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LTRASOUND is relatively available, simple, and energy saving sound wave. Hence
it became anemerging technology for many biomedical applications. Low energy (low
power, low intensity (>100kHz, 1 W/cm2) ultrasoundisusedformonitoringthecompositionand
physicochemical properties.On the other hand, High energy(high power, high-intensity,≤ 500
kHz ) ultrasound may induce mechanical, physical, and chemical/biochemical changes through
cavitation that is potentially compromising cell viability.The goal of this work to investigate
the potential effect of using therapeutic ultrasound on the membrane viability and integrality
of biological cell sample. Red blood cells (RBCs) were our choice to examine the cell viability
under the therapeutic intensity range of 0.5 – 3 W/cm2. Trypan blue dye exclusion test was to
determine the integrity of the cellular membrane. Cell membrane osmotic fragility of (RBCs)
was measured under series of saline solution osmotic pressure. The electrical signature of
(RBCs) was correlated before and after ultrasound irradiation. The results showed no significant
alteration in (RBCs) integrity and electrical behavior under the US irradiation intensity range.
As a result, using the therapeutic US of intensity range of 0.5 – 3 W/cm2, showed no significant
harmful effect on RBCS integrity and viability under current experimental conditions.
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Introduction
Physically “ultrasound “applies to all acoustic
energy off requency above human hearing(20,000
hertz or 20 kilohertz). Typical diagnostic
sonographic scanners operate in the frequency
range of 2to 18 megahertz, hundreds of times
greater than the human hearing limit.Dolphins
and bats are examples of animals that utilize backscattering sound ultrasound waves for navigation
and hunting respectively. Utilize ultrasound for
navigation (dolphins) or hunting (bats) using the
information carried (Rebecca et al).
Despite its discovery before x-rays in late
eighteenth (1883), ultrasound is much later
involved in medical applications. The first
application of ultrasound waves was recorded
during World War I for detecting submarines.
Ultrasound has the privilege of non-invasiveness,
good visualization characteristics, and relatively
easy management (Awad T.S. et al, wikipedia.
org).

Medical Ultrasound can be mainly
applied to; diagnostic imaging techniques, or
therapeutic applications. Ultrasound has the
privilege of being anon-invasive, non-ionizing
module. It provides real-time imaging, easily
portable , and cost-effective (Wikipedia.org).
Sonography(ultrasonography) is widely used in
medicine as diagnostic and therapeutic procedures,
using ultrasound. Sonography is effective imaging
module for soft tissues at a higher frequency (7–
18 MHz), while deeper tissues operate at a lower
frequency (1–6 MHz).Doppler ultrasound can be
used to asses the blood flow and hemodynamics (
William et al).
The US has been used for therapeutic purposes
such as physiotherapy, lithotripsy, kidney stone
destruction, in tissue ablation in the tumor as highintensity focused ultrasound (HIFU).(HIFU), has
also been applied as a drug delivery enhancer
and thrombolysis. Ultrasonic manipulation of
the suspended particle has been widely used in
traditional chemical engineering and material
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sciences. Particles subjected to acoustic waves
are influenced by acoustic radiation forces, which
are particularly strong in standing wave fields.
The particles can be gaseous, liquid, solid, or even
biological cells.( Denggao et al)
For proper progress in using therapeutic
ultrasound, a better understanding of ultrasound
tissue interaction is urgent. Many studies indicated
that the acoustic field caused no variation in
particle integrity and cell viability in mammalian
cells and erythrocytes (Zahra et al.)
The thermal effect could be a side effect for
ultrasound exposure. This effect arises from
the absorption of ultrasonic that also depends
on tissue properties and beam conﬁguration.
The non-thermal effect of ultrasound could be
acoustic radiation force, radiation torque, acoustic
streaming, cavitations, and shock waves(William
et al).
In the current work,we propose certain
Assessment tests of therapeutic ultrasound effect
(intensity range 1 to 3 W/cm2) on RBCs viability,
membrane osmotic integrity. The dielectric
behavior (permittivity and conductivity) of
the cells was investigated beyond ultrasonic
irradiation.
Material and Methods
Subjects and RBCs
Twenty healthy male volunteers (age about
35y) were enrolled in this study. They were

freely asked for written consent to be involved
in the work according the institutionl ethical
protocol. The working protocol was in-line with
standard Medical Research Institute guidelines.
All Precautions for contamination were obeyed
during vein-puncture.
RBCs osmotic fragility test
RBCs integrity osmotic fragility test was
performed (Arthur et al).Twenty micrometers
of RBCswas added to two ml of saline
concentrations from 0 to 0.9 % NaCl, and leaft in
30 in dark at room temperature for 30 minutes.
The resultant was centrifuged at 8000 r.p.m for 15
min. absorbance (A) of the supernatant for each
concentration against 100 % lysis (Tube marked 0
concentrations saline) at a wavelength of 540 nm
using Jenway UV-visible spectrophotometer.The
percentage of hemolysis was determined using
Equation 1
Equation 1

The osmotic fragility curve (NaCl
concentration on X-axis and % Hemolysis on
Y-axis was plotted. The concentrations of NaCL
at which 50% hemolysis occur for control and test
samples (median corpuscular fragility MCF) were
determined from the curve.
Dielectric measurements
Dielectric measurements were made in
the frequency range 42 KHz to 5 MHz using
an LCR meter (Hioki, 3532, LCR Hitester,

TABLE 1: Demographic and blood indices characteristics for twenty healthy male volunteers.

Criteria

Value (mean ±SD)*

Age, year
Weight, kg
Haemoglobin, g/dl
Red blood cells (RBCs),106/l
Hematocrit (HCT)
Mean corpuscle volume(MCV)
MCHC
White blood cells, 103/l
Neutrophils, %
Lymphocytes,%
Platelets, 109/l

35±5
80±7
14±2
4.8±1
41±3
85±2
33±5
6±3
55±10
20±12
250±50

Fasting blood glucose, mg/dl

77±5

*p-value>0.05, sample were measured duplicate then,
mean & standard deviation (S.D.) were measures.
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Japan). The (CNTs) sample was placed in a
homemade measuring cell was designed as two
cubic silver electrodes of area (A) 1x1 mm2
and 5 mm apart (d). Thecapacitance (C) and
resistance (R) was recorded over the frequency
range at room temperature . Dielectric constant
(relative permittivity)(εr), and imaginary parts
(dielectric loss(εo) was calculated usingEquation
2 , andEquation 3 respectively. The RBCs
conductivity (σ) was also calculated from the
Equation 4 as a function of the frequency.The test
was repeated three times to calculated the mean
value.
Equation 2
(Where,εo free spacepermmitivity ~8.854x10-12
C2N-1 m-2)
Equation 3
Equation 4
Trypan blue viability test
Trypan blue dyeexclusion test is based on
the principle that living cells have intact cell
membranes that exclude certain dyes, like trypan
blue, Eosin, or propidium, whereas nonliving
cells do not. When a cell suspension is mixed
with the dye and then visually examined to
determine whether cells take up or exclude the
dye. The viable cell will have a clear cytoplasm
while nonviable cell with blue cytoplasm.
The stainedRBCswere examined by using
haemocytomerterunder light microscope,and the
percent viable cell count was calculated relative
to the whole count of the cells in the fieldper each
intensity of the (TUS).
Results
The complete blood pictures are shown in
Table 1 for all studysample. The mean hemoglobin
concentration, and blood cell indices (HCT, MCV,
and MCHC) showed no significant changes.
The mean percentage of RBCshaemolysis
(osmotic fragility) against (NaCl) concentrations
is shown in Figure 1. The RBCs membrane
fragility of all ultrasound irradiated groups
showed no significant differences with normal
group.
The electrical relative permittivity (έ) and
electrical conductivity (σ) are presented in Figure
2. the behavior is a regular dielectric relaxation
of alpha and beta relaxation within the working
frequencies at room temperature. Concerning the

25

conductivity, there is an ordinary opposit manner.
Our finding showed non significant shifting in
permittivity relaxation curves of RBCs before and
after TUS irradiation. The manner of conductivity
is still within the acceptable regular response.
The percentages of viable cells are related
with the corresponding TUS intensities shown
in Figure 3. The curves points showed a good
fitting expressed by the determination coefficient
(R2) values of 0.6. As we noticed there is no
significanttoxic effective using the current(TUS)
on the cellsmembrane viability.
Discussion
Maintain high cellular viabilitypotentialintere
sttoresearchersinthefieldofUS-inducedintracellula
rdrugdeliveryandultrasonicmanipulationofbiologi
calcells. Here in the current work we carried out
some experimental procedure topredict the effectof
therapeutic ultrasound (intensity range 1 to 3 W/
cm2) on red blood cell (RBCs) viability, membrane
osmotic integrity. The dielectric behavior
(permittivity and conductivity) of the cells was
investigated beyond ultrasonic irradiation.
Normal mammalian (RBCs) membrane is
selective permeable to fluid and nutrient to
maintain thecell viability. As fluid diffuses more
into the cell, it swells to assume these varied
volumes until it reaches its “critical haemolytic
volume. Beyond this volume the cell lyses or
bursts to release its content into the surrounding.
The osmotic fragility test for human mammalian
erythrocytes has been reported to be an indicative
of cell viability and integrity. The Shiftingin
RBCs osmotic fragility from normal response
isused as an important diagnostic procedure in
certain disease such as hereditary spherocytosis,
betathalasaemia, sickle cell anaemia and
autoimmune haemolyticanaemia (Grzegorz etal).
Trypan blue dye exclusion staining is one of the
traditional methods foe assement of cell viability.
This technique has been the standard methodology
used in academic research laboratories and
industrial biotechnology plants. The basic principle
of the procedure rely on live cells have intact cell
membranes that exclude trypan blue dyes, while
non living ones accept the dyes (DyanKristine et
al).
Our results indicated a regular dielectric
behivourin alpha or beta relaxation region. As
shown in figure 2, the dielectric constantdecreseas
Egypt. J. Biophys. Biomed. Eng., Vol. 23 (2021)
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frequency increase. The cell dipoles may lining
with the direction of the applied external field
at low-frequency range. At higher frequencies
, the dipoles are hardly to orient with the field.
These finding were in line with earlier works
on electrical properties of RBCs.On the other
hand, electrical conductivity behaves in opposite
manner. (Kristine et al)

blood cells. The cell viability was monitored by
the trypan blue exclusion test showd non sigficant
alteration in cell viability. The osmotic fragility
test showed a significant normal membrane
integrity under the working frequecies.There is
slight significant shifting in dielectric screening
in comparsion with control at the intensity of 3
W/cm2 may be due to increasedacoustic radiation
forces exerted upon the cell membrane.

Conclusions
The usage of therapeutic ultrasound of
intensity (0.5 – 3 W/cm2) provides a rapid, cost
effective, and safe tool in dealing with human red
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Fig.1: Percentage of RBCs hemolysis against serial saline concentration per each intensity of therapeutic ultrasound
irradiation.
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Fig.2: Dielectric spectrum of RBCs, relative permittivity (right), conductivity (left), comparing the dielectric
behavior for control and TUS irradiated sample with different intensity.
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Fig. 3: between the percentage of viable RBCs. against corresponding irradiated ultrasound intensity. R2 -Value are expressed
showing the fitting between data.
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استبيان التأثير المحتمل الستخدام الموجات فوق الصوتية العالجية على حيوية
,التماسك االسموزى والسلوك الكهربى لخاليا حيوية
مصطفى حسين مصطفى
قسم فيزياء حيوية طبية -معهد البحوث الطبية -جامعة االسكندريه  -مصر

الهدف من هذه الدراسه هو استبيان التأثير المحتمل الستخدام الموجات فوق الصوتية العالجية بشدة (فى حدود
 3 - 0.5واط  /سم  )2على مقاومه والتماسك االسموزى اغشاء خاليا دم حمراء بشريه .كان اختيارنا لفحص
قابلية الخلية للبقاء تحت نطاق كان اختبار استبعاد صبغة التريبان الزرقاء هو تحديد سالمة الغشاء الخلوي.
تم قياس هشاشة غشاء الخلية التناضحي لـ (كرات الدم الحمراء) تحت سلسلة من المحلول الملحي الضغط
االسموزي :تم ربط البصمة الكهربائية لكرات الدم الحمراء قبل وبعد التشعيع بالموجات فوق الصوتية  ،وأظهرت
السلوك تحت نطاق شدة اإلشعاع . lالنتائج عدم وجود تغير كبير في سالمة خاليا الدم الحمراء والكهرباء
الموجات فوق الصوتيه .نتيجة لذلك  ،لم يظهر استخدام الموجات الفوق صوتيهاالعالجية بمدى شدة يتراوح من
 0.5إلى  3واط  /سم  2أي تأثير ضار كبير على سالمة كرات الدم الحمراء وقابليتها للبقاء في ظل الظروف
التجريبية الحالية
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