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ABSTRACT

A biosensor is an analytical tool that comprise® tessential components — an immobilized biocomgprien
intimate contact with a transducer that convertdialogical signal into a measurable electrical s&nin the
present study, electrochemical insulin biosensateiscribed. It has been developed by immobilizétghlood cells
(RBC) in carbon paste electrode (CPE) which contaimyme hexokinase and glucose-6-phosphate deleydrsg
,adeniosine triphosphate(ATP),and insulin receptith concomitant generation of NADPH and its oxidatis
measured amperiometrically at 0.32 V. The respasdmear, covers the calibration range 0.006-0.081 with
stability of two weeks and its detection limit i8@ nM which is significantly lower than the eixigtmethods. The
results were statistically significant with p valless than 0.0001. The conventional analytical mégphes used
although precise, are time consuming where as dped insulin biosensor have the advantage of ehsse eco-
friendly, sensitive, low cost and lower detectiomil. The developed insulin biosensor has been iegpior
detection of insulin in normal subjectson-insulin dependent and insulin dependent diabetellitus patients.
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INTRODUCTION

Insulin is the principal hormone responsible fongglse metabolism. It is synthesized in the cellshefislets of
langerhans as the precursor, proinsulin, whictréegssed to form C- peptide and insulin and bothsacreted in
equimolar amounts into the portal circulation. lays an important role in metabolism causing inseela
carbohydrates metabolism, glycogenesis and glycetmmage, fatty acid synthesis/triglyceride storagd amino
acid intake, protein synthesis, increases transmamebK transport and decreases cyclic AMP level in adipos
tissue and liver [1]. It serves as the predictordabetes and insulinoma (insulin —secreting tumoalrssulin
concentrations are greatly reduced in insulin-ddpah diabetes (IDDM) and other conditions such as
hypopituiatarism. Insulin concentrations may b&sed in non- insulin dependent diabetes (NIDDM)esity,
insulinoma and some endocrine dysfunctions, suchCashing’s syndrome and Acromegaly [2, 3]. Hence
monitoring of insulin is important for diagnosis I®fDM patients and NIDDM.

As according to latest reports, rates of diabete® tincreased markedly over the last 50 years.fR810 there are
approximately 285 million people with the diseasenpared to around 30 million in 1985[4]. Insulin mitoring is
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very important for clinical diagnosis. Presentlgneentional methods of insulin analysis include@&A) enzyme
linked immunosorbant assay and(IRMA) immunoraditineassay[5, 6 and 7] .These methods are undolybted
precise but suffer from the drawbacks of more raspdime, high cost and are laboratory bound. Tmeentional
methods are hazardous as radioactive isotopesasuich or I'*'are used for assaying insulin.

In the last few years various scientists have dpexl new technology which uses insulin electrochami
amperometric, microvoltammetric electrode as senfmrmeasuring levels of insulin. These have theaatages of
specificity, fast response time, low cost, porifhilease of use and a continuous real time signahe present
study, electrochemical insulin biosensor has beseldped.

In 1989, electrochemical oxidation of insulin waemtored by flow injection methods at nano molafld8]. The
carbon fibre microvoltammetric electrode modifiedhapolynuclear ruthenium oxide/cyanoruthenate filad been
developed for insulin with the detection limit agoM in 1993 [9]. Insulin was measured by amperombtiged on
oxidation-reduction couple (Ru-O/CN-Ru) using carbfibre microelectrodes modified with a composite o
ruthenium oxide and cyanoruthenate (Ru-O/CN-Ru].[1RuO was exploited on carbon fibre microelecérdiy
cycling the electrode potential. The film catalyzé@ oxidation of insulin. The analytical perfornsanof the
modified electrode for insulin was characterizeshgd$low injection analysis and gave a linear ran§8.10-1.quM
[11]. Then in 2000, two electrochemical catalytystems based on the oxidation of insulin by chloooiplexes of
iridium (IV) were developed. The IrOx film electredvas used as an amperometric detector for floecfign
analysis of insulin with the range between 0.0330M and detection limit of 20nM [12].

The immobilization of Ru {ll} was done on a carbsnrface. The reversible voltammetry for the Rul [l&dox
couple was observed. Flow injection amperometrierd@nation of insulin at pH 7.0 with the detectitmit of
2nM was observed [13]. In 2001, a simultaneous aampetric measurement of glucose and insulin wagldeed.
An insulin sensitive RuOx-modified electrode wasaleped. The amperometric sensor has linearityouf0o0nM
insulin and 14mM glucose [14]. The multiwalled cambnanotubes and chitosan were coated on a glasenca
electrode and the redox chemistry of insulin waslistd with the detection limit of 30nM and range0of-3.0uM
[15].

To improve the sensitivity of the method for thaeation of insulin, carbon ceramic electrodes wetwicated by
sol-gel technique. The modified electrode was Usednsulin detection chronoamperometrically. ThHisveloped
electrode had sensitivity 0.45nM with detectiongarof 0.5-500nM [16]. In 2008, scientists of Unsigy of
Pittsburgh developed a novel biosensor for liikingaging of insulin which is highly sensitive .lBhinvention is
related to the field of imaging intracellular prioi® which uses fluorescent probes capable of dhgraplor over
time to identify and track the synthesis, traffindgj and secretion of intracellular insulin[17].

In the present study, detection limit of the nedbveloped electrochemical biosensor is 0.006 nMclvig lower
than the existing methods. The automated immungassséhod has the detection limit ofil2/ml and ELISA has
the detection limit of 0®IulU/ml. Real time sample analysis has not been @diin different insulin sensors. The
developed electrochemical biosensor is novel wagpect to biocomponent (RBC) which is immobilizeccarbon
paste and response is linear. The developed bimsbas been applied for monitoring insulin in nokmnaividual,
diabetic patients — non-insulin dependent and ingigpendent diabetes mellitus patieftise characteristics of the
developed insulin biosensor are reported in tHeviehg section.

MATERIALS AND METHODS

2.1 Subjects:

The present study comprised of 90 patients fromeguwent and private hospital. The consent fronpttent was
taken who were enrolled for study and approval fretmcs committee of the institute. The insulindBsvwere
assayed by the developed biosensor as well aselpyttotometry and ELISA technique.

2.2 Blood Sample The serum sample was used for insulin determinatio

2.3 Chemicals and Reagents:
Various reagents of analytical grade used were Naflition , phosphate buffer saline;t@POy/KH,PQOy), NaOH ,
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insulin(Bovine Insulin 40U/L) , glucose , NADP stibn, KCI , were procured from SRL Chemical Ltdlarrent
Pharmaceuticals Ltd., S.D fine Chemicals. Carbowdsr was obtained Sigma chemicals and mineralroihf
Fluka-Germany. A glass tube 5cm long and 2-3 miameter was used for the fabrication of carbaste RBC-
electrode (procured from CSIO-Sec-30, Chd).

2.4 Fabrication of Insulin Biosensor
Procedure:

The carbon paste insulin electrode was prepardtihg mixing carbon paste (4:1, carbon powder: raingt) for
20 mins.Then the paste was mixed with biocompo(redtblood cells) isolated from 2ml of human blgasma. A
portion of the resulting paste was packed intoghd of a 5cm long glass tube (2-3mm diameter). Tdstepwas
filled to the tip to a height of 1cm; electricalntact to its inner end was made with a 0.2mm diemetpper wire.

2.5 Experimental Part

The experiments were run with the blank, standacdumknown samples. The oxidation curve was obseav®.32
V which is the oxidation potential of NADPH [18] @rfior the blank, the oxidation potential curve veéserved at
0.27V. Optimization of various parameters for pretitn of NADPH was studied which includes tempematu
reaction time, glucose concentration, NADP+ and RB€Cimmobilization).

Instrumentation and measuring procedure

Electrochemical measurement was performed usingolarqgraph (Systronic model 1632) modified as an
amperometer. The three-electrode system consist@@CBE- RBC electrode as the working electrodeAgihAgCl

as the reference electrode and a platinum wirdn@satixiliary electrode. The experiments were cardget in an
electrochemical cell holding 40 ml of reaction robd, cocktail in a sequence ABCDA. Solution A (NaQH
solution B (serum of normal individual, IDDM and DM patients ) which serves as a source of insusialution

C (glucose) , D( NADB and phosphate buffer saline( PBS) of pH 7.4 a@ #& temperature of 27 + 2°C. The
current- voltage curves were taken with the voltegege of 0-0.75 V with a scan rate of 5 mv/se® @kidation of
NADPH was studied at + 0.32V amperometrically ahé tanodic current was measured. Reliability of the
developed electrochemical insulin biosensor wasclad by quantitative analysis of NADPH generation b
photofluorometer. The reproducibility of the tetfi@ated CPE-RBC electrodes was checked which tfeveame
peak height with same insulin concentration withelteS.D- 1.7+0.005.

RESULT AND DISCUSSION

Conversion of Glucose inside red bood cells :

H ! OH H_ ! OH ﬁ
| | ;
|
H—?—OH 5 H—T:—OH H—C—OH
NADP' NADPH+H" |
HO—(|3—H » HO—(|3—H HO—C—H 0
~ I
H-C-OH 3 H-C-OH H-C—OH
| ATP aop | G-6-PD |
H_?_— H—(|3—— H-C
' I
2
CH20H CH20PO3 CH20PO3*
D-Glucose Glucose-6-Phosphate 6-Phosphogluconate

HK — Hexokinase Enzyme
G6PD — Glucose- 6- Phosphate Dehydrogenase

Fig.1 Diagrammatic representation of NADPH productbn
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3.1 Method of Development

The developed electrochemical insulin biosensotains CPE-RBC electrode. The red blood cells cardazymes
hexokinase, glucose-6- phosphate dehydrodegend$®aAd insulin receptor. This enzymes machinensed for
insulin detection. The insulin facilitates the tsport of glucose across rbc membrane by glucoseqeese
transporter [18, 19] which is converted to glucésg@hosphate by hexokinase and further to 6-phagpbonate by
glucose-6- phosphate dehydrodegenase with the ootasd generation of NADPH. The reactions are shamvn
Fig.1 .The NADP and glucose were added exogenduostirive the reaction in forward direction. The ambof

NADPH produced is proportional to insulin concetitna and signal was observed at oxidation potemwfiat 0.32
V.

3.2 Insulin standard curve

The insulin standard curve was constructed as shiowig. 2 with the linear range of 0.006-0.09 nitdahe signal
was obsereved at potential of 0.32V and for thalglaignal was observed at 0.27V.
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Fig. 2. Standard Curve for Insulin
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Fig. 3 Avoltagram of insulin (1) 0.006 nM (2) 0.012 nM insulin (3) 0.030 nM insulin, PBS pH = 7.4, current
=5mA, *Voltage= 0.32V, CPE- RBC electrode.
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3.3 Surface characterization of the RBC electrode

The blood volume of biocomponent (RBC) to be imrtipbd in the carbon paste was optimized and thel].8.0
and 3.0ml was taken under study. These three ftbdcelectrodes obeyed the bioassay principle ctesization,
but the current value came to be highest with 2.6hliocomponent as shown in Table 1 and Fig. 4uth the
number of cells in 3ml volume of blood was more, geak height was comparatively less as overcrogvdirRBC
cells hampered the facilitated transporter. Theeturvoltages curve for 1.5, 2.0, 3.0ml of biocomgat is shown
in Fig. 3. A sharp peak at 0.32V oxidation potdrisabserved for 2.0ml of biocomponent.

Table 1Volume of Biocomponent Optimization for CPE

S. No. | Volume (ml)| Current (cm.
1 1.5 7.9
2 2 18.1
3 3 15.9
S.D+5.36
21
18 4
15 4
5 124
5
= 9
3>
(@]
6 |
3 4
0
1.5 2.0 3.0
Volume of Biocomponent (ml)

Fig. 4 Effect of Biocomponent volume on NADPH Prodction

3.4 Reliability

The reliability of the developed biosensor for ilirsuestimation has been checked with photofluor@ndty
detection of NADPH production and results are coralpi@ as shown in Table 2. Insulin level of norrhahlthy
subject, NIDDM, and IDDM determined by the develdfxrosensor were found to be comparable (datahmts)
by the conventional method (ELISA). Hence, the dgyved biosensor is reliable.

Table 2: Comparison of electrochemical insulin bisensor and Photofluorometer methods for determinatin
of insulin concentration

S No pPE-rbc Phqtofluorometer
) Insulin Conc. (nM)| Insulin Conc. (nM)
1 106 106.9
2 131.1 126.6
3 75 87
4 96 90
5 95.4 99

3.5 Stability of biocomponent
The developed CPE-RBC electrode is stable for tweeks if kept at pH 7.4 and temperature 2-8°C insphate
buffer saline [20]. The regeneration of the biocomgnt is not fast and hence CPE-RBC electrodésmgle use.

393
Pelagia Research Library



Amandeep Kaur et al Euro. J. Exp. Bio., 2012, 2 (2):389-395

4. Application of the developed insulin biosensor

The developed biosensor has been applied for digtetion of insulin in normal individual, IDDM and INDM
patients. Normal range for healthy individuals

is 2-150 nM/ml [6, 7].

Table 3 Comparison of Insulin Concentration in Nomal individuals, IDDM and NIDDM Patients using
CPE-RBC electrode

- IDDM (Fastin IDDM (After insulin injection) | NIDDM
Normal Individual (n=30) (n£30) 9) ( (n=30) / ) (n=30)
Mean 72.78 0.03000 177 84.7
SD 16.9 0.00500 20 4.66
SEM 5.3 0.00204 10.0 1.47
p p<0.0001 p<0.0001 p<0.0001 p<0.00p1

Table 3 shows the results and statistical analysisormal individual, IDDM and NIDDM patients. Thasulin
levels of NIDDM are close to the normal individualhereas the IDDM patients have lower insulin letreln
normal range. The results were statistically sigaiit by this developed method i.e. p value<0.0004.history of

the patients correlates with the results as theg waking antidiabetic drugs daily to maintain natmglucose level.
Some IDDM patients had high normal insulin levedstizose patients were taking insulin intravenoudslyy. This
developed method has been patented with the suppofechnology Information Forecasting and Assesgme
Council (TIFAC), Punjab State Council for Scienc&de&hnology (PSCST), and Department of Science and
Technology (DST) and Indian Patent vide applicatiom is 1792/DEL/2006 under the title “Biosensor fo
Estimation of Insulin” [21].

CONCLUSION

In this paper, an electrochemical biosensor has leweloped for detection of insulin concentratiomnormal
individuals, IDDM and NIDDM patients. The developbibsensor exhibits excellent sensitivity. The éineange
achieved for insulin detection is 0.006 — 0.09 nhktl aesponse time is 25min. The storage stabilitythaf

biocomponent achieved is two weeks if stored in BBBH 7.4 at 2-8C. The reliability of the developed biosensor

has been checked with photofluorometer and thdtsegte comparable. The conventional analyticaihéue used
is no doubt precise but it is time consuming andtigdab bound whereas the biosensor approachhesadvantage
of specificity, fast response time, simplicity afnstruction of CPE-RBC electrode, it exhibits gnetspects in the
field of biosensor. The analysis of insulin by l@pnsor approach is a remarkable step far ahead eoflith
conventional method of electrochemical detectiothve lower detection range. Because of high seitgitithe
developed electrochemical biosensor is suitablerfonitoring insulin level in IDDM patients whosersm insulin
level is quite low.
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