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ABSTRACT

The effect of natural extract of anise plants on the corrosion of dental
amalgam in synthetic saliva was investigated by potentiodynamic
polarisation techniques, weight loss measurements and surface analysis
(SEM). Electrochemical study indicate that the plant extract behave asan
anodic-type inhibitor. The corrosion rate of dental amalgam and the
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inhibition efficiencies of the extracts were calculated. Theresults obtained
show that the extract solution of the anise plant could serve as an effective
inhibitor for the corrosion of amalgam in saliva media. The inhibition
efficiency was found to increase with extract concentration until 0.33g/L.

The maximal protection efficiency exceeded 93%.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Even though new materials such as ceramicsand
resinshavebeen developed for dentd prosthesis, denta
aloys are still necessary for restorative dentistry.
Therefore, the safety of denta dloysintheora cavity of
the human body has been extensively investigated**.
Thecorrosonresistanceisthemost important property
for dental materialsbecause of biocompatibility and
cytotoxicity of the products of the corrosion process.
The human mouth presents a very aggressive
environment for metasused. Tominimizebiologicrisks,
dentd aloysshowed havethe best corrosion res stance
and the lowest release of elements. Therefore, it is
necessary toimprovethecorrosion resistanceof aloys
for dental usage. Theinteraction of dental alloyswith

saliva medium or drugs within the mouth has been
studied*€l. One of the most important methods to
minimizethecorrosion problemistheuseof inhibitors.
However, themgority of syntheticinhibitorshavehazard
effects. Theneedto devel op environmentally friendly
processes is widely welcomed by the scientific
community. Researcher isreoriented totheuse of natura
products, which are known for their acceptable
environmenta and ecologica properties. Also, naturaly
occurring antioxidantsare cheap, readily availableand
renewabl e sources of material$™19.
Silver-tin-mercury aloysareof aconsiderableim-
portance of their commercial usage asdental restor-
ativematerials. Theaobjectiveof thisinvestigationwas
to examinethecorrosion behavior of slver-tin-mercury
dentd amdgamdloyinartifica sdiva, without andwith
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theaddition of aniseextract, usngapotentiodtatictech-
nique and gravimetric measurementsat aconstant tem-
peratureof 37 °C.

EXPERIMENTAL SECTION

Preparation of aniseextract

100 g of dried plant samplewasintroduced into a
olassfiber filter and extracted in Soxhl et equipment with
750mL of hexane asasolvent during 24 h. Theextract
was concentrated to dryness and theresidue was kept
at - 4°CY, This extract was used to study its corro-
soninhibition propertiesonthe dentd amagamin arti-
ficdd sdivamedia
Gaschromatogr aphy-massspectrometry (GC-M S)

Aniseextracts, sonicated withamixtureof methanal,
chloroform and n-hexane, wereanalyzed using Ultra
Trace GC series gas chromatography and aThermo-
Fisher Scientific mass spectrometer. VP-5 capillary
fused silicacolumn (30 mx 0.25 mm, 0.25 um film
thickness) was used. Oven temperature was kept at
60°C for 2 min and programmed to 280°C at a rate of
16 °C/min and kept constant at 300°C for 20 min. The
carrier gaswasHe (99.99%) at arate of 1.4mL/min.
Theinjectiontemperatureand detector temperaturewere
220°C and 300°C respectively. The injection volume
was ImL withasplit ration 1:25. EI/M Sweretaken at
70eV ionisation energy.

Specimen preparation

Theéd ectrode specimen was prepared by mixingin
1:1 mercury todloy (Ag 35.05%, Sn 9%, Cu 5.95%)
ratio. The specimen was put into aresin split mould
with 1cmindiameter and 12 mminlength and kept at
ambient temperature until solidification. Products of
amagamation arepresentedin TABLE 1. Prior toeach
experiment, theworking electrode was successively
polished with finest- grade emery papers, washed by
bidistilled water and then dried.

TABLE 1: XRD analysisof dental amalgam alloy

Chemical formula
AgHgs
AgzHg;
AgsSn

CuSn
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Solutionspreparation

Artificial salivawas prepared by 1.12 and 1.24
grams per litter of KCIl and NaHCO, respectivelyin
aqueous solutionwith apH of 8.2. The concentration
rangeof aniseextract employed wasvaried from0.11g/
L (10uL/L)to 0.33g/L (33uL/L). The solutions were
not deaerated.

Weight loss measurements

Gravimetricexperimentswerecaried outinadouble
glasscdl. Thesolutionvolumewas30mL and experiments
were performed with concentration of 0.33g/L of anise
extract. The maximum duration of tests was 1 week
(168h) & room temperaturein non-de-aerated solutions.
At the end of thetests, the specimens were carefully
washedin distilled water and dried in hot air and then
weighted. Duplicateexperimentswereperformedinesch
caseand themean value of theweight lossisreported.
Weght lossdlowed cdculaion of inhibition efficiency of
our extract according to thefollowing equation:

E% =(Wo'w)x100
w

0

Where W and W° are the weight loss of dental alloy
samplesobtainedin artificia salivainthepresenceand
intheabsenceof inhibitor, respectively.

Polarization measur ements

Electrochemical measurementswerecarried outin
aconventional three electrodecylindrical glasscell,
containing 100mL of eectrolyteat thetemperature of
37 + 1°C. A standard three-electrode cell was used
with Platinum electrode asacounter el ectrodeand a
saturated calomel electrode (SCE) as a reference
electrode. All potentials are reported vs. SCE. The
Potentiodynamic curves of dental ama gam specimens
insalivamediain the absence and in the presence of
aniseextract wereobtained in thepotentia rangefrom
-1 to +1 V. For polarisation measurements, a
potentiostat Voltalab 301 PGZ monitored by a PC
computer and Voltamaster 4.0 software were used for
runthetests, collect and eva uatethe experimentd data.
During each experiment, thetest sol ution was mixed
withamagnetic tirrer.

Theinhibition efficiency (E%) wasca culated usng
thefollowing equation:
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E% = x 100

Wherel” and | are, respectively, the corrosion current
densitiesobtained in salivamediaintheabsenceand
thepresenceof inhibitor.

Surfaceanalysis

Thesurface morphology and chemical analysisof
dental amalgam specimens after polarization
measurementsin salivamediain the absence and the
presence of aniseextract were studied using ascanning
electron microscopy (SEM), energy dispersive
spectroscopy (EDS).

RESULTSAND DISCUSSION

Extraction of theanise

Gaschromatography (GC)-massspectroscopy (MS)
anaysisof plant extract showed that the plant extract
contains4 different compounds(TABLE 2). Themgority
intheextract of both aniseof Yemen and Moroccoisthe
1-methoxy-4-propenyl benzene (Figure 1).

TABLE 2: GC-M Sdata of aniseextract

Retentiontime (min) Compound
417 Fenchone
511 1-methoxy-4-(2-propenyl)
Benzene (CAYS)
11.73 11-dodecen-1-a
18.02 Oxirane, hexadecyl

06 91,09
] 77.08
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Figurel: Massspectra of aniseextract
Weight loss measurements

Thecorros onrateandinhibition efficency for dentd
amalgamadloyinartificial saivamediaat 37°C in the
absence and presence of anise extract of Yemen and
Moroccoaregivenin TABLE 3. Itisevident fromthese

—= Full Paper

resultsthat inhibition efficiency for dental andgamadloy
insalivacontaining 0.33g/L of plant extract at 37°C is
100 percent.

TABLE 3: Corrosion parameter sobtained from weight loss
measur ementsof dental amalgam in salivamedia containing
0.33g/L of aniseextract of Yemen and M orocco at 37°C.

0.33g/L 0.33g/L
(Anise of Yemen) (Anise of M orocco)
Time (h) 168 168 168

W(mg cm? h?) 1.03 107 0 0
E% 100% 100%

Saliva Medium 0.00 g/L

Potentiodynamic polarisation results

Potenti odynamic polarization curvesfor denta dloy
insdivamediain theabsenceand presenceof different
of aniseextractsconcentrationsareshownin Figure2
and 3. Asseen, addition of plant extractsaffectsanodic
dissolution of dloy indicating that theextractscould be
classified asanodicinhibitors. The corrosion current
density wascd culated from theintersection of cathodic
and anodic Tafd line. Theva uesof theedectrochemica
parametersfor thedifferent plant extract concentrations
are given in TABLES 4 and 5. The data show that
increasing plant extract concentration decreasesthe
corrosion current density (I, ) and increases the
inhibition efficiency of anise extract. The presence of
inhibitor resultedinashift of thecorrosion potentid (E , )
toward more negative values by 60-80 mV in
comparison to the result obtained in the absence of
inhibitor. Theinhibition efficiency was estimated to be

—— 00gL
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0.33g/L Faa
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107 7
10 05 00 05 10
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Figure2: Polarization curves of dental amalgam alloy in
synthetic saliva media at 37 + 1 °C containing different
concentration of aniseextract of Yemen.
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Figure 3: Polarization curves of dental amalgam alloy in
synthetic saliva media at 37 + 1 °C containing different
concentration of aniseextract of M or occo.

93.53% for Anise extract of Yemen and 94.52% for
Aniseextract of Morocco.

SEM examination

Toinvestigatethe performanceof theinhibitor, an
SEM study of dental amalgam was carried out after
168h exposuretest at freepotential in artificia saliva
solution with and without plant extract. Before
immersion, dental ama gam dloy was characterised by
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Figure4: SEM micrographsof thesurfaceof dental amalgam alloy befor eand after immersion in synthetic salivamedia: (a)
beforeimmer sion; after immer sion (b) in theabsence of inhibitor (c) in presence of “anise extract of Yemen (d) in presence
of “anise extract of Morocco.
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TABLE 4: Electrochemical parameters(E_, and | )and
inhibitor efficiency (E%) of thedental amalgamalloy in arti-
ficial salivamediaat 37°C containing different concentra-

tionsof aniseextract of Yemen.

Concentration of

Emrr I corr E
p'a’(‘; f"})r &t (mVIECS) (mAcmy) (%)
0 =220 139 i
0.11 -208 0106 9237
0.22 285 0112  90.94
0.33 292 0020 9352

TABLE 5: Electrochemical parameters(E_, and | )and
inhibitor efficiency (E%) of thedental amalgamalloy in arti-
ficial salivamediaat 37°C containing different concentra-

tionsof aniseextract of M or occo.

Concentration of

ECO”' I corr E
p'a'g; ‘EX}; &t (mVIECS) (mA.cm?y) (%)
0 220 139 i
0.11 286 0101 9237
0.22 292 0130 9064
0.33 292 0076 9453

SEM (Figure4a). Thereisthusacomplex meta lurgica
structure, containing different phases, ascanbeseenin
themicrograph of figure4.

Afterimmersionin artificial salivamediainthe
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absenceand presence of plant extract, the presence of
corrosion productson the surfacewasnoticed. Inthe
absence of inhibitor (Figure4b), the structure of the
alloy isstill observed and athick and discontinuous
corrosion product layer was observed. EDS analysis
showsthe presence of oxygen, Ag, Snand Hg. Inthe
presenceof inhibitors (aniseextract of Yemen or anise
extract of Morocco), the surface was covered by a
continuous and uniform layer. The presence of
precipitate sphereson the surfacewasnoticed (Figure
4c and 4d).

CONCLUSION

Inthisstudy, anew inhibitor moleculewasextracted
from anise plant and tested for dental amalgam alloy in
gynthetic sdlivamediaat 37°C. Electrochemical study
showed that plant extract isagood corrosioninhibitor
and theinhibiting effect resultsin areduction of anodic
currents. The inhibition efficiency of these extract
depends on its concentration and increase as the
concentration of aniseextract increases.
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