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ABSTRACT

Mixed ligand complexes having molecular formulae Ni(INAP)L (H,0), where
INAP= isonitrosoacetophenone and L= amino acid such as L-Histidine, L-
Phenylalanine and L-Tryptophan have been synthesized. Characterization
of these complexes was carried out by elemental analyses, UV-Vis, IR and
'H NMR spectroscopy. Molar conductance of the complexes in DMSO
solution at 10° M concentration indicate their non-electrolyte nature. The
IR spectra support the binding of the ligands with two N and two O donor
sitesto themetal (I1) ion giving an arrangement of N, O, donor groups. The
magnetic and spectral data indicate an octahedral geometry for al the
complexes. Electrochemical studies of the complexeshave beeninvestigated
by cyclic voltammetry which showsthat the chelated structure and electron
donating effects of the ligands substituents are among the factors
influencing the redox potentials of the complexes. The antioxidant activity
whichisrelated to redox propertieswas evaluated for Nickel complexes by
the means DPPH assay. The antimicrobial activity wasinvestigated against
Gram-positive: streptococcus pyogenes, staphyl ococcus aureusand bacillus
subtilis and Gram-negative: Proteus mirabilis, Escherichia coli,
Pseudomonas aeruginosa and one yeast: Candida albicans. The Nickel
complexeswere found to be more active against Gram-positive than Gram-
negative bacteria © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Nickel isusudly foundin biologica compoundsas
Nickel(ll), since many enzymes are complexes of
Nickd (11)*¥, Theroleof Nickel inbioinorganic chem-
istry has been devel oped only since 1975, when the
ureasewas shown to be anickel-containing enzyme®.
Thestudy of ternary complexesinvolving an oximeas
the primary ligand, variousamino acids asthe second-
ary one can serveasuseful modelsfor gaining abetter

understanding of enzyme-metal-ion-substrate com-
plexes, which play animportant rolein metalloenzyme
cataysed biochemicd reactiond”.

Whilethebinary complexesof HINAP (Figure 1)
withtrangtion metd ionsareknown andtheir useinthe
catal ysts has been reported, itsusesin theformation of
ternary trangition meta complexeshasnot beenreported
sofar.

L-Tryptophanisanimportant and frequently used
material inthechemicals synthesisof arange of phar-
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maceuticals. Heisaprecursor of thevita neurotrans-
mitter, serotonin, tryptophan levelsinthebody regulate
moods and slegp®9.
0
M
.

Figurel: Sructureof isonitrosoacetophenone (HINAP).

OH

L-Phenyldanineisessential to many functionsand
isone of thefew amino acidsthat can directly affect
brain chemistry by crossing the blood-brain barrier™,

L-Hidtidineisanessentid aminoacid and hasapos-
tively chargedimidazolefunctional group. Itisapre-
cursor for Histamineand carnosine biosynthesi g2,

TheL-amino acidsareknownto bindto metal ions,
viadissociation of theacidic proton, asbidentate N,O-
donor. Isonitrosoacetophenoneisexpected to behave
as potential ambidentateligands. It formsstable che-
lateswithtrangtionionsshowing avariety of structura
features. Theisonitroso moiety (>C=NOH), can coor-
dinateether through nitrogen or oxygen atom produc-
ing chelatelinkageisomers. The present paper describes
the synthes sand the characterization of themixedligand
Ni(II) complexes of isonitrosoacetophenoneand these
threeaminoacids. Ni(Il), among other transition metal
ions, areactivecentresof many enzymes.

Redox potentials in metal complexes and
metdloproteinsareoften used asauseful physical mea
sureto obtaininformation about theenvironment of the
central metal ion. For thiselectrochemica study was
carried out for these complexes.

Theaim of thiswork isto study the chelating be-
havior of the oxime and the amino acidsligandsto-
wardsNickel ion. Asthebiologicd activity of thecom-
plex strongly depends on the nature of theligandsand
onthemeta coordination pattern, we have beeninter-
ested by thestudy of theternary meta complexeswhich
providesinformation about how biological systems
achievetheir specificity and stability. Thus, wereport
the antibacteria and antifungal activitiesof the com-
plexesagaingt certain human pathogeni c organisms.

Formation of freeradica sand reactive oxygen spe-
cies(ROS)isanintegra part of human metabolism34,

Antioxidant compoundsplay animportant roleasa

hedth-protecting factor. Scientific evidence suggeststhat
antioxidantsreducetherisk for chronic diseasesinclud-
ing cancer and heart disease.

Theamsof our study isto examineinvitro, the
capacity of theternary complexesof oximeand amino
acidsto scavengetheform of RSsuch as1,1-diphe-
nyl-2-picrylhydrazyl (DPPHS).
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Figure2: Cyclic voltammogram of the Ni-l NAP-Phen com-
plexin DM SO (0.1 MTBAP); scanrate=10mV.

EXPERIMENTAL

Analytical and physical measur ements

All thechemica reagentsand solventsused inthe
preparationswere Flukap.a. products and used with-
out further purification.

Theedementd microandysiswascarried out by the
laboratoiredechimie, CNRS, Toulouse (France).

Meélting pointswere measured using aBiichi 512
digital melting point apparatus.

Conductivity measurementswerecarried out using
10-3 solutionin ethanol onaSELECTA CD 2005 ap-
paratus employing acalibrated dip-typecdl at 25°C.

ThelR spectrawererecorded on Perkin Elmer FT-
IR Spectrometer spectrum-one Model, in the range
4000-400 cnt, usng K Br disks. Thed ectronic absorp-
tion spectrain ethanol solution wererecorded onaUV-
Visble JASCOV 560 spectrophotometer using quartz
cdls intheUV andvisiblerange, 1100-200cm-1.

M agnetic measurementswere performed a room
temperature (300K) ona SQUID magnetometer after
correction of diamagnetisme of the nacelle. The effec-
tive magnetic moment iscal cul ated after correction of
diamagneti c contribution of thecomplexesusing Pascd’s
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congants.

CyclicVoltammogramswereobtained usng PG210
VOLTA Lab. Theworking, counter and reference el ec-
trodeswere, respectively, aplatinumwire, aplatinum
foil and SCE (saturated calomel electrode).

The SCE was separated from thetest solution by a
bridgefilled with the solvent and supporting € ectrolyte
whichwastetrabutylammonium perchlorate (TBAP).

Theinert gasused wasnitrogen. Theionic strength
isl.

Coulometric measurements were made using a
doublecircular platinum net asworking electrode. The
auxiliary and reference el ectrodes, the blank electro-
Iyte solution and the inert gas were the same asin
voltammetric measurements.

H NMR spectrawere obtained with a Jeol GSX
270 M SB (270 MHz) spectrophotometer (université
d’ Angers, France) in DMSO-d, sol ution of the com-
plexesandtheHINAPandin D,O solutionsof theamino
acidsligandsusing TM Sasinternd reference.

Biological studies
Microor ganismsand cultureconditions

Thegrowthinhibitory activity of thechemical mat-
ter was tested against six bacterial Escherichia coli
(ATCC 4157), Staphylococcus aureus (ATCC 6538),
Streptococcus pyogenes (ATCC 12358), Proteus
mirabilis (ATCC 49565), Pseudomonas aeruginosa
(ATCC9027), Bacillussubtilis(ATCC 9372)] and one
yeast Candidaalbicans (ATCC 24433). The antimi-
crobial and antifungal activitiesof theligandsand their
metal complexesweredetermined using theagar-disc
diffusion method aswill be described bel ow.

Mueler-Hinton agar (MHA) and Sabouraud dex-
troseagar (SDA) wereused totest thesensitivity of the
bacteriaand theyeast. The MHA and SDA, sterilized
and cooled to 45-50°c, were distributed into sterile Petri
dished®™. Thebacteriawerefirstincubated at 37°C for
24 hinnutrient agar, MHA and when melted poured
into plastic Petri dishes. The yeast wasincubated in
sabouraud dextrose agar at 25°C for 48h. The cultures
of the bacteriaand yeast wereinjected into the Petri
dishes(9cm) intheamount of 0.1 mL.

The compoundsweredissolved at aconcentration
of 10mg/mlinDM SO.

Controlswere performed for each bacteriastrain
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and the yeast, where 0.1ml of the pure solvent was
inocul ated into thewell. The mean val ue obtained for
threeindividua replicateswasused to cd culatethezone
of growth inhibition of each sample.

Sulfamethoxazole (SMX) andAmpicillinwereused
as astandard reference in the case of bacteriawhile
ketoconazol e, Amphotericine B were used asa stan-
dard antifungal reference™®. Theresultswereread by
measuring thediametersof theinhibition zonesin milli-
meters.

Antioxidant studies

Antioxidant properties of ternary complexes of
Nickel (11) were determined spectrophotometrically in
onetest.

Radicad scavenging DPPH hasaviolet coloring, the
intengity of which decreasesin the presence of antioxi-
dant proportiondly totheability to“‘sweep of “free radi-
calsby thetested compound.

DPPH ischaracterized asastablefreeradica due
to the de ocalization of the spare e ectron over themol-
ecule. Theddocdlizationgivesrisetoadegp violet color
characterized by an absorption band at 517 nm.

Thesampleof complexes(0.1mL) weremixed with
3.9mL of methanolic sol ution containing DPPH radi-
cas(6.34 10-5mol/ L). Themixturewas shaken vigor-
ously and |eftinthe dark until stableabsorption value
was obtained. Thereduction of the DPPH radical was
measured by monitoring continuously the decrease of
absorption at 517nm. DPPH scavenging effect was
calculated as percentage of DPPH discoloration using
theequation:

% scavenging effect = [(A .., ~AJ/ A pp] X100
WhereA _ isthe absorbance of the solution when the
sampl e has been added and ADPPH isthe absorbance
of the DPPH solution*. All thetestswerereplicated
thrice.

Synthesis of the complexes

Themixed-ligand Nickel (1) complexeswere pre-
pared from Nickel (1) chloride, HINAP and various
chird amino acidssuch asHigtidine, Phenyldanineand
Tryptophan asdescribed bel ow.

To agreen-colored ethanolic (50 mL) solution of
Nickel (1) chloride hexahydrated (1.18g, 5mmol) was
added an ethanolic (50mL.) solution of HINAP (0.745
g,5mmol).
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Themixturewasstirred and kept inawater bath at
50°C for thirty minutes, during which time the mixture
turned green dark. To thiswas added 1: 1 aqueous
ethanolic (50ml) solution of theamino acid (5Smmol) the
mixture(1: 1: 1 molar proportion) wasrefluxed for
four hours, when an orange col ored solid preci pitated.

Themixturewas cooled and the solid wasfiltered,
washed withice-cold water followed by ice-cold etha-
nol. The complexesthus prepared were dried under
vacuum.

RESULTSAND DISCUSSION

Characterization of metal complexes

Analytical data
The synthesisof themixed ligand Nickel (11) com-

plexes by the reaction of Ni(ll) and amino acids (L-
isomer)inl:1:1molar proportion can berepresented
asfollows:
Ni(I1) + HINAP+L-Aminoacid .- -— [Ni(INAP)(Aa)]
Where INAP and Aa represent deprotonated
iSonitrosoacetopenone and amino acids, respectively.
All thecomplexesareorangeto greendark in color
and areingeneral, non-hygroscopic solids, insolublein
water but solublein common organic solventssuch as
ethanol, methanol, DM SO, and DMF. The conductiv-
ity dataof the complexesin 10*M ethanol solutionin-
dicatethat they arenon-eectrolytes. Thephysical prop-
ertiesand andytica dataof thecomplexesaresumma:
rized in TABLE 1. The Nickel complexes were ob-
tained aspowdersand attemptsto obtain single crystal
suitablefor X-ray determination were unsuccessful.

TABLE 1: Characterization and analytical data of nickel complexes

Elemental analysis

Yield Mp Found (Calc.)(% Molar conductance
Compound Colour %)  (°C) v - ( X H) N o lem?mol
. . 15.09 4245 368 14.74
[Ni(INAP)(Hist)(H20).] Orange 65 235 (1478) (4231) (450) (14.) 1.08
: 14.25 50.88 392 755
[Ni(INAP)(Phen)(H20),] Orange 55 270 (14.43) (50.16) (3.93) (6.88) 0.92
[N(INAP)(Tryp)(H,0);]  Green 50 230 415 5202 444 = 981 3.08

(13.20) (51.15) (4.71) (9.42)

I nfrared spectra

Theligands coordination siteswhichareinvolved
inbondingwith themetd ionshavebeen determined by
careful comparison of theinfrared absorption spectra
of the complexeswith those of the parent ligands. The
IR spectraof amino acidsexhibited significant features
inv (NH*) v (COO) regions. Thebroad band in the
range 3015-3067 cm* isassigned to stretching vibra-
tionv (NH?*"). Theband in therange 1622-1666 cm*
isduetothed (NH3").

Thev (NH*) stretching vibrationisshifted towards
higher frequenciesin the spectraof thecomplexes. The
& (NH**) band, whichisacharacteristicfor the zwitter
ion, disappeared in the spectraof the complexes. This
fact indicatesthat the NH, group must beinvolvedin
coordination.

The bands at the wave number 1560-1591 cm*
and 1409-1414 cm™regions, in the free amino acid
(Phen, Trypand Hist), are assigned to the asymmetric

and symmetric stretching vibrations of the carboxylate
group, respectively. The shift of these two bandsto
higher or lower frequencies suggest the partici pation of
—COOH group in complex formation after
deprotonation(*®.

Thebroad band at 3290 cm* observedinthe spec-
traof the oximeand attributed to v (OH) disappeared
completely on complex formationf¥.

A strong absorptionband at 1677 cm! may beas-
signed to the coupled vibration of C=0 stretchingand
aromatic C—C stretching!®®. Thisfrequency appears
in the region 1630-1663 cm* in the complexes of
Nickel (I).

Such an appreciable red shift (14-47 cnm?) indi-
catestheformation of and between themetal ion and
the C=0 group!®.

The medium band around 1593 cnt inthe oxime
iscoupled vibration of C=N stretchingmode. Thisband
shiftsto lower frequency and appearsin the region
1546-1568 cm'?, for Ni(I11) complexes.
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Thisindicatesthat the oxime acts asabidentate
anion and that the coordination isboth through the ni-
trogen donor atom of the azomethine group and the
oxygen of the carbonyl group.

Mediumintensty bandsareobserved at 1197, 1177
and 1144 cm?tin Ni-INAP-Hist, Ni-INAP-Tryp and
Ni-INAP-phenrespectively. They are attributed to the
N’!0 stretching vibration[221.

New bands of weak intensity observedinthere-

—= Fyll Poper

gion 618-609 cm* and 534-523 cmt are assigned to
M—N and M—O vibrations, respectively.

The presence of a broad band at 3432 cmr and
another one of weak intensity in the region 866-864
cm! areascribed to the stretching and deformation vi-
bration of OH. Thisconfirmsthe presence of coordi-
nation water.

Themost important infrared spectrabandsand their
assgnmentsarereportedin TABLE 2.

TABLE 2: Reevant IR data(cm?) of theligandsand complexes

Compound v (0-H) v(NH3")ss v(C=0) INAP v(COO),; v(COO’)s v(C=N) v(N-O) v(M-N) v(M-O)
HINAP 3291s 1677s -~ 1593m 1238s - -
Histidine 3439m  3015m -- 1587s 1414m
Phenylalanine 3465s  3067m -- 1560s 1409m
Tryptophan 3404s  3039m -- 1591s 1414m -- -- -- --
[Ni(INAP)(Hist)(H.0),]  3427s  3002m 1630s 1547s 1420w 1546m 1197m 615w 534w
[Ni(INAP)(Phen)(H20),] 3447s  3059m 1634s 1594s 1395w  1563s 1144s 618w 584w
[Ni(INAP)(Tryp)(H.O),] 3417s  3058s 1663s 1597m 1381w 1568m 1177/m 609w 523w

s= strong; m= medium; w= weak
Electronic spectraand magnetic studies

Thedectronic spectraof theNickel (11) complexes
recorded in ethanal solution display three characteritic
bandsof highintensity absorptioninthenear UV re-
gion 29412-37735 cnr which aredueto theintraligand
transitions (n—m* and n—sn* )22,

Theintraligand bandintheNickd chelateat 29412
cmtisunsymmetrical Gaussian andysisof the29412
cm bandsindicatesthat it is constituted of two ab-
sorption bandsinvolving the azomethine group C=N
and the phenyl ringi2>4,

Inthevisibleregion, the el ectronic spectraof the
Nickel (I1) mixed complexes, exhibit three bandsin
therange 12000-12200, 16490-16980 and 26906-
28200 cm*which may beassignedto°A, —°T,, (F)
(v, °A, 7T, (F)(vy) and °A, — T, (P) (v,), re-
spectively. Theposition of these bandsaresimilar to
those reported for Ni(ll) complexeswith an octahe-
dral geometry!?>28,

The room temperature magnetic momentsof these
complexesindicates the paramagnetic nature of the
Ni(I1) ion, the magnetic moments of these complexes
have beenfoundintherange 1.94-2.43BM. The sub
normdaity in magnetic momentshasbeen ascribedtoan
antiferromagnetisminteraction.

Theligandfield parameters (10Dq, B, B) arecal-
culated for these complexes (TABLE 3). The com-
plexesshow alower valueof B thanthat of thefreeion
vaue?. Thevaueof the Nephel auxitic parameter Bis
lessthan unity which suggeststhe strong covalent na-
tureof metal-ligand bond®., This parameter wasreadily
obtained by using therelation:

B =B (Complex) x B (free ion)
Thevaueof thev,/v, ratioisin therangeexpected for
an octahedral geometry™?.

The results of TABLE 3 show that tryptophan
causesahigher crystd fied than phenylaanineand his-
tidine. Theorder of crystal field isHist<Phen<Tryp.

TABLE 3: Magneticand electronic spectral dataand ligand field par ameter sof nickel(I1) complexes

Compound Pest Electronic transitions ? ()" 10Dqg B p
[Ni(INAP)(Hist)(H.0)4] 2.25 12000(10) 16490(30) 26906(240) 12000 499 0.48
[Ni(INAP)(Phen)(H,0),] 2.43 12100 (18) 16580(11) 27777(150) 12100 531 0.51
[Ni(INAP)(Tryp)(H20),] 1.94 12200(10) 16980(25) 28200(175) 12200 572 0.55

d3wave number in cm; Pabsorption molar coefficient in I.cm-1.mol-1
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TheH NMR spectraof ligandsand the correspond-
ing Nickel(Il) complexeswererecordedin DM SO d,
show broad signalsdueto their paramagnetic nature.

Thesignal attributed to the proton of the=NOH
group observed at 9 ppm, disappeared in the NMR
gpectraof ternary Nickel (11) complexes. Thisisdueto
the participation of the—OH (oxime) with the displace-
ment of ahydrogen atom. The spectraalso do not re-
ved aprotonsigna dueto—COOH group of the amino
acids. Thehydrogen peaks of thearomatic ring (8H)
appearedintherange 7-8 ppm, and arenot modifiedin
the spectra of the complexes. This results indicate
deprotonation of HINAP aswel| asreplacement of the
carboxyliqueacid proton of theamino acid by themeta
ion during complexetion.

Complexesstructures

On the basis of these results, it appears that the
ligandsare coordinated in adeprotonated form, through
oxygen and nitrogen atomsleading toneutral complexes.
TheNickel complexesarefound to be octahedra with
two coordinated water molecules probably incisposi-
tion. The proposed structuresaregivenin Figure. 3.

Ry

\
v

HQOHNEH
\ @)
/ NH,
H,0 O
R

R1="—( ) (Phenyldanine)
7
R2=_P>-:J (Hitidine)

R=_ < (Tryptophan

—, (Tryptophan)
Figure3: Proposed structureof mixed nickel(I1) complexes
Cyclicvoltammetry

The electrochemical behavior of the present
Nickel(1l) complexes are illustrated by cyclic
voltammogramswhich were obtained in DM SO solu-

tion from +1.5to-1.5 (vs SCE). Coulometric mea-
surementsrevealed that in each of the processesin-
volvesoneédectron transfer.

Thecydlicvoltammogram of NiCl,, exhibitsthe be-
ginning of acathodic waveat thelimit of the cathodic
potential used and its associated anodic peak was ob-
served at Epa=-0.17V.

Thecyclic voltammogram of each complex exhib-
itsoneirreversblereduction process. Theédectrochemi-
cal results on reduction of the complexesat asweep
TABLE 4: Electrochemical datafor thereduction of the

ligands, NiCl, and the Ni(l1) complexes*in DM SO (0.1 M
TBAP)

Compound Epc(V) Epa(V) AE(@mYV)
HINAP 0756 -0554 202
Histidine 0466 0936 1402
Phenylalanine -0.542 0914 1452
Tryptophan -0.524 0.722 1246
NiCl, <1600 -0.170 -

. . 0527 -0.344 183
[NIUNAP)(HISD(H0)2]  g'gg9 0808 81

. 0926 -009 836
[NIINAP)(Phen)(H0)o] 1550 0935 &2

. 0538 0545 1083
[NIINAR)(Tryp)(H0)2l 15 9602 618

& Solute concentration =102 M, Scan rate = 10mV/s; Epc and
Epaarethecathodic and theanodic peak potentialsrespectively;
AE = Epa-Epc

rateof 0.1V.s-1aregivenin TABLE 4.

By comparing the cyclic voltammograms of the
complexesto thoseof ligandsand that of NiCl,,, 6H,0
taken asreferences, the cathodic process could be as-
signed to thereduction of Ni(I1) to Ni(l).

Inall of Nickel (1) complexes, themetal based re-
duction agreeswithanirreversibleeectron transfert®¥,

Further, in the negative potential rangeand onthe
cathodic scan the waves observed for the complexes
areof mediumintensity. Also onthereverse sweep, the
anodic wavesrel ated with the cathodi ¢ peaks are of
medium intengity. Thisindicatesthat chemica reactions
occur after the cathodic reduction and anodic oxida-
tion of thecomplexes.

It was observed in this study that reduction po-
tentialsof theNi(I1/1) couple aresensitiveto the el ec-
tronic effect of the R group of theamino acid. These
potentials shift cathodically from histidineto tryp-
tophan.
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Asthesubgtituent Rintheaminoacidisvaried from
higtidinetotryptophan, theel ectron density onthemeta
ionincreases.

The addition of the secondary ligand increasesthe
difficulty toreducethemetal center and stabilizehigh
oxidation statefor themetal ion®*+*2, Thisis probably
dueto the high stability of the ternary complexes of
Nickel(11), wherethe power of ligand field increases
on going from histidineto phenylaanineto tryptophan.

—= Fyll Poper

The separation between theanodic and thecathodic
peak potentias, AEpislarge, ranging from 183mV to
1083mV for the Ni(11)/Ni(l) redox couple. Thisindi-
catesanirreversiblereduction processes®.

Antibacterial activity

Theresultsof thebacteria screening of the synthe-
sized compounds are recorded in TABLE 5. As ex-
pected, no growth inhibition was observed for DM SO

TABLE 5: Resultsof antibacterial activity screening of ligandsand nickel complexes?

Diameter of zone of inhibition (mm)

Compound

S aureus  Strep.py  B.subtillis  E.coli P.aeruginosa P.mirabilis  C.albicans

HINAP 14 13 11 12 13

Histidine 12 14 11

Phenylalanine 16 20 11 13

Tryptophan 19 18 12 14

Ni-INAP-Hist 11 12 10 13

Ni-INAP-Phen 11 14 11 10 17

Ni-INAP-Tryp 15 25 11 18 16
Sulfamethoxazol 28 Nt 29 36 0 Nt

Ampicillin 11 12 Nt 08 Nt 0
Ketoconazol 38
Amphotericin B 29

AWhere INAP represent isonitrosoacetophenone and Hist, Phen and Tryp represent deprotonated histidine, phenylalanine and

tryptophan, respectively.; ™ Not tested

and metal sdts.

Theprimary ligand, HINAP, and theamino acids
have moderate activity with Saphylococcus aureus,
Proteus mirabilis and Escherichia coli and are less
active in comparison with Sreptococcus pyogenes,
Pseudomonas aeruginosa. They have no activity
against Bacillus subtilisand Candida albicans.

Thebest activity isobserved with themixed com-
plexes of tryptophan and phenylaanine against Srep-
tococcus pyogenes, Pseudomonas aeruginosa and
Saphylococcusaureus.

Thenickel complex of histidinewaslesssensitive
for all the tested bacterial strains. The
[Ni(INAP)(tryp)(H,0),], displayed the highest inhibi-
tory effect against the four bacteria (Streptococcus,
Pseudomonas aeruginosa, Proteus mirabilisand Sta-
phylococcusaureus. It wasless active against, Bacil-
lus subtilis, Escherichia coli and the yeast Candida
albicans.

We concludethat Nickel complexeshaveno anti-

fungd activity.

Theantibacteria screening datashow that the com-
plexesexhibit antimicrobia propertiesand wenotethat
themetal chelatesexhibit moreinhibitory effectsthan
thefreeligand.

Theincreased activity of themetal chelatescan be
explained on the basis of chel ation theory!34.

Chelation considerably reducesthe polarity of the
metd ion because of the positivechargeof themetd is
partialy shared with the donor atoms present in the
ligand, and there may ben-electron del ocalization over
thewhol e chelating space®=,

Thisincreasesthelipophilic character of the metal
chdaeandfavorsitspermesationthroughthelipoidlayer
of the bacterial membranes. We conclude that com-
plexationincreasestheantimicrobid activity.

Antioxidant activity

Thereaction of DPPH with numerousantioxidants
has been published before. Therefore, in our study we
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havetested theantioxidant power of ligands, meta sdts
and nickel mixed complexeswith the DPPH method
described before.

Themodé of the scavenging of the stable DPPH
radica isextensvely used to eva uateantioxidant activ-
ity inlesstimethan other methodg®"*,

Thereducing activity of thetested compoundsis

TABLE 6: Reaultsof antioxidant activity of nickel(11), ligands
and complexes

Compounds Eq. Trolox AA%
HINAP 129.62 16
Histidine 130.6 19
Phenylalanine 132.65 22.4
Tryptophan 136.7 23
NiCl,.6H,0 2.02 3.4
Ni-INAP-His 50.63 18
Ni-INAP-Phe 111.39 20.56
Ni-INAP-Tryp 121.52 22.58
Chlorogenic acid 51 17

Where AA% = % scavenging effect

lower thanthe one of theligands (TABLE 6).

Theresultsare compared with chlorogenicacid, a
powerful antioxidant whichisfoundedinmany vegetables
likecarrot, potatoesand particularly bean of coffee.

By examiningthetrend of AA% va uesobtained, it
maly be seen that the antioxidant power of Ni(ll) com-
plexesincreasesinthe order of theamino acids, from
higtidineto tryptophan.

Thisorder satisfactorily corrdateswiththecathodic
potentia swhich shift towardsmorenegativevaueson
going from histidineto tryptophan.

Ni(I1) complexeswith tryptophan havethe higher
antioxidant power. It can be explain onthebasisof the
indole, thearomatic heterocyd ethat terminatesthetryp-
tophan sidechain, which isboth e ectron rich and pos-
ses an H-bond donort“.

Thereference standard and the antioxidant activity
areexpressedin Trolox equivaent.

Theantioxidant power of chlorogenicacidisequd to
51 eg. Trolox. We can consider that the samplehasan
antioxidant adtivity if theantioxidant powerful ishigher then
50eg. Trolox. Theresultsaresummarizedin TABLEG.
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