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Abstract

This paper is an attempt to investigate the eftédiid:YAG laser exposure during eye
treatment (1064nm, 0.01w/énspot size 450um, duration time 9 n sec., 30 puber
sec and time exposure, 0.25 (group A) and 0.1geud B)). We intend to measure the
dielectric properties of eye tissues and corretatsm with structure. Values of the
relative permittivity, dielectric loss and condwitly ¢, " & o, are measured for various
rabbit ocular tissues (cornea, lens and retinathatfrequency range 100Hz -100khz
before and after laser exposure. The aim of thikwsto test the functional state of the
eye tissues exposed to laser beam of the samesitytamd duration as that used in lens
posterior capsulotomy after cataract surgery, leyube of dielectric method. We tried to
adapt the physical conditions surrounding the eeg@osye during exposure. The
obtained results showed that, for the whole eyeyedkas for all eye tissues, both values
of permittivity and conductivity showed remarkaldecreases than normal values,
immediately after laser exposure, for both groug B and this reduction begins to
diminish with days after exposure approaching ndrahies approximately after 8 days
of exposure. It is evident that, although laseeracts with all cell membrane structures
responsible for transport phenomena leading to gd&im the dielectric properties, this
interaction depends on the tissue type, specialtium of membrane and magnitude of
exposure power and time of exposure which mustrately considered during choosing
the laser treatment conditions and the tissue todaged.

1. Introduction

Laser is widely used in all fields of scientificsearch, medicine, and industry. It is
used for a wide variety of surgical operations However, this is not without possible
risks and disadvantages —as with any technolo@yretimay be unanticipated side effects
and complications. Laser exposure may affect the tegsues by inducing biological
effects, which mainly depend on the energy absothethe eye tissues. The absorbed
energy is transmitted to eye tissues and complétehsformed into heat [2-4], and the
maximum reached temperature and the time duringtwtfie tissue submitted to laser
lead to different biological effects [5-6]. Becauxfethe high radiant power of many laser
systems; a very short exposure can cause damagkl§nly factors must be taken into
consideration during laser surgery of the eye; \wemgth or spectral region of laser
radiation, optical density at particular wavelersgtmaximum irradiance (W/cnor
power (W), and also the type of laser system and &f disease [8-9].
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Nd:YAG laser has been frequently used in treatroéetye
diseases. It was developed not long after the desyoof the
ruby laser in the 1960s. Its high gain, narrow kvidth, low
threshold and physical properties make it a mossatie
laser material for a variety of applications sdbtian eye
treatment [10, 7, 4]. Nd:YAG laser emits light inet near
infrared spectrum at a wavelength of 1064nm. WHirs t
wavelength, Nd:YAG laser energy is less efficiebsorbed
by water and more readily absorbed by other madsesiach
as the hemoglobin in red blood cells. The energyepates
further into the soft tissue (up to 4 mm) beforeinge
absorbed. Nd:YAG offers a wider application ranigelarge
part because of its unique properties and becaus@ne of
the few lasers that operates efficiently with aitfi@sh lamp
or diode pump and in pulsed or continuous-wave (QWile
[11]. Moreover, the delivery system can be a cdntaca
noncontact system, both of which can influence tthsue
insult and the degree of postreatment inflammation.
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the use of dielectric method. We tried to adaptphgsical
conditions surrounding the exposed eye during axgos

2. Materials and Methods
2.1. Animals

The experiments were performed on total twenty itabb
weighing 1.5 - 2 Kg .The rabbits were divided idtgroups,
one unexposed control group and 3 other groupdafeer
exposure, all housed in separated cages with teesa to
water and food under 12/12h light and dark cycles Tabbits
were anesthetized by an intramuscular injectiohnfll/ Kg
body weight) of cocktail made up of ketamine hydilocide,
acepromazine male ate and xylazine. The rabbite wen
exposed to Nd-YAG and either immediately scarified|eft
for 4 or 8 days in order to study the expected irepa
mechanisms (recovery periods).

On applying Nd:YAG laser for eye treatment, it itsz_z_ Laser Treatments

necessary to consider the possibility and extent
complication [10]. The side effects that have begmorted
included damage to corneal endothelium, vitreoumdru
[12], the lens and the retina causing rupture bhaévessels
[13]. The effects may be manifested in biochemiaab
physiological phenomena in various enzymes, cafisues,
organs and organisms. These effects may be dukeatoges
in the transport of ions and various molecules scthe cell
membranes, changes in the characteristic biologicavity
and dielectric properties of various cells anduigss[14, 8].
Dielectric properties of biological tissues dependinly
on the cellular tissue structure. They are used pewerful
tool for studying molecular and cellular parametdrs-17].
They are considered a good measure of the fund¢tsbaiz of
the membrane and cytoplasm of the cells (e.g., teouan
relaxation associated with intrinsic membrane clang
dipole reaction in cell membrane, conductivity spart in

of

Laser irradiation was carried out at nano-technplog
laboratory, Faculty of engineering in Shobra, Banha
University, with pulsed Nd-YAG laser (Model L A B0
SIN, made in U.S.A) (1064nm, with intensity 0.01cm.,
spot size 450um, duration time 9 n sec., 30 pydeesec and
time exposure 0.25 and 0.1 sec.).

Each rabbit eye, in each group; right and left eyas
exposed, in vivo, to laser with time exposure 0e25%&
0.1sec (group (A) and (B) respectively).

2.3. Dielectric Measurements

After rabbit decapitation, the eyes were enucleated
moistened with Ringer's solution and placed indiedectric
cell which consists of two parallel silver disc aledes,
0.5cm diameter coated by a non-polarizable siNdor@de
layer. Measurement of the dielectric parametenstaile eye

the extra-cellar medium and through the membrang annq ocylar tissues (lens-cornea-retina), over tegquency

tissue water relaxation). Information about tissteicture
and composition, e.g. water content or presenca tfmor,
might be obtained by measuring the dielectric prige of
the tissues. Grant and his colleagues measuredighextric
properties of several ocular tissues, over widaeueacy
range [18-20], and correlate these properties uigbue
structure and function. These properties are obtbirom the
measurement of complex relative permittivify ", and
conductivityo .

Accordingly, in an attempt to investigate the efffex
Nd:YAG laser exposure during eye treatment, wenittéo
measure the dielectric properties of eye tissuéscanrelate
them with structure. Values of the relative periviiy,
dielectric loss and conductivit§, £" & o, are measured for
various rabbit ocular tissues (cornea, lens andagtt the

frequency range 100Hz -100khz before and afterrlase

exposure. The aim of this work is to test the fior@l state
of the eye tissues exposed to laser beam of the saemnsity
and duration as that used in lens posterior cafmsulg by

range (100Hz — 100 KHz), were performed using (BMH3
programmable automatic RLC Bridge. The data of
impedance Z, from the bridge, was first corrected the
series impedance measured according to Schwan dyetho
[21]. Using the cell constant, calculated from thensions

of the sample cell and from the previously measwedde of
stray capacitance C in the cell, the sample dietect
properties can be calculated using the equations:

,_ Cd
€'=—— (1)
€' =€ 'tan (90 — 0) (2
d
7' =Z7C0S® (4)
7" = Zsin® (5)
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T 2nF \(Z2' = Zso)2+2112

1
1 ( (Zs—ZN?%+21? )2(1—11) (6)

laser exposure for 0.25 & 0.1 sec exposure timasufgA &

B respectively), at the same conditions similathiat used in
eye treatment.

Where d is the distance between the two recording Frequency dependence of relative permittivity and

electrodes, A: area of tip electroder#*, at r = 0.5cmg:
conductivity, €": dielectric permittivity,e": dielectric lossg:
the relaxation time, F: applied frequency, ho; @herea is
the angle between Z' and radius of Cole-Cole sechiciAll
these parameters were calculated for each samgpierot,
immediate and after 4days & 8days of laser exposure

3. Results and Discussion

The obtained results indicated significant variagion the
dielectric parameters of the whole eye and the radpaé
ocular tissues before, immediately, and after 4 &a§s of
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shows the Cole - Cole diagrams for these tissues.

The obtained results showed that, for the whole age
well as for all eye tissues, both values of pemmwiiyt and
conductivity showed remarkable decreases than rorma
values, immediately after laser exposure, for lgpthup A &

B and this reduction begins to diminish with timéea

exposure approaching normal values approximateisr &f
days of exposure.
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Fig. 1. Frequency dependence of relative permittivity foole isolated rabbit eyes and separated corneas &erd retina.
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Fig. 2. Frequency dependence of conductivity for wholkied rabbit eyes and separated cornea, lens atidare
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Fig. 3. Cole — Cole Plots for whole isolated rabbit eyed amparated cornea, lens and retina

In these results, the operating wavelength 1064bhid-
YAG laser transmitted through the ocular tissuethviow
effect at the cornea. This view is in accord wittoi@pton
[22], who reported that the corneal
wavelength between 400 and 1400 nm.

relation between Z' & Z" for control, immediateadd 8 days
after laser exposure of isolated rabbit eyes, amwhrated
ocular tissues, in the frequency range 100Hz — H30R hey

tissues trahsmshow significant variations. The angle which isided by

Cole — Cole, and Z' which represented the bulkstaste of

The reduction in permittivity of the whole eye andsamples were found to be increased in case of inateednd

separated ocular tissues, immediately after lagposire,
may be due to rupture in cell membrane and consigue
ion permeability due to thermal effects of lasefteA8 days
of exposure, the permittivity of whole eye and acuissues
are nearly approached control value. This behawiay be
due to the polarization of ions in water contentdissues
and re-polarization of ions beside the cell memérdnoe to
the return to regular permeability of ions throute cell
membrane.

On the other hand, the obtained reduction

4& 8 days after laser exposure. The increase inegabf Z'&
Z", after exposure to Nd-YAG laser, may be attigioluto cell
swelling due to the pronounced increase in the eprot
content which is accompanied with an increase ia th
collagen fibers [24-26]. Moreover, Schier and Duldlien
[27] attributed these swellings to the high"Tux into cells,
the role which played by calcium in the hydrolytic
breakdown of cell membrane phospholipids. The ebr
variations perhaps may be also due to the variationulk

in eyeesistance Z' of eye tissues after exposure, orfanthe

conductivity after exposure times 0.1 & 0.25 Segma due decrease in membrane permeability td (6r increase in
to the thermal effect of Nd-YAG laser on the eyeiakih permeability to N§ and the influence of the Ngpump
contains different layers affected by the laser.e Thmechanism. These assumptions agree with Albertl.et a
conductivity changes for different eye tissues rbaydue to  1983”, Sallam 2004, and Peyman et al., 2010, [28,26,16].
that each component of eye behaving as a spedied f  Moreover, on calculating the relaxation timg for the
absorbing specific wavelengths within the incidspéctrum isolated whole eye and ocular tissues, using theveab
[23, 16]. Also the low value of retinal conductivitnay be mentioned equation 6, before, immediately and afté& 8
due to that the incident Laser radiation was foduse the days of stopping exposure, we find great variatioms
retina due to the eye adaptation to enable incidadiaition which were clearly more pronounced at 0.25sec axgos
between 400 and 1400 nm to penetrate deeply afmthsed time (fig. 4). This behavior was observed in aledissues
on the light-sensitive neural retina layer. after laser exposure, while approaching normaleshifter 8
The Cole- Cole semicircles (fig. 3) demonstratifg t days of exposure.
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Fig. (4). Relaxation timez() of whole eye and ocular tissues for control, gdiate, 4 & 8 recovery days in case of 0.1 & 0.86 &posure times

The variations in the relaxation time together with the
above mentioned dielectric properties may genetadydue

to the polarization of ions and water content ofl ce

membrane and its permeability. Also, it could be do the
vasodilatation of the retinal blood vessels which
accompanied by an increase in capillary permegbilihe
repairing processes may be occurred due
intracellular substances that are realized and ugigd
diffused out of the cells and this would explaire tlatent
period of several days [29, 16].
In this respect and depending upon the values fufr the

whole eye and ocular tissue, at all the above roeat cases,
we could calculate the molar free energy of aciiweAF for

168
’G T
3 Retina
]
e
X
]
E
c
el
)
X
&
(]
14
controal 4h 4d
each value of using the relation:
. h
AF =RT lin_— (7)

WhereAF is the molar free energy of activation, and the
other symbols are as their well known meanings.eTgb)

to SOnrlgpresented the calculated values of activatiomggnef eye

tissues. It's clear that the energy values are higtontrol

and show noticeable decreases after exposure foeyal
tissues; specially the activation energy of retiftaese results
may be due to that most of the incident radiatinargy is

absorbed by the retina.

Table (1). The mean energy values for all eye tissues forabimnmediate, 4 & 8 recovery days (4D &8D) in easf 0.1 & 0.25 Sec exposure times

F(joule) 0.25sec A

F(joule) 0.1secA

Tissues

Eye Cornea Lens Retina Eye Cornea Lens Retina
control 49.6+0.984 46.8+0.95 47.16+0.85 51.15+1.08 49.6+0.97 46.8+0.94 47.16+0.56 51.15+1.049
Imm 45.1+0.822 43.9+0.93 45.45+0.98 41.46%1.03 45.3+1.07 44.9+0.58 46.13+0.69 43.9£1.079
4D 44.9+.1.04 44.5+1.079 45.8+0.58 42+0.65 45.1+0.57 45.6+0.62 46.5+0.27 44.5+1.05
8D 46.7+0.98 45.4+1.05 46.6+1.05 44.18+0.55 47.8+0.99 46.5+0.91 47+0.91 45.1+0.98

From the above results, it is evident that, altholaser
interacts with all cell membrane structures resji@sfor
transport phenomena leading to changes in the atiigle
properties, this interaction depends on the tisgpe, special
function of membrane and magnitude of exposure pad
time of exposure which must accurately considerednd
choosing the laser treatment conditions and tleugiso be
treated.
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