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BBIJIEJIEHME WU CPABHUTEJBHOE HCCIEJOBA-
HUE KOMIUIEKCA TEPMOCTABHWJIbBHBIX BEJIKOB
U3 KOCTHOI'O MO3I'A B3POCJIBIX MBIIIEA

"Taprumsuiau 2.10., 'Moaedansze U.P.,
'Bakypanze J./1., 'PycumBuin JI.@.,
“Bbepyaasa M.H., /[3um3urypu JI.B.

"Tounucckuii 2ocydapcmeennviii ynueepcumem um. M. [Dica-
BAXUWBUNU, PAKYIbMEN MOYHBIX U eCMEeCMBEHHbIX HAYK,
2Cyxymexutt - 20cyoapemeennulil  ynueepcumem, Qaxynbmemn
€CmecmeeHHbIX HAYK, MameMamuKu, mexHon02uu u gapmayuu,
Tounucu, Ipysus

M3 K1€TOK KOCTHOTO MO3ra B3pOCIBIX MBIIIEH U30IUPO-
BaH M YJACTHYHO 0XapaKTEPU3UPOBAH POCT-UHTHOUPYIOMIHH
TepMocTabunbpHbIH OenkoBeiit kommuieke (TBK). dxs cpas-
HUTENbHOTrO aHanu3a koMnoHeHToB THBK nmpumensncs me-
TOJ 3MMeKTpodopesa B MONHAKPHIAMHIHOM Tele.

VceTaHOBIEHO, YTO OCIKOBBIM KOMILIEKC, BBIACIEHHBIN
13 KOCTHOTO MO3Ta B3POCIHBIX MBIIIEH, KAaK ¥ KOMIUIEKCHI,
paHee TONydYeHHBIE M3 APYTHX OPTraHOB, COACPKHUT ABE
cyO¢pakuu 0EITKOBBIX KOMIIOHEHTOB - OTHOCHTEIHHO BBI-
COKOMOJIEKYISIPHYIO M HU3KOMONEKYIsIpHYyIo. [Ipn 3TOM, B
TBK kocTHOr0 MO3ra 00HapyKEHO HE3HAYUTEIBHOE COJepP-
KaHUE HU3KOMOJIEKYISIPHBIX KOMIOHEHTOB.

VYceranoBneno, uto TBK kiIeTok KocTHOTO Mo3ra
B3POCIBIX MBIIIEH He o0nagaeT CIMOCOOHOCTBIO TMOna-
BISITH Tponaudepanuio TOMOTUNHYECKHX KIETOK, dTO,
1o BCcEH BEPOATHOCTH, O0OyCIOBICHO HE3HAUHTEIbHBIM
COIEepXKAHUEM B KOMILIEKCE MHTHOMPYIOMIETO POCT akK-
THBHOTO Hadaja (HHU3KOMOJEKyIsipHas cyOdpakmus), a
Tak)Ke CTPYKTYPHBIMH M (pYHKIHOHAJIBHBIMH CBOHCTBA-
MH TOCTOSHHO BO300OHOBIsEMOH KPOBETBOPHOW TKaHH:
CBOWCTBO (aKTOPOB, pETYIHPYIOUIUX Npoaudepamnuio,
JKCIpecchusi MEMOpPaHHBIX PEHENTOPOB U UX aQUHHOCTH
K IeHCcTBYIOMUM (haKkTOpaM.
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LASER INDUCED FLUORESCENCE OF SKIN: SUPERPOSITION OF SPECTRAL INTENSITIES

'Jaliashvili Z.,"Medoidze T., 'Melikishvili Z., 2*Chanishvili A., *Petriashvili G., ‘Lomidze L.

Georgian Technical University, Viadimir Chavchanidze Institute of Cybernetics, ' Department of Coherent Optics and Electronics,
’Department of Optically Controlled Anisotropic Systems, *Department of Optical-Chemical Research Laboratory, Thilisi;
‘Esthetic Center Clinic Cannula, Georgia

Optical methods are widely used in biology and medicine as
they allow to study objects in real-time. In particular, in those
cases, the diagnosis is made by an effective non-invasive meth-
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od. A large number of works are devoted to the determination
and monitoring of the state of body health by determining the
tissues states by their optical parameters (see for example [1-

151



MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

Fig. 1. Schematic view of the experimental setup for in vivo measurements of human skin fluorescence

5] and references cited there). Among human body fabrics, the
skin has an important function. The main function of the skin is
to maintain homeostasis despite daily environmental exposure.
It creates a barrier for body fluids and protects the underlying
tissues from the affects of microorganisms, harmful substances
and radiation. Accordingly, it is a relevant object for effective
diagnostics [6].

A functional model of human skin consists of three layers:
epidermis, dermis (skin itself) and subcutaneous tissues. The
outermost layer of the epidermis is thin, devoid of blood vessels,
and is divided into two sub-layers: the outer corneal layer, which
consists of dead keratinized cells, and the inner layer of cells,
where melanin and keratin are formed. The dermis is located
under the epidermis. The dermis is well-supplied with blood. It
contains connective tissue, sebaceous glands, sweat glands, and
hair follicles. The dermis merges with the subcutaneous tissue.
The color of normal skin (absorption and scattering) depends
on the following main chromophores: melanin, B-Carotene,
oxyhemoglobin, deoxyhemoglobin and collagen. The absorp-
tion coefficient of the dermis depends on the blood filling of the
capillaries, and the fluorescence intensity depends on both: the
fluorescence quantum yield (keratin, collagen, NADH) and the
extinction coefficient (oxyhemoglobin, deoxyhemoglobin and
melanin) [8]. Many works have been published on skin optics
and spectroscopy ([8-11] and references cited there). However,
the spectra were not investigated for the validity of the “Prin-
ciple of Superposition” [4]. This principle was demonstrated by
us for the thyroid tissue and allowed us to represent the fluores-
cence spectrum of the tissue of any patient as a linear superpo-
sition of the LIF (Laser-Induced Fluorescence) spectra of two
extreme tissue states. Therefore, it was interesting to check the
validity of this principle for human skin.

Materials and methods. In Fig. 1 the scheme of the experi-
mental setup is presented. A MNL 100 Nitrogen Laser (Laser-
technik Berlin, Germany) was used to excite autofluorescence.
A=337 nm; Power — 0.15 mW per pulse; Pulse duration - 3 ns;
pulse repetition rate - 1-30 Hz; LIF spectra were recorded on
a CCD spectrometer (AvaSpec-ULS 2048CL-EVO-RS, Neth-
erlands). The transfer of exciting radiation to the sample and
the transfer of the fluorescence signal from the sample to the
spectrometer was carried out using a special Y-type UV probe
(R400-7-UV/VIS Ocean Optics, United States). The fiber op-
tics reflectance probe had six illuminating and one detection
400-micron diameter fibers bundled together. A 6-fiber leg was
connected to the light source and reflected light was fed into the
spectrometer via a single-fiber leg.

To remove laser radiation scattered from the sample and sur-
faces, a collimated fluorescence signal (using lenses L1-L.2) was
passed through a band-pass filter (transparency: A =337 nm less
than 1%; A=380 nm - 50%; A 475 nm more than 80%).

In the dominant absorption case, a great deal of absorbed
radiation energy transforms into the heat increasing the tissue
temperature by approximately 1 K during 10° s [7]. In our ex-
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periments, the laser radiation exposure time on tissue did not
exceed a few seconds. Thus, the temperature increment did not
affect the spectral measurements.

The experiments were performed on volunteers’ finger pads
and nails. In particular, on the dorsal side of the proximal pha-
lange and fingernail of the middle finger of the volunteer’s left
arm. For more clarity, in this article we presents 7 characteris-
tic spectral curves selected from the spectra recorded from 32
volunteers: 5 physiologically healthy and 2 diabetic (type 1 and
type 2). LIF spectra Experiments were performed with consent
from the Medical Ethics Commission of Georgian National
Center for Disease Control & Public Health (Protocol # 2019-
43), and informed consent from these 32 volunteers.

Results and discussion. Under normal conditions, ultravio-
let excitation (337 nm) induces fluorescence in the visible re-
gion, which is a superposition of fluorescent emission from the
three main natural fluorophores. These are collagen, keratin and
NADH. The ratio of these three organic fluorophores varies de-
pending on the site of the human skin.

The observed fluorescence line shape and intensity depend on the
penetration depth, absorption and scattering of both exciting and
fluorescent lights. On that is also influenced skin color, age, health
status and many other additional factors of the observed person.

Fig. 2 represents the fluorescence spectra of 7 volunteers’
fingerpads. As already noted, among the volunteers who par-
ticipated in the experiment were both healthy and people with
a diagnosis of diabetes mellitus. The figure shows that the vol-
unteers’ spectral lines differ from each other. Among them, one
stands out as the spectral line belongs to a volunteer with type
1 diabetes (dashed line). The spectral lines are characterized by
two main peaks (about 417 nm and 460 nm), obtained by ab-
sorption and fluorescence of various chromophores (oxyhemo-
globin, deoxyhemoglobin, collagen, NADH). The spectral lines
are normalized to the signal amplitude at 417 nm, which is very
convenient for comparing them.
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Fig. 2. The autofluorescence spectra from pads of a human
finger
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In Fig. 3 represents the nails fluorescence spectra of the
same volunteers. The naked eye can see that the spectrum of
all volunteers is practically identical, which is explained by
the fact that the building material of nails is a homogeneous
structural material - keratin. The graphs given do not show
the effect of hemoglobin, which confirms the point of view
stated in the reference [2] that the hemoglobin contribution in
the fluorescence of the nail is negligible.
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Fig. 3. The autofluorescence spectra from the nail of the
human hand

In Fig. 4, represents the fluorescence spectra of the skin
and nails of only two volunteers with a diagnosis of diabetes
(type 1: nail2, skin2 and type 2: naill, skinl). This selection
of spectral lines gave us an interesting result. It was found
that when diabetes was present in the studied volunteers, the
individual spectra of their skin and nails literally coincide. In
our opinion, such a coincidence of the skin and nails fluores-
cence spectra is associated with increased content of collagen
in the skin of patients with diabetes mellitus, which charac-
terisis the diabetes.
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Fig. 4. The comparison of autofluorescence spectra of skin
and nail from diabetic volunteers

In Fig. 5 there are shown the spectra of two volunteers
— healthy (nail3, skin3) patients and type 1 diabetes (nali2,
skin2). Here is the fluorescence spectrum of a healthy vol-
unteer with the maximum difference between the intrinsic
spectra of the nail and the skin. It should be noted that the
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spectrum of the “healthy nail” coincides with the spectrum of
the nail and finger of a patient with type 1 diabetes.
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Fig. 5. The comparison of autofluorescence spectra of skin
and nail from healthy and diabetic volunteers

The fluorescence spectra of the two volunteer fingers,
which are different as much as possible from each other, are
selected in figure 6. With the help of their superposition, it
is possible to obtain the fluorescence spectra of the skin of
any of the volunteers (superposition model). In this particular
case, the spectra measured on one volunteer and the same
spectrum calculated by using the superposition method of
“extreme spectra” are shown. As can be seen from the graph,
the agreement between the experimentally observed and cal-
culated spectra (superposition model) is very good.
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Fig. 6. Superposition of LIF spectra

For discussion, it is important to recall the generally ac-
cepted optical model of the skin as a multi-layer multi-scat-
tering medium, in each layer of which chromophores are ho-
mogenously distributed [8].

In our analysis, the simple skin model is used [12]. In this
model LIF intensity of skin is defined by the total fluores-
cence intensitiesand arisings from the epidermal (NADH,
keratin) and dermal (collagen) skin layers, respectively (Fig.
7).
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Fig. 7. Simple models of LIF: (a) skin and (b) nail. Adapted
from [12]

In the one-dimensional approximation, the intensity of escap-
ing fluorescence from the dermal layer can be presented as [8]:

L,(Arr) = Iy(Agx) - n(ApL, Agx) - exp [— Z[Ei(AEX) + E;-*U-FL)] -d;g,

(1)

where A, and A, are the excitations and emission wave-
lengths n(A, ,A.,); is the fluorescence quantum yield; 1, (A,,) is
the intensity of excitation light incident on the skin/nail surface
as a collimated beam; &(),, ) is the absorption of the i’th layer
with thickness d, at the wavelength of fluorescence emission 2, ,
and g (A,,) is the extinction coefficient of the i’th layer at the
wavelength of the excitation light A, .

In earlier work, we empirically introduced a superposition
model for fluorescence spectra [4], which states: If we have
two basic fluorescence spectra, then any intermediate spectrum
is calculated by the linear superposition of these basic spectra.
Judging by the obtained experimental results, this principle is
valid in this case as well. Then escaping fluorescence generally
can be calculated as follows:

I(App) = To(Agx) - Z G-y (ApL, Agx) - exp (_Z[Ej,x(lﬁx) + Ef,xuﬂ)] . dj,l)-
7 i

2

Where C is the superposition coefficient of the chromophore
spectra and ) .C. =1. However, this expression is still not correct.
The following condition must be satisfied for (2) to describe the
superposition:

Z[Ej,ﬂaﬂ + E;,x HFL]]' dj; = Z[Ek,xuaﬂ + EE,;UFL)]' Ay = f(Aex, ArL),
(3)

Where ;j and k denote the same chromophore in different hu-
man subjects. Taking this into account in (3), in the end we get:

L(Arr) = Ig(Agx) - e/ Asxder) . Z G -1 (ApL, Agx)-
-
“4)

If we choose the expression (4) for our task, it will be simpli-
fied. Considering the existing chromophores j = 1, 2, 3, 4. Only
two of them are fluorophores: collagen and NADH. The other
two chromophores, blood and melanin, do not fluoresce, at least
in the visible spectrum. Accordingly, the quantum yield of mela-
nin and blood in the visible spectrum
Mhemoglobin oMoy ™ Mvtanin P ohex)=0. Therefore, for the spec-
trum of fluorescence intensity we can write:
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Li(Ar) = Io(Agx) - e~ Cexdee) - [C) -1y gy, Agx) + Cp - 12 (App, Agx)],
(5)

Where C, and n,correspond to collagen/keratin and C,and n,
correspond to NADH.

Formula (5) explains the result of our experiment - the valid-
ity of the principle of the linear superposition of spectra.

Thus, the analysis of our experiments showed that:
1. When excited by an ultraviolet (337 nm) laser, two main natu-
ral fluorophores appear in the fluorescence of human skin - col-
lagen and nicotinamide adenine dinucleotide (NADH), the total
spectra of which are modulated by the absorption of oxyhemo-
globin and deoxyhemoglobin.
2. Fluorescence in nails is not modulated by blood. The fluores-
cence spectra of nails are practically the same for all volunteers,
while the fluorescence of the skin of the same people differs sig-
nificantly from each other.
3. The fluorescence spectra of nails and skin of human subjects
with diabetes mellitus do not actually differs from each other.
4. For each of any three experimentally recorded fluorescence
spectra of human skin I,(2), L(A), L,(A), the principle of super-
position of spectral intensities is valid: each spectrum is a linear
superposition of the other two, I, (A)=C, L(A)+C L (M),
L)=C, I,(M)+C_ L), LA=C, I M)+C,LM).
5. Based on the principle of superposition, it is possible to obtain
the fluorescence quantum yields of basic cromophores.
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SUMMARY

LASER INDUCED FLUORESCENCE OF SKIN: SUPERPOSITION OF SPECTRAL INTENSITIES

1Jaliashvili Z.,"Medoidze T., 'Melikishvili Z., 2*Chanishvili A., *Petriashvili G., ‘Lomidze L.

Georgian Technical University, Vladimir Chavchanidze Institute of Cybernetics, ' Department of Coherent Optics and Electronics,
’Department of Optically Controlled Anisotropic Systems, *Department of Optical-Chemical Research Laboratory, Thilisi;
‘Esthetic Center Clinic Cannula, Georgia

The aim of the work was to determine the possibility of assessing
the state of human health by the method of optical spectroscopy
of skin and nail. To achieve this goal, Laser-Induced Fluorescence
(LIF) spectroscopy was used. A special probe was designed, which
makes it possible to record differential spectra and, as a result, to
compare the shapes of spectral fluorescence lines.

In vivo spectra of LIF intensities of the human finger pad and
nail were measured. These spectra can be used to determine
and characterize the state of human health, and it’s also further
monitoring in real time.When processing the spectra of different
volunteers, it was found that the fluorescence spectra of the skin

of physiologically healthy and pathological (in this case, type 1
and 2 diabetes) volunteers significantly differed from each other.
Moreover, the analysis of these spectra makes it possible to as-
sess the degree of pathology. It was also found that any of the
three experimentally recorded fluorescence spectra is a superpo-
sition of the other two. A theoretical analysis of the multilayer
model of human skin fluorescence has shown that this principle
is always valid when the same chromophores are involved in
fluorescence.

Keywords: laser spectroscopy, laser-induced fluorescence,
superposition of spectral intensities, human skin.
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JASEPHO-UHAYIUPOBAHHAS ®JIYOPECHEHIUS KOXKH:
CYHEPIO3UILIMA CIIEKTPAJIbHBIX HHTEHCUBHOCTEM

xanunamsuiu 3.B., 'Menoumse T.JI., 'Meaunkumsuiu 3.1, *Hanmmsuiau A.T., SMlerpuamsuiu LI, *Tomunze JI.B.

I py3unckuti mexnuueckuil ynusepcumem, Hucmumym xubepnemuxu um. Braoumupa Yasuanuose,
lomoen kozepeHmHo ONMUKY U INEKMPOHUKY, 20MOell ONMUYECKU YNPAGISeMbX AHUZOMPONHBIX CUCTIEM,
3Jlabopamopusi onmuxo-xumuyeckux ucciedosanutl, *Llenmp scmemuxu, kiunuxa Kannyna, Tounucu, Ipysus

Iens nccnenoBaHus - OIEHKA COCTOSHUS 30POBBSI YeIOBEKa
METOIOM ONTHKO-CIIEKTPOCKOIINIECKOTO HCCIISOBAHUS KOXHU H
HOTTCH.

JInst ocTKeHHs 3TON WM MCIHOJIB30BaHaA CIIEKTPOCKOIHS
na3epHO-MHAypoBaHHOH (yopecuernnu (LIF). Pazpaboran
CHEIHANbHBIA 30HM, MO3BOJSIONMHA CHUMAaTh AnQQepeHnn-
QJIBHBIE CIIEKTPHI U, KaK CJICACTBUE, CPABHUBATH (DOPMBI CIIEK-
TpaJbHBIX THHUHN (uryopectenin. Onpeaenens! crekTpsl LIF
HMHTEHCUBHOCTEH HOT'TeH 1 MOJyIIeUeK MalbIEeB in Vivo, 9TO MO-
JKET OBITh UCIIONB30BAHO IS ONIPECNICHUS U XapaKTePUCTUKH
COCTOSIHUSI 37I0POBBSI YETIOBEKA U AAIbHEHIIIET0 MOHUTOPHHTA B
PEKHMe peanbHOTO BPEMEHH.

[Ipu 00paboTKe CIEKTPOB BOJOHTEPOB OOHAPYIKEHO, UTO
CIEKTPBI (IIYOPECICHITNH KOKU (PU3UOTOTUICCKU 3T0POBBIX
Y MMEBIIUX MATOJIOTHIO (B TaHHOM cirydae auadeT 1 u 2 tumna)
BOJIOHTEPOB CYIIECTBCHHO Pa3IMYalOTCA MEXAy coboi. bo-
Jiee TOTO, aHAJIN3 ITUX CIIEKTPOB MO3BOJISET OLICHUTH CTECIICHB
MaTOJOTHH. BBIIBIEHO, YTO NH000W M3 TpeX IKCIIEPUMEH-
TaJTbHO 3aPETHCTPUPOBAHHBIX CIIEKTPOB (IIyOopeCHEeHIINU
SIBJISICTCSL CYyNEpPHO3UIIMEH NIBYX OCTaJIbHBIX. TeopeTude-
CKHUU aHalW3 MHOTOCIOWHOW Monxenu QIIOpeCHeHIINT
KOKH YelIOBEeKa MOoKa3all, YTO 3TOT MPUHIHI BCETAa cupa-
BEJJINB, KOTJa B (IIyOPECICHIIUN YYACTBYIOT OJTHH U T€ Ke
XpOMOQOPHI.
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“AMPHICEZINE”: NEW APPROACHES TO FIGHTING CANCER PRELIMINARY THEORETICAL
AND EXPERIMENTAL (IN VITRO) MESSAGE

Nadiradze 1., Chigogidze N.

Georgia Israel Joint Clinic GIDMEDI; Georgian Technical University, Thilisi, Georgia

Fibrin content is increased in human tumor tissue, which,
being the result of overall reactions of so-called “Machabeli
Syndrome” present in oncologic patients, occupies the central
place in the process of tumor metastasis [8-11]. The decrease
of membrane potential of tumor cells allows them to sharply
limit the penetration of foreign bodies into them to only a few
components. This significantly hinders the effectiveness of anti-
tumor medications.

Tumor cells secrete enzyme Hyaluronidase, which supports
their break-off from primary site and attachment to the walls of
other organ’s blood or lymph vessels [4].

The emergence of metastasis is closely related to the interrela-
tion of tumor cells and endothelium of blood and lymph vessels
at physical-chemical level. Along with the increase of malig-
nancy degree of tumor cells comes increase in their negative
electronic charge, which due to its well-known life-giving quali-
ties, increases their vital capacity. Significantly, it is the carci-
nogenic substances that support the increase of negative charge
of cells [6-8].

Herewith, it seems interesting to use existing differences be-
tween electrostatic potentials of normal homologous cells and
cancer cells to fight against cancer.

Our proposal is as follows: the use of new perspective class
of respective drugs (“Amphicezine”) for inhibition of metastasis
of malignant cells — negative multi-charged long-chain organic
ions. The proposed drugs are substances with macromolecule
having polar-distributed qualities, one side charged (polar), an-
other —hydrophobic, non-polar [3,6].

Hydrophilic qualities of macromolecules are preconditioned
by number of functional groups, which in various biological en-
vironments are dissociated by producing long-chained organic
anions [1,2,5], which interact simultaneously with lipophilic, as
well as hydrophilic structures, that defines their biological activ-
ity. The proposed organic anions are characterized by heparin-
like and fibrinolytic activities, which hampers the adhesion of
tumor cells that break off from the primary site onto the endo-
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thelium. While regulating the penetration processes of the cell
membrane in addition they support anti-tumor drug transporta-
tion to through cell. The above mentioned organic anions are not
complexions by direct meaning, but separate fragments of their
molecules could perform the role of chelating agents and take
part in blocking of carcinogenic ions of heavy metals (chrome,
cadmium etc.). Besides, the usage of these organic anions as car-
riers of cesium and rubidium ions to penetrate through tumor
cells gives us opportunity to alkalinize internal environment of
these cells. This process, in its turn, causes full destruction of
these cells. Furthermore, it is significant that cesium and rubidi-
um cations do not harm normal cells.

Taking into account the potential of the new class of synthetic
inhibitors for tumor metastasis chemotherapy and radiotherapy
strategies for malignant tumors are altered: it becomes possible
to decrease the treatment-prophylaxis dosage or even not to use
them at all. It is worth mentioning that the new class of proposed
drugs considerably differs from traditional chemo-drugs, which
are characterized by high cytotoxicity in relation to the normal
cells [12].

Obviously, the authors well understand how complex and
wacked pathology is the cancer, but we do hope that we are on
the right path to find the “Achilles heel” of the cancer metastasis
process. It is remarkable, that the usage of electric charge for
treatment-prophylaxis goals in experimental and even in clini-
cal oncology is not mentioned in worldwide scientific research
literature as of today.

It is well known, that various new approaches in the treatment
of malignant tumors, which gave good results in lab experiments
(in vitro), have been unsuccessful in clinical settings. In our
opinion, one of the reasons of above mentioned is, that it is not
taken into account, that each proposed medication (in our case
- metastasis inhibitor) should target and affect cancer cells only
and should not damage the normal ones. We have all reasons to
consider that the new approach discussed in our article will give
us opportunity to solve this problem.



