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Abstract. The article discusses influence of laser radiation on structure of
insulin solution. We monitored changes in the structure of insulin solutions
by means of analysis of crystallograms with a nanometer resolution probe
microscope as well as by correlation processing of speckle patterns obtained
by passing laser radiation through the solution. It was experimentally shown
that laser radiation promoted solution homogenization by changing size of
macromolecular clusters. © 2019 Journal of Biomedical Photonics &
Engineering.
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1 Introduction

Laser radiation has been used in medicine for several
decades and currently has a number of methods
differing time and location of exposure, wavelength and
radiation power [1]. At the same time, there is no
generally accepted theory explaining mechanisms of
laser therapy. But ways of detecting changes that occur
under action of laser radiation recently have
significantly expanded. Thus, different experimental
techniques of structural changes of complex organic
solutions such as Raman spectroscopy and IR
spectroscopy, crystallographic method and method of
speckle patterns processing have become widespread in
practice [2—8]. Using new research methods has led to
appearance of some new theories about the mechanisms
of action of laser radiation on living organisms [1, 4, 9,
10]. In particular, in Ref. [4] primary action of laser
radiation was considered as a result of interaction with
blood proteins. In Ref. [10] the authors supposed that
laser radiation reduced macromolecular clusters that
formed protein molecules in water solution and thus
changed their functional activity. In addition, in article
[10] it was shown that laser radiation could affect
molecular clusters not only in biological fluids, but also
in drugs composition that leads to increasing their
effectiveness.

Therefore, the purpose of this work is to study effect
of laser radiation on the microstructure of an insulin
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solution. The choice of the object of research was due to
two main reasons. First, it is nature of an insulin
molecule formed by two polypeptide chains, which
contains 51 amino acid residues. Six insulin molecules
are bound in a hexamer. Molecules are hold together by
histidine residues bound by zinc ions. Injected insulin is
under the skin in the form of a hexamer, which
gradually breaks down into biologically active
monomers that enter the bloodstream. Secondly,
according to the World Health Organization, the number
of diabetics is more than 3% of the world's population.
Moreover, a significant percentage of these patients are
forced to take daily drugs (in particular, insulin) to
decreasing their blood glucose levels. Therefore, it is
important to develop methods aimed at improving
insulin effectiveness in the body and reducing insulin
consumption.

2 Materials and methods

The method of crystallogram analysis was used for
adequate assessment of structural changes occurring
under action of laser radiation in biosimilar liquids as
one of the simplest methods of structural changes
diagnostics. Crystallograms of biological fluids were
formed due to dehydration self-organization of protein
solutions and other substances [6, 11] during drying of
solution droplets on a solid substrate. It was found that
the resulting patterns correlate well with the signs of
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Fig. 1 3D model of the insulin solution crystallogram surface: a — control (before exposure), b — after 5 minutes,

¢ — after 10 minutes, d — after 15 minutes.

patients’ diseases [0, 12, 13]. Therefore, the method of
crystallogram analysis can be used to record changes
occurring in biological fluids under laser radiation
exposure. The detecting capability of laser-induced
changes in serum and plasma was shown in Ref. [5]. A
possible mechanism of laser-induced changes is
decreasing bioorganic molecules (primarily
macromolecules) clusters size under the influence of
laser radiation [5].

Usually crystallogram analysis is carried out by an
optical microscope. In this case the geometric
dimensions (longitudinal and transverse) of the
characteristic structures of the crystallogram are
estimated, while information about the relief (surface
profile) is usually lost. That is why, in this paper the
analysis of crystallograms was carried out by a probe
microscope to obtain information about three-
dimensional structure of the crystallogram.

As an alternative method of changes recording in the
microstructure of the protein solution, the "chessboard"
method for speckle patterns processing was chosen.
Since protein clusters in the solution form optical
inhomogeneities, when laser radiation passes through a
cell with such solution, a speckle pattern is formed, and
a characteristic speckle size depends inversely on the
inhomogeneity (cluster). To determine the characteristic
speckle size, the correlation coefficient of a two-
dimensional speckle image and a regular structure
(“chessboard”) was calculated. Paper [14] presents a
program that calculates the correlation coefficient of a
speckle image and "chessboards" with various sizes
from 5x5 to 100%100 pixels in 5 pixel increments until
the most clearly expressed structure is obtained. The
chessboard, with the most clear structure and the biggest
correlation coefficient was taken as a standard. Then
every speckle image was analysed with this standard:
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the correlation coefficient of the reference image and
each of the analyzed images was calculated.

The research object was a solution of human insulin
in the form of the drug "Actrapid" in ampoules. The
insulin solution was poured into a cuvette and exposed
by laser irradiation with a wavelength of 655 nm and
intensity 150 mW/cm®. The exposure time was 2, 5, 10,
15 minutes. Before irradiation, a control (non-exposed)
sample was poured onto the glass plate. Then, after each
irradiation time, several drops of the solution were also
poured onto a glass substrate. All samples were kept at
room temperature to obtain crystallograms.
Crystallogram of the insulin solution is a thin
transparent film with inhomogeneities invisible not only
by naked eye, but also by an optical microscope.
Therefore, the obtained crystallograms  were
investigated in a scanning probe microscope NT-MDT
solver (contact scanning method).

3 Results

3D models of crystallogram relief (Fig. 1) were built
using a probe microscope. The increasing time of laser
exposure caused significant decreasing the number of
crystallogram peaks and average peak height and
increased the layer smoothness. So, before exposure, the
average height of the peak was 50-60 nm, and the
maximum — about 80 nm. After 5- and 10-minute
exposure, the peak height did not change significantly,
but their frequency went down significantly: from 60-80
to 100 um® in the control, to 5-8 per 100 um? after 10
minutes of radiation. After 15-minute exposure the
average peak height became 30 nm and peak frequency
reduced to 3—4 per 100 pm®.

A significant increasing the smoothness of
crystallogram layer was caused by the conformational
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Fig.2 A characteristic type of speckle pattern from the control sample (a), the correlation fields of the reference
chessboard (40x40 pixels) and the control speckle pattern (b), and the speckle pattern obtained after 15 minutes of laser
exposure (c), the correlation field of the chessboard 20x20 pixels and the speckle pattern obtained after 15 minutes of
laser exposure (d). Counts in pixels are situated on the vertical and horizontal axis of the correlation field, theamplitude
of the correlation coefficient at each point of the field is indicated by color.

state changes of protein molecules in the solution.
Before laser exposure, organic macromolecules in
solution had an aqueous environment and formed
clusters of different sizes and configurations: from very
large to very small. During solution drying
macromolecular clusters of large sizes (which as a
whole had a lower rate of chaotic motion) were fixed on
the substrate the first and they played the role of
crystallization centers for the crystal growth in the film.
Then smaller associates were deposited and, at the end,
the smallest, that formed peaks due to the fact that their
small mass allowed to stay on the top of the resulting
peak.

After laser exposure the solution was homogenized:
large clusters were divided into smaller ones, and the
smallest clusters merged, became larger. Thus, the
degree of cluster size variation decreased. During
crystallization from a solution homogenized after laser
exposure, the associates were placed in a smoother
layer, since the share of minimum size clusters forming
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peaks decreased, and the number of peaks decreased
too.
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Fig. 3 The dependence correlation coefficient of the
reference chessboard and speckle-patterns obtained at
different time points.

Characteristic type of speckle pattern from the

control sample, correlation fields between the reference
chessboard (40x40 pixels) and the control speckle
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pattern and the speckle pattern obtained after 15 minutes
of laser exposure are presented in Fig. 2. The correlation
field of the speckle pattern obtained before irradiation
had a clearly defined peak, while the correlation field of
the speckle pattern obtained after 15 minutes of
exposure had a peak with smaller amplitude and more
blurred shape, which led to the characteristic maxima
chains formation. It means that the characteristic
speckle size did not match the square size on the
"chessboard". For comparison, the correlation field of
the speckle pattern obtained after 15 minutes of
irradiation and a chessboard with a square size of 20x20
pixels are presented in Fig. 2(d). This field shows a set
of clearly defined peaks, which indicates the equality of
the chessboard squares (20x20 pixels) and speckle size.
Thus, it can be argued that the characteristic size of the
speckle varies from 40 to 20 pixels (or from 15 to 30
microns), which corresponds to the inhomogeneity size
increasing by 2 times in the solution. In addition, the
obtained result can be interpreted as the cluster size
spread decreasing, with an increasing of the large
clusters contribution to the speckle pattern formation.
There is correlation coefficient dependence of the
reference checkerboard (40x40 pixels) and the speckle
patterns obtained at different time points in Fig. 3. A
decreasing of the correlation coefficient between the
speckle pattern and the reference chessboard also
indicates a changing of the characteristic speckle size.
While the speckle size remained approximately equal to
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the square size of the "chessboard", the correlation
coefficient had high values (0.8-1). After 5 minutes of
laser exposure the microstructure of the insulin solution
was modified, that caused the characteristic speckle size
decreasing and this size became not equal to the
chessboard square size and it led to a sharp reducing of
the correlation coefficient.

4 Conclusion

It was shown experimentally that the insulin solution
structure changed under action of 655 nm laser
radiation. Analysis of insulin crystallograms with the
help of probe microscope revealed a significant increase
of surface smoothness due to irradiation. We supposed
that laser exposure of the insulin solution caused such
conformational changes which led to greater cluster size
homogeneity in the solution. At the same time, the
contribution of large clusters to the formation of speckle
pattern increased, that led to a twofold reduction in the
characteristic speckle size: from 40 to 20 pixels (which
corresponded to a change in cluster size from 15 to
30 um).
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