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WYKAZ SKROTOW

TEWL — przeznaskorkowa utrata wody (ang. transepidermal water loss)
SC — warstwa rogowa (tac. stratum corneum)

HMG-CoA - reduktaza 3-hydroksy-3-metyloglutarylokoenzymu A
IL-1a — interleukina 1- o

MMP — metaloproteinazy (ang. matrix metalloproteinases)

PHA — polihydroksykwas (ang. polyhydroxy acid)

AHA - alfahydroksykwas (ang. alphahydroxy acid)

GLA - glukonolakton (ang. gluconolactone)

IUPAC — Migdzynarodowa Unia Chemii Czystej i Stosowanej (ang. International
Union of Pure and Applied Chemistry)

GDL - glukono-delta-lakton (ang. glucono-delta-lactone)

AAB — bakterie kwasu octowego (ang. Acetic Acid Bacteria)
NADPH — dinukleotyd nikotynoamidoadeninowy

PPP — szlak pentozo-fosforanowy (ang. pentose phosphate pathway)
UV — promieniowanie ultrafioletowe (ang. ultraviolet)

INCI — Migdzynarodowe Nazewnictwo Sktadnikow Kosmetycznych (ang. International
Nomenclature for Cosmetic Ingredients)

NaCl — chlorek sodu

VEGF — czynnik wzrostu srodbtonka naczyniowego (ang. vascular endothelial growth
factor)

HBOT - hiperbaryczna terapia tlenowa (ang. hyperbaric oxygen therapy)

HIF-1 — czynnik indukowany hipoksja

COX2 - cyklooksygenaza — 2

FDA — Amerykanska Agencja Zywnosci i Lekoéw (ang. Food and Drug Administration)
FC — fototyp skory wedtug Fitzpatricka (ang. Fitzpatrick skin phototype classification)
MPA — system do pomiaroéw wiasno$ci skory (ang. Multi Probe Adapter Systems)

GAGS - skala klasyfikacji tradziku (ang. Global Acne Grading System)
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1. WSTEP

1.1. Wprowadzenie

Kosmetologia jest interdyscyplinarng dziedzing taczaca w sobie zakres wiedzy
z nauk medycznych, chemicznych i biologicznych. Nastepuje staty rozwoj kosmetologii
pod katem nowych rozwigzan technologicznych, protokotow zabiegowych oraz
stosowanych substancji z =zakresu surowcow kosmetycznych i produktow

biotechnologicznych.

Kosmetolodzy to dzi§ szeroko wykwalifikowani specjaliSci wspotpracujacy miedzy
innymi z lekarzem dermatologiem, lekarzem medycyny estetycznej, farmaceuta,
fizjoterapeuta, dietetykiem i chemikiem. Z tego wzgledu kosmetolodzy mogg prowadzi¢
dziatania na szczeblu wspotpracy diagnostycznej, zabiegowej oraz badawczo-naukowe;j.
W  zakresie dzialan kosmetologa jest rowniez wykorzystanie wiedzy z chemii
kosmetycznej w osrodkach badan aplikacyjnych produktow kosmetycznych oraz firmach
zajmujacych si¢ surowcami i pétproduktami uzywanymi do wytwarzania kosmetykow.
Wobec czego kosmetolodzy =zajmujg si¢ rowniez opiniowaniem kosmetykow,
wspotpracujg z toksykologami i chemikami. Aktualnym nurtem kosmetologii jest
holistyczne podejscie do stanu skory, uwzgledniajace nie tylko zabiegi estetyczne

1 pielegnacje, ale rowniez kondycje psycho-fizyczng organizmu.

Kluczowe znaczenie w utrzymaniu prawidtowego stanu skory stanowi bariera
naskorkowa. W warstwie rogowej (fac. stratum corneum — SC) nastepuje regulacja
przeptywu i retencji wody. Dysfunkcja SC moze prowadzi¢ do rozwoju stanu zapalnego,
co moze by¢ zwigzane m.in. z wnikaniem mikroorganizmow lub patogendéw. Prawidlowa
funkcja skory zwiazana jest miedzy innymi z odpowiednim stopniem jej nawilzenia
I stanem znajdujgcego si¢ na jej powierzchni plaszcza hydrolipidowego, ktorego
zadaniem jest m.in. zmniejszenie gradientu stezenia wody oraz utrzymywanie kwasnego
pH [1, 2]. Gtowne klasy lipidow warstwy rogowej to wolne kwasy tluszczowe, ceramidy
I cholesterol. Endogenne substancje lipidowe warstwy rogowej pochodza z ciatek
Odlanda znajdujacych si¢ w warstwie ziarnistej. Metabolizm lipidow warstwy rogowe;j

kontrolowany jest przez aktywno$¢ szeregu enzymow: B-glukocerebrozydazy,



transferazy seryno-plamitylowej, reduktazy 3-hydroksy-3-metylo-glutarylokoenzymu A
(HMG-CoA) i syntetazy kwasow thuszczowych [2, 3, 4].

Jako$¢ 1 efektywno$¢ dziatania bariery naskorkowej mozna obiektywnie oceni¢ na
podstawie wiasnosci skory takich jak pH, nawilzenie, przeznaskorkowa utrata wody
(Transepidermal Water Loss, TEWL) oraz poziom toju. Znaczenie odgrywa rowniez
mikrobiota skory, przetwarzanie lipidéw, roznicowanie keratynocytow 1 ich zluszczanie

[5, 6, 7, 8].

W celu poprawienia zaburzonych funkcji skory mozna stosowac rézne zabiegi
kosmetologiczne, migdzy innymi mikrodermabrazj¢ tlenowa, mezoterapi¢ mikroigtowa

oraz polihydroksykwasy, co zostato ocenione w niniejszej pracy.

1.2. Glukonolakton

Chemoeksfoliacja to kontrolowane uszkodzenie skory przeprowadzane najczgsciej
przy uzyciu kwasow, co prowadzi do ztuszczania keratynocytow i odnowy naskorkowe;j,
a takze stymulacji przebudowy skory wiasciwej (zaleznej od wihasciwosci 1 mocy
substancji ztuszczajacych). Podczas chemoeksofliacji w skorze zachodzg procesy, ktore

mozna podzieli¢ na 2 etapy:

e Kkataboliczny — dotyczacy gtéwnie biatek — desmosomoéw; proton uwalniany
z kwasu, powoduje rozerwanie wigzan biatkowych, co prowadzi do rozluznienia

1 utraty polaczen miedzykomorkowych, czyli do procesu zluszczania,

e anaboliczny — na skutek draznigcego dziatania protonu, z keratynocytow zostaja
uwalniane cytokiny prozapalne m.in. interleukina 1-a (IL-1a), ktére wpltywaja na
zwigkszenie wydzielania metaloproteinaz (MMP). W dalszej kolejnosci dochodzi
do aktywacji fibroblastow do zwigkszenia produkcji kolagenu i kwasu

hialuronowego [9, 10].

Polihydroksykwasy (ang. polyhydroxy acids - PHA) uwazane s3 za kolejna
generacj¢ alfahydroksykwaséw (ang. alphahydroxy acids - AHA). W ich strukturze
wystepuje grupa karboksylowa oraz wiele grup hydroksylowych. Dzieki potozeniu jednej

z grup —OH w pozycji a — wykazuja podobne dziatanie do kwaséw owocowych, ale



cechuja si¢ stabszym potencjatlem draznigcym, w zwigzku z tym ich zastosowanie nie
wigze si¢ z ryzykiem powiktan. PHA, podobnie jak AHA powoduja rozluznienie
potaczen miedzy komorkami naskorka doprowadzajac do ich delikatnego zluszczania.
Dodatkowo, zwigzki te zapewniajg inne korzysci - miedzy innymi dzialajg jako chelatory
wychwytujace prooksydacyjne jony metali, dlatego sa zaliczane do antyoksydantow.
Dzigki ich polihydroksylowej strukturze, mozna je traktowaé jak humektanty, ktore
przyciagaja i wigza czasteczki wody [9, 11]. Glownymi przedstawicielami
polihydroksykwasow stosowanymi w kosmetologii s3 glukonolakton oraz kwas

laktobionowy.

Charakterystyka i wystepowanie glukonolaktonu. Glukonolakton (INCI:
Gluconolactone, GLA), delta-lakton kwasu glukonowego jest polihydroksykwasem,
utleniong pochodng glukozy, z grupy laktonéw. Substancja ma posta¢ biatego,
krystalicznego, prawie bezwonnego ciata statego, o stodkim smaku. Systematyczna
nazwa substancji (wg. IUPAC) to 3,4,5-trihydroksy-6-(hydroksymetylo)tetrahydro-2H-
piran-2-on (wzor CeH1006), wystepuje rowniez pod nazwg D-glukono-1,5-lakton (GDL).
Masa czasteczkowa zwigzku to 178.14 g/mol, jego temperatura topnienia wynosi 155 °C.
Substancja tatwo rozpuszcza si¢ w wodzie, natomiast jest trudno rozpuszczalna
w etanolu. Czasteczke glukonolaktonu stanowi pierscien tetrahydropiranu podstawiony
bezposrednio trzema grupami hydroksylowymi, jedna grupa ketonowa i jedna grupa
hydroksymetylowa (Ryc. 1). Glukonolakton zostat w pelni scharakteryzowany
strukturalnie za pomoca krystalografii rentgenowskiej [12, 13, 14, 15]. Swiezo
przygotowany 6% roztwor wodny glukonolaktonu ma pH réwne 3,6. Warto$¢ ta z czasem
ulega obnizeniu (do 2,5 w ciggu dwdch godzin), ze wzgledu na postgpujaca hydrolize do
kwasu glukonowego [14].

W naturze glukonolakton mozna spotka¢ w produktach poddawanych procesom
krystalizacji - w miodzie, winie oraz sokach owocowych. Wystepuje rowniez
fizjologicznie w organizmie czlowicka, gdzie komorki w skorze, w wyniku cyklu
przemian, wytwarzaja go z glukozy, a nastepnie przeksztatcajg w ryboze 1 deoksyryboze.

W organizmach ssakéw, PHA - zarowno kwas D-glukonowy, jak i jego 1,5-lakton



stanowig endogenne metabolity lub produkty posrednie metabolizmu we¢glowodanow
w tkankach, np. w szlaku pentozofosforanowym z glukozy podczas biosyntezy rybozy
do kwasu rybonukleinowego. GLA jest rowniez metabolitem mikrobioty jelitowe;.
Oprocz tego, kwas glukonowy jest unikalnym kwasem organicznym, ktory jest
fermentowany przez Lactobacillus i Bifidobacterium oraz moze by¢ stosowany jako
prebiotyk podobny do fruktooligosacharydéw. Dzienna produkcja glukonianu ze zrédet
endogennych wynosi okoto 450 mg/kg dla osoby o wadze 60 kg. Na skale przemystowg
produkowany jest w procesie enzymatycznym i znajduje szerokie zastosowanie jako
dodatek do zywnosci [14, 15, 16, 17].

Ryc. 1. Budowa chemiczna glukonolaktonu

Biosynteza i inne metody otrzymywania glukonolaktonu. GLA otrzymywany jest
naturalnie w procesie fermentacji ziaren kukurydzy, a takze podczas utleniania B-D-
glukozy do D-glukono-o-laktonu i nadtlenku wodoru, m.in. przez bakterie kwasu
octowego (ang. Acetic Acid Bacteria — AAB), co jest katalizowane przez oksydaze

glukozowg przy uzyciu tlenu czgsteczkowego jako akceptora elektronow. GLA jest dalej



hydrolizowany do kwasu glukonowego spontanicznie lub przez enzym hydrolizujacy
lakton (Ryc. 2), podczas gdy nadtlenek wodoru jest rozkltadany na wodg
i tlen przez peroksydaze. Zwigzek mozna roéwniez otrzymaé W procesach
biotechnologicznych podczas dwuetapowej krystalizacji wodnego roztworu kwasu
glukonowego. Pierwszy etap stanowi wytwarzanie Kkrystalicznej zawiesiny
W przesyconym roztworze kwasu glukonowego, utrzymywanym w temperaturze 65-
75°C. Na tym etapie uzyskuje si¢ 3 do 10% materiatu krystalicznego. Nastepnie
prowadzone jest kontrolowane chtodzenie do 40-45°C i dojrzewanie krysztalow w statej
temperaturze. Innym sposobem uzyskiwania GLA z kwasu glukonowego jest
odwodnienie wodnego roztworu kwasu glukonowego, poprzez destylacje azeotropowa
z alkoholami i krystalizacj¢ pozostalej substancji zawierajacej alkohol. Destylacja
azeotropowa polega na rozdziale cieklej mieszaniny wielosktadnikowej z uzyciem
czynnika rozdzielajacego, zmieniajacego lotnos¢ pierwotnych sktadnikow rozdzielanej
mieszaniny [12, 14, 16, 18, 19, 20].

C—O + GOD-FADH,

B -D-glukoza D-glukono-s -lakton
CH,OH CH,OH
H,O
—_—
D-glukono-g -lakton Kwas glukonowy

Ryc. 2. Sciezki przemiany glukonolaktonu.
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Zastosowanie glukonolaktonu w przemysle spozywczym. Glukonolakton jest
dodatkiem do zywnosci (europejski numer dodatku do zywnosci E575), ktory wystepuje
w produktach spozywczych takich jak tofu, jogurt, ser, chleb, wino. GLA nadaje
poczatkowo stodki smak, ktéry podzniej staje si¢ lekko kwasny. W przemysle
spozywczym wykorzystywany jest jako sktadnik proszkéw do pieczenia, zup i soséw
w proszku oraz jest koagulantem biatka sojowego w produkcji tofu. 50% roztwor
wodnyglukonolaktonu zapobiega osadzaniu si¢ ,,kamienia mlekowego” w wyrobach
mleczarskich oraz wykorzystywany jest do tworzenia skrzepu serowego oraz do poprawy
stabilnosci cieplnej mleka. Znalazl takze zastosowanie w produkcji pieczywa oraz jako
srodek aromatyzujacy (np. w herbatach). Glukonolakton jest bardzo dobrym regulatorem
pH, dodatkowo wykorzystywany jest jako konserwant, stabilizator, spulchniacz oraz
utwardzacz zywnosci. Wptywa miedzy innymi na wzmocnienie pikantnego smaku
potraw, zachowanie na dtuzej koloru migsa oraz koagulowanie biatka podczas produkcji
serow [21, 22, 23, 24].

Zastosowanie glukonolaktonu w medycynie. Glukonolakton wykazuje korzystne
dziatanie w leczeniu chor6b uktadu sercowo-naczyniowego. Badania dowodza, ze GLA
zapewnia kardioprotekcje przed uszkodzeniem migsnia sercowego, co zostato wykazane
poprzez zmniejszenie rozmiaru zawatu, spadek uwalniania markerow uszkodzenia serca
i apoptozy. Dodatkowo, GLA ogranicza arytmie serca poprzez wywotanie reperfuzji

i redukcje stresu oksydacyjnego [22].

Dzieki wlasciwosciom nawadniajagcym 1 mozliwo$ci rozpuszczania weglanow
wapnia 1 fosforanéw tréjwapiennych, glukonolakton stosowany jest w urologii, gdzie
stanowi substancje pomocniczg. W zwigzku z powyzszym GLA jest skladnikiem
preparatow usuwajacych kamienie moczowe oraz do irygacji przy problemach z cewka

i pecherzem moczowym [25].
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Zastosowanie glukonolaktonu w kosmetologii. Polihydroksykwasy (kwas
laktobionowy, kwas glukonowy i glukonolakton) moga modulowa¢ funkcje bariery
naskorkowej. PHA ze wzgledu na wickszg od AHA czasteczke wykazujg mniejszy
potencjat draznigcy, a tym samym tagodniejsze zluszczanie. W trakcie aplikacji nie
wyzwalaja typowych odczu¢ zwigzanych z zastosowaniem peelingdéw chemicznych jak
np. klucie, pieczenie i szczypanie. W zwiazku z tym PHA znajduja zastosowanie
w przypadku uszkodzenia bariery naskorkowej, skory wrazliwej, suchej, naczyniowej

oraz u chorych na tradzik rozowaty [26, 27].

Glukonolakton moze by¢ stosowany w potaczeniu z innymi sktadnikami (retinoidy,
kwas azelainowy) lub zabiegami z uzyciem lasera nieablacyjnego, mikronaktuwania,
peelingéw chemicznych lub mikrodermabrazji czy oczyszczania wodorowego [28, 29,
30].

Glukonolakton wykazuje wielokierunkowe dziatanie na skorg. Ze wzgledu na swoja
budowe taczy w sobie wiasciwosci AHA oraz glukozy, z ktorej powstaje. Glukoza moze
efektywnie ograniczy¢ dyfuzje i parowanie wody, tworzac na powierzchni skory
delikatny film. Wielko$¢ czasteczki oraz forma laktonu sprawia, ze wolniej penetruje
przez skorg [28, 29, 30]. Glukonolakton wykazuje wtasciwosci antyoksydacyjne, dzieki
zdolnosci do chelatowania jondw metali, m.in. jonéw miedzi i rteci. Ponadto, GLA moze
utrzymywac¢ rownowage red-oX poprzez zwigkszenie produkcji NADPH, a nastgpnie
wchodzi w szlak glukonianu i p6zniejszej Sciezki pentozowo-fosforanowej (ang. pentose
phosphate pathway, PPP) [28, 31, 32]. Istotne jest, ze glukonolakton nie uwrazliwia skory
na promieniowanie stoneczne, poniewaz wykazuje dziatanie ochronne przed UV, a co za
tym idzie ogranicza elastoze postoneczng. Nalezy zaznaczyé, ze sama absorpcja

promieniowania UV przez GLA jest niska [32, 33].

Woda zawarta w skdrze magazynowana jest na poziomie skory wlasciwej, skad
migruje w stron¢ zewnetrznych warstw naskorka 1 odparowuje na zewnatrz,
a wigc uszkodzona warstwa rogowa bedzie powodowata wzrost utraty wody. Enzymy
hydrolityczne (zalezne od wody) rozktadaja korneodesmosomy, a w warunkach niskiej
wilgotno$ci, enzymy te nie dziataja prawidlowo, poniewaz oslabieniu ulega ich
aktywno$¢. Dochodzi do zmniejszenia nawilzenia i1 nagromadzenia korneocytow.

Poprawe nawilzenia skory uzyskuje sie zatem poprzez zastosowanie substancji
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aktywnych, ktore stymulujg proces ztuszczania oraz odbudowy bariery naskorkowe;.
Dziatanie nawilzajace glukonolaktonu ma zwigzek z obecnoscia w jego czasteczce
czterech grup hydroksylowych, ktore wykazujg wiasciwosci przyciggajace i wigzace
czasteczki wody. Dodatkowo jego hydroliza w roztworach wodnych do kwasu
glukonowego, ktory posiada jeszcze wigksza ilos¢ grup hydroksylowych powoduje
zwigkszenie zdolno$ci do wigzania wody, CO pomaga w utrzymaniu prawidtowego
bilansu nawodnienia skory. GLA tworzy na powierzchni skory delikatny film, dzigki
czemu moze ogranicza¢c TEWL [1, 33, 34, 35, 36].

Woykazano, ze glukonolakton znajduje zastosowanie w pielggnacji skory z objawami
tradziku pospolitego, poniewaz wplywa na modyfikacje keratynizacji, ma witasciwosci
komedolityczne i przeciwzapalne. Wptywa takze na redukcje rozszerzonych ujsé
gruczotoéw tojowych [37, 38, 39]. W potaczeniu z kwasem azelainowym glukonolakton
moze mie¢ zastosowanie przy zmianach obecnych w tradziku r6zowatym. Dziatanie to
wynika ze wzmocnienia funkcji bariery naskorkowej i ograniczenia reaktywnosci naczyn.
Wykazano, ze poprawa nawilzenia po zastosowaniu GLA wptywa znaczaco na redukcje

objawow neurosensorycznych, takich jak §wiad i pieczenie [40].

Wartos¢ pH powierzchni skory ma znaczenie w kontrolowaniu mikrobiomu
i utrzymywaniu homeostazy bariery hydrolipidowej. Wskazuje si¢ rowniez na to,
ze zmiany pH moga wplywa¢ na modyfikacje funkcji  barierowej,
tj. jej przepuszczalnos¢ i wlasciwosci transportowe [42, 43, 44, 45]. Wiasciwa regulacja
pH jest konieczna, aby zapobiega¢ infekcjom i zmniejsza¢ podatnos¢ skory na stan
zapalny i sucho$¢ [41, 43]. Glukonolakton wykazuje duzg aktywno$¢ w obnizeniu pH
skory, zatem poprawia funkcje bariery naskorkowej. Oddziatuje rowniez na enzymy
regulujace zluszczanie (zmniejszona degradacja desmogleiny-1 zalezna od proteaz
serynowych i indukowana ekspresja desmogleiny-3 w dolnej warstwie rogowej),
poprawe wigzania wody oraz przetwarzanie i metabolizm lipidow. Ponadto GLA

ogranicza wzrost patogennej flory skornej [34, 35, 46].

Glukonolakton jest dopuszczony do stosowania w kosmetykach zgodnie z Decyzja
Komisji WE z dnia 9.02.2006 r. zmieniajaca decyzje 96/335/WE, ustanawiajaca wykaz
1 powszechne nazewnictwo sktadnikéw stosowanych w produktach kosmetycznych.

Zawarty jest w preparatach kosmetycznych pod zgodng z INCI nazwa: ,,Gluconolactone’’
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i wedlug wykazu pelni w nich funkcj¢ rozpuszczalnika oraz substancji utrzymujacej
wilgo¢ [47].

Reasumujac, ze wzgledu na swoje whasciwosci, glukonolakton znalazt zastosowanie
w kosmetykach przeznaczonych dla skory suchej, odwodnionej, nadwrazliwej, sktonnej
do alergii, a takze zmienionej chorobowo w przebiegu tradziku pospolitego i rézowatego.
Zalecane st¢zenie w kosmetykach wynosi 5 — 15%, przy optymalnym pH mieszczacym
si¢ miedzy 3 a 4. Jako pierwsza, produkty z GLA opatentowala i wprowadzita na rynek
kosmetyczny amerykanska marka NeoStrata, ktéra w swoich formutach bardzo czgsto
sigga po hydroksykwasy jako substancje aktywnie czynne. GLA jest zalecany
do stosowania po zabiegach dermatologicznych, na przyktad po $rednio glebokich

peelingach chemicznych lub zabiegach laserowych [48, 49].
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1.3. Mikrodermabrazja tlenowa

Mikrodermabrazja (ang. microdermabrasion) to metoda mechanicznego
zhuszczania warstw naskorka, w wyniku czego dochodzi do przyspieszania odnowy
komoérkowej (ang. turnover time). Wykazano réwniez, ze poprzez zhluszczanie
powierzchownych warstw mikrodermabrazja oddzialuje na glgbsze ,,zywe” warstwy
naskorka 1 skore wilasciwg. W wyniku pobudzenia procesow immunologicznych
1 uwalniania r6znych cytokin dochodzi do wzrostu syntezy kolagenu i elastyny w skorze

wlasciwe;.

Uwaza si¢, ze mikrodermabrazja jest metoda nieinwazyjng, bezpieczng i efektywna
w walce z niezapalnymi odmianami tradziku (tragdzik zaskornikowy), zanikowymi
bliznami potradzikowymi, wczesnymi objawami fotostarzenia, drobnymi zmarszczkami,

tojotokiem, rozstgpami i powierzchownymi przebarwieniami.

Mikrodermabrazja moze by¢ stosowana jako samodzielny zabieg lub w potaczeniu
z innymi metodami np. z peelingami chemicznymi czy metodami wprowadzania
substancji  aktywnych. W  wyniku abrazji  keratynocytow zwigksza  si¢

wchtanianie/dostarczanie sktadnikow aktywnych.

Istnieja trzy rodzaje mikrodermabrazji — korundowa, diamentowa oraz oksybrazja

— mikrodermabrazja tlenowa lub wodno-tlenowa [50, 51, 52, 53, 54, 55].
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Charakterystyka zabiegu mikrodermabrazji tlenowej. Mikrodermabrazja
tlenowa czyli inaczej oksybrazja to procedura powierzchownego ztuszczania naskorka,
podczas ktorej dwufazowy strumien sktadajgcy sie z soli fizjologicznej (0,9% roztwor
NaCl) i sprezonego tlenu aplikowany jest na skore za pomocg specjalnej gtowicy/dyszy.
Strumien mieszaniny przeplywa z prgdkoscia ok. 200 m/s, a koncowka zabiegowa jest
powoli przesuwana w odleglosci 0,5 — 1 cm nad okolica zabiegowa. Intensywnosc¢
zhuszczania zalezy od uzytego zastosowanego cisnienia (ktére ustawiane jest
w zaleznosci od rodzaju skory oraz od indywidualnych odczu¢ osoby poddajacej si¢
zabiegowi), ilo$ci powtorzen i szybkosci przesuwania dyszy.

Mikrodermabrazja tlenowa, oprécz wspomnianego dzialania ztluszczajgcego
warstwe rogowa, wykazuje réwniez wplyw na gruczoty lojowe — stabilizuje ich
aktywnos¢ poprzez co zmniejsza tojotok. W wyniku oddziatywania tlenu pod wysokim
hiperbarycznym ci$nieniem, dochodzi do bakteriobdjczego wpltywu na beztlenowe
bakterie Cutibacterium acnes, co jest istotne w tradziku pospolitym. Oksybrazja
wykazuje tez dziatanie nawilzajace i przeciwzapalne [56, 57].

Rozprezanie dwufazowego strumienia powoduje chtodzenie skory. Terapia zimnem,
w pierwszym etapie powoduje zmniejszenie wrazliwosci receptorow  Czucia,
zahamowanie produkcji mediatoréw bodlu i zapalenia, co ogranicza dyskomfort podczas
zhuszczania. Pobudzane sg réwniez receptory zimna w skorze, ktore stymuluja
zakonczenia ukltadu wspotczulnego w $cianach naczyn (zylnych, tetniczych i chtonnych)
doprowadzajac do ich obkurczania. W drugiej fazie nastgpuja zjawiska przeciwne do fazy
pierwszej: dochodzi do lokalnego przekrwienia na skutek poszerzenia naczyn skory,
przyspieszenia procesOw metabolicznych 0raz zmniejszenie napigcia mig¢Sniowego
[57, 58].

Zwigkszone stezenie tlenu w tkankach moze stymulowac szereg tlenowych reakcji
biochemicznych. W dlugofalowym efekcie terapia tlenem wspomaga obkurczanie naczyn
krwionos$nych oraz uwalnianie §rodbtonkowego czynnika wzrostu (VEGF) 1 nastepczy
proces neoangiogenezy. Dodatkowo, zwigkszenie poziomu O2 moze poprawi¢ gojenie si¢
niedotlenionych  tkanek. = Dochodzi  réwniez do  zmniejszenia  obrzeku
[59, 60].

Uwzgledniajac powyzsze mechanizmy dzialania, wskazaniami do zabiegu

mikrodermabrazji tlenowe;j sg [61, 62]:
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e lagodne formy tragdziku pospolitego oraz tragdziku rézowatego,
e nadmierne rogowacenie,

e lojotok,

e skora wymagajaca dotlenienia, tzw. ,,skora palacza”,

e skora sucha i odwodniona,

e skora wrazliwa i naczyniowa,

e skora dojrzala,

e blizny atroficzne.

Kliniczne wykorzystanie tlenu w hiperbarycznej terapii tlenowej (ang. hiperbaric
oxygen therapy — HBOT) rozpoczgto si¢ w latach 60-tych. Terapia HBOT dostarcza
ogolnoustrojowo tlen pod podwyzszonym cisnieniem (2-3 atmosfery) w celu leczenia
roznego rodzaju ran. Amerykanska Agencja Zywnosci i Lekéw (FDA), od lipca 2021
roku, zezwolila na stosowanie komor hiperbarycznych w leczeniu ciezkich i rozlegtych
oparzen, ciezkich infekcji skory i1 kosci, urazow popromiennych, ptatow przeszczepu
skory z ryzykiem obumierania tkanek, oraz niegojacych si¢ ran (takich jak owrzodzenia

stopy cukrzycowej) [63, 64].
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1.4. Mezoterapia mikroiglowa

Mezoterapia mikroiglowa — okre$lana jest rowniez jako mikronakluwanie skory
(ang. microneedling), czyli kontrolowane uszkodzenia skory. Wykorzystanie tej metody
ma na celu ,,ominigcie” bariery naskorkowej i zwigkszenie biodostepnosci substancji
aktywnych w glebszych warstwach naskorka 1 w skorze wlasciwej w wyniku
mechanicznego jej nakluwania za pomocg cienkich igiet [65, 66].

Podstawowym celem zabiegu jest wywotanie optymalnego stanu zapalnego
w skorze, ktory naturalnie stymuluje mechanizmy przebudowy, poniewaz dochodzi do
pobudzenia komoérek do podzialu i wzrostu ich aktywno$ci metabolicznej. Zachodzi
wzrost wytwarzania kolagenu, elastyny, naczyn krwiono$nych i innych elementow
budulcowych skory [66, 67].

Do zabiegow stosuje si¢ igly, ktore nie dajg mozliwosci wprowadzania substancji,
a jedynie gesto nakluwaja skore na odpowiedniej glebokosci. Kanaly utworzone przez
mikronaktucia umozliwiaja optymalng penetracje miejscowo zastosowanych zwigzkow
aktywnych. W wyniku tych niewielkich uszkodzen nastgpuje wzrost wchtaniania
zastosowanych substancji. Niemniej jednak, niezaleznie od gl¢boko$ci uszkodzen zostaje
wzbudzony stan zapalny, ktory trwa do 72 godzin i obejmuje aktywacje cytokin
i czynnikéw wzrostu. Interakcje keratynocyt-fibroblast aktywnie wspieraja tworzenie
lamininy 1 kolagenu typu IV 1 VII na poziomie nienaruszonej btony podstawne;.
W efekcie odpowiedzi na uraz dochodzi rowniez do odktadania si¢ kolagenu III, ktory
nastepnie jest zastgpowany przez kolagen typu I. Rownolegle do fazy zapalenia zachodzi
faza proliferacyjna, a dokladnie reepitelializacja. W efekcie dochodzi do wzrostu
grubos$ci warstwy kolczystej 1 ziarnistej naskorka oraz wydtuzenia sopli naskérkowych.
To namnazanie komorek naskorka trwa okoto 3 tygodnie. W miedzyczasie zachodzi takze
neoangiogeneza, w ktorej rowniez uczestniczg czynniki wzrostu [ 68, 69, 70, 71].

Mezoterapi¢ mikroiglowa wykorzystuje si¢ gltéwnie w celu biorewitalizacji
I przebudowy skory. Do wykonania zabiegu istnieje wiele wskazan m.in. redukcja
1 profilaktyka objawoéw starzenia, redukcja blizn zanikowych, rozszerzonych uj$¢
gruczotéw tojowych czy rozstepéw. Mikronaktuwanie znajduje rowniez zastosowanie
w poprawie stanu skory suchej czy wrazliwej, poniewaz wzmaga procesy regeneracji

naskorka, 0 moze poprawia¢ funkcje bariery naskorkowej [66, 67, 72, 73].
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2. CZESC BADAWCZA

2.1 Zalozenia i cele pracy

Zalozenia pracy:

W pracy postanowiono oceni¢ wpltyw zabiegu mikrodermabrazji tlenowej —
oksybrazji oraz glukonolaktonu w formie peelingu chemicznego na wybrane parametry

skory.

Mezoterapia mikroiglowa, jako powszechnie stosowana technika ulatwiajaca
przenikanie substancji aktywnych, w pracy zostala wykorzystana do celow

porownawczych.

Cele pracy:

1) Ocena aparaturowa wplywu oksybrazji na nawilzenie, poziom toju, pH i TEWL.

2) Poréwnawcza ocena aparaturowa wptywu 10% i 30% glukonolaktonu w formie
peelingu chemicznego na nawilzenie, poziom toju, pH i TEWL.

3) Porownawcza ocena aparaturowa wptywu zabiegu split face obejmujacego
mikrodermabrazj¢ tlenowag 1 aplikacje 10% glukonolaktonu na prawg strone
twarzy oraz mezoterapi¢ mikroigtowa 1 aplikacje 10% glukonolaktonu na lewa

strong twarzy na nawilzenie, poziom toju, pH,i TEWL.
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2.2. Material i metody

2.2.1. Grupa badana

Badaniem obje¢to 64 osoby pici zenskiej w przedziale wiekowym 31 — 70 lat
($rednia wieku to 52,59 lat) o II i III fototypie skory wedhlug skali Fitzpatricka. Osoby

uczestniczgce w badaniu zostaly w sposob losowy podzielone na trzy grupy (Tab. 1).

Badane osoby nie posiadaty przeciwskazan do wykonania zabiegow i hie
poddawaty si¢ innym procedurom kosmetycznym, nie byty rowniez w trakcie zadnych
terapii dermatologicznych. Okoto 12 godzin przed planowanym zabiegiem uczestniczki
byty proszone o zaprzestanie uzywania wszelkich produktow kosmetycznych. Osoby
poddane zabiegom zostaly poinstruowane w zakresie postgpowania i1 pielggnacji

okolozabiegowe;.
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Tab. 1. Charakterystyka badanych grup

Nr Procedura Ilosé
grupy zabiegowa 0s0b
I
Oksybrazja 27

I Peeling z 10%
glukonolaktonem
(lewa strona twarzy)
Peeling z 30% 16
glukonolaktonem
(prawa strona
twarzy)

i Oksybrazja i peeling
z10%
glukonolaktonem
(prawa strona 21
twarzy)
Mikronaktuwanie i
peeling z 10%
glukonolaktonem
(lewa strona twarzy)

Wiek

43-65

31-70

39-62

Srednia

wieku

53,19

53,06

51,48

Badane parametry

nawilzenie
poziom toju
pH
TEWL

nawilzenie
poziom toju
pH
TEWL

nawilzenie
poziom toju
pH
TEWL
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2.2.2. Procedury zabiegowe

Badanie obejmowato trzy grupy zabiegowe:

Wykonanie zabiegu oksybrazji na catg twarz.

Aplikacje glukonolaktonu w dwoch stgzeniach metodg split face (10% o pH = 2,3
na lewg strong twarzy i 30% o pH = 1,5 na prawa strong twarzy).

Wykonanie zabiegu split face — na prawg strong twarzy zabieg tgczony obejmujacy
oksybrazje 1 aplikacje 10% glukonolaktonu o pH = 2.3, a na lewg stron¢ twarzy

zabieg taczony obejmujacy mikronaktuwanie 1 aplikacje 10% glukonolaktonu.

W kazdej grupie, po dokonaniu pomiaréw, przed rozpoczgciem zabiegow
wykonano oczyszczenie skory delikatnym mleczkiem Ultra Sensitive Cleansing Milk
firmy Chantarelle®, nastgpnie zdezynfekowano skoér¢ preparatem Octenisept®

na bazie dichlorowodorku oktenidyny.

Osobom badanym we wszystkich grupach zalecono stosowanie ochrony
przeciwstonecznej 1 unikanie celowej ekspozycji na UV, korzystania z basenu, sauny
oraz ograniczeniu wysitku fizycznego (minimum 2 doby po zabiegu) w czasie

planowanej serii zabiegow.

Kazda z 0s6b badanych wyrazita dobrowolna, $wiadoma, pisemng zgode¢ na udziat
w procedurze badawczej (Zatacznik 7.2.). Projekt badawczy i jego procedury zostaty
pozytywnie zaopiniowane 1 zatwierdzone przez Komisj¢ Bioetyczng Uniwersytetu
Medycznego w todzi o nr RNN/327/19/KE z dnia 10 wrzesnia 2019r.,
RNN/184/19/KE z dnia 12.03.2019 r. oraz RNN/196/22/KE z dnia 11 pazdziernika
2022r.
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Grupa | — Zabieg oksybrazji

U wszystkich 0s6b badanych wykonano pi¢¢ zabiegdw mikrodermabrazji wodno-
tlenowej w dwutygodniowych odstepach. Oksybrazje przeprowadzono za pomocag
urzadzenia Criss Hydroxy®. Zabieg przy uzyciu roztworu soli fizjologicznej (0,9%
NaCl) wykonano pod ci$nieniem 4,5 - 5,5 bar, dostosowujgc parametry do odczué
badanych.

Procedure przeprowadzano zaczynajac od czota, przez policzki, brode, nos i nad
ustami, w dwoch kierunkach (pionowo i poziomo), po trzy przejscia w odlegltosci
0,5 cm od powierzchni skory. Osoby badane przed zabiegiem zostaty poinformowane

0 odczuwalnym zimnie w trakcie trwania procedury zabiegowej.

Grupa Il — Zabieg typu split face — aplikacja 10% glukonolaktonu w formie
peelingu chemicznego na lewg strone twarzy i 30% glukonolaktonu w formie

peelingu chemicznego na prawa strone twarzy

W grupie II przeprowadzono seri¢ trzech zabiegéw wykonywanych co tydzien.
Na oczyszczong 1 zdezynfekowang skore aplikowano peelingi chemiczne
z glukonolaktonem, ktore byly wykonane na zamowienie przez firme
CHANTARELLE® Laboratory Derm Aesthetics.

U wszystkich osob badanych nalozono za pomoca specjalnych pedzelkow trzy
warstwy peelingdbw - 10% roztwor (INCI: Aqua, Glucono-delta-Lactone, pH=2,3)
aplikowano na lewa stron¢ twarzy, a 30% roztwor (INCI: Aqua, Glucono-delta-
Lactone, pH=1,5) na prawg strong twarzy. Preparaty aplikowano w kilkuminutowych
odstgpach (tacznie po 1ml produktu na strong), a nastepnie pozostawiono na skorze
przez 20 minut, po czym usuni¢to ze skory chtodng woda. Zgodnie z zaleceniami

producenta uzyte preparaty nie wymagaty zastosowania neutralizatora.
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Grupa |1l — Zabieg typu split face obejmujacy wykonanie oksybrazji i aplikacji
10% glukonolaktonu w formie peelingu chemicznego na prawg strone twarzy oraz

mikronakluwania i aplikacji tego samego peelingu na lewa strone twarzy

U wszystkich badanych przeprowadzono serig trzech zabiegéw odbywajacych si¢
w 1-tygodniowych odstepach. Po oczyszczeniu i zdezynfekowaniu skory preparatem
Octenisept®, przeprowadzono zabiegi — na prawej stronie twarzy wykonano

mikrodermabrazj¢ tlenowa, a na lewej mezoterapi¢ mikroigtowa.

Oksybrazje przeprowadzono za pomocg urzadzenia Criss Hydroxy®,
w odlegtosci gtowicy od skoéry okoto 0,5 cm, przy ustawieniu cisnienia 4,5-5,5 bara

dostosowujac parametry do odczu¢ badanych.

Do mikronaktuwania wykorzystano urzadzenie Derma N-Skin Pen® Symbiosis
oraz sterylne, jednorazowe kartridze z 18 igltami ze stali chirurgicznej. Wysuw igiet
dostosowywano indywidualnie do okolicy zabiegowej — nie glebiej niz 0,5 mm.
Mikronaktuwanie przeprowadzano do momentu delikatnego zaczerwienienia skory,

bez pojawienia si¢ krwawienia.

Obie procedury wykonywano zaczynajac od czola, poprzez okolice oka, policzki,
brodg, nos i wokot ust, w ptaszezyznie pionowej i poziomej. Wykonano trzy przejscia.

Glukonolakton nie wymaga neutralizacji, preparat zmyto przy uzyciu chtodnej wody.

Nastepnie na catg twarz zaaplikowano 10% roztwor peelingu chemicznego
glukonolaktonu, ktory zostal wykonany na specjalne zamowienie przez firme
CHANTARELLE® Laboratory Derm Aesthetics (INCI: Aqua, Glucono-delta-Lactone,
pH=2,3).
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2.2.3. Ocena aparaturowa

We wszystkich grupach zostaly wykonane pomiary wybranych parametrow skory
przy uzyciu urzadzenia MPA - Multi Probe Adapter Systems (Courage + Khazaka
electronic GmbH, K6ln, Germany): nawilzenie, pH, TEWL i poziom toju; odpowiednio

sondami: Corneometer®, pHmeter®, Tewameter® i kasetg Sebumeter®.

Wszystkich pomiaréw dokonano w tym samym pomieszczeniu, z zachowaniem
statych warunkow temperatury (24-26°C) i wilgotnosci powietrza (33-41%), zawsze
o zblizonej porze dnia, po 15 minutowej aklimatyzacji oséb badanych w pomieszczeniu
pomiarowym. Kazdy z pomiarow wykonywano kilkukrotnie, a nast¢pnie zapisywano

wynik jako $rednig z pomiarow.
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Pomiary wybranych parametrow skory w | grupie badanej (zabieg oksybrazji)
wykonywane byty przed kazdym zabiegiem i po 2 tygodniach od ostatniej procedury.

Wyznaczono trzy miejsca pomiarowe (Ryc. 3.):

1) na czole (okoto 2 cm nad brwig, w linii prostej od $rodka Zrenicy oka),
2) na skrzydetku nosa,
3) na policzku (na wysokosci skrzydetka nosa, w punktach pomiedzy Zrenicg

a zewnetrznym katem oka).

Ryc. 3. Punkty pomiarowe dla I grupy
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Pomiary wybranych parametrow skory w 11 grupie badanej (zabieg typu split
face porownujacy dwa stgzenia peelingu chemicznego z glukonolaktonem) dokonywano
przed kazdym zabiegiem oraz tydzien po ostatnim zabiegu. Wyznaczono cztery punkty

pomiarowe po obu stronach twarzy (Ryc. 4.):

1) na czole (okoto 2 centymetry nad brwig, w linii prostej od $rodka Zrenicy oka),

2) w okolicy oka (okoto 2 centymetry w linii prostej od zewn¢trznego kata oka),

3) na policzku (na wysokosci skrzydetka nosa, w punktach pomig¢dzy Zrenica
a zewnetrznym katem oka);

4) na skrzydetku nosa

30% glukonolakton 10% glukonolakton

Ryc. 4. Punkty pomiarowe dla Il grupy
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Pomiary wybranych parametrow skéry w 111 grupie badanej (zabieg taczony
obejmujacy wykonanie oksybrazji i peelingu chemicznego z glukonolaktonem na prawej
stronie twarzy oraz mezoterapi¢ mikroigtowg i peeling chemiczny z glukonolaktonem na
lewej stronie twarzy) wykonywane byly przed pierwszym i trzecim zabiegiem oraz
2 tygodnie po ostatnim zabiegu. Wyznaczono cztery miejsca pomiarowe po obu stronach

twarzy (Ryc. 5.)

1) na czole (okoto 2 centymetry nad brwig, w linii prostej od $rodka Zrenicy oka),

2) w okolicy oka (okoto 2 centymetry w linii prostej od zewngtrznego kata oka),

3) na policzku (na wysokosci skrzydetka nosa, w punktach pomigdzy Zrenica
a zewnetrznym katem oka),

4) na skrzydetku nosa.

oksybrazja

+10% giukonolakton mikronakluwanie

+ 10% glukonolakton

Ryc. 5. Punkty pomiarowe dla Il grupy
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2.2.3.1. Ocena nawilZenia skory za pomocq sondy korneometrycznej

Corneometer® CM 825 pozwala na ocen¢ stopnia nawilzenia, poprzez pomiar
zawarto$ci wody w warstwie rogowej naskorka. Sonda pozwala okresli¢ posredni pomiar
pojemnosci elektrycznej powierzchownej warstwy rogowej (zasi¢g pomiaru to ok. 10-20
um w glab SC, przy wykorzystywanym pradzie o czestotliwosci 09-1,2 MHz). Czujnik
zbudowany jest z kwadratowej ptytki, na ktérej umieszczone sg elektrody stanowigce
oktadki kondensatora. Mierzony fragment skory jest przewodnikiem dielektrycznym.
Im wiecej wody zawiera warstwa rogowa naskorka, tym szybciej ptynie prad, co jest
rownoznaczne z lepszym nawilzeniem. Wyniki pomiaru pojawiaja si¢ w jednostkach
arbitralnych (0-120) (Ryc. 6.) [74, 75, 76].

Measuring head
frontal view -
interleaved
conductor tracks

scatterfield

Ryc. 6. Corneometer® - schemat mechanizmu dzialania

Zrédto: https://courage-khazaka.de/en/scientific-products/all-products
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2.2.3.2. Ocena poziomu foju za pomocg kasety sebumetrycznej

Sebumeter® SM 815 sluzy do bezposredniego pomiaru poziomu nattuszczenia.
Mechanizm dziatania aparatu oparty jest na punktowej fotometrii. Kaseta wyposazona
jest w matowa tasme, ktéra posiada okreslone wlasciwosci opalescencji. Folia,
po pokryciu warstwg lipidowa, pod wptywem S$wiatla staje si¢ przezroczysta. Wynik
pomiaru to réznica migdzy przezroczystoscig taSmy przed kontaktem ze skorg i po nim,

wyrazona W przedziale 0-350ug toju/cm? (Ryc.7.) [1, 77].

Light Source

Ryc. 7. Sebumeter® — schemat mechanizmu dziatania

Zrodto: https://courage-khazaka.de/en/scientific-products/all-products
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2.2.3.3.  Ocena pH skory za pomocq sondy pehametrycznej

pH-Meter® stuzy do oceny odczynu skory. Pomiar pH jest waznym parametrem
obrazujacym stan ptaszcza hydrolipidowego skoéry. Aparat zbudowany jest ze szklanej
elektrody wypetnionej roztworem buforowym (roztwor srebra/chlorek srebra lub
roztwor rt¢ci/chlorek rteci) oraz elektrody odniesienia, ktora ma kontakt ze skorg 1 jest
wypetniona elektrolitem umozliwiajgcym przenoszenie jondéw ze zwilzonej skory
do roztworu buforowego. Elektrody znajduja si¢ w jednej obudowie. Dzigki obecnosci
diafragmy w elektrodzie odniesienia, jony moga by¢ przenoszone, ale roztwory nie
mieszajg si¢. Po podtaczeniu elektrod do woltomierza mozliwy jest odczyt pomiaru pH.

(Ryc.8.) [61,78].

wires to probe

filling hole

measuring electrode

reference electrode

electrolyte

inner buffer

diaphragm membrane

Ryc. 8. pH-meter® - budowa

Zrodto: https://courage-khazaka.de/en/scientific-products/all-products
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2.2.3.4. Ocena transepidermalnej utraty wody za pomocq sondy

tewametrycznej

Tewameter® sklada si¢ z otwartej komory pomiarowej w ksztatcie walca, w §rodku
ktorej znajdujg si¢ dwie pary czujnikdéw - wilgotnos$ci i temperatury. Sonda pozwala na
posrednig oceng przepuszczalno$ci bariery skdrnej, na podstawie gradientu ci$nienia pary

wodnej nad powierzchnig naskorka.

Warto$¢ TEWL wyrazona jest w jednostkach: gram na metr kwadratowy na godzing
(g/m?/h) (Ryc. 9.) [1,79].

Ryc. 9. Tewameter® - schemat mechanizmu dziatania

Zrédto: https://courage-khazaka.de/en/scientific-products/all-products
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2.3. Wyniki

Szczegotowa analiza, interpretacja oraz dyskusja uzyskanych wynikéw
przeprowadzonych badan zostata ujgta w formie czterech publikacji w czasopismach
z listy JCR.

Spis publikacji bedacych przedmiotem rozprawy doktorskiej:

1. Jarzabek S, Rotsztejn H. Effect of oxybrasion on selected skin parameters.
J. Cosmet. Dermatol. 2021;20:657-663. doi: 10.1111/jocd.13557

70 pkt. IF: 2,189

2. Jarzabek-Perz S, Mucha P, Rotsztejn H. Corneometric evaluation of skin
moisture after application of 10% and 30% gluconolactone. Skin Res Technol
2021 Sep;27(5):925-930. doi: 10.1111/srt.1304

70 pkt. IF: 2,24

3. Jarzabek-Perz S, Dziedzic M, Rotsztejn H, Kotodziejczak A. Evaluation of the
effects of 10% and 30% gluconolactone chemical peel on sebum, pH, and TEWL.
Cosmet Dermatol. 2023;00:1-8. doi:10.1111/jocd.15864
70 pkt. IF: 2,189

4. Jarzabek-Perz S, Dziedzic M, Kotodziejczak A, Rotsztejn H. Split-face
evaluation: Gluconolactone plus oxybrasion versus gluconolactone plus
microneedling. The effects on skin parameters. Skin Res Technol.
2023;29:213353. doi: 10.1111/srt.13353
70 pkt. IF: 2,24
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1 | BACKGROUND

| Helena Rotsziejn MD

Abstract

Background: Oxybrasion is one of the types of microdermabrasion. This method re-
moves a superficial epidermal layer with the use of a stream of 0.9% saline solution
and compressed air.

Aims. The assessment of skin hydration, sebum, pH, TEWL [transepidermal water
loss), and pigmentation using cecybrasion.

Material and methods: The study involved 27 female subjects. Five treatments were
performed every I weeks using the owygen microdermabraszion. Measurements of
the skim parameters were taken before each treatment and 2 weeks after the last
procedure. The measurement points were on the forehead, the cheek, and on the
petal of the nose.

Results: Sebum measurement showed some statistically significant differences be-
tween the sebum level on the cheek and the nose after a series of treatments. A
higher hydration level was found at all measurement points. There were no statisti-
cally significant differences in TEWL parameter. pH measurement showed that the
pH walue decreased after each of the procedures. Most of the pigmentation meas-
urements differed in a statistically significant way.

Conclusion: Results of the study indicate that the oxybrasion treatments increase
the skin hydration and they have a significant influence on the decrease of the skin
hydrelipid coat and pH.

KEYWORDS
micradermabrasion, maisturizing, sebum, skin barrier, transepidermal water loss

and however, it disappears after a relatively short tima.® There are
three types of microdermabrasion—corendum microdermabrasion,

Microdermabrasion (MDA} iz one of the methods of superficial physi-
cal exfoliation of the stratum cornewm. It iz believed that this method
is nonirvasive, safe, and effective.”™ Microdermabrasion iz used for
elimination of acne, acne scars and others, photoaging, seborrhea,
stretch marks, as well as for superficial hyperpigmentation. Owing to
exfoliation, sbsorption of active ingredients contained in cosmetics
increases. ¥ The patient may return to normal [ife immediately after
the procedure which usually results in slight redness of the skin only,

diarmond microdermabrasion using dismond coated heads,*™ and
oxybrasion—ooygen microdermabrasion, which involves the applica-
tion of a stream of saline solution (0.9% MaCl) and compreszed air on
the skin surface. Thiz method invohies a minimal risk of complications
since physiological saline used is neutral to the skin and the whaole pro-
cedure is carried out without amy contact with the skin. Application
of the stream causes skin cooling, which reduces discomfort during
exfoliation and minimizes the risk of bleeding or exudation.**

J Commet Dermatol 2021-20-:657-563.

wileyonline fbrary com/journalfocd

© 2020 Wiley Periodicals, LLC 657
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2 | AIMS

The aim of the stwdy was to evaluste the influence of water-oxygen
microdermabrasion on selected skin parameters such as sebum,
muoisture, TEWL {transepidermal water loss), pH, and pigmentation.

3 | MATERIALS AND METHODS

The study included 27 healthy waomen. The exclusion criteria were
=kin damage, bacterial, viral (including herpes) and fungal infections,
wery thin skin with dilated blood vessels, active acne and retinoid
treatment, peoriasis, susceptibility to hypertrophied scars and ke-
loids, general illness, cancer. The patients were asked not to apply
any cosmetics on their faces at least & hours before each examina-
tion. The aim of the study was to evaluate selected skin parameter:
after oxybrazion. The procedure includead five treatment procedures
every 14 days. Meazurements of skin parameters were made be-
fore each procedurs and 2 weeks after the last one using Courage
& Khozaka 580 Multi Probe Adopter (Courage + Khazoko electronic
GmbH\The analyzed parameters included the following:

® Skin oiliness using the Sebumeter™ SM B15 probe, measured
three times at the same site; next, the mean value was calculated.
The probe i equipped with 3 matte tape, and the maasurement is
bzzad on point photometry. The amount of sebum iz expressed in
gfcm?;

# Hydration of the skin surface was measured with Comeometer™
CM B25. The analyzed point was measured three times for 1 zec-
ond at a pressure of 7.1 Njom®, 20-30 pm deep into the skin;
next, the mean wvalue was calculated. The moisture measure-
ment is closely related to the measurement of the skin's electrical
capacitance:

» TEWL—tranzepidermal water lass from the epidermiz measured

with the Tewameter®™ TM 300 probe. This probe is equipped with

two pairs of sensors [temperature and hurmidity). TEWL value i

expressed in g/m*/h. The device determines the differences in

the denzity gradient between the sensors by recording the differ-
ence in the density of water vapor. At each measurement point

35 measurements were made with the first ten values being re-

jected as the appropriate temperature had to be determined by

the probe;

pH-Meter®™ PH 905 probe was used for pH measurement. The

combination electrode is made of high sensitivity glass electrode

H+ and an additional reference electrode installed inone housing.

Calibration was performed using buffers with pH 4.0 and 7.0. The

measurements were performed three times in the zame site, and

the results were averaged:

Pigmentation was measured using the Mexameter™ MX 18 probe.

The measurement is made using the light absorption phenome-

nion. The probe emits three different wavelengths, and the recep-

tor measures the light reflacted from the skin surface. The amount
of light emitted is determined precizely so that the amount of light

absorbed by the skin can be calculated. The measurements were
taken three times in the zame site, and then, the results were
averaged.

All the measurements were taken in the same room, in constant
temperature [24-26%C) and air hurmidity (33%-41%), shways at similar
time of the day. Three measuremsent points wers determined on the
face:

» 1-0n the forehead,
* 2—0nthe cheek,

# 3—0nthe petal of the noze.

In each person, after the measurements and before the treatment,
the skin was cleaned, toned, and then degreased with Octenisept™.

31 | Oxybrasion

Oxybrasion was performed with the Criss Hydroxy™ device at a
pressure of 4.3-3.53 bar, adjusting the parameters to sensations ex-
perienced by each individual patient. The procedures was performed
starting from the forehead, through the cheeks, chin, nose, and
above the mouth in two directions {vertical and horizontal), after
thres transitions at a distance of 0.5 om from the skin. The test
subjects were instructed on the sensation of cold they could feel,
the requirement of applying sun protection, skin hydration, avoid-
ance of swimming paols, zauna and limitation of physical activity
12 days after the treatment), absolute no tanning. The patients were
recommendead not to changs their current skin care, excluding the
use of substances affecting the examined parameters, for example,
retinal and vitamin C. Each of the respondents was obliged to fol-
low the recommendations, 5 well a3 to resign from other cosmetic
and dermatological procedures far the duration of the study.
The study was approved by the Bioethics Commizzion.

3.2 | Statistical analysis

The study imvolved 27 female subjects aged between 43 and 45 years
inwhom the level of skin greasiness, moisture, pH. pigmentation, and
TEWL on the forehead, cheek, and nose was measured. The meas-
urements were repeated six times, before 2ach of the five treatment
procedures and after the last one. Mext, a statistical analysis of the
obtzined measurements was performed wsing Statistica 13 program.
The azsumed level of significance for the whale analyszis was (035.
First, all the data were examined for basic statisticz—the mean,
standard deviation, maximum, and minimum value, and it was also
checked for normal distribution based on the Shapiro-Wilk test
In the case of studies in which at least one measurement resulted
in obtaining data that had no normal distribution, a nonparamet-
ric test was uzed, and for the remaining parameters, homogeneity
of variance was examined using the Levene test, in none of the
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cases there were grounds for rejection of the hypothesiz of ho-
maogeneity of variance of distributions, and therefore, parametric
tests were used. The parametric tests could be performed for the
following variables:

» Hydration—the chesk
» [Pigmentation—the cheek and nose
* TEWL—the forehead

The parametric test for repeated measurements was applied. In
the next stage, post hoo tests were carried out in order to obtain
answers for which the mean values differed significanthy.

For the remaining variables, nonparametric ANCVA Friedman
tests were carried out for comparizon of distributions. The P val-
ues for sebum (the forehead) and TEWL (the cheek and nose) were
higher tham the significance level. There were no grounds for re-
jection of the hypothesis of egual distribution in the subsequent
measurements. Significant changes in the distribution invohed the
following parameters:

# Sebum—the cheek and nose,
» Hydration—the forehead and nose,
» pH—the forehead, cheek, and nose
» [Pigmentation—the forehead

In order to determine changes in subsequent measurements,

post hoc tests of Conover Inman were conducted.

4 | RESULTS

41 | Sebum
In the caze of sebum of cheek, the mean value before the first meaz-

urement was significantly higher than the average result for all the
other measurements. The obtained results are presented in the
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FIGURE 1 Azzessment of cheek sebum level uzing Sebumeter

dizgram (Figure 1). Alzo, the sebum level on the nose significanthy
decreased (the mean value of measurements before the first session:
G9.3700, but only during the fifth (average: 84.074) and sixth (aver-
age: §3.962) procedure—the distributions for these measurements
differed significantly from the other measurements.

432 | Hydration

The study showed an increase in cheek moisture—for the fifth and
sieth measurements they were significantly higher than for the sec-
ond measurement. The results are prezented in the graph (Figure 2).
The forehead moisture also increased—the mean for the fourth,
fifth, and sixth measurements was significantly higher than for the
first measurement. Moreover, the mean for the sixth measurement
was significantly higher than the mean for the second and third mea-
surements. Similarly, nazal hydration improved statistically and the
average values for the subsequent measurements increased signifi-
cantly. The results are presented in the diagrams (Figures 3 and 4).

43 | TEWL

Far the TEWL variable for the forehead, & parametric test was per-
formed for repeated measurements—the test showed no significant
differences in measurements. For the other TEWL tests [cheek and
nose], it was impossible to perform parametric tests, so for the compar-
ison of distributions, nonparametric tests were performed—for these
indicators, mo statistically significant differences for the examined pa-
rameter were shown either. The results are presented in Table 1

44 | Pigmentation

Az for nose pigrmentation, the average value for each subsequent
measurement was getting lower and lower. The mean value after the
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FIGURE 2 Asseszsment of cheek hydration using Corneometer
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FIGURE 5 Aszzeszment of cheek pigmentation using Mexameter
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FIGURE & pH evaluation of the forehead using pH-meter

TABLE 1 Results of parametric and

Forshead Cheek MNose .

nonparametric tests for TEWL forehead,
Test statistics P Test statistics P Test statistics P cheek, and nose. Significance level 0.03
1.2328 2975 40085 S4BT 2.7843 7332

fowrth treatment significantly decreased as compared to the previous
measurements. In the case of pigrmentation, most of the measurements
differed in & statistically significant way. The mean for the forehead
was significandy higher for the first measurement than the results
obtained for the fourth, fifth, and sixth measurements. The mean for
the second measurement was also significanthy higher than the values
for the third, fourth, fifth, and sixth measurements. The mean for the
sinth measurement was also significantly lower than those recorded
far the third, fourth, and fifth measurements. The intensity of cheek
pigrnentation was examined, but there were no statiztically significant

differences in this parameter (P = 03)—the average did not changs sig-
nificantly. The results are presented in Figure 5.

45 | pH
The breakdowns for the forehead pH differed significantly from
each other—each subzegquent treatment resulted in 3 decrease in

forehead pH. Also, for the cheeks and nose almast all the results dif-
fered in a statistically significant way, the pH of the cheeks and nose
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was reduced after each treatment. The results are presented in the
graphs (Figures §-8).

5 | DISCUSSION

The aim of the study was to evaluate the influence of a series of
water-cxygen microdermabrasion treatment procedures, on skin pa-
rameters such as skin oiliness, hydration, TEWL, pigmentation, and
pH. Awsilable scientific sources describe the changes in the above
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FIGURE 7 pH evaluation of the cheek using pH-meter
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FIGURE 9 3aline solvation process.
Sodium and chloride ions are surrounded
by solvent molecules

parameters resulting from the application of diamond or corundum
micradermabrasion, but there are no such data on oeybraszion.

Inour study, we observed a clear decrease of sebum on the nose
and cheeks of the subjects. However, there was no statistically sig-
nificant change in the ssbum level on the forehead. Davari et a*
conducted a study imwhich they performed a series of six corundum
micradermabrasion sessions every two wesks. The authors showed
that & series of treatment procedures significantly reduced the level
of sebum on the forehead. Also, Tan et aI** observed a decrease in
sebum amount produced after five sessions of corundum micro-
dermabrasion. Kolodziejczak et al*® showed a gradual decrease in
the sebum output level at all the measurement sites [the forehead,
nose, right and left cheek, chin) after a series of six corundwm micro-
dermabrasion sessions combined with cavitation peeling. The study
was conducted in & group of nine women with seborrheic skin.

The same researchers alzo noticed a significant increase in the
skin hydration on the chin and other measured areas, butin this case,
the increase was not significant. In owr study, a significant increase
in hydration was observed for gl the measurement sites, which
may be caused by application of NaCl solution under pressure and
production of an increased amount of H + and OH" ions. The saline
iz solvated, and water molecules are attached to N&* and CI* ions
[Figure 91 Chesk moisturization decreased after the first session,
and however, subsequent treatment procedures brought about a
significant improvement.

Kim et al'® examined skin parameters such as erythema, hydra-
tion, and TEWL on the forehead and cheeks after one diamond micro-
dermabrasion treatment. Twenty-eight participants were includedin
the study, and the measurements were taken before the procedure,
immediately after the microdermabrasion and on three consecutive
days. The authors observed a significant increase in TEWL immedi-
ately after the procedure which remained for 24 howrs. However,
our own research showed that aerobic microdermabrasion did not
significanthy affect TEWL in any of the measured regions. Similar re-
sults for NaCl and corundum microdermabrasion were obtained by
Rajan et al.™™ As compared to the baseline value, a statistically signif-
icant increase in TEWL was obzerved 24 hours after the procedure.
Sewven days after the procedure, the mean TEWL values decreased
to levels below the baseline level for both NaCl and Al O,. There
were no statistically significant differences between the values ob-
tained for the MaCl and ALO, groups at the starting point 24 hours
or 7 days after microdermabrasion.

Very few authors describe the effectiveness of microderm-
sbrasion on pigmentation disorders. Shim et al*® performed a
histological examination in & group of volunteers who underwent
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a series of six microdermabrasion treatments on their forearms.
Fontana-Masson staining showed a lower epidermal melanization
and more regular distribution of melanosomes. Inour study, it was
abserved that in the case of nazal and forehead pigmentation,
mast of the measurements differed in a statistically significant
way. Nose pigmentation decreased after each procedure, probably
due to reduction of open comedones and reduction of the thick-
ness of the homy layer.

The last parameter measured by us was skin pH. The statis-
tical analysis showed a significant decrease in pH at all the mea-
suremnent sites during the study, which may be associated with an
increase in hydrogen ions in the treatment field.*® An acidic pH in-
hibits tyrosinase activity,*® and therefore, it maybe also concluded
that a decrease in the pH during & series of treatments resulted
in a reduction in pigmentation of the above-mentioned treatment
sites. The pH of the skin is between 4.1 and 5.8 It is known
that an increase in the pH is aszociated with an increased suscep-
tibility to infection. Maost pathogenic bacteria develop well when
the pH changes to alkaline.**** In case of a sensitive and dry skin,
an increased pH is often observed.™ Thus, it can be concluded
that treatments reducing the pH of the skin can have a therapeu-
tic effect and prevent dizeases that occur together with bacterial
colonization, such as acne vulgaris, as well as in a case of adry and
sensitive skin.

& | CONMCLUSION

Our rezearch showed that water-oopgen microdermabrasion pro-
cedures had a significant influence on the decrease of the skin hy-
drolipid coat and the increase in the level of hydration. However, no
effect on transepidermal water lozs was found.
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1 | INTRODUCTION

| Paulina Mucha® | Helena Rotsztejn®

Abstract

Background: Dry skin, caused by improper care or genetic conditicns, can affect peo-
ple of all ages. Skim hydration is determined its lipid content, which inhibits water loss
from the epidermis, as well as other substances such as polyhydroxy acids and gluco-
nolactone that can bind water. The aim of this study was to evaluate skin hydration
after the application of 10% and 30% gluconolactone solution in a split face model.
Materials and methods: Sixteen healthy women were gualified for the study. Three
split face treatments were performed, with 10% and 30% gluconolactone soluticn
applied to two sides of the face. Skin moisture was measured before each treatment
and a week after the last treatment at three measurement sites on either side of the
face, that is, on the forehead, around the eye and on the cheek.

Results: Corneometric measurements showed a significant increase in facial skin hy-
dration after gluconolactone treatment. Mo significant differences were observed
between the application of 10% and 30% solution.

Conclusion: Gluconolactone is a moisturizing substance which works well in dry skin

Care.

KEYWORDS
cormeometer, dry skin, gluconolactone, moisturizing, polyhydrosoy acids, TEWL

polyfvwdroxy acids, swch as lactic acid (LAC) and lactobionic acid
[LA), are used in home care cosmetics, at lower concentrations, and

Dy skin very often accompanies other dermatoses. The condi-
tion is caused by a defect in the protective barrier of the skin,
leading to & loss of water from the stratum cormeum. Dry skin is
rough to the touch, reddened and often accompanied by itching
and susceptibility to secondary bacterial infections.** Epidermis
moisturization is typically determined using &8 corneometer: the
electric capacity of the upper layers is measured to a depth of
about 10-20 pm.*

The care of dry skin iz mainly based on the use of emaollients
containing wrea and ceramides.® In addition, both alpha- and

in chemical peslings, in higher concentrations.” An increase in skin
maizture, wrinkle reduction and improved skin elasticity were ob-
served after a 3-month application of & preparation with 12% lactic
acid.® Az PHAs do not sensitize the skin to ultraviclet radiation, they
can be zafely used also in summer and should not cause irritation,
gven in people with sensitive skin.” Many studies have found LA to
have beneficial properties for the skin. The present study evaluated
the potential of gluconolactone, & cyclic ester lactone) derivative of
d-glucanic acid. The aim of the study was to compare the effects of
10% and 30% gluconolactone solution on skin hydration level.

& 2021 John Wilsy & Sons A5, Publiched by John Wiley & Sons Ltd

Skin Rex Technol. 2021:27:925-830.

wileyonlinalibrary. comufounnal =t 915
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2 | MATERIALS AND METHODS

The study imvolved 1dwomenaged 31-70 years with dry zkin. Evaluation
of subjects was carmied out according to arbitrary Corneometer CM 825
units (Courage + Khazaka electronic GmbH) and by a dermatologist.
Thee following exclusion criteria were used: chronic viral, bacterial and
fungal diseazes of the face skin, the uze of other types of moisturizing
facial skin therapy during the study and general iliness. In addition, ap-
proximately 12 hours before the treatment, the participants were asked
to stop using any cosmetic products.

Three treatments were performed atwesekly intervals. Chemical
peeling with gluconelactone solution was applied based on a split
face model: 10% gluconolactone on the left side and 30% on the
right side. Three layers of gluconolactone solution were applied,
the preparation was left on the skin for 20 minutes and then it
was washed of f with cool water. Skin hydration was measured with
a CM 825 Corneometer [Courage + Khazaka electronic GmbH),
according to the EEMCO guidelines for asseszing skin hydration.
The measurements were taken once before each treatment and
again 1 week after the last treatment at three points on each side
aof the face: one on the forehead, one around the eyes and one on
the cheseks. All measurements were taken in the same room with
constant termperature (24-26°C) and &ir humidity (33%-41%) fol-
lowing 15 minutes of acclimatization in the measuring room. All
measuraments were performed five times at each point, and the
mean value was calculated [Figurs 1)

The study followed the principles of the Declaration of Helsinki
and was approved by the Ethics Committee. All participants gave
their informed consent to participate in the study.

3% gluconclacions

21 | Gluconolactone—characteristics

Gluconolactone, 3,4, 5-tribydrony-d-{hydroxymethylloxan-2-one
(farmula C,H, 0 ), is an oxidized glucose lactone derivative, in the
form of a white, crystalline, almost odowrless solid with a sweet
taste. The molecule iz a tetrahydropyrate ring substituted directly
with three hydrozyl groups, one ketone group and one hydrosym-
ethyl group (Figure 2).*"** Freshly prepared 6% aquecus solution
af gluconolactone has pH equal to 3.4, This value decreazes with
time, that is, to 2.5 within 2 hours, due to progressive hydrolysis to
gluconic acid** Gluconolactone is producad physiologically by skin
cells, by converting gluecose into ribose and then demoyribose and
can alzo be found in honey, wine and fruit juices. The pure form is
obtzined by fermentation of com grains or by enzymatic D-glucose
oxidation, using bromine water as an oxidant. In addition, it can
be synthesized using the aerobic acetic acid bacterium Acetobacter
smm:b::

2.2 | Statistical analysis

Statistical analysis was performed using Statistica 13.1 (Statsoft
Poland). The values of the analysed parameters were presented with
the mean, standard geviation (3D}, minimum and maxirmum values.
All continuaus variables were tested for normality using the Shapiro-
Wilk test (P >.01). As all were found to have a normal distribution,
the Student’s ¢ test was used to identify differences between indi-
widual measurements and to compare the results from the two glu-
conolactone preparation concentrations (P« 03

FIGURE 1 Location of the studied
areas, including percentage concentration
of gluconolactone
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Standard
BAnalysis Concentration Brea kean deviation P
K- BAT 10% Forshead 55.6 111 I8
584 21
Eye area 55.B 105 04
a04 ED
cheek 36.5 124 15
4002 128
0% Forshead 525 27 oe
56.6 BE.&
Eys area 577 21 i
58.6 71
Chesk 346 101 02
5.2 111
K-M2 10% Forshead 55.6 111 03
&3.2 105
Eyz area 55.B 10.5 00
643 108
Cheek 36.5 124 00
4568 151
0% Forehead 525 L 02
&6.7 169
Eye ar=a 57T a1 100
&6.6 232
Cheek 345 101 00
483 194
K -M4 10% Forshead 55.6 111 00
&35 71
Eve ar=a 55.B 10.5 o
&30 Bg
Cheek 36.5 124 o0
5000 141
0% Forshead 525 a7 100
61.E B4
Eym ar=a 57.7 a1 o1
4.2 7B
Cheek 345 101 00
451 111

found to improve the functioning of the protective barrier of the
stratum comeum by strengthening, sealing and reducing TEWL.
GLA iz recommended for use after dermztological procedures,
for example after medium-deep chemical and physical peeling,
as well as in the course of such dizeases as atopic dermatitiz and
TDSEEEE.M':W':E

Gluconolactone alse has anti-acne properties and has been
found to have positive effects not only on the number of newly
formed changss but also on the dilated hair follicle mouths.®

Hun and Barnetson conducted a study comparing the action of

TABLE 2 Analysis of the conformity of
mean values for individual measurement
zeries

Significant
difference (P < 05)]
WO

YES

HO

WO

WO

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

gluconolactone with benzoyl peroxide commaonly used in acne
treatment. A lotion containing 14% gluconolactone was found to
be more effective in reducing acne than 5% benzoyl peroxide, a
common acne tregtment, and additionally caused less irritation. In
the study, one group of acne sufferers received a preparation with
5% benzoyl peroxide, while another group applied a lotion with
14% gluconolactone. =

An interesting in vitro study using fibroblast cultures from
the skin of transgenic mice found that GLA protects elastin fibres
from the degradation effects of sunlight One group of fibroblasts
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TABLE 3 Analysiz of the conformity of
mean values between 10% and 30% GLA

for individual measurement series ’

M2 10%-20%

M3 10%-20%

M2 105%-20%

were exposad to UVE radiation in the presence of GLA, and an-
other control growp without GLA. The results suggest that the GLA
was offered 50% more protection against UV radiation compared
to controls. As gluconolactone itself does not strongly absorb UV
radiztion, it is assumed that its protective effects are associated
more with its ability to chelate molecules and its strong antioxidant
effects.®®

The present study was based an the application of 10% glucono-
lactone (GLA) solution on the left side of the face and 30% solution
an the right side. We showed a significant increase in skin hydration
after a series of treatments with GLA solution on the face; how-
ever, no significant differences were observed between the two
applied concentrations. The moisturizing effect of GLA is related
to the presence of four hydroxyl groups, which are able to attract
and bind water molecules. In addition, it ydrolyses te gluconic acid
in aqueous solutions; as thiz molecule has a greater number of hy-
droeeyl groupe, it also demonstrates 3 greater ability to bind water in
the skin. A previous study compared one group using 15% azelanic
acid alone with another using a combination of 4% GLA in the facial
cleanser and 10% GLA (pH 3.5) in a moisturizing face cream; in the
GLA group, the skin tolerated the care better and was better hy-
drated, and the users reported less itching and burning.*”

5 | CONCLUSIONS

Gluconolactone appears to effectively moisturize the skin without
causing irritation. Increasing the concentration from 10% to 30%

Brea

Standard Significant
Mean deviation P difference (P <. 05]
Forshead 58.4 21 as NO
56.8 B.&
Eve ares &60.4 BD ul- MO
58.4 71
Cheek 40.2 139 .50 NO
353 111
Forehead 633 10.8 .25 NO
&8.7 169
Eve ares 643 108 as NO
66.8 Lk
Cheek 458 151 3B NO
453 174
Forehead 463.5 71 27 NO
&1.8 g4
Eve area &30 B2 53 MO
64.2 TE
Cheek 500 141 01 YES
451 111

does not increase the moisturizing effect, similarly to lactobionic
acid.?
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Split-face evaluation: Gluconolactone plus oxybrasion versus
gluconolactone plus microneedling. The effects on skin
parameters

Sylwialarzabek-Perz© | MartaDziedzic | AnnaKolodziejczak | HelenaRotsztejn

Diepartment of Cosmetology and Aesthetic
Dier matolagy, Faculty of Pharmacy, Medical Abstract

Uriversityaflad:. Ladz Patand Badkground: The application of pohy hydrosy 2cids and alpha-hydrosy acids to the skin

Comespondence is often used in cosmetology. To enhance theeffed of gluconolactone chemical peeling,
Syhwia far zybck Perz, Department of hined method induding wate brasi iconeedle mesoth
Commetology and A thetic Dermatoiogy. a combined me induding water-moy gen oaxy brasion or microneedle mesotherapy
Fasulty of Pharmacy, Medical University of can be used.

Ladz, Muszyfiskiego 1.90-151 Ladz Fatnd Objectives: To evaluate skin parameters such as hydration, sebum, pH and TEWL after

Ermail syheia jarmbelofstd umed bodepl
application of a 10% gluconolactone chemical peel in combination with ooy brasion and

microneedling.

Materials and methods: Twenty-one Caucasian women participated in the study. A
series of three split face treatments was carried out at 1-week intervals. Oxybrasion
was performed on the right side of the face and mico-needle mesotherapy on the left
side. A 10% g luconolactone solution was applied to the entire face. Before the first and
third treatments and 2 wee ks after the last treatment, s kin parameters were evaluated.
Photog raphic documentation was also made before and after the treatment series.
Results and conclusion: Evaluation of skin parameters using Courage & Khazaka 580
Multi Probe Adapter probes (Courage + Khazaka electronic GmbH, Cologne, Ger-
many) showed an indease in hydration and a decrease in sebum, pH and TEWL
for both treatments. There were no statistically significant differences between
the treatments. Combining chemical peeling of gluconolactone with moybrasion and
microneed ke mesotherapy is a good method to seal the hydrolipid barrier and inrease

skin hydration.
KEYWORDS
guconclactone, hydration, micredemmabrasion, microneedling oxybrasion, pH, sebum, skin
parameters, TEWL
1 | INTRODUCTION rier. Evaluation of skin parameters provides the basis for selecting
approp ate treatments and testing their effectivensss 1
Skin parameters like ydration, transepidermal water loss (TEWLL Combination treatments have been performed more and more fre-
pH, and sebwm levels llustrate the funcioning of the epidennal bar-  Quently in coametology to increase their effects and achieve better

This is an apen acess arficle under the terms of fhe Creative Commons Attribu tion- MonCommerndal- Mo Deries. Licsnse, which permits use and distribution in amy
medium, provided the original waork is properly dited, the use i non-commencial and no modifications or ad aptations are made.
0 2023 The Authar 5. Shin Researh and Technobgy pu blish ed by John'Wiley & Sons Ltd.

Shein Bes Technol. 200 %2 %=1 3353, wilbeyion linelibrary com four nalsrt 1ofi2
httpcfdoiong/ 101 11 1=t 13353
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results. One of suchtreatments i the combd nati onof mechanical esdfo-
liation with microdermalbrasion and the application of chemical peets
on the skin® * Many researchers describe the effect of conundum or
il amond i crodenn abr asion and al pha hydnosy acds and pobyhydrosoy
acks, such as lactablonle ackd ™ An interesting combination seems
to be the wse of another bype of microdermabras on—oxybrasion and
chesniical peeling of gluconslactone These treatments ane noninvashoe,
they are alsotime effective, safe and suit sble for all types of skin ™%

Owybrasion is also known a5 aoygen o water-oxygen microder-
mabrasion. It & & procedure for superfidal edfoliation of the epd-
dermis, during which a biphasic stream composed of Natrum Chie-
ratum [¥% MaCl) and compressed ocoypen & applied to the skin
wsing a special head Owybrasion hes a mobstorizing effect, stabi-
lizes sebaceows glands, and stimulates and increases blood o roulat on
resulting in better nubrition and oxypenation of Hsuves Controlled
exfoliation of the superficial layers of the epidennis facilitates the
penetration of active substances. Due to the we of sodium chio-
ride solution and pure oxygen from the odinder, the destruction
af the anserobic emdronment ocowrs and thus the elimination of
anserobic Cutibacteriem acnes bacteria. As a result, tssue regener-
ation & accelerated and skin inflammation & reduced. Water-oouygen
microdermabrasdon is also characterized by high hyglene since the
head does not directly touch the patient’s skin. The efficacy of the
treatment depends on the pressure sdected amd the number of
repetitions 578

Glsconol actone [GLA) & a relathrely new cosmetic ingredient that
combines the properties of glucose (reduces diffusion and evap-
oration of water from the epidermis) and alphahydrosy ackds®
It is also similar to polyhydrosy ackds: it does not casse i
tation, rednes or buming Gleconolactone increases skin hydra-
thon, has antacne socothing and antaging properties; it protects
elastin fibers from the degrading effects of ultraviclet radiation
GLA forms a delicate film on the surface of the skin, thus reduc-
img TEWL, so it i used as a regenerative substance after invasive

procedures 31013
In e tion to mic rodenn abr asion, another way to inorease the pen-
atration of acthve substances is undoubibedly mion ik ity

apy. Mechanical punchuring of the skin with thin needles intermapts
its ooyt i by, creating channels to introdwce desired substances, such
as vitamin C, retinoids, platelet-rich gdasma or chemical peels 1417
Micro-neadle mesotherapy can be performed with dermarollers and
dermapen. The demmapen punchures the skin with pulsatile, suto-
matic movement of the needles directed perpendicu arly to the skin
surface Depending on the area treated. it i possble to sdect the
appropriate depth (0.25-2 5mim) and the ejection speed ¥ A depth
setting of 0.15mim results in acoumul stion of the active ingredient in
the stratum cormewm, while = litte = 05 mm allows transdenmal
penatration 1415

The purpose of this work was to eamine skdn parameters such
a3 vydration, sebum, TEWL, and pH before, during and after a series
of spit-face treatments using odovbrasion phes gluconclactone and
microneedling plus gluconolactone. and to compare the effectivenes
af the two procedunes.

2 | MATERIALS AND METHODS

21 | Participants
The shudy induded 21 Cavcasian female subjects aged 3% to &2
vears, with skin dassified as phototype 1 and Il on the Fitzpatrick
scale Contraindications to the procedune wene active herpes, bacterial,
viral, fungal diseases of the facial skin, pregnancy, lactation, psoria-
shs, retinodd therapy and up to sx months and after completion, oral
and topical antibiotic therapy that cawses skin thinning and irrtation,
freshly tanmed skin, susceptibility to hypertrophic scars and belolds,
generally poor health condit on

The subjects surveyed had no contraindications to the treatments.
They were asked to refrain from other cosmetic and dermatological
procedures for the duration of the study. Approstimately & h before
scheduled treatment. subjects were asked to stop using any cosmetic
products. The study participant s were instructed about the procedune
and peroperative care

2.2 | Evaluation of skin parameters

The study evaheated skin parameters such as hydration, sebuwm, pH, and
TEWL. The measurement sites onboth sides of the face were forehead,
chesks, nose jdue to the high sensithvity of the tewameter probe this
jparameter wasnot measuned on the nosa) and the eye area (Figere 1).

The skin parameterswere measuned before the first and third treat-
ments and two weeks after the last treatment [sx weeks after the first
treatment] Assesments were carfed ot acoording to the EEMCD
gl dedines. All measwrements were taken in the same room, with con-
stant temperature (24-267C) and humidity (33%-41%], always at
simmilar times of the day, after a 15 min acclimatization. E ach measwne-
ment was taken three Hmes at the same site and then the average
wis drawn. The evaluations wene made using the Courage & Khaz-
aka SE0Multl Probe Adapter probes (Courage + Kharaka electronic

FIGURE 1
treatments

Loscation of the studied aness inchding performed
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FIGURE 2 Assesament of the (&) forehead. [B] cheek. (C) nose (0} eye area hydrati on using Comeometer Skin par ameterswerne measuned
before the first (L LR1) and fowrth (L 2R 2) treatments and 2 weeks after the last treatment (L3R3). L - |eft side [microneedling ples 10%

ghleconclactone], R - right side (oobrasion phes 10% plue ond actone).

GinbH, Cologne Germany): Comeometer CM B25 (mesures stra-
tum cornewm ydration), Sebumeter SM 815 (measwres the amount
of sebum secreted), pH-Meter PH 205 (memures pH), Tewameter
T 300 (measures TEWL or transepidermal water loss from the
epidermis).

23 | Photographic documentation

Before starting the series of treat ments and two weels after the last

procedure, the shsdy subjects wene photographedusing the Fotomedi-
cussystem (Elfal.

24 | Procedures

All participants undervent a seres of three treatments applied at
one-week intervals. After deansing the fadal skin and disinfecting
with Dctentsept, the treatments were performed using the split-face
et hosd: ootypen microdennabrasion was performed on the right sde
of the face and micro-needle mesotherapy on the left dde Then
a 10% gheconolactone chemical pedl solution (INCE Agua glecose
deltalactone, pH = 2.3, product manufactured by CHANTARELLE
Laboratory Demm Aesthetics] was applied to the entire face. The

ocoybradon was performed wsing & Crss Hydroty device, with the
head placed apprasdmately 0.5 om from the skin at a pressure sef-
timg of 4.5-55 bar, depending on the skin and the treatment area.
For mi croneedling, the Derma N-5kin Pen Symblosks device disposabile
sterile cartridges with 18 surgical steel needies were used Both pro-
cedures were performed starting from the forehead, through the aye
area cheeks, chin nose, and around the mowth, in vertical and hor-
irontal planes. Since owybrasion &5 a gentle procedure, three pases
with the head were performed. Gluconolactone does not reguire ned-
tralization; therefore, the product was washed off with lukewarm
wiater

The stisdy wes camied out sccording to the principles of the Dec-
laration of Helsinki and was approved by the Ethics Committee. All
jparticipant s gave thalrinfommed consent to particl pate in the stedy and

by jpustlish plhvortosgr aphic dosowm ent ati on.

25 | Statistical analysis

The |IBM SPSS Statistics 27 program was used for statistical anabysis.
A valee of 005 wasused a5 thelewel of significance. The Shapiro-wWilk
test was chosen to test whether the data were nomally distributed.
A groupof nonparametic tests for dependent variableswas chosan to
analyze differencesin data di st but lons batween prowps: the Wilcoxon
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FIGURE 3 Assessment of the (A) forehead, [B) cheek,[C) nose, (D eye areasebun using Sebumeter. Sin parameters were measured before
the first (LLR 1) and fourth (L2 R2) treatments and 2 weaks after the last treatment (L3 R3) L - left side (microneedling plus 10% gluconolactons),

R - right side (osybrasonple 10% gleconolactone) .

rank sum test and the Friedman analysis of vardance. The Bonfernond

test was chosen as the post hoc test.
3 | RESULTS
31 | Hydration

The Corneameter test on the left side showed that there was asignif-
icant difference in motsture levels for all the meassrement stes For
the forehead, nose. and chesk, the mod sture level for the first measure
ment was s gnifi cant by lower than for the second and third ones_ Inthe
case of the eye area, in partioular, the motsture level for the first mea-
surement was the lowest while there were no significant differences
betweanthe second andthind measserements.

For the right sde where the chemical peel of gluconolactone with
aarybrasion treatment was perfommed, the ydration level for the fore-
Ihead, nose andeye aneavwas shown to increase wi theac b treatment and
was highest durd ngthe third measurement. Forthe cheek, no signific ant
differences were observed between the first and second messure
ments; only during the third measurement was 5 significant increase
in epidermal kydration. The results are presented in the diagrams
(Figuwre 2)_

32 | Sebum

Statistical analysis of the sebumeter mezsurements showed that the
sebwamn secretion level on the left side for the forehead, eve area and
mose wis bowest for the thind messurement that &, after the treatment
series was completed Also on the cheel a sipnificant difference was
s by i the thind measurement. and the result was significanthy
lowier than before the baginning of the treatment series.

On the right side, sebum levels on the forehead, nose, and eye
area were significantly lower for the third mesurament Mo statis-
tically significant differences were observed between the first and
second mesurements. On the chesk. the sebum levels for the first
measurement were sipnificantly higher than for the second and third
measurements [Figure 3).

33 | pH

Statistical anahysis showed significant differences in pH values for all
measurament sites on both sides of the face. The obtained resuts are
presented in the diagrams [Figure 4).On both the left and rght sideson
thve forehead. nose cheek and eye area pH levels decreased with each
‘treatment.
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FIGURE 4 Assesament of the () forehead, [B) cheek [Cl nose, (D) eye area pH using pH-Meater. Skin parameters were measurad befone the
first (L1.R1) and fourth (L2 R2) treatments and 2 weeks after the last treatment (L3R 3)_L —left side {microneedling phus 10% gleconolactone), R -

right side (oonybrzsion plus 10% @ uoonalae bone)
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FIGURE S Assessmentof the () forehead, (B cheek, [C) nose, (D) eye area transepidermal water lossTEWL) using Tewameter Skin
parameters were measuned bafore the first (L1R1) and fourth (L2 R2) treatments and 2 weeks after thelast treatment (L3 R3). L - left side

(il croneediing plus 10% gleconolactone], R - rght side foeybrasion plus 10% gluconolactone].
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TABLE 1 Statistical analysis of the studied parameters according to the site before, during. and twoweeks after the series of micro-neadie

mesotherapy treatrments with 105 g luconala chone.

Forehead

Hase

Chesk

Eiye area

Chesk

[Eye area

Forehead

Chesk

Eiye area

Chesk

Eye area

|

B R e R R W R R @ R R W R R R e R e [ R R [ R R @ R R R R @ R R R R R R e

Meanvalue Median

5043
5719
&1.92
2608
3.0

EEEEEEEERREEREEE

BB
k&

B
i

HHH
&

BeEREEGEEEERE &

A.00

il
17.90

EREBESEREapEEEEEEEE B

£

10,548
8391
8.342

11.61%

10281

11.772

13,369

12 594

11.387

11.392

11.5%7

11.455

36289
299

ESREBEGERS
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19460
4601
4550
1120
1420

1080

BEESEYSEESEEERE

T200
TROD
8150
4950
5500
&510

T200
7153
SP00
T30

ESES e EREERESR

Friedman’s variance
aralysis

Statistis p-Wahie
35,735 <0
169 <0
66T <0
798 <0
25.904 <0001
26,144 <000
7429 <000
7519 <O
T4 <0
.04 <0
7.524 <0
A.095 <O
A.095 <O
MME <O
25,880 <O
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TABLE 2 Statistical analysis of the studied parameters scoonding to the site before_ during. and bwowesls after the series of axy brasion

treatment s with 10% guconalactone.

Forehead

Hase

Chesk

Eiye area

Chesk

Eye area

Forehead

Chesk

Eiye area

Chesk

Eye area

MR R W R R @ R R R R K R R W R R R R R R R R R R R R R R R R R R R R

5013
5478

TA5T
&7.10

5481

7181

75

SEGSEEREERES

SEEREES

10,021
P20
B335

11441

103446

1323

12.41%
457

11.152

10,10

1178

12753

274591
&2.770
57946
BT

ST
1172
114
8485
& 144

§9E8G63 8

O

Min
3230

110
1440
14650
T
28450
3170

2500
2701

958
1700

T

BEEEBEERS

1050

il

5855

1100

SEEREEESEENEE

(]

HEEHEEESREERER

Frizdman’s variance
analysis

Statistic p-Walie
3,904 <0
3,381 <0
1.143 <0
42000 <0
20519 <000
W.A7 <000
M.133 <000
29.301 <000
24747 <0
33298 <0
26,000 <0
W.667 <0001
86T <000
20,502 <000
W05 <000
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FIGURE 6 Forty-twoyearsold female
probant before (A} and 2 weeks after (B) the
treatmeant series

FIGURE 7 Forty-twoyearsold female
probant before and 2 weeks after 10%
gluconolactone with microneedling (A and B)
and before and after 10% gluconolactone with
axybrasion {C and D).
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FIGURE 8 Thirty-nine years dd female probant before (A) and 2weeks after (B) the treat ment series

34 | TEWL

For the parameter of transepidermal water loss with microneedling
treatments combined with gluconolactone, significant differences

3.6 | Photo documentation

In phatos taken with the Fotomedicus system (ENo) {Figures 6-9) under
the same lighting condi tions, the improvement of the skinconditioncan

were observed onthe forehead cheek andeye area At the af
tioned mexswrement sites. the TEWL level for the first measurement
was agnificantly higher than that for the second and third measure-
ments There were no statistically significant differences between the
second and third measurements on the forehead. The results are
presented in the graphs {Figure 5)

The TEWL level for the right side of the forehead and the eye area
did not change during the first two measurements, while a significant
decrease in this parametér was found for the third measurement, that
i, after the end of the treatment series. For the cheek the decreasein
TEWL was significantly noticeable at the second measurement. and the
leved was also maintained at the |ast measurement.

3.5 | Comparision of treatments

After the treatment series, between the stes there were no sta-
tistically significant differences in measurements for most of the
parameters and almost all the measurement sites_ [t vas observed that
there was asignificant difference between the right and left sides of
TEWL for the eye The decreases in the TEWL values for the left side
were dpnificantly greater than the decreases in TEWL values for the
right side Statistical analysis of the studied parameters according to
the site before, during and after the series of treatments is shown in
Tables1and 2.

be ifested as the following:

1 reductionof inflamm atory changes
2. unificationof kintextwre.
3. reductionof acne lesions
4. reductionof fine wrinkles.

4 | DISCUSSION

In the availatie publications, there are no studies on the use of chem-
ical peeling of gluconolactone in combination therapies with axygen
microdermabrasion or skin micropuncture Several authors describe
abr asionwith lac-
tabionic acid, lactic acid and their mixtures, as well as chamical peels
with microneedle mesatherapy ** The properties of each of these
treatments individually are alsowell-known.

In owr study, measurements with the Corneometer CM 825 prabe,
Courage {Courage + Khazaka dectronic GmbH, Caagne. Germany)
showed a ggnificant increase inskin hydration folowing application of
both techniques: gluconolactone in combination with axybrasion and
with superficial microneedling of the skin with the Derma Skin Pen.
Previous in-house studies of water-oxygen microdermabrasion * and
3 series of treatments using two concentrations of gluconolactone ¥
also reported an increase in hydration of the superficial layers of the

thee bination of di 4 or shaminkam microd:
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FIGURE 9 Thirty-nine years dldfemale probantbefore and 2 weeks after 10% gluconolact one with microneeding (A and B) and before and

after 10% gluconolactone with axybrasion {C and D).

skin Gluconolactone hasthe property of “attracting " water malecules,
which is due to the presence of s many as four hydroxyl groups in its
structure: this substance acts a¢ a humectant. Furthermore, glucono-
lactone i comverted to gluconic acid during the hydrolysis reaction.
increasing therefare the number of hydraxyl groups and its ability to
bind towater. 571

Aseries of original treatments that combined gluconolactone with
oxybrasion and skin microneedling resulted in 3 decrexse in sebum
levels at all measurement sites, which may be related to the strengthy
ening of the epidermal barrier by gh lact It also reduced

inflammatary lesions and contribut ed to the alleviation of acne ksions.
Gluconolactone strengt hens the epidermal barrier, reduces inflamma-
tory lesions and produces antiacne effects Hunt et al. showed that
a lotion with 14% glucond actone compared to 5% benzoyl peroxide
{commonly used to treat acne) shows greater efficacy and does not
cause imitation 17223 Both microneedie mesatherapy and hydrogen
peroxide microdenmabrasion pramote the penetration of the active
ingredient. Additionally, during the oxylrasion treatment. an oxy-
gen environment i produced on the epidermal surface, which can
contribute toa decreasein C acnes that is, amerobicbacteria 57243
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In & previous self-study, statistical analysis showed that eoy-
gen microdermabrasion alene did not significantly afect the TEWL
parameter® In the current study. 3 sgnificantly statistical decreassin
transepidermal water lo8s was observed after the completion of the
treatment series compared to measurements taken before the first
treatment an both the microdemabrasion and micronsedling sides.
Owybrasion can enhance the properties of the active ingredient. Glu
cond sctone may contribute to reducing TEWL It i important to note
that glucomlactone it produced fram glucose, which forms a deli-
cate film on the surface of the skin, sealing the hydrolipid barrier
and preventing the evaporation ofwater from the epidermig, 02524
Berardesca of al condueted a study in which participants apglied four
fermula tions containing 5% ghyoolic acid_ £% tartaric acid 8% glucono-
lactone, and B3 lackic acid, regpactivaly, to the dkin for four wesks,
wics daily. In the fourth week_ 5% SLS wasamplied to the studied areas
undera &-h acclusion. The study evaluated the effect of hydray acids
on the skin barrier and showed that the sites where glucond actons
woas agplied had thelowest TEWL vahes T Skin microneedling also has
an effect on the TEWL parameter Robati et al showed that dermapen
treatment was effective inreducing transepidermal water loss 8

In the pH amsesment in our study a significant decrease in this
parameter was observed during and after the study. In this case, both
treatments were also found to contribute to kwering of the pH of
the skin, while no statistically sgnificant differences were identified
et weenthe use of glueanolact ane in com b na tion with cxy brasion and
micro-neede mesotherayy. Reseanchers emphaize that in the treat-
men of inflammatory dermaloss il i sgential to craale an scidic
emvironment on the skin surface ®

Phedegraphic decumnentalion comparing skin condilion beers and
alter treatments showed 3 significant improvement in skin texture,
smoothing and brightening. This may be related toimproved hydration
and strengthening of the hydroligid bar der.

5 | COMCLUSIONS

Combination treatments bated on a seris of procedures with 10%
guonclactons and axybrasion of the same pesd with micro-needle
mesntherapy showed:

1 nermalization of the lipid ecatof the skin
2 reductionsd bransepdenmal water los,

3 leweringef pH

4. increase in hydrationof the stratum comeum

Both treatments show high efficacy; however, no significant differ-
ences wene observed betwesn the techniques
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1 | BACKGROUND

The skin provides a barrier to potentially harmful external factors,
with a particular focus on protection ageinst water loss and infec-
tion. The quality of the barrier can be assessed using objective in-
strumentzl measurements that determine skin parameters such as
transepidermal water loss [TEWL], pH, hydration, and sebum level.

| Marta Dziedzic MSc | Helena Rotsztejn MD |

Abstract

Background: Gluconolactone (GLA) exhibits antioxidant and moisturizing effects. It
also presents soothing effects, protects elastin fibers from UV-induced degradation,
and improves the function of the skin barrier.

Aims: Evaluation of skin parameters such as pH, transepidermal water loss (TEWL),
sebum levels before, during, and after a series of applications of 10% and 30% GLA
chemical peel in a split-face model.

Materials and Methods: The study involved 15 female subjects. Three split-face pro-
cedures were performed using two concentrations of GLA solution applied on two
sides of the face. The skin parameters were measured before treatments and 7 days
after the last procedure &t four measurement sites on either side of the face, that is,
on the forehead, around the eye, on the cheek. and on the nose wing.

Results: Measurement of sebum demonstrated some statistically significant changes
between sebum levels in the cheeks after a series of treatments. The pH measure-
ment showed that the pH value was reduced after each treatment at all measurement
points. The level of TEWL after treatments was significantly lower around the eyes,
on the left forehead, and on the right cheek. There were no significant differences
between the use of different concentrations of the GLA solution.

Conclusions: The results of the study show that GLA has a significant influence on
lowrering skin pH and TEWL. GLA also has seboregulatory properties.

KEYWORDS
gluconolactone, pH, polyhydraxy acids, sebum, TEWL

Barrier disorders are influenced by the use of chemicals, irritants, ex-
cessive degreasing (which can sffect the increase in TEWL), as well
as internal factors, allergies, hormonal disorders, dietary deficien-
cies, and dermatological diseases.’

Polbyhydraxy acids (PHAs) belong to organic carbooylic acids. In
a PHA molecule, two or more hydroxyl groups are sttached to car-
bon atoms of an alicyclic or aliphatic chain. Acidity iz ensured by the
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presence of a carboxyl group because the hydrowyl groups in the
PHA molecule are neutral.®
(GLA),  3.4.5-trihydrosey-6-(hydrooymethy ()
ooan-2-one (C,H, 0.1, is an oxidized glucose lactone derivative.
The molecule is & tetrahydropyrate ring substituted directly with
one ketone group, three hydroxyl groups, and one hydrocymethyl
group (Figure 1) In natwre, GLA can be found in honey, tofu, cheess,
wing, bread, fruit juices, among others, as a food additive with the
European number ES75.* GLA and other PHAS can be formed as in-
ternal metabolites or intermediates of carbohydrate metabolism in
tissues, for example, from glucose in the pentose phosphate path-
way in the process of nucleic acid biosynthesis from ribose.®

Alpha hrydrowy acids (AHAs) and PHAS can medulate the function
of the skin barrier. PHAz are becoming increazingly popular because,
compared to AHAS, they are less prone to irritation during application.,
zo they can be an alternative for sensitive skinz, such as those with
rosacea or atopy. GLA exhibits antimadant and moisturizing effects. It
protects elastin fibers from UV-induced degradation, but due to the
poor absorption of radiation by the compound itself, thiz action is at-
tributed to its chelating abilities and antioxidant potential.*®

The purpose of this study is to assess the effect of GLA in the
form of a 10% and 30% chemical peel on selected skin parameters
such &z pH, sebum, and TEWL.

Gluconolactone

2 | MATERIALS AND METHODS

21 | Materials

The study imolved 16 healthy fermnale subjects. All participants
were instructed not to change their daily care for the duration of
the study. Additionally, approcdmately 12h before each examination,
they were asked not to apply any cosmetic products. The subjects
had no contraindications to the treatments. They were asked to re-
frain from other cozmetic and dermatological treatments of the fa-
cial skin during the study.

22 | Methods

Three procedures were carried out at weekly intervals. GLA solution
was applied based on a split-face modsal: 30% chemical peel (INCI:

OH

OH

FIGURE 1 Chemical structure of gluconolactone.

Agqua, gluconodelta-lactone, pH=1.3) on the right side and 10%
INCI: Aqua, glucose delta-lactone, pH=2.3) on the left zide of the
face. Three layers of GLA chemical pesling were applied at intervals
of several minutes (the total treatment time was 20min} and then
washed with water.

2.3 | Evaluation of efficacy

Skin parameters were measured at weekly intervals using the
probes (Sebumetsrd SM 815, pH-Mater® PH 905, Tewameter®
T4 300) of the Courage & Khazaka 530 Multi Probe Adapter device
[Courags + Khazaka electronic GmbH). Meazurements were taken
before each treatment and 7days after the lact procedure. The
measurement points on both sides of the face were the following:

1. on the forehead (about 2 cm above the eyebrow, in a straight
line from the center of the pupil of the ay=)

2. around the eye (about 2 cmin a straight line from the outer corner
of the eye),

3. on the chesk (st the level of the wing of the nose, at points be-
tween the pupil and the outer angle of the eyel,

4. in the nose wing (due to the high sensitivity of the tewameter
probe, thiz parameter was not measured on the nose).

The evaluation: were carried out according to the EEMCO
guidelines. All measurements were carried out with a 15-min preex-
amination acclimatization in the measurement room, with constant
temperaturs (24-26%C) and humidity [33%-41%).

The study was approved by the Ethicz Committes and followed
the principles of the Declaration of Helzinki. All respondents gawe
their informed consent to participate in the study.

24 | Statistical analysis

Statistical analysis was performed wusing the IBM 5PS5 Statistics 28
program. A value of 0.05 was used as the level of significance. The
Shapiro-Wilk test was chosen to test whether the data were nor-
mally distributed. To examine changes in data distributions between
groups, a group of nonparametric tests for the dependent variables
was chosen (due to the lack of normal distribution in most sub-
groupst: the Wilcomeon Rank-5um test for two groups and Friedman
analysis of variance for the number of groups greater than 2 (the
Bonferroni test was chosen as the post hoc test).

3 | RESULTS

The results of the tests were used to evaluate the effect of GLA inthe
form of a chemical peel on the following skin parameters: sebum level,
TEWL. and pH. Rezults were considered induding the percentage con-
centration and the location of the measurement. Statistical anahysis
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shawed significant changes in measurements before, during, and after
the treatment series [10% GLA—left side [L], 30% GLA—right side [R]:

» pH:
+ forehead (L—p<0.001, R—p=0.001),
& gye area [L—p<0.001, R—p=0.001L
# cheek [l—p=0.030, R—p=0.004),
# nose (both sides p< 0.001).

= TEWL

+ |eft forehead (p=0.028),

* right cheek [p<0.001),

* gye area on both sides of the face [L—p=0.020, R—p=0.024).

Seburnc

# cheeks (both sides—p=0.013).

31 | pH

The results on the forehead, for the first pH measurement on both
sides of the face, were shown 2 be significantly higher than for the
third (left side p=00024, right side p=0.003) and fourth (p<0.001
right and left sidez), and for the second measurement the results
were much higher than for the fourth measurement (left side
p=0.001, right side p=0.017).

For the eye area on the left side, thers was a significant decrease
in pH at meazurement 3 (p=0.020) and 4 (p< 0,001} compared to the
first meazurement. The pH also decreased on the right side of the face
inthe eye area, but a significant difference compared to the first mea-
surement was observed only after the treatment series was complets.
The results for the fourth measurement were much lower than those
for the first {p< 0.001), second (p=0.004), and third (p=0.047).

Cin the lefrchesk, the results for the first measurement were sig-
nificantly higher than for the third (p=10.047) and fourth (p= 0,005
On the right side, the results for the fourth measurement were
significantly lower than for the first (p=0.001) and the second
{p=0u00%)

On both the left and right sides of the nose, pH showed a de-
creasing trend in the third (left side p«< 0L00L; right side p=00002)
and fourth measurements (p-< QU001 for bath sides).

Dietailed results for pH measurements are presented in Figure 2.

32 | TEWL

The level of TEWL for the left forehead was much lower dur-
ing the fourth measuremant than during the other measurements
(p=0.00%). The results obtzined are shown in the diagram (Figure 3).

A decrease in TEWL was also shown for the right cheek. The
results for the fourth measurement were significantly lower than for
the first (p=0003), second (p=00001), and third (p<0.001) mea-
surements [Figure 4|

Statistical analysis of the TEWL parameter for the eye area
on both sides of the face showed significant differences in

measurements with a decreasing trend. For the left side, the results
for the fourth measurement were much lower than for the second
(p=0.004) and third {p=0.020}, while on the right side, the results
for the fourth measurement were significantly lower than for the
first (p=0.003), second (p=0.001}, and third (p<0.001). The results
are prasanted in graphs (Figure 3.

3.3 | Sebum

Statistical analysis for the skin oiliness level parameter showed sig-
nificant differences at one measurement site on both sides of the
face. For both the left and right chesks, the results for the fourth
measurement were significantly lower than for the first measure-
ment (left side p=0.004, right side p=0.003] (Figurs 4).

4 | COMPARISON OF 10% AND 30%
GLUCOMOLACTONE

Statistical anabysiz revealed that there were no significant differ
ences among the measurements 1 and 4 for all parameters studied
and at all measurement sites (Table 1)

5 | DISCUSSION

GLA (D-gluconic acid-delta-lactone (C_H, O )l is a chelating and skin
conditioner agent. Phyziologically, GLA participates in a number of
Enzymatic reactions.

PHAs can be azzumed to be the next generation of AHAs. PHAS
include lactobionic acid and GLA, which have larger molecules than
AHAz, sllowing weaker skin penetration and nonirritating exfoli-
ation. PHAs also contain anticddant and humectant properties;
furthermore, they improve the barrier functions of the stratum
corneum. Therefore, PHAS provide skin-smoothing benefits with-
out sencory irrtating side effects like stinging and burmning® PHAS
can be used for acne, sensitive skin, rosacea, atopic dermatitis, after
cosmetic procedures, or &5 an aesthetic treatment with therapeutic
value. For example, GLA can be used in combination with, for exam-
ple, retinoids, azelaic acid, or procedures such s non-ablative laser,
micronesdling, chemical peels, or microdermabrasion, hydragen pu-
rification to enhance the therapeutic effect, or provide additional
benefits to therapy.™**

Hydrolytic jwater-dependent) enzymes break down corneodes-
mosomes in the skin, and in conditions of low skin moisture, these
enzymes do not work properly and their activity decreases. There
is & decrease in the hydration and accumulation of stratum cor-
neum cormeocytes. Therefore, an improvement in skin hydration
is achieved through the use of active substances that stimulate the
exfoliztion process and the formation of the skin barrier. GLA shows
& beneficial effect on the skin as it has TEWL-reducing properties
and is very well tolerated. GLA includes several hydroxide groups
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FIGURE 2 Evaluation of the pH of the locations examined for 10% gluconolactone (GLA) chemical peel (A4,C.E G} and 30% GLA chemical
peel (B,0,F,G). * means extreme values, ® means outliers.
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{-OH) that form hydrogen bonds with water. Thus, molecules of
water are retained around GLA™ Berardesca et al. investigsted the
effects of the application of alpha and PHAs, including GLA, on the
function of the skin barrier, which is reflected in TEWL measure-
ments. among others. Application for $weeks of the respective for-
mulation: resulted in lower TEWL values compared to the control
sample. Furthermore, after 5L5 provocation, a significant increase

FIGURE 3 TEWL assessment of the forehead for 10%
gluconolactone. * means extreme values, ° means outliers.

& B o§ g

FIGURE 4 TEWL aszessment of the cheek for 20%
gluconolactone. ® means extreme values, ° means outliers.

() Eye area

in TEWL levels was obtained in all groups; however, the subgroups
treated with GLA and tartaric acid had a lower increase than the oth-
ers, indicating that regular uze of a GLA formulation can reduce the
sensitivity of the skin barrier to irritant damage.* In our study, the
decrease in the TEWL measurement values was statistically signifi-
cant in the eye area, the forehead (left side), and for the right cheek.
It should be noted that & decrease in TEWL values was observed
for all measurement points (for the right and left sides). Thus, even
& monstatistical but homogeneous decreasing trend may indicate
TEWL-reducing properties for GLA regardless of the concentration
as well. As is well-known, chronic dry skin increases susceptibility
to adverse effects of physical (temperature, UV radiation, wind, and
micratraumal, chemical (detergents and water), or bickegical (micro-
organisme) factors. We have shown a decrease in the TEWL values,
50 We can point to & strengthening of the epidermal barrier and thus
protective properties against UV, In addition, GLA has antioxidant
properties. Bermstein et al. in an in vitro transgenic model of cutane-
ous photoaging, showed that GLA provided some UV ray protection.
It waz found that its protective effect may be due to its ability to
function &= & chelating agent (and its ability to eliminate free rad-
icalzl.” Furthermore, compared to glycalic acid [GA)L GLA did mot
show & sun-sensitizing effect in the sunburn cell model.® The lower
effect of the irritant compared to GA is believed to be due to its mo-
lecular size (GLA molecular weight 178, where GA is 76,2

Kuwano et &l carried owt measurements of skin properties,
that is, TEWL was evaluated using Tewameter TM300 and, in ad-
dition, =kin hydration was measwred using a Cormeometer CMB25.
Wolunteers were randomly assigned to the placebo group or the
gluceno-5-lactone (GOL) group (2000 mg Day 1). Subjects took GDL
orally for émonths. Mo significant treatrent effect on skin hydra-
tion was found. However, dietary GDL increased ceramides and
free fatty acids in stratum comeum by 27.9% and 26.4%, respec-
tively, compared to baseline. GLA significantly increased the values
of the cutometrical parameters of the elasticity and visooelasticity.
Therefore, dietary GOL could improve skin barrier function, elastic-
ity, and viscoelasticity. Comparing the results of our own study with
those above on the use of oral GLA, we can conclude that topical
GLA has a moistunizing effect on the most superficial layers of the
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FIGURE 5 Evaluation of TEWL for the eye area: (A) left zide and [B) right side. * means extreme values, " means outliers.
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Evaluation of the sebum level of the cheeks using a Sebumeter for the left side (A) and the right side [BL

TAEBLE 1 Comparative analysis for 10% and 30% gleconolactone (GLA) incleding measurement locations.

Measurement Concentration of GLA& Mean valus
Forehead 1-4 10% .43
0% 029
Ey= area 1-4 10% 048
30% 0.50
Chask 1-4 10% 036
0% 0.37
Mose 1-4 10% 049
0% 053

zkin (reducing TEWL) and oral GLA has a stronger effecton strength-
ening the layers of the dermis by improving the viscoelasticity of the
=kin by improving the guality of the interstitial fluid throughout the
fibrous network.**

In zkin care processes, it should also be borne in mind that the
acidic pH of the skin"s mantle affects the proper course of physio-
logical processes, such as lipid barrier formation and stratum cor-
neum homeostasis [pH-dependent enzyme work, exfoliztion, and
antimicrobial defenzel. Proper pH regulation iz necessary to prevent
infections and reduce the susceptibility of the skin to inflammation.
Additionally, it is important to maintain skin smoothness. Assthetic
treatments with a pH greater than 7 can weaken the skin barrier. The
elderly in particular should benefit from treatments with a pH be-
tween 4 and 7, as older skin is slower to recover from alkaline dam-
age. In our study, we used GLA as a chemical peel with pH=2.3 and
1.5.In an objective measurable sebumometric analysis, we showed
that GLA affects the decrease in sebum measurement values regard-
lezs of concentration. Thas, it can be assumed that GLA exhibits se-
boregulatory values.

PHAs are capable of improving the function of the epidermal
barrier throwgh their actions on desquamation-regulating enzymes
and lipid processing. GLA improves lipid metabolizm, promotes
water-molecule binding (reduction of TEWL), inhibit: comeosome
breakdown, and alzo acts in acidifying the pH of the epidermis,

Wilcoxon rank test

Median sD Min Fllax Seatistics p-Value
0.4 0396 -070 1.00 -0.629 0.530
0.20 D464 =010 1.50

0.45 0.541 -070 1.50 -0.2B0 0.77%9
0.5 0.501 -030 1.60

0.30 0583 -080 1.40 0575 0.5465
0.45 0.659 -110 1.60

0.35 0405 -003 1.56 1.320 0.1E7
0456 0255 010 114

which limits the growth of pathogenic skin flora. Puigdemont et al.
examined the efficacy of topical treatment with GLA of ichthyosis in
dogs. The extent and size of the scales were statistically significant
[p<0.001) by 60% and 75% after 14 and 30days of treatment, re-
spectively. Furthermore, biopsies showed improvement in stratum
corneum morphology. ™

In 1992, GLA was indicated to be used in the treatment of acne
&z agents that madify keratinization alse dus to comedolytic prop-
erties and anti-inflammatory activity. This study shows that GLA is
& useful treatment for acne and alzo that it does not show a sig-
nificant irritating effect.® Due to this effect, gluconlactone was
used in the study that evaluated the efficacy in acne vulgaris of
adapalena monatherapy wersus a combination of GLA, GA, salicylic
gcid, licochalcone, and 0.1% adapalene. This combined cosmeceuti-
cal product showed some benefits in reducing acne complications.
Maisturizing products (such as GLA) have alzo been indicated o be
used in conjunction with drugs such as adapalens *?

In @ study by Draelos et al. GLA a5 an adjunct to azelaic acid
therapy [15% gel) in rozacea resulted in a better therapeutic effect
and fewer side effects in the form of burning or pinching. The PHA
products used in the study were a cleansing product with 4% pH3.3
GLA and a moisturizing cream with 10% pH3.5 GLA. Statistically
significant effectiveness in terms of severity of erythema far the
GLA-containing skin care regimen. It is assumed that GLA reduced
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the permeability of the stratum comeum and, therefore reduced
the vascular reactivity of the skin. Therefore, an effect of GLA on
blood wessels is indicated. Furthermore, a statistically significant
decrease in the incidence of skin dryness was observed after the
use of GLA cosmetics, and better tolerance was reported to itch-
ing and stinging. The rationale for the good tolerability of GLA also
appears to be related to its high molecular weight.*® In gur study,
we measured the change in skin pH using a pH meter. The results
indicate a decrease in pH after GLA treatments. Increazing the pH
of the normally acidic skin surface has adverse effects on stratum
corneum cohesion, thus on skin barrier homeastasis. The applied
treatments may have had a bensficial effect on strengthening epi-
dermal defense function, which clearly coincides with the results
of a decrease in TEWL. Therefore, our assumptions are in line with
the purpose of the study and the resultz obtained in the study by
Hachem et al. in which they showsed that acute acidification of 5C
uzing PHA improves lipid processing and inhibits corneodesmo-
zome degradation. The authors also showed the lack of toxicity of
polyhydroxyl acid applications on mouse skin, showing an effect
limited to the superficial layers of the epidermis. Furthermore, a
reduction in pH does not produce hyperplasia, inflammation, or
changes in lipid synthesis, and PHA does not affect the underlying
nucleated cell layers.”” The mechanism of GLA may be associated
with inhibiting mediators of inflammation in the skin (IL-1a-induced
PGE2) and decreasing corneocyte cohesion.®

Im our previous study, we showed that GLA increased epidermal
hydration regardless of concentration.” while in the current study we
observed decreases in TEWL, which may also have a positive effect
on hydration. Furthermare, Algiert-Zielircka. assessed the compar-
ative level of hydration after the application of 10% and 30% lacto-
bionic acid.*® Similarly to the own ressarch on GLA, there wers no
significant differences in the moisturizing effect betwean 10% of the
lactobionic acid concentration and 30% concentration. Therefore,
it can be assumed that both LA and GLA have a moisturizing effect
regardless of the concentration. Both acids are also substances that
facilitate cornecdesmozomal degradation. They have a multidirec-
tional beneficial effect on the skin.

Collagen fibrillation is pH dependent and GLA is known az an
acidifier. Jayamani et al. investigated the property of GLA on col-
lagen. They demonstrated the antifibrotic properties of GLA and
suggest that it may have a potential role in the development of the
treatment of fibrosis dissases by.*” In the study, Lee et al. showed
that GLA reduces the exprezsion of MMP in vivo under hyposia. It
might help to synthesize Type V collagen. They imply that oxygen
concentration plays a key role in collagen biosynthesis. Therefore,
GLA could affect the structure of the dermis.™

& | COMCLUSIONS

GLA has been shown to have multiple zkin benefits, making it an
ideal ingredient for use in cosmetic, cosmetologic, and dermatologic
procedures.
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2.4. Dyskusja

Barier¢ naskorkowa mozna oceni¢ za pomocg $ciSle okreslonych i zaleznych
od siebie wlasnosci skory takich jak pH, nawilzenie, przeznaskorkowa utrata wody oraz
poziom toju. Oceny wyzej wymienionych parametrow po zastosowaniu glukonolaktonu
oraz mikrodermabrazji tlenowej dokonano na podstawie wynikow pomiardéw uzyskanych
za pomoca urzadzenia MPA - The Multi Probe Adapter Systems (Courage + Khazaka
electronic GmbH, Koln, Germany): Corneometer® CM 825, Sebumeter® SM 815, pH-
meter®, Tewameter®. MPA to system szeroko wykorzystywany w celach badawczych,
€0 mozna zaobserwowa¢ w Wwielu publikacjach naukowych. Dla przyktadu, Heinrich
przeprowadzil badania oceniajagce zmiany nawilzenia skory bardzo suchej, suchej
i normalnej po aplikacji réznego rodzaju emulsji. Pomiary byly wykonywane
za pomocg korneometru u 348 badanych [74]. Algiert-Zielinska i wsp. oceniali zaleznosci
pomiedzy plaszczem lipidowym, transepidermalng utrata wody a pH skoéry u 50 oséb,
przy uzyciu sebumetru, pH-metru oraz tewametru [1]. Khosrowpour i wsp.
przeprowadzili badanie z udziatem 60 osob, majace na celu porownanie potencjalnego
dziatania draznigcego na skore czterech rodzajow mydet oraz ich wptywu na funkcje
bariery naskorkowej i parametry biofizyczne. Badacze oceniali parametry skory
za pomoca meksametru, frictometru, pH-metru oraz tewametru [80]. Seo i wsp.
przeprowadzili obiektywna klasyfikacje typow skory. 434 uczestnikow badania zostato
ocenionych za pomocg o$miu urzadzen (Tewameter®, pH-meter®, Corneometer®,
Sebumeter®, Cutometer®, Spectrophotometer®, PRIMOS® lite, and Janus®) [81].

Mikrodermabrazja diamentowa, korundowa i oksybrazja to metody kontrolowanego,
mechanicznego zluszczania naskorka, ktore od wielu lat sg przeprowadzane
w gabinetach dermatologicznych i kosmetyki profesjonalnej. Skuteczno$¢ dziatania
mikrodermabrazji korundowej i diamentowej potwierdzona jest w piSmiennictwie
naukowym, ale w niewielu badaniach wykorzystano system obiektywizacji wynikow
przy pomocy MPA. Jeszcze mniej prac nawigzuje do zastosowania mikrodermabrazji

wodno-tlenowej.

Na podstawie przeprowadzonej serii zabiegéw, badania wlasne wykazaty,
ze oksybrazja w sposob istotny statystycznie przyczynia si¢ do wzrostu nawilzenia skory

wszystkich miejsc pomiarowych, na co wptyw moze mie¢ aplikacja roztworu wodnego
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NaCl pod cisnieniem i wytwarzanie zwigkszonej ilosci jonow H+ i OH-. Podczas
rozpuszczania roztworu soli fizjologicznej, czasteczki Sa przylaczane do jonow
Na+ i Cl-. Oksybrazja w sposob statystycznie istotny przyczynita si¢ tez do spadku
poziomu toju, na co moze mie¢ wptyw regulacja pracy gruczotow tojowych. Analiza
statystyczna wykazata takze spadek pH najpewniej zwigzany ze wzrostem jonow
wodorowych w polu zabiegowym. Nie wykazano wplywu na parametr TEWL w Zadne;j
z mierzonych okolic - pomiedzy zabiegami widoczne byly roznice w pomiarach, ale nie
byly one istotne statystycznie. W zwigzku z tym zabieg oksybrazji, poprzez
wielokierunkowy wptyw na poprawe wartosci parametréw skory, moze by¢ oceniony

jako procedura skuteczna w przypadku roznych defektow skory i wybranych dermatoz.

Chilicka i wsp. wykazali, ze zabieg oksybrazji w przypadku tradziku pospolitego
spowodowal znaczne zmniejszenie liczby wykwitow skornych (skala GAGS), wzrost
nawilzenia oraz poprawg wygladu skory. Ponadto odnotowano spadek toju w miejscach
pomiarowych. Autorzy podkreslaja, ze 0,9% roztwor chlorku sodu powoduje ztuszczanie
martwego naskorka, a czysty tlen zmniejsza wykwity skorne, prawdopodobnie

ze wzgledu na spadek ilosci bakterii C. acnes [56].

Badania wlasne wykazaly, ze GLA jest substancja silnie nawilzajaca skore —
dziatanie nawilzajace ma zwigzek z obecnoScia W  jego  czasteczce
czterech grup hydroksylowych, wykazujacych wlasciwosci przyciagajace 1 wigzace
czasteczki wody. Dodatkowo jego hydroliza w roztworach wodnych do kwasu
glukonowego, ktory posiada jeszcze wigksza ilo$¢ grup hydroksylowych powoduje
zwigkszenie zdolnosci do wigzania wody, Wplywa roéwniez na zmniejszenie
przeznaskorkowej utraty wody. Glukonolakton, ze wzgledu na swoja budowe wykazuje
wlasciwo$ci podobne do dziatania glukozy, z ktorej powstaje — efektywnie ogranicza
dyfuzje i parowanie wody, tworzac na powierzchni skory delikatny film. Wyniki badan
wilasnych wykazaty rowniez, ze GLA moze przywraca¢ kwasne pH, a takze normalizuje
wydzielanie toju. Ocena poroéwnawcza skutecznosci 10% 1 30% glukonolaktonu
nie wykazata znaczacych roznic. Oba stezenia zastosowanych preparatow daty istotng
statystycznie poprawe badanych parametrow. Zmiany pH  mogly wptyna¢ na
wlasciwosci  warstwy rogowej, zwlaszcza na modyfikacje funkcji barierowej

(przepuszczalnos$ci) oraz na jej wlasciwosci transportowe.
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Ponadto, GLA posiada wlasciwosci antyoksydacyjne — Bernstein i wsp. [32]
w badaniu in vitro na transgenicznym modelu fotostarzenia skory dowiedli, ze GLA
zapewnia pewng ochrone przed UV. Autorzy stwierdzili, ze wlasciwos¢ ta moze wynikaé
ze zdolno$ci do zmiatania wolnych rodnikéw. Wobec tego glukonolakton moze byé
stosowany w przypadku skory suchej, odwodnionej oraz z uszkodzong barierg
hydrolipidowa. Moze by¢ tez wartosciowym skladnikiem w kosmetykach

przeciwstarzeniowych.

Badania wlasne wykazaly znaczng skuteczno§¢ potaczenia glukonolaktonu
w formie peelingu chemicznego zar6wno z mikrodermabrazja tlenowa jak i z mezoterapia
mikroigtowa. Uzyskano poprawe nawilzenia, obnizenia pH skory, istotny spadek TEWL
oraz znaczgce zmniejszenie wydzielania toju. W przypadku zastosowania zabiegow
oksybrazji i GLA, jako samodzielnych procedur, nie odnotowano istotnie statystycznego
wplywu na TEWL i poziom toju. W ocenie badan wiasnych z zastosowaniem procedur
taczonych wykazano wigksza obiektywng i mierzalng skuteczno$é zabiegowa. Zabieg
mikrodermabrazji tlenowej zwigkszat skuteczno$¢ peelingu chemicznego poprzez
wczesniejsze powierzchowne ztuszczenie warstwy rogowej, ulatwiajagc tym samym
penetracje  glukonolaktonu.  Pofaczenie tych  procedur mozna  stosowaé
w przypadku skoéry z zaburzong réwnowagg hydrolipidowa naskérka 1 wynikajacymi
z tego konsekwencjami w postaci nadmiernej suchosci, Uczucia $ciggnigcia, pieczenia,
a takze pojawienia si¢ zmian tradzikowych. Uzyskane efekty moga by¢ zwigzane
ze wzmocnieniem bariery naskorkowej przez glukonolakton oraz redukcja zmian
0 charakterze zapalnym. Dodatkowo podczas zabiegu oksybrazji na powierzchni
naskdrka wytwarzane jest sSrodowisko tlenowe, co moze przyczyniac si¢ do spadku ilosci

C. acnes.

Hunt i wsp. wskazali, ze glukonolakton moze by¢ stosowany w leczeniu tradziku
pospolitego  jako $rodek modyfikujacy keratynizacj¢ dzigki wtasciwosciom
komedolitycznymi aktywnosci przeciwzapalnej. GLA nie powoduje podraznienia skory,
dlatego jest stosowany jako sktadnik preparatow zawierajacych migdzy innymi kwas
salicylowy lub kwas azelainowy [38]. Algiert i wsp. [27] przeprowadzili badanie metoda
split face — na jedng strong twarzy zaaplikowano 20% kwas laktobionowy, a na drugiej
aplikacje tego samego peelingu poprzedzono ztuszczaniem naskérka za pomoca

mikrodermabrazji korundowej. Badacze wykazali, ze mikrodermabrazja korundowa
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zwigksza dzialanie nawilzajace 1 poprawia elastycznos¢ skory w pordwnaniu
z monoterapig kwasem laktobionowym. Zmniejszenie TEWL nastapito po obu stronach
twarzy, z tym, ze w przypadku metody taczonej spadek ten byt mniejszy niz w przypadku

samego peelingu chemicznego.
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2.5.

Whnioski

Z przeprowadzonych badan wynikaja nastepujace wnioski:

1)

2)

3)

4)

Seria zabiegdbw mikrodermabrazji tlenowej istotnie wptywala na poprawe
nawilzenia, przywrocenie kwasnego pH skory oraz normalizacje wydzielania

toju.

Seria zabiegow z uzyciem glukonolaktonu w formie peelingu chemicznego
wigzata si¢ z poprawg nawilzenia, ograniczeniem TEWL i obnizeniem pH.

Zabiegi nie mialy istotnego wplywu na poziom toju warstwy rogowe;.

Nie wykazano statystycznie istotnych roznic migdzy zastosowaniem 10% i 30%
glukonolaktonem. W przypadku obu badanych stezen wykazano istotng
poprawe nawilzenia, spadek pH skory i redukcje transepideramalnej utraty

wody.

Zabiegi split face obejmujace potaczenie glukonolaktonu z oksybrazja lub
Z mezoterapig mikroiglowa wigzaly si¢ z poprawg nawilzenia, obnizeniem pH,
zmniejszeniem przeznaskorkowej utraty wody oraz zmniejszeniem wydzielania

toju.
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3. STRESZCZENIE

Glukonolakton jest polihydroksykwasem, utleniong pochodng glukozy. Wykazuje on
wielokierunkowe dziatanie na skore. Ze wzgledu na swojg budowe taczy wiasciwosci
AHA oraz glukozy, z ktorej powstaje — efektywnie ogranicza parowanie wody
z naskorka, nawilza, tagodzi podraznienia, a takze wykazuje wiasciwosci
komedolityczne, przeciwzapalne i przeciwutleniajagce.  Glukonolakton moze byc¢
stosowany w procedurach tgczonych z innymi peelingami chemicznymi,
mikrodermabrazjg czy mikronakluwnaniem. Obecnie znajduje zastosowanie
w preparatach kosmetycznych przeznaczonych do skoéry suchej, odwodnionej

1 tradzikowe;j.

Oksybrazja jest jedna z technik mikrodermabrazji. Jest to zabieg powierzchownego
ztuszczania naskorka, podczas ktorego za pomocag specjalnej glowicy na skore
aplikowany jest dwufazowy strumien sktadajacy si¢ z roztworu soli fizjologicznej
i sprezonego tlenu. Mikrodermabrazja tlenowa stabilizuje prace gruczotow tojowych,
zmniejsza liczbg bakterii beztlenowych, a takze dziata nawilzajaco, przeciwzapalnie,
pobudza i zwigksza krazenie krwi, co skutkuje lepszym odzywieniem, dotlenieniem,

regeneracja i ztagodzeniem stanu zapalnego skory.

W pracy oceniono wptyw glukonolaktonu w formie peelingu chemicznego oraz
mikrodermabrazji tlenowej na wybrane parametry skory twarzy: nawilzenie, poziom toju,
transepidermalng utrat¢ wody oraz pH. Obiektywna ocena skuteczno$ci zabiegow
kosmetologicznych, stanowi istotne Zrodlo wiedzy na temat stosowanych metod. W celu
zoptymalizowania mozliwych do osiggniecia efektow postanowiono wykonac¢ zabieg
oksybrazji w samodzielnej procedurze, aplikowac¢ glukonolakton w dwoch stezeniach
oraz zastosowac zabieg taczony obejmujacy obie procedury. Dokonano takze porownania
skutecznosci z inng powszechnie stosowang metodg — mezoterapia mikroigtowg —
stosowang W celu zwigkszenia penetracji substancji aktywnej przez skorg. Nieliczne dane
literaturowe dotyczg badan zwigzanych z wptywem oksybrazji oraz glukonolaktonu na

skore.
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Badaniem obj¢to 64 osoby pici zeniskiej w przedziale wiekowym 31 — 70 lat. Osoby
uczestniczace w badaniu zostaly podzielone na trzy grupy. U 27 kobiet przeprowadzono
zabieg oksybrazji na calg twarz, 16 uczestniczek poddano zabiegom typu split face
polegajacym na aplikacji peelingu z glukonolaktonem w dwoch stezeniach (10% i 30%),
wostatniej grupie liczacej 21 oséb wykonano zabiegi taczone obejmujace oksybrazje
i aplikacj¢ peelingu z glukonolaktonem na jedng stron¢ twarzy oraz mezoterapi¢
mikroiglowa z aplikacjg peelingu z glukonolaktonem na drugg strong twarzy. Oceny
skutecznosci zabiegdbw dokonano za pomocg sond Corneometer®, , pH-meter®,
Tewameter® oraz kasety Sebumeter®, bedacych sktadowg systemu MPA (Courage +
Khazaka electronic GmbH, K&ln, Germany).

Cele pracy:

1) Ocena aparaturowa wplywu oksybrazji na nawilzenie, poziom toju, pH i TEWL.

2) Ocena porownawcza wpltywu 10% i 30% glukonolaktonu w formie peelingu

chemicznego na nawilzenie, poziom toju, pH i TEWL.

3) Ocena porownawcza zabiegu split face obejmujacego mikrodermabrazj¢ tlenowa
1 aplikacje 10% glukonolaktonu na jedng stron¢ twarzy oraz mezoterapi¢
mikroiglowa 1 aplikacje 10% glukonolaktonu na drugg strong¢ twarzy. Badano

parametry skory takie jak: nawilzenie, poziom toju, pH i TEWL.
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Z przeprowadzonych badan wynikajg nastepujace wnioski:

1)

2)

3)

4)

Seria zabiegow mikrodermabrazji tlenowej istotnie wplywa na poprawe
nawilzenia, przywrocenie kwasnego pH skoéry oraz normalizacj¢ wydzielania

loju.

Seria zabiegdw z uzyciem glukonolaktonu w formie peelingu chemicznego
przyniosta efekty w postaci poprawy nawilzenia, ograniczenia TEWL oraz

obnizenia pH skory. Zabiegi nie miaty istotnego wplywu na poziom loju.

Nie wykazano statystycznie istotnych roznic miedzy 10% i 30%
glukonolaktonem. W przypadku obu badanych stezen wykazano istotng poprawe

nawilzenia, spadek pH skory i redukcje transepideramalnej utraty wody.

Zabiegi split face obejmujace polaczenie glukonolaktonu z oksybrazja lub
z mezoterapig mikroigtowa wigzaly si¢ z poprawa nawilzenia, obnizeniem pH
skory, zmniejszeniem przeznaskorkowej utraty wody oraz zmniejszeniem

wydzielania toju.
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4, STRESZCZENIE W JEZYKU ANGIELSKIM

Summary

Gluconolactone is a polyhydroxy acid and an oxidized derivative of glucose.
It exhibits multidirectional effects on the skin. Due to its structure, it combines the
properties of AHA and glucose — effectively reduces water evaporation from the
epidermis, moisturizes, soothes irritation, and exhibits comedolytic, anti-inflammatory,
and antioxidant properties. Gluconolactone can be used in combination with other
chemical peels, microdermabrasion, microneedling. It is currently used in cosmetic

preparations for dry, dehydrated, and acne-prone skin.

Oxybrasion is one of the microdermabrasion technique. This is a procedure for
superficial exfoliation of the epidermis, during which a two-phase jet consisting of saline
solution and compressed oxygen is applied to the skin using a special head. Oxygen
microdermabrasion stabilizes the sebaceous glands, reduces the number of anaerobic
bacteria, and also has a moisturizing, anti-inflammatory effect, stimulates and increases
blood circulation, resulting in better nutrition, oxygenation, regeneration and relief of skin

inflammation.

The study evaluated the effect of gluconolactone in the form of chemical peel and
oxygen microdermabrasion on selected parameters of facial skin, including hydration,
sebum level, transepidermal water loss, and pH. Objective evaluation of the effectiveness
of cosmetological treatments, is an important source of knowledge regarding the methods
used. In order to optimize the achievable results, we decided to perform the oxybrasion
procedure as a stand-alone procedure, apply gluconolactone in two concentrations, and
use a combined treatment involving both procedures. A comparison of efficacy was also
made with another commonly used method, micro-needle mesotherapy which is used to
increase penetration of the active substance through the skin. There are few literature data

on studies have investigated the effects of oxybrasion and gluconolactone on the skin.

The study included 64 female subjects aged 31 and 70 years. The subjects were
divided into three groups. A series of treatments were performed out in all subjects.
Twenty-seven women underwent oxybrasion treatment for the entire face, sixteen

participants underwent split-face treatments consisting of gluconolactone application in
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two concentrations (10% and 30%), and the last group of twenty-one subjects underwent

combined treatments consisting of oxybrasion and gluconolactone application on one side

of the face and micro-needle mesotherapy with gluconolactone application on the other

side of the face. The effectiveness of the treatments was evaluated usinga Corneometer®,

pH-meter® and Tewameter® probes Sebumeter® cassette - The Multi Probe Adapter

Systems (Courage + Khazaka electronic GmbH, K&In, Germany).

Objectives of the study:

1)

2)

3)

Instrumental evaluation of the effect of oxybrasion on hydration, sebum levels,
pH, and TEWL.

Comparative evaluation of the effects of 10% and 30% gluconolactone in the form

of a chemical peel on hydration, sebum levels, pH, and TEWL.

Comparative evaluation of split face treatment involving oxygen
microdermabrasion and application of 10% gluconolactone to one side of the face,
micro-needle mesotherapy and application of 10% gluconolactone to the other
side of the face. Skin parameters, such as hydration, sebum levels, pH, and TEWL

were studied.
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The following conclusions were drawn from this study:

1)

2)

3)

4)

A series of oxygen microdermabrasion treatments significantly improved
hydration, restores the skin's acidic pH of the skin and normalizes sebum

secretion.

A series of treatments with gluconolactone chemical peel resulted in improved
hydration, reduced TEWL and lowered skin pH. The treatments had no significant

effect on the sebum level of the stratum corneum.

There were no statistically significant differences between 10% and 30%
gluconolactone. Both concentrations tested showed a significant improvement in
hydration, a decrease in skin pH and a reduction in transepidermal water loss.

Split face treatments involving a combination of gluconolactone with oxybrasion
or with micro-needle mesotherapy were associated with improved hydration,
decreased skin pH, decreased transepidermal water loss and decreased sebum

secretion.
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wykonanie dokumentacji fotograficznej, zebranie, opracowanie statystyczne, interpretacje
1 opis wynikow badan. przygotowanie tekstu publikacji.

mgr Sylwia Jarzgbek-Perz
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UNTW L ESY T mgr Sylwia Jarzqgbek-Perz

lm MEDYCZNY Wydzialt Farmaceutyczny
Uniwersytet Medyczny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetycznej
ul. Muszynskiego 1, 91 — 151 Lédz

L6dz 12.06.2023r.

OSWIADCZENIE

Niniejsze oswiadczenie dotyezy artykulu Split-face evaluation: Gluconolactone plus
oxvhrasion versus gluconolactone plus microneedling. The effects on skin parameters
autorstwa Sylwii Jarzabek-Perz, Marty Dziedzic, Anny Kolodziejczak, Heleny Rotsztejn.
\rtvkul - opublikowano w  Skin Research and Technology 2023;29:e13353, doi:
10.1111/srt.13353.

Oswiadczam, ze méj udzial w tej pracy obejmowal: opracowanie koncepcji badania,
wykonanie serii zabiegéw z udzialem 0s6b badanych. wykonanie pomiaréw aparaturowych,
wykonanie dokumentacji fotograficznej. zcebranie, opracowanie statystyczne, interpretacje
i opis wynikow badan, przygotowanie tekstu publikacji.

mgr Sylwia Jarzabek-Perz
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mgr Sylwia Jarzahek-Perz

Wydzial Farmaceutyczny

Uniwersytet Medyczny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetycznej
ul. Muszyiskiego 1,91 — 151 LédZ

Lodz, 12.06.2023r.

OSWIADCZENIE

Niniejsze oswiadezenie dotyczy artykulu Evaluation of the effects of 10% and 30%
eluconolactone chemical peel on sebum, pH, and TEWL autorstwa Sylwii Jarzabek-Perz, Marty
Dsiedzic. Heleny Rotsztejn, Anny Kolodziejezak. Artykul opublikowano w Jowrnal of
Casmetic Dermatology Cosmet Dermatol. 2023;00:1-8, doi-10.111 1jjocd. 15864

Oswiadezam. ze méj udzial w tej pracy obejmowal: opracowanie koncepcji badania,

wyk

wykonanie serii zabiegow z udzialem osob badanych, wykonanie pomiaréw aparaturowych,
onanie dokumentacji fotograficznej. zebranie. opracowanie statystyczne, interpretacje

1 opis wynikow badan. przygotowanic tekstu publikacji.

mgr Sylwia Jarzgbek-Perz
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7.2.

Formularz Sswiadomej zgody

Formularz swiadomej zgody na udzial w badaniu, pt. ,,Ocena wybranych parametréw skiry po
zastesowanin oksybrazi § mikronakiuwania oraz glukonolaktonu metoda split face™.

Ja (imie 1 nazwisko badamemo) ..o
ofwiadczam, Ze otrzymatam 1 zapoznalam sie z trescia informacji dla badanego. Osoba
przeprowadzajaca badanie wvdzielita mi wyczerpujacych odpowiedzi na moje pytania. Jestem
wystarczajaco poinformowana.

Swiadomie i dobrowalnie wyrazam zgode na wykonanie pomiardw skory oraz na wykonanie serii
zabiegdw  faczomych obejmujacych mikrodermabrazie tlenowa, mezoterapie mikroiglows oraz
aplikacje glukonolaltonu w formie peelingu chemicznego. Wiem, Ze moge wycofat swoja zgode w
dowolnej chwili bez wphrwu na opieke lelarska jakiej bede potrzebowad.

Alceptuje warunki ubezpieczenia na wypadek szkody powstale) w zwiazlm z uezestnictwem w badanm.

Zgadzam sie na przetwarzanie moich danych osobowych zgodnie z ustawsa o ich ochronie.

Podpis osoby badanej:. ...

Badz, dmia. e
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