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ABSTRACT

Kinetics of gamma globulin adsorption onto Ti was studied by monitoring the rate of gamma globulin adsorption
onto Ti with time under optimum conditions of incubation period, amount of Ti, amount of globulin, temperature of
incubation and pH values which are 120 minutes, 40.00 mg, 0.50%, 37°C, pH 7.0 and 120 minutes respectively. The
adsorption was observed to be pseudo first order with the first order rate constant (K') 3.3 x 107, the second order
rate constant (K) 8.25 x 10” mg/mlmin and the degree of fitness of the data (R?) 0.9997. The adsorption data were
fitted with some kinetics models. The linear correlations of the pseudo first-order models were statistically
significant at 95% confidence level and indicated the applicability of these models and the pseudo first order nature
of the adsorption process; however, Natarajan and Khalaf pseudo first-order model provided the best description of
the data while intra-particle diffusion process was discovered to be the rate determining step. These findings are
insight into the mechanism of gamma globulin adsorption onto Ti when used for biomedical implantation.
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INTRODUCTION
Gamma globulin is one of the blood proteins found in body fluids; it is a blood product used for the
treatment of patients with primary immune deficiency where the primary problem is that such patients do
not produce enough gamma globulin to prevent infection'. Globulin is synthesized by an individual in
response to a foreign substance introduced into the body called antigen®, and it is naturally designed with
extraordinary specificity and binding affinity for a given antigen’.
Titanium and Titanium-based alloys of biomedical grade are well-known biomaterials that show excellent
performance as dental, orthopaedic and blood contacting materials such as artificial hearts valves, stents
and pacemakers. When a biomaterial is implanted into the human body, it is surrounded by the blood
proteins and adsorption of these proteins on the implanted biomaterial begins to take place immediately.
How much of these proteins adsorb on the surface of the biomaterial will help to decide the
biocompatibility of the material®”.
Most adsorption kinetics processes are usually controlled by different mechanisms, of which the most
limiting are the diffusion mechanisms, attributed to rapid external diffusion or boundary layer diffusion
and surface adsorption®”*?. It has been confirmed that in protein adsorption studies the potential of mean-
force between the adsorbing protein and the adsorbent-protein surface changes as a function of time due
to changes of the adsorbent layers as the proteins adsorb'’. Based on this, adsorption kinetics have been
utilized to predict rate determining steps of adsorption processes'"*'%.
A lot of studies on the adsorption of blood proteins onto surfaces have been carried out, for example
studies on the conformational changes during adsorption of myoglobin (MGB) onto ultrafine silica and Zr
particles'’; adsorption of myoglobin (MGB), lysozyme (LSZ) and bovine serum albumin (BSA) onto
various colloidal synthetic hydroxyapatite'’; adsorption of immunogamma globulin (IgG), BSA, MGB
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and LSZ onto synthetic calcium hydroxyapatite particles”, adsorption of immunogamma globulin onto
various synthetic calcium hydroxyapatite particles'’, and adsorption of fibronectin molecules onto mica
and oxidized Ti substrates'®. However, to the knowledge of the authors, the kinetic of gamma globulin
adsorption onto Ti has not yet been reported elsewhere. The aim of this work therefore, is to determine
the rate of gamma globulin adsorption onto Ti; determine the rate determining step and seek the best
kinetic model that best describes this adsorption process.

EXPERIMENTAL
Materials
The materials used for this study were UV-Visible Spectrophotometer (Jenway 64050), Gallenkamp
thermostated shaker with incubator (England); thirty five mesh (500 um) commercially pure Ti grade (II)
powder, bovine serum albumin (BSA) and commercial pure grade gamma globulin from bovine blood.
All reagents used were of Analar grade obtained from Sigma Aldrich and double distilled water was used
for their preparation.
Biuret assay
Biuret assay standard calibration curve was prepared by reading the absorbance of 1.00 - 10.00 mg/ml
standard concentrations of bovine serum albumin (BSA) at 540 nm using the UV-Visible
Spectrophotometer. The results obtained were used in plotting the calibration curve from which the
concentration of gamma globulin in every test sample was calculated.
Optimisation of kinetics parameters
Incubation period was optimised by weighing 5.00 mg of Ti powder; this was added to 1.00 ml of 0.10%
globulin solution. The solution was shaken for 15 minutes while incubating at 37°C. The suspension was
allowed to settle and the supernatants were collected. Biuret assay was performed on the supernatant
samples and the amount of globulin adsorbed was calculated using the calibration curve of bovine serum
albumin (BSA). The experiment was repeated at incubation periods of 30, 45, 60, 120, 180 and 240
minutes respectively.
The amount of adsorbent (Ti) was optimised by weighing separately 5.00 mg, 10.00 mg, 15.00 mg, 20.00
mg, 25.00 mg, 30.00 mg, 35.00 mg, 40.00 mg, 45.00 mg and 50.00 mg of Ti powder, these were added to
1.00 ml of 0.10% globulin solutions respectively. The solutions were shaken for 120 minutes while
incubating at 37°C and biuret assay was performed on the supernatant.
The optimum amount of globulin bound onto Ti was investigated by preparing 0.10% , 0.20%, 0.30%,
0.40% and 0.50%, 0.60%, 0.70%, 0.80%, 0.90% and 1.00% (w/v) standard solutions of globulin. 1.00 ml
of each standard solution was added to 40.00 mg of Ti. The solutions were shaken for 120 minutes while
incubating at 37°C and biuret assay was performed on the supernatant.
Incubation time was optimised by weighing accurately 40.00 mg of Ti powder (optimum amount of
adsorbent); this was added to 0.50% globulin solutions. The solutions were shaken for 120 minutes while
incubating at 31°C and biuret assay was performed on the supernatant. The experiment was repeated at
incubation temperature of 33°C, 35°C, 37°C, 39°C and 41°C respectively.
Optimisation of pH of globulin adsorption onto Ti was performed by weighing accurately 40.00mg of Ti
powder; this was added to 1.00 ml of 0.50% globulin solutions and pH adjusted to 4.0,5.0, 6.0, 7.0, 8.0
and 9.0 with phosphate buffer solution respectively. The solutions were shaken for 120 minutes while
incubating at 37°C and biuret assay performed on the supernatant.
Kinetics studies
The kinetics of globulin adsorption onto Ti was studied by monitoring the rate of globulin adsorption onto
Ti with time. 1.00 ml of 5.00% (w/v) globulin solution (optimum amount of adsorbate) was added to
40.00 mg Ti powder (optimum amount of adsorbent) and pH adjusted to 7.00 (optimum pH) with
phosphate buffer solution. The solution was shaken for 5 minutes while incubating in a 37°C shaker
(optimum temperature); the suspension was allowed to settle and the supernatant collected. The
experiment was repeated at varying incubation periods of 10, 15, 20, 25, 30, 35, 40 minutes and at 120
minutes (optimum incubation period) respectively. Biuret assay was performed on the supernatant
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samples and the amount of globulin adsorbed was calculated by reference to the standard calibration
curve of bovine serum albumin (BSA).

RESULTS AND DISCUSSION
Optimum incubation period
Figure 1 is the plot of bound globulin against incubation time in which the amount of globulin adsorbed
onto Ti surface increased with increase in incubation period until at 120 minutes where increase in
incubation period did not result to further increase in adsorption of globulin molecules. Therefore, the
optimum incubation period of globulin adsorption onto Ti surface is 120 minutes.
Optimum amount of titanium
Figure 2 is the plot of the amount of globulin adsorbed onto different amounts of Ti at 120 minutes
incubation period. The result shows that the amount of globulin adsorbed onto Ti surface increased with
increase in the amount of Ti surface until at 40.00 mg of Ti. The same amount of globulin was adsorbed
onto 40.00 mg, 45.00 mg and 50.00 mg of Ti respectively. This implies that the optimum amount of Ti
onto which globulin could adsorb is 40.00 mg under the conditions tested.
Optimum amount of globulin adsorbed onto titanium
Figure 3 is the plot of the amount of globulin adsorbed onto 40.00 mg of Ti versus initial amount of
globulin solutions at 120 minutes incubation period, it is observed that the amount of globulin adsorbed
onto Ti surface increased with increase in the amount of globulin until at 0.50% (w/v) globulin solution.
The same amount of globulin was adsorbed onto 40.00 mg of Ti when 0.50%, 0.60%, 0.70%, 0.80%,
0.90% and 1.00% globulin solutions were used for the adsorption studies respectively. This implies that
the optimum amount of globulin which could be used for the adsorption studies to yield optimum
adsorption of globulin onto 40.00 mg of Ti is 0.50% (w/v) globulin solution.
Optimum incubation temperature
Figure 4 is the plot of the amount of globulin adsorbed onto 40.00 mg of Ti at 120 minutes incubation
period in 0.50% globulin solution at various temperatures. The result shows that the amount of globulin
adsorbed onto Ti surface increased with increase in temperature until at 37°C where increase in
temperature resulted to gradual decrease in the adsorption of globulin molecules onto Ti surface.
Therefore, the optimum temperature of globulin adsorption onto Ti surface is 37°C.
Optimum pH
Figure 5 is the plot of the amount of globulin adsorbed onto 40.00 mg of Ti at 37°C and at 120 min
incubation period in 0.50% globulin solution at various pH values of 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0
respectively. It is observed that the amount of globulin adsorbed onto Ti surface increased with increase
in pH until at pH 7.0 where increase in pH resulted to gradual decrease in the adsorption of globulin
molecules onto Ti surface. Therefore, the optimum pH of globulin adsorption onto Ti surface is pH 7.0.
Kinetics of the adsorption process
Quantitative analysis of adsorption kinetics requires that the amount of adsorbate bound onto the
adsorbent is known as a function of time. Kinetics of globulin adsorption onto Ti was studied by
monitoring the rate of globulin adsorption with time under optimum conditions of incubation period,
amount of Ti, amount of globulin, temperature of incubation and pH values which are 120 minutes, 40.00
mg, 0.50%, 37°C, pH 7.0 and 120 minutes respectively, with the amount of Ti at least thirty five fold
excess over the amount of globulin. In a system where A and B react to produce P, the equation for the
reaction could be represented thus:

A+B—P @)
If the initial concentration of the reactant A is much larger than the concentration of B, the concentration
of A will not change appreciably during the course of the reaction, which implies that the concentration of
A will remain almost constant. Thus, the rate law with reference to the concentration of B could be
written as:

-d[B)/dt = K'[B]; Where K' = K'[A] )
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Equation (2) represents the differential form of the rate law. Integration of this equation and evaluation
of the integration constant C produces the corresponding integrated law. Substituting [B] = c into
equation (2) yields:

-dc/c =K'dt (3)

Integrating equation (3) gives:
Inc=-K't+C “4)

The constant of integration C could be evaluated by using boundary conditions. Att=0 and
concentration of B = ¢o. Therefore

C=lInc Q)

Where-
Inc=Inc, -K't Orc=cpe- " (6)

If the decrease in concentration of B is followed by photometric measurement then Beer’s law would be
obeyed by the reaction system. Therefore-

Abs =log Po/P =-log T=¢.c.d @)
Where T is transmittance, Abs is absorbance, £ is molar absorptivity, ¢ is concentration of the
adsorbate in solution, P, is the incident radiant power, P is the transmitted radiant power and d is path
length of light. The relationship between K' and In (Abs) could be obtained using the following
equations,

In (Abs) = K't + In (e.d) (8)
Or
In (Abs)= K'+C 9)

A plot of In (Abs) versus time yields a straight line whose slope is the pseudo-first order rate constant
K'. The value of K' is divided by the known, constant concentration of the more concentrated reactant
(A) to obtain the true second order rate constant K.

K=K'/[A] (10)

In adsorption studies interest is centred on the amount of adsorbate bound onto the adsorbent, where
absorbance (Abs) is proportional to free (unadsorbed) adsorbate while bound (globulin) adsorbate is the
free globulin subtracted from globulin not suspended in Ti powder (control). In bound globulin (BD)
was plotted against time to obtain the pseudo first order plot of the adsorption of globulin onto Ti as
shown in Figure 6. The rate (K') obtained is 3.30 x 10” min™' while the degree of fitness of the data (R?)
is 0.9997. The linearity of this plot indicates that the adsorption is first order with respect to the amount
of globulin bound onto Ti. Therefore, the rate equation could be represented with equation 11.

d[glo]/dt = [glo][Ti] (11)
K =K'/[Ti] (12)
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Where [glo] is amount of globulin, [Ti] is amount of Ti, K' is Pseudo first order rate constant,
K is second order rate constant calculated from equation 10.

K =0.0033/40.00 = 0.0000825 mg/mlmin

K =8.25 X 10” mg/mlmin

Weber-Morris intra-particle diffusion model

Intra-particle diffusion model is a graphical method to prove the occurrence of intra-particle diffusion
and to determine if it is the rate determining step in adsorption process. The diffusion model of the
adsorption of globulin to Ti was characterised using the relationship between specific sorption (qt) and
the square root of time (t"%)*'"'* as shown below:

gt=Kidt"? + C (13)

Where qt is the amount of gamma globulin adsorbed per unit mass of titanium at time t, Kid is the intra-
particle diffusion rate constant (mg/mlmin—"), C is the intercept and t is time in minutes. The values of
qt were correlated with t"* as illustrated in Figure 7. The values of qt were found to be linearly
correlated with values of t'* as evidenced by R? values which is equal to unity. From the plot, the value
of intra-particle diffusion rate constant (Kid), is 0.0882 mg/mlmin—"2. This result indicate the presence
of intra-particle diffusion process as one of the rate determining steps®™'’'® besides, many other
processes controlling the rate of adsorption, all of which may be operating simultaneously'’. In
adsorption process, it has been proved that when the adsorbate species are transported from the bulk of
the solution to the solid phase through intra-particle diffusion/transport process, it is referred to as the
rate determining step’™".

Kinetics models
The data obtained were studied by applying kinetic models proposed by Lagergren for first and second

order kinetics®, Bhattacharya and Venkobachar model*'. The linear form of these models is given
below:
Lagergren first-order model

Log (ge-qt) = log qe- ( Kaa/2.303)t (14)
Lagergren second-order model

(1/qe-qt) = (1/ qe) — Kt (15)
Bhattacharya and Venkobachar model

Log [1-U(T)] = ( Kaas/2.303)t (16)

Natarajan and Khalaf model
Log [ci/c] = ( Kugs/2.303)t (17)

Where g is the amount of gamma globulin adsorbed per unit mass of the Ti at equilibrium, ¢, is the
amount of gamma globulin adsorbed per unit mass of Ti at time t respectively, U (T) = [(C; - Ct)/(Ci -
C.)] function of time, C. is the amount of gamma globulin adsorbed per unit mass of the Ti at
equilibrium, C; is the amount of gamma globulin at time zero (initial amount), C, is the amount of
gamma globulin at time t respectively, k.4 is Bhattacharya and Venkobachar first order adsorption rate
constant (min™), Kpg is Natarajan and Khalaf first order adsorption rate constant (min™), and t is time
in minutes. The values of log (qe - qt), 1/(ge — qt), log [1 - U(T)] and Log (Ci/C;) were correlated with
time as shown in Figure 8, 9 10 and 11 respectively.

The rate constants obtained from the Lagergren first-order model, Lagergren second order model,
Bhattacharya and Venkobachar, Natarajan and Khalaf plots are -0.0096 min”, 0.0801 mg/mlmin, -
0.0096 min™ and -0.0016 min™' respectively, while the degree of fitness of the data (R*) are 0.9879,
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0.9422, 0.9879 and 0.9996 respectively as presented in Table 1. The rate constants and degree of fitness
(R?) values obtained for Lagergren first-order model and Bhattacharya and Venkobachar models were
found to be approximately equal. The linear correlations for the pseudo first-order models which are
Lagergren first-order model, Bhattacharya and Venkobachar, Natarajan and Khalaf models were found
to be statistically significant at 95 % confidence level and indicate the applicability of these kinetic
models and the pseudo first order nature of the adsorption of gamma globulin onto Ti. Natarajan and
Khalaf pseudo first-order model provided the best description of the data obtained as shown in the
highest value of degree of fitness among the models used in the study.

CONCLUSION
Gamma globulin could adsorb onto Ti surface, the adsorption was observed to be pseudo first order, the
linear correlations for the pseudo first-order models were found to be statistically significant at 95%
confidence level which indicates the applicability of these kinetic models and the pseudo first order
nature of the adsorption process. However, Natarajan and Khalaf pseudo first-order model provided the
best description of the data obtained among the models employed. Weber-Morris intra-particle
diffusion model indicated the presence of intra-particle diffusion process as one of the rate determining
steps. These findings are insight into the mechanism of the biocompatibility of Ti when used as
biomaterial.
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Table -1: Rate Constants and R* values for the kinetic models
Kinetic models Rate constants and R’ values
Lagergren first-order model Kad -0.0096 min™'
R’ 0.9879
Lagergren Second order model K 0.0801 mg/mlmin
R’ 0.9422
Bhattacharya and venkobachar Kads -0.0096 min’
R’ 0.9879
Natarajan and Khalaf Equation Kaps -0.0016 min’
R’ 0.9996
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