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EVALUATION OF ANTI-HYPERGLYCEMIC EFFECT
OF SYNTHETIC SCHIFF BASE VANADIUM(1V) COMPLEXES

F. A. El-Saied,’> 2 T. A. Salem,? S. A. Aly,* and M. M. E. Shakdofa> 6 *

Original article submitted December 9, 2016.

A chain of new vanadium(IV) complexes of Schiff bases, derived from acetohydrazide (HL'**) or 4-amino-
antipyrine (HL*7) have been prepared and physicochemically distinguished using different tools including an-
alytical, spectral, and magnetic techniques. The spectral and analytical data showed that ligands HL'- acted as
neutral bidentate ligands, chelated through hydrazono carbonyl and azomethine groups, whereas HL* acted as
neutral tetradentate ligand coordinated via pyrazolone carbonyl, NH group, hydrazono carbonyl, and azo
(N=N) groups forming binuclear complexes. The HL® and HL® behave as neutral bidentate ligands coordinat-
ing through pyrazolone carbonyl and NH groups; in case of ligand HLS, in addition to the mentioned mode,
C=N and C=N groups participated to bind a second VO(II) ion form binuclear complexes. HL’ behaves as a
monobasic bidentate ligand bonded via deprotonated OH and azomethine groups. All complexes adopt square
pyramidal geometry around vanadium ion. Results revealed that the oral management of vanadium complexes
significantly reduced the blood glucose level in rats suffered from diabetes. The correction of altered biochem-

ical parameters via treatment with vanadium complexes points the improved glucose balance.

Key words: vanadium complexes; anti-diabetic activity; antipyrine; acetohydrazide.

1. INTRODUCTION

The diabetes mellitus (DM) prevalence is rapidly emerg-
ing at a horrifying ratio and is deem to be one of the most
valid troubles in the world leading to significant veracity and
economic burden on sick person and society [1]. DM is dis-
tinguished by chronic hyperglycemia that gives rise to the
troubles in metabolism of carbohydrates, proteins and lipids
with a rising hazard of cachexy and death rate from elemen-
tary in addition to subaltern complexities [2]. DM is usually
subdivided into insulin-dependent (type 1) and non-insulin
dependent (type 2). Type 1 DM is controllable via insulin
daily injections, while type 2 DM is usually treated by many
kinds of synthetic drugs [3]. Hence, researchers continue in
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preparing novel drugs possessing efficient antidiabetic activ-
ity at tiny concentrations without side effects.

Vanadium is a transition element which is suggested to
be a fundamental trace element in humans and animals. Va-
nadium compounds have been demonstrated to possess
antidiabetic properties and insulin-mimetic activity in animal
models of DM type 1 and 2, in addition to a small number of
diabetic humans subjected to treatment by these compounds
[4 —7]. These complexes also have considerable versatility
in modulation of pharmacological properties [8]. However,
the potential antidiabetic activity of most complexes derived
from vanadium so far was studied for compounds poorly ab-
sorbed in their inorganic forms, which needed high doses and
were accompanied with unfavorable side effects. Because of
the toxicity of vanadium inorganic salts, various organovana-
dium complexes have been synthesized and screened for
their antidiabetic effectiveness [9]. The modern stage in stu-
dying antidiabetic properties of vanadium began in 1985 by
works of John McNeill with coworkers. They investigated
the heart function of rats with streptozotocin (STZ) induced
diabetes after treatment with vanadium(IV) sulfate [10]. Pre-
viously, insulin-like effects of vanadium salts were reported
in cells systems such as adipocytes [11]. The STZ diabetic
rat model is now widely used to study the in vivo effects of
vanadium compounds. STZ-induced diabetes is considered a
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type 1 DM model, since it arises from destruction of some,
but not all, of the insulin-producing pancreatic 3-cells [12].
In this context, the present work was aimed to synthesize
novel vanadium complexes of 2-(phenylamino)-N'-(pyridin-
2-ylmethylene)acetohydrazide (HL'), 2N’~(furan-2-ylmethy-
lene)-2-(phenylamino) acetohydrazide (HL?), N'-(2-hydro-
xybenzylidene)-2-(phenylamino)acetohydrazide (HL),
(2-cyano-N-(1,5-dimethyl-3-o0x0-2-phenyl-2,3-dihydro-1H-p
yrazol-4-yl)-2-(phenyldiazenyl)acetamide (HL*), 2-cyano-
N-(1,5-dimethyl-3-ox0-2-phenyl-2,3-dihydro-1H-pyrazol-4-
yl)-2-(m-tolyldiazenyl)acetamide (HL®), (1,5-dimethyl-3-
-0x0-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)carbonohydrazo
noyl dicyanide (HL®), and 2-cyano-N'-((1,5-dimethyl-3-
oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)methylene)-2-
(phenyldiazenyl) acetohydrazonic (HL’) ligands. The ob-
tained metal complexes were characterized by various spec-
tral techniques. The antidiabetic properties of these com-
plexes were assessed on STZ-induced diabetes model in rats.

2. EXPERIMENTAL

2.1. Materials

The chemicals and reagents used for the synthesizing of
the chelates and their VO(II) coordination compounds were
of analytical grade and used without further purification.
Ethyl [2-(phenylamino)]acetate and 2-(phenylamino)aceto-
hydrazide were synthesized by a published method [13 — 15].

2.2. Synthesis of Schiff Base Ligands

The Schiff base ligands 2-(phenylamino)-N'-(pyridin-
2-ylmethylene)acetohydrazide (HL'), 2N’-(furan-2-ylme-
thylene)-2-(phenylamino)acetohydrazide (HL?), and
N'-(2-hydroxybenzylidene)-2-(phenylamino)acetohydrazide
(HL®) were synthesized by mixing 2-(phenylamino)ace-
tohydrazide with 2-pyridinealdehyde (HL"), 2-furanaldehyde
(HL?) and 2-hydroxybezaldehyde (HL?) at 1 : I molar ratio
in 50 mL absolute ethyl alcohol. The mixtures were refluxed
for 3 h and the solid products were filtered off, washed with
ethanol, recrystallized from ethyl alcohol, and dehydrated
over anhydrous CaCl, [13 ~15]. The ligands (2-cyano-
N-(1,5-dimethyl-3-ox0-2-phenyl-2,3-dihydro-1H-pyrazol-4-
y1)-2-(phenyldiazenyl)acetamide (HL*) and 2-cyano-N-(1,5-
dimethyl-3-o0x0-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)-2-
(m-tolyldiazenyl)acetamide (HL>) were obtained by coupling
2-amino-2-cyano-N-(1,5-dimethyl-3-ox0-2-phenyl-2,3-dihy
dro-1H-pyrazol-4-yl)acetamide with aniline and m-toluidine,
respectively, in pyridine. The product was recrystallized sev-
eral times from ethanol [16]. Ligand (1,5-dimethyl-3-0xo0-2-
phenyl-2,3-dihydro-1H-pyrazol-4-yl)carbonohydrazonoyl
dicyanide (HL®) was prepared by coupling the diazonium
salt of 4-aminoantipyrine with malononitrile in sodium hy-
droxide [17]; 2-cyano-N’-((1,5-dimethyl-3-ox0-2-phenyl-
2,3-dihydro-1H-pyrazol-4-yl)methylene)-2-(phenyldiazenyl)-
acetohydrazonic (HL’) was prepared by coupling the
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diazonium salt of aniline with 4-formylcyanoacetohydrazide
antipyrine in sodium hydroxide solution [17].

2.3. Synthesis of VO(1I) Complexes

Vanadyl VO(II) complexes (1 —7) were synthesized by
mixing a hot ethyl alcohol solution of VOSO,-3H,0 (in the
presence of 2 mL distilled H,O) with the appropriate amount
of hot ethyl alcohol solution of the corresponding ligand us-
ing in 1L : 1M molar ratio. The reaction mixtures were
refluxed for 3 h and the precipitated products were filtered
off, washed several times with ethyl alcohol, and dehydrated
in vacuum desiccators on top of anhydrous CaCl,.

2.4. Physical Measurements

Elemental analyses of all compounds were carried out on
a micro-analytical unit (Cairo University, Egypt). Perkin-
Elmer 683 infrared spectrophotometer covering a wave-
length range of 200 — 4000 cm™ was used to record the IR
spectra of all compounds in KBr disks. Perkin-Elmer 550
spectrophotometer was used to record the electronic absorp-
tion spectra in a 200 — 900 nm regions. The Gouy method
was used to measure the magnetic susceptibilities at 25°C,
with mercuric tetrathiocyanatocobaltate(II) as the magnetic
susceptibility standard. Diamagnetic corrections were esti-
mated using Pascal’s constant [18]. The magnetic moments
were calculated using the following equation:

Hetr. :2'84\/)(.10\51)“ T.

2.5. Evaluation of Anti-Hyperglycemic Activity of VO(II)
Complexes

2.5.1. Preparation of solutions of vanadium com-
plexes. Seven newly synthesized vanadium complexes were
freshly dissolved (w/v) in 60% DMSO immediately before
use. Experimental animals orally received test compounds in
a dose of 1 mg/kg/day for 4 weeks.

2.5.2. Induction of experimental diabetes. Experimen-
tal diabetes was induced in male Wistar rats weighing
160 — 180 g by intraperitoneal injection of 60 mg/(kg B. W.)
of STZ dissolved in 0.1 M cold citrate buffer pH 4.5 [19]. On
the 3rd day, the development and aggravation of diabetes in
rats was confirmed and rats with fasting blood glucose con-
centration above 250 mg/dL were selected for the experi-
ments [20]. The experiments were designed and conducted in
strict accordance with the current ethical norms approved by
the Animal Ethical Committee guidelines. The rats were di-
vided into six groups (each comprising six animals) as fol-
lows: (Group 1) normal rats; (Group 2) STZ-induced diabe-
tes rats; (Groups 3, 4, 5, 6, 7, 8, and 9) diabetic rats treated
orally with vanadium complexes 1, 2, 3, 4, 5, 6, and 7, re-
spectively (1 mg/(kg B. W.)/rat/day) for 4 weeks.

2.5.3. Biochemical analysis. At the end of experiment,
rats were fasted overnight, anaesthetized by diethyl ether,
and sacrificed by cervical decapitation. Blood was collected
with and without anticoagulant for plasma and serum separa-
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Fig. 1. Chemical formulas of VO(II) complexes 1 — 4.

tion, respectively. Fasting blood glucose, plasma insulin,
plasma protein, blood urea and serum creatinine were esti-
mated according to the manual instructions in the corre-
sponding kits. The activities of ALT, AST and ALP in serum
were assayed according to the kit procedure. Liver tissues
were excised out, washed with ice-cold saline, and liver
homogenates were prepared for glycogen, reduced gluta-
thione, and lipid peroxidation estimations.

2.5.4. Determination of plasma insulin. Insulin levels
in rat plasma were quantified by ELISA (Mercodia,
Sweeden). Briefly, plasma insulin was captured by pre-titra-
ted amount of a monoclonal mice anti-rat insulin antibodies
and the binding of biotinylated polyclonal antibodies to the
captured insulin. After washing, horseradish peroxidase
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C—0
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[(VO)(HL%)SO,]-4H,0

Fig. 2. Chemical formulas of VO(II) complexes 5 and 6.

(HRP) was titrated and washed for 5 times. The immobilized
antibody-enzyme conjugates were quantified by monitoring
HRP activities in the presence of substrate 3,3',5,5'-tetra-
methylbenzidine. The enzyme activity was measured spec-
trophotometrically at 450 nm.

Determination of hepatic glycogen. Glycogen was iso-
lated by digesting the liver slices with 1 mL of 30% (w/v)
KOH in a boiling-water bath for 30 min. Then, 0.1 mL of 2%
(w/v) Na,SO, and 3 vol. of ethanol were added to precipitate
the glycogen. The isolated glycogen was determined by the
method of Roe and Daily [21].

2.5.6. Estimation of hepatic oxidative markers. The
level of reduced glutathione (GSH) in liver homogenate was
estimated using the method described by Beutler, et al. [22].

O
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Hepatic lipid peroxide was determined by the thiobarbituric
acid (TBA) reaction as described by Ohkawa, et al. [23].

2.5.7. Estimation of hepatic glucokinase activity. One
gram of fresh liver tissue was homogenized with 9 mL
Tris-KCI-EDTA buffer and centrifuged at 15000 rpm for 1 h
at 4°C. Twenty five microliters of clear supernatant was used
for glucokinase assay according to the method of Jamdar and
Greengard [24].

2.5.8. Statistical analysis. All data were grouped and
statistically evaluated with MS Excel software. All values
were presented as means + SE (standard error). Comparisons
among groups were made by application of two-way analysis
of variance (ANOVA) followed by one-way ANOVA and
post hoc analysis. Differences were considered statistically
significant if p < 0.05.

3. RESULTS AND DISCUSSION

The reactions of the ligands N'-[(2-pyridine-2-yl-methy-
lene)2-(phenylamino)] acetohydrazide (HL'), N'-[(2-furan-
2-yl-methylene)2-(phenylamino)]acetohydrazide (HL?), N'-
[(2-hydroxybenzyl-2-yl-methylene)2-(phenylamino)] aceto-
hydrazide (HL?), 4-azocyanoacetamidoanlilne antipyrine
(HL%), 4-azocyanoacetamido-m-toludine (HL’), 4-azomalo-
nonitrile antipyrine (HL®) and 4-formylazohydrazoaniline
antipyrine (HL’) with VOSO,3H,0 at equal molar ratio
(1:1) led to the formation of metal complexes 1—7 with
structures displayed in Figs. 1 — 3. All the compounds appear
as brown or green colored crystalline solids stable at room
temperature (RT). The complexes are insoluble in polar and
non-polar solvents but soluble in polar coordinating solvents
such as DMSO and DMF. The physicochemical and spectro-
scopic data summarized in Tables 1 — 3 confirm that com-
plexes have structures shown in Figs. 1 — 3.

The results of elemental analyses (Table 1) showed that
complexes 1 -5 were mononuclear 1 : 1 metal complexes,
whereas compound 6 was a binuclear complex and com-
pound 7 was 2 : 1 metal complex (L : M). The molar conduc-

TABLE 1. Analytical and Physicochemical Data for VO(II) Complexes
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Fig. 3. Chemical formula of VO(II) complex 7.

tivities of 1 x 10~ M solutions of metal complexes 1 — 6 in
N,N-dimethylformamide (DMF) at RT were in the 6.8 — 17.1
Q! cm? mol™! range indicating the non-electrolytic nature of
these complexes (Table 1). These data confirm that the sul-
fate groups are directly attached to the metal ion. However,
complex 7 has a conductivity of 72.7 Q! cm? mol™!, which is
indicative of the electrolytic nature of this complex. This
conclusion agrees with data of Greenwood, et al. [25], which
reported the interval of 50 — 70 Q! cm? mol™ for 1: 1 elec-
trolyte in DMF.

3.1. Infrared Spectra

The ligand binding modes in complexes have been con-
cluded from the IR spectroscopy data. The most diagnostic
IR absorption peaks of all compounds are listed in Table 2.
The spectra of complexes HL'—HL® revealed bands at
3390 -3363, 3211-3185, 1698-1672, and 1603 —
1585 cm™. The first two bands were assigned to v(NH) and

Found (Calculated), %

No. Complex Color A
H N

1 [(VO)(HL")(SO.)] - 1.5H,0 Brown 37.9(37.8) 3.8(5.8) 13.2(12.9) -
2 [(VO)(HL?)(SO4)] - H,0 Brown 36.8(36.7) 3.9(3.8) 9.6 (9.9) 17.1
3 [(VO)(HL?)(SO,)] Green 41.3(41.7) 3.3(3.5) 9.8(9.7) 14.0
4 [(VO),(HL*)(SOy),] Green 34.5(34.2) 3.1(2.7) 11.8(12.0) 6.8
5 [(VO)(HL®)(SO,)] - 4H,0 Brown 40.2(40.5) 5.0(4.5) 13.6(13.5) 15.0
6 [(VO),(HL®)(SOy),] Brown 26.9(27.7) 2.1(2.0) 14.2(13.9) 16.5
7 [(VO)(HL),(SO4)] Brown 51.9(52.2) 42(3.9) 20.3(20.9) 72.7

# Molar conductivity of 10~ 3 M solutions (ohm'1 cm? mol'l).
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the other two peaks were attributed to carbonyl and azome-
thine groups, respectively. The IR spectra of complexes 1 — 3
showed that the peaks related to azomethine and carbonyl
groups appeared at lower wavenumbers compared to those of
the free ligands, suggesting their chelation to the VO(II) ion.
The spectra of complexes also showed that the peaks related
to v(NH) were slightly shifted relative to those of the ligands
as a result of the coordination of neighboring groups. The
spectrum of ligand HL? displayed a peak at 3364 cm™', which
referred to v(OH). This band appeared at the same position
for complex 3, indicating that the OH group did not partici-
pate in the chelation.

The IR spectra of HL* — HL’ displayed bands at 3397 —
3384, 3250 —3204, and 2210—2205cm™. The first two
bands were assigned to V(NH) and the one referred to cyano
group. The spectrum of HL®revealed another peak at
2362 cm’! assigned to the second cyano group. In addition,
the IR spectra of HL*—HL’ showed bands at 1645 —
1630 cm™! assigned to carbonyl groups of the pyrazolone
ring. The spectra of HL* and HL revealed a peak at 1687 —
1661 cm! referred to carbonyl groups of the hydrazone moi-
ety. The spectrum of HL” did not show a peak characteristic
of carbonyl groups of the hydrazone moiety, but two addi-
tional bands appeared at 1605 and 1585 cm™ and refereed to
v(-C=N-N=C-), indicating that the ligand exists in its enole
form. The spectrum of HL® revealed a peak at 1587 cm™! as-
signed to azomethine linkage. The IR spectra of HL*, HL?
and HL’ ligands displayed a band at 1490 — 1482 cm™' that
referred to azo linkage. The IR spectrum of binuclear com-
plex [(VO)2(HL4)(SO 1),] (4) revealed characteristic peaks of
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amino and carbonyl groups of the pyrazolone ring, carbonyl
of hydrazone moiety, and azo linkage, which appeared at
lower wavenumbers as compared to those of the free ligand
as a result of their participation in the coordination to
vanadyl ion. This spectrum also revealed that the peak re-
lated to cyano linkage appears at the same location as in the
spectrum of free ligand, indicating that it does not participate
in the coordination.

The above discussion suggests that a ligand in the com-
plex comprises two compartments: the first compartment
bonded to the vanadyl ion via the pyrazolone carbonyl group
and the -NH group, and the second compartment bonded to
the second vanadyl ion via the N=N and hydrazo carbonyl
groups. The rest part of coordination number 5 is satisfied by
the bidentate sulfate. The IR spectrum of complex
[(VO)(HLS)SO4~4HZO] (5) reveals that the peaks related to
amino and carbonyl groups of pyrazolone ring appear at
lower wavenumbers as compared to those for the ligand, in-
dicating that coordination take place via the NH and C=0O
groups of the pyrazolone ring. This spectrum also displays
peaks related to v(C=N), v(C=0) of hydrazone moiety, and
v(N=N), which appear at the same wavenumbers as those for
the free ligand, showing that these groups do not take part in
coordination. The HL? ligand in this complex behaved as a
neutral bidentate ligand coordinated through NH group and
carbonyl oxygen atom of the pyrazolone ring. The IR spec-
trum of complex [(VO)Z(HLG)(SO 1),] (6) reveals that peaks
related to the carbonyl of hydrazone moiety and v(NH) ap-
pear at higher wavenumbers as a result of their coordination,
whereas the bands ascribed to one cyano group and

TABLE 2. IR Absorption Bands and Their Assignments in the Spectra of Ligands and Their VO(II) Complexes

No. v(OH)H,O  v(NH) Vv(C=N) v(C=0)"  w(C=0) Vv(C=N) v(N=N) V(SO4) v(V=0) v(V-0) v(V-N)
HL' -336 3211 - - 1698 1603 - - - - -
1 3417 3270 - - 1660 1590 - 1130,1041 977 605 510
HL’ - 3390,3324, - - 1672 1585 - - 971 - -

3185
2 3432 3324,3188 - - 1628 1520 - 1124,1050 979 615 510
HL’ 3364 3187 - - 1691 1603 - - - - -
3 3368 3280 - - 1611 1541 - 1139,1050 981 620 502
HL* - 3397 2206 1644 1687 - 1482 - - - -
4 - 3100 2207 1625 1661 - 1475 1149, 1050 989 602 503
HL’ - 3384,3204 2210 1645 1661 - 1488 - - - -
5 3435 3221 2209 1605 1660 - 1488 1165,1038 971 623 489
HLS - 3200 2205, 2362 1630 - 1587 - - - - -
6 - 3440 1185,2360 1638 - 1568 - 1130,1045 976 607 510
HL’ 3430 - 2360 1645 - 1605,1585 1490 - - - -
7 3410 - 2358 1645 - 1603,1552 1494 1152,1009 981 603 520

? v(C=0) of pyrazolone ring; b v(C=0) of hydrazine.



838

500 -

300 -

200 -

Blood Glucose (mg/dL)

Normal STZ

*%

F. A. El-Saied et al.

% % *k

STZ+1 STZ+2 STZ+3 STZ+4 STZ+5 STZ+6 STZ+7

Fig. 4. Effect of vanadium complexes on the blood glucose level in rats with STZ-induced diabetes: (*) significant, (**) high significant, (***)

very high significant differences in comparison to diabetic rats.

azomethine group appear at lower wavenumbers as com-
pared to those for the free ligand, indicating that they partici-
pate in coordination to the vanadyl ion. Moreover, the second
v(C=N) peak does not show any shift relative to that for the
free ligand. The IR spectrum of complex [(VO)(HL7)2(SO Nl
(7) shows that the band characteristic of v(OH) is shifted to
lower wavenumbers as a result of coordination. The band at
1603 cm™! remains at the same position, while the band ob-
served at 1585 cm™ in the spectrum of ligand appears at a
lower wavenumber (1552 cm™) for the complex, indicating
that HL ligand is coordinated in its enol form via -C=N and
OH group. This is also supported by the disappearance of a
band characteristic of the carbonyl of hydrazone moiety. This
spectrum also displays the peaks related to cyano, carbonyl,
and azo linkage without any shift, indicating that they do not
take part in chelation. The IR spectra of vanadyl complexes
reveal two new peaks in the regions of 1165 — 1124 and
1041 — 1138 cm’!, referred to coordinated sulfate group as a

TABLE 3. Electronic Absorption Bands in the Solid State and
Room-Temperature Magnetic Moments of VO(II) Complexes

No. Complex d-d bands Her, P M (per
metal ion)
1 [(VO)HL')(SO4] - 1.5H,0 765 1.9
2 [(VO)HL?)(SO,)] - H,0 760 1.87
3 [(VO)HL*)(SO0,)] 820 1.95
4 [(VO)(HL*)(SOy),] 840 2.05
5 [(VO)(HL®)(SO4)] - 4H,0 810 2.03
6 [(VO)(HL®)(SO,),] 817 1.79
7 [(VO)HL"),] - SO, 833 1.83

bidentate ligand. The spectra of all vanadyl complexes show
three new bands at 989-971, 623-602, and 520 -—
502 cm™!, which are attributed to v(V=0) [26], v(V-O), and
Vv(V-N), respectively [27]. The spectra of complexes 1, 2, and
5 show a broad peak at 3435 — 3417 cm™! assigned to stretch-
ing vibrations of the molecules of water of hydration.

3.2 Electronic Absorption Spectra and Magnetic Moments

The electronic absorption spectra of VO(II) complexes
were recorded in Nujol mull. The characteristic spectral band
wavenumbers and values of magnetic moment per metal ion
measured at room temperature are listed in Table 3. As can
be seen from these data, the spectra of VO(II) complexes ex-
hibit a band at 840 — 760 nm, assigned to 2B2 > 2E(vl) ina
square pyramidal configuration [28].The presence of a bands
near 980 cm™ in the IR spectra of all complexes and the their
brown to green colors provide good evidence for the pro-
posed structure. The values of magnetic moments (i) per
metal ion in Table 3 are consistent with the presence of one
electron and ruled out any exchange interactions between va-
nadium ions.

3.3. Evaluation of Anti-Hyperglycemic Activity of VO(II)
Complexes

The in vivo effects of vanadium complexes were studied
using STZ-induced diabetes model in rats. The STZ-induced
diabetes is believed to be type 1 DM model since it emerges
from demolition of the insulin producing pancreatic 3 cells
[29]. Figure 4 shows the blood glucose levels of control and
experimental groups of rats. The diabetic rats showed a
marked increase (P < 0.001) in glucose level as compared to
that in the control groups. The treatment of diabetic rats with
various vanadium complexes led to different effects on the
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Fig. 5. Effect of vanadium complexes on the hepatic MDA level in rats with STZ-induced diabetes (*significant difference in comparison to di-

abetic rats).

blood glucose level. Significant decrease in the level of glu-
cose in blood at fasting (P < 0.001) was found in diabetic rats
treated with complexes 2, 3, 5, and 7 as compared to the un-
treated diabetic group. There was no important variation in
the blood glucose level in rats treated with vanadium com-
plexes 1, 4, and 6. Nevertheless, normal rats treated with the
complexes did not show any significant change in fasting
blood glucose level (data not presented here).

Table 4 presents data on the AST, ALT and ALP activity
levels in serum of the control and experimental groups of
rats. Results show that the activities of AST, ALT and ALP in
serum of rats with STZ-induced diabetes were markedly in-
creased (P < 0.001) as compared to values in the control. The
elevated activity of AST, ALT and ALP significantly de-
creased (P <0.001) in diabetic rats administered with vana-

dium complexes. A reduction in the levels of activity of AST
(P<0.01), ALT (P<0.001) and ALP (P<0.01) was ob-
served in the diabetic rats treated with complexes 3, 5 and 7.
At the same time, there was no significant alteration in the
levels of activity of these enzymes in diabetic rats treated
with other vanadium complexes in comparison to diabetic
rats. Under normal physiological conditions, the activity of
AST, ALT and ALP enzymes in serum is low and increases
during tissue damage. A rise in the AST and ALT activity is
indicative of hepatocellular damage. Further, ALP is a
marker of biliary function and cholestasis. The observed in-
crease in activities of these enzymes in the serum of diabetic
rats may be due to the leakage of these enzymes from the
liver cytosol into blood stream as a consequence of the
hepatic tissue damage [30]. A significant reversal in AST,

TABLE 4. Effect of Vanadium Complexes on the Liver and Kidney Functions in Rats with STZ-Induced Diabetes

Group ALT (U/L) AST (U/L) ALP (U/L) Creatin. (mg/dL) Urea (mg/dL) TP (g/dL)
Normal 822+3.1 113.4+£4.8 1282+ 11.3 0.5+£0.10 33.1+£59 845+£22
STZ 1754 £9.8 198.5+10.3 2547+ 16.7 1.6 £0.34 69.6 £ 8.3 471£1.1
STZ+1 171.4 £8.9 201.2+14.4 255.7+213 1.7+£0.23 71.7+£6.5 39612
STZ+2 169.3 £7.6 196.7£11.2 2348 £23.1 1.4+0.42 66.9+75 421+£09
STZ+3 92.1 £5.7*% 121.4 £10.4* 162.6 £ 11.5% 0.35£0.04* 389+ 6.3* 7.87 £1.5%
STZ+4 171.2£10.1 189.8 £14.3 263.5+23.5 1.41£0.32 669+72 331+£0.5
STZ+5 89.3 £7.8% 114.5+£9.7* 144.5 £ 13.5* 0.44 £ 0.06* 40.7 £7.6* 821 £1.3%
STZ+6 159.9£9.9 198.7£9.8 251.7+20.3 1.61 £0.31 72.8+3.5 430=x1.1
STZ+7 77.8 £6.5% 124.6 £ 6.5* 152.7 £17.3* 0.38£0.07* 36.7 £ 7.6% 7.98 £2.1%

(*) Significant difference in comparison to diabetic rats.
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ALT and ALP activities in diabetic rats treated with vana-
dium complexes is indicative of the tissue-protective charac-
ter of these complexes.

In addition, Table 4 shows data on the plasma protein,
blood urea, and serum creatinine levels in control and experi-
mental groups of rats. The increased levels of urea and crea-
tinine and reduced levels of total protein in rats with STZ-in-
duced diabetes were significantly improved (P < 0.001) after
treatment with vanadium complexes 3, 5, and 7 for four
weeks. Normal rats treated with these complexes showed no
significant changes in indicated parameters (data not shown).
Insulin deprivation in diabetic milieu causes a profound in-
crease in protein catabolism. Moreover, protein catabolism
during diabetes is due to a net increase in protein breakdown
rather than a decline in protein synthesis [31]. The imbalance
between synthesis and catabolism of protein can have re-
markable consequences in the metabolism of many tissues
such as gut, skeletal muscles, and heart [32].The anti-dia-
betic property of vanadium complexes may account for the
observed increase in the levels of plasma proteins in diabetic
rats treated with the complexes. Urea is the main end product
of protein catabolism in the body. Under the DM conditions,
the pronounced degradation of both hepatic and plasma pro-
teins leads to the excessive accumulation of urea in the sys-
temic circulation in comparison to excretion. During diabe-
tes, damages occur in tissues such as kidney due to the ele-
vated supra-physiological concentration of glucose, causing
impairment in the renal function and resulting in the accumu-
lation of nitrogenous wastes in the circulation system. This in
turn elevates the urea and creatinine levels in the blood,
which presents a biochemical diagnostic marker for assess-
ing the renal function [33]. The administration of vanadium
complexes to diabetic rats led to normalization of the blood

TABLE 5. Effect of Vanadium Complexes on the Levels of Hepatic
Glycogen, Plasma Insulin and Glucokinase Activity in rats with
STZ-induced diabetes

Group Glycogen Insulin Glucokinase
(mg/g) (wU/mL) (U/mg)

Normal 13.6+2.1 183+14 57.6 8.9
STZ 41+13 8.1%03 143+14
STZ+1 4305 6304 18.5+3.1
STZ+2 5815 73+0.6 11.4+1.5
STZ+3 11.6 £3.1* 17.6 £3.2% 53.6+6.1*
STZ+4 36+1.1 6.7+1.6 13.1£2.1
STZ+5 126 £2.1* 16.9 +2.4* 553 +£52%
STZ+6 39+14 74+18 156+1.5
STZ+7 14.6 £3.1* 193 £3.1%* 61.7+7.3*

(*) Significant difference in comparison to diabetic rats.

F. A. El-Saied et al.

urea and creatinine levels, indicating the recovered renal
function is due to improved glycemic control.

Data on the hepatic glycogen levels in normal control
and experimental groups of rats are demonstrated in Table 5.
A decreased hepatic glycogen content in rats with STZ-in-
duced diabetes was significantly restored (P < 0.001) after
oral administration of vanadium complexes 3, 5, and 7 for 4
weeks, whereas no significant difference was observed in di-
abetic rats treated with the other complexes. Glycogen is
formed by the conversion of excess glucose into glycogen
under the influence of insulin, and is stored as energy fuel in
tissues, predominantly in the liver and skeletal muscles. In
case of diabetes, the reduced glycogen level in tissues is due
to the insulin deficiency and/or impaired responsiveness of
tissues to insulin [34]. In the present study, the improved
liver glycogen content observed in diabetic rats treated with
vanadium complexes indicates the effective glucose utiliza-
tion and storage. Hepatic glucokinase catalyzes the conver-
sion of glucose to glucose-6-phosphate, plays the central role
in the maintenance of glucose homeostasis [35], and is con-
sidered to be a regulatory enzyme in the oxidation of glucose
[36]. Since hepatic glucokinase is an insulin-dependent en-
zyme, its activity in diabetic rats is almost entirely inhibited
or inactivated in the absence of insulin [37]. As shown in Ta-
ble 5, the activity of hepatic glucokinase is significantly re-
duced in rats with STZ-induced diabetes as compared to the
normal rats. This is mainly caused by the high glucagon/in-
sulin ratio in STZ-treated animals. This reduction in the
hepatic glucokinase activity in diabetic rats was significantly
ameliorated in rats treated with vanadium complexes 3, 5,
and 7. In the present work, untreated diabetic rats showed
significant decrease in the activity of hepatic glucokinase.
This impairment resulted in a marked reduction in the rate of
glucose oxidation via glycolysis, which ultimately led to
hyperglycemia. Oral administration of vanadium complexes
3, 5, and 7 in rats with STZ-induced diabetes led to a signifi-
cant recovery in the activity of glucokinase and thereby in-
creased the oxidation of glucose. Insulin influences the
intracellular utilization of glucose in a number of ways. Insu-
lin increases hepatic glycolysis by increasing the activity and
amount of several key enzymes. The insulin level in plasma
was significantly decreased in diabetic rats because of the
destruction of B-cells in pancreas, which inhibited insulin re-
lease (Table 5). Oral administration of vanadium complexes
3, 5, and 7 significantly increased the level of plasma insulin
in rats with STZ?induced diabetes as compared to untreated
diabetic control rats. These complexes stimulated the secre-
tion of insulin from B-cells of pancreas. In hyperglycemic
animals, it is possible that certain vanadium complexes may
act by potentiating pancreatic insulin secretion or increasing
glucose uptake [38].

Figure 5 shows the intensity of lipid peroxidation in dif-
ferent groups evaluated by the level of hepatic malondia-
ldehyde (MDA). The results indicate that the hepatic MDA
concentration exhibited five-fold increase in the STZ-treated
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Fig. 6. Effect of vanadium complexes on the hepatic GSH level in rats with STZ-induced diabetes. (* significant difference when in compari-

son to diabetic rats).

group as compared to controls. The levels of hepatic MDA
were significantly decreased in diabetic rats after treatment
with vanadium complexes. Changes in the level of hepatic
reduced glutathione (GSH) associated with hyperglycemia
and diabetes, as well as the effects of vanadium complexes
are shown in Figure 6. The hepatic GSH concentration was
significantly decreased in rats with STZ-induced diabetes
when compared to that in the controls. Furthermore, all vana-
dium-treated rats had a higher glutathione level in compari-
son to the diabetic group. These findings are in agreement
with the result of Kro$niak, et al. [39]. In a recent study [40],
the levels of lipid peroxidation increased, whereas glutathio-
ne decreased as a result of its increased utilization due to oxi-
dative stress, which was reversed by the administration of
vanadyl sulfate in animals with STZ-induced diabetes.

4. CONCLUSION

In conclusion, the present study showed that the oral ad-
ministration of vanadium(IV) complexes evoked marked
blood glucose lowering effect in diabetic rats. The normal-
ization of altered biochemical parameters in animals upon
the treatment with vanadium complexes indicates the im-
proved glucose homeostasis. Meanwhile, oxidative stress ac-
companied with diabetes was also modulated after treatment
with vanadium complexes. The antidiabetic activity of vana-
dium complexes is structure-dependent and complexes 3, 5,
and 7 exhibited potent antidiabetic properties, while the other
complexes had no antihyperglycemic activity. Further study
is recommended to establish the structure — activity relation-
ship for vanadium complexes.
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