Uniwersytet Medyczny w Lodzi
Katedra Kosmetologii
Zaktad Kosmetologii i Dermatologii Estetyczne;j

Kamila Zdunska-Peciak

Ocena porownawcza wplywu kwasu ferulowego
oraz kwasu ferulowego wraz z
mikronakluwaniem na wybrane parametry skory

Comparative assessment of the effect of ferulic acid and
ferulic acid with microneedling on selected skin
parameters

Rozprawa na stopien doktora nauk farmaceutycznych

Promotor
Prof. dr hab. n.med. Helena Rotsztejn

1.ODZ 2022



Serdecznie dzickuje
Pani prof. dr hab. n .med. Helenie Rotsztejn
za opieke naukowq, okazang zZyczliwos¢, wnikliwe uwagi
oraz wszelkq pomoc i poswigecony czas

w trakcie realizacji badan i redagowania pracy.

Dziekuje mezowi Radkowi za mitos¢, wsparcie, cierpliwosc,

wyrozumialos¢ i niegasngcqg we mnie wiare.

Dzickuje Rodzicom za przyktad, motywacje, przekazanie ambicji i
zadaniowosci, duchowe wsparcie, kojgce ciepto domowego

ogniska.

Te prace dedykuje mojej ukochanej coreczce Hani.

Spetnitas moje najwieksze marzenie. Drugie wiasnie sie spetnia.



1.1 WWPIOWAAZENIE. ....ccueeiiieeiee ettt bbbttt 3
1.2 Starzenie Si€ SKOTY.......oooieiiiiiiiiiiii e 4
1.3 KWAS TEIUIOWY ..ottt 7
1.4 Mikronakluwanie SKOTY .......ccccviiiiiiiiiiiiiiiie e 17
CZESC BADAWCZA ........ooooeeeoeeeeeeeeeeeeee et 20
2.1 Zat0Zenia 1 CEIE PIaCY ...cciiuiiiiiiiiiiiie ittt 20
2.2 Material i MEtOAY .....ooveiiiiiiiieice e 21
2.2.1 Charakterystyka grupy Dadane] ..........cccceeeieriiiniiiicieesc e, 21
2.2.2 ProCedury ZabIBJOWE .........cceiveerieerieaieieesieeiesreesteeeesseesseeeesseessesssesseessens 26
2.2.3 OCENA APATATUIOWAL. ... veieiiiieeiiiieesiiieesite e e sire e sibe e s e e s b e e sir e e ebr e e s sbeesasneeanses 29
2.2.4 Dokumentacja fotografiCzna .........ccccceevevieiicic i 34
2.3 WYNIKI ittt 36
2.4 DYSKUSJA ...cuvetetiiteiiieieeie ettt bbb bbb 60
2.5 WWINHOSKI 1eveiieieciieie ettt et e b e sre e te et e nneenne e 63
STRESZCZENIE .....cviiiieee e 64
STRESZCZENIE W JEZYKU ANGIELSKIM..........cccociiiiiiiiiecis 66
PISMIENNICTWO ..ot 68
SPISRYCIN I TABEL ..ottt 78
WYKAZ SKROTOW .....coooooiiiiiiiiniiiinsissisies s 79
ZALACZNIKI ...ttt 82
8.1  Oswiadczenia WSPOIAULOTOW .......c.eeriieiiiiiiiiieiieee e 82
8.2  Zgoda KOMISji BIOBLYKI .....c.coveiviiiiiiiiiiiieieiese e 91
8.3  Formularz $wiadomej ZgOdY ........cccocvviiiiiiiiiiiiii i 93
8.4  Publikacje pogladowe .........cceiiiiiiiiiiiiii s 94



1 WSTEP

1.1 Wprowadzenie

Prace nad wydluzeniem i poprawg jakosci zycia ludzkiego sg przedmiotem badan
wielu osrodkow na catym §wiecie. Dotycza one zagadnien z réznorodnych dziedzin,
obejmujacych zardwno zdrowie psychiczne, jak 1 fizjologi¢ i zdrowie w ujeciu
fizycznego dobrostanu. Obecne tempo zycia, Stres, zanieczyszczenie $rodowiska,
nieprawidlowo zbilansowana dieta — to czynniki, ktore mogg przyczyniac¢
si¢c do szybszego niz w ubiegltych latach, powstawania i rozwoju tzw. chordb
cywilizacyjnych. Dlatego tak wazne wydaje si¢ zachowanie spdjnosci i wzajemne
wspieranie si¢ roznych dziedzin nauki, jako ze odkrycia jednej z nich, moga zostaé
wykorzystane w innych obszarach wiedzy. Dobrym przyktadem moze by¢ wzrastajace
zainteresowanie zwigzkami bioaktywnymi, wykazujacymi prozdrowotne wilasciwosci
I wykorzystanie ich, zarbwno przez wytworcoOw zywnosci w przemysle spozywczym,
wytworcow lekéw w przemysle farmaceutycznym, jak 1 wytworcow kosmetykow

w przemysle chemicznym.

Za zwiazki bioaktywne uwaza si¢ wszelkie komponenty, zawierajace substancje
lecznicze 1 odzywcze, ktore zazwyczaj wystepuja w roslinach w malych ilosciach.
Moga one wzmacniaé, ostabia¢ lub modyfikowaé¢ funkcje fizjologiczne i metaboliczne
organizmu. Jedng z duzych grup zwigzkéw bioaktywnych, bedaca przedmiotem
zainteresowania wielu badaczy, sa zwigzki polifenolowe, a wsrdéd nich flawonoidy
1 kwasy fenolowe. Posiadaja one silne wlasciwosci antyoksydacyjne, wywierajac
prozdrowotny wptyw na organizm ludzki i chronigc go przed stresem oksydacyjnym.
Uczestniczag w procesach naprawczych 1 adaptacyjnych ustroju, dziatajac

profilaktycznie, a niekiedy nawet leczniczo w réznych chorobach [1].

Kwasy fenolowe i ich pochodne stanowig bioaktywne komponenty zywnosci,
czgsto poprawiajac jej jako$¢, wzbogacajagc smak i1 zapach. Ich wielokierunkowe
dziatanie wykorzystuje si¢ takze w przemys$le farmaceutycznym i kosmetycznym.
Zwiazki te wykazuja wysoka skuteczno$¢ m.in. w niwelowaniu defektow skornych.
Obiektywna ocena dziatania preparatow kosmetycznych, zawierajgcych kwasy
fenolowe i ich pochodne, stanowi istotne zrodto wiedzy na temat celowos$ci ich
stosowania, mozliwosci uzyskiwanych efektow oraz ewentualnych skutkow ubocznych.
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1.2 Starzenie si¢ skory

Starzenie si¢ skory mozemy przypisa¢ wielu czynnikom, sposrod ktorych
wyrozniamy 2 gldwne typy: wewnatrzpochodne oraz zewnatrzpochodne. Na pierwsze
z nich nie mamy wplywu, stanowig naturalny, biologiczny nieunikniony proces
1 s3 zwigzane z tzw. ,,bagazem genetycznym’’ danej osoby. Starzenie si¢ skory zalezne
od czynnikéw wewnatrzpochodnych to tzw. starzenie chronologiczne. Do czynnikow
zewnatrzpochodnych zaliczamy m.in. stosowanie uzywek (tyton, alkohol, narkotyki),
nieprawidlowa diete, zanieczyszczenie powietrza oraz promieniowanie UV.
Chroniczna, nadmierna ekspozycja na $wiatto sloneczne przyczynia si¢ do powstania
szeregu zmian obejmujgcych zarowno naskorek jak i skorge wiasciwa, okreslanych

mianem fotostarzenia [2, 3].

Fotostarzenie. W fotostarzeniu skory, najwigksza role odgrywa promieniowanie UVA
(320-400 nm) oraz promieniowanie UVB (290-320 nm) przy czym promieniowanie
UVA stanowi 96-99% catego UVR docierajacego do ziemi [4]. Promieniowanie UVB
w znacznym stopniu pochtaniane jest przez sam naskorek, docierajac maksymalnie do
jego warstwy podstawnej, stad wptywa gtdéwnie na barier¢ hydrolipidowa, keratynocyty
oraz komorki Langerhansa. Powoduje tzw. reakcje natychmiastowe, do ktorych naleza:
oparzenia sloneczne, rumien, immunosupresja. Promieniowanie UVA przenika glebiej
- docierajac do struktur w obrgbie skory whasciwej takich jak m.in.: fibroblasty, widkna
kolagenowe i elastynowe, komorki tuczne, granulocyty [5]. Odpowiada za reakcje
op6znione w tym: procesy alergiczne, przebarwienia. Oba typy promieniowania

(zarowno UVA, jak i UVB) moga przyczynia¢ si¢ do powstawania nowotworow skory

[6].

Do klinicznych objawow fotostarzenia naleza:

- atroficzny, suchy, tuszczacy sie naskorek,

- zmarszczki i bruzdy (zwykle glgbsze niz przy starzeniu endogennym),

- liczne zmiany barwnikowe (piegi, plamy soczewicowate, plamiste przebarwienia),
- Znaczna utrata elastycznosci skory,

- Zzmiany przerostowe (rogowacenie stoneczne, hiperplazja gruczotow tojowych)

- prosaki, zaskorniki,

- teleangiektazje.



Zmiany w obrebie naskorka. Zmiany morfologiczne w naskoérku, po nadmiernej
ekspozycji na promieniowanie UV, dotycza przede wszystkim jego ztluszczania,
nadmiernego rogowacenia, nieprawidlowej proliferacji i rdéznicowania komorek.
W skoérze poddanej ekspozycji na promieniowanie stoneczne dochodzi do wydzielania
wielu cytokin prozapalnych tj.: IL-1 (Interleukina 1), IL-6 (Interleukina 6), IL-8
(Interleukina 8), TNF-a (ang. Tumor Necrosis Factor o - czynnik martwicy nowotworu
), co przyczynia si¢ m.in. do nadmiernej hiperplazji i ztuszczania naskorka. Cytokiny
inicjuja takze odpowiedz zapalng objawiajacg si¢ rumieniem (za najbardziej
rumieniotwodrcze uznaje si¢ promieniowanie UVB) [7, 8]. Postepujaca pod wpltywem
UV oksydacja lipidow i biatek warstwy rogowej naskorka, prowadzi do zmiany sktadu
ptaszcza lipidowego (zmniejsza si¢ zawarto§¢ ceramidow, steroli 1 kwasow
tluszczowych - Y-linolenowego i palmitynowego), a w nastgpstwie dochodzi
do zaburzenia funkcjonowania bariery naskorkowej i zwigkszenia transepidermalnej

utraty wody (transepidermal water loss - TEWL) [9].

Komoérkami naskorka, w najwigkszym stopniu narazonymi na nadmierng
ekspozycje stoneczng sa keratynocyty, melanocyty i komorki Langerhansa (KL).
Pod wptywem promieniowania UVR moze dochodzi¢ do powstawania atypii komorek,
utraty polarnosci, uszkodzen DNA. Nawet niewielkie dawki UV prowadza do utraty
wypustek dendrytycznych KL, zmniejszenia zdolnosci prezentacji antygenow
limfocytom T, uszkodzenia DNA, a w konsekwencji uposledzenia ich czynnosci,
Co0 moze wywolaé stan immunosupresji oraz tolerancji immunologicznej
(ang. bystander suppression) [10, 11]. Przy nadmiernej ekspozycji na promieniowanie
UV moze dochodzi¢ do uszkodzenia, zwigkszonej proliferacji, hiperplazji i dysplazji
melanocytow, co z kolei przyczynia si¢ do powstawania zaburzen barwnikowych
o roznej etiologii (zardbwno na poziomie biochemicznych zaburzen syntezy melaniny,
zmiany ilo$ci 1 zaburzen formowania melanocytéw, jak i dojrzewania i transportu

melanosomow) [12, 13].

Zaburzenie funkcjonowania naskorka, poddanego nadmiernej ekspozycji
na promieniowanie UVR, jest zwigzane takze ze zmianami w obrebie potaczenia
skorno-naskorkowego (ang. dermal-epidermal junction - DEJ). Ulega ono wygtadzeniu

1 §cienczeniu, co znacznie zmniejsza powierzchni¢ styku naskorka i skory wihasciwe;,



ograniczajac przenikanie substancji odzywczych. W konsekwencji naskorek staje

si¢ mniej odporny na niekorzystne wptywy Sodowiska [14].

Zmiany w obrebie skéry wlasciwej. Jedna z bardziej charakterystycznych zmian
w skorze fotostarzejacej si¢, jest zjawisko elastozy. Nadmiernie pogrubiate,
nieprawidlowo ulozone widkna sprezyste tracg swoje wihasciwosci, co przejawia
si¢ znaczng utratg elastycznosci skory. Elastyna w wyniku uszkodzen cechuje
si¢ zmniejszong ilo$cig reszt cukrowych, a zwigkszong — polarnych aminokwasow [15].
Pod wptywem UVB dochodzi do wzrostu ekspresji mRNA tropoelastyny
w fibroblastach, a w nastepstwie - kumulacji 1 zwigkszenia ilo$ci amorficznej elastyny.
Nieprawidlowe wtokna zaczynaja przytaczac czasteczki lizozymu- enzymu hamujacego
proteolityczng aktywno$¢ elastazy leukocytowej (ang. human leukocyte elastase
- HLE), co stanowi mechanizm obronny przeciwko naturalnemu rozkladowi elastyny

[16, 17].

W procesie fotostarzenia zmianom ulega takze ilo$¢ oraz sposdb utozenia widkien
kolagenowych, najwicksze obserwuje si¢ w obrgbie kolagenu typu I, a jego ubytek
jest skorelowany z zakresem uszkodzenia przez $wiatlo stoneczne [18, 19].
Pod wptywem UV pobudzane sa, rozktadajace kolagen, metaloproteinazy (ang. matrix
metalloproteinases, MMP) m.in. kolagenaza, zelatynaza, stromielizyna. Ekspozycja
na UV powoduje wzrost ilosci czynnikow transkrypcyjnych, wzmagajacych synteze
biatka AP-1, uaktywniajagcego geny mataloproteinaz. Wzmozona produkcja MMP

powoduje takze proteolizg biatek macierzy zewnatrzkomorkowe;.

Istote podstawowg tkanki tacznej (ang. etracellular matrix - ECM), z ktorej
zbudowana jest skora wilasciwa, tworza w duzej mierze glikozaminoglikany (GAG).
Najwigksze zmiany ilosciowe dotycza kwasu hialuronowego (ang. hyaluronic acid
- HA) oraz siarczanu chondroityny. W wyniku dziatania §wiatta stonecznego dochodzi
do spadku ilo§¢ HA i wzrostu siarczanu chondroityny, co odzwierciedla proporcje

tych glikozaminoglikanéw w bliznie [18, 20].



1.3 Kwas ferulowy

Wlasciwosei i wystepowanie.  Kwas  ferulowy  (kwas  4-hydroksy-3-
metoksycynamonowy) jest organicznym zwigzkiem chemicznym, nalezacym
do polifenoli - duzej grupy bioaktywnych zwigzkéw wystepujacych naturalnie
w roslinach. Stanowi hydroksylowa pochodng kwasu cynamonowego, nalezacego
do kwasoéw fenolowych [21]. Pierwszy raz kwas ferulowy (ang. Ferulic Acid - FA)
(Ryc. 1.) zostal wyizolowany z Ferula foetida w celu okreslenia jego struktury.
W 1925 roku zostal po raz pierwszy zsyntetyzowany, a struktura chemiczna zostala
potwierdzona za pomocg technik spektroskopowych. Jego wzor czgsteczkowy
to C10H1004, a masa czgsteczkowa wynosi 194,18 g/mol [22].
Ma postac jasnozoéttego krystalicznego proszku, rozpuszczajacego si¢ dobrze w wodzie

(0,78 g/dm*® w T=20°C) i etanolu. Temperatura topnienia wynosi 168-172°C.

O

CH30 ™ OH

HO

Ryc. 1. Wzor strukturalny kwasu ferulowego [23]

Glownymi zrodtami kwasu ferulowego sa owoce, warzywa, zboza (pszenica,
jeczmien, owies, zyto) oraz ziota lecznicze (szalwia, lubczyk). Znajduje si¢ on réwniez
w nasionach i korze drzew iglastych [24, 25]. Szczegdlnie bogate w FA sa ziarniaki
7zboz, w ktorych w formie zwigzanej z arabinoksylanami, peini funkcj¢ ochraniajaca
lipidy, zawarte w ziarnie, przed utlenianiem [26]. Srednia zawartos¢

FA w poszczegdlnych produktach roslinnych przedstawiono w Tabeli 1 [27].



Tab. 1. Zawartos¢ kwasu ferulowego w wybranych produktach spozywczych

pochodzenia roslinnego

Zrodto Zawartos¢ kwasu ferulowego (mg/0,1 kg)
Pedy bambusa 243.6
Baktazan 7.3-35
Burak czerwony 25

Soja 12
Szpinak 7.4
Pomidor 0.29-6
Rzodkiewka 4.6
Brokut 4.1
Marchew 1.2-2.8
Kapusta pekinska 14
Zielona fasola 1.2
Awokado 1.1
Grejpfrut 0.25-2.7
Pomarancza 9.2-9.9
Banan 5.4
Jagody 10.7-11.6
Rabarbar 2
Sliwka 1.47
Jabtko 8.2
Pulpa buraczana 800
Popcorn 313
Chleb petnoziarnisty 54
Pelnoziarniste ptatki owsiane 25-52
Kukurydza 42
Brazowy ryz 24
Kawa 9.1-14.3
Makaron 12




Biosynteza kwasu ferulowego. Kwas ferulowy powstaje w roslinach na drodze
przemian metabolicznych kwasu szikimowego, bedacego prekursorem aminokwasow
aromatycznych (fenyloalaniny lub tyrozyny), ktére w procesie deaminacji zostajg
przeksztalcone do kwasu cynamonowego, a ten do ferulowego, kawowego
lub p-kumarowego [28]. Szlak syntezy kwaséw hydroksycynamonowych w roslinach
przedstawia Rycina 2 [29].

0 0
N—on —OH
H,N
\
e

fenyloalanina kwas cynamonowy
e} (0] 0 (o} o
OH —OH \—oH >— OH OH
HN
— — R — e
-~ 7 |
N N
OH O-CH,4 HL-0 O-CH,
OH OH OH OH OH
tyrozyna kwas p-kumarowy kwas kawowy kwas ferulowy kwas synapowy

Ryc. 2. Szlak syntezy kwasow hydroksycynamonowych

Kwas ferulowy moze powstawa¢ takze jako metabolit posredni
mikrobiologicznego rozktadu ligniny, znajdujacej si¢ w Scianach komorkowych roslin,
na skutek przemian eugenolu do alkoholu, a nastgpnie aldehydu koniferylowego.
Aldehyd przy udziale dehydrogenazy aldehydu koniferylowego, zostaje przeksztalcony
do kwasu ferulowego. Dalsza biotransformacja, z wudzialem mikroorganizméow
Pseudomonas fluorescens, prowadzi do wytworzenia kwasu wanilinowego
- podstawowego substratu do produkcji szeroko stosowanej w przemysle spozywczym

waniliny [30].



Aktywno$¢ antyoksydacyjna. Samorzutne utlenianie biomolekul w ludzkim
organizmie jest procesem fizjologicznym i do$¢ powolnym. Powstajace przy okazji
procesOw przemiany materii wolne rodniki sg neutralizowane i/lub likwidowane
w reakcjach enzymatycznych i nieenzymatycznych oraz przy udziale
endo- i egzogennych przeciwutleniaczy. Zachwianie réwnowagi pomiedzy stala
produkcja reaktywnych form tlenu, a ich likwidacja, prowadzi do powstawania
tzw. szoku tlenowego, generujac liczne nieprawidtowosci w uktadach biologicznych.
Autooksydacja powoduje zmiany struktury weglowodanow, biatek, kwasow
nukleinowych, fosfolipidow, prowadzac do szeregu niekorzystnych zmian

w organizmie, w tym rozwoju wielu chordb, migdzy innymi neurodegeneracyjnych

[31, 33].

Autooksydacja z wudzialem wolnych rodnikow to reakcja ‘tancuchowa,
przebiegajaca wedlug trojetapowego mechanizmu obejmujacego: inicjacje, propagacje,
terminacjg. Zwiazki fenolowe, w tym kwas ferulowy nalezg
do tzw. antyoksydantow interwentywnych (ang. chain-breaking antioxidants)
- substancji hamujacych peroksydacje na etapie propagacji. Zwiazki te przerywaja
zapoczatkowany juz tancuch kinetyczny autooksydacji [31].
Interwerentywne antyoksydanty fenolowe (ArOH) reaguja z rodnikiem nadtlenkowym

(ROQO) zgodnie z reakcjg przedstawiong za pomocg rOwnania:

ROO’ + ArOH— ROOH+ ArO

W obecnosci pochodnych fenolowych (ArOH) rodniki nadtlenkowe, powstajace
w etapie propagacji, sa przeksztalcane w dezaktywowane produkty nierodnikowe
[32, 33].
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Produktem reakcji kwasu ferulowego z wolnym rodnikiem tlenowym jest stabilny
rodnik fenoksylowy (Ryc. 3.) [32, 34]. Neutralizacja RO" odbywa si¢ poprzez

przeniesienie atomu wodoru od fenolu do rodnika.

B H
|
0 (6] (0] (0]
. =
+ RO’ _— + ROH
H,C . H,C .
0 Wolny rodnik o Zd ezaktywowany
’ Iny rodnik
0 o wolmny
H -
i Rodnik fenoksylowy kwasu
Kwas ferulowy ferulowego (FAPR)

Ryc. 3. Réwnanie reakcji powstawania rodnika fenoksylowego [amic a]
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W  zaleznosci od szeregu czynnikéw, warunkujacych  wlasciwosci
przeciwutleniajace antyoksydantow fenolowych (m.in.: sity wigzania O-H w ArOH,
hydrofilowosci/lipofilowosci ArOH), reakcja zwigzku fenolowego (ArOH) z wolnym
rodnikiem (RO’) moze zachodzi¢ wedlug jednego z 4 mechanizmow [35, 36, 37]:

- HAT (ang. Hydrogen Atom Transfer) - jednoetapowego przeniesienia atomu wodoru
od pochodnej fenolowej do rodnika,

- SPLET (ang. Sequential Proton Loss Electron Transfer) - mechanizmu
obejmujgcego dysocjacje pochodnej fenolowej i przeniesienie elektronu z anionu
fenolanowego

do rodnika,

- PCET (ang. Proton-Coupled Electron Transfer) - przeniesienia protonu
odbywajacego si¢ rownoczesnie z transferem elektronu,

- ET-PT (ang. Electron Transfer - Proton Transfer) - przeniesienia protonu

poprzedzonego przeniesieniem elektronu.

Niezaleznie od mechanizmu pojedynczej reakcji (1H/1€7), produkty koncowe sg takie
same, tj. nieaktywny wolny rodnik, zawierajacy grupe hydroksylowa (ROH) i rodnik
fenoksylowy (aryloksylowy) (ArO") [36, 38].

Poza przerywaniem juz zapoczatkowanych reakcji wolnorodnikowych, kwas
ferulowy i jego pochodne jako tzw. przeciwutleniacze wtorne, wykazuja zdolnos¢
do chelatowania jonow metali przejsciowych (glownie miedzi i zelaza) [39, 40].
Metale przejsciowe odgrywaja istotng role¢ w generowaniu wolnych rodnikéw
tlenowych w organizmach zywych. Uktad jonow zelaza Fe?*'Fe3* stanowi katalizator
procesOw przeksztalcania nadtlenku wodoru z wytworzeniem wyjatkowo reaktywnych
rodnikow hydroksylowych (reakcja Fentona), a takze aniondéw ponadtlenkowych
(reakcja Habera-Weissa) [41, 42]. Produkcja tych rodnikow moze prowadzi¢
do peroksydacji lipidow, modyfikacji biatek, uszkodzen w obrgbie DNA komorek.
Czynniki chelatujagce moga inaktywowac jony metali 1 potencjalnie hamowa¢ zalezne
od nich reakcje [43]. Wykazano, ze kwasy hydroksycynamonowe i ich pochodne
(w tym kwas ferulowy) sa lepszymi ligandami dla jonow zZelaza niz kwasy
hydroksybenzoesowe, ze wzgledu na obecno$¢ grupy etylenowej pomigdzy
pierScieniem benzenowym, a grupg karboksylowa. Ma ona wptyw zaré6wno na zdolnos¢

chelatowania jonéw metali, jak i na aktywnos$¢ redukujaca wolne rodniki tlenowe [44].
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Zastosowanie

Medycyna. Kwasy fenolowe, w tym kwas ferulowy odgrywaja szczegdlna rolg
w zapobieganiu 1 leczeniu chorob, ktorych przyczyn upatruje si¢ w utleniajagcym
dziataniu wolnych rodnikéw. Sg to: cukrzyca, astma oskrzelowa, zakazenia wirusowe,
choroba  Parkinsona, choroba  Alzheimera [45]. Poza  wlasciwosciami
antyoksydacyjnymi, kwasy fenolowe wykazuja réwniez wysoka aktywno$é
przeciwzapalna, co stanowi kolejny argument, przemawiajacy za wykorzystaniem

ich w przypadku choréb uktadu nerwowego [46, 47].

Spozywanie produktéw bogatych w kwas ferulowy jest bardzo korzystne dla osob
chorujacych na cukrzycg. FA ma dziatanie obnizajace poziom glukozy we Krwi,
przyczynia si¢ do spadku zawarto$ci cholesterolu, kwasu moczowego, kreatyniny,
triglicerydow, jednocze$nie powodujac wzrost poziomu insuliny we krwi.
Dziatanie hipoglikemiczne ekstraktow fenolowych zwigzane jest takze z ograniczeniem
absorpcji weglowodandow w jelicie oraz poprawa funkcjonowania komorek beta trzustki
[48, 49]. Kwas ferulowy okre§lany jest mianem inhibitora chorob nowotworowych,
wykazujac wysoka aktywnos$¢ przeciwutleniajaca w stosunku do wolnych rodnikéw
[26]. Inne jego pochodne, takie jak 8,5-dihydrobenzenofurany, dziataja cytotoksycznie
na komorki biataczki, raka sutka i okreznicy, a kurkumina i kwas rozmarynowy

posiadajg dodatkowo wiasciwosci przeciwzapalne [50, 51].

Choroby uktadu sercowo-naczyniowego stanowig kolejng grupe, w ktorej kwasy
fenolowe wykazuja szczegdlnie korzystne dziatanie. Badania dowodza, ze dieta bogata
w zwiazki polifenolowe zmniejsza ryzyko zachorowalnosci, a nawet umieralnosci
na choroby serca. Ma to zwiagzek ze zdolnoscig fenolokwaséw do ochrony frakcji LDL
cholesterolu przed utlenianiem, hamowania miazdzycy, regulacji st¢zenia lipoprotein,
hamowania agregacji ptytek krwi [24, 52]. Ze wzgledu na dziatanie Zolciopedne,
FA wykorzystywany jest takze w schorzeniach ukladu pokarmowego. Wtasciwosci
przeciwbakteryjne (szczegolnie w stosunku do Gram-dodatnich bakterii — Bacillus sp.)

I przeciwzapalne daja mozliwos¢ szerokiego zastosowania FA w medycynie [53].
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Przemyst spozywczy. Kwasy fenolowe, w tym kwas ferulowy, kawowy, galusowy
moga by¢ okreslane mianem tzw. nutraceutykow - substancji wzbogacajacych
o dziataniu prozdrowotnym. Poza dzialaniem profilaktycznym i1 naprawczym na ustroj,
wywierajg korzystny wplyw na zywno$¢, poprawiajac jej jakos$¢, nadajac cechy
sensoryczne takie jak: smak, barwa, zapach oraz chronigc przez zbyt szybkim
popsuciem [54]. Wykazano, ze kwas ferulowy neutralizuje wolne rodniki efektywniej
niz powszechnie stosowane konserwanty takie jak: butylohydroksytoluen (BHT)
i butylohydroksyanizol (BHA) [55, 56]. Efektywnos¢ dodatkow do zywnosci, takich jak
FA, zalezy w duzej mierze od ich stabilno$ci termicznej i odpornosci na odparowanie
1 degradacje, w zakresie stosowanych w przemysle spozywczym temperatur.
Wykazano, ze dlugotancuchowe estry kwasu ferulowego, szczegélnie ferulan
oktadecylu sa znacznie bardziej odporne na dziatanie wysokich temperatur niz sam
FA oraz stosowane przeciwutleniacze syntetyczne. Kwasy fenolowe moga zatem
stanowi¢ dobry dodatek szczegdlnie do roslinnych olejow smazalniczych. Charakter
hydrofobowy zwigksza ich zastosowanie i efektywnos¢ w emulsjach spozywczych [39].
Coraz wigksza §wiadomo$¢ wsrod konsumentdow sprawia, ze zywno$¢ zawierajgca
konserwanty pochodzenia naturalnego, staje si¢ atrakcyjniejsza i czgSciej wybierana od

produktow zawierajacych przeciwutleniacze syntetyczne.

Antyoksydanty fenolowe zapobiegaja procesom rozktadu, ktére zachodza
w przetworzonej 1 przechowywanej zywnosci. OpoOzniaja procesy jelczenia
oksydatywnego ttuszczow, przez co sg stosowane do konserwacji majonezu, margaryn,
masta, soséw, twarogdéw, jogurtow oraz wyrobow migsnych. Do wymienionych

produktow czgsto stosuje sie bogaty w kwas ferulowy- ekstrakt rozmarynowy [57].

Poza  wlasciwoSciami  przeciwutleniajagcymi  zwigzkow  polifenolowych
wykorzystuje si¢ rowniez ich wlasciwosci barwigce. Do stabilizacji 1 wzmacniania
barwy napojow, deserdw 1 wyrobdw cukierniczych stosowane sg géwnie antocyjany.
Pochodne kwasu ferulowego — kwas kawowy i chlorogenowy nadaja ciemng barwe
rodzynkom, suszonym s$liwkom 1 daktylom, na skutek enzymatycznego brunatnienia
[58]. Ekstrakty i susze, zawierajace polifenole, stanowig rowniez naturalne antyseptyki

ograniczajac rozwoj bakterii.
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Kosmetyka. Kwas ferulowy jest dopuszczony do stosowania w kosmetykach zgodnie
z Decyzja Komisji WE z dnia 9.02.2006 r. zmieniajaca decyzje 96/335/WE,
ustanawiajagcg wykaz 1 powszechne nazewnictwo skladnikéw  stosowanych
w produktach kosmetycznych. Zawarty jest w preparatach kosmetycznych pod zgodng
z INCI nazwa: ,Ferulic acid” 1 wedlug wykazu pelni w nich funkcje
przeciwdrobnoustrojowe. Dodawany do réznych form kosmetycznych przediuza
ich trwato$¢, zabezpieczajagc w szczegolnosci przed niekorzystnymi procesami
utleniania. Ponad to ma zdolnos$¢ do stabilizowania innych, powszechnie stosowanych
antyoksydantow, takich jak witamina C i E. Obecnie wzrasta rowniez zainteresowanie
kwasem ferulowym jako potencjalnym filtrem UV. Wykazano jego wlasciwosci
ochronne w stosunku do roznych struktur skory, w tym keratynoctow, fibroblastow,
kolagenu i elastyny. Badania nad ochronnym dziataniem FA potwierdzity, ze komorki
poddawane oddziatywaniu promieniowania UV, sa duzo mniej podatne
na fotouszkodzenia [59, 60, 61].

Kwas ferulowy wykorzystywany jest zaro6wno jako skladnik preparatow
do pielggnacji domowej (zwykle w stezeniu 0,5-1%), jak i w produktach uzytku
profesjonalnego - w gabinetach kosmetologicznych i dermatologicznych. Stanowi
fagodng alternatyw¢ dla agresywnych substancji chemoeksfoliujacych. Stosowany
w postaci calorocznych peelingdw chemicznych (zwykle w stezeniu 12-20%)

jest tagodny dla skory, nie powoduje widocznego ztuszczania naskorka [62, 63].

Whasciwosci 1 wplyw kwasu ferulowego na skorg przedstawiono w Tabeli 2

[39, 59, 64-68].
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Tab. 2. Wiasciwosci i wplyw kwasu ferulowego na skore

Wiasciwosci Mechanizm dziatania

Antyoksydacyjne e Neutralizuje wolne rodniki zapobiegajac uszkodzeniom
DNA, fibroblastow 1 keratynocytéw, rozktadowi
kolagenu i elastyny,

e Zapobiega peroksydacji fosfolipidow bton
komorkowych,

e Chelatuje jony metali przejsciowych,

e Wspiera endogenne systemy antyoksydacyjne chronigc
enzymy (glutation, katalaze, dysmutaze ponadtlenkowg)
przed degradacjg i uczestniczac w ich regeneracji.

Rozjasniajace e Pelni rolg inhibitora tyrozynazy- gléwnego enzymu

melanogenezy,
e Hamuje proliferacje melanocytow,
e Hamuje transfer melanosomow do keratynocytow.

Przeciwstarzeniowe

e Zmniejsza degradacje¢ kolagenu poprzez hamowanie
syntezy metaloproteinaz (MMP-2 i MMP-9),

e Hamuje elastoze poprzez znaczng redukcje ilosci
reaktywnych form tlenu, ktére pobudzaja ekspresje
MRNA tropoelastyny.

Fotoochronne

e Absorbuje promieniowanie UV w zakresie 290-320 nm

Przeciwzapalne,
przeciwalergiczne

e Hamuje aktywnos¢ cytokin prozapalnych (IL1 i IL6 oraz
TNFa), lipooksygenazy i cyklooksygenazy.

Poprawiajace e Indukuje synteze nowych naczyn krwionosnych poprzez

mikrokrazenie wptyw na czynniki wzrostu (VEGF, PDGF, HIF-1).

Przyspieszajace e Przyspiesza epitelializacje,

regeneracje skory 1 o Zwicksza ~w  uszkodzonej  tkance  zawarto$¢

gojenie ran hydroksyproliny i hydroksylizyny-  prekursorow
kolagenu.
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1.4 Mikronakluwanie skory

Mezoterapia mikroiglowa (ang. microneedling) jest jedng 2z metod
poprawiajacych wyglad i funkcje skory poprzez wywolywanie w niej kontrolowanego
stanu zapalnego, prowadzgcego do proceséOw samoodnowy, przebudowy i regeneracji.
Zabieg polega na gestym, intensywnym nakluwaniu skory
za pomoca specjalnych dermarollerow Iub dermapenéw i1 wskazany jest przede
wszystkim przy skorze z objawami starzenia, utrata napigcia, zmarszczkami, a takze
w niwelowaniu blizn i rozstgpéw. W zalezno$ci od wskazan i glebokosci naklug,
zabiegi wykonuje si¢ w seriach (4-8 zabiegéw), w 10-14 - dniowych odstepach czasu
[69, 70].

Powstajace mikrouszkodzenia stanowig dobrg droge wnikania substancji
aktywnych, znajdujacych si¢ w preparatach rekomendowanych do mezoterapii
mikroiglowej. Zwigkszenie przenikania transepidermalnego znacznie podnosi
skuteczno$¢ zabiegu i poszerza mozliwos$ci jego zastosowania [71, 72]. Wykorzystuje
si¢  regenerujace  mikronakluwanie z  dzialaniem  wybranych  substancji
np. lipolitycznych lub pobudzajacych wzrost wlosow, tego typu zabiegi taczone stosuje
si¢ takze przy niwelowaniu defektow skory takich jak cellulit, bielactwo [73-75].

Mechanizm dzialania. Nakluwanie skory cieniutkimi igtami prowadzi do uszkodzenia
powierzchownych, drobnych naczyn krwiono$nych powodujac mikrokrwawienie.
Zapoczatkowuje to proces analogiczny do procesu gojenia si¢ ran, obejmujacy 3 gtdéwne
fazy:  zapalenia, proliferacji i  przebudowy  (remodelingu) [70, 76].
Istota fazy zapalnej jest formowanie si¢ skrzepéw tamujacych krwawienie, naptyw
komorek uktadu immunologicznego oraz niezwykle istotna, z punktu widzenia
przebudowy skory - aktywacja ptytek krwi. Pobudzenie trombocytow prowadzi
do uwalniania wielu czynnikow wzrostu m.in.: plytkowego czynnika wzrostu
(ang. platelet-derived growth factor - PDGF), transformujacego czynnika wzrostu o i 8
(ang. transforming growth factor - TGF o i B), czynnika wzrostu fibroblastow 2
(ang. fibroblast growth factor - FGF-2), naskorkowego czynnika wzrostu
(ang. epidermal growth factor - EGF). Czynniki wzrostu przyspieszaja podziaty
i roznicowanie si¢ komorek skory oraz silnie stymulujg fibroblasty do produkcji
kolagenu i elastyny [70, 77, 78]. Faza zapalna, po okoto 72 godzinach, ptynnie

przechodzi w trwajaca 2-3 tygodnie fazg proliferacji, w ktorej postgpuje epitelializacja
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oraz zastgpowanie skrzepow fibrynowych, bogata w naczynia wilosowate tkanka
ziarninowg. Analogicznie z procesem angiogenezy zachodzi neokolageneza, podczas
ktorej wytwarzany jest glownie kolagen typu I i IIIl. Procesy migracji i stymulacji
fibroblastow sa regulowane przez metaloproteinazy, interleukiny i czynniki wzrostu
(TGF-B, PDGF, EGF) [79-81]. Podczas ostatniej fazy - remodelingu zachodzi dalsza
transformacja macierzy zewnatrzkomorkowej z postepujacym zageszczaniem i poprawag
topografii skéry. Badania histopatologiczne skory, poddanej serii zabiegow
mikronakluwania, wskazuja na niemal 4-krotne zwigkszenie ilosci wiokien
kolagenowych i elastynowych. Struktura nowo wytworzonych widkien nie odbiega
od tych, znajdujacych si¢ w skorze nieuszkodzonej. Pogrubieniu ulega takze warstwa
ziarnista naskérka. Dzieki temu skora zyskuje wigksze napigcie, wytrzymatosc,
odporno$¢ na urazy, a takze dochodzi do wyrdéwnania kolorytu i1 wygtadzenia

jej powierzchni [71, 72, 82].

Glowne wskazania do zastosowania. Jednym z podstawowych wskazan
do zastosowania serii zabiegdbw mezoterapii mikrogitowej jest starzenie si¢ skory.
Mikronaktuwanie stanowi skuteczng metode niwelowania zmarszczek oraz poprawy
napigcia i elastycznosci skory, bez ryzyka wywotania nadmiernego, niekontrolowanego
stanu zapalnego, skutkujacego czesto podzniejszg nadwrazliwoscig skory [83, 84].
Pelny efekt serii zabiegoéw uzyskiwany jest po okoto 3 miesigcach od jej zakonczenia,
co jest zwigzane z dlugoscia trwania proceséw neokolagenezy [85]. W celu zwigkszenia
efektow przeciwstarzeniowych zaleca si¢ potaczenie mezoterapii z preparatami

zawierajacymi witaminy A i C [71].

Procesy przebudowy 1 silnej stymulacji syntezy nowego kolagenu, zachodzace
po zabiegach mikronakluwania, sg bardzo pozadane rowniez w przypadku terapii blizn
1 rozstgpoéw. Uwaza sig, ze gldowng role w przebudowie tkanki bliznowatej odgrywaja,
pobudzone nakluwaniem, metaloproteinazy rozkladajace nieprawidtowo utozone
wtokna kolagenowe. Z kolei silna stymulacja fibroblastow 1 postgpujace wytwarzanie
nowego kolagenu o prawidtowym, réwnoleglym przebiegu, prowadzi do znacznego
zageszezenia skory, splycajac  blizny 1 zmniejszajac ich widocznos¢ [86].
Najlepsze efekty uzyskiwane sa w przypadku blizn zanikowych np. potradzikowych

[87]. Zabieg uwaza si¢ za bezpieczny rowniez u oséb z ciemniejszym fototypem
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(typ IV 1 V wedtug skali Fitzpatricka), u ktorych inne dostgpne metody terapeutyczne
predysponuja do powstawania hiperpigmentacji [88].

Mezoterapi¢ mikroigtowa stosuje si¢ takze w terapiach taczonych, wykorzystujac
dziatanie sktadnikow aktywnych dostepnych preparatéw kosmetycznych, a nawet lekow
oraz innych technologii zabiegowych takich jak §wiatlo (terapia §wiattem LED, terapia
fotodynamiczna PDT). Wykazano, ze polaczenie dziatania co najmniej dwoch réznych
procedur daje lepsze, synergistyczne efekty, niz zastosowanie kazdej z nich
samodzielnie [89]. Powszechnie stosowany w leczeniu tysienia androgenowego
minoksydyl, daje duzo lepsze efekty terapeutyczne w potgczeniu z mikronaktuwaniem.
Zaobserwowano znacznie wigkszg ilo§¢ nowych mieszkéw wlosowych, w poréwnaniu
do terapii samym lekiem [75]. Popraw¢ wykazano w przypadku zastosowania
5-fluorouracylu i takrolimusu w leczeniu bielactwa. Poprzedzenie ich aplikacji gestymi,
drobnymi naktuciami dato wigksza skutecznos¢ [74]. Takze zmiany hiperpigmentacyjne
ulegaja rozjasnieniu w wigkszym stopniu, kiedy potaczy si¢ dostepne substancje
przeciwprzebarwieniowe, takie jak kwas traneksamowy z mezoterapig mikroigtowa.
Szczegolnie dobre efekty osiggane sga w przypadku ostudy (melasmy) [90].
Do innych substancji stosowanych w potaczeniu z mikronakluwaniem naleza: peelingi

chemiczne, retinoidy, komorki macierzyste, osocze bogatoptytkowe [91-95].

19



2 CZESC BADAWCZA

2.1 Zalozenia i cele pracy
Zalozenia pracy:

W pracy postanowiono oceni¢ wptyw kwasu ferulowego w formie peelingu
chemicznego na wybrane parametry skory twarzy. W celu zoptymalizowania
mozliwych do osiagniecia efektow postanowiono poréwnac aplikacje samego kwasu
ferulowego, z zabiegiem 1aczonym obejmujagcym mikronakluwanie poprzedzone
aplikacjg peelingu z kwasem ferulowym. Dokonano takze porownania skutecznoSci
z inng powszechnie stosowana, silng substancja antyoksydacyjng - kwasem
askorbinowym (witaming C). W $wietle obecnej wiedzy wiadomo, ze kwas ferulowy
wywiera korzystny wptyw na hodowle komorkowe fibroblastow, keratynocytoéw,
melanocytow, chroniac je przed niekorzystnym wptywem promieniowania UV, gldwnie
dzieki wlasciwosciom antyoksydacyjnym. Dostepnych jest jednak niewiele danych

literaturowych oceniajacych wptyw kwasu ferulowego na skore probantow.

Cele pracy:

1) Ocena aparaturowa wptywu kwasu ferulowego na: nawilzenie, poziom
melaniny, nasilenie rumienia, topografie, elastycznos¢ skory.

2) Ocena porownawcza wpltywu kwasu ferulowego oraz kwasu ferulowego
z mikronakluwaniem na wybrane parametry skoéry: nawilzenie, poziom
melaniny, nasilenie rumienia, topografie, elastycznos¢.

3) Ocena porownawcza wptywu kwasu ferulowego oraz witaminy C na wybrane
parametry skory: nawilzenie, poziom melaniny, nasilenie rumienia, topografie,
elastycznosc.

4) Ocena skutecznosci zastosowanych zabiegéw na podstawie dokumentacji

fotograficznej.
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2.2 Material i metody

2.2.1 Charakterystyka grupy badanej

Badaniem objeto 56 0séb (pici zenskiej), w przedziale wiekowym od 39 do 61 lat,
o $redniej wieku 54,2, ktore podzielono na 3 grupy (Tab. 3.). Badane osoby zostaty
zaklasyfikowane jako II 1 III fototyp skory wedlug skali Fitzpatricka.
Stopien zaawansowania fotostarzenia zostal okreslony na postawie skali Glogau.
Charakterystyke grup badanych pod wzgledem klasyfikacji fototypu i typu fotostarzenia
przedstawiajg tabele nr 4, 51 6.

Badane osoby nie posiadaly przeciwskazan do wykonania zabiegow.
Zostalty  poproszone o rezygnacje z innych procedur kosmetycznych
i dermatologicznych na czas trwania badania. Probanci zostali poinstruowani w zakresie

postepowania i pielggnacji okotozabiegowe;.

Tab. 3. Charakterystyka grupy badanej

Grupa Zabiegi Liczba osé6b  Srednia wieku
Grupa | Peeling kwasem ferulowym (cata twarz) 20 54,35
Grupa Il Peeling kwasem ferulowym

(lewa strona twarzy) 16 53.9

Peeling kwasem ferulowym i

mikronaktuwanie (prawa strona twarzy)
Grupa Il Peeling kwasem ferulowym

20 54,3

(lewa strona twarzy)

Witamina C (prawa strona twarzy)
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Tab. 4. Charakterystyka grupy | (peeling kwasem ferulowym)

O ~NO Ol WN K-

Wiek Fototyp FC* Typ wg skali
Glogau**
59 Il v
51 1 v
57 I I
58 I I
45 I I
49 i I
60 i v
55 I v
56 I I
53 I I
48 I I
60 i v
58 I v
52 I I
57 ] I
55 I I
54 ] I
50 I I
51 I I
59 ] I

* Fototyp FC — Fototyp skory wedtug Fitzpatricka (Fitzpatrick skin phototype
classification):

VI-

Bardzo jasna skora, nigdy si¢ nie opala, zawsze ulega oparzeniu, wlosy jasny
blond, jasne oczy,

Jasna skora, opala si¢ z trudem, rude lub blond wlosy, zwykle niebieskie,
zielone lub jasnobrazowe oczy,

Do$¢ jasna karnacja, skora ulega stopniowemu opaleniu, rzadko ulega
oparzeniu, wtosy ciemny blond lub jasny braz, kolor oczu dowolny,
Jasnobrgzowa skora, tatwo si¢ opala, bardzo rzadko ulega oparzeniu, wiosy
brazowe, oczy zwykle ciemne,

Skora brazowa, prawie nigdy nie ulega oparzeniu, wlosy ciemnobrazowe,
oczy ciemne,

Skéra ciemnobrgzowa, nigdy nie ulega oparzeniu, wlosy ciemnobrgzowe

lub czarne, oczy ciemne.
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** Typ wg skali Glogau:

Wczesne objawy fotostarzenia - pierwsze zmarszczki, drobne, nieliczne
przebarwienia,

Umiarkowane do $rednich objawy fotostarzenia - bardziej widoczne i glebsze
zmarszczki, widoczne przebarwienia postoneczne, nieréwnomierna tekstura
skory,

Srednie do zaawansowanych objawow fotostarzenia - widoczne wyrazne
zmarszczki mimiczne i statyczne, skora poszarzala, o nieréwnomiernym
kolorycie i przebarwieniach, teleangiektazje,

Zaawansowane do ciezkich objawow fotostarzenia - glebokie zmarszczki
1 bruzdy, liczne plamy soczewicowate, postoneczne zmiany przerostowe,
skéra o zoOlto-szarym zabarwieniu, czgsto obecne wczesne zmiany

nowotworowe.
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Tab. 5. Charakterystyka grupy II (peeling kwasem ferulowym + mikronaktuwanie)

Wiek Fototyp FC* Typ wg skali
Glogau**
1 49 I I
2 58 I v
3 54 ] 1
4 53 i v
5 60 ] 1
6 59 Il v
7 45 ] 1
8 59 ] v
9 53 Il I
10 52 ] I
11 49 I I
12 55 ] v
13 57 I v
14 53 I I
15 52 ] ]
16 48 ] I

* Fototyp FC — Fototyp skory wedtug Fitzpatricka (Fitzpatrick skin phototype
classification)

** Typ wg skali Glogau

24



Tab. 6. Charakterystyka grupy 11 (peeling kwasem ferulowym + witamina C)

Wiek Fototyp FC* Typ wg skali
Glogau**
1 59 I v
2 55 I v
3 52 I I
4 59 I I
5 41 I I
6 60 i I
7 52 i v
8 59 I v
9 61 I I
10 39 I I
11 48 I I
12 56 i v
13 58 I v
14 57 I I
15 49 I I
16 50 I ]
17 61 I I
18 56 I ]
19 59 I I
20 55 I I

* Fototyp FC — Fototyp skory wedlug Fitzpatricka (Fitzpatrick skin phototype
classification)

** Typ wg skali Glogau
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2.2.2 Procedury zabiegowe

Kazdej z probantek wykonano 8 zabiegow, z czestotoliwoscig 1 raz w tygodniu,
z wykorzystaniem peelingu chemicznego na bazie 14% kwasu ferulowego (pH=4,0-5,0)
— DNA Recovery Peel firmy Mediderma® (INCI: Ferulic Acid, Propylene Glycol).
Preparat zostal opracowany w technologii nanosomowej, aby zwigkszy¢ penetracje
sktadnika aktywnego. Dodatkowo po demakijazu, a przed aplikacja peelingu
spryskiwano twarz preparatem zawierajgcym puste nanosomy - Sensyses Liposomal
Cleanser, przygotowujagcym skore do zabiegu. W zaleznosci od grupy badanej
aplikowano peeling na calg lub na jedng polowg twarzy. Doktadne procedury opisano

ponizej.

Aplikacja peelingu chemicznego na bazie kwasu ferulowego na cala twarz

- Grupa |

Zabiegi rozpoczynaly si¢ doktadnym demakijazem skory delikatnym preparatem
Cleansing Milk firmy Mediderma®, a nastgpnie dezynfekcjg z uzyciem preparatu
Skinsept®Pur na bazie alkoholu etylowego. Oczyszczong skor¢ spryskiwano
preparatem Sensyses Liposomal Cleanser, a nastepnie aplikowano 2 warstwy peelingu
DNA Recovery Peel Solution w kilkuminutowych odstepach czasu (tgcznie 1,5 ml
preparatu). Kazda z warstw byta doktadnie wmasowana w skére (zgodnie z zaleceniami
producenta). Zalecono samodzielne zmycie peelingu przez probantéw po 6-8 godzinach
od aplikacji, z uzyciem ptatkow kosmetycznych i letniej wody, a nastepnie aplikacje

kremow przeciwstonecznych z wysokim filtrem (w porze dziennej).
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Aplikacja peelingu z kwasem ferulowym na lewa polowe twarzy oraz peelingu
z kwasem ferulowym w polaczeniu z mikronakluwaniem na prawa polowe twarzy

— Grupa Il (zabieg typu split-face)

W pierwszym etapie aplikowano peeling chemiczny na bazie kwasu ferulowego
na calg twarz, zgodnie z procedurg opisang powyzej (dla Grupy I). Nastepnie na prawe;j
potowie twarzy wykonywane byto mikronakluwanie z uzyciem Derma N-Skin Pen
firmy Symbiosis®. Uzywano jednorazowych sterylnych kartridzy, zawierajacych 12
igiet ze stali nierdzewnej. Wysuw igiet dostosowywany byt do okolicy
- tak, aby nie powodowa¢ krwawienia- 0,25 mm w okolicy czota i 0,5 mm na pozostalej
czesci twarzy. Do nakluwania skéry wykorzystano ,,metode kratkowa’ wykonujac
ruchy w kierunkach pionowych, poziomych i ukos$nych, z predkoscia 1300
uderzen/minute. Za punkt koncowy zabiegu obrano pojawienie si¢ delikatnego
zaczerwienienia skory. Nastepnie tak jak w przypadku Grupy | - probanci zostali
poproszeni o przemycie skory letnia woda po 6-8h od zabiegu oraz aplikacj¢ kremow

przeciwstonecznych z wysokim filtrem (w porze dziennej).
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Aplikacja peelingu z kwasem ferulowym na lewa polowe twarzy
oraz serum z kwasem askorbinowym na prawa polowe twarzy

- Grupa 11 (zabieg typu split-face)

Na lewej polowie twarzy wykonywano zabieg zgodnie z procedurg opisang
dla grupy I. Na prawej potowie twarzy rowniez wykonywano etapy demakijazu,
dezynfekcji 1 przygotowania skory preparatem z pustymi nanosomami, zgodnie
z wczesniejszym postepowaniem, z uzyciem tych samych preparatow. Nastepnie
na oczyszczong skore (wylacznie prawej strony twarzy) aplikowano 2 warstwy serum
zawierajacego kwas askorbinowy o stezeniu 12% - C-Vit Intensive Serum firmy
Sesderma® (INCI: Ascorbic Acid, Propylene Glycol), w ilosci 1,5 ml. Kazda z warstw
byta wmasowywana w skore w kilkuminutowych odstgpach czasu (analogicznie
do aplikacji peelingu ferulowego). Wykorzystywany preparat zostat stworzony rowniez
w oparciu o technologie nanosomowa. Tak jak w przypadku Grupy I i II preparaty byty
zmywane letnig woda, samodzielnie przez probantki po 6-8h od ich aplikacji. W porze

dziennej stosowane byly kremy przeciwstoneczne z wysokim filtrem.

Kazda z probantek wyrazila dobrowolng, §wiadoma, pisemng zgod¢ na udziat
w procedurze badawczej. Projekt badawczy 1 wszystkie stosowane w jego obrebie
procedury zostaly pozytywnie zaopiniowane i1 zatwierdzone przez Komisj¢ Bioetyczna
Uniwersytetu Medycznego w Lodzi nr o. RNN/81/19/KE z dnia 12.02.2019 r.
(Zatacznik 8.2)
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2.2.3 Ocena aparaturowa

Przed przystapieniem do serii zabiegdw, bezposrednio po zakonczeniu serii oraz

po miesigcu od ostatniego zabiegu, zostaly wykonane pomiary wybranych parametrow

skory, sondami: Mexameter, Korneometer, Cutometer urzadzenia MPA - The Multi

Probe Adapter Systems (Courage + Khazaka electronic GmbH, K&ln, Germany) oraz

kamerg Visioscan® VC 98. Wszystkie pomiary wykonywane byly w tym samym

pomieszczeniu, z zachowaniem statych warunkow temperatury (24-26-C) 1 wilgotnosci

powietrza (33-41%), zawsze o zblizonej porze dnia (14-16 godzina). Przed pomiarami

probanci byli proszeni o 10-15 minutowa aklimatyzacj¢ w pomieszczeniu pomiarowym.

Wyznaczono 4 punkty pomiarowe (Ryc. 4.):

1-

2-

na czole (na przecigciu linii pionowej przechodzacej przez zewnetrzny kat oka
I linii poziomej w odleglosci 2 cm od brwi),

na policzku (na przecigciu linii pionowej przechodzacej przez zewnetrzny kat
oka 1 linii poziomej wyznaczajacej koniec skrzydetka nosa),

w okolicy zuchwy (na przecigciu linii pionowej przechodzacej przez zewngtrzny
kat oka i linii poziomej przechodzacej przez kacik ust),

punkt kontrolny (nie poddawany zabiegom) - fragment skory za prawym uchem.

Ryc. 4. Punkty pomiarowe

Kazdy z pomiarow, w kazdym miejscu, wykonywano 3-krotnie, a nastepnie zapisywano

wynik jako $rednig z pomiarow.
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2.2.3.1 Ocena zabarwienia skéry i nasilenia rumienia - sonda
meksametryczna

Meksameter® MX 18 jest urzadzeniem stuzacym do pomiaru zabarwienia skory.
Zasada dziatania opiera si¢ na emisji, a nastgpnie absorpcji 1 odbiciu $wiatla
o okreslonej dhugosci fali ($wiatlo zielone 568nm, czerwone 660nm, podczerwone
880nm). Sonda wbudowana w aparat wysyla wiazke $wiatlta, ktora zostaje
w okreslonym stopniu zaabsorbowana przez barwniki skory- melaning i hemoglobing.
Niepochtonigta przez chromofory ilo$¢ $wiatta, zostaje odbita i1 trafia z powrotem
do odbiornika sondy pomiarowej. Pomiar trwa 1s, a jego wynik przedstawiany
jest w jednostkach arbitralnych (0-999 dla melaniny i hemoglobiny).
Przy ciemniejszej skorze wystepuje wigksza absorpcja promieniowania i wigksze

nasilenie rumienia (Ryc. 5.) [96].

photo detector

16 light emitting diodes
arranged circularly

skin
diffusive reflections

Ryc. 5. Zasada pomiaru dokonywanego przez Meksametr

Zrodto: https://courage-khazaka.de/en/scientific-products/all-products
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2.2.3.2 Ocena nawilzenia skéry - sonda korneometryczna

Corneometer® CM 825 stuzy do oceny nawilzenia, poprzez pomiar zawarto$ci
wody w warstwie rogowe]j naskorka. Urzadzenie oparte jest na pomiarze pojemnosci
elektrycznej,  tzw.  dielektrycznego  (nieprzewodzacego  pradu)  medium.
Sonda zbudowana jest z kwadratowej ptytki, na ktorej umieszczone sg elektrody,
stanowigce oktadki kondensatora. Mierzona skora stanowi warstwe dielektryczng.
Zasieg pomiaru to ok. 10-20 pm, przy wykorzystywanym pradzie o czgstotliwosci
09-1,2 MHz. Wyniki, podobnie jak w przypadku Mexametru wysSwietlane sg w
jednostkach arbitralnych (0-120) (Ryc. 6.) [97, 98].

Conductor Track of the CORNEOMETER®
Front View of the Electrode

Probe

Conductor
Track
Scatterfield
Separating Glass

Skin Surface

Ryc. 6. Zasada pomiaru dokonywanego przez Korneometr

Zrodto: https:/courage-khazaka.de/en/scientific-products/all-products

2.2.3.3 Ocena elastycznosci skory - sonda kutometryczna

Cutometer® Dual MPA 580 stuzy do oceny elastycznosci skory. Zasada dziatania
(Ryc. 7.) opiera si¢ na pomiarze mechanicznego odksztalcenia skory- fragment
o $rednicy 2 mm zostaje zassany do otworu sondy dzigki wytworzeniu podcis$nienia,
a nastgpnie po zaprzestaniu jego dziatania, skora wraca do pierwotnego ksztattu,
wycofujac si¢ z otworu. Dzigki systemowi optycznych soczewek urzadzenie dokonuje
pomiaru glebokosci zassania skory do jego wnetrza. Podczas pomiardow

wykorzystywano tryb pomiarowy o wartosci podci$nienia 450 mbar [99, 100].
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Ocenie poddano 2 sposrod kilkunastu parametrow:

R2 - tzw. lepko-sprezystos¢ (ang. visco-elasticity) - stosunek catkowitej
elastycznosci skory do catkowitego rozciagnigcia (Ua/Uf). Im wyzsza jego wartosc,

tym wigksza elastycznos$¢ skory.

R7 - stosunek natychmiastowego powrotu po odksztalceniu do catkowitego

rozciggnigcia (Ur/Uf). Im wyzsza jego warto$¢, tym wigksza elastycznos$¢ skory

(Ryc. 8.).
ll | negative air-pressure

Ryc. 7. Zasada pomiaru dokonywanego przez Kutometr

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

iy i /"‘ A
0 Ur
A Ua
Uf
Ue ¢Ud
Y
v Y

Ryc. 8. Krzywa deformacji skory uzyskana za pomocqg Kutometru [100]
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2.2.3.4 Ocena topografii skory- kamera Visioscan

Visioscan® VC 98 jest kamerg UVA 0 wysokiej rozdzielczosci, pozwalajaca
na dokfadne zbadanie topografii skory. Czujniki wbudowane w sondg, odbieraja
zmarszczki 1 zatamania skory jako pixele ciemne, a tuszczacy sie naskorek jako pixele
jasne. Specjalne oprogramowanie, na podstawie proporcji réznej intensywnosci pixeli,
wylicza parametry takie jak m.in. zluszczanie (SEsc) i szorstko$¢ (SEr) naskorka.
SEsc (scaliness) jest wyrazona w jednostkach arbitralnych wartos$cig, obrazujaca
poziom zluszczania warstwy rogowej naskorka, z uwzglednieniem warto$ci nawilzenia.
W obrazie kamery widoczny jest jako zageszczenie szarych pixeli. SEr jest parametrem
chropowatos$ci skory, na obrazie widocznym jako pixele ciemne. Obie warto$ci rosng

wraz z wiekiem [101, 102].

Electronically
controlled liquid
lens to increase
the range of
depths of fisld

Ryc. 9. Zasada pomiaru dokonywanego przez Visioscan

Zrédto: https://courage-khazaka.de/en/scientific-products/all-products
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2.2.4 Dokumentacja fotograficzna

Przed przystapieniem do badania oraz po zakonczeniu serii zabiegéw, wykonano
zdjecia systemem fotograficznym VISIA® Complexion Analysis System (Canfield
Scientific, Inc.) oraz Fotomedicus (Elfo®). Oba urzadzenia stanowig zintegrowany
system fotograficzny ze specjalnym oprogramowaniem, umozliwiajacym dokumentacje¢
przebiegu terapii zabiegowych poprzez analizg stanu skory z uwzglednieniem cech

takich jak: gteboko$¢ zmarszczek, obecnos¢ przebarwien, widoczno$¢ teleangiektazji.

Zdjecia byly wykonywane w pigciu ustawieniach: na wprost, profil prawy, profil lewy
(Ryc. 10.) oraz lewe $rodkowo -boczne ustawienie i prawe srodkowo-boczne ustawienie

(Ryc. 11.).

Ryc. 10. Dokumentacja fotograficzna- ustawienie na wprost, profil lewy, profil prawy

Ryc. 11. Dokumentacja fotograficzna- ustawienie lewe srodkowo-boczne i prawe
srodkowo-boczne
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Dodatkowo system VISIA posiada technologi¢ RBX (Red/Brown Subsurface Analysis)
zapewniajaca mozliwos¢ analizy stanu podpowierzchniowych naczyn krwiono$nych

(Ryc. 12.).

Ryc. 12. Dokumentacja fotograficzna - sie¢ powierzchownych naczyn krwionosnych
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2.3 WynikKi

Szczegbdtowa analiza, interpretacja oraz dyskusja uzyskanych wynikéw badan
zostala ujeta w formie trzech publikacji w czasopismach z listy JCR, zalaczonych

ponizej.
Spis publikacji bedacych przedmiotem rozprawy doktorskiej:

1. Zdunska K, Rotsztejn H. The effectiveness of ferulic acid and microneedling in
reducing signs of photoaging: A split-face comparative study. Dermatol Ther.
2020 Nov;33(6):14000. doi: 10.1111/dth.14000.

70 pkt. IF: 2,851

2. Zdunska-Peciak K, Kotodziejczak A, Rotsztejn H. Two superior antioxidants:
Ferulic acid and ascorbic acid in reducing signs of photoaging - A split-face
comparative study. Dermatol Ther. 2022 Feb;35(2):e15254.
doi: 10.1111/dth.15254.

70 pkt. IF: 2,851

3. Zdunska-Peciak K, Debowska R, Kotodziejczak A, Rotsztejn H.
Ferulic acid - a novel topical agent in reducing signs of photoaging. Dermatol
Ther. 2022 Apr;29:e15543. doi:10.1111/dth.15543
70 pkt. IF: 2,851

Warto$¢ dodang do niniejszej pracy stanowig Scisle powigzane z tematem rozprawy,
dwa artykuly pogladowe, opublikowane w czasopismach z listy JCR dotaczone do

sekcji ,,Zataczniki’’.

1. Zdunska K, Kotodziejczak A, Rotsztejn H. Is skin microneedling a good
alternative method of various skin defects removal. Dermatologic Therapy 2018
Nov;31(6);e12714. https://doi.org/10.1111/dth.12714.

70 pkt. IF: 1,74

2. Zdunska K, Dana A, Kolodziejczak A, Rotsztejn H. Antioxidant Properties
of Ferulic Acid and Its Possible Application. Skin Pharmacology and Physiology
2018;31:332-336. doi: 10.1159/000491755. Epub 2018 Sep 20.

100 pkt. IF: 1,89
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1 | INTRODUCTION

Rotsztejn Helena

Abstract

Photoaging is closely related to ultraviolet-induced oxidative stress. Ferulic acid is a
plant-based antioxidant with antiaging activity. Combining ferulic acid peel with
microneedling enhances its transdermal penetration. This study was designed to eval-
uate the efficacy of 14% ferulic acid peel combined with microneedling for facial pho-
toaging. Sixteen women aged 45 to 60 years with Fitzpatrick skin types Il and Ill
were enrolled in this trial. All patients received eight treatment sessions with a full
face application of chemical peeling based on 14% ferulic acid in 1-week intervals.
During each session, on the right half of patient's face, peeling application was
followed by microneedling. Efficacy was measured using Multi Probe Adapter
(Courage + Khazaka electronic). The measurement of hydration, elasticity, melanin
index, and erythema index were taken before treatments, after eighth session and
1 month after the last application. The objective evaluation showed statistically sig-
nificant improvement in all measured skin parameters (P < .05), after ferulic acid peel
application, as well as ferulic acid peel followed by microneedling. Combined therapy
showed significantly greater improvement especially in skin elasticity, comparing to
peeling administered alone. Ferulic acid has a significant bleaching, antiredness,
smoothing, and moisturizing activity. When combined with microneedling, the effi-
ciency s increased, in particular regarding skin elasticity.

KEYWORDS
antioxidant, ferulic acid, microneedling. photoaging

hyperpigmer 7® Many hi thological examinations on fibro-
blasts, keratinocytes, melanocytes have already been done.”? The

Solar ultraviolet (UV) radiation is one of the most common external
factor contributing to skin aging." As photoaging is widely occurring
and progressive process, it is essential to develop the innovative treat-
ment options.

Ferulic acid is a phenolic acid found in various plants, which has
been widely used in pharmaceutics and food so far.? It has proven
anti-inflammatory activity,” free radical scavenging activity,* antioxi-
dant protection ability,® and UV-absorbing ability.® This reported
effects can indicate that ferulic acid with its high antioxidative and
anti-inflammatory activity could prevent and reduce photo-oxidative
skin damage, including loss of elasticity, wrinkles, skin dryness, and

results of these research show that ferulic acid acts as a protective
agent against UV-induced changes in the main skin cells. However, to
the best of our knowledge, the benefits of a ferulic acid for photoag-
ing skin on human have not been studied yet.

It Is considered that transfer of active substances through the epi-
dermal barrier may be limited.® What is more, the usage of ferulic
acid in cosmetic formulations may be limited by Its tendency to be
rapidly oxidized.'*'® To increase the absorption of ferulic acid peel, it
was followed by microneedling. During microneedle mesotherapy skin
is punctured with very thin needles, which enhances penetration of
active ingredients.'” To compare the effectiveness of ferulic acid peel

Dermatologic Therapy. 202(;33:e14000,
https://doi.org/10.1111/dth. 14000

wileyonlinelibrary.com/journal/dth

© 2020 Wiley Periodicals LLC. ' 1of 7
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(alone) with combined treatment including ferulic acid peel and micro-
needling, in reducing signs of photoaging, we did split-face study.

2 | MATERIALS AND METHODS

21 | Participants
This study included 16 patients aged 45 to 60 years, with Fitzpatrick
skin types 1l and lIl. After dinical evaluation they were classified as
moderate (10 patients) to severe (6 patients) facial photoaging,
according to Glogau Wrinkle Scale. The participants were informed
about possible side effects such as skin irritation, reddening, pruritus,
and instructed about behavior during the examination. They were
asked to use sunscreen with Sun Protection Factor (SPF) 50, twice a
day, during, and 1 month after procedure. They were required to
resign from any ¢ ic formulations with antiaging active ingredi-
ents and dermatological procedures for the entire duration of the
study. All patients pledged to comply with the recommendations.
Written informed consent was obtained from each patient before
enrollment.

22 | Procedures
All patients received a series of eight treatments, performed once a
week. After cleaning the skin with the make-up cleansing milk and
degreasing it with spray containing ethyl alcohol, two thin layers of
peeling, based on 14% ferulic acid, were applied symmetrically across
the entire face. Each layer was massaged into the skin until absorbed,
according to the producer's recommendations. Then, the right half of
the face was microneedled with Dermapen (Derma N-Skin Pen Symbi-
osls), without causing bleeding. Depend on area, 0.25 mm (forehead)
or 0.5 mm (cheek, chin) needle length was used. Disposable cartridges
used, included 12 needles of surgical steel. The skin was punctured in
horizontal, vertical, and oblique directions with 1300 ejections/minute
speed. The end point of microneedling was slight skin reddening.
Faces were washed 6 hours after the treatment, using a cotton pad
soaked in lukewarm water. Then, subjects dried their faces with clean
towel and applied broad-spectrum SPF 50+ sunscreen.

The research project was approved by the Bioethics Committee
of the Medical University of Lodz (Protocol No. RNN/81/19/KE).

23 | Outcome assessment

Efficacy was measured using The Multi Probe Adapter Systems
(Courage + Khazaka electronic GmbH, Kéln, Germany). All measure-
ments were taken in the same room, with constant temperature
{20°C + 2°C) and humidity (45% + 5%) conditions. The first measure-
ment was performed before starting the examination, the second one—
immediately after the end of the series (8 weeks after the first treatment)
and the third one—1 month after the last treatment (12 weeks after the

first treatment). Before measurement, all patients were acclimatized in
the measuring room, for at least 15 minutes. Three measurement points
were designated: 1-on the forehead, 2—on the cheek, and 3—on the
chin. Al measurements were done three times in each place. The
recorded result is the ge of all nts.

Melanin and Erythema Index (M MX 18): M t of
the skin color, by the emission, subsequent absorption and reflection
of light of a specific wavelength, absorbed by skin chromophores—
melanin and hemoglobin. The result is received in arbitrary units
(0-999 for melanin and hemoglobin).'®

Hydration (ComeometerCM820): Measurement of the water con-
tent in the stratum corneum, based on electrical capacity with mea-
suring range around 10 to 20 pym and electric frequency 09 to
1.2 MHz. The result is received in arbitrary units.”

Elasticity (Cutometer SEM 474): Measurement of the biomechanical
skin properties using negative pr Used t mode 1:
negative pressure: 450 mbar, on-time: 3 seconds, off-time: 3 seconds,
repetitions: 3, Evaluated parameters: R2 (Ua/Uf), gross-elasticity of the
skin, including viscous deformation and R7 (Ur/Uf), biological elasticity,
that s, the ratio of immediate retraction to total distension (Figure 1).'®

Additionally, before starting the treatment and after its completion
photographs were taken with photographic systems VISIAComplexion
Analysis System (Canfield Scientific, Inc.) and Fotomedicus (Elfo).

All side effects, occurring right after the treatment, were
documented.

24 | Statistical analysis

The mean and SD (mean + SD) was applied as appropriate for descrip-
tion of parameters with normal distribution. Variables that were not
nomally distributed were expressed as median and interquartile range
(IQR: 25%; 75%). The assumption of normality was assessed by the
use of Shapiro-Wilk test. One-way repeated measures Analysis of var-
iance (with a Greenhouse-Gelsser sphericity correction when appro-
priate) followed by Bonferroni post hoc tests was performed for

K3 ‘ “ ‘
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FIGURE 1  Skin deformation curve obtained with a Cutometer'®
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statistical evaluation of differences in skin parameters over time.
Differences in percentage changes of skin parameters compared to
baseline values between ferulic acid and ferulic acid + microneedling-
treated skin were compared according to the Mann-Whitney test.
Statistical evaluation of categorical variables was performed by chi-
square tests. A P value <.05 was considered as statistically significant.

3 | RESULTS

The results of the study demonstrated that when compared to the
baseline, both ferulic acid (FA) and ferulic acid with microneedling

B wiLEy- | >

(FA + microneedling), can result in statistically significant improve-
ments in all measured skin parameters (Tables 1-3).

The biggest difference between both therapies, was observed in
case of elasticity. R2 and R7 parameters increased more significantly
on the side treated with ferulic acid followed by microneedling. The
difference was statistically significant, at the measurements taken
right after the series of treatments, as well as a month after the end of
the series (Figure 2A,B).

As can be seen in Table 1, the skin hydration level increased
significantly for both ferulic acid and ferulic acid with micro-
needling treatments. Right after the series of treatments, percent-
age assessment showed there was slightly greater improvement of

TABLE 1  Skinmoisture content according to place and time of measurement

Period of study
Treatment Measurement place Base () After 8 weeks (#) After 12 weeks P value
Ferulic acid (left) | (Forehead) 556 £ 106 71072 674190 P <.0001
26.3(19.7,37.9) 10.0(7.5; 41.4)
I {Cheek) 475+£128 622+ 134" 59.4+ 108" P <.0001
27.2(16.8; 38.6) 16.4(7.8; 41.6)
111 (Chin) 348 +190 507 £ 17.1*** 50.5+ 15.9*** P <.0001
640 (26.2; 106.2) 60.0(13.6; 93.5)
Ferulic acid + microneedling (right) | (Forehead) 545£99 725271 #RH6681 74" P <.0001
306 (26.8;41.2) 19.0(12.8; 37.9)
Il (Cheek) 480 £122 644 £ 127" ##59.3 £ 104" P <.0001
287 (21.2;430) 15.9(8.7; 36.3)
11 (Chin) 353+190 522 +17.3*** #E#423 4 159" P <0001
668 (34.1; 89.5) 25.7(1.5; 56.3)$
Note: Data presented as mean £ SD or median with IQR (25%; 75%). Percentage value reflects the changes of parameter from baseline.
*P<.05;**P <.01; ***P < 001 vs base.
#P < 05; ##P < .01; ###P < .001 vs 8 weeks.
$P < 0.05; $$P < 0.01; $$$P < 0.001 vs ferulic acid.
TABLE 2 Melanin value according to place and time of measurement
Period of study
Treatment Measurement place Base (") After 8 weeks (#) After 12 weeks P value
Ferulic acid (left) | (Forehead) 1481 £338 1284 £ 31.9** ##1351 £ 32.6**" P <.0001
-13.2(-17.1; -8.7) -8.5(-124; -44)
Il (Cheek) 11962323 104.1 £ 320" #1187 £ 347 P =006
~12.9(~23.7; ~5.3) -0.2(-10.6; 6.1)
Il (Chin) 1327 £261 1128+ 233" 1181+ 233" P <.0001
-16.1(-21.6; -9.3) ~14.6(-16.2; -3.4)
Ferulic acid + microneedling (right) | (Forehead) 1491 £323 120.5 + 30.9*** ##132.0 + 343" P < .0001
-18.8(-21.6; -149)$$ -13.0(-14.0; -8.1)
Il (Cheek) 1207 £332 94212271 ###108.1 £ 30.7""" P <0001
-21.8(~27.2; -155)% -10.3(-12.9; -6.5)%
Il {Chin) 1334 £265 108.1 £ 25.6*** ##£1149 £ 254" P <.0001

~19.4(-23.3; -165)

~13.0(-18.8; -10.8)

Data presented as mean 1 SD or median with IQR (25%; 75%). Percentage value reflects the changes of parameter from baseline.

*P <.05; **P < .01; ***P < .001 vs base.
#P < .05; ##P < .01; #8#P < 001 vs B weeks.
$P < 0.05; $5P < 0.01; $$8P < 0.001 vs ferulic acid.
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TABLE 3  Erythema value according to place and time of measurement
Period of study
Treatment Measurement place Base (%) After 8 weeks (#) After 12 weeks P value
Ferulic acid (left) | (Forehead) 353.7+£57.6 307.5 £ 598" 2977 £ 558" P < 0001
~7.5(~18.5; -5.5) ~15.8(-224; -7.2)
Il (Cheek) 3492+743  308.1% 688 #2946+ 692" P=.001
~5.6(~20.3; -4.0) -13.4(-258; -5.3)
1l (Chin) 289.6+711 260.7 £ 693" 2559 £ 70.9** P =001
-84(-14.9.-29) -94(-158; -4.4)
Ferulic acid + microneedling (right) | (Forehead) 35424550 303.3 £ 535" ##326.6 £ 59.1*** P < 0001
-126(-198; -9.5) -6.7(-103; -4.5)$
Il (Cheek) 347.7 £ 717 304.2 £ 647 3203 £ 666" P < 0001
-93(-17.0; -7.4) —4.6(-143;-29)
1l {Chin) 291.6+£702 252.7 £ 69.1°** 2708 £ 72.3*** P < 0001
-113(-19.9; -9.8) -5.7(-11.1; -3.3)

Data presented as mean £ SD or median with IQR (25%; 75%). Percentage value reflects the changes of parameter from baseline.

*P < .05;*'P < 01; ***P < .001 vs base.
#P < 05; ##P < .01; ###P < .001 vs 8 weeks.
$P < 0.05; $$P < 0.01; $$$P < 0.001 vs ferulic acid,
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FIGURE 2 AB, Figure demor R2 alterations (expressed as

percentage changes from baseline value) in all measurement and time
points. Data presented as median (horizontal bar with a diamond sign)
and lowerupper quartile range (box) for skin treated with either ferulic
acid peel-left side (light gray box) or ferulic acid peel followed by
microneedling-right side (dark gray box). * P < 0,05, ** P < 0,01,

***P < 0,001 vs ferulic acid side

skin moisture content on the FA + microneedling side. A month
after the end of the series, on both sides of the face, hydration
decreased slightly, still showing a statistically significant difference
to the baseline.

Right after a series of treatments, the skin melanin content
decreased more on the FA + microneedling side, comparing to the fer-
ulic acid side (statistical significant difference between therapies in
two measurement points: 1-P < .01; II—-P < .05). A month after the
end of the series, that parameter increased slightly on the FA
+ microneedling side, still showing statistical significance in all mea-
surement points, comparing to the baseline values. On the FA side,
skin melanin level increased almost to the baseline in one measure-
ment point (Il), while the improvement in | and Ill measurement point
where slightly less, but still, significant (Table 2).

The intensity of erythema decreased significantly on both sides of
the face, right after the series, as well as a month after the end of the
series. On the FA side, the changes in parameter values were slightly
less significant, in two measurement points (P = .001), comparing to
the significance level on the FA + microneedling side (P < .0001)
(Table 3).

The most frequent side effects, observed right after the treat-
ments were erythema, buming sensation and scaling. Incidences of
adverse events were significantly higher on the side of the face
treated with ferulic acid and microneedling (Table 4). The same per-
cent of patients reported pruritus on both sides of the face (18.7%).
Any case of adverse events were not persistent and subsided with
couple hours after the treatments.

The results achieved by means of using apparatus are reflected
in the photographs by the VISIA Complexion Analysis Syst
(Canfield Scientific, Inc) and Fotomedicus system (Eifo), taken
before and immediately after a series of treatments (Figures 3
and 4).

40



KAMILA AND HELENA

TABLE 4 Frequent adverse events

Adverse events
Pruritus
Erythema
Buming sensation
Scaling

FIGURE 3  Firming activity of ferulic acid before and after the
treatment

FIGURE 4  Antiredness activity of ferulic acid before and after the
treatment

4 | DISCUSSION

Photoaging is a complex, biological process, attributed to continuous,
longterm exposure to UV radiation. Among the major clinical changes
of skin photoaging there are: dryness, wrinkles, hyperpigmentation,
erythema, laxity. Histologically, dermal elastosis, collagen degradation,
inflammatory infiltrates can be observed.'*? UV-induced oxidative

B wiLEy- | >

Ferulic acid (%)  Ferulic acid + microneedling (%) P value

3(187) 3(18.7) P> 999

1(62 12(75.0) P <0001
2(125) 11(68.7) P=.001

2(125) 12 (75.0) P < 001 (00037)

stress is considered to play important role in pathogenesis of photoag-
ing, by causing oxidative damage to cellular components in the skin
(via La.: oxidation of nucleid acids, proteins, and lipids), activation of
proinfl, y cytoki
(MMPs) expression (**).

Ferulic acid as a superior antioxidant'® has made considerable
interest as effective agent for reducing signs of photoaging. The anti-
oxidant mechanism of ferulic acid is based on free radical scavenging,
by forming stable phenoxyl radicals, in the reaction of the radical mol-
ecule with the antioxidant molecule. In the aftermath, a complex reac-
tion cascade of free radical generation is inhibited. It can also act as a
hydrogen donor, giving atoms directly to the radicals.?*?* The other
antioxidant properties of ferulic acid are related to binding transition
metals, preventing lipid peroxidation, inhibiting the enzymes that cata-
lyze free radical generation.?® It also possesses anti-inflammatory
properties, associated with reducing proinflammatory cytokines (IL-6,
IL-1 p) and tumor necrosis factor-a.2*

This study demonstrated the efficacy of 14% ferulic acid peel
combined with microneedling as a treatment for facial skin photo-
damage. We did split-face study to compare the effectiveness of fer-
ulic acid peel vs combined therapy comprising peeling followed by
microneedle mesotherapy. It is considered, that combining two differ-
ent procedures, gives their additive and synergistic effects.’” Micro-
needling therapy is a popular t used in ing various skin
defects (i.a: photoaging, wrinkles, pigmentation changes, tele-
angiectasia) through the controlled skin damage. It results in stimulat-
ing natural self-repair mechanisms and increasing synthesis of
substances that are important building blocks (eg, collagen, elastin,
hyaluronic acid, etc.). Breaking skin continuity with thin needles, facili-
tates the penetration of active ingredients, enhancing its
effectiveness, '

The results of our study show statistically significant improve-
ment of both ferulic acid peel and ferulic acid peel followed by micro-
needling, in reducing signs of photoaging. The instrumental analysis of
skin parameters, indicate that these treatments significantly affect
skin moisture, elasticity, melanin level, and erythema intensity. Impor-
tantly, the effects achieved during a series of treatments persist over
time. Markiewicz et al also conducted the objective assessment of the
efficacy of strong antioxidant L-ascorbic acid in combination with
microneedling. Results of their study show significant improvement of
skin elasticity and hydration, reduction of skin redness and skin light-
ening, just after four treatments.”® El-Domyati et al combined micro-
needling with other minimally invasive procedures for reducing signs
of photoaging. In their split-face study, after six treatment sessions
with the use of microneedle mesotherapy and 15% trichloroacetic

increase of matrix metalloproteinases
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acid or platelet rich plasma, they noted significant clinical improve-
ment in wrinkles depth, skin texture, pigmentation intensity. Histologi-
cal and histometrical analysis showed significant increase in the mean
thickness of epidermis, de of collagen bundles and formation
of new, well-organized elastic fibers.”

In our study, we noted the biggest difference between treatments
regarding skin elasticity. Comparing both sides of the face, the outcome
was more promising with ferulic acid followed by microneedling.

Hye-Jin et al in their study on human dermal fibroblast CCD-
986sk, showed the mechanism of anti-aging activity of ferulic acid. It
was found, that ferulic acid acts as an inhibitor for MMPs—enzymes
accelerating extracellular matrix decomposition, i.a. collagen and
hyaluronic acid. What is more, it increases the production of tissue
inhibitor of metalloproteinases (TIMP-1%%). Similar results were
obtained by Piuemsamran et al,, in their study on human keratinocyte
(HaCaT) cells. They proved that ferulic acid inhibits UVA-induced
MMP-1 activity'! These results show that ferulic acid affects the syn-
thesis and decomposition of major skin components, by controlling
the activity of enzymes such as MMP-1 and TIMP-1.

The mechanism of antiaging acitivity of microneedling was clini-
cally evaluated in many studies in animal skin,** individual human skin
biopsies®® and human 3D skin models. ™ The research revealed asso-
ciation with increased sythesis of collagen, elastin, and other extracel-
lular matrix components with changes in growth factors expression.
The effectiveness of micr dl therapy on pati was evalu-
ated in El-Domyati et al's studies. They observed dinical and histologi-
cal improvement of photoaged skin, involved in increased synthesis of
collagen types |, lll, and VI, increased level of tropoelastin and reduc-
tion of solar elastosis, after six microneedling procedures.>*

Itis supposed that we achieved better results in case of combined
treatment than the one with peeling only, for the sake of synergistic
antiaging activity of two different techniq The bination of
both skin needling and ferulic acid peeling application, significantly
enhance their efficacy.

Combining two different low-invasive procedures allows to
achieve their additive effects without long postoperative period and
risk of persistent side effects. Laws et al and Rawlins et al demon-
strated that invasive procedures, including deep epidermal damage,
lead to extensive inflammation, and abnormalities in newly synthe-
sized collagen network. It can contribute to greater future susceptibil-
ity to skin photodamage.®> In our study, we reported only transient
adverse events as pruritus, erythema, burning sensation, and scaling.
Our participants did not report true complications. It allows to qualify
both ferulic acid peel and combination of ferulic acid with micro-
neediing as a novel, not invasive, and effective techniques of facial
photoaging.

5 | CONCLUSIONS

This study demonstrated that the application of ferulic acid peel has
isturizing, melanin and eryth reducing and elasticity improving

effect on human skin. Combining it with mic dl herapy

gave slightly better improvement in reducing signs of photoaging.
especially in relation to skin elasticity. Furthermore, the treatments
were very well tolerated, which made return to normal daily life possi-
ble, directly after each session.
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1 | INTRODUCTION

Anna Kolodziejczak © |

Helena Rotsztejn

Abstract

The assessment of the signs of photoaging in mexametric (melanin and erythema
index), corneometric (hydration level), and cutometric (elasticity) examination after
the treatment with ascorbic acid and ferulic acid. This study was conducted in a
group of 20 women aged 39-61 (mean age 54), with Fitzpatrick skin types Il and IIl
The study included a series of eight treatments performed once a week. Two layers
of peeling, based on 14% ferulic acid (left half of the face) and 12% t-ascorbic acid
serum (right half of the face) were applied. To determine skin parameters: moisture,
elasticity, melanin level, and erythema intensity, the Multi Probe Adapter Systems
(Courage + Khazaka electronic GmbH, Kéin, Germany) were used. Additionally,
before and after the series of treatments, photographs were taken with the standard-
ized photographic system Fotomedicus (Elfo™). The results of mexametric measure-
ment for melanin level and erythema intensity were statistically significant
{p < 0.0001) for both acids. Slightly greater lightening of the skin was demonstrated
for ascorbic adid. The results of corneometric measurement of hydration level for fer-
ulic acid and ascorbic acid were both statistically significant (p < 0.0001). First benefi-
cial changes in improved elasticity could be observed as early as after 8 weeks but
the increase in flexibility grew with time (after 12 weeks). These changes affected
both acids and all measurement points. The changes in parameters were highly statis-
tically significant (p < 0.0001). Based on the conducted research, it is not possible to
state which of the tested acids is more effective in reducing the symptoms of photo-
aging. Both acids (ascorbic and ferulic), which have a high antioxidant potential, affect
the measurable parameters of the skin: pigmentation (melanin index), erythema (ery-
thema index), skin hydration, and elasticity.

KEYWORDS
antioxidant, ascorbic acid chemical pedl, ferulic add, photoaging

keratinocytes, cdliagen and elastin. Clinical symptoms of skin photo-
damage are: wrirkdes, solar elastosis, loss of elasticity, hyper-

In the modern cosmetics industry, both synthetic and natural antioxi-
dants are widely used.” Photoaging s one of the processes taking place
in the skin, in which the use of antioxidants seems to be crucial.? The
production of free radicals, initiated mainly by UV radiation, leads to the
damage of many skin cells and components, that is, fibrablasts,

pigmentation, skin erythema, and keratosis.® Antioxidants are able to
interrupt a chain reaction of free radical production. This way they pro-
tect important vital molecules.* Due to their preventive and therapeutic
effects, these compounds are widely used in the cosmetic industry,
including both: cosmetic products and professional treatments.

Dermatolagic Therapy. 2021;e15254. y
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One of the best known and mainly used antioxidant is vitamin C
and its biologically active form-t-ascorbic acid (AA). With regard to
skin, its anti-aging, brightening, strengthening blood vessels and
hydrating activity is very well studied.” Ascorbic acd ks commonly
used in cosmetics, most often in skincare products dedicated to pho-
toaging skin as well as with hyperpigmentation and also to skin with
erythema,

Ferulic acid (FA) is a good example of another antioxidant with
high antioxidative potential. It has proved anti-inflammatory,®
anticancer,” antibacterial® and many other activities. In the cosmetic
industry, it is mainly used in sunscreens and anti-aging products, as it
exerts brightening, moisturizing and anti-wrinkle effects on the
skin.™* To the best of our knowledge, there are only a few studies of
the FA effect on human skin with the participation of probands. Most
of the researchindudes cell cultures of fibroblasts, keratinocytes, and
melanocytes. ™ ™ As it is a novel and very promising antioxidant, we
dedded to compare its effidency with well-studied vitamin C. Both
compounds are considered to be effective active ingredients in the
fight against photoaging. They have long been used synergistically, as
FA increases the stability, effectiveness, and photoprotective efficacy
of vitamin C, but there is no study comparing these two antiaxidants
on human skin, so far.***> Therefore we did a split-face study, in
which the whitening, moisturizing, erythema-reducing, and firming
effect of FA and vitamin C, was examined.

2 | MATERIALS AND METHODS

21 | Materials

This study was conducted in a group of 20 women aged 39-61 (mean
age 54), with Fitzpatrick skin types Il and lIl. According to Glogau
Wrinkde Scale, 2 of them were dassified as mild, 15 as moderate, and
3 as advanced facial photoaging. Exclusion criteria included preg-
nancy, skin diseases, frequent allergic reactions to cosmetic produds,
taking part in other cosmetic and dermatological procedures during
our study, and patients unable to perforn necessary
postoperative care.

22 | Methods

The study included a series of eight treatments performed once a
week. The first step was to remove make-up with deansing milk and
then degrease the skin with alcohol-based spray. Afterward, the entire
face was sprayed with a special product containing empty nanosomes,
preparing skin for the procedure and enhancing transepidermal per-
meation of active ingredients. Then, two layers of peeling, based on
14% FA, were massaged into the skin on the left half of the face. On
the right side of the face, two layers of 12% L-ascorbic add serum was
applied. Both products were from Mediderma by Sesderma® They
contain active ingredient (ferulic or ascorbic acid, respectively) and
propylene glycol. Participants were asked to wash their faces at home,

after 6 h, using a cotton pad soaked in lukewarm water, Both prepara-
tions were in nanosome technology and according to the producer's
recommendations, had to be left on the skin for a couple of hours.
Patients were instructed to use an only delicate, moisturizing cream
and then apply broad-spectrum SPF 50+ sunscreen, every moming.

23 | Assessment of efficacy
In this study, The Multi Probe Adapter Systems (Courage + Khazaka
electronic GmbH, K&ln, Germany) were used to determine skin param-
eters: moisture (Corneometer) melanin level, and erythema intensity
(Mexameter), and elastidty (Cutometer). All measurements were con-
ducted in a measurement room with constant temperature (20°C
% 2°C) and humidity (45% £ 5%) conditions after 20 min patients
acclimatization.

All p ters were d in three points: 1—on the fore~
head, 2—on the cheek, and 3—on the jaw. The recorded result is the

ge of three done in each place. Three measure-
ment time-points were established: I-before the treatment, II-directly
after the series of treatments, and Ili-1 month after the last treatment.
Additionally, before and after the series of treatments, photographs
were taken with the standardized photographic system
Fotomedicus (Elfo®).

3 | RESULTS

31 | Statistical methods

The mean and SD (mean SD) was applied as appropriate for the
description of parameters with normal distribution. The not normally
distributed variables were expressed as the median and interquartile
range (25%; 75%). The Shapiro-Wilk test was used to assume the nor-
mality. For statistical evaluation of differences in skin parameters over
time, the one-way repeated measures analysis of variance (with a
Greenhouse-Geisser sphericity correction when appropriate)
followed by Bonferroni post hoc tests were perfomned. The Mann-
Whitney test was used to compare the differences in percentage
changes of skin parameters (according to the baseline values) between
FA and the ascorbic acid group.

The results of the mexametric (Table 1) measurement of MELA-
NIN (melanin level) for FA (left side of the face) and ascorbic acid
(right side of the face) were both statistically significant (p < 0.0001).
In the case of FA, inall measured points, the most significant changes
occurred after the 8 weeks. A reduction in the intensity of skin pig-
mentation was observed (—17,1%; — 22.2%; — 187%), compared to
the initial state. Although statistically insignificant p = 0.718;
p = 0402; p = 0.289). in relation to FA, but gr lightening of the
skin was demonstrated for ascorbic acid. The reduction in skin pig-
mentation was greatest on the cheek (—24.7%).

The results of ic (Table 2) it of ERYTHEMA
{severity of erythema) for FA {eft side of the face) and ascorbic acid
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TABLE 1 MELANIN parameters according to place and time of measurement
Period of study
Treatment Measurement place Base(”) After 8 weeks (# After 12 weeks p value
Ferulic acid (Left) | {(Forehead) 13782 267 11132272 1201 £ 28. 7444 p < 0.0001
—17.1%(-263, -153) —134%(-19.2-78
11{Cheek) 12142258 93312 260 "**103.8 £ 24.04# p < 0.0001
—-22%(-289,-17.3 —13.1%(-17.5 -111)
1l Uaw) 139.12 244 **1140 2231 122.1 £ 23,084 p < 0.0001
—18.7%(-214 -134) —-129%(-17.2 -56)
Ascorbic add (Right) | (Forehead) 14102 25.1 1148 £244 1230 2 269444 p< 0.0001
—19.7% (240, -13.7) —134%(-188 —9.0
p=0718* (p= 0947
1 (Cheek) 11742253 8822 230 9.7 224944 p < 0.0001
—247%(-306 188 —153%(-254,-88)
{p=0.602* {p= 0583"*
11l Paw) 14152 274 113022438 1186 2 224# p< 0.0001
—194%(—234-17.1) —170%(-213 -107)
(p= 02899 (p= 0.108*

Note: Data presented as mean £ SD or median with IQR {25%; 75%). Percentage value reflects the changes of parameter from baseline. % Versus base.

*Versus ferulic acid.

“/#p < 0.05 versus base/8 weeks.
/#4#p < 0.01 versus base/8 weeks.
T/ ###p < 0,001 versus base/8 weeks.

TABLE 2 ERYTHEMA parameters according to place and time of measurement

Period of study

Treatment Measurement place Base (™)
Ferulic acid (Left) | {Forehead) 29342554

11{Cheek) 31182535

11 Jaw) 29332454
Ascorbic acid (Right) | (Forehead) 31322470

11 {Cheek) 31382451

11 Jaw) 28382405

After 8 weeks (#) After 12 weeks p value
2460+ 478 "2528+ 490 p< 0.0001
-16.1% (-19.1; -118) -12.9%(-18.7; -89)

26852 548 **2813 % 50644 p< 0.0001
~132.8% (-19.9; -8.4) —7.7%(-14.5,-59)

24952 506 "*02612 4 49.0# p< 0.0001
~13.8% (-18.1; -10.7) —10.4% (~152; -7.9)

25712 722 27481 514 p= 0001
—14.0% (—18.3; -12.1) —10.3% (—15.0; —6.9)

fp=04780 b =0289F

2689 £ 47.0 2819 2 49.94% p< 0.0001
—14.7% (-17.9; -122) —99%(-139;,-6.8

=096 o =04200

2466+ 352 2578+ 43.1# p<0.0001
—12.8% {—18.7; ~10.6) —9.6%(-134 44

o =0820F o =0314r

Note: Data presented as mean £ SD or median with IQR ({25% 75%). Percentage value reflects the changes of parameter from baseline. % Versus base.

*Versus fenulic acid.

“/4#p < 0.05 versus base/8 weeks.

T/ #4#p < 0.01 versus base/8 weeks.
'/ #t#p < 0,001 versus base/8 weeks.

(right side of the face) were both statistically significant (p < 0.0001).
Analyzing the statistical percentage reduction, it is slightly smaller
than in the case of the MELANIN. For FA: —16.1%; —13.8%; —13.8%
and for ascorbic add: —14.0%; —14.7%; —12.8% after 8 weeks.

The results of comeometric (Table 3) measurement of hydration
level for FA and ascorbic acid were both statistically significant

{p < 00001). The improvement in skin hydration was significant,
reaching as much as 39.3%-76.6% of the baseline value.

Cutometer is used to evaluate biomechanical skin properties. It
measures the elasticity of skin using negative pressure which mechan-
ically deforms the skin. R2 is the most common parameter in medical
literature used to evaluate skin aging. R2 refers to gross-elasticity of
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TABLE 3 CORNEOM parameters according to place and time of measurement

Period of study
Treatment Measurement place Base () After 8 weeks {#) After 12 weeks p value
Ferulic acid (Left) | (Forehead) 426£85 6222104 549 2 83444 p < 0.0001
52.5%(33.1; 580 29.8%(16.3,43.8
11 {Cheek) 3662121 5282149 *T46.5 £ 14 6444 p< 0.0001
45.8%(31.9; 60.8) 30.0%(13.3,411)
111 Jaw) 3632115 5342136 4632 126844 p < 0.0001
51.0%(324;72¢) 29.0%(18.1;,411)
Ascorbic add (Right) | (Forehead) 449275 6241286 55312 86844 p< 0.0001
39.3%(29.1;522) 25819.1;384)
=024 (p=0383"*
11 {Cheek) 3622110 5352152 490 £ 14.04% p< 0.0001
52.1 (39.8, 70.0) 35.1%{20.9; 50.7)
b =0445)* (p=0327"
11 Jaw) 2792109 4612155 3912 144488 p < 0.0001
76.6%(478;91.8) 43.4%(23.0,64.1)
=002 (p= 0074*
Note: Data presented as mean £ SD or median with IQR {25%; 75%). Percentage value reflects the changes of parameter from baseline. % Versus base.
*Versus ferulic acid.
“/#p < 0.05 versus base/8 weeks.
"/#4#p < 0.01 versus base/8 weeks.
T/ ###p < 0,001 versus base/8 weeks.

TABLE 4 CUTOMETER parameters according to site and time of measurement

Period of study
Treatment Measurement place Base (%) After 8 weeks {#) After 12 weeks p value
Ferulic acid (Left) | (Forehead) 043620135 ***0.543 £ 0.150 ***0.578 £ 0.150## p < 0.0001
227%(149; 388 35.1%(22.5; 47.3)
11 {Cheek) 046920124 **"0.572 £0.134 ""0.615 2 0.136#4# p< 0.0001
212%(145; 30.0) 342%(24.4;421)
11l (Jaw) 054920135 ***0.640 £ 0.140 046762 0.1424# p< 0.0001
164%(101;22.9) 20.5%(15.5; 353)
Ascorbic add (Right) 1 {Forehead) 043220120 ***0.587 £0.144 061820131 p< 0.0001
399%(243;47.9) 444%(299; 621)
b =0049)" p=0192)"
11 {Cheek) 046520133 *"0.592 £0.144 0628 £ 0.143## p< 0.0001
236%(17.7; 44.5) 369%(25.6;417)
b =0265" =0565)"
11 (Jaw) 0.509£0.115 ***0.604 £ 0.130 10653 £ 0.140## p< 0.0001
164%(100; 26.2) 28.9%(17.8; 353)
p =0841" p=0253"
Note: Data presented as mean £ SD or median with IQR {25% 75%). Percentage value reflects the changes of parameter from baseline. %Versus base.
*Versus ferulic acid.
“/#p < 0.05 versus base/8 weeks.
T/##p < 0.01 versus base/8 weeks.
"/###p < 0,001 versus base/8 weeks.

the skin. First benefidal changes could be observed as eary as after
8 weeks but the increase in flexibility grew with time (after 12 weeks).
These changes affected both aclds and all measurement points, The
change in parameters was highly statistically significant (p < 0.0001)
(Table 4). The results were better for ascorbic acid (p < 0.05) in one

measurement point (forehead) and in one time point (after 8 weeks)
(Agure 1).

On the basis of the conducted research, it is not possible to state
which of the tested acids is more effective in reducing the symptoms
of photoaging.
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FIGURE 1 R2 valuesinall measurement and time points. R2
values are expressed as percentage changes from baseline. Data
presented as median (horizontal bar with a diamond sign) and lower-
upper quartile range (box) for skin treated with either ferulicadd
peel-left side flight gray box) or ascorbic acid serum -right side (dark
gray box). *p < 0.05 versus ferulic add side

The results achieved by means of using apparatus are reflectedin
the photographs by the Fotomedicus system (Elfo) taken before and
immediately after a series of treatments (Figures 2 and 3).

4 | DISCUSSION

41 | Ascorbic acid
Mexameter is a non-invasive device used to measure the concentra-
tion of melanin and hemoglobin in the skin. In our study, a reduction
in erythema was demonstrated after treatments with vitamin C. This
may be due to the fact that applying vitamin C can increase the level
of mRNA of collagen lll, which is the main ingredient of blood vessel
walls.*® Scientific research confirms that vitamin C affects the appear-
ance of capillary skin.™ Jaros et al. showed that 5% vitamin C concen-
trate causes significant erythema reduction (p < 0.0001) in capillary
skin and photoaging skin. The research was conducted on a group of
30 women. Erythema decreased by: 9% after 2 weeks; 16% after
4 weeks; 21% after 6 weeks. In the control group an increase in the
level of erythema by 7% was demonstrated, based on VISIA photo-
graph system (compared to the study group undergoing vitamin C
treatment).’® Sauermann et al. in an in vivo study determined the
effect of a topical cream with 3% vitamin C using daily applications
for 4 months on the forearms of 33 women. They showed, with the
confocal laser scanning microscopy method, that topical vitamin C
may have therapeutic effects enhancing the density of dermal papil-
lae, perhaps through the mechanism of anglogenesis.” Vitamin C has
a protective effect on the endothelium of the blood vessels of the skin
plexuses (it determines the maintenance of the mechanical resistance
of the capillary walks).

In our study, mexametric measurements demonstrate a statisti-
cally significant (p < 0.0001) change in skin color toward the reduction
of pigmerttation after the use of vitamin C. Ascorbic acid reduces the

synthesis of melanin (inhibition of the synthesls of tyrosinase), It is
effective in lightening the skin of some patients with hyper-
pigmentation disorders (melasma or solar lentigines). This vitamin C
derivative suppresses melanin formation by influencing tyrosinase and
melanoma cells. It stimulates the synthesis of ceramides—maintaining
proper skin hydration due to the formation of stratum corneum bar-
rier lipids, It seems that ascorbate nomalizes epidermal lipid profiles,
in particular glucosphingolipids and ceramides.”?° Vitamin C protects
the nuclel of keratinocytes from damage and changes that lead to the
formation of sunburn cells. Humbert et al. performed a double-blind
randomized trial to evaluate the skin overa 6-month period of use of
a cream witch 5% vitamin C. They were concluded that topical the
vitamin C leads to a dlinically apparent improvement in the appear-
ance of photodamaged skin. After three and more to 6 months, signif-
icant improvement of: moisturizing skin, smoothing the surface, tone
of skin, pigmentation Jightening) were observed. The study was based
on: assessment by the investigator and volunteers, skin relief mea-
surements fsilicone rubber Silflo), and skin biopsies.

The own study showed an improvement in skin elasticity (cut-
ometric measurements). Vitamin C neutralizes free radicals created by
the activation of neutrophils, prevents peroxidation processes initi-
ated by free radicals, and suppresses the release of superoxide anions
by macrophages. Vitamin C has a protective function for mitochon-
dria. Ascorbic acid, when applied topically, improves the appearance
of photoaged skin, protects and reduces the amount of damage cau-
sed by UVB radiation. What else, the amount of vitamin C in the skin
drops dramatically after UV irradiation® Ascorbic acid affects the
activity of fibroblasts and thus participates in the synthesis of colla-
gen, thus the lack of l-ascorbic acid reduces the synthesis of collagen.
The inhibition of MMP-1 was proved to decrease wrinkles.”” Vitamin
C has been shown to inhibit the activation of aP-1, which leads to a
reduction in MMP production and collagen damage after exposition
on UV. Vitamin C inhibits the blosynthesis of elastin 2 It takes part
in the process of hydroxylation of proline to 4-hydroxyproline, acting
as a co~factor. Hydroxyproline acts to stabilize the collagen triple helix
and it is necessary for cross-linking one collagen molecule to another,
providing tissue strength.’>™ It can also affect collagen synthesis by
activating its transcription procollagen mRNA. Moreover, as a result
of many months using ascorbic acid, type | cdlagen fibers were more
evenly distibuted® Visible improvement in the form of reduced
depth of nasolabial fold, conducted with the use of Primos, was also
observed.™ Sachs DL et al. observed an increase in collagen (steady-
state procollagen | levels) synthesis in subjects with hypo-collagenesis.
In contrast, topical vitamin C had no effects on procdlagen produc-
tion inindividuals with normo-collagenesis?®

42 | Ferulicacid

FA has many functions in the skin, so it has been widely used in the
cosmetics industry. Itis used in skincare formulations as a brightening
component, photoprotective agent, and delayer of skin photoaging
processes. FA when used as a topical antioxddant maintains a high
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local concentration and has low cutaneocus metabolism. It possesses
anti-inflammatory and antimicrobial activity, and has a protective role
for the fibroblasts and keratinocytes. It induces angiogenesis and
inhibits melanogenesis.

Linetal. in their research conducted using HUVEC-human umbili-
cal vein endothelial celis have shown that FA enhances VEGF and
PDGF expression and increases the amount of hypaxia-induced
HIF-1, which generates hypoxia-responsive respanses.*?* Therefore,
we can assume FA can affect the formation of new vessels by affect-
ing the activity of the main factors involved in it, that is, PDGF (plate-
let-derived growth factor) and VEGF (vascular endothelial growth
factor). In principle, angiogenesis may reduce the appearance of ery-
thema by reducing vasodilatation. In our study, the effect of reducing
the intensity of erythema under the influence of FA was shown.

FIGURE 2 Theefficacy of FA
and AA in reducing wrirkles,
Before (I photograph). After the
series of treatments

1 photograph)

FIGURE 3 The efficacy of FA
and AA in lightening the skin.
Before (I photograph). After the
series of treatments

01 photograph)

In our research, using the Mexameter measuring probe, showed a
reduction in the intensity of skin pigmentation. It is related with ability
of the acid to inhibit the tyrosinase activity and inhibit melanocytic
proliferation.’®* Second, it fights against ROS which is an important
trigger of melanogenesis therefore also prevents DNA damage®” In
order to intensity of the action of the brightening effect, FA can
be combined with a keratolytic agent.® Staniforth et al. noted that FA
absorbs UV (290-320 nm).?° It is used in pigmentary disorders like
melasma  and  constitutional type of POH-—periorbital
hyperpigmentation.”

FA can prevent collagen degradation,™ through the antiocidant
effect. FA reduces adverse UV effects if it is administered prior to
exposure. Pluemsamran et al. proved that keratinocytes are much less
susceptible to free radical damage when exposed to FA before
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irradiation. Hahn et al. have shown that intraceBular reactive oxygen
species production after radiation of UVA™ and UVB®! in fibroblasts
is lower, after FA application.™ FA aplicated before exposure to UV
causes less ROS production and reduced stimulation of
metalloproteinases (MMP-1). In tum, the production of intrinsic anti-
oxidants {glutathione and catalase) increased. Moreover, application
of FA prevent from elastosis, as the cause of it are ROS. The increase
in tropoelastin mRNA expression in the cells exposed to ROS s
known.>**3 The production of ROS in the skin leads to a decreasein
collagen and elastin. This will consequently cause wrinkling, thinning,
and loosening of the skin. These findings have brought the important
role of antioxidants into perspective. It can be assumed that in our
study we have shown the beneficial effect of antioxidants on the
mechanical properties of the skin, that is, its elastidty (Cutomet
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1 | INTRODUCTION

Renata Debowska® | Anna Kotodziejczak' @ |

Abstract

Continuous production of reactive oxygen species, induced by UV radiation, is one of
the main mechanisms contributing to skin photoaging. Therefore, the use of novel
superior antioxidants, which ferulic acid belongs to, is an innovative treatment
option. The aim of this study was to evaluate the effect of 14% ferulic acid peel on
skin hydration, topography, the level of melanin, and the severity of erythema, in
people with skin photoaging symptoms. Twenty women aged 45-60, received eight
treatments of chemical peeling in 1-week intervals. Efficacy was measured using The
Multi Probe Adapter (MPA) Systems (Courage + Khazaka electronic GmbH, Kdin,
Germany). The measurements were taken before, 8, and 12 weeks after the first
treatment. Additionally, the photo documentation was made with Fotomedicus (Elfo)
and VISIA® Complexion Analysis System (Canfield Scientific, Inc.). The objective eval-
uation showed statistically significant improvement in all measured skin parameters
p < 0.05). The best results of skin hydration and melanin level were observed right
after the end of the series (p < 0.001). The best improvement in erythema reduction
was noted a month after the last treatment (p < 0.0001). At the control, untreated
point none of the probes showed statistically significant changes. In conclusion, a
series of treatments with 14% ferulic acid peel has a significant bleaching, erythema-
reducing, and moisturizing activity. The results achieved by apparatus, are reflected
by photo documentation. The effects achieved during a series persist over time.

KEYWORDS
antioxidant, chemical peel, ferulic acid, photoaging

compounds, given either orally or applied topically on the skin, could
reduce and prevent the signs of photoaging.

Exposure to ultraviolet radiation may contribute to the increase in
reactive oxygen species (ROS), which may be connected with all sorts
of negative biochemical processes within the skin. The free oxygen
radicals are considered to be one of the major causes of elastosis
lati lastin aggregates in photoaging skin).' The
other signs of photoaging such as wrinkles, dryness, hyper-
pigmentation, telangiectasia, are also closely related to oxidative
stress.” On this basis, it is suggested that the strong antioxidant
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Ferulic acid ([E}-3-[4-hydroxy-3-methoxy-phenyl] prop-2-enoic
acid) (Figure 1) is a phenolic antioxidant found in high concentration
in plant tissues.” In plants, it is biosynthesized from the action of O-
methyl transferase on caffeic acid. It has low toxicity and many
proven physiological functions (antioxidant” anti-infl A
anticancer,” antidiabetic.® antimicrobial®). The most important prop-
erty of it is its function as an antioxidant. It has been shown to be use-
ful in counteracting skin photoaging because it has the ability to
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FIGURE 1 Chemical structure of ferulic acid

function as an antioxidant in sunburn cells. Ferulic acid is able to
absorb UVA (cis-ferulic acid—peak at 317 nm; trans-ferulic acd—
236 and 322 nm).'® Until recently, this compound was used synergis-
tically together with other antioxidants such as vitamin C and E.
increasing their effectiveness and participating in their regeneration
processes.”” After oral administration, the bioavailability of ferulic acid
in the skin is relatively low.**

Formulas enriched with ferulic acid gain several times higher anti-
oxidant and photoprotective efficacy than those without it. The effec-
tiveness of ferulic acid, as a strong antioxidant reducing UV-induced
oxidative skin damage, as well as inhibiting the formation of hyper-
pigmentation and accelerating skin regeneration, has been proved in
numerous studies on cell cultures of fibroblasts, keratinocytes, and
melanocytes. ™ '* The results of these studies are promising positive
and would qualify ferulic acid as a novel, effective therapeutic agent.
However, to our present knowledge, there is a scarcity of studies
evaluating the impact of ferulic acid on photoaging skin. The aim of
this study is to evaluate the effect of ferulic acid on skin hydration,
topography, the level of melanin, and the severity of erythema, in peo-
ple with skin photoaging symptoms.

2 | MATERIALAND METHODS

21 | Patientselection

The study included a group of 20 patients aged 45-60, with the |l and
11l skin phototypes according to Fitzpatrick’s scales. Clinical evaluation
of photoaging was done according to Glogau Wrinkle Scale. Fourteen
patients were classified as moderate (Il type) and six patients as
severe (IV type) facial photoaging. Before starting the examination, a
detailed interview with each of the patients was conducted. It reg-
arded general health, including information about taken medicines
and skin diseases. The patients were qualified for the examination and
then instructed about skin care regimen after the treatments. All
patients pledged to comply with the recommendations and to resign
from other cosmetic and dermatological procedures for the entire
duration of the study. Each of the patients completed a full cycle of
tests.

22 | Treatment protocol

Each patient received a series of eight treatments of chemical peeling
based on 14% ferulic acid (Mediderma by Sesderma®), performed
once a week. This product contains ferulic acid (in nanosome

technology) and propylene glycol. Before applying ferulic peeling, the
skin was cleaned with the make-up cleansing milk and then degreased
with disinfectant spray based on ethyl alcohol. Next, a special product
containing empty nanosomes was sprayed on the face, to enhance
the transepidermal permeation of active ingredients. Afterward, in a
few minutes intervals, two layers of peeling were applied to the skin.
A total of 1.5 ml. Each layer, in accordance with the producer's recom-
mendations, was massaged into the skin until absorbed. Next, patients
were asked to wash their faces at home 6 h after the treatment, using
2 cotton pad soaked in lukewarm water, as the nanosome products
had to be left on the skin for a couple of hours. Patients were
instructed to use only delicate, moisturizing cream and apply sun-
screen with a high Sun Protection Factor (SPF 50) every moming.

2.3 | Measurement

Measurements of selected skin parameters were made with
Mexameter (melanin and erythema level) and Corneometer (skin
hydration level)-The Multi Probe Adapter (MPA) Systems
(Courage + Khazaka electronic GmbH, Kdln, Germany). The measure-
ments included 3-time points: before starting a series of treatments,
immediately after the end of the series (8 weeks after the first treat-
ment), and 1 month after the end of the series (12 weeks after the
first treatment). Three measurement points were designated: 1—on
the forehead, 2—on the cheek, and 3—on the jaw. The untreated skin
sample behind the ear constituted a control point (point 4), as it is the
nearest and most similar skin area to the treated one. All measure-
ments were done three times in each place and the recorded result is
their average.

All measurements were made in the same room, with constant
temperature conditions (24-26°C) and air humidity (33%-41%),
always at a similar time of the day, Before taking the measurements,
the patients were asked for 10-15min acdlimatization in the
measuring room.

Mexameter MX 18 (Courage + Khazaka electronic) it is a non-
invasive device used to measure the concentration of melanin and
hemoglobin in the skin by light absorption. The probe emits light at
three wavelengths selected to achieve different levels of absorption
by the pigment melanin (MEX) and hemoglobin (ERYT). The amount of
light emitted is precisely defined, the amount of light absorbed by the
skin can be calculated and the receptor measures the light reflected
from the skin. Melanin and erythema index were calculated.

Skin hydration was ed with C eter CM825, which
measurement of skin's electrical capacity, based on the relatively high
dielectric constant of water. It is related to the degree of epidermal
hydration. Parameters used: skin compressed for 1 s with a force of
7.1 N/em?, 20-30 um deep into the stratum corneum. The measure-
ment result is in the range 0-130. The higher is the value, the better
is the hydration of the epid

The topography of the skin was accurately examined with Vis-
ioscan® VC 98 (Courage + Khazaka electronic GmbH, Koln,
Germany)—a high-resolution UVA camera. The photographs show the
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FIGURE 2 Melanin value according to place and time of
measurement. White bar—measurement |, light gray bar—
measurement |I, dark gray bar—measurement lll. Data presented as
mean +SD. ***p < 0.0001; **p < 0.01 versus measurement |

#i#p < 0.01; #p < 0.05 versus measurement |l

structure of the skin in multiple magnifications. The SELS™ parameters
(Surface Evaluation of the Living Skin), developed espedially for this cam-
era are SEsc (scaliness)—a value expressed in arbitrary units, showing the
level of exfoliation of the stratum comeum, including the value of hydra-
tion and SEr—skin roughness. Both values increase with age.

Additionally, before starting the treatment and after its comple-
tion, photographs were taken with photographic systems: VISIA®
Complexion Analysis System (Canfield Scientific, Inc) and
Fotomedicus (Elfo®).

3 | RESULTS

The results are presented as mean value and standard deviation
(SD) mean £ SD. Repeated measures one-way analysis of variance
(ANOVA) (with a Greenhouse-Geisser correction where appropriate)
followed by Bonferroni's post hoc comparisons tests were used.

3.1 | Skin lightening efficacy

A statistically significant difference in skin melanin level was observed
in all measuring points, directly after a series of treatments. The
decrease of melanin level was slightly greater on the forehead and on
the jaw than on the cheek area (p < 0.0001 and p < 0.001, respec-
tively) (Figure 2). The last measurement, taken a month after the end
of the series, showed still a significant improvement on the forehead
and jaw, compared to the baseline (p < 0.0001). On the cheek, the
level of melanin raised almost to the baseline a month after the series
of treatments.

RS wiLEy L s

Anti-redness efficacy

At the end of the series, the intensity of erythema decreased signifi-
cantly in all measuring points, showing slightly greater efficacy on the
forehead (p < 0.0001) than on the cheek and jawline (p < 0.05). A
month after the series of treatments the improvement was even bet-
ter, showing statistical significance of p < 0.0001 on the forehead and
p < 0.001 on the cheek and jaw areas (Figure 3).

Skin hydrating efficacy

A statistically significant difference in skin hydration level was
observed in all measuring points, directly after a series of treatments
(p < 0.0001). A month after the end of the series, hydration decreased
slightly, compared to the second measurement, still showing the sta-
tistically significant difference to the baseline (p < 0.0001 on the
cheek and jaw and p < 0.001 on the forehead) (Figure 4).

34 | Skin smoothing efficacy

Statistically significant reduction of exfoliation (SEsc) and roughness
(SEr) of the epidermis, was observed on the forehead and jaw
(p < 0.05) (Table 1).

At the control, untreated point none of the probes showed statis-
tically significant changes (Table 2).

Throughout the duration of the study, none of the patients’ side
effects were noted in the form of irritation, buming, redness of the
skin, which proves the safety of using ferulic acid in the form of chem-
ical peeling.

4 | DISCUSSION

Photoaging of the skin is a process that affects both: the epidermis
and the dermis. Histologically, in the epidermis, it concerns its thicken-
ing and alterations within its cells (i.e. melanocytes and Langerhans
cells). However, major changes are observed in the dermis and they
relate to the elastosis process, the invalid structure of collagen fibers,
changes in the number of proteoglycans, glycosaminoglycans, and
inflammatory cells.” Therefore, for the treatment of photoaging skin, a
substance that penetrates into the deeper tissue is needed.'” Ferulic
acid has been shown to penetrate deeply into the skin, both acidic
and neutral pH, in dissociated and non-dissociated forms. Its effi-
ciency is closely related to maintaining a high local concentration and
low cutaneous metabolism."” **

This study demonstrated, that ferulic acid peel is an effective
therapeutic agent in reducing clinical signs of photoaging such as skin
dryness, telangiectasia, erythema, and hyperpigmentation. The results
achieved by MPA probes (Mexameter and Cutometer) are reflected
by photo documentation (Figures 5 and 6).
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FIGURE 4  Skin hydration level according to place and time of
measurement. White bar—measurement |, light gray bar—
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Ferulic acid is a well-known compound in the pharmaceutical,
food, and cosmetic industries. It is widely used as a preservative,”
photoprotective agent,”’ and vitamin stabilizer.”” Its strong antioxi-
dant activity is related to free radical scavenging,* inhibiting enzymes
that catalyze free radical generation,”® binding transition metals,”
preventing lipid peroxidation, enhancing other scavenger enzymes
activity.? 25

Ferulic acid shows an antioxidant activity due to the phenolic ring
and unsaturated side chain.'” It has the capacity to inhibit a complex

ZDUNSKA-PECIAK €7 AL
TABLE 1 Visioscan parameters values: exfoliation (SEsc) and
roughness of the epidermis (SEr)
Parameter ~ Measurement 1  Measurement2  Significance
Forehead
SEr 2.98 £1.06 239+082 p=0151
SEsc 045 :0.10 0.35+ 007 p=0.031"
Cheek
SEr 3.87 £ 0.66 2521018 p=0.103
SEsc 0.54 £0.13 042 £ 0.06 p=0115
Jaw
SEr 342 +0.82 2352054 p=0.027"
SEsc 0.49 £0.05 040+0.11 p=0175
Note: Data presented as mean + SD. Values of both parameters (Sesc and
Ser) increase with age.
*p <0.05.

TABLE 2 Control point* parameter's values according to the time
of measurement

Parameter Measurement 1  Measurement2  Significance
Melanin 16231426 159.8 +44.7 p=0271
Erythema 350.1 £ 64.6 349.6 £ 621 p=0.368
Corneometer 559+ 135 532+111 p=0162
PK Vser 114+ 019 114 :0.21 p=0739
PK Vsesc 0.57+012 059 +0.11 p=10383
Note: Data presented as mean + SD.
reaction of free radicals g tion, by forming stable ph yl radi-

cals, in the reaction of the radical molecule with the molecule of anti-
oxidant. The phenoxy radical is formed, which is highly resonance
stabilized, so it ends its life in condensation and collision with another
ferulate radical. It has also the ability to donate atoms directly to the
radicals, acting as a hydrogen donor. Another antioxidant mechanism,
associated with binding transition metals such as iron and copper, pre-
vents the formation of toxic hydroxyl radicals and in the aftermath
autoxidation of lipid acids cell membrane.”'#?* Ferulic acid has the
ability to inhibit enzymes that catalyze the formation of free radicals
and of strengthening scavenger radical enzymes.'”

Milani et al?” showed skin protective effects of an antioxidant
and antipollution serum with Deschampsia antartica extract, ferulic
acid, and vitamin C. The study was conducted on a group of 20 women
living in an area of high pollution urban area. The study showed
improvement of skin barrier function, to counteract the skin oxidative
stress and to reduce hiperpigmentations.

In our research, nanosomal formulations were used (nanosome
technology). Gupta et al.”” states that ferulic acid has problems of
poor stability and low aqueous solubility in cosmetics products, The
solution obtained in the research was suggested to be an optimal con-
centration (0.5 wt% ferulic acid in bulk solution) for successful nano-
emulsion formulation. In the study formulations of ferulic acid-loaded
lipid-based nanoparticle systems, can find various uses in cosmetics.
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FIGURE 5 Lightening activity of
ferulic acid. | photograph—before, Il
photograph—after the treatment session.
Women age 48. |l type according to
Glogau Wrinkle Scale. The level of
melanin at the baseline: 175. The level of
melanin after the eight treatments of FA
peel: 133

FIGURE 6 The cutaneous superficial
network of blood vessels. | photograph—
before, Il photograph—after the treatment
session. The photograph taken by VISIA®
Canfield Scientific showing the number
and size of vascular lesions. Made in cross
polarity in RBX® technology. Women age
58. |l type according to Glogau Wrinkle
Scale. The level of erythema at the
baseline: 470. The level of erythema after
the 8 treatment of FA peel: 385

Das and Wong researched to stabilize ferulic acid in topical hydrogel
formulation via nanoenc lation technique and low pH (less than
pKa of ferulic acid). They proved that products with ferulic acid with
low pH can maintain skin microbi and h tasis, may pene-
trate into skin layers (avoid systemic circulation).””

Further pre-treatment studies confirmed the great photoprotective
ability of ferulic acid-loaded multiple emulsions (MA), in fact, following a
5 h pre-treatment with ME (W/O/W multiple emulsions), the skin of the
volunteers become more protected from a subsequent physical insult
and the erythema index remained on lower values than those of the sites
pre-treated with the other formulations,'*

B wiLEy-| s

As a result of excessive free radical reactions, the functioning of
the skin is disturbed and aging is accelerated. Skin becomes
dehydrated, sagging, wrinkled, appears discoloration and vascular spi-
der veins. Treatment with ferulic acid counteracts photoaging of the
skin, and also shows depigmenting properties, controlling tyrosinase
activity. Because FA has a similar structure to tyrosine, it is believed
that it inhibits melanogenesis through competitive inhibition with
tyrosine. What else, vitamin E ferulic acid ester exhibited an inhibitory
effect on melanin production.™

In this research series of treatments with ferulic acid peel, caused
a decrease of skin melanin content and thus brightening and evening
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of skin color. Minor hyperpigmentation has also been lightened and
much less visible (Figure 5). Park et al. investigated the mechanism of
the skin-whitening action of ferulic acid. It is based on the inhibition
of intracellular tyrosinase synthesis in melanocytes. The synthesis of
melanin is suppressed by reducing the expression of microphthalmia
transcription factor (MITF)—a major transcriptional regulator of the
genes for tyrosinase. Ferulic acid affects the synthesis and decomposi-
tion of the melanogenic enzyme, by controliing the activity of its tran-
scription factor. Park et al”’' in their study on B16F10 mouse
melanoma cells showed a 19.1% decrease in intracellular tyrosine syn-
thesis, after exposure to 20 pg/ml ferulic acid. The intensity of the
melanin synthesis process decreased by 43.6%. Dayal et al.*? in their
study comparing the efficacy of 12% ferulic acid peel with two other
common peels, noted good to excellent improvement (according to
physician global assessment) in the intensity of periorbital hyper-
pigmentation (POH) in almost half of the FA group. What is more,
12% ferulic acid was the best-tolerated peel among the three.

Importantly, the effects achieved during a series of ferulic acid
treatments persist over time. A month after the end of the series of
treatments, the amount of melanin in the skin increased slightly, still
showing a significant improvement, compared to the baseline. This
may be related to the preventive role of ferulic acid, against changes
in the skin caused by UVA and UVB radiation. Pluemsamran et al.'”
proved that there are much smaller photodamages in keratinocytes if
ferulic acid is administered prior to UV radiation, Reactive oxygen spe-
cies' production decreases significantly, endogenous antioxidants, that
is, glutathione, and catalase undergo a smaller reduction, and their
level returns to the state before exposure. Upon absorption of UV,
phenol acids catalyze the stable phenoxy radical formation, ferulic acid
terminating free radical chain reactions. Therefore, it can be assumed
that ferulic acid not only reduces already existing signs of photoaging
but also prevent future photodamage in the skin.'*

Murray et al.** have demonstrated that a stable topical formula-
tion of 15% L-ascorbic acid, 1% alphatocopherol, and 0.5% ferulic acid
(CEFer) is able to significantly decrease the expression of immunosup-
pressive and proinflammatory cytokines that occurs with UV damage.
CEFer was applied to separate patches of human skin for 4 days and
next the skin was irradiated UV.

FIGURE 7  Skin surface in a multiple
magnification. | photograph—before, Il
photograph—after the treatment session.
The photograph taken by Visioscan™
VC98 showing the skin topography using
a special UV-A light video camera with
high resolution. The images show the
structure of the skin and the level of
dryness. Accurate analysis of the skin is
made with the use of SELS™ parameters
(Surface Evaluation of the Living Skin)

Mancuso et al.'? conducted in vivo and in vitro research which
the aim was the evaluation of three types of emulsions with ferulic
acid. MA showed the best ability to carry and release ferulic acid and
great stability. What is important, in vivo investigation showed that
MA has the best capability to treat UV-B-induced erythema.

The study demonstrated that therapy with ferulic acid peel reduced
the severity of erythema and visibility of telangiectasia. The best results
were achieved on the forehead and cheeks, which is confirmed by the
photo taken with the VISIA®, illustrating the cutaneous superficial net-
work of blood vessels (Figure 6). Literature data indicate that ferulic acid
has been used for a long time in neurodegenerative and circulatory sys-
tem diseases. It also improves blood circulation, prevents thrombocyte
clumping, and has antithrombotic properties.®® Lin et al.”® in their
research on human umbilical vein endothelial cells (HUVEC), demon-
strated that ferulic acid induces the expression of major angiogenic regu-
latory factors: vascular endothelial growth factor (VEGF) and platelet-
derived growth factor (PDGF). It also increases the amount of hypoxia-
inducible factor 1 (HIF-1)—a factor that generates a response to hypoxia.
Treatment with ferulic acid leads to significant induction of VEGF, PDGF,
and HIF-1a mRNA and protein expression, in a concentration-dependent
and time-dependent manner. Due to the angiogenic effect, ferulic acid is
supposed to be a new therapeutic agent for microcirculation disorders,
also within the skin.

Ferulic acid also significantly increases skin hydration. The
increase in hydration of the stratum corneum results in its smoothing,
which was confirmed by the photos taken with Visioscan (Figure 7).
Chiu et al.’* demonstrated that topically applied antioxidants reduce
transepidermal water loss, support the hydro-lipid barrier, contributing
to the increase of water content in the epidermis. What is more, with
several applications, they have the ability to cumulate in the epidermis
and dermis. In order to achieve optimal results, antioxidant com-
pounds should be used relatively frequently and regularly, which con-
firms the legitimacy of performing treatments with ferulic acid in the
series. Kanlayavattanakul et al.*” noted satisfactory effects in the form
of improved hydration of the epidermis, after using a rice extract-rich
in phenolic compounds, including ferulic acid. After 2 months of using
the cream with rice extract, the level of hydration of the epidermis
increased almost 2-times.
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5 | CONCLUSIONS
The topical administration of ferulic acid could ensure activity against
UV-induced photodamage.

An objective examination with the use of MPA probes—Mexameter
and Comeometer, showed a significant whitening, moisturizing and
erythema-reducing effect. The results achieved with apparatus, are
reflected in ph tion. Within the limits of our study,
we found the series of ferulic acid peel treatments, which seems to bring
promising effects on photoaging skin. Nevertheless, these initial results
need to be further validated on a larger sample size.
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2.4 Dyskusja

Wptyw kwasu ferulowego na wybrane parametry skory: nawilzenie, poziom
melaniny, nasilenie rumienia, elastyczno$¢ 1 topografi¢, zostal oceniony
na podstawie wynikow pomiaré6w uzyskanych za pomoca sond urzadzenia
MPA - The Multi Probe Adapter Systems (Courage + Khazaka electronic GmbH, Koln,
Germany) oraz kamery Visioscan® VC 98. Ocena aparaturowa umozliwia dokonanie
obiektywnej analizy zmian zachodzacych pod wplywem zabiegdw kosmetologicznych
oraz bedacych wynikiem stosowania preparatow kosmetycznych. Sonda
korneometryczna (Corneometer) jest jednym z najczeSciej wybieranych urzadzen
do oceny nawilzenia skory. Zostala wykorzystana m.in. w wieloosrodkowym badaniu
obejmujacym liczng grupe 349 probantdow, do oceny zmian nawilzenia rdéznych
rodzajow skory (bardzo suchej, suchej i normalnej) po aplikacji 3 typow emulsji [97].
Sonda meksametryczna (Mexameter) stanowita z kolei glowne urzadzenie pomiarowe
w badaniu zaburzen pigmentacyjnych (hipopigmentacji), okazujac si¢ pomocng rowniez
w diagnozowaniu zmian skornych [96]. Sonda kutometryczna (Cutometer) zostata
wykorzystana m.in. do analizy i oceny mechanicznych parametrow, najlepiej
reprezentujacych wpltyw starzenia si¢ skory (ang. age-related changes), w badaniu
z udziatem 120 probantéw [100]. Zmiany w uksztaltowaniu powierzchni skory, stopnia
zhuszczania 1 zrogowacenia naskorka byty oceniane przy pomocy kamery Visioscan,
po aplikacji preparatu zawierajagcego bogaty w antyoksydanty ekstrakt z nasion
Tamarindus indica [101]. Inni badacze wykorzystali Visioscan do oceny stanu skory
po doustnej suplementacji preparatow zawierajacych mikroelementy [102]. Szerokie
zastosowanie sond urzadzenia MPA, w $wietle obecnej literatury, thumaczy zasadnos¢

zastosowania tego typu oceny aparaturowej w niniejszej pracy.

Badania wlasne wykazaly istotne statystycznie zmiany w obrebie wszystkich
badanych parametrow. Peeling chemiczny na bazie kwasu ferulowego okazat
si¢ skuteczng substancja zwigkszajaca elastyczno$¢, zmniejszajaca stopien nasilenia
rumienia, rozjasniajagca przebarwienia, zwigkszajaca nawilzenie 1 wygladzajaca
powierzchnie skory, co pozwala zakwalifikowa¢ FA do substancji niwelujgcych oznaki
fotostarzenia skory. Fotoprotekcyjne dzialanie kwasu ferulowego zostalo wykazane
juz ponad 2 dekady temu, w badaniach nad oksydacyjnymi uszkodzeniami skory
pod wptywem promieniowania UV. Wyniki eksperymentu nad przeciwutleniajagcymi

mozliwosciami  FA, pozwolity przypisa¢ mu  wilasciwosci  zapobiegajace
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fotouszkodzeniom skory [103]. Dzigki temu jest takze powszechnie stosowany
w $rodkach ochrony przeciwstonecznej, gdzie przedtuza dzialanie i zwigksza spektrum

ochrony innych popularnie stosowanych filtrow UV [64, 104].

Potaczenie dziatania kwasu ferulowego z mikronakluwaniem dato znaczaco
lepsze efekty, w poréwnaniu do kwasu ferulowego aplikowanego samodzielnie.
Chauhan 1 wsp. rowniez zaobserwowali lepsze efekty w niwelowaniu objawow
fotostarzenia si¢ skory w przypadku terapii tgczonej, obejmujacej 12% kwas ferulowy
i 30% kwas mlekowy, w poréwnaniu do samego peelingu kwasem ferulowym. Wedtug
skali oceny zaawansowania starzenia (ang. Allergan Fine Line Scale - AFLS)
odnotowano poprawe wyzsza o 42%, poréwnujac do poprawy po monoterapii [105].
Przewagg terapii taczonych wykazat takze El-Domyati i wsp. w badaniach typu
split-face, porownujac skuteczno$¢ mikronakluwania, wykonywanego samodzielnie
oraz w polaczeniu z osoczem bogatoplytkowym 1 15% kwasem trojchlorooctowym
(TCA) u probantow z objawami fotostarzenia skory. Zarowno w ocenie klinicznej
jak 1w badaniu histopatologicznym odnotowano znacznie lepsze efekty

przeciwstarzeniowe po zabiegach faczonych [106].

Kwas ferulowy stanowi sktadnik preparatow kosmetycznych stosowanych
zarowno w uzytku domowym, jak i gabinetach kosmetyki profesjonalnej. W literaturze
dostepnych jest wiele publikacji, potwierdzajacych jego skuteczno$¢, co tlumaczy
powszechno$¢ zastosowania. Wnikliwy przeglad dostepnych artykutow pozwolit jednak
zauwazyC niewielka ilos¢ badan nad kwasem ferulowym z udzialem probantow.
Znaczgca wickszo$¢ prac opiera si¢ o analize hodowli komorkowych oraz typowo
chemiczne whasciwosci zwigzku. W badaniach wiasnych postanowiono poréwnaé kwas
ferulowy z innym, dobrze przebadanym, powszechnie stosowanym antyoksydantem
w terapii fotostarzenia - kwasem askorbinowym [107]. Porownanie oceny skuteczno$ci
kwasu ferulowego i kwasu askorbinowego nie wykazato znaczacych réznic pomiedzy
zwigzkami. Oba zastosowane preparaty daly istotng statystycznie poprawe
we wszystkich badanych parametrach skéry. Mozna zatem przypuszczaé, ze preparaty
z kwasem ferulowym stanowi¢ beda dobrg alternatywe dla tych z witaming C.
Jest to istotne przez wzglad na nietrwalo$¢ réoznych odmian kwasu askorbinowego oraz
problemy ze skutecznym umieszczeniem ich w preparatach kosmetycznych [108].

Girsang 1 wsp. rowniez porownat kwas ferulowy z inng substancja antyoksydacyjng
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- kwasem protokatechowym w kontekscie starzenia si¢ skory, poprzez zbadanie
ich zdolnosci do inhibicji tyrozynazy, kolagenazy, elastazy i hialuronidazy. Uzyskane
wyniki byly dos¢ zblizone, z wyjatkiem wigkszej skutecznosci kwasu ferulowego
w hamowaniu aktywnosci kolagenazy 1 przewaga kwasu protokatechowego

w skuteczno$ci inhibicji tyrozynazy [110].

Zaréwno kwas ferulowy jak i kwas askorbinowy sa rekomendowane do skory
fotostarzejacej si¢, szczegdlnie z obecnos$cig przebarwien. Jaros i wsp. wykazali,
ze juz 5% stezenie wit C w preparatach kosmetycznych zapewnia wysoka redukcje
hiperpigmentacji oraz nasilenia rumienia [109]. W badaniach wiasnych réwniez
odnotowano wyrazng popraw¢ w ocenie meksametrycznej. Dayal i wsp. porownali
skuteczno$¢ 20% kwasu glikolowego, 15% kwasu mlekowego i 12% kwasu ferulowego
w niwelowaniu przebarwien okolooczodotowych (ang. periorbital hyperpigmentation
- POH). Wszystkie kwasy oceniono na efektywne w zakresie rozjasniania przebarwien
(z najwigksza przewaga kwasu glikolowego), jednak kwas ferulowy okazal si¢ miec

najmniejsze dziatanie draznigce [111].
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2.5 Whnioski

Z przeprowadzonych badan wynikaja nastepujace wnioski:

1)

2)

3)

4)

Seria zabiegow z uzyciem peelingu chemicznego na bazie kwasu ferulowego
istotnie wptywa na poprawe nawilzenia, rozjasnienie przebarwien, niwelacje
rumienia, wygladzenie powierzchni i wzrost elastycznosci skory. Uzyskana
poprawa utrzymuje si¢ w czasie - p0 miesigcu od zakonczenia serii zabiegéw

wyniki pozostaly istotnie wyzsze od pomiaréw wyjsciowych.

Zabieg obejmujacy potaczenie kwasu ferulowego z mikronaktuwaniem daje

lepsze efekty, niz zastosowanie peelingu ferulowego samodzielnie.

Nie wykazano istotnych statystycznie réznic dotyczacych skutecznosci kwasu
ferulowego i kwasu askorbinowego w niwelowaniu objawdw fotostarzenia
skéry - oba zwigzki wykazaly znaczaca poprawe we wszystkich badanych
parametrach.

Dokumentacja fotograficzna potwierdzita uzyskane w ocenie aparaturowe;j

wyniki - u wszystkich probantek wida¢ znaczng poprawe stanu skory po serii

zabiegdw z uzyciem kwasu ferulowego.
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3 STRESZCZENIE

Kwas ferulowy jest silnym antyoksydantem pochodzenia roslinnego, do niedawna
stosowanym synergistycznie z innymi przeciwutleniaczami, takimi jak: witamina C,
witamina E, zwigkszajac ich dziatanie 1 uczestniczac w regeneracji. Formuly
wzbogacone o kwas ferulowy zyskuja kilkukrotnie wyzszag skuteczno$¢
antyoksydacyjng oraz fotoprotekcyjng. W pracy postanowiono oceni¢ wplyw kwasu
ferulowego w formie peelingu chemicznego na wybrane parametry skory twarzy:
nawilzenie, poziom melaniny, nasilenie rumienia, topografi¢, elastycznos¢ skory.
Obiektywna ocena skutecznosci zabiegow kosmetologicznych, stanowi istotne zrodio
wiedzy na temat stosowanych metod. W celu zoptymalizowania mozliwych
do osiggniecia efektow postanowiono porownac aplikacje samego kwasu ferulowego,
Z zabiegiem taczonym obejmujacym mikronaktuwanie poprzedzone aplikacja peelingu
z kwasem ferulowym. Dokonano takze poréwnania skuteczno$ci z inng powszechnie
stosowang substancjg antyoksydacyjng - kwasem askorbinowym. W §$wietle obecnej
wiedzy wiadomo, ze kwas ferulowy wywiera korzystny wptyw na hodowle komorkowe
fibroblastow, keratynocytéw, melanocytow, chronigc je przed niekorzystnym wplywem
promieniowania UV, gldwnie dzigki wiasciwosciom antyoksydacyjnym. Dostepnych
jest jednak niewiele danych literaturowych oceniajacych wplyw kwasu ferulowego

na skorg probantow.

Badaniem objeto 56 probantek, o $redniej wieku 54,2 lat (zakres 39-61 lat)
z widocznymi objawami fotostarzenia si¢ skory, ktore podzielono na 3 grupy badane.
U wszystkich wykonano seri¢ 8 zabiegow w I-tygodniowych odstgpach czasu.
20 probantek poddano zabiegom aplikacji samego peelingu ferulowego, u 16 probantek
wykonano zabieg typu split-face aplikujac na jedng potowe twarzy sam peeling
ferulowy, na druga- w potaczeniu z mikronaktuwaniem skory, u 20 pozostatych - zabieg
typu split-face aplikujac na jednag potowe twarzy peeling ferulowy, na druga - serum
z kwasem askorbinowym. Oceny skutecznosci zabiegéw dokonano za pomoca sond
Mexameter, Korneometer, Cutometer urzadzenia MPA - The Multi Probe Adapter
Systems (Courage + Khazaka electronic GmbH, Koln, Germany) oraz kamerg
Visioscan® VC 98. Przed przystgpieniem do badania oraz po zakonczeniu Serii
zabiegow, wykonano zdjecia systemem fotograficznym VISIA® Complexion Analysis

System (Canfield Scientific, Inc.) oraz Fotomedicus (Elfo®).
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Cele pracy:

1)

2)

3)

4)

Ocena aparaturowa wplywu kwasu ferulowego na: nawilzenie, poziom
melaniny, nasilenie rumienia, topografie, elastycznos¢ skory.

Ocena porownawcza wptywu kwasu ferulowego oraz kwasu ferulowego
z mikronakluwaniem na wybrane parametry skory: nawilzenie, poziom
melaniny, nasilenie rumienia, topografie, elastycznosc.

Ocena porownawcza wptywu kwasu ferulowego oraz witaminy C na wybrane
parametry skory: nawilzenie, poziom melaniny, nasilenie rumienia, topografie,
elastycznosc.

Ocena skuteczno$ci zastosowanych zabiegow na podstawie dokumentacji

fotograficznej.

Z przeprowadzonych badah wynikaja nastepujace wniosKi:

1)

2)

3)

4)

Seria zabiegéw z uzyciem peelingu chemicznego na bazie kwasu ferulowego
istotnie wptywa na poprawe nawilzenia, rozjasnienie przebarwien, niwelacje
rumienia, wygladzenie powierzchni i wzrost elastycznoséci skory. Uzyskana
poprawa utrzymuje si¢ w czasie - po miesigcu od zakonczenia serii zabiegow

wyniki pozostaty istotnie wyzsze od pomiaréw wyjsciowych.

Zabieg obejmujacy potaczenie kwasu ferulowego z mikronaktuwaniem daje

lepsze efekty, niz zastosowanie peelingu ferulowego samodzielnie.

Nie wykazano istotnych statystycznie roznic dotyczacych skutecznosci kwasu
ferulowego 1 kwasu askorbinowego w niwelowaniu objawow fotostarzenia
skory - oba zwigzki wykazaly znaczacg poprawe we wszystkich badanych
parametrach.

Dokumentacja fotograficzna potwierdzita uzyskane w ocenie aparaturowej

wyniki - u wszystkich probantek wida¢ znaczng poprawe stanu skory po serii

zabiegdw z uzyciem kwasu ferulowego.
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4 STRESZCZENIE W JEZYKU ANGIELSKIM

Summary

Ferulic acid is a strong antioxidant of plant origin until recently used
synergistically with other antioxidants, i.e. vitamin C, vitamin E, increasing their
activity and participating in regeneration. Formulas enriched with ferulic acid gain
several times higher antioxidant and photoprotective effectiveness. In this study,
we decided to evaluate the effect of ferulic acid in the form of a chemical peel
on selected skin parameters: hydration, the level of melanin, erythema severity, skin
topography and elasticity. Objective assessment of the effectiveness of cosmetological
treatments is an important source of knowledge about the methods used.
In order to optimize the possible effects, it was decided to compare the application
of ferulic acid alone with a combined treatment involving microneedling preceded
by the application of ferulic peeling. A comparison of effectiveness was also made
with another commonly used, strong antioxidant - ascorbic acid. In the light of current
knowledge, it is known that ferulic acid has a beneficial effect on cell cultures
of fibroblasts, keratinocytes, and melanocytes, protecting them from the adverse effects
of UV radiation, mainly due to antioxidant properties. However, there is little literature

data assessing the effect of ferulic acid on the probants’ skin.

The study included 56 probants, with an average age of 54.2 years (range 39-61
years) with visible signs of photoaging, which were divided into 3 groups.
All of them wunderwent a series of 8 treatments at 1-week intervals.
20 probants (Group 1) received treatment sessions with the application of ferulic
peeling alone, in 16 probants (Group 2) split-face treatments were performed, involving
applying ferulic peeling independently to one half of the face, on the other half of the
face - ferulic peeling in combination with microneedling, in 20 others (Group 3)
- a split-face treatment applying ferulic peeling to one half of the face, on the other half
of the face - a serum with ascorbic acid. The effectiveness of the treatments was
assessed using: Mexameter, Korneometer, Cutometer - the probes of MPA - The Multi
Probe Adapter Systems (Courage + Khazaka electronic GmbH, K6ln, Germany) and the

camera - Visioscan® VC 98. Before and after the series of treatments photographic
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documentation was made with the use of VISIA® Complexion Analysis System
(Canfield Scientific, Inc.) and Fotomedicus (Elfo®).

The purpose of this study involves:

1) The assessment of the effect of ferulic acid on skin hydration, melanin level,

erythema severity, and skin topography and elasticity.

2) Comparative assessment of the influence of ferulic acid and ferulic acid
with microneedling on selected skin parameters: hydration, melanin level, erythema

severity, skin topography, elasticity.

3) Comparative assessment of the influence of ferulic acid and vitamin C
on selected skin parameters: hydration, melanin level, erythema severity, skin

topography, elasticity.

4) Evaluation of the effectiveness of the above treatments on the basis

of photographic documentation.

The following conclusions are drawn from the study:

1) A series of treatments using a chemical peel based on ferulic acid significantly
improves skin hydration, lightens hyperpigmentation, reduces erythema, smoothes
the surface of the skin, and increases skin elasticity. The improvement persists over
time — one month after the end of the series of treatments, the results were still

significantly higher compared to the measurement before the therapy.

3) The treatment involving the combination of ferulic acid with microneedling gives

better therapeutic effects than using ferulic peeling alone.

4) The effectiveness of ferulic acid and ascorbic acid in eliminating the symptoms
of photoaging of the skin does not differ significantly. Both compounds showed

a significant improvement in all tested parameters.

5) Photographic documentation confirmed the results obtained in the apparatus
assessment — all probants show a significant improvement in the condition
of the skin after a series of treatments using ferulic acid.
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7 WYKAZ SKROTOW

UVA - promieniowanie ultrafioletowe A (ang. ultraviolet A)

UVB - promieniowanie ultrafioletowe B (ang. ultraviolet B)

UVR - promieniowanie ultrafioletowe (ang. ultraviolet radiation)

IL - interleukiny

TNF-a - czynnik martwicy nowotworu o (ang. tumor necrosis factor «)
TEWL - transepidermalna utrata wody (ang transepidermal water loss)
KL - komorki Langerhansa

DNA - kwas deoksyrybonukleinowy (ang. deoxyribonucleic acid)

DEJ - potaczenie skorno-naskorkowe (ang. dermal-epidermal junction)
MRNA - matrycowy rodzaj kwasu rybonukleinowego (ang. messenger RNA)
HLE - elastaza leukocytowa (ang. human leukocyte elastase)

MMP - metaloproteinazy (ang. matrix metalloproteinases)

AP-1 — kompleks biatkowy (ang. activator protein 1)

ECM - istota podstawowa tkanki tacznej (ang. etracellular matrix)
GAG - glikozaminoglikany

HA - kwas hialuronowy (ang. hyaluronic acid)

FA - kwas ferulowy (ang. ferulic acid)

ArOH - zwiazki fenolowe

ROO’ - rodnik nadtlenkowy

RO’ - wolny rodnik tlenowy

FAPR - rodnik fenoksylowy (ang. ferulic acid phenoxyl radical)
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ROH - wodoronadtlenki, produkty nierodnikowe
ArQ’ - rodnik fenoksylowy (aryloksylowy)

HAT - transfer atomu wodoru (ang. hydrogen atom transfer)

SPLET - sekwencyjny transfer elektronéw z utrata protondw (ang. sequential proton
loss electron transfer)

PCET - transfer elektronow sprzezony z protonem (ang. proton-coupled electron
transfer)

ET-PT - przeniesie protonu poprzedzone przeniesieniem elektronu (ang. electron
transfer - proton transfer)

LDL - lipoproteina o niskiej gestosci (ang. low-density lipoprotein)
BHT- butylohydroksytoluen
BHA - butylohydroksyanizol

INCI - Migdzynarodowe Nazewnictwo Sktadnikéw Kosmetycznych (ang. International

Nomenclature for Cosmetic Ingredients)

VEGF - czynnik wzrostu $rodbtonka naczyniowego (ang. vascular endothelial growth

factor)

PDGF - ptytkowy czynnik wzrostu (ang. platelet-derived growth factor)

HIF-1 - czynnik indukowany hipoksja 1 (ang. hypoxia-inducible factor 1)

TGF o i B - transformujacy czynnik wzrostu (ang. transforming growth factor o.i J5)
FGF-2 - czynnik wzrostu fibroblastow (ang. fibroblast growth factor-2)

EGF - naskorkowy czynnik wzrostu (ang. epidermal growth factor)

LED - dioda elektroluminescencyjna (ang. light-emitting diode)

PDT - terapia fotodynamiczna (ang. photodynamic therapy)
FC — fototyp skory wedtug Fitzpatricka (ang. Fitzpatrick skin phototype classification)

SEsc - zluszczanie naskorka (ang. scaliness)

Ser - szorstko$¢ naskorka (ang. skin roughness)
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RBX — technologia aparatu Visia (ang. red/brown subsurface analysis)

JCR - ranking cytowalnos$ci czasopism (ang. Journal Citation Reports)
MPA- system pomiarowy (ang. Multi Probe Adapter Systems)

AFLS - skala oceny zaawansowania starzenia (ang. Allergan Fine Line Scale)
TCA - kwas trojchlorooctowy (ang. trichloroacetic acid )

POH - przebarwienia okotooczodotowe (ang. periorbital hyperpigmentation
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8 ZALACZNIKI

8.1 Oswiadczenia wspétautorow

UNIWERSYTET
un MEDYCZNY
W LODZI prof. dr hab. n. med. Helena Rotsztejn
Wydzial Farmaceutyczny
Uniwersytet Medyezny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetycznej
UL Muszyiskiego 1, 91-151 Lédz

roaz...n.. 0L 0% A0, ..

OSWIADCZENIE

Niniejsze o$wiadczenie dotyczy artykutn The effectiveness of ferulic acid and
microneedling in reducing signs of photoaging: A split-face comparative study autorstwa
Kamili Zdunskiej-Peciak i Heleny Rotsztejn. Artykut opublikowano w Dermatologic Therapy
2020 Nov;33(6):e14000. doi: 10.1111/dth.14000.

Oswiadczam, 2¢ mdj udzial w tej pracy obejmowal nadzér merytoryczny oraz
przeglad manuskryptu.

NI stycane)
—
i At

dr hab. n.
Prof. Ia'l‘?'hab. n. med. Helena Rotsztejn
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UNIWERSYTET
um
W EODZ) prof. dr hab. n. med. Helena Rotsztejn

Wydzial Farmaceutyczny

Uniwersytet Medyczny w Lodzi

Zaklad Kosmetologii i Dermatologii j
UL Muszyfiskiego 1, 91-151 Lodz

OSWIADCZENIE

Niniejsze oswiadczenie dotyczy artykutu Two superior antioxidants: Ferulic acid and
ascorbic acid in reducing signs of photoaging-A split-face comparative study autorstwa
Kamili Zdusiskiej-Peciak, Anny Kolodziejczak, Heleny Rotsztejn. Artykut opublikowano w
Dermatologic Therapy 2022 Feb;35(2):¢15254. doi: 10.1111/dth.15254.

Oswiadczam, ze méj udzial w tej pracy obejmowat nadzor merytoryczny oraz
przeglad manuskryptu.
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UNIWERSYTET
W LODZI prof. dr hab. n, med. Helena Rotsztejn
Wydzial Farmaceutyezny
Uniwersytet Medyezny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetycznej
UL Muszyiskiego 1, 91-151 L6dz

rodz.. 00, OL.Co A00A........

OSWIADCZENIE
Ninigjsze oswiadczenie dotyczy artykulu Ferulic acid- a novel topical agent in
reducing signs of photoaging autorstwa Kamili Zdunskiej-Peciak, Renaty Debowskiej, Anny
Kolodziejezak. Heleny Rotsztejn. Artykut opublikowano w Dermatologic Therapy 2022.

Oswiadczam, ze méj udzial w tej pracy obejmowal nadzor merytoryczny oraz

przeglad manuskryptu.
W B E ety
ey e
7axady w A
i
Prof. dhabh#® fiied. Helena'Rotsztejn
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UNIWERSYTE]
U'n MEDYCZNY
W EODZ] dr n. farm. Anna Kolodziejezak
Wydzial Farmaceutyczny
Uniwersytet Medyczny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetycznej
UL Muszyiiskiego 1, 91-151 Lédz

OSWIADCZENIE

Niniejsze o$wiadczenie dotyczy artykuu Two superior antioxidants: Ferulic acid and
ascorbic acid in reducing signs of photoaging-A split-face comparative Stucdy autorstwa
Kamili Zdunskiej-Peciak, Anny Kolodziejczak, Heleny Rotsztejn. Artykul opublikowano w
Dermatologic Therapy 2022 Feb:35(2):¢15254. doi: 10.111 1/dth.15254,

Oswiadczam, ze méj udzial w tej pracy obejmowal mervtoryczna konsultacje
wynikdw oraz konsultacje tekstu publikaci.

dr n. farm. Anna Kolodziejczak

W, fo/;dcoy ek

85



| UNIWERSYTET
| MEDYCZNY
| W HODZ] dr n. farm. Anna Kolodziejezak

Wydzial Farmaceutyczny

Uniwersytet Medyezny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetycznej
UL Muszyiiskiego 1, 91-151 L6dz

rods.. . 08 O MRS,

OSWIADCZENIE

Niniejsze o$wiadezenie dotyczy artykulu Ferulic acid- a novel topical agent in
reducing signs of photoaging autorstwa Kamili Zdunskiej-Peciak, Renaty Debowskiej. Anny
Kolodziejczak, Heleny Rotsztejn. Artykut opublikowano w Dermatologic Therapy 2022
Apr;29:¢15543. doi:10.1111/dth.15543.

Oswiadczam, ze méj udzial w t¢j pracy obejmowal merytoryczng konsultacje
wynikéw oraz konsultacjg tekstu publikacii.

dr n. farm. Anna Kolodziejczak

Vo ,&Mmf&wﬂ
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dr n. biol. Renata Debowska
Centrum Naukowo Badawcze Dr Irena Eris
ul. Pulawska 107 A, 02-595 Warszawa

Lodz, 10.05.2022 r.

OSWIADCZENIE

Niniejsze o$wiadczenie dotyczy artykulu Ferulic acid- a novel topical agent in reducing
signs of photoaging autorstwa Kamili Zdunskiej-Peciak, Renaty Debowskiej, Anny
Kotodziejezak, Heleny Rotsztejn. Artykut opublikowano w Dermatologic Therapy 2022.

Oséwiadczam, ze moj udzial w tej pracy obejmowal nadzor nad zbieraniem wynikow

badan.

dr n. biol. Renata Dgbowska

Elektronicznie podpisany
De bOWS ka przez Dgbowska Renata
Data: 2022.05.10 22:44:29

Renata gy
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m UNIWERSYTET
MEDYCZNY
W EODZI mgr Kamila Zdunska-Peciak
Wydzial Farmaceutycany
Uniwersytet Medyczny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetyczne]
UL Muszyiskiego 1, 91-151 Lédi

rodz.. .04 00, A04N.......

OSWIADCZENIE

Niniejsze o$wiadczenie dotyczy artykulu The effectiveness of ferulic acid and
microneedling in reducing signs of photoaging: A split-face comparative study autorstwa
Kamili Zdunskiej-Peciak i Heleny Rotsztejn. Artykut opublikowano w Dermatologic Therapy
2020 Nov;33(6):¢14000. doi: 10.1111/dth.14000.

Oswiadczam, Ze md) udzial w tej pracy obejmowal: opracowanie koncepeji badania,
wykonanie serii zabiegéw z udzialem probantéw, wykonanie pomiaréw aparaturowych,
wykonanie dokumentacji fotograficznej, zebranie, opracowanie statystyczne, interpretacje i
opis wynikéw badan, przygotowanie tekstu publikacji.

mgr Kamila Zdunska-Peciak

(oolg. Rebaudeon- o).
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m UNIWERSYTET
MEDYCZNY
W EODZI mygr Kamila Zdunska-Pgciak
Wydzial Farmaceutyczny
Uniwersytet Medyczny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetycznej
UL Muszyaskiego 1, 91-151 Lédz

rodz. Q.. 0L, 06, A%,

OSWIADCZENIE

Niniejsze o$wiadczenie dotyczy artykulu Two superior antioxidants: Ferulic acid and
ascorbic acid in reducing signs of photoaging-A split-face comparative study autorstwa Kamili
Zdunskiej-Peciak, Anny Kolodziejezak, Heleny Rotsziejn. Artykul opublikowano w
Dermatologic Therapy 2022 Feb;35(2):¢15254. doi: 10.1111/dth.15254.

Oswiadczam, ze méj udzial w t¢j pracy obejmowal: opracowanie koncepcji badania,
wykonanie serii zabiegow z udzialem probantéw, wykonanie pomiaréw aparaturowych,
wykonanie dokumentacji fotograficznej. zebranie, opracowanie statystyczne, interpretacje i
opis wynikéw badan, przygotowanie tekstu publikacji.

mgr Kamila Zdunska-Peciak

{osie. Tdoine- folc
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UNIWERSYTET
NY

um

W EODZI mgr Kamila Zdusiska-Peciak
Wydzial Farmaceutyczny

Uniwersytet Medyczny w Lodzi

Zaklad Kosmetologii i Dermatologii Estetycznej

UL Muszyiskiego 1, 91-151 Lod#

rodz.. A O8O, MOM,...

OSWIADCZENIE

Ninicjsze oswiadczenie dotyczy artykulu Feruiic acid- a novel topical agent in reducing
signs of photoaging autorstwa Kamili Zdunskicj-Peciak, Renaty Dgbowskiej, Anny
Kolodziejczak, Heleny Rotsztejn. Artykut opublikowano w Dermatologic Therapy 2022.

Oswiadczam, 7¢ md) udzial w tej pracy obejmowal: opracowanie koncepeji badania,
wykonanie serii zabiegéw z udzialem probantéw, wykonanic pomiaréw aparaturowych,
wykonanie dokumentacji fotograficznej, zebranie, opracowanie statystyczne, interpretacje i
opis wynikéw badan, przygotowanie tekstu publikacii.

mgr Kamila Zdunska-Peciak

Yoostuo, Tondene- feul
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8.2 Zgoda Komisji BioetykKi

B

KOMISJA BIOETYCZNA PRZY UNIWERSYTECIE MEDYCZNYM W LODZI
PL Hallera 1B, 90-647 Lodz, tel. 0 785 911 596, 42 272-52-43, bioetyka@umed.lodz.pl

UCHWALA
KOMISJI BIOETYCZNEJ O PROJEKCIE EKSPERYMENTU MEDYCZNEGO
Numer RNN/81/19/KE z dnia 12 lutego 2019 r.
(przy korespondencji dotyczqeej niniejszej decyzji prosimy powolywaé si¢ kazdorazowa na powyzszy
numer i datg Uchwaly)

Gléwny badacz i wykonawca:
Prof.dr hab.n.med. Helena Rotsztejn, mgr Kamila Zdufiska-Peciak, Zaklad Kosmetologii
i Dermatologii Estetycznej Uniwersytetu Medycznego w Lodzi, ul. Muszyriskiego 1, 91-151 Lédz

Tytul badania:
Ocena poréwnaweza wplywu kwasu ferulowego oraz kwasu felurowego z
mikronakluwaniem na wybrane parametry skéry.

Na podstawie ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty (t. j. Dz U.
22017 r. poz 125, z pézn. zm.), ustawy z dnia 6 wrzeénia 2001 r. Prawo farmaceutyczne (tj. Dz U.z2016r.
poz. 2142 z pdin. zm.), rozporzadzenia Ministra Zdrowia z dnia 2 maja 2012 r. w sprawie wzordw dokumentow
przedkiadanych w zwiazku z badaniem klinicznym produktu leczniczego oraz w sprawie wysokodei i sposobu
uiszczania oplat za zlozenie wniosku o rozpoczecie badania klinicznego (Dz. U. z 2012 r., poz.491), ustawy z
dnia 20 maja 2010 r. o wyrobach medyczaych (Dz. U. z 2017 r. poz 211 ze zm.)rozporzadzenia Ministra
Zdrowia z dnia 17 lutego 2016 r. w sprawie wzoréw wnioskow pmedkhdmych w zwnqzkn z badamem
klinicznym, wysokosci oplat za zlozenie wnioskdw oraz sprawozdania ko 20 z wyk ia b 1
klinicznego (Dz. U. poz. 208), rozporzadzenia Ministra Zdrowia i Opieki Spolecznej z dnia 11 maja 1999 r. w
sprawie szczegotowych zasad powotywania i finansowania oraz trybu dziatania komisji bioetyeznych (Dz. U. Nr
47 poz. 480), zarzadzenia nr 8/2015 z 16 lutego 2015 r. Rektora Uniwersytetu Medycznego w Lodzi w sprawie
wprowadzenia Regulaminu pracy Komisji Bioetycznej przy Uniwersytecie Medycznym w Lodzi oraz
zarzadzenia nr 57/2017 z dnia 5 wrzesnia 2017 r. Rektora Uniwersytetu Medycznego w Lodzi w sprawie
powolania Komisji Bioetycznej przy Uniwersytecie Medycznym w Lodzi po przeanalizowaniu wniosku,
zapoznaniu si¢ z projektem opinii dotyczgcej zgloszonego badania, w glosowaniu tajnym,
Komisja Bioetyczna przy Uniwersytecie Medycznym w Lodzi (wypekniajac zobowigzania
ICH GCP) uchwala, co nastepuje:

§1

1. Opiniuje wniosek pozytywnie, bez zastrzezen , na podstawie ztozonych dokumentdw,
ktorych wykaz okresla zatacznik nr 1. Uchwata wehodzi w zycie z dniem podjecia.
§2

Opinia dotyczy tylko rozpatrywanego wniosku z uwzglednieniem przedstawionego projektu, Kazda
zmiana i modyfikacja wymaga uzyskania odrgbnej opinii. Wnioskodawca zobowigzany jest do
informowania o wszelkich poprawkach, zdarzeniach niepozadanych oraz nieprzewidzianych
okoliczno$ciach.

Odwolanie od niniejszej uchwaly wnosi sig za posrednictwem Komisji Bicetycznej przy
Uniwersytecie Medycznym w Lodzi do Odwolawezej Komisji Bioetycznej, w terminie 14 dni od dnia
otrzvmania uchwaly wyrazajqeej opinig.

. n. med. Jozef Drzewoski
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Lista obecnosci na posiedzeniu Komisji Bioetycznej przy Uniwersytecie Medycznym w todzi

wdniu 12 lutego 2019r.

Lp. | Imig i nazwisko Zawdd, specjalnosc | Miejsce pracy Podpis
1. | Prof, dr hab. n. med. Lekarz medycyny, Emerytowany profesor
l6zef Drzewoski internista, Uniwersytetu Medycznego .
Przewodniczacy Komisji diabetolog w todzi
farmakolog kliniczny o\
2. | Ks. dr hab. Jan Wolski Duchowny, bioetyk | Wyzsze Seminarium V
Z-ca Przewodniczacego Duchowne w todzi M"j
Komisji
3. | Prof. dr hab. n. med. Lekarz medycyny, Klinika Neurologii i Udaréw
Andrze] Giabirski neurolog Mézgu UM w todzi /14/‘7 AWh ,
4. | Prof. dr hab. n. med. Lekarz medycyny Klinika Psychiatrii Wieku
Iwona Ktoszewska ‘psychiatra Podesztego i Zaburzeri p
Psychotycznych UM w todzi
S. | Drn.med. Maja Lekarz medycyny Klinika Perinatologii, | i
Kufelnicka- Babout poloinik, ginekolog | Katedry Ginekelogii i /Vlb u/nh( ‘
Potoznictwa UM w todzi B W e L]
6. | Prof. dr hab. n. med. Lekarz medycyny, Klinika Chirurgii
Janusz Piekarski chirurg onkolog Onkologicznej
UM w todzi
7. | Prof. dr hab. n. med. Lekarz medycyny, | Zaktad 4
Henryk Stepien endokrynologia Immunoendokrynologii UM
w todzi
8. | Drhab. n. med. prof. Rehabilitacja Klinika Rehabilitacji i e
nadzw. Marta Woldanska- | medyczna Medycyny Fizykalnej /h,b Ay -
Okoriska UM w todzi
9. | Prof. dr hab. n. med. Lekarz medycyny, Klinika Pediatrii, Kardiologii g 3
Krzysztof Zeman pediatria, Prewencyjnej i Immunologii / ' — >
immunologia Wieku Rozwojowego ZTE
kliniczna UM w todzi A
10. | Dr n. prawn. Rafat Budzisz | Prawnik Uniwersytet todzki
w todzi !
/4
11. | Mgr Elzbieta Kubariska Pielegniarka Pracownik emerytowany I
Y 4
12. | Mgr Elzbieta Piotrowska- | Farmaceutka Naczelna Izba Aptekarska, T ;
Rutkowska ul. Diuga 16 w Warszawie %
\ -
13. | Dr n. med. Elzbieta Lekarz medycyny, Przedstawicielka Okregowej “&
Jaszczuk anestezjologia i Rady Lekarskiej w todzi L\ \)
intensywna terapia
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8.3 Formularz §wiadomej zgody

Zatacznik nr 3- Formularz $wiadomej zgody badanego

Na udzial w badaniu pt: ,Ocena poréwnawcza wptywu kwasu ferulowego oraz kwasu
ferulowego z mikronakiuwaniem na wybrane parametry skéry”.

Ja (imie i nazwisko badanego)... oswiadczam, ze
otrzymat/em/am i zapoznat /fem/am sie z tresciq informacji dla badanego. Doktorantka
przeprowadzajaca badanie udzielita mi wyczerpujacych odpowiedzi na maje pytania. Jestem
wystarczajgco poinformowany/a.

Swiadomie i dobrowolnie wyrazam zgode na wykonanie serii zabiegbw obejmujacych
aplikacje peelingu chemicznego z kwasem ferulowym oraz mikronakiuwania skéry. Wiem, ze
moge cofnac swojg zgode w dowolnej chwili bez wplywu na opieke lekarska jakiej bede
potrzebowat.

Zgadzam sig na przetwarzanie moich danych osobowych zgodnie z ustawq o ich achronie.

Podpisy:

Badanego ... e

Studenta

PO ARIR, o rmnsesrnsemsbheee
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Abstract

Skin microneedling accelerates the process of skin regeneration through the creation of numer-
ous microinjuries which emerge when skin is deeply punctured with very thin needles, The
whole procedure evokes various reactions which can be divided into three major phases: inflam-
mation, proliferation, and remodeling. It activates platelet growth factors which are responsible
for the stimulation of fibroblasts to produce collagen and elastin. Moreover, skin breakdown
enhances p ion of active ingredi Tr 1t can be performed with the use of differ-
ent devices, all equipped with needles of various lengths. Due to the fact that skin microneed-
ling stimulates the synthesis of significant rebuilding and structural skin elements (collagen,
elastin, proteoglycan), it is used in the treatment of many skin defects of different etiologies
(e.g.. photoaging, wrinkles, loss of elasticity, hypo- or hypertrophic scars, pigmentation changes,
infraorbital dark circles, teleangiectasia, stretch marks, cellulite, alopecia, and vitiligo). In order to
accelerate postsurgical regeneration and/or to enhance effects, microneedling is combined with
the application of UV light (photodynamic therapy with ALA), LED light, platelet-rich plasma,
chemical peels, stem cells, retinoids and other ph euticals, and vitamins. High effectiveness,
limited number of side effects, and short recovery time, make skin microneedling a popular cos-

KEYWORDS

" A,
der

metic, and medical treatment.

herapy, microneedling, revitalization

1 | INTRODUCTION
The use of procedures stimulating the revitalization of skin, including
fractional methods: fractional microneedling radiofrequency, fractional
microneedling radiofrequency technology combined with LED light
(light-emitting diode) and non-ablative, and ablative fractional laser
therapy, fractional IR (infrared light) seems to be essential. Neverthe-
less, none of these treatments do not promote the transfer of active
ingredients through the epidermal barrier. Mesotherapy can be used
in order to increase the transdermal absorption of active substances.
Mesotherapy (intradermotherapy) involves intradermal or subcu-
taneous administration of small doses of medicinal substances to the
affected spots. Currently, drugs are rarely introduced; instead multi-
ingredient preparations are preferred. Mesotherapy was initiated by
Michel Pistor in the 1960s in France. Pistor used spot multiple drug
injections to treat pain syndromes and vascular disorders (Konda &
Thappa, 2013; Sarkar, Garg, & Mysore, 2011). Mesotherapy as a treat-
ment was first used in aesthetic medicine in the 70s. Microneedling is

one of the mesotherapy types, known also as microneedle mesother-
apy. The method has been promoted by Desmond Fernandes in the
90s (Singh & Yadav, 2016).

Cosmetic and biotech industries are constantly developing more
and more sophisticated active ingredi designed to lize all
kinds of skin defects. The mechanism of action of the active com-
pounds is usually proven and supported by the results of numerous
studies, but their use in practice does not always bring satisfactory
results. Transfer of most active substances through the epidermal bar-
rier may be difficult. Some of the substances undergo decomposition

on the surface of the epidermis and some during the transdermal pene-
tration, As a result, only a small percentage of them have the chance to
reach the deeper layers. This can lead to low bioavailability of the active

b es and, ¢ ly. to isfactory th ic effects.
Mechanical puncturing of the skin with thin needles breaks skin's conti-
nuity and allow for increased penetration. Many studies involving trans-
dermal delivery of drugs into different skin layers using microneedling
confimed an increased conc of lipophilic and hydrophilic

Dermatologic Therapy. 2018:12714, Y.C
https://doi.org/10.1111/dth.12714

dth © 2018 Wiley Periodicals, Inc. | 10t 8

94



8 | WILEY

ZDUNSKA £T AL

pharmaceuticals as well as macromolecules in the layers under the stra-
tum comeum. Histopathological studies suggest that thin needles sepa-
rate cells without damaging them (Aust, Femandes, Kolokythas,
Kaplan, & Vogt, 2008; Fernandes, 2005). Furthermore, controlled skin
damage stimulates natural self-repair mechanisms, resulting in
increased synthesis of substances that are important building blocks
(e.g., collagen, elastin, hyaluronic acid, etc.). Due to the possibility of
inclusion of multi-component preparations in the treatment, micro-
needling is used in the leveling of skin defects, such as photoaging,
wrinkles, loss of elasticity, hypo- or hypertrophic scars, pigmentation
changes, teleangiectasia, stretch marks, cellulite, alopecia, and vitiligo.
The contraindications comprise: local skin infections, active herpes sim-
plex, keloids, healing and ¢ lation disorders, colk disorders, solar
dermatitis, and malignancy (Suca, Zajicek. & Vodslo, 2017). Savita
Y. et al. observed that their patient possibly developed contact dermati-
tis to nickel metal which leached out from the needles of the dermarol-
ler. This case indicates that the information on history of any allergic
reactions to metals and active cosmetic ingredients should be obtained
from all patients (Yadav & Dogra, 2016).

The procedure is being conducted under sterile conditions.
Directly after the treatment, a reddening, local edema, and skin ten-
demess occur, and it may be accompanied by minimal, short-term
bleeding. These symptoms can last for 24-48 hr. The wound should
be appropriately covered with an occlusive dressing and an antiseptic
ointment. Microneedle mesotherapy also seems to be a good option
for those whose recovery takes long. Appropriate routine hygiene and

sun protection is required for following microneedling (Suca
et al, 2017).

Potential long-term effects are currently unknown, but inappro-
priate use of such procedures could cause problems, for example, the
application of a non-sterile topical product. Moreover, only licensed
and tested therapeutics or cosmetics, designed for this intended pur-
pose should be used for microneedling treatment (McCrudden
et al., 2015),

2 | MOST COMMONLY USED DEVICES

The devices that are most commonly used in mesotherapy are der-
marollers. At the beginning insulin syringe was used, however, it was
difficult to adjust the depth manually. Therefore, now dermarollers
and dermapens are used. The treatment consists of controlled skin
damage through intensive mechanical puncture. A rotating shaft con-
taining needles rolls along the skin in different directions. Depending
on the purpose, dermarollers with different needle lengths are used.
Dermarollers with very short needles are used within the epidermis at
a depth of 0.1-0.5 mm and so-called surgical needles, which require
intensive anesthesia, are used at a depth of 3-4 mm. The most com-
monly used needles are 1-2 mm long (Badran, Kuntsche, & Fahr,
2009; McCrudden et al., 2015} Dermaroller penetrates into skin at the
angle of 457,

In order to treat small areas of the body (e.g., the eye area, the area
above the upper lip, single scars, and stretch marks), Dermastamps
(miniature versions of Dermarollers), are used. The small diameter of

the shaft ensures precise operation, making it easier to reach problem-
atic areas (McCrudden et al., 2015; Singh & Yadav, 2016).

Dermapens are also used in microneediing mesotherapy. Skin
puncturing is done by automatic, pulsating movement of the needles
protruding from the replaceable tip. The smaller number of needles,
the ability to adjust their length (0.25-2.5 mm), and the speed of eject
(low 412, fast 700 ejections/min) make the device easy to use,
increasing at the same time accuracy and precision. This gives the
opportunity to work on all areas of the skin, without changing the
instrument. For example, one could perform 0.5 mm punctures around
the eyes and then 2 mm on the cheeks (Badran et al., 2009; Singh &
Yadav, 2016). Dermapen penetrates through the epidermis at a per-
pendicular angle and therefore it reaches optimal depth and it is suit-
able for face and delicate areas. Furthermore, dermapen provides the
opportunity to work in specific areas. The pressure of the device on
the skin is not as important as in the case of dermarollers (Arora &
Gupta, 2012).

Also, the needle iength was an important factor. The use of a nee-
dle length of over 1.5 mm enabled drug penetration into the receptor
compartment of the dermis. Transdermal penetration of the drug was
facilitated with the use of a needle length of 0.5 mm. Drug accumula-
tion in the stratum corneum occurred when a needle penetrating into
the depth of 0.15 mm was used. A needle length of up to 0.25 mm is
safe for use even in a home environment but cosmetologists/physi-
cians in a healthcare setting are expected to use a needle length of
0.5 mm and more. A similar penetration of phamaceuticals was con-
firmed also with the use of dermaroller just before the substance
application (Suca et al., 2017). Moreover, the increase in transepider-
mal drug delivery is observed for at least 72 hr after the procedure
(Lima, Lima, Paixdo, & Miot, 2017). The microtraumatization creates
micropores, which results in increased transdermal water loss (Suca
et al,, 2017), however, the result of the study has demonstrated that
prompt recovery of skin barrier function is achieved within several
hours from device usage (Shah, Shah, Solanki, & Raval, 2017).

3 | ACTION MECHANISMS

The micropuncture action mechanism is used to induce controlled
inflammation in the skin through numerous microprisms created dur-
ing condense punctures with thin needles. Puncturing the skin with
needles of appropriate length can cause damage to superficial blood
vessels and results in microbleeding. This starts a process that is anal-
ogous to wound healing process. Microneedling causes microscopic
breaks in the blood vessels just below epidermis, In this process blood
platelets (responsible for blood clotting) are released and the produc-
tion of collagen, elastin, and growth factors is promoted (Arora &
Gupta, 2012). Microneedling initiates a series of skin reactions which
can be divided into three main phases: inflammation, proliferation,
and remodeling (McCrudden et al., 2015).

3.1 | The phase of inflammation

The inflammatory stage is relatively short (up to 72 hr from injury)
and includes clot formation, cytokine and growth factors infiltration
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into the wounded area as well as the activation of immune cells
(Buganza & Kuhl, 2013). The most important process associated with
microneedling Is platelet activation (as a result of discontinuation of
blood vessels). This leads to the release of many growth factors,
including platelet-derived growth factor (PDGF), transforming growth
factor « (TGFa), transforming growth factor § (TGFp), fibroblast
growth factor-2 (FGF-2), and epidermal growth factor (EGF), which all
strongly stimulate fibroblasts to produce collagen and elastin (Koca,
Cecen, Gurgen, Sayin, & Cetin, 2013; McCrudden et al., 2015).
Immune cells (leukocytes, neutrophils. macrophages) clean the site of
injury from possible contaminants and bacteria. Within 1 week from
the injury, these cells undergo apoptosis and the wound environment
changes dramatically (Demidova-Rice, Hamblin, & Herman, 2012).

3.2 | The phase of proliferation

The main processes that take place in the proliferative phase which
lasts 2-3 weeks, are epithelialization and replacement of fibrin clot
with granulation tissue (Buganza & Kuhl, 2013). Newly developed
granulation tissue is predominantly composed of fibrobl. collagen,
and hyaluronic acid. Both the migration and secretion of fibroblasts,
as well as the reconstruction of the extracellular matrix. are regulated
by Matrix Metalloproteinases (MPPs), interleukin, and growth factors
(TGF-p, PDGF, EGF) (Greaves, Ashcroft, Baguneid, & Bayat, 2013;
McDougall, Dallon, Sherratt, & Maini, 2006). Collagen is one of the
most important proteins synthesized during the production of new tis-
sue. The proliferation of keratinocytes contributes to the deposition
of collagen Type IV and VII, while fibroblasts stimulate collagen Type |
and Ill synthesis. Collagen Type | and Ill deposited on fibronectin par-
ticipates in the replenishment of tissue defects increasing its extensi-
bility. Collagen type Ill predomi in granulation tissue which is a
typical rebuilding tissue after mechanical injuries (Gabbiani, 2003).
Histopathological examination of skin subjected to a series of micro-
needling procedures demonstrated fourfold increase in the amount of
collagen and elastin fibers (Nair & Arora, 2014). What is more, the
structure of the newly formed collagen fibrils does not differ from the
structure of collagen fibrils in undamaged skin (Aust et al., 2008). Par-
allel to the process of neocollagenesis, angiogenesis (the formation of
new blood vessels) occurs. This causes that the skin is more oxygen-
ated. The most important cytokines involved in the process of vascu-
larization of wounded tissues are: vascular endothelial growth factor
(VEGF), FGF-2- fibroblast growth factor (FGF) 2, and platelet-derived
growth factor (PDGF) (Demidova-Rice et al., 2012; Kajdaniuk, Marek,
Fottyn, & Kos-Kudia, 2011).

3.3 | The phase of remodeling

During the remodeling phase, the extracellular matrix is further trans-
formed. At first, collagen Type Il is mainly synthesized, but then it
gradually converts into collagen Type |. Skin becomes thicker and
more durable and it regains the correct color and texture (Fernandes,
2005). Histopathological examination of the skin after microneedling
shows a significant increase in the thickness of the granular layer of
the epidermis, with no change in the thickness of the dermis (Aust
et al.,, 2008),
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Another theory that explains the mechanism of micropuncturing
is related to the change in the membrane potential of a cell during the
contact with the needle. The membrane resting potential is on aver-
age —70 mW. Inserting the needle in the closest vicinity of the cell,
immediately changes the membrane potential to =100 mW, which in
turn significantly increases cellular activity and results in the release of
protein, potassium, and growth factors. Release of these kinds of com-
pounds into the intercellular space stimulates the migration of fibro-
blasts to the wounded areas and promotes the production of collagen,
elastin, and proteoglycans (Liebl & Kloth, 2012).

4 | MAIN INDICATIONS FORTHE
APPLICATION OF MICRONEEDLING

4.1 | Skin aging symptoms

The attempts to reduce or delay the signs of skin aging should include
methods which are adjusted to the nature of changes and which
potential benefits outweigh the risk of side effects. Many years of
studies have resulted in the development of novel techniques which
are replacing the old, invasive ones. Chemical peels or ablation laser-
otherapy which have been performed to stimulate revitalization of the
skin are today replaced by less invasive methods which do not require
a postoperative period. More and more authors are paying attention
to the side effects of treatments such as ablative laser therapy or
chemical peels in high concentrations (Ross et al., 2000). Deep vapori-
zation of the epidermis up to the dermis produces significant inflam-
mation and strongly stimulates the fibroblasts to produce large
amounts of collagen in a short time, but not in the correct regular net-
work. It may be associated with greater future susceptibility to skin
photodamage, including pigmentation disorders (Laws, Finley, McCol-
lough, & Grabski, 2012; Rawlins, 2006). Scarring may also occur.
Researchers have demonstrated that transforming growth factor g
(TGFp) is one of the most important factors involved in scar formation.
Two types of TGF-f, TGF-fi1, and TGF-p2, predominantly participate
in the healing process with scar formation., These factors are also
responsible for the formation of a dense collagen structure. TGF-3,
which indirectly participates in the formation of nommal, stretch-
resistant collagen fibers, is responsible for healing without scarring.
Effective anti-aging treatment should, therefore, activate mainly TGF
i3, without stimulating other types of TGF (Bandyopadhyay et al.,
2006; Ferguson & Kane, 2004). In light of current knowledge, micro-
needle mesotherapy is a method that enables skin healing during the
regeneration process without the formation of scarring, which con-
tributes to the increase of TGF-p3 (Aust et al, 2008: Aust
etal., 2010).

In medical literature, microneedling is referred to as "medical skin
needling” (Zeitter et al, 2014), collagen induction therapy (CIT)
(Fabrocini, DeVita, & Pastore, 2012) and percutaneous collagen induc-
tion (PCl) (Femandes & Signorini, 2008), It should be borne in mind,
however, that both CIT and PCl involve appropriate needle-length
operation that reaches blood vessels in the skin, causing the micro-
bleeding. Many authors believe that this operation is necessary in
order to induce proper skin regeneration process associated with
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increased collagen and elastin synthesis mediated by platelet growth
factors (Fabrocini et al., 2012; Fernandes & Signorini, 2008).

Full effect of the series of microneedling procedures involving in
the lowering of wrinkles visibility, and an improvement of skin elastic-
ity, is achieved after about 3 months, due to the length of the neocol-
lagenesis process (Fabrocini et al., 2012).

According to Femandes D, the use of preparations rich in vitamin
A and C together with microneedle mesotherapy is required in order
to take full advantage of skin regenerative potential. In his opinion,
only such a combination provides the best stimulation of the synthesis
of new collagen (Aust et al., 2008). In case of persons with signifi-
cantly thickened horny layer (stratum corneum) of the epidermis, It is
recommended to precede microneedling with a delicate chemical peel
(Femandes, 2005).

El-Domyati et al. have demonstrated the effectiveness of micro-
needle mesotherapy in the fight against aging signs. Histopathological
examinations of skin specimens taken from patients who underwent a
series of six microneedling procedures (1 mm in depth) at 2-week
intervals showed significant changes within both the epidermis and
dermis. The prickle cell layer (stratum spinosum) of the epidermis
thickened, which affected the development of rete ridges and the
increase of skin layers integrity. The amount of collagen Type |, lll, and
VIl increased significantly. Moreover, changes in skin structure and
total content of elastin were observed. Irregular elastin aggregation
formed in the process of solar elastosis were reduced, while tropoe-
lastin levels increased, resulting in the rise of correctly arranged elastin
fibers. These all resulted in a significant reduction in wrinkles,
increased tension and elasticity, and improved face oval. In reviewing
participants’ subjective assessment, this treatment was considered to
be extremely effective in the reduction of aging signs (El-Domyati
et al., 2015a).

Additionally, Fabrocini et al. showed a significant improvement in
the appearance of wrinkles around the mouth, after two microneed-
ling procedures. Using the Wrinkle Severity Rating Scale, the depth of
wrinkles was determined to have decreased twofold after 30 weeks
from the second treatment. Moreover, indirect profilometry revealed
skin smoothing by over 30% (Fabrocini et al., 2012).

4.2 | Hypotrophic scars
Microneedling as a method for modification of hypatrophic scarring—

i,

opens another possibility to improve the r g scar. In p 1
to other methods, such as ablative laser therapy, during this procedure
no artificial necrotic tissue is created and no significant inflammatory
reaction occurs during the healing process. Microneedling treatment
also improves the quality of patients' life (Badran et al., 2009; Suca
et al,, 2017).

The exact mechanism of microneedling impact on scars is not fully
understood. It is believed that matrix metalloproteinases (MMPs) play
the main role in the remodeling of scar tissue. MMPs belong to the
family of proteolytic enzymes, which comprises also collagenase, an
enzyme involved in collagen degradation (Liebl & Kloth, 2012). In
response to scar microneedling, MMPs are activated, and conse-
quently, degradation of abnormally arranged collagen fibers occurs.
Collagen degradation stimulates fibroblasts to produce new

procollagen fibers which, during maturation, form a network. The pro-
cess of new blood vessels formation occurs simultaneously with neo-
collagenesis and therefore the tissue is better supplied in blood and
better oxygenated. Studies have demonstrated higher efficiency and
faster effects of microneedling in case of atrophic scars (e.g., acne
scars) than in the case of hypertrophic ones. Significant improvement
after a series of three mesotherapy treatments are visible after
10-20 weeks, while the remodeling of hypertrophic scars and keloids
lasts up to several months (Liebl & Kloth, 2012).

El-Domyati et al. studied the effectiveness of microneedling in
the reduction of acne scars. Ten patients underwent a series of six
procedures with the use of Dermarollers at 2-week intervals. The
effectiveness of this treatment was found to be very high, both in par-
ticipants’ subjective assessment and in the histopathological examina-
tion of skin specimens; there was 80-85% improvement in skin
general condition and skin plotting. The epidermis significantly thick-
ened and the amount of extracellular matrix proteins increased. After
3 months, the highest growth of Type | collagen, followed by Type Il
and VIl collagen, was observed. The content of elastin decreased,
however, and many molecules of so-called tropoelastin (a precursor of
mature elastin fibers) app d. This it was ¢ idered by
both study participants and dermatologists to be extremely effective
in the fight against scars (El-Domyati et al., 2015b).

Microneedle mesotherapy is also used in people with darker skin
phototypes, in whom other available methods produce many side
effects, including hyperpigmentation and discoloration. Dogra
et al. demonstrated that the series of five microneedling procedures
significantly reduced scar depth and smoothed skin in people with
Fitzpatrick skin phototype IV and V, without causing any significant
side effects. According to the authors' acne scar assessment score,
scars were reduced by 50-75% (Dogra, Yadav, & Sarangal, 2014).

43 | Stretch marks

Nassar et al. conducted a study involving a group of 40 women with
multiple stretch marks of different origins. The aim of their study was
to compare microdermabrasion treatment, which has been used for
scar removal for a long time, with a relatively new approach—micro-
needling. Histopathological analyses of skin demonstrated an increase
in the amount of collagen and fibroblast and epidermal thickening by
90% in groups of patients who underwent three microneedlie
mesotherapy procedures. The improvement observed in the group
treated with microdermabrasion was only 50%. Thus, it has been
revealed that microneedling is more effective and brings faster effects
in the reduction of stretch marks (Nassar, Ghomey, El-Gohary, & El-
Desoky, 2016). Microneedling was also reported to be more effective
in the treatment of stretch marks than fractional CO laser ablation. In
the study of Khater et al., the improvement after a series of three
mesotherapy treatments was estimated as “good" in 30% of partici-
pants, as "moderate” in 40% of participants, and as "poor" in 20% of
participants. In 10% of participants who underwent three laser treat-
ments the improvement was “good," in 30% it was "moderate," and in
10% it was “poor." Fifty percent of persons did not observe any
improvement after laser therapy, while only 10% did not benefit from
mesotherapy. The above results were obtained by comparing
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photographs taken before and after a series of treatments, as well as
by using questionnaires assessing the satisfaction of participants with
obtained effects (Khater, Khattab, & Abdelhaleem, 2016).

44 | Alopecia

Diagnostics and the final diagnosis are of great importance while
determining the method of alopecia treatment. The treatment of hair
loss involves mainly general and topical medications (minoxidil, finas-
teride, and antiandrogens), immunotherapy, phototherapy, and surgi-
cal methods of hair transplantation. Many available formulations are,
however, associated with possible side effects in the form of irritation
of head skin, libido lowering, and erectile dysfunction (Gupta, Car-
viel, & Abramovits, 2017). Therefore, other treatments for this com-
mon disease are still being sought out.

According to many authors, microneedling is one method sup-
porting and greatly increasing the effectiveness of alopecia treatment.
Growth factors released during skin microneedling stimulate hair
matrix cells promoting greater activity and more frequent division. At
the same time, the expression of genes responsible for hair growth is
increased, which results in faster and more intense hair growth. More-
over, microneedle mesotherapy enhances the penetration of active
ingredients used in the treatment of alopecia (Dhurat et al., 2013).

Dhurat et al. demonstrated a much higher efficacy of minoxidil
when it was used in combination with microneedling, as opposed to
the use of this drug alone. Their study included 100 men with signs of
alopecia. Their scalps were shaved off and hair count was done in
marked areas with the use of images taken at fixed focus. The same
procedure was repeated after a series of treatment. In patients who
underwent a combined treatment (microneedling + minoxidil) a signifi-
cantly greater amount of hair was observed after a series of treat-
ments when compared to a small increase in the number of hair
follicles in patients using only minoxidil. In the subjective evaluation of
study participants, 82% of subjects in the combined treatment group
reported more than 50% improvement while in Minoxidil group the
same result was observed only in 4.5% pati In the of
independent investigators evaluating the effects of the study, combi-
nation therapy was associated with improvement by 2-3 points in the
standardized 7-point rating scale. None of subjects in the drug group
experienced similar results (Dhurat et al., 2013).

Studies have demonstrated that microneedling is also effective in
patients poorly reacting to finasteride and minoxidil, as these drugs,
when used for several years, only suppressed the progressive alopecia
without stimulating new hair growth. The inclusion of microneedle
mesotherapy into the treatment increased the effectiveness of ther-
apy by 2-3° in the standardized 7-point rating scale, Subjects
observed 50-75% improvement (Dhurat & Mathapati, 2015).

4.5 | Hyperpigmentation

Despite the availability of many skin brightening substances, some
types of hyperpigmentation are particularly difficult to remove, which
prompts physicians to resort to other methods (e.g. microneedle
mesotherapy) (Lima, 2015). The effectiveness of microneedling in the

I of hyperpi ati

1 has been confirmed by numerous
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studies, though the mechanism of action remains unknown. It has
been suggested that the thickening of skin and epidermis following a
series of microneedling procedures results in the reduction of hyper-
pigmentation visibility (Sahni & Kassir, 2013). Additionally, thickened
epidermis can pose additional protection against UV damage (Lima
et al, 2017, Other researchers believe that MMPs play a key role in
this process; however, the exact impact of these enzymes on melano-
genesis remains unexplained (Singh & Yadav, 2016).

Melasma is a frequently occurring discoloration, which is hard to
remove using available brightening methods. Lima E.A. demonstrated
that one microneedle mesotherapy (needles with the length of
1.5 mm) significantly reduced this type of hyperpigmentation. Accord-
ing to the accepted four-step improvement assessment scale, the
improvement in all 22 participants was “good"” or “very good." Further-
more, 11 subjects from the study group were reevaluated after
24 months from the procedure. The analysis of photographic docu-
mentation revealed that the brightening effect was maintained (Lima,
2015). Budamakuntel et al. also demonstrated the effectiveness of
microneedling in combination with the active substance tranexamic
acid in melasma brightening. Their study, comprised of 60 participants,
compared the effects of subcutaneous injection of acid with injection
of the same substance in combination with microneedling. The results
were obtained using melasma area severity index (MASI) and partici-
pants’ subjective assessment. After three treatments performed every
month, the improvement in the first group was 35.72%, while in the
second group it was 44.41%. Brightening by more than 50% was dem-
onstrated in 41.38% of subjects in the microneedling group and in
26.09% in the injection group. The combination of microneedling with
tranexamic acid was found to be more effective than subcutaneous
injections of this substance alone (Budamakuntia et al., 2013). The oral
use of tranexamic acid in the dose of 750 mg per day for 3 months
gives very good results, and its combination with microneedling may
further improve its effects.

Lima V.AE. et al. studied clinical and histologic alterations stimu-
lated by skin microneedling in patients with facial melasma, A pilot
trial included six patients participating in two sessions of microneed-
ling (1.5 mm) every month. Improvement of melasma was observed in
all subjects. There was a significant reduction in MELASQoL (-55%),
MASI score (~70%) and increase in L* (+13%) colorimetric value
(p < 0.03). In all patients, epithelium thickening, decrease in melanin
pigmentation and densification of upper dermis collagen were seen
(p = 0.03). Authors claimed that microneedling promoted clinical and
histological improvement of refractory melasma (Lima et al.,, 2017).

46 | Vitiligo

Several treatment modalities had been used for vitiligo therapy; how-
ever, its optimal management has not yet been identified. Microneed-
ling is also used in the treatment of vitiligo. Mina M. et al. have
studied the efficacy of microneedling in combimation with
5-flurouracil in comparison to its efficacy in combination with tacroli-
mus in the treatment of vitiligo. Twenty-five patients were subjected
to microneedling of two patches of vitiligo with dermapen, followed
by the application of 5-fluorouracil to one patch and tacrolimus on the
other patch. Patients had 12 sessions of treatment in 2 weeks
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intervals. Microneedling combined with drugs was found to be safe
and effective treatment of vitiligo. However, in the case of
5-fluorouracil a greater percentage of repigmentation was achieved in
comparison to tacrolimus (Mina, Elgarhy, Al-Saeid, & Ibrahim, 2018).

Korobko | et al. performed a pilot comparative study of topical
latanoprost and tacrolimus in combination with narrow-band ultravio-
let B phototherapy and microneedling for the treatment of non-
segmental vitiligo. Symmetrical lesions of 24 patients were treated
with model Dermaroller device with 0.5 mm needle length, and lata-
noprost (0.005% solution) or tacrolimus (0.1% ointment) were applied
immediately after the procedure. Four microneedling procedures were
carried out in 1-week intervals. Patients were prescribed three NB-
UVB phototherapy sessions in the period between microneedling pro-
cedures. After the last microneedling, lesions were photographed and
evaluated by the dermatologist. For the next 2 months, patients were
prescribed NB-UVEB phototherapy (every other day), and the applica-
tion of latanoprost and tacrolimus, respectively, every day between
phototherapy sessions. After the completion of therapy, percentage
of lesion repigmentation was analyzed in all patients. Authors could
not make final decision whether microneedling improved therapeutic
efficiency of topical agents (Korobko & Lomonosov, 2016).

4.7 | Infraorbital dark circles

There are many different types of treatments available for dark circles
including: lasers, chemical peels, bleaching creams, autologous fat
transplantation, and injectable fillers. Nevertheless, none has been
found to be entirely satisfactory. Superficial chemical peels and micro-
needling have become alternative method. The aim of a study per-
formed by Kontochristopoulos G et al. was to assess the efficacy and
safety of a combination of microneedling (0.5-1 mm Dermaroller)
with the application of 10% trichloroacetic acid peels (5-min applica-
tion) for the treatment of dark circles. Thirteen female patients with
infraorbital dark circles were included in the study. The effects were
assessed on the basis of patient and physician global assessment and
photo-documentation. Almost all patients observed significant aes-
thetic improvement (Kontochristopoulos et al,, 2016).

4.8 | Combined treatments

In order to achieve greatest rejuvenating effects, it is best to combine
microneedle mesotherapy with other available methods.

Some studies also reported beneficial effects of microneedling in
combination with retinoids. Kim et al. used histopathological analyses
to demonstrate that the use of 0.025% tretinoin during microneedle
mesotherapy provides much better results, including increased skin
thickness, densification of collagen fibers, and enhanced regeneration,
than either of these methods alone (Kim, Park, Jung, & Choi, 2012).
The combined use of needling and tretinoin is best for striae.

The combination of microneedle mesotherapy with stem cells is
another procedure that has been analyzed. Synergistic actions of
platelet growth factors secreted as a result of microneedling and the
activation of growth factors and cytokines by stem cells result in sig-
nificantly stronger stimulation of fibroblasts for the synthesis of new
itself. M er, a

collagen units in c ison to
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brightening of discolorations and a decrease in erythema intensity are
observed following the series of treatments (Lee et al, 2014; Seo,
Kim, Lee, Yoon, & Lee, 2013).

To strengthen the effect of this treatment, it can be combined
with chemical peeling. It was demonstrated that the use of peeling
with 35% glycolic acid in the period between mesotherapy therapies
resulted in greater improvement (by 62%) in scar appearance in com-
parison to microneedling alone (improvement by 31.33%). Obtained
results were based on scale determining the level of scarring severity
(Echelle d'Evaluation dinique des Cicatrices d'acné classification). The
procedure was also performed on patients with darker skin photo-
types (Fitzpatrick skin phototype V) and it did not cause side effects
(Sharad, 2011).

Microneedling is an established treatment for scars, while the effi-
cacy of platelet-rich plasma (PRP) has not been much explored. Mohd
A. et al. studied the efficacy and safety of PRP combined with micro-
needling in the treatment of 50 patients with atrophic acne scars.
Microneedling was performed using a standard roller device with
192 needles, each of 1.5 mm in size on both halves of the face. PRP
was topically applied on right half of the face, while the left half of the
face was treated with distilled water. Three treatment sessions were
performed in 1 month intervals, Authors concluded that PRP was effi-
cient in the management of atrophic acne scars and it can be com-
bined with microneedling to enhance the final clinical outcomes.
However, more research is required in order to standardize the com-
bined use of PRP and microneedling (Asif, Kanodia, & Singh, 2016).

There are very few studies evaluating the efficacy of PRP alone
or in combination with microneedling in hair restoration. Kaksha B
Shah et al. performed a study aiming at comparing the efficacy of
(A) topical minoxidil (5%) alone and (B) minoxidil in combination with
microneedling with PRP. They performed objective and subjective
evaluation based on photographic evidence and clinical improvement.
Fifty patients were randomly divided into two groups of 25 patients.
There was a significant improvement {p < 0.05) in Group B as com-
pared to Group A. Microneedling with PRP is safe and effective for
the management of androgenetic alopecia (Shah et al,, 2017).

Microneedling combined with PRP or vitamin C seems to be a
promising treatment of atrophic acne scars. Simran Chawla in her
study compared the efficacy of microneedling with PRP in comparison
to microneedling with topical vitamin C in the treatment of atrophic
post acne scars in a split face design. Twenty-three of 30 patients
achieved the reduction of scarring. Overall results were better for
microneedling with PRP, however, microneedling with vitamin C also
showed improvement with respect to firmness of skin and both
hyperpi ion and mel, (Chawla, 2014).

Microneedling has been used in combination with photody i
therapy (PDT) to enhance topical delivery of aminolevulinic acid
(ALA). This procedure used red light and broadband pulsed light which

[t d for deeper activation of ALA. It has been used in the treat-
ment of actinic keratosis (McCrudden et al., 2015).

Another possible option is to use microneedling (rollers, pens)

with LED (light emitting diode), however, there are no studies con-

firming the benefits of these devices in comparison to non-LED micro-
needling ones (McCrudden et al., 2015).
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5 | CONCLUSION

Microneedle mesotherapy is an effective method for the elimination
of skin defects, both in teenagers fighting with acne scars and elderdy
persons who wish to reduce the signs of aging. In light of current
knowledge, microneedling seems to be a safe procedure with a low
risk for complications.
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Abstract

Ferulic acid has low toxicity and possesses many physiologi-
cal functions (antk-inflammatory, antioxidant, antimicrobial
activity, anticancer, and antidiabetic effect). it has been
widely used in the pharmaceutical, food, and cosmetics in-
dustry. Ferulic acid is a free radical scavenger, but also an
inhibitor of enzymes that catalyze free radical generation
and an enhancer of scavenger enzyme activity. Ferulic acid
has a protective role for the main skin structures: keratino-
cytes, fibroblasts, collagen, elastin. Itinhibits melanogenesis,
enhances angiogenesis, and accelerates wound healing. Itis
widely applied in skin care formulations as a photoprotec-
tive agent, delayer of skin photoaging processes, and bright-
ening component. Nonetheless, its use is limited by its ten-
dency to be rapidly oxidized. ©2018 S, Karger AG, Basel

Introduction

Properties of Ferulic Acid

Ferulic acid ([E]-3-[4-hydroxy-3-methoxy-phenyl]
prop-2-enoic acid) (Fig. 1) belongs to the phenolic acid
group commonly found in plant tissues [1]. Phenolic ac-

ids are secondary metabolites of varying chemical struc-
tures and biological properties. The plants are mainly
found in bound form as ester or glycosides, lignin com-
ponents, and hydrolysis tannins [2, 3]. In terms of chem-
ical structure, they can be divided into derivatives of cin-
namic and benzoicacid, varying in number and substitu-
tion of hydroxyl and methoxy groups, and phenolicacids
of unusual character. An additional group is the depside,
which isa combination of two or more phenolic acids [2].
Ferulic acid, like caffeic, p-coumaric, synapine, syryte,
and vanillin acids, is the most common cinnamic acid de-
rivative [3].

Ferulic acid is most commonly found in whole grains,
spinach, parsley, grapes, thubarb, and cereal seeds, main-
ly wheat, oats, rye, and barley (Table 1). One of the most
important role of phenolic acids, especially cinnamic acid
derivatives, is their antioxidant activity, which depends
primarily on the number of hydroxyl and methoxy groups
attached to the phenyl ring [3, 4]. Ferulicacid is more eas-
ily absorbed into the body and stays in the blood longer
than any other phenolic acids. Ferulic acid is considered
to be a superior antioxidant [5]. Ferulic acid has low tox-
icity and possesses many physiological functions, includ-
ing anti-inflammatory, antimicrobial, anticancer (for
instance lung, breast, colon and skin cancer), anti-ar-
rhythmic, and antithrombotic activity, and it also dem-
onstrated antidiabetic effects and immunostimulant
properties, and it reduces nerve cell damage and may help
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Fig. 1, Chemical structure of ferulic acid.

to repair damaged cells. Furthermore, it is a sports sup-
plement because it can neutralize free radicals in muscle
tissue (alleviate muscle fatigue). It has been widely used
in pharmaceutics and food. Moreover, it is widely applied
in skin care formulations as a photoprotective agent (sun-
screens), delayer of skin photoaging processes, and
brightening component. Nonetheless, its use is limited by
its tendency to be rapidly oxidized [3, 5-7].

Antioxidative Activity of Ferulic Acid

The antioxidant action mechanism of ferulic acid is
complex, mainly based on the inhibition of the formation
of reactive oxygen species (ROS) or nitrogen, but also the
neutralization (“sweeping”) of free radicals. In addition,
this acid is responsible for chelating protonated metal
ions, such as Cu(IT) or Fe(1I) [8, 9]. Ferulicacid is not only
a free radical scavenger, but also an inhibitor of enzymes
that catalyze free radical generation and an enhancer of
scavenger enzyme activity. It is directly related to its
chemical structure [3, 10-12]. Its antioxidating proper-
ties are primarily related to scavenging of free radicals,
binding transition metals such as iron and copper, and
lipid peroxidation prevention. The mechanism of anti-
oxidative activity of ferulic acid is the ability to form sta-
ble phenoxyl radicals, by the reaction of the radical mol-
ecule with the molecule of antioxidant. This makes it dif-
ficult to initiate a complex reaction cascade leading to the
generation of free radicals. This compound may also act
as hydrogen donor, giving atoms directly to the radicals.
This is particularly important for the protection of cell
membrane lipid acids, from undesired autoxidation pro-
cesses. As a secondary antioxidant, ferulic acids and their
related compounds are able to bind transition metals
such as iron and copper [13]. This prevents the formation
of toxic hydroxyl radicals, which lead to cell membrane
peroxidation [14].

Free radicals may also be formed through natural hu-
man physiological processes, such as cell respiration pro-
cess. These reactions are catalyzed by some enzymes,

Ferulic Acid Properties and Application

Table 1. Average ferulic acid content in plant-delivered foods

Foods Ferulic acid content, mgikg
(in liquid mg/dm?)
Black currant 15
Black berry 10
Spinach 110
Tomatoes 700
Cucurbit 220
Wheat flour 150
Wheat bran 700
Oatmeal 145

among others xanthine oxidase and cyclooxygenase-2
[15]. It is suggested that inhibition of this enzyme could
prevent the changes caused by oxidative stress, including
photophobia [16]. Literature data report high efficacy of
ferulic acid and its derivatives in reducing xanthine oxi-
dase and cyclooxygenase activity. It is therefore believed
that ferulic acid reduces the amount of ROS produced by
the enzyme-catalyzed transformation [17].

Ferulic Acid as an Antioxidant against Negative UV

Influence

Highly exposed to UV-induced oxidative stress are ke-
ratinocytes and fibroblasts. ROS damage cells by the pro-
cess of lipid peroxidation, amino acid nitration, and even
DNA alterations, leading to cell death. Ferulic acid exhib-
its protective antioxidant properties, relative to various
skin structures and skin cells. Pluemsamran and partners
[18] proved that human endothelial cells and keratino-
cytes are much less susceptible to UVA-induced free rad-
ical damage when exposed to ferulic acid prior to irradia-
tion. It is believed that fibroblasts are exposed to UVA,
and the oxidative stress associated with it is greater than
that of the more superficially exposed keratinocytes. The
human fibroblast test showed that ferulic acid, adminis-
tered prior to exposure to UVA radiation, significantly re-
duced its adverse effects. It prevents UV-induced cell cycle
alterations and DNA damage and regulates the expression
of DNA repair genes. Hahn and partners [19] have shown
that intracellular ROS production is nearly 2-fold lower in
fibroblasts, which after irradiation with UVA, have ferulic
acid applied. Similar effects, in the form of protection
against free radical damage, have been observed in UVB-
exposed fibroblasts. In their research, Ambothiand Naga-
rajan [20] demonstrated the protective role of ferulic acid
applied to cells 30 min prior to exposure to UVB. Com-
pared to non-antioxidant-exposed cells, cytotoxicity, lipid
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peroxidation, DNA alteration, antioxidant enzyme de-
cline, and reduced ROS production have been observed.
As UVB-induced ROS are one of the factors contributing
significantly to the development of skin cancer, ferulic
acid, which is known to lower their levels, has been found
to be a promising anticancer substance [20]. In another
study on human fibroblasts, ferulic acid proved to be an
effective substance that protects heat shock proteins from
degradation caused by hydrogen peroxide. As a result, the
cell-treated assay, prior to UV irradiation, showed signif-
icantly greater cell survival and less ROS-induced damage.
It has been proven to be closely related to significantly in-
creased levels of protective heat shock proteins compared
to the ferulic acid trial [21].

Theactivation of MMP-2 and MMP-9 under the influ-
ence of UVB radiation leads to photosaturation and ini-
tiation of photocancerogenesis processes [22]. Staniforth
et al. [23] have proven that these processes are effectively
prevented by the application of ferulic acid, just after ex-
posure to UVB radiation. Studies conducted on mice
showed a decrease in MMP-2 and MMP-9 activity by 37
and 83%, respectively, compared to the non-antioxidant-
exposed group [23]. Ferulic acid administered before ir-
radiation causes reduced cytotoxicity, less stimulation of
MMP-1 matrix metalloproteinases, and the generation of
ROS, compared to those exposed without antioxidant.
Also, the level of endogenous antioxidants, glutathione
and catalase, declined less and restored faster in the probe
with ferulic acid. The antioxidant tested proved to be ef-
fective not only for its free radical scavenging capacity but
also for its protective effect on the intracellular antioxi-
dant system [18)]. Bian and partners [24] have demon-
strated a high efficacy of ferulic acid in the prevention of
H,0,-induced damage in human embryonic kidney cells.
Ferulic acid application, before exposure to H,O,, in-
creased cell survival and antioxidant enzyme levels (cata-
lase, superoxide dismutase). It has been stated that natu-
ral antioxidants such as ferulic acid can prevent adverse
changes in the body resulting from oxidative stress, in-
cluding collagen degradation [24].

Kawaguchi et al. [25] in their study on human fibro-
blasts showed that the main cause of elastosis (accumula-
tion of tropoelastin aggregates in skin reticular layer) are
free oxygen radicals. In the cells exposed to ROS, a sig-
nificant increase in tropoelastin mRNA expression was
observed. This process was reduced when the fibroblasts
were treated with catalase referred to as free radical scav-
engers. On this basis, the authors suggest that the use of
antioxidants such as ferulic acid could prevent the unfa-
vorable elastosis phenomenon [25, 26].

334 Skin Pharmacol Physiol 2018;31:332-336
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Angiogenesis Effect

In light of current knowledge, ferulic acid is believed
to have an angiogenesis effect by affecting the activity of
the main factors involved in it, i.e., vascular endothelial
growth factor (VEGF), platelet derived growth factor
(PDGF), and hypoxia-inducible factor 1 (HIF-1). Lin and
partners [27] in their research conducted using human
umbilical vein endothelial cells have shown that ferulic
acid enhances VEGF and PDGF expression and increases
the amount of hypoxia induced HIF-1, which generates
hypoxia-responsive responses. The authors believe that
ferulic acid is an effective substance that promotes the
formation of new vessels, as evidenced in both in vivoand
in vitro studies [27, 28].

Regeneration and Wound Healing Effect

The experiment conducted with the use of diabetic rats
demonstrated that ferulic acid accelerates the regenera-
tion and healing of wounds. The wound contraction per-
centage in rats to whom ferulic acid ointment was given
was 27% after 4 days, while in the group which did not
receive it, only 14% was administered after 4 days. After
16 days, rats treated with ferulic acid were almost com-
pletely healed (96%). In a control group that used an oint-
ment with 1% soframycin, standardized for treatment of
difficult-to-heal wounds, the wound was healed in 83%
after 16 days. There was also a faster onset of granulomas
in the ferulic acid group and faster epithelialization com-
pared to the control group [29]. Ghaisas and partners
[30], in a similar study, in addition to faster shrinking of
the wound and increased epithelialization, observed an
increased hydroxyproline and hydroxylysine synthesis
(majoramino acids involved in wound healing, which are
the precursors of collagen), in the skin of diabetic rats to
whom ferulic acid was given. Moreover, it has been shown
that the use of ferulic acid ointment during healing inhib-
its lipid peroxidation and increases catalase, superoxide
dismutase, and glutathione. The authors suggest that this
phenomenon also significantly accelerates shrinkage of
the wound [30].

The Use of Ferulic Acid in Cosmetology and Aesthetic

Dermatology

Prevention of skin aging processes is one of the main
issues in contemporary cosmetology and aesthetic medi-
cine. Protection against the effects of external factors such
as UV radiation, air pollution, and free radical scavenging
plays an important role. The compounds with proven an-
tioxidative efficacy include ferulic acid. Initially, it was
used in cosmetics asa stabilizer of other commonly known
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antioxidants such as vitamin C and vitamin E. Research
shows, though, that this compound is not only used as an
additional compound, but also an active ingredient with
antioxidative properties, which supports intracellular an-
tioxidant defense systems. Thanks to this, ferulic acid has
a protective role for the main skin structures (keratino-
cytes, fibroblasts, collagen, elastin), which is used in anti-
aging cosmetic formulations. Due to its ability to inhibit
the main enzyme of melanogenesis (tyrosinase), it is also
used in anti-blemish cosmetic formulations.

Ferulic acid is used in skin-lightening preparations be-
cause it inhibits tyrosinase activity (an enzyme involved
in melanogenesis) and inhibits melanocytic proliferation
[31, 32]. Staniforth et al. [23] noted that ferulic acid ab-
sorbs UV (290-320 nm). In order to increase the lighten-
ing effect, ferulic acid can be combined with other com-
pounds that also have a brightening effect, but by other
processes such as niacinamide (inhibits the movement of
melanosomes from melanocytes to keratinocytes). Saint-
Leger et al. [33] reported better effects of ferulic acid after
adding to it a keratolytic agent such as lipohydroxycar-
bones.

Ferulic acid is widely applied in skin care formulations
as a delayer of skin photoaging processes and photopro-
tective agent. Its application as a topical antioxidant has
become an important administration route due to main-
taining a high local concentration and the low cutaneous
metabolism [3]. Moreover, local ferulic acid penetrates
deeply into the skin, both acidic and neutral pH, in dis-
sociated and non-dissociated form [34]. Saija et al. [35]
studied the penetration of ferulic and caffeic acid soluble
in saturated aqueous solutions (pH 3 and pH 7.2) by a hu-
man skin cut in the Franz cells. It turned out that these
acids, regardless of pH, penetrated the stratum corneum.
It was noted that ferulic acid has a slightly better penetra-
tion capacity, which was explained by the known higher
lipophilicity of this acid. Research on phenolic antioxi-
dants has shown that ferulic acid improves the chemical
stability of L-ascorbic acid and a-tocopherol prepara-
tions, thereby increasing its photoprotection properties.
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Ferulic acid is used in the production of face masks, as
well as antioxidant, protective, and moisturizing creams/
lotions. The recommended acid concentration in cosmet-
ic products of this type is from 0.5 to 1%. Ferulic acid is
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is most often used at a concentration of 12% and in com-
bination with vitamins C and hyaluronic acid. Ferulic
acid is used in the following procedures: microneedling
and non-needle mesotherapy, chemical peels, and groom-
ing treatments. Indications for the use of ferulic acid in-
clude skin aging and photoaging, hyperpigmentation
(melasma), seborrheic skin, and acne.

Conclusion

Research conducted so far has shown that ferulic acid
has strong antioxidant properties, which is directly in-
volved with its protective role to cellular structures and
inhibition of melanogenesis. It is increasingly used in cos-
metic preparations, mainly to inhibit photostage. At the
same time, it helps to reduce fine wrinkles and existing
discoloration. Good penetration into the skin, compati-
bility with many cosmetic formulas, and stabilizing prop-
erties of other ingredients make ferulic acid an increas-
ingly used compound in cosmetology.
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