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1 Abstract

Blood has certain significant physical properties, which the authors investigated. This paper provides values of surface
tension and viscosity of blood at 37°C, as well as relationship between them plotted on a cross-plot. By applying Hagen-
Poiseuille equation and Jurin’s law to the experimentally obtained data, the authors calculated with great accuracy
viscosity and surface tension of blood. Evaluating both of the properties using described methods required from the
authors to know the density of investigated liquid, which was found to be on average p = 1063, 56%. The authors took
blood samples from 30 healthy subjects and determined aforementioned physical properties. There has been made a
distinction in regard of a sex of the blood donor. Results indicate that both surface tension and viscosity are independent
from sex of a subject, as well as indicate that there is no correlation between viscosity and surface tension of blood at
37°C. Average values of surface tension and viscosity were found to be ¢ = 5,241 £ 0,262 - 10_2# and 7 = 3,352 &+
0,360 - 10~3Pa - s, respectively.
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2 Introduction

Importance of studying blood properties is indisputable.
A deep red fluid that flows out taking life with itself
aroused fascination from the very beginning of human’s
cognition. In the light of nowdays advanced medicine it
is still among the most commonly discussed connective
tissues and it spreads a considerable interest due to it’s
importance. Since humans consist in major part of blood, it
requires thoroughgoing analysis and investigations. With
this in mind, the authors decided to make a contribution
to broadening the knowledge about the one of the
most important human’s connective tissues. Despite the
whole blood being already deeply investigated, neither
surface tension nor viscosity have fixed values, and those
properties still require profound investigations. There
do exist many works related to the aforementioned
properties'1?, nevertheless to the best of the author’s
knowledge not much work has been done to investigate
whether there exist a correlation between surface tension
and viscosity for colloids such as blood and organic fluids
at all, beyond those by Schonhorn? and Pelofsky!?, which
give reasonable results for most of fluids. However, there
have been made no attempt to investigate this relationship
for the human blood. In general, all works are empirical
and there is still no widely accepted theoretical model
connecting viscosity and surface tension. Thereby, the
authors depicted the relationship resultant from their
investigation for the human blood on a cross-plot for
the whole blood at 37°C. The authors reckon the
importance of surface tension and viscosity of blood is
underestimated as they do not appear in many medical
books and coursebooks, despite being a source of valuable
information about an organism!'#7#7. Thus the authors
felt determined and motivated to conduct all experiments
and basing on the obtained data evaluate the values of
aforementioned physical properties and investigate the
probable correlation between them.

3 Materials and methods

Whole blood was taken from 30 volunteers, among whom
there were 15 men and 15 women. Blood was collected
into heparinized test tubes and investigated within 5
hours after collection.  Viscosity, surface tension and
density were experimentally evaluated. Each property is
dependent from many variables including temperature,
protein content and haematocrit. There have not been
made distinctions in regard to haematocrit and protein
content, though temperature was fixed at 37°C and both
surface tension and viscosity have been evaluated under
this condition. Glass capillary tubes of diameter 1mm and
2,4mm were used during investigations of surface tension
and viscosity, respectively. Blood was weighted on a scale
of 0,01 gram measuring accuracy.

Viscosity of blood has been calculated using Hagen-

trertAp

Poiseuille equation which can be stated as: 7 = VT

where:

1 - is the dynamic viscosity of the liquid,

t - is the time that it takes the volume V to flow
through the capillary tube of length 1 and radius r under
average pressure Ap. Needed variables were measured by
Poiseuille method!! of letting liquid to freely flow through
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a capillary tube. In this experiment the tube was 5cm long
and the average pressure between the ends of the tube was
estimated to be 260Pa. Method was based on attaching
the capillary tube at the opening of the properly caulked
test tube, then turning the system upside down in order
to enable required laminar flow through the capillary.
This procedure was done swiftly, with previously the test
tube being, gently turned upside down a few times, to
minimalize the effect of aggregation of red cells on whole
blood viscosity’. Hagen- Poiseuille equation'?!% assumes
laminar flow, the authors checked if this condition was
satisfied. The boundary value of Reynolds number!* [Re =

pTUl] for the whole blood is thought to be around 2000'41°,

below this critical value the flow is supposed to be laminar.
Though in our case Re has slightly exeeded this value it
was shown that the laminar flow can be maintained up to
the value of Re = 12000.'°In fact we can assume with high
probability that the flow was indeed laminar in our case.
In determining the surface tension of blood using Jurin’s

pghr
2cosf 7

law!718, which is followed by the equation: ¢ =
where:

o - is the surface tension of liquid,

p - is the mass density,

h - height at which fluid rose in capillary of radius 1,

cos @ - is the contact angle between the fluid and the wall
of the capillary tube,

g - is gravitational acceleration equal to 9,817, it was
necessary to measure the height at which the liquid rose in
the capillary tube. The angle was evaluated to be 20° £ 10°.
Process of the measurement looked the following - the
sample of blood was poured into the Petri dish, the single
capillary tube was perpendicularly steeped into the liquid
and held still for 30 seconds. After that the tube was gently
placed next to the ruler for the height of the liquid to be
measured. As no measurement was aimed directly into the
wanted values, the authors were obligated to use the exact
differential method while coping with measurement error.
This research was approved by Bioethical Committee at
Lower Silesian Medical Association on 10th of April 2019.
Number of the approval is 2/PN/2019.

4 Results

Average value of surface tension and viscosity are 5,278 -
10725, 5,204 - 1072, and 3,293 - 1073Pa - 5, 3,411 -
1073Pa - s among female and male samples, respectively.
Exact results are presented in tables (see Tab.1 and Tab.2).
It can be claimed that those values are independent from
the sex of a subject. Average density of blood was found

to be 1063, 56%. No unexpected values of neither surface
tension and viscosity nor density occurred. Relationship
between these properties is shown on a cross-plot (see.
Fig.1).Viscosity assume many different values at the same
level of surface tension, thus the authors conclude there
is no correlation viscosity-surfce tension for human whole
blood at 37°C. There are some points corresponding to
higher and lower surface tension, this might be mainly the
result of the measurement accuracy, and should not be the
subject of concerns.
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5 Discussion

Surface tension can be defined as the work that should be

done to the surface of the liquid to rip this surface, thereby

the dimension of surface tension is # in SI units. There

are numerous definitions of surface tension, some describe
it as a tendency to shrink so that the ratio sy;&u# is as
small as possible, the others add the description that the
shrinking is caused by cohesive forces.

The authors were able to find only two works that provide
values of surface tension of blood. One of them is
by Hrncir and Rosina®, which additionally shows the
importance of surface tension in functioning of human
organism. According to the second research done by
Rosina et al’ that is based on a ring method, there is a linear
dependence between temperature and surface tension of
blood, and is given by equation o = (—0.473t + 70.105) -
10’3%, where t stands for temperature. Note that the

dimension ¥ is identical to # If this equation holds the
value of surface tension of blood at 37°C should be around
5,26 - 10~2 what definitely agrees with our results.

Viscosity is dependent from a wide set of variables,
while surface tension mostly depends on temperature and
chemical compounds constituting to a liquid. According to
Pries et al® viscosity depends also on haematocrit and the
diameter of the pipe, the liquid is flowing through. The
latter is often referred as Fahraeus-Lindqvist effect!920
which was discovered by Fahraeus and Lindqvist?!
themselves in 1930. According to their work viscosity of
blood highly decrease with the reduction of the radius
of the capillary tube, the effect becomes significant below
the diameter of about 0.3mm. Thereby the the pipe used
in the experiments does not significantly influence the
results. Replogle et al” point out that fibrinogen has a
considerable impact on the blood viscosity as it cause
red cells to aggregate. According to his research at high
shear rates, blood behaves as a Newtonian fluid, whereas
normally is treated as non-Newtonian. Tao and Huang®
prove in their work that viscosity of blood can be changed
by applying the magnetic field and thus can be regulated
in cases of dangerously abnormal deviations. It can be
seen how important role in human organism one viscosity
plays, and how strongly it affects health state. Thanks
to the result of our work, values of eponymous physical
properties can be compared to others, and the reliability
of the used methods assessed. On the cross-plot (see
Fig.1) there are many different values of viscosity for the
same value of surface tension, that is probably due to
the factors that influence viscosity but not surface tension.
Moreover, what stems from our research, the Pelofsky’s

equation'? (¢ = Aeg) does not hold for human blood
at 37°C. The authors supported by the results of their
work feel confident enough to put forward a claim that
viscosity is completely independent from surface tension
for the whole blood at 37°C. Supposing this claim is true,
it can have remarkable implications in field of pharmacy.
Moreover, the authors suggest to take under consideration
whether there exist a correlation between surface tension
and viscosity in a wide range of temperatures, as the
results might differ.
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Table 1: Table with the values of time of blood flow through
the capillary tube, and viscosity corresponding to that
time. M; and F; stands for Male and Female, respectively,
"1’ denotes the number of the subject.
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Sex and volunteer’s number Height [m] o =[% -1072] 8 Conflicts of interest

5 0,018 5,000 There are no conflicts of interest to report
F 0,018 5,000

F 0,019 5,278

F, 0,018 5000 9 Author Contributions

F 0,019 5,278

Fq 0,020 5,556 Anna Mlynarczak and Adam Wesolowski came up with
134 0,020 5,556 the research, carried out all experiments, analyzed the
Fg 0,019 5,278 data, and wrote the article.

Fy 0,019 5,278

Fio 0,020 5,556

i1 0,019 5,278

Fi» 0,020 5,556

Fi3 0,019 5,278

Fia 0,019 5,278

Fi5 0,019 5,278

My 0,019 5,278

M> 0,018 5,000

M3 0,020 5,556

My 0,019 5,278

Ms 0,019 5,278

M 0,020 5,556

My 0,019 5,278

Mg 0,019 5,278

My 0,019 5,278
Mo 0,018 5,000
My 0,017 4,722
M, 0,019 5,278
M3 0,018 5,000

My 0,019 5,278

Mis 0,018 5,000

Table 2: Table with values of height reached by blood
in the capillary tube and corresponding values of surface
tension. M; and F; stand for Male and Female, respectively,
'i” denotes the number of the subject.
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Figure 1: The above cross-plot depicts a relation between
values of viscosity ('10_3%) and surface tension (~10_2%)
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