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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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 The effect of ultraviolet (UV) on the skin significantly dis-
turbs its morphofunctional state. A study of the effects of local 
ultraviolet irradiation (UV) in the minimum erythema dose in 
guinea pigs in 2 hours to 8 days period after irradiation revealed 
inflammatory and degenerative changes in the focus of expo-
sure, reaching the highest severity on the third day [1]. Mor-
phometric studies confirm histological changes in the skin [2]. 
The histological and morphometric methods used in these works 
make it impossible to assess the types of collagen and its struc-
ture in the dynamics of the development of the erythema and 
early post-erythema skin reaction, and, therefore, comprehen-
sively assess the degree of UV damage to the skin.
The aim is to study the features of the influence of local 

ultraviolet radiation on the organization and structure of collagen 
fibers in the radiation area.

Material and methods. The studies were performed on 30 
albino guinea pigs weighing 400-500 g. Erythema was caused 
by irradiation of a shaved skin area using a OKN-11-M mercury-
quartz irradiator (UV rays A and B), placed  at a distance of 10 cm 
from the animal  for  2 minutes [3]. The control group was intact 
guinea pigs. To study the features of morphological changes in 
the skin after a local ultraviolet, animals were decapitated under 
general anesthesia (thiopental sodium 10 mg/kg) at different 
periods of the experiment (2 hours, 4 hours, 3rd day, 8th day). 
The work with animals was performed in compliance with the 
rules of the International Code of Medical Ethics (Venice, 1983), 
the “European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific Purposes” 
(Strasbourg, 1986), and the General Ethical Principles of 
Animal Experiments, adopted by the First National Congress on 
Bioethics (Kiev, 2001), Directive 2010/63 / EC of the European 
Parliament and the Council for the Protection of Animals 
Used for Scientific Purposes and the Law of Ukraine “On the 
Protection of Animals from Cruelty” N 3477-IV of 21.02. 2006. 

Preparations for histological studies were prepared according 
to the generally accepted method [4]. Collagen was identified 
in polarized light (Olympus BX53 microscope) on preparations 
stained with picrosirius red (Picro-Sirius Red Stain Kit, Abcam, 
USA).  Depending on maturity, type I collagen gives a glow 
from orange to red, type III collagen — green. Collagen was 
photographed using a Canon EOS-300D digital camera [4,5].
For additional objectification, histological sections were 

analyzed using a point scale, modified according to the rating 
scale of V. Prabhu et al. [6]. Scores from 0 to 3 were calculated 
for each histological characteristic: 0 — normal parameter, 1 — 
slight deviation from the norm, 2 — average, 3 — maximum 
(Table 1). According to this scale, the minimum number of points 
(0) is  the dermis of the skin with normal collagen structure, and 
the maximum (9) - with the most disturbed structure of collagen 
fibers (Table 1).
The obtained numerical indicators were processed using 

the IBM SPSS Statistics 20.0.0.2 application. The mean (M) 
and standard deviation (m) were calculated. To determine the 
differences between the comparison groups, the Kruskal-Wallis 
test was applied for independent samples. The difference was 
considered significant under conditions of p<0.05 [7].

Results and discussion. In intact animals, the collagenic 
framework of the dermis had a normal structure. As a result of 
collagen analysis after reaction with picrosirius red in polarized 
light in the dermis, which contains 85% of skin collagen, a red 
and yellow glow were generally observed, which indicates 
the presence of type I collagen in the composition of collagen 
fibers [6]. The intensity of the glow was high. Such fibers in the 
reticular layer of the dermis formed a dense network and were 
located in bundles parallel and at angles to the skin surface. The 
papillae of the dermis were formed by loose connective tissue, 
where areas with thin collagen fibers and type III collagen were 
detected, displaying a green glow in polarized light (Fig. 1a).

THE EFFECT OF ULTRAVIOLET RADIATION ON THE ORGANIZATION 
AND STRUCTURE OF COLLAGEN FIBERS OF DERMIS
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Table 1. Scale for  collagen assessing  after staining with picrosirius red in polarized light

Indicator
Grading of the  collagen fibers state (points)

0 1 2 3

Color/composition

red and yellow (type I 
collagen) in the mesh layer, 
presence of green (type III) 
in the papillary dermis

Yellow (I type collagen) 
in the mesh layer 

predominates, more than 
30% green (III type) in 
the papillary dermis

The presence of green 
(type III collagen) in the 
mesh layer, more than 
50% green (type III) in 
the papillary dermis

Green predominates 
(type III collagen)

Intensity of 
refraction

Bright throughout the dermis uneven intensity
Reduced in the papillary 
or mesh layer of the 

dermis

Weak or absent 
throughout the 

dermis

Orientation 
Tightly packed beams form 

a mesh structure

Slight swelling with 
impaired structure 

density in the papillae or 
mesh layer

Disorders of the mesh 
structure, preferably in 
parallel directed in the 
papillae or mesh layer

Chaotic location, 
structure disturbance
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It was found that in irradiated animals, 2 hours after 
ultraviolet irradiation, according to the results of polarization-
optical studies,   the collagen structure and ordering of the 
arrangement of collagen fiber bundles did not differ from 
the histological picture found in intact animals. Bundles of 
collagen fibers with type I collagen were oriented parallel 
and at angles to the skin surface, forming a dense lattice 
structure. The intensity of refraction of bundles of collagen 
fibers did not differ from that indicated in intact animals. 
Type III collagen was found in the papillary layer of the 
dermis in  not significant amount (Fig. 1, b).
Four hours after ultraviolet irradiation, as a result of the 

analysis of the skin area after staining with picrosirius red 
in polarized light, a slightly lower refraction intensity was 
found in comparison with intact animals and the previous 
observation period. An increase in fibers with a green glow 
was noted against a background of a decrease in red in the 
papillary dermis. The cells of weak refraction were caused 
by the phenomena of tissue edema - the accumulation of 
fluid between the fibers, which creates dark fields on the 
histopathological product. The bundles of collagen fibers in 
these areas were of different thicknesses (Fig. 2).

 

 

Fig. 2. The skin area of the guinea pig 4 hours after exposure 
to ultraviolet radiation. Decreased refractive intensity due to 
tissue edema. Picrosirius is red. polarized light. SW 200

On the 3rd day after the ultraviolet radiation, the collagen 
fibers in the focus of irradiation in the papillary dermis and 
the outer reticular section had a bright but heterogeneous 
refraction of predominantly yellow color with interspersed 

							          b
Fig. 1. The skin area of intact animals (a) and 2 hours after exposure to ultraviolet radiation. Bundles of collagen fibers 

with type I collagen (red and yellow glow) form a dense mesh structure. Picrosirius is red. Polarized light. SW 200

green, which to some extent reflects their degeneration. In 
addition, it was noted that bundles of collagen fibers in these 
zones were oriented parallel to the skin surface. In the deeper 
sections of the reticular layer, collagen fibers were thinner, 
contained collagen of type III, were arranged irregularly, 
forming a structure similar to lace. They were characterized 
by uneven refraction (Fig. 3).

 

Fig. 3. The skin area of the guinea pig on the 3rd day 
after exposure to ultraviolet radiation. Bundles of collagen 
fibers with type I and III collagen are located parallel to 
the skin surface in the papillary dermis and the outer retina. 
Irregular orientation of collagen fibers with type III collagen 
in the deeper sections of the reticular layer. Picrosirius is 
red. Polarized light. SW 200

On the 8th day, collagen fibers in the area of the ultraviolet 
radiation in the dermis had weak refraction and contained 
mainly type III collagen. In the papillary layer, they were 
located parallel to the surface of the skin, in the reticular layer 
they formed a cellular structure. The composition of collagen 
fibers in this layer was heterogeneous — a site with type I 
and III collagen was observed. In accordance with this, the 
refraction was uneven - brighter in collagen fibers containing 
type I collagen. It should be noted that thick bundles of 
collagen fibers were directed perpendicular to the surface, 
between them thin fibers with green glow were located at 
different angles (Fig. 4). This orientation of collagen fibers is 
uncharacteristic for the dermis and indicates to a disturbance 
of its physical properties.
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Fig. 4. The skin of the guinea pig on the 8th day after exposure 
to ultraviolet radiation. Weak refraction of collagen fibers with type 
III collagen in the papillary layer, its irregularity in the mesh layer. 
Collagen types I and III. Picrosirius red. Polarized light. SW 200

The condition of collagen fibers in the skin area of guinea 
pigs exposed to ultraviolet radiation was semi-quantitatively 
analyzed by three parameters - composition, refraction 
intensity, and orientation (Table 1). 2 hours after exposure to 
UV, the studied parameters did not differ from the structure 
of the normal dermis (intact animals), and on the 8th day, the 
maximum deviation from it was determined by the total number 
of points (Table 2). A significant deterioration in the structure 
and composition of collagen fibers was recorded starting from 4 
hours after exposure to ultraviolet radiation and progressed with 
an increase in the observation period (p<0.001).
Attention is drawn to the fact of increasing disturbances of 

degenerative changes in collagen on the 3rd and 8th day, which 
coincide with classical histological methods, revealing at the 
same time a maximum of degenerative disorders [1,2].
The detected metabolic disturbances in the irradiated UV 

skin on the 8th day [8] are in accordance   with the analysis 
of collagen in polarized light. The research results allow us to 
predict violations of the morphofunctional state of the skin after 
a local ultraviolet radiation for a  long term.

Conclusions. The influence of local ultraviolet radiation in 
the minimum erythema dose on the skin of guinea pigs leads to 
the development of disturbances of the organization (abnormal 
position and ordering) and structure (increase in collagen content 
of type III) of collagen fibers of the dermis, which progress with 
an increase of the observation period.
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SUMMARY

THE EFFECT OF ULTRAVIOLET RADIATION ON THE 
ORGANIZATION AND STRUCTURE OF COLLAGEN 
FIBERS OF DERMIS
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The aim is to study the features of the influence of local 
ultraviolet radiation on the organization and structure of collagen 
fibers in the radiation area.
The studies were performed on 30 albino guinea pigs 

weighing 400-500 g, exposed to local ultraviolet radiation. 
Animals were removed from the experiment after 2 hours, 
4 hours, 3 days, 8 days after irradiation. The control group 
was intact guinea pigs. To assess the structure and location 
of collagen fibers, skin sections in the irradiated area were 
studied using histological methods with polarized light 
analysis of collagen, and they were also analyzed using a 
scoring system for three parameters: composition, refraction 
intensity, and orientation of collagen fibers.

Таble 2. The results of the assessment of the state of collagen fibers 
on a semi-quantitative scoring scale (cumulative annualized, M±m)

Observation period Sum of points

Intact animals 0
2 year 0
4 year 0,61±0,49*
3rd day 1,75±0,44*

8th day 2,4±0,50*
note: * - significance of differences compared with intact animals (P≤0.05)
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The revealed structural features of collagen fibers reflect 
the course of the process of degeneration of the collagen skeleton 
of the dermis with a violation of the orientation and ordering of 
collagen fibers and an increase in the content of type III collagen 
with an increase in the observation period. According to the results 
of a semi-quantitative assessment of the state of collagen fibers, 
a significant deterioration in their structure and composition was 
recorded starting from 4 hours after exposure to ultraviolet radiation 
and progressed with an increase in the observation period. On the 
8th day, the maximum deviation from the structure of the normal 
dermis is determined by the total number of points.
The influence of local ultraviolet radiation in the minimum 

erythema dose on the skin of guinea pigs leads to the development 
of disturbances of the organization (abnormal position and 
ordering) and structure (increase in collagen content of type III) 
of collagen fibers of the dermis, which progress with an increase 
of the observation period.

Keywords: ultraviolet radiation, skin, collagen fibers.

РЕЗЮМЕ

ВЛИЯНИЕ УЛЬТРАФИОЛЕТОВОГО ОБЛУЧЕНИЯ 
НА ОРГАНИЗАЦИЮ И СТРУКТУРУ КОЛЛАГЕНО-
ВЫХ ВОЛОКОН ДЕРМЫ

1Миронченко С.И., 1Звягинцева Т.В., 3Ашукина Н.А.

1Национальный фармацевтический университет, Харьков; 
2ГУ «Институт нейрохирургии им. акад. А.П. Ромоданова 
НАМН Украины», Киев; 3ГУ «Институт патологии позво-
ночника и суставов им. проф. М.И. Ситенко НАМН Украи-
ны», Харьков, Украина

Цель исследования - изучить особенности влияния ло-
кального УФО на организацию и структуру коллагеновых 
волокон в зоне облучения.
Исследования были проведены на  30 морских свинках-

альбиносах массой 400-500 г, - 6 интактных животных 
(группа контроля) и 24 животных, подвергшихся локально-
му ультрафиолетовому облучению. Животных выводили из 
эксперимента спустя 2 часа, 4 часа, 3 суток, 8 суток после 
облучения. Группой контроля служили интактные морские 
свинки. Для оценки структуры и расположения коллагено-
вых волокон срезы кожи зоны облучения исследовали ме-
тодами гистологии с анализом коллагена в поляризованном 
свете и с помощью системы подсчета баллов по трем па-
раметрам: состав, интенсивность рефракции, ориентация 
коллагеновых волокон.
Выявленные особенности структуры коллагеновых во-

локон отображают ход процесса дегенерации коллагенового 
каркаса дермы с нарушением ориентации и упорядочения 
коллагеновых волокон, а также повышением содержания 
коллагена III типа параллельно с увеличением срока наблю-
дения. По результатам полуколичественной оценки состоя-
ния коллагеновых волокон значимое ухудшение их структу-
ры и состава происходило спустя 4 часа после воздействия 

УФО и прогрессировало с увеличением срока наблюдения. 
На 8 сутки выявлено максимальное отклонение от структу-
ры нормальной дермы по суммарному количеству баллов.
Влияние локального ультрафиолетового облучения в 

минимальной эритемной дозе на кожу морской свинки 
приводит к развитию нарушений организации (аномаль-
ное взаиморасположение и упорядоченность) и структу-
ры (увеличение содержания коллагена III типа) коллаге-
новых волокон.
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kvlevis mizans warmoadgenda adgilobrivi ul-
traiiaferi dasxivebis gavlenis Taviseburebebis 
gansazRvra kolagenuri boWkoebis struqturaze 
dasxivebis zonaSi.
kvleva Catarda 30 albinos zRvis goWze woniT 

400-500 gr., romlebzec ganxorcielda lokaluri-
ultraiisferi dasxiveba. cxovelebi gamoyvanili 
iyvnen eqsperimentidan dasxivebidan 2 sT, 4  sT, 3 
dReRamis 8 dReRamis Semdeg. sakontrolo jgufi 
Seadgina intaqturma zRvis goWebma. kolagenuri 
boWkoebis ganlagebis da struqturis Sefasebi-
saTvis kanis anaTlebi dasxivebis zonidan gamokv-
leuli iyo histologiis meTodi, kolagenis ana-
liziT polarizebul SuqSi, aseve gamoyenebuli 
iyo qulebis gamoTvlis sistema sami parametris 
mimarTulebiT: Semadgenloba, refraqciis inten-
sivoba, kolagenuri boWkoebis orientacia. ko-
lagenuri boWkoebis struqturis gamovlenili 
Taviseburebani gamoxatavs dermis kolagenuri 
karkasis degeneraciis process, kolagenuri 
boWkoebis orientaciis da wesrigis darRveviT, 
III  tipis kolagenis Semcvelobis matebiT dak-
virvebis vadis zrdasTan erTad. kolagenuri 
boWkoebis mdgomareobis naxevardraodenobrivi 
Sefasebis Sedegebis mixedviT fiqsirdeba maTi 
struqturis da Semadgenlobis mniSvnelovani 
gauvareseba ultraiisferi dasxivebidan 4  saaTis 
Semdeg da progresirebs dakvirvebis periodis 
zrdasTan erTad. dasxivebiadn me-8 dRes qulebis 
jamis mixedviT aRiniSna maqsimaluri gadaxra 
normaluri dermis struqturisagan.


