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Abstract

In Egypt, iron-deficiency anemia (1.D.A) is the most prevalent public health problem related to
socioeconomics and lifestyle. Despite ferritin assay is the gold standard for (1.D.A), it is expensive and can
be conflicted with other diseases. Hereby, new screening tools were emerged to monitor I.D.A. A
sophisticated physical method depending on the electrical relaxation of R.B.Cs in anemic first trimester
pregnant Egyptian women of a rural district in Alexandria was conducted. I.D.A was confirmed in all
participant anemic women through calculated ferritin saturation percent. The dielectric permittivity and
conductivity curves between control non-anemic non-pregnant and non-anemic pregnant women showed
slight significant discrimination. These findings may be a primitive approach for I1.D.A screening and further
physical parameters will be needed to strengthen the idea.

Keywords: Iron deficiency anemia, ferritin saturation, pregnancy, dielectric spectroscopy.

1. Introduction

In the world of irritable lifestyle, a disrupting health
guideline is accompanied. Anemia, a case of
decreased hemoglobin (Hb) level with insufficient
oxygen delivery to organs, is a public health problem
that affects populations. unexpectedly at the era of
advanced technology and highly developed medical
care, pregnant may experience a
predominant type of microcytic low ferritin anemia

women

known as iron deficiency anemia (I.D.A) with
increased risk of low birth-weight infants in both rich
and poor countries @,

Globally, 29 % of all adult reproductive females are
diagnosed anemic (Hb is lower than 11 g/dl), among
38% pregnant and 29% for non-pregnant women ),
I.D.A was estimated as 4.3% -20% in developed
countries and 30%-48% in developing ones. In
Egypt, it is the most prevalent public health problem
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especially in  pregnant women related to
socioeconomics and lifestyle ¢4,

Hb is an iron-containing metalloprotein found inside
red blood cells (R.B.Cs). Hb assay is the primary
indicator of anemia diagnosis ©®. Another protein
called ferritin stores iron in nearly all living cells,
especially liver and immune cells. Transferrin is a
ferritin-carrier protein that transports iron to the site
of hemoglobin production whenever the need for.
For (1.D.A) diagnosis, ferritin assay is the gold
standard. In  developing countries, ferritin
determination is expensive and cannot be routinely
done @,

Another attempt to determine (1.D.A) in pregnant
women depend upon economically affordable
R.B.CS indices. Unfortunately, theses indices are not
reliable because they can be affected by other factors
like; leukemia, chronic inflammatory disease,
infections. On the other hand, few studies have been
carried upon electrical and magnetic properties of
(R.B.Cs.)®,

Therefore, a surrogate need to elucidate (I1.D.A)
mainly in women has emerged. Studying the
electrical properties of human blood cells is a
promising  non-invasive to  overview the
physiological changes and membrane integrity of the
cells ©19  Besides, it can be important in a
biomedical applications such as diagnosis and
therapy. Despite R.B.Cs. can be considered a
primitive cell with no organelles, their electric
behavior is very complicated. The electrical and
magnetic properties of (R.B.Cs) are mainly related to
the presence of unpaired electrons of Fe ion
depending on its ionization state. In 1897, Stewart et
al®™, declared that (R.B.Cs) are almost perfect
nonconductors at direct current. The resistance of
blood was proportional to (R.B.Cs)
concentration. Hence, by the grace of Moore et al
works electro-physical characteristics of (R.B.Cs)
were outlined.

The external membrane is non-conducting that is
evoking their resistivity, while the internal is one-
half plasma conductivity but non-conducting for

whole
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direct current. Based on the above, R.B.Cs behave as
a dielectric at sufficiently high frequency. Dielectric
spectroscopy  (impedance) is an affordable
noninvasive tool to predicate the physiological
changes inside the cells. This technique depends
mainly on physical characteristics of red blood cells
hemoglobin under the effect of electric fields of
different range of frequencies depending on
permittivity ( capacitance of the cells) and
conductivity (ability to pass the current 10,

Hereby, the current work concerns about the
dielectric spectroscopy behavior in randomized
Egyptian anemic pregnant women in comparing with
anemic nonpregnant and normal control age
matching Egyptian women district of Alexandria
city, under different values of frequencies.

2. Materials and methods

Subjects
A sample size of total (n=100) women was
incorporated in the current study. They were

categorized into three groups. First anemic pregnant
of (n=35) 1%-trimester pregnant woman of the age
range of (25-35) and hemoglobin level less than 10
g/dl referred to general Abo Kir hospital,
gynecology & obstetrics department, Alexandria,
Egypt. Another (n=35) pregnant women of the same
age and socioeconomic level and hemoglobin level
more than 10 g/dl. The last 30 non-pregnant non-
anemic women were chosen as a control group.

All participant women are to freely volunteer to
participate and informed consent were written prior
to their inclusion, according to ethical guidelines.
Sophisticated ~ physical ~and  gynecological
examinations were carried out to all participants by
a specialized physicians to collect the
anthropometric and gynecological data as shown in
Table 1.

For all study groups, ferritin was measured to
distinguished iron deficiency anemia and other
inflammatory origin, serum iron, ferritin, and total
iron binding-capacity (TIBC) were measured
spectrophotometrically according to prescribed kit
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procedures®?. Ferritin saturation percentage (FSP)
was calculated from equation 1

Iron
FS% = — o1 x100
Equation 1
Anemia was diagnosed based on hemoglobin level

lower than 11g/dl, and FSP below 12 %.

Red blood cells preparation

The blood samples (about 2 ml) were drawn from
the participants on heparin vacutainer tubes
immediately under definite medical supervision and
sterile tools. The tubes were centrifugated at a
moderate speed to fractionate whole blood and buffy
coat and plasma were discarded and only the R.B.Cs
layer was used for the measurements. R.B.Cs's
fraction was washed triplicates with an isotonic
solution to avoid cell aggregation and then washed
cells were divided into two-part one for
hematological and serological study, the other for
dielectric measurements.

Dielectric measurement

resistance and capacitance of R.B.C’s suspension
were monitored at 5 and 50 kHz frequencies via two
square form silver electrodes connected to LCR
meter (Hioki, 3532, LCR Hitester Japan, physics
department, faculty of Since, Damanhour
University, Egypt) at room temperature (24 =+
0.1°C). Measurement cell was designed as two cubic
silver electrodes of area (A) 1x1 mm2 and 5 mm
apart (d). The permittivity (¢) and conductivity (o)
of the R.B.Cs were calculated from Equations (45
and 45) as a function of capacitance as insulator (C)
and conductance as conductor (G) at microwave
frequencies range (1 kHz -5 MHz).the conductivity
and permittivity frequency — dependence non-
linearity were fitted by least squares regression.

c_¢. A Equation2
d

G:(s.é
d

Equation 3
Statistical analysis

All variables were tested for normality using the
Kolmogorov—-Smirnov test. Consequently,
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Parametric and non-parametric tests of variables
with normal distribution were carried out. The
Statistical Package for the Social Sciences (SPSS)
software version 18 was used for analysis. The all
study group were compared one —~way ANOVAs.

3. Results

For all study cases, a frequency dependence
response curves were noticed in Figure
1.Concerning permittivity, the trend begins with
step-like increment followed by sudden decrease till
the plateau stage ©- 4. A contrary behavior occurred
with conductivity curves. At the current microwave
frequency range, only p-dispersion of dipole
relaxation may be mainly concerned during the
permittivity response, a-dispersion (ionic relaxation)
could not occur as it is related to lower frequency
range %

Comparing group conductivity, the control begins
with a significant little lower degree than non-
anemic and anemic pregnant groups respectfully.

In accordance with previous work, there is a strong
relation between electrolytes concentration in
cytoplasm and conductivity alternating current
frequencies. As a result, R.B.C. count and as the
resistance increase with increasing R.B.Cs count @)
These findings are matching with ours as from
figure the contribution of hemoglobin dispersion
may be effective as mentioned by Pauly and Schwan
1966 Y.thus we can notice the relative higher level
of at lower frequency permittivity in control and
non-anemic pregnant groups than in an anemic
pregnant group.

Conclusion

From the previous data obtained, there is a slight
significant difference in dielectric (conductivity and
permittivity) response to the anemic and non-anemic
pregnant at the first trimester in comparing with
non-anemic non-pregnant women under the current
experimental conditions. We can conclude that
dielectric spectroscopy may provide noninvasive
monitoring of I.D.A but, we strongly recommend
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more work to be done at different stages of
pregnancy and accompanied more physical
parameters to help in an accurate and appropriate
monitor of .D.A women during pregnancy.
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Table 1: Anthropometric characters of all incorporated women in the study Including control non
anemic (CNA) and pregnant non amemic (PNA) , anemic (PA), *p<0.1.&**p< 0.05, p<0.4

Age** R.B.CS* Hemoglobin Hematocrit Iron*  TIBC  FSP*
(*10%L) = e (ug/ml)  (png/ml) (%)
(g/dI) (%)
Control  CNA 27.9+3.6 4.43+0.6 12.38+0.8 37.14+23  0.6£0.2 7.16+0. 15.01#4.
4 8
Pregnant PNA 34.54+1. 454 12.73+3.3 38.18£0.3  0.56x0. 3.28+0. 17.66%6.
1 0.2 3 7 9
PA 31.08+3. 3.13+04 8.67x0.5 26x1.5 0.32£0. 3.09+0. 10.39+1.
8 1 7 8
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Figure 1: Graphical representation of dielectric responses (A) permittivity and (B) conductivity of R.B.Cs. of all study
groups control non anemic, nonanemic pregnant (NAP), and anemic pregnant (AP) women.



Journal of Medical and Life Science, 2019, Vol.1, No. 2, P.43 -47

References

1.

Enawgaw, B., Birhanie, M., Terefe, B., &
Asrie, F. (2019). Prevalence of Anemia and
Iron Deficiency among pregnant women
attending antenatal care service at university
of gondar hospital, northwest
ethiopia. Clinical Laboratory, 65(04/2019).
doi:10.7754/clin.lab.2018.180822.

Nadia H.Ahamed, Safaa A.M. Kotb, Rabaa.
H Hassanen,(2018) Knowledge and Attitude
of Pregnant Women about Iron Deficiency
Anemia in Assist University Women Health

Hospital, Egypt. 10SR-JNHS.June 2018
3(7), 49-58 DOI:  10.9790/1959-
0703064958

"Global Health Observatory (GHO) Data."
World Health Organization. April 02, 2018.
Accessed January/February, 2019.
https://www.who.int/gho/en/.

"Egypt - Prevalence of Anemia." Egypt -
Prevalence of Anemia. Accessed September
30, 2018.
https://www.indexmundi.com/facts/egypt/pr
evalence-of-anemia.

Mousa, Suzan, Salah Saleh, Aliaa Higazi,
and Hasnaa Ali. "lron Deficiency and Iron
Deficiency Anemia in Adolescent Girls in
Rural Upper Egypt." International Blood
Research & Reviews 5, no. 4 (2016): 1-6.
doi:10.9734/ibrr/2016/25826.

Hemoglobin. (2018), September
28). Wikipedia. Wikimedia Foundation.
Retrieved september 30, 2018, from

https://en.wikipedia.org/wiki/Hemoglobin
Pauling, L., & Coryell, C. D. (1936). The
Magnetic Properties and Structure of
Hemoglobin, Oxyhemoglobin and
Carbonmonoxyhemaoglobin. Proceedings of
the National Academy of Sciences, 22(4),
210-216. doi:10.1073/pnas.22.4.210
Walker, H. Kenneth, W. Dallas Hall, and J.
Willis  Hurst. Clinical  Methods:  The
History,  Physical, and  Laboratory

10.

11.

12.

13.

14.

pISSN: 2636-4093, elSSN: 2636-4107 47

Examinations.  Chapter Boston:
Butterworths, 1990.

Beving, H., L. E. G. Eriksson, C. L. Davey,
and D. B. Kell. "Dielectric Properties of
Human Blood and Erythrocytes at Radio

Frequencies (0.2-10 MHz); Dependence on

157,

Cell Volume Fraction and Medium
Composition." European Biophysics
Journal 23, no. 3 (1994): 207-15.

doi:10.1007/bf01007612.

Miklav¢i¢, Damijan, Natasa Pavselj, and
Francis X. Hart. "Electric Properties of
Tissues." Wiley Online Library. April 14,
2006.  Accessed  April 30, 2018.
https://onlinelibrary.wiley.com/doi/abs/10.1
002/9780471740360.ebs0403

Pauly, H., and H.p. Schwan. "Dielectric
Properties and lon  Mobility in
Erythrocytes." Biophysical Journal 6, no. 5
(1966): 621-39. doi:10.1016/s0006-
3495(66)86682-1.
“Iron/TIBC”.http://www.pointescientific.co
m/uploads/inserts/17504-01-
971.pdf.accesded septmber 2018.

Gimsa, J., T. Schnelle, G. Zechel, and R.
Glaser. "Dielectric Spectroscopy of Human

Erythrocytes:  Investigations under the
Influence of Nystatin." Biophysical
Journal 66, no. 4 (1994): 1244-253.

d0i:10.1016/s0006-3495(94)80908-7.

Zborowski, Maciej, Graciela R. Ostera, Lee
R. Moore, Sarah Milliron, Jeffrey J.
Chalmers, and Alan N. Schechter. "Red
Blood Cell Magnetophoresis." Biophysical
Journal 84, no. 4 (2003): 2638-645.
d0i:10.1016/s0006-3495(03)75069-3.



