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Detection of HbAlc in Blood Using Diode Laser (491) nm
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ABSTRACT

Laser radiation is widely used in several applications like medicine, biology and
industry. Laser biosensor is one of the tools in the biological applications. A laser
biosensor is designed with different lengths of solid core photonic crystal fibers
(LMA-10) (1.5cm, 1cm and 0.5cm) to be used for different tests. For the blood
test, the highest sensitivity of 153 ABS/RIU was found for the (1.5cm) length.
Moreover, the biosensor was used for the detection of HbAlc for the diagnosis
of diabetes being a recognized valuable tool in diabetes management. Blood
samples been taken from healthy people and others suffering from diabetes
people. The results showed that the presence of diabetes led to increasing the
output intensity of the laser beam as a results of enhancing the nonlinearity .
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The sensitivities of diabetes is 28.934 ABS/ RIU.

INTRODUCTION

Parts of the laser biosensor architecture are less costly,
more reliable, and more precise than test strips. There
are a range of biosensors that use methods of laser-
based-detection, such as SPR, waveguides, optical fiber,
etc. In many fields, laser-based biosensors, including
immunoassays and drug screening, play an important
role because of their high sensitivity and accuracy(®). By
using optical fibers, most important laser-based-
detection approach utilized in many instruments coud be
miniaturized. In biosensors, the laser detection method
depend on evanescent waves is usualy used(). Laser
biosensor has become very useful instruments in
different fields in the last years, like pharmaceutical
research, analytical  biochemistry, and food-
environmental expermints®), and diagnostic methods®).
In applications such as disease observations, drug
detection, pollutant detection, disease by
microorganisms and biomarkers which are markers of a
disease in body fluids (urine, saliva, blood, sweat),
biosensors are used().

HbA1lc is a small part of adult hemoglobin, that is formed
from hemoglobin and glucose slowly and non-
enzymatically. HbAlc is produced over the lifetime of the
erythrocyte cause erythrocytes are permeable to glucose;
the rate of formation of its is proportional directly to the
amount of ambient glucose(®). The quantities of HbAlc
therefore give a 'glycemic past' of the past 120 days,
which would be the average life of erythrocytes. Whilst
also HbAlc reflects glycemia over the previous Twelve
weeks, it is weighted to the most recent Four weeks.
Blood glucose and blood or urine ketone monitoring
provide helpful info for day to day diabetes management,
where HbAlc gives crucial data on average glycemic
regulatory

oversight. It is an lens
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important component in blood of diabetes patient and is
used to track long-term glycemic regulation and to assess
the risk of developing complications of diabetes(?).This
work aims to construct of a laser biosensor based on in-
line  Mach-Zehnder interferometer  (Micro-Holes
Collapsing) using a solid core photonic crystal fiber
(LMA-10). The laser biosensor is used for Sensing for
HbA1lc concentration measurement.

Sample Collection:

The HbAlc concentrations were estimated by using (4
ml) of fasting venous blood and then performed by Mach-
Zehnder interferometer (Micro-Holes Collapsing) using a
solid core photonic crystal fiber (LMA-10).

Optical Properties Measurments:

Using a UV-Vis spectrophotometer, the transmission
spectrum was collected. By the z-scan measurments
presented by Sheik Bahae et al.(8), the nonlinear optical
tests were carried out. As aresult of the occurrence of
optical nonlinearity, the Z-scan technique relies on the
spatial beam profile and reduction of the Gaussian beam
in the far-field. In Z-scan experiment, the nanosecond
SHG-Nd: YAG laser was utilized. With a beam diameter of
< 1.5 mm, a beam divergence of 0.711 mrad and a
maximum energy of 120 m)J, this laser has a Gaussian
profile. The intensity of the laser also can be calculated, at
the focal point being around 17 GW/cm2 For closed
aperture measurments, an aperture with a pinhole size
was set.The schematic diagram of the Z-scan technique is
depicted in Fig.1. The alteration in the transmitted laser
intensity is verified utilizing an optical detector (R]-7610)
as a function of the sample location.
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Fig.1: Z-scan experimental setup of z-scan.
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Biophotonic Sensor Set-up:

In-Line PCF Mach-Zehnder Modal Interferometer with
Mico-Hole Collapsing: Micro-hole collapsing is a simple
kind of MZI because its fabrication only need to cleave
and splicing the optical fiber(9). the LMA-10 photonic
crystal fiber spliced using fusion splicer type (FSM 60 S)
to the SMF-28. Collapsing technique can be implemented
in this sensor. PCF sensor used with length 1.5cm because
it proved to be the most sensitive sensor for changing the

spectrometer

refractive index of the biological sample. The light source
been used in this experiment is green laser ( SHG Nd:YAG
laser) with A=532nm and output power=12.2nw which is
shown in figure (2).The beam of the light emitted from
the laser source toward the spectrum analyzer
transmitting within the PCFs, in which the blood sample
exists above. The detected signal could be obtained from
the spectrometer.

Spectrometer (HR-2000)

Cre———

PCF (LMA-10) (L=1.5cm)

Green laser
(=532nm)

Fig. 2. The experimental setup of biophotonic sensor

RESULTS AND DISCUSSION

Optical properties of Blood Samples:

The absorption spectra for blood samples are measured
using (T60 UV-VIS-Near IR) spectrophotometer to select

the suitable wavelength of laser source for the detection
set-up. Figure (3) show the absorption spectra for the
blood samples.
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Figure (3): Absorption spectrum for normal blood sample.

By using the closed-aperture Z-scan experiment, the
nonlinear refractive index(nz) alterations can be
estimated, when the blood sample is moved along the z
and the transmitted intensity is reported in the far-field
via an aperture. The normalized transmittance (Fig.4) is
plotted against the approximate z sample position for the
focal plane. The sign of the nonlinear refractive index n2
relating to self-focusing or defocusing, where the
signature of the sample can be shown, is taken from this
plot. The sample generates both the focusing and the
defocusing in the laser beam, depending on the nonlinear
refraction of the matter. By using equ.(1) (n2 ) calculated
9):
21 - [A@y|

n =
2 MLy
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where IO is the intensity of laser beam at focusing
(Z=0), and Leff means to the effective length inside the
sample which is given by(®):

Lesr = (1 —exp —apl)/ag
where L is the geometrical length of blood sample. The
term .ﬂ'ﬂo means phase shift, and it is calculated by(®10):

AT,_,
|AGo | = 0.25
0.406(1 —Sp)*= .. 3)

ATp—v is the transmittance difference between the

maximum value and the minimum values. The resulting
behavour of the closed aperture Z-scan are shown in
Fig4. From these measurements, blood samples are
found to be self-focusing material.
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Fig.(4): closed aperature z-scan

An open-aperture Z-scan experiment is measured by
removed the aperture in Fig.4; thus the transmitted beam
enters the photodetector after passing the blood sample.
For the blood samples, the normalized transmittance is

In addition, the theoretical fitting is carried out on the
basis of the nonlinear equation of propagation concerning
two-photon absorption (2PA) or the saturable absorption
given by(©):

plotted against the z-location of the sample shown in . (44))
Fig.5. The nonlinear optical response of the blood sample a (‘r) - + ﬁ‘rO
to the light beam was confirmed by the occurrence of a 1+ 10/
peak or a valley in an open aperture(ll). By fitting the 1'5
experimental data using the following equ.(4) ©®), the 7T e (5)
magnitude of the nonlinear absorption coefficient can be
calculated: 9
" Tea(Z) =1 bf, 2
BloLefs s4 I Z (2)
" ( z ) ......................... (6)
Zo where @ (f] the intensity dependent absorption, and lrS
T(Z) = Em (m+1)2/2 T (4) is the saturation intensity ©).
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Fig. 5: open aperature z-scan

The open-aperture Z-scan curves for samples excited at
an energy of approximately 120 m] are shown in Fig.5.
With two photon absorption or free-carrier absorption,
the reverse saturable absorber effect can be considered.
The third-order susceptibility results of the blood
samples. Table 3 illustrates the measured effects. The
susceptibility of the 3rd is determined directly from the
following equation:

3) —

x® = (Rex®)2 + (Imx®)?
where,

The real part of third-order susceptibility:

.......... 7
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2..2
EpC " Npn
Rex® =107+ 222
T (8)
The imaginary part of third-order susceptibility:
2.2
gocnga
Imx'[g) = 10_2 072,8
47T s (9)

The (real and imaginary) parts of third order nonlinear
susceptibility have been calculated as about 10-10 esu and

3
10-9 esu, respectively. So, the total X( ) is in the order of
10-9 esu, as presented in Table 1.
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Tablel: The nonlinear properties of the normal and patients blood sample.

(3
Samples n; 16 X
(cm2/W) (cm/W) (e.s.u.)
*1 (A
Patients blood sample 0.0551 4034.28 3.9*10"-9
*1 (A
Normal blood sample 0.0393 3434.28 1.6*107-9

Biophotonic Sensor Results:

The laser biosensor with (1.5cm) PCF length and with
532nm wavelength is used to measuring the Hb
concentration. Different blood samples with different Hb
concentration had been taken from several people.

biosensor for sensing blood sample with different HbA1C
concentration can be shown in fig.(6). The values of Hb
concentration have been known by the blood picture
examination in laboratory of pathological analyzes. The
refractive indices of different values of Hb concentrations

Transmission spectra of 1.5cm LMA-10 PCF laser are shown in table (2).
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Fig. 6. Transmission spectra of 1.5cm LMA-10 PCF laser biosensor for sensing blood sample with different HbA1C
concentration
Table 2. Represented the optical response for different HbA1C concentration.
NO. Of sample HbA1C concentration % Central wavelength nm Wavelength shift
I Azf:&air'l{sample I
1 6 491.0690622 0.00142
2 12 491.0692908 0.003708
CONCLUSION refraction and absorption which the competition of self

In summary, the linear, and nonlinear optical responses
of normal and patients blood samples have been
investigated wusing spectrophotometer, and Z-scan
techniques. From these studies, the samples reveal an
nonlinear behaviour, broad optical absorption peak
within the wavelength region of 300-900 nm, with a high
nonlinear optical response. blood behaves as nonlinear

703

Systematic Reviews in Pharmacy

focusing and self-defocusing with saturable and reverse
saturable absorption have been studied.
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