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Abstract
A new potentially biologically active complex of oxovanadium (IV) with naturally occurring flavanone naringenin has been
synthesized and characterized in solid state by elemental analysis, molar conductance, UV-Vis spectra, FT-IR spectra,
thermal analysis, and fluorescence spectra. From the experimental data, the complex was formulated as [VO(Nrg)2]·5H2O.

Rezumat
A fost sintetizat un nou complex cu potențială acţiune biologică, format de oxovanadiu (IV) și o flavanonă naturală,
naringenină. Complexul a fost caracterizat în stare solidă prin analiză elementală, conductanţă molară, spectre UV-Vis şi FTIR, analiză termică și spectre de fluorescenţă. Pe baza datelor experimentale, complexul a fost formulat [VO(Nrg)2]·5H2O.
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Introduction

weak antioxidant activity of naringenin is explained
by the absence of a C3 hydroxyl group from the
flavonol basic moiety, the presence of a single 4’
hydroxyl group and the saturated heterocyclic C
ring, which led to the consequent lack of
conjugation between the A and B rings. However, it
was found that the metal chelation enhances the
antioxidant activity of naringenin and that the
solvent plays an important role in this enhancement [7].
Naringenin showed no significant cytotoxic effects
in vitro on some human cancer cells [8], although
in vivo was found to inhibit the lung metastasis
induced by B16F10 melanoma cells in mice, as
seen by the reduction in the number of lung tumour
nodules [9]. Antiatherogenic [10] and antiinflammatory effects [11, 12] have also been
reported. Many studies reported the effects on lipid
metabolism [13, 14] and plasma glucose levels [1417]. Some mechanistic studies on hypoglycaemic
effects of flavonoids showed that naringenin
significantly increased AMP kinase (AMPK)
activity and glucose uptake in muscle cells and
liver [18, 19], but the hypoglycaemic activity of
naringenin in vivo seems to be more complex. The
multilevel effects on lipid metabolism lead to
increased insulin sensitivity and glucose tolerance

Naringenin (5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one), is a naturally occurring flavanone
found in citrus fruits [1] with a wide range of
pharmacological properties (Figure 1).
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Figure 1.
The structure of naringenin
Unlike the flavones and flavonols [2, 3], naringenin
has a weak antioxidant activity [4]. The antioxidant
activity of flavonoids is generally associated with
the following characteristics: (i) an ortho-dihydroxy
structure in the B-ring, (ii) the presence of a 2,3
double bond in the C-ring, and/or (iii) the presence
of a 4-oxo function in the C-ring [5]. Additionally,
an OH group in position 3 of the C-ring was
correlated with the antioxidant properties [6]. The
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as has been shown in animal models with metabolic
syndrome [14].
Due to the presence of a chelating 5-hydroxy-4keto group, naringenin can act as a bidentate ligand
toward metal ions. Complexation of naringenin
with Al (III) and Fe (II) has been examined by
spectrophotometric and potentiometric methods and
the results showed that complexes with 1:3 ratio
(metal:naringenin) were formed with both metal
ions [20]. The chelating ability is the most suitable
explanation for the protective effect of naringenin
against renal [21] or hepatic [22, 23] damages
provoked by some toxic metals.
Some complexes obtained in solid state have been
characterized and their biological activity was
investigated. The cytotoxicity of copper (II)
complex with naringenin of general composition
[Cu(Nrg)2(H2O)2] ⋅ H2O has been estimated by
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay against three typical
human tumour cell lines involving HepG-2, SGC7901 and HeLa. The complex showed relatively
significant inhibitory rate only against HepG2 cell
line than that of Nrg [24]. The scavenging effects
on OH. and O2–. of naringenin and their complexes
of general formula [M(H2L)2·2H2O]·H2O (M = Cu
(II), Zn (II), Ni (II)) have been investigated. The
results showed that the effect of the Cu (II)
complex is the most remarkable, and the average
scavenging ability of the complexes against OH. are
higher than that of the ligand [25].
The present study aims to obtain a new complex of
VO (IV) with naringenin that combines the wellknown insulinomimetic activity of oxovanadium
(IV) [26-28] with the hypoglycaemic effects
reported for naringenin.

Fluorescence spectra were recorded on a Jasco FP
6500 spectrofluorometer.
The thermogravimetric (TG) and differential
thermal analysis (DTA) curves were recorded using
a Labsys 1200 SETARAM instrument, with a
sample mass of 16-31 mg over the temperature
range of 20-900ºC, using a heating rate of 10
K/min. The measurements were carried out in
synthetic air atmosphere (flow rate 16.66 cm3/min)
by using alumina crucibles.
The X-ray powder diffraction patterns were
collected on a DRON-3 diffractometer with a nickel
filtered Cu Kα radiation (λ = 1.5418 Å) in a 2θ
range of 5-70°, a step width of 0.05° and an
acquisition time of 2 s on each step.
Synthesis of the complex
The complex was obtained by the following
procedure: 2.00 g (7.3 mmol narigenin) were
dissolved in 50 cm3 distilled water containing a few
NaOH pellets. To the resulted solution, a saturated
solution of VOSO4⋅5H2O (molar ratio VO:ligand
1:2) was dropwise added, under continuous stirring.
After the adjusting of pH to ~ 6 with 1M H2SO4, a
coloured solid precipitates immediately. The
sparingly soluble product of khaki colour was
filtered off through a fritted glass funnel, washed
several times with water and dried in desiccator
over CaCl2.
Results and Discussion
The complex is air stable and soluble in dimethylformamide (DMF) and dimethylsulfoxide (DMSO),
slightly soluble in MeOH, insoluble in water. The
molar conductance of the 10-3M solution of the
complex in DMSO has the value 18.73 Ω-1cm2mol-1,
showing that the complex is a non-electrolyte in
DMSO [29]. The elemental analyses consist with
the formula of the complex [VO(Nrg)2]·5H2O as
follows: found: V, 7.68%; C, 51.95%; H, 4.33 %;
calculated for VC30H32O16: V, 7.29%; C, 51.46%;
H, 4.57%.
Infrared spectra
The main stretching frequencies (cm-1) of the IR
spectra of the ligand and its complex are given in
Table I. The main difference in the IR spectra of the
complex (Figure 2b), compared to the IR spectrum
of the ligand (Figure 2a) is the position of the
stretching frequency of C=O group. The ν(C=O)
vibration of the free ligand is at 1630 cm-1, whereas
for the complex, this peak shifts to 1614 cm-1 (Δν
(ligand-complexes) is equal to 19 cm-1). This shift
confirms that the group loses its original
characteristics as consequence of forming a
coordinative bond with the metal ion. Other
differences are represented by the presence in the
IR spectra of the complex, of a band placed at 970 cm-1
assigned to the ν(V=O) stretching mode and a broad

Materials and Methods
All chemicals were purchased from Sigma-Aldrich,
were reagent grade and were used without further
purification.
The chemical analyses were performed on a Perkin
Elmer PE 2400 analyser (for C, H, N, S) and a
Shimadzu AA 6300 spectrometer (for V).
Electrical conductivity measurements were recorded
at 20oC for a 10-3M solution of the complex in
dimethylsulfoxide (DMSO), using a Consort C830
(Turnhout, Belgium) conductometer with SK10T
platinum electrode embedded in glass (cell constant
1.0 cm−1).
IR spectra were recorded using KBr pellets on a
FT-IR VERTEX 70 (Bruker) spectrometer in the
range 400 - 4000 cm−1. Electronic spectra by
diffuse reflectance technique, with Spectralon as
reference sample, were recorded in the range 200 900 nm, on a Jasco V 650 spectrophotometer.
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vibrations from the water molecule [30].

band at 3412 cm , assigned to ν(OH) stretching

Table I
Main IR data (cm-1) for naringenin and its oxovanadium (IV) complex
Compound
Nrg
[VO(Nrg)2]·5H2O

ν(O-H)
3287 m
3412 m

ν(C=O)
1630 s
1614 s

ν(C=C)
1602 s
1604 s

ν(C-O-C)
1251
1252

ν(V=O)
970

Figure 2.
IR spectra of naringenin (a) and [VO(Nrg)2]·5H2O (b)
Electronic spectra
Naringenin exhibits two major ranges of absorption
in UV-Vis region. The absorption bands in the
range 330 - 370 nm correspond to the B ring
portion (cinnamoyl system, band I), and the
absorption band at 270 nm corresponds to the A
ring portion (benzoyl system, band II) [31]. After
the interaction with VO (IV) ion, a new band
appears at 298.5 nm and this could be due to the
formation of a new six-membered ring system
between the metal ion and the oxygen atoms from
4-oxo and 5-OH sites. Band I remains relatively
unchanged, indicating that there is no interaction of the
cinnamoyl moiety with the metal centre (Figure 3,
Table II). In the visible region, the absorption
spectrum of the complex shows the characteristic
bands of VO2+ in a square pyramidal environment.
The absorptions at around 810 nm and the
shoulders at about 558 are assigned to the spin
allowed 2B2 → 2E, and 2B2 → 2B1 transitions [32].
The shoulder at about 407 nm can be assigned to
the ligand-to-metal charge transfer (LMCT) band.

Figure 3.
Diffuse reflectance electronic spectra of (a)
naringenin and (b) [VO(Nrg)2]·5H2O
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Table II
UV-Vis data for naringenin and its oxovanadium (IV) complex
Compound
Nrg
[VO(Nrg)2]·5H2O

272.5
272 (sh)

298.5 (sh)

337 (sh)
330

λmax (nm)
368
362 (sh) 406.5 (sh) 557.5 (sh)

809.5

Thermal analysis
The results concerning the thermal decomposition/
degradation of the synthesized complex are
presented in Table III.
Table III
Thermal behaviour data (in synthetic air) for [VO(Nrg)2]·5H2O
Compound

Step Thermal effect Temperature range / ºC Δmexp / % Δmcalc / %
1.
Endothermic
55 - 151
13.41
13.45
2.
Exothermic
210 - 460
28.19
28.11
[VO(Nrg)2]·5H2O
3.
Exothermic
460 - 900
50.43
50.52
Residue (V2O5)
7.97
7.92

The TG and DTA curves corresponding to the
heated complex in the 20 - 900°C temperature
range are presented in Figure 4. The thermal
decomposition of the complex occurs in three, welldefined steps. The first step, which is endothermic,
corresponds to the loss of water molecules.
Considering the low temperature corresponding to
this transformation, we can appreciate the nature of
water as for crystallization. The resulted anhydrous
compound decomposed in two exothermic steps.
The final product is a mixture of α (ASTM 720433) and β (ASTM 45-1074) modifications of
V2O5 (Figure 5).
Taking into account all the above data, the
proposed coordination for the complex is as follows
(Figure 6).
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Figure 6.
The possible structure of complex
[VO(Nrg)2]·5H2O
Fluorescence spectra
The fluorescence emission spectra were recorded at
three excitation wavelengths, 260 nm (Figure 7),
330 nm (Figure 8) and 400 nm (Figure 9),
respectively, both for ligand and complex. The data
presented in Table IV revealed the following: (i)
naringenin exhibits fluorescence for all excitation
wavelengths used; (ii) the fluorescence of the
complex is more intense than that of the ligand at
λexc = 260 nm and it is quenched at λexc = 330 nm
and 440 nm, and differences could be correlated
with the coordination process.

Figure 4.
TG and DTA curve of [VO(Nrg)2]·5H2O
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Table IV
Fluorescence data for naringenin and its oxovanadium (IV) complex
Compound
Nrg
[VO(Nrg)2]·5H2O

λexc= 260 nm
I (a.u.)
λem (nm)
302
109
301

λexc= 330 nm
I (a.u.)
λem (nm)
553
102.16

118

558

12.43

λexc= 400 nm
I (a.u.)
λem (nm)
534
173
598
116
598
21

λexc = excitation wavelength; λem = emission wavelength; I = relative fluorescence intensity

was proposed, based on the electronic spectra, while
the IR spectra features indicated a coordination
mode as bidentate chelate of the flavanone ligand.
The thermal analysis (TG, DTA) elucidated the
composition and also the number and nature of the
water molecules. The results suggest that the
complex has the general formula [VO(Nrg)2]·5H2O.
The obtained complex could be of interest as
potential insulinomimetic agent.
References

Figure 7.
The emission spectra of (a) naringenin and (b)
[VO(Nrg)2]·5H2O at λexc = 260 nm

1.

Tripoli E., La Guardia M., Giammanco S., Di Majo D.,
Giammanco M., Citrus flavonoids: Molecular structure,
biological activity and nutritional properties: A
review. Food Chem., 2007; 104: 466-479.
2. Rodino S., Butu A., Petrache P., Butu M., DinuPirvu C.E., Cornea C.P. Evaluation of the antimicrobial and antioxidant activity of Sambucus
ebulus extract. Farmacia, 2015; 63(5): 751-754.
3. Ilieş D.C. Rădulescu V., Duţu L., Volatile
constituents from the flowers of two species of
honeysuckle (Lonicera japonica and Lonicera
Caprifolium). Farmacia, 2014; 62(1): 194-201.
4. González E.A., Nazareno M.A., Antiradical action
of flavonoid - ascorbate mixtures. LWT - Food Sci.
Technol., 2011; 44: 558-564.
5. Leonarduzzi G., Testa G., Sottero B., Gamba P.,
Poli G., Design and development of nanovehiclebased delivery systems for preventive or therapeutic
supplementation with flavonoids. Curr. Med. Chem.,
2010; 17: 74-95.
6. Amić D., Lučić B., Reliability of bond dissociation
enthalpy calculated by the PM6 method and
experimental TEAC values in antiradical QSAR of
flavonoids. Bioorg. Med. Chem., 2010; 18: 28-35.
7. Jabbari M., Gharib F., Solvent dependence on
antioxidant activity of some water-insoluble flavonoids
and their cerium (IV) complexes. J. Mol. Liquids.,
2012; 168: 36-41.
8. Chang H., Mi M., Ling W., Zhu J., Zhang Q., Wei
N., Zhou Y., Tang Y., Yuan J., Structurally Related
Cytotoxic Effects of Flavonoids on Human Cancer
Cells in Vitro. Arch. Pharm. Res., 2008; 31: 1137-1144.
9. Menon L.G., Kuttan R., Kuttan G., Inhibition of
lung metastasis in mice induced by B16F10
melanoma cells by polyphenolic compounds.
Cancer Lett., 1995; 95: 221-225.
10. Mulvihill E.E., Huff M.W., Antiatherogenic properties
of flavonoids: implications for cardio-vascular health.
Can. J. Cardiol., 2010; 26(Suppl. A): 17A-21A.
11. Bodet C., La V.D., Epifano F., Grenier D., Naringenin
has anti-inflammatory properties in macrophage

Figure 8.
The emission spectra of (a) naringenin and (b)
[VO(Nrg)2]·5H2O at λexc = 330 nm

Figure 9.
The emission spectra of (a) naringenin and (b)
[VO(Nrg)2]·5H2O at λexc = 400 nm
Conclusions
A new complex of VO (IV) with the naturally
occurring flavanone naringenin has been synthesized
and characterized by analytical and spectral
investigations, as well as by thermal analysis. A
square pyramidal stereochemistry for metallic ion
179

FARMACIA, 2016, Vol. 64, 2

12.

13.

14.

15.

16.

17.

18.

19.

and ex vivo human whole-blood models. J.
Periodontal Res., 2008; 43: 400-407.
Hämäläinen M., Nieminen R., Vuorela P., Heinonen
M., Moilanen E., Anti-inflammatory effects of
flavonoids: genistein, kaempferol, quercetin, and
daidzein inhibit STAT-1 and NF-kappaB activations,
whereas flavone, isorhamnetin, naringenin, and
pelargonidin inhibit only NF-kappaB activation
along with their inhibitory effect on iNOS expression
and NO production in activated macrophages. Mediat.
Inflamm., 2007; 2007: 45673.
Borradaile N.M., de Dreu L.E., Huff M.W., Inhibition
of net HepG2 cell apolipoprotein B secretion by the
citrus flavonoid naringenin involves activation of
phosphatidylinositol 3-kinase, independent of insulin
receptor substrate-1 phosphorylation. Diabetes, 2003;
52: 2554-2561.
Mulvihill E.E., Allister E.M., Sutherland B.G.,
Telford D.E., Sawyez C.G., Edwards J.Y., Markle
J.M., Hegele R.A., Huff M.W., Naringenin prevents
dyslipidemia, apolipoprotein B overproduction, and
hyperinsulinemia in LDL receptor-null mice with
diet-induced insulin resistance. Diabetes, 2009; 58:
2198-2210.
Ortiz-Andrade R.R., Sanchez-Salgado J.C., NavarreteVazquez G., Webster S.P., Binnie M., GarciaJimenez S., Leon-Rivera I., Cigarroa-Vazquez P.,
Villalobos-Molina R., Estrada-Soto S., Antidiabetic,
toxicological evaluations of naringenin in normoglycaemic, NIDDM rat models, its implications on
extra-pancreatic glucose regulation. Diabetes Obes.
Metab., 2008; 10: 1097-1104.
Kannappan S., Anuradha C.V., Naringenin enhances
insulin-stimulated tyrosine phosphorylation and
improves the cellular actions of insulin in a dietary
model of metabolic syndrome. Eur. J. Nutr., 2010;
49: 101-109.
Choi J.S., Yokozawa T., Oura H., Improvement of
hyperglycemia, hyperlipemia in streptozotocindiabetic rats by a methanolic extract of Prunus
davidiana stems, its main component, prunin.
Planta Med., 1991; 57: 208-211.
Hwang J.T., Kwon D.Y., Yoon S.H., AMP-activated
protein kinase: a potential target for the diseases
prevention by natural occurring polyphenols. New
Biotechnol., 2009; 26: 17-22.
Zygmunt K., Faubert, B. Macneil, J. Tsiani, E.,
Naringenin, a citrus flavonoid, increases muscle
cell glucose uptake via AMPK. Biochem. Biophys.
Res. Commun., 2010; 398: 178-183.

20. Karadag R., Erdogan G., Bayar M., Dolen E.,
Determining stability constants of naringenin (4', 5,
7-trihydroxy flavanone) complexes with aluminium
(III) and iron (II) by potentiometric and spectrophotometric methods. Rev. Anal. Chem., 2007; 26:
169-186.
21. Renugadevi J., Milton Prabu S., Naringenin protects
against cadmium-induced oxidative renal dysfunction
in rats. Toxicology, 2009; 256: 128-134.
22. Renugadevi J., Milton Prabu S., Cadmium-induced
hepatotoxicity in rats and the protective effect of
naringenin. Exp. Toxicol. Pathol., 2010; 62: 171-181.
23. Jain A., Yadav A., Bozhkov A.I., Padalko V.I.,
Flora S.J.S., Therapeutic efficacy of silymarin and
naringenin in reducing arsenic-induced hepatic
damage in young rats. Ecotoxicol. Environ. Saf.,
2011; 74: 607-614.
24. Tan M., Zhu J., Pan Y., Chen Z., Liang H., Liu H.,
Wang H., Synthesis, cytotoxic activity, and DNA
binding properties of copper (II) complexes with
hesperetin, naringenin, and apigenin. Bioinorg.
Chem. Appl., 2009; 2009: 347872..
25. Wang H.L., Yang Z.Y., Wang B.D., Synthesis,
characterization and the antioxidative activity of
copper (II), zinc (II) and nickel (II) complexes with
naringenin. Transit. Met. Chem., 2006; 31: 470-474.
26. Ramanadham S., Mongold J.J., Brownsey R.W.,
Cros G.H., McNeill J.H., Oral vanadyl in treatment
of diabetes mellitus in rats. Am. J. Physiol., 1989;
257: H904-H911.
27. Sakurai H., Tsuchiya K., Nukatsuka M., Sofue M.,
Kawada J., Insulin-like effect of vanadyl ion on
streptozotocin-induced diabetic rats. J. Endicronol.,
1990; 126: 451-459.
28. Thomson K.H., Orvig C., Design of vanadium
compounds as insulin enhancing agents. J. Chem.
Soc. Dalton Trans., 2000; 17: 2885-2892.
29. Geary W.J., The use of conductivity measurements
in organic solvents for the characterization of
coordination compounds. Coord. Chem. Rev.,
1971; 7: 81.
30. Nakamoto K., Infrared and Raman Spectra of
Inorganic and Coordination Compounds, Part B. 6th
Ed. Wiley, New York, 2009; 57-61.
31. Malesev D., Kuntic V., Investigation of metal–
flavonoid chelates and determination of flavonoids
via metal–flavonoid complexing reactions. J. Serb.
Chem. Soc., 2007; 72: 921-939.
32. Lever A.B.P., Inorganic Electronic Spectroscopy;
Elsevier: Amsterdam, The Netherlands, 1986; 385-392.

180

