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Abstract

Background: Biosensors can be well-defined as analytical procedures
which contain a combination of biological sensing elements like sensor system
and a transducer they includes a biological elements with a suitable transducer
to yield a measurable the signa related to the concentration of biochemical
species in different types of samples. Biosensors demonstrate an excellent
presentation value due to the progression of technology and the characteristics
features of exact identification.

Aim of study: To detect the level of Alanine transaminase (ALT) and
Aspartate aminotransferase (AST) liver enzymes and its concentration through
the using of different set up of laser biosensors as a new method.

Materials and Methods. Twenty four blood samples were collected
from patient’s males and females, their ages ranged from (15-72) years admitted
to Ibn -Alnafees hospital complaining from heart and liver diseases. From each
patient taking (10 ml ) of blood were taken labelled, centrifuged and divided
into two parts, (5ml) used for detection the concentration of ALT and AST
enzymes examined manually in the hospita using RANDOX kit and
spectrophotometer in at a wavelength (546) nm. The other 5ml is used to detect
the concentration of enzymes by using three setup of constructed laser biosensor
device. According to the optical properties of ALT and AST enzymes |,
standard wavelength (530-550 nm ) as listed in the RANDOX kit and the
refractive index of ALT and AST standard ,1.3460 au, 1.3470 au respectively
by using abbey refrectometer were usedto select the suitable laser green light
diode (semiconductor) at wavelength 532 nm, Power <1000 mW. Three types of
optical fibers are used for the construction of biosensors to detect the
concentration of ALT and AST enzymes in serum samples:
1-Single mode fiber (SMF-28) is sensing in 531. 62 nm and 531.16 nm

respectively.



2- Multimode fiber (MM) is sensing in 531.16 nm for both enzymes.
3- Photonic crystal fiber PCF Machzender- interferometer (LMA-10) sensing in

531.16 nm for both enzymes. After Constructing biosensors (SMF, MMF and

PCF) they were connect with green diode laser 532 nm according to the optical
properties of the standard of ALT and AST enzyme. On the prepared segment
of fiber (2 cm) of all setup, (1 ml) of standard and al samples are placed,
connect with an optical spectrum analyzer (ocean HR-2000) to show the signal
of intensity.

Results: The absorption of laser light by highly concentrated samples are
higher and inversely proportional to the intensity of light, this means that the
intensity of light at the detector side were high when the concentration of
enzymes are low. This phenomenon could be explained as, the higher
absorption of light by samples (ALT and AST enzymes) due to the selection of
suitable laser which depends on the absorption of the samples to the wavelength
of the laser. Multimode fiber (MMF) biosensor considered the more effective
type because the signal of intensity of multimode fiber have a large number of
modes compared with single mode fiber and photonic crysta fiber which have
limited number of modes due to their basic structure.

Conclusion: In construction of three types biosensor: single mode,
multimode and photonic crystal using green light diode laser 532nm to detect
the level of ALT and AST liver enzymes in blood samples, multimode laser
biosensor considered the best biosensor for detection the concentration of both
enzymes in the sample in addition it is highly sensitive in transmission of signa
light intensity. Biosensor are most accurate, with a rapid diagnosis ,less costley
method than the traditional method to avoid any biologica changes in blood
sample lead to changes in optical characterastic (refractive index and

absorption) of blood sample.
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Chapter One 1

1.1 Introduction

This chapter focuses on liver and its enzymes, laser, fibers and biosensor.
Where defined liver and its enzymes such as (ALT and AST) and its functions
and disease. Then define laser, fibers, evanescent wave, in-Line PCF Mach-
Zehnder Modal Interferometer, Biosensors and their classifications, applications
and the optical biosensor explained briefly.

1.2 Liver

Liver isapart of the digestive system, second largest organ in the body
and is located under rib cage on the right side.
and nutrients through the conversion of food and drinks, removal of harmful
substances from the blood, detoxification, protein synthesis, and the production
of chemicalsthat helpin the digestion of food. [1, 2]
Shown in figure (1.1).

Esophagus
Right lobe

of liver Left lobe

of liver

bile duct '

Figure (1.1) Anatomy of liver [3]
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1.2.1 Themajor functionsof theliver

Theliver isclassed as agland and associated with many functions. It isdiff
icult to give aprecise number, asthe organ is still being explored, but it isthought
that theliver carriesout 500 distinct roles:[4, 5] the mgor functions of the liver
includes:
1-Fat metabolization: Bile breaks down fats and makes easier todigest.
2-Metabolizing of carbohydrates:. Carbohydrates are stored in the liver,
where they are broken down into glucose and siphoned into the bloodstream to

maintain normal glucose levels. They are stored as glycogen and released whene
ver aquick burst of energy is needed.
3-Absor bing and metabolizing bilirubin: Bilirubin is formed by the
breakdown of haemoglobin. The iron released from haemoglobin is stored in th
e liver or bone marrow and used to make the next generation of blood cells.
4-Vitamin and mineral storage: The liver stores vitamins A, D, E, K, and
B12. It keeps significant amounts of these vitamins stored. In some cases,
severa years worth of vitaminsis held as a backup. The liver stores iron from
haemoglobin in the form of ferritin, ready to make new red blood cells. The i
ver aso stores and releases copper. [5]
5-Supporting blood clots: Vitamin K is necessary for the creation of certain
coagulants that help to clot the blood. Bileis essentia for vitamin K absorption
and is created in the liver. If the liver does not produce enough bile, clotting
factors cannot be produced.
6-Bile production : Bile helps the small intestine breaks down and absorbs
fats, cholesterol, and some vitamins. Bile consists of bile salts, cholesterol, bili

rubin, electrolytes, and water.
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7-Production of albumin: Albumin is the most common proteinin
blood serum.It transports fatty acids and steroid hormones to help maintain the
correct pressure and prevent the leaking of blood vessels.
8-Synthesis of angiotensinogen: This hormone raises blood pressure by
narrowing the blood vessels when aerted by production of an enzyme called
renin in the kidneys.
9- Metabolisem of proteins: Bile helps break down of proteins for digestion.
10-Filtration of blood: The liver filters and removes compounds from
the body,including hormones, such as estrogen and aldosterone, and
compounds from outside the body, including alcohol and other drugs. [6]
A. Tests of the liver’s capacity to transport organic anions and to metabolize
drugs- Serum bilirubin, urine bilirubin, urobilinogen etc
B. Tests that detect injury to hepatocytes (serum enzyme tests)
Aminotransferases, akaline phosphatase, aglutamy! transpeptidase,
5 nucleotidase, leucine aminopeptidase etc.
C. Tests of the Liver’s biosynthetic capacity- Serum proteins, abumin,
prealbumin, serum ceruloplasmin, procollagen |11 peptide, a 1 antitrypsin, afeto
protein, prothrombin time etc. [6]
1.3 Enzymes

Enzymes are cellular proteins that aid in speed up (catalyse) chemical
reactions in the human body.They bind to molecules and alter them in specific
ways,they are necessary for respiration, digesting food, muscle and nerve
function, among thousands of other roles. Enzymes are built of proteins
folded into complicated shapes; they are present throughout the body.

The chemical reactions that keep us alive - our metabolism -rely on the work
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That enzymes carry out. Enzymes speed up (catalyse)chemical reactions; in some
cases, enzymes can make achemical reaction millions of timesfaster than it would
have bee with out it asubstrate bindto the active site of an enzymeand is
converted into products. Once the products leave the active site, the enzymeis
ready to attach to anew substrate and repeat the process show in figure (1-2).[1]

Figure (1- 2) The enzyme that amylase breaks down the starch. [1]

1.3.1 Mechanisms of enzymes
The "lock and key" model was first proposed in 1894. In this model

an enzyme's active site is a specific shape, and only the substrate will
fitinto it, like alock and key. This model has now been updated

and is called the induced-fit model. In this model, the active site changes

shape as it interacts with the substrate.Once the substrate is fully locked

in and in the exact position, the catalysis can begin. The active site of

an enzyme are bind to the substrate, later is changed into products. As the
active site are leaved by the products as shown in figure (1-3), a new substrate
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Are ready to attach by the enzyme and repeat the process. [1]

Substrates
( Product
‘ :

Active site
| l

Figure (1-3): Enzymelock and key model [1]

1.3.2 Liver enzymes

Examination of the levels of certain enzymes and proteins in the blood t
hat are higher or lower than normal can indicate liver problems.
Liver function tests include:
1-Alanine transaminase (AL T). ALT is an enzyme found in the liver
that helps convert proteins into energy for the liver cells. When the
liver is damaged, ALT isreleased into the bloodstream and levels increase. [7]
2- Aspartate transaminase (AST). AST is an enzyme that helps metabolize
amino acids. Like ALT, AST is normally present in blood at low levels. An

increase in AST levels may indicate liver damage, disease or muscle damage.
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3- Alkaline phosphatase (ALP). ALP is an enzyme found in the liver

and bone and is important for breaking down proteins. Higher than normal
levels of ALP may indicate liver damage or disease, such as a blocked hile
duct, or certain bone diseases.[7]

4- Gamma - glutamyltransferase (GGT). GGT is an enzyme in the blood.
Higher - than - normal levels may indicate liver or bile duct damage.

5- L - lactate dehydrogenase (LD). LD is an enzyme found in the liver.
Elevated levels may indicate liver damage but can be elevated in many other
disorders.

6- Prothrombin time (PT). PT isthe time it takes by blood to clot. Increased
PT may indicate liver damage. [7]

1.3.3 Liver diseases
An unhealthy, malfunctioning or diseaeased liver can be hazardous or

even lethal. Thereisavariety of conditions that affect the liver. Examples of

liver disease include:

1- Fascioliasis. caused by the two spp f.hepatica ,f.gigantica attack of a
parasitic worm.

2- Cirrhosis: the liver cells exchanged in a process known as fibrosis, produced

by an amount of factors, containing toxins, alcohol, and hepatitis. Fibrosis

causes liver failure as the functionality of theliver cellsisinjured.

3- Hepatitis: Hepatitis is the term specified to ageneral infection of the liver,
initiated by viruses, toxins, or an autoimmune response. It is characterized by
inflammation of the liver, may cause liver failure in severe cases shown in
figure (1-4), NASH (Non acoholic state hepatitis) [8], [9].
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NORMAL STATUS  FATTY LIVER NASH CIRRHOSIS

REVERSIBLE REVERSIBLE IRREVERSIBLE
Fat deposit Scar tissues Hard |ife for
causing liver  formation generating  patients & work
enlargement more liver cell incapacity
Injuries

Figure (1-4) Stepsof liver diseases[10]

1.3.4 Liver function tests

Liver function tests are important in the detect assistance of liver damage.
The measurement of certain proteins and enzymes in blood had been done by these
blood tests.
Liver function tests remain important for the followings:
1- Monitor the infections of liver, such as hepatitis.
2- Observe the development of a disease, like alcoholic, vira hepatitis, and
control the treatment.
3- Give notice about the progression of a disease, mainly scarring (cirrhosis).
4- Screen medications side effect mainly with warfarin (blood-thinning drugs).
[11]
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1.3.5 Alaninetransaminase (ALT)

This enzyme established in the liver, kidneys, heart, and musclesin high
concentrations, mainly consist of 496 amino acids and are determined by a gene
situated in the long arm of chromosome 8.

The transamination reaction are catalyzed by enzyme, elevation therisesin
ALT level appeared with any kind of liver damage. Liver damage are caused by
liver inflammation (hepatitis), injury due to toxin and ischemic liver disease
leads to increasing the level of ALT enzyme, in Hepatitis C the level of ALT
enzyme increases more than in Hepatitis A and B. therisesin ALT level
mainly linked to fat accumulation in liver during childhood obesity,
inflammation due to fatty liver disease, Alcoholic and Non-alcoholic fatty liver
disease.

Metabolic syndrome (Bright liver syndrome) is suggestive when thereis
increasing in level of ALT enzyme. [9]

The reaction it catalyzed and transfer the amino group from L-alanine

to o« — ketoglutarate , the product of this reaction are pyruvate + L- glutamate.

1.3.6 Aspartatetransaminase (AST)

Highest concentration level of AST enzyme are found in the liver, heart,
muscle, kidney, brain, pancreas, and lungs. Increasing the level of AST
contained in certain organs are a moderately less specific indicator of liver
damage as related to ALT level. Tissue necrosis happened in myocardial
infarction and chronic liver diseases, liver cirrhosis indicate a highly suggestive
of increasing the level of mitochondrial AST in bloods.

The normal range for two enzymes ALT and AST are:
In Males from (8-35) U/L.
In Females from (6-25) U/L.
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1.3.7 AST: ALT ratio
Theratio of AST to ALT isof usein Wilson disease, CLD and

alcoholic liver disease and aratio of more than 2 is usually observed. The lack
of ALT riseis probably due to pyridoxine deficiency. In NASH theratio isless
than one in the absence of fibrosis on liver biopsy. [12]
Inviral hepatitisthe ratio is usually less than one. Theratio invariably risesto
more than one as cirrhosis develops possibly because of reduced plasma
clearance of AST secondary to impaired function of sinusoidal cells. [13]
ALT exceeds AST in toxic hepatitis, vira hepatitis, chronic active hepatitis and
cholestatic hepatitis, if the AST: ALT ratio > 2 that means occurs cirrhosis. [14]
1.3.8 Mitochondrial AST: Total AST ratio:

This ratio is characteristically elevated in acoholic liver disease.
Abstinence from alcohol improves this ratio. It is aso seen to be high in
Wilson’s disease. [12]

1.4LASER

LASER (Light Amplification by Stimulated Emission of Radiation)

Laser isalight that have the high intensity and highly directional light.
[15] Charles Hard Townesis an American scientist and two Soviet scientists,
Alexander Mikhailovich Prokhorov and Nikolai Gennediyevich Basov, they
desirable Nobel Prize (1964) and basic concepts for laser [16]. Scientist who
was firstly demonstrated laser by experiment through light flashing determined
ruby crystal is TH Maiman from Research Laboratory Hughes, California, in
1960. [17, 18]
Laser isalight through a method called stimulated emission of radiation which
intensifies or increases the intensity of light. Some lasers yield visible light but

others produce ultraviolet which arein visible. The energy of the emitted photon



Chapter One 10

When €electron displays from the level of higher energy to the level of alower
energy, it releases light or photon show in figure (1-5). [19, 20]

Thisis equal to the energy variance between the energy levels. Laser isdiverse
from the conventional light. Laser light has extra-ordinary properties which are
not existing in the conventional light bases like sun and incandescent

lamp.L aser produce greatly directional, monochromatic, coherent and polarized
light beam. There are many uses of laser mainly in welding and Cutting,
surveying, in medical applications, laser nuclear fusion, garment

industry, treatment, barcode. [21, 22]

The energy emitted from the orbit of electron is bigger for orbits
additional after the nucleus of atom as seen in classical view. Therefore,
originated electrons are now at exact level of energy of an atom, areillustrated
in figure (1-6).

Before During After
emission emission emission

Excied level —@— F5

hy

MVAVAVAY, o
Incident photon

Ground level

Atom in Atom in
excited state ground state

EQ—E1=AE=hV

Figure (1-5): excitation state [23]
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Figure (1-6): laser principle design [23]

1.4.1 Absorption

A simple phenomenon can be used in bio-sensing, Absorption is

Output Beam

Partial Reflector

A processin which al or part of the energy of the photon is converted into

11

Other types of energy, like heat. The absorbance can be measured by directing a

beam of radiation at the sample and detecting the intensity of the radiation

(emission) that comes across it according to beer lambert law. [24]

LLight Absorbance:

Light Transmission

TIo:

Beer-L.ambert law

Light Intensity entering a sample

I: Light Intensity exiting a sample

C: The concentration of analyte in sample
L: The length of the light path in glass sample cuvette
€: a constant for a particular solution and wave length

(A) = log (In / D= £L.C

(T) =1L/To = 10-ECL
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Some techniques of absorption spectroscopy have been advanced to estimate
the absorption as a function of wavelength, such as ultraviolet-visible, infrared
and X-ray absorption spectroscopy. [25]

1.4.2 Theintensity of light

Intensity is the influence transported in the area, anywhere the areais
distinguished continuoudly the flat vertical to the energy direction. Using
Sl system, it has parts watts per square meter (W/m?). It is used most regularly
with waves (example - sound or light), in which case the normal power transfer
over one period of the wave is used. I ntensity can be useful to other conditions
where energy is transported. [26]

The intensity of modulated light can be measured by alight receiving
component and transformed into an electrical signal. The electrical signal
change is proportional to the change of the measured. Different sensors, like
Mass and refractive index sensors have been implemented based on this
modulation technique. [23]

1.4 .3 Light-matter interaction.

Some effects are produced once the light incidence with matter with no
disturbance toward the electron levels of atoms and so, variations not present in
the light wavelength or energy. So, the smulated of light occurred, absorbed,
dispersed, and directed with the original wavelength (A1). When the levels of
electrons are changed, some molecules are absorbed light, causing original
luminescence (light emission), through greater wavelength (A2) .Altogether of

these occurrences areillustrated in Figure (1-7). [27]
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Absorbed light

~ Reflected light

Scattered light
(M)

Figure (1-7) some occur rences produced by the light-matter interaction

[27]

Additional variations container can perform, like polarization of light or
ateration in light polarization angle. Therefore the substance characteristics are

changed (direction, intensity, wavelength and polarization) of matter. [28]

1.4.4 Laser tissue interaction (propagation of laser light in matter)
Beam of laser that meetings media superficial can be imitated,
transmitted, absorbed or may be scattered at different level. When the laser
beam drops on the media, it is not consider as alight but as a nonstop or pulsed
istrains of photons. Photon as a particle can only intermingle by substance
through removing energy amount. Thus, photons that are absorbed only can
yield effect in the tissue. Achromophore is requisite for absorption of photon
Inside the tissue. The photon absorption are increased by reducing its

reflectance, scattering and transmission. [29]
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1.45 Typesof lasers

Lasers may be classified according to severa criteria
1-Based on the mode of operations:
¢ Pulsed system (single pulsed or repetitively pulsed).
¢+ Continuous wave system.
% Single pulsed Q-switched system.
% Mode locked system.
2-Based on mechanism in which population inversion:
% Threeleve system.
% Four level system.
3-Based on active medium:
% Gas laser.
% Solid laser.
% Semiconductor |aser.
% Tunable dye laser.
4-Based on characteristics of the laser radiation:
¢ Fixed frequency.
% Tunable.

14

5- Based on the excitation mechanism (pumping) method of the active

medium:
% Optical pumping.
¢ Electrical pumping.
¢ Laser pumping.
6-Bsed on thelaser output power:
s Low.
% Medium.
% High. [30]



Chapter One 15

Uitra Violet
Microwaves
hort Warve

B

Infra Red

kﬂnln a Rays

(VAN VS LU o fi¢
Wavelength (m)

VibeLigh

‘\
.“
™
‘\

’ L]
.
J‘ .‘
’ L]
P o .“
’
¢ Y
.’ LY
’ L]
’ s
‘f \.
4 .
.
’ L]
’ LT
Fid .
'l ‘I
L4
’
’
¢
’
’
’
’
¢
L4

0 il

Wavelength (nm)

Figure (1-8) wavelength of commer cially available lasers[31]
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1.5 FIBERS

Opticd fibers are used to transfer of light and find different
application in fiber optic transportations, optical documentation.
Fiber transmission above lengthier spaces and having higher bandwidths
more than present in the wire cables [32]. Optical fibers are used ainstead
of metal wires because amounts of signals damage are minor in amounts that
moves along the fibers. They are resistant to interference occurred
electromagnetically, easy after which wires metal in type wounded extremely.
Optical fibers are also appliedin illumination, enclosed in packages
(bundles) for thisthey can be used in images transportation.
Therefore permitting watching limited spaces, like in a fiberscope.
. Exactly directed fibers have avariety of application, like fiber lasers
and fiber optic sensors presented in figure (1-9). [33]

Figure (1-9) Cable optical fiber [32
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1.5.1 Single M ode Fiber

A single-mode fiber (SMF) is an optical fiber intended to transmit light in
adown direction - the transverse mode. Waves can require the same mode but
have atered or different frequencies. In single-mode fibers, waves appeared
with different frequencies and with the same mode, means that they are
distributed in space in the same way, and that provides a single beam of light.
Though the ray movements parall€l to the length of thefiber, itis
called transverse mode meanwhile its electromagnetic alternations occur
perpendicular (transverse) to the length of the fiber. ).show in figure (1-10)

[34, 35]

Multimode and Single-Mode Light Propagation

Source
Light

Rays

Multimode - Step Index

Multimode - Graded Index

Single-Mode - Step Index

Figure (1-10): Single mode and Multimode fiber [36]
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1.5.2 Multi-mode Fiber

Multimode fiber mainly associated with a core large in diameter
(More than 10 micrometers). Emissions of light in multimode fiber
Aredirected along core by total internal reflection .Emission of rays that

encounter the boundary at a short angle are diverted from the core into the
cladding, and do not transportation light, figure (1-11) showing the diffrence
among Single mode and Multimode fibers. [37,38]

Singlemode

Multimode

R,
|

T R, E— -
I
R m i WA '/k!

Figure (1-11): Difference concer ning Single mode and Multimode Fiber
Patch Cables cords. [39]
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1.5.3 Photonic crystal fiber (PCF)

This type of fiber are also named as microstructure or holey fibers.
Photonic crystal fibers (PCFs), have an intermittent collection of micro holes
that track length ways the whole length of fiber. The light-guiding mechanisms
in case that means of a modified total internal reflection [40, 41]

Exceptiona guiding mechanism and modal properties of photonic crystal fibers
discuss the number, size, shape, and the parting between the air-holes aswell as
the air-hole organization [42, 43].
A PCF using LMA 10 fiber, created the information that higher order modes
can remain in the core of a PCF with asmall length showing in figures

(1-12A, b), (1-13). [44, 45]

Figure (1-12) :( @) solid core (b) hollow core [46]
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Refractive ipdex
J Coating

Cladding
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|

d A

Figure (1-13): Photonic crystal fiber with a solid core. Air holes decrease
the effective index of the cladding below that of the cor e which can then
guide light. [46]

1.5.3.1 Large ModeArea Photonic Crystal Fibre (LMA)

The special feature of photonic crystal fibresis the geometrical
properties of its cross-section, by controlling on these properties, PCFs with
large effective area can be designed . This type of optical fibres called large
mode area (LMA) or single-mode photonic crystal fibre which can be designed
by making asmall relative hole size and large hole-to-hole spacing in a
considerable range. This
Type of fibre can be kept away the material damage with high power lasers.
Thus, large mode area can be employed for propagating a high power laser. In
spite of that the photonic crystal fibres and standard optical fibres can give the
same mode areas at a given single wavelength, large mode area PCFs have a
different advantages for broadband and high beam quality applications due to
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Their capability to be a single mode with large mode area along a broad
wavelength range. [47, 48.49]
1.5.3.2 In-Line PCF Mach-Zehnder M odal | nterferometer with

Mic-Hole Collapsing

Micro-hole collapsing is asimple kind of MZI because its fabricati
only need to cleave and splicing the optica fiber. By changing the
parameters of the fusion splicing, the collapsed region can be controlled. At
region where the holes are collapsed, there is no fiber cladding and the photonic
crystal fiber is no more in single mode. Thisway can be designed by splicing
PCF between two SMFs as shown in figure (1-14). At the first collapsed region,
the air hole is completely collapsed, the beam mode of the core is diffracted,
and worked as a splitter. In the PCF core, the beam will be expanded and a part
of core mode can be coupled to the PCF cladding modes at the collapsing
region. After propagating the length of the PCF (L) and when they reach of
second collapsed region, they will recombine. [50]
By using Gaussian beam approximation, broadening of a fundamental mode can
be measured. Mode field diameter (MFD) at the splicing point (z) can be
:calculated from
MFD =2w 1+ (2)
Where (n) isthe refractive index of the pure silica (n silica=1.45), A is the light
wavelength and (w) isthe light spot size. In general interference pattern which
Is depending on the length of optical path, shows the displacement between
two-arms of interferometer because of core mode has a higher effective index
than the cladding mode. Therefore, the physical lengths of interferometer arms
are similar; the spatial frequency of the wavelength spectrum is directly related
with the different between the effective indices of the cladding and core
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Mode [51]. The intensities of core and the cladding modes can be measured as
function of a physical length (L), wavelength and phase difference

(@): I=1CO + ICL + 2NICOICL ( Ag)
Where (), (IC0O) are the mode intensities of cladding and core mode
respectively.
Where L is the interaction length (the sensing arealength), is the wavelength in
the vacuum, and An = ncore — nclad is the change in the effective refractive
index of the mode. By changing the iength of the photonic crystal fibre, the
fringe or period spacing in these interferometers can be easily control [52]

Image of tkhe PCFI

Splice point

1 1 ;
SMF M;(l:ro-hgle . PCF o
l collapsed region l PCFcrosi

Figure (1.14) Diagram illustrate transmission of light between single
Mode fiber and photonic crystal fiber, excitation and recombination
Of modesin the whole collapsed region. [53]
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1.5.3.3 Unclad Evanescent Wave Optical Fibre Sensor

Evanescent wave technique is used in a particular class of optical
fibre sensor for monitoring and measurement of asset of chemical and physical
variables [54]. An evanescent wave is created whenever light undergoes TIR at
the core cladding interface. The evanescent wave penetrating a small distance

into the cladding of optical fibre. Figure (1-15) shown the evanescent wave

which decays exponentially from the interface of core and clad and propagating
parallel toit. [55]

Figure (1-15) evanescent wave in the optical fibre cladding [54]
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1.6 BIOSENSOR

Biosensors can be well-defined as analytical procedures which contain a
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combination of biological sensing el ements like sensor system and a transducer

they includes a biologically active element with an suitable physical transducer

to yield aquantifiable signal proportional to the concentration of chemical

speciesin any type of sample show in figure (1-16 ) [56,57 ,58].

The main construction advantages and applications of biosensors are stability,

cost, sensitivity, and reproducibility shown in figure (1-17).

Biosensors
I
I I
Transducing Biorecognition
Element element
[
I I I
Mass Based Electrochemical Optical L Antibody
Biosensor biosensor biosensor
|
[ |
: " . Potentiometri lasmon
Magnetoelectric Piezoelectric | Poteilmetat: | (S ben ) Phage
Sensors resonance (SPR)
Quartz crystal i
— microbalance | Amg:;gg::tnc — Raman & FTIR | DNA
(Qcm)
Surface acoustic [ | | Impedimetric — S
wave (SAW) Sensors P Y
[ Oosstomeine | | Other “—  Biomimetic
sensors

Figure (1-16) Construction of biosensor [59]
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Schematic Figure (1-17) application of biosensor s [60]




Chapter One 26

1.6.1 Biosensors Applications

In recent years, these sensors have become very popular, and they are appli
cable indifferent fields.
Common healthcare checking ,Metabolites M easurement .Screening for
sickness ,Insulin treatment ,Clinical psychotherapy & diagnosis of disease
In Military ,Agricultural, and Veterinary applications ,drug improvement,
offense detection ,Processing & monitoring in Industrial ,Ecological pollution
control.
From the above article, finally, we can conclude hat biosensors and
bioel ectronics have been used in alot of areas of healthcare, life science research,
environmental, food & military applications. Further, these sensors can
be enhanced as Nan biotechnology shown in figure (1-18). [61]

it

ml, H Electrochmical %

Signal
Optical Amplification

w Colorimetric '
Food Samples A Mass
ﬂ A .\-
S t S
- i Magnetic

Environmental and Signal
Agricultural Samplcs Processing
(e.g: water and soil)

Human Samples
(e.g3 blood and
urine)

Figure (1-18) Schematic biosensors of different types containing biological
recognition elements, transducer s, and detectors. [61]
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1.6.2 Optical Biosensor

Several optical phenomena can be used in optical biosensors such as
fluorescence, luminescence, absorption, interferometry, evanescent wave and
Surface Plasmon Resonance, to change biological informationsinto the
measurable optical signal. Absorption isasimple phenomenon can be applied in
bio-sensing. Absorptionisaprocessinwhich al or part of photon energy is
transformed to other types of energy, like heat. The absorbance can be measured
by directing abeam of radiation at the sample and sensing the intensity of the
radiation that originates acrossit. Some techniques of absorption spectroscopy
have been progressive to determine the absorption as a function of wavelength,
such as ultraviolet-visible, infrared and X-ray absorption spectroscopy [62].
Intensity modulation was used in early optical sensor growth owing to its low
cost, smplicity, and reliability [63].

The intensity of light source approved through a sensor head from alight differs
in accordance with the measured. Theintensity of modulated light can be
measured by alight receiving component and transformed into an electrical
signal. The electrical signal variation is proportional to the change of the
measured. Different sensors, like mass and refractive index sensors have been
realized based on this modulation technique .[64, 65].

A typical biosensor is characterized in figure which it involves of the following
components:

Analyte: A substance of concern that needs recognition. For example, glucoseis
an ‘analyte’ in abiosensor planned to detect glucose. Bioreceptor A: molecule
that specifically identifiesthe analyte iswell-known as abio receptor. Enzymes,
cells, aptamers, deoxyribonucleic acid (DNA) and antibodies are some examples
of bio receptors. The process of signal generation (in the form of light, heat, pH,
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Charge or bulk change, etc.) upon interaction of the bio receptor with
theanalyte iscalled bio recognition.

* Transducer: Thetransducer isacomponent that alters one form of energy into
another. In abiosensor the role of the transducer isto change the bio-recognition
event into adeterminate signal. This process of energy alteration isknown as
signalisation. Most transducersyield either optical or electrical signalsthat are
usually proportional to the amount of analyte bio receptor interactions.

* Electronics: A part of abiosensor that processes the transduced signal and
formulatesit for display. It consists of complex electronic circuitry that performs
signal conditioning such as amplification and conversion of signalsfrom
analogueinto the digital form. The processed signals are then counted by the
presentation unit of the biosensor.

Display: Thedisplay involves of auser interpretation system such astheliquid
crystal demonstration of acomputer or adirect imprinter that produces numbers
or curves understandable by the user. This part often consists of a mixture of
hardware and software that makes results of the biosensor in an accessible
manner.The output signal on the display can be numeric, graphic, flat or acopy,
depending on the supplies of the finish user shown in figure (1-19).[66]
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Transducer Electronics

Figure (1-19) the Schematicr epresentation of a biosensor [66].

1.6.3 Optical Biosensor Properties

The Optical biosensor is adevice that procedures an optical measurement
standard. They usethe fiber optics aswell as optoel ectronic transducers. The
term optrode characterizes acompression of the two terms optical & electrode.
These sensors mainly include antibodies and enzymes similar the transducing
elements.
The optical biosensors are categorized into two type’s namely direct optical
detection biosensor and labelled optical detection biosensor. [67]
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1-Selectivity Selectivity is perhaps the most important feature of a

biosensor. Selectivity isthecapability of abioreceptor to

notice a specific analytein asample containing

other admixtures and contaminants. The finest example of selectivity is
represented by theinteraction of an antigen with the antibody. Classically,
antibodies act as bioreceptors and are immobilised on the surface of the
transducer. A solution (usually abuffer containing salts) surrounding the antigen
Isthen exposed to the transducer where antibodies cooperate only with the
antigens. To build abiosensor, selectivity isthe main consideration when

sel ecting bioreceptors. [68]

2-Reproducibility

Reproducibility isthe capability of the biosensor to produce matching responses
for acopied experimental set-up. The reproducibility is characterised by the
accuracy and accuracy of the transducer and electronicsin abiosensor.

Precision isthe capability of the sensor to offer alike results every time. asample
Ismeasured and accuracy designates the sensor’s capacity to provide amean
value near to the accurate val ue when a sampl e is measured more than once.
Reproducible signals afford high reliability and strength to the inference made on
the answer of abiosensor.[69, 70]

3- Stability

Stability isthe degree of susceptibility to ambient disordersinand about the
biose nsing system. These disorders can aim adrift in the output signals of a
biosensor under measurement. This can found an error in the measured
concentration and can affect the precision and accurateness of the biosensor.
Stability isthe most critical feature in applications where a biosensor requires
long incubation steps or continuous monitoring. The reaction of transducers and
el ectronics can be temperature-sensitive, which may affect the stability of a
biosensor. Therefore, appropriate tuning of electronicsis mandatory to confirma
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Stabl e response of the sensor. Bioreceptors with high affinitiesinspire
either strog electrostatic connection or covalent linkage of the analyte that
strengthens the stability of abiosensor. Another factor that disturbsthe
stability of measurement isthe deprivation of the bioreceptor over
aperiod of time. [71, 72]
4-Sensitivity
The minimum amount of analyte that can be noticed by abiosensor describesits
boundary of detection (LOD) or sensitivity. In anumber of medical and
environmental monitoring applications, abiosensor is essential to sense anayte
concentration of aslittle as ng/ml or even fg/ml to check the presence of traces of
analytesin asample. For instance, aprostate-specific antigen (PSA)
concentration of 4ng/ml in blood is associated with prostate cancer for which
doctors propose biopsy examinations. Hence, sensitivity isconsidered to bea

significant property of abiosensor. [73,74]

1.6.4 Optical fiber based Biosensors

Optical-based biosensors are original, minute, flexible platforms
that are being used with increasing frequency as biosensor transducers.
Optical fibers arecapable to make fast and sensitive responses, and can
beworking asanintrinsic or extrinsic biosensor [75]

Optical fibersare a suitable material for optical sensor project because they
can beeconomical and offer informal and efficient signal distribution They are
currently among the most common of all fiber-based optical sensorsfor
inspecting load, straining, temperature, vibration, and Rl Optical fibers convey
light on the base of the principle of total internal reflection (TIR). Fiber optic

biosensors are based on the transmission of light along silicaglassfiber, or
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Plasti ¢ optical fiber to the site of analysis. Optical fiber biosensors can be used in
arrangement with different kinds of spectroscopic technique, e.g.

absorption, fluorescence, phosphorescence, surface plasmonresonance

(SPR) shown in figure (1-20). [ 76].

S\ ASSOCIATED ELECTRONICS
SENSITIVE |
BIOLOGICAL TRANSOUCER SC = PROCESSOR ==b  DISPLAY
/ ELEMENT -
of *SC : SIGNAL CONDITIONING CIRCUIT
P
REFERENCE

Figure (1-20) the Schematic diagram showing main components of a

biosensor [77]

Cladding detached evanescent wave (EW) maybe the ssmplest way to
attain direct communication of ligh twith the medium adjacent the optical
fibreis through the elimination of the cladding to permit accessto the

EW, change of the optical properties of the surrounding medium, for
example, RI or spectral

Absorption, will lead to variation of the light spreading in the optical fibre.
this fibre modification enables E spectroscopy which isahighly subtle

and powerful techniquethat isused to measure quantitatively and qualitatively
the chemistry of the atmosphere surrounding the optical fibre[78,79].

The absorption spectrum of the medium surrounding the fibre effects the
weakening of the EW, and thus of the mode, according to the Lambert —Beer law:
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where a isthe molar extinction coefficient, ¢ isthe concentration of the absorbing
substance, L isthe path-length that light journeys through the sample and lo
and | arethelight intensities at the input and output of the optical

fibre, i.e. before and after interaction with the absorbing substance, respectively
[80,81].

In its ssmplest form, connection the output from a broadband optical sourc

einto the proximal end of the fibre and detecting the spread light

by connection the output fromthe distal end to aspectrometer will permit

the spectroscopy of the surrounding medium to be measured.

Thereisalso an application advantage as the source and detector are located

on the same side of the medium under research.It isaso worth revealing

that the low weakening of chal cogenide glassesin theinfrared (IR) region (1-
10um), where specific absorption landscapes of organic moleculesare

situated. Createsthe use of thesefibres attractivefor EW spectroscopy shown
in figure (1-21) [82].
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1.7 Literature survey

Thefield of optical biosensor reflect as multidisciplinary region of
research that bonds the basic sciences principles (biology, physics and
chemistry,) with essentials of medical application, nano-technology and its
application in electronics. The history of biosensors demonstrated that the first
‘true’ biosensor was established by Leland C. Clark in 1956 [83] to detect
oxygen and establish the first bubble oxygenator for tradition in cardiac surgery
in1962, heisidentified as the ‘biosensors father ‘and the origination of the
oxygen electrode bearings his name (Bhalla et al 2016) [84]. The Clark oxygen
electrode put the basis for the first glucose biosensor (the first biosensor of any
type) and proved an
amperometric enzyme electrode for the detection of glucose, the rate of reaction
current islimited by the diffusion of both glucose and oxygen, this diffusion can
be well characterized for amembrane for both the oxygen and glucose, leaving
asthe only variable the oxygen and glucose concentrations on the anal yte-side of
theglucose membrane,which isthe quantity being to be measured (Severinghaus
and astrup 1986) .

Banerjee et a 2007, [85] used a plastic cladded sensor fiber to calculate
refractive index of liquid. They designed the ratio of intensity as arole of
refractive index of copper sulphate and fructose agqueous solutions, in order to
estimate the influence of optical absorption on refractive index, the result
showed that optical absorption will increase.

Villatoro and Badenes 2008, [86] designed a model interferometer based
on reflection. They used photonic crystal fiber (LMA) in alength of (24mm)
and joined it with single mod fiber standard in type. Connection and

recombining of cladding mode and core when the air holes were completely
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Collapsed using a various refractive index, high stability was observed in the
device over time.

Jhaet a 2008, [87] observed and established abiosensor using single-
mode taperedfiber that has been immobilized with bio recognition moleculestoi
ntelligence targeted proteins.

An interferometry-patterned spectrum interaction of evanescent waves with the
external medium surrounding the tapered region are produced, which shifts corre
spondingly to any variations of refractiveindex (RI) in the external medium.

The projected setup achieved to find an RI sensitivity and concentration
sensitivity of 2526.8 nm/RIU and 20.368nm respectively is highly sensitive when
compared with previoustrainings. The dynamic presentation, upright specificity,
and great sengitivity of the projected method highlight amassively beneficia
choice for immunological diagnostics.

Park et a 2010, [88] constructed a sensor generated on reflection. The
sensor made of asolid silicacore photonic crystal fiber (LMA-10) collapsed
at themiddle and spliced with asilicafiber, later dipped in oil with refractive
index in range (1.410-1.430). Its simple manufacture process, they could
suppose mass production with low cost.

Mathew et a., 2010 [89] ,Cardenas-Sevillaet al., 2011, 16 they had
many training in construction of photonic crystal optic fiber (PCF )
interferometer by using two arm interferometer and modal interferometer.
Splitting and recombining of two - arm interferometer involves
two monochromatic optical beamsthat spread in different fibreswhich
requires some meters of optical fibre and one or two couplers.

modal interferometer activities the rel ative phase displacement

between two modes of the fibre. Photonic crystal fibre interferometers built on
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micro-hole collapse have achieved great importance in recent times owing to the
simple fabrication process convoluted and excellent sensing performance.

Wang and Tang 2012, [90] photonic crystal fiber (PCF, LMA-10) are
used to design arefractory index sensor. A minor section of PCF has been
joined amongst two standard single mode fibers (SMFs), entirely collapsed of
the two regions of union, splice permit cladding modes and the core to joining
and recombining to produce a Mach-Zehnder interferometer (MZI), immersion
of the sensor at diverse concentrations of sucrose solution.

Cardenas et al. 2013, [91] exhibited a sensor built up of asmall piece
photonic crystal fiber (PCFLMA-10) in the range of (10-12) mm fused and
spliced to two single mode fibers ( SMFs the coupling and recombining of core
and cladding modes in the PCF are made. Thus, most of the chemical and
biological sensors can be applied with the sensor planned.

Kami land Abu Baker 2015, [92] designated a new type of  biosensor
expenses tapered type of single mode fiber with molecules bio recognition type
to intelligence directed molecule of proteins. Interface of evanescent waves
with the outside average adjoining the area which is tapered products an
interferometry-patterned spectrum, which changes similarly to variations of
refractive index (RI) in the exterior medium. The planned arrangement achieved
toward get and RI sensitivity and concentration sensitivity of 2526.8 nm/RIU
and 20.368 nm/uM, respectively, is highly sensitive, the sensor represent ahight
specificity, and great sensitivity of the planned technique highpoint a massively
excellent for immunological diagnostics.

Rawaa and Hanan 2015, [93] they constructed a sensor chemica in type
invented it by cutting and splicing photonic crystal fiber (PCF LM-10) with
standard single-mode fibers (SMF-28) at different length. A microscopic
collapsed region in the PCF is are examined under the microscope and consider
the key element for stimulating and recombining two core modes, they decided
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That the interferometers demonstrate regular interference patterns which change
remarkable when the spaces of the fiber are penetrated with molecul es of

I nstable compounds and Acceptance of the system with afast sensing
information.

Li et a 2016, [94]demonstrated an optical microfiber coupler (OMC) sens
or functioning near the turning point of active group index to achieve high
refractive
index (RI) sensitivity. Experimentally established an ultrahigh sensitivity of
39541.7 nm/RIU at alow ambient RI of 1.3334 based on an OMC with the
diameter of 1.4 Im. Higher sensitivity can be attained by transport the
measurements at Rl nearer to the turning point. The resulting ultrasensitive RI
sensing platform proposals a substantial impact on avariety of applicationsfrom
high performance trace anal yte recognition to small molecule recognising.

Jamal 2017, [95] designated and constructed a laser biosensor photonic crystal
fibers (PCF) using different lengths of PCF (LMA-10) cleaved and spliced with
conventional optic fiber single mode (SMF-28) for blood and urine test
(haemoglobin concentration ,different types of anaemia ,pregnancy test and
genera urine examination ). The extreme absorbance started in the wavelengths
range (470-590) nm of blood, urine sample isin the range of (590-670) nm.

The variation in the intensity (or the absorbance of urine sample) isincreased by
increasing the number of the biological components. The sensitivity is enlarged
by increasing the length of the PCF inside the used fiber, refractive index of the
blood isimproved by the increasing the level of the haemoglobin concentration,
the pregnancy state foundations are increased with increasing refractive index of
the female urine sample and different types of anaemiarevealed decreasing in

therefractiveindex of blood sample.
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AroraandSaini 2017 [96] 14reported Catalytic enzyme based
sensor recognition elements arevery smart and pretty for biosensor
applicationsdueto adiversity of measurable reaction products ascending
from the catal ytic process, which contain protons, el ectrons, light, and heat.
The enzyme urease has been widely Used as a sensor bio recognition
element owing to an essential for urea determination/monitoring for both
medical and environmental applications. The very seeming characteristic,
regulatory environment of allosteric enzymes gives great potential
for use as biosensor recognition elements.
Although avariety of glucose sensors are presented, the glucose biosensor has
different little in principle over the year’s glucose biosensors utilize glucose
oxidase as their recognition element that catalyses the oxidation of glucose to
gluconolactone. Chakmaet.al 2018, [97] designated modern sensor
consist of two-layer photonic crystal fiber (PCF) Surface based on the Plasmon
Resonance (SPR) to gain high sensitivity for the detection ofunknown analytes
SPR sensor, achieving its duty.
These parameters essentially be selected by considering a way that will offer
an easy interaction between the evanescent field and the metal surface.
The capable excitation of metal surface is used as a key factor of plasmonic
phenomenon. The resonance can generate and the surface may excite by
the incident field at a fixed wavelength, the importance of this work is to
upsurge the sensitivity through making a potential coupling within the
core guided-mode and SPP mode. A plasmonic chemically inactive material
gold (Au) with thickness 35 nmis used to the outside of the PCF structure which
exhibits negative real permittivity. These parameters must be selected by sighted
away that will afford an easy interaction between the evanescent field and the
metal surface. The capable excitation of metal surfaceis applied asakey factor

of plasmonic phenomenon. The resonance can produce and the surface may
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Excited by theincident field at afixed wavelength amid to increase the sensitivity
through making apotential coupling within the core guided-mode and SPPmode.

Aim of study

The aim of the present study is the detection of the level of Alanine
transaminase AL T and Aspartate aminotransferase AST liver enzymes and its
concentration by using different set ups laser biosensors as a new method.



Chapter Two

Materials & Methods
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2 .1 Introduction

The present chapter are focused on, instruments, materials and
equipment’s that have been used in the study. The first aspect is biological
aspect focuses with the measurement of refractive indices, concentration of
ALT and AST liver enzymes manually in the hospital using Randox kit. The
second aspect focuses on the construction of 3 types of biosensors (single mode,
multimode and photonic crystal fiber) by cleaving and splicing. The third and
last aspect focuses on the detecting the spectra of ALT and AST enzymes by
Laser biosensor.

2.2 Sample collection

Twenty four blood samples were collected from males patients (9) and
females (15) in age ranging from (15-72) years admitted to |bn -Alnafees
hospital complaining mainly from heart disease and aso from liver diseases.

From each patient10 ml of blood were taken centrifuged and divided into 2
parts, (5ml) used in traditional method for detection the concentration of ALT
and AST enzymes, examined manualy in the hospital using RANDOX kit and
spectrophotometer at a wavelength (546) nm.

The other (5ml) used to detect the concentration of enzymes by using 3 setup of
constructed laser biosensor device. According to the optical properties of ALT
and AST enzymes standard wavelength 530-550 nm) as listed in the kit and
the refractive index of ALT and AST standard using abbey refrectometer,1.3460
au, 1.3470 au respectively choosing the suitable laser green light diode

(semiconductor) at wavelength 532 nm, Power <1000 mW.
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2.3 Materialsand instruments

Table (2-1) Materials and I nstruments

42

Number | Materials and Instruments Manufacture | Origin
1- Micropipette (100- 1000) liter Nova China
2- Tips of pipet 1ml Nova China
3- Plane tube 5Smi Nova China
4- Gel tube 3ml GC America
5- Eppendorf tube 1.5 ml Nova China
6- Disposable syringe 5ml and 10 ml Nova China
7- Disposable masks and gloves Nova China
8- Sterilized cottons Iraq Kemadia
9- Ethanol alcohol 96% GSF chemical | Germany
10- Pieces of towel Comfit Maaysia
11- Rack of plane tube (large) GC America
12- Rack of Eppendorf tube (small) GC America
13- | ce box (Germany
14- Types of fibers, single mode fiber NKT

(SM-28), multimode fiber (step Photonic A/S

index), and photonic crystal fiber
15- Plastic piece China
16- Silicone adhesive Germany
17- Hydrofluoric acid HF 40% HI media Germany
18- Acetone 40 % U.K.D
19- Adapter ( FC Design) China
20- Cutter Japan
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21- Autoclave M oocow Italy

22- Centrifuge device Kokusan Italy

23- Spectrophotometer range 546 nm Cecil 2031 England
24- Freezer mince 20 Panasonic Germany
25- Abbey refractor meter BOECO Italy

26- Fiber striper CSF-3 China
27- The cleaver machine (Fujikura CT30) China
28- Ocean HR2000 (Ocean Optics) China
29- Power supply China
30- Computer (HP) Pavilion China

2.4 Typesof fibresused in thiswork

ALT and AST enzymes in serum samples:
1-Single mode fibre (SMF-28)
2- Multimode fibre (MMF)

Three types of optical fibres were used to detect the concentration of

3- PCF Machzender- interferometer Photonic crystal fiber (PCF- LMA-10)
figure (2-1). The ALT enzyme sensing in wavelength 531.62 nm and the AST

enzyme sensing in wavelength 531.16 nm in 3 setup.
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Figure (2-1) showing three types of biosensor s single mode fiber,

Multimode fiber and photonic crystal fiber.

2.5 Refractive Index M easurement for Biological Samples

Abbe refractometer which is shown in figure (2-2) were used to quantify
or measurement of the refractive index of the biological samples as following:
1-Thelight isturn on.

2- Theincident prism is opened and prism face is cleaned by using alcohol and
dried with a delicate task wipers.
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3- Volumesof 0.5 ml of standard and serum were taken and examined, then
positioned on refined surface of lower refracting prism, closed upper incident
prism so distribution of the liquid occurred on the surface of refracting prism.
4- The lower large knob is scanned till a divided image of dark and light can be
appreciated.

5- A sharp boundary between light and dark is seen after adjustment of upper
smaller dispersion correction knob, scanning the lower large knob is done until
adivided image of light and dark.

6. The refractive index is readed from green scale below the boundary of

refrectometer.

Figure (2-2) The Abbe Refractometer.

2.6 Preparation and sterilization

All the instruments used in this work were prepared and cleaned.
Pipette tips and Eppendorf were firstly cleaned using a mixture of chloride

solution 10% and distillate water 90% for 30 minutes, then washed with
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Distillate water and sterilized using autoclave in temperature 273 °c for 35

minutes figure (2-3).

Figure (2-3) all instruments used in the study.

2.7 Biological analysis methods of liver enzymes (ALT and AST)

The two enzymes (ALT and AST) were measured by two different kits
to obtain the concentration of enzymes in blood sample manually. The same
procedure were applied for the two enzymes but the differences are in the
chemical composition of the each kit.

2.7.1 RANDOX ALT kit content (Figure 2-4) (appendix 1):

1-Buffer. Reagent 1(R1):
2- 2, 4 dinitrophenyle —hydrazine: Reagent 2 (R2):
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3-Sodium hydroxide- Reagent 3 (R3):
4: Pyruvate as standard (undiluted) - CAL.:
NOTE: Standard (or CAL) is the normal value of e enzyme ALT in blood

2.7.2 RANDOX A ST kit content (Figure 2-5) (appendix 2):

1- Reagent 1 R1: buffer

2- 2, 4 dinitrophenyle —hydrazine. R2 Reagent 2

3-Sodium hydroxide. - R3 Reagent 3

4- Pyruvate as standard dilute 1.5 ml of CAL Standard (CAL) with 4.5 ml of
buffer (R1) Immediately before measurement.

NOTE: Standard (or CAL) is the normal value of enzyme AST in blood.
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Figure (2-5) RANDOX AST kit content.

2.7.3 Procedure

Sample collection: Volume of 10 ml of blood sample was taken from
each patient, each sample was labelled, centrifuged then divided into two parts
.Thefirst 5 ml used to detect AST and ALT enzymes manually in the hospital,
the other 5 ml was treated and deep freezed, |ater on are used to detect the two

enzymes by using three types of constructed biosensors.

2.7.3.1 Measurement using RANDOX Kit

The first step was adding of 1ml of serum by pipette to 0.5 ml of with
0.5ml R1, then mixing and incubation for exactly 30 min at 37 ¢ in water
bath figure (2-6 and 2-7).
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Figure (2-7) Incubation of the samplein water bath.

The second step: adding reagent 2 in amount about 0.5 ml, permit to
Stand for 20 min at 25 c exactly at room temperature shown in figure
(2-8).

49
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Figure (2-8) Sampletreated with reagent 2 (R 2).

The third step was adding of 5ml R3 to deliver the absorbance of sample
after Five minute against the reagent blank, the results were obtained by

using spectrophotometer 546 nm (figure 2-9).

Figure (2-9) Measurement of absor ption using spectrophotometer.
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2.7.3.2 Preparation for measurements using three setups

of constructed biosensors

Another 5 ml of blood samples from each patient was placed in gel tube,
centrifuged for 5 minutes and then divided into 5 parts in Eppendorf tube, deep
freeze in -20 °C after short period of time measured by 3 types of constructed

Biosensors .

2.8 Construction of three types of Biosensors (SMF, MMF
and PCF)

2.8.1 Construction of single mode fiber (SMF) and multimode
mode (MMF) set up

In order to construct a single mode fiber, a standard single mode type of
optical fibre (SMF-28) (appendix 3) istaken show in figure (2-10), thistype
recycled in private network and telecommunication application in the spread of
video and voice service, the capacity of fiber amed at carrying the information
iIsthe highest in
the wavelength region of 1310 nm (the transmission window), the dispersion in
this wavelength region is the lowest. , typically fiber comprises of three layers,
the core of fiber made of silica with a core diameter (typicaly 2-10um) and
drugged by a materia like germanium to rise the refractive index (RI), using
silica pure in type as cladding of diameter 125um and a buffer 250mm, this
coating had no effect in light guiding, however the fiber are kept from
mechanical damage and compromises mechanical strength, the same procedure
for construction of single mode and multimode fibers ,the core of multimode

fiber 55 micrometer .
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Figure (2-10) Single mode and multimode fibers.

1- Fiber sensor 30cm in length was considered as the conventional optical fiber,
segment about 2 cm in length was made in the middle of the fiber using cutter to
make a groovesin each side..

2-The buffer was removed by dipping the segment in 40% acetone
concentration for 30 minutes.

3- Washing with distilled water for cleaning.

4- Dipping the segment in pure hydrofluoric acid (HF) 40% to remove the
cladding of fiber for 10 minutes then washing with distilled water (figure2-11).
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Figure (2-11) pure hydrofluoric acid (HF) 40%.

5-The whole fiber (30) cm was put in aplastic device using silicone

adhesive.

6-The two ends of fiber were connected with adapter device.

Terminal equipment were connected to optical fiber

by optical fiber connector, a standard type connectors such as FC, SC, ST, LC,
MTRJ, or SMA.

Optical fibers linked to each other by connectors. Splicing were used for
Joining two fibers organized to form a unending optical waveguide.

7-First end connected with laser source (diode laser) Show in figure (2-12)

and power supply.
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Figure (2-12) Diode laser 532 nm.
The light source had been used in this experiment was green laser with

A=532nm and output power =12.2 mw .This source of laser has a power supply
which is stable at al the time of useit. Selecting this light source was because
the absorption spectra of the blood sample covered this wavel ength.

The second end connected with spectrometer (ocean HR2000) and
computer to obtain signal of intensity.

An optical spectrum analyzer (ocean optics HR2000) with (0.065nm)

resolution was used to display transmission interference spectrum of the sensor.
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The spectrometer type (ocean optics HR2000), have the following
characteristics:
1- Operating in the wavel ength range from 200nm to 1100nm.
2- Resolution are 0.065nm of the high wavelength.

3- At full signa, the signal-to-noise — ratio are 250:1
4- Applicableto SMF, MMF and PCF.

Thefina setup of single mode of biosensor shown in figures (2-13).

Figure (2-13) Setup of single mode biosensor.
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2.8.2 Construction of PCF M achzender - interferometer
Photonic crystal fiber (PCF- LMA-10) set up

For the construction of the Photonic crystal biosensor, single mode
fiber (SMF-28) as a standard had been used and the (PCF-LMA-10) (appendix
4) photonic crystal fiber ,solid core wereused which contain four circles of air
holes hexagonal in shape ,Outer cladding diameter has (125 + 2 um), diameter
of core were (10.1 £ 0.5) ym, air hole diameter 3.1um and spacing between two
holes were 6.6pum. Show in figure (2-14).

Figure (2-14) Photonic crystal fibre (PCF) (LM A-10) cross section.

The cladding and core were made from a single material (fused silica), the
photonic crystal fiber has amode arealarger than the standard single mode
optica fiber.
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1- The preparing process for the optical fiber cleaving and splicing was to
remove the buffer covering aong the length of the optical fiber, by using the
fiber stripper CFS-3 with a 125um cladding diameter. All commercial optical
fiber stripper had three holes. stripping (1.6-3) mm by thefirst hole, buffer
stripping coating equal to (600-900) um by second hole, and finally stripping
the acrylate coating of (250 pum) thickness by the third whole.

2- The optical fiber cleaving allows the clamping of the optical fiber into the
specified place also makes a longitudinal finish appearance of the optical fiber
and perfectly smooth by the cleaver machine (Fujikura CT30). the edge of the
optical fiber were put above the cutting blade of the cleaving machine, a
cleaved optical fiber with 90° angle and flat surface can be obtained.

3- An acohol or other solvent to clean SMF and PCF can be used. Thetip of
PCF should not be exposed to solvents or liquids for cleaning fiber after
cleaving to avoid infiltration. Thisinfiltration may cause failurein the sensing
and connecting process and possible lead to damage.

4- To connect two conventional optical fibers or PCF and SMF splicing the
process of Fusion Splicing were used after cleaving the both sides.

In thiswork, Splicing machine Fujikura (FSM-60S) was used to merging
splice (SMF-28) and PCF (LMA-10) figure (2-15 and 2-16)

Figure (2-15) Fusion single mode with photonic crystal fiber
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Figure (2-16) Smooth cutting of optical fiber asshown in the
digital machain.

5-The splicing region and the regions surrounded by must be strong enough as
the original fiber. Thus, when the light passing through fiber, it does not scatter.
Electric arc are the source for this process can be getting from are the softening
point for the conventional single mode fiber is different for PCF due to the
microstructure of PCF .The surface tension in softening point will overcome
know construction of PCF biosensor are finished .

2.8.3 Common stepsfor fusion splicing

To strip the optical fiber and eliminate covering plastic coated about it.

By exhausting cleaving machine, the optical fibers must cleave at 900um and
then cleaned with lens tissue.
Align the cleaved ends of the optical fiber in the v-groove of the fusion splicer

and leaving a smallest gap between the ends of the two fibers.
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Changing the fusion splicer parameters (arc power and arc time). Turning on
electric arc and heating optical fibers edges to the soften point and thrust the
optical fiber edges collected or together.

2.9 Detection of ALT and AST enzymes by L aser

biosensor

The experimental of three setup designsis shown in figure (2-17). The
beam of the light emitted from the laser source toward the spectrum analyzer
transmitting within the (SMF, MMF and PCF), in which the blood sample exists
above. The detected signa could be obtained from the spectrometer. The light
source had been used in this experiment is green laser) with A=532 nm and
output power maximum <1000mW, lower large adjustment knob this source of
laser has a power supply which is stable at all the time of useit. Selecting this
light source was because the absorption spectra of the blood sample covered this
wavelength.

ALT and AST enzyme were detected by using three setups laser biosensors.

Figure (2-17) threetypes of biosensor (SMF, MMF, PCF)
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2.9.1 Procedure

1- The power supply was connected, the output power was lower than
1000 mw.
2- Thelaser source green light diode laser 532 nm was joined according to the
optical properties of the standard of ALT and AST enzyme.
3- All constructed biosensors (SM, MM and PC) were connected with the laser
source, on the prepared segment of fiber (2 cm) of all setup, 1 ml of standard (of
all samples) were placed (figure 2-18, 2-19).
4- AST enzyme was sensing in 531.16 nmin al 3 setupswhile ALT enzyme
sensing in 531, 62 nmin SMF, in MMF and PCF sensing in 531.16 nm.
5- An optical spectrum analyzer (ocean HR-2000) was connected with

biosensors to show the signal of intensity.

Figure (2-18) Detection of AST enzymein serum samples.
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Figure (2-19) Detection of ALT enzyme

2.10 Statistical Analysis

Statistical data analysis methodol ogies were used in order to analyse and
evaluate the results of the study under presentation of the statistical set (SPSS)
ver. (22.0):

1- Descriptive data analysis:

A. Mean value, Standard Deviation, Standard Error, and (95%) Confidence
interval for population Mean values and the two extremes values (min. and
max.) for assuming that data under lying followed (Normal Distribution
Function).

B. Graphical presentation by using:

- Stem-Leaf Charts.

- Cluster Bar Charts.

- ROC curve Charts.

- Long term trend plots.

2-Inferential data analysis:
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These were used to accept or reject the statistical hypotheses, which
included the following:
A- The One-Sample Kolmogorov-Smirnov (K-S) test.
B- The One-Way ANOVA test.
C- Levenetest.
D- GLM Univariate procedure provides regression analysis and analysis of
variance for one dependent variable by two factors.
E- Screening tests: Tests for mining data and estimating several indicators,
such that (Sensitivity Rate, Specificity Rate).
F- Recelver Operation Characteristic curve [ROC] curve and estimating Area,
as well as estimating 95% confidence interval, with standard error, asymptotic
significant level Receiver Operation Characteristic [ROC] curve.
Cutoff Point: Using estimation of the low distance between angle front to
curve and the curve:
G-Linear and Non-Linear Regression Models such as (Logarithmic, Inverse,
Quadratic, Compound, Power, S-Shape, Growth, Exponential, and Logistic).

For the abbreviations of the comparison significant (C.S.), we used the
followings:

- NS: Nonsignificant at P>0.05

- S : Significant at P<0.05

- HS: Highly significant at P<0.01 [98].
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Results and discussion

3.1 Introduction

The present work include the investigation of concentration of ALT and
AST enzymes from patient attending Ibn- Alnafees hospital complaining from
heart and liver diseases in age ranged from (15-72) years ,females were (62.5%)
and males were (37.5%) . All the works are done under the condition of
scientific laboratory, temperature of working room was 27°c and the humidity
was very low, experimental setup construction of biosensors are based on
intensity modulation.
Detection the concentration of ALT and AST enzymes examined manually in
the hospital using RANDOX kit and spectrophotometer in wavelength (546)
nm. The absorption spectra for samples (ALT and AST) enzymes from 530-
550 nm were measured to select the suitable wavelength of laser using green
laser (diode laser) of 532 nm as a laser source for laser biosensor of blood test.
The refractive index measured by Abby refractometer for standard (normal) and
all samples.
3.2 Biological results

Samples were collected from patients,10 ml from each one divided into
two parts ,5 ml were examined manually in the hospital by Randox kit to detect
the concentration level of ALT and AST enzymes ,the last 5ml were prepared to
be examined with constructed biosensors ( SMF,MMF and PCF) fibers.
3.2.1 Concentration measurement of ALT enzyme

Table 3-1 demonstrated the sequence of measured concentration of ALT
enzyme (from higher to lower) manually by Randox kits were taken from 24
patients.
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Table (3-1) illustrate the sequence of concentration of ALT enzyme

measured by Randox kit.

Numbers | Sequenceof ALT samplesfrom Concentration of
high to low concentration ALT enzymes U/L
1 23 101.9
2 1 86
3 16 72
4 4 43
5 19 35
6 13 34.1
7 26 32.1
8 14 21.6
9 18 27.5
10 24 24
11 22 23.8
12 7 20
13 6 20
14 5 19
15 20 174
16 3 17
17 2 16
18 11 15.8
19 8 15.2
20 9 14.9
21 21 14.4
22 10 14.2
23 12 12
24 15 9.9

As seen in table (3-1) the highest concentration of ALT enzyme are 101.9 U/L

while the lowest concentration of enzyme are 9.9 U/L.
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3.2.2 Concentration measurement of AST Enzyme

Table (3-2) explained the sequence of measured concentration of AST

enzyme (from higher to lower) using Randox kit were taken from 24 patients.

Table (3-2) illustrate the sequence of concentration of AST enzyme

measured by Randox kit.

Numbers Sequences of AST samples Concentration of AST
from high to low enzymes from high to low
concentration concentration U/L

1 23 224.5

2 10 207

3 16 57

4 14 42

5 19 35

6 26 33.2

7 13 33.1

8 18 28.4

9 12 23

10 22 22.3

11 24 21

12 1 18

13 3 18

14 4 18

15 8 17.8

16 9 17

17 21 16.1

18 17 15.4

19 15 114

20 11 11.1

21 20 9

22 2 7

23 6 4.3

24 6 4.3

The highest concentration of AST enzyme as seen in table (3-2) are 224.5 U/L
and the lowest concentration of AST enzyme are 4.3 U/L.
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3.3 Laser biosensor for detection of ALT and AST enzymes

The intensity of ALT and AST enzymes are measured by using 3 types of
constructed biosensors (SM, MM and PC) fibers. Diode laser of 532 nm are
used as a laser source for biosensor.
3.3.1. Detection theintensity of ALT enzyme.

The intensity of ALT enzyme of all samples and standard are measured

using single mode, multimode and photonic crystal biosensors as seen in table
(3-3).
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Table (3-3) shows the measurement of intensity of ALT enzyme using

biosensors.
Sequenceof ALT Intensity au Intensity au Intensity au
Samplesfrom Single mode Multimode | crystal biosensor
higher to lower biosensor biosensor
concentration
Reference 3375 3200 3325
Standard 1647 2568 2144
23 1497 1119 1301
1 1500 1172 1936
16 1585 2377 2112
4 1647 2568 2144
19 1811 2781 2163
13 1922 2809 2166
26 1958 2829 2190
14 2006 2838 2199
18 2083 2849 2208
24 2172 2863 2211
22 2246 2888 2216
7 2265 2900 2220
6 2265 2900 2220
5 2289 2905 2223
20 2293 2912 2230
3 2345 2925 2236
2 2389 2927 2246
11 2530 2941 2258
8 2579 2951 2275
9 2798 2961 2289
21 2915 2969 2292
10 2977 3003 2305
12 3224 3100 2307
15 3250 3150 2327
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Theinitial intensity (reference) for single mode biosensor are 3375 au, for

multimode are 3200 au and for photonic crystal biosensor are 3325 au. The
highest intensity of ALT enzyme in single mode are 3250 au and the lowest
intensity are 1497 au. In multimode biosensor the highest intensity are 3150 au
and the lowest intensity are 1119 au while in photonic crystal biosensor the
highest intensity are 3325 au and the lowest intensity are 1301 au.
The laser biosensors in (2cm) length and 532nm wavelength are used to
measure the intensity spectra of ALT enzyme. The intensity spectra of ALT
standard and the highest concentration of ALT sample in 3 types of biosensor
(SM, MM and PC) fibers are shown in figures (3-1-A, 3-2-A and 3-3-A) and the
intensity spectra of al standard and all samples of ALT enzyme in 3 types of
biosensor (SM, MM and PC) fibers are shown in figures (3-1- B, 3-2-B and 3-3
B) respectively.
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Figure (3-1-A): Theintensity (spectra) of ALT standard and
The highest concentration of ALT samplein (SM) biosensor.
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Figure (3-1-B) Theintensity (spectra) of all standard and
All samplesof ALT enzymein (SM) biosensor.
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Figure (3-2-A): Theintensity (spectra) of ALT standard and

The highest concentration of ALT samplein (MM) biosensor.
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Figure (3-2 B): Theintensity (spectra) of all standard and
Samplesof ALT enzymein (MM) biosensor.
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Figure (3-3-A): Theintensity (spectra) of ALT standard and the highest
concentration of ALT samplein (PCF) biosensor.
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Figure (3-3-B): Theintensity (spectra) of ALT standard and the highest
concentration of ALT samplein (PCF) biosensor.
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3.3.2 Detection theintensity of AST enzyme.

Three types of biosensors (single mode, multimode and photonic crystals)

in measurement the intensity of AST enzyme as seein table (3-4).

Table (3-4) Shown theintensity of AST enzyme measured by biosensors.

Sequencesof AST | Intensity au | Intensity au Intensity au
samplesfrom Singlemode | Multimode | Photonic crystal
high to low
concentration
Reference 3375 3200 3325
Standard 1468 2221 1781
23 1241 1475 1468
10 1326 1878 1531
16 1374 2013 1627
14 1468 2221 1732
19 1483 2373 1790
26 1496 2423 1893
13 1532 2461 1916
18 1722 2471 2070
12 1771 2491 2172
22 1915 2537 2300
24 2073 2550 2340
1 2198 2569 2430
3 2198 2569 2430
4 2198 2569 2430
8 2289 2588 2471
9 2425 2606 2438
21 2498 2612 2601
17 2635 2642 2678
15 2767 2680 2859
11 2876 2740 2883
20 2999 2833 2931
2 3065 2876 3132
6 3115 2887 3214
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The initial intensity (reference) for single mode biosensor are 3375 au,
for multimode are 3200 au and for photonic crystal biosensor are 3325 au. The
highest intensity of AST enzyme in single mode are 3115 au and the lowest
intensity are 1241 au, in multimode biosensor the highest intensity are 2887 au
and the lowest intensity arel475 au while in photonic crystal biosensor the
highest intensity are 3214 au and the lowest intensity are1468 au.

The same procedure which are used for the measurement the intensity spectra of
ALT enzyme are applied to measure the intensity spectra of AST enzyme.

The intensity spectra of AST standard and the highest concentration of AST
sample in 3 types of biosensors (SM, MM and PCF) fibers biosensors as shown
in figures (3-4-A ,3-5-A and 3-6-A ), theintensity spectra of all standard and
all samples of AST enzyme in 3 types of biosensors (SM, MM and PCF) fibers
biosensors are shown in figures (3-4-B ) (3-5- B ) (3-6- B ) respectively.
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Figure (3-4 A): Theintensity (spectra) of AST standard and the highest

concentration of AST samplein (SM) biosensor.
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Figure (3-4-B): Show theintensity (spectra) of AST standard and the
highest concentration of AST samplein (SM) biosensor.
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Figure (3-5-A): Theintensity (spectra) of AST standard and the highest
concentration of AST samplein (MM ) biosensor.
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Figure (3-5-B): Theintensity (spectra) of AST standard an
the highest concentration of AST samplein (MM) biosensor.
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Figure (3-6-A): Theintensity (spectra) of AST standard and the highest
concentration of AST samplein (PCF) biosensor.
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Figure (3-6-B): Theintensity (spectra) of AST standard and the highest
concentration of AST samplein (PCF) biosensor.
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3.4 Refractive index measur ement

The refractive indices for all standard and all samples of ALT and AST
enzymes in the study are measured by using Abby refractometer .Table (3-5)
demonstrate the refractive index of all samples and for the two types of enzyme.
Table (3-5) therefractiveindex of all standard and all samplesin ALT and

AST enzyme.
No. samples Refractive index
Standard of ALT | 1.3472
Standard of AST 1.3470
1 1.3587
2 1.3547
3 1.3562
4 1.3580
5 1.3540
6 1.3545
7 1.3576
8 1.3559
9 1.3591
10 1.3572
11 1.3577
12 1.3571
13 1.3551
14 1.3586
15 1.3567
16 1.3571
17 1.3553
18 1.3592
20 1,3596
21 1.3595
22 1.3598
23 1.3570
24 1.3570
25 1.3570
26 1.3570
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The refractive index value are changed according to the concentration of
enzymes in blood samples, higher concentration of samples higher refractive
index, Maximum concentration of ALT enzyme (101.9 U/L), the higher
refractive index (1.3570) ,the minimum concentration of ALT enzyme (9.9
U/L),the lower refractive index(1.3567) .Maximum concentration of AST
enzyme (224.5U/L), the higher refractive index (1.3570), the minimum
concentration of ALT enzyme (4.3U/L), the lower refractive index (1.3545).

3.5 Statistical Result

The findings of the data analysis in tables and in figures systematically
are demonstrated in the present section for detection of ALT and AST enzyme

and as follows:
Testing coincidence of I ntensity among Studied Parameters:

Normal Distribution Function (Goodness of Fit test):

Table (3-6) shows the descriptive analysis of the whole samples treated
with different techniques using normal distribution function (Goodness of Fit
test), test procedure one-sample using Kolmogorov-Smirnov test represented to
match and detect collective distribution function and interpretations for studied
reading with aidentified theoretical distribution.
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Table (3-6): Normal distribution function test dueto different Enzymes

treated with different Techniquesin relative to (Under/Upper) cut off

points of Intensity readings.

One-Sample K olmogor ov-Smirnov Test
Test Statistic Enzymes
Techni and ALT AST
gques | Comparison's
Significant Under | Upper | Under | Upper
No. 4 20 4 19
Kolmogorov- | s 571 | 0939 | 0318 | 0.392
Smirnov Z
SMF -~ Asymp. Sig. (-
symp. Sg. 0.900 | 0.342 | 1.000 | 0.998
tailed)
c.s.¥ NS NS NS NS
Test distribution are Normal
No. 4 20 4 21
Kolmogorov- | 5 5>7 | 0506 | 0.388 | 0.612
Smirnov Z
PCE  Asymp. Sig. (2-
Symp. Sg. 0.827 | 0.869 | 0.998 | 0.848
tailed)
c.s.¥ NS NS NS NS
Test distribution are Normal
No. 4 20 4 19
Kolmogorov- | s 595 | 0643 | 0.452 | 0.708
Smirnov Z
MMF - Asymp. Sig. (2
=ymp. 3Ig. 0.875 | 0.803 | 0.987 | 0.698
tailed)
c.s.¥ NS NS NS NS
Test distribution are Normal

) NS: Non Sig. at P>0.05
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Findings presented normal

80

distribution tests for studied readings

concerning different enzymes treated with different techniques in relative to

(Under/Upper) cut off points distribution due to intensity readings, since P-

value are accounted at (P>0.05) the significant levels, and that could be enables

of applying conventional methods of statistics.

Table (3-7 ) represents a summary statistics such as mean values, and

standard deviation of intensity readings, distributed according to different

parameters, classified by different Enzymes, different Techniques in relative to

(Under/Upper) cut off points of normal responds.

Table (3-7): Descriptive Statistics of I ntensity readingsdistributed dueto

different parameters

Dependent Variable: Intensity

. . Std.
Enzyme| Technique| Evaluation| No. | Mean Deviation

SME Under 4 |1557.25| 72.42

Upper 20 (2410.85| 422.47

Under 4 [1873.25| 392.31

ALT PCF Upper 20 |2239.05| 47.12
MM E Under 4 11809.00| 770.41

Upper 20 12920.05| 90.26

SME Under 4 11352.25| 94.76
Upper 19 |12276.58| 537.14

Under 4 [1589.50| 115.32

AST PCF Upper 21 [2503.29| 420.67
MM E Under 4 [1896.75| 314.58

Upper 19 |12604.05| 145.42
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Results shows due to mean vauesthat ALT enzyme of using MMF
different parameterstechnique has accounted the high intensity level, then
followed by SM technique, and finally by PCF technique, which has recorded
the low mean value in relative to upper of normal cut off point comparing with
the leftover states. In addition to that, AST enzyme of using MM technique has
accounted the high intensity level, followed by PCF technique and finally by
SM technique, which has recorded the low mean value in relative to upper of

normal cut off point comparing with the leftover states.

From the previous results, it could be summarized that ALT enzyme of
usng MM technique has accounted the high intensity level, while PCF
technique, has recorded the lowest mean value in relative to upper of normal cut
off point comparing with the leftover status.

Different enzymes with different Techniques in relative to (Under/Upper)
cut off points of normal responds represented as shown in Figure (3-7)

graphically plotting of bar chart regarding mean values.



Chapter Three

@Evaluation Under - @Evaluation Upper

SM

PCK

ALT

MM

SM

PCK
AST

82

Figure (3-7): Bar Chart for Intensity Mean values concer ning different of

studied parameters.
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From this figure we can see that MM biosensor are more efficient from the
others biosensors in detection the concentration of the ALT and AST enzymes.
Figure (3-8) represent graphically Stem-Leaf plot of different criteria,

concerning upper cut off points of normal responds.
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ALT-PCF-Upper AST-SM-Upper AST-MM-Upper

Intensity

Groups

Figure (3-8): Stem-L eaf plot concerning I ntensity readings by studied
Parametersin light of upper cut off points of normal responds.
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The studying group's concerning (Intensity Marker) analyses uses
different enzymes, and different techniques should be proved by testing of equal
variances are supposed and equal mean vales are expected through application

of "Levine and one-way ANOVA" correspondingly, appeared in table (3-8)

Table (3-8): Testing equal variances and equal mean valuesfor Intensity
mar ker concerning studied groups.

Testing Homogeneity of ANOVA- Testing
Test Variances equality of means
Levene Statistic| Sig.? | F-test| Sig."”

Toughness 10.738 0.000 (HS) | 15.813{0.000 (HS)

(*) HS: Highly Significant at P< 0.01; NS: Non Sig. at P>0.05

Orientation of equal variances testing are assumed, outcomes indicated
highly significant different is appeared at P<0.01 among variances group’s
concerning al examining groups. As well as, highly significant different are
obtained for testing of equal mean values among studied groups at P<0.01. and
accordance to apparent results, it essentials to be continuing testing of aternative
statistical hypothesis which says that at least two groups has a different, and that
should be achieved through using (Games Howell-GH) test, supposing variances
are assumed among groups not equal in order to assigns in which compromised
pairs wised of groups that (Intensity marker) would be different as shown in table
(3-9).
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Table (3-9): Levelsof significant for probable pair wised comparisonsusing (GH) test among studied groups

for (Intensity marker).

(*) HS: Highly Significant at P< 0.01; S: Sig. at P<0.05; NS: Non Sig. at P>0.05

ALT- | ALT- | ALT- | ALT- | ALT- | ALT- | AST- | AST- | AST- | AST- AST-
SMF- | SMF- | PCF- | PCF- | MMF- | MMF- | SMF- | SMF- | PCF- | PCF- | MMF-
Under | Upper | Under | Upper | Under | Upper | Under | Upper | Under | Upper | Under

ALT-SMF-Upper | 0.000

ALT-PCF-Under | 0.849 | 0.496

ALT-PCF-Upper | 0.001 | 0.796 | 0.747

ALT-MMF-Under | 0.999 | 0.873 | 1.000 | 0.968

ALT-MMF-Upper | 0.000 | 0.002 | 0.102 | 0.000 | 0.410

AST-SMF-Under | 0.197 | 0.000 | 0.484 | 0.002 | 0.958 | 0.000

AST-SMF-Upper | 0.001 | 0.999 | 0.804 | 1.000 | 0.966 | 0.002 | 0.000

AST-PCF-Under | 1.000 | 0.000 | 0.913 | 0.011 | 1.000 [ 0.001 | 0.248 | 0.002

AST-PCF-Upper | 0.000 | 1.000 | 0.353 | 0.226 | 0.789 [ 0.009 | 0.000 [ 0.937 | 0.000

AST-MMF-Under | 0654 | 0.361 | 1.000 | 0.632 | 1.000 [ 0.059 | 0.288 | 0.736 | 0.759 | 0.226

AST-MMF-Upper | 0.000 | 0.732 | 0.244 | 0.000 | 0.674 | 0.000 | 0.000 | 0.357 | 0.000 | 0.995 0.153
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Results shows that with respect to subject of studied (ALT-SM-Upper)
group was accounted significant different compared with the (ALT-MM-Upper)
group at least at P<0.01, while no significant differences are accounted with the
rest of other groups in light of upper cut off points. Regarding to (ALT-PCF-
Upper) group, results accounted significant differences compared with the
(ALT-MM-Upper, and AST-MM-Upper) groups at P<0.01, while no significant
differences are accounted with the rest of other groups in light of upper cut off
points.

With respect to (ALT-MM-Upper) group, results were accounted significant
differences compared with (AST-SM-Upper, AST-PCF-Upper, and AST-MM-
Upper) groups at P<0.01.

On the subject of (AST-SM-Upper, AST-PCF-Upper, and AST-MM-
Upper) groups, the obtained results illustrate that p vaue at P>0.05, means no
significant differences are illustrated compared with each other’s,

The obtained results show that, (ALT-MM-Upper) group has scored the highest
result concerning intensity marker, since highly levels of significant at P<0.01

were represented with the rest of others upper to cut off points group.

3.5.1 Intensity reading'stest in compact form

Table (3-10 ) illustrate the statistics summary , like mean values and
standard error, 95% confidence interval of mean of studied groups by
measuring parameter (Intensity reading's test), resulted by different parameters,
such that (Enzymes, Techniques, and Redistribution under/upper cut off points

due to normal responds) in compact form.
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Table (3-10): Summary Statistics of Intensity Marker in compact form
distributed by different Parameters.

Parametersin GrouDsS M ean Std. 95% Confidence Interval
compact form P Error | Lower Bound | Upper Bound
ALT
Enzymes 213491 | 54.08 2027.93 2241.89
AST 2037.07 | 54.16 1929.92 2144.22
SMF 1899.23 | 66.38 1767.93 2030.54
Techniques PCF 2051.27| 66.10 1920.51 2182.03
MM 2307.46 | 66.38 2176.16 2438.77
Under 1679.67 | 69.81 1541.56 1817.77
Cutoff points
Upper |2492.31| 3137 | 2430.25 2554.37

Results showed that enzyme ALT are accounted the highest level of intensity

marker by marginal mean value, in addition to that and with respect to subject

of using techniques, results showed that MM was accounted the highest level of

intensity marker by marginal mean value, as well as high gap reported with

reference of redistribution under/upper cut off points due to normal responds.

Figure (3-9) represent bar chart regarding margina mean values of studied

factors, which classified by different Enzymes, different Techniques in relative

to (Under/Upper) cut off points of normal responds.
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Table (3-11) shows the most common statistical method of
testing and analyzing studied parameters in light of (Intensity Marker)
associated with different sources of variations, such as. (Enzymes, Techniques,
and redistribution in relative (Under/Upper) cut off points of normal responds,
as well as an interaction factors that represented by preceding sources of
variations through applying general linear model (G.L.M.) with fixed
interaction effects complete design, as well as testing effectiveness of others

source of variations that not including in studied model (i.e. the Intercept).

Table (3-11): G.L.M. of Fixed Effects M oddl with interaction for testing of

Marginal mean valuesfor different (S.0.V.) effectsin compact form

Dependent Variable: Roughnesstest

. Typelll
Sourc(esog VVar) iation Sumof | dif. g L?:pe = Sig. C()S
o Squares
Corrected Mode 20348 982 11 184(‘;634' 15.81 | 0.000 | HS
34755148 34755148 | 2971.
I nter cept 08 1 08 3 0.000 | HS
Enzymes 1911425 | 1 | 1911425 | 1.63 | 0.203 | NS
_ 2260599. 5 1130299. 966 | 0.000! Hs
Techniques 3 6
13186708 13186708 | 112.7
Evaluation 4 1 4 4 0.000] HS
Enzymes* Techniques | 87902.7 | 2 | 439514 | 0.38 | 0.688 | NS
Enzymes* Evaluation 25631.7 | 1 | 25631.7 | 0.22 | 0.640 | NS
Techniques* Evaluation | 300486.9 | 2 | 150243.4 | 1.28 | 0.280 | NS
* 1 *
Enzymes® Techniques® | e ser9 | 2 | 3773425 | 323 |0043| S
Evaluation
Error 34.25 54 0.634
Total 669.48 | 60

R - Squared = 0.570

®'HS: Highly Sig. at P<0.01; S: Sig. at P<0.05; NS: Non Sig. at P>0.05
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Results show highly significant effect were obtained at
P<0.01for studied (Techniques, and redistribution in relative (Under/Upper) cut
off points of normal responds), at P<0.01, a s well as interaction among
assignable factors at P<0.05 and that should be adding as a hidden factor for
interpretation of the variations among the studied intensity marker's readings,
while no significant different concerning enzyme parameter at P<0.05. In
addition that, an intercept (other sources of variations not included in the
studied equation) has recorded highly significant effect at P<0.01.
Finally, determination coefficient (i.e. the R-Square) was recorded 57% which
represent percent value of studied (S.0.V.) that interpretation the amount of
variations among intensity markers readings.
With respect to preceding results, (Least Significant Difference-LSD) test
applied toward recognize rea significant levels in all probable pair wised of
intensity marker's readings in light of different techniques in compact form, and
asshown in table (3-12).

Table (3-12): Pair'swised Comparisons by (L SD) test among studied

groups concerning Intensity Marker in compact form

Dependent Variable: Roughness

(1) Group (J) Group Mean Difference (1-J) | Sig. c.s.t)
MS PCF -75.58 0.281 NS
MMF -416.83 0.000 HS
PCF MMF -341.25 0.000 HS

JHS: Highly Sig. at P<0.01;; NS: Non Sig. at P>0.05

The present results exhibited that, significant different at P<0.01 were reported
between SM and MM groups, and between PCF and MM groups, while the rest
of the other comparison appeared with no significant different at P>0.05.
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For studying influence of concentration on intensity marker's readings in
light of ALT enzyme, a severad functions are supposed such as. (Linear,
Quadratic, Cubic, Power, Compound, S-Shape Logarithmic, Inverse, Exponential
, Growth, , and Logistic) in order to be certain that a selected model has the best
and an optimal one, which represented their outcomes in appendix 5.

Results shows that nonlinear regression of "S-Shape, Cubic, and Linear"
models(in statistical analysis ) has been registered, the one of the finest
mathematical models for learning influence of concentration in relation to the
intensity marker for different techniques, SM, PCF, and MM respectively.

Table (3-13). Results show strong and too highly significant correlation ships are
accounted at P<0.01 concentration on intensity marker's readings.

Others source of variations are not included in the studied models, (i.e. constant
term), shows that a meaningful of an initial value that not include in the
regression equation.

Table (3-13): Regression outcomes of Influence Intensity Marker in ALT

enzyme using different Techniques.
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Influence of Concentration on Intensity Marker using SM Technique

Simple Correlation

edicted equation is. =

Coefficient 0.97133 Non Linear Regression
Deter mination Tested in two tailed alternative
Coefficient 0.94348 Statistical hypothesis
R-Square
F (Statistic) 367.208 | Sig. Level | 0.0000 (HS) ©
Variablesin the Equation
Parameters B SE.B Beta t-test S'gt )Of (
Slope (B1) 9.387410 | 0.489880 | 0.971326| 19.163 | 0.0000
(Constant) : BO 7.251296 | 0. 026062 - 278.236 | 0.0000
Pr —

S fscux -e-.:.;_ 5

Influence of Concentration on Intensity Marker using PCF Technique

Simple Correlation

Coefficient 0.99601 Non Linear Regression
Deter mination Tested in two tailed alternative
Coefficient 0.99203 Statistical hypothesis
R-Sguare
F (Statistic) 830.253 | Sig. Leve | 0.0000 (HS) ©
Variablesin the Equation
Parameters B SE.B Beta t-test S'gt )Of (
1 - -
Slope (B1) X 30.393306 2.03306 3575058 -14.875 | 0.0000
Slope (B1) X*° 0.716675 | 0.045438 | 9.038444 | 15.772 | 0.0000
3 -
Slope (B1) X -0.005305 | 0.000287 6.531954 -18.513 | 0.0000
(Constant) : BO 2584.584 | 24. 692137 - 104.672 [ 0.0000

Influence of Concentration on Intensty Marker usi ng M M Technique

Simple Correlation

Coefficient 0.94982 Non Linear Regression

Deter mination Tested in two tailed alternative
Coefficient 0.90216 Statistical hypothesis
R-Square
F (Statistic) 202.854 | Sig. Level | 0.0000 (HS) ©

Variablesin the Equation

Parameters B SE.B Beta t-test S'gt )Of (
Slope (B1) -20.42056 | 1.433759 | 0.94982- | -14.243 | 0.0000

(Constant) : BO 3341.876 | 54.19835 - 61.660 | 0.0000

Predicted equation is. =55

EF

®) HS: Highly Significant at P<0.01
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Figure (3-10) shows long term trends of "S-Shape, Cubic, and Linear"”
models for studying the influence of concentration on the intensity marker for

different techniques, SM, PCF, and MM respectively in ALT enzyme.
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Figure (3-10) Long Term Trend relationship of I nfluence Concentration on

theIntensity Marker'sreadingsin ALT enzyme using different Techniques
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For studying influence of concentration on intensity marker's readings in

light of AST enzyme, a severa functions are supposed such as: (Logarithmic,
Linear, Cubic, Power , Inverse, Quadratic, , Compound, S-Shape, , Exponential,
Growth and Logistic) in order to be certain that a selected model has the best
and an optimal one, which represented their outcomes in( appendix 6) .
Results shows that "Power-Shape, Power, and Logarithmic" models has been
registered the one of the greatest mathematical models with nonlinear regression
for studying the influence of concentration on the intensity marker for different
techniques, SM, PCF, and MM respectively.

Table (3-14) Results shows strong and too highly significant correlation
ships are accounted at P<0.01 concentration on intensity marker's readings.
Others source of variations are not included in the studied models, (i.e. constant
term), shows that a meaningful of an initial vaue that not include in the
regression equation.

As seen in Table (3-14 ), the results shows strong and too highly significant
correlation ships are accounted at P<0.01 concentration on intensity marker's
readings.

Table (3-14): Regression outcomes of I nfluence Concentration on the

Intensity Marker in AST enzyme using different Techniques.
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Influence of Concentration on Intensity Marker using SM Technique

Simple Correlation

Coefficient 0.90412 Non Linear Regression
Deter mination Tested in two tailed alternative
Coefficient 0.81744 Statistical hypothesis
R-Square
. Sig. *)
F (Statistic) 94.028 Level 0.0000 (HS)
Variablesin the Equation
Parameters B SE.B Beta t-test S'gt )Of (
Slope (B1) 0.290088 0.029916 | 0.904122- | -9.697 | 0.0000
(Constant) : BO 5041.856 491 465 - 10.259 | 0.0000
Predicted equation is: —_——

Influence of Concentration on Intensrfy Marker usmg PCF Technique

Simple Correlation

Coefficient 0.93995 Non Linear Regression
Deter mination Tested in two tailed alternative
Coefficient 0.88351 Statistical hypothesis
R-Square
. Sig. *)
F (Statistic) 174.4499 Level 0.0000 (HS)
Variablesin the Equation
Parameters B SE.B Beta t-test S'gt )Of (
Slope (B1) 0.225661 0.017085 | -0.939955 13.208 0.0000
(Constant) : BO 4560.503 | 247. 1715 - 18.451| 0.0000
Predicted equation is. Zara— —ees

‘hff.xf_
e

Influence of Concentration on I ntensity Marker using M M Technique

Simple Correlation

Coefficient 0.96553 Non Linear Regression
Deter mination Tested in two tailed alternative
Coefficient 0.93225 Statistical hypothesis
R-Square
. Sig. *)
F (Statistic) 288.982 Level 0.0000 (HS)
Variablesin the Equation
Parameters B SE.B Beta t-test Srgt )Of (
Slope (B1) 343.0888 20.18233 | 0.96553- 16.999 0.0000
(Constant) : BO 3555.878 | 65.76181 - 54.072 | 0.0000
Predicted equation is; Ssasits——ad =ous= o

) HS: Highly Significant at P<0.01

95
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Figure (3-11) shows long term trends of "Power-Shape, Power-Shape,

and Logarithmic” models for studying the influence of concentration on

intensity marker for different techniques, SM, PCF, and MM respectively in

AST enzyme.
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Figure (3-11) Long Term Trend relationship of I nfluence Concentration on

the Intensity Marker in AST enzyme using different Technique
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3.5.2 ROC Curvefor Enzymesindicatorsof (ALT by AST)

Table (3-15) illustrate estimation area of trade - off between complement
probability level of a specificity rate and sensitivity rate by plotting sensitivity
against (1- specificity) to study that trade - off, which is called "Recelver
Operating Characteristic" ROC - curve for testing a diseased indicators in light of
studied controlled responses aong different markers as state variables, as well as
significant levels for testing area under fifty percentage, with 95% confidence
interval of areaindicator areillustrated.

Table (3-15): ROC Curvefor Enzymesindicatorsof (ALT by AST) in light

of different techniques.

Technique

SiEEles %j)tuﬁif =ETL ||| SPES | i) Esrtrddr s'? gs.y("*) f;}f' QS%U(.:t;l.'
SMF 14965 | 1.000 | 0.261 | 0.591 | 0.085 | 0.283 | 0.425 | 0.758

Z PCF 1026.0 | 0.958 | 0.280 | 0.341 | 0.000 | 0.056 | 0.163 | 0518
MMF 27605 | 0.833 | 0.870 | 0.835 | 0.066 | 0.000 | 0.705 | 0.965

(*

) HS: Highly Sig. at P<0.01; Non Sig. at P>0.05; the positive actual stateis Positive.

Results shows meaning differentiated was assigned within "MM"
technique, since positive highly significant area are calculated at P<0.01 in light
of subjective ALT enzyme in contrast of AST enzyme, as well as meaning
reversed differentiated was assigned concerning "PCF" technique in light of
subjective ALT enzyme in contrast of AST enzyme, rather than significant level
was hot reached, Robert [98].

Figure (3-12) shows ROC curve plots for studied marker concerning for Enzymes
indicators of (ALT by AST) inlight of different techniques.
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Figure (3-12): ROC Curveplotsfor Enzymesindicatorsof (ALT by AST) in
light of different technique




Chapter Three 99

3.6 Discussion

Typica biosensor is sensitive device that cnvert the biological change

into a noticeable sign, later is then converted into a numerical signal
conseguence.
Enzymes are included as the sensitive substances provide the biosensor
selectivity to the molecule. Regarding optical biosensors are considered as the
greatest widespread because of high sensitivity and fasting time response.
[99,100]

The absorbance can be observed by directing a beam of radiation at the

sample and noticing the intensity of emission that originates acrossit.
The obtaining results demonstrated that the absorption of laser light by highly
concentrated samples are higher and inversely proportiona to the intensity of
light, means the intensity of light are high when the concentration of enzymes
are low. This phenomenon could be explained as, the higher absorption of light
by samples (ALT and AST enzymes) due to the selection of suitable laser which
depends on the absorption of the samples to the wavelength of the laser. The
refractive index regulates how much the route of light is resolved, or refracted,
when arriving a material.

The present result established that the refractive index value are changed
according to the concentration of enzymes in blood samples, higher
concentration of samples means higher refractive index, Maximum
concentration of ALT enzyme (101.9 U/L), the higher refractive index (1.3570)
,the minimum concentration of ALT enzyme (9.9 U/L),the lower refractive
index(1.3567) . Maximum concentration of AST enzyme (224.5U/L), the higher
refractive index (1.3570), the minimum concentration of ALT enzyme (4.3U/L),
the lower refractive index (1.3545).
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From the findings of the present results the constructed biosensor are
fastest response ,stable, more accurate , fair sensitivity and inexpensive when
used in the measurement of the concentration of ALT and AST liver enzyme,
multimode (MM) biosensor considered the more effective and sensing than the
other types (SM and PCF ) fibers biosensors because the output intensity of
multimode fiber have a large number of modes compared with single mode and
photonic crystal fiber which have limitation number of modes due to their basic
structure.

The present study are in agreement with other many studies using
biosensor to detect the level of ALT and AST enzymes in human blood sample.
ALT biosensor built on platinum wire microelectrode has been demonstrated
with a convenient, fast, and best selectivity in contradiction of both negatively
and positively charged interferents, this biosensor has good detection and
reasonable sensitivity. [101] Thuy and Seng ( 2016 )

Detection on paper-based micro analytical devices (PADs) are used in
genera biochemistry, using the proposed PADs for detection the concentration
detection of AST and ALT in human serum samples are originate to be in good
agreement with those achieved using spectrophotometric a traditiona type in
detection technique.[102]

A study had been done by Hsueh et al in 2011 established the procedure
of a two-step enzymatic reaction mechanism by an extremely sensitive Ir/C
nano-catalyst for single use only, screen-printing biosensor for detection ALT
enzyme. This detection was approved by counting the enzymatically-produced
H,O, . The constructed biosensor showed an excellent results and could be very
useful for clinical applications in detection the level of ALT enzyme. [103]
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In the present study Photonic crystal biosensor were constructed using
single mode fiber (SMF-28) as a standard and the (PCF-LMA-10) prepared

optica fiber by cleaving and splicing, solid core are used which contain
four circles of air holes hexagonal in shape, Outer cladding diameter has (125 *
2 um), diameter of core are (10.1 £ 0.5) ym, air hole diameter 3.1um and the
space between hole and hole are 6.6um. The procedure of PCF biosnsor
constuction are in agreement with other many studies, photonic crystal fiber
interferometer based in dew detection that functions in mode reflection.
Cleaving and fusion splicing are used for building the sensor head. The sensor
illustrations good sensitivity through a large wavelength peak. The device's
reaction to temperature and ambient humidity. [104]

Rawaa and Hanan 2015, they constructed a sensor chemica in type
invented it by cutting and splicing photonic crystal fiber (PCF LMA-10) and
single-mode fibers (SMF-28) at different length. Collapsed region in the PCF
are examined under microscope and consider the key component for stimulating
and recombination of two core modes, they decided that interferometers
demonstrate regular interference patterns which change remarkable when the
spaces of the fiber are penetrated with molecules of instable compounds and
Acceptance of the system with afast sensing information. [105]

Using Lasers with different wavelengths have been used for different
biological applications such as blood and urine tests, based on Mach-Zehnder
interferometer laser with (532nm) as a laser source with input power of (12.2
nw). 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 the detection of
different types of anemia such as iron deficiency and aplastic anemia ,the device
with the hole collapsed, the LMA-10 photonic crystal fiber was spliced by
fusion splicer type (FSM 60 S) to the SMF-28. Collapsing technique can be
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Implemented in this sensor. PCF sensor used with length 1.5cm because
it proved to be the most sensitive sensor for changing the refractive index of the
biological .The light green source laser been used in this experiment with
A=532nm and output power=12.2nw [106].

The manufacture of photonic crystal fiber moda interferometers is
approved with different post-processing techniques such as tapering, cleaving,
and splicing. Photonic crystal fiber interferometers display low thermal
sensitivity, applications range from sensing temperature or strain to refractive
index and organic compounds (volatile). [107]
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3.7 Conclusions

The present study highlights the following conclusions in reference to the

results obtained.

1-

2-

The ALT enzyme sensing in wavelength 531.62 nm and the AST enzyme
sensing in wavelength 531.16 nm in 3 setup.

The refractive index value are changed according to the concentration of
enzymes in blood samples, higher concentration of samples higher refractive
index,

The best type of laser biosensor is multimode biosensor for detection the
concentration of both enzymes in the sample in addition it is highly sensitive
in transmission of signal light intensity.

The intensity of light are high when the concentration of enzymes are low
means the absorption of laser light by highly concentrated samples are
higher compared with lower emitted light (intensity).

Biosensor are most a currate, with a rapid diagnosis ,more costley method
than the traditional method to avoid any biological changes in blood sample
that lead to changes optical charastetic (refractive index and absorption) of
blood sample.

3.8 Suggestions

1-

Detection other types of liver enzymes such as Gamma-glutamyltransferase

(GGT), Bilirubin and Alkaline phosphatase (ALP) or another types of enzymes

in human body.
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SMF-28" Fiber
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Product Information

» Versatility



spersion =D():m %[l-g]MMI"
for 1200 nm < 1 < 1600 nm
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L)

.
.
.. i Crystal Fibre « aeroLASE « Koheras « SuperK
NI K T : Photonics
°

«* the power of light

Savye
Made

Large
Mode-ates

LMA-10

Single-mode 10 uym core fiber

* Low fiber loss from 500 to 1700 nm
* Single-mode at all wavelengths

e Radiation hard pure silica fiber

* Wavelength independent MFD

This single-mode photonic crystal fiberis optimized to exhibit
low loss across the widest possible wavelength region from soo
nm to above 1700 nm while keeping an almost constant mode
field diameter.

The fiber is endlessly single-mode with no higher order mode
cut-off and delivers excellent mode quality at all wavelengths. Applications
The fiber has a standard 125 ym outer diameter and is compati- :;ngleg;og: g PR ey
ble with all common fiber tools. ) Si:glee m:dIegpimailing

This product is also available in a polarization-maintaining ver-

sion as the LMA-PM-10. Typical spectral attenuation and dispersion
Single mode cut-off wavelength* None -é‘ ol c
Attenuation @ 532 nm** ¢ 4o dB/km = Aftenuation E
Attenuation @ 632 nm** < 20 dB/km “:_'.i ——Dispersion | 100 35
Attenuation @ 1064 nm** ¢ 5dB/km g =
Mode field diameter @ 532 nm (1/e?) 8.4 ¢ 1.0 ym .8 y {200 E
Mode field diameter @ 1064 nm (1/e:) 8.8 1.0 ym S 0
NA @ 1064 nm (5%) 0.11 £ 0.02 é 4 = 3
0 1.0 &

"Physical properties < ol
Core diameter 10.1 £ 0.5 ym
Quter cladding diameter, OD 126+ 2 ym b rrrs e o == i
Coating diameter 245 £ 10 pm Wavelength (nm)
Core and cladding material Pure silica
Coating material, single layer Acrylate Tvpical MFD and NA
Coating-Cladding concent. error c1opm N e
Proof test level 0.5% ‘g

—

>
Standard interfacing options E
FC/PC connector 0.0 £ 0.5 deg angle %
'FC/APC connector 8.0%0.5 ﬁég_a;g_le_ =

[]
Collapse and cleave 0.0 ¢ 0.5 deg angle = P

& ol ]
All interfaces are provided with a 150 £ 25 pm sealing length of b
the PCF structure. =

[} i L L i -t 4 0,00
Please contact us for other custom interfacing options. o0 %00 L 1200 1400 1600 100
Wavelength (nm)

* TIA-455-B0-C standard  ** 16 cm bend diameter °H§ L

KT Photonics A/S (Headquarters) NKT Photonics Gm NKT Photonics Inc

B4 e ared o D ark siras J8-D13 14 D

ax 4348 1
www.nktphotonics.com



Appendix 5

Regression outcomes for I nfluence of Concentration on the Intensity Marker
using SM Techniquein ALT enzyme

Independent: Saliva Ferritin (ng/ml)
Dep. Math. Model | Rsq. | df. F Sig. F b0 bl b2 b3
Linear 0602 22 | 333 | 0000 | 27555 | -16.38
Logarithmic | 0.831] 22 | 107.8 | 0.000 | 46585 | -751.31
Inverse 0939 | 22 | 3404 | 0.000 | 12532 | 21094
g Quadratic [ 0.845| 21 | 572 | 0.000 | 3511.7 | -63.404 | 0.449
g Cubic 0905| 20 | 638 | 0.000 | 4119.8 | -119.81 | 1.8023 | -0.0087
> Compound | 0.704| 22 | 524 | 0.000 | 2799.0 | 0.9922
z Power 0902 | 22 | 2018 | 0.000 | 66936 | -0.3476
E S-Shape |0943| 22 | 367.2 | 0.000 7.3 9.3874
Growth 0704 | 22 | 524 | 0.000 7.9 -0.0079
Exponential | 0.704| 22 | 524 | 0.000 | 2799.0 | -0.0079
Logistic 0.704| 22 | 524 | 0.000 0.0 1.0079

Shaded model reported the best fitness Equation.

Regression outcomes for I nfluence of Concentration on the Intensity Marker
using PCF Techniquein ALT enzyme

Independent: Saliva Ferritin (ng/ml)
Dep. Math. Model | Rsq. | df. F Sig. F b0 bl b2 b3
Linear 0764 | 22 | 7113 | 0.000 | 2396.89 | -7.4297
Logarithmic | 0.617 | 22 | 35.49 | 0.000 | 3007.63| -261.68
Inverse 0426 | 22 | 1636 | 0001 | 1897.67 | 5772.76
g Quadratic [ 0856 | 21 | 62.18 | 0.000 | 220791 | 4.4219 | -0.1131
g Cubic 0.992| 20 | 830.25| 0.000 | 2584.58| -30.393 | 0.7167 | -0.0053
> Compound | 0.71 | 22 | 53.95 | 0.000 | 2440.46| 0.996
g Power 055 | 22 | 26.91 | 0.000 |3371.81| -0.1396
I S-Shape |0362| 22 | 125 | 0.002 | 7.5347 | 3.0068
Growth 071 | 22 | 5395 | 0.000 | 7.7999 | -0.004
Exponential | 0.71 | 22 | 53.95 | 0.000 | 2440.46 | -0.004
Logistic 071 | 22 | 5395 | 0.000 | 0.0004 | 1.0041

Shaded model reported the best fitness Equation.



Regression outcomes for I nfluence of Concentration on the Intensity Marker
using MM Techniquein ALT enzyme

Independent: Saliva Ferritin (ng/ml)
Dep. Math. Model | Rsq. | df. F Sig. F b0 bl b2 b3
Linear 0902 22 | 2029 | 0.000 | 33419 | -204
Logarithmic | 0.739| 22 | 622 | 0000 | 5029.8 | -721.4
Inverse 0494 | 22 | 215 | 0000 | 1984.9 | 15581.0
g Quadratic [ 0938| 21 | 160.0 | 0.000 | 30445 -19 | -0.1766
g Cubic 0939 | 20 | 102.7 | 0.000 | 31075 .78 | -0.0365 | -0.0009
> Compound | 0.854| 22 | 1285 | 0.000 | 3616.0 1.0
g Power 0662| 22 | 430 | 0.000 | 8207.0 -0.4
= S-Shape |0414| 22 | 155 | 0.001 75 7.4
Growth 0854 | 22 | 1285 | 0.000 8.2 0.0
Exponential | 0.854| 22 | 1285 | 0.000 | 3616.0 0.0
Logistic 0.854| 22 | 1285 | 0.000 0.0 1.0

Shaded model reported the best fitness Equation.



Regression outcomes for I nfluence of Concentration on the Intensity Marker
using SM Techniquein AST enzyme

Independent: Saliva Ferritin (ng/ml)
Dep. Math. Model | Rsq. | df. F Sig. F b0 bl b2 b3
Linear 0356 | 21 | 11.62 | 0.003 | 2359.76| -6.31
Logarithmic | 0.779 | 21 | 7423 | 0.000 | 3941.64| -582.80
Inverse 0719 | 21 | 5365 | 0.000 | 1495.14 | 10316.80
g Quadratic | 0.867| 20 | 651 | 0000 |3197.32| -51.52 | 0.1969
g Cubic 0936| 19 | 9279 | 0.000 | 3461.46| -75.37 | 0.6569 | -0.0016
> Compound | 0428 | 21 | 1571 | 0001 |231391| 1.00
J Power [ 0817 ] 21 | 9403 | 0000 |5041.86| -0.29
E S-Shape |0658| 21 | 40.32 | 0.000 7.33 4.80
Growth 0.428| 21 | 1571 | 0.001 7.75 0.00
Exponential | 0428 | 21 | 1571 | 0.001 | 231391| 0.00
L ogistic 0.428| 21 | 1571 | 0.001 0.00 1.00

Shaded model reported the best fitness Equation.

Regression outcomes for I nfluence of Concentration on the Intensity Marker
using PCF Techniquein AST enzyme

Independent: Saliva Ferritin (ng/ml)
Dep. Math.Model | Rsq. | df. F Sig. F bo bl b2 b3
Linear 0441 23 | 18.14 0.000 2580.3 -6.17
Logarithmic | 0.855| 23 | 135.76 | 0.000 | 3877.6 | -501.43
Inverse 0.725] 23 | 60.53 0.000 1846.9 | 7426.95
g Quadratic | 0.891| 22 | 89.78 | 0.000 | 31943 | -41.43 0.155
g Cubic 0.934] 21 | 99.25 0.000 3352.2 -56.92 0.4675 | -0.0011
> Compound | 0.523| 23 | 2524 | 0.000 | 2562.0 1.00
g Power 0.884 | 23 | 174.45| 0.000 | 45605 | -0.23
= S-Shape | 0.651| 23 | 42.93 | 0.000 75 3.12
Growth 0523 23 | 25.24 0.000 7.8 0.00
Exponential | 0523 | 23 | 25.24 | 0.000 | 2562.0 0.00
Logistic 0523 23 | 25.24 0.000 0.0 1.00

Shaded model reported the best fitness Equation.



Regression outcomes for I nfluence of Concentration on the Intensity Marker
using MM Techniquein AST enzyme

Independent: Saliva Ferritin (ng/ml)
Dep. Math. Model | Rsq. | df. F Sig. F b0 bl b2 b3
Linear 0797 | 21 | 8258 | 0.000 | 26775 -5.1
Logarithmic | 0.932| 21 | 28898 | 0.000 | 35559 | -3431
Inverse 0518 | 21 | 2253 | 0.000 | 21975 | 47128
g Quadratic | 0.927| 20 | 1265 | 0.000 | 29045 | -17.3 | 0.0534
g Cubic 0978 | 19 | 28696 | 0.000 | 30273 | -284 | 0.2672 | -0.0008
> Compound | 0.84 | 21 | 110.38| 0.000 | 2696.8 | 0.998
g Power 0.892 | 21 | 172.98| 0000 | 39943 | -0.155
< S-Shape |0438| 21 | 1639 | 0.001 | 7.686 2.005
Growth 0.84 | 21 | 110.38| 0.000 | 7.900 | -0.002
Exponential | 0.84 | 21 | 110.38| 0.000 | 2696.8 | -0.002
L ogistic 0.84 | 21 | 110.38| 0.000 | 0.0004 | 1.002

Shaded model reported the best fitness Equation.
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Agial) plaasll 4 yidall e gadl il 5 jlaial

WS s Gender:

Qi )l M Aaua 32

) skl () bl

pPatient name :

Age : i

| Ward : Bed :
£ Test Results | Normal Value Conversion Factor
S. Glucose 4.0 -6.4 mmol/L X 18 = mg/d|
E._Urea 2.5-7.5 mmol/L X 6 = mg/dl
\ S. Creatinine Up to 124 umol/L / 88.4 = mg/dI
'S, Sodium 136 - 155 mmol/L | X 1.0 =megq/L
IIPotassium 3.5-5.3 mmol/L X1.0=meq/L |
'S. Chloride 95-105mmol/L | X1.0=meq/L | ;
' S. Calcium | 21-26mmol/L | X1.0=meq/L |
| S. Uric Acid | 180-420 umol/L | /60=mg/dl | b
| S. Cholesterol | 3.9-6.2mmol/L | X 38.6 =mg/dl ! i
| S. Triglyceride 1, 0.9-2.25 mmol/L | X88.5=mg/dl | ]
S. HDL-Cholesterol | >1.04mmol/L | X38.6=mg/dl | 3
S. LDL-Cholesterol |‘ <3.37mmol/L | X38.6=mg/dl | .
S. Total Protein 60 -80 g/L | /10=g/dl | {
' S. Albumin 36-52g/L | /10=g/dl | }
S. Globulin 24-37g/L | /10=g/dl | -
S. Total Bilirubin 5-17 umol/L /17.1=mg/dl |
S. Direct Bilirubin < 5 umol/L /17.1=mg/dl
S. Indirect Bilirubin <12 umol/L /17.1 = mg/dl
| S. Alkaline Phosphatase 21-120u/L / 7.1 = KAU/dI
S.ALT (GPT) il Up to 40 u/L X 1.0 =u/L
S.AST (GOT) Up to 40 u/L X1.0=u/L
S.LDH 80 - 190 u/L X1.0=u/L
S. CK 24-195 Male X 1.0 = u/L
24 - 170 female
S. Troponin

Examiner:
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: Gender : e:
Patient name : Yl/, q."-b o ::d ;
Test Results Normal Value Conversion Factor
S. Glucose 4.0 -6.4 mmol/L X 18 = mg/dl
S. Urea sl 2.5-7.5 mmol/L X 6 = mg/dl
S. Creatinine > Up to 124 umol/L / 88.4 = mg/dl
S. Sodium ) 136 - 155 mmol/L | X 1.0 = meq/L
S. Potassium 3.5-5.3 mmol/L X 1.0 = meq/L
S. Chloride 95 — 105 mmol/L X1.0=meq/L | |
S. Calcium 2.1-2.6 mmol/L X1.0=meq/L |
S. Uric Acid 180 - 420 umol/L /60=mg/dl | j
S. Cholesterol 5.5 3.9-6.2mmol/L | X38.6=mg/dl |
| S. Triglyceride /- % 0.9-2.25mmol/L | X88.5=mg/dl |
S. HDL-Cholesterol [ 4 s‘ >1.04 mmol/L | X38.6=mg/d\ |
S. LDL-Cholesterol R. 97 <3.37 mmol/L | X38.6=mg/dl |
S. Total Protein 60 -80g/L [ /10=g/dl |
S. Albumin 36-52g/L | [10=g/dl |
S. Globulin 24-37g/L | /10=g/dl |
S. Total Bilirubin 72 5-17 umol/L /17.1 = mg/dl
S. Direct Bilirubin < 5 umol/L /17.1 = mg/dl
S. Indirect Bilirubin < 12 umol/L /17.1 = mg/d|
S. Alkaline Phosphatase 79 21-120 u/L / 7.1 = KAU/dI
S.ALT (GPT) A Up to 40 u/L X1.0=u/L
S. AST (GOT) (Y4 Up to 40 u/L X1.0=u/L
S. LDH 80 - 190 u/L X 1.0 = u/L
S. CK 24 - 195 Male X1.0=u/L
24 - 170 female Sy
S. Troponin -
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