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The article presents the results of application of innovative laser technologies in the surgical treatment of
brain tumors. The article reviews the problems of a differentiated approach to the choice of the laser source
as well as optimization of intraoperative application of laser dissection effects, vaporization, coagulation and
thermal destruction of tumor tissue, providing increase of surgery efficiency degree and patients’ quality of
life. The results of studies on the development of laser surgery planning method and intraoperative navigation
maintenance for brain tumors laser surgery method are presented.

Key words: brain tumors, laser technologies, neuronavigation.

IHHOBAIIIMHI JIABEPHI TEXHOJIOTI'TI
B XIPYPI'II ITYXJIMH I'OJIOBHOI'O MO3KY

B.J. Po3dymeHnko
AY«Inemumym Hetlipoxipypeii im. axad. A.I1. Pomodanosa HAMH Yxpainu», m. Kuie, Ykpaina

V¥ crarTi npeicTaBieHi pe3yIbTaTH 3aCTOCYBAHHS iHHOBAI[IMHUX JIA3EPHUX TEXHOJIOTIH IIPU XipypPrivHOMY
JIIKyBaHHI IIyXJIMH TOJIOBHOTO MO3KY. Y CTaTTi pO3IJVIAIAIOTHCS MPOoOaeMu TUMEPEHITIHOBAHOTO MMiAX0AY 70
BHOOpY J1a3€PHOTO BUIIPOMIHIOBAaYa, & TAKOK OIITUMI3aIlisl iHTpaoIiepaIiiiHoro 3aCTOCYBaHH: e(DEKTIB JJa3epHOTO
PO3THHY, BUIIAPOBYBaHHS, KOATYJISAIIl Ta TEPMIYHOTO PYWHYBaHHSA MyXJIMHHOI TKAHWUHU, [0 3a0e31euye
IiJIBUIIIEHHS CTYIIeHs e(eKTUBHOCTI Xipyprii Ta sSIKOCTI KUTTs HamieHTiB. HaBeseHO pesybTaTu OCTiIKEHD
[0/T0 PO3POOKU METO;TY TUTAHYBAHHS JIa3ePHOI Xipyprii Ta iHTpaoIiepariiHOro HaBiraminHOro 06CJIyroByBaHHS
METOLY JIa3€PHOI XipyPTii ITyXJIMH TOJIOBHOTO MOBKY.

KirouoBi ciioBa: myxJiuHA MO3KY, JIa3epHI TEXHOJIOTI, HeipoHaBiraris.

NMHHOBAIIMOHHBIE JIASEPHBIE TEXHOJIOI'IN
B XHPYPIHUH OITYXOJIEM T'OJIOBHOI'O MO3TA

B.J. Po3dymeHko
TI'Y «Mucmumym Hetipoxupypauu um. akad. A.I1. Pomooanosa HAMH Yxpaunwl», 2. Kues, Ykpauna

B craThe ipezicTaBIeHBI PE3YIIBTATHI TPIMEHEHN S THHOBAIIMOHHBIX JIA3€PHBIX TEXHOJIOTHI B XUPYPIHUECKOM
JIe4eHUH OIIyXOJIeH TOJIOBHOTO Mo3ra. B cTaThe paccMarpuBaroTest mpobsieMsl AuddepeHITTPOBAHHOTO OAX0AA
K BBIOODY JIA3€pHOTO U3JIydaTesIsd, a TAKKe ONTUMHU3ANNA WHTPAOIEPAIIMOHHOTO TpUMeHeHUs 3G PeKTOB
JIa3€pHOTO PacCeYeHUs, UCIAPEHNs, KOATYJISIIUA U TEPMUYECKOH JIECTPYKIIUH OIyXOJIEBON TKaHH, YTO
I103BOJIAET ITOBBICUTH 3(PPEKTUBHOCTD Ollepalliy U KauecTBO KU3HU NIallueHToB. IIpesicTaBiieHsl pe3yabTaThl
HCCIeIOBAHUH 1O pa3paboTKe METO/a IJIAHUPOBAHUSA JIA3€PHON XUPYPTUU U HHTPAOIEPANNOHHOTO
HaBUTAIIMOHHOTO OOCITY>KHBAHUS METO/A JIA3€PHON XUPYPTUH OILyX0JIeH TOJIOBHOTO MO3TA.

KirroueBsble c10Ba: OITyX0JIU TOJIOBHOTO MO3Ta, JIa3ePHbIE TEXHOJIOTHHY, HEHPOHABUTAIIHA.

Introduction spread growth of cancer pathology as a whole. [1]

The problem of brain tumors surgical treatment
is one of the most pressing in modern oncology. The
incidence rate of primary benign and malignant brain
tumors in industrialized countries is more than 14 cas-
es per 100 thousand people. Metastatic (secondary)
brain tumors are being diagnosed in 3—4 times more
frequently. The number of brain metastatic tumors
increases significantly every year, due to the wide-

Annually, neurosurgical clinics of Ukraine carry out
up to 5000 surgeries for brain tumors. The efficiency
of therapeutic interventions in neoplastic brain lesion
is defined by the level of applied range of advanced
technical means of early highly informative diagnosis
and innovative surgical techniques. Such modern
methods of neuroimaging diagnostics, as X-ray com-
puted tomography (CT), magnetic resonance imaging

© Rozumenko V.D., 2018
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(MRI), positron emission tomography (PET), single
photon emission computed tomography (SPECT),
allow revealing the tumor brain lesion in the early
disease stages, and thus define the appropriate range
of therapeutic means of influence on tumor process,
providing the treatment efficacy, quality of life and
patients life expectancy increase. The key to success-
ful surgical treatment of patients with brain tumors
is application of modern microsurgical techniques
of tumor removal, neuronavigation, ultrasound and
endoscopic techniques. The brand new high level of
brain tumors surgery is achieved by laser technologies
application. [2-8]

Materials and methods

With the use of surgical laser technology, 660 sur-
geries for removal of intracerebral and extracerebral
brain tumors have been conducted at the SI “Ro-
modanov Neurosurgery Institute, National Academy
of Medical Sciences of Ukraine”. We have our own ex-
perience in clinical application of surgical laser devices
of domestic and foreign production, and this allowed
the development of innovative technologies for surgical
treatment of brain tumors of various sites, histological
structure and grade. To remove the brain tumors, we
applied the following devices: “Sayany MT” carbon
dioxide laser device (emission wavelength of 10.6 mi-
crometers), “Raduga-1” neodymium-YAG laser device
(emission wavelength of 1.06 microns), COHERENT
“Versa Pulse Select” holmium-YAG laser (emission
wavelength of 2.1 micron), “Lika-khirurg” (wavelength
0.808 micron) and “Lika-khirurg M” (wavelength
1.47 microns) semiconductor laser devices.

Preoperative examination included performance
of X-ray computed tomography, magnetic resonance
imaging, functional magnetic resonance imaging,
magnetic resonance angiography, magnetic resonance
tractography, single photon emission computed to-
mography. Comprehensive assessment of the imaging
studies findings allow the tumor process verification
and obtaining of the diagnostic information about the
topography, size, tumor growth areas characteristics,
lesions of the surrounding anatomical structures and
borderline functionally important and vital brain struc-
tures, to identify the main sources tumor blood supply,
to determine the degree of tumor vascularization, to
establish the presence of cystic component, necrotic
changes sites, and foci of intra-tumor hemorrhage.

Currently, the clinic of neuro-oncology Institute of
Neurosurgery performs laser brain tumors microsur-
gery with intraoperative application of “StealthStation
TREON Rlus” neuronavigation station (Medtronic,
USA), which is equipped with a telemonitoring system
in real time mode, which allows for control and cor-
rection of all stages of laser-surgical effects on tumor.
[1,9] In application of surgical navigation, the results
of neuroimaging studies were integrated into the navi-
gation system and spatial modeling of 3D relief of cere-

bral hemispheres surface, brain convolutions and sulci
cerebri was performed, anatomical and topographical
tumor relationship to the surrounding brain structures,
main arteries, venous basin, brain ventricular system
was determined, stereotactic calculations and tracing
for the best transcortical surgical access to the tumor,
tumor segmentation and contouring, as well as the
choice of the laser irradiation area was performed,
Subsequently, we determined the optimum extent of
planned surgical intervention and differentiated use of
laser technology, using the developed laser microsur-
gery techniques and methods of laser tumor removal.

Results and discussion

In laser-surgical brain tumors removal the follow-
ing methods are used: method of tumor tissue laser in-
cision and excision, method of laser photocoagulation
with devascularization of hypervascularuzed tumor
areas, method of layer-by-layer laser vaporization of
small tumor parts in there expansion to the function-
ally important and vital brain areas, method of laser
thermal destruction of invasive expanding tumor
fragments. The destructive effect of the tumor tissue
exposure to high-energy laser radiation is confirmed by
morphological studies, including electron microscopy
findings. [10-15] Modulating the laser parameters
enables achievement of the intended effect of ablative
influence on the tumor tissue, providing the surgery ef-
ficiency due to the cytoreduction. At that, it is necessary
to apply the differentiated approach to laser radiation
of different wavelength, of lasing regime, of radiation
power and power density. To remove the tumor tissue
using a laser vaporization method, the most appro-
priate way is to use the infrared carbon dioxide laser,
the defocused beam of which allows performance of
visually controlled layer-by-layer tumor tissue “evap-
oration”, and this eliminates the factor of traction me-
chanical effect on adjacent brain structures. Infrared
YAG-neodymium laser radiation has good coagulation
properties, ensuring the effect of tumor tissue devas-
cularization. Therefore, exposure of hypervascularized
tumor areas to the radiation of YAG-Neodymium laser
leads to coagulation of newly formed abnormal tumor
vessels, resulting in their thrombosing, and then the
tumor tissue becomes “bloodless”, its size decreases
(shrinks), and tumor cells “die” due to hyperthermia.
Application of laser destruction method eliminates the
need for tumor resection and surgical ablation of tumor
tissue fragments directly in functionally important
and vital brain areas, intraoperative traumatization
of which is associated with the risk of postoperative
persistent neurological deficit. YAG-holmium laser ra-
diation allows performance of segmental excision and
removal of calcified and ossified high-density tumor
tissues. Currently, to remove the tumors of functionally
significant speech-motor brain areas, as well as tumors
that spread to the vital median brain formations, we
use the “Lika-Khirurg” (214 surgeries performed) and
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“Lika-KhirurgM” (37 surgeries performed) semicon-
ductor surgical laser devices; at high power density,
their radiation provides tumor tissue dissection and
vaporization, and when the density is lowered, the
effect of laser photocoagulation and laser thermal de-
struction is achieved. For the removal of tumors, which
spread to the “critical” functionally significant (mainly
speech-motor areas) and vital (median) brain parts,
the laser stage of surgery is performed under control
of neuronavigation, which ensures a high degree of
laser radiation accuracy in exposure of the tumor tissue
within the tumor “node”, without damaging the adja-
cent brain structures. The final stage of the surgery with
application of the defocused laser irradiation includes
performance of thermal destruction of tumor infiltra-
tion areas of the resected tumor bed walls.

We have developed an innovative method of brain
tumors removal with laser, applied together with the
multimodal neuronavigation in real time mode, and
this allows exposure of the tumor tissue to the laser
thermal effect. And imaging of this tissue on the screen
is provided due to the computerized integration of
MRI, MSCT and SPECT images into the navigation
station. The virtual 3D planning of laser surgery is per-
formed at the preoperative stage, when we determine
the areas for laser irradiation and adjacent topography
of the brain structures, main arterial vessels, and ve-
nous basins. [9,16] Thus, using the neuronavigation
based on the results of CT, MRI, functional MRI,
MR-tractography, MR-venography and SPECT studies
surgical access to the tumor and the laser radiation
path are planned. In the process of laser-surgical tumor
removal, the data of virtual 3D planning of the surgery
are directly compared to the image of the surgical area
in real time mode, and this allows not only to perform
the navigation control of all surgery stages, but also to
perform the intraoperative navigation verification of
the removed tumor tissue extent.

Conclusion

Laser surgery of brain tumors is a progressive
method of modern neurooncology. The brand new
highly effective methods of brain tumors removal
have been developed, using the laser technologies.
Application of innovative laser-surgical methods of
brain tumors removal, based on a differentiated use
of high-energy laser radiation of different wavelengths
and power density, allows reduction of the surgery risks
and increasing the surgery efficiency degree, providing
the high quality of life for patients, who underwent sur-
gery. Together with multimodal neuronavigation, the
method of laser thermal destruction of brain tumors,
used in removing of tumors in functionally important
and vital brain parts, enables intraoperative orientation
in topographic relationship of tumor to the surround-
ing anatomical structures, and thus the accuracy of
tumor tissue exposure to laser is improves and laser

surgical procedures safety is provided. New opportuni-
ties of laser surgery in intracerebral malignant tumors
are available due to the intraoperative application of
fluorescent tumor imaging method with application
of 5-aminolevulinic acid; this allows identification of
tumor tissue expansion and performance of tumor
laser irradiation and thermal destruction, preserving
the anatomical and functional integrity of the adjacent
brain structures. [5,17] A promising method of laser
radiation application in the deep intracerebral tumors
is the development of endoscopic navigation controlled
laser interstitial thermal therapy method. [11,16,18-20]
A combined performance of thermal destruction and
photodynamic therapy may be considered, as a highly
efficient method of increasing the surgery efficiency in
infiltrative intracerebral tumors. [21-24]
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The aim of the study was to improve results of wound healing in patients with ischemic and neuroischemic
forms of diabetic foot syndrome by using a combination of phototherapy, platelet-derived growth factor and

modern cover materials

The results of surgical treatment of 48 patients with ischemic and neuroischemic diabetic foot syndrome,
which were divided into main group (24 patients) and comparison group (24 patients). All these patients who
underwent treatment in the Department of acute vascular diseases in the Clinic of the ST “Institute of General
and Urgent Surgery named after V.T. Zaitsev of the National Academy of Sciences of Ukraine” suffered from
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diabetes mellitus type IT and had IV degree of foot ischemia according to Fontaine. The diagnostic was performed
for all patients according to a standard algorithm. Analysis of the results of clinical, laboratory, non-invasive and
invasive methods of examination in the preoperative period enabled to determine the degree of disorder in blood
flow, the nature of collateral circulation and microcirculation. Patients of both groups underwent femoro-tibial
and femoro-popliteal bypass, as well as hybrid reconstructions. The parameters of regional hemodynamics in
patients of main group and the comparison group before and after revascularization were comparable.

The patients of main group used the treatment technology developed by us. In cases of development of
phlegmons of the foot after the opening of the abscess, vacuum therapy was performed for 7—14 days until
the wound was completely cleaned. In the preoperative preparation complex, phototherapy was performed,
according to local situation, wounds were irradiated with different wavelengths (405, 470 or 525 nm). After
the wounds were cleaned, the wound defect was covered with PCL coating (Nanopharma, Czech Republic)
with the application of a fibrin clot and platelet-rich plasma without fibrin, after which further local treatment
was accompanied by irradiation of wounds with A. Korobov-V. Korobov photon matrices “Barva-Flex” (the
wavelength of the maximum of the emission band of 660 nm). In two cases, the closure of bone defects with
ILAYAOSTEOGEN® “A.A. PARTNERS” L.L.C. bone implants of medical company “ilaya” was used.

Using these tactics, allow to achieve complete wound healing in 91.7% of patients and partial healing (more
than 50%) in 8.3% of patients in main group. The terms of treatment of these patients did not exceed 2 months,
high amputations were not required. In patients of comparison group against the background of traditional
local treatment, the wounds healed within 2—4 months; in eight cases, repeated hospitalization was required
to perform a plastic closure; in two cases amputation was performed below the knee.

Thus, phototherapy and plastic closure of wounds of the lower extremities after revascularization in isch-
emic diabetic foot syndrome is indicated in cases where the wounds have no tendency to spontaneous healing;
introduction of the developed tactics of treatment of “problem” wounds of the lower extremities allowed to
achieve complete healing in 91.7% of patients, partial (more than 50%) healing in 8.3% of patients and avoid
high amputations; the use of a complex of treatment including phototherapy, wound closure with a synthetic
coating with platelet growth factor, and the closure of bone defects with implants is an extremely effective stim-
ulator of development in the wound of granulation tissue suitable for further autodermoplasty.

Key words: ischemic diabetic foot syndrome, dermoplasty, synthetic coatings, phototherapy, platelet
growth factor, bone implants.

®OOTOTEPAIIIA B KOMILVIEKCI JITKYBAHHA
ITPA IVIACTUYHOMY 3AKPUTTI PAH Y XBOPUX 3 INTEMIYHOIO TA
HEHPOIIIEMIYHOIO ®OPMAMM CTOITU JIABETUKA

IO.B. IanoBa'!, O.M. Kirimosal, B.O. IIpacoxa!, €.B. Mymenko!, A.M. KopoGos3,
M.B. IToropeaos?*, 11.C. Timuenko?, M.€. Cep6in?, /1.0. Kipieako?
LTY «IHcmumym 3az2anvHoi ma HesiokaadHoi xipypeii imeni B.T.3atiuesa HAMH Yxpainu», m. Xapkise, Ykpaina;
2Xapxkiscvkuil HayioHabHUlU MeduuHull YyHigepcumem, m. Xapkie, Ykpaiua;
sXapxiscvkuil HayioHanvHull yHisepcumem imeni B.H. Kapasina, m. Xapxis, Yxkpaina;
“Cymcovxuil deprcasHuil ynisepcumem, m. Cymu, Ykpaina

MerTo10 TPOBEIEHOTO AOCTI/I?KeHHS OYJI0 IOTINIIIEHHS Pe3YJIbTATIB JIIKYBAHHS PaH y XBOPUX 3 IMIEMIYHOIO
Ta HEUpOoileMivHOI0 (hopMaMu CUHAPOMY CTOITH JliabeTHKa IISIXOM 3aCTOCYBaHHS B KOMILIEKCI JIIKyBaHHSA
ororeparii, Tpom6oIIUTADHOTO PAKTOPA POCTY i CYIACHUX MOKPUBHUX MaTepiaIiB.

B po6ori mpencraBiieHi pe3ysIbTaTH XipyprivHoro JiKyBaHHA 48 IMaIi€eHTIB 3 CHHAPOMOM iNIeMivHOI Ta
HeHpoileMiuHoi /1iabeTUYHOI CTOIH, AKi BiZITIOBIJTHO /10 3aBJaHb JOCIi/?KeHHsI OyJId pO3/IijieHi Ha OCHOBHY
rpyny (24 namienTa) i rpyny nopiBHaHHA (24 namienTa). Bei i mamienTtu, Aki mpoxoauau JIiKyBaHHS
V BiAZJIEeHH] TOCTpUX 3aXBOPIOBAaHb cyAuH KiiHiku Y «IHCTHTYT 3arajpHOI Ta HeBigkIamHOI Xipypril
imeni B.T. 3atineBa HAMH VYxpainu», crpasknanu Ha mykposui aiabet II/] II tumy i manu IV crymins imemii
cromu io Fontaine. /liarHocTHKY TPOBOAMIIN BCiM XBOPUM 32 CTAH/IAPTHUM aJITOPUTMOM. AHAJTi3 PE3yIbTaTiB
KIIHIYHUX, TaO0PAaTOPHUX, HEIHBA3UBHUX 1 iIHBA3MBHUX METO/IiB 00CTEKEHHS B IIepeoepariiHoMy nepiozi
JIO3BOJISIB BUBHAUUTH CTYIIIHB [TOPYIIEHHS MaTiCTPAIFHOTO KPOBOTOKY, XapaKTep KOJIATepaTIbHOTOKPOBOOOITY
1 mikporupkysanii. ITamienTam 060X rpyn BUKOHYBAJIKUCSA CTETHOBO-TOMIJIKOBE 1 CTETHOBO-ITIAKOTiHHE
IIYHTYBaHHA, & TAKOXK IiOpuAHI peKOHCTPyKITil. [Ioka3HUKY perioHapHOi reMOAMHAMIKY y TAIIEHTIB OCHOBHOI
TPy i TPYIIX MOPIBHAHHA /IO 1 MiC/I PeBaCKyJIIpU3aIiii MOXKHA OYJI0 IIOPiBHSATH.

¥ mamnieHTiB OCHOBHOI IPyIIH 3aCTOCOBYBaIACs po3po0JieHa HAMU TEXHOJIOTIA JiKyBaHHA. Y BUIAJKaX
PO3BUTKY (JIETMOH CTOIIH ITic/Is1 PO3THUHY THIHHUKA IPOBOAMIIACS BAKyyMHA Teparris pad mpotsaroM 7—14 aib no
ITOBHOT'O OUUIIIEHHS PaHH. Y KOMILIEKCI ITepeZoIepaifHO] IMiATOTOBKY IIPOBOAYUIH (POTOTEPATTII0 — B 3aJIE3KHOCTI
BiJT JIOKQJIBHOI cUTYyaIlii 06po6JIsiIi paHU BUIIPOMIHIOBAHHAM 3 Pi3HUMH JOBKHHaMu XBIIb (405, 470 abo
525 um). ITicsist ouniieHHsI paH Biji HeKpo3iB paHoBuii AedekTt 3akpusaiu mokpurtsim PCL (Nanopharma, Yexist)
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¢ arurikamieo GuOPUHOBOTO 3TYCTKY i IJ1a3Mu, 36aradeHoi TpoMOonuTapHuM (pakTopoM pocty 6e3 pibpuny,
IiCJIS YOTO IOJIAJTbIIe MicIleBe JIIKYBAHHS CYIIPOBOJIKYBAJIOCS OIIPOMIHEHHAM paH (OTOHHUMHU MATPUIISIMU
Kopo6osa A.-Kopo6osa B. «bappa-®iekc »(10BKMHA XBHJIi MAaKCUMYMy CMYTH BUITPOMiHIOBaHH: 660 HM). Y
JTBOX BUIIQ/TKaX BUKOPUCTOBYBAJIOCS 3aKPUTTS lepeKTiB KicTok KictkoBuMu iMriantatramu ILAYAOSTEOGEN®
«A.A. PARTNERS» L.L.C., medical company «ilaya».

BukopucranHsa po3pobJieHOI TAKTUKH JIO3BOJIUJIO IOCSTTH MMOBHOTO 3arO€HHSA paH y 91,7 % xBopuX
i gactkoBoro 3aroeHHs (6ibmre 50 %) y 8,3 % xBopux OCHOBHOI rpymnu. TepMiHu JIiKyBaHHS X NAII€HTIB He
MIePEBUIIYBATH 2 MiCAIB, BUKOHAHHS BUCOKUX aMITyTaliil He O6yJI0 MOTPiOHO. Y XBOPUX IPYIHU ITOPiBHAHHSA
Ha TJIi 3aCTOCYBaHHS TPAJUIIIHOTO MiCIIEBOTO JIIKYBAaHHS PAHU TOLIUCA TPOTATOM 2—4 MICSIIiB; Y BOCBMU
crocTepe)keHHAX Oysia moTpibHa MOBTOPHA TOCIiTAsi3allisd /1A BUKOHAHHS IUIACTUYHOTO 3aKPUTTS; B ABOX
BUIIaJIKax Oy/IM BUKOHAHI aMITyTaIlil Ha piBHI TOMTKH.

TakuMm unHOM, (POTOTEpAIIiS i IUTACTUYHE 3aKPUTTS PaH HIDKHIX KiHITIBOK ITiCJISA OTIeparlii peBacKy Iapu3ariii
IIPU CUHAPOMI illleMiuHOI JliabeTHYHOI CTOIU MMOKAa3aHO Y BHUIIQIKaX, KOJM PAaHU HE MAKOTh TEHJIEHIII] /10
CTIIOHTAaHHOTO 3aTOEHHIO; BIIPOBAJKEHHS PO3PO0OJIEHOI TAKTUKIY JIIKYBAaHHS «ITPOOJIEMHUX» PaH HIDKHIX KiHI[IBOK
JTO3BOJIHJIO IOCATTH IIOBHOTO 3aTO0EHHA y 91,7 % XBopux, yactkoBoro (6isbiire 50 %) 3aroennsa —y 8,3 % xBopux
1 YHUKHYTH BUKOHAHHS BUCOKUX aMITyTallili; 3aCTOCYBaHHS KOMILIEKCY JIIKYBaHHs, 1110 BKJIIOUA€ (POTOTEpAIIiio,
3aKPUTTA PaH CUHTETUYHUM IIOKPUTTAM 3 TPOMOOIIUTAPDHUM (PKTOPOM POCTY, 8 TAKOXK 3aKPUTTH KiCTKOBUX
JepexTiB IMIUTAaHTATAMU € HAJI3BBUYAHO e(DEKTUBHUM CTHMYJIATOPOM PO3BUTKY B PaHi FPaHyJIAIIHHOI TKAHWHH,
MPUATHOI JIJI1 TTOAJIBIIIO] AyTOAEPMOTLIIACTUKH.

KiarouoBi ciroBa: cCHHIPOM ilIeMivHOl AiaGeTUYHOI CTOIH, J€PMOILIACTHKA, CHHTETHYHI ITOKPUTTA,
dororeparmisi, TpoMboIIUTAPHUE (PAKTOP POCTY, KICTKOBI iMILTAaHTATH.

®OTOTEPAIINA B KOMILIEKCE JIEUEHUS
IIPU IVIACTUYECKOM 3AKPBITUU PAH Y BOJIBHBIX C UITIEMUYECKOM
1 HEVPOUIITEMUYECKOI ®OPMAMMU CTOIIbI JMABETUKA

10.B. UBanoBal, E.M. Kiitmmoga', B.A. IIpaco.x!, E.B. Mymenko!, A.M. Kopo6oB3,
M.B. IToropesaos*, [1.C. Tumuenko?®, M.E. Cepoun?, /[.A. Kupuenko?
ITY « Mucmumym obweil u HeomaoxcHotl xupypauu umenu B.T.3atiyesa HAMH Ykpaunwst», 2. Xapvkos, YkpauHna;
2XapvKosckuil HAQYUOHANBHBLU MeQUYUHCKUL YHUBepcumem, 2. Xapvkos, YkpauHa;
JXapvkrosckuil HayuoHanvHwill yHusepcumem umeru B.H. Kapa3uHa, 2. Xapvkos, Ykpauna;
“Cymckoll cocydapcmeerHblil yHugepcumem, 2. Cymul, YkpauHa

I[enpi0 TPOBEIEHHOTO HCCJIENOBAHUS OBLJIO YJIYUIIEHUE PE3YJIbTATOB JIEUeHUs PaH Y OOJIBHBIX
C UIIEMUYECKOU W HEHPOUIIeMHUYECKOH popMaMu CHHAPOMA CTOIThI TUA0OETHKA IIyTeEM IIPUMEHEHHUS B
KOMIUIEKCE JIeueHus HOTOoTePAIINU, TPOMOOIUTAPHOTO (haKTOpa POCTa U COBPEMEHHBIX IIOKPOBHBIX MAaTEPHAJIOB.

B pabote npezcTaBieHbI Pe3yJIbTaThl XUPYPTUYECKOTO JieueHs 48 MaIeHToB ¢ CHHAPOMOM UIIIEMUYECKON
U HEHPOUIIEMHUUECKOH AUabEeTUIECKON CTOIBI, KOTOPhIE B COOTBETCTBUHU C 3aZjadaMU HCCIeTOBAHUS OBLIH
paszesieHbl HA OCHOBHYIO I'pyIny (24 manpeHTa) U TpyNily cpaBHeHusA (24 manuenTa). Bce 3T mamueHTsI,
[IPOXOJIUBIINE JeUYeHNe B OT/AEeJIeHUU OCTPHIX 3ab0jieBaHUM cocyZ1oB KIUHUKY 'Y «HCTUTYT 0O1ied u
HeoT10:KHOH xupypruu umenu B.T. 3aitiieBa HAMH Ykpaunbi», crpaganu caxapabiM auaberom C/I I1 tuma u
umenu IV creneHp UIilleMuH cTombl 1o Fontaine. /[MarHOCTHKY TPOBOAWIN BceM OOJIBHBIM TI0 CTAaHIAPTHOMY
aJITOPUTMy. AHAJIN3 PE3YJIbTATOB KIMHUYECKUX, J1A00PATOPHBIX, HEMHBA3UBHBIX 1 WHBA3UBHBIX METOOB
o0cieloBaHUSA B IPEIONIEPAIIOHHOM IIEPHO/Ie TI03BOJIAII ONIPEIEIUTD CTelleHb HapyIIeHs MarucTPaJIbHOTO
KPOBOTOKA, XapaKTep KOJJIaTePaJILHOTO KPOBoOoOpalleHuss U MUKponupkyasanuu. [lanuentam obeunx
TPy BBIIOJHSINCH OepeHH0-0epIioBoe U OepeHHO-TI0/IKOJIEHHOE IIIYHTUPOBAHUE, a TAKXKe THOPUIHbIE
pexoHcTpykIun. [lokazaTenn pernoHapHON reMOAUHAMUKHY y MAIUEHTOB OCHOBHOM TPYHIIBI U TPYIIIBI
CPaBHEHUSI JI0 U [I0CJIe PEBACKYJ/IAPU3AIUY OB COIOCTABUMBI.

¥ manueHTOB OCHOBHOH I'DYIIBI IPUMeHsIach pa3paboTaHHass HAMU TEXHOJIOTHUA JieueHus. B cyuasax
pasBuTHA (IJIETMOH CTOIBI ITOCIE BCKPHITUS THOWHUKA ITPOBOMIACH BAKYyMHAs Tepalus paH B TEUEHUE
7—-14 cyTOK 0 OJTHOTO OUMIIEHUs PAaHBI. B KOMILJIEKce IpeIoneparuOHHON MOATOTOBKHU IPOBOIUIN
(oroTepanuio — B 3aBUCUMOCTH OT JIOKQJIBHOU CUTYalll 00pabaThIBaiv PAHbl U3JIyYeHUEM C PA3IMUHBIMU
miuHaMu BoJiH (405, 470 wnu 525 am). Ilocsie ounIleHusi paH OT HEKPO30B PaHEBOH JieDeKT 3aKpbIBAIU
nokpsiTeM PCL (Nanopharma, Yexus) ¢ anminkamnueidr GuOpPHUHOBOTO CTYCTKA U IJ1a3Mbl, 00OTaIeHHOH
TPOMOOIIUTAPHBIM (PaKTOpPOM pocTa 6e3 hpubpUHa, IOCJIEe YETO TATbHENIIIEE MECTHOE JIEYEHHE COTTPOBOXKIAIOCH
o6yyeHueM paH doToHHbIMH MaTpunamu Kopo6osa A.-Kopo6ora B. «bapBa-®iekc» (inHa BOJIHBI
MaKCHUMyMa IMOJIOCH u3iyueHus 660 HM). B IByX ciydyasx HMCIIOJIb30BAJIOCh 3aKPHITHE J1e(EKTOB KOCTEH
koctHbIMU UMIIaHTaTaMu ILAYAOSTEOGEN® «A.A. PARTNERS» L.L.C., medical company «ilaya».

Hcnosnp3oBaHue pa3pabOTAaHHON TAKTHKU MO3BOJIMJIO JOOUTHCS IMOJHOTO 3a:KUBJIEeHUA paH y 91,7%
00JIbHBIX U YaCTUYHOTO 3askuBiieHus (6osee 50%) v 8,3% GOIBHBIX OCHOBHOM Ipymiibl. CPOKH JIEUEHUS STUX
MAIINEHTOB He MPEBBIIIATN 2 MECSIEB, BHIIIOTHEHUs BHICOKUX aMIIyTallMi He MOTPe6oBaIoCch. Y GOJIBHBIX
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IPYIIIBI CPaBHEHUS HA POHE IPUMEHEHUS TPAIUIIIOHHOTO MECTHOTO JIEUEHUSI PAHBI 323KUBAJIU B TeueHue 2—4
MeCSIIIEB; B BOCHMU HAOTIO/IEHUAX TOTPEOOBAIACEH IIOBTOPHAS TOCITUTATHU3AIIHS /17T BHITIOJTHEHUS IUIACTUYECKOTO
3aKPBITHS; B JIBYX CJIydasax ObLIN BBIIIOJTHEHBI aMIIyTAIIMH HA YPOBHE IOJIEHH.

Taxum obpazom, hoToTepanusa U IUIACTUYECKOE 3aKPHITHE PAH HIDKHUX KOHEYHOCTEHN IIOC/IEe OIlepaIlii
PeBaCKyJISIpU3AIIUH IIPU CHHIPOME UIIIEMUYECKOH ANabeTHUeCKOH CTOIbI TOKA3aHO B CJIyYasiX, KOTZ[a PAHbI He
HMMEIOT TEH/IEHIIUH K CIIOHTAaHHOMY 32 KHBJIEHUIO; BHEZIpEHUE Pa3pabOTaHHOHN TAKTUKHY JIEUEHHS «ITPOOJIEMHBIX»
PaH HIDKHUX KOHEYHOCTEHN ITO3BOJIIIIO JOCTHYH ITOJTHOTO 3aKUBJIeHUA ¥ 91,7% 60yIbHBIX, 9acTUYHOTO (60stee
50%) 3axkuBiienus —y 8,3% G0OIBHBIX 1 130€KaTh BHIIIOJTHEHHUS BBICOKUX aMITyTaIlUi; TIPUMeHeHNe KOMILIEKCA
JIeYeHHU s, BKIJIIOYAIONIETO (OTOTEPAIINIO, 3aKPBITHE PAH CUHTETUYECKUM MOKPHITHEM C TPOMOOIUTAPHBIM
¢xTOpOM pocTa, a TaKKe 3aKPBITHE KOCTHBIX JIE(EKTOB UMIIAHTATAMU SIBJISIETCS YPE3BBIYANHO 3(D(HEKTUBHBIM
CTUMYJISITOPOM Pa3BUTHUS B PaHe TPAHYJISAIMOHHON TKAHU, IPUTOTHOH /IJIs1 JaTbHEHIIIEH ayTOZepMOILIACTUKH.

KirroueBble cjI0OBa: CUH/POM HIIEMUYECKOH UabeTUYECKOH CTOIBI, IEPMOILIACTHKA, CHHTETHUECKUE
MIOKPBITHUA, HOTOTEPATINS, TPOMOOIIUTAPHBIN (GAKTOP POCTa, KOCTHHIE HMILJIAHTATHI.

Introduction

Treatment of wounds in patients with ischemic
diabetic foot syndrome presents certain difficulties in
connection with the feature of the course of the wound
process. [1] Monckeberg’s sclerosis and arterial calci-
fication are intrinsic for patients with diabetes. These
pathological changes are most often determined in the
arteries of the shins and feet. In contrast to patients
with atherosclerosis with proximal lesions of the ar-
terial bed with a pronounced clinic of shin and foot
ischemia and intermittent claudication, patients with
diabetes mellitus typically have an occlusive-stenotic
lesion of the distal arteries, which often excludes the
development of classical intermittent claudication in
association with the absence of ischemia of the lower
leg muscles, and the combination with the phenomena
of diabetic polyneuropathy neutralizes the pain syn-
drome. All this leads to the fact that manifestation of
the disease is most often the development of necrosis
of the foot and gangrene of the toes. [1,2]

The presence of polyneuropathy is also of great
importance in the pathogenesis of the wound process, in
particular, disorder of wound healing processes caused
by pathological regeneration. Healing of an ischemic
ulcer or a wound of the foot after a debridement is the
final goal of surgical treatment, provided the restoration
of the blood supply of the foot by a revascularization sur-
gery. [3] However, self-healing of wounds and ulcers is
not always possible due to the vastness of the soft tissue
defect, sometimes with bone damage, presence of infec-
tion, disorder of regeneration against diabetic polyneu-
ropathy, localization of the wound in the “problem area”
that is chronically traumatized due to walking, etc. [4]

The aim of the study was to improve the results
of wound healing in patients with ischemic and neu-
roischemic forms of diabetic foot syndrome by using
phototherapy (FT), platelet-derived growth factor
(TGF), also modern cover materials and bone implants
in the complex.

Materials and methods

The results of treatment of 48 patients with isch-
emic and neuroischemic forms of diabetic foot syn-
drome were analyzed, which were divided into two
groups, according to the purpose of the study. The main

group consisted of 24 patients with ischemic necrosis
of toes or feet, who were treated in the Department of
Acute Vascular Diseases in the Clinic of the State In-
stitution “Zaycev V.T. Institute of General and Urgent
Surgery of NAMS of Ukraine” (SIIGUS) in 2016—2018.
The mean age of patients was 67 + 3.6 years, the du-
ration of diabetes was 11+1.4 years. All patients had
type II diabetes and had the IV degree of foot ischemia
according to Fontaine.

The comparison group included 24 patients with
ischemic necrosis of the toes or foot and wounds after
debridement, which were treated in same department
of the SI IGUS in 2013-2015. The average age of pa-
tients was 64 + 4.2 years, the duration of the disease of
type II diabetes melitus was 10 + 1.6 years; all patients
had the IV degree of foot ischemia by Fontaine.

The analysis of the results of clinical, laboratory,
non-invasive and invasive methods of examination of
patients in the preoperative period enabled to deter-
mine the extent of the disorder of of the blood flow, the
nature of the collateral circulation and microcircula-
tion. Diagnostics was done to all the patients according
to a standard algorithm:

1) Histori of disease, clinical and laboratory exam-
ination: duration of the disease, intermittent claudica-
tion, pain at rest, presence and nature of necrosis, pulse
on the main arteries; analysis of laboratory methods of
research and anamnesis of comorbidity .

2) Non-invasive examination included determi-
nation of the index of regional systolic pressure on the
arteries of the foot using a portable ultrasound device
“Super Dopplex” (China); ultrasound dopplerography
using the Hitachi EUB 7500 device (Japan) with linear
sensor L 5-10 MHz; the determination of the oxygen
tension (TcPO2) in the foot tissues percutaneously
with the aid of the TCM 400 apparatus “Radiometer
Copenhagen” (Denmark).

3) As an invasive study, angiography was per-
formed using “Philips Integris Allura” device (Holland).

In the postoperative period, a control determina-
tion of the index of the regional systolic pressure on
the arteries of the foot, ultrasound examination of the
arterial reconstruction zone and the determination of
TcPO2 in the foot tissues were done.

From 24 patients in the main group, 4 patients
underwent femoro-tibial bypass, in 15 cases — fem-
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oral-popliteal reconstruction; 5 patients underwent
a hybrid reconstructive surgery (femoral-popliteal
reconstruction in combination with balloon angio-
plasty of tibial arteries). 15 patients had wounds after
debridment and small amputations on the foot, which
could not be closed with auto-dermoplasty; 2 patients
had foot phlegmon, and 3 has infected wounds; in
4 patients, wounds were localized on the plantar sur-
face of the foot; in 2 cases there were marginal lesions
of the foot bones.

From 24 patients in the comparison group, 18 had
a femoral-popliteal reconstruction, 2 had femoral-fem-
oro-tibial bypass, and 4 had a hybrid reconstruction.
13 patients had wounds after necroctomy and small
amputations on the foot, 3 patients had foot phlegmon,
and 3 had infected wounds; in 5 patients, wounds were
localized on the plantar surface of the foot.

Treatment for patients of both groups was pre-
scribed according to the following scheme: compen-
sation of diabetes mellitus (transfer to fractional
insulin therapy); metabolic therapy, antibacterial,
anticoagulant and vasotrophic therapy; physical meth-
ods of treatment; therapy aimed at treating osteoporo-
sis (calcium drugs).

The patients of the comparison group underwent
traditional treatment of wounds of the foot after
debridement using daily dressings with antiseptics,
ointments, sorbents, etc.

In order to improve the results of treatment of
wounds and ulcers of the lower extremity, the following
treatment methods and their combinations were used
in the patients of the treatment group: phototherapy;
stage closure of tissue defects with a synthetic coating
of polycaprolactone (PCL, Nanopharma, Czech Repub-
lic) with application of a fibrin clot and plasma enriched
with TGF without fibrin; vacuum therapy with Acti
VAC apparatus manufactured by KCI (USA); autoder-
moplasty according to Thiersch; free autodermoplasty
with split-thickness skin graft.

For phototherapy in the complex of local treatment
of wounds, A. Korobov-V. Korobov flexible photonic
(LED) matrices “Barva Flex” were used with different
wavelengths of the maximum emission band — 405 nm,
470 nm, 525 nm and 660 nm, which corresponded to
violet, blue, green and red spectral ranges, with various
therapeutic effects. [5] Indications for the use of FT
were long-term ischemia with necrobiosis of wound
tissues; the presence of an infected or purulent wound.

The use of vacuum therapy for treatment of wounds
of the foot ensured the purification of the wound and
the stimulation of the growth of the granulation tissue
in the wound for further closure it with a synthetic
coating or the performance of autodermoplasty.

Closure of wounds with a synthetic coating with
the application of a fibrin clot and plasma enriched
with TGF without fibrin prevented the development of
secondary infection, stimulated the growth of connec-
tive (granulation) tissue in the wound for subsequent

autodermoplasty or healing it under the coating by
wound contraction. Indications for use of this method
for treating wounds in ischemic diabetic foot syndrome
were the presence of a defect in the foot tissues, which
cannot be closed by autodermoplasty (the bottom of
the wound is represented by bone or adipose tissue,
tendons) or the presence of a defect in the foot tissues
requiring for closing with own tissues of bone resection,
which significantly worsens the foot supportability.

Autodermoplasty was used for final closure of
the wound of the foot after the preliminary stage of
treatment. Indications for autodermoplasty were the
presence of a healthy granulation tissue on the bottom
of the wound and absence of a tendency to spontaneous
healing.

The purpose of closure of the bone defects with
the ILAYAOSTEOGEN® (“A.A. PARTNERS” L.L.C.,
medical company “ilaya”) implants was to prevent
the development of osteomyelitis and stimulation of
osteogenesis.

We developed and applied the following scheme
of treatment of the ischemic and neuroischemic dia-
betic foot.

At the stage of preparation for the revasculariza-
tion, in the presence of pronounced edema, 3—-5 ses-
sions of blue light FT were performed (wavelength of
440—470 nm, duration of the session of 5-10 minutes).
In the absence of perifocal edema, light treatment of
wounds was done by conducting 3—5 irradiation ses-
sions with green light (wavelength of 520—550 nm,
duration of the session of 3—5 minutes). The radiation
power density at FT was in the range of 0.1-1.0 W/cm?,
and the time of exposure to the wound varied depend-
ing on its area. The density of the radiation supplied to
the wound was on average 30—40 J/cm?.

If necessary, phlegmons were opened, surgical
treatment of wounds with excision of necrosis and
elimination of purulent fouling and vacuum therapy
were performed.

After stabilization of hemodynamic parameters
and formation of a clear demarcation zone, debride-
ment or amputation of necrotic toes with resection of
heads of metatarsal bone was performed. The open
wound surfaces were covered with a synthetic coat-
ing of polycaprolactone (while modeling the contour
congruently to the edges of the wound and fixing with
the Prolene 5 suture material, if necessary) with the
application of a fibrin clot and plasma enriched with
TGF without fibrin.

The plasma was obtained as follows: 20 ml of
blood were taken without a preservative from the
cubital vein. The blood was ultracentrifuged to ob-
tain a fraction enriched with TGF. A day later, during
the second dressing, the remains of the fibrin clot
were removed, and the wound coating was irrigated
with plasma enriched with an auto-platelet-derived
growth factor. In two cases, marginal bone resections
were performed with the replacement of defects with
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ILAYAOSTEOGEN® (“A.A. PARTNERS” L.L.C., medi-
cal company “ilaya”) bone implants of appropriate size.

After that, the daily irradiation of wounds with
red light was performed (wavelength of 630—-660 nm,
duration of FT sessions of 10—15 minutes, the frequen-
cy of sessions depended on the area of wounds), until
conditions appeared for performing plastic closure of
defects or healing by wound contraction.

Subsequently, daily dressings were performed with
the treatment of the coating with antiseptics (Dioxidin,
Octenisept, etc.). If there were no signs of suppuration
under the coating, the dressings were performed for
14-32 days with a gradual cutting of the edges of the
synthetic coating as wound contraction and marginal
epithelialization occurred. In the absence of a tendency
to heal wounds after 1 month, the coating was removed
and autodermoplasty according to Thiersch or with a
split perforated skin graft was planned. With obvious
signs of suppuration under the coating (2 cases), it was
removed, the wound was sanitized for 3-5 days, and
then the wound closure procedure with a synthetic
coating was repeated or a system for vacuum treatment
of wounds was installed.

In cases of manifestation of infection in the wounds
of the feet after revascularization and phlegmon forma-
tion, abscesses were opened with the installation of the
vacuum system for 7—14 days before the wound was
cleaned, after which the developed treatment complex
(5 patients) was applied.

When the wound was localized on the plantar
surface of the foot (in 4 cases), which complicated the
autodermoplasty, the developed method of closure
with a synthetic coating was used (the duration of
treatment was 1-2 months).

In all cases, the patients signed an agreement for
participation in the study. The entire list of studies
and the methods of treatment used was approved by
the Ethical Commission of the State Institution “Zay-
cev V.T. Institute of General and Urgent Surgery of
NAMS of Ukraine”.

Results and discussion

The parameters of regional hemodynamics in
patients of main group before and after various revas-
cularization operations are given in Table 1.

When examining patients of the comparison
group after revascularization operations, comparable
indicators of regional hemodynamics were determined.

Among the patients of the treatment group, who
had the closure of wounds of the foot with the use of
polymer coating, in 13 patients spontaneous epitheliza-
tion of wounds under the coating in the period up to
35 days occurred. In 9 patients, after the removal of the
coating and the surgical treatment of the wound before
contact bleeding, autodermoplasty was performed:
grafting with split perforated flap for 6 patients and
that according to Thiersch for 3 patients. One patient
refused autodermoplasty, the wound was gradually
healed by secondary tension for 4 months with epi-
thelization by 70%. In all patients after grafting with
a split perforated skin graft, a full epithelialization of
the wound was determined after 1 month. In one case,
partial (more than 50%) epithelialization of the wound
was achieved after grafting according to Thiersch,
which required repeated skin grafting.

In 5 patients of the treatment group, who were
treated with the use of a vacuum system for phlegmon
or infected wounds, it was possible to achieve cleansing
of the wounds after 7—14 days of treatment. Subse-
quently, the developed treatment tactics was applied.
The healing time for the wounds was 4—6 weeks.

Of the 24 patients in the comparison group, who
received traditional treatment, the wounds were com-
pletely healed by secondary tension for 2—4 months
and by wound contraction in 8 cases. Reduction of
wound area to 50% was observed in 6 patients. In
10 patients, there was no tendency for wound healing
and there was a progression of the necrotic process,
which in 8 cases required re-hospitalization and plastic
closure of the wound, and in 2 cases it caused amputa-
tion below the knee.

Clinical case. Patient K., 68 years old, was ad-
mitted to the hospital with CLI critical limb ischemia
of the right lower extremity in the background of type
IT diabetes mellitus. He was treated for 2 months in
the central district hospital at his place of residence,
where an amputation of the first toe with a metatarsal
bone was performed for him. According to ultrasound
examination and angiography, an extended occlusion of
the popliteal and anterior tibial artery was noted. There
is extensive necrosis on the foot (in the region of the

Table 1

Indicators of regional hemodynamics in patients of the treatment group
before and after revascularization

Type of surgery Femoro-tibial Femoral-popliteal Hybrid reconstructive
bypass —4 (16.7%) cases bypass — 15 (62.5%) cases surgery —5 (20.8%) cases
Index Before the After the Before the After the Before the After the
surgery surgery surgery surgery surgery surgery
Index of regional
systolicpressure | 54 004 | 082006 | 0.27+003 | 0.67+008 | 0.19:006 | 0.91+0.05
on the arteries of
the foot
TePO2 (mm Hg) 16.8+4.6 48.6+7.5 9.4+35 39.6+6.7 53+25 32.9+5.7
at the foot
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distant 1st toe and the metatarsal bone, in the bottom of
one of the wounds, the bonesaw-line of the metatarsal
bone with signs of osteomyelitis is visualized (Fig. 1).

After preoperative preparation, which included,
in addition to traditional measures, phototherapy with
green light (wavelength of 520-550 nm, duration of the
session of 3—5 minutes, the frequency of 5 sessions,
see Fig. 2), in a planned manner, the femoro-tibial
autovenous bypass was performed.

After the revascularization operation, 3 sessions
of FT with green light were performed in the local
treatment complex, followed by debridement (Fig. 3).

Fig. 1. Patient K., 68 years old. Type of foot at admission

N i R

Fig. 2. Phototherapy at the stage of preoperative
preparation

Fig. 3. Type of wound after debridement
(8 days after surgery)

Later, during dressings, the wound was treated
with solutions of antiseptics and daily irradiated with
red light (wavelength of 630—660 nm, duration of
sessions of 10 minutes).

On 10 day after the revascularization in the dress-
ing room, an edge resection of the changed part of the
metatarsal bone was performed, the defect was closed
with the ILAYAOSTEOGEN® (“A.A. PARTNERS”
L.L.C., medical company “ilaya”) bone implant (Fig. 4).
The implementation of phototherapy continued.

On 12 day of treatment in the dressing room, the
wound was closed with a synthetic coating of polycapro-

Fig. 4. The wound after surgical treatment and installation
of the ILAYAOSTEOGEN?® bone implant
(shown by an arrow)

Fig. 5. The wound with a fibrin clot (shown by an arrow)

Fig. 6. The wounds are covered with a synthetic coating of
polycaprolactone (the appearance of wounds
on the 3rd day after the manipulation)
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lactone (with contour modeling congruently to the
wound edges), and the application of a fibrin clot with
plasma enriched with TGF without fibrin according to
the developed technique was performed (Fig. 5, Fig. 6).

The patient was discharged on the day 15 after
the operation. Later, local treatment was performed
in the regime of a day hospital. The wounds healed on
the day 31 after the surgery.

Conclusions

1. Phototherapy and plastic closure of wounds of
the lower extremities after a revascularization opera-
tion in ischemic diabetic foot syndrome is indicated
in cases when the wounds have no tendency to spon-
taneous healing.

2. Implementation of the developed tactics of
treatment of “problem” wounds of the lower extremi-
ties allowed to achieve their complete healing in 91.7%
of patients, partial healing (more than 50%) in 8.3% of
patients, and avoid high amputations.

3. In our opinion, the use of a complex of treatment
including phototherapy, wound closure with a synthetic
coating with TGF, and the closure of bone defects with
implants ILAYAOSTEOGEN® is an extremely effective
stimulator of development in the wound of granulation
tissue suitable for subsequent autodermoplasty.

4. We consider the researching of cellular re-
generation mechanisms and histological study of the
stages of development of connective tissue under the
influence of phototherapy, allodermoplasty and TGF,
as well as the feasibility of using a combination of
synthetic coatings and TGF with vacuum therapy to
be promising directions for the development of this
method of treatment.
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The article discusses main stages of 25-year development of photodynamic therapy (PDT) in Russia. It
underlines that the initiator of PDT development in Russia was Academician Prof. Oleg Skobelkin, director of
the Clinical and Research Center for Laser Medicine, Healthcare Ministry of Russian Federation. He united
efforts of some institutions of chemical and physical profile so as to develop home-made photosensitizers (PS)
and to develop laser devices for PDT application. In 1990 a group of scientists headed by prof Mironov from
Moscow State University of Fine Chemical Technologies named after Lomonosov developed the first Russian
PS out of the group of hematoporphyrine derivatives — Photohem. In the State Research and Clinical Center
for Laser Medicine Photohem preclinical trials had been conducted, the material and technical basis for clinical
trials had been prepared, a permission from Pharmacological Committee of Russia for clinical trials had been
received. After that in February, 1992, PDT was used for treating patients with recurrent and metastatic tumors
which were absolutely non-perspective for traditional curative techniques.

In the last six years a number of PS of the second generation (Photosense, Alasense, Photoditazine, Rad-
achlorine, etc.) have been developed in Russia; Russian laser devices for PDT and fluorescent diagnostics have
been worked out too. PDT clinical application has acquired a wide-scale character. PDT is used in tumors of
external and visceral locations, in early and extended pathology stages (palliative) as a component of combined
and complex cancer treatment. Currently, PDT is widely used in a number of non-tumoral pathologies in oph-
thalmology, gynecology, purulent surgery, dermatology, etc. PDT is used not only in institutes and research
centers but also in practical medicine. The PDT course is included into educational programs for physicians’
post-diploma education. Russian scientists take an active part in international scientific meetings including
those of World Photodynamic Association as well as in international research projects.

Key words: photodynamic therapy, stages of development it in Russia, modern-state-of-art.

OCHOBHI ETAITIA PO3BUTKY TA CYYACHUU CTAH
®OTO/IUHAMIYHOI TEPAIIII B POCIi

€.®. Crpananko!, T.I. MasioBa>
1QJIB3 «/[eprcasHull HAYKo8Ull UeHMP Aa3epHOi MedUYUHU
®edepanbHoeo meduxo-6ionoziunozo azenmemaa Pocii », m. Mockea, Pocis;
2TOB «BETA-I'PAH/[», m. Mockea, Pocis
B craTTi mpencraBieHi 0OCHOBHI eTamu 25-pivHOro po3BUTKY (poroamHamivnoi Tepamii (O/IT) B Pocii.
Bigznaueno, mo ixiniatopom po3pobku meroxy ®AT 6y nupextrop 'HI] s1azepHoi MenuIuHY, YI€H-
kopecrionzieHT PAMH, npodecop O.K. Crobesnkin. Bin 06’efHaB 3ycHyuisag HU3KY IHCTUTYTIB XIMIYHOTO Ta
(pisrmaHOTO IPODILITIO 111 CTBOPEHHS BiTUN3HAHUX (poToceHcubitizaTopi (OC) Ta po3pobKy J1a3epHIX anlapaTiB
it OAT. Y 1990 porui B MocKOBChbKOMY iHCTUTYTI TOHKOI XiMiuHOI TexHosorii iM. M.B. JlomoHOCOBa TIif
KepiBHUITBOM mpodecopa A.®. MipoHoBa 6yB po3po0eHUN HepIIni BITYN3HAHUN HOoTOCeHCUOLIi3aTop i3
rpymiu remaronopdipuny — ®@ororem. Y I'HI] nazepHoi MeuninaY OyJI IPOBEIEH] TPEIUKITIYHI BUITPOOYBAHHS
doTorema, miZIrOTOBJIEHA MaTepiaIbHO-TEXHIUHA 0a3a Jiuisi mpoBeeHHs kiaiHiuHoi ®/IT, oTpuMaHo /103BOIH
®apMaKoJIOTIYHOTO KOMITETY Ha KJIIHIUHI BUIIPOOYBAHHS 1 3 1i0TOro 1992 poKy MU IOYaIu 3aCTOCOBYBATH
®/IT y namieHTiB 3 peIUAUBHUMHY Ta METACTATHIHUMU IIyXJIUNHAMHU, aOCOTIOTHO Oe3IepCIeKTUBHUMU JIJIs
TPAJIUI[ITHUX METO/IIB JIIKyBaHHS.
B nactymHi 6 pokiB cTBOpeHO LTni psiz GoToceHCHOiTi3aTopiB PYroro NoKoTiHHA (poToceHe, anacieHc,
(oronurasun, pagaxaopiH Ta iH.) Ta po3pobiieHa BiTIM3HAHA j1a3epHa TexHika 111 O/IT ta dirroopeciieHTHOI
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nmiarnoctuku. Kitiniune 3acrocyBanus ®/IT mpuabano mupokomacmTabHuil xapakrep. B manuit wac O/IT
3aCTOCOBYETHCS IPH ITyXJIMHAX 30BHIIIIHIX TA BillepaJIbHUX JIOKAJTi3allil pAKOBUX, PAHHIX 1 OMUPEHUX CTaIiN
nporiecy (masiatuBHa eHpockoniyHa ®JIT), Ak KOMIIOHEHT KOMOIHOBAHOTO Ta KOMIIEKCHOT'O JIIKyBaHHSA PaKy
pisHOMaHiTHUX Jokaiizamii. ®/IT B Pocii 3Halinia mupoke 3acTOCYBaHHA B I HUBI HEMYXJITUHHUUX
3aXBOPIOBaHb: y 0TAIHLMOJIOTII, B THIHHIN Xipyprii, B OTOPUHOJIAPUHTOJIOTI, TIHEKOJIOTII, ;IepMaToJIOTil Ta iH.
®/IT 3aCTOCOBYETHCSA HE TIILKH B IHCTUTYTAX i HAYKOBUX I[EHTPAX, aJI€ i B IPAKTUYHUX JIIKYBAIbHUX YCTAHOBAX.
B incrutyrax Bukiamaerbes npeaMer O/IT Ha Kypeax miiBuIeHHs KBastidikaiiii stikapis. Pocificbki BueHi 6epyTh
aKTHUBHY y4acTh Y MiKHAPOJHOMY CITiBPOOITHHIITBI Ta BUCTYNAIOTh 3 HAYKOBUMU JIOMIOBIJISIMH Ha KOHTpecax
BcecBiTHBOI hoTOAMHAMIUHOI acorrialii Ta KOH(pEPEHIIIAX 3 JIa3epHOI MEUIIMHU SK B Pocii, Tak i 3a KOp/I0HOM.
KirrouoBi ctoBa: GporouHaMUYHA Tepallis, eTalld PO3BUTKY, CydacHUH CTaH.

OCHOBHDBIE 9TAIIbI PASBUTUA N COBPEMEHHOE COCTOAHUE
®OTOINHAMUYECKOI TEPAIIU B POCCUUA

E.®. Crpanaako!, T.1. MasoBa?
I@I'BY «I'ocydapcmeeHHblll HayUHbLU UeHMP A1a3epHOtl MeOUUUHbL
®edepanbHo20 Meduko-6uonozuveckozo azenmemea Poccuu», 2. Mockea, Poccus;
2000 «BETA-TPAH/T», 2. Mockea, Poccus

B cTaTbe mpuBeIeHBI OCHOBHBIE ATAITBI 25-J1eTHETO pa3BUTHA oToanHammdeckoi repanuu (O/IT) B Poccun.
OTMeueHo, YTO HHUIHATOPOM paspabotku merona ®/IT 6wt qupektop 'HII 1a3epHON MeAUIUHBI, YWIEH-
koppectionzieHT PAMH, nnpodeccop O.K. Cko6ekuH. OH 00beTUHIIT YCUIUSA PSIa HHCTUTYTOB XUMHYECKOTO
U pusnueckoro mpoduiisa AJis CO3LaHUA OTeUeCTBEHHBIX poToceHcubunuszaropos (OC) u paszpaboTku
snazepubix annapatoB 1y ®/IT. B 1990 roxy 8 MOCKOBCKOM HHCTUTYTE TOHKON XMMUYECKOH TEXHOJIOTHU
uMm. M.B. JlomoHOCOBa o7 pykoBozcTBOM ITpodeccopa A.@. MupoHoBa pa3paboTaH IepPBHIN OTEYECTBEHHBIH
(poroceHCcHOMIIM3ATOP M3 TPYIIIBI TPOU3BOHBIX reMaToniopdupuna — ®@ororem. B I'HII 1a3epHON MeTUITITHBI
OBLTH IIPOBEJIEHBI MPEAKINHNYECKNE HUCIbITaHUuA POTOTEMAa, MOATOTOBIEHA MaTePHUATbHO-TEXHIYECKas
6a3a gya npoBeneHusa kiauHudeckor /T, momyueHno paspemenre PapMaKkoJIOTHUECKOT0O KOMUTETA HA
KJIMHUYECKHe UCIBbITaHusA U ¢ ¢peBpaya 1992 roma mpl Havanmu npuMeHATh O/IT y 60IBHBIX ¢ PEITUANBHBIMI
U METACTAaTHUECKUMU OITyXOJIIMU, aOCOJIIOTHO OEeCIIepCIEKTUBHBIX JIJIS TPAJUIIOHHBIX METO/IOB JIEUEHU .

B mocnenyromue 6 €T co3maH 1eabld paa GOTOCEHCHOMIN3aTOPOB BTOPOro nokoseHus (doToceHc,
ayaceHc, GOTOIUTA3KH, PAZAXJIOPUH U APYTHeE) U pa3paboTaHa OTeueCTBEHHAS JIa3epHAas allaparypa Jjisd
®/IT u dmoopecuenTHol quarnoctuku. Kinnanueckoe nmpumenenue ®/1T nprobpesio mupokoMacItabHbIi
xapakrep. B Hacrosamee Bpemsa O/IT npuMeHsAeTCA IPU OIYXOJIAX HAPYKHBIX U BUCLIePAIbHBIX JIOKAIU3AAAX
paka, paHHUX ¥ paCIPOCTPAHEHHBIX CTAMAX ITporiecca (MayutnaTiuBHasA dSHAocKonmyeckas ®/IT), kak KOMIIOHEHT
KOMOWHUPOBAHHOTO ¥ KOMILIEKCHOTO JIEUeHU S paKa pa3InIHbIx tokanusanuil. ®/IT B Poccuu Hanwia mmpoxoe
MIpUMEHEHNE [IPU IEJIOM Psi/ie HeOIyX0JIeBhIX 3a00JieBaHUM: B 0(TAIBMOJIOTUN, B THOMHON XUPYpruu, B
OTOPUHOJIAPDUHTOJIOTUH, THHEKOJIOTUH, JlepMaTosioruu u p. ®/IT npumeHseTca He TOJIBKO B UHCTUTYTax U
HAayYHBIX [IEHTPaX, HO U B MIPAKTUYECKUX JeUEOHBIX YUPEKIEHUAX. B MHCTUTYTaX BeAETCS IMPENo/IaBaHue
npeamera ®/IT Ha Kypcax moBbIIeHNs KBaTnUKAINK Bpadyell. Poccuiickue yueHble IPUHUMAIOT aKTHBHOE
ydJacTHe B MEX/IYHAPOTHOM COTPYITHIYUECTBE U BBICTYIIAIOT C HAYYHBIMU JOKJIaIaMH Ha KOHTpeccax BcemupHOi
(oromrmHaMUUECKOI acconMAIY 1 KOH(PEPEHITUAX 10 JJa3epHOU MeINIHE Kak B Poccun, Tak u 32 pybexom.

KiarouesBsblie ciroBa: GoTofuHaMUyecKas Tepanus, STalbl pa3BUTHA, COBDEMEHHOE COCTOSHUE.

Twenty five years of development and practical
application of photodynamic therapy (PDT) is marked
in Russia. Among the European countries, Russia was
one of the pioneers of development of clinical PDT.
The initiator of the development of the PDT was the
head of the Institute, the corresponding member of
the Russian Academy of Medical Sciences (RAMS),
Professor O.K.Skobelkin. He organized a group of en-
terprising researchers to create and develop domestic
photosensitizers (PS) and develop laser devices for
PDT [1-4]. He combined efforts of some institutions
of chemical and physical profile. The work was carried
out simultaneously in a number of directions. As a
result of the experimental studies conducted in the
State Scientific Center of Laser Medicine (SSCLM)
of Ministry of Health of the Russian Federation, at a

stage of preclinical study of general-toxic and specific
types of action of hematoporphyrine derivative, aver-
age lethal doses of hematoporphyrine derivative had
been determined, the acute dark and light toxicity had
been studied, boundaries of therapeutic dose had been
determined, depending on various light modes, regu-
larities of a photosensitizing tanatogenesis had been
described in the first, which played an important role
in the subsequent in development of morphological
criteria for the efficiency of PDT in the clinical trials
of various PS.

In numerous experiments features of pharmaco-
kinetics at intravenous and intra-abdominal introduc-
tion methods of a PS had been studied, indisputable
advantages of derivative hematoporphyrine for diag-
nostics and treatment of malignant tumors before to

22



CLINICAL PHOTOMEDICINE

Photobiol Photomed 24 '2018

other dyes had been fitted. In experiments on rats the
high efficiency of PDT at intravenous administration of
a PS was proved [5-9]. Special interest in porphyrines
was caused by a unique combination of spectral energy
and chemical characteristics, which provide not only
intensive absorption of light radiation in the visible
range of light, but also its transformation with high
intensity in energy of highly reactive intermediates,
capable to cause deep damages of various components
of biological structures, first of all malignant tumors.
However, nowhere in the interested research estab-
lishments institutes of the country, the clinical trials of
PDT with foreign and domestic PS has not conducted
yet. In 80th years of the XX century in the Moscow
Institute of Fine Chemical Technology named after
M.V.Lomonosov under the leadership of the professor
A.F.Mironov the extensive studies on the screening of
various dyes for detection of photosensitizing proper-
ties and chemical modification of hematoporphyrine
were deployed.These efforts quickly proved to be very
successful and in 1990 it resulted in receiving the first
domestic PS from the group of hematoporphyrine de-
rivatives, which was named Photohem [10-14].

Despite of the appearance of the dosage form of
Photohem, it wasn’t found in clinical conditions of its
photosensitizing properties, effective therapeutic dose,
the breadth of therapeutic action, the optimal param-
eters of laser radiation, the phototoxicity and possible
other adverse reactions and complications.

Based on previously conducted in SSCLM pre-clini-
cal studies of specific photosensitizing (light toxicity) and
general toxic (dark toxicity) of Photohem action, pre-clin-
ical trials of PDT of transplantable tumor in experimental
animals [5-7], documents were prepared, permission
to clinical trials of Pharmacological Committee of the
USSR were obtained, and in February, 1992 was used
for clinical trials of the PDT with Photohem [13,15-23].

In SSCLM the material and technical base for con-
ducting clinical PDT had been prepared by that time:
the room was equipped and purchased the dye laser
“Innova-200”, pumped by argon laser, from American
firm “Coherent” (wavelength of the light radiation was
630 nm, output power of radiation in continuous mode
5 W). Concurrently domestic lasers and non-laser light
sources for PDT with Photohem were developed in the
SSCLM together with technical collaborators according
to the Programme of development and implementation
of the method of PDT in Russia [1,2,4,24-26].

The drug Photohem is the lyophilized sodium salt
of hematoporphyrine derivative, obtained from the
defibrinated blood and exhibit powerful properties
of sensitization tissues to the light radiation of visi-
ble range of the spectrum, low toxicity, moderately
expressed immunostimulating action. The clinical
trials had shown that Photohem is the effective tumor
remedy, possessing big and therapeutic breadth, and
that it was similar to known foreign PS from group of
hematoporphyrine derivatives.

PDT was used for most accessible tumors of exte-
rior locations: skin cancer, intracutaneous metastases
of breast cancer and melanoma, cancers of the tongue
and oral mucosa. The first patients were with recurrent
and metastatic tumors, absolutely unpromising for the
traditional methods of treatment (surgery, radiothera-
py, combined and even complex). PDT was performed
in a hospital, in a specially equipped darkened wards,
after tests on a medicinal allergy to Photohem and
sensitivity to laser light.

It should be noted that initial clinical trials carried
out quite intensely. During the first year 33 patients
with various malignant tumors had been treated by the
method of PDT. Despite the severe contingent of the
patients subjected to PDT, 30 patients of them (91%)
were obtained positive effect, including 16 patients
(48,5%) which were complete resorption of tumors.
The results of the first year of clinical trials of PDT with
Photohem were reported at the 1st European Congress
from 1 to 3 September, 1993, in Budapest (Hungary)
[13]. Based on the results of the first courses of PDT
with full or pronounced (more than 50%) resorption of
superficial tumors in the absence of complications, we
have started to apply interstitial PDT of breast cancer
since April, 1992, and in Serptember 1, 1992 for the
first time in Russia used endoscopic PDT with central
cancer of the lower lobe of the left lung with atelectasis
[15-19].

In October, 1992 Moscow Oncology Research In-
stitute named after P.A.Herzen joined the program of
clinical studies of PDT [27,28]. In the next years, the
clinical application of PDT in Russia had acquired a
wide-scale character. Along with 4 capital institutions
(SSCLM of Healthcare Ministry of Russia, Moscow
Oncology Research Institute named after P.A.Herzen,
Oncological and Research centre of RAMS and faculty
surgical clinic of I.M.Sechenov Moscow Medical Acad-
emy), PDT began to be used in Medical Radiological
Research Center of RAMS (Obninsk), the number of
regional centers of laser medicine, at the clinical basis
of departments of medical universities and in practical
medical institutions [11,27,29-33].

In 1994 the PS of second generation Photos-
ens — sulphurized phthalocyanine aluminum (wave-
length of the exciting light 675 nm) in SSC “NIOPIK”
had been synthesized and submitted for clinical trials.
First we reported clinical application of PDT for cancer
treatment with various localizations at the Joint Con-
ference of the European Laser Association and Inter-
national Society of Biomedical Optics, in Lille (France)
from 9 to 10 September, 1994 [21]. Subsequently in
SSC “NIOPIK” the foreign analog of 5-aminolevulinic
acid (ALA) Alasens had been developed and of new PS
had been continued development. In future clinical
trials of PDT with Photosense within the cooperated
clinical trials had been developed and in other Moscow
research institutes and in practical medical institutions
[4,11,22,23,31,34,35].
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Our experience of the first 5 years of clinical ap-
plication of PDT was reflected in the articles in the first
issue of the journal “Laser medicine” [36]. By that time
PDT was conducted with 288 patients with 1210 foci
of tumors of various localizations.

In 1996-1998 in the Institute of Biomedical Chem-
istry RAMS named after V.N.Orehovich professor
G.V.Ponomarev and his students created a number of
the second generation of PS, which were derivatives
of chlorin E6 (Photoditazine, Radachlorin, etc.) with
a wavelength of 662 nm excitation light, and already
in 1998 in the SSCLM had been started clinical tri-
als of Photoditazin [32,37-40]. It was conducted on
78 tumors of the external and internal locations in
72 patients. Photoditazin has a number of advantages
over the first generation PS: a high quantum yield of
singlet oxygen, a contrast gradient “tumor/normal
tissue” 10/1, rapid clearance (short time of a delay in
the normal tissues of the body, less than 2 days) and
it completely solves the problem of long-term skin
phototoxicity, typical for PS of the first generation.
With application of Photoditazin the good results of
PDT have been received: 70% of tumors have subjected
complete resorption. At the present time Photoditazin
is the most popular PS for PDT of cancer and many
non-neoplastic diseases [35,38,40-45] in Russia. All
of the above mentioned PS of the Russian production
was registered in the Healthcare Ministry of Russia and
have the permission of Pharmacological Committee to
application in clinical practice.

The domestic laser equipments for fluorescent
diagnostics and PDT were created [1,4,25,35]. In the
leading scientific centers of Russia, specialized in laser
medicine, oncology and medical physics, experimental
and clinical studies of new PS, the methods of fluo-
rescence diagnostics and clinical protocols for PDT of
tumors of the main localizations are developed, also
of a number of nonneoplastic diseases [46-54]. The
offices or the wards of PDT in many territorial centers
of laser medicine, regional and city oncology clinics
had been organized. For popularization of knowledge
of PDT and association of efforts of separate research
institutes and centers of laser medicine, we conducted
the all-Russian Symposium of photodynamic therapy
on the basis of the SSCLM in 1995. In the subsequent,
similar symposiums with international participation
had carried out every 2 years (1997, 1999, 2001) with
the publication of papers on clinical, experimental and
technical research [37,55-57].

The breakout sessions of PDT in the framework
of All-Russian Scientific-Practical Conference of Laser
Medicine have been conducted since 2003. The works
of these conferences are published in the journal “Laser
medicine” (in Russian). In SSCLM, Moscow Oncology
Research Institute named after P.A.Herzen and some
educational institutes began to teach a course of laser
and photodynamic therapy. The Russian medical press
had been published reports of more than 5000 patients

treated with PDT method, which had about 10000 le-
sions [12,36,58]. Most of these patients were treated
for skin cancer. On the one hand, it is connected with
availability of lesions of cancer skin, a high efficiency of
PDT with this localization of cancer and good cosmetic
results, and on the other hand, the fact that skin can-
cer in Russia (even without melanoma are more than
65,000 new cases annually) since 2007, it occupies the
frequency first among all malignant tumors [59,60].
In addition, the widespread introduction of PDT of
skin cancer is caused by simplicity of this method in
comparison with traditional methods of treatment like
surgery and radiation therapy. PDT opens up opportu-
nities of effective treatment for thousands of Russians
in the countryside, outside big cities, in which there are
surgical and oncological clinics and radiation therapy
is conducted.

Another perspective direction of application of this
method in Russia is the palliative endoscopic PDT of
occlusive malignant tumors of the trachea, large bron-
chi, esophagus and forestomach, esophageal-intestinal
and esophageal-gastric anastomoses [61-65]. One of
the last localications of cancer, which is successfully
used in PDT is a cancer of the large duodenal papilla
and extrahepatic bile ducts [45,61,62,66,671].

A new promising direction of research is studing of
the role of PDT in the composition of multicomponent
methods of treatment of malignant tumors, which are
intensively conducted in the last decade in oncological
and X-ray-radiological institutes of Moscow, St. Peters-
burg, Novosibirsk, Obninsk and other cities of Russia
[26,29,33,68-73].

Increasingly popular in Russia becomes anti-
bacterial PDT treatment of long-term non-healing
wounds with antibiotic-resistant flora, and trophic
ulcers of the vascular etiology, acne vulgaris and other
inflammatory diseases of soft tissues [46-50,54]. PDT
is used for treating of chronic inflammatory diseases
of ENT-organs.

The Russian scientists take an active part in the
international forums on laser medicine and PDT: at
the Congress of the European Laser Association (from
14 to 16 September, 1995, Barcelona, Spain) Russian
scientists had made 15 reports, including 9 clinical of
PDT. In Vancouver (Canada) at the 8th World Con-
gress of Photodynamic Association from 5 to 9 June,
2001, the Russian scientists had made 6 reports, at
the 9th Congress from 20 to 23 May, 2003 (Miyazaki,
Japan) — 14 reports, in Munich (Germany) at the 10th
World Congress of Photodynamic Association — 11 re-
ports. At the 15th International Congress of the Euro-
pean Medical Laser Association from 20 to 23 August,
2010 (Helsinki, Finland) Russian scientists had made
more than 30 clinical reports of PDT and experimental
laser biology and medicine.

Currently the international cooperation in the
field of researches on the problem PDT continues to
expand [20,28,74].
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Rationale and purpose of the study. At the end of XIX century, in Kharkov, a large private clinic
was opened, with modern equipment for physiotherapy. Its work, the names of employees and the role in the
development of urban medicine are poorly and unclearly highlighted in the literature. The purpose of the work
is to establish according to the source materials the main stages of the history of the hospital and the names of
the doctors who played key roles in it.

Sources. The study used annual guides published in Kharkov (city and special medical) and in St. Pe-
tersburg (“Russian Medical List”), “Lists of students of the Imperial Kharkov University”; “Kharkov Medical
Journal”, the newspapers “Kharkov Provincial Gazette” and “Southern Region”.

Results. It is established that the surgical clinic with an in-patient facility was opened in Kharkov in
1893; the head of the department was the doctor G.A. Davidovich, and the resident physician was P.A. Litsyn,
both graduates of Kharkov University. In 1895, G.A. Davidovich became the owner of the clinic (including its
building), and P.A. Litsyn became the head; the list of services was added with the treatment of internal and
nervous diseases. During the years 1896-1898, a new three-story building was built for the hospital with a special
project, and emphasis in its equipment was placed on water treatment and phototherapy. Here, one of the first
in Russia electric light baths invented in the early 1890s by an American physician D.H. Kellogg, were installed.

However, in the same year of 1898, G.A. Davidovich died, and the clinic was inherited by his widow Sophia;
P. Litsyn remained the head of the department. In 1899, doctor B.I. Spivakov, who graduated from the Khar-
kov University, was admitted to work in the hospital. Over the next 20 years, yesterday’s student made a great
contribution to the further development of the hospital as a physiotherapy hospital.

After the nationalization of the clinic by the Bolsheviks, it became a city hospital, where P.A. Litsyn and
B.I. Spivakov continued to work. The latter became an assistant professor, and in 1930 the head of the depart-
ment of physiotherapy of the Institute for Advanced Training of Physicians. In the mid-1920’s, on the basis of
the former clinic of Davidovich, the Ukrainian Institute of Physiotherapy and Balneology was opened.

Conclusion. The hospital of Davidovich, and especially its employee B.I. Spivakov played a significant
role in the development of Kharkov medicine, especially in the improvement of physical methods of treatment.

Key words: history of physiotherapy, Kharkov, hospital, electric light baths, doctors, G.A. Davidovich,
P.A. Litsyn, B.I. Spivakov.

MATEPIAJIU /IO ICTOPIi XAPKIBCHKOI JIIKAPHI, 3ACHOBAHOI
JIIKAPEM I'.A. JTABU/IOBYEM (1895-1920 pp.)

K.B. Pycanos!, €.I'. PycanoBa?
!HeszanexcHuil docaionuk, m. Xapkie, YkpaiHa;
2Xapxkiscvkuil HayioHanvHull yHisepcumem imeni B.H. Kapasina,
Hayxkogo-0docaiona anabopamopis keaHmoegoi 610402ii ma keaHmoegoi meduyuHu, m. Xapxis, Yxpaina

OO6rpyuryBaHHsA i MeTa gocuaimxenns. Y kinni XIX cr. B XapKoBi BiZlkpuiiacsi BeJIMKa IMPUBATHA
JMiKapHs, OCHAIEHA CyJ4acHHM obyafHaHHAM /18 disioTepamii. Ii po6oTa, iMena crmiBpobiTHUKIB i posb
y PO3BHUTKY MiCbKOI MeAUIIMHY cy1ab0 i HEeACHO BUCBITJ/IEHI B jiTeparypi. MeTra po60TH — BCTAHOBUTHU 3a
MepIIOo/KEPEIaMU OCHOBHI eTar icTopil JlikapHi Ta iMeHa Jrikapis, sIKi Bifiirpaiu B Hill KJIIOYOBI POJTi.

Jl:xkepesia. Y qocaiPKeHHI BUKOPUCTaHI IMOPIiYHI JOBIIHUKH, BHUIaHI B XapKOBi (3araJbHOMICHKI Ta
crerianbHi MeauyHi) i B [TetepOyp3i ( « POCICHKUI MEAUYHUE CITUCOK » ), « CITUCKH CTY/IeHTIB IMIIEpaTOpChKOTO
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XapKiBChKOT'O YHIBEPCHUTETY »; « XapKiBCbKUU METUYHUH )KYPHAII», Ta3eTH « XapKiBChKi I'yOEpHCHKI BiJTOMOCTi»
1 «ITiBIeHHUH Kpaii».

PesyabTraTi. BecraHoBseHo, 10 XipypridyHa JlikapHs 3i cTamioHapoM Bigkpmiacs y Xapkosi B 1893 p.;
3aBigyBaueM ciy:kuB Jikap [.A. JlaBuymoBudy, a opauaaTopom — jikap I[1.A. JlinuH, o0u/1Ba — BUITYCKHUKU
XapkiBebkoro yHiBepeurety. Y 1895 p IA. JlaBu10BHUY CTaB BJIACHUKOM JIiKapHi (BKJIIOYAIOYH i ii Oy/1iBIIIO),
a IL.A. Jlitiuu — 3aBizyBaueM; B mepeJtik IocayT OyJI0 /T0/IaHo JIiKyBaHHS BHYTPIIIHIX i HEPBOBUX XBOP0O. 3a
1896-1898 pp. s tikapHi 6yB 100yI0BaHUN HOBHII TPUITOBEPXOBUH OYITHOK 32 CIENiaIbHUM IIPOEKTOM, a IIPU
ii o6s1aHAHHI 3pO6JIEHNIH aKIEHT Ha BOJIOJIIKYBaHHs Ta CBITJIOMIKYBaHHA. TyT Oy/I BCTAHOBJIEH] OZHI 3 TePIITNX
B Pocii esiekTpoCBiT/IOBI BaHHY, BUHAN/IeHI Ha ToyaTKy 1890-x pp. amepukanchkuM Jtikapem /1.X. Kesorom.

Onuak y Tomy 3k 1898 p. I'.A. [laBumoBudy momep, i TikapHs nepeia /1o fioro Baosu Codii; 3aBigyBauem
sayuiuBed [1.A. Jlinua. ¥ 1899 p. Ha poboTy B JTikapHO OyB nmpuitHATHH Jtikap b.I. CiiBakoB, IKWH 3aKiHUNB
XapkiBebkuii yHiBepcuTeT. 3a 20 HACTYITHUX POKIB BUOPAIITHIN CTYIEHT BHIC BEJTUKUN BHECOK Y ITOAAIBITHI
PO3BUTOK JIiKapHi caMe 5K dizioTepaneBTUYHOTO CTAIliOHAPY.

[Ticosa HamioHasizamii JrikapHi 6i7PIIIOBUKAMU BOHA CTaJIa MiChKOIO JIIKapHEIO, Jie IPOJIOBKYBaIU
nparoBatu I1.A. Jlinus i B.1.CniBakos. OcranHiii cTaB goreHToM, a B 1930 p. — 3aBigyBauem kadeaporio
(diziorepamii [HcTUTYTY yocKOHAIEHH JTikapiB. B cepenai 1920-x pp. Ha 6231 KOJIUIITHBOI JTiKapHi /laBuioBHYa
BiZIKpUBCSA YKpaiHCHKUH IHCTUTYT (izioTeparrii Ta KypopTOJIOTii.

BucHoBok. Jlikapus JaBumoBuua i ocobauBo ii crmiBpobiTHuk B.I. CiBakoB 3irpasiu 3HaYHY POJib B
PO3BUTKY XapKiBChKOI MeIUIIITHU, OCOOIMBO B YAOCKOHAJIEHH] (DI3MYHUX METOZIB JIIKyBaHHS.

KirouoBsi ciroBa: icropis ¢isioreparii, Xapkis, TikapHs, eJIEKTPOCBIT/IOB] BaHHY, JTikapi, I.A. JlaBumoBuy,
I1.A. JlinuH, B.1. CoiBakos.

MATEPHAJIBI K ICTOPUU XAPHBKOBCKOI JIEYEBHUIIBI, YYPEK/TEHHOI
BPAYOM I'.A. JIABUIOBITYEM (1895-1920 rr.)

K.B. Pycanos!, E.I'. PycanoBa?
!Hesasucumylil uccnedosamens, 2. Xapvkos, YkpauHa;
2Xapvrosckuil HAYUOHAAbHDLUL YHUBepcumem umeru B.H. KapasuHa,
HayuHo-uccaedosamenvckas 21abopamopus K8aAHmMoeou 6uo.102uu U K8aAHMOBoU mMeduyuHbL, 2. Xapvkos, YkpauHa

OGocHOBaHUe U 1eJIb uccaenoBanus. B konne XIX cr. B XapbKoBe OTKpbLIACH KPYITHAs YacTHAA
JieueOGHUIIA, OCHAIIIEHHAsI COBPEMEHHBIM 000pyIoBaHueM i husnorepanuu. Ee paboTa, nMeHa COTPYTHUKOB U
POJIb B Pa3BUTHH FOPOZCKON MEIHUITUHBI ¢1a00 U HESICHO OCBEIIEHBI B iuTepatype. Llesh paboThl — yCTaHOBUTD
I10 MIEPBOMCTOYHUKAM OCHOBHBIE 3TAIIBI UCTOPUU JIEUEOHUITBI I UMEHA Bpauel, ChITPABIINX B HEH KITIOUEBbIE
pornu.

HNcrounuku. B ucciefoBaHUU HCIIOJIb30BAHBI €XKeTO/lHble CIIPAaBOYHUKH, U3JJaHHbIe B XapbKOBe
(obmreropojickue u crenuaabable MeauinHckue) u B [letepoypre («Poccuiickuii MEAUIIUHCKUH CITHCOK» ),
«Crrcku cTyieHToB MIMneparopckoro XapbKOBCKOTO YHUBEPCUTETa» ; « XapbKOBCKUY MeITUIIMHCKUH KypHAI»,
razersbl « XapbKOBCKHE I'yOEpHCKHE BeZIOMOCTH» U « KOKHBIN Kpati».

PesyabTaThl. YCTAaHOBIJIEHO, UYTO XUPYPTUYECKas JedeOHUIIA CO CTAI[MOHAPOM OTKPBLIIACh B XaphKOBE B
1893 r.; 3aBemyromum ciry»kui Bpad [ A. JlaBusioBud, a opauHaTopoM — Bpad [1.A.JIu1bi, 062 — BBITYCKHUKU
XapbkoBckoro yHuBepeurtera. B 1895 r. I A. JIaBu10BUY CTAJT BIAIE/IbIIEM JIeueOHUITBI (BKTIOUAS U €€ 3/TaHHE),
a [1.A.JIuuplH — 3aBEYIONINM; B IIEPEUYEHbD YCIYT ObLIO J00aBJIEHO JIEUeHHE BHYTPEHHUX I HEPBHBIX O0JIE3HEN.
3a 1896-1898 rr. /17151 sIeueOHUIIBI OBLIIO TOCTPOEHO HOBOE TPEXATAXKHOE 37aHUE IO CIIEIIHATTFHOMY IIPOEKTY,
a mpu ee 000PY/IOBaHUU C/IeJIaH aKIIEHT Ha BO/IOJIEUEHUH U CBETOJIEUEHHUH. 3/1eCh ObUIN YCTAHOBJIEHBI OTHU
13 nepBbIX B Poccru 3y1eKTpoCBeTOBBIE BAaHHBI, N300peTeHHbIe B HaUaie 1890-X IT. aMEPUKAHCKUM BPauyoOM
J1.X.Keorom.

Opnako B ToM ke 1898 r. I'.A.JlaBuioBHY yMep, U JieueOHHUIIA ITepelia K ero BoBe Codbe; 3aBeIyH0IIM
ocrascs I1.A.JIunpia. B 1899 r. Ha paboty B jreueGHUIy ObLT TpUHAT Bpau b.11.CinBakoB, OKOHUMBIIUI
XapbkoBckuil yHuBepcuTeT. 3a 20 MocsIeyIomuX JeT BUepaITHUi CTyZIeHT BHEC OOJIBIIION BKJIA, B JayIbHeHIIee
pasBuTHe JIe4eOHUIBI UMEHHO KaK (DU3HOTEPATIEBTUYECKOTO CTAI[OHAPA.

[Tocsie HaMOHATU3AIMH JIe4eOHUIIBI O0JIBIIIEBUKAMHU OHA CTajIa TOPOACKON OOJIBHUIIEH, I71e IPO/IOJIKAIIN
pabotats IT.A.JIunbia u b.1.CriuBakos. [Tocnemuuii crasn moneHToM, a B 1930 1. — 3aBenyromuM kadeapou
¢dusnorepanuu MHCTUTYyTA yCOBEPIIIEHCTBOBAHUA Bpaueil. B cepenune 1920-x rr. Ha 6a3e ObIBIIEH JTeueOHUIIBI
JlaBuzioBUYa OTKPBLICA YKPAUHCKUN MHCTUTYT (PU3NOTEPANINH U KYPOPTOJIOTHH.

3artouenue. JleueOuuna Jlapumosuua u ocobeHHo ee coTpyaHuK B./1.ClIMBaKoOB ChIrpaii 3HAUUTETHHYTO
POJIb B PA3BUTHH XapbKOBCKOM MeIUITUHBI, 0COOEHHO B YCOBEPIIIEHCTBOBAHUY (PU3NUECKUX METOZ[OB JIEUeHUS.

KirroueBslie cioBa: ucropus Gusznorepanuu, XapbKoB, JIEYeOHUIA, SJIEKTPOCBETOBbIE BAHHBI, BPAUH,
T'.A. JaBumosuy, I1.A. JInnpia, 5.1. CnuBakos.
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In 1998, twenty years ago, the first issue of the
journal “Photobiology and Photomedicine” was pub-
lished in Kharkov. It contained an article by Professor
L.D. Tondiy [1] on how phototherapy was developing
in our city, starting from the 1860s when, according
to Leonid Dmitrievich, the scientists of Kharkov Uni-
versity, who were at the origins of the organization of
the resort “Berezovsky Mineral Waters”, offered to use
sun treatment in the period of recovery.

Later the leading place in photomedicine was tak-
en by artificial — electrical — light therapy. In his article
L.D. Tondiy [1] referred the peak of this tendency in
Kharkov to the 1920s—1930s. During this period, the
Ukrainian Institute of Physiotherapy and Balneology
(until 1934), and then the Ukrainian Institute of Ex-
perimental Physiotherapy (until 1937) functioned in
our city. Specialists in light therapy were trained by
the Department of Physiotherapy of the Ukrainian In-
stitute for Advanced Training of Physicians (currently
Kharkov Medical Academy of Postgraduate Educa-
tion), where professor E.A. Chernikov and Associate
Professor B.O. Spivakov worked. In Kharkov, the First
(1925) and the Third (1935) All-Union congresses of
physiotherapists were held. [1]

Due to the constant interest of Profes-
sor L.D. Tondiy in the history of photomedicine, we
took up the solution of a number of forgotten or con-
troversial issues of the past, related to phototherapy in
Kharkov. We managed to make a more accurate picture
of the first period of the formation of the Berezovsky
Mineral Waters, to find information about some for-
gotten light-therapy rooms that operated in Kharkov
in the 1900s, and so on. [2-4]

In the times of the Russian Empire, phototherapy
in our city was used by doctors who were the owners
of private phototherapeutic rooms or complex clinics,
which included such offices. Kharkov citizens borrowed
methods of treatment with light and equipment for it
either abroad, or in representative offices of foreign
manufacturers in Russia.

The popularity of phototherapy among doctors
and patients was facilitated
by the well-known success
of the Dane N.R. Finsen,
the Nobel Prize winner (\
in Physiology and Medi- o)
cine in 1903, awarded to
him “in recognition of his
merits in the treatment of
diseases — especially lu-
pus — with the help of con-
centrated light radiation”.
Thanks to this award and
well-organized PR, the Fin-
sen’s method was known i
as the only theoretically
grounded method of pho-
totherapy. Therefore, the
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Fig. 1. Fragment advertising the hospital Davidoviche from the directory "All of Kharkov"

Kharkov doctor N.P. Sudeykin [3] not coincidentally
named his light therapy office as Finsen in advertising.

There were dozens of private hospitals and med-
ical offices in Kharkov; in the 1900s—1910s approxi-
mately half of them offered certain types of light ther-
apy. At the same time, because of competition, most
of the private hospitals and offices in the city had huge
financial difficulties; their owners often changed, they
closed and reappeared.

On this unsteady, unstable background, “The clinic
established by Dr. G.A. Davidovich” on the Blagovesh-
chensk street (until recently — Karl Marx) remained
the symbol of stability in our city for many years. And
in it, of course, there was a light therapy room (Fig. 1)
equipped with equipment modern at the time.

However, the project of G.A. Davidovich did not
immediately acquire a physiotherapeutic profile; at
first, it was a purely surgical hospital. Its transforma-
tion is described in the book LIO. Po6ax “Opeanizayia
oxopoHu 300poe’s 8 Xapxoei 3a imnepcvkoi 006u (nouamox
XVIII em. — 1916 p.)”. [5] However, the author of this
monograph almost did not provide exact dates, confin-
ing of terms like “first”, “later”, “soon”, etc. He did not
report the address of the Davidovich’s clinic, nor the
names of the doctors who worked in it or the biography
its founder Grigory Abramovich Davidovich.

According to I1.Yu. Robak, the Davidovich’s clinic
held its genealogy from the “Surgical clinic established
by Professor V.F. Grube” on the Blagoveshchensk
street in 1890. University surgeon V.F. Grube was the
founder and director of this medical institution, but the
actual owner of the latter was named by I.Yu. Robak
as G.A. Davidovich. [5] Later (when?) the clinic was
named after Dr. Davidovich; the latter soon died, but
“managed to open a hydropathical establishment in a
neighboring building (which?) and equip it with popu-
lar at that time imported hydrotherapeutic devices. The
institution was named “Hydropathical establishment
and clinic of the widow of Dr. S.V. Davidovich”, its own-
er not only continued her husband’s business but also
expanded it. In a separate building (the third?) there

o N o
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second half of the 1900's.
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was a boarding house for mentally disabled patients.
Treatment of sexual disorders was started. For the
hydropathical establishment, the baths and showers
of all existing systems and other new equipment were
purchased”. [5]

* K ¥

It is possible to clarify this complicated question
only by relying on the facts cited in the original sources.
What was the purpose of our research.

In the “List of students of the Imperial Kharkov
University for the 1880—1881 academic year”, Davi-
dovich Grigory Abramovich, a Jew from the merchant
class, was under number 14 in the medical department
among the students in the fourth year, who entered the
university on August 16, 1876 after the graduation of
the Third Kharkov gymnasium. From other sources,
it is known that the student Davidovich was born in
1856. But his birthplace is not indicated, so we have
no reason to consider Grigory Abramovich (some-
times — Avramovich) as a Kharkovite.

G.A. Davidovich gained a doctor’s diploma in
1882. In addition, the annual “Russian Medical Lists”
reported that in the late 1880s he practiced freely in
the city of Lugansk, Ekaterinoslav province, and in
the early 1890s he was a doctor of the Lugansk city
training school and obtained a rank of a collegiate as-
sessor. G.A. Davidovich moved to Kharkov no earlier
than the end of 1892. Here he was considered a freely
practicing physician up to 1897, inclusive, after which
he was permanently withdrawn from the lists. Grigory
Abramovich was never a doctor of medicine.

Urban annual reference books “Kharkov Calen-
dar” for 1890-1892 did not report the existence of a
“Surgical Clinic established by Professor V.F. Grube”.
The first mention of it was made in the “Kharkov cal-
endar” in 1893:

“Surgical clinic established by prof. V.F. Gru-
be (Blagoveshchenskaya Str., 12). The head of the
clinic is Dr. G.A. Davidovich, the resident doctor is
Dr. P.A. Litsyn.

There is room for 25 surgical patients. In addition
to separate rooms, there are common chambers. The
operations are carried out by the founder and director
Prof. V.F. Grube. Payment for operations and premises
is agreed. At the hospital, there is one free bed, and
there are two for emergency cases”.

This information is repeated in the “Kharkov cal-
endars” for 1894-1895.

Neither V.F. Grube nor his above-mentioned em-
ployees were then owners of houses on the Blagovesh-
chenskaya Street. According to the “Lists of landlords
of Kharkov for 1890”, house number 10 belonged to
the heirs of Captain A.P. Strakhov, and house num-
ber 12 — the noblewoman E.N. Boguslavskaya.

Apparently, the famous Kharkov surgeon V.F. Gru-
be (1827-1898) chose G.A. Davidovich and P.A. Litsyn
as employees of the hospital because he knew them and

trusted them. He probably remembered these doctors
as his students at the university.

However, we did not find the data on the medical
specialization of Grigory Davidovich (and his inter-
est in physiotherapy). But P.A. Litsyn exactly was a
surgeon: in advertising of his home appointment, he
invited patients with surgical and dental diseases. At
the same time he worked in the hospital on the Bla-
goveshchensky Street for over 30 years and, of course,
became part of its history.

From the “List of students of the Imperial Khar-
kov University for the 1879-1880 academic year” it
can be seen that Pavel Litsyn, born in 1854 and being
a fifth-year student, was of the Orthodox faith, came
from a merchant class, graduated from a gymnasium in
Taganrog and, on August 16, 1874, he entered the med-
ical department and studied at his own expense. “Rus-
sian medical lists” reported on P.A. Litsyn that, having
received a doctor’s diploma in 1880, he remained to
live in Kharkov, where he worked as a railway doctor.

Pavel Anastasievich was born in a Taganrog mer-
chant family which originated from Greek immigrants:
his father was a merchant of the Third Guild, who
traded “red goods”, and his mother, born Makropulo,
was the daughter of a rich Taganrog merchant.

The road to the medical faculty in Kharkov was
laid for Pavel by his elder (13 years) brother Nikolai
Litsyn (1841-1920), who got a medical diploma in our
university in the 1860s. N.A. Litsyn went to work in his
native city, where he became famous — though not so
much in medical, as other activities. For a long time he
was the chairman of the first Mutual Credit Society in
Taganrog, the foreman of the Taganrog exchange com-
mittee; was the head of city training schools; from 1872
he was elected as a member of the town council (in the
meeting room of which his portrait was posted), and
from 1897 to 1905 he was the city head of Taganrog.

In addition, Nikolai Litsyn rose to the “general”
rank of an actual state councillor, had the Order of
St. Anna of the 2nd degree, the Order of St. Vladimir
of the 3rd degree, etc.

However, his brother Pavel was much more mod-
est. He did not have real estate in Kharkov and lived in
a rented apartment on the Ekaterinoslavskaya street
(now the Poltava route), in the house No. 37. P.A. Lit-
syn did not rise to ranks, and he did not get a doctor’s
degree. He avoided politics, which later contributed to
the longevity of the doctor.

In contrast to him, G.A. Davidovich, who was
at first the hired manager of the “Surgical Hospital”,
launched activities aimed at moving the latter into his
own hands. Most likely, he did this with the consent of
the already very old V.F. Grube.

As can be seen from the “List of homeowners
of Kharkov” in 1895, Grigory Abramovich bought
the house No. 10 on the Blagoveshchenskaya street
with an estimated value of 3120 rubles. (the owner of
the house No. 12, valued at 12060 rubles, remained
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E.N. Boguslavskaya). At the same time, G.A. Davi-
dovich registered a new charter of the clinic through
the authorizing bodies, where he himself was already
the owner (Fig. 2).

On November 29, 1894, the charter was approved
by the Minister of the Interior and the Director of the
Medical Department. Here are some fragments from
this document (there are more than 20 clauses in it):

“1. The hospital was established with the aim
of delivering medical aid, accommodation, care and
maintenance that meet modern requirements of sci-
ence for patients, especially for non-residents, for a
moderate charge, as well as aseptic and antiseptic
requirements for operated patients.

2. The clinic consists of an outpatient facility and
rooms both general and separate for the placement of
inpatients; there is also an operating room equipped
with all kinds of instruments; laboratory for the prepa-
ration of sterilized material and disinfectant liquids;
the insulation room; a special room for admitting
visiting patients, a pharmacy (without the right to free
sale) with the medicines required to provide initial
assistance; a bathroom, electrical appliances and so on.

3. The hospital belongs to Dr. G.A. Davidovich who
is the head of the clinic; in addition, it involves one or
two permanent resident physicians who visit patients
twice a day at certain times or more, if necessary, at
any time; and there is a sufficient staff of experienced
servants in the clinic. <...>

5. Persons of both sexes of all ages are admitted
as inpatients at all times, and the female patients are
placed in rooms separate from men: a) with diseases
requiring surgical assistance, including eye, urogenital
and gynecological diseases, with a department for ob-
stetric cases; b) with internal diseases. The incoming
patients are admitted daily at certain times.

6. The insane patients and those suffering from
acute infectious diseases (typhoid, smallpox, diphthe-
ria, etc.) are not admitted to the institution. If any of
those admitted to the hospital have this kind of disease,
then his relatives and the administration must take
measures to remove such a patient from the hospital.
If this proves impossible, then such a patient must be
transferred to an isolation room at the clinic.

7. Every patient entering the clinic is required
to submit a legalized residence permit, which, upon
presentation to the police, is kept by the head of the
clinic and returned to the patient upon his exit from
the clinic. <...>

9. Every patient admitted to the hospital enjoys
full ready maintenance and treatment, such as: a room,
lighting, table and bed linen, food, servants, baths
and bandages and all the medical aids of the clinic,
as well as advice and care of the entire medical staff.
In addition, the patient uses the library, magazines,
newspapers of the clinic, and other entertainment per-
mitted for patients. With the permission of the head,
the patients can use the clothes, linen and bed brought

Fig. 2. The cover of the statute of the clinic
G.A Davidovich [6]

with them but, in this case, all these things must be pre-
liminarily subjected to thorough disinfection in a device
specially designed in the hospital for this purpose. <...>

12. Payment for maintenance, medical care, dress-
ings and dressing material, baths and others at the
indication of a specialist who treats this patient, is de-
termined by mutual agreement. Its size (from 2 rubles
50 kopecks a day and 60 rubles per month) depends
on the complexity and difficulty of treating a certain
case, the patient’s requirements, the degree of his
material well-being and the duration of his stay in the
clinic. Accordingly, as well as the scientific interest, in
this case, one and not more than two patients can be
also taken free of charge. The fee is paid by patients in
advance when they enter the hospital for all the period
determined for him or her in the clinic or for 10 days. In
the event that the patient leaves the institution before
the expiration of the term, the fee is returned back to
him with the calculation.

13. In the event of the death of a patient and
the absence of relatives, the clinic takes appropriate
measures to bury the deceased at its own expense and
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promptly notifies the Medical Department and the
police about each death case. The document of the
deceased, as well as the remaining money and things,
is forwarded to the proper institution”. [6]

The other paragraphs of the charter of the clinic
contained the rules for carrying out the operations;
registration of patients and their deposit of clothing,
money and things. It was reported on the regular
supervision of the hospital by the governor and the
provincial medical department, the need to report
annually on its activities. It was required from patients
to observe the regime established in the clinic “in the
forms of successful activities”; meetings with relatives
were permitted provided that the visitors gave in the
clothes and all the things brought for disinfection.

Information about the opened clinic, published in
the “Kharkov calendar” for 1896, added several new
details to the charter:

“The hospital of Dr. G.A. Davidovich (Bla-
goveshchenskaya Str., 12). Senior resident
Dr. P.A. Litsyn.

The hospital accepts patients with the following
diseases: a) surgical, including for operations of the eye,
genitourinary and female organs, and b) internal and
nervous. The clinic can accommodate up to 32 patients
with separate rooms. Two beds are free; one of them
is for eye diseases named after prof. L.L. Girschman.”

In addition, in this guide, it was reported that
G.A. Davidovich lives on the Blagoveshchenskaya
Street, in his own house No. 10.

The above data (repeated in the “Kharkov cal-
endars” in 1897 and 1898) showed that at first in
the “clinic of Dr. Davidovich” the physiotherapeutic
methods of treatment by no means dominated: the
baths and electric appliances were mentioned in the
charter tangentially.

* ¥ ¥

However, during these years Grigory Abramovich
rebuilt his own house No. 10 —in fact, he built in its
place a new three-story building, specially designed
for the hospital of physiotherapy profile. City guide,
printed in early 1898, was published before the opening
of the latter, and the newspapers were the first which
told the Kharkovites about this event.

“Kharkov Province Gazette” published such
a note on August 6, 1898:

“A large therapeutic institution will be opened
soon in Kharkov on Blagoveshchenskaya street — a
hydropathic clinic of Dr. Davidovich, built with all sorts
of devices for treating with water, electricity, steam,
gymnastics, massage, etc.

The entire building with a water-raising tower with
a height of 35 arshins was built by the city architect
Dashkevich.

The interior is characterized with the elegance
of the decoration and comfort. The bathing room is
designed in Moorish style with waterproof floors and

walls and with the latest ventilating devices. In this
room, besides the pool, there are baths of all kinds and
purposes, ranging from simple bathing ones to such
novelties in the field of electrotherapy as an electric
light bath for sweating. There are also various tools
for general, local showers etc. For those who do not
want to use the baths in the common room, there are
several isolated rooms.

In addition to hydrotherapy, the new clinic will
widely use electrotherapy, for which there are various
special devices.

The heating of the clinic is steam-electric, and the
lighting is electric, for which there is own electric gen-
erator. For visitors or seriously ill, a boarding house is
arranged. The hospital is administered by the doctors
Dikansky and Litsyn.”

“Southern Region” on October 14, 1898,
reported the opening of the hydropathic clinic of
Dr. G.A. Davidovich already post factum, noting in
particular that “for the first time in Russia, carbon
dioxide and electric light baths are used” in it.

Electric light (otherwise — photoelectric) baths
were invented in the early 1890s by an American
physician John Harvey Kellogg. According to the So-
viet textbook of physiotherapy, these devices were a
multi-faceted box-cupboard (Fig. 3). [7] The patient
was sitting inside the bath on a chair; in the upper
lid, there was a neck slot for the head to be outside
during the procedure. On the inner surface of the bath,
there were incandescent lamps (usually coal, of 16
or 25 candles) with reflectors made of metal mirrors
or milk glass tiles. The lamps could be switched on
in various amounts and combinations to achieve the
desired effect.

This was considered to be profuse sweating com-
ing faster and at a lower temperature than in a hot
air-dry bath. A strong effect of electric light baths was
attributed to the “direct effect on the body of radiant
energy in the form of infrared and visible rays of nu-
merous light bulbs”. [7]

D.H. Kellogg (see below about him) reported on
the favorable results he achieved with this method in
case of obesity, diabetes and the Bright disease (ne-
phritis). Electric light baths quickly gained popularity
in Europe; they began to treat other metabolic diseases
(for example, gout), poisoning, rheumatism, even heart
diseases and bronchial asthma.

The manufacturers of medical electrical equip-
ment have developed the designs of electric light
baths with more efficient use of radiant energy due
to the special form of lamps and reflectors. In Russia,
representative offices of Western companies offered
electric light baths of “intensive” class at a price of up
to 1500 rubles — Radiotherm (Reiniger, Gebbert and
Schall) and Polysol (Sanitas).

Even at the turn of the century, local electric light
baths were used widely enough — to affect any one part
of the body; there is every reason to think that they
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Fig. 3. General electrolight bath: on the left—a picture from the book [7]; right — American advertising early XX century

were available in the hospital of Davidovich. These
devices, also equipped with incandescent lamps, had
a different size and shape (Fig. 4). It is easy to see that
they were prototypes of modern devices for photother-
apy of the diabetic foot syndrome, where miniature
light-emitting diodes are used as radiation sources.

But back to the newspaper note, to pay attention
to two important details. The new building of the clin-
ic was designed by Mikhail (Mitrofan) Irodionovich
Dashkevich, the city architect in Kharkov since 1893.
By the way, it had an estimated value of 33,300 rubles
which was more than 10 times more expensive than the
one bought by G.A. Davidovich (data from the “List of
homeowners of Kharkov” in 1909, where the owner was
the widow of collegiate assessor Sofya Vladimirovna
Davidovich).

Grigory Abramovich himself was named in the
“Provincial Gazette” only as the founder of the institu-
tion, whereas the directors were Litsyn and Dr. Dikan-
sky already known to us. Yakov Lazarevich (Eleaza-
rovich) Dikansky, of the same age as G.A. Davidovich,
entered the medical faculty of Kharkov University
in 1880, four years later. At
the same time Ya.L. Dikansky
was a fellow countryman of
P.A. Litsyn in Taganrog, he
also was from a merchant, but
Jewish family. Having received
a doctor’s degree in internal
medicine in 1886, Yakov Laz-
arevich settled in Kharkov
for the next 30 years. He was
engaged almost all the time
in private practice at Yaro-
slavskaya str., 2.

Most likely, Ya.L. Dikan-
sky, personally acquainted

with P.A. Litsyn and G.A. Davidovich, was the head
of the clinic because Grigory Abramovich died by the
middle of 1898, or could no longer work. And the son-
heir of the founder, Alexander Grigorievich Davidovich,
was still a boy: he was born in 1888 and got a doctor’s
degree in nervous diseases in 1916. [8] So the clinic was
re-registered with Sofya Vladimirovna, while continu-
ing to be called “established by Dr. G.A. Davidovich”.

Ya.L. Dikansky, a decorative figure, was soon
replaced in the hospital by other doctors. It’s adver-
tising in the guide (Fig. 5) contained their surnames:
A.A. Govseev and B.O. Spivakov. [9]

“Alphabetical list of students of the Imperial Khar-
kov University” for the autumn semester of 1893-1894
reported that the student Alexander Gosveev, of a Jew-
ish faith, was studying at the third year of the medical
faculty and granted relief from fees for learning by the
University Board.

According to the “Russian Medical Lists”, Alex-
ander Akimovitch Gosveev was born in 1872, gained
the title of a physician for internal diseases in 1895,
after which he was a supernumerary resident physi-

Fig. 4. Apparatus for local electrolight baths [7]: on the left—for the trunk and legs of
the patient; right—for the shoulder joint
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cian of the clinic (probably
university) for several years
in Kharkov. He had two older
brother-doctors (one of them
was a doctor of medicine),
who lived in other cities.

Without having any
kindred support in Khar-
kov (and, apparently, crav-
ing for physical methods),
Gosveev Jr. did not stay long
in the Davidovich hospital.
Already in 1903 he was a
territorial sanitary doctor
in Lugansk, later engaged
in private medical practice
in Yekaterinoslav (with his
brother Albert), and in 1915
he was the head of the ter-
ritorial sanitary bureau in
Kiev.

The future associate pro-
fessor Boris Osipovich Spiva-
kov was a completely differ-
ent person, who was noted by
L.D. Tondiy in the article. [1]
Unfortunately, later on, Leo-
nid Dmitrievich added very
little to Spivakov’s descrip-
tion. In the last work it was
noted only that “in 1930 the
Department of Physiothera-
py (in Kharkov) was headed
by B.O. Spivakov, an experi-
enced therapist and balneol-
ogist, who was the head of the
hydropathic institution in the
building No. 10 on Karl Marx
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street (Blagoveshchenskaya)
and worked in the scientific
council of the Kharkov Sci-
entific Society”. [10]

But today we can already say that the Davidovich’s
hospital was the first (and desired!) place of service
for the young doctor Boris Spivakov after graduating
from Kharkov University. Over the years of work in
this private medical institution, Spivakov grew into an
ideological leader, we believe that it was he (and not
the nominal head, the surgeon Litsyn) that determined
the direction of the development of the clinic.

From the “List of students of the Imperial Kharkov
University,” it is clear that the student Spivakov Ben-
tion Iosifovich was born on June 13, 1875, in Odessa,
a Jewish middle-class family, graduated from the Third
Odessa City Gymnasium and on September 6, 1894,
entered the Medical Department.

In 1897, he studied in the third year, and in 1899
received a doctor’s degree in internal and nervous
diseases. In 1901 a talented Odessa resident lived in

Fopchent.
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Fig. 5. Fragment of the reference book [9]

Kharkov at the address: Blagoveshchenskaya str., 10,
that is, directly at the place of work. [9]

It is known that he often went abroad to the con-
ference on physical methods of treatment and, having
returned, he made reports for his colleagues in Khar-
kov about new products in this area. So, on May 18,
1913, B.I. Spivakov reported on the topic “Radium
therapy and electrotherapy at the 4th Congress on
Physiotherapy in Berlin” at a meeting of the Kharkov
Medical Society.

Actually, the formulary list of Bention Iosifovich
Spivakov, the resident of the private clinic of Davi-
dovich in Kharkov, which was compiled in 1911, is
kept in the Russian State Historical Archive (Fund
1349, inventory 2, portfolio 404, sheets 71-73). Now
it is beyond our reach, but in Soviet times it was not so
difficult to look at this document.
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On the bookshelf in the office of Boris Spivakov
on the Blagoveshchenskaya street, 10, there certainly
was the fundamental work of the inventor of electric
light baths (Fig. 6).

Dr. D.H. Kellogg was not a hereditary physician,
his father had a factory in the town of Battle Creek
(Michigan) for making brooms. But the young John
refused to make brooms, he graduated from the Med-
ical Department of New York University and for half
a century (1877-1929) published many books about
a healthy lifestyle and treatment. According to Dr. Kel-
logg, electric light baths 2—3 times a week were the
means not only of treating many diseases and puri-
fying the body of harmful substances but, along with
vegetarianism, etc., a part of the correct way of life. His
book on light therapy is available in the Internet today.

Dr. Kellogg had a portfolio of three-volume “Ra-
tional Hydrotherapy: A manual of the physiological
and therapeutic effects of the hydratic procedures and
the technique of their application in the treatment of
disease” republished more than once, and a more fru-
gal in a number of sheets work “The Art of Massage:
Practical manual for the student, the nurse and the
practitioner”. Both in 1901 (Fig. 5) and in 1914, when
the advertisement of the Davidovich hospital was
published, shown in Figure 7, and water treatment
(hydrotherapy), and massage were included in the
range of means at the disposal of B.I. Spivakov. Boris

TIosifovich, who had now risen to the position of the
head of the water-electro-light-healing hospital, simply
had to have these manuals as handbooks.

The author of the latter was a personality that was
vivid and attractive in its own way, albeit ambiguous.
So, John Kellogg with his brother Will invented and
produced “Kellogg’s Corn Flakes”; the sensational
advertising campaign of these breakfasts in women’s
magazines has revolutionized the grocery. At the same
time, Dr. D.H. Kellogg was religious to fanaticism and
possessed the qualities of an excellent preacher.

Turning to the Davidovich hospital, we must add
that in 1914, it already had an X-ray room, where the
well-known in Kharkov roentgenologist Yu.A. Golding-
er worked. By 1917, the hospital had its own chemical
and bacteriological laboratory for analysis. Boris Spi-
vakov certainly had a hand in expanding the services
in these fields. In the city guide of 1917, he was desig-
nated as a specialist not only for internal and nervous
diseases but already for physical methods of treatment.

B.I. Spivakov, like P.A. Litsyn, were permanent
employees of the Davidovich hospital; other doctors
who worked in it, were replaced from time to time,
especially in the years of war (1904—-1905 and 1914).
They were random people who did not reveal their
skills, and there is no sense in monitoring their person-
nel assets. Thus, before the onset of the World War, the
resident physicians of the clinic were doctors N.F. Bu-
rovand S.D. Fogelson (Fig. 7). But already in the guide

Light Therapeutics

Ld Practtcal Manual of Phototherapy for the
Student and the Pmm'tiani

With Special Reference to the Incandescent
Blectric-Light Bath

By J. H. KELLOGG, M. D

Author of “Rational H
Brmth Gynecolagi

gy and Obstetries, American and British Associations for the
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Fig. 6. American physician John Harvey Kellogg (left, source — Wikipedia)
and title page of his work on light therapy (right)

36



CLINICAL PHOTOMEDICINE

Photobiol Photomed 24 °2018

Nbyedonnua, sogonbyedHnua, anewtpo-cebro-nbyedHuua u
PexTreHoBCkin KaOMHETH, yupemx. nORTOpOND

[ &
Xapwom;, Baarosbmenckasn yir., cob. goun NeNe 10-12.
HOPIEMD BOJLHBIX'G CTAIIIOHAPHBIX'G u IIPUXOAAIINXB.

. AABHJ0BHIEMD

from them. According to
the guide, Pavel Anatsa-
yevich Litsyn worked in the
Soviet hospital as an ordi-
nary doctor; and Boris Io-
sifovich Spivakov remained
in the then capital of the
Ukrainian SSR, who was fi-
nally re-qualified as a phys-
iotherapist. [8] Even the

heir of the founder of the
clinic, Alexander Grigor-
ievich Davidovich, worked
as a doctor for nervous dis-
eases in the 4th working
polyclinic at Pushkinska-
ya str., 32.

In the years of the
NEP it was time to restore
and repair the long-stand-
ing idle light and ordinary
baths of the 3rd Soviet
hospital. Probably not co-
incidentally in the neigh-
borhood, on the Ekateri-
noslavskaya street (now
named after Y.M. Sverdlov)
a private “electro-medical
and mechanical workshop”
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Fig. 7. Advertising of the hospital Davidovichey in the Kharkov Medical Journal (1914)

“All Kharkov in the pocket” for 1915, V.E. Filips and
G.K. Nagel were named as the resident physicians.
The clinic of Davidovich, as it usually happens,
only lost from the revolutions and the Civil War,
both with the Reds and with the Whites. 19.08.1919,
when the city was occupied by Denikin’s army, lo-
cal newspapers reported: “The

ment of science. As

piarsoctakb w repamin. ITpieys G0IbHBIXD emerHeBHO

was opened, which special-
ized just on physiotherapy
electric appliances (Fig. 8).
And advertising of the cor-
responding devices of Ger-
man production returned
to the medical periodical
publications of the USSR,
which greatly increased in
the 1920s.

It must be said that the

o

Bolshevik government did not spare currency for the
technical equipment of medicine and the develop-

a result, in the second half of the

1920s the 3rd Soviet hospital gained deservedly the
status of the “Physico-therapeutic institute” (as it was

thieves robbed the apartment of
the famous Kharkov doctor A. Da-
vidovich at Blagoveshchenska-
ya Street, 12. Property worth
65,000 rubles was stolen.” ‘
And the Bolsheviks, having
occupied Kharkov at the end of
the year, nationalized the clinic
entirely, renamed it the 3rd work-
ing (Soviet) hospital for 40 beds.
Despite this, the permanent staff

-
»
A
&

IAEKTPO-

BBIITOAHAET BCEBO3MOMH. 3AKA3bI

MEJHKO - MEXAHH‘{EC Al
MACTEPCKA A sz

B. C. AAIIEHKO

XAPbKOB, yauga Csepanrosa, Ne 22.

1O OBOPYZOBAHHIO
IAEKTPO-CBETO-BOJO-
AEYEBHBIX KABEMHETOB

H OTACAbHBIX yCTaHOBOK, KaK TO:

CTATHUYECKHE MALLKHbBIL, COAIOKCHI,
CYXOBO3JVYIUHbIE BAHHDBI (QAEKTPO-
TEPM. no a-py -Aunsenmany) BAHHBI
4 -xamepu., PACIIPEAEAWT. JOCKU . x.

of the clinic preferred cooperation
with the expropriators to escape

Fig. 8. Advertising from the Kharkov journal "Medical Practice" (1924)
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written in the guides of that time) with
an outpatient clinic, in other words, it
became the Ukrainian Research Institute
of Physiotherapy, which was described
by Prof. L.D. Tondiy [1] in the article.
That, of course, testified about the saved
experience and authority of the medical
institution which entered the period of
maturity.

* K %

Today, the three-story building of
the Davidovich’s former clinic, which
has not lost its external presentability
for 120 years (Fig. 9), continues to serve
health care: according to the signs, the
Sanitary and epidemiological station
of the Kharkov Line Department of the
Southern Railway and the BAT (bioana-
lytical technologies) Medical Laboratory
are located here. But physical methods of
treatment are now not prescribed.

Since the thirties of the last century,
there have been many changes that did not have the
best effect on the status of the city (Kharkov ceased to
be the first capital of the Ukrainian SSR, lost a num-
ber of scientific institutions, ete.), and the role of light
therapy in medicine. For a long time, pharmacotherapy
pushed aside the physical methods of treatment for the
role of additional and auxiliary ones.

A huge gap in traditions between the time of the
early rise of phototherapy in Kharkov and the current
renaissance of photomedicine, which is now based on
new sources of light and new forms of arranging medi-
cal treatment, has led to an almost complete loss of his-
torical memory of the events of the 1890s—-1920s and
about the doctors who played a key role in these events.

Meanwhile, in our opinion, the activity of G.A. Da-
vidovich, P.A. Litsyn and B.I. Spivakov should be
carefully examined by current medical entrepreneurs;
as the hospital on the Blagoveshchenskaya street devel-
oped successfully the physiotherapy course under the
conditions of capitalism — the very one that since the
1990s was restored in the countries of the former USSR.
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The frequency of dominant lethal mutations (DLM) after combined effect of caffeine (1,3,7-trimethylxan-
thine) and helium-neon laser radiation in Drosophila has been studied. Caffeine is a natural substance which is
presented in many drinks, widely applied in medicine and reveals moderately toxic action and some mutagen-
icity/genotoxicity effects; red laser radiation is applied in medicine and can disrupt the processes of DNA and
RNA biosynthesis. The aim of this work was to study the characteristics of the mutation process in Drosophila
melanogaster under the influence of caffeine and red laser radiation, depending on the genotype.

We used wild type Drosophila melanogaster stocks Canton-S (C-S) and Oregon (Or), carrying an ebony
mutation, respectively: ebonyc-s and ebonyor; and mutant stock ebony. Control flies were grown in standard
conditions, and in experiments with caffeine it was added in culture medium in concentration 0.5 mg/ml. Vir-
gin flies were exposed to a helium-neon laser light (wavelength of 632,8 nm) with a surface power density of
0.03 mW/cm?, the exposure time was 5 minutes.

The influence of caffeine causes an increase in the frequency of early DLM on 40 % in mutant line ebony,
and on 70.5 % in the line ebonyc-s. Irradiation by light of helium-neon laser either reduces the incidence DLM,
or has no effect in all lines used in this work. The simultaneous effect of two external factors induces diverse
answers in different genotypes: it increases early DLM in line C-S and early and late DLM in line ebony; but has
no effect in lines ebonyor and ebonycs. The two-way analysis ANOVA F-test showed that the DLM frequency
dependence impact of external factors is characterized by F = 3.87; of genotype F =5.14; of the combined effects
of genotype and external factors F=5.69. The power of influence of external factors — 8.1 %; of genotype 6.9 %;
and of the combined effects of the genotype and two external factors studied — 31.4 %.

Conclusions. Irradiation with laser light had no mutagenic effect on Drosophila, and even revealed anti-
mutagenic effect. Caffeine induced the DLM increase, but the combined caffeine and laser light impact increased
DLM rate in line ebony and not influenced it in lines: ebonyor and ebonycs.

Key words: dominant lethal mutations; Drosophila development; mutagenic effect; antimutagenic effect.

OCOBJIUBOCTI MYTAIIIMHOI'O ITPOIIECY Y PI3BHUX JITHIN
DROSOPHILA MELANOGASTER 3A YMOB CILJIBHOT 11
KO®EIHY I BUTIPOMIHIOBAHHSA HE-NE JIABEPY

O.B. I'opencska, H.C. ®irimonenko, 10.T. IllkopoaToB
Xapxiscvkuil HayioHaavHull yHisepcumem imeni B.H. Kapasina, m. Xapkis, Yxpaina

JociimKxeHo 9acToTy TOMIHAHTHUX JeTanbHux MyTtatnii (IJIM) y npo3odinu micis crijibHOTO BILIUBY
kodeiny (1,3,7-TpUMETHIIKCAHTHH) 1 TeJili-HEOHOBOTO Jla3zepy. MeToto aHoi poboTu OyJsi0 BUBUEHHS
0co0IMBOCTEN MyTalliliHOTO TIpoliecy y Drosophila melanogaster min BITMBOM KOdeiHY 1 BUIPOMiHIOBaHHS
reJIiii-HeOHOBOTO Jia3epa B 3aJI€?KHOCTI Bijl TeHOTHITY.

ExcrieprMeHTH MPOBOAWIN Ha JIiHisAX aukoro tumy Drosophila melanogaster Canton-S (CS) i Oregon
(Or), sixi HecyTh MyTaHTHHH r'eH ebony, i MmyrauTHOI J1iHil ebony. JIiHii 6ys1u B3:Ti 3 KosIeKIii TiHil Apo3odiniu
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Kadeapu reHeTUKH 1 ITUTOJIOTIT 6iosoriyHOTO (paKyIbTeTy XapKiBChKOTO HAIiOHAJIBLHOTO YHIBEPCUTETY iMeHi
B.H. Kapaszina. Y KOHTPOJIi MyX BUPOIIyBaJIH B CTAHIapTHUX YMOBAX, Y A0C/Ti1ax KOeiH A0/jaBaIi B CEPETOBUIIIE
JUIA KYJIbTUBYBaHHS MyX B KOHIeHTpamii 0,5 mr/mu1. Biprinux Myx miijaBajgu BIUIUBY TeJTiH-HEOHOBOTO
JIa3epHOTO BUIIPpOMiHIOBaHH:A (632,8 HM) 3 mIiibHicTIO TOTOKY eHeprii 0,03 MBt/cm? (TpuBasticTs BILUIUBY — 5
XBUJIMH).

PesynpraTit po60oTH ITOKa3asy, 10 BIUIUB Kodeiny 36iibIrye yactory pannix IJIM Ha 40 % y MyTaHTHOI
siuii ebony i Ha 70,5 % y minii ebonyc-s. OnpomMiHeHHs CBITJIOM TesIii-HEOHOBOTO Jia3epy MPU3BOAUTD 10
3HKeHH yactoty JIJIM. OnHouacHa /1isi 30BHINIHIX YMHHUKIB BUKJIMKAE PI3HOCIPSMOBAHUT e(DEKT, 3JIEKHUN
BiJl TeHOTHITY JTOCITiZ>KYBaHOI JIiHii: 36iabIyeThes wacrora panuix JIJIM y ginii C-S i paunix i mizuix JJIM y
Jstinii ebony. Y niuiit ebonyor i ebonyc-s piBeHb eMOPiOHAIBHOI CMEPTHOCTI He BiZIpi3HAETHCA Bifl KOHTPOJIBHUX
3HaueHb. /[Box(akToOpHUH AUCHEpPCIHHUN aHaJi3 MOoKa3as, 1o yacrora /[JIM BH3HAUAETHCS 30BHIIIHIM
BituBoM (F = 3,87); renotuniom (F = 5,14) i moeiHaHOIO Ai€030BHIITHIX i BHyTpimHiX dakTopis (F=5,69). Cuna
BIUIMBY 30BHIIITHIX pakTopiB — 8,1%; reHoTHITY 6,9%; CITiIbHOI /1ii 30BHIIIHIX i BHYTpimIHiX dakTopiB — 31,4 %.
JocimkeHa yacToTa JOMiHAHTHUX JIETAJIBHUX MyTalliil y JIiHi# uKkoro Tuiy Canton-S, MyTaHTHOI1 JTiHii ebony
1 1iHi# 3 3amileHUM TeHOTUIIOM ebonyc-s Ta ebonyor Ipu OfHOYACHIH il Kodeiny (1,3,7-trimethylxanthine) i
Ji1a3epHOTO BUIpPOMiHIOBaHH:. [TokazaHo, 110 cyMapHa YacTOTa BUHUKAIOUHX JIOMIiHAHTHUX JIETATbHUX MYTaIlil
3aJIEXKUTBD BiJl yCiX PO3IIAHYTHX y poOoTi hakTopiB: Bi reHoTHITy F = 5,14, Bi/i BIUTUBY JOCTI/I?KyBaHUX 30BHIIITHIX
daxropis F = 3,87, i Bix moeauanoi zii renoruiry i 30BHinmHiX pakropis F = 5,69. B npbomMy BUnaiKy cria BILIUBY
TeHOTHITY cKIasa 6,9 %, 30BHilrHiX hakTopiB — 8,1 % i moeaHaHOI il 060X AoCTiKyBaHUX pakTopiB — 31,4 %.

BucHoBku. OnpoMiHeHHs JlJa3epHUM BUIIPOMiHIOBaHHSIM He Majio MyTareHHoro edekty Ha Drosophila,
1 HaBiTh BUsABWIO aHTUMyTareHHU# edpekt. Kodein Bukinkas 36inpmenns JJJIM, aje koMOiHOBaHUH BILIUB
ko(eiHy Ta Ja3epHOT0 BUIIPOMiHIOBaHHs 36ibiuB yactoty JIJIM y stinii ebony i He BiutuHyB Ha yactoty JIJIM
B JtiHisIX ebonyor Ta ebonyc-s.

KarouoBi ciroBa: noMiHaHTHI yieTasbHi MyTalii; po3BUTOK /po30Ginu; MyTareHHUNH eeKT;
AHTUMYTAareHHUH eeKT.

OCOBEHHOCTU MYTAITUOHHOT'O ITPOIIECCA Y PA3/IMYHBIX INHUN
DROSOPHILA MELANOGASTER ITPY1 KOMBUHHUPOBAHHOM JIEICTBUU
KO®PENHA 1 U3JIYUEHUA HE-NE JIASEPA

0.B. I'openckasn, H.C. ®winnoneHko, 10.I'. IllkopoaTroB
Xapvkrosckuil HayuoHaavbHblil yHusepcumem umeru B.H. Kapa3uHa, 2. Xapvkos, YkpauHna

HccenepoBaHa yacToTa JOMHUHAHTHBIX JieTaabHbIX MyTanuid (JIJIM) y mpo3oduiisl mocjie COBMECTHOTO
BO3zelcTBUsA KodenHa (1,3,7-TpuMeTUIKCAaHTUHA) U TeTUH-HeOHOBOTO Jiazepa. []esbio JaHHOM paboThI OBLIO
u3yueHHne 0COOEHHOCTeH MyTal[OHHOTO mpoiecca y Drosophila melanogaster non BausHueM kKodenHa u
U3JIydYeHHUs reJIni-HeOHOBOTO Jla3epa B 3aBUCUMOCTU OT T€HOTHIIA.

IKCIepUMEHTHI ITPOBOAIINCH Ha IUHUSAX AUKOro TUIa Drosophila melanogaster Canton-S (C-S) u Oregon
(Or), HecymuX MyTaHTHBIN I'eH ebony, u MyTaHTHOH JIMHUH ebony. JINHWUY ObLTHA B3STHI U3 KOJUIEKITUY JTUHUH
nipo3oduit Kadenpbl TeHETUKN U IUTOJIOTHH GHOJIOTHYecKOro (aKyIbTeTa XaphbKOBCKOTO HAIIHOHAJIBHOTO
yHuBepcutera uMeHu B.H. Kapasuna. B KOHTpoOJIe MyXy BBIPAIIMBAIN B CTAHZAPTHHIX YCJIOBUAX, B OIIBITAX
kodenH 106aBIsAIU B Cpery A KyJIbTUBUPOBAHUS MYyX B KoHIleHTpanuu 0,5 Mr/mii. Buprunubsie Myxu
TIO/IBEPTATUCH BO3/IEHCTBUIO reJTMH-HEOHOBOTO JIA3EPHOTO U3IyYeHU (JJTMHA BOJTHBI 632,8 HM) C IVIOTHOCTHIO
notoka sHepruu 0,03 MBT/cM? (BpeMst BO3JEHCTBUSA — 5 MUHYT).

PesynpraThl paboTHI MOKA3a/IH, UYTO BO3/elicTBHE KodenHa yBeanunuBaeT yactoty pannux /IJIM va 40 % y
MyTaHTHOM TuHUHU ebony u Ha 70,5 % y muauu ebonyc-s. O6IydeHre CBETOM IeJTHI-HEOHOBOTO Jia3epa IPUBOIUT
K cHmkeHUIo dyactoTsl JJJIM. CoueTaHHOe JieicTBHE BHEITHUX (PAKTOPOB BHI3bIBAET Pa3HOHAIPABJIEHHBIN
3 deKT, 3aBUCUMBIN OT TEHOTHUIIA HCCIIEAyeMOU JIMHUU: YBeIUINBaeTcs yactota panuux J1JIM y muauu C-S u
panHux u no3auux JIJIM y nuauu ebony. Y munuit ebonyor u ebonyc-s ypoBeHb SMOPHUOHATBPHON CMEPTHOCTH
He OTJIMYAJIUCh OT KOHTPOJIbHBIX 3HaUeHNH. /| ByX(aKTOPHBIH AMCIEPCHOHHBIN aHATN3 T0KA3aJT, UYTO YaCTOTa
JIJIM onpenensiercss BHemmHuMu Bozaeictusamu (F = 3,87); reHoruniom (F=>5,14) u coueranueM JeliCTBUA
BHEIITHUX U BHyTpeHHUX daktopoB (F=5,69). Cuna BausHusa BHemHUX pakropoB — 8,1 %; renorumna 6,9 %;
COBMECTHOTO JIEICTBHUS BHEIIHUX U BHYTPeHHUX (GakTopoB — 31,4 %.

BoiBoabl. O6syueHre jla3epHBIM CBETOM He MMeJIo MyTareHHOro 3¢ dekra Ha Drosophila, a Taxkke
BBISIBUJIO aHTUMyTareHHbIN 3¢ddekt. Kobenn Bri3Ban yBenuuenue /[JIM, KOMOMHUPOBAaHHOE BO3/IEHCTBHE
koderHa 1 JIa3epHOTO U3JIyUYeHUs yBeaunduiao yactoty JIJIM B iuHuu ebony u He OBIUIO Ha yactoty JIJIM
B JIMHUSX ebonyor 1 ebonyc-s.

KiroueBsblIe cjI0Ba: JOMIHAHTHBIE JIETATbHBIE MYTAI[UN; PA3BUTHE IPO30(DUIIbI; MyTareHHbIN 3hdeEKT;
QHTUMYyTareHHbIN 3D DEKT.
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Introduction

The studies of mutation rate in organisms in the
process of their adaptation now become particularly
relevant in relation to environmental issues. Caffeine is
anatural substance which is presented in tea and coffee,
is widely applied in medicine and reveals moderately
toxic action and some mutagenicity/genotoxicity and
carcinogenicity effects [1]. Radiation of helium-neon
laser is applied in medicine and has many biological ac-
tivities [2]. Among the basic model objects to study the
mechanisms of influence on adaptive stress is Drosoph-
ila. The study of the mutation process of organisms in
stressful conditions in relation to genotype is important
for understanding the mechanisms of adaptation to ad-
verse conditions and also in connection with differences
in adaptive capacity of different genotypes.

Thus, the aim of this work was to study the charac-
teristics of the mutation process in Drosophila melan-
ogaster under the influence of caffeine and radiation of
helium-neon laser, depending on the genotype.

Materials and methods

We used wild type Drosophila melanogaster lines
Canton-S (C-S) and Oregon (Or), mutant line ebony,
and also lines bearing ebony mutation which were
obtained by saturating crosses of ebony line with lines
C-S on Or, respectively: ebonyc-s and ebonyor. All Dro-
sophila lines were cultivated in standard culture vessels
in sugar-yeast medium in an incubator at temperature
of 23 +£0,5°C. Sorting flies by sex was performed on
the first day after flies leaving the puparium. In the
experiment were taken only virgin flies. The diethyl
ether was used for narcotizing flies.

Control flies were grown in standard conditions
and in experiments with caffeine it was added in
culture medium in concentration 0.5 mg/ml. Virgin
flies were exposed to a helium-neon laser red light
(wavelength of 632.8 nm) with a surface power density
of 0.03 mW/cm?, the exposure time was 5 minutes.
The experiment was done in two variants — after the
development of flies in the medium with caffeine and
after the development of flies in standard conditions.

The frequency of dominant lethal mutations
(DLM) was assessed by a percentage of eggs that are
not developed of the total number of fertilized eggs.
Dead eggs were classified in two groups: the transpar-
ent and light opaque eggs — as bearing the early lethal
mutations (death of the embryo occurred in the period
up to 6-9 h of embryonic development); dark eggs — as
bearing late lethal mutations (the death of the embryo
occurred later 9 h of embryonic development) [3].

The statistical analysis was done using the pro-
gram Biostat 2009 (AnalystSoft, USA). Statistical sig-
nificance of differences between mean values was de-
termined by the two-sided Student’s t-test (at P <0,05).
Statistical significance and the power of factors was as-
sessed using two-factor analysis of variance (ANOVA)
by the Snedecor’s method.

Results

The results of the study of early and late dominant
lethal mutations frequency in mutant lines and wild-
type Drosophila lines depending on the combined
effects of caffeine and laser irradiation treatment are
shown in Figures 1-4.

The influence of caffeine causes an increase in the
frequency of early DLM on 40% in mutant line ebony,
and on 70.5% — in the line ebonyc-s (Fig. 2, 3).
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Fig. 1. Frequency of early and late DLM in wild
type line Canton-S, depending on the
action of caffeine and red laser light.
*Statistical significance of difference from control P<0.05
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Fig. 2. Frequency of early and late DLM in line ebony after
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Irradiation by light of helium-neon laser either
reduces the incidence DLM, or has no effect in all lines
used in this work (Fig. 1-3). The simultaneous effect
of two external factors induces diverse answers in
different genotypes: it increases early DLM in line C-S
and early late DLM in line ebony; but has no effect in
lines ebonyor and ebonyc-s (Fig. 1-4).

The total incidence of DLM after the combined
influence of caffeine and laser irradiation in Drosophila
depended on the genotype as shown in Fig. 5.

The two-way analysis ANOVA F-test showed that
the DLM frequency dependence impact of external fac-
tors is characterized by F=3.87; of genotype F=5.14;
of the combined effects of genotype and external
factors F=5.69. The power of influence of external
factors — 8.1 %; of genotype 6.9 %; and of the com-
bined effects of the genotype and two external factors
studied —31.4 %.

Discussion

In the present work is was shown that the caffeine
treatment of larvae is resulted with the increase of mu-
tation incidence in Drosophila of lines ebony, ebonyc:s,
and ebonyor (Fig. 2-5). This result is consistent with
obtained previous results indicating an increase in the
frequency of DLM under chronic caffeine exposure in
Drosophila mutant lines [4]. The main mechanism of
action of caffeine is associated with the regulation of
intracellular cAMP (cyclic adenosine monophosphate)
levels, which is directly related to the change of calcium
level in the cell. In addition, the effect of caffeine leads
to a change in the conformation of the DNA molecule
by embedding instead of or between the bases [5]. Our
results are in a good agreement with known effects, for
instance, caffeine cause mutagenic effects [6], and by
violation of DNA repair induce accelerated aging [7].

The experimental data show that the laser light
exposure never increases the DLM incidence, but vise
versa, decreases it (Fig. 1-5). This result corresponds to
conclusion of A.Budagovsky that the low-intensity laser
irradiation of visible spectrum is not a mutagenic factor
and its application does not involve the risk of genetic

modification of plants. The phenomenon that is regard-
ed as a laser radiation mutagenesis is a result of the
other processes, leading to the same consequences [8].

The ebony mutation is localized in chromosome 3
and causes darker body color in adults. Melanization
in most organisms have an adaptive effect [9]. Thus,
melanin, causing dark body color, involved in the
formation of resistance in Drosophila by the action
of different pathogens [10]. Melanins in animals are
antioxidant pigments acting as free radical scavenging
mechanisms [11]. But in our experiments the mutant
line ebony not revealed more resistance to caffeine
demonstrating that in this case the additional portion
of melanin has no protective effect on caffeine-induced
mutagenesis (Fig. 2, 3)
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Fig. 5. The total frequency of DLM, % after the influence
of caffeine (a), laser irradiation (b) and combined
influence of caffeine and laser irradiation (c)
in Drosophila depending on the genotype.
*Statistical significance of difference from control P<0.05
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In our experiments the combined effects of caf-
feine and laser light induced increase in DLM rate
only in the line of Drosophila ebony, but not in the
line Canton-S. The DLM rate in mutant lines ebonyor
and ebonyc-s not changed under the combined impact
of caffeine and laser light. In our opinion this is con-
nected with weakened “genetic background” of the
line ebony.

Conclusion

Thus, the results show that laser light in our ex-
periments had no mutagenic effect on Drosophila, and
revealed antimutagenic effect. Caffeine induced the
DLM increase. The incidence of dominant lethal mu-
tations under combined caffeine and laser light impact
increased in line ebony but was not influenced in the
lines with mutant genotype saturated with genotypes of
wild-type lines: ebonyor and ebonyc-s. ANOVA test re-
vealed that the most impact on mutation rate variability
had the effects connected with interaction of genotype
and external factors — caffeine and laser light exposure.
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The structural basis of ulcer perforation and bleeding was determined, based on morphological evaluation of
gastroduodenal ulcers. The effects of low-intensive laser irradiation LILI and LED irradiation on pathomorphosis
of ulcers were studied. It was found that the local phototherapy with LILI and LED increases the relative fraction
volume — RFV of fibroblasts and connective tissue fibers, reduces RFV of cell-free zones, which contributes to
“strengthening” of the ulcer walls and prevents their perforation. These same photo-influences lead to an increase
of RFV of blood vessels, indicating inappropriateness of their use for local phototherapy in bleeding ulcers.

Key words: gastroduodenal ulcers, morphology, perforation, bleeding, laser and LED irradiation.
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Background and objectives

Marked trend in decrease of the number of pa-
tients with peptic ulcer disease requiring surgical treat-
ment, due to the development of the “gold standard” of
drug therapy of this disease, based on the discovering
etiological and pathogenetic role of Helicobacter py-
lori. [1-4]

Despite this, peptic ulcer disease — PUD contin-
ues to be one of the most urgent problems of surgery.
Prevalence of PUD among adult population comprises
6—10%. A significant proportion of patients with PUD
need emergent treatment. This is especially true of its
complicated forms. [2,3,5-12]

Various types of photo-influencing such as local
irradiation of ulcers, using low-intensive lasers — LIL,
and more recently, LED (Light Emitting Diode) light
and intravascular laser irradiation of blood — ILIB
widely used in gastroenterology, including com-
plex treatments of urgent complications of ulcers.
[1,7,13-18]

However, morphological grounds of expediency
of using particular types of photo-influencing and
methods for their use in the treatment of urgent com-
plications of ulcers are not clear enough.

This has determined the objectives of study: to
provide morphological justification for reasonability of
using LIL and LED in complex treatment of bleeding
and perforations of gastroduodenal ulcers.

Material and Methods

The followings were studied with aid of light,
electron microscopy and stereomorphometry: un-
complicated gastric ulcers — 20, perforated gastric
ulcers — 20, bleeding gastric ulcers before and after
phototherapy — 18; 10 uncomplicated and 14 bleeding
duodenal ulcers. Along with this, we also considered
the presence of so-called microcollectors in ulcer walls
and peri-ulcerous areas, which are the structural basis
of persistent ulcers. (Scient. discovery: “The phenom-
enon of infiltration of gastric juice through defect in
gastric and duodenal wall in patients with PUD” pri-
ority date 6.02.1991 N2 OT-12119).

The tissue samples used for morphological study
were excised from the edges of ulcers during surgery.
After the course of phototherapy biopsy samples were
obtained during fibrogastroduodenoscopy.

Archival microscopic specimens of pathology
laboratory of RSCS after acad. V.Vakhidov were used
for studying uncomplicated ulcers.

For light microscopy, tissue was fixed in 10-12%
formalin solution on phosphate buffer by Lilly. Paraffin
sections were stained with hematoxylin-eosin.

For transmission electron microscopy (TEM),
tissue samples were fixed with 2.5% glutaraldehyde
solution on phosphate or cacodylate buffer, after de-
hydration in alcohol and acetone embedded in epon—
araldite mixture. Ultrathin sections were obtained on

ultratome “Ultracut”, contrasted in “Ultrostainer” and
examined with Hitachi H-600 electron microscope.

For scanning electron microscopy (SEM), the
specimens, after the above-described fixation and
dehydration were then dried by critical point drying
in HCP-2, after which gold sputtered with IB-2 and
examined in microscope JEOL JSM-6010LV and Hi-
tachi- S405.

Stereomorphometric studies were carried out
according to G. Avtandilov. [19] This method was
modified and adapted for morphometry of objects on
the computer screen with a transparent film, contain-
ing marks potted on it. For purposes of studying the
discrete structures each cell was lined out 100 marks.
Linear structures were studied by using micrometer bar
“OMO” with the scale range of 1000 mm and a scale
division of 0.01 mm, projected on film.

Statistical analysis was performed on a PC with
“BS — Statistica” software, as well as MS Excel appli-
cation.

Epigastric areas in the projection of ulcers were
irradiated with laser percutaneously, (“Mustang
017-MCS-PC”, magnetic nozzle with magnetic field
strength of 50 MLT), for 5 minutes at 1000 Hz on daily
basis, 5 sessions in total.

Percutaneous LED irradiation was performed with
LED set “Barva-Flex/BIR”, (12 blue (470 nm) and
12 infrared (940 nm) emitters, the radiation power
of each LED equaling to 5 mW) in projection of un-
complicated ulcers, daily for 7-10 min over the time
of 5—7 days under conditions of maximum proximity
to the skin surface.

Results

Comparative stereomorphometric studies of un-
complicated gastric ulcers, duodenal ulcers and gastric
ulcers complicated by perforation, showed a signifi-
cant increase in the relative volume fraction — RVF
of cell-free zones, thin-walled capillaries and lymph
microcollectors (Table 1, Fig. 1.3). Light microscopy
as well as SEM and TEM demonstrate presence of
RBC - predominantly pathologic deformed forms, and
other blood cells in the lumen of latter (Fig. 1, 3, 4).

A significant increase in RVF of fibroblast is noted
after courses of percutaneous exposure of uncompli-
cated gastric ulcers to LILI and LED, with significant
decrease of RVF of microcollectors and intercellular
spaces. These changes are accompanied by a pro-
nounced increase in the RVF of blood vessels (Table 1).

Photo-influencing in case of complicated by per-
foration ulcers have also showed a significant increase
of RVF of fibroblasts and blood vessels, reduction of
intercellular spaces, lymph vessels and microcollectors
(Table 1).

Earlier conducted similar studies of perforated
duodenal ulcers showed similar results [15].

Light microscopic and stereomorphometric studies
of bleeding gastric and duodenal ulcers demonstrated
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a significant increase in RVF of blood vessels in this
type of complication (Table 2, 3, Fig. 2, 3).

RVF of blood vessels in bleeding gastric ulcers
increases 5 times, lymphatic vessels 4 times, microcol-
lectors — 1.3 times. In duodenal bleeding ulcers RVF
of blood vessels increases more than 4 times, lymph
capillaries more than 5 times, microcollectors 1.5 times

(Table 1, 2, Fig. 1, 2). It was found that such increase
of RVF of blood vessels after courses of phototherapy
is also characteristic for uncomplicated gastric and
duodenal ulcers (as previously mentioned). This, in
our view, indicates the inexpedience of usage of pho-
to-influences in ulcers that are prone to bleeding, i. e.
have high RVF of blood vessels and microcollectors.

Table 1

Cellular composition of fibrinoid necrosis areas and granulation tissue taken from the edges of
perforated gastric ulcers and peri-ulcerous areas (in relative volume fraction, %)

. Uncomplicated | Uncomplicated | Perforative Perforative
Cellular Uncomplicated | Perforated
composition of ulcers ulcers ulcers after ulcers after ulcers after ulcers after
se[roma (n=20) (n=20) LED-therapy LILI-therapy LED-therapy | LILI-therapy
- - (n=10) (n=10) (n=10) (n=10)
Plasma cells 8.0+0.2 7.4+0.3 6.8 +0.02 6.5+ 0.2* 6.6 + 0.2* 6.4+0.2*
Lymphocytes 8.8+0.3 7.6+0.2 7.5+0.02 7.2+0.2 7.2+0.2 7.0+0.2*
Must cells 2.6+0.1 1.9+0.1 2.2+0.1 2.1+0.1 2.2+0.1 2.0+00.1
Eosinophils 5.0+0.2 4.8+0.2 5.1+0.2 4.9+0.2 5.1+0.2 5.0 £0.2*
Segmented 2.1+0.1 1.8+0.2 1.5+0.1 1.4+0.1 1.4+0.1 1.3+0.1
neutrophils
Macrophages 0.9+0.1 1.0+£0.1 0.8+0.1 0.9+0.1 0.8+0.1 0.8+0.1
Fibroblasts+fibers 6.6+0.2 2.0+0.2* 10.9+0.2** 11.9+2* 11.5+£2* 12.4+2*
blood 1.2+0.02 1.2+0.02 6.2+0.2* 7.0+0.02 6.2+0.02 6.4+0.02
Vessels
lymphatic 0.7+0.03 1.5+0.02* 0.5+0.02 0.5+0.02 0.5+0.02 0.5+0.02
Microcollectors 8.7+0.4 10.6+0.8 7.2+0.4* 7.0+0.4* 7.3+0.4* 7.2+0.4*
Intracellular 525+0.9 | 59.2+1.0° | 49.4+0.8" 49.2+0.8™ | 49.4+0.8" | 49.2:0.8"
substance
Others 2.9+0.1 1.0+£0.2 1.9+0.1 1.4+01 1.8+0.1 1.8+0.1
* reliable in relation to uncomplicated ulcers (p <0,05)
** reliable in relation to perforated ulcers (p<0,05)
Table 2

Cellular composition of fibrinoid necrosis areas and granulation tissue from bleeding gastric ulcers
(in relative volume fraction, %)

Cellular composition of stroma Uncomplicated ulcers (n=20) Bleeding ulcers (n=18)
Plasma cells 8.0+0.2 7.4+0.3
Lymphocytes 8.8+0.3 8.9+0.2

Mast cells 2.6+0.1 42+0.1*
Eosinophils 5.0+£0.2 6.0+£0.2
Segmented neutrophils 2.1+0.1 3.2+0.2
Macrophages 0.9+0.1 2.2+0.1"
Fibroblasts + fibers 6.6+0.2 6.2+0.2
Vessels blood 1.2+0.02 5.9+0.3"
lymphatic 0.5+0.03 2.0+0.1"
Microcollectors 9.9+0.4 12.8+0.8"
Intercellular substance 52.5+0.9 38.4+1.0*
Others 1.9+0.1 2.8+0.2

* reliable in relation to uncomplicated ulcers (p <0.05)
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Table 3

Cellular composition of fibrinoid necrosis and granulation tissue from duodenal ulcers
(in relative volume fraction, %)

Cellular composition of stroma Uncomplicated ulcers (n=10) Bleeding ulcers (n=14)
Plasma cells 8.1+£0.2 7.2+0.3
Lymphocytes 8.9+0.3 10.9+£0.2

Mast cells 2.4+0.1 4.4+0.1"
Eosinophils 5102 6.6+0.2
Segmented neutrophils 1.8+0.1 3.0+£0.2"
Macrophages 0.8+0.1 1.9+0.1*
Fibroblasts+fibers 6.4+0.2 7.2+0.2
Vessels blood 1.6+0.02 7.0+£0.3*
lymphatic 0.4+0.03 2+0.1"

Microcollectors 8.4+0.4 12.6+0.8*

Intercellular substance 53.4x1.0 34.3+1.0*
Others 2.7+0.1 2.9+0.2

* reliable in relation to uncomplicated ulcers (p <0.05)

A~ N ! S HEIVNE S

Fig. 1. Well discernable microcollectors with cells in their Fig. 2. Predominance of blood vessels. Cell-free zones
lumen and microvessels. Edge of bleeding ulcer. and dilated lymphatic capillaries. Edge of bleeding ulcer.
H&E 10x40 -3 10x10

SElI 16kV. WD13mmSS30 x2,000 10pm

Sample 281 May 30, 2015 N . v
Fig. 3 Opening of microcollectors with RBC in their lumen.  Fig. 4. Deformed RBC in cell-free spaces (microcollectors)
Edge of bleeding gastric ulcer. SEM x2000 from an edge of bleeding duodenal ulcer. TEM x 7500
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Discussion

Laser, and in recent years LED light are widely
used in practically all branches of medicine. Moreover,
studies show that, as a rule, the efficiency of LILI is
comparable to LED. [1,13-15,18] Gastroenterology,
in this respect, is no exception. In particular, various
kinds of photoexcitation widely used in treatment of
peptic ulcers, and primarily, uncomplicated gastro-
duodenal ulcers. [1,15] Carried out, in the mid 90-ies
of the last century, studies have shown positive effects
of LILI on the healing of uncomplicated ulcers. The
morphological studies have established that the struc-
tural basis of such positive effects lie in reduction of
inflammatory changes, stimulation of cell proliferation
and differentiation, provided by improvement of mi-
crocirculation due to increase of RVF of blood vessels
and fibroblasts. [1]

Less frequently LILI and LED are exploited in the
treatment of complicated ulcers and, above all, the
so-called acute complications. This is partly due to the
lack of clear criteria, and above all the morphological,
to justify the use of phototherapy in the treatment of
such urgent complications of gastroduodenal ulcers as
bleeding and perforation.

The conducted comparative stereomorphometric
study of uncomplicated gastroduodenal ulcers and ul-
cers, complicated by perforation and bleeding, revealed
some structural features that, in our view, should be
considered in using phototherapy for urgent compli-
cations of gastroduodenal ulcers.

In this way, perforation of ulcers is associated
with substantial increases of RVF of structureless areas
and thin-walled lymphatic vessels. It is also accompa-
nied by a marked reduction of fibroblasts and fibrous
components. Bleeding ulcers are, on the other hand,
associated with significant increase of RVF of blood
vessels. Not the least of the factors in the emergence
and persistence of gastroduodenal ulcers is amount of
so-called microcollectors. [20,21]

Phototherapy of uncomplicated ulcers as with LILI
as well as LED, results in a significant reduction of RVF
of cell-free zones, thin-walled capillaries and lymph
microcollectors , with increase of RVF of fibroblasts,
fibrous structures and blood vessels. The same trend
was observed in perforated ulcers.

This suggests that the use of local phototherapy
can be useful in perforated ulcers.

An increase of RVF of blood vessels observed
after local phototherapy may predispose to bleeding.
Therefore, the use of local phototherapy in bleeding
ulcer, which is associated with increased RVF of blood
vessels, does not seem to be rational. Phototherapy
in case of bleeding ulcers can be limited to use of
ILIB — an effective mean in correcting red blood cells,
the majority of which become deformed and acquire
pathologic forms in bleeding. [1,13,14,17]

Conclusions

1. Perforated ulcers are characterized by high RVF
of thin-walled lymph capillaries and cell-free zones; the
RVF fibroblasts and fibers becomes reduced, which is
a structural basis of this complication. Phototherapy
reduces the RVF of acellular zones and increases the
RVF of fibroblasts and fibers, which indicates the de-
sirability of its use in the urgent complications.

2. Bleeding ulcers are characterized by the fact that
they contain increased RVF of blood vessels. Photo-
therapy of uncomplicated ulcers leads to an increases
of RVF of blood vessels. This implies that the use of
photoexcitation in bleeding ulcers is not advisable.

3. The morphological study of biopsies from the
edges of ulcers and peri-ulcerous areas should play
a decisive role in the administering phototherapy in
urgent complications of peptic ulcer disease.
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The presented analytical review includes data about the current state of knowledge on the electromagnetic
ecological background influencing all living organisms. It is demonstrated that a non-specific morbidity can
result from an electromagnetic imbalance and free-radical overloading resulting from disturbed ecology. We
postulate the existence of a separate functional system of the electromag-netic regulation in the organism, and
aworking concept of phototherapy application is formulated. It is based on the possibility of using acupuncture
points for energy compensation from electromagnetic waves of a biologically necessary range in the system
of their conductors in the organism. This system can be considered as a tool for transmitting polarized electro-
magnetic waves in a visible light range.

Organs subjected to an electromagnetic imbalance because of an excess of the biologically inadequate
irradiations and serving as targets for peroxidation-induced influences, i.e., neurohormonal and immune
regulatory systems of the organism, are qualified as recipient zones. Subsequent electromagnetic stimulation
or modification of the functions of the recipient zones result in positive curative effects; combination of the
latter with local reparative processes allows one to provide positive clinical shifts in persons subjected to the
respective treatment.

Natural possibilities allowing one to compensate deficiency in electromagnetic waves of the “solar” range
are limited. Applications of PILER-light generated by BIOPTRON-type devices can be considered an adequate
alternative. Combined application of local and systemic electromagnetic influences of the waves of a biologi-
cally necessary (visible light) range with the use of the principles of light therapy concepts constitutes a crucial
feature of the modern approach.

At present, problems of judicial and medical legalization of light- and color therapy, questions of the main
mechanisms of the effects of PILER-light, a field of the medical reasons for its application, first generations of
the curative modes, and color therapy curative programs can be considered settled.

Among outstanding questions, in general directed toward the expansion of application of the PILER-light
therapy technologies, the first place is occupied by a necessity for the development of new experimentally
grounded curative programs and antipain techniques provided by color therapy.

Key words: BIOPTRON, PILER-light, electromagnetic waves, electromagnetic technology, electromag-
netic imbalance, phototherapy, color therapy, polarized light, acupuncture points, energetical meridians, pain,
immunity, visceral systems

AKINEHTH CUCTEMMU PEI'YJIIOBAHHA EJIEKTPOMATHITHOI'O BAJIAHCY
OPT'AHI3MY JIIOANHN

C.O. I'ynsap
Inemumym ¢isionoeaii im. 0.0.bocomonvys HAH Ykpainu, m. Kuig, Ykpaina
InmepnayioHanbHull MeduyHUl THHO8ayllHUll yenmp, m. Kuis, Ykpaina

HaBeneno aHAMITHYHUN OTJIAM, IO MICTUTh CYYaCHUH CTaH 3HAHb IIPO BIJIUB €JI€KTPOMATHITHOTO
€KOJIOTIYHOTO TJIa Ha XKUBi opraHiaMu. BeranosiieHo, 1m0 HecnenugivyHa 3aXBOPIOBAHICTD € PE3YJIBTYIOUNM
HACJIIZIKOM eJIEKTPOMAarHITHOTO Auc6aiancy i BUIbHOpaIMKAIPHUX MTepeBaHTaKeHb (IHTOKCUKAITii) — ABOX
OCHOBHUX KOMILJIEKCIB €KOJIOTIUHUX (haKTOPIB.

CdopmysipboBaHa poboua KOHIIEMITisA CBITIOTEPAIlIii, 3Ti/THO 3 AKOK TOYKHU aKyIyHKTYPHU MOXKYTb OyTH
BUKOPHCTAHI JIJIS TIONIOBHEHHS €Hepril Bij 610JI0TIYHO HEOOXiHUX eJIEKTPOMAaTrHITHUX XBHJIb. [loaapiui
iX TPAHCIIOPT 3/iHCHIOEThCA Yepe3 CIeliaTbHi IPoBiAHI nUisaxu (eJeKTpoMarHiTHUN Kapkac). Jlo opraHis-
OJIEP>KyBaviB Bi/IHECEH] OPTaHH, SIKi BI/TUYBaIOTh €JIEKTPOMATHITHUN TUCOAIAHC B 3B 13Ky 3 HA/IJIUIIIKOM HETATUBHUX
BHUIIPOMiHIOBaHb, IHTOKCUKAIIIHHUM ITepeBaHTAKEHHIM BUIPHUMHU PaJIMKaIaMi — HEHPOTOpMOHAJIbHA 1 iMyHHA
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CHUCTEMH OpraHizmy. BimHoByeHHs iX cTaHy 3abe3mneuye JIiKyBaJTbHUHN e(EKT, a 3 ypaXyBaHHIM MiCIlEBUX
pereHepaTUBHUX MPOIIECIB B 30HI OCBITJIEHHS, BiH cTae HanWOiIbItuM. MOKIIMBOCTI OTIOBHEHHS JIeDIlTUTy
COHAYHOI eHeprii 06MeskeHi, TOBHOIIHHMM ii 3amMinHIKOM € ITAVJIEP-cBiT/I0, cTBOpeneanapatom BIOITTPOH.

Oco0IMBOCTI Cy4aCcHOTO MiIXO0/TYy 0 CBiT/IOTEpAITii TOJIATaloTh B KOMOIHOBAHOMY 3aCTOCYBaHHI MiCIIEBOTO
i crcreMHOTO (Uepe3 TOUKHM aKyIyHKTYPH) eJIeKTpOMarHiTHoro BiutuBy ITAVIJIEP-cBitiom. Ha Tenepimgiii gac
CBiTJIO- i KOJTOpTEpAamis oTpuMaHo dililiiHe BUSHAHHA, BU3HAUEH]I OCHOBHI MexaHismu zii ITAVJIEP-cBiTia,
IMOKa3H Ta JIIKyBaJIbHI PEKUMH HOT0 3acTOCyBaHHsA. [10aIbIINE MONIYK CIPSIMOBAHUN HA PO3IIHUPEHHS
sacrocyBanHs [TAVJIEP-CBITIOTepaneBTHYHUX TEXHOJIOTIH, 30KpeMa, 3i CTBOPEHHA HOBHX JIKyBaJbHUX
mporpam i po3po611i TpoTr60ILOBUX METOIUK KOJIOPTEPATTii.

Krouosi ciroBa: BIOIITPOH, ITAMJIEP-cBIT/IO, €€KTPOMATHITHI XBHJIi, €JIeKTPOMATHITHITEXHOJIOT1I,
eJIEKTPOMATHITHUHU JucOaiane, CBITJIOTepaIis, KoJopTepalis, HoJIIpU30BaHECBITIO, TOUKH aKyIyHKTYPH,
e€HepreTUYHI Mepuianu, Oib, IMyHITET, BicllepasibHi CHCTEMU

AKIEHTDBI CUCTEMbI PEIYJ/IALINUHN SJIEKTPOMATHHUTHOI'O BAJIAHCA
OPI'’AHM3MA YE/IOBEKA

C.A. I'yasap
Hnemumym ¢gusuonoauu um. A.A.boeomoavya HAH Ykpaunwl, 2. Kues, Ykpauna
HHmepHAyuUOHaNbHBLI MeOUYUHCKUL UHHOBAUUOHHDBLU yeHmp, 2. Kues, Ykpauna

IIpencTaBieH aHAJIUTHYECKUH 00630D, BKIOUYAONIINN COBpEMEHHOE COCTOSTHYE 3HAHUH O BJIUSHUU
3JIEKTPOMArHUTHOTO HKOJIOTHUYECKOTO (DOHA Ha JKUBbIE OPTraHU3MBbI. Y CTAaHOBJIEHO, UTO HecHemugpuyecKas
3a00J1eBaEMOCTbh SIBJISETCS PE3YJIbTUPYIOIIUM CJIEICTBUEM BJIEKTPOMATHUTHOTO Jircbaianca u ¢cBOOOHO
PaJIMKaIbHBIX ITEPErPY30K (MHTOKCUKAIIUK) — JIByX OCHOBHBIX KOMILJIEKCOB DKOJIOTHYECKHUX (DAKTOPOB.

CdhopmynupoBaHa paboyas KOHIIENIHUA CBETOTEPAINH, COTJIACHO KOTOPOU TOYKH aKyIIyHKTYPbI MOTYT
OBITh MCIIOJIb30BAHBI JIJIST BOCIIOJTHEHHS SHEPTUH OT OMOJIOTHUYECKH HEOOXOAUMbBIX 2JIEKTPOMATHUTHBIX BOJIH.
JlayibHEUIIINH WX TPAHCIOPT OCYIIECTBJISIETCS Yepe3 CIIeuaTbHbIe MPOBOAIINNE MyTH (3JIEKTPOMaTHUTHBIN
kapkac). K opranaM-mosrygaTeassM OTHECEHBI OPTraHbl, UCIBITHIBAOIIE 3JIEKTPOMAarHUTHBINA JTEcOaIaHC
B CBSI3W C M30BITKOM HETAaTUBHBIX M3JIYyU€HUH, NHTOKCHUKAI[MOHHYIO MEePEerpy3Ky cBOOOMHBIMHU
paziKajaMu — HEMPOTrOpMOHaJIbHAsI I UMMYHHAas CUCTEMbI OpTaHU3Ma. BoccTaHOBIeHHE UX COCTOSHUS
obecrieunBaet yieueOHBIN 3D PEKT, a C YIETOM MECTHBIX PereHepaTHBHBIX IIPOIIECCOB B 30HE OCBEIEeHU,
OH CTAaHOBUTCS HaWOOJIBITUM. BO3MOKHOCTH BOCIIOJTHEHUS JIEDUINTA COJTHEUHON SHEPTUU OTPAHUYEHBI,
MIOJIHOIIEHHBIM €€ 3aMeHUTeJIeM SABJIAETC HAPI]IEP—CBeT, coszziaBaeMbid anmaparom bUOIITPOH.

Oco6eHHOCTH COBPEMEHHOTO ITOIX07[A IIPU CBETOTEPATINH 3aKII0YAIOTCS B KOMOMHUPOBAHHOM ITPUMEHEHU N
MECTHOTO ¥ CHCTEMHOTO (depe3 TOUKH aKyIyHKTYPHI) 3J1eKTPO-MarHUTHOTO Bo3zelicTeus ITAJIEP-cBetom. K
HACTOSIIIIEMY BPEMEHU CBETO- U KOJIOPTEPATIUS MOJIYIWIN OQUIINATBLHOE IPU3HAHNE OIpeieJIeHbl OCHOBHbBIE
MeXaHU3MEHI feiicTua ITAMJIEP-cBeTa, mokazaHus U JedeOHbIe PeKUMBI €ro IpUMeHeHH. JlaabHeHIi
IIOMCK HaIIpaBJIeH Ha pacuupenue npuMenenns IIAMJIEP-cBeToTepanieBTHUECKUX TEXHOIOTHIL, B YaCTHOCTH,
10 CO3/IAaHUIO HOBBIX JIEUeOHBIX MPOTPAMM U pa3paboTKe MPOTHBOOOJIEBBIX METO/IMK KOJIOPTEPATIHH.

Kiaiouessbie cioBa: BUOIITPOH, ITAMJIEP-cBeT, 21eKTPOMArHUTHEIE BOJIHEI, 5JIeKTPOMATHUTHEIE
TEXHOJIOTHH, 3JIEKTPOMATHUTHBIN /cOaIaHC, CBETOTEPAIINS, KOJIOPTepaIus, MOJIsIPU30BAHHBINCBET, TOUKU
aKyIyHKTYPbI, SHEpreTUYeCKNue MEPU/INaHbl, 60JIb, HIMMYHUTET, BUCIIEPAIbHBIE CUCTEMBI.

their state. It follows that in the pathogenesis of many
states of the organism, pre diseases, immunodeficiency
and diseases, a significant role may play electromag-

Introduction
to electromagnetic ecology

Millions of years of life on Earth, the subsequent
development of mammals and humans occurred in
conditions of relatively constant exposure to elec-
tromagnetic fields (electromagnetic waves) that had
natural fluctuations depending on the space and solar
activity, the Earth and the Moon rotation. Accordingly,
for such an important environmental factor there could
not be developed physiological mechanisms of adapta-
tion. It is also physiologically reasonable, the existence
of mechanisms that utilize electromagnetic energy to
ensure the needs of the current metabolic processes.
In other words, electromagnetic background has some
influence on the organism functional systems, and its
fluctuations in the range greater than natural fluctu-
ations (magnetic storms), cannot help but reflect on

netic destabilization [35].

As an electric potential difference occurs in gen-
eral on the Earth (the stratosphere - the surface) the
same for the human body (head - feet), static electricity
which is accumulated mainly on the skin determines
the effect of electrical charges on the skin structure,
and internal organs [2, 7, 71]. His fluctuation, for ex-
ample, at changing weather conditions distort nerve
impulses from the skin receptor areas, causing various
deviations of autonomic functions. These phenomena
are evident in individuals with hypersensitivity to
electromagnetic differences (meteopaths). I should
add that there are electromagnetic fields of the brain,
heart and other organs, that interact with the mag-
netic fields of the Earth and artificial (man-made)
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electromagnetic fields (table 2). There are described
many evolutionarily developed adaptive mechanisms
of of body regulation functions, that depend on the
electromagnetic environment: electromagnetic field
orientation, presence of “biological watch” (coordi-
nated with diurnal variation of the geomagnetic field,
or time-shifted depending from latitude to latitude),
“group navigation system of birds” and et al. [69]. One
consider that the biorhythms of functional systems
determine the quality of the reproductive function, rate
of aging, and development of life-threatening disease
(malignant tumors, diabetes) [11].

Empirically, perhaps, without fully realizing, the
electromagnetic nature of disease, the ancient Chinese,
Tibetan and Indian healers have developed technology
options of acupuncture based on mechanical stimula-
tion of structures related to the regulation of the body
functions [42, 50, 57, 59, 60, 66, 68, 74, 79]. If you do
not take into account the religious and mystical layers,
this technology has a quite slender structure from the
position of electromagnetic supply of the fundamental
biophysical processes proper functioning. This process
has a history of evolution lasting millions of years, as
identical acupuncture points are revealed in humans
and different mammals.

An important proof of the existence of the reaction
zone, referred to as acupuncture points, were the results
of experimental studies of analgesia. During formalin
model on animalswe obtained confirmation of the role
of poly- and monochromatic polarized light application
at E-36 acupuncture point [55]. We also revealed par-
ticipation of opioidergich analgesic system, indicating
on association of acupuncture points and structures
located in the central nervous system [53] (Fig. 1).

So far, the hypothesis is formulated [50] that the
acupuncture points can be considered as electromag-
netic waves receptors, perceiving them for further
transport to various organs and tissues through the
meridians that are the best conductors of electro-
magnetic waves in comparison with the surrounding
tissues. Subsequent studies confirmed the possibility
of non-contact conduct of the electromagnetic waves
of microwave and visible ranges of the acupuncture
points to the different levels of the central nervous
system [13, 24, 48, 53, 65, 67, 74] and it is found that
at pain syndrome effect reaches the level of endoge-
nous opioid systems in the brain [48]. This, parallel
to anatomical structures, electromagnetic or meridian
“Skeleton” is probably a quite workable form, because
in the effectiveness of acupuncture no one is in doubt
now. There only remains the ancient prejudice of the
doctors standing on the positions of the European
classical medicine, about the absence of a material
substrate for the eastern technologies.

Electromagnetically sensitive acupuncture points
have a number of distinguishing features, in compar-
ison with the surrounding tissues, and can perceive
electromagnetic waves of different frequencies (light

from different sources, microwave, that of very high
frequency, man-made radiation, although a natural
stimulant is a natural solar spectrum), causing subse-
quent resonant responses from atomic and molecular
structures, which have functional connection with
these points [50, 73]. Moreover, depending on the
natural variability of the Sun and probably lunar phases
affecting terrestrial magnetism, the acupuncture points
may change their sensitivity, becoming “open” and
“closed”.

Recently, there are obtained data on the collagen
semiconducting properties, which in combination with
water molecules joint into cluster structures defines
liquid crystalline properties of the connective tissue.
This approach, based on the above concept, explains
the discrepancy between anatomical and functional
efficiency, uncertainty of the concept “meridians” or
“channels” in terms of oriental medicine [36]. The
main grounds of the authors of this approach can be
formulated as follows:

« The system of acupuncture points, meridians
and constant electromagnetic field of the body belong
to a holistic system of liquid-crystal fibers of collagen,
which is the basis for connective tissue.

« Meridians - are oriented collagen fibers, sur-
rounded by layers of bound water, provide permanent
proton conductive pathways for rapid interconnection
of all structures of the body, providing its functioning
as an integrated system.
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Fig. 1. The effect of naloxone blockade of opiate receptors
on tonic pain:

Duration of the pain response (pain focus licking) observed
for 60 min after influenceon E-36 acupuncture point
inthe animals of the control group (placebo) and the
four experimental groups receiving only Pilar-light and in
combination with doses of naloxone 1, 5 and 10 mg/kg.
The figure illustrates the existence of the objective biological
reaction in response to the contactless light application on
acupuncture point, the existence of the connection between
a remote area (point E-36 is located on the upper third of
the leg) and subcortical analgesic centers, as well as the
opportunity to receive clinical outcome (analgesia). Blockade
of the receptors of the brain opioidergic system is illustrated
by analgesia reduction at increased dose of naloxone.
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*The liquid crystal “network” is involved

- in quick response to electromagnetic waves;

- the ability to respond to the trace substances
(homeopathy);

- the formation of hyper-reactivity to allergens;

- emergency responses to damage.

« The liquid crystal “network” provides a link be-
tween somatic and neural structures.

To provide the mentioned processes, peculiarities
of collagen structure are important, which consists of
chains of molecules of tropocollagen, length 280 nm,
which are oriented longitudinally parallel. These mol-
ecules do not mutually adjoin, there is a gap between
them and the adjacent molecules overlap slightly. The
length of the molecules is 4.4 times larger than its
diameter. Tropocollagen triple helix is stabilized by
hydrogen bonds between individual chains [63].

It is exactly this structure, which is the most
convenient for uneven transmission of electromag-
netic signals, i.e., for facilitated in the longitudinal
direction. The network of collagen and elastin fibers,
available in the connective tissue can probably carry
both longitudinal transport of signals, for example,
along the limbs and body, and irradiation of their part
into the tissue depth. Location of the connective tis-
sue around the nerve structures improves the signals
broadcast into nerve fibers, which may facilitate the
involvement of the nervous system in the generalized
network reactions.

On the other hand, it is assumed that on the
ground surface there exist magnetic anomalies (geo
pathogenic) zones with different physical characteris-
tics in comparison to “standard” [6, 7, 66]. Figuratively
speaking, one can call them “acupuncture” points of
the earth, because they (similar to acupuncture points)
are areas with altered geophysical parameters (the
geomagnetic field, the electrical conductivity of the
soil, the electric potential of the atmosphere, the level
of radioactivity, etc.). The role of this factor has not
been studied completely, although it is considered [9,
56], that it might become one of the additional condi-
tions of the human state electromagnetic modification
(generating of stress reactions responses).

The influence of Earth’s magnetic field fluctuations
on heart rate can be illustrated by the results, we ob-
tained during the transatlantic voyage “Ukraine-Ant-
arctica” [37-38]. As singled out, the magnetic field
fluctuations determine similar changes in heart rate,
the dynamics of which in its turn characterizes the
balance of the autonomic nervous regulation of the
cardiovascular system state.

In this article, we are not going to consider in de-
tail the extensive factual material about the influence
of non-polarized electromagnetic microwave range of
the physiological mechanisms of subsequent reactions
at the molecular, cellular, organ and system levels.
Works by ND Devyatkov, MB Galant [8] YuPLimansky
(1990) [50], Y. Khurgin, IV Rodshtat, DS Chyarnavsky,

AS Efimov and SP Sitko (1993), SI Gerashchenko
[14] IZ Samosyuk et al. (1999) [73] found out that
even inadequate for organism electromagnetic waves
transmit to the body information about the rhythms
of electromagnetic field. This refers to the millimeter
range (frequency, intensity, etc.), with which people
coexist only a few dozen years. Its normalization is a
precondition for the subsequent recovery of the func-
tion and structure of individual cells and the organism
as a whole. The transmitter of the electromagnetic field
parameters to molecules and cells are most likely water
molecules and polypeptides (cytomedines) as the main
factors of intercellular interactions.

Enough data has been accumulated on the effect
of laser radiation at different wavelengths [39, 40, 61,
70], which is characterized by a narrower therapeutic
strip, bordering with destructive effects (depending on
the time of exposure, power, absorption). Neverthe-
less, the low-energy laser light having a luxf density of
0.1-1 W/cm? causes photochemical reactions: bio stim-
ulation at the expense of photo induction (influence
on cell membranes, activation of cellular metabolism,
DNA synthesis, RNA, singlet oxygen formation, etc.)
[4,12,15,26]. Bio resonant effect [14, 61, 78], which is
the leading in complex reactions in response to exoge-
nous electromagnetic vibration, is achieved by empiric
selection of shape and frequency of electromagnetic
oscillations. The authors believe that the physiological
homeostasis is achieved in the result of physiological
frequency spectrum increase and maintenance of the
relative timing of the various wave processes. Modern
views on the physiological mechanisms of electromag-
netic waves action you may found in [51, 54].

Influence of physical factors, having an electro-
magnetic component (extreme temperatures, magnetic
and electromagnetic fields, microwave, light), on bio-
logical structures are largely focused on the cell nucleus
[76]. According to AS Derdi [75] and VGShahbazov
[76] molecular complexes that make up the system of
the cell nucleus, function in a living cell at “biological”
temperature as a kind micro oscillators. They convert
the energy of the thermal vibrations of the water
dipoles into electric charge of the nucleus and electro-
magnetic radiation in a wide frequency range within
the cell and beyond. This energy generator provides
many cellular functions, including cytoplasmic trans-
port of substances, their exchange and inheritance
implementation. The maximum development, from
our point of view, this mechanism reached in deep
phosphorescent fish, stingrays, eels, etc. Biolumines-
cence can be regarded as evolutionary hypertrophic
generating property (biosynthesis) and transport of
electromagnetic waves to compensate the lack, which
occurs in underwater environmental medium.

There are three types of electromagnetic relation-
ships (electromagnetic control) in the body — nervous
regulation (the relationship of the central control sys-
tem with the peripheral executive receptor elements),
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autonomous connections between elements (cells
and macromolecules) and signals, given by the con-
trol system to all the elements at the same time [68].
We assume the presence of signaling schemes of the
central nervous system of the type “to all-over”: in the
peripheral ganglia, the endocrine glands are “receiv-
ers” that are configured on the “emergency” rate, and
provide signals retranslation to the actuators at the
corresponding frequencies.

Regulation
of electromagnetic endoecology

Therefore, by now, there are accumulated enough
data for credible approval of the existing dependence
of highly organized living beings (as unions of atoms
and molecules), including humans, on electromagnetic
background of Earth. Electromagnetic waves, chang-
ing the fullness of electromagnetic energy of the body
frame (Fig. 2), evoke the appropriate resonances and
fluctuations of the electrical potential in its molecular
structures, participate in functions " control and ensure
the electromagnetic homeostasis maintenance (equi-
librium). Excess of reactions on waves* physical char-
acteristics (intensity, shape, frequency, length, etc.)
above physiologically required level lead to incoordi-
nation of nervous, immune and hormonal regulation.

Fig. 2. Electromagnetic skeleton of the body, defined by a
lightweight electromagnetic conductivity:
Ears, hands, feet are zones of high concentration of
electromagnetic receptors (acupuncture points)

In fact, it is possible, with certain assumptions, to
imagine the existence of a separate functional system
that regulate electromagnetic balance of the body
(FSREB) [27-31], containing all the ingredients of a
classic functional system, according to PK Anokhin [1].

The hypothesis of the possible existence of “eco-
ceptiv sensitivity” suggested by YuPLimansky, meaning
its ability to monitor changes of the environmental
factors (electric, magnetic fields, etc.) which do not
carry information that requires immediate sensory
signal [50]. Functional systems of the body are formed
up of dynamically mobilized structures in the scale of
the whole organism, and on their activities and the
result does not reflect the exceptional impact some
type of the involved anatomical structures. Moreover,
the components of particular anatomical accessory
are mobilized and involved in their assistance to ob-
tain programmed result. According to the interaction
principle, they are combined to achieve any adaptive
result, for example, stabilization of blood pressure in
the circulatory system, nervous and endocrine systems.
Therefore, at systematic approach, we focus not on
some anatomical feature of one component involved,
but on the principles of many components organization
from many anatomical systems with indispensable re-
sult of this extensive system activity [1]. The structure
of the functional system of electromagnetic regulation
based on the above factual material of light therapy,
the example shown in Fig. 3. From our point of view,
workability of such a system will depend on the qual-
ity of the external electromagnetic flux (biologically
adequate wavelength range, polarization, presence of
evolutionarily developed mechanisms for utilization).

As shown in Fig. 3, starting stimulus in the form
of polarized electromagnetic waves within the optical
range of constant magnetic field, radiation in the in-
frared or millimeter wave bands, as well as invasive
mechanical irritation (needle stick) cause activation of
poly modal (electromagnetic sensitive) receptors, i.e.,
acupuncture points. Transmission of electromagnetic
signal is carried out through the best ways of their con-
ductivity (meridians and connective tissue stroma). In
addition, there are processes of molecular photorecep-
tion described separately [29, 52, 54]. Stimulated by
electromagnetic signals, neural structures and electro
dependent processes stimulate “decision taking” and
determine the result of the acceptor action (visceral
organ). As recipients can be considered organs, that
experience electromagnetic imbalance due to the ex-
cess of biologically inadequate radiation, suffering from
congestion of free radicals (lipid peroxidation), primar-
ily, neural hormonal and immune regulatory system.
Their functional state, after electromagnetic exposure,
determines the (positive or negative) feedback, that is
changes in electromagnetic conductivity of acupunc-
ture points. Such self-regulation (harmonization of
the existing energy background with the demanded)
extend on the amount of energy absorption, regulated
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Fig. 3.General cheme of functional system of electromagnetic balance regulation

by the structures that provide electromagnetic recep-
tion. This process also depends on geomagnetic, solar
and lunar activity.

It is important to mention the significance of po-
larized electromagnetic waves, as their polarization is
the main factor causing a stable biological effect.

It should be noted that the above given scheme
should be regarded as a working hypothesis, as some of
its units do not yet have sound anatomical and physio-
logical characteristics. However, in recently completed
(2002) anatomical studies [49], there was performed
the identification of acupuncture points on the upper
limb by sonication showed their 80% coincidence with
interstitial connective tissue formations (inter muscu-
lar, extending along the surface and into depth). The
authors concluded that the meridians can be treated as
a structure consisting of connective tissue that connect
the superficial and deep formation, participating in the
transfer of biophysical changes occurring under the
action of the needle. There are also detailed anatomical
data showing the connection of the nerve structures
and acupuncture points. There are found anatomi-
cal correlates (mostly nerve trunks) of 24 primaries,
28 secondary, 27 tertiary and 31 non-specific acupunc-
ture points. We carried out identification of 110 points
in two hundred subjects [10]. This is meningful for
understanding the integrative role of interstitial tis-
sue in providing physiological effects distantly arising
at acupuncture. Research of biologically active zones

relations to the surface of the human body allowed to
allocate zones with “wave representation” of individual
organs [45-46].

On the other hand, by biophysical modeling meth-
od [78] we established physical grounds of the exis-
tence of coherent electromagnetic field of the body
(“electromagnetic framework”) in the millimeter range.
There are four groups of facts, which convince the au-
thor. First of all, a pronounced presence of the electric
fields intensity in cell membranes (about 10 V/cm),
which is created due to through membrane ion trans-
port. Second, frequency of the cell membranes oscil-
lation, determined by their mechanical properties, lies
within the range of 10'°-10'! Hz. Third, the presence
of skin, separating regions with different refractive
indices, separates the inner area with a large refractive
index, which supports more intensive radiation density
at the expense of internal reflection. The fourth factor,
which conditions a possibility of a coherent field, is the
identity of the genome of all somatic cells of a partic-
ular organism. They can be regarded as active centers
providing genome transformation into a spectrum
of electromagnetic radiation. From the standpoint
of the calculation of limited cycles, we showed that
the meridians are (functionally) coherent running
electromagnetic wave. Wave conductor properties of
meridians define their internal transport in accordance
with the laws of nonlinear optics for a closed resonator
filled with nonlinearly absorbing medium with active
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centers. Minimum of losses is determined by the fact
that the angles of waves that falls on the inner surface
of the skin should be less than the angle of the total
internal reflection for the environment. A direct ex-
perimental proof of the electromagnetic nature of the
meridians is registration by the authors of a non-equi-
librium component of electromagnetic radiation of the
organism in mm-range. The complex of equipment
with its inner noise level for the frequency range within
53-78 GHz in the region 5-102 W/Hz-cm? allowed to
register radiation areas of the human body and its dy-
namics in the mm range. The value of the non-equilib-
rium component (radiation from the biologically active
zones) varied in the range of 102 - 102! W/Hz-cm?

In addition, the proven clinical efficacy of PIL-
ER-light also gives grounds to confirm the hypothesis
mentioned above, and it is important to determine the
future direction of its deep studies of individual units.
For example, the “narrow” places, which will require
urgent investigation, in our opinion, are the features
of electromagnetic signals transport into connective
tissue and the process of transmission them into nerve
structure. It is important to pay attention to photo de-
pendent processes at the level of cellular membranes
and organelles, which should have a particular response
to electromagnetic waves of optical range. The influence
of electromagnetic and contribution factor may be the
basis for clarifying biophysical mechanisms of many
electro dependent processes in cells and their systems.

The main indicator of the FSREB activity, which
can be determined indirectly, is the quality of the
internal organs functioning and visceral systems in
general. It depends on the nature of the source of the
organ electromagnetic background or features of ex-
ternal action, which are the resulting of wavelengths,
their power and exposure. From the available empir-
ical observations, we can say that there is a natural
self-regulation mechanism of the circulating volume
of electromagnetic energy. For example, from clinical
practice it follows that at different times of the day
there is a different activity of the acupuncture points
as the receptors, which receive electromagnetic waves.
This is attributed to sun exposure and biorhythms
(depending on the phase state of the Sun and the
Moon). At daylight, when we observe a high level of
electromagnetic energy falling on the surface of the
body, many acupuncture points are “closed” (become
less susceptible to excess energy), in the dark - “open.”
Moreover, at diseases followed by increased peroxide
oxidation (which usually happens) in the respective
systems of visceral tissue there increases metabolism
and power consumption, there appears an energy
deficit. At the same acupuncture points, “responsible”
for the particular organ or segmental area, “open”,
and become strongly susceptible to electromagnetic
factors up to respond to mechanical stimulation. At
this time, these points become sensitive and you can
easily determinethem on your body.

From the standpoint of light puncture, it becomes
clear and understandable the existence of areas with
a high concentration of biologically active points on
the body (face, ears, hands, feet) as the sites that in
the process of evolution has always been open to solar
(light) electromagnetic waves (unlike protected by fur
or clothing). Alongside, it is observed a general biolog-
ical principle of multiple redundancy (backup) in case
of traumatic injury of one of their sites.

The above hypothesis of the FSREB explains the
non-correspondence between the anatomical and
functional efficiency of “meridians” or “channels”
concept in terms of oriental medicine [62]. In accor-
dance with this approach, the system of acupuncture
points, “meridians”, as well as permanent and variable
electromagnetic fields of the human body interact with
the holistic system of liquid crystal fibers of collagen,
which is the basis of connective tissue.

On the effectiveness of the considered working
FSREB hypothesis may also indicate the effectiveness
of BIOPTRON-color therapy method, which is based
on the influence of electromagnetic waves of different
lengths on biologically active zones (points) [3].

We should say that the existence of a system that
regulates relations between the body and the external
electromagnetic field with more or less empiricy is al-
ways under consideration. In particular, R Becker [2]
described a “slow electromagnetic system of regulation
in vertebrates”, which is associated with a peculiar dis-
tribution of the surface potential (Fig. 4). The author
presents evidence that this system controls the speed
of electrical impulses extension in nerves, transmits
to CNS information associated with pain and mental
functions. He suggests that this system controls the
general behavior of animals and that through it is
carried out the influence of the magnetic and electric
fields of Earth on animals and humans [69].
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Fig. 4. Distribution of surface electric potential on the
human body and lizards [65]
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An interesting approach of VGMakats et al. [58] is
based on measurements of the electrical conductivity
of biologically active zones. There are revealed the
interdependent self-functioning energy cycles, espe-
cially the regulation of vegetative homeostasis and the
interaction between the individual functional systems
of the body. This allowed the authors to put forward
the idea of the existence of “functional-energy system
of biological objects (Makats effects).”

Violations of the harmony of the electromagnetic
interactions of the external and internal environment
determine the occurrence of various types of pathology.
The resulting deformation of this body’s electromag-
netic field can be recorded using Kirlian effect [47].
Modern methods of the human body electromagnetic
radiation measurement in mm range is already allow
to detect the presence of a non-equilibrium component
[78], i.e., “Aura” that characterizes the individual pe-
culiarities of the body functional state (Fig. 5).

Fig. 5.Plant bio field reaction in response to the impact of
human bio-field [77]:
A - human generation thoughts of love and kindness to
the plant;
B - plant responses to positive "emotions";
V - generation of human thought "I'll cut you";
T - plant responses to negative "emotions"

Electromagnetic exoecology
and its significance for the organism

Let us consider the relationship of organism with
the environment from a position of “usefulness” of
certain types of electromagnetic waves. Urbanization,
a companion of life in the modern world gives rise to
many electromagnetic wavelengths not found in the
evolution. When applied to the “usual” waves, for ex-
ample, solar spectrum, we can talk about a possibility
of specific adaptation (accumulation of melanin in the
skin of Africans, blond color for northerners, etc.) and
non-specific neuro hormonal activation of antioxidant
system to block lipid peroxidation. Then for histor-
ically “new” influences, there are observed different
and usually negative variety of responses. Generally
recognized term “electromagnetic pollution” (electro-
magnetic smog) indicates patterns of adverse effects
of the electromagnetic field increasing with exposure
and frequency characteristics.The greatest amount of
information is available about the biological effects of
microwaves, which is expressed in the disorder of the
central nervous system, followed by dysfunction of
visceral systems up to the heating (destructive) effect.

The consequences of an adverse effect on the or-
ganism of environmental factors can largely be reduced
to common resulting pathophysiological mechanisms.
It can be described as an overload of the antioxidant
system, forced to neutralize the excess of free radicals
generated by both external and internal environments.
The final process is the increase in lipid peroxidation
(oxidative stress), during which there occurs destruc-
tion of cell membrane lipids, enzymes, disintegration
of regulatory influences, mutagenicity increased and
other negative phenomena, which ultimately determine
sickness rate and life expectancy (Table 1).

Table 1
Two leading complexes of environmental factors
that determine the state of health

ENVIRONMENTAL ELECTROMAGNETIC

(PEROXIDATION) MISBALANCE
STRESS
FREE RADICAL INSUFFICIENCY OF
INTOXICATION BIOLOGICALLY DEMANDED
RANGE EM WAVES
ENHANCING EXCESS DISRUPT RANGE EM

PEROXIDATION WAVES

A second, less studied, but not less important
aspect of determining the state of health is the mainte-
nance of normal background levels of electromagnetic
stimulation of biochemical and biophysical processes.
The example of the difference in the quality of plants
growth, grown in the basement and in the sunlight,
once again convinced of the need to provide every earth
living being with insolation, the intensity of which can-
not be below a certain critical value. However, the elec-
tromagnetic imbalance, everywhere overtaking each
of the members of a modern society, give evidence of
isufficient obtain, by many of them, of electromagnetic
waves of necessary biologically range (insolation), and
an excess of the action of destructive electromagnetic
influences. In fact, we speak of substitution for the
body of one wavelength for another, which “taking”
a somebody else place (ecological niche) “parasitize”
(causing physiologically inappropriate resonant and
thermal effects) and bring destabilization where cel-
lular structures are waiting for natural (due) wave.

These technogenic electromagnetic fields have a
simpler frequency organization and pulse structure;
however, they have several orders of magnitude great-
er intensity and uneven localization in space [62]. As
damaging electromagnetic waves are in uncontrollable
excess, the list of adverse effects is hard to predict, but
in any case, these changes could become irreversible.

The significance of the new urbanized electromag-
netic environment at home is very important. Accord-
ing to measurements carried out at the Institute of
Terrestrial Magnetism and Radio Wave Extension [71],
“a characteristic tension on the surface of the human
body varies from 20 to 200 V/m, reaching on top of
1000 V/m. Wearing natural clothing gives almost no
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effect on these statements. Clothing made of synthetic
materials when it is removed, or natural movements
creates strength values up to 14,000 V/m, contributing
to the development of cardiac arrhythmias. The same
refers to shoes made of synthetic materials — the sole
while in contact with asphalt, at each step, generates
a voltage of 10-20 kV. With small dimensions of stan-
dard flats and excess of furniture in them of non-natu-
ral materials, surrounded by wiring each dwelling turns
into a ball of electromagnetic fields, each protrusion
of furniture — in the storage of kilovolt static charges.
Friction of tires on the asphalt turns a moving car in
a good capacitor”.

From this non-equilibrium state there can be
only two alternatives: the first — leaving the radiation
zone, reducing the length of stay or screening (with
attenuation coefficient over 2 growing shortage of
natural electromagnetic background, followed by a
deterioration of health [71]); and second — restoration
of the volume of the incoming electromagnetic waves
solar spectrum. Natural illustration of the above can
be considered as the situation with the winter-spring
morbidity and efficiency improvement of the summer.
Indicative data, obtained during the survey of the pop-
ulation of different regions of Ukraine [18, 19]. Let us
consider in more detail the main groups of mentioned
electromagnetic influences (Table 2).

As you can see, natural capabilities that com-
pensate electromagnetic waves of solar spectrum are
limited and the only adequate alternative is polychro-
matic polarized (PILER) light. Accordingly, the device
BIOPTRON as its generator represents an additional
opportunity to align the electromagnetic balance.

The range of sun doses influence fluctuations
in terrestrial conditions is very broad, and they vary
depending on the different circumstances (Table 3). It
is significant that an overdose of sun exposure mostly
accompanied by an increased dose of its ultraviolet
and infrared parts, and its lack reveals in a decrease of
the visible portion of the solar spectrum. It should also
be noted that even the small part of the sunlight that
reaches the Earth’s surface in polarized form, under
the influence of industrial dust or smog, is depolarized
and loses biological effectiveness.

Main mechanisms and the concept
of PILER-light therapy

From these data it follows that general indications
for correction of the electromagnetic imbalance can be
called a disorder associated with electromagnetic lack,
overload by “parasitic” electromagnetic waves and free
radicals. BIOPTRON-PILER-light therapy method is
the most appropriate to provide the most physiological
way of electromagnetic harmony recovery at all levels
of the organism — from molecular to systemic.

While the direct impact on the biological substrate
of electromagnetic waves of the visible spectrum there

occurs a direct energy replenishment of the electron
orbits components and transition of electrons to higher
levels, which increases the chemical activity of atoms.

Redistribution intermolecular energy leads to
modification of the molecule, which defines a more
pronounced stabilization of its structure. Restoration
of the structure portions of cell membranes by electro-
magnetic reconfiguration of molecules increases the
membrane potential and its ability to resist the action
of free radicals. Especially effective action, PILER-light
manifested in case of electromagnetic imbalance that
defines the subsequent leveling therapeutic effect.
Here reveals biophysical aspect of the PILER-light
antioxidant effect.

This process prevents the progress of other, less
favorable changes occurring under the influence of
electromagnetic wave of other lengths (ultraviolet,
infrared, microwave, etc.), manifested in the strength-
ening of intermolecular oscillatory processes, heating
and breaking of intermolecular bonds.

Manifestations of the general mechanism of PIL-
ER-light action will not be the same depending on the
regional properties of the perceiving surface area of the
skin. The process described above takes place in all cas-
es of direct (local) impact. However, if in a zone of light
application gets a biologically active (acupuncture)
point, there turns on the mechanism of “lightweight”
entering of biologically necessary electromagnetic en-
ergy range and its subsequent transport to customers
located in the electromagnetic “frame.” Thus, there
appears a possibility of systemic influence on organs
distant from the application site. This principle is the
basis for BIOPTRON color therapy technology as a
painkiller and visceral system correcter.

PILER-light due to its polarization has better
penetration ability compared to non-polarized elec-
tromagnetic waves. This opens up another useful chain
connected with direct influence on the cells and plasma
of blood passing through the capillaries of the skin.

Restoring of their function ensures, on the one
hand, strengthening of the structure of erythrocyte
membranes and extending the active life period of
red blood cells in the bloodstream, and on the other
hand — activation of leukocytes and lymphocytes
function — immune proteins production, increase of
phagocytosis, etc. [65, 72]. It is typical, that at almost
any light application capillary network is automatically
covered within the illuminated area and, accordingly,
the immune normalizing mechanism starts to work,
which is extremely important for practical medicine.

Currently known mechanisms of polarized light
action are actually aimed at slowing down the natural
process (apoptosis) or induced (necrosis), destruction
of cellular functions, i.e. breaking the process of cell
death.

The PILER-light therapy concept, in modern
sense, consists in combined application of local and
systemic effects of polarized electromagnetic waves of
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Table 2
Types of electromagnetic influences
DESTROYING DESTABILIZING REGENERATIVE

® Cosmic rays GTransportation © PILER-light

e Electric locomotive, Metro (polychromatic, 95 % of
®Abandant solar ® Trams, trolleybuses polarization, low-energy)
Activity ® Power Lines

e Flights ©Sunlight
® Gamma rays (polychromatic, up to 3%

© Domestic of polarization)
® X-rays e Microwaves

° TV © LASER-light
® UV rays e Radio sets (monochromatic,

e Cell Phones polarized, low-energy)
® IR rays e Conditioners

e Aerowaterionizers, ozonizers ©Mikrowaves
® Microwaves e Plastics (Nonpolarized, less than
(more than 1 mW/cm?) 1 mW/cm?)

® In office
® LAZER-light ¢ Displays PC © LED-light
(high energy) e Electric engines (monochromatic, non

e Transformers polarized, low-energy)
® Ultrasound e Ultrasound equipment

® Radars

¢ High-frequency generators

® Radio TV stations

® Noise producers

e Traffic noise

e Concert noise

e Industrial noise

® Molecular-nuclear

e Torsion fields

e Gravitation fields

© Magnetic storm

e Solar

e Earthly

Table 3
Reasons for the solar electromagneticdisharmony
NATURAL ARTIFICIAL
OVEREXPOSURE

€ Mountain conditions

@ Recession of ozone layer

@ Solar atmospheric magnetic storms
@ Polar (summer) day

€ Many hours of work in the sun

€ Sun overdose

€ Overexposure to the sun/snow in the mountains
@ Solarium overdoze exposure

@ Electric welding

DEFICIENCY EXPOSURE

«» Atmosphere polution

+ Long dense cloudiness

« Magnet atmosphere anomalies
+ Polar (winter) night

« Stay in low light premises

« Stay in screened rooms, transport, marine and
submarine vessels

+« Work in mines, workshops, basements, hyperbaric
chambers

« Distorted sunlight structure by glass, light filters
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biologically necessary (solar) range, using specialized
sensory receptor or sensory entrance gates, liquid-crys-
tal conductors and all the connective framework for
electromagnetic energy transport to regulatory system
or areas, experiencing its deficit or imbalance.

In case of PILER-light therapy prescription, it is
important to know the mechanisms of action of polar-
ized light and clearly determine the feasibility of its
aplication. It is helpful to understand the PILER-light
therapy-leading role in a complex antioxidant Zepter
technology (simultaneous use). Enhancing of the effect
in this case is provided by unidirectional (peroxide oxi-
dation-reduction), correction of various components of
antioxidant balance [20]. The point of application and
the level of biochemical or electromagnetic antioxidant
protection, in each case, are not the same — from the
cell membrane to the systemic organ that creates a
multi-level and wider coverage for such electromag-
netic disharmonies protection.

Achievements and prospects
of PILER-light therapy technologies

Start of the 3rd millennium for light therapy, as
for physical therapy technique in a broad sense, is
characterized by “warming” of classical” medicine atti-
tude and successful search of cooperation with experts
applying “non-traditional” approaches. This is due to
accumulation of objective information about the mech-
anisms of the physical factors action for specific medi-
cal purposes, the expansion of the devices " features and
transition to a new level of computer processing and
evaluation of facts.New methodological possibilities
defined reassessment of the existing provisions and
allowed to provide greater depth of the facts analysis.
The gulf reduced between “fundamental” and “applied”
researches, which in fact, under the new conditions of
the Ukrainian science existence, have grown finally
together in a comprehensive system to obtain reliable
scientific facts, introduce them into clinical disciplines

and rece timely feedback on the medico-social “order”
for new research. In this sense, light therapy occured
in a pole position. On the one hand, in due time, there
appeared a new generation of light therapy equipment,
sophisticated Bioptron device, on the other — thanks to
open to independent research policy of Zepter Compa-
ny, it has become real in Ukraine to do theoretical and
clinical research, with the ultimate aim to create better
opportunities for health correction and improve quality
of life. Contribution to the fast track of light therapy
technology development has made public understand-
ing of the rapidly of negativ “parasitic” electromagnetic
background growing, which increased its demand [12,
17, 25, 26, 41, 43, 64, 65, 74, 80].

The greater the accumulated knowledge of phys-
ical therapy techniques, the more visible they are
incomplete. Clinical needs and expectations of users
require for Advanced Studies of increasing complexity
and depth of analysis. Clarification of the PILER-light
mechanisms of action has not changed its clinical effi-
ciecy, but the list of diseases and premorbid disorders
got a trend to decrease, which reflects improvement
in the quality of care. A number of myths, caused by
primary enthusiasm and unexplained effects, gradually
disappear, it is replaced by a sober list of indications
that distinguishes a professional approach. However,
the technology remains to be designed for a wide user,
preferably having BIOPTRON at his own home. The
task of the researcher continues to remain bidirec-
tional — deeply investigate undisclosed facets of the
technology and to provide specific modes for practical
application. Status of knowledge about the basic issues
of solved and unsolved light therapy technologies,
which appeared to date, are presented in Table 4.

Thus, at present, questions of legal and medical
legalization of light and color therapy can be considered
asresolved. There are defined the basic mechanisms of
PILER-light action and a set of indications for applica-
tions.It is developed the first generation of therapeutic
regimes and color therapeutic programs.

Table 4

BIOPTRON: solved and unsolved questions

SETTLED SOLVED

FOR DECISION

Full medical and legal authorization of BIOPTRON
devices

Updating of the list of diseases for which light therapy is
effective

The main mechanisms of PILER-light action are
defined

Detailization of physiological and pathophysiological
mechanisms of PILER-light action

The basic therapeutic areas are described

Search for the new aspects of the therapeutic, restorative
and preventive application of PILER-light

Established the basic indications for treatment and
correction

Extension of family BIOPTRON devices application

It created the first generation color therapy treatment
and rehabilitation programs

Implementation of color therapy programs and creation of
their new modifications

Initial introduction of the population of the possibility
of Bioptron light therapy

Full coverage (each family) by light and color therapy
technologies
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In recent years, attention has been paid to a new
nano filter containing fullerene (the fourth form of
carbon state, molecular, Ceso) [81]. It is able at the
nano level to change the properties of the light passing
through it. Accordingly, such light can acquire addi-
tional properties [82].

They arise due to the fact that the carbon atoms
entering into the Ceo molecule can influence the tra-
jectory of the transmitted light quanta by its own elec-
tromagnetic oscillations, which obey the icosahedral
symmetry of the shell. Rotating at speed of 1.8-10* s,
the spatial network of carbon atoms entering the Ceo
molecule, in accordance with the Fibonacci distribution
law (®%+ d?%=3), additionally redistributes the light
electromagnetic flux. Such a modification of the light
flux was called “hyperpolarization”. When light passes
through a fullerene material 2 mm thick (10° layers of
Cso molecules), there occur changes 10'® in the direc-
tion of the motion of quanta. Taking into account the
rotation of the Cso molecule, a new, more ordered spiral
configuration of their flow (Tesla toroids) is eventually
created. The symmetry of the flux of quanta obtained
in this way should create harmonizing possibilities
for more efficient absorption of each of the passing
quanta [82-84].

It was experimentally established [85, 86], that
a 10-minute application to the inflammation locus or
to E-36 acupuncture point of fullerene light caused
in animals a significant reduction of pain. Analgesia
was 43.5 and 38.5 %, respectively. All non-painful be-
havioral reactions increased their duration. Duration
of sleep compared with the control increased twice
(application of light to the locus of inflammation)
and 3 times (application to acupuncture point E-36).
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Fig. 6. Scheme of converting diffuse light into vertically
linearly polarized and hyperpolarized [19, 83, 84]:

1 - scheme of oscillations of vectors of light
electromagnetic waves, 2 — Brewster polarizer of the
BIOPTRON device.

Differences in the vector structure of the light fluxes
are shown separately (circled).

Comparison of these data with the results obtained
for monochromatic polarized light ranges showed that
they could be attributed to the most effective group of
analgesic light factors. Fullerene light, along with anal-
gesic, have a powerful sedative effect, surpassing effects
in comparison with all other ranges of polarized light.

So, the new fact is that polarized polychromat-
ic light of the BIOPTRON device, which has passed
through a nano photonic fullerene filter, acting onto the
pain or acupuncture point E-36, significantly reduces
pain and has a sedative effect.

Conclusion

Presented analytical material comprises a working
concept of light therapy based on modern views of the
relationship between electromagnetic factors with a
living organism. It is based on the use of acupuncture
points for the biologically necessary electromagnetic
waves to enter the system (frame) of the conductors
and consideration the electromagnetic framework as a
means of light range polarized electromagnetic waves
transport. Their zones-recipient may be considered or-
gans that endure electromagnetic imbalance due to the
excess of biologically inadequate radiation, suffering
from free radicals’ congestion (peroxidation) — neu-
ro hormonal and immune regulatory systems of the
organism to a greater or lesser extent related to bio-
logically active periphery. Subsequent stimulation or
modification of functions of the recipient zones deter-
mines the achievements of useful therapeutic effect,
combination of which with local reparative processes,
derived from direct exposure, allows to achieve the
clinical purpose. The results of targeted experimental
studies and clinical experience that gradually accu-
mulate, will refine or change some of the positions
that will give an impetus to the further improvement
of the light therapy technology, and perhaps will give
a qualitative leap.

The light therapy success now requires coor-
dination of professionals’ having experience in the
field, systemic discussions, regular publication of the
experimental results and clinical studies, significant
efforts to extend information among managers and
users, corresponding lecture activity.

BIOPTRON-light therapy is a new and promising
direction for a wide range of specialists, from represen-
tatives of theoretical medicine to clinicians and prac-
titioners (beauticians, chiropractors, etc.). Studies in
these new directions will always remain rewarding, as
the expansion of knowledge of concrete members and
associates defines the achievement of a new quality of
health medical support, the pursuit of which is humane
and honorable task of everyone.

The author will consider the goal reached in case
of a significant appearance of interest to issues of
electromagnetic ecology, BIOPTRON light therapy,
and as a result, occupation by it a leading position in
physical therapy.
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Conclusions

1. The increase of the adverse electromagnetic
background may be an additional cause for non-spe-
cific disease growth. The last can be explained by the
presence of electromagnetic imbalance and environ-
ment-related free radical overloads.

2. Natural options to compensate electromagnetic
wave solar spectrum lack is limited, adequate alterna-
tive is PILER-light.

3. We put forward the hypothesis of the existence
of the body’s functional system of electromagnetic
balance regulation.

4. Working light therapy concept is based on the
possibility of using acupuncture points, the biologically
necessary electromagnetic waves, to enter conductors
and consideration of this electromagnetic framework
as a means of transport. Zones-recipients are named
organs experiencing an electromagnetic imbalance
due to excess of biologically inadequate radiation,
overload by free radicals of neuro hormonal and im-
mune regulatory systems. Subsequent stimulation or
modification of functions of zones-recipients deter-
mines the achievement of useful therapeutic effect,
combination of which with local reparative processes
allow to achieve clinical goals.

5. The modern approach to light therapy is in com-
bined (local and systemic) impact of electromagnetic
waves of biologically necessary (light) range.

6. Settled, for the present time, can be considered
legal and medical recognition of light color therapy,
the basic mechanisms of PILER-light action, a list of
indications, and the first generation of therapeutic
regimes and color therapy programs.

7. Intensification of light therapy implementation
technology is associated with the need to create new
treatment programs and to develop color therapy
analgesic technologies. We are faced with search and
disclosure of PILER-light therapeutic action mech-
anisms in respect to the visceral systems, studies in
biophysics, virology, veterinary medicine, crop and
emergency medicine, development of a new generation
of light therapy equipment, as well as Zepter antioxi-
dant technologies consolidation.
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The mathematical model of the process of heating the surface of the skin and its inner layers of short laser
pulses. Duration of pulses is much less then time setting temperature in the body. It is using the solution of the
equation of thermal conductivity for semi-infinity of the body when it is heated by flow of the electromagnetic
radiation. Heat exchange with the outside space is not happening for the duration of a pulse, so the surface of
the body can be considered isolated. The body temperature is rising almost linear. After the end of the pulse it
decreases slowly (thermal time constant is 20 min approximately).

By heating a series of pulses the temperature increases in the same way as by heating of continuous radiation.

It is calculated the increase temperature of body by heating pulses 10 ms, am-plitude 10 W, period of 50 ms.
The average radiated power is 2 W. The temperature of body within 5 s rises to 300 °C.

Key words: irradiation by laser pulses, human skin, thermal processes.

TEIIJIOBI ITPOIIECH B IIIKIPI JIIOANHN
I YAC OITPOMIHEHHA JIASBEPHU MM IMITYJIbCAMUA

M.TI. Kokoaiii!?, B.O. Timanok?, A.M. KopoGos!

IXapxiscvkuil HayioHaavbHull yHisepcumem imeni B. H. Kapasina, m. Xapxis, Ykpaina;
2HayioHanvHull hapmayesmuuHuil yHigepcumem, m. Xapkis, Ykpaina
KOPOTKHMH JIA3ePHUMU iMITyJIbcaMu. TpUBAJIiCTh IMITy/IbCiB HabaraTo MeHIIIe Yacy BCTAaHOBJIEHHS TEMITEPATYPH.
Bysno BukopucraHe po3B’si3aHHSA PIBHAHHSA TEIUIONPOBIAHOCTI /11 HAIiBOECKIHEYHOTO TUIa IMPU HarpiBaHHI
MTOTIKOM €JIEKTPOMArHiTHOT'O BUITPOMiHIOBaHHSA. 3a Yac JIii iMITyJIbCy TEIIOOOMIH 3 30BHIIIIHIM CEPEJIOBUIIEM
He BiI0yBa€THCs, TOMY ITOBEPXHS TijIa MOKE BBAXKATHCS TEILIOI30JIbOBAHOK0. TeMItepaTypa Tijia 3poCcTae Maike
3a JIIHIHHUM 3aKOHOM. ITic/is 3aKiHUEHHS IMITYJIbCY TeMIIepaTypa MOBIJIBHO 3HUKYEThCS (TEIJIOBA MOCTIHHA
Yacy CTAaHOBUTH MpUOIU3HO 20 XB.).

IIpu HarpiBaHHI cepielo iMITyIbCiB TeMIlepaTypa Tijia 30i7bIIyEThCSA TaK caMo, SIK IPW HarpiBaHHI
0Oe3nepepBHUM BHIIPOMiHIOBAHHSM.

OO6uwrCIIeHO TiBUINIEHHS TEMIIEPATYPH Tija ITi/T Yac HarpiBaHHs iIMITyJIbcaMHU TPUBATICTIO 10 MC KOXKHUH,
amrutityoro 10 Br, 3 mepiomom 50 mc. CepeqHsa MOTyKHICTH ckazae 2 Br. Temmeparypa Tisia mpotsarom 5 ¢
mizgaiMaeTses 7o 300 °C.

KirrouoBi citoBa: imMITysibcHe J1a3epHe BUITPOMIHIOBaHHs, IIIKipa JIIOAMHH, TEILJIOBI MIPOIECH.
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TEILIJIOBBIE ITPOIIECCBHI B KO2KE YE/IOBEKA
ITP OBJIYUEHUNU JIASEPHBIMU NUMITY/IbCAMUA

H.T'. Kokoguii'?, B.A. Tumanwk?, A.M. KopoGos!
1 Xapvkosckuil HayuoHanvHblil yHusepcumem umeru B.H.Kapa3suna, 2. Xapvkos, YkpauHa
2HayuonaavHalii papmayesmudeckuil ynusepcumem, 2. Xapvkos, Ykpauna

[Ipemioxkena MareMaTuudeckas MOJesb IIpoliecca HarpeBa IIOBEPXHOCTH KOKU U ee BHYTPEHHUX CJIOeB
KOPOTKHMHU JIa3€PpHBIMU UMITYJIbCAMHU, JJIUTEJIbHOCTh KOTOPHIX HAMHOTO MEHBIIIE BpeMeH! YCTaHOBJIEHUA
TeMIIEpATypPHI B TeJie. Mcnosb3yeTcs pellieHre ypaBHEHU TEIUIOPOBOTHOCTH IS II0JTyOECKOHETHOTO TeJIa IIPU
HarpeBe MOTOKOM 3JIEKTPOMATHUTHOTO U3JIydeHUs. 3a BpeMs JIeUCTBUA UMILYJIbCA TENJI000-MEH C BHEITHUM
MIPOCTPAHCTBOM He IIPOUCXO/IUT, [I03TOMY ITIOBEPXHOCTD TeJIa MOKHO CUHTATh U30JIUPOBaHHOU. TemmepaTypa
TeJjla pacTeT OYTH 110 JTUHEHHOMY 3aKOHY. [ociie OKOHYaHUsI UMITYJIbCAa OHA MEZJIEHHO YMeHbIIIaeTcs (TeIrioBast
MTOCTOSTHHAS BpeMeHU 0K0J10 20 MUH).

[Ipu HarpeBe cepuell UMITYJIHCOB TEMIIEPATYPaA YBETMUHUBAETCSA TaK 7K€, KaK IIPU HarpeBe HelpepbhIBHBIM
U3JIy4YeHUEM.

BerumcsieH poct TeMmepaTyphbl Tejla IpU HarpeBe UMITYJIbCaMU JJIUTeIbHOCThI0 10 Mc, ammutyio 10 B,
uaymux ¢ nepuosioM 50 mc. CpeiHAs MOIITHOCTD n3tydeHus 2 Bt. TemnepaTypa Tesia B TeueHHe 5 ¢ IOBBIIIAETCs
1o 300°C.

KiroueBblIe ¢JIOBa: UMITYJILCHOE JIa3epHOe 00JIyueHre, KoXKa YeI0BeKa, TEMIOBbIE TIPOIECCHI.

Introduction The penetration depth of radiation in the ultraviolet
region of a few micrometers, in a green about 1 mm,
in the red region of the depth of penetration increased
to 20-30 mm. Short-wave infrared radiation with
wavelengths less than 1.5 um penetrates to 30—70 mm.

Research of thermal processes occurring under the
action of laser radiation on humans, given the opportu-
nity to develop new therapies for many diseases. How-
ever, the complexity of the object of exposure (skin,

subcutaneous tissues, circulatory organs) cause was a e

need for further study of phenomena that occur at the e

same time. Theoretical and experimental research in .06 min Fpidem s
this direction are made in the Laboratory of Quantum

Biqlogy and Quantum Medicine KNU. In works [1, 2J, 0.6 - Demma
which were presented at the conferences “Lasers in '

medicine and biology”, investigates the thermal pro-
cesses when exposed to human skin and continuous
optical radiation pulses, the duration of which is more Blaod
time setting the temperature in the object of influence.
In this work the calculations of the heating of
the skin and subcutaneous layers in the case of short
optical radiation pulses.

Mathematical model Fig. 1. Model of the structure of the skin
Mathematical model of the structure of the skin
adopted is the same as in works [1, 2]. It is shown in The change of radiation intensity along the z-axis

Fig. 1 and corresponds to the model proposed in the (into the body) is described by the Bouguer law:
paper [3]. In the skin there are three parts. The upper
part is the epidermis is a multilayered epithelium, the _z
outer layer which is the stratum cornea. The bottom I ( z ) =7 0 € 3
layer of the epidermis rests on the basement mem-
brane. It contains melanocytes cells that protect skin
from the harmful effects of sunlight. The inner skin is
the dermis has a thickness of from 0.5 mm to 5 mm
and in it are the blood vessels.

The thickness of epidermis is approximately equal
to 0.06 mm. The fraction of energy absorbed in this lay-
er is small, so the presence of a layer can not be ignored, b _z
and to consider the fabric of a homogeneous body. S( z,t ) = —Oe 5
Therefore, the problem of heating a semi-infinite body )
by optical radiation penetrating into it in some depth.

where § — the penetration depth of the radiation
level 1/e.

Volume density of heat sources is determined by
the formula:
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The task is described in works [1, 2], took into ac-
count the removal of heat deep into the body, the tissue
conductivity and blood flow. It was shown that when
heating of the skin continuous emission temperature
is set slowly for about 20 min. So when heated with
short pulses, the duration of which is much less time
setting temperature, the withdrawal of heat from the
heated region can not ignore this area be treated as
insulated. The heat conduction equation in this case
looks like this:

0°’T(z,t) 10T(z,0) _ S(z,0)
0z* a Ot ko

(1)

It differs from the equation in work [1] lack of the
right part of the expression describing the dissipation
of heat by blood flow.

Initial and boundary conditions remain the same:

oT(0,t)

0z

T(z,0) = 0, =0, T(0,t)=0.

They mean the absence of heat exchange between
the heated surface and the environment and zero tem-
perature in the depth of the body.

In the calculations we used the following data
about the thermophysical parameters of the skin [3]:
k=0.5W/(m K), c=3500 J/(kg K), p=1100 kg/m?.

The parameters of laser radiation were adopted
as follows: pulse power Po =30 W; pulse duration
tp=10 ms; repetition period of pulses T=20...50 ms;
beam diameter D=1 mm; the depth of penetration of
the radiation in the level 1/e (d=10 mm).

The solution of equation (1) looks like this:

Ty(z,0) if 0<t<t,

. 2
Ty(z,0) =T, (z,t—1,) if 1<t

T(z,t) ={

p

where

Ty(z,t)= fy 5{2\/; ierfc( z

kS| & 2Wat

erfc(x) is the additional error function,

~ _ xerfe(x) is integral of the ad-

1
ierfc(x) =—e
Jr
. . k. e o
ditional error functions, a = — is thermal diffusivi-
cp

ty coefficient of the biological tissue, S — cross section-
al area of the beam.

The time course of temperature at different depths
calculated by the formula (2) for a single pulse with the
parameters specified above, shown in Fig. 2.

1a
AT

n 10 20 an
t, ms
Fig. 2. The time course of temperature during heating of
biological tissue by the radiation pulse

For the duration of the pulse (10 ms), the tempera-
ture increases almost linearly. In fact, it is the exponent
with a time constant of 300 s. However, on a very small
initial part it differs little from a straight line. After the
pulse occurs, the cooling fabric is also exponential. On
the chart the decrease in temperature imperceptible, as
it occurs slowly (with a time constant of 300 s).

As for the duration of the pulse, the heated heat
exchange area with the environment does not occur;
the maximum heating temperature is determined by
the absorbed energy and heat capacity of the heated
volume. It can be estimated by a simple formula:

E B Potp

AT . =—= , 3
cpoS ©)

max
mc

where E — pulse energy, Po— pulse power,
tp — pulse duration, S — cross sectional area of the
beam, ¢ — specific heat, p — density.

In Fig. 3 shows the temperature distribution along
the z coordinate is the depth in tissue. His profile fits
the profile distribution of radiation intensity according

J—e;%—le‘?Z e%erfc ﬁ— z +e§erfc @-FL .
2 5 2at 5 2at

z

to the law ¢ 9. The radius of the radiation intensity
and the temperature in our problem is constant.

The temperature and its distribution in space is
determined only by pulse energy. It is independent of
pulse duration. Even for t, =1 s the graphics T(z,t) are
the same as in Fig. 2 and 3. It is due what heat exchange
to external volume is absent.

By heating the target with a series of pulses tem-
perature at the end of each pulse increases by a certain
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Fig. 3. Temperature distribution in biological tissue at depth
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Fig. 4. Heating of biological tissue with a pulsed radiation (average power is 2 W)

amount AT, while the exposure time is much less than
the thermal time constant 7. Therefore, the heating
rate can be adjusted by changing the duty cycle (the
repetition period of pulses). This changes the average
radiation power.

In Fig. 4 shows the course of heating of biological
tissue to pulsed-modulated radiation with an average
power of 2 W (pulse duration is 10 ms, pulse power is
10 W, the period is 50 ms). Such power is enough for
a few seconds the temperature of the tissue increased
to 3000C by increasing the duty cycle twice the aver-
age power is reduced twice. This way you can set the
wattage at which the temperature of the surface layers
of tissue during, for example, 1 s will rise to the tem-
perature required for the doctor’s work.

Conclusions

1. The temperature of the biological tissue when it
is heated single laser pulse is determined by the pulse
energy and the heated volume (beam diameter and
penetration depth of radiation in tissue). The duration
of the radiation pulse is not a function.

2. When heating of tissue pulse-modulated laser
radiation, the degree of heat it is convenient to regulate
the change of the duty cycle (the repetition period of
pulses at a constant pulse duration of radiation).
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Introduction. The significant prevalence of vascular diseases of the brain, the complexity of dysfunc-
tion, put the problems of their treatment, rehabilitation and prevention into the focus of attention of modern
neurology. A stroke occurs in the United States every 45 seconds. Approximately 750,000 people a year suffer
from a stroke in the United States. According to statistics from the Ministry of Health of Ukraine, more than
110,000 primary strokes are recorded annually in the country. No less serious disease of the human central
nervous system is Alzheimer’s disease. Each year, more than 500,000 Americans die from this disease, making
it the third leading cause of death in the United States. Traffic accidents, local military conflicts, some sports
form a very numerous specific group of patients with craniocerebral injuries.

Aim — to develop a phototherapeutic hardware complex for the prevention, treatment and rehabilitation
of vascular, inflammatory, degenerative, post-traumatic and other brain diseases that are difficult amenable to
medical treatment including pharmacoresistant indomitable pain syndromes.

Materials and methods. The low-intensity electromagnetic radiation of the optical range of the spectrum
and the magnetic field of a permanent magnet are physical factors that are used in phototherapeutic complex
devices.

Results. A phototherapy apparatus complex has been developed for the prevention, treatment and reha-
bilitation of vascular, inflammatory, degenerative, post-traumatic and other brain diseases that are difficult to
treat with drugs. The phototherapeutic hardware complex includes three devices: the modified photon-mag-
netic apparatus Korobov-Posokhov “Barva-CNS/FM”, the photon-magnetic matrices A.Korobov - V.Korobov
“Barva-Laryngologist/FM” and flexible photon-magnetic matrices A.Korobov - V.Korobov “Barva-Flex/24FM”.

Conclusions. The presented clinical observations obtained using the developed phototherapeutic hard-
ware complex for the treatment and prevention of diseases of the brain indicate high efficacy and safety of
long-term low-intensity phototherapy in patients with dyscirculatory encephalopathy, with suffered ischemic
and hemorrhagic strokes, with hypertensive disease.

Key words: phototherapy hardware complex, brain diseases, prevention, treatment, rehabilitation, elec-
tromagnetic radiation of the optical range of the spectrum, LEDs, magnets.
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®OTOTEPAITEBTUYHUI AITAPATHUI KOMILIEKC
JJIA ITPOPIVIAKTUKH, JITIKYBAHHA TA PEABLVITTAIIIL
3AXBOPIOBAHDb IEHTPAJIbHOI HEPBOBOI CUCTEMMUM JIIOAVWHHN

A.M.Kopo6og!, M.®.ITocoxor?, B.A.Kopo6os?, O.B.Ko3up'
1 Xapxiscvkuil HayioHarvHull yHieepcumem imeni B. H. Kapasina, m. Xapxkis, Yxpaina;
2JTY “Tncmumym Hespoao2ii, ncuxiampii ma napxoao2iit HAMH Ykpainu», m. Xapkis, Ykpaiua;
SHayxoso-supobHuua meduxo-6iono2tuna kopnopayisn «Jlazep i 30opos’a», m. Xapxkis, Yxpaina

Berymn. 3HauHa OMMPEHICTh CyJUHHUX 3aXBOPIOBAHb I'OJIOBHOTO MO3KY, CKJIQIHICTh TOPYIIeHb (PyHKIIIH,
CTaBJISITh MPOOJIEMH X JIIKyBaHHSA, peaburiTarlii Ta mpo¢IAaKTUKH B IIEHTP yBaru cydacHoi HeBpoJiorii. ¥ CIIIA
KOXHI 45 ceKyHA Tpamiserbes iHcyabT. [Ipubmmzao 750000 ocib Ha pik crpakgaooTs Bix iHcynbsTy B CIIA.
3a manumu cratuctuku MO3 Ykpainu, B kpaini mopiuno dikcyerses monag 110000 nepBUHHUX iHCYJIIBTIB.
He MeHII cepiio3HUM 3aXBOPIOBAaHHAM LIEHTPAJIBHOI HEPBOBOI CUCTEMH JIIOIMHH € XBOpoOa AJbIreiimMepa.
IITopoxy Bix miei xBopobu momupae noHaz 500 THCAY aMEPUKAHITIB, POOJISYH ii TPETHOO IMPOBITHOK MIPUYH-
HOI10 cMepTi B CIIIA. JIopo:KHBO-TPAHCIIOPTHI IPUTOAY, JIOKAJIbHI BiiChKOBI KOHMJIIIKTH, AeSAKi BUIA CIIOPTY
bopMyIoTh Ty>Ke BeUKY crienudiuyHy TpyITy HaIli€HTIB 3 YePEITHO-MO3KOBIUMH TPAaBMaMHU.

Meta — po3po6ka GoToTEPAIEBTUYHOTO allapaTHOTO KOMILIEKCY /1A MPOQIIaKTUKHY, JIIKyBaHHSA Ta pe-
abimitarmii cyTMHHUX, 3aMaJIbHUX, JIETeHEPAaTUBHUX, ITOCTTPABMAaTUYHUX Ta 1HIITUX 3aXBOPIOBAHb I'OJIOBHOTO
MO3KY, SIKi BQKKO Ii/[JJAaI0ThCsl MEAUKAMEHTO3HOMY JIIKyBaHHIO.

Marepiasu Ta MeToau. HU3bKOIHTEHCHUBHE €JIEKTPOMAarHiTHe BUIIPOMIiHIOBAHHS ONTHYHOTO Jialla30Hy
CIIEeKTpa i MarHiTHE I0JIe MOCTIHOTO MarHiTy — Gi3uyHi pakTopH, AKi BUKOPHUCTOBYIOTHCSA B amapaTtax ¢poTo-
TEPaNeBTUYHOTO KOMILTIEKCY.

PesyabraTtu. Po3po6eHo poToTepaneBTUYHNN aapaTHUH KOMILIEKC J71s1 MPOMLIAKTHKH, JIIKYBaHHS Ta
peabimiTariii cyiMHHUX, 3aNaTbHUX, /IeTeHEPATUBHUX, TIOCTTPABMATUYHUX Ta IHITUX 3aXBOPIOBAHb T'OJIOBHOTO
MOBKY, SIKi BaXKKO IiJTal0ThCs MeUKaMeHTO3HOMY JIiKyBaHHI0. POTOTepaneBTUUHUN anapaTHUN KOMIIEKC
BKJTIOYAE TPH anapaTi: MoAudikoBanuii GoToHHO-MarHiTHHH anapaTt Kopobosa-ITocoxoBa «bapsa-ITHC/®M»,
(orouno-maruitai marpuri Kopobosa A.-Kopo6osa B. «bapsa-Jlapunrosor/®M» i rHyuki OTOHHO-MarHiTHI
matpuili Kopo6osa A.-Kopo6osa B. «bappa-®iekc/24DM».

BucHoBku. [Ipe/icTaBieHi KIiHIYHI clocTepekeHHs, OTPHMaHi 3 BUKOPUCTaHHAM po3po0biieHoro ¢o-
TOTepAaNeBTHYHOTO allapaTHOTO KOMILJIEKCY /I JIIKYBaHHS 1 MPOMIIIAKTUKY 3aXBOPIOBAHb T'OJIOBHOTO MO3KY,
CBiJTUaTh PO BUCOKY €(PEKTUBHICTh Ta OE3MEYHICTh TPUBAIOI HUBKOMHTEHCUBHON (HOTOTEpPAIIiil Y XBOPUX
3 TUCHUPKYIATOPHOIO eHIledaslonariero, 3 MepeHeceHUMH iIeMiYHUMU 1 TeMOparidyHUMHU iHCYIbTaMU, 3 Ti-
MEPTOHIYHOIO XBOPOHOIO.

KirrouoBi cioBa: GoToTepaneBTHYHUN amapaTHUN KOMILJIEKC, 3aXBOPIOBAaHHS TOJIOBHOTO MO3KY, IIPO-
(dinakTuka, JikyBaHHA, peabimiTallis, eJIeKTPOMAarHiTHe BUIIPOMIHIOBAHHSA ONTHYHOTIO J[ialla30Hy CHEKTPA,
CBITJIONIO/IN, MArHITH.

®OTOTEPAIIEBTUYECKUM AIIIIAPATHBIN KOMILIEKC
JUIA IIPO®UIAKTUKU, IEUEHUA 1 PEABUJINTAIIUN
3ABOJIEBAHUH IIEHTPAJIBHOM HEPBHOI CCTEMbI YE/IOBEKA

A.M.Kopo6os!, H.®.ITocoxor?, B.A.Kopo6os?, E.B.Ko3bIipb!
1 Xapvroackuil HayuoHanvHblil yHusepcumem umeru B.H.KapasuHa, 2. Xapvkos, YkpauHa;
2Ty “Uncmumym Hegpo.io2uu, ncuxuampuu u Hapkoao2uu HAMH YxkpauHbl», 2. Xapvkos, YkpauHa;

SHayuno-npoussodcmeeHHas meduxko-buonoz2uueckas kopnopayus «Jlasep u 30oposve», 2. Xapvkos, YkpauHa

BBegeHue. 3HaunTEeIbHAS PACIIPOCTPAHEHHOCTD COCY/IUCTHIX 3200JIEBAHIH TOJIOBHOTO MO3Ta, CJIOXKHOCTh
HapyleHu GYHKIIUH, CTaBAT MPOOJIEMBI UX JIeUeHUsI, peabIUTali U TPOPUIAKTUKHI B IEHTP BHUMAaHUS
coBpeMeHHOU HeBposioruu. B CIIIA kaxkabie 45 cekyH/1 cirydaercs nHCyabT. [Ipumepro 750000 ueoBek B rofy
crpazator oT uHcysbTa B CIIA. ITo maHHBIM cTaTUCTUKN MUH3/ApaBa YKpauHbl, B cTpaHe eXerogHo puKcu-
pyetcst 6osiee 110000 mepBUYHBIX UHCYIBTOB. He MeHee cepbe3HbIM 3a00JIeBAaHUEM I€HTPATTLHON HEPBHOMU
CHUCTEMBbI YeJIOBeKa sIBJIsIeTCs 60J1e3Hb AsbIreiiMepa. Kask/biii roz oT aToti 6oste3uu ymupaet 6ostee 500 ThicsSa
aMepUKAHIIEB, JIeJIasi ee TpeTbel Beyiel mpuanHou cMepT B CIITA. JIopoKHO-TpaHCIIOPTHBIE IPOUCIIECTBHS,
JIOKQJTbHBIE BOEHHBIE KOH(JIMKTHI, HEKOTOPbIE BU/IBI CLIOPTA (POPMUPYIOT BECbMa MHOTOUYHCJIEHHYIO CIIeIuu-
YeCcKyIo TPYIILY HallEHTOB C YePENHO-MO3TOBBIMU TPAaBMaMHU.

Ilesab — pazpaboTka GHOTOTEPATIEBTUYECKOTO AMMapaTHOTO KOMIUIEKCA I TPOMPUIAKTHKY, JTEeUeHUs U
peabrIUTaIU COCYIUCTHIX, BOCIIAJIUTEIHHBIX, JIeTeHEPATUBHBIX, IOCTTPABMATUUECKHUX U JIPYTHX 3a00JI€BAaHUN
TOJIOBHOTO MO3I'a, KOTOPBIe TPYZAHO MOAJAI0TCA MeIMKaMeHTO3HOMY JIeYeHUI0, B TOM uuciie papMakopesu-
CTEHTHBIX HEYKPOTUMBIX O0JIEBBIX CHHIPOMOB.
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MarepuaJabl 1 MeTOAbI. HU3KOMHTEHCUBHOE 3JIEKTPOMArHUTHOE U3/IyUeHHE OINTHIECKOTO INATIa30HA
CIIEKTPA ¥ MarHUTHOE I10JIE IIOCTOSIHHOTO MarHuTta — pusnueckre GakToOpbl, KOTOPHIE UCHIOJIB3YIOTCS B alla-
patax GoToTEpaeBTHUECKOTO KOMILTIEKCA.

PesysapraTthl. PazpaboTan ¢hoToTepaneBTUIECKUN alIIapATHBIA KOMIUIEKC /111 TPODUIAKTHKHY, JIEIEHUS
U peabWINTAlUK COCYAVCTBIX, BOCIAJIUTEIBHBIX, /[ET€HEPATUBHBIX, IOCTTPABMATHUECKUX U APYTHUX 3aboiie-
BaHUI TOJIOBHOTO MO3Ta, KOTOPbIE TPY/IHO ITO//IAI0TCS MEIMKAMEHTO3HOMY JieueHH 0. DOTOTepaneBTUIECKI
armapaTHBIN KOMILIEKC BKJIIOUAET TPH arnapaTa: MoAuGUINPOBaHHbBIM (OTOHHO-MAarHUTHBIH anmapaT Kopo-
6oBa-IlocoxoBa «Bbapsa-ITHC/®M», boTonHO-MarHuTHble MaTpunsl Kopobosa A.-Kopobosa B. «Bapsa-Jla-
punrosior/ ®M» u rubKre GOTOHHO-MarHUTHBIE MaTpuUIbl Kopo6oBa A -Kopobosa B. «bappa-®sexc/24PM».

BoiBoapbl. [IpencraBiieHHbIe KIMHUYECKHE HAOIIOEHNSA, ITOJIyYeHHbBIE C HCIIOIb30BAHIEM pa3paboTaH-
HOTO (POTOTEPATIEBTUYECKOTO alllIaPATHOTO KOMILIEKCA JIJIsl JIEYeHUs U MPOPUIAKTUKY 3200 I€BaHUI TOIOB-
HOT'O MO3Ta, CBU/IETEJIHCTBYIOT O BBICOKOU A3(PHEKTUBHOCTH B OE€30MAaCHOCTH JJTUTEIHHON HUBKOMHTEHCUBHON
dororepanuu y 60JIbHBIX ¢ AUCIUPKYJISATOPHOU 3HIleDATONATHEH, C IepEHECEHHBIMU UIIEMUYECKUMU U Te-

MOPpParuyecKNuMU HHCYIbTAMU, C TUIIEPTOHNYIECKOH 00JIE3HBIO.
KiroueBbie ci1oBa: GOTOTEPANIEBTHYECKUH allIIapaTHBIN KOMILIEKC, 3a001€BaHUA TOJIOBHOTO MO3Ta,
podUIAKTHKA, JIeUeHNe, PeabrInTAaIsI, 3JIEKTPOMAarHuTHOE U3JIydYeHe ONTHIECKOTO JUAMTa30Ha CIEKTPA,

CBETOAHUOAbI, MATHUTHI.

Introduction

Diseases of the central nervous system are rank
among the top three leaders in the list of pathologies
that have upsetting rates of the mortality, disablement
for a long time and invalidization of patients. The sig-
nificant prevalence of vascular diseases of the brain,
the complexity of dysfunction, put the problems of
their treatment, rehabilitation and prevention into the
focus of attention of modern neurology.

The most formidable among the diseases of the
central nervous system are vascular diseases of the
brain. The Statistical Committee of the American
Heart Association (AHA) shows that a stroke occurs
in the United States every 45 seconds. This means
that approximately 750,000 people a year suffer from
a stroke in the United States. Of these cases, 87 % are
ischemic strokes, in which most people can be saved
from death. The American Heart Association states that
there are about 5.4 million people today who have had
a stroke in the US. [1]

According to statistics from the Ministry of Health
of Ukraine, more than 110,000 primary strokes are
recorded annually in the country, after which death is
registered in 37 % of cases. More than 20 % of patients
become disabled, and only 10—20 % return to work. [2]
Because of this, the rehabilitation of stroke patients is
a serious medical and social problem for all countries.

Timely, pathogenetically directed therapy at the
stage of reversible defects in the acute period of stroke
and in case of chronic inefficiency of cerebral cir-
culation is the most promising direction in modern
approaches to the treatment of this disease. Today’s
advances in surgery and pharmacotherapy in the treat-
ment of stroke in the acute period are indisputable.
However, at the stage of rehabilitation of patients with
stroke, as well as for the prevention of this pathology,
it is impossible to do without physiotherapy. And
here, the undisputed leader is phototherapy (photo-
biomodulation), in which the low-intensity electro-
magnetic radiation of the visible and infrared ranges

of the spectrum of various sources (lasers, LEDs, gas
discharge lamps, incandescent lamps, etc.) is used as
a therapeutic factor. [3,4,5,6 ]

No less serious disease of the human central
nervous system is Alzheimer’s disease —a common
chronic, expensive, debilitating neurodegenerative dis-
ease characterized by progressive loss of memory and
cognitive disfunction. Alzheimer’s disease is currently
observed in 5.4 million Americans [7]. According to
forecasts, in the next 20 years, every fourth inhabitant
of the United States will have a diagnosis: Alzheimer’s
disease. Each year, more than 500,000 Americans die
from this disease, making it the third leading cause of
death in the United States [8,9]. Worst of all, there is
no effective medicine for this disease.

The first researches conducted in a number of
scientific and practical centers showed the perspective
of using low-intensity electromagnetic radiation of the
red and infrared ranges of the spectrum (photobiomod-
ulation) to treat Alzheimer’s disease [10,11]. A group
of patients who were treated for Alzheimer’s disease
using photonic technology had improved cerebral
microcirculation leading to a permanent (from 1 to
7 years) reduction of dementia and reconstruction of
cognitive functions [12,13].

Traffic accidents, local military conflicts, some
sports form a very numerous specific group of patients
with craniocerebral injuries. Today, researches on the
use of photobiomodulation for treating patients with
craniocerebral injuries are usually few, but the results
shows that restoration of microcirculation, rheolog-
ical properties of blood, immunomodulatory and
anti-inflammatory effect of photobiomodulation may
be effective in treating these patients [11,14,15,16].

The aim of this work was to develop a photothera-
peutic hardware complex for the prevention, treatment
and rehabilitation of vascular, inflammatory, degen-
erative, post-traumatic and other brain diseases that
are difficult amenable to medical treatment including
pharmacoresistant indomitable pain syndromes.
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Materials and methods

Scientifically proven fact is the assertion that
almost all pathological processes in the human body
begin with the first, non-specific phase — a defect of
the microcirculation of blood [17,18].

It is natural to assume that any treatment process
of any pathology, including neurological, should begin
with the reconstruction of microcirculation of blood.

This problem is perfect solved by phototherapy
(photobiomodulation). The universalism of the ther-
apeutic effect of light is based on its ability to exert a
powerful regulating effect on the main physiological
link of the body’s activity — the microcirculation of
blood and lymph [19]. The light of the visible and in-
frared ranges of the spectrum normalizes the work of
the regulatory systems of the human body (immune,
endocrine and central nervous) [20,21,22].

Under the action of visible and infrared light, the
elasticity of blood vessel walls increases, the red blood
cell elasticity increases, the oxygen transport function
of the blood increases, the activity of cell membranes
increases, angenesis accelerates, lipid peroxidation de-
creases, the rheological blood parameters are normal-
ized, the formation of ATP in mitochondria is reduced,
which increases the bioenergy potential of cells [23].
The light has an anti-inflammatory, anti-edema, heal-
ing and analgesic effect, normalizes blood pressure,
has a radioprotective and photoreactivating effect [24].

The light has no contraindications and negative
side effects and can be used to treat and prevent the
most common human diseases, including oncological
ones. The end result of exposure to the light of the vis-
ible and infrared ranges of the spectrum is an increase
of the resistance of the organism and an expansion of
the limits of its adaptation, i.e. resistance to various
diseases [25].

On the basis thereof, more than 10 years ago, the
“Barva-CNS” Posokhov-Korobov unit was developed
for phototherapy of diseases of the central nervous sys-
tem [26] by transcranial exposure to the human brain.
The unit consists of two blocks — a photonic block and
block of power and control. The photonic block of the
units was made in the form of a helmet. Geometrical
size of the helmet were chosen in such a way that LED
irradiators could affect the entire area of the hairy part
of the patient’s head. The first units used light sources
emitting in the red and infrared regions of the visible
spectrum. This radiation invades biological tissues as
deeply as possible. The long-term experience of using
“Barva-CNS” units in clinical practice has shown that
in most cases a good, stable result of treatment is
achieved. Particularly high efficiency is observed when
using of the unit for the rehabilitation and prevention
of neurological diseases in sanatorium-resort practice.

The second important physical factor used in
physiotherapy is the constant magnetic field. It has
both direct and reflex effects on various organs and

systems. The basis of the action of the magnetic field on
the body are the primary physical and chemical chang-
es that appear in various biological structures under its
influence. By causing a building of the liquid crystal
structures of biological membranes and intracellular
biological structures, static magnetic fields affect their
functional activity [27].

The magnetic field, affecting the human body,
leads to the following effects:

— changes biochemical and biophysical processes
with the subsequent normalization of cell membrane
permeability and acceleration of redox reactions;

— changes the rate of flow of free radical reactions
and hydration of ions;

— improves the rheological qualities of blood;

— stimulates the opening of the reserve capillaries;

— stimulates tissue regeneration;

— reduces the formation of metHb, which im-
proves tissue respiration;

— changes the conformation and orientation of
macromolecules;

— changes the physical and chemical properties
and structure of water;

— improves the condition of the vascular endo-
thelium;

— eliminates vegetovascular disorders;

— has anti-inflammatory and analgesic effect.

These properties of light and magnetic field de-
termine their high efficiency in the treatment and
prevention of the absolute majority of human diseases.

Results

In view of the foregoing, we have developed a pho-
totherapy hardware complex, which allows treatment
of the most common and orphan diseases of the brain
by exposure to infrared and visible spectral radiation
in combination with a constant magnetic field.

Modified photon-magnetic apparatus
Korobov-Posokhov “Barva-CNS/FM”

The base apparatus of the phototherapeutic hard-
ware complex for the rehabilitation, prevention and
treatment of diseases of the human central nervous
system is the modified photon-magnetic apparatus
Korobov-Posokhov “Barva-CNS/FM”. The previous
model of the device for phototherapy of diseases of
the central nervous system of Posokhov-Korobov
“Barva-CNS”, described in detail in the work [26], has
undergone significant changes.

First, the spectral range of the emitting LEDs of
the photon block has expanded in the direction of short
wavelengths up to 400 nm. The expediency of such a
step is due to the need to incorporate molecules into
the photochemical processes, which also absorb in the
short-wave region of the visible spectrum. In this case,
receptors that absorb in the red region of the spectrum,
receive an additional portion of energy due to the effect
of phototransformation of shortwave radiation into the
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longwave wavelength, which we observed in the tissues
of the organism of animals and humans and which was
described by us earlier [28].

The second significant change in the previous
model of the device was the inclusion of the magnetic
field of permanent magnets as an additional physical
factor that has a therapeutic effect on the human
central nervous system. At the same time, the bone
tissues do not prevent the penetration of the magnetic
field into the brain tissue, which increases the degree
of influence of this factor in the transcranial effect on
the patient’s brain.

Externally, the photon block of the new device is
almost the same as its predecessor. The base of the
block, still, has the shape of a helmet, but is made of
a more wear-resistant material. In addition, currently
the photon block has three base sizes (“S”, “M”, “L”).

The radiation zones of the photon block of the new
apparatus are also divided into central 1, frontal-tem-
poral (right and left) 2 and cervico-occipital (right and
left) 3 and are shown in Fig. 1. LEDs emitting in differ-
ent spectral ranges are combined in series into chains.
The chains of LEDs uniformly fill each radiation zone
so that the distance between adjacent LEDs is in the
range of 18—25 mm. The maximums of the emission

2

Fig. 1. Schematic division into zones of the photon
block of the «Barva-CNS» device and the corresponding
biologically active zones

bands of the LEDs used in the “Barva-CNS” devices
correspond to the following wavelengths: 940 nm
(infrared radiation), 630 nm (red radiation), 525 nm
(green radiation), 470 nm (blue radiation) and 405 nm
(violet radiation). The emission bandwidth of each LED
is 25—-30 nm in terms of half-intensity radiation. The
radiation power of each LED is in the range of 2—5 mW.
The number of LEDs varies from 215 pieces (size “S”)
to 285 pieces (size “L”).

Each radiation zone has an independent power
supply channel connected to the switch. The switch
allows you to connect the power to the radiation zones

in any combination (from one to all at the same time),
depending on the problem being solved. The power
supply and control unit “Barva MPB-5S/800” was
developed and manufactured by the Laboratory of
Physical and Biomedical Electronics of the National
Technical University “Kharkiv Polytechnic Institute”
according to the technical specifications of the Scientific
and Production Medical-Biological Corporation “Laser
and Health”. In the new model of the device is provided
its power from the battery (for example, Power Bank).

Photon-magnetic matrices A. Korobov-V. Korobov
“Barva-Laryngologist/FM”

The use of the “Barva-CNS/FM” photon-mag-
netic apparatus for transcranial photobiomodulation
of brain pathologies is a necessary, but not always
sufficient condition for achieving a good result. As
already mentioned in the introduction, in the event of
a lesion in deep areas of the brain, the blood entering
these parts of the brain should be photomodified. To
solve this problem, the photon-magnetic matrix of
A. Korobov-V. Korobov “Barva-Laryngologist/FM” is
included in the composition of the phototherapeutic
hardware complex. The simplest and most convenient
way to photomodify blood entering the brain is trans-
cutaneous irradiation in the carotid arteries.

To achieve this goal, the base of the matrix “Bar-
va-Laryngologist/FM” is structurally made of a flexible
material in the form of a rectangular strip with a size
of 530% 70 mm (adapted for optimal irradiation of
the human neck). On the basis of installed 84 LEDs
(14 groups of 6 LEDs in the group). Each group of
LEDs is connected in series in a chain. The LEDs are
equidistant at a distance of 18 mm from each other.
Permanent magnets with special holders are mounted
on LEDs. Technical parameters and characteristics
of LEDs and magnets are the same as in the device
“Barva-CNS/PH”.

The photon-magnetic matrices of A. Korobov-V. Ko-
robov “Barva-Laryngologist/FM” (Fig. 2) are powered
either from a battery (for example, Power Bank) or from
an adapter that converts a network alternating current
of 220V, 50 Hz to a direct current of 14 V.

In Fig. 3 shows a photo of the “Barva-CNS/FM”
apparatus and the “Barva-Laryngologist/FM” matrix
mounted on a mannequin in the working position.

Fig. 2. Photon-magnetic matrix A. Korobov-V. Korobov
“Barva-Laryngologist/FM”
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The “Laser and Health” Cor-
poration of the “Barva-Laryngol-
ogist/FM” matrix produces three
standard sizes: 48070 mm (“S”),
53070 mm (“M”) and 580 x 70 mm
“L).

Flexible photon-magnetic
matrices A. Korobov-V. Korobov
“Barva-Flex/24FM”

One of the most versatile per-
sonal medical devices for light ther-
apy, developed by us and produced
by Laser and Health Corporation,
are the flexible photon-magnetic
matrices of A. Korobov-V. Korobov
“Barva-Flex/24FM” the design of
which is described in detail in [29].
The inclusion of these matrices in
the composition of the photother-
apeutic hardware complex for the
treatment and prevention of diseas-
es of the brain is due to their ability
to have a normalizing effect on the

immune, endocrine, central and peripheral nervous

Fig. 3. Apparatus Korobov-Posokhov
“Barva-CNS/FM” and matrix
A. Korobov-V. Korobov
“Barva-Laryngologist/FM”

A distinctive feature of photon
matrices is that they have a flexi-
ble base. This allows the matrices
to repeat the shape of that part of
the human body to which they are
applied, which ensures the most
efficient transmission of LED radi-
ation without reflecting losses at the
air-skin interface.

The basic version of the matrix,
shown schematically in Fig. 4, 5
contains 24 LEDs, located equi-
distantly in 4 rows of 6 LEDs in
each row. Special matrices have
an arrangement of 3x8 and 2x 12
LEDs (to illuminate the spine and
paravertebral zones).

The photon matrix “Bar-
va-Flex” is a plate 1 with two lugs 2
and 3, designed for attaching elastic
belts that allow fixing the matrix
on the patient’s body. The matrix
is made of hypoallergenic medical

rubber and does not cause irritation of the skin. The

systems. Such tactics of treatment, prevention and power supply of the LEDs 4 is supplied from the power

rehabilitation gives the fastest and most stable result.
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Fig. 4. Schemes of the photon and magnetic matrices “Barva-Flex/24FM”

Fig. 5. Photon matrices A. Korobov-V. Korobov “Barva-Flex/24FM”
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If necessary, the combined effect of electromag-
netic radiation in the infrared and visible parts of the
spectrum with a constant magnetic field on the photon
matrix is set the magnetic matrix “Barva-Flex/Mag” 7
(Fig. 4).

The main technical data of the photon matrix “Bar-
va-Flex” and the magnetic matrix “Barva-Flex/Mag”
are given in Table 1.

The observance of sanitary and hygienic require-
ments is ensured through the use of disposable trans-
parent plastic bags for food of appropriate sizes, which

from a specially designed two-channel microprocessor
pulse control unit “Barva MPB-2S/80”.

The pulsed control unit “Barva MPB-2S/80” en-
sures the operation of photon matrices in continuous,
pulsed or scanning modes (scanning is performed ac-
cording to the modulation frequency of the luminous
flux). The control unit contains a timer that provides
the dosing of exposure for the duration of exposure.
Two flexible photon-magnetic matrices can be con-
nected to the control unit at the same time.

When the control unit operates in continuous

Table 1
Technical data of the photon and magnetic matrices “Barva-Flex”
Parameter name Units Value

The number of LEDs in the photon matrix pieces 24
Radiation power of each LED mVt 5
Supply voltage Vv 14
Overall dimensions of the basic version of the photon matrix “Barva-Flex”, not more mm 190x98x15
The number of ring magnets in the magnetic matrix pieces 24
Magnetic induction of each magnet mTI 200
Overall dimensions of the magnetic matrix “Barva-Flex/Mag”, not more mm 120%x80x7

are worn on the matrix. In case of contamination, the
surface of the matrix can be treated with a solution of
washing powder and disinfected with a 70 % solution
of ethyl alcohol.

The placement of photon matrices in relation
to the patient’s body is distant, contact and contact
with compression. In the distant mode of irradiation,
the matrix is located at some distance from the body,
as a result of which 5-10 % of light is reflected from
its surface. In the case of distant use of matrices,
the latter can be hardened in special holders one or
several pieces to ensure the possibility of covering
large surfaces, for example, extensive burns. With the
contact method of irradiation, almost all of the light
is absorbed by the tissues of the body, in which it is
distributed according to the laws of nonlinear optics
due to tissue heterogeneity. In this case, the photon
matrix is fixed on the desired part of the patient’s
body, either with the help of an elastic tape, or with
the help of “Velcro”.

When the tissues are compressed by the photon
matrix, the greatest penetration depth is achieved for
light of a given wavelength. In addition, due to the
compaction of tissues, the degree of radiation diver-
gence decreases, i.e. his dissipation. Compression of
tissues is provided either by the patient’s body itself
(lie down on the matrix) or by fixing the matrix with
pressure bandages.

The flexible photon-magnetic matrices of A. Ko-
robov-V. Korobov “Barva-Flex/24FM” are powered
either from a battery (for example, Power Bank) or
from an adapter that converts a network alternating
current of 220 V, 50 Hz to a direct current of 14V, or

mode, the radiation from the phototherapeutic device’s
LEDs will be continuous, and the radiation power will
be maximum. In the pulsed and scanning modes at
any modulation frequency, the duty cycle of the output
voltage of the control unit will be 2 (the pulse duration
is half the period), and the average radiation power of
the phototherapy device will be two times less than in
continuous mode.

The inclusion of photon-magnetic matrices A. Ko-
robov-V. Korobov “Barva-Flex/FM” into the pho-
totherapy hardware complex for the treatment and
prevention of diseases of the central nervous system
is due to the high efficiency of their use for many years
for the treatment and prevention of cardiovascular
diseases, including myocardial infarction and stroke
[30]; for the rehabilitation of post-infarction and post-
stroke conditions, as well as for the normalization of
high or low blood pressure [31,32]. The timely, during
the first two hours after a heart attack or stroke, the
use of the “Barva-Flex/FM” photon-magnetic matrix
increases the likelihood of a favorable outcome of the
treatment of these diseases by at least 80 %, as the
rheological parameters of the blood normalize under
the action of light.

In addition, flexible photon-magnetic matrices
are used with high efficiency for the treatment and
prevention of respiratory diseases [33,34,35], diseases
of the gastrointestinal tract [36,37,38], diseases of the
musculoskeletal system [39,40,41], infectious diseases
[42,43,44] and many others. This implies the expedien-
cy of using the “Barva-Flex/FM” flexible photon-mag-
netic matrices for treating of patients with diseases of
the central nervous system in comorbid conditions.
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Experience of using the phototherapeutic
hardware complex in the treatment
of vascular diseases of the cerebrum

Below are the data of practical application of the
above-mentioned devices in the Novoushytsky Terri-
torial Center for Social Services (Khmelnitsky region,
Ukraine) [45 ].

Example 1. Patient Svetlana K., born on 1966.

Diagnosis: dyscirculatory encephalopathy.

Phototherapy: the patient received 14 treatment
sessions using the “Barva-CNS/PH” apparatus. Proce-
dures were carried out daily for 15 minutes in fractional
doses (5 minutes irradiation, 5 minutes break). The
patient noted improvement on the third day after the
start of treatment.

Example 2. Patient Lidia K., born on 1936.

Diagnosis: dyscirculatory disease with hyperten-
sion; chronic insufficiency of cerebral circulation IT st.

Phototherapy: the patient received 14 daily treat-
ment sessions with the help of the “Barva-CNS/PH”
apparatus. The patient notes improved sleep, reduced
headache.

Example 3. Patient Antonina G., born on 1952.

Diagnosis: osteochondrosis of the cervical spine
with severe pain; chronic insufficiency of cerebral
circulation IT st.

Phototherapy: the patient received 14 daily treat-
ment sessions using the “Barva-CNS/PH” apparatus
and the “Barva-Laryngologist/PH” matrix. The patient
notes improvement in general condition, reduction of
headache and neck pain.

The results of complex treatment with the involve-
ment of phototherapy devices allow us to conclude that
the positive effect of phototherapy in vascular diseases
of the brain.

Experience of using phototherapeutic hardware
complex for the rehabilitation of post-stroke
conditions (Gorodotsky territorial center of social
services, Khmelnytsky region, Ukraine) [46,47]

Example 1. Patient Evgenia F.,born on 1951,
pensioner, invalid of group II 3/3.

Diagnosis: condition after suffering ischemic
stroke, hypertensive disease III st., angina pectoris 2 st.

Infractions: headaches, blinking in eyes, dizziness.

The treatment was carried out using the “Bar-
va-CNS/PH” photon-magnetic apparatus Ko-
robov-Posokhov according to a technique developed
by the authors of the apparatus (seven daily procedures
lasting 10-15 minutes) and the photon-magnetic ma-
trix A. Korobov-V. Korobov “Barva-Laryngologist/FM”
(fourteen daily procedures lasting 15-30 minutes).

Treatment result: flicker in the eyes disappeared,
dizziness disappeared and headaches decreased.

Example 2. Patient Vladimir P., born on 1954,
pensioner.

Diagnosis: condition after suffering a hemorrhagic
stroke (July 2017), left-sided hemiparesis, thalamic
pain syndrome.

Complaints: sensitivity in the left upper and
lower extremities is impaired, the muscle tone of the
left upper and lower extremities is reduced, constant,
intermittently burning pains in the left extremities and
in the left half of the body, in the left half of the face;
the patient moves with the help of crutches.

The treatment was carried out for two weeks (dai-
ly) with the help of the devices listed above according to
the procedures given in the instructions for the devices.

Results: the patient’s condition is satisfactory,
reduced severity of pain by 50%, the sensitivity of the
left lower and upper extremities has improved, the
muscle tone has decreased , the patient moves with
the help of a stick.

Example 3. Patient Valery S., born on 1973, un-
employed, disabled person of group I.

Diagnosis: sustained effects of ischemic stroke
(2016), right hemiparesis, aphasia.

Complaints: lack of free movements of the right
upper and lower extremities, sensitivity in the right
upper and lower extremities, periodic headaches.

The treatment was carried out with photon ma-
trices “Barva-Flex/FM24”, “Barva-TsNS”, “Barva-Lar-
yngologist” according to the methods given in the
instructions for the devices.

The result of the treatment: the patient’s condition
is satisfactory, the sensitivity of the lower limbs has
improved, the number and duration of headaches has
decreased.

Successful treatment of dyscirculatory
encephalopathy with the help
of phototherapy complex (case from practice) [48]

Under our supervision there is a patient of
72 years, suffering for many years with coronary ar-
tery disease, atherosclerotic cardiosclerosis, grade III
hypertension, chronic hepatosis, small-focal pancre-
atic fibrosis, saline diathesis, diffuse pneumosclerosis.
Since June 2012, the patient has been experiencing
transient ischemic attacks (TIA) in the vertebro-basilar
basin, clinically manifested by headaches, dizziness,
nausea and vomiting, aggravated by a change in body
position. In the neurological status — symptoms of
damage to the brain stem and cerebellum.

In February 2014 (after the next TIA) a spiral
computed tomography of the brain was performed.
Identified multiple foci in the brain with a diameter
of 10 mm, located subcortical, moderate external and
internal subatrophic hydrocephalus. Taking into ac-
count the fact that neuro-ophthalmologic examination
revealed signs of CSF in the form of blurred visual
nerve disk boundaries and congestion of the retinal
vein veins, the secondary nature of the pathological
foci in the brain was not excluded..

The patient, on her own initiative, spent almost 7
to 10 five-minute light therapy sessions for 7 months
using a Korobov-Posokhov polychrome photon matrix
“Barva-CNS/HR”, which ensured transcranial light
effects on the surface layers of the brain. Simultane-
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ously with the transcranial light exposure, the patient
performed a transcutaneous luminescence of the ca-
rotid arteries using radiation from the photon matrix
A. Korobov-V. Korobov “Barva-Laryngologist/HRP”.
The duration of each procedure was 10—15 minutes.

During this time, the general condition of the
patient improved progressively. In the neurological
status, almost complete regression of pathological
neurological symptoms is noted.

In April 2014, MRI in the white matter of the
frontal and parietal lobes was determined by multiple
foci ranging in size from 3 to 10 mm, hyperintense on
T2VI and FLAIR. In addition, a decrease in the mp-sig-
nal at T2 GRE from leptomenegeal membranes of the
right parietal region and convexital regions of the left
cerebellar hemisphere was determined; expansion of
the lateral and third ventricles.

In the control neurological examination in October
2014, the presence of microsymptomatics characteris-
tic of dyscirculatory encephalopathy was noted. With
SCT and MRI (1.5 T), no focal changes in the brain sub-
stance were detected. At the same time, the presence of
external-internal subatrophic hydrocephalus is noted.
Thus, in dynamics, neuroimaging techniques showed
regression of foci in the white matter of the brain.

Conclusions

1. A phototherapy apparatus complex has been
developed for the prevention, treatment and reha-
bilitation of vascular, inflammatory, degenerative,
post-traumatic and other brain diseases that are
difficult to treat with drugs, including pharmacore-
sistant pain syndromes. The phototherapeutic hard-
ware complex includes three devices: the modified
photon-magnetic apparatus Korobov-Posokhov
“Barva-CNS/FM”, the photon-magnetic matrices
A. Korobov-V. Korobov “Barva-Laryngologist/FM” and
flexible photon-magnetic matrices A. Korobov-V. Ko-
robov “Barva-Flex/24FM”.

2. The main indications for phototherapy with the
help of phototherapeutic hardware complex, in our
opinion, can be:

— acute and chronic circulatory disorders of the
brain: acute ischemic strokes, transient cerebral cir-
culatory disorders (including in terms of emergency
care), cerebral arteriosclerosis, cerebral vascular
atherosclerosis, dyscirculatory atherosclerotic and
hypertensive encephalopathy; effects of ischemic and
hemorrhagic strokes;

— neurodegenerative diseases of the brain: par-
kinsonism, Alzheimer’s disease, Wilson-Konovalov
disease, etc.;

— acute traumatic brain injury and its conse-
quences;

— acute and chronic inflammatory diseases of the
brain (arachnoiditis, encephalitis, meningoencepha-
litis);

— headaches of various genesis;

— neuropathy, neuralgia and neuritis of cranial
nerves;

— neurosis and neurosis-like states, sleep disor-
ders, jet lag;

— chronic fatigue syndrome;

— diabetic, hypertensive and atherosclerotic angi-
opathy of the retina;

— osteochondrosis of the upper cervical spine;

— esidual effects and consequences of ischemic and
hemorrhagic strokes;

— preoperative preparation and postoperative
rehabilitation of patients with the consequences of
previously transferred neurological and neurosurgical
pathology.

3. The presented clinical observations obtained
using the developed phototherapeutic hardware com-
plex for the treatment and prevention of diseases of
the brain indicate high efficacy and safety of long-term
low-intensity phototherapy in patients with dyscir-
culatory encephalopathy, with suffered ischemic and
hemorrhagic strokes, with hypertensive disease.

4. Comprehension of the described observations
naturally leads to the conclusion that it is necessary
to conduct detailed basic research on the study of
the laws and mechanisms of action of low-intensity
electromagnetic radiation of different spectral ranges
and a constant magnetic field on the regeneration of
the nervous tissue of the brain and peripheral nerves.
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INSTRUCTION TO AUTHORS

Photobiology and Photomedicine is an international scientific and practical peer-reviewed journal devoted
to experimental and theoretical research in the field of clinical photomedicine, photobiology and experimental
photomedicine, physical and technical outlines of photobiology and photomedicine.

Articles are published in Ukrainian, Russian or English.

Material of the article is submitted to the editors office to a USB flash drives or e-mail, in the following
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— the text of the article;

— illustrations of articles with separate graphic files;

— high-quality portrait photographs of authors (photos inserted in Word are not accepted!).

The text of the article should be typed in 11 pt, Times New Roman, with a single line spacing. Margins on
the pages: top and bottom — 2 cm; left — 3 cm; right — 2 cm.
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1. UDC

2. Title of article

3. Information about the authors: initials and surname, academic degree, academic rank, position, work-
place (organization name, address), contact number, e-mail address, ORCID

4. Annotation and keywords

5. The main text of the article

6. References

Requirements to the text of the article

The title of article should be short, informative and reflect the content of the work.

The annotation should have a volume of 1,000—1,200 phonetic symbols. It is based on the type of ab-
stracts in abstract journals and reflects the essence of experiments, the main results and their interpretation.
The abstract should not contain ballast words, introductory phrases and non-informative expressions.

The section “Introduction” should contain a statement of the problem in its general form and its con-
nection with important scientific or practical tasks; a brief analysis of recent research and publications in which
the solution to this problem was initiated, the identification of specific outstanding issues to which this article
is devoted, and the formulation of the purpose of the work. In other words, the introduction should answer the
question: what is known in this area; what remains unknown; what is the task of this work.

The section “Methodology” should contain information about objects of the research, experimental
conditions, analytical methods, devices and reagents. This section also provides information about retries of
experiments, methods of statistical analysis of results.

In the section “Results” it is necessary to describe the detected effects. The presentation of the results
should reflect common factors that follow from the received data.

The purpose of the section “Discussion” is the generalization and interpretation of the results, the analysis
of cause-effect relationships between the detected effects. The obtained information should be compared with
the available literature and show its novelty. The discussion should conclude with the answer to the question
posed in the introduction.

References (list of reference links) and designation of quotations in the text are made in Vancouver style.
The designation of quotations in the text is given in square brackets in Arabic numerals; consecutive number-
ing is used (in the order of mention in the text). If the surname of the author of the quoted work is indicated
in a paraphrase or a quotation inside the line, the designation of quotation is placed immediately after the last
name. If the author's surname is not specified in the text, then designation of quotation is put at the end of the
quoted text after the punctuation marks. If the source is mentioned in the text again, it should be assigned the
same number. When quoting several sources at the same time, it is necessary to list each number in brackets,
with a comma or dash without gap.

Example: ... navigation controlled laser interstitial thermal therapy method. [11,16,18-20]

The bibliographic description of the list of reference links

If the publication contains from one to six authors, the reference should list them all with a comma. If
authors are more than six, it is necessary to list six authors with a comma and to note “et. al.” The reference
should reduce the number of pages, where possible, for example, if the quotation is placed on pages 123-126,
then the reference is 123-6. If the publication has a DOI, then it should be specified after the URL. It is necessary
to reduce the names of the months in the dates of the treatment/publication, etc. The names of the journals
should be decreased.
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In English-language articles where the list of references is given in English, a bibliographic description of
non-English sources (Russian, Ukrainian, etc.) is made up of the following rules:

— the surnames and initials of the authors are transliterated;

— title of the article (section of the book): translation into English in square brackets;

— name of the journal (book): transliterated name, then translated into English in square brackets;

— the city of publication of the book: translation into English; name of publishing house: transliteration
with the addition of acronym Publ.

— at the end of the bibliographic description, the source language is indicated in parentheses.

Detailed instruction for filling out the references can be found on the journal's website:
www.fnfjournal.univer.kharkov.ua.
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1) Article from the journal: Petitti DB, Crooks VC, Buckwalter JG, Chiu V. Blood pressure levels before
dementia. Arch Neurol. 2005 Jan 12;62(1):112-6.

Hewmen AIO, Baspus /IM. BzaumojielicTBHe BHICOKOYACTOTHBIX U HHU3KOYACTOTHBIX KOJIEOAHUH B
CUHXPOHHU3UPYEMOM TeHepaTope. V3BecTrs BBICIIUX yUeOHBIX 3aBeieHni. Pajguoanexkrporuka. 2015 AuB
8;58(12):53-61.

2) Book: Carlson BM. Human embryology and developmental biology. 4th ed. St. Louis: Mosby; 2009. 541 p.

3) Materials of conferences: Grassby AJ. Health care in the multi-cultural society. In: Walpole R,
editor. Rural Health. Proceedings of the Rural Health Conference of the Royal Australian College of General
Practioners; 1978; Melbourne. Melbourne, AU: The Royal Australian College of Practioners; 1979. p. 49-50.

4) Patent: Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic grasping and
cutting device and positioning tool assembly. United States patent 20020103498. 2002 Aug 1.

5) Article from the Russian-language journal. Sigal VL, Bidnenko VN. [Mechanism of destruction
of tumor tissue with local hyperthermia]. Vestnik novyih meditsinskih tehnologiy [Herald of new medical tech-
nologies]. 2000;7(4):105-6. (in Russian)

Structural elements

Formulas and symbols mentioned in the text of the article should be typed in the formula editor Math Type
Equation. Each formula should be a separate object, the font of all formulas is equal. Numbering of formulas
is mandatory — in parentheses, from the right side of the text borders.

All illustrations and tables should have a title (for pictures — bottom, for the tables — top), they
should be placed in appropriate places in the text of the article and be in sequence numbered.

Pictures are provided additionally with separate graphic files: drawings, diagrams, schemes, etc. submitted
in eps, ai or cdr formats; photographs are submitted in tiff or jpg formats with a resolution of at least 300 dpi,
with image sizes ranging from 80 mm to 170 mm wide.

Terms and designation of technical parameters should be used in accordance with the norms of
the State Standard, and measurement units — in the international system of units (SI).

Editorial preparation of the article
An article that is supplied to the editorial office, is registered and sent to a scientific reviewer who signs the
article for publication. If there are comments, the article is returned to the authors for revision.
The corrected version should be returned by the author to the editorial office together with the answer to
the comments.
The editorial office reserves the right to correct and reduce the manuscript, as well as to return to the authors
works that do not correspond to the journal's profile and requirements of the editorial office.
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IHCTPYKIIA 4/11 ABTOPIB

doTobiostoris Ta PoTOMETUITHA — 1€ MIXKHAPOTHUU HAYKOBO-TIPAKTUYHUH pelleH30BaHUH JKyPHAJT, ITPU-
CBSYEHUH €KCIIEPUMEHTAIILHUM Ta TEOPETHIHUM JIOCTI/IZKEHHSIM B 00J1aCTi KJTiHIUHOT (poToOMeTuITuHH, POTO-
GioJiorii Ta ekcriepuMeHTaIbHOI POTOMEUITNHH, (PiI3UKO-TEXHIYHUX OCHOB (POTO6i0JI0TIi Ta (DOTOMETUITIHH.

CraTTi my0bJTiKyI0ThCSl YKPATHCHKOI0, POCIHCHKOI0 a00 aHTJTIHCHKOK MOBaMH.

Marepias crarTti 70 penakiii moyaerbess Ha USB-(doen-HakonuyyBadyax abo eJIEKTPOHHOIO IOIITOO,
V HACTYITHOMY CKJIAJIi:

— TEKCT CTaTTi;

— brroctpariii cratTti okpeMuMu rpadivaumu daiiamu;

— sKicHi moptpetHi pororpadii aBropis (poTorpadii, BcraBaeHi B Word, He mpuiimaroTbesa!).

Tekcr crarti Mae 6ytu Habpanui mpudTom 11 pt, Times New Roman, 3 otuHapHUM MiKPSIZIKOBUM iH-
TepBasioM. [1oJist Ha CTOpiHKAaxX: BEPXHE i HUKHE — 2 ¢M; JiiBe — 3 ¢M; IIpaBe — 2 CM.

OOGOB’I3KOBi CTPYKTYPHIi e1IeMeHTH CTaTTi:

1. VK

2. 3aroJyioBOK cTaTTi

3. Biomocrti mpo aBTOpiB: iHiIiamu Ta mIpi3BUIle, HAYKOBUH CTYIIiHb, BU€HE 3BaHHA, I0CAZa, Miclie poboTu
(masBa oprawnisariii, ajjpeca), KOHTaKTHHUH TesiedoH, afpeca eleKTpoHHoI nomrtr, ORCID

4. AHoTaIlis Ta KJII0YO0BI cI0Ba

5. OCHOBHHH TEKCT CTaTTi

6. ITocunanusa

Bumoru g0 TeKCTy CTaTTi

Hagga crarti Mae 6yTu KOPOTKOI0, iHPOPMATHBHOIO 1 BioOpaskaTu 3MicT poboTH.

AnoTtania mosuaHa Matu 06csir 1000—1200 poueTrnunmx 3HaKiB. BoHa Oy/1yeThest Ha Kirtaat pedepaTis
B pedepaTHUBHUX KypHAJaX i BitoOpaskae CyTh eKCIIEpUMEHTIB, OCHOBHI Pe3yJIbTaTU Ta iX iHTepIipeTariio.
AHoTarnis He MOBUHHA MicTUTH 6ayIacTHI €JI0Ba, BCTYIHI hpasu i HeiHdOpMaTHBHI BUpa3H.

Po3nin « BeTym» NOBHHEH MICTUTH IIOCTAHOBKY TPOOJIEMH B 3aT/IBHOMY BUTJIAI Ta 11 3B'A30K i3 BOXKIIH-
BUMHU HAYKOBUMH YU ITPAKTUYHUMU 3aBJIAHHIMU; KOPOTKUH aHAJIi3 OCTAHHIX JIOCITI/I?KEHb 1 IyOJTiKaIlii, B AKX
3aIIOYATKOBAHO PO3B'I3aHHSA IAHOI TPOOJIeMY, BUIUIEHHS KOHKPETHUX HEBUPIIIEHNX IUTAHb, SKUM IIPUCBS-
YY€ETHCS O3HAYEHA CTATTSA, (POPMYJTIOBAaHHS METH POOOTHU. [HITMMU c10BaMU, BCTYT OBUHEH BifIIOBimaTH Ha
MMUTAHHSA: 110 BiJIOMO B JIaHil 006J1aCTi; 1[0 3aJIUIIIAETHCS HEBIIOMUM; siKa 3a/1a4a JIaHO1 poOOTH.

Pozzin «MeTroauka» MOBUHEH MICTUTH BiJIOMOCTI PO 00'€KTU JOCTI/?KEHHsI, YMOBU €KCIIEPUMEHTIB,
aHAJIITUYHI METO/H, IPUJIAJIU Ta PEAKTUBH. Y IIbOMY K PO3JIiIi TOAAI0ThCs BiJIOMOCTI ITPO MTOBTOPEHHS €KCITe-
PUMEHTIB, METO/IN CTATHCTUYHOTO AaHAJIIZY PE3YIbTATIB.

¥ poznini «Pe3dysipTaTi» HEOOXITHO OITMCATH BUSIBIIeHI edeKTH. Bukiiaz pe3yipTaTiB HOBHHEH BitoOpa-
’KaTH 3aKOHOMIPHOCTI, SIKi BUIUIMBAIOTh 3 OTPUMAHUX TAHUX.

3aBmaHHAM po3aity «OOroBOpeHHA» € y3araJbHEeHH: Ta IHTepIIpeTalis pe3yJIbTaTiB, aHAJII3 IIPUYIH-
HO-HACJT/IKOBUX 3B'fI3KiB Mi>k BusABIeHUMH edextamu. OTpuMany iHpopMmariito HeoOXiJHO MOPIBHATU 3 Ha-
SIBHUMU JIITEpaTyPHUMU JJAHUMU 1 TOKa3aTu il HoBU3Hy. OOroOBOpEHHS IIOBUHHO 3aBEPIIYBATHCS BiZTIOBIIIIO
Ha IMIUTAHH, [IOCTaBJIEHE Y BCTYIII.

IMocwaauHs (CIIMCOK BUKOPUCTAHUX JKEPEJT) Ta MMO3HAUEHHs ITUTYBAHHSA B TEKCTI CJIii 0opopMITIoBaTH
3a BankyBepchkuM crrieM. [lo3HaueHHS ITUTYBAHHSA B TEKCTI OJIAETHCA Y KBAIPATHUX Iy>KKaX apaOChbKUMU
nudpaMu; 3aCTOCOBYEThCS HACKPi3HE HyMepyBaHHs (Y HOPIKY 3TayBaHH B TeKCTi). FKIIo npi3Buiie aBTopa
IIUTOBAHOI Iparli BKa3aHo B mapadpasi uu [uTaTi BcepeAHi PAAKa, TO3HAUEHHS ITUTYBAHHS CTABUTHCS OZPa3y
Ticsist mpi3BuIna. SAKINo K Mpi3BUIIE aBTOPa He BKa3aHO B TEKCTI, TO IIO3HAYEHHS ITUTYBAaHHS CTaBUTHCS HATIPHU-
KiHIII IITOBAHOTO TEKCTY MiCJIsI PO3/TITIOBUX 3HAKIB. fKIIO IXKEPEeJIo 3Ta/lyeThCsl Y TEKCTI 3HOBY, HOMY HEOOXiTHO
MIPUCBOITH TOH camMuil HoMep. [Ipu muUTyBaHHI KITBKOX J3KepesT 0THOYACHO, HeOOXiZTHO ITepepaxyBaTH KOKeH
HOMep Y Iy’KKaX, uepe3 KoMy abo Tupe 6e3 mpooiiB.

ITpuxaad: ... navigation controlled laser interstitial thermal therapy method. [11,16,18-20]

IIpaBuia 6i6xiorpadivyHOTrO OMUCY /IS CHUCKY IOCHJIAHb

Sxmo B my6Jikarii 3a3Ha4eHo 810 001020 00 wWecmu agmopis, y IOCHJIaHHI HeOOXiTHO IepepaxyBaTH ix
ycix uepes komy. fFKIo asmopie Oiabue wecmu, HeoOXiTHO epepaxyBaTH IITiCTHOX aBTOPIB Uepe3 KOMY Ta
BKa3aTU «Ta iH.». Y MOCUJIaHHI HEOOXiTHO CKOPOUYBATH YUCJIO CTOPIHOK, /i€ [€ MOXKJIMBO, HATIPUKJIA/, SKIIO
[UTATy PO3MIIlleHO Ha cTopinkax 123-126, To B mocuiaHHi BKazyeTbest 123-6. fAkimno B mybaikaii € DOI, To
1ioro HeoOximHO BkazaTu micyist URL. Heo6ximHO ckOpoYyBaTH Ha3BU MICSIIIB Y AaTaX 3BepHEHHs/ myOJTikarrii
toro. Ha3eu xypHatiB He0OXiTHO 3a3HaUYaTH CKOPOYEHO.
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B aHIJIOMOBHUX CTATTAX, e CIKCOK nmocuiaanb (References) momaeThest aHIUIIHCHKOIO MOBOIO, 6i6riorpa-
(piuyHMH oIHEIC HEAHTJIOMOBHUX JI?KepeJt (Poc., YKP. Ta iH.) CKJIaJIa€ThCs 32 TAKUMU ITPABUJIAMU:

— MPi3BUIIA Ta iHIliaJIM aBTOPIB TPAHCIIITEPYIOTHCS;

— HasBa cTaTTi (PO3/AULY KHHUTH): IEPEKIIAJT AaHTIIHCHKOI0 MOBOIO Y KBaJIDATHUX JY?KKaX;

— HasBa }KypHaIy (KHUTH): TpAHC/TITEPOBaHA HA3Ba, IOTIM IEPEKJIAJT AHTJIIUCHKOI0 MOBOIO y KBAJ[PATHUX
TyKKaXx;

— Miclle BUIaHHS KHUTH: TIEPEKJIa/ aHIVIIHChKOI0 MOBOK; Ha3Ba BUAABHUIITBA: TPAHCIIITEPALlis 3 10/1a-
BaHHIM cKopoueHHs Publ.

— y KiHmi 6i6stiorpadivHOTO OMKCY B KPYTJIHNX JIy>KKaX BKa3YETHCSA MOBA JPKEpEJIa.

3 IEeTIBHINIO IHCTPYKITEIO 110710 0OPMIIEHHS IOCUIaHb MOKHA 03HAOMUTHCH HAa CAUTI KypHAILY:
www.fnfjournal.univer.kharkov.ua.
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5) Cmammas 3 pociiicbkomoeHo020 ycypHaay: Sigal VL, Bidnenko VN. [Mechanism of destruction
of tumor tissue with local hyperthermia]. Vestnik novyih meditsinskih tehnologiy [Herald of new medical
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CTpyKTypHi eJIeMeHTH

®DOopMYJIH Ta CUMBOJIH, IO 3TaAyIOTHCA B TEKCTI CTATTi, MOBUHHI OyTH HaOpaHi B peflakTopi popmy
Math Type Equation. Koxxua popmysia moBuHHA 6yTH OKpeMuM 00'€KTOM, IIPUMT BCix GOpMYJT OTHOMAHITHUH.
O60B's13K0Ba HyMepallis GopMyJI — y KPYTJIUX AY:KKaX, 3 IPABOTO KPAIO TPAHUIIb TEKCTY.

Bei Lmrocrparii i TaGsuii moBHHHI MaTH HAa3BH ([ PUCYHKIB — 3HU3Y, JJ1 TaOJIUIb — 3BEPXY),
BOHU IIOBUHHI PO3TAIIIOBYBATHUCS Y Bi/IMOBITHUX MICI[SIX TEKCTY CTaTTi i 6yTH HOCTIiZIOBHO TPOHYMEPOBaHi.

PucyHKU TOAAIOThCS TOAATKOBO OKpeMUMU rpadiuHuMu paiyiaMu: KpecjaeHHs, JiarpaMu, CXeMH i T. II.
IIO/IAI0ThCA B €PS, ai uu edr dopmarax; ¢pororpadii nogatorscs B tiff uu jpg dopmaTax 3 po3aibHOIO 3/1aT-
HicTio He MeHIe Hizk 300 dpi, posdmipom 306pakenHs Bix 80 MM 10 170 MM 3aBIIHPIIKHY.

TepMminu i moO3HaAUEHHA TEXHIYHUX MAPAMeTPiB CJTi/1 BXXUBATH BiATIOBiZHO 710 HOPM Jlep:kcTaHaapTy,
a OIMHUII BUMiPIOBaHHS — B MisKHApOAHi# cucteMi oguHutls (CI).

PepakmiiiHa miAroroBKa crarri
Crarts, sika HaJIXO/TUTh JI0 PEAAKIIil, PEECTPYETHCS 1 HAIIPABJIAETHCA HAYKOBOMY PEIIEH3EHTY, AKUH ITi/IITICYE
CTaTTIO 710 /IpYKY. IIpy HasIBHOCTI 3ayBaKeHb CTATTIO IIOBEPTAIOTH AaBTOPAM Ha JIOOMPAIIOBAHHS.
BurmnpassieHu#i BapiaHT aBTOP IMOBHHEH ITIOBEPHYTH JI0 PEJIAKIIII pa30M 3 BiITIOBI//TI0 HA 3ayBasKEHHS.
Penaxiiis 3auinae 3a co600 MPAaBO BUIIPABJISATH Ta CKOPOUYBATH PYKOIIUC, & TAKOXK IIOBEPTATHA aBTOPaM
poboTH, SKi He BiJIIOBIZIAI0Th MPOMITI0 )KYPHATY i BEUMOTaM PeJIaKIIii.
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NHCTPYKIIUA 411 ABTOPOB

®orobuosnorus u PoTOMEAUITTHA — 3TO MEK/IYHAPOIHBIA HAyIHO-TIPAKTHYECKUH PEIEH3UPYEMBIH KypPHAJI,
MTOCBSAIIEHHBIN KCIIEPUMEHTAIBHBIM H TEOPETHIECKUM HCCIE0BAHUAM B 00J1aCTH KIIMHUYECKOH poToMe -
IUHBI, (GOTOOUOJIOTHH U SKCIEPUMEHTAIBHOU (POTOMETUTIMHBI, (GU3UKO-TEXHUUECKUX OCHOB (POTOOUOJIOTHH
U POTOMETUITUHBI.

Crarpu IyOIHKYIOTCS Ha YKPAMHCKOM, PYCCKOM HJIM aHTJTUMCKOM S3BIKaX.

Marepuas ctaThu B peZlakiuio nogaercs Ha USB-¢Jan-HaKOMUTEAX WU SJIEKTPOHHOU MOUTOH, B CJIe-
JIYIOII[EM COCTaBe:

— TEKCT CTaThH;

— WUTIOCTPAIUHY CTaThU OTAEIbHBIMU IpadrueckuMu daiiamu;

— KauecTBeHHbIEe TopTpeTHbIe hoTorpadun aBTopos (hororpadun, BecraBiaeHubie B Word, He ipu-
HUMAarTCca!).

Tekct crathu oJKeH ObITh HaOpaH mpudTtoMm 11 pt, Times New Roman, ¢ oiiHapHBIM MEXAYCTPOYHBIM
uHTepBasioM. [loJisl Ha cTpaHUIax: BepxHee U HIKHee — 2 CM; JIeBoe — 3 cM; IIpaBoe — 2 CM.

O06s3aTeIbHbIE CTPYKTYPHBIE 3JIEMEHTHI CTATHU:

1. VIK

2. 3aroj10BOK CTaThu

3. CBezenns o6 aBTOpax: WHUITUAIBI U HaMUIIN, yUeHAs CTelleHb, YUeHOe 3BaHUe, IOJKHOCTh, MECTO
paboTsl (Ha3BaHUE OPraHU3AIUH, aJIpec), KOHTAaKTHBIN TesedoH, afapec 3y1eKTpoHHOoM mouTsl, ORCID;

4. AHHOTaIUsI U KJII0YEeBbIE CJI0BA

5. OCHOBHOH TEKCT CTaThbU

6. Jlutepatypa

TpeGoBaHUS K TEKCTY CTAThU

HagBaHue cTaThu JI0/KHO OBITh KPATKUM, HHGOOPMATHUBHBIM U OTPAXKATh COZIepKaHIE PAOOTHI.

AnHoTanus nomkHa nMeTh 00peM 1000—-1200 doneTruecknx 3HaKoB. OHA CTPOUTCA IO TUILY PedepaToB
B pedepaTUBHBIX JKyPHAIAX U OTPAKAET CYTh DKCIEPUMEHTOB, OCHOBHBIE PE3YJIBTATHI M MX MHTEPIIPETALIHIO.
AHHOTanus He OJDKHA COJIePIKaTh OaJIJIacTHBIE CJIOBA, BBOJHBIE (Dpa3bl 1 HeMH(GOPMATHBHBIE BEIPAKEHUS.

Paznen «BBemgeHHue» T0IKEH COIEPKATh TOCTAHOBKY IPO6JIEMBI B OOIIIEM BH/IE U €€ CBA3H C BAXKHBIMU
HAyIHBIMH U IPAKTHYECKIMU 337]a9aMi; KPATKUH aHAIN3 TOCJIEHUX UCCIIETOBAHUN U ITyOJINKAINH, B KOTOPBIX
HAJaTo pellleHue JaHHOH TP00JIEMbI, BbI/IeJIeHIe KOHKPETHBIX HEPEIIEHHBIX BOIIPOCOB, KOTOPHIM IIOCBSIIEHA
CTaThs1, GOPMYTIHPOBKY IeTH paboThl. IHBIMU CJIOBaMHU, BCTYIUIEHHUE T0JKHO OTBEYATHh HA BOIIPOCHI: UTO U3-
BECTHO B JIaHHOH 00J1aCTH; YTO OCTAETCS HEM3BECTHBIM; KaKas 3a7jaua JaHHOU paboThI.

Pazgen «Meroguka» JOJDKEH COAEPIKATh CBEAEHUA 00 00'beKTaX NCCIeIOBAHMUS, YCIOBHUA DKCIIEPHUMEH-
TOB, AHAJIUTUYECKHE METO/BI, TPUOOPHI 1 PEAKTUBBI. B 3TOM 2Ke pasiesie MpUBOAATCA CBEZEHNS O IOBTOPEHIH
SKCIIEPUMEHTOB, METOABI CTATHCTUYECKOTO AaHAIN3a Pe3yJIbTATOB.

B pasnene «Pe3gyabTaThl» HEOOXOAMMO OINNCAThH BhIABIEHHBIE 3 (eKThl. V3/10KeHNEe PE3yIbTATOB
JIOJKHO OTPAKaTh 3aKOHOMEPHOCTH, BHITEKAIOIINE U3 TIOJIyIYEHHBIX TAHHBIX.

3agaueii pazznena «O0cy:kaeHNEe» ABIAeTcA 00001eHNe U HHTePIIPETalu:A Pe3yIbTaTOB, aHAJIN3 IIPU-
YUHHO-CJIE/ICTBEHHBIX CBA3EH MEXKAY BbIABIEHHBIMU d(pdekxramu. [lomyuenHyo nadopmManuo HeoOX0IUMO
CPaBHUTH ¢ UMEIOIUMICS JIUTEPATYPHBIMU JAHHBIMHU U IIOKa3aTh ee HOBU3HY. OOCyKIeH1e JOJKHO 3aBep-
IIATHCS OTBETOM HA BOIIPOC, ITOCTABJIEHHBIH BO BBEJEHUU.

JIureparypa (CIHCOK HCIIOJIH30BAHHBIX UCTOUHUKOB) U 0003HAUEHUS IUTHPOBAHUE B TEKCTE CIIEAYET
odopmATh 0 BankyBepckomy ctmitio. O603HAUEHIE ITUTHPOBAHUSA B TEKCTE ITO/IAETCS B KBAIPATHBIX CKOOKAX
apabckuMu nudpaMu; IPUMEHSETCS CKBO3HAs HyMepanus (B IOps/IKe yYIOMUHaHUA B TekcTe). Ecu pammmms
aBTOpa MUTUPYEMOH paboThI YKa3aHO B apadpase WiIN IUTaTe BHYTPU CTPOKU, 0003HAUEHHE [TUTUPOBAHUS
cTaBUTCA cpasy mocse bavruinn. Eciu xxe haMrutis aBTopa He YKa3aHa B TEKCTe, TO 0003HaUeHH e IUTUPOBAHUSA
CTaBUTCS B KOHIIE ITUTUPYEMOT'O TEKCTA IOCJIE 3HAKOB MpeNnuHaHus. ECJIM HCTOUHUK YIIOMUHAETCS B TEKCTE
CHOBA, eMy HeOOXO0/ITMO IIPUCBOUTH TOT 3Ke HOMeD. [IpH ITUTHPOBAaHUN HECKOJIBKIX FICTOYHUKOB OJTHOBPEMEHHO,
He0OXOAMMO MTEPEUNCIUTh KaXKABIH HOMED B CKOOKaX, uepe3 3aIsTyIo Win Tupe 6e3 mpobesios.

ITpumep: ... navigation controlled laser interstitial thermal therapy method. [11,16,18-20]

IIpaBusia 6udanorpaguueckoro OMUCaHusA JIJIA CIHCKA JINTePaTyPhbl

Ecu B mybmkanuu ykazaHo om 00Ho20 00 wecmu asmopos, B CChIJIKE HEOOXO/IUMO MEPEUNCTUTD UX
Bcex uepes 3anAaTyo. Eciiu asmopos 6o1ee wecmu, HEO6XOAMMO [IEPEUHCTUTH IIIECTh ABTOPOB Yepe3 3aIATYI0
U yKas3aThb «H JIp.». B ccpliike HEOOXOIUMO COKPAIIATh YUCJIO CTPAHUIL, I7le 5TO BO3MOXKHO, HAIIPUMep, eCJIH
[UTaTy pa3MelleHo Ha cTpaHunax 123-126, To B ceblike ykasbiBaercs 123-6. Eciu B mybsiukaruu ects DOI, To
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ero HeoOxouMo ykazaTh nocsie URL. HeoOxoumMo cokpariaTh Ha3BaHUS MECSIIER B JlaTaxX oOpalieHus / my-
Onukaruu 1. 1. HazBaHus KypHaIOB HEOOXOAMMO YKa3bIBaTh COKPAIIEHHO.

B aHIJI0A3BIYHBIX CTATHSX, 7€ CIHCOK cchlIOK (References) momaercst Ha aHIVTHHACKOM sI3bIKe, OUOIHOTPa-
(puueckoe omnricaHrie HEAHTJIOA3BIYHBIX HCTOYHUKOB (PYyC., YKP. U JIP.) COCTABJISAETCS II0 CJIEYIOIUM [TPABUIAM:

— (haMmIMK ¥ MHUITHAJIBI AaBTOPOB TPAHCIUTEPUPYIOTCS;

— Ha3BaHUE CTAThH (TJIaBbI KHUTH): IIEPEBOJT HA AHTJIMHCKUH S3bIK B KBaIPATHBIX CKOOKAX;

— Ha3BaHUeE JKypHaIa (KHUTH): TPAHCIIUTEPUPOBAHHOE HA3BaHUE, 3aTEM IIEPEBO/] HA AaHIVIMUCKUH S3BIK
B KBa/IPaTHBIX CKOOKAX;

— MECTO M3/IaHUA KHUTH: IIEPEBOJ Ha aHTJIMHCKUI sI3bIK; HAa3BaHUE U3/IaTeIbCTBA: TPAHCIUTEPAIHS C J10-
GaByienreM cokparenus Publ.

— B KOHIIe 6ub1rorpaduuecKoro OMUCaHusl B KPYIJIbIX CKOOKAX YKa3bIBAETCs SI3bIK HCTOUHHKA.

C noapo6HOU MHCTPYKIHEN 10 0DOPMJIEHHIO CCHIJIOK MOKHO O3HAKOMUTHCSA Ha caiiTe XKypHaja:
www.fnfjournal.univer.kharkov.ua.
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CTpyKTypHBIE 3JIEMEHTHI

®OpMyJIBI ¥ CUMBOJIbI, YIIOMUHAEMBIE B TEKCTE CTAThH, I0JIKHBI OBITh HAOpaHbI B peziakTope hopmyst Math
Type Equation. Kaxmast bopmysia goKkHA OBITH OTAETBHBIM 00BEKTOM, MPUDT Beex GopMysT 0HOOGpaseH.
Obsi3aTesibHA HyMepalust GopMyJI — B KPYIJIBIX CKOOKAX, ¢ IPABOT0 Kpast IPAHMI] TEKCTA.

Bce wiumiocrpanuu v TaG /MBI J0KHBI UMETh Ha3BaHUs (/11 PUCYHKOB — CHU3Y, JJIs1 TabJINI] — CBEp-
Xy), OHHU JOJIKHBI PACIIOIaraThbCs B COOTBETCTBYIOIUX MECTaX TEKCTa CTaThbU U OBITh MOCIEI0BATEIBHO IIPO-
HYMEpPOBaHBbI.

PucyHKM 110JaI0TCA AOMOJIHUTEIBHO OTAEIbHBIMY IpadudyecKuMu GaiiaMu: YepTesku, JuarpaMMbl,
CXeMBbI U T. 1. TIOIAI0TCA B ePs, ai uiu edr dpopmartax; pororpaduu nogarores B tiff wnu jpg dopmarax ¢ pas-
petternem He MeHee 300 dpi, pazmepom uzobpazkerus ot 80 MM /10 170 MM B HIUPUHY.

TepMHUHBI M 0003HAYEHHUA TEXHUYECKHUX ITapaMeTPOB CJIeyeT yIIOTPeOIATh B COOTBETCTBUU C HOP-
mamu ['occranapra, a e IMHULIBI U3MEPEHUs — B MEXKAyHAPOoAHOH crucreme eauumuiy (CH).

PepaxkimmoHHas MOATOTOBKA CTAThU
Cratbs, KOTOpas MOCTYTIAeT B PEAAKIINIO, PETUCTPUPYETCS U HAIIPABJIsSeT s HAyYHOMY pelleH3eHTY, KOTO-
PBIi IOAIIKUCHIBAET CTATHIO B ITeUaTh. [Ipyu HaIMuuy 3aMevyaHuii CTaThi0 BO3BPAIIAIOT aBTOPAM Ha JIOPabOTKY.
VcmpaByieHHBIH BapUAHT aBTOP ZIOJKEH BEPHYTH B PEJAKITUIO BMECTe C OTBETOM Ha 3aMevaHusd.
Pepakius ocraiiseT 3a coOO0U IPaBO UCIPABIIATH U COKPAIATh PYKOIIHCh, a TAKXKE BO3BPAIaTh aBTOPaM
paboThl, KOTOPHIE HE COOTBETCTBYIOT IPOMIIIIO JKypHaIA U TPeOOBAHUAM PeJIaKI[HH.
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