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ABSTRACT

Titanium (Ti) is widely employed for various biomedical applications due to its biocompatibility.
Studies of y-globulin adsorption onto Ti are important for the development of biocompatible
devices. This work examines the rate of adsorption of y-globulin onto Ti surface. The plot of y-
globulin adsorption onto Ti versus time shows that the initial y-globulin adsorption increased
linearly with time with the rate constant obtained 0.032min™ while the correlation coefficient (R)
is 0.9999. The experimental adsorption rate is limited by the availability of y-globulin molecules at
the adsorbing surface, resulting in a situation in which, most y-globulin molecule that collides with
the surface sticks to it. In order to predict the factors that determine the rate of adsorption, the
flux of y-globulin molecules onto Ti surface was computed by developing a model similar to
implantation of Ti into the body for the transport-limited of y-globulin adsorption onto Ti from
flowing y-globulin solution. It was deduced that the rate of this adsorption is determined by the
wall shear rate, the diffusivity of y-globulin and the bulk amount of y-globulin solution. An
adsorption model was developed in order to seek the factors that determine the intrinsic
(qualitative) adsorption and desorption rate constants. The experimental adsorption data was
likened to a simple y-globulin adsorption model, which comprises of adsorption and desorption
processes. The model incorporated the rate of diffusion through the boundary (unstirred) layer of
constant thickness by solving for the Fick's law. It was deduced that the intrinsic adsorption and
desorption rate constants of y- globulin onto Ti surface.

Keywords: Rate, adsorption, computation, modeling, gammbhugdin, titanium

INTRODUCTION

The problem of finding acceptable materials for imseontact with tissue is highly relevant to prase
day clinical practice. The difficulty of this prabh reflects the complex nature of tissue-biomdteria
(implant) interactions which are influenced by prdjees of the tissue, properties of the biomatgrial
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and by the transport of fluids around the impldntplants designed with each of these aspects in
mind may produce a "biocompatible environment,"l@gaus to the nonthrombogenic environment
thought to be required for blood compatibility withplants.

Titanium is employed for various biomedical apdiicas requiring enhanced blood compatibility,

which is partly due to its extremely stable oxidgdf. Biomaterials play an important role in

bioengineering applications such as regenerativdigime, tissue engineering, biosensing, and in
orthopedicd The ability of cells to adsorb, proliferate, atifferentiate on the biomaterial surface is
crucial for the formation of new bone tissues amel subsequent integration of the implant in the
body'.

Gamma globuliny-globulin) also called immunoglobulin is a classbtdod plasma proteif§ most
notably including the antibodies that help fighfiettions and diseases-globulin adsorption plays a
major role in determining the biocompatibility dbmaterials. The first stage of implant integratisn
the adsorption of protein followed by cell attacmifieProtein adsorption behavior is at the heart of
many of today's research fields including biotedbgyp and materials science. With understanding of
protein—surface (biomaterial) interactions, thesjder a suitable biomaterial would be achieved

Several works have been presented on the intemaofig-globulin on biomaterials. For instance
Kinetics ofy-globulin adsorption onto Ti was studied, the aggon was observed to be pseudo first
order and intra-particle diffusion process was alieced to be the rate determining $fep another
work, adsorption of-globulin from solution was studied by the penddrdp technique as a model
for the solid-liquid system. It was concluded that it adsorbs in a constammeron interfaces for
example Ti at equilibriuti, the surface tension components of the proteierlapto the hydrophobic
surface was presented. The range of hydrophobiacgs for which such constants behavior might be
expected has been deduced and a new model foirpaateorption was proposedThe present work
seeks to monitor the rate gfglobulin adsorption onto Ti surface with time, qmuite the flux ofy-
globulin molecules to the Ti surface in order tekséhe factors that determine the rate of adsarptio
of y-globulin to Ti and develop an adsorption modetl thdl help predict the factors that determine
the intrinsic (qualitative) adsorption and desamptiate constants.

EXPERIMENTAL

Materials: UV-Visible Spectrophotometer (Jenway 64050), Gaitenp thermostated shaker with
incubator (England), thirty five mesh (500 um) coenaially pure Ti grade (ll) powder obtained from
BDH chemicals Ltd (Poole, England), bovine serubualin (BSA) and Commercial pure grage
globulin from bovine blood. All reagents used wefé\nalar grade obtained from Sigma Aldrich and
double distilled water was used for their preparati

Biuret assay:Biuret assay standard calibration curve was preplyereading the absorbance of 1.00
- 10.00 mg/ml standard concentrations of bovina@irsealbumin (BSA) at 540 nm using the UV-
Visible Spectrophotometer. The results obtainedewesed in plotting the calibration curve from
which the concentration gfglobulin in every test sample was calculated.

Rate studies:The rate ofy-globulin adsorption onto Ti was studied by moriitigrthe adsorption of
v-globulin onto Ti surface with time. The adsorpticate parameters employed in this study were
optimized®. Exactly 1.00 ml of 0.50% (w/w)-globulin solution (optimum amount of adsorbateswa
added to 40.00 mg Ti powder (optimum amount of gumat) and pH adjusted to 7.00 (optimum pH)
with phosphate buffer solution. The solution waak&m for 5 minutes while incubating in a°G7
shaker (optimum temperature); the suspension wawed to settle and the supernatant collected.
The experiment was repeated at varying incubateiogs of 10, 15, 20, 25, 30, 35, 40 minutes and
at 120 minutes (optimum incubation period) respetyi Biuret assay was performed on the
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supernatant samples and the amounty-gfobulin adsorbed was calculated by referenceh t
standard calibration curve of bovine serum albufBBA)™.

RESULTS AND DISCUSSION

Determination of the rate of gamma globulin adsorpbn onto titanium: The rate ofy-globulin
adsorption onto Ti surface requires that the amofiaidsorbed-globulin is known as a function of
time. Therefore Fig.No.1 is the plot gfglobulin adsorption on the hydrophobic Ti surfaae a
function of time. The rate constant obtained i82.finuteg while the correlation coefficient fRis
0.9999. Since the initigl-globulin adsorption on the hydrophobic Ti surfacereased linearly with
time, it is assumed that this adsorption might ipeitéd by transport ofy-globulin through an
unstirred boundary layer close to the surfacehéndase of transport-limited adsorption and foy ver
slow or minimal desorption, the experimental adgorprate is only limited by the availability gf
globulin molecules at the adsorbing surface, rggulin a situation in which, every-globulin
molecule that collides with the surface sticks ttoTherefore it is imperative to compute the flux
(continuous flow) ofy-globulin molecules onto Ti surface.

Adsorbed gamma

2.10

2.05- y = 0032x+ 1.7919
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Fig.No.1: Amount of gamma globulin as a functiortiofe
Adsorbed onto titanium

Computation of the flux of gamma globulin moleculesnto titanium surface: In order to predict

the factors that determine the rate of adsorptfoprgiobulin onto Ti, a model similar to implantation
of Ti into the body was developed for the transtiiarited of y-globulin adsorption onto Ti from
flowing y-globulin solution. Assuming that laminar fI&#° of y-globulin existed on the Ti surface;
an equation for the flowing homogenequglobulin solution could be express&tf as:

dc ( B i)/) dc d%c

Frimiit/ F Dgloa_yz - (D)

With the following boundary conditions:
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t=0,C=0forally,x

x=0,C=¢gforally,t

b X
y=5 C=0fort < — and

Vm

X
C=Cy fort > —
o for v

y=0,C=0forallx >0,t =0

Where C is the amount gfglobulin, t is the time, x is the direction of Woy is the distance from the
surface, b is the thickness of the reaction vesSglis the bulky-globulin solution, V4, is the
maximum velocity of the flow at y = b/2,4Ris the diffusion coefficient of-globulin andy is the
wall shear rate given by:

6q

Here q is the volumetric flow rate gfglobulin solution and w is the width of the reactivessel. As
time increases, a concentration boundary layertifued layer) forms close to the surface. Its
thickness, deltad] is:

8= C [Djo X" “©®)
The profile of the amount gfglobulin across this layer develops rather rapidlylonger times and

at y/b << 1, the time dependent term in the equnatimnay be neglected and the equation assumes this
following form:

aC 9°C
Yy& = Dgio a_yz . (4)
y dc_ 109%C c
Dgo 0x  y 3y ~®
C(x0) =X(@Y(y) ..(6)
oc_ Y(y)X! 7
o = YOXH (@ w (7)
oc_ X(x)Y? 8
35 = XOY'®) - (®)
92C

e XY (y) . (9)

Substituting equations (7) and (9) into equatigngfBes equation (10)

¥
Dglo

Y X1() = % XY11(y) .(10)
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X1(x) = % Ly .(11)

With the boundary conditions
atx=0,C=Cy forally
asy = o, =C, forallx

aty =0,C forx >0

The analytical solution for this classical problgroves that the continuous flow gfglobulin
molecules to the surface, is equal to the ratedsbiption ofy-globulin onto the surface,yg/dt,
under the assumption that allobulin reaching the surface adsorb tddbuld be expressed as:

1
dy -1 1 9
“'glo _ y(fj 997 Co .(12)
dt 3 Dglo.X

Whereyg, is the adsorbed amount-pflobulin, from the equation 12 it could be dedutat, in the
case of the transport-limitegdglobulin adsorption and very slow or minimal dgd@mm, the adsorbed
amount ofy-globulin onto the surface initially rises lineajth time as observed in Fig.No.1 and the
rate of adsorption is determined by the wall sliate {), the diffusivity ofy-globulin (Dy,) and the
bulk amount ofy-globulin solution (g)*°.

Modeling of the rate of gamma globulin adsorption ato titanium: This adsorption model was
developed in order to predict the factors that meitee the intrinsic (qualitative) adsorption and
desorption rate constants. The experimental adearptata were likened to a simpjeglobulin
adsorption model, which comprises of adsorption desbrption processes. The model incorporates
the rate of diffusion through the boundary (unetlirlayer of constant thickness by solving for the
Fick's law which qualitatively defines diffusitii® The model that is well suited to describe the
adsorption process of-globulin from flowing y-globulin solution is that the rate afglobulin
adsorption to the surfacey@)/dt, filled with identical, independent bindirgites could be written
according t& as:

d
% = Kada (Ymax - y(t)) 00, = Kae + [Y ©] -~ (13)

Where Ky is the intrinsic adsorption rate constange IS the intrinsic desorption rate constantax IS
the maximum adsorbed amountyefjlobulin, y(t) is the adsorbed amount per unit surface at time
[¥max - ()] is the remaining unoccupiedglobulin binding sites at time t and C(0, t) ie tamount of
v-globulin right next to the adsorbing surface (stahce y = 0 from the adsorbing surface). With
reference to Fick's diffusion I&#*° the diffusion equation expressed as:

aC [x, ] 9°C [xt]
T = Dglo? (14-)

is solved numerically with the boundary conditioimsyhich the rate of adsorption is linearly rethte
to the gradient of the amount-gflobulin right at the surface.
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Dgio =— .. (15)

Secondly that the bulk amount piglobulin at a distance delta from the surfacegsat to the bulk
amount ofy-globulin at distance greater than delta from tinéase

cl0,t] = Cgpo .. (16)

Since a linear amount aof-globulin gradient in the "unstirred" layer formgthin a minute, the
boundary condition in equation 15 is re-cast inftiiewing form:

dy(t) aCc (0,t) Cglo — C(0, 1)
TR "Ll I S -7
Or
6 (dy(t)
C(o,t) = Cglo - DgT <W) ..(18)
Substituting equation 18 into equation 13, the samuad be rewritten as:
dy (1)
T = I<adap [Ymax -7 (t)] + Cglo - Kdeap + v (t) (19)

Where Kgapand Keapare the apparent adsorption rate constant andplesorate constant, defined
respectively as:

I<adDglo
Dglo + 6ad [Ymax - Y(t)]

Kadap = ..(20)

KdeDglo
Dglo +34e [Ymax_ Y(t)]

Kdeap = (2 1)

The adsorption model allows the intrinsic adsorptimd desorption rate constants to be defined as
empirical exponential functions of amountyedlobulin on the surface.

X

Kea = Ky [ ...(22)

-B
Kae= Koo | - (23)
C

Where K is the initial intrinsic adsorption rate constakyg, is the initial intrinsic desorption rate
constant and alpha and beta are the "cooperat@aitgbrption and desorption constants, respectively.

CONCLUSION

y-globulin could bind (stick) onto Ti surface ancethate of adsorption of-globulin onto Ti is
determined by the wall shear rate, the diffusivfyy-globulin and the bulk amount gtglobulin
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solution, while the intrinsic adsorption and desiorprate constants gfglobulin could be defined as
(empirical) exponential functions of amountyeglobulin on the Ti surface.
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