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ABSTRACT KEYWORDS

In these studies, the effect of pH, cations, and incubation time on the Titanium;
adsorption of globulin onto titanium was studied invitro. Globulin ad- Bovineserum
sorption onto commercially pure titanium power that was pretreated with abumin (BSA);
calcium, magnesium or potassiumionswas carried out at pH 3.0 and pH Globulin;
7.0. The amount of globulin adsorbed was calculated using the value of Adsorption;
the regression line obtained from the standard Bovine serum Albumin Cdtions;
(BSA) calibration curve. The pretreatment of titanium with calcium and Biuret reagent.

magnesium alone or combined, with increasing pH valves (3.0 - 7.0) re-
sulted in an argumented adsorption of globulin onto titanium. No increase
in adsorption was observed following the pretreatment of titanium with
potassium. The incubation time was also studied extensively and the re-
sult in various research work shows that there is involvement of electro-

static interaction in the adsorption of globulin to titanium.
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INTRODUCTION

Titaniumiswidely used by dental professionasto
anchor prosthetic appliance, and in recent years 0sseo-
integrated titaniumimplants have becomethemethod of
choose s nceclose contact between bonesand implants
havebeen demongtrated variousstudies*9. Henceown-
ingtoitshigh dielectric constant, TiO, undergo further
modification upon binding surroundingions. Thesemay
include calcium, potassium and hydrogen which may
result to the generation of OH radicalsin oxide. The
oxidelayer may adsorb macromoleculesfromtheim-
plant vicinity includingtissue component and protein™®4,
Sowhen aforeign materia isimplanted intoahost tis-

sue, thefirst event to occur at tissue-metal interface
which dictatesbio-compatibility isanon-covalent ad-
sorption process of proteins from the body onto the
titanium metd surface®9.

In previousstudies®, it wasshowed that the chemi-
cal propertiesof TiO, suggested that Ca?* may be at-
tracted to oxide covered surface by electrostatic inter-
action with O, and hence cal cium depositshave been
observedindirect context with TiO,. Thisisduetothe
fact that titanium react immediatel y with oxygen when
exposetoair toform5 - 6nm surface oxidelayer, and
thislayer which increasing during prolong exposureto
oxygen consist primarily of TiO, 319, Thereforetissue
implant reactionisthenareaction with TiO, at implant
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surfaceand not with eement titanium assuch dueto the
fact that they have physical chemical characteristicsre-
lated to ceramicsthan to metal, establishing that tita-
nium bind cationg**24,

The adsorption of globulin onto titanium ishow-
ever often ahighly dynamic phenomenon and themol-
ecules may change orientation and conformation dur-
ing or after adsorption. Although studies are on to
develop smple modelsfor protein adsorption based
on geometrical areacovered by protein moleculesin
different state’d.

MATERIALSAND METHODS

All reegent used wereAndar grade. Third-fivemesh
of commercidly pureTitanium gradel power wasob-
tained from bovineblood and commercidly purewhich
was 99% el ectrophoresis and contains lessthan 4%
NaCl manufacturedinU.S.A. Bovine SerumAlbumin
(BSA) conssting of bumin, flourescin, isothiocyanate
conjugated bovineasstableat 2 - 8°C. Biuret reagents
and disodium phosphate buffer et.c.. 1.0mg/ml of BSA
stock was use to prepare the calibration curve. The
absorptionwastaken at 540nm using JENWAY SUV/
Visible spectrophotometer. A regression line equation
was obtainswhich was used to cd cul ate theamount of
globulinadsorbed.

Effect of cationson the adsorption of 1mg/ml globu-
lin onto titaniumwas done by suspending 0.5g of tita-
nium powder for 48hrsat 27°C in 0.1M of thecations
(CaCl,, MgCl, and KCl) respectively. All sampleswere
thenfiltered, washed with ditilled water and dry a room
temperature for 48hrs. The samples were then sus-
pended in 1ml solution containing globulinand shaken
at 37°C for 2hrsin 2XM 10/250 Model Gallenhamp
Incubator with ashaker, after which 4ml of biuretsre-
agentswas added to each sample. Theresulting mix-
turewasmixed thoroughly by inversionand allowed to
incubate at room temperaturefor 30mins.

Also, effect of incubation time on the adsorption of
Img/ml of globulin onto titanium and treeted-titanium
was done by suspending 0.05g of titanium powder at
room temperaturein distilled water and 0.1M CaCl,
respectively. All sampleswerethenfiltered, washed with
ditilled water and dry at room temperaturefor 48hrs.
Thesampleswerethen suspended in 1ml solution con-
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taining globulin and shaken at 37°C for 2hrsin 2XM 10/
250 Mode Gallenhamp Incubator with ashaker, after
which 4ml of biurets reagents was added to each
sample. Theresulting mixturewasmixed thoroughly by
inversion and allowed toincubate at 37°C for 10, 20,
30, 40 and 50hrsrespectively.

RESULTS

Theeffect of cationson adsorption of globulinonto
titaniumispresentedin Figure 1. Theresultsrevealed
high effect of Cafollowed by Mgthen K. Theeffect of
CaTi and Mg-Ti weresimilar comparedto K-Ti. The
effect of cations-Ti on globulin showed thefollowing
patternsCa-Ti > Mg-Ti >> K-Ti.
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Figurel: Effect of cation on theadsor ption of globulin onto
titanium

No significant difference was observed in the
amount of globulin adsorbed to untreated titanium at
pH 3.0and pH 7.0. However pretreatment of titanium
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Figure 2 : Effect of pH on the adsor ption of globulin onto
titanium
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with calciumat pH 7.0 led to increased in the adsorp-
tion of globulinsignificant asillustrated in Figure 2.

Consdering theresultin Figure 3, theeffect of in-
cubationtimeon theadsorption of globulinto Catrested
Ti and untreated Ti from the results obtained. It was
observed that most of the globulin becameadsorbed to
Ti powder within 1hr of implantation for Catreated
samplewnhilefor theuntrested Ti lower amount of globu-
lin was adsorbed in thefirst 10mins. The amount of
globulin adsorbed became constant at 30minsof im-
plantation as observed from Figure 3., for both the Ca
treated and untreated Ti samples.
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DISCUSSION

Inthese studiesit was observed that variationin
cations, incubation time and pH of an environment
around animplanted titanium metal influenceitsadsorp-
tion to globulin, and hencetitanium metal used asim-
plant in patient could bind cal cium morethan cations.
Theoverdl effect of cationsasshowninfigure3 could
beduetothefact that whentitaniummetd implant comes
incontact with proteinsin presence of cationswill cre-
ateacompetition for them asregard binding to the site
onTiO,. SoMg* haslessahility to react with calcium
binding such asglobulinthan cal cium and a so present
in lower concentration. Other cations such as zinc,
potass um, cadmiumwill not present any serious com-
petitionin apatient!*?. More so thisstudiesalso indi-
catesthat Ca?* and M g?* actsthrough anon-specific
attraction that can belinked to their electrovalencies.
Soit can be probably said that the above noticed effect
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of cationisdueto e ectrostatic interaction*2.

Sinceitiswell established that calcium tregted tita:
nium used asimplant and exposed to body fluid might
increaseits biocompatibility with bonesand inducea
subsequent adsorption of cal cium binding macromol-
eculesonimplant surface®, thentheresultinfigure 4
showsat pH 7.0, the negatively chargeglobulinand the
TiO, surfacedlowed for thebinding action of divalent
cationwhileat pH 3.0 globulinispostively chargeand
thenegatively charged TiO, surfaceisneutraized owing
toashiftinitsZetapotential from-32.6 at pH 7.15to
3.0at pH 4.0, Therefore éiminating the effect of
C&** intheadsorption process, and thechangein zeta
potentia of titanium could also explainthesmilar ad-
sorption of globulinto untreasted under different pH con-
ditionsasshowninfigure 4 whereby both components
arepositively charged at pH 3.0 and negatively charge
at pH 7.0. A chargein binding properties of proteins
might dso beexplained by andtered conformation upon
drastic pH charged”111520,

Looking at Figure2 above, it will be observed that
apogiting excise between the extent of globulin adsorp-
tion process on titanium samplestreated with calcium
and the mechanism of the adsorption process could be
attributed to € ectrogtatic attraction that dependsondec-
trovalence of theions. Our result al so suggested that
the amount of globulin adsorbed was higher at physi-
ological pH. Sotheeectrostatic attraction dictatesthe
main mechanism of adsorption of globulinto titanium
processat physiological pH (7.0 - 7.4) making more
globulinto bind Ca* toits el ectrostatic sitessuch that
theion serveasalegend between theglobulin and the
titanium surfacd™?,

CONCLUSION

From theresults obtained it can be concluded that
divaent cationssuchasMg*, and Ca&* wereseento
affect theadsorption of globulin onto titanium signifi-
cantly. Sothebinding of globulintotitanium treated with
Mg*, and Ca?* were observed to be much higher than
K* treated as evident from the studies. Hence the
mechanism of the adsorption process can be attributed
to dectrogtati c attraction that depend on e ectrovad ency
of theseion. However theamount of globulin adsorbed
ishigher at physiological pH and the presence of cal-
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ciumin blood serum of apatient and physiologica con-
dition (pH 7.0-7.4) make thisresultsrelevant to the
mechanism of thebinding of globulin onto titanium dur-
ingimplantationinvivo.
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