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Abstract: Surface tension is a physical phenomenon that occurs as a result of the presence of a
cohesive force between molecules of the liquid. Many biological processes depend on wetting and
interfacial tension. The physical properties of the blood are of great importance according to their
effect on the circulatory system. One of these physical properties is surface tension. As the blood
could be treated as suspension, this study aims to study the effect of physical properties of
erythrocytes on the surface tension of the blood. Blood surface tension was measured by maximum
bubble pressure. This method offers the most accurate method to evaluate the surface tension of
biofluid. Strong correlations between blood surface tension and mean erythrocytes volume, and the
aggregation index of erythrocytes were found. No correlations between blood surface tension and
erythrocytes Zeta potential and erythrocytes deformability were found. It can be concluded that not
only the biochemical factors influence blood surface tension but also the physical properties of
erythrocytes.
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1. Introduction

Biological processes within the human body depend on biofluids such as blood and urine. The
physical and chemical properties of biofluids are of great importance and are used in determining the
health status of the human and the diagnosis of diseases [1]. One of the most important parameters of
liquid is surface tension. Surface tension is a phenomenon that can be observed during daily life in
many processes in nature. The surface tension of biofluids is of great importance as most
biochemical reactions occur at the surface and interface [2].
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Blood surface tension is one of the physical properties of blood that is of great importance in
many biological functions. The area of study of blood surface tension is not considered an area of
preliminary studies, but it is of practical importance in the field of diagnosis and treatment of
diseases [3-5].

Surface tension, as an intricate property of a fluid, depends on many factors such as temperature
and viscosity [6]. Human blood contains numerous low-and high molecular weight surfactants,
proteins, and lipids that adsorb at fluid interface. The composition of these materials varies according
to gender and age, which makes the surface tension of the blood can be changed by changing the age
and gender of the human [7,8]. In biofluids, interfacial forces are involved in cell-to-cell adhesion
and maintenance of cell morphology [2].

Recently, the powerful techniques of the dynamic surface tension measurements have been
developed and successfully applied to various biological liquids [8]. The recent ‘adjustments’ of such
a general method of blood diagnostics are of particular importance for productive and domestic
animals, for diagnostics in veterinary medicine and some biomedical applications [7].

Previous studies have focused heavily on the effect of biochemical parameters on blood surface
tension, as well as study the effect of gender and age on it [2,7,9]. The effect of suspended blood
cells on whole blood surface tension is still under investigation. Since erythrocytes represent the bulk
of blood cells, this study aims to study the effect of the physical properties of erythrocytes on the
surface tension of whole blood.

2. Materials and methods

Human blood samples (n = 20) were collected from adult males aged 35-45 years. Blood was
collected by venipuncture in evacuated tube contains EDTA as an anticoagulant. 2 mL from each
sample was sent to the clinical laboratory to measure the blood indices by hematology autoanalyzer
and to ensure that the samples were free of any diseases affecting the measurements. Mean cell
volume (MCV), hematocrit (Hct), and erythrocytes count (RBCs) were indicated form blood indices.
All samples were divided in several volumes and stored in the refrigerator at 4 °C until
measurements were made. All samples were used within a maximum of 24 hours from the date of
collection. When the measurements were done, the samples were incubated at 37 °C for 5 min in
water path.

Bubble Pressure Tensiometer (KRUSS BP 50) was used to determine the dynamic surface
tension (y) of the blood [8,10]. This tensiometer allowed to use small sample volume (4 mL) with
fully automated measurement. The surface tension of erythrocytes suspended in phosphate buffer
saline (PBS) was measured in order to evaluate the effect of the presence of plasma on whole blood
surface tension.

Zeta potential measurement was done by Zeta meter System 4.0. (Zeta-Meter, Inc Staunton
VA 24402 USA). This system measure Zeta potential ({) using a technique called
microelectrophoresis. 2 mL of blood was placed in a viewing chamber called an electrophoresis cell.
Then an electric field was activated. This causes the cells to move with a velocity that is proportional
to their zeta potential.

Erythrocytes aggregation and deformability were determined by a Laser-assisted Optical
Rotational Cell Analyzer (LORCA, RR Mechatronics, Hoorn, The Netherlands). Erythrocytes
aggregation was also determined by the LORCA system. For determination of erythrocytes
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aggregation and deformation, the blood was centrifuged at 3000 to 4000 rpm for 5 min. The plasma
and buffy coat were then removed. Erythrocytes were washed three times in phosphate buffered
saline (PBS) solution (pH 7.4, 290 mOsmol/kg). The washed erythrocytes were resuspended in
autologous plasma with the hematocrit being fixed at 30%. The samples were sheared at a high shear
rate in order to disperse all pre-existing aggregates, following by reducing shear rate gradually to zero.
The extent of erythrocytes aggregation was determined by measuring the aggregation index (Al).
Erythrocytes deformability was measured at 37 °C based on laser diffraction patterns obtained at
defined shear stress. The LORCA system determines RBC elongation under shear and reports an
elongation index (EI) which is directly proportional to erythrocyte deformability.

3. Statistical analysis

Surface tension measurement was done in triplicate, and the result was represented as mean =SD.
Correlation analysis (Pearson’s correlation) was done for the relationships between surface tension
and other parameters. SPSS 23 (IBM Corp. Released 2015. IBM SPSS Statistics for Windows,
Version 23.0. Armonk, NY: IBM Corp.) was used in data analysis.

4. Results and discussion

The measured y was 52.8 + 2.3 N/m for normal blood samples. E. Hrnéii and J. Rosina
measured blood surface tension by the drop method. Their results showed that The relative blood
surface tension in the examined group (n = 71) was 55.89 +3.57 x 10°® (SD) and no significant
differences between men and women were obtained [11]. Values of blood surface tension obtained in
this study were in agreement with the previous studies which used different measurement methods of
blood surface tension.

Figure 1 illustrates the relationship between surface tension and the mean volume of
erythrocytes. The results showed a change in the blood surface tension with the size of the
erythrocytes. A strong positive correlation (R=2= 0.65) between y and MCV was indicated. Figure 2
shows positive relationship between blood surface tension and packed erythrocytes volume (R? = 0.65).
In contrary, erythrocytes counting was inversely proportional to surface tension (R? = 0.78) as
indicated in Figure 3. Hadidimasouleh et al. established a new model to take in a count the presence
of suspended particles in colloidal suspensions when measuring surface tension by maximum bubble
pressure method. They demonstrated that surface tension could be altered by the concentration and
size of colloidal particles [12]. Assuming that blood is a suspension, the results obtained in this study
are consistent with the results of previous studies in terms of the effect of the volume of suspended
particles (erythrocytes) on the surface tension of suspension (blood).
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Figure 1. The surface tension of the blood changes directly by erythrocyte volume. The
Surface tension is positively correlated with mean erythrocyte volume.
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Figure 2. The surface tension of the blood changes directly by haematocrit percentage.
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Figure 3. The surface tension of the blood changes inversely by erythrocytes count.

Figure 4 shows the association of blood surface tension with the aggregation index (Al) of the
erythrocytes. Strong direct correlation (R? = 0.6) was indicated for the relationship between y and AL
L. Dong and D. Johnson, studied the surface tension of charge-stabilized Titania suspensions. They
found that the surface tension of this suspension strongly depends on the particle concentration. To
stages of the variation in surface tension with particle concentration were indicated: i) decrease of
surface tension at low concentration ii) increase in surface tension with a further increase in the
particle concentration. They explained that as capillary forces may acting between suspended
particles causing the increase in the surface tension at the higher concentrations [13]. Erythrocytes
could be considered as negatively charged particles suspended in plasma. Erythrocytes form
aggregates at low shear rate or stasis. These aggregates take network like shape. The association
between surface tension and erythrocytes aggregation given in this study may be explained as the
size of aggregates increase the capillary forces increase causing influence the surface tension.
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Figure 4. Blood surface tension is strongly correlated to the aggregation index.
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Figure 5 illustrates the relationship between blood surface tension and Zeta potential. A weak
correlation (R? = 0.2) between vy and ¢ was found. Figure 6 shows the relationship between the blood
surface tension and erythrocytes deformability. Also, a weak correlation was found (R? = 0.4) for the
relationship between y and EI. This can be explained as the fact that surface tension is affected by the
bulk properties of the suspended particles and not by the internal properties of the particles. Plasma
includes many chemicals components which have direct effect on whole blood properties. Figure 7
illustrates the effect of the presence of plasma on surface tension. The value of y for erythrocytes
suspended in plasma was 52.8 2.3 N/m while for erythrocytes suspended in PBS was 50.5 £0.25
N/m. there was no significant deference between both values. Indeed, this confirms the hypothesis
that the physical properties of blood cells can be one of the important factors in the change of surface
tension of blood beside the other biochemical factors.
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Figure 5. The Surface tension is weakly correlated with erythrocytes Zeta potential.
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Figure 6. Blood surface tension is weakly correlated with erythrocytes deformability.

AIMS Biophysics Volume 6, Issue 2, 39-46.



45

58

56

54 —

52 4

[ 7
50 J - =
48

46

v (N/m)

T T
Erythrocytes suspended in plasma Erythrocytes suspended in PBS

Figure 7. Comparison of surface tension in the case of erythrocytes suspended in plasma
and in Phosphate-buffered saline.

5. Conclusion

Particles suspended in colloidal suspension affect the surface tension of the suspension. This
fact draws our attention to the need to take into account the physical properties of blood cells when
studying the surface tension of blood and its derivatives. From this study it can be concluded that not
only biochemical agents are affecting surface tension, but also the physical properties of erythrocytes
can have an effect on it.
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