International Journal of Research in Medical Sciences and Technology http://www.ijrmst.com

(NRMST) 2016, Vol. No. 1, Issue 1, Jan-Jun e-ISSN: 2455-5134, p-ISSN: 2455-9059

EFFECTS OF RADIOFREQUENCY RADIATIONS ON
SELECTED BIOMOLECULES IN RESPONSE AND
COUPLING WITH THE EFFECT OF RADIATION

FROM MICROWAVE SOURCE

Dr. Sandeep Kumar Mittan
Research officer, PGIMER RML HOSPITAL NEW DELHI 001.

ABSTRACT

molecules to such radiation. The hyaluronic molec
coupling with the radiation from microwave sources.
that cover the range of a few MHz to 40 GHz along w
conduct and analyze the results of an investigation. This
Biology and experts in the field of P

collaboration will be a “win-win" situatio

important aspect of human health.

INTRODUCTION

The hyaluronic agif m8 agmchad? proteoglycan with both interesting and chemical
ortant role that this molecule plays in the human body it is worthy

oted that samples of hyaluronic acid HA had the ability to

ices, developing about 100 mV of potential when subject to bending

roposed that an aggregate of such molecules could act as charged

oat on each other to form an array with only minimum friction. The

ability of the HA cules to act as lubricants in body joints make it an interesting and exciting
candidate for study”in any range of the electromagnetic spectrum.

Some microwave properties of this molecule were studies for temperature [Dahiya, 1981] and pH
[Jani, 1980] of its environment effects to try to better understand what role either and or
temperature and pH had on molecular function.
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This proposal is to conduct a series of controlled experiments over the range of frequencies from
8.2 GHz to 25 GHz, as such frequencies, as well as others, are prevalent in the environment. This
range of frequencies was chosen because the project director and co-project director are already
capable of using tuned resonant microwave cavities to study the properties of matter over the
range. Moreover, the size of the resonant cavities is convenient for studying this range of
microwave frequencies. The cavity has already been designed and tested for the work, but the
range of study will be broadened as dictated if future studies, toward lowglfrequencies as our
expertise develops and such results are obtained to dictate the cost andgfiost effective range of
frequencies to cover.

our studies to the range of 500 MHz to 8,200 MHz, as §
confine our attention to the range of frequencies, 8.2 G
and most of the equipment has already been developed.

Since hyaluronic acid is a biomacromolecule, on i ip a unique temperature-
dependent behavior with relaxation mechani temperatures.  The
conformational changes in the hyaluronlc acid mol i

by monitoring its dielectric respons

temperatures buffer pH and select

A tunable resonant microwggssavi i 011 mode in a frequency range of 8.2 to
C egponse of the hyaluronate solutions Both the

of sOlute by the solvent at the molecular level.

The Dielec i d relaxation times are generally sensitive to temperature changes.
Experiments e performed at different temperatures, especially those of physiological
importance. Ene of activation and the more rigorous enthalpies and entropies of transition
for conformationaf’ changes and for relaxation processes can be determined from measurements at
different temperatures as the samples act as a load in the resonant microwave cavity.

The structural information obtainable from the proposed dielectric properties experiments is
indirect and lacking in some fine detail lacking in some fine detail, theoretical calculations of the
conformational statistics will generate a Boltzmann distribution of conformations which can be
used to calculate molecular properties such as dipole moments, heat capacities, and partition
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functions. These properties can be related to experimental results so that differences in
experimental behavior can be related to changes in conformation at a fundamental molecular
level.

The dielectric behavior of hyaluronic acid at a number of microwave frequencies will reveal
important information about the electrical characteristics of this molecule. The outcome of such
experiments will then be used to devise suitable experiments to conduct in vivp tests on humans to
elaborate the effects of electromagnetic waves on biological systems, sp y the hyaluronic
acid molecule found in humans.

Any biolayered molecule that can serve as an agent to test for mic
but the fact that hyaluronic acid has already been shown to regpon

vitreous humor will reveal important information about
The problem of retinal detachment is related to he
comparison of the dielectric studies of normal
significant in looking into this problem more clo

The macromolecules of biologic

interest among scientists mainly becaus il d that knowledge of their structure, their
mode of biosynthesis, and ge or break down may lead to a better
understanding of their ithin livi A study of the
conformational chang

important. Biological p

binding, cell r

Antarctic fish.

conformations: kngpwledge of any conformational changes due to changes in its environment
may lead to a pro nderstanding of its functions. Hyaluronic acid, a biomacromolecule with a
usually high mole€ular weight and some other very important biological functions, is the subject
of this investigation. Hyaluronic acid is present in the connective tissues of most vertebrates. Its
function seems to be that of binding water in interstitial spaces and to hold cells together in jelly-
like mass.
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Hyaluronic acid has a molecular weight of several million. Each molecule consists of about 1000
repeating disaccharide units D-glucuronic acid linked to N-acetyl-D-glucosamine as shown in the
following illustration. The disaccharides are linked in a manner.

Figure X Acidic properties are the result of ionization of the carboxylic acid group in the
glucuronic acid. The degree of ionization of the acid will be affected by the pH of the solvent.
Changes in ionic strength of the solvent will affect the stability of chain copformations through
electrostatic interactions among the solvent’s ions and chain carboxylat mong the chain
carboxylates and other polar groups on the polysaccharide chain.

The conformational changes in the hyaluronic acid molecules i i jronments will be
observed by monitoring its dielectric response at microwave fr i

The objective of the computational portion of this

governing the three dimensional folding of oligosacch ides”in solution by
ds using Monte Carlo
to the different types

The long range objective is to learn how saccharide\gtruc
polysaccharides. In order to accogy is aim, 1

determined with particular attention p : among the carbohydrate side chains
and the solvent. The relative importan [ bonding, nonbonding repulsions, and
coulombic interactions as

Various techniquest have been used to investigate the
r and g@n-polar liquids at low frequencies. The dielectric constant

During the late investigations of the dielectric constant of water in the MHz region were
begun in order to Bdy the relaxation processes of aqueous media. The rapid development of
radar technology and guided wave techniques during World War Il made possible investigations
in the GHz, or microwave region. Definitive measurements of the dielectric properties of water
were made by a number of investigators (Collie et al. 1948; Saxton 1952; Grant et al. 1957).

The proposed method will involve the use of a microwave resonant cavity in the microwave
spectrometer to study the dielectric relaxation in hyaluronic acid. Slater’s perturbation equations
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will be used to find the real and imaginary parts of the dielectric constant of the molecule under
investigation. The dielectric relaxation phenomenon will be studies through the phase transition
temperature of the molecule, and relaxation times will be calculated using Debye’s equations.
The relaxation times at different temperatures will be used to calculate the free energy of
activation of the molecule.

Because of the low resistance in a resonant cavity, a large value for the qualjty factor, Q, can be
obtained. This is in contrast to the resonant circuit which has a low value NAs the sample to
be studies is placed in the cavity, it perturbs the electric or magnetic fig#llin the cavity depending
on what mode the cavity is in, and from this either the elec jttivity or magnetic

been used by several workers. Chatterjee (1952) used a

mode with a capillary tube specimen and tuning plunggs”

circular cavity resonating in the H , mode with a capill lmen. i and Ogawa
: stant of Mn-Zn ferrite

powder at a microwave frequency of 8.935 G 4) used a cylindrical

cavity resonating near 10 GHz in the TM i 1

solids.

interest.  Thedielectrj Ml of the sulBiehce drops abruptly near phase transition

temperatures. In soCRGEk jke water gl nitrobenzene, the drop is so rapid that it is very

difficult to identj ISt 8 Of the phase change. The method is so sensitive that
e monitored.

gnges, the microwave resonant cavity is interfaced to a

probe is attached to the resonant cavity and is monitored by a

onsists of a set of thermistors designed to produce a linear voltage

ter is programmed to record the rapid changes in temperature as the

molecule under jgation goes through the phase change. The number of measurements taken

during the rapid gMase change is a great improvement over earlier techniques in which the

temperature of the phase change has to be estimated. The computerized cavity can be used for

other temperature studies without changing the hardware of electronics. Only the software needed
to be modified to fit the experiment prepared for hyaluronic acid.
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PROGRESS REPORT/PRELIMINARY STUDIES

At the physics department at Southeast Missouri State University the principal investigator has
established a microwave spectrometer capable of being operated in the entire x-band of
frequencies. (8.2-12.4 GHz). A Varian V-58 klystron used with the proper power supply will
provide the full range for the x-band. The spectrometer has been used to study the dielectric
relaxation mechanism in a number of liquid crystals at different temperaturesgp test its sensitivity.
The temperature control mechanism for the spectrometer is very sensitig® an® makes it a very
important tool to study the dielectric behavior of different materials a nction of temperature.

for strontium

re inserted along the

perpendicular axis of the microwave resonant ¢ i drive. The length of
the sample is then adjusted to get maximum p j

then varied and Q-change/freque

attached to the microwave resonant ca

allows temperature data to Raatak 1 lectric undergoes a phase change over a
Q data and frequency shift data are sent to

A tunable microwave resonant cavity was used as a probe in
monitoring i @ai#sponse of the hyaluronate solutions. Dielectric changes at room
temperatures bsegved in aqueous solutions of hyaluronic acid as a function of concentration
ranging from 0 to mg/ml. The data indicated the existence of ordered phases in hyaluronate
solutions at selecfve concentrations; that is, the hyaluronate molecule exhibited lyotropic type
transitions. Hyaluronate solutions at 1.5 and 3 mg/ml concentrations were studies at various pH in
the range 6-8 and at constant ionic strength of 0.1 units. The pH-dependent dielectric changes
were observed in hyaluronate solutions at both tehse concentrations. A temperature-dependent
transition in hyaluronate solution of 120 mg/ml concentration was observed at physiological
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temperature. It was shown that this temperature dependent behavior could be related to the
orientational polarizability term in the Debye theory of polar molecules in liquids.

The results of a study of the dielectric behavior of hyaluronate solutions were published in
Biopolymers (Jani, Dahiya, and Roberts, 1980). The observed dielectric changes in hyaluronate
solutions were shown to be related to the conformational changes in hyaluronic acid molecules.
The peaks in the real and imaginary parts of the complex permittivity of hyalyronate solutions at 6
mg/ml and 120 mg/ml correspond to structured phases. The concentrajg pendence of the
dielectric response in these solutions indicated that hyaluronic aci isted as a network in
solution. This was in agreement with previous findings (Barrett ton, 1977). It has

approximately pH 8.0+ and ionic strength 0.1 (Barrett,
reported in the hyaluronate solutions (Jani et al., 1980)
due to structural change, and thus, were similar 4
depolarization ratio measurements.

It is important to notice that the hyaluronic

g/ml could be attributed to the
olutions, a very important consideration

presence hyaluronic 2@id in the buffer solutions.

The dielectric i the hyaluronate solutions as a function of the pH and concentration, as
mentioned above, e demonstrated that this behavior manifests itself in the frequency range
near 9 GHz as a @haracteristic change in the dielectric response of the hyaluronic acid molecule.
It is very important to study the dielectric response of hyaluronic acid molecules from human
umbilical cord and the vitreous humor as a function of frequency and temperature. The
microwave spectrometer appears to be the right tool for dielectric relaxation studies. The
principal investigator and the co-principal investigator have established an experimental and
theoretical approach to study the properties of the hyaluronic acid molecule.
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RESEARCH DESIGN AND METHODS
DIELECTRIC STUDIES — THEORETICAL BACKGROUND

Relaxation may be defined as the time lag in the response of a system to a change in the physical
forces to which it is subjected. The term relaxation mainly applies to linear systems where a
response and a stimulus are proportional to one another in equilibrium. In dielectrics the stimulus
is almost always an electrical field and the response is a polarization of t ectric molecules.
The time lag between the application of the field and the polarization ofghe molecules implies an
irreversible degradation of free energy into heat. The relaxation ti defined as the time
in which this polarization is reduced to 1/e of its original value,

base.

The relaxation phenomenon was explained in the theory

it was shown that the polarization of a dielectric mediu

partial orientation of permanent molecular dipol

electronic orbits in the molecules. When a d ic i j alternating field the
orientation of the dipoles, and hence the polariza i every time the polarity
of the field changes. As long as the field remains |

the alternations of the field without i rmittivity is independent of the
frequency and has the same mag iQfield. NVhen the frequency is increased a

those of the field. As the frequency is further
nable to follow the field and the contribution

Hz) range, there is no contribution to from atomic or
grization that contributes to is the electronic polarization.

constant of relati D = E become complex quantities given by Where And

The quantities and are real and imaginary parts of the dielectric constant is the phase difference
between D and E.

From Eqg. (1), Comparing Egs. (4) and (5)Therefore, Equation (8) represents the dielectric loss at a
certain frequency.

61

INTERNATIONAL JOURNAL OF RESEARCH IN MEDICAL SCIENCES AND TECHNOLOGY




International Journal of Research in Medical Sciences and Technology http://www.ijrmst.com
(WRMST) 2016, Vol. No. 1, Issue 1, Jan-Jun e-ISSN: 2455-5134, p-ISSN: 2455-9059

EXPERIMENTAL-APPARATUS

A microwave spectrometer in the x-band of frequencies has been designed in the physics
department of Southeast Missouri State University. The block diagram of such a spectrometer is
shown in Fig. 1. The spectrometer consists of a 2K25 klystron that is slightly tunable in the
frequency range around 9.0 GHz. The klystron is powered by a HP715A power supply. The
microwave signal produced by the klystron is guided by a waveguide to a dirgctional coupler that
divides this signal into two parts. A part of this signal reaches the micro onant cavity via
an attenuator and a wavemeter. The attenuator is used to adjust the ri@t amount of microwave
power for the sample being studies. The function of the w. is to determine the

klystron gives a very narrow frequency interval a
curve in need flgures 2a. With a S|gnal of this

r the range of frequencies desired

is impressed upon the klystron repeller

electrode to produce an 3 ency at the detector. This procedure allows the
signal to be a.c. ampl

g on by the cavity is modulated to give a dlfferentlal

A0 the form of a butterfly. Figure 3c and 3d show the modulated
ydation is introduced into the cavity and after the sample has
odulated signal is amplified by a preamplifier and displayed

mode has been designed. As the sample under
investigation is intg#tuced into the cavity it perturbs the electric field of the cavity and because of
this there is a shift in the resonant frequency and the Q of the cavity changes. The frequency
shifts and Q- changes of the signal are related to the real and imaginary parts of the dielectric
constant through the Slater’s perturbation equations as follows: (Dahiya et al, 1981)
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AndWhere E is the field of the unperturbed cavity, E is the microwave field as applied to the
cavity and E is the field of the sample itself, and v and V are the volumes of the sample and
cavity, respectively.

The signal Q-change is further related to the width of the signal by (See meterfield et al
referencies Where f is the resonant frequency of the system and W is the frequency separation of
the half power peakes in Hertz, of the resonance half-power points.

The real and imaginary parts of the dielectric constant and are furthegfelated to the relaxation
time () using Debye’s equations as follows: (P. Debye, 1929)The nder investigation is

obtain the temperatures. The initial readings of the tem
plates in the derivative profile are recorded.

The microwave resonant cavity is placed in a th

r study is cooled or warmed
r some time to ensure thermal

changing the flow of nitrogen gas arou
shifts and width changes foLgask

Fas a function of temperature are used in Slater’s equations
aginary parts of the dielectric constant calculated at each

er is computerized to obtain the frequency shifts and width changes at
desired temperat to stream these data into an excel format wherein they are analyzed. This
will add to the g€curacy of measuring the dielectric relaxation mechanism in a sample of
hyaluronic acid.
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COMPUTATIONAL STUDIES - THEORECTICAL BACKGROUND
(RELATING MICROSCOPTIC PROPERTIES TO MACROSCOPTIC
MEASUREMENTS)

When a measurement of a physical property of a substance is made, the value obtained is a
statistical average of the properties of an equilibrium distribution of the states of the substance.

Mathematically, this statement can be represented in the following manngg?” asSume that F is the
property whose value is sought. The value obtained will be an averag re the integral formula

P(x) is the probability of finding the system in state Xx. i ermodynamical
calculation, P(x) is given by the Boltzmann distribution. In i ical problems,

many trials, if certain conditions are met. The M
properties by summing over discrete states:

Here it is a counter used to identify a

The Markov chain itself is a sequence 0 i y a single step probability matrix (g
) where 0 for the change | j ) is independent of t, the counter of links
in the Markov chain. It jg#8 alli. This statement means that the system isin
some state and that al

condition).
. The probabilities d g must be related so that

. The matrix of probabilities (q ) used in the generation of the Markov chain must be related to the
equilibrium probability distribution in such a manner that the equilibrium probability distribution
is preserved when the matrix multiplication in eq. [15] is performed (steady-state condition).
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The ergodicity and steady-state conditions are existence conditions for obtaining stochastic
convergence. They are not prescriptive for determining a practical form of the elements of the
matrix (q).

The Metropolis algorithm (Metropolis et al. 1953) is a practical way of prescribing a matrix (q) in
order to generate a sequence of links in the Markov chain. The method is called “importance
sampling.”

The values of the probability matrix (q) are given by By definingd#fe q‘s in terms of the
equilibrium-state probabilities, the ergodicity and steady-state conditj satisfied in principle.
In order to practically implement the choice of q‘s described by e lowing procedure
is used:

Starting from the current state, a new state is generated by#fandoml¥ changing one
describing the state (for example, a dihedral angle or an istance). The probability
d by first finding the

3 m can be used if it is possible to modify the search

ging the states so that a probability of accepting a new state is

e modeling of liquid or gaseous state systems it is possible

aximum displacement of a molecule until the probability of
achieves the desired level.

able to investigate by the classical Metropolis algorithm. Problems
requiring an altcNg@@e approach frequently exhibit very complicated potential energy surfaces
which have high barriers between regions in which thermodynamically acceptable conformations
may be found. The problem associated with the application of the Metropolis algorithm is a
practical problem of achieving ergodicity in searching for all likely states. Cutting back on the
maximum search displacements for a set of variables may achieve the 50% probability for
accepting new states at the cost of making many of the physically realistic states computationally
inaccessible because the intermediate conformations connecting the regions of likely states are
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themselves of extremely low probability. Typical problems of the class just described include the
theoretical calculation of the distribution of conformations of polymers.

The application of the Metropolis algorithm to polymer systems will result in a low probability of
accepting new conformations. The low probability of accepting new conformations will cause
“trapping” of the calculation in some conformations. These conformations will have statistical
weights unrepresentative of their values in a convergent calculation. Comparison of calculated
properties based on these weights with experimentally determined properti be meaningless.

In order to achieve a more vigorous development of the Mark by accepting more

numbers involved. The conformational statistics of p
conformational energies with widely varying values,due
functional groups in the molecule.

The Metropolis method is the basis of umbrella s
is modified thus:

Where Pj’ is the “Boltzmann” fact

Equation Editor and double-
ere to view equation

Substitution for

Install Equation Editor and double-
Click here to view equation.

In the calculation the reciprocal of the weighting factor for each weighted state is summed in
order to normalize the calculation. The state properties over the weighted space are also tallied.
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The value of P ° in the calculation is the integer weight of the conformation in the weighted state
space. When the markov chain element is saved, the ratio P ‘/w is saved.

Umbrella sampling can be seen to take place by revising the state probabilities so that the states
appear to be closer in energy than they really are. Since the decision whether to accept a new
state is based on the modified probability, inclusion of the reciprocal of the weighting factor in the
Markov chain will undo the changes introduced by the weighting factqr so that the final
probabilities as used will accurately reflect the state probabilities b an unmodified
Boltzmann distribution.

The states retained in the Markov chain generated by umbrell

integer weights. Many of the state weights may be quite

probability. Their inclusion, however is necessary in orde

state space in which there is a non-negligible proba

Metropolis algorithm were used instead, the very loy p brldglng states would
make it extremely unlikely that they could ever g i and hence result in a
region of state space being effectively inaccessib

COMPUTATIONAL METHOD

In order to calculate the energy of 4

jbutions will depend on the energies of the conformations, the

s and the properties calculated from them on the parameterization

ormational energies will be studies. A frequently used alternative

conformational € method has been developed (Hopfinger 1973). Although it includes the

same energetic aythe Momany-Scheraga method, (momany et al 1974) the parameters differ,

primarily in permitting closer contact between the atoms in the molecule. The potential

availability of more geometries may have an effect on the Boltzmann distribution and the

properties if the additional geometries have significant statistical weights. Furthermore, there may

be changes in the relative energies of conformations found to be acceptable in either

parametrization.  Different relative energies will have a direct effect on the Boltzmann
distribution.
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The HSEA energy parameterization is an alternative empirical energy method that uses
Kitaigorodsky 6-exp functions (Lemieux et al 1980). It ignores electrostatic and hydrogen
bonding interactions and employs special torsional functions to handle the torsional potential
energy at the anomeric linkage in the sugar chain.

Although the dihedral angels defining a polymer’s conformation can take on all values from 0
through 360 degrees, not all of them should result in physically realistic conformations. In order
to refine the selection of states, not all values will be available to gel. Molecular
fragments will be constructed in order to represent the local potential y associated with each
dihedral angle. The local energy calculations will cover the entire turn of the dihedral
angle. Only those angles corresponding to states of low energ

sampling calculation. The use of a restricted set of angle val

unreasonable conformations. Any conformation with a hj

would remain at high energy and unlikely, even if pos

the full molecule were incorporated.

Two types of preliminary calculations will be pe
local energies are needed. If the angle is of large gStance an amide angle — it
either end of the amide as
e used to identify search ranges
as those in the 1-2, 1-3, or 1-4

iment will seek a global minimum energy — or one close to it.
etermine the threshold value. The effect of applying the weighting
tors for the states will be to compress the energy range so that the

The Markov chain of umbrella weighted conformations will be generated in a multi-start
procedures. The Markov chain will be a composite of Markov chains from separate funs on the
same polymer. Each run will generate 12,000 trials. The first 2000 trials will be discarded in
order to allow the system to relax to a state that appears to be uncorrelated with the initial state.
The remaining 10,000 conformations will be retained. The total number of conformations and the
number discarded and retained are appropriate for 6 degrees of freedom. A total of 10 runs will
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produce 100,000 conformations retained from property determination. For 6 degrees of freedom,
the 100,000 conformations will allow nearly 17,000 trials per degree of freedom. The number of
trials per degree of freedom compares favorably to the number of trials per degree of freedom in a
problem in which the properties of a liquid of a liquid are modeled.

Three general classes of calculations will be performed in order to provide theoretical results that
can be related to the dielectric constant and viscosity experiments in this wor

On all of the hyaluronic acid fragments, “gas phase” calculations will aperformed. Following
the procedure described previously, the molecular fragments will ject to Monte Carlo
calculations will

their statistical

is included in the calculation. The solvent-fre
effects induced by salvation.

in the presence of a static
lation in order to represent the

Three additional degrees of freedom
imposed in order to represea

e calculations will be used to represent the solvation of the
he solvent will be represented as a continuous jelly-like substance
nstant as the real solvent in which the solute resides in a cavity. The

cavity will hav arge general geometry as the solute, but its walls will be at the van der Waals
radii from the atorN@#”centers in the solute. The cavity will appear to be a set of partial spheres in
coalescence somefvhat as a set of bubbles. Since the solute consists of functional groups of
considerable polarity, charges will be induced on the walls of the cavity. The charges, in turn,
will interact electrostatically with the polar groups in the solute. An additional contribution to the
conformational energy will be incorporated into the calculation, and it may well affect the overall
Boltzmann distribution of conformations. The extent of the effect of solvation in the cavity
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representation will be discernable from comparision of the results obtained in this manner against
those obtained in the “gas phase” calculation.

Both field-free and static field calculations will be performed in the cavity model in order to
investigate the effect of solvation in the two different environments. Likewise, different
computational temperatures will be used in order to investigate the sensitivity of conformation on
temperature with the inclusion of solvation.

The third class of computation will include explicity solute molecules asgfScrete species. It is not
uncommon to use from 5 to 200 solvent molecules with a solute t. If the number of

solute — a weighted
the solvent molecule
may be to the solute, the more likely it will be
solvent molecule will be selected for change. Mo

The degrees of freedo

29

13

gas phase
will be included,

jp its solvent cage. This behavior is directly related to

g on the overall structure of the solvent shell around the solute. The
the molecules, such as those joining rings, will not be allowed to vary as

to certain values, the change of an internal angle to a new value will be certain to cause
innumerable steric collisions, since the new conformation of the solute will be imposed on the
solvent shell which had relaxed to accommodate a different solute conformation. The internal
degrees of freedom will be used as computational parameters that will be set prior to embarking
on a series of Monte Carlo computations. The resulting Markov chain will be matched according
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to the energies of the lowest energy conformation in each set and the relative weights of the chains
adjusted accordingly in order to obtain a proper composite Boltzmann distribution.

1. Human Subjects
Not applicable

2. Vertebrate Animals
Not applicable
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