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ABSTRACT 

This study investigated the interactive effects of Hepatitis C virus on human cells using the 
contact angle approach. The methodology involves the use of sessile drop approach to de-
termine the contact angle formed on the infected and uninfected blood cells in the presences 
of glycerin as the probe liquid. It was observed that the presence of the virus in the human 
blood cells depleted the immune system of infected cells giving rise to a decreased CD4 
count on the average of 514.5 ± 243.10 when compared with the uninfected cells CD4 count 
of 1267.2 ± 368.27. The measurement of contact angle also unveils that among the blood 
components separated in the course of the experiment, the white blood cell is the principal 
target of the virus with the highest average contact angle of 63.4 ± 3.20 while the uninfected 
white blood cells have a lower contact angle of 48.5 ± 2.75. The result of the measured con-
tact angle was used for MATLAB computation to determine the surface energy, force of 
adhesion and the Hamaker coefficient. Response surface methodology was also employed in 
this study to visualize the viral impact on the blood cells as well as generating model equa-
tions for prediction of the interaction between the virus and the blood cells. Infected sur-
faces on the average have higher values of Hamaker coefficient than uninfected surfaces. It 
was discovered that an increase in the contact angles causes a significant increase in Ha-
maker coefficient with a corresponding decrease in the CD4 counts on the infected surfaces. 
This increase is attributed to the presence of the HCV virus in the infected samples and the 
highest value was observed in the white blood cell component. Computation of the com-
bined negative Hamaker coefficient revealed that there exists a possibility of separating the 
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virus from the human lymphocyte, hence a negative value of the A132 of the infected sample 
was seen to be −0.150 × 10−18 mJ/m2 (−0.150 × 10−25 J). This is in agreement with the value 
reported in literature when an alternative method to contact angle was used (ultraviolent 
spectrophotometer approach) to investigate HIV infected human cells. The combined nega-
tive Hamaker coefficient of −0.281 × 10−25 J was obtained in that study. Both results have 
unveiled the possibility of applying the concept of combined negative Hamaker coefficient 
as a means of separating the virus from the lymphocytes. It therefore implies that additives 
in the form of drug(s) to the serum (as an intervening medium) which could alter the sur-
face energy of the serum to a value of ≥−0.150 × 10−25 J can have the capability of totally 
isolating the virus from the lymphocytes. 

 

1. INTRODUCTION 
Hepatitis C is a global health burden to both industrialized and developing countries infecting an es-

timated 3% of the world population. It represents a viral pandemic that is 4 - 5 times more prevalent than 
HIV infection, therefore the reduction of global mortality and morbidity related to hepatitis C is of great 
concern to public health [1]. It is an infectious disease affecting the liver with no symptoms at the initial 
stage of the infection and at long term impact of chronic infection causes permanent liver damage, cirrho-
sis, hepatocellular carcinoma and even death [2]. Despite infecting a great number of people worldwide, 
the global burden of HCV infection remains at large a silent epidemic because acute infection is generally 
asymptomatic and morbidity and mortality arise only after years of infection [3]. As at 2018, no approved 
vaccine protects against hepatitis C virus [4], prevention includes testing of donated blood, harm reduc-
tion efforts among people who use intravenous drugs. However enormous advances have been made in the 
treatment of hepatitis C virus infection, currently the combination of pegylated interferon-alpha and riba-
virin (RBV) is the standard treatment for the infection and it has so far achieved less than 50% success 
with each HCV genotype showing differences in sustained virological response (SVR) to therapeutic 
strategy, especially genotype 1 regarded as more problematic showing less than 50% HCV clearance [5]. 

1.1. Thermodynamic Approach to Hepatitis C Virus and Blood Cells Interaction 

Before now, treatment successes recorded from the use of antiviral drugs has been achieved from 
various markers such as CD4 cell counts, virology and immunology. Sustained virological response is 
achieved when the antiviral on continued administration reduces the viral load of HCV to clinically unde-
tectable levels within the first 12 - 24 weeks. Within this period, the immunological response by virtue of 
the steady administration of the drugs on the HCV infected blood is the increase of CD4 cell count. Clini-
cally, the symptoms of the infection as believed will subside within this period. However these antiviral 
drugs do not eliminate totally the virus from the blood stream and only provides a functional cure with 
side effects. It is against this backdrop that this study has looked beyond the clinical approach and is anc-
hored on the thermodynamic response by determining the net repulsive van der Waal forces between the 
HCV and the lymphocytes. A negative value of the van der Waal forces of interaction (Hamaker Coeffi-
cient) suggests total separation of the virus from the blood cell. The interaction between the HCV-RNA 
can be likened to particle-particle interactions [6].  

Mechanism of interactions can be achieved with an in-depth knowledge of the surface properties de-
termination of the interacting particles. A common area of contact is established as soon as two particles 
meet each other. Therefore, a certain portion of each particle gets displaced through work. Work responsi-
ble for the displacement of a unit area is known as surface free energy. The consecutive impact on the sur-
face is known as surface thermodynamic effects. In this particular study similar occurrence can be envi-
saged to characterize the HCV-RNA particles [7]. 
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The attraction and repulsion of particles in a fluid medium was made explicit in the classical works of 
Hamaker when he established that “if two particles are embedded in a fluid and the London van der waal 
forces between the particle and the fluid is greater than the particles themselves, it might be thought that it 
will result in repulsion rather than attraction’’. Owing to a peculiar property of London van der waal 
forces, the resultant force is generally attractive even when the particles are surrounded by the fluid [8]. 
When two bodies interact in a liquid medium, separation will occur due to dispersion forces only if the 
attraction of the bodies with the liquid is higher than that between the bodies themselves. 

The sign of a net van der Waal interaction between two different solid bodies or between two dis-
solved macromolecules in a liquid is often negative even if they are electrically neutral and even in polar 
liquids [9]. 

Now the new capability to change the attraction between solids submerged in liquids or dissolved 
molecules into repulsion have a considerable impact in separation methods. This will help throw an in-
sight into the possibility of separating the HCV particles from the blood cells which forms the basis of 
drug design for the treatment of HCV. 

Considering Hamaker expression for the free energy for such bodies in a liquid medium; 

( ) 132
212

F d A
dπ

∆ = −                                 (1.1) 

where ∆F is change in energy of adhesion, d is separation distance and 132A  is combined Hamaker coeffi-
cient. 

Assuming a minimum separation distance, do and Equation (1.1) is still valid for small separation 
distance, the Hamaker coefficient can now be expressed as; 

( )2
132 12 adhA d F dπ= − ∆                               (1.2) 

From the foregoing, the Hamaker coefficient can be calculated once the free energy of adhesion be-
tween two bodies is known. 

123 12 13
adhF γ γ= −∆                                  (1.3) 

12γ  is interfacial energy between the bodies in contact, 13γ  is tension between solid and the serum 
However, if the value of 132A  becomes closer to zero than ≈  3.5 × 10−15 ergs (3.5 × 10−22 J), an exact 

prediction of attraction and repulsion based on whether 132A  is positive or negative may no longer be re-
liable and this calls for a different separation method. 

The following criteria must be fulfilled for this situation to occur; 132 0A <  only when; 

11 33A A>  and 22 33A A<                           (1.4) 

11 33 22A A A< <                                (1.5) 

11 33 22A A A< <  or 11 33 22A A A> >                      (1.6) 

( )( )132 11 33 22 33A A A A A− −=                           (1.7) 

In relation to this study, 11 22,A A  and 33A  are Hamaker constants for uninfected white blood cell, 
infected lymphocyte and serum respectively [10]. 

1.2. Surface Tension of Blood Cells and Proteins 

Pathological features of diseases vary in the nature and the magnitude. Despite this diversity, the 
common feature of various disorders underlies the physiochemical and biochemical factors such as surface 
tension. Changes in the surface tension behavior of human biological fluid are characteristic for some dis-
eases. Studying these interfaces and the changes that occur will provide valuable information relating to 
various diseases and help to monitor the treatment efficacy. Biological tissues are viscoelastic materials and 
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the cells in a tissue behave very much like molecules in a fluid. This property enables them to change their 
position and move against each other. The morphology and shape of the organism are driven by the events 
that occur at the cellular level. The shape of a cell is the result of a balance of intracellular and extrinsic 
forces exerted on it. This behavior is defined through surface tension which tends to minimize the exposed 
area of the cell aggregate and maximize the cohesive forces. The intracellular forces on the membrane are a 
result of the cytoskeleton reorganization. Energy at the cellular level is usually measured through physical 
properties such as cell adhesion, viscosity, and cortical tension. Several approaches including adhesion ex-
periment, freezing front experiment, contact angle approach etc have been used to measure blood cells and 
protein surface tension and all the approaches used agree with the equation of state approach, thus estab-
lishing the impact of surface properties in biological systems. 

1.3. The Concept of Contact Angle 

Precise characterization of solid material surfaces plays a vital role in research and product develop-
ment in many industrial and academic areas. Wettability of the surface is important in processes like 
painting and printing, and has been utilized in the study of cell-biomaterial interactions. Contact angle of 
less than 90˚ (θ < 90˚) indicates that the wetting of the surface is favorable and the fluid spread over a large 
area of the surface while an angle greater than 90˚ (θ > 90˚) generally means that the wetting of the surface 
under consideration is not favorable and as such the fluid will minimize its contact with the surface to 
form a compact liquid droplet. More specifically, contact angle of zero (θ = 0) characterizes complete wet-
ting as the droplet turns into a flat puddle [11]. 

Young equation defines contact angle as: 
coslv sv slθγ γ γ= −                                 (1.8) 

where lvγ  represents the liquid-vapor interfacial tension, svγ  represents the solid-vapor interfacial ten-
sion, slγ  represent the solid-liquid interfacial tension and θ is the contact angle. 

It should be emphasized that to obtain finite, measurable contact angle, lγ  must be greater than sγ . 
When slγ γ< , the liquid forms no contact angle on the solid but spreads and wets it completely. The ex-
tent of partial wetting of the solid by the liquid is quantified by the value of θ. The lower value of θ signifies 
a better wetting ability and conversely, higher value of θ indicates a poorly wet surface. 

At this point, the spreading coefficient S becomes necessary, which is a measure of the difference in 
surface energy between the bare dry solid and the moist solid covered by the macroscopic film of liquid. 

( )s sl lS γ γ γ= − +                                     (1.9) 

If S ≥ 0, spreading occurs (complete wetting), then the work of adhesion is higher than the work of 
cohesion. When S is negative, the surface prefers to remain dry which is the case of partial wetting. The 
liquid will only spread to cover part of the solid and in equilibrium will assume a finite contact angle. It is 
worth stating here that the water contact angle can be taken as a measure of the relative hydrophilicity or 
hydrophobicity of a given solid. That is the higher the contact angle is, the more hydrophobic the solid 
surface becomes. In principle, solids having lower surface free energies, svγ  exhibit higher values of con-
tact angles [12]. Contact angle hysteresis is the difference in the angle formed as a result of either expand-
ing (advancing) or contracting (receding) of the liquid. The advancing angle approaches a maximum value 
while receding approaches a minimum value [13]. 

a rH θ θ= −                                   (1.10) 
where θa is the advancing angle while θr is the receding angle and H is the contact angle hysteresis. 

Neumann et al. measured the contact angle of a large number of liquids on solid surfaces, from which 
a curve of lvγ  plotted against coslvγ θ  was obtained and it agrees with the equation of state. The equa-
tion of state can be used to determine the value of svγ  from a single contact angle and the surface tension 
of the liquid [14]. 

( )cos ,lv lv svfγ γ γθ =                                (1.11) 
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Combining Equations (1.10) and (1.11) yields; 

( ) ( ), ,sl sv lv sv lv svf fγ γ γ γ γ γ= − =                           (1.12) 

The experimental procedure for measuring contact angle and its interpretation in terms of young’s 
equation was analyzed, stressing the need of how efficiently contact angle can be measured with strict ad-
herence [15]. 

1.5. Glycerol as Probe Liquid 

Glycerol is completely soluble in water and alcohol. It is slightly soluble in ether, ethyl acetate, and 
dioxane and insoluble in hydrocarbons. Glycerol has useful solvent properties similar to those of water 
and simple aliphatic alcohols because of its three-hydroxyl groups. Glycerol is a useful solvent for many 
solids, both organic and inorganic which is particularly important for the preparation of pharmaceuticals. 
The solubility of gases in glycerol, like other liquids is temperature and pressure dependent. 

The glycerin (C2H8O3) used as probe liquid for the experiment is an analytical reagent(AR) glycerin 
having the following composition; minimum assay 99.7%, water insoluble matter 0.003%, Sulphate ash 
0.05%, chloride 0.001%, Sulphate (SO4) 0.0025% and ammonium 0.02%. It is soluble in water and alcohol 

2. MATERIALS AND METHODS 
Standards and universal precautions followed in course of this research were in accordance with the 

Bloodborne pathogen standards enacted by the Centre for Disease Control(CDC) and also the NCCLS 
standards were equally observed in the collection, transportation, preparation, storage and safety of the 
blood specimen used for the experiment. Personal protective equipment (PPE) was equally used in the 
course of the experiment. 

2.1. Materials and Equipment 

The materials used for this study are disposable syringes and needles, microlitre pipette, HCV test 
kits, HIV test kits, glycerin solution, test tubes, test tube racks, prepared slides, 5.0 μl microlitre syringe, 
blood samples, gloves, 150 mm conical flask, ice pack container, cotton wool, spreader, slide racks. 

The following equipment were used for this study; refrigerator, digital electronic balance, partec cyf-
low counter machine, blood roll mixer, centrifuge machine, incubator, autoclave machine and Nikkon 
digital camera. 

2.2. Methods 

2.2.1. Cluster of Differential Cell Count (CD4) of Blood Samples 
Before the beginning of the experiment, the machine was cleaned by inserting into it 1600 μl each of 

cleaning solution, decontamination solution and shealth fluid. 850 μl of count check beads green was used 
on the machine to check for quality control. Quality of 25,100 per ml was obtained which falls between 
standard acceptable ranges of 23,270   10% per ml. 20 μl of CD mAb PE monoclonal antibody was in-
troduced into a sample tube and 20 μl of EDTA whole blood was added to the tube and both were gently 
mixed together. The mixture was incubated for 15 minutes in a dark field at room temperature. Added to 
the mixture is 800 μl of no lysed buffer solution, mixed gently and ran the program. The CD4 cell count on 
the whole blood samples was obtained using a Partec Cyflow Counter Machine. This helped to determine 
the level and progression of the HCV depletion of the immune system of the patients. The machine dis-
plays automatically the number of CD4 + T cells. 

2.2.2. Blood Sample Separation and Smearing 
The blood samples used for this study include ten samples of hepatitis C infected blood and ten sam-

ples of uninfected blood. The samples were collected from Chukwuemeka Odumegwu Ojukwu University 
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Teaching Hospital, Amaku in Nigeria. 
The samples were stored in an ethyl-diamine-tetra-acetic (EDTA) container to prevent the coagula-

tion of the blood and kept below room temperature in the refrigerator to keep alive the living components 
in the blood sample before the experiment. The samples were screened for HCV and HIV using test kits 
and the infection status confirmed to be HCV mono-infected for ten samples and the other ten uninfected. 
The experiment was carried out at the laboratory Unit of the Chukwuemeka Odumegwu Ojukwu Teach-
ing Hospital, Amaku. 

Laboratory activities carried out in the separation of the blood samples, the smearing of the whole 
blood and its components on the slides are as follows; 

100 μl each of infected and uninfected blood serum, white blood cell and red blood cells were smeared 
on their respective slides using the method of standard smearing and after which the blood samples were 
placed in the blood roll mixer and all the separated components unified so as to get the whole blood also 
smeared. The glycerin used as probe liquid for the study was dropped on the surface of the prepared slides 
using a microliter syringe. Contact was not made between the syringe and the test surface and the droplet 
volume was small enough to avoid impact effect on the surface and gravity effect negligible. The process of 
spreading was captured with a high definition Nikkon digital camera and the contact angle was measured. 
MATLAB computational software was used as a tool for modeling the interactions of HCV-RNA a using 
the data obtained from the experimental contact angle measurement. 

3. RESULTS AND DISCUSSION 
3.1. CD4 Count on Immune System of Blood Samples 

Table 1 depicts the CD4 results obtained from the Partec Cyflow Counter Machine for both the in-
fected and uninfected samples. In general, infected samples have low CD4 counts while the uninfected 
usually have high CD4 cell counts. CD4 cell counts indicate the severity of the hepatitis c virus infection. 
The highest CD4 count was seen on the uninfected samples while the lowest count was noticed on the in-
fected samples. On the average, infected samples have lower CD4 count which signifies the impact of the 
hepatitis C virus in the depletion of the immune system of the infected patients. 
 
Table 1. Measured CD4 counts of infected and uninfected blood samples. 

Blood Samples (B) Infected (counts/mm3) Uninfected (counts/mm3) 

B1 428 660 

B2 600 872 

B3 625 1780 

B4 312 1450 

B5 464 1500 

B6 247 930 

B7 852 1360 

B8 115 1520 

B9 704 1580 

B10 798 1020 

Average 514.5 1267.2 

SD 243.1059 368.2731 
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3.2. Measured Contact Angles 

The results of contact angles measured can be seen in Table 2 and Table 3. The infected blood was 
separated according to their respective blood components. 
 
Table 2. Contact angle of infected blood cells. 

Blood Samples Whole Blood (θ˚) White Blood Cells (θ˚) Red Blood Cells (θ˚) Serum (θ˚) 

1 60 65 59 60 

2 55 61 64 62 

3 58 63 58 63 

4 60 64 57 61 

5 60 67 56 59 

6 56 66 62 64 

7 55 58 63 58 

8 58 68 61 65 

9 54 62 60 66 

10 55 60 64 57 

Average 57.1 63.4 60.4 61.5 

SD 2.3781 3.2045 2.8752 3.0277 
 
Table 3. Contact angle of uninfected blood cells. 

Blood Samples Whole Blood (θ˚) White Blood Cells (θ˚) Red Blood Cells (θ˚) Serum (θ˚) 

1 50 47 48 58 

2 51 46 57 55 

3 40 48 45 45 

4 50 52 50 56 

5 45 50 52 53 

6 56 51 51 57 

7 55 45 49 54 

8 50 49 54 52 

9 43 44 47 50 

10 55 51 53 51 

Average 49.5 48.5 50.6 53.1 

SD 5.3593 2.7508 3.5653 3.8427 
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From the foregoing, it can be deduced that the hepatitis c virus has the ability of increasing the con-
tact angle of infected surfaces. Hence, infected surfaces are poorly wetted, leading to an increase in contact 
angle of such surfaces. Among the infected blood components, the white blood cell has the highest contact 
angle as evident in Figure 1, with a large gap existing between the other components. This leads to a logi-
cal conclusion that the white blood cells are the principal target of the virus with sole action of depleting 
the lymphocytes. 

The average contact angle of the infected white blood cells given as 63.4 ± 3.21 corresponds to the 
surface tension of glycerin which is the probe liquid used for this study. This is in accordance with litera-
ture report on the contact angle of HIV infected surfaces where the average contact angle of the three 
probe liquids used yielded same result. It is also in agreement with research result carried out using the 
equation of state on the surface tension of biological system of infected human lymphocytes [16]. 

3.3. Hamaker Coefficient (A132) of Blood Cells 

The concept of Hamaker coefficient is a function of the net van der Waal force of attraction or repul-
sion between particles suspended in a liquid. Theoretically a relationship exists between Hamaker coeffi-
cient (A132) and interfacial energies obtained from contact angle data as reported in Equation (1.1). The 
positive sign on the infected samples depicts attractive forces between the virus and the blood cells which 
connotes the HCV infection on the blood cells. The uninfected samples also have positive values though of 
little magnitude signifying the presence of other infections not due to HCV, hence the reason of low CD4 
count in some uninfected samples. 

Infected surfaces on the average have higher values of Hamaker coefficient than uninfected surfaces 
as reflected in Table 4. Increase in contact angle causes an increase in Hamaker coefficient with a corres-
ponding decrease in the CD4 counts on the infected surfaces. This increase is attributed to the presence of 
the HCV virus in the infected samples and the highest value was observed in the white blood cell compo-
nent. 

In contrast, the uninfected surfaces have lower values of Hamaker coefficient with a corresponding 
decrease in contact angle leading a higher CD4 counts on the uninfected surfaces. Other infections present 
in the HCV uninfected samples cause the value of Hamaker coefficient to be positive but certainly not he-
patitis C virus and the level of infection is insignificant hence a very low Hamaker coefficient value for 
uninfected surfaces. 

3.4. Response Surface Analysis of Hamaker Coefficient of Infected Blood Cells 

The results obtained from matlab computations were analyzed by applying the coefficient of deter-
mination (R2), lack of fit, response plots and analysis of variance (ANOVA) so as to determine the statis-
tical significance level and generate the model equation which will express the relationship between the 
predicted response and independent variables in coded values as seen in Table 5 and Table 6. 
 

 
Figure 1. Plot of contact angle versus blood samples. 
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Table 4. Hamaker Coefficient Values of Infected and Uninfected Blood Cells 

SN 

White Blood Infected White Blood Uninfected 

θ (˚C) A132 (mJ/m2) 
γsv 

(mJ/m2) 
Fadh 

(mJ/m2) 
θ (˚C) A132 (mJ/m2) 

γsv 

(mJ/m2) 
Fadh 

(mJ/m2) 

1 65 2.35E−17 32.38 −24.34 47 1.17E−17 45.27 −12.13 

2 61 2.08E−17 35.27 −21.55 46 1.11E−17 45.95 −11.50 

3 63 2.21E−17 33.83 −22.95 48 1.23E−17 44.58 −12.77 

4 64 2.28E−17 33.10 −23.64 52 1.49E−17 41.77 −15.39 

5 67 2.48E−17 30.95 −25.72 50 1.36E−17 43.18 −14.06 

6 66 2.42E−17 31.66 −25.03 51 1.42E−17 42.48 −14.72 

7 58 1.88E−17 37.45 −19.47 45 1.05E−17 46.63 −10.89 

8 68 2.55E−17 30.23 −26.41 49 1.29E−17 43.88 −13.41 

9 62 2.15E−17 34.55 −22.25 44 0.99E−17 47.30 −10.28 

10 60 2.01E−17 36.00 −20.86 51 1.42E−17 42.48 −14.72 

AVE 63.4 2.24E−17 33.54 −23.222 48.5 1.25E−17 44.35 −12.99 

SD 3.204164 2.15E−18 2.313597 2.225303 2.750757 1.71E−18 1.903218 1.758447 
 
Table 5. ANOVA for Hamaker surface response quadratic model. 

Source Sum of Squares Df Mean Square F-Value P-Value Prob > F 
 

Model 0.45 5 0.091 22.29 0.0004 Significant 

A-Contact Angle 3.397E−003 1 3.397E−003 0.83 0.3919 
 

B-Interfacial Energy 0.11 1 0.11 27.68 0.0012 
 

AB 0.053 1 0.053 12.96 0.0087 
 

A2 0.29 1 0.29 69.91 < 0.0001 
 

B2 7.348E−003 1 7.348E−003 1.80 0.2215 
 

Residual 0.029 7 4.080E−003   
 

Lack of Fit 0.016 3 5.188E−003 1.60 0.3232 Not significant 

Pure Error 0.013 4 3.250E−003   
 

Cor Total 0.48 12    
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Table 6. Quadratic model summary. 

Std. Dev. 0.064 

Mean 2.19 

C.V. % 2.91 

PRESS 0.13 

R-Squared 0.9409 

Adj R-Squared 0.8987 

Pred R-Squared 0.7290 

Adeq Precision 12.703 
 

The “Pred R-Squared” of 0.7290 is in reasonable agreement with the “Adj R-Squared” of 0.8987; i.e. 
the difference is less than 0.2. “Adeq Precision” measures the signal to noise ratio. A ratio greater than 4 is 
desirable. Table 6 predicts a ratio of 12.703 which indicates an adequate signal. This means that the model 
is a good one for predicting Hamaker coefficient in relation with contact angle and interfacial energy due 
to HCV infection. 

2
132

2 2 2

2.05 0.021 0.12 0.12 0.20

0.033 0.20 0.033

A A B AB A

B A B

= − + + +

+ + +                     
 (1.13) 

The ANOVA indicates the equation and actual relationship between the response and significant va-
riables represented by the Equation (1.13) is accurate. The R2 value of 0.9409 indicates a good measure that 
outcomes are likely to be predicted well by the developed models. The contour and the surface plot on 
Figure 2 and Figure 3 also reveal graphically the interaction between the independent variable and the 
response. 

3.5. Determination of the Negative Hamaker Coefficient 

The concept of negative Hamaker coefficient is a tool employed by this study to check the feasibility 
of separating the lymphocytes and the hepatitis C virus. It is a principle rooted on the net van der Waal 
forces of attraction and repulsion. The Hamaker constant of each blood sample is used to predict the at-
traction or possibly rejection of particulate matters interacting in the system. Table 7 is the computed 
combined Hamaker constants A11, A22 and A33 of the total of ten samples of the blood used for this study to 
yield the average combined negative Hamaker coefficient (A132) of infected and uninfected blood. 

As stated in Equations (1.5) to (1.7), the condition for rendering combined Hamaker coefficient neg-
ative is that Hamaker constant A11 is greater A33 which in turn is also greater than A22. The infected lym-
phocytes are assumed to be an approximation of the virus A22. Equations (1.5) and (1.6) can be used to 
obtain the interaction energy for the lymphocytes and the virus. 

The A132 of the infected sample was seen to be −0.150 × 10−18 mJ/m2 (−0.150 × 10−25 J). This is in 
agreement with the value reported in literature that HIV infected cell using the Hamaker approach has a 
combined negative Hamaker of −0.281 × 10−25 J [17]. Both results have unveiled the possibility of applying 
the concept of negative Hamaker as a method of separation of interacting particles. 

4. CONCLUSION 
The measured contact angle data revealed that HCV infected surfaces have higher average contact 

angles for all blood components than the uninfected sample. In the case of white blood cell, the contact  
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Figure 2. Contour plot of Hamaker coefficient for infected white blood cells. 

 

 
Figure 3. 3D surface plot of Hamaker coefficient for infected white blood cells. 
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Table 7. Computations for Combined Negative Hamaker Coefficient (mJ/m2) 

 A11 (mJ/m2) A22 (mJ/m2) A33 (mJ/m2) A131 (mJ/m2) A232 (mJ/m2) A132 (mJ/m2) 

Infected 
 

0.224 × 10−16 0.211 × 10−16 - 1.103 × 10−18 −0.150 × 10−18 

Uninfected 0.125 × 10−16 - 0.160 × 10−16 0.21 × 10−18 - - 
 
angle of the infected cell is 63.4˚ ± 3.20˚ and uninfected cell is 48.5˚ ± 2.75˚. The presence of the virus in 
the infected sample causes the surfaces to be poorly wetted and as such leads to an increase in the contact 
angle. The infected samples subjected to various treatments were observed to exhibit a reduction in meas-
ured contact angle. The negative value of the combined Hamaker coefficient (A132) for HCV infected sam-
ple given as −0.150 × 10−25 J signifies van der Waal repulsion in the interacting particles indicating that the 
virus can be isolated from the lymphocyte when the serum acting as the intervening medium is altered. All 
the drugs used have a reduction effect on the surface energy of the serum (A33) and an increasing effect on 
the surface energy of the infected lymphocyte (A22). 
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