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Abstract:

Low-level laser intensity (LLLT) had been employed to induce and diagnose several
biological activities within tissues and blood. The project study was designed to
explain the effects of LLLT on absorbance and fluorescence features of different
blood components including (plasma, serum, serum without proteins, and
precipitated serum proteins). LLLT (650nm, 532nm, 473nm,) was used to irradiate
blood drive component for 10 minutes with power (40mw, 28mw, 20mw). Results
of non-radiated components showed a high peak (absorbance) of precipitated protein
flowed by serum, plasma, and serum without proteins. The irradiated plasma
samples showed increased absorbance with blue laser in comparison with other
components whereas irradiated serum samples indicated high absorbance with red
laser compared to other components precogitated serum protein recorded increase
optical density with green lases with lower than control. Samples of serum without



proteins pointed out a significant increase of absorption in green and blue laser
compared to control and other laser radiation. Regarding fluorescent properties of
blood components, plasma samples showed a higher peak with red laser compared
to other laser radiated samples. On the other hand, serum radiated samples confirmed
a remarkable peak with green laser compared to other samples. However,
precipitated radiated serum protein was a significantly lower fluorescence peak
when matched with those control samples. Also, serum samples serum without
proteins and irradiated with different laser wavelengths showed lowering
fluorescence peaks in matching with control (non-irradiated samples). In conclusion,
the results can be attributed to different densities of components of blood because
isolation of proteins (clotting and serum proteins), as well as the photo-biochemical
modulation or changes induced by laser radiation, can be an effected on absorption
and fluorescence peaks of those component, the results of irradiated jaundice sample
with mentioned laser also yield fluctuations in absorption peaks of irradiated
jaundice sampled since green laser pointed out a high peak compared to those, other
lasers followed by red and blue, These results can produce from different
interactions among bilirubin molecules and other organic molecules that might be
affected by laser energy go to form multiple interactions among them, these
interactions may be results in because of oxidative damage resulting from free
radicals on those proteins. Bilirubin interacts with antecedent light and emitted light,
so these molecules can prefer the antecedent light 520 - 570 nm to other laser light.
From a molecular point of view, the biochemical reaction of bilirubin molecules
indicates two poorly overlapping bands of both absorption and fluorescent spectra.

The results which are obtained from irradiation of arthritis patients’ samples
(plasma, serum, precipitated proteins, and serum-free proteins), the absorption
spectra were also different among the samples, since the plasma samples pointed out
a higher emitted peak with green lager irradiated samples, whereas serum samples
give a maximum absorption peak in red color laser the precipitated proteins and
serum-free protein recorded a lower significant decrease of absorption activities. The
present research was designed to explain the effects of different concentrations of
CuNPs (10 ul , 50 ul , 100ul ) on absorption and fluorescent spectra of blood
components for healthy, arthritis, and jaundice (in vitro). The results which are
documented from this work confirm that NPs affect the absorption spectra of blood
components in different manners and their effects depend on the quality of blood



(type of component) so plasma and serum recorded a significant increase in
absorption spectra of healthy blood. whereas samples of arthritis patients treated
with NPs had lower absorbance spectra also the high concentration CuNPs(100 ul )
reveal high peak levels. sample of jaundice patients (bilirubin), the results explained
low levels of absorption in most tested samples. concerning emission spectra, it had
been noted to increase emission peak in most treated samples of healthy blood
samples. as well as samples of arthritis patients treated with NPs indicated a high-
level emission in plasma compared with control, On the other hand, the results of
other samples showed low emission spectra in an intensity and excited in visible
spectra of light compared to control. showed high peaks of emitted light treated with
CuNPs in high concentration treatments of CuNPs.

Whereas all the remaining treated samples recorded a significant lowering in emitted
spectra compared to those nano-treated. from this finding, it can be concluded that
the absorption spectra depend on the content proteins of samples and concentration
of NPs also, emitted spectra depend on the quality of samples it has been that
bilirubin decreases emitted spectra when treated with CuNPs.
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Chapter one General Introduction

1.1 Introduction:

Following the invention of the laser system, several studies were conducted
to investigate potential interactions on tissue using various types of lasers and
biological tissues [1]. While there are an infinite number of compositions for the
experimental parameters, there are primarily five types of interactions. The
interactions are chemical, heat, ablative photodecomposition, plasma-mediated
ablation, and photo-disruption [2]. Prior to focusing on such encounters, it will show
how important it is to research the optical characteristics of living tissues [3]. The
influence of laser parameters and tissue optical properties on the adoption of light
penetration in live tissues. As a result, once irradiated by a laser system, each
biological tissue has its own class response functions [4]. Reflection, scattering,
absorption, and fluorescence are the basic phenomena that occur when live tissue is
bombarded by laser light as a result of light diffusion in tissue. The rule of Fresnel
can suffocate reflection[5]. The optical features of live tissue, such as refractive
index, scattering, and laser light absorption by living tissue, all influence laser light
penetration inside living tissue [6]. The depth of penetration of a laser beam is
determined by a variety of laser parameters (wavelength, power, duration, exposure

time, spot size), as well as the color and consistency of the tissue.

Based on its composition and chromophore concentration, each tissue has unique
absorption characteristics. (Hemoglobin, Melanin, Water, Protein) are the main
chromophores in tissue [7].Water absorbs the bulk of infrared light, whereas
hemoglobin and melanin absorb the majority of visible and ultraviolet light,
respectively [8]. Scatter or absorption from covalent bands in proteins inhibits
penetration depth in the range as wavelength drops toward the violet and ultraviolet,
Figure (1-1)
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Figure 1-1: Main Chromophore Absorption [8]

When the laser beam is oriented towards the tissue, only about 3% of the incident
light is reflected directly; the rest is absorbed and dispersed, and the rate of heat
creation is determined by the rate of photon absorption inside the tissues. Outside

the laser beam, the dispersed light absorbed may create heat [9], Figure(1-2).

Reflection Laser Irradiation

/-

i

Scattering

Transmission l

Figure 1-2 :The interaction of laser light with live tissue
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Because the laser beam's intensity range produces cell necrosis and tissue
coagulation, it can be employed in medical applications such as cutting or welding.
This capability can be applied to a variety of surgical procedures and corneal

refractive index correction.
In the medical field, there are two types of lasers: -

1. Low-energy lasers for medical use: This type is employed to activate the
functioning of cells. Therapeutic lasers are commonly characterized as lasers that
use energy densities less than the threshold limit energy where there can be
unfavorable consequences in the activities of the cell. Biological impacts are not

thermal, as they are when used in laser surgery.

2. High-power laser (heating): This type can be used in surgical procedures to cause
tissue cutting, clotting, and necrosis, and these lasers are commonly referred to as

surgical lasers because they are utilized instead of a scalpel in surgery [10].

There are two models for laser interactions with live tissues: (thermal and non-
thermal). Vaporization and photocoagulation are two thermal mechanisms. Photo
ablation and photo-dry-etching of tissues are non-thermal mechanisms [11]. The
temperature at which the laser energy warms the tissue determines the degree of
thermal damage. Table 1.1 shows the changes that occur when the laser beam is
absorbed [8].
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Table 1.1: Tissue Changes with Temperature Increases [8]

Temperature | Biological change

37-60° C Warming, welding

60-65° C Coagulation

65-90° C Protein denaturization
90-100° C Drying

100° C Vaporization, carbonization

Where photons must be absorbed by electronic absorption bands, a low-power laser
can have an effect on live tissue. The interaction of a laser at a given wavelength,
power, and exposure duration is determined by the optical characteristics of the

tissue.

Although lasers have several qualities, such as monochromatic, spatial and temporal
coherence, directionality, and brightness, monochromatic lasers are of minimal

value in most medical applications [11].

The brightness of the laser has the largest influence from the above features, and the
laser beam, with or without focusing, causes localized specialized photochemical
reactions and internal local heating. They can also work in CW or pulsed mode and

produce ultra-short pulses with femtosecond pulses [12].

1.2 Interaction of Nanoparticles with Proteins: Relation to Bio-
reactivity of the Nanoparticle

Nanoparticles (NPs) offer unique features that may be beneficial in a varied
variety of applications, and hence they have gained great study. Particularly in the
bio-medical arena, the usage of nano vaccinations and nano medicines are being

aggressively investigated. Nevertheless, the understanding of the bio-compatibility

-4-
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and hazards of exposure to nanoparticles is inadequate. Exposure to nanoparticles
for people may be inadvertent, for example occupational exposure, or purposeful,
for example via the usage of nano-enabled consumer items. There are a growing
number of research that reveal harmful effects of nanomaterials on in-vitro cellular
systems, there is an urgent need to understand the molecular pathways of

nanoparticles-to-biological system interaction[13].

In a biological context, NPs may interact with bio-molecules such as proteins,
nucleic acids, lipids and even biological metabolites owing to their nano-size and
huge surface-to-mass ratio. Of particular relevance is the adsorption of proteins on
the nanoparticle surface. The development of nanoparticle-protein complexes is
usually referred to as the nanoparticle-protein corona (NP-PC) (NP-PC). A multitude
of effects of protein adsorption on the NP surface may be predicted. Overall, the NP-

PC may alter the biological reactivity of the NP [14].
1.3 Nanoparticle Protein Corona

Proteins are polypeptides with a specified shape and carry a net surface charge
dependent on the pH of the surrounding medium[14]. Adsorption of proteins at the
nano-bio interface is helped by numerous factors such as hydrogen bonds, solvation
forces, Van der Waals interactions, etc[15]. The entire NP-PC creation is a
multifactorial process that not only relies on the properties of the NP, but also on the
interacting proteins and the media[16]. Specific attachment and dissociation rates
for each protein define lifespan of their contact with the NP surface[17]. A "hard
corona" is formed by irreversible (or at least long-term) protein binding to the NP,
while a "soft corona” is defined by rapid reversible binding of proteins with quicker

exchange rates [18].
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Cellular proteins in serum and plasma are complex biological systems, and NPs may
create Bio/Nano complexes in vivo when exposed to many, very distinct systems.
Inhaled NP may pass past the mucosal layer, lung epithelial cells, and into the
bloodstream. Similarly, after being phagocytized by a monocyte, the NP may be
transported into endosomes, which eventually combine with lysosomes at the
cellular level. Each of these proteomes reflects a distinct environment with distinct
protein compositions, enzymatic activity, pH, ion compositions, and other
characteristics. These conditions may lead the NP to go through a complicated series
of alterations that are yet unknown. NP-protein interactions are continually altering
even within the same environment. When exposed to blood plasma, for example, the
nano-bio interface has been shown to vary over time owing to continual protein
adsorption and desorption [1]. As a result, NPs that have entered the body must be
seen as evolving systems that have been altered by successive exposure to various
protein-rich environments. Several variables may alter the rate of protein adsorption
on the NP surface. One aspect that might dramatically alter the NP-PC mix is the
number of proteins available to interact with the NP surface. Monopoli and
coworkers found that the proteins bound to NPs varied with plasma concentration,
whereas the relative quantities of certain abundant proteins adsorbed on surfaces of
silica or polystyrene NPs rose with increasing plasma concentrations [19]. In an vivo
system, the NP surface may get pre-coated with certain proteins as it travels through
diverse protein-rich environments. This may also help decide which new protein will
bind to the NP-protein complex that has already formed. The subsequent adsorption
of plasma proteins on the surface of multi walled carbon nanotubes (MWCNT) was
demonstrated to be influenced by pre-coating of pulmonary surfactant proteins [20].
Also, even after multiple incubations with various biological fluids, silica or

polystyrene NPs were shown to preserve a "fingerprint" of plasma proteins [20].



Chapter one General Introduction

Proteins such as serum albumin, immunoglobulins, fibrinogen, apolipoproteins, and
others make up a typical NP-PC in human plasma. Hell strand and coworkers found
high density lipoproteins in the protein corona on polystyrene NPs in a recent
research [21]. Blood proteins adsorb to foreign inorganic surfaces in a dynamic
manner, with more abundant proteins like albumin and fibrinogen occupying the
surface at first and then being replaced by proteins with a greater binding affinity for
the surface. The Vroman theory underpins such a progressive binding pattern of

plasma proteins[22].

in situ ex situ
characterization characterization

I

: 4

D
u% e

separation

NP Proteins Protein-coated NP Purified ‘corona’

Figure 1-3 Schematic illustration of protein corona formation around NPs and subsequent in

situ versus ex situ characterization. Two different proteins are depicted in cyan and green [22]

The affinity of a protein for the NP surface and its capacity to fully occupy the
surface are additional factors in its adsorption on the surface. The arrangement of
protein molecules on the NP surface may influence the latter's biological response

at the cellular level [23].
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1.4 Adsorbed Proteins’ Structures are Altered by Nanoparticles.

The adsorbed protein's structure and function may be altered by the NP
surface, altering the NP's overall bio-reactivity. The fate of proteins attached to the
NP surface is further investigated in this section. When compared to flat NP surfaces,
curved NP surfaces give more flexibility and surface area to the adsorbed protein
molecules [24]. Curved NP surfaces may potentially influence protein secondary
structures, causing permanent modifications in certain situations [25]. It's worth
noting that the chemical characteristics of specific proteins, as well as their structural
flexibility, play a role in controlling surface-driven secondary structure alterations
[26]. Specific folding of the protein polypeptide chain produces conformational
epitopes. Continuous epitopes, on the other hand, are areas of the protein main
structure that include 10-12 amino acids and may provoke an immune response. The
NP surface may cause anomalous unfolding of bound proteins, resulting in new
conformational epitopes, or it may cause native protein structure unfolding,
revealing buried epitopes. Such hidden epitopes may influence the functioning of
bound proteins, eliciting an undesired immune response, for example. Deng et al.
demonstrated that negatively charged poly (acrylic acid)-conjugated gold NPs bound
fibrinogen from blood plasma and caused its unfolding, which activated the Mac-1
receptor on THP-1 cells, resulting in the release of inflammatory cytokines through
the NF-B pathway [27]. Changes in protein structure might lead to a lack of tolerance
towards oneself, which can trigger autoimmune reactions in the worst-case scenario
[28].
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Figurel-4; Schematic representation of NP surface induced unfolding of the interacting
protein molecule and consequences. (A) Protein molecules adsorb on to the NP surface, to form
a complex termed as the (B) NP-PC.NP surface may induce conformational change to the native
structure of the adsorbed protein molecule, causing it to unfold. Such protein conformational
changes may either (C) alter the function of the native protein molecular even lead to (D) exposure

of “cryptic” epitopes which may result in immunological recognition of the complex [24]
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1.5 Literature Survey:

Series | Researcher & year | Subject
1 Shela Gorinstein, they revealed of human serum proteins (HSP) was
etal, studied by measuring the intrinsic fluorescence
(2000) intensity at a wavelength of excitation
corresponding to tryptophan’s or tyrosine’s
fluorescence. the loosening of the HSP structure
takes place primarily in various concentrations of
urea before and after beer consumption[29].
2 Siposan and Adalbert, | They studied the effect of a low-power He-Ne
(2003) laser on blood parameters. The authors noted that
irradiation resulted in decreased viscosity, BSR,
and changes in some erythrocytes [30].
3 Theodoro LH, et.al., | Studied the effect of Er:YAG and Diode lasers on

(2006)

the adhesion of blood components and on the
morphology of irradiated root surfaces. The
Er:YAG laser did not caused the adhesion of
blood components, whereas the Diode laser
inhibited the adhesion [31].

Jianhua Zhou, et.al.,
(2007)

This group explained the thermal damage in
biological tissues caused by laser irradiation by

-10 -
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using theoretical analysis .The tissue damage

occurs sometime after laser irradiation[32].

John Zhang, et.al.,
(2008)

Showed that the use of the laser on blood tissue
cause a decrease in the value of blood pressure
from (127)mHg to approximately (122)mHg [33].

Ahmed A. Ibrahim ,
(2009)

Explained the effect of (He-Ne) laser radiation
and viscosity of red blood cells on erythrocytes
sedimentation rate (ESR). Te laser radiation
reduce the (ESR) of blood samples[34] .

MohammadAli
Ansari and Ezeddin
Mohajerani

(2011)

They studied the mechanisms of laser-tissue
interaction: optical properties of tissue and then
explained the effects of these properties on laser

penetration in tissue [9].

José Eduardo Cezar
Sampaio , et.al. ,
(2012)

They showed the effect irradiation for
Er,Cr:YSGG and Er:YAG laser on the adhesion
of blood components on the root surface .They
found (Er:YAG) laser was more effective in
enhancing the adhesion of blood elements on root

surfaces [35] .

Li Shang and G.
Ulrich Nienhaus
(2013)

They studied the Protein Adsorption onto

Nanoparticles by Fluorescence Correlation
Spectroscopy. when nanoparticles (NPs) are
incorporated by a living organism, a protein
adsorption layer, also known as the “protein
corona”, forms on the NP surface. They showed

This knowledge helpful for the safe and effective

-11 -
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use of nanomaterials in science and

technology[36].

10

Jaona H. R. et.al.,
(2014)

Studied the effects of short pulsed laser radiation
on transit heating of human tissues. They
examined an increasing of local radiation
absorption in the tissue with short pulsed
radiation and gold nanoparticles (GNPs)

embedded in human tissue [37].

11

Shikha rathore and
Basharath Ali
(2014)

They explained the effect of laser radiation (He-
Ne) on electrical conductivity of blood and then
found the conductivity of the blood was changed
[38].

12

Flavia de paoli et.al.,
(2015)

They studied the damage of DNA for blood cells
caused by low —level laser . They showed the
damage itoDNA of blood caused by exposure to
low-level red and infrared lasers depending on

fluence, power ,a,nd emission mode [39] .

13

Muhammed Zeeshan
(2016)

Stated the mechanism of laser / light interaction
at cellular and tissue and study of the
influentfactorsctor for applications of low-level
laser therapy. The interaction between tissue with
different source of light ( conventional light or
LED) but the use of laser is to be more favorable

in interaction with tissue and cells [40].

-12 -
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14

Deepali Verm,et.al.,
(2018)

They made it clear protein nanoparticles tare he
major grounds for the transformation of different
properties of many conventional materials by
virtue of their size and greater surface area which
instigates them to be more reactive to some other
molecules. A plethora of pronanoparticleicles
applications via different routes of administration

are explored and reported by eminent researchers.

15

Zahra Al-Timimi,
(2019)

Showed the Impact of laser (Nd:YVO4
Crystals,532nm) radiation on white blood cells
.When the laser dose time is increased there is no
further change which is observed in WBCs, while
at laser dose for shorter duration, there is a
marked increase in the optical absorbance of the

Hgb, which minimizes laser-induced heating[42].

16

Shanmugavel
Chinnathambi et.al.,
(2020)

They investigated the conformational changes of
blood plasma proteins during the interaction with
near-infrared light-emitting nanoparticles. the
addition of nanoparticles causes the denaturation
of the plasma proteins. However, it is noteworthy
that the conformational recovery phenomena are
observed for fibrinogen and transferrin,
suggesting that the nanoparticle does not
influence the ordered structure of proteins in the
bloodstream[43].

-13-
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17 N Suardi ,et.al.,
(2021)

They studied Effects of Low-Level Laser
Irradiation (continuous wave, 405nm
wavelength) on Blood Protein The single
exposure results demonstrated an overall
increased protein level for all blood proteins.

Global maxima (8 minutes’ single exposure)[44].

18 Raneem Mohammed
(2021)

studied the effect of laser irradiation with
different wavelength on absorbance of normal
human blood. she showed the Laser radiation has
a great role in the absorption properties of the
normal human blood after being compared with
absorption spectrum of a non-irradiated

sample[45].

1.6 Aims of the work:

1. Study the physical effects (especially density) of proteins in different blood

components.

2. Effects of optical properties of those proteins when blood samples are divided

into different parts that have different protein contents.

3. Determination of absorbance and fluorescent properties of blood components

to that healthy samples and compared with those abnormal blood samples.

4. Studying the effect of electromagnetic radiation on (nhormal and abnormal)

living tissues and compering between them.

-14 -
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5. Studying the optical properties of (normal) living tissues before irradiation
with laser and comparing between them.
6. Studying the optical properties of (normal and abnormal) living tissues after

irradiation with laser and comparing between them.

7. Explanation of the effects of bilirubin and inflammatory factors (arthritis

samples) on optical and fluorescent properties of blood components.

8. Measurement interactions between Cu NPs and physical properties of blood

components.

9. Measurement interactions between Acridine Orange and physical properties

of blood components.
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2.1 Physics and Properties of Lasers:

A laser is a device that uses optical amplification to magnify the energy
released by an electron when it is transported from an excited state to a lower energy
state. The light generated by a laser differs from ordinary light in a number of ways.
It's monochromatic since it's made up of photons with the same wavelength. This is
In contrast to ordinary light, which is made up of seven colors and separates into its
constituents as it passes through a prism. Laser light is coherent in nature, which
means it has the same phase as other light. The interference property is employed in
diagnostic medicine. Finally, laser light has a low divergence, implying a strong

collimated beam [46].

The laser's emitted light is coherent, which means that all of the photons are
in the same place at the same time. Because the laser beams light has a high intensity,
it has a wave property called (Coherent), which means there is a constant relationship
in the phase difference between the interfering waves, resulting in the constructive

interference phenomenon [47].

The use of lasers in medicine has grown over time, and they now play a
significant role in medical systems and surgery[48].They're employed in a variety of
medical sectors, including cancer detection and therapy, dermatology,
ophthalmology (Lasik and laser photocoagulation), and optical coherence
tomography. Lasers are also used for cosmetic purposes, such as laser hair removal
and tattoo removal [46].Continuous wave (CW) lasers and pulsed lasers are two
types of laser systems. Whereas most gas lasers and to a lesser degree solid-state
lasers belong to the first group, solid-state lasers, excimer lasers, and certain dye

lasers belong to the second group[49] .
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2.2 Biological Tissue Effects of Laser Properties:

Because laser light must be absorbed in order to interact with any tissue or
substance, its monochromaticity quality, along with its singularity of wavelength, is
a determining factor for its interaction with biological tissue. Light receptors
(chromophores) in biological tissues are very selective for the wavelengths they
absorb. Hemoglobin, oxyhemoglobin, melanin, and water are some of the most
frequent chromophores found in biological tissues. This interaction is also
influenced by the polarized features of laser light, since various polarizations of light
can be absorbed to varying degrees by different biological tissue or substances.
Biophotomodulation treatment has been effectively employed with broad-band
lamps and non-coherent light sources, such as light-emitting diodes (LEDs) ,have

shown to be effective in biophotomodulation treatment[50].

Photo induced biological processes are initiated in weak incoherent CW light
employing a quantized radiation field and one-photon absorption from a pulsed

coherent laser source or an incoherent thermal source of electromagnetic radiation.

Due to its collimation property, which permits the emission of non-divergent,
parallel rays to create minimum beam spread as they travel over a distance, a laser
may deposit a large amount of energy in a relatively tiny area (spot size). The
guantity of energy produced by the laser is influenced by the diameter of the beam,
as light energy is concentrated as the beam diameter is reduced. Ordinary light isn't
collimated in any way. As it moves, its diameter expands, the diameter of the beam
point expands, and the light loses energy It's on the way[51].1t is difficult to
determine the energy dose supplied to a target from a distance using non-collimated

light beams unless the beam is in direct contact with the tissue [52].
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2.3 Laser Types based on the Active Medium:

Lasers made of solid-state materials: Solid state lasers, such as the Ruby or
Neodymium-YAG (yttrium aluminum garnet), have lasing material spread in a solid
matrix. Infrared light emitted by Neodymium is typically at 1.064 micrometers
(m)[53].

Gas Lasers: The most popular gas laser is the helium-neon laser, which has a wide

range of output wavelengths, including red (632.8 nm) [53].

Excimer Lasers (also known as excimer lasers) are a kind Excimers combine
reactive gases like fluorine and chlorine with inert gases like argon, xenon, or
Krypton to create an excimer. In reality, when a molecule or dimer is created, it may
be electrically stimulated, resulting in the generation of invisible light When a
molecule or dimer is created and lased, it can be achieved as a result of being

electrically stimulated [54].

Dye Lasers: Can be tuned across a wide range of wavelengths and utilize complex

organics as lasing media, such as rhodamine 6G in suspension or liquid solutions[53]

Semiconductor Lasers: These are not solid-state lasers and are sometimes
referred to as diode lasers. The absorption of laser wavelength heats the target tissue
in most medical laser applications. Light can be supplied in appropriately timed
pulses proportionate to the size of the target structure to minimize undesired thermal
harm to neighboring tissue, using the selective photothermolysis approach. Larger
structures are treated with longer pulses, whereas smaller structures are treated with

shorter pulses [55].

Diode Pumped Solid State Laser (DPSSL): A semiconductor laser is used

to pump a solid-state crystal such as quartz in order to increase the performance of
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a typical solid-state laser pumped using a flash lamp (Nd:YAG, Nd:YVO4) can
achieve benefits such as high efficiency, extended lifetime, high reliability, and
superb beam quality The pumping source (semiconductor laser), the solid crystal,
and the resonator [56] are the essential components of this laser, which comprises of

the basic ingredients for creating the laser beam.
2.4 Light propagation in tissue:

When a laser beam is projected into live tissue, four events occur that regulate the

uneven propagation of light in the tissue:
2-4-1 Reflection

Reflection occurs at the interfaces of media with varied optical qualities, and the
amount of light reflected from each medium is determined by the amount of input

light as well as the refractive index of each material [12].
2-4-2 Transmission :

This means an increase in the depth of penetration of the laser light into the tissue,
and that the depth of penetration is a function of the wavelength. An example of this
Is the absorption of water in the cell where it is little within the visible region of the
electromagnetic spectrum (transmission increase), while an increase in water

absorption is a function of the wavelength (decreased transmittance) [57].

2-4-3 Scattering:

The scattering process of the laser beam occurs by the tissue, as it is absorbed
through a large area and thus its effect spreads and weakens. Most of the beam
entering the tissue is affected by complete interference with water and cellular
membranes. Long wavelength diffusion occurs more than short wavelengths of

visible light and is absorbed and this leads to the generation of heat in the tissues,
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and this effect is the cause of heat propagates from the treated area, and the damage

may reach the adjacent tissue or tissue that is not targeted for treatment [57].

2-4-4 Absorption:
The absorption coefficient defines the process of transmitting energy from light to
the target substance, which results in energy loss. Melanin, hemoglobin, and water
are the major laser light absorbers in human tissue[58]. We can calculate the quantity
of absorption from and all of the events depicted in figure (2-1) [12] using the Beer-
Lambert formula[59].

A=alc (2-1)

:_i=1o—A _10-alc (2-2)
Where :

A =log,, (:—i) (2-3)

S (2-4)
Where :

A: absorbance

I,: incident intensity

I1: transmitted intensity

A: wavelength

o absorption coefficient
K : extinction coefficient
c: concentration of materiel

(. distance of light passed through material
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Figure 2-1: Light propagation in tissue [40]
2.5 Mechanisms of Laser-Tissue Interaction

Laser light interacts with tissues through a number of distinct processes. For
therapeutic and surgical applications, the most prevalent interaction mechanisms

will be categorized into five major categories:

1. Photochemical interactions: Molecules or atoms are excited by photons, making
them more likely to perform chemical interactions with other molecules. A
photosensitizer (a molecule that becomes reactive when it absorbs light and may thus
stimulate chemical reactions within other molecules or tissue) causes reactive
oxygen species to develop in photodynamic treatment, for example (cell death). In
oncology, photodynamic treatment is becoming more commonly employed to

eradicate malignant tumors [40].

2. Photothermal interactions: photons are absorbed and transformed into heat energy
by a chromphore (a light-absorbing molecule). , which can result in a variety of heat
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consequences, including tissue coagulation and vaporization. Tissue cutting and

welding are two applications in laser surgery [60].

3. Photoablation: High-energy ultraviolet (UV) photons are absorbed and induce the
dissociation of molecules because they are more energetic than the chemical bonds
that keep the molecules together. After then, the irradiation volume rapidly expands
and the tissue is ejected from the surface. This is employed in a variety of

applications, including eye (corneal) surgery [61].

4. Plasma-induced photo ablation: The high electric field in the region of the laser
beam accelerates a free electron. It starts a chain reaction of similar collisions by
colliding with a molecule and liberating another electron, ending in plasma: a soup
of ions and free electrons. This is used in the treatment of cataracts with lens

capsulotomy [62].

5. Photodisruption: Mechanical phenomena such as bubble formation, cavitation,
jetting, and shockwaves can occur as a result of plasma creation[49]. Figure (2-2)

below depicts all of these mechanisms:
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Figure (2-2) :Different forms of laser-tissue interactions[49]

2.6 Bioheat Transfer in Living Tissue:

The study of thermal energy transmission in living systems is known as bioheat
transfer. Heat transport is important in biological systems because metabolic
activities are temperature sensitive. Bioheat transfer techniques are also suitable for
diagnostic and therapeutic applications requiring either mass or heat transfer since

the mass transit of blood through tissue generates a thermal energy transfer.

The effects of blood flow on heat transmission in living tissue have been studied for
over a century, beginning with Bernard's experiments in 1876. Since then, many
physiologists, doctors, and engineers have been interested in mathematical modeling
of the complicated thermal interplay between the vasculature and tissue [63]. The
evaluation of the influence of blood circulation, which is the dominating route of
heat evacuation and a significant cause of tissue temperature inhomogeneity, is a key

concern for theoretical prediction of temperature distribution in tissue [64].
2-6-1 Photo Thermal Effects

In clinical practice, thermal effects are probably the most common kind of tissue-
laser interaction. There is frequently a particular reaction route that leads to tissue
damage in photochemical effects, such as photodynamic treatment. There is no
unique mechanism here, and photons might be absorbed by any biomolecule while
still causing a heat impact. The absorption of light and subsequent conversion to heat
via vibrational relaxation deposit heat energy in the tissue. The tissue's temperature
rises as a result of this. Heat will also permeate through the tissue, raising the
temperature of the surrounding tissue. The tissue damage is determined by the
temperature achieved and the length of time it is kept at that temperature. Thermal

interaction is used in a wide range of medical applications, from the vaporization of
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malignancies to the welding of gastrointestinal ulcers and the removal of skin

markings such as port wine stain birthmarks or tattoos [65].

laser light
tissue LIGHT TRANSPORT
optical —>1 g ABSORPTION
properties
absorbed optical
energy = heat source
tissue HEAT
thermal — DIFFUSION
properties

l

temperature
distribution

|
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e
type EFFECTS
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Figure (2-3): The many features of thermal light interactions with tissue [65].

Figure (2-3) depicts how light interacts with tissue thermally, taking into
consideration the fact that soft tissue transmits heat. Finally, the last portion of
Figure (2-3) depicts what happens to the tissue after it reaches a specific temperature.
Collagen, water, hemoglobin, and maybe a few additional chromophores, such as

melanin, make up the tissue.

24



Chapter Two Theoretical Part

 Cells: Traditionally, scientists have focused on this component of the tissue.
Although the proteins in particular cells can be critical to some applications, they are
frequently viewed as water-filled for our purposes (such as the hemoglobin in red

blood cells is to port wine stain treatment).

* Extracellular matrix (ECM): this is a fibrous framework in which cells nestle and
which provides the majority of the stiffness and structure of the tissue. Collagen and
elastin, as well as other glycoproteins and proteoglycans, are used to make it. The
quantity of ECM to the number of cells varies greatly depending on the tissue type.
The ECM content of the liver and muscle, for example, is minimal, but the ECM
content of bone, tendon, and the retina is high. The collagen in ECM is of relevance
when evaluating heat impacts since it breaks down at temperatures much below

100°C [49]. Figure 2-4 displays pictures of extracellular matrix.

o
>

1 T | DR B O 5 O B | T 1 |l1|l|]

o
)

Collagen

a

Protein

o
-

Melanin

o
'
VTS TV T TN T,

o
]

=l

Absorption Coefficient p [cm"]

(=]
©

== IWatcr— : h\

) ! [ I

0.1 0.3 1 3 10
Wavelength A [pm]

(Figure 2-4): Absorption coefficient spectra for diverse tissue components. Note the peak in
hemoglobin (Hb and HbO2) absorption at 577 nm, which is employed in the treatment of

port wine stain [49]
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2-6-2 The Penne’s Model

is a model developed by Penne’s. Penne’s developed the first mathematical
connection that represented the heat transport between blood and tissue in 1948.
Penne’s' model for explaining the energy balance of tissue metabolism and blood
perfusion in live tissue was first developed to predict temperature fields in the human
forearm. Penne’s used three assumptions for the modeling analysis: the rate of heat
production by tissue, the volume flow of blood per unit volume of tissue per second,
and the tissue specific thermal conductivity were all assumed to be uniform across
the forearm[66]. Although the Penne’s bioheat model was developed using
experimental data from the human brain, it may be used to calculate the rate of heat
transfer in any perfused tissue. Many writers have used it to build mathematical
models of heat transport in living tissues, and it has become known as the bioheat
transfer equation. Penne’s quantitatively assessed the brachial artery blood and
tissue temperatures based on the human forearm temperature measurement findings,
and then evaluated the application of heat flow theory to the forearm in terms of
local rate of tissue heat generation and blood volume flow [67]. The rate of heat
transfer between blood and tissue is proportional to the product of the volumetric
perfusion rate and the differential between the arterial blood temperature and the
local tissue temperature, according to Penne’s' main theoretical contribution.
Penne’s assumed that the physical circumstances of the capillary circulation were
nearly perfect equilibrium since he didn't know the amount of thermal equilibrium
between capillary blood and surrounding tissue. The thermal energy balance for
perfused tissue is given in the following form[66], according to his hypothesis that

arterial blood temperature is consistent throughout the tissue.

oT
pece T =V. (VD) =~ Woey(T =T +am  (25)
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T is the temperature, (q,,) heat generations due to metabolism; (Whb) is the blood
perfusion rate; and (Ta) is the arterial blood temperature, where(p) is the density, ()
Is the specific heat, k is the thermal conductivity, with the subscripts t and b referring
to tissue and blood domains, respectively, T is the temperature, ( g,,,) heat generations
due to metabolism; (Whb) is the blood perfusion rate; and (Ta) is the arterial blood
temperature. Wb varies from 0.0002 to 0.0005 g/(cm3.s) and gm is 0.000
Ical/(cm3.s) (cm3.s). The four variables in Equation (2-5) are meant to reflect
thermal energy storage, diffusion, convective energy (i.e., energy perfusion of solids

by liquids, typically blood) and metabolic heat generation [66].
2.7 The Blood:

Blood is a tissue made up of a suspension of cells suspended in a liquid called
plasma. Blood makes up 7% of the human body weight and has a density of roughly
1060 kg/m3, which is extremely near to the density of pure water, which is 1000
kg/m3. Blood is made up of red blood cells, white blood cells, plasma, and platelets,
as well as connective tissue, which is vital for many organisms, including humans
and animals, and is crucial to jobs. Blood transports nutrients, vitamins, waste
(carbon dioxide), and hormones to all of the body's tissues and cells, and its natural
temperature is 37 degrees Celsius. The components of blood are shown in Figure
(2.5) [68].
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Plasma (55%)

white blood cells and
platelets (<1%)

Red Blood Cells (45%) ——

Vi

Figure (2-5): Blood Components [68].

2-7-1 Plasma Proteins

Plasma proteins are the most abundant dissolved substances in the plasma.
Plasma proteins are not used for energy and fall into three groups: albumins,
globulins, and fibrinogen [69].
1. The albumins help maintain the osmotic pressure of the blood and account for
60% of the plasma proteins.
2. The globulins, comprising 36% of the plasma proteins, are as alpha, beta, and
gamma globulins.
* Alpha and beta globulins function in transporting lipids and fat-soluble vitamins.
» Gamma globulins are a type of antibody.
3. Fibrinogen (4%) plays a primary role in blood coagulation.
2-7-2 Plasma Electrolytes

Plasma electrolytes are absorbed by the intestine or are by-products of
Cellular metabolism. They include sodium, potassium, calcium, magnesium,
chloride, bicarbonate, phosphate, and sulfate ions. Some of these ions are important
In maintaining osmotic pressure and (pH) of the plasma. lons are also critical for
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nerve and muscle function, as potentials in these tissues are produced by the
exchange of electrolytes between the extracellular fluid and the cell's fluid.
Electrolytes enter and leave cells through proteins in the cell membrane called ion
channels. Muscle contraction depends upon the movement of calcium, sodium and

potassium through ion channels [70].

2.8 Physical properties of Human Blood:
2-8-1 Color:

The oxygen concentration in blood affects its hue. Bright red. due to high oxygen

concentration. Dark red with little oxygen content [71].
2.8.2 Blood Viscosity:

Biochemical data, such as fibrinogen, cholesterol, or albumin levels, or globulin
ratios, are associated with blood viscosity variables (such as blood viscosity,
plasma viscosity, and red cell aggregation) from patterns of blood viscosity
functions[72].

2-8-3 Osmotic Pressure:

Blood plasma includes adequate amounts of dissolved proteins, which is an essential
chemical reaction. Salts and other biomolecules help the body maintain a healthy
osmotic pressure. This implies that the plasma cannot both take water out of the cells
and drive water into them. It cannot be hypertonic to water (having more salts and
dissolved molecules) or hypotonic to water (containing fewer salts and dissolved

molecules) [73].

2-8-4 Blood Density:
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Density is defined as the mass per unit volume of a substance. Whole blood refers
to the plasma and components of the blood. It is proportional to hematocrit, or the
total protein content in blood; other plasma solutes only have a minimal impact on
blood density. For determining distribution volumes and flow across organs, the
density dilution approach can be utilized [74]. Its value for males ranges between
(1.067-1.075) g/cm3 and is dependent on the presence of soluble components in the
plasma such as red blood cells and protein. It varies from (1.0561-1.051) g/cm3 in

women [75].
2-8-5 Temperature:

They are constant in the body, with slight variations from one organ to the next,
depending on the organ's demand for heat to complete its primary function. The
temperature of the liver, for example, is 40-41 degrees Celsius, whereas the
temperature of the brain is less than (37 degrees Celsius), and the overall average

body temperature is 36.8-37.8 degrees Celsius [76].
2.9 Blood Functions:
2-9-1 Respiratory:

Hemoglobin in red blood cells transfers oxygen from the respiratory organs (lungs)
to the tissues, and carbon dioxide from the tissues to the lungs to be expelled from
the body [77].

2-9-2 Nutritive:

The blood carries and distributes nutrients from the digestive system to all of the

body's tissues[77].

2-9-3 Body Temperature Regulation:

30



Chapter Two Theoretical Part

Because blood transfers heat to various regions of the body, it aids in the regulation

of body temperature [78].
2-9-4 Regulating Metabolism:

The blood transports many enzymes from their manufacturing sites to various
organs throughout the body in order to maintain the construction and demolition

processes in the body's cells, which are referred to as (Metabolism) [79].
2-9-5 Defense:

White blood cells guard the body by devouring germs that enter the body and
thereby preventing it from sickness, since blood cells include antibodies that protect

the body from bacterial infection [80].
2-9-6 Hormone Transport and Regulation:

The blood controls hormone release from glands and maintains a balanced ratio in

the blood, and the blood distributes these hormones to their destinations [81].
2-9-7 Water Balance:

The blood keeps the body's water balance by eliminating surplus water beyond what

the body requires via the kidneys and skin [79].
2-9-8 Blood Clotting:

which is caused by the protein Fibrinogen present in blood plasma, stops bleeding
caused by a blood vessel damage. The liver produces this protein, which is important
for blood clotting [81].
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2.10 jaundice:

The yellow-orange coloring of the skin and sclera brought on by an abundance of
bilirubin in the skin and mucous membranes is referred to as "jaundice." Jaundice is
a symptom or indication of an illness rather than a sickness in and of itself. The
major way that bilirubin is created is when the spleen converts the haem component
of red blood cells into biliverdin and then unconjugated bilirubin. Since bilirubin is
not water soluble, it travels from the spleen to the liver via the bloodstream while
attached to the plasma protein albumin. Conjugated bilirubin is what it is called as
in this form, and it is secreted into the gall. It is subsequently expelled in the feces
after being further metabolized in the gut to other gall pigments. Only the
unconjugated bilirubin levels are elevated in physiological jaundice due to an
immature liver in the absence of any other sickness. There are underlying disorders
that either cause pathological jaundice to produce more bilirubin or cause it to
excrete less. The underlying problems must be treated in order to treat pathological
jaundice[82].

2.11 Arthritis:

Rheumatoid arthritis (RA) is a painful, swollen autoimmune disease that can
severely impair physical function and quality of life. Musculoskeletal pain, swelling,
and stiffness are common presenting symptoms in clinical practice, so understanding
how to diagnose and treat RA is critical. Infection, respiratory disease, osteoporosis,
cardiovascular disease, cancer, and mortality are all higher in RA patients than in
the general population. Early diagnosis, aggressive treatment, and expanded
therapeutic options for disease-modifying antirheumatic drugs have significantly

improved the management and long-term prognosis of RA in recent years[83].
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2.12 Nanoparticles

The primary interest in nanoparticles stems from the fact that they are small

enough to interact with cellular machinery and potentially to reach previously
inaccessible targets, such as the brain. There are numerous areas where
nanoparticulate systems are of significant scientific and technological interest,
specifically for biomedicine leading to concern for the design of safe nanomaterials.
Biomolecules (e.g., proteins, natural organic materials, detergents, and enzymes)
when they come in contact with a biological medium. The absorption of
biomolecules to such surfaces confers a new “biological identity” in the biological
milieu, which determines the subsequent cellular/tissue responses. Due to their
extremely high surface-to-volume ratio, NPs have very active surface chemistry in

comparison to bulk biomaterials.

The interaction between nanomaterials and environmental biomolecules (protein)
results in the formation of a biological corona on the NDP's surface that is quite
dramatically different from that adsorbed on a flat surface of the same bulk material
in the same experimental conditions the adsorbed protein layer that forms on flat

surfaces of the same bulk material[84].

2.13 Acridine Orange Dye.

Acridine orange (AOH+) is a biologically important fluorogenic dye. It is
widely applied as biological stain in cytochemistry for visualization and
quantification of organelles like DNA, RNA and lysosomes. This dye is also used
as an intracellular
pH indicator and in photodynamic therapy. Fluorescence properties of AOH+ is
highly sensitive to its microenvironment , which makes it a very popular probe for

investigating various important micro heterogeneous systems, such as
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cyclodextrins, cucurbiturils, octaacid, pillarenes, microemulsions, micelles reverse

micelles, ionic liquids, biomolecules,etc[85].
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Chapter Three Materials and Methods

Part One: Experimental Part
(3-1) Introduction:

This chapter explains the materials used in experiments to study the effect of
laser beams at wavelengths of 473 nm, 532 nm, and 650 nm on (healthy, Jaundice
and Arthritis component blood samples) of humans. It also explains the effect of
copper nanoparticles on these samples and effect of Acridine Orange dye on the
proteins for this sample. It also explains the method of preparing these samples and
the measurement methods and devices used in optical measurements, as shown in
figure (3-1).

components of Blood(Plasma, Serum, Serum Proteins, Serum Components)

l

Control Samples Iradaited Samples Copper Nanoparticles

Samples

\l TT WTf

Staining Samples

Optlcal Analyms by (Uv VIS) [473nm, 532nm, 650nm ] 10 pm, 50 gm, 100 pm Acridine Orange
10 Min 60 Min 60 Min

Opncal Analysus by (uv VIS) Optlcal Analysns by (UV VIS) Optlcal Analys:s by (UV VIS)

Figure ( 3-1) work scheme
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(3-2) The Material used in the Experiment:
3-2-1 Blood Samples Collection Tubes (EDTA tube):

Ethylene Diamine Tetra Acetic Acid, an anticoagulant chemical, was employed
in a variety of cylindrical glass tubes (EDTA). It is necessary to move the tube slowly
until the anticoagulant substance (EDTA) is completely and homogeneously
distributed over the blood components inside the tube with a purple stopper, in order
to protect the components of blood cells after taking blood samples from people
through the syringe and placing the blood in the anticoagulant tube.

3-2-2 Blood Samples Collection Tubes (Plain tube):

It's a type of plastic cylinder tube that doesn't contain anticoagulants and is used to
split blood samples after they've been added to EDTA tubes for the irradiation
procedure.

3-2-3 Centrifuge:

In medical laboratories, this instrument is used to separate the different components
of blood. The centrifugal force works by causing the heavier particles to fall to the
bottom of the tube, while the lighter particles rise to the top. It has a high-speed
electric motor that can be regulated.

The motor, which spins at a speed of 2000 to 3000 revolutions per minute, assists in
mixing or isolating materials by centrifugation. The rotation is dependent on the

duration chosen by the operator by hand, figure (3-2).
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Figure ( 3-2) : Centrifuge device

3-2-4 Plastic Pipette:

The plastic pipette was employed, which is a manual pipette with gradations, one
end of which is swollen and the other end of which is open .The plastic pipette is
used to remove liquids and transfer them to the desired location, as the pipette tip is
submerged in the liquid. With the fluid to be removed in hand, push on the swollen
tip to draw blood and insert it in the appropriate location.

3-2-5 Glass cuvette:

In the current investigation, two glass cells with a thickness of 1 cm were employed
in a double-beam spectrophotometer to measure and record the absorbance spectra

of the blood sample.

3-2-6 Optical measurement (Double- Beam Spectrophotometer):

To measure the absorbance of the prepared blood samples and record their spectra,
an English-made double beam spectrophotometer (CECIL CE-7500) functioning in
the ultraviolet and visible areas with a range of wavelengths (190-1100nm) within

37



Chapter Three Materials and Methods

the electromagnetic spectrum was employed. A double-beam spectrophotometer is
used to record the absorption spectra of the samples in terms of the wavelength of
the light beam in figure (3-3). which shows a photograph of the device used in the
measurement, a double-beam spectrophotometer is used to record the absorption
spectra of the samples in terms of the wavelength of the light beam, this device is
characterized by containing two beams of light where the source ray beam is divided
by the beam splitter into two beams of equal intensity as it passes the first passes
through the reference sample and is called the reference beam and then goes to photo
detector No. (1) and the second passes through the sample whose absorbance is to
be measured to photo detector No. 2. The two missing parts of the light rays through
reflection or absorption by the material is equal for both paths, and the difference
between the intensity of the two light beams represents the absorbance of the blood
to be found only, where the examination sample was placed at the hole of the sample
beam in the spectrometer, while the reference sample was placed at the aperture of
the reference beam, and thus the absorbance of the sample was measured after

subtracting Reference absorbance by the device self .
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Figure (3-3): Double- Beam Spectrophotometer
3-2-7 LIF Spectrophotometer

To measure the emission of the prepared blood samples and record their spectra, The
excitation wavelength of the samples should be known from the absorption
spectrum. Fluorescence is based on the property of some molecules that when they
are hit by a photon, they can absorb the energy of that photon to get into an excited
state. Upon relaxation from that excited state, the same molecule releases a photon:
fluorescence emission. The energy of the photon that is released is always lower than
that of the photon that was absorbed. So, the photon that excites the dye always has
a smaller wavelength than the photon that gets emitted. This is the so-called Stokes
shift. Fluorescein-based dyes for example, get excited at a wavelength around 500
nm, blue light, but emit at around 530 nm, which is green light. Dyes don’t get
excited by just one exact wavelength, but by a range of wavelengths around a peak,
the excitation spectrum. When people talk about the excitation wavelength of a dye,
they usually mean the peak of the excitation spectrum. The same is true for emission,

there is an emission spectrum, characterized by a peak in the spectrum. Companies
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that sell fluorescent dyes usually provide the excitation and emission spectra.
Excitation spectra are often graphed as relative efficiency in photon absorption
(which leads to excitation). You need to know the emission and excitation spectra

of a dye to be able to pick a proper filter set to measure that dye.

Figure (3-4): LIF Spectrophotometer

3-2-8 Lasers:

Two types of lasers (solid-state lasers and semiconductor lasers) and three
wavelengths (532nm, 473, and 650 nm) with a continuous wave were employed in
the current study's practical tests, with the output beam of the transverse single mode
(TEMOO) lasers with Gaussian beam distribution. For different wavelengths (532
nm, 473 nm, 650 nm), the beam waist lasers beam is (0.5 mm, 1 mm, 1.75 mm)

correspondingly.
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(3-3) Preparation of the Samples and the Laser Irradiation:

an adequate venous blood sample was collected from the anti-cubital vein of healthy
and unhealthy adult subjects, The blood samples were divided into two parts, the
first part was put in tubes containing anticoagulant (EDTA-Tubes) to ensure
obtaining plasma after centrifugation at 3000 rpm for 5 minutes. The second part of
the blood was transferred into gel tubes for separation of serum after centrifugation
at 3000 rpm for 5 minutes. Some of the serum samples had been treated with
trichloro acidic acid solution for precipitation of serum proteins and the remaining
fluid of serum after protein precipitation was collected by other plain tubes.
concerning precipitated proteins of serum had been dissolved by the addition of high
NaCl concentrations.

All yield components (plasma, serum, precipitated proteins, serum without proteins)
were diluted with distilled water :1 (3ml final volume).

furthermore, all components were irradiated with low ladder intensity (473mm, 532,
and 632nm respectively) with power ( 20, and 28mw, 40mw, respectively) for 10
minutes. Then after, the absorbance and emission spectra were measured for all

treated samples (control). As shown in Figure (3-5).
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Figure (3-5): experiment setup
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(3-4) Preparation of the Samples and Mix them with Copper
Nanoparticles.

Available volumes of venous blood samples were taken from antecubital
veins of patients with hyperbilirubinemia, arthritis patients as well as healthy
control subjects the blood samples were divided into several components. The first
component involved the separation of plasma from whole blood containing
anticoagulant (EDTA) by centrifugation at 3500 rpm for 5 minutes. the second
component is serum isolated from whole blood with our anticoagulant and
centrifugation at 35000 rpm for 5 minutes. the third component is the precipitation
of serum proteins by using the trichloroacetic acid solution and the precipitated
proteins were dissolved with high NaCl concentration solutions.

The remaining fluid of serum after precipitation of serum proteins was kept to

perform the required analysis. All component was mixed with 10 pum, 50 um, and

100 um of copper nanoparticles, and then the absorbance and emission spectra

were evaluated. All blood components are diluted with distilled water (1 to 2) and

the final volume becomes three milliliters.

(3-5) Preparation of the Samples and Mix them with Acridine Orange
dye.

All prepared components of samples that were previously prepared were mixed

acridine dye(0.5 to 1.5) and the final volume becomes two milliliters.
(3-6) Equipment Used in this Study :
Table (3-1) : Equipment used

Equipment Manufacturer
UV-VIS Spectrophotometer England
Fluorescence Spectrophotometer China
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Centrifuge Japan
Laser device with wavelengths (473 nm, 532nm , 650 China
nm)

Copper nanoparticles China
Acridine orange dye. America
trichloro acidic acid China
Plastic pipettes China
Syringes Germany
EDTA tube Jordan
Stopwatch America
plain tubes Jordan
Capillary tubes Germany
cotton wool Turkey
Microscope slides China
Tourniquet China
Gloves Malaysia
Power meter China
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(5-1) Conclusions:

Through the results that were presented and discussed, a number of the following

conclusions were reached:

1.

Transportation of blood samples from plasma, serum, without proteins, and
precipitated serum proteins give different absorbance peaks and fluorescent
different densities of these samples because of different densities of these

samples that result from the content proteins.

The presence of bilirubin in jaundice samples influences the optical proteins

of samples that have different protein content and chromophores.

There is an interaction between CuNPs and blood components that resulted

from indifferent absorbance and fluorescent properties.

There is a positive relationship between the content of protein samples and

optical proteins.

The presence of biological therapy and inflammatory proteins in arthritis
samples leads to increase absorbance and fluorescent activity because of

increased fluorophores molecules.

These techniques can be employed to distinguish between blood component
proteins and disease having effects on chromophores, fluorescent, and protein

contents.
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(5-2) Future works:

1.

Isolation of proteins such as albumin globulin and clotting proteins to study
what of these components have optical and fluorescent activities to diagnose

those proteins alone.

stud of bilirubin optical properties and compared output results with

hemoglobin because of bilirubin is derived from hemoglobin.

Isolation of other chromophores and fluorophore content of blood such as
FAD, NADH, and cytochrome, and compared their optical properties with

protein components of blood.

91



Chapter Four
Results and Dissection



Chapter Four Results and Discussion

Part One: Experimental Part
(4-1) Introduction:

This chapter dealt with the results of the optical properties before and after
irradiation of components blood (plasma, serum, serum proteins, serum without
proteins) (healthy, jaundice, and arthritis component blood samples), and the results
of copper nanoparticles on the optical properties of components blood samples
(healthy, jaundice and arthritis component blood samples) and results of acridine
orange dye on the proteins for these samples using UV-visible spectrophotometers,

fluorescence Spectrophotometer.

(4-2) Spectral Properties of Healthy Components Blood

Samples before Irradiation:

Absorbance:

The absorption spectra of (healthy blood, Jaundice, and Arthritis) before and
after exposure to irradiation were studied using a UV-Visible spectrophotometer,

and the following are the results obtained from the study.

Figure (4-1) showed the absorption spectra of healthy blood components
(plasma, serum, serum proteins, serum without proteins) before exposure to
irradiation. Physically absorption is the transformation of part of the energy for the
incident radiation on the material, and this energy acquired by the atoms or
molecules of material is either thermal or vibration. Absorption depends on several
factors, including the properties of the material, the concentration of the absorbent
particles as well as the wavelength of the incident radiation, when the concentration

of the material increases, this results in an increase in absorption.
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Figure (4-1): Absorbance Spectra of healthy component blood sample (plasma, serum, serum

protein, and component of serum without protein).

Also, from these observations, it appears clearly that precipitated serum
proteins were recorded with high levels of absorbance compared to other samples
these results indicated that pure and high concentrations of proteins lead to a
heightening of absorbance because of high levels of density of protein molecules.
subsequently, serum recorded the second stage after precipitated proteins in the level
of absorbance and these results indicated that serum has proteins molecules diluted
with fluids of serum so that have low absorbance in comparison with those
precipitated proteins because of fluid of serum diluted of proteins molecules and
decrease its absorbance.

From the finding depicted in Figure( 4-1), it was found clearly that density was
a prominent factor that led to an increased absorbance of the sample. Plasma samples
are denser than other samples because they have all proteins of blood especially

clotting proteins and other proteins which elevate the optical density (absorbance of
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plasma). On another hand, samples of serum-free protein showed lower levels of
absorbance, and these findings confirm that proteins in blood have an effective factor
in increasing the absorbance of light and also, they represent a major factor in the

density of blood components.

(4-3) Spectral Properties of Healthy Blood after Irradiation.

A. Absorbance:

When laser light is beamed into the tissue, a tiny percentage of the light is
reflected, as seen in Figure (4-2), but the majority of the laser light enters the tissue
and is either absorbed or dispersed by the molecules. Water has two high absorption
areas, one in the UV and one in the IR, Aromatic rings of proteins and nucleic acids
have an absorption peak in the UV area between 260 and 280 nm. As a consequence,
laser light in the UV range is extensively absorbed by water and proteins in the
tissue, resulting in low light penetration. The same is true in the infrared area, which
begins at 1.3 microns. Blood absorbs light in a wide wavelength range up to red light
(630 nm), and absorption is available above 600 nm. Melanin absorbs light in the
UV to the near-IR range. The absorption coefficient of tissue molecules is minimal
between 600 nm and 1.3 microns, resulting in an intriguing optical window for laser

light penetration into tissue[86].

Figure (4-2) shows the absorbance of samples after irradiation with
(,473nm,532nm,650 nm). Three groups of the normal sample were irradiated with
three wavelengths of the laser beam (650 473, and 532nm) for different output power
(40, 20, and 28mw) at fixed exposure for 10 minutes for each group. One sample of
blood component was left without irradiation and used as a control sample. Figure
(4-2) depicts the absorbance of samples following irradiation with

(473nm,532nm,650 nm) at output power (20nw, 28nw, 40nw) for a 10-minute
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exposure duration. Because of the interaction between laser and molecules of
material (blood component samples), the absorbance of healthy blood component
samples increased after irradiation with different wavelengths. This means that the
temperature of the medium increased due to the transformation of energy from
incident photons to molecules of material, and then an increase in the vibrational
energy of material molecules. The excitation state in medium molecules occurs when
they absorb the energy of light photons, causing the medium temperature to rise. As
a result, this process is significant in determining several physical properties, such

as thermal conductivity.
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Figure (4-2): Absorbance of healthy component blood (A-plasma, B-serum, C-serum

proteins D-components of serum without protein) before and after exposure to (473nm,

532nm, 650 nm)
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Figure (4-2 A) showed an absorbance spectrum of plasma samples irradiated
with different LLLT (473nm blue, 532nm green, and 632 nm red respectively). from
data obtained from this figure, it appears to increase the absorbance (optical density)
of all irradiated plasma samples in matching with no-irradiated samples (control),
these findings can be attributed that laser radiation gave the ability to affect organic
molecules of plasma other proteins. Also, there was found that the increase in
absorbance is inversely proportionate with the wavelength of the laser beam. It
appears that blue absorbance and then green 532nm and finally red 632nm, this is
maybe attributed to of plasma absorbance because of conformational changes of

molecules and increase their aggregation within the sample.

Regarding the effects of laser radiation on blood plasma, blood plasma was
prepared and plasma samples were exposed to (650nm, 532nm and 473nm) laser
beams for a period of ten minutes. It was noted that there was a difference in the
peaks of the irradiated samples when compared with the non-irradiated ones. At
the same time, it was noted that there was a difference in the peaks of (peaks) of
samples irradiated with 532nm laser when compared with samples irradiated with
650nm laser and 473nm. The absorption spectra of a control plasma sample and
a blood sample that was treated with a laser beam of wavelength (473 nm, 20 mw)
because of the large increase in output power of the laser beam, the absorption
value of the irradiated sample increases significantly during the exposure duration
(10 minutes). The absorption spectra of control and irradiated blood sample with
a laser beam of wavelength (532 nm, 28mW) for exposure time (10) min. The
absorbance of irradiated sample for time (10) min increases where the peak of
absorbance at (415nm) but these values increase gradually. Water absorption
dominates plasma absorption in the near-infrared. Plasma absorbs a lot of light in

the UV to the visible range because of the chromophores found in proteins and
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other substances. Individual diversity in plasma absorption is caused by variable
protein concentrations, nutritive substances, or medications, such as
contraceptives. Even visual examination of plasma samples from various donors
reveals a spectrum of hues spanning from yellow to green to orange to brown, as
well as their transitions. Plasma 1 has a 450 nm absorption peak, which can be
linked to bilirubin absorption. The absorption peak at 415 nm is frequently the
most conspicuous, and it is caused by leftover RBCs or free hemoglobin from
plasma formation. Furthermore, scattering particles like lipids can cause turbid
plasma samples, which are normally ruled out during standard plasma quality

checks.

Rayleigh scattering of protein molecules describes the scattering properties
of pure plasma, resulting in a scattering cross-section that decreases with
increasing wavelength. Plasma samples contain a variety of components,
including molecules, and aggregations of molecules. Measuring the absorption
and scattering of blood cells and plasma components determines the optical
characteristics of blood. Data on blood's optical characteristics are crucial not
only for various diagnostic and therapeutic applications in laser medicine but also
for normal medical diagnosis. They are used in optical tomography, fluorescence
diagnostics, diaphanoscopic, photodynamic treatment, and laser-induced
thermotherapy to calculate the light distribution in blood-perfused tissues. The
optical parameters can be used to explain light dispersion according to the

transport theory. coefficient of absorption.

Plasma makes up roughly 55% of normal human whole blood. 90% of the
time, it's water, and 10% of the time, it's proteins[87]. It believes that low-level

laser irradiation affects the enzymes of lipid metabelian sum, improves the
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cholesterol balance of plasma based on the divergence of absorption peak value

change after low-intensity laser irradiation for plasma sample.

By comparing Figure (4-2 A), it can be seen that the absorbance of the
irradiated sample is rising with the same range due to output power convergence,
which results in an increase in the same rate of absorbance values. It was found that
irradiation with low-level lasers such as 630.8 nm results in the formation of a single
state of oxygen that enhances the production of reactive oxygen species (ROS)
including H202, hydroxy radical, and super peroxide. ROS presented in blood serum
proteins leads to damage and aggregation of serum proteins and increases their
density[88].

In Figure (4-2 B) the absorption spectra of a control serum sample and serum
sample that was treated with a laser beam of wavelength (632 nm, 28 mw) Because
of the large increase in output power of the laser beam, the absorption value of the
irradiated sample increases significantly during the exposure duration (10 minutes).
It has a higher absorption rate compared to other lasers.

Regarding the effects of laser rays on blood proteins, the blood serum was
prepared after the coagulation process took place. The serum samples were exposed
to the laser rays (650nm, 532nm, 473) for a period of ten minutes. A difference in
the peaks of the irradiated proteins was observed when compared with the non-
irradiates in the same time. There is a difference in peaks of samples irradiated with
532nm laser when compared with samples irradiated with 650nm and 473nm lasers.

We noticed the appearance of the highest peak in the absorbance of the sample
irradiated with the red laser, which is higher than the rest of the lasers because the
red light penetrates deeper into the thick samples. The observation noted the Figure
(4-2 C), revealed that all laser irradiation causes a decrease in absorbance spectra of

precipitated serum proteins in a comparison with control samples. In addition, the
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laser showed a variety of effects on the proteins, it showed that the green laser
recorded a high peak of absorbance and then the red and blue respectively[89]. These
data suggested that the effects of laser on pure proteins are different from those on
plasma and serum proteins which are mixed with other molecules, and these effects
may result because laser radiation exerts damage and break down of proteins also
there are inter and intramolecular changes occurring in pure serum protein that led
to decrease their absorbances compared to control.

A difference in the peaks of the irradiated proteins was observed when compared
with the non-irradiated with the same Time There is a difference in peaks of samples
irradiated with 532nm laser when compared with samples irradiated with 650nm and
473nm lasers. We noticed the appearance of an absorption peak at the blue laser
(473) nm, and the reason is because it is the closest to the absorption spectrum of
proteins.

Figure (4-2 D) showed the different results of absorbance of serum free from
protein .It was revealed that together green and blue laser pointed out a high
absorbance level at the same time the effectsfect were siilar ,on the other hand ,red
laser showed low absorbance when compared with blue and green laser and a higher
absorbance levelcomparisonared to control samples

In ,fact seSerumrotehave has a low density in matching with that plasma, serum,
and precipitated serum proteins, but serum without protein has other organic
biomolecules such as lipid, vitamins, carbohydrates as well as minerals, and ions.
these components may be affected by laser radiation (green, blue, and red) because
either high water contents and vitamines absorb light and also increase the heat of
these molecules causing molecular interactions among described molecules and
these changes were dependent inversely on a wavelength of light. It mark

increasessrease absorbance with low wavelength.
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(4-4) Effect of Laser Irradiation on Optical Properties of Healthy

Blood sample:

From the above calculating the optical properties of healthy blood before and
after irradiation, where in this paragraph the compared compered. In general, from
the results the absorption is increased when exposing different wavelengths of the
laser at exposure time (10) minutes, this is due to the absorption properties of light
by molecules and this property depends on the molecular environment and mobility
of chromophores. The absorption process provides information about the chemical
composition and structure of the cell, when the light strikes the molecule suffers
(absorption, transmission, and reflection), the magnitude of absorption in the sample
depends on the concentration the of absorption component, when the component of
absorption increase, absorption increased and the transmission decrease ed with
small portion of reflection. The absorbed photon is exited to another state and release

the energy to achieve stability, this phenomenon is important in effects in tissues.

There is a clear difference between absorbance spectra wavelengths at exposure time
(10 min) because of an increasing in output powers of laser radiation were used and
this illustrate in table (1):

Sample Wavelength | Time of exposure Absorbance
(nm) (min)
plasma 412 10 0.47
serum 410 10 0.65
serum proteins 411 10 0.51
serum without protein 405 10 0.59

table (1): Peak of absorbance of healthy component blood (A-plasma, B-serum, C-serum

proteins D-components of serum without protein) after exposure to (473nm, 532nm, 650 nm)
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B. Fluorescence:

Fluorescence is a type of luminescence (emission of photons or light energy). It
iIs known that when a molecule absorbs a photon (light), the acquired energy
promotes the passage of the molecule itself from the ground state to an excited state.
Conversely, when a molecule emits light, the energy of the molecule decreases by
an amount equal to the energy of the released photon. Because some energy is lost
in the process, the emitted fluorescent photon typically exhibits a lower frequency

and a longer wavelength than the exciting photon it absorbed[90].
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Figure (4-3): Emission spectra of healthy component blood samples (A-plasma, B-serum-
serum proteins D-components of serum without protein) before after exposure to (473nm,

532nm, 650 nm)
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In figure (4-3 A) It was well noted that results which were adopted in this
figure, plasma samples which exposed to red laser showed high peak level of
fluorescent intensity and there flowed by blue laser and finally green laser. these
results were consistent with the facts indicated that red laser (high wave length) can
be absorbed by components of plasma molecules in particular proteins that have
fluorophores amino acids (tyrosine, tryptophan) and absorption of the red laser by
water molecules increase heat content of plasma and laser maybe ender of

biomolecules more excited.

Native fluorescence of bioliquids and tissues is extensively used for detection
of pathological processes in the human organism. This approach is based on the
evaluation of native molecular fluorophores emission, which depends on metabolic
and pathological conditions of the organism. For instance, numerous works are
devoted to cancer detection using tissue and (less frequently) blood serum

fluorescence.

Figure (4-3B) Because of their similar biosynthetic origin, involvement in the
same processes, and presence as significant extracellular components of the
circulatory system, serum proteins form a dynamic system with varied biological
activities. The intrinsic fluorescence intensity at a wavelength of excitation
corresponding to tryptophan or tyrosine fluorescence, as well as surface
hydrophobicity, were used to investigate the unfolding of human serum proteins
(HSP). Human serum albumin (HSA) and human serum globulin (HSG) have
maximum emission wavelengths (max) of 336.0 and 337.0 nm, respectively. A
reduction in fluorescence intensity, a shift in emission maxima, and a rise in surface
hydrophobicity, all of which indicated protein unfolding. Disruption of protein
structure is blamed for differences in fluorescence behavior[91] .

Protein crystals are routinely imaged using their inherent protein fluorescence.
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Tryptophan fluorescence accounts for the majority of this. Because protein
fluorescence is so faint, it necessitates the use of very strong UV light sources and
extremely sensitive cameras. However, because of the extended exposure durations

necessary to get substantial data, intense UV light sources may damage the protein.

There are special characteristics of laser radiation having unpleasant and its
usefulness in several applications one of them is based on excitation of chromones
that absorb radiation visible or infrared wave length spectra, in biological fluids that
exposed to infrared laser, molecules of water are excited and raise to maximum
levels of vibrational state[92]. Also, there is evidence that proposed infrared laser
can evoke photo-chemical interactions[93]. Figure (4-3C) The precipitated serum
protein had low fluorescent peaks compared to that non-irradiated these data can be
produced as a result of the effects of laser radiation on conformational structures of
proteins and these changes occurs at a level of molecules of intra-molecules can
attenuate the level of fluorescence compared with control.

Figure (4-3 D) Also, from these presentations appear that the levels of the fluorescent
peak were low in irradiated samples of serum without proteins compared with
control and these results were attributed to molecular changes of organic and
inorganic molecules remaining in serum after protein precipitation and laser light
can affect these molecules and changes the structures of the inflorescent molecules.
Most, if not all tissues of body organs and fluids have many various fluorescent
molecules other than protein in particular NADPH, Porphyrin, and Pyridoxal acid--
. On the bases of results documented in Figure (10), it may be laser radiation affects
fluorophores and maybe prevent the excitation of fluorophores molecules remaining

in the serum without proteins.
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Output | Wavelength | Time of The peak of fluorescence (Intensity)
power exposure .
(nm) plasma |serumiserum proteins [serum
(mW) (min) without
protein
40 632 10 10056 | 5495 11056 4649
20 473 10 8341 | 4958 11396 5565
28 532 10 7383 | 5793 8418 6757

Table (2): Peak of Fluorescence of healthy component blood (A-plasma, B-serum, C-serum

proteins D-components of serum without protein) after exposure to (473nm, 532nm, 650 nm)
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(4-5) Spectral Properties of Blood Patient with Jaundice after
Irradiation.

A. Absorbance:

The Figures (4-4) illustrated in (A) involved irradiation of plasm, serum, and
proteins of Serum, without proteins (with different wavelengths (red 650 nm, green
532 nm, and blue 473 nm) The documents explained high peak absorption in laser
532 nm of plasma other than a laser, the effects of laser radiation on biological
molecules (organic molecules) especially protein involved excitation of atoms of
endogenous chromophores and liberation free radicals. in addition, the high intensity
of plasma proteins can increase absorption wavelength this is occurring in samples

of patients having high bilirubin content compared to control (without radiation)

the same samples of a patient with hyperbilirubinemia, the serum samples were
irradiated with the different lasers the results in figure (B) the absorbance peaks of
different lasers of samples showed there is blue laser no significant high peak
absorption compared with other lasers, irradiated samples, these output results can
be returned to that the absorption spectra of serum proteins similar among then and
laser irradiation causing moderate effects of those proteins components and other

biomolecules contain in serum samples of Jaundice patients

These are different peaks of absorption of precipitated proteins it the showed
in figure(C) that blue laser recorded a significantly higher peak more than other
lasers, and control, this is may resulted from proteins components can absorb the
spectrum of blue laser other than laser of maybe the blue laser caused more

excitation of molecules and atoms of bilirubin in this sample.
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Figure (4-4): Absorbance of up healthy component blood (A-plasma, B-serum, C-serum
proteins D-components of serum without protein) before and after exposure to (473nm,

532nm, 650 nm)

Samples of serum without proteins (D), the results of irradiated jaundice

sample with mentioned laser also yield fluctuation in absorption peaks of irradiated

jaundice sampled since green laser pointed out a high peak compared to those,
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another laser followed by red and blue. these results can produce from different
Interactions among bilirubin molecules and other organic molecules that might be
affected by laser energy which form multiple interactions among them, these
interactions may be results in because of oxidative damage resulting from free

radicals on those proteins.

Sample Wavelength | Time of exposure Absorbance
(nm) (min)
plasma 412 10 0.46
serum 410 10 0.15
serum proteins 411 10 0.6

table (3): Peak of absorbance of unhealthy component blood (plasma, serum, serum proteins
components of serum without protein) after exposure to (473nm, 532nm, 650 nm)

B. Fluorescence.

the fluorescent criteria of samples (plasma, serum, precipitated serum proteins, and
serum-free proteins). the fluorescent peak fluctuated according to the types of the
tested sample, it was well found that plasma and serum (A, B) recovered significant-
high peaks of fluorescent activity in red laser compared to other samples irradiated
with different laser wavelengths. On the other hand, the peaks picked from
precipitated serum proteins and serum-free proteins indicated increased fluorescent
waves emitted from irradiated samples with a blue laser and followed by other
emitted light. These observations may return to different densities of examined
samples, that is, the samples decrease their densities according to the isolated protein
that intern affects quantum emitted and graded different absorption. In addition,
bilirubin interacts with anticeident light and emitted light, so these molecules can

prefer the antecedent light 520 - 570 nm to other laser light.

62




Chapter Four

Results and Discussion

from a molecular point of view, the biochemical reaction of bilirubin molecules

indicates two poorly overlapping bands of both absorption and fluorescent spectra.
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Figure (4-5): Emission spectra of jaundice component blood samples (A-plasma, B-serum-
serum proteins D-components of serum without protein) before after exposure to (473nm,
532nm, 650 nm)

(4-6) Spectral Properties of Blood Patient with Arthritis after

Irradiation
A. Absorbance:

The spectrum of absorbance for blood with arthritis before and after irradiation
with (473nm,532nm,650nm) states in figure (4-6). The absorbance of blood with
arthritis before irradiation (control sample) decreases compared with healthy blood

before irradiation.

The results which are obtained from irradiation of arthritis patients’ samples
(plasma, serum, precipitated proteins, and serum-free proteins), the absorption
spectra are also different among the samples, since the plasma samples pointed out
a higher emitted peak with green lager irradiated samples, whereas serum samples
give a maximum absorption peak in red color laser the precipitated proteins and
serum-free protein recorded a lower significant decrease of absorption activities. It's
not surprising that these irradiated samples have different densities, especially since
they differ in protein contents that they have essential fluorescent molecules,
however, the presence of inflammatory proteins and treatment with biological
therapy (proteins in nature) can interfere with absorption and excitation properties

of these molecules.
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Figure (4-6): Absorbance of arthritis component blood samples (A-plasma, B-serum, C-

serum proteins D-components of serum without protein) before and after exposure to
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Sample Wavelength | Time of exposure Absorbance
(nm) (min)

plasma 412 10 0.47

serum 410 10 0.15

table (4): Peak of absorbance of unhealthy component blood (plasma, serum) after exposure
to (473nm, 532nm, 650 nm)

B. Fluorescence.

the quantum vyield of emission spectra of an irradiated sample of patients with
arthritis showed increased excitation intensity of irradiated plasma and serum
samples with blue light laser and these results appear to conflict with emitted spectra
of precipitated proteins and serum-free proteins since there is a blue laser and green
laser-irradiated samples have the same intensity in precipitated proteins and no
significant peak in free serum compared to control ( without irradiated free serum

proteins).

the recorded data produces from the various factors especially that affects the
conformational stability of proteins molecules because of laser irradiation, since the
laser can influence the stability of organic molecules in the blood (proteins) and the
absorption spectra of the selected laser in addition to the intensity and type laser can
affect the excitation of fluorophores molecules of proteins and tend to interact with
low wavelength and high energy laser. The content and types of proteins in the
different samples can produce different emission peaks depending on the type of

proteins and the fluorescent molecules in their traction.
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Figure (4-7): Emission spectra of arthritis component blood samples (A-plasma, B-serum,
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(4-7) Spectral Properties of Healthy Blood Samples Before
and after Adding Copper Nanoparticles

A. Absorbance

protein binding to NPs results in changes in the NP or proteins' absorption
spectra, which may be used to assess the binding[94]. The size and aggregation state
of the NP protein complex, as well as the local dielectric surroundings, influence the
shift and broadening of the absorption spectra [95]. Although quantitative and
convincing re- findings are difficult to produce, UV/vis spectroscopy may be utilized
to assess NP protein binding. When compared to bare nanoparticles, protein
nanoparticle complexes have a distinct size distribution, with the possibility of
forming NP dimer and NP trimer conjugates, which will contribute to the total
absorption spectra in a different way. UV/vis is quicker, more versatile, and less
difficult than other approaches, but it is not definitive and must be used in

conjunction with other spectroscopic and structural studies[96] .

It's well known that nanoparticles when presented in biological fluids, cause
interactions with organic molecules in particular proteins and this interaction forms
protein corona adsorbed on the surfaces of proteins as a result of electrostatic,
hydrophobic, and van der Waals forces[97]. Also, these interactions among proteins
and nanoparticles lead to changes in stability, dispensability, and biodistribution of
protein molecules[98]. The protein corona is established and surrounds the
particles, these proteins make a complex ring adsorbed are albumin,

immunoglobulin, glycoproteins, and apolipoproteins[99].
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From data documented in Figure (4-8), sample (A) they explained that
plasma samples treated with CuNP indicated an increased peak of absorption of
samples mixed with 100 pl of NP in matching with control and other treatments,
on other hand, samples with 10 ul and 50 ul CuPN recorded lower absorption
compared with control. These observations can result from a high concentration of
CuNP having the ability to interact with protein ad increase its density and

formation.

Serum samples (B) treated with CuNPs indicated high absorbance peaks of all
treatments compared with the control that perhaps serum proteins without clotting
proteins have high affinity for CUNPs and have high affinity to NP either due to
the presence of electrical charges or there is a pathway enhance the formation of

new molecular interaction among NPs and several serum proteins.

Precipitated serum proteins (C) display a significant increase in absorption of
samples treated with NPs, especially with 10 ul and then 50 ul. These high-level
absorption spectra indicated that these pure proteins have a high affinity to bind
with NPs at different concentrations and these products and affinities result from

proteins being pure and adsorb the NPs on their surface stronger than control.

Serum without protein (D): there are lower absorbance spectra of all treated
samples compared with non-treated, these results may be the NPs non-interact with
protein because no proteins presented. in addition, NPs might bind with non-
protein organic compounds that have not absorbed light because of their

distribution within the fluid of samples.
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Sample Wavelength | Time of exposure Absorbance
(nm) (min)
plasma 412 10 0.25
serum 410 10 0.7
serum proteins 411 10 0.6

table (5): Peak of absorbance of healthy component blood (plasma, serum, serum proteins.

B. Fluorescence.

Fluorescence spectroscopy may be used to analyze the structural and dynamic
features of proteins that have been labeled with fluorescent probes. To minimize
large conformational changes in the protein's natural structure, the fluorescent
labeling must be well-designed. Furthermore, if the dye has a stronger affinity for
the NP surface than the protein's functional groups, we may argue that adding a dye
can change the protein's interaction with the NP. Because the excited fluorescent
state lasts for nanoseconds, which is the time scale of many essential biological
activities such rotational motion of protein side chains, molecule binding, and
structural changes, fluorescence spectroscopy is sensitive to protein dynamics.
Fluorescence emissions from NPs may be observed when they are innately luminous
or tagged using fluorescence probes. Steady-state or time-resolved fluorescence

spectroscopy may be used to detect NP protein binding [100].

Stepwise single-molecule photobleaching, also known as fluorescence
resonance energy transfer (FRET). Trp groups' intrinsic protein fluorescence may
also be utilized to track changes in the protein microenvironment as a result of NP
binding. The interaction between proteins and NPs in a physiological buffer has
recently been studied using fluorescence correlation spectroscopy (FCS). In a very
tiny confocal volume, FCS measures the intensity of fluorescently tagged particles.
When a tagged NP enters or exits the volume, the measured fluorescence changes,
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and the time it takes the particle to cross the volume can be calculated, assuming
Stokes-Einstein diffusion structural information about the item may be gleaned.
The denaturation destabilizes proteins causing them to unfold, this leads to an
increase in fluorescent intensity, tryptophan and tyrosine are the essential and
natural fluorophores in proteins, and their fluorescent intensities are quenched
when proteins are folded. As proteins become folded, this leads to removing
guenching and increases the fluorescence intensity of targeted amino acids
tyrosine and tryptophan.

Results of emissions of blood components treated with (10,50,100 ul) of
CuPNs are depicted in figure (4-9) plasma fluorescent spectra (A) showed there is
a significant elevation of emission spectra of treated samples (10,50,100 ul) NPs
respectively compared to control these findings can be explained that plasma has
high organic molecules especially proteins (clotting and non-clothing proteins)
which have fluorophores amino-acids and maybe NPs can increase binding among
protein molecules and enhance their fluorescent.

Serum components (B) treated with CuNPs showed a high peak of
fluorescence in samples with 100 ul  CuNPs. The peaks of 50 pul and 100 pl
samples are more closely similar and near control at a high peak in contrast with
(10 ul) NPs. These results may be indicated that NPs with high concentration can
increase fluorescent activity or increase electron excitations of targeted molecules,

but low concentration gives the opposite effects.
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Figure (4-9) emission spectra of normal component blood samples (plasma, serum, serum
protein, component of serum without protein) mixed with here construction from Cu

nanoparticles.
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Precipitated proteins (C) treated with CuNPs, their fluorescent spectra

recorded a significantly higher peak at 50 ul CuNP with the lower peak at 10 and

100 ul  CuNPs from these observations appears that proteins behave differently
whatever absorption of accident light and their interactions with selective
concentrations of NPs which nay intern fluorophores molecules of proteins.
Serum-free proteins (D) treated with CuNPs, indicated a significant increase
in fluorescence spectra at (10 pl) CuNPs compared to other treatments, the serum-
free proteins have been many fluorescent molecules including FAD, NADPH,
pigment, and 50M fluorescent amino acids and these molecules may interact with
different of NPs which might change their emission ability of affect electron

excitations within fluorophore molecules.

(4-8) Spectral Properties of Arthritis Blood Samples before
and after Adding Copper Nanoparticles

A. Absorbance

Results in Figure (4-10) of blood components isolated from patients addicted to
arthritis and treated with biological therapies. The results pointed out different
peak absorption spectra of different blood components (control), plasma, serum,
precipitated proteins, and serum-free proteins of arthritic patients administered
with biological fluids. and these blood components are treated with different
CuNPs concentrations (10 ul, 50 ul, and 100 ul) respectively. it appears in figure
A (plasma) that the concentration of 100 pl gives a high absorbance spectrum. this
result showed that is multiple protein NPs interaction that might depend on the

concentration of NPs or also clotting proteins have more affinity to NPs.

Result of serum (B) and serum-free proteins (C) indicated absorbance spectra
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nearly equal and similar with differences in the peak of spectra with small
moderate peaks in serum, these observations can be explained that proteins in
serum are dissolved and mixed with other organic molecules which implicated

among proteins to increase their density and arrangements.

Concerning results of serum-free proteins (D) there are different absorption
spectra 50ul NPs recorded a high peak more than control in contract 10 ul then
100 pl recorded a lower peak. these fluctuations in absorbance spectra can be
returned to the ability of NPs materials to bind with biomolecules whiter molecules
have more affinity to react with NPs or those that can interact with a suitable

concentration of NPs to increase the absorbance peaks.
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From a biological point of view, nanoparticles can interact with available
biomolecules including proteins, nucleic acids, lipids, and even vitamins and other
metabolites, these interactions are based on the specific properties of nanoparticles
such as nanosized and large surface to mass ratio from this interaction is adsorption

of proteins on the surface of nanoparticles[101].

Proteins contain specific amino acids that can absorb light at UV-spectrum, of
these amino acids are tyrosine and tryptophan. is well documented that albumin
has a maximum absorption band around 204 nm due to the n/p+ transition of C]O
and a weak absorption band at 277 nm assigned to the P/P+ transition from the

phenylalanine, these absorption peaks are still observable in UV-vis spectra[102].

Sample Wavelength | Time of exposure Absorbance
(nm) (min)
plasma 412 10 0.36
serum 410 10 0.5
serum proteins 411 10 0.4
Serum without proteins 411 10 0.6

table (6): Peak of absorbance of unhealthy component blood (plasma, serum, serum proteins

Serum without proteins).

B. Emission spectra:

Figure (4-11): Plasma samples (A) of patients with arthritis showed a high
fluorescent peak with treated with 50 pl of CuNPs followed by 10 pl and then 100
ul of CuNPs compared to control. Plasma samples are rich with different types of
protein in particular clotting protein, so it's not surprising to produce a significant
peak of fluorescent spectra because of the high content of the differences among

treated samples maybe fluorophores amino acids and other fluorophores molecules
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but the differences among treated samples maybe back to different interaction
pathway of CuNPs with fluorophores and their effects on excitation of electrons

of these molecules.

Serum samples (B) of arthritis patients treated with different concentrations of
CuNPs, recorded a significant elevation of emission spectra at the intensity with
visible light but these peaks are closely related one to another so that these
observations can be analyzed that serum proteins conduct the dame pathway to
interact with NPs of excitation of their elections are different to lesser extent differ
than od plasma proteins also inflammatory proteins and biological protein therapy
might contribute in these output peaks. Precipitated proteins (C) of arthritis
samples treated with CuNPs had been shown different internists of fluorescent
spectra within UV and visible spectra of light and the results of 50 ul and 100 pl
resemble intensity of control but are located in the visible range and they have a
higher peak than 10 ul of CuNP. These data may reflect the interactions of NPs
with pure proteins and their effects on electrons excitations which differ from one

molecule to another and biological therapy and inflammatory proteins.

Serum-free proteins (D) of arthritis samples with NPs also resemble the
precipitated proteins to a lesser extent and are different in their intensities and low
than control and located near-visible spectrum. It can be suggested that non-protein
molecules can excite at hearing visible spectra when treated with NPs and the
absorption of light by their electron differ from control because NPs may affect

the absorption of light and excitation of their electrons.

78



Wavelength (nm)

(C)

Chapter Four Results and Discussion
—— control
— 650nm —— control
12000 A —— 532nm 1500 4 —— 10um
—— 473nm — S0um
—— 100pm
10000 -
>
= >
: 5
2 6000 - 5
£ c
4000 4 500
2000 4 1 J
0 \__/I-/\I\ 0 : / . ;
400 500 600 200 300 400 500 600
Wavelength (nm) Wavelength (nm)
(A) (B)
—— control control
— 10um 3000 - —— 10um
1 —— 50um — 50um
10000 — fo0um —— 100ym
8000
2000 4
2 z
£ 6000 @
g g
jS S
4000 4 1000 4
2000
0+ 0 T T T T
250 300 350 400 450 500 250 300 350 400 450 500

Wavelength (nm)

(D)

Figure (4-11) Emission spectra of up normal component blood samples (plasma, serum, serum
protein, component of serum without protein) mixed with three constructions from cu

nanoparticles
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(4-9) Spectral Properties of Jaundice Blood Samples before
and after Adding Copper Nanoparticles

A. Absorbance

Data shown in figure (4-12A) had been formed from the absorbance spectra of

plasma samples of a patient with jaundice and treated with different concentrations

of CuNPs (10 ul ,50 ul,100 pl) showed high absorbance peaks in 10 NPs followed

by 50 ul and 100 ul CuPNs compared to control. These observations may be a
return to the high affinity of plasma proteins with NPs and their interaction may be
more complex because of the presence of coagulation proteins to increase their
densities.

Serum component (B), its absorbance peaks appear more similar, interacted, and
approximately at the same scales. This is because serum proteins have the same
affinity to bind and interact with NPs and go for the structure to absorb the light at
the lower limit of the visible spectrum and there is no significant difference with
control. Precipitated proteins (C) produced absorption spectra at different peaks

when treated with CuNPs, of these results, there is a high peak at 100 pl NPs
followed by 50 pl and 10 ul MNPs, these presented data perhaps return to the fact

that precipitated proteins have abilities to bind with high concentrations of NPs and
increase their density and its stereo-distributions, and the NPs can interact

proportionate directly with its concentration.
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Serum without proteins (D) of parents with jaundice and teated with CuNPs, the
results of absorption indicated a high peak with 100 pl and then with 10 ul on
NPs, these findings can be explained on the basis that bilirubin alone or bounding
with a high concentration of NPs increase density of the solution and also can
absorb wavelength with the beginning of visible spectra or serum-free protein
appear has selectively to interact with the specifications available concentration of
NPs.

Sample Wavelength | Time of exposure Absorbance
(nm) (min)
plasma 412 10 0.36
serum 410 10 0.65
serum proteins 411 10 0.4
Serum without proteins 411 10 0.6

table (7): Peak of absorbance of unhealthy component blood (plasma, serum, serum proteins

Serum without proteins).

B. Emission Spectra:
Figure (4-13): Plasma samples (A) of jaundice treated with different concentrations
of CuNPs (10, 50, 100 ul), It appears different emission spectra of treated samples
since 50m and 100 pl NPs sample recorded high peak within visible spectrum in
contrast to 10 pl NPs recorded lower intensity compared to control. These
observations give simple explanations about the abundant protein content of plasma
and their fluorophores contents also bilirubin that leads to differences in their
interaction with NPs which perhaps change their absorption of antecedent lights

and emitted lights.

Serum samples (B) of jaundice treated with CuNPs, these samples pointed out a
significant lowering in the intensity of fluorescent spectra of all treatments
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compared to those of non-treated (control), these findings can result from bilirubin
which might be implicated in the decrease of excitation of fluorophores electrons
as well as bilirubin (organic molecules) can absorb an antecedent light and
decrease excitation of other fluorescent molecules or act as a barrier to prevent

electron citation.

Precipitated proteins (C) of jaundice samples treated with CuNPs, the emission
spectra of treated samples were similar to those o serum samples but at lower
intensity compared to control. The marked explanation of these output spectra also
results because of the role of bilirubin which can be exerted inhibitory of isolation
barrier either absorption of drop lights and the binding of CuNPs either with
proteins or with bilirubin molecules inhibit the fluorescent activity of

fluorophores.

Serum-free proteins (D) it had also been noted that these lower emission spectra
such as serum and precipitated proteins and the suggested explanation also can be
a return to the presence of bilirubin which exerts inhibitory roles of fluorophores
molecules other than proteins. In addition, the bindings of CuNPs if directly or
indirectly with bilirubin and fluorophores can decrease or decrease the absorption

and excitation of electrons to the source of light, it’s the major cause.
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The chromophore of bilirubin explains the presence of at least two partially
overlaying bands of both absorption and fluorescent emission spectra and accounts
for interchromophore excitation transfer events responsible for emission sensitivity
to the molecular environment and excitation wavelength. Bilirubin fluorescence
emission under excitation at 366 nm at which bilirubin absorption is very low.
Fluorescence excitation spectra of pure bilirubin in solution with solubilizing agents
observed at 520 and 570 nm showed a wide region in the 430-510 nm range similar

to the absorption profile[103].
(4-10) Spectral Properties of (Healthy, Jaundice and

Arthritis) Components Blood samples after Adding Acridine

Orange.

A. Absorbance

1*10"-5

Absorbance
= N N w
(6] o (6] o
1 1 1 1

=
o
1

0.5

OO T T T T T T T T T T T T T 1
300 400 500 600 700 800 900 1000

Wavelength [nm]

Fig (4-14) Absorbance spectra of acridine orange.
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Fig (4-15) Absorbance spectra of normal and up normal component blood samples (A-

plasma, B-serum, C-serum protein, D- component of serum without protein) mixed with

acridine orange
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Chapter Four Results and Discussion

The absorbance spectra of samples mixed with acridine dye (samples of (J)
jaundice, (B) arthritis and (H) healthy) these samples also classified into plasma,

serum, precipitated proteins and serum free proteins).

The absorption light spectra of plasma ,serum and serum free proteins have high
absorption rate for healthy in compared with those samples of jaundice and arthritis
patients ,these results can attributed to have ability to interact with acridine dye and
increase its absorption peak in contrast with jaundice (hyper bilirubinuria),the
bilirubin is a chromophore molecules and has yellow color which is the same color
of bilirubin ,and elevation of inflammatory proteins and biological therapy

(antibody) might several molecular distribution within medium of samples.

Sample Wavelength Absorbance
(nm)
plasma 490 0.36
serum 412 0.7
serum proteins 490 0.68
Serum without proteins 488 0.48

table (8): Peak of absorbance of healthy and unhealthy component blood (plasma, serum,

serum proteins Serum without proteins) .
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B. Emission spectra
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Fig (4-17) Emission spectra of normal and up normal component blood samples (A-

plasma, B-serum, C-serum protein, D- component of serum without protein) mixed with

acridine orange
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Chapter Four Results and Discussion

The fluorescent emission of acridine that mixed with tested samples also have
different intensities according to type of samples this is, it results from preference of
relations and interactions of acridine with different protein content in samples and
also effect of bilirubin and aromatic rings of amino acids involved with proteins of

samples there for, the emission peaks are varies among tested samples.

As well as, the density of plasma, serum, precipitated proteins and serum free
proteins are different causing additional factor in increase or decrease the content of

fluorescent molecules that can synergize with acridine or interfere with it.
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