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Abstract. The estimation of Desoxyribonucleic Acid
(DNA) concentrations and purity requires the use of
specialized equipment, which tends to be quite
expensive and not always available in low-resource
laboratories. It is important to develop efforts to seek
innovative and inexpensive techniques for such
purpose. Electrical Bioimpedance Spectroscopy (EBIiS)
is a relatively low-cost and easy-to-use technique to
characterize the electrical properties of biological
analytes. Feature extraction is an important step to
explore representative EBIS parameters for analyte
characterization. In this study, we analyzed EBIS
measurements using the AD5933EBZ board on total
DNA samples, aiming to assess whether this device can
characterize the concentration and purity of the samples
through bioimpedance parameters associated with the
characteristic frequency. The results suggest that the
reactance parameter values at the characteristic
frequencies extracted from EBiIS measurements in total
DNA samples show less dispersion as DNA
concentration and purity increase. The utility of the
AD5933EBZ, based on reactance linked to the
characteristic frequency, seems viable for detecting
DNA concentration and purity ranges with values above
25 ng/pL and 1.8, respectively. Further studies exploring
feature extraction in EBIS measurements under
controlled DNA concentration and purity conditions
are necessary.
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1 Introduction

The estimation of Desoxyribonucleic Acid (DNA)
concentrations and purity require the use of
specialized equipment, which tends to be quite
expensive and not always available in low-
resources laboratories. It is important to develop
efforts to seek innovative and non-expensive
technigues for such purpose.

Bioimpedance measurement is a simple, fast,
and non-invasive technique that allows the
analysis of biological samples through their
electrical properties [1]. This method has proven to
be effective as a biosensor for detecting specific
molecular markers or genes [2,3], in addition to
showing great potential and feasibility in the
quantification of DNA concentrations [4,5].

Electrical bioimpedance measurement devices
typically introduce a very low amperage alternating
current into the biological material at different
frequencies over time [6]. Bioimpedance depends
on two components: resistance (R) and reactance
(Xc). While resistance reflects the opposition of the
sample under study to the flow of induced current,
reactance refers to its capacitive behavior [6].
Although there are more sophisticated methods for
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Fig. 1. Experimental design. 1) PC and AD5933EBZ graphic user interface, 2) evaluation board AD5933EBZ,

3) microelectrode array

performing multifrequency electrical bioimpedance
(EBIS) measurements, this study aims to evaluate
the utility of the “AD5933EBZ” evaluation board
(Analog Devices Inc., MA, USA) in estimating DNA
concentration and purity. The goal is to determine
whether the reactance parameter at the
characteristic frequency (obtained from EBIS
measurements) can be used to achieve this.

The ADS5933EBZ features a signal generator
capable of producing a frequency range from 1 to
100 kHz with a resolution of 0.1 Hz [7]. We used
this board to estimate concentration and purity
levels in a group of DNA samples, based on the
resistance and reactance values obtained. This
approach aims to provide an alternative to visible
(Vis) and ultraviolet (UV) spectrophotometry-
based equipment, which is not always available in
low-resource molecular biology laboratories.

2 Methods

The experimental design is focused on EBIS
measurements in total DNA samples through
AD5933EBZ. EBIS data were associated with its
DNA concentrations and purity in three value
ranges segmented accordingly relevance for
molecular biology assays.

2.1 DNA Samples

Total DNA was extracted from 30 dental waste
samples, and according to the protocol described
for QIAamp DNA Micro kit ((QIAGEN QlAamp DNA
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Micro Kit, Cat. No. 56034 ). DNA concentration and
purity was determined by the use of
Spectrophotometer UV-VIS (Nanodrop 2000,
Thermo Fisher Scientific — Waltham, MA USA)),
thus concentrations and purity were classified in
three ranges as follows: (<10 ng/pL, 10 to 25
ng/uL, >25 ng/pL) and (<1.4, 1.4 to 1.8, >1.8) for
DNA concentration and purity respectively.

2.2 EBIS Measurement

The evaluation board AD5933EBZ was calibrated
accordingly procedure described in datasheet [8].
Then, a DNA volume of 2uL was drooped in a
interdigitated microelectrodes array (the complete
experimental design can be seen in Fig. 1). EBiS
measurements were developed in the frequency
range of (1 KHz to 100 KHz at 126 lineal steps).
EBiIS measurements were performed in triplicate
for each DNA sample, and the data were analyzed
and presented as three points for each
bioimpedance frequency.

3 Results

Tables 1 and 2 shows the mean values for DNA
concentrations and purity respectively, and
according to the segmented range values.

Figures 2 and 3 show Nyquist plots for EBIS
measurements, mean values were graphed for
each DNA concentration and purity range within
the explored frequency range.



ISSN 2007-9737

EBiS Characteristic Frequency Using AD5933EBZ for Characterization of DNA Concentration and Purity 1033

Table 1. Mean values for DNA concentrations

Range Mean Std Err n
(ng/pL) (ng/uL)
<10 6.05 0.46 15
10to 25 15.54 1.09 10
>25 31.69 2.56 5

Table 2. Mean values for DNA purity

Range Mean Std Err n
<14 131 0.01 21
14t01.8 1.53 0.05 7
>1.8 1.83 0.02 2

Table 3. EBIS characteristic frequency (by DNA
concentration group)

Characteristic
frequency

37928.5721 Hz

Group

<10 ng/pL
10 to 25 ng/pL 35571.4292 Hz

>25 ng/uL 37928.5721 Hz

Table 4. EBIS characteristic frequency (by purity group).

Characteristic
Group

frequency
<1.4 35571.4292 Hz
14t01.8 40285.715 Hz
>1.8 37142.8578 Hz

The next step was to identify the characteristic
frequency for each concentration and purity range:
it was taken as the frequency with the lowest
reactance in each range.

Based on the characteristic frequency we found
for each group, we determined one that could
serve as a reference for all samples in general
(35571.4292 Hz). We plotted the raw reactance
values from the three EBiS measurements for each
DNA sample at that frequency to explore their

dispersion as a function of concentration
and purity.

4 Discussion

In the Nyquist plots obtained, it is observed that the
reactance values measured with the AD5933EBZ
board decrease as the DNA concentration in the
samples increases. This behavior is consistent
with previous research indicating that impedance
is sensitive to changes in DNA
concentrations [4,5].

Regarding the classification of DNA samples by
purity, the analysis of the corresponding Nyquist
plot shows that when the purity of the sample
exceeds 1.8 (indicating low presence of
contaminants [9]), the minimum reactance value
tends to be below -3000 Q. This limit is not
surpassed by samples with other purity levels. This
suggests that the AD5933EBZ board is capable of
characterizing the purity of total DNA samples, as
differences in the minimum reactance values
between established classification groups can
be visualized.

It is important to highlight that under
heterogeneous DNA sample conditions, the
reactance values at the characteristic reference
frequency show less dispersion as the
concentration and purity increase. This pattern
may also suggest a potential limitation in the
sensitivity of the AD5933EBZ system, indicating
that its performance might be more efficient in
samples with relatively high levels of DNA
concentration and purity.

Finally, it is necessary to point out that although
the AD5933EBZ evaluation board appears to be a
viable alternative to specialized equipment for
estimating DNA concentration and purity, the small
sample size in this research justifies the need for
additional studies to confirm these results.

Furthermore, the literature suggests that the
impedance of a sample is highly correlated with the
length of DNA fragments [10], highlighting the
importance of controlling this variable in future
research. Therefore, further studies are needed to
explore  feature extraction  from EBIiS
measurements under controlled conditions of DNA
concentration, purity, and fragment length, as well
as with larger sample sizes.
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Fig. 2. Nyquist plot of EBiIS measurements through

AD5933EBZ by DNA concentration ranges
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Fig. 3. Nyquist plot of EBiIS measurements through

AD5933EBZ by DNA purity ranges
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Fig. 4. Dispersion plot of Reactance (35571.4292 Hz) vs

DNA concentration clustered by ranges

5 Conclusion

EBiS measurements in total DNA samples were
performed using the ADS5933EBZ board, and
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groupings of raw reactance values were identified
at a characteristic reference frequency. The
reactance parameter values at the characteristic
reference frequency show less dispersion as the
concentration and purity of DNA increase. The
usefulness of AD5933EBZ based on the reactance
associated with the characteristic reference
frequency seems to be feasible to detect ranges of
DNA concentration and purity for values greater
than 25ng/uL and 1.8, respectively.

Acknowledgments

EVG and JARA thanks to program "XXIX Verano
de la Investigacién Cientifica y Tecnolégica del
Pacifico 2024” their support to develop this
research during the 2024 Summer Scientific
program. This work was supported by the “Instituto
Politécnico Nacional-México” under projects
“Innovacién-20241041" and “Prored2024-
Gene_Z".

References

1. Juarez, F., Ramirez, A., Vela, N. (2016).
Disefio de un sistema portétil para medicion de
bioimpedancia. Pistas Educativas, Vol. 120,
pp. 862—-875.

2. Laguna, D.U., Sanchez, V., Ames, G.,
Gonzalez, C.A. (2019). Gene-sensor on the
Basis of Magnetic Immobilization and
Bioimpedance Measurements: a proof of
concept. Journal of Physics: Conference
Series, Vol. 1272, No. 1. DOI: 10.1088/1742-
6596/1272/1/012020.

3. Gbmez-Lopez, M., Miliar-Garcia, A., Pérez-
Vielma, N.M., Ames-Lastra, G., Lara-Padilla,
E., Chavez, K.V., Garcia, A.R., Delgado, J.,
Cortés, E., Gonzélez-Diaz, C.A. (2019).
Biosensor of Inflammation Biomarker NLRP3
Based on Electrical Bioimpedance. VIII Latin
American  Conference on  Biomedical
Engineering and XLII National Conference on
Biomedical Engineering, Vol. 75, No. 1, pp.
1488-1493. DOI: 10.1007/978-3-030-306 48-
9 191.

4. Gbmez-Gonzalez, N.N., Montoya-
Solérzano, C., Arias-Gonzalez, L., Becerra-



ISSN 2007-9737

EBiS Characteristic Frequency Using AD5933EBZ for Characterization of DNA Concentration and Purity 1035

Martinez, L., L6pez-Madrigal, J.E., Sanchez-
Monroy, V., Munguia-Cervantes, J.E.,,
Pérez-Vielma, N.M., GoOmez-Lépez, M.,
Gonzéalez-Diaz, C.A. (2024). Multifrequency

Bioimpedance Characterization of DNA
Concentration: Sensitivity Analysis. XLVI
Mexican Conference  on Biomedical

Engineering, Vol. 96, No. 1, pp. 386-391. DOI:
10.1007/978-3-03 1-46933-6_40.
Lépez-Madrigal, J.E., Becerra-Martinez, L.,
Arias-Gonzélez, L., Gbmez-Gonzalez, N.N.,
Montoya-Solérzano, C., Sanchez-Monroy,
V., Pérez-Vielma, N.M., Gobmez-Lbépez, M.,
Gonzélez-Diaz, C.A. (2024). Magnetic
Induction Spectroscopy for DNA
Quantification: Preliminary Results. XLVI
Mexican Conference on Biomedical
Engineering, Vol. 96, No. 1, pp. 403-409. DOI:
10.1007/978-3-031-46933-6_42.
Alvero-Cruz, J.R., Correas-Gomez, L.,
Ronconi, M., Fernandez-Vazquez, R., Porta
i-Manzafiido, J. (2011). La bioimpedancia
eléctrica como método de estimacion de la
composicién corporal: Normas préacticas de
utilizacion. Revista Andaluza de Medicina del
Deporte, Vol. 4, No. 4, pp. 167-174.

7.

8.

9.

10.

Kharzi, W., Mezine, N., Kedir-Talha, M.
(2023). A low cost bioimpedance
measurement system based on AD5933 chip.
International Conference on Decision Aid
Sciences and Applications, pp. 198— 202. DOI:
10.1016/j.0hx.2022.e00274.

Analog Devices. (2012). Evaluation Board
Guide UG-364 (Rev. 0).

O’Neill, M., McPartlin, J., Arthure, K,
Riedel, S., McMillan, N. (2011). Comparison
of the TLDA with the Nanodrop and the
reference Qubit system. Journal of Physics:
Conference Series, Vol. 307, No. 1. DOI:
10.1088/1742-6596/307/1/012047.

Ma, H., Wallbank, R., Chaji, R., Li, J., Suzuki,
Y., Jiggins, C., Nathan, A. (2013). An
impedance-based integrated biosensor for
suspended DNA characterization. Scientific
Reports, Vol. 3, No. 1. DOI:
10.1038/srep02730.

Article received on 23/09/2024; accepted on 13/01/2025.
*Corresponding author is César A. Gonzalez-Diaz.

Computacion y Sistemas, Vol. 29, No. 2, 2025, pp. 1031-1035

doi: 10.13053/CyS-29-2-5701



