2; 

10 (ii) H2N-CH (COOH)-CH2-S~H2-; and' 

(iii) pyridyL, piperidyl or tetrahydroisoquiriolinyl; 

and Xis a vanadium compound selected from· a vanadyl (VQ2+), 

metavanadate {V03") orvanadate cvol1 salt 

15 2. The l: 1 or 2: 1 vanadyl complex of L~glutamic acid 'Y-monohydroxamate according to 

claim 1, of the formula: 

H2N-CH (COOH)-CH2-CH2-CO-NHOH: VOCh 

. 3. The 1:1 or 2:1 vanadate complex of L-glutamic acid 'Y-monohydroxamate according 

. 20 . to claim 1, of the formula: 

H~-CH (COOH)-CH2-CH2-CO-NHOH: NaV03 

4. The vanadyl complex of L-aspartic acid ~-monohydroxamate according to claim l, of 

the formula: 

25 H2N;.CH(COOH)-CHrCO-NHOH: VOCl2 

5. The vanadyl complex of nicotinic acid hydroxamate according to claim 1, of the 

formula: pyridyl-3- CO-NHOH : VOCh 

30 6. A pharmaceutical composition comprising as active ingredient an effective amount of 

a vanadium complex of a monohydroxamate as claimed in any one of claims 1 to 5, 

optionally with a pharmaceutically acceptable carrier. 

16 
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7. The pharmaceutical composition according to claim 6, which is useful for the 

reduction of bloo4 gl~b~~ levels and/or induction of nonri.~giycemia in diabetic patients. 

8. The pharmaceutical composition according to claim 7, in a form suitable for oral 

5 administration. 

9. A pharmaceutical composition for the treatment of diabetes comprising a vanadium 

compound sele~ from from a vanadyl , a metavanadate and a vanadate salt, and a 

monohydroxamate of the formula R-CO-NHOH , wherein R is a residue selected from: 

10 (i) HaN-CH (COY) - (CH2)n -, wherein n is 1,2 or 3, and Y is OH or Nl12; 

(ii) H2N-CH (COOH)-CH2-S-CH2-; and (iii) pyridyL, piperidyl or tetrahydroisoquinolinyl; 

wherein said vanadium salt and said monohydroXam.ate are separated from one 

another in the composition. 

15 10. A pharmaceutical package having two compartments, a first compartment containing 

a vanadium. compound selected from a vanadyl , a metavanadate and a vanadate salt, and a 

second compartment containing a monohydroxamate of the formula R-CO-NHOH , wherein 

R is selected from: (i) HaN-CH (COY)-(CH2)n -, wherein n is 1,2 or 3, and Y is OH or NH2; 

(ii) H2N-CH (COOH)-CH2-S-CH2-; and (iii) pyridyL, piperidyl or tetrahydroiso.quinolinyl; 

20 and instructions how to administer them for reduction of blood glucose levels and/or 

induction of normoglycemia in diabetic patients. 

11. Use of a vanadium complex ·of a monohydroxamate as claimed in any one of claims 1 
. . 

to 5 for the preparation of a pharmaceutical composition useful for the reduction of blood 
.. 

25 glucose levels and/or induction of normoglycemia in diabetic patients. 

12. Use of a monohydroxamate of the formula R-CO-NHOH J wherein R is selected 

from: (i) HaN-CH (COY}{CH2)0 -, wherein n is 1,2 or 3, and Y is OH or NH2; 

(ii) H2N-CH (COOH)-CH2-S-CH2-; and (iii) pyridyL, piperidyl or tetrahydroisoquinolinyl; 

30 for the preparation of a pharmaceutical composition useful for the reduction of blood glucose 

levels and/or induction of normoglycemia in diabetic patients. 

17 
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5 

·· 13. A method for reducing blood glucose levels and/or inducing normoglycemia in a 

diabetic patient whi~h comprises administering to said p~ti~nt an effective amount of a 

vanadium complex of a monohydroxamate of the formula (I) : 

R-CO-NHOH.X (I) . .· 

wherein 

R is a residue selected from: 

(i) H2N-CH (COY) - (CH2)n­

wherein n is 1 ,2 or 3, and Y is OH or NH2; 

(ii) H2N-CH (COOH)-CH2-S-CH2-; and 

10 (iii) pyridyl, piperidyl ortetrahydroisoquinolinyl; and··. 

Xis a vanadium compound selected from ti ~anadyl (Vo'-"), metavanadate 

·(V03.) and vanadate cvol1 salt. 

14. The method according to claim 13 wherein said vanadium complex is the 1:1 or 2:1 

15 vanadyl complex ofL-glutamic acid y-monohydroxamate of the formula: 

. H2N-CH (COOH)-CH2-CH2-CO-NHOH : VOC}z 

· 15. · The method according to claim 13 wherein said valiadium complex is the 1:1 or 2:1 

·.· vanadate complex ofL-glutamic acid y-monohydroxamate, of the formula: 

20 H2N-CH (COOH)-CH2-CH2-CO-NHOH : Na V03 

25 

16. The method according to claim 13 wherein said vanadium complex is the vanadyl 

complex of j}-aspartic acid monohydroxamate of the formula:: 

HzN-CH(COOH)-CH2-CO-NHOH .VOCh 

17. A method for inducing normoglycemia and/or reducing blood glucose levels in a 

diabetic patient which comprises administering to said patient an effective amount of a a 

vanadium compound selected from a vanadyl , a Dietavanadate and a vanadate salt, and an 

effective amount of a monohydroxamate of the formula R-CO-NHOH, wherein R is selected 

30 from: (i) H2N-CH (COY)-(CH2)0 -, wherein n is 1,2 or 3, and 'iY is OH or NH2; 

(ii) H2N-CH (COOH)-CH2-S-CH2-; and (iii) pyridyL, piperidyl or tetrahydroisoquinolinyl. 
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18. The method according to claim 17, wherein the vanadium compound is administered 

prior to the monohyqta'tifnate compound. "·., · 

19 The method according to any one of claims 13 to 18, wherein said vanadium complex 

5 is administered orally. 

10 

15 

20 

25 

30 

20. The method according to any one of claims 13 to 18, wherein the treatment is 

combined with administration of insulin. 

19 
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