Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2016, 8(8):922-928

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Hemoglobin concentration measur ement based on magnetic sensor

Ahmad Aminudin®’, Mitra Djamal®*, Suprijadi® and Daryono Hadi Tjahyono®

'Department of Physics, Faculty of Mathematics aatlil Sciences Education, Universitas Pendidikan
Indonesia, JI. Dr.Setiabudi No0.229, Bandung, JawsaB Indonesia
Theoretical High Energy Physics and InstrumentafResearch Group, Faculty of Mathematics and Natural
Sciences, Institut Teknologi Bandung, JI. Ganeshd O Bandung, Jawa Barat, Indonesia
®Pharmacy School, Institut Teknologi Bandung , dnésha No.10, Bandung, Jawa Barat, Indonesia
“Departement of Physics, Institut Teknologi Sumat#r@erusan Jenderal Ryacudu, Lampung Selatarriesia

ABSTRACT

The paper presents the measurement system of himogoncentration using ginat magnetoreistanGMR)
sensor. Hemoglobin was magnetized by a strong etagfield 1,1T.The hemoglobin was influenced bgxernal
magnetic field. Then, the magnetic field of hemoiglovas detected by GMR sensor. GMR sensor citgag
developed using wheatstone bridge.The resultsst$ #re obtained using sensitivity parameter of G8&Rsor .
Respons of the voltage of GMR sensor versus theeotration of hemoglobin have been obtained theali
equations. A strong correlation between the voltajlegGMR sensor and the concentration of hemoglatas

revealed. The sensitivity of GMR sensor were 2822 20.3422 20.452 20.59"2 and 20.952 for the
g/daL g/dL g/dL g/aL g/aL

flow rate 0.29 cm/s, 0.31 cm/s, 0.33 cm/s, 0.3%5 @nf 0.37 cm/s respectively. The sensitivity ofRGdénsor
increased with increase of flow rate and concemrabf hemoglobin. Incresing the flow rate, risithg unbalance
of the bridge circuit and incresing the zero drift GMR sensor. The prototype of hemoglobin conaéotr
measurement has developed successfully.
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INTRODUCTION

The Blood in the human body has a highly essentiathe human body consists of 55% of blood flarl 45% of
blood cells, if summed overall in adults about Htérs. Blood cells consist of erythrocytes (99%yombosit (0.6
to 1.0%), and leukocytes (0.2%). Erythrocytes conteemoglobin which serve to circulate oxygen. Timeans,
blood cells are dominated by the hemoglobin. Hewioigl is a protein molecule in red blood cells thatries
oxygen from the lungs to the body's tissues antaradioxide from the tissues to the lungs. Hemaigldias four
protein molecules (chain globulin) are connectegktoer. Each chain globulin contains important i@ rstructure
called heme molecules. Iron-containing heme moéthdt transports oxygen and carbon dioxide irbthed. This
iron is what gives the red color of blood.

Heme consists of the porphyrin and the iron atom.pbrphyrin is composed of four pyrrole rings. Heurth
bonded to one another via a bridge methenyl, fognaining tetrapirol. The iron atom in heme bindsrfaitrogen
atoms centered protoporphyrin ring. The iron ataas take the form of ferrous (F&) or ferry (Fe*") so
hemoglobin is also known as ferohemoglobin anch&rioglobin or methemoglobin. Only when iron in éeis
form, the compound can bind oxygen. Under normeducnstances the 100 ml of blood contains 15 grafms o
hemoglobin capable of carrying oxygen 0.03 grani[tle oxygen is bound together with blood through Itings.
Heme structure consists of porphyrin dan Fe is shiowrigure 1.
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Figure 1. Heme structure consists of porphyrin dan Fe[2]

Magnetic properties of hemoglobin are obtained framyhemoglobin, carbonmonoxyhemoglobin, and
ferrohemoglobin to fill four unpaired electrons peme. Carbonmonoxyhemoglobin molecule has a zegnstic
moment and there are no unpaired electrons. Oxygleio molecules much like carbonmonoxyhemoglobarp
magnetic moment and there are no unpaired electlesohemoglobin, in contrast to oxyhemoglobin and
carbonmonoxyhemoglobin, hemoglobin itself containapaired electrons, magnetic susceptibility shows
paramagnetic contributions. Magnetic data integti@h can be made only in relation to the natur magnitude

of their mutual interaction of the four heme molecwOne possibility is that the heme-heme intecacts strong
enough for a few moments all the electrons in tledeoule becomes resultant moment, with the samesvialr all
molecules. Magnetic data in this way result theugakE 10.92 Bohr magnetons [2]. The paramagnetiamaf
deoxyhemoglobine susceptibility (HHb) is 3,000 mwl/[3] and by determining a magnetisation curve for
erythrocytes the magnetic dipole moment of HHbsineated to b8pg Or Py, = 7.42x10%% Anf [4]. In a strong
static magnetic field an erythrocyte responds rhamay that its disk plane is oriented paralletht®e direction of the
magnetic field, independently of the hemoglobintestaie., oxygenated (diamagnetic HbO2) or deoxygenated
(paramagnetic HHb) [5].

Magnetic properties of hemoglobin is very weak.bBoable to detect the magnetic properties of magsehsors
hemoglobin needed working weak magnetic field. ©hthe sensors that can detect weak magnetic $iefcor is
giant magnetoresistance (GMR). GMR sensor is aose¢hat works based on the effect of changes vigrphstacle
on metallic materials when in an external magniid. GMR sensors have several advantages whepaau to
other sensors, such as having high sensitivityh bégnperature stability, low power consumptiongsirelatively
small, and a fairly cheap price as well as the ratigmroperties can be varied within a very widage [6].
Comparative characterization in some field sendtir @MR sensors can be shown in Table 1.

Table 1. Characteristics different in magnetic field sensor [7]

Range H Sensitivities Time Power
Sensor (T) \//T) Respon Consumtion head size
GMR 10'2-10°% 120 1 MHz 10 mw 10-100m
Hall 10°-10° 0,65 1 MHz 10 mw 10-1Q0m
Squid 10*-10° Okt-14 1 MHz 10 mw 10-100m
Fluxgate| 10'%-10°2 3.2 5 kHz 1w 10-20mm

GMR for biosensor applications have been used bglaisg with the development of sensor technology i
application. At first GMR reported in the 1980srfrahe French research group headed by Albert BgriAt the
present time, GMR applications are being develdpestveral researchers: GMR sensor can be useaptare the
antibody-labeled magnetic nanoparticles [9], remétmonitoring of cell phagocytosis during the sagian process
[10], tumor detection with GMR biosensor microarrgyl], measures the number of biomarkers through th
magnetic nanoparticles bound to the sensor GMRA®Y, fneasures the pulse of blood flow [13], GMRusture to
determine bacteria [14], the GMR sensor to estinfaealensity of magnetic fluid in the tumor [15j.this research,
GMR sensor applications have been developed to ureabe concentration of hemoglobin. The hemoglobin
concentration measument used magnetization fraangtmagnetic field source.
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The magnetization was the number of magnetic dipwenent of hemoglobin per unit volume, can be syinéd
by M and can be written in equation

M=y (€N

Where M is the magnetization (A / m),4gis the magnetic dipole moment of hemoglobin, ¢Amnd V is the
volume (nf). Mangetization can be influenced by hemoglodowfrate. For diamagnetic and paramagnetic
material the magnetic suseptibiligyrelates magnetization of hemoglobin can be written

M =yH 2

GMR sensor circuit was developed using wheatstoitlgd®. Four resistif elemens were used to wheatshritge
circuite shown in Figure 2 [16]. GMR sensor used02 series from product of NVE corporation [17].

-5V GND

Figure2. GMR Sensor Circuit

In Figure 2 , GMR1 sensor was used to detect hesbaglmagnetic feild, GMR2 sensor was used for noise
compensator. Resistor R1 and R2 were fixed vatagable resistor VR was adjustable value. Théatée resistor
(VR) was used to adjust the balance of bridge tir@utput voltage (V. ) was calculated from the potential
difference Vb to Vc . If reference potential whs fground at the point d, the output voltage wasessed by the
equation:

Vour = Vpa — Vea 3

In balanced condition, potential at point b wagagoint c. This condition determined the zero soeament and
no environmental influences. When GMR sensor wdadad by hemoglobin magnetic field, the potentigdaint b
and c were not equal, so that resulting in a p@tkdifference. Then, the potential difference wasasured using a
digital multimeter. Sensitivity of GMR sensor cam dibtained from equation (1), (2) and (3):

SV,Hb = _Vm:;GbMR 4)

where Sy 1y ,Vout ovr @nd my, are the sensitivity of GMR sensor, the output ¥g#t of GMR sensor and the
concentration of hemoglobin, respectively [18].

EXPERIMENTAL SECTION

In the experiments hemoglobin concentration measen¢ based on magnetic sensor using equipmergitaldi
multimeter, GMR sensor, permanen magnet, peristgiimp, sample container and controller pump. idlihjt
various samples were prepared using 250 mL PadRadeCell (PRC) each bottle. The samples were ldbgith
PRC1-PRC8 code. (Figure 3) Samples were calibrasény Quick Check hemoglobin meter. Then, sample wa
placed into the sample container. Subsequenlypé¢histaltic pump generated hemoglobin flow in etaistbe. Next,
hemoglobin was magnetized by external magnetic fllelT. Then, GMR sensor detected hemoglobin magnet
field for 8 samples (PRC1-PRCS8) in various flonerahe flow rate can be controlled using controglemp. The
controller pump was adjusted for flow rate 0.29¢/81cm/s, 0.33cm/s, 0.35cm/s and 0.37cm/s. @utdtage of

924



Ahmad Aminudin et al J. Chem. Pharm. Res., 2016, 8(8):922-928

GMR sensor was measured using digital voltmetee $bhematic of hemoglobin concentration measuremast
shown in Figure 4.

Figure. 3. Sample of Package Red Cell (PRC)
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Figure4. Schematic of hemoglobin concentration measument

In Figure 3, when the hemoglobin flow past the negthe hemoglobin was influenced by an externajmatc
field, so that change of the magnetic moment ¢eitmn. Hemoglobin had been magnetized by a stroagnetic
field 1,1T. Then, the magnetic field of hemoglohias detected by GMR sensor.

RESULTSAND DISCUSSION
Prototype tests of hemoglobin concentration measenesystem have been done and have been analyzed da

linearity, sensitivity and zero drift correlate Wwitflow rate and concentration. Figure 5 showsrdmilts of the
response tests of the GMR sensor versus hemogtobitentrations at various flow rates.
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Figureb5. Voltage of GMR sensor versus hemoglobin concentration with (a) flow rate 0.29 cm/s and (b) flow rate 0.31 cm/s
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Figure 6. Voltage of GMR sensor versus hemoglobin concentration with (a) flow rate 0.33 cm/s and (b) flow rate 0.35 cm/s
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Figure 7. Voltage of GMR sensor versus hemoglobin concentration with flow rate 0.37cm/s

Based on the linearity, the curves in Figure 5 ioletd highly linear with a correlation coefficient ests 1-5 ware
0.992, 0.992, 0.993, 0.994 and 0.995 respectiV@gure 5, 6 and 7 shown curves of the voltage BfRGsensor
versus the concentration of hemoglobin. From cuha& been obtained the linear equations. Therliegaations
are

Vout—1 = 20.22 ny,, — 1.86 on the flow rate 0,29cm/s, (5)
Voue—z = 20.34 ny,, + 0.33 on the flow rate 0,31cm/s, (6)
Vout—3 = 20.45 ny,; + 1.96 on the flow rate 0,33cm/s, (7)
Voui—a = 20.59 nyp, + 3.65 on the flow rate 0,35cm/s and (8)
Voui—s = 20.95 nyps + 3.93 on the flow rate 0,37cm/s. (9)

Figure 5, 6 and 7 obtains the impact of hemoglaoincentration to voltage of GMR sensor. A strongealation
between the voltage of GMR sensor and the condentraf hemoglobin was revealed. From this figuteis
confirmed that the voltage of GMR sensor increasitd increase of hemoglobin concentration.

Equation (5)-(9) can be used to obtain sensitivieyp drift and correlation coefficient {JR
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Table 2 showns list of sensitivity, zero drift armtrelation coefficient (B on various flow rate.

Based on Table 2, the sensitivity of GMR sensorew2p.22, 20.34-2 20.4522 20.59-2 and 20.95°—
g/daL g/dL g/dL g/dL g/dL

for the flow rate 0.29 cm/s, 0.31 cm/s, 0.33 c®/35 cm/s and 0.37 cm/s respectively.

Table 2 shown, increasing the flow rate, rising vodume of hemoglobin. Incresing the volume of heglabin,
rising magnetic susceptibility and increasing madigagon according to the equation (2). Incresirpe t
magnetization, rising the sensitivity of GMR sendeéinally, the sensitivity of GMR sensor increasdth increase
of flow rate. The zero drift of GMR sensor were@j8V, 0.33 mV, 1.96 mV, 3.65 mV and 3.93 for then rate
0.29 cm/s, 0.31 cm/s, 0.33 cm/s, 0.35 cm/s and €38 respectively. Incresing the flow rate, risthe unbalance
of the bridge circuit and incresing the zero dsffiGMR sensor.

Table 2. List of sensitivity, zero drift and correation coefficient (R?) on variousflow rate

No Flow rate (cm/d) Sensitivity ( ﬁ )| Zero Drift (m\ R

1 0.29 20.22 -1.86 0.997

2 0.31 20.34 0.33 0.997

3 0.33 20.45 1.96 0.993

4 0.35 20.59 3.65 0.994

5 0.37 20.95 3.93 0.995
CONCLUSION

From above data, we conclude that experimentaésystan be used for hemoglobin level measurememtdbais
magnetic sensor. Respons of the voltage of GMRs@enversus the concentration of hemoglobin havenbe
obtained the linear equations. A strong correlatietween the voltage of GMR sensor and the coretéonr of

hemoglobin was revealed. The sensitivity of GMRsserwere 20.23%- 20.34-22 20.452 20.59-" and
g/aL g/dL g/aL g/dL

20.95% for the flow rate 0.29 cm/s, 0.31 cm/s, 0.33 ¢ri/85 cm/s and 0.37 cm/s respectively. The deitgit

of GMR sensor increased with increase of flow eatd concentration of hemoglobin. The zero drifGdR sensor
were 1,86 mV, 0.33 mV, 1.96 mV, 3.65 mV and 3.98r the flow rate 0.29 cm/s, 0.31 cm/s, 0.33 cr@/85 cm/s
and 0.37 cm/s respectively. Incresing the flowe raising the unbalance of the bridge circuit amttésing the zero
drift of GMR sensor.
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