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Abstract

The results of a study of the clinical effectiveness of the correction of involutional changes in the skin by the method of photodynamic therapy
(PDT) with the use of a photosensitizer gel (PS), the active substance of which is the trismeglumine salt of chlorin €6, are presented. The data of
fluorescence spectroscopy for monitoring the level of PS fluorescence in order to determine the optimal time of its exposure are demonstrated. The
study of the optimal exposure time involved 80 patients with different skin phototypes. The study of the effectiveness of PDT involved 42 patients
aged 44-68 years with signs of chrono- and photoaging. The PDT procedure was performed by irradiating the entire surface treated with the PS
with a power density of 100 mW/cm?, a light dose of 120-140 J/cm?, a laser radiation wavelength of 660 nm, and a light beam area of 400-800 cm?.
It was found that exposure to PS for 10-20 min gives the highest fluorescence and does not depend on the skin phototype. The clinical effect of
PDT was achieved in 85.7% of patients; there were no negative subjective sensations. Moisture metrics increased on the skin of the face by 53%,
reaching the control values in young healthy volunteers, on the skin of the hands - by 64%. Elastometry indicators on the skin of the face and hands
increased by 19% and 16%, respectively. Thus, the PDT procedure with PS based on chlorin €6 is an effective method for correcting involutional
changes in the skin, leads to a pronounced clinical effect, improves the parameters of skin moisture measurement and elastometry, and passes
without undesirable local reactions. Optical coherence tomography showed an increase in collagen ordering.

Keywords: optical coherence tomography, moisture measurement, elastometry, photodynamic therapy, photosensitizer, involutional changes in
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Pe3siome

MpepncTaBneHbl pe3ynbTaThbl M3yUYeHWs KINMHNYECKON 3O GEKTUBHOCTY KOPPEKLMN MHBOMOLVIOHHbBIX N3MEHEHNI KOXI MeTOAOoM GOTOANHaMU-
yeckow Tepanum (OAT) ¢ npumeHeHnem rens-doTtoceHcmbunusatopa (PC), akTVBHLIM BELLECTBOM KOTOPOTO ABAETCA TPUCMErTIOMUHOBAsA
conb XxJIopuHa e6. MpofeMoHCTPUPOBaHbl AaHHble (pyopPeCLIeHTHOW CNEKTPOCKONUN ANiA KOHTponA ypoBHA ¢nyopecueHummn OC ¢ uenbio
onpegeneHus ONTUManbHOIO BPEMEHM ero 3KCno3unumn. B nccnegoBaHny onTMManbHOIO BpeMeHY SKCNo3nLmm y4acTBoBasv 80 NaLMeHToB ¢
pasnuyHbIM GOTOTUMOM KOXKN. B nccnepoBanum apdektneHocTv OAT yyacTBoBanyv 42 naureHTa B Bo3pacTte 44-68 neT C npusHaKamm XpoHO—
n poTocTtaperus. Mpouenypy OAT BbiNonHANM NyTem 065yueHns Bcelt obpabaTtbiBaemorn OC NOBEPXHOCTH C NIOTHOCTbIO MOLHOCTY 100 MBT/
cm?, cBeToBOW f0301 120-140 [/cMm?, fIvHa BOJIHbI Ia3epHOro usnyyeHus 660 HM, niowaab CBETOBOro nyuka 400-800 cm?. YcTaHOBNEHO,
yto aKkcno3muma OC B TeueHre 10-20 MyH AaeT Hanbonbluyto GayopecLeHLMIo U He 3aB1cUT oT doToTumna Koxu. KnuHnyeckuin apdext OAT
[OCTUTHYT Y 85,7% NaLyEeHTOB, CyObeKTHBHbIX OLUYLIEHUI HEraTUBHOTO XapaKkTepa He oTMevanoch. lMokasaTteny BNaroMeTpuu yBennuuancb
Ha KoXe nuua Ha 53%, OCTUrHYB KOHTPOJIbHbIX 3HaYEeHWI Y MOMOAbIX 300POBbIX JOOPOBOJIbLEB, Ha KOXE KUCTEN PYK — Ha 64%. Moka3aTenu
3/1aCTOMETPUM Ha KOXKe 1L 1 PyK yBennUnnncb Ha 19% un 16%, cootBeTcTBeHHO. Takum obpasom, npouegypa OAT ¢ ®C Ha ocHOBe XNoprHa
€6 aApnAeTcA 3GpPeKTUBHBIM METOAOM KOPPEKLMUN NHBOMOLIMOHHBIX N3MEHEHUI KOXW, MPUBOANT K BbIPaXKeHHOMY KJIMHMYeCKOMY ddPeKTy,
ynyuyLIaeT nokasaTeny BAaroMeTpun 1 371acTOMETPUM KOXK 1 MPOXOANT 6e3 HexkenaTeslbHbIX MECTHbIX peakumit. [1py onTYecKkom KorepeHT-
HoV ToMorpadum yCTaHOBNEHO YBENNYEHVE YNOPAA0OUEHHOCTY KOJareHa.
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Introduction

Photodynamic therapy (PDT) is a treatment method
based on the use of photosensitisers (PS) and laser radia-
tion with a wavelength corresponding to the PS absorp-
tion peak. Despite the fact that research into the applica-
tion of PDT has been going on for many years, the use
of this method in aesthetic medicine and dermatovener-
ology was restrained by the lack of sufficiently effective
topical non-toxic drugs that do not have a strong local
irritating effect. The emergence of PS for topical use and
radiation sources for activating PS based on superbright
LEDs have opened up new ways to solve urgent prob-
lems of dermatovenerology and cosmetology [1-3].

Cytotoxicity resulting from a photochemical reaction
leads to cell necrosis or apoptosis. As a rule, in situations
where oxidative destruction of mitochondria occurs,
apoptosis is observed, with destruction of the cell wall,
necrosis predominates. After damage, the body's re-
sponse is aimed at removing either the remnants of the
cell after apoptosis, or damaged tissue and the restora-
tion of the surrounding structures after necrosis. The cas-
cade of cytotoxic and inflammatory reactions, as well as
the mechanisms of damage restoration, have now been
studied in sufficient detail [1, 4, 5].

PDT was most often used in oncology, and therefore
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the mechanism of its action is best studied in the treat-
ment of patients with oncological diseases. Gradually,
the literature accumulated data on a kind of "side" effect
of PDT in cancer patients in the form of skin lightening,
increased skin elasticity, disappearance of fine wrinkles,
which prompted the use of the method to correct involu-
tional skin changes [1, 4-6].

Purpose of the study: to study the clinical efficacy of
PDT with the use of PS, the active substance of which is
the trismeglumine salt of chlorin e6, as a method of cor-
rection involutional skin changes. Evaluation of the effec-
tiveness of PDT was carried out according to changes in
the physiological parameters of the skin using elastom-
etry, moisture measurement..

Materials and methods

Study organisation. The study was carried out on the
basis of the Department of Dermatological Oncology
and Laser Surgery of the Central Clinic of the Russian
Academy of Sciences, the Medical Center for Cosmetic
Correction "ECLAN", Russian National Research Medi-
cal University named after N.I. Pirogov, State Budgetary
Healthcare Institution "Moscow Research and Practical
Center for Dermatovenereology and Cosmetology of
the Moscow Department of Health" ( Moscow), the clini-
cal base of the Department of Dermatology and Venere-
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Medical University of the Russian Ministry of Health also had their indicators of elastometry and moisture

Combined medical and social assessment of the patients
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YpoBeHb 3HAaYMMOCTHN
MNMokasatenu lpynna |, n=42 lpynna Il, n=80 pasnuuunn

Bospacrt, net

Age, years

Mon (My>XUMHbI/>KEHLLMNHbI)
Sex (male/female)

54 (48-62) 32 (25-38) <0,001

10/32 18/62 0,87

BpeaHbie npuBbIYKMN

Cacoethes
Eznpcfmg 28 (67) 33(41) 0,008
Ncoholingesion 31739 55 (69) 056
Sweet farinaceous food ingestion 40(95) 4759 <0001
[MnoanHamuns 1331) 6] 0,004

Sedentary lifestyle
ConyTcTBylowas naronornsa

Comorbidity
Cep,qequ—cocy,qMCTble 3aboneBaHusA 40 (95) 22(28) <0,001
Cardiovascular disease
3ab60oneBaHNs MOYENOIOBOWN CUCTEMbI 3(7) 17 21) 0,046

Diseases of genitourinary system

3§6oneBaHMﬂ SHAOKPUHHON C1CTEMbI 16 (38) 6(8) <0,001
Diseases of endocrine system

3aboneBaHNs ONOPHO-ABUraTENbHON CUCTEMbI

Diseases of musculoskeletal system 280 51 e

3aboneBaHusA NULLEBAPUTENTBHON CUCTEMBI 1 EYEHU

Gastrointestinal and hepatic diseases 26(62) 34(43) 0,042

Eﬂa3H.ble 60ne3Hn 14(33) 29 (36) 075
ye diseases

OTAroLWeHHbIN anieproaHamHes 19 45) 24 (30) 0,09

Positive allergic anamnesis

[lepmaTtonoruyeckne xapakTepncTmkn
Dermatologic characteristics

DoTOTUN KOXMN
Skin phototype

o 32(76) 58 (73) 0,09
> 7017) 14(18) 091
e 307) 8(10) 0,60

BIOMEDICAL PHOTONICS T.10, N2 3/2021



Panova 0.S., Dubensky V.V., Dubensky V.V., Petunina V.V., Beimanova M.A.,

Sanches E.A., Gelfond M.L., Shilov B.V., Belkharoeva R.Kh.

Photodynamic reparative skin regeneration using application of photosensitizer gel based on chlorin E6

32 women and 10 men aged 44-68 years, average age
5445 years, with signs of chrono- and photoaging.

The medical and social characteristics of the study
participants are presented in Table 1. There was a differ-
ence in the rates and frequency of conditions indirectly
associated with age, a decrease in lifestyle activity, a
higher incidence of concomitant diseases distinguished
patients from volunteers. Frequency weights of skin
types did not differ significantly.

Photosensitizer. For PDT, a photosensitizer gel was
used, the active substance of which is the trismeglumine
salt of chlorin e6, obtained by the extraction of chloro-
phyll A from the marine microalga spirulina and its sub-
sequent chemical transformation using an original tech-
nology. Trade name of the drug: gel "Chloderm", contain-
ing 0.2% Chlorophylin - Cl 75810 as an active substance.
Manufacturer: Areal OOO, Russia (EAEU Declaration of
Conformity No. RU D-RU. AYU18.B.08190).

Study design. Simultaneous transverse in the case of
studying the optimal exposure time of the gel with PS
in healthy volunteers. An open prospective study of the
effectiveness of PDT for the correction of involutional
skin changes.

Criteria for inclusion in the study of the effectiveness of
PDT:

e the age of the examined is 40 and older;

e the presence of skin photoaging symptoms;

e desire to participate in the study, confirmed by the
informed consent of the subject.

Exclusion criteria:

e the presence of concomitant pathology in patients
at the stage of decompensation;

e pregnancy and lactation period;

e severe infectious processes (HIV infection, tubercu-
losis, syphilis, progressive course of viral hepatitis B and C);

e otherlocal treatment, parallel undergoing of other
anti-aging procedures;

e history of epilepsy;

e diseases accompanied by increased skin photo-
sensitivity, porphyria or previously identified sensitivity
to porphyrins; taking photosensitizing medication;

e voluntary refusal of subjects to participate in the
study.

Ethical aspects of the study. The clinical study was
conducted in accordance with the legal and regulatory
requirements and with the general principles set out in
the International Ethical Rules for Biological and Medi-
cal Investigations with Human Participation (Council of
International Medical Scientific Organizations, 2002); in
accordance with the rules of Good Clinical Practice (Inter-
national Conference on Harmonization, 1996) and with
the World Medical Association's Declaration of Helsinki
(as amended by the 64th General Assembly of the WMA,
Fortaleza, Brazil, October 2013). Each of the participants
signed a voluntary informed consent.

Spectroscopic research technique. A gel with PS was
applied to the cleansed skin. In the interval of drug ex-
posure from 5 to 30 min, a part of the gel was removed
from the edge of the skin every 5 min, and fluorescence
spectroscopy was performed to assess the intensity of
PS fluorescence. The "Spectrum-Cluster" installation was
used (registration certificate No. ®C P2011/10331 dated
March 31, 2011).

PDT technique. The PS was applied to previously
cleansed and dried skin of the face entirely, and to hard-
to-reach areas - with a cotton swab. The PS was kept un-
der the film for 15 min, then washed off with water with
a cleansing gel/foam, thoroughly cleaning pores from
PS.Then, at the same time, frontally at a distance of 5-10
cm from the lamps, the entire treated surface was irradi-
ated with a "Maska" laser device (LATUS-T series, Atkus
00O, Russia) with a power density of 100 mW/cm?, a
light dose of 120-140 J/cm?. The wavelength of the laser
radiation corresponded to 660 nm, the area of the light
beam was 400-800 cm?.

To assess the clinical effectiveness of the method,
objective parameters were assessed by measuring
skin moisture and elastometry. Multi Skin Test 900
apparatus, which has sensors for monitoring the fol-
lowing functional parameters of the skin, was used:
moisture (hydrometry) - moisture sensor (corneome-
try method), which allows to assess the water content
in the stratum corneum; elasticity - the elasticity sen-
sor (kutometry method) allows to objectively mea-
sure the elasticity of the skin. The reference values
were the indicators of the skin condition of healthy
volunteers.

Optical coherence tomography (OCT) technique. Cross-
polarization modification of OCT (CP-OCT) made it pos-
sible, in addition to standard information on the struc-
ture of the skin, to obtain information on the properties
of tissue in relation to light depolarization. For a quanti-
tative assessment of diagnostic CP-OCT images in order
to characterize the state of collagen, the integral depo-
larization factor (IDF) was used [9-11]. The less frequent
and more fragmented collagen bundles in the skin, the
lower the IDF value.

Statistical processing of results. Statistical processing
of results was carried out using the Statistica for Win-
dows 6.0 software package. Data were presented as me-
dian and interquartile range for quantitative measures
and calculated frequency for qualitative measures. To
assess the difference in means in pairwise unrelated
samples, the Mann - Whitney U test was used, multiple
comparisons were performed using the Kruskal-Wal-
lis H test (comparison of data from three samples). The
chi-square test was used to test the significance of dif-
ferences in qualitative variables. If the achieved level of
differences significance did not exceed 0.05, they were
considered accurate [12].
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Results

Spectroscopic study of the exposure time to PS in healthy
volunteers. Comparative analysis using the Kruskull - Wal-
lis test made it possible to conclude that the fluorescence
intensity of the gel varies depending on the skin type
(Table 2). However, for each skin type, the maximum fluo-
rescence indicators were recorded at exposure to PS for
15 min. After 20 min, fluorescence indices decreased (p
<0.05) in all three observation groups, differing in skin
phototype. With a further increase in the exposure time,
the fluorescence indices in the groups did not differ sig-
nificantly (p> 0.05). Thus, exceeding the exposure for
more than 15 minutes was considered inappropriate.

Study of the response to PDT. The clinical effect of PDT
was achieved in 85.7% of patients (36 people), no visible
changes were observed in 14.3% of cases (6 people). No
adverse skin reactions or worsening of the skin condi-
tion have been reported. The PDT procedure was not ac-
companied by negative subjective feelings. The resulting
aesthetic effect after the procedures was confirmed by
objective research methods, such as moisture measure-
ment, elastometry, and was expressed in smoothing of
fine wrinkles, increasing of the elasticity and skin hydra-

tion. Taking into account the difference in median values,
moisture measurements increased in the face skin by
53%, in the hands skin - by 64%. At the same time, ac-
cording to the moisture measurement on the face skin
after PDT, no differences were revealed when compared
with the control group (healthy volunteers), and in the
hands skin the differences after therapy were statistically
significant. Elastometry indicators in the face and hands
skin increased by 19% and 16%, respectively, which was
comparable with the elastometry indicators in healthy
volunteers (Table 3).

Quantitative processing of CP - OCT images obtained
during PDT monitoring showed the ordering of collagen
fibers after therapy (Table 4).

The changes dynamics in the value of IDF during CP-
OCT after a PDT course carried out in a 55-year-old pa-
tientis shown in Fig. 1.1t can be seen that after the course
of PDT, the OCT signal in orthogonal polarization increas-
es, which indicates an increase in the amount of ordered
collagen in the studied skin, and, therefore, indicates the
success of the treatment course.

Visual changes in the skin condition in two patients
after the PDT course are shown in Fig. 2-3..

Ta6nuua 2

Mokasartenn payopecLeHLmMH I'eAFI—¢0T006HCM6M/\M3aT0pa B 3aBUCUMMOCTU OT BpEMEHU 3KCMO3ULMU MPU pasHbIX GOTOTUNAX KOXMU,

Me (Q25% - Q75%), ycA. eA.
Table 2

Fluorescence of the photosensitizer gel depending on exposure time on different skin phototypes, Me (Q25% - Q75%), arbi-

trary units

Bpems 3Kcno3nuun rens-
doToceHcnbmnusaropa
(MuH) Il poToTnn KOXKN

(n=58)

®OnyopecueHuus ¢poToceHcnb6unusarTopa

1l poToTnn
KoXu (n=14)

ypOBEHb 3HaYMMmocCcTun

pasnuuunii noKasartens
IV-V ¢oToTunbi

KOXM (n=8)

dnyopecueHyun

° (1 ,219’—315 ,38) (1 ,6622,09) (1,1 17{‘:3, 69) H=7,3 (p=0,026)
10 g (105 331) 2.0-919) H=7,2 (p=0,027)
B (1 ,813'—915 ,99) (1,922'_53, 61) (2,026’_62 72) H=6,8 (p=0,032)
20 ( ,515'—6 17 69) ( ,9?3'329,34) (1 ,7?3'9;, 18) H=9,3 (p=0,009)
2 (1,3195117 ,52) (1,716'5518, 98) (1,515’f19 74) H=7,2 (p=0,027)
30 (1,217'312 48) (1,5]5'—61s 69) (1,518'—613 70) H=6,9 (p=0,032)
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Ta6nuua 3

CpaBHUTEAbHAA OLEHKA BAAroMeTpUU 1 anactometpuu B BUpe Me (Q25% - Q75%), yea. ea.

Table 3

Comparative assessment of moisture measurements and elastometry presented as Me (Q25% - Q75%), arbitrary units

lpynnall

MokasaTenu, equHULIbI N3MEpPeHNA
Jo neyeHun

pynna ll
(3popoBble
nnua)

Mocne neuyeHms

Koxxa nuuya
Facial skin
BnaromeTpus (kopHeomeTpus) 32 49 52
Moisture measurement (corneometry) (29-34) (44-53) 0,017 (46-58) 0,011 022
SnactomeTpuA 0,52 0,62 0,65
Elastometry (0,48-0,56) (0,48-0,65) 0,034 159 070) 0,032 0,54
Koxka Kucren pyk
Hands skin
BnaromeTpua (kopHeomeTpus) 28 46 53
Moisture measurement (corneometry) (25-31) (40-51) 0,009 (48-55) 0,012 0,047
SnacTomeTpus 0,38 0,44 0,49
Elastometry (0,32-0,41) (0,40-0,49) 0,029 447 053) 0,027 0,09

Taonuua 4

CpaBHHUTeNbHas OLleHKa NokasaTenel UHTerpanbHoro paktopa penonsipusaumu B suae Me (Q25% - Q75%), ea.

Table 4

Comparative assessment of integral depolarization factor results presented as Me (Q25% - Q75%), units

prnna 1

MokasaTenu, eqUHNLbI N3MEepeHNA

lpynna ll
(3popoBblie)

NOO koxun nuua 0,02
Integral depolarization factor of facial skin (0,01-0,02)
VDL koxu Knucten pyk 0,03
Integral depolarization factor of hands skin (0,01-0,03)

[o neyeHuns Mocne neuenna I

0,05 0,09
002-006) %016 (007100 0001 0,008
0,05 0,08
002-006) %%% (008009 0007 015

MpumeyaHue: P, — pasHMUa MeXay NoKasateNnAaMn [0 N NOCNe NeYeHNA; p, — MeXXAy NoKasatenAamn A0 ne4eHnA n 300poBbiIMU Nlamu; p, —

MeXAy nokKasaTtenAamu nocne nevyeHna n 340poBbiMu NLuamun.

Note: p, - the difference between results before and after treatment; p, - the difference between results before treatment and healthy
respondents; p, - the difference between results after treatment and healthy respondents.

Conclusion

It was found that the highest fluorescence is obtained
by exposure of the gel-photosensitizer based on chlorin
e6 for all skin phototypes for 10-20 min, the peak value of
fluorescence was noted at the 15th minute of exposure.

PDT with an external gel-photosensitizer based on
chlorin e6 in order to correct age-related changes in the
skin of the face and hands leads to a pronounced clinical

effect in 85.7% of patients. Concurrently, the indicators of
moisture measurement and elastometry are objectively
changed. Coherent tomography showed an increase in
the amount of ordered collagen. The deterioration of
the condition and adverse reactions on the skin were
not registered. The data obtained from a clinical study in
42 patients indicate the efficacy of PDT with an external
photosensitizer gel in chronoaging of the skin.
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Puc. 1. KnuHnyeckuit npumep apdekta PAT, nponnntocTpupoBaHHbIit BU3yanusauuen curiana Kn-OKT:
a - ao kypca OAT;
b — yepe3 2 Heg nocne Kypca OAT;
c — yepe3 4 Hep nocne Kypca OAT;
d - yepe3 8 Hep nocne Kypca OAT.
Fig. 1. Clinical example of the PDT effect illustrated by visualization of the cross-polarized-OCT signal:
a — before the PDT course;
b - 2 weeks after the PDT course;
¢ — 4 weeks after PDT course;
d - 8 weeks after the PDT course.

a b a b
Puc. 2. CocTosiHME KOXM NNLa NauUeHTKU 49 neT: Puc. 3. CocTosiHME KOXM Nnua nauueHTKHu 66 net:
a - o kypca OAT; a - po kypca ®AT;
b — yepe3 8 Hea nocne kypca PAT. b — yepe3 8 Hea nocne kKypca PAT.
Fig. 2. The condition of the facial skin of the patient, 49 years old: Fig. 3. The condition of the facial skin of the patient, 66 years old:
a — before the PDT course; a — before the PDT course;
b — 8 weeks after the PDT course. b — 8 weeks after the PDT course.
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