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VANADIUM COMPLEXES OF MONOHYDROXAMATES AND
PHARMACEUTICAL COMPOSITIONS COMPRISING THEM

FIELD OF lNVENTION _
The present invention relates to vanadmm complexes of monohydroxamates and to

pharmaceutical compositions comprising them useful for the treatment of diabetes.

ABBREVIATIONS : Asp(B)HXM, L-aspartic acid B-monohydroxamate; CytPTK,

_cytosolic protein-tyrosine kinase; Gluy)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; NaVO3, sodium
metavanadate; STZ, streptozocin; VOSO4, vanadyl sulphate; VOCly, vanadyl chloride.

BACKGROUND OF THE INVENTION

Intensive studies have been carried out in the last two decades on the msuhnomnnetxc
effects of vanadium (reviewed in Shechter et al.,1995). In vitro, vanadium salts mimic most -
of the effécts of insulin on the main target tissues of the hormone, and in vivo they induce
normoglycemia, 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 phosphorylation of insulin-receptor substrate 1 (IRS-1). The key players of
this back-up system appear to involve inhibition of protein-phosphot};rosine 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 pg day~l, and the intracellular concentration is approximately 20 oM (reviewed in
Shechter et al, 1995 and Brichard and Henquin, 1995). The bulk of the intracellular
vanadium is probably in the vanadyl (+4) form. Acute oral administration of vanadium
compounds proved to be moderately toxic. Nevertheless, the pfbfdund 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 weeks) were allowed and, although
100 fold lower than those used in most animal studles, several beneficial effects were
observed (Cohen et al., 1995). - '

Organically chelated vanadium (+4) complexes are about 5 fold more potent than free
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
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
applicants describe vanadyl complexes of dihydroxamates of the formula:
R’R’C {CH;0 (CHz)m CO[NHCHR (CH;)q COJ.NOHR '},
which are said to be useful for the treatment of diabetes, but were later found by the inventors
to be unsuitable ir vivo for normalizing blood glucose levels in model diabetic rats.
Hydroxamic acid derivatives were shown to be involved in the microbial transport of
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 (O,0) coordination with the catbonyl oxygen and deprotonated

- OH.

Amino acid monohydroxamates are simple, nontoxic derivatives of amino acids.
D-Aspartic acid p-hydroxamate (D-Asp(B)HXM) was shown to have antitumoral activity on
murine leukemia L5178Y, 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(y)HXM) is
cytotoxic against leukemia L1210 cells in vitro, and against lenkemia L1210 and mélanoma
B16 cells in vivo (Vila et al., 1990).




10

15

20

25

30

wO 99/12875 :
Wﬂﬂ

It has now been found in accordance w1th the present mventlon that certain amino acid
monohydroxamates ('HXM) in particular the L-forms of glutamic acid y-monohydroxamate
(Glu(y)I-IXM) and aspartic acxd B-monohydroxamate (Asp(B)HXM) interact with vanadium
(+4) and vanadium (+5). Ata 1 lor2:1 H)GVI vanadium molar stmch;ometry they largely
potentiate the insulinomimetic potencies of vanadium (+4) and (+5) i in vitro, and normalize
the blood glucose level of su'eptozocm-u'eated rats in vivo.

PCT/LI8/00441 -

The present invention relates to novel vanadlmn complexes of monohydroxamates of
the formula (1): |
R-CONHOH.X o
wherein _
Risa residue selected from:
(i) HoN-CH (COY) - (CHa)a-
(ii) H;N-CH (COOH)-CH;-S-CH;-; and
(m) pyridyl, plpendyl or tetrahydrolsoqumolmyl
wherein n is 1,2 or 3 and Y is OH or NHz, and X is a vanadmm compound selected
from a vanadyl (VO™), metavanadate (VOs™) or vanadate (VO4>) salt.
According to the present invention, in the monohydroxamates of (i) above, n is
preferably 1 or 2, namely the - and 'y-monohy_drdxamatés of L-aspattic écid and L-glutamic.

acid, 'r.espectively. 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 c-amino acid monohydtdxamates.

Interestingly enough, among all known vanadium chelators disclosed in the literature
such as acetylacetonate, bispicolinato and the dihydroxamate RL-252 described in the
above-mentioned US 5,338,759, 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 minuté quantity of
intracellularly located vanadium (+4, ~20nM) into an insulinomimetically-active species.
Further studies in vitro revealed that Glu(y)HXM facilitates all _the physiologically relevant
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 (iif) above, preferred are the 3-pyridy] radical, namely

the nicotinic acid hydroxamate, the'2- or 3-piperidyl radical and the 3-tetrahydroisoquinolinyl

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

to the dxhydroxamates of the above mentxoned US 5,338 2159, that are water insoluble. Thus

the vanadium complexes of the present invention can be prepared by sunple 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, VOCl, (+4) , VOSO, (+4), NhVOg (+5)
and NasVO, (+5). |

Various HXM: vanadinm salt stoichiometric molar ratios of the complexes are
envisaged by the present in\}enﬁon, 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
of the monohydroxamaﬁe 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 pharmaceutical composition useful for the treatment
of dlabetes particularly for reduction of blood glucose levels and induction of
normoglycemia in diabetic patients; comprising a vanadium complex of a monohydroxamate
of formula (I) as an active ingredient and, optionally, a pharmaceutically acceptable carrier.
Said compositions may be used for treatment of both insulinsdependent digbetes mellitus
(IDDM) and non-insulin-dependent diabetes mellitus (NIDDM).
| -The dosage to be administered will depend on the conditions of the diabetic patient
and may be within a range of from 02 mg/kg to 2 mg/kg daily. Since the allowed amount of
vabadium being used in diabetic patients in clinical trials today is about 2 mp/kg/day, the
minimum amount provided by the present invention represehts 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 or in combination with
insulin. -

The vanadium complex of formula I may also be generated in vivo by separate
administration of the vanadium salt and of the monohiydroxamate. The invention thus further
comprises a pharmaceutical 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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@ HN-CH (COY) - (CHa), -; (i) HpN-CH (COOH)-CH:-S-CHy~ and (iii) pyridyl,
piperidyl or tetrahydroisoquinolinyl; and nis 12 or 3, and Y is OH or NHp; and a
pharmaceutical coxhposition comprising a vanadium compound selected from a vanadyl
(VO?), metavanadate (VO;") or vanadate (VO¢*) salt, with instructions how to administer
them. Preferably, the: composition comprising the vanadium salt is administered prior to the
monohydroxamate composition. The two ingredients may aiso be comprised within a
compartment of a single composition, e.g. a capsule, separated by a non-permeable
membrane.

Since a monohydroxamate of formula R-CO-NHOH above, partlcularly Glu()HXM,
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 compnsmg a monohydroxmnate of
the formula R-CO-NHOH , wherein R is a residue selected from: (i) H:N-CH (COY) -
(CHy)n - (i) H.N-CH (COOH)- CH,-S-CHj-; and (i_ii) pyridjl, piperidyl or tetrahydro-
isoquinolinyl; and nis 1,2 or 3, and Y i is OH or NH;, | _

The invention further relates to the use of a monohydroxamatc of the formula
R-CO-NHOH , wherein R is a residue selected from: (i) H,N-CH (COY) - (CHz), = (ii)
H;N-CH (COOH)-CH,-S-CHa-; and (iii) pyridyl, piperidyl or tetrahydro- isoquinolinyl; and
nis 1,2 or 3, and Y is OH or NHp, for the preparation of a pharmaceutical composition for the
treatment of dlabetes R

In another embodiment, the invention relates to a method for reduction of blood
glucose levels in a diabetic patient which compnses administeting to said patient an effective
amount of a vanadium complex of a monohy'dro'xamaté 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 (VO*"), metavanadate (VO;") or vanadate (V' 04>) salt, or
of effective amounts of a monohydmxamate of the formula R-CO-NHOH herein, alone or in
combination with insulin therapy.

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

normoglycemia in a diabetic patient which comprises administering to said pateint an
 effective amount of a vanadium complex of a monohydroxamate of formula (T) herein, or of

effective amounts of a monohydroxamate of the formula R-CO-NHOH herein and a
vanadium compound selected from a vanadyl (VO?*), metavanadate (VO5" ) or vanadate
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(VOS> salt, or of effective amounts of a monohydroxamate of the formula R-CO-NHOH
herein, alone or in combination with insulin therapy.

'BRIEF DESCRIPTION OF THE DRAWINGS -

Fig. 1 shows concentration-dependent. activation of lipogenesis by 1:1 to 1:5
complexes of Glu(y)HXM : VOCl; (+4) in comparison to free VOCI; and free Glu (y)HXM.
Fig. 2 shows that a 1:1 complex of Glu(y)HXM:VOCl; (+4) potentiates the
normoglycemic effect of vanadium in STZ-rats in comparison to free VOCl,.
Fig. 3 shows ‘concentration-dependent activation of 'lipogenesis by Glu(y)HXM :
NaVO0s; (1:1 complex ), free NaVO; and free Glu (y)HXM.
" Fig. 4 shows that free Glu (y)HXM , free NaVO3 and a 2:1 complex of Glu (y)EIXM :

' NaV03 stimulate hexose influx at two different concentranons

" Fig. 5 shows that Glu (Y)HXM : NaVO; (2:1 complex ) lowers blood glucose levels in
STZ-treated rats in comparison to free Glu (y)HXM and free NaVOs.
Fig. 6 shows that free Glu (7)1-1XM activates hpogenesm in rat adipocytes in the

_absence of exogeneously added vanadlum

F1g 7 shows the extent of hpogenesxs evoked by elther free Glu (y)HXM free NaVO;

_or msulm at increasing concentratlons of staurosponne

Fxg 8 shows a comparison of hpogenes1s activation evoked by increasing

'_ concentratmns of free Glu (y)HXM in normal ad1pocytes and vanadlum-ennched adipocytes.

Flg 9 shows a comparison of hpogenes:s capacity of free Glu(y)HXM, VOCl, and
NaVO03, and dry powder.of Glu(y)HXM : VOCI, and Glu(y)HXM : NaVOs 2: 1 complexes
stored at room temperature.

'DES ON OF THE PREFERRED EMBODIMENTS

According to the present invention, 2 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 ~7-10 fold
vanadium (+5) in activating glucose metabolism in rat adipocytes, and elevates 5-7-fold the
efficacy of vanadate to lower blood glucose levels in STZ-treated diabetic rats in vivo .

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

o-amino and co-carboxyl moieties of L-Glu(yY)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 complexants that potentiate the insulinomimetic 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

. 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 vanadium 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(B)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)HXM. In contrast, a-amino acid hydroxamates as well as the
D-isomers of both Glu(y)HXM and Asp(B)HXM, did not potentiate the insulinomimetic
eficacy of voClh. o ' '

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

Experimental Procedures _ N :
(a) Materials. | D-[U-14C] glucose and 2-deoxy-D-[G-3H] glucosé 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 y-rhonohydroxamate
(Glu(y)HXM), glycine hydroxamate (Gly-HXM), L-isoleucine hydroxamate (isoleu-HXM),
L-tryptophan hydroxamate (Trp-HXM), L-tyrosine hydroxamate (Tyr-HXM) and L-cystine
dihydroxamate (Cystine(HXM?2) were purchased from Sigma Chemical Co., St. Louis, MO.
Krebs-Ringer bicarbonate (KRB) buffer, (pH 7.4), contained 110 mM NaCl, 25 mM
NaHCOj3, 5 mM KCI, 1.2 mM KHyPOy, 1.3 mM CaCly, 1.3 mM MgSOj.

All other chemicals and reagents 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 followmg induction of diabetes.

{(c) Cell preparation and Lipogenesis bioassay: Rat adipocytes were prepared essentially
by the method of Rodbell, 1964. The fat pads of male Wistar rats were cut into small pieces
with scissors and suspended in 3 ml of KRB buffer. The;;-dig'estion was performed with
collagenase (type 1, 134 units/mg; 1 mg/ml) in a 25-ml ;ﬂ,exible plastic bottle under an
atmosphere of carbogen (95% Os, 5% CO) for 40 min at 37°C with vigorous shaking. Cell
preparations showed more than 95% viability by Trypan blu_e exclusion, at least 3. hours after
digestion. Five ml of buffer was then added, and the cells were passed through a mesh

_screen. The cells were then allowed to stand for several _mirrlrtes in a 15-ml plastic test tube

at room temperature, floating, and the b_uﬂ'er underneath. was removed. This procedure
(suspension, floating, and removal of buffer underneath) was repeated three times.

In the lipogenic assay, for measurement of glucose gp_take' and its incorporation into
lipids (lipogenesis), the adipocyte suspens_icns (3x10° cells/ml) were divided into plastic vials
(0.5 ml per vial) and incubated for 60 mrn at 37°C' under an atrnosphere of carbogen with 0.2
mM [U-”C]glucose 47 mCr/mol), m either the absence or presence of insulin (100 ng/ml),
and the complexes to be tested. L1pogenes1s was. termmated by adding toluene-based
scintillation fluid ( 1.0 ml per vial) and the r_ad_xoactwrty in extracted lipids was counted

‘(Moody et al, 1974). Ina typrcal expeﬁment ihsulih—stixﬁhléted lipogcnesis was 4-5 fold
~ higher than basal. Vbasal ~2000 cpm per 3xl()s cell/h; Vmsulm =~ 8,000-10,000 cpm per

3x105 cell/h.

EXAMPLES '
Examnle 1. In vitro potentmtwn of the ltpogemc capacdy of low concentrations of VOCI2

N 0mM) by equimolar concentratwns of monolzydroxamates.

The followmg protocol was found to be a rehable assay in vitro, that is indicative for
the potentiation effects of the amino acxd monohydroxamates on vanadium (+4) in STZ-rats
in vivo. ' :

~ Activation of lipogenesis was performed as dwcribed in Experimental Procedures,
section (c), using 10 pM solutions of various free amino acid monohydroxamates (HXM), 10
1M solution of VOCI2 (+4), or 10 pM solution of freshly prepared I:1 complex of amino
acid-HXM:VOCl.
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The following amino acid monohydroxamates were tested: L-glutamic acid
y-monohydroxamate . [Glu(p)HXM], glycine hydroxamate (Gly-HXM), L-isoleucine
hydroxamate (Ile-HXM), L-tryptophan hydroxamate (Trp-HXM), L-tyrosine hydroxamate
(Tyr-HXM), L-cystine dihydroxamate [Cys(HXM)2], L-lysine hydroxamate (Lys-HXM),
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-glufamic acid y-moﬂohydroxamate [N-acetyl-Glu(y)HXM], L-aspartic acid
B-monohydroxamate [Asp(B)HXM], aminbisobutyric acid monohydroxamate [Aib-HXM].

The results are summarized in Tables I and II. As shown in Table 1, Glu(‘y)HXM Qo
kM), VOCI2 (10 mm) or their 1:1 complex produced 22%, 40% and 117%, respectively, of
maximal insulin response. The net potentxatmg effect amounted therefore to 51%. Nic-HXM
also potentiates the lipogenic capacity of VOClp (29%, net potentxanng 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
free a.-amino group and the L-isomeric form are es_sential. for the potenti'ation. :
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Table 1. Potentiation of the lipogenic capacity of low coné@gtraﬁons of VOC1; (10 uM)

Percent of m_a;cimal é'-f'fe.ct of

by equimolar concentrations of amino acid monchydroxamates -

insulin
Amino acid VOCI; | VOCI;: HXM Net
-HXM only Only L1l Potentiating
o ; o Effect
(10 M) (10 wM) (10 kM) )
Glu()FxXM 2% 20% 117% 51%
[NicExXM 1% 0% 0% 25%
ATb-FXM 0% (-3%) 0% 2% 0
Lys- XM 0% (4%) % 36% 0
D-Glu)FXM % 0% 1% 0
N-acety] o
| GlumHxM 0% 40% 24% 0
L-Asp(B)HXM % 11% 3% 4%
Arg-FXM % 1% 7% 2%
- [TpxM % 1% 2% %
[ HHs-FXM 4% 11% 18% 3%

Table II. Insulinomimetic effect of various VOC1,: HXM (1:1), in comparison to
L-Glu(y)HXM:VOC1; (1:1)

1:1 complex of VOC1, and:

L-Glu(y)HXM

L-Asp(B)HXM, Nic-HMX

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

% activity relative to
Glu(y)HXM VOCI1,

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

10

100%
70%
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Example 2. Concentration-dependent in vitro ‘activation of lipogenesis by a 1:1 to 1:5
complex of Glu(y)HXM. OCl, in comparison to free VOCI; and free Glu(HXM
' In order to determine the most effective ratio of the Glu(y)HXM :VOCI; complex to

synergize the insulinomimetic potency of vanadium, lipogenesis was performed as described
in Experimental Procedures, section (c), using 1:1 to 5:1 complexes of Glu(y)HXM VOClz,
free VOCl,, and free Glu(y)HXM. The results shown in Fig. 1 demonstrate that, in
comparison to the lipogenic potency of 5 mM VOCI2 alone and complexed with increasing
concentrations of Glu(y)HXM (5-25 uM), a 1:1 stoichiometric complex of both was found
most effective in synergizing the insulinomimetic potency of vanadium (+4).

Example 3. Effect of Glu(yHXM: VOC!; (1:1 complex) on blood glucose levels (BGL) of
STZ-rats; Compam'on to low VOCI2 alone.

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

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

Procedures, section (b)), were given infraperitoneal G.p.) in]ec’uons of either VOCI2 (0.02
mmoVkg/day) or of VOCI2 : Glu(y)HXM 1:1 complex (0.02 mmolkg rat/day). Blood
glucose levels were measured over 2 period of 12-days. The results are depicted in Fig. 2,
showing that daily ip. injections of a low dosage of VOCI by itself (approximately 2 mg
vanadium/kg/day) had no significant effect on decreasing blood glucoée levels, while the 1:1
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).

The amount of free vanadium (+4) required to induce normoglycemia, is 9.3
mg/kg/day (i.p. administration). Glu(y)HXM:VOCI2 complex (1:1) reduced the daily dosage
to about 1mg/kg/day (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.

Example 4. Monokydroxamates also synergize the insulinomimetic potency of vanadiun:

(+5): L-Glu(y)HXM highly potentiates the vanadium (+3) to activate glucose metabolism
in rat adipocytes.

11
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-In order to test the synergistic effect of Glu(y)HXM upon complexation with vanadate
(+5), lipogenesis was performed as described in Experimental Procedures, section (c), with
concmtaﬁon;-ranghé from 10 pM to 50 uM of 1:1 complex of Glu MEXM:VO413(+5),
free Na3VO4 and free Glu(y)HXM, respectively. Unlike with the dihydroxamate chelator
designated RI-252 described m Us 5,33#,759,- that was found to potentiate the
insulinomimetic capacity of vanadium (+4) bﬁt had no effect on, and even reduced, the
potency of vanadium (+5) in vitro, Glu(y)HXM dramaticaily potentiated the insulin-like
effect of vanadate (+5) (Fig. 3). It is estimated that Glu (y)EIXM: VO43+(+5) is at least
7-fold more potent in actiiraﬁng’ lipogenesis as compared to either free Na3VO4 or fiee
Gl_u(y)I-D(M.

Ex'al'ngle. 5. Glu(y HXM and Glu(y) HXM:NaVO; (2:1) complex stimulate hexose influx.
In order to test the speciﬁé effect of free Glu(f)HXM  and the Glu(y)HXM:NaVO;

(Z:I)Icomplex on the entrance of glucose into cells, an in vitro assay was performed using
| 2-deoxy-D- [6->H]glucose (2-DG). 2-DG is 'a'non-metaboli'ze'd analog of glucose and this

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

- glucose metabolism.

20

25

30

Freshly prepared adipocytes (3x10° cells/ml) suspended in KRB buffer pH 7.4,
cohtaining 1.0% BSA, were preincubated for 30 min , in the absence and the presence of
insulin (17 nM), and the indicated concentrations (20 and 40 uM) of Glu(y)HXM,
Glu(y)HXM:NaVO; (2:1) complex and NaVO, Aliquots (70 pl) of the aforementioned

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

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

penetration of 2-DG into the cells. Samples of the susp'ended_-'cells were then transferred to

tubes with silicone oil where, upon centrifugation, the cells'separate from the KRB medium
and leftover 2-DG. ' o : .

As shown in Fig. 4, free Glu(y)HXM and Glu(y)ID_(_M:Navog (2:1) complex was
found to activate glucose enfry into the cells independently of glucose metabolism. The
magnitude of the effect amounted to about 60% and 120%, respectively, of maximal insulin

response.
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Example 6. Glu(YHXM:NaVO; (2:1) complex lowers blood glucose levels in STZ-treated

In order to sh'oﬁv, that complexes of vanadium (+5) and monohydroxamate chelators
potentiate the normoglycemic effect of vanadxum in vivo and to test the normoglycemic effect
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:NavO; (2:1) complex-treated
rats ; and free Glu(y)HXM-treated rats. Each group received daily i.p. injections of 0.05
mmol/kg (at 11.00 am.), of the corresponding compound. As shown in Fig. 5, after the first
day (blood glucdse level was measured at 8,00 am.) the blood glucose level of the
complex-treated group reduced to normal levels.

Example 7. Glu(pHXM activa'tes lipogenesis in rat adipocytes in the absence of
exogeneously added vanadium. _ :

In order to investigate the normoglycemic potential of free Glu('y)HXM lipogenesis
was carried out as described above, using concentrations ranging between 10-100 pM 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 quentity of intracellularly-located vanadium (~20nM) into .
an insulinomimetically-active species.

Example 8. Staurosporine inhibits Glu(y)HXM-evoked lipogenesis in rat adipocytes.
Comparison to staurosporine effect on insulin- and vanadate-evoked lipogenesis.
-Staurosporine, a potent inhibitor of rat-adipose CytPTK (ki ~ 2nM) and a weak
inhibitor of InsRTK (ki ~ 1uM), preferentially inhibits the effect of vanadate in stimulating
lipogenesis. In order to dete;mine whether free Glu(y)HXM also works through the vanadium
pathway, adipocytes were subjected to various concentrations of _st_aurospmiixe (as indicated
in Fig. 7) for 30 min at 37°C. _Lilﬁogenesis was then carried out usihg adipocytes prepared as
described above, in the presence of insulin (17 nM), sod_ium metavanadate | (0.8 mM) or
Glu(y)HXM (100 pM). Maximal activation (100%) is that obtained with insulin, vanadate or
Glu(y)HXM in the absence of staurosporine. o
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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(yjm was inhibited by sta_.urosporine' in a dose-dependent manner. The
inhibition curve resembled that obtained for vanadate- (rather:than that for insulin-) evoked
lipogenesis, indicating that free Glu(y)_l-l_XM works throughvanadxum (insulin-independent)
pathway. '

Example 9. Lipogenesis: comparison between normal adipocytes and vanadiun-
enriched adipocytes, treated with Glu (PHXM .

Free Glu(y)EIXM 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 eXperi‘mental data showing “that free
| Glu(y)i-lXM is capable of converting the minute physiOIOgical-quanﬁty of endogeneously

present vanadium in rat adipocytes into an insﬁlinonximeticaliyi active species.

" To demonstrate this effect, male Wistar rats received- daily subcutaneous (s.c.)
injections of NavO3 (12 - mg/kg/day)fbr five days:' (hereinafter  designated -
enriched-vanadium rats”). Lipogenesis was performed as described above using free
Glu(y)HXM to compare freshly prepared rat adipocytes (3x105 cells/ml) from
non-enriched vanadium rats to the enriched-vanadium rats. As shown in Fig. 8, the free
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. Vanadium complexes of Glu ()HXM are stable.

To show that Glu(y)HXM forms stable complexes with NaVO3 and VOCI2 that
remain highly active during an extended period of time when kept as dry pov;rder at room
tempersture, 2:1 complexes of Glu (y)HXM: NaVO3 and Glu (Y)HXM: VOCl were
prepared by dissolving the monohydroxamate and the vanadium salt in 2:1 equimolar

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

liquid mtrogen, and lyophﬂlzed The dry powder obtained was allowed to stand at room
temperature for 4 weeks. Lipogenesis was then performed as described above, using free
Glu (y)HXM, NaVO3 and VOCI2, and the Glu (y)HXM: NaV03 and Glu (Y)HXM:
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VOCI2 2:1 complexe:

dry powders. As shown in Fig. 9, both complexes maintained
their level of insulinomimetic activity, indicating that they are stable.
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CLAIMS

1. A monohydroxamate vanadium complex of the formula @:

R-CO-NHOH. X _ - TIRT I _

. =R O R o
R is a residue selected from: |

() HN-CH(COY)- (CHz)n-

wheremnls 120r3, and Y is OH orNHz,

i) HzN-CH (COOH)-CHz-S-CHz- and’

(iii) pyridyL, plpendyl or tetrahydxoxsoqmnolmyl
and X is a vanadium compound selected ﬁ'om a vanadyl (V o™,
metavanadate (V o7y )or vanadate (V 043‘) salt.

e’

2. The 1:1 or 2:1 vanadyl complex of L-glutamxc acid y-monohydroxamate according to
claim 1 of the formula:
H;N-CH (COOH)-CHz-CHz-CO-NHOH VOClz

3. - Thel:lor 2:1 vanadate comp_lex of L-giutémic acid.'y-monohydroxamate according
- to claim 1, of the formula: '

HoN-CH (COOH) CHz-CHz-CO-NHOH Na VO

4, The vanadyl compléx of L-aspartic acid B—monohydroiamate according to claim 1, of

the formula: . o
HoN-CH(COOH)-CH,-CO-NHOH : VOCl;

5. The vanadyl complex of nicotinic acid hydroxamate according to claim 1, of the
formula: pyridyl-3- CO-NHOH : VOCl,

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.
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7. - The pharmaceutlcal composition according to clalm 6, which is useful for the
reduction of blood glucose levels and/or mductlon of normoglycemla in diabetic patients.

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

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

compound selected from from avanadyl , a metavanadaté and a vanadate salt, and a

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

(i) HoN-CH (COY) - (CHz)s-, whereinnis 1,2 or3, and Y is OH or NH;;

@ii) H,N-CH (COOH)-CH,-S-CH,-; and (iii) pyridyL, piperidy! or tetrahydroisoquinolinyl;
wherein said vanadium salt and said monohydroxamate are separated from one

another in the composition.

10. A pbarmaceutical package having two compartments, a first compartment containing
a vanadium compound selected from a vanadyl , 2 metavanadate and a vanadate salt, and a
second compartment containing a monohydroxamate of the formula R-CO-NHOH , wherein
R is selected from: (i) HoN-CH (COY)-(CHa)s-, whereinnis 1,2 or 3, and Y is OH or NH,; -
@ii) HoN-CH (COOH)-CH-S-CHp-; and (iii) pyridyL, piperidyl or tetrahydroisoquinolinyl;
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
glucose levels and/or induction of normoglycemia in diabetic patients.

12.  Use of a monohydroxamate of the formula R-CO-NHOH , wherein R is selected
from: (i) HoN-CH (COY)-(CHz)a-, Whereinn is 1,2 or 3, and Y is OH or NHy;

(ii) H,N-CH (COOH)-CH,-S-CHy-; and (iii) pyridyL, piperidyl or tetrahydroisoquinolinyl;
for the preparation of a pharmaceutical composition useful for the reduction of blood glucose

levels and/or induction of normoglycemia in diabetic patients.
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-13. A method for reducing blood glucose levels and/or inducing normoglycemia in a

diabetic patient which comprises administering to said patient an effective amount of a
vanadium complex of a monohydroxamate of the formula (I)
| R-CO-NHOH.X ®. .
wherein e '
U— T
() ELN-CH (COY)-(CHa)a- - et m s
whereinnis 1,2 or 3, and Y is OH or NH;

(ii) HoN-CH (COOH)-CH;-S-CHa-; and |

(iii) pyridyl, piperidyl or tgtrahydroisoquinolinyl; and:
X is a vanadium compound selected from a vanadyl (VO*), metavanadate

(VO5’) and vanadate (VO,>) salt. '

14. - The method according to claim 13 wherein said vanadlum complex is the 1:1 or 2:1
vanady! complex of L-glutamic acid y-monohydroxamate of the formula:
. HaN-CH (COOH)-CH,-CH,-CO-NHOH : VOClL,

. “15. - ‘The method according to claim 13 wherein said vanadium complex is the 1:1 or 2:1
© vanadate complex of L-glutamic acid y-monohydroxamate , of the formula:

H,N-CH (COOH)-CH,-CH;-CO-NHOH : Na VO3

16.  The method according to claim 13 wherein said vanadium complex is the vanadyl
complex of B-aspartic acid monohydroxamate of the formula:
H,N-CH(COOH)-CH,-CO-NHOH .VOCl,

17. A method for inducing normoglycemia and/or reducing blood glucose levels in a
diabetic patient which comprises administering to said patxent an effective amount of a a
vanadium compound selected from a vanadyl , a metavanadate and a vanadate salt, and an
effective amount of a monohydroxamate of the formula R-CO-NHOH , wherein R is selected
from: (i) H,N-CH (COY)-(CHz),-, whereinnis 1,2 or 3, and %Y is OH or NHj;

(i) H,N-CH (COOH)-CH,-S-CH>-; and (jii) p_yridyL, piperidyl or tetrahydroisoquinolinyl.
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18.  The method accordmg to claim 17, wherein the vanadlum compound is administered
prior to the monohydrﬁxiinate compound. S

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

20. The method according to any one of claims 13 to 18, wherein the treatment is
combined with administration of insulin. |
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