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Wykaz publikacji bedacych podstawg rozprawy doktorskiej

Ponizej zamieszono zestawienie publikacji naukowych stanowigcych podstawe pracy

doktorskiej mgr farm. Michata Abendrot zatytutowanej ,Zwigzki kompleksowe cynku z
aminokwasami jako sktadniki aktywne preparatéw dermatologicznych”.

Dla publikacji bedacych podstawg rozprawy doktorskiej sumaryczny IF (ISl Journal Citation

Reports) cyklu zgodny z rokiem publikacji jest rowny 9,304, za$ punktacja MNiSW wynosi
260 punktéw MNiSW.
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Wykaz skrétow
Skrot Rozwiniecie skrotu
1BR.3.N linia komérkowa prawidtowych fibroblastéw skéry ludzkiej
AA aminokwas (ang. amino acid)
CLS| Instytut Norm Klinicznych i Laboratoryjnych (ang. Clinical and Laboratory
Standards Institute)
ICso stezenie badanego zwigzku, ktére hamuje wzrost komérek o 50%
SO Miedzynarodowa Organizacja Normalizacyjna (ang. International Organization
for Standarization)
MFC minimalne stezenie grzybobdjcze (ang. Minimum Fungicidal Concentration)
MIC minimalne stezenie hamujgce (ang. Minimum Inhibitory Concentration)
NMR magnetyczny rezonans jagdrowy (ang. Nuclear Magnetic Resonance)
preparat A preparat dermatologiczny z substancja aktywng, ZnGly 0,66%
preparat B preparat dermatologiczny z substancjg aktywng, ZnHis 1,27%
preparat C preparat dermatologiczny bez substancji aktywnej, placebo
Ph. Eur. 10.0 | Farmakopea Europejska, wersja 10.0 (ang. European Pharmacopoeia 10.0)
sCes Komitet Naukowy ds. Bezpieczenstwa Konsumentdow (ang. Scientific
Committee on Consumer Safety)
XRD Rentgenografia strukturalna (ang. X-ray Diffraction)
ZnGlu zwigzek kompleksowy cynku(ll) z kwasem L-glutaminowym; kompleks (1)
ZnGly zwigzek kompleksowy cynku(ll) z kwasem glicyng; kompleks (2)
ZnHis zwigzek kompleksowy cynku(ll) z kwasem L-histydyng; kompleks (3)
ZnPro zwigzek kompleksowy cynku(ll) z kwasem L-proling; kompleks (4)
ZnMet zwigzek kompleksowy cynku(ll)z kwasem L-metioning; kompleks (5)
ZnTrp zwigzek kompleksowy cynku(ll) z kwasem L-tryptofanem; kompleks (6)
ZnPCA 2-pirolidyno-5-karboksylan cynku(ll)
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Uzasadnienie podjetej tematyki badawczej

Preparaty dermatologiczne sg stosowane w rozmaitych schorzeniach skérnych. Stosowanie
miejscowe wigze sie z szeregiem zalet, takich jak uzyskanie wysokiego stezenia w miejscu podania,
unikniecie reakcji ogdlnoustrojowych czy interakcji z innymi lekami. Wsrdd preparatéw stosowanych
zewnetrznie wyrdzni¢ mozemy produkty lecznicze, wyroby medyczne oraz produkty kosmetyczne,
ktére stosowane sg w zaleznosci od nasilenia zmian skérnych. Biorgc pod uwage powszechnosé
stosowania produktéw kosmetycznych, stanowig one niejednokrotnie podstawe pielegnacji podczas
niejednej ztozonej terapii skdry [1,2,3]. Nie inaczej jest w przypadku tradziku, gdzie stosowanie
miejscowe preparatéw w obrebie zmian skérnych jest powszechng praktyka [4].

Niezaleznie od rodzaju preparatu dermatologicznego, kazdy z nich sktada sie ze sktadnikow
aktywnych oraz substancji pomocniczych. Farmaceuci i kosmetolodzy nieustanne prowadzg badania
nad poszukiwaniem coraz to nowych, lepszych substancji aktywnych. Nowe sktadniki czesto zastepuja
starsze pochodne stanowigc zazwyczaj bardziej bezpieczng i skuteczng alternatywe. Potrzeba ta jest
szczegblnie zauwazalna w przypadku leczenia dermatoz, ktére dotykajg znaczny odsetek danej
populacji.

Dane epidemiologiczne wskazujg, ze tradzik pospolity (ang. acne vulgaris, AV) dotyka 90-95%
nastolatkow i moze wystepowaé we wszystkich grupach wiekowych [5]. Za jeden z czynnikéw
etiologicznych tradziku pospolitego uznaje sie kolonizacje przewodu wyprowadzajgcego 16] przez
beztlenowe bakterie Gram-dodatnie, Cutibacterium acnes [6]. Z tego wzgledu, to wtasnie na zwalczanie
tych  drobnoustrojéw ukierunkowane sg rdinorodne substancje aktywne preparatow
przeciwtradzikowych [7,8,9]. W przebiegu tradziku pospolitego, stosowanie antybiotykoterapii
miejscowej czy uogdlnionej stanowi nierzadko leczenie pierwszego wyboru [10], niezaleznie jednak od
rodzaju antybiotyku (limecyklina, doksycyklina, erytromycyna, tetracyklina-HCl) stosowanie kazdego z
nich obarczone jest ryzykiem wzrostu antybiotykoopornosci [11]. Co istotne, najnowsze doniesienia
potwierdzity wykrycie bakterii C. acnes opornych na znane dotychczas antybiotyki, ktére moga
przekazywac geny antybiotykoopornosci, co stwarza ryzyko powstania antybiotykoopornych szczepéw
innych bakterii [12]. Zwazywszy na to, ze naduzywanie antybiotykow jeszcze bardziej eskaluje problem
antybiotykoopornosci [7,13,14], coraz czesciej szuka sie alternatywnych substancji o aktywnosci
przeciwbakteryjnej. Inne substancje lecznicze stosowane w tradziku cechujg powazne dziatania
niepozgdane ogdlnoustrojowe (izotretynoina) i miejscowe, takie jak podraznienie skéry przypadku
nadtlenku benzoilu i kwasu azelainowego [11].

Pochodne cynku stanowig atrakcyjng grupe substancji aktywnych do leczenia tradziku pospolitego
gtéwnie ze wzgledu na ich dziatanie sebostatyczne, przeciwzapalne, antyoksydacyjne oraz
przeciwdrobnoustrojowe [15,16]. Z tego powodu substancje takie jak: ZnO [17,18], ZnSO, [15,19,20],
ZnPCA [21], glukonian cynku [15,22] znalazty zastosowanie w terapii tradziku pospolitego.

Pomimo dtugiej historii stosowania, mechanizm przeciwdrobnoustrojowego dziatania pochodnych
cynku nie zostat jeszcze doktadnie poznany i stanowi wcigz przedmiot intensywnych badan [23,24].
Aktywno$¢ przeciwbakteryjna pochodnych cynku jest zalezna od zdolnosci uwalniania jonéw Zn?* [25].
Na site dziatania przeciwbakteryjnego wptywa zaréwno stezenie wolnych jondow cynkowych, jak i czas
ich kontaktu z drobnoustrojami, co wykazano na przykfadzie ZnO [18].

Nieorganiczne sole cynku, takie jak ZnSO, czy ZnCl,, tatwo dysocjujgce i zapewniajgce duze stezenie
aktywnych jondw cynku, jeszcze do niedawna byty w powszechnym uzyciu. Obecnie sole te sg rzadko
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stosowane w preparatach aplikowanych na skére, z uwagi na ich wysoki potencjat draznigcy [26]. Coraz
czesciej wykorzystywane sg potaczenia cynku z pochodnymi organicznymi, np. glukonian cynku i
pirolidynokarboksylan cynku (ZnPCA), ktére uznaje sie za bezpieczniejsze. Pochodna ZnPCA stosowana
miejscowo, oprdcz wiasciwosci przeciwbakteryjnych wykazuje takze dziatanie $ciggajace [21]. W
randomizowanym badaniu klinicznym wykazano znaczgca redukcje objawodw tradziku po zastosowaniu
preparatu zawierajgcego 0,1% ZnPCA z kompleksem oligosacharyddw pozyskanym z alg morskich [27].

Glukonian cynku zostat przebadany klinicznie w tragdziku oraz innych zapalnych chorobach skéry
przy podaniu doustnym i miejscowym [15,22,28,29]. Potwierdzono dla niego takze brak wtasciwosci
fotouczulajgcych [29]. Pierwotnie, badania wskazaty, ze glukonian cynku wzmacnia dziatanie
niektérych antybiotykdéw stosowanych przeciw C. acnes [22]. Pézniejsze dane wykazaty, ze dziatanie
przeciwbakteryjne pochodnych cynku wobec tych bakterii moze nawet przekracza¢ skutecznos¢
stosowanych antybiotykow [30].

Wsréd szerokiej grupy pochodnych cynku [31], zwraca sie szczegdlng uwage na zwigzki
kompleksowe cynku z aminokwasami. Dla niektérych pochodnych pozytywnie oceniono mozliwosc¢ ich
podania w formie doustnej, jak w przypadku ZnGly [32,33], ZnMet [34] oraz komplekséw ZnHis [35]. Z
tego wzgledu wybrane kompleksy cynku z aminokwasami znalazty zastosowanie w zywieniu ludzi
[36,37] i zwierzat [38,39,40]. Chociaz bezpieczenstwo ich stosowania przy podaniu doustnym zostato
ocenione pozytywnie [41], uzycie tych pochodnych w preparatach aplikowanych na skdre jest wcigz
rzadkie. Na chwile obecng stosowanie tej grupy zwigzkéw w preparatach dermatologicznych skupia sie
gtéwnie na dziataniu antyoksydacyjnym (Zinc Glycinate) czy kondycjonujgcym (Zinc Glutamate)
[31,42,43]. Co istotne, do tej pory aktywnos¢ przeciwdrobnoustrojowa dla zadnego z tych zwigzkéw
nigdy nie byta zbadana.

Dziatanie zwigzkédw cynku nie ogranicza sie tylko do dziatania przeciwdrobnoustrojowego i
przeciwtrgdzikowego. Oprécz wspomnianych powyzej wiasciwosci w literaturze jest szereg doniesien
na temat aktywnosci: promieniochronych, antypigmentacyjnych, przeciwzmarszczkowych,
przeciwwonnych, oczyszczajacych ora stabilizujgcych dla réznych pochodnych cynku [31]. Ze wzgledu
na przeciwbakteryjny, przeciwtradzikowy, przeciwzapalny, antyoksydacyjny i antypigmentacyjny profil
dziatania zwigzkéw cynku powinien on przetozy¢ sie na korzystne dziatanie na skore trgdzikowa [31].

Do realizacji niniejszej pracy doktorskiej, wybrano wtasnie kompleksy cynku z ligandami
stanowigcymi czgsteczki aminokwasow. Cynk, bedac inkorporowanym w organizmie w strukture ponad
3000 biatek, czesto tworzy uktady koordynacyjne o wazinym znaczeniu biologicznym tgczac sie z
resztami aminokwasowymi [44]. Jako, ze bezpieczeristwo aminokwaséw w produktach kosmetycznych
zostato ocenione pozytywnie [45], spekuluje sie, ze w potgczeniu z cynkiem mogg one stanowic
pochodne o lepszej tolerancji skérnej niz stosowane obecnie pochodne cynku. Co ciekawe, dla tych
ligandéw, potwierdzono zdolnos¢ do zwiekszania rozpuszczalnos¢ pochodnych cynku w wodzie,
dlatego przewiduje sie, ze mogg one stanowic¢ obiecujgce sktadniki dla preparatéow pozbawionych fazy
ttuszczowej [46]. Dodatkowo do podjecia badan nad zwigzkami kompleksowymi z aminokwasami
zacheca poznana aktywno$¢ przeciwdrobnoustrojowa potgczen koordynacyjnych aminokwaséw z
innymi jonami metali, tj.: miedzi(ll) [47,48,49,50,51] kobaltu(ll) [48,49,50,51], niklu(ll) [49,50],
zelaza(lll) [48], manganu(ll) [50] i kadmu(ll) [50].

Zainteresowanie tematykg pochodnych cynkowych byto takie zwigzane ze znaczeniem tego
biopierwiastka w lecznictwie. Kation cynkowy jest kofaktorem ponad 1000 reakcji enzymatycznych,
biorgc udziat we wzroscie i réznicowaniu komodrek rozmaitych tkanek organizmu cztowieka [52].
Nieoceniona jest rowniez jego rola przy regulowaniu odpornosci, prewencji choréb sercowo-
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naczyniowych i nowotwordw, leczeniu ran, wspomaganiu procesu widzenia, przebiegu procesu
krzepniecia krwi czy prawidtowym neuroprzekaznictwie [53,54]. Cynk zajmuje rowniez istotne miejsce
w leczeniu patologii skornych oraz utrzymaniu skéry w dobrej kondycji [55,56,57].

Osadzajgc wtasne badania w obszernym kontekscie literaturowym, zatozono, ze badania nad
potgczeniami cynku z aminokwasami przyczynig sie do stworzenia nowej grupy zwigzkéw o lepszym
profilu dermatologicznym niz obecnie stosowane sktadniki aktywne o dziataniu przeciwtradzikowym.
Badania te bedg wymagaty udowodnienia dziatania przeciwbakteryjnego zwigzkdw wobec C. acnes,
bakterii wywotujgcych tradzik; wykluczenia toksycznego dziatania zwigzkédw na komdrki skéry
(keratynocyty i fibroblasty) oraz potwierdzenia stabilnosci, czystosci mikrobiologicznej i skutecznosci
ochrony przeciwdrobnoustrojowej preparatéw dermatologicznych przygotowanych na bazie
komplekséw cynku z wybranymi aminokwasami.
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Cele naukowe pracy

Celem niniejszej rozprawy doktorskiej byto opracowanie nowych preparatdw o dziataniu
przeciwtragdzikowym zawierajgcych jako sktadniki aktywne zwigzki z grupy komplekséw cynku z
aminokwasami. Cel ten realizowano w oparciu o zaprezentowane ponizej badania.

1. Opracowanie metod syntezy 6 zwigzkdw kompleksowych cynku (1-6) o ogdlnym wzorze [Zn(AA)],
zawierajgcych wybrane aminokwasy (AA: L-Glu, Gly, L-His, L-Pro, L-Met i L-Trp) jako wytgczne
ligandy.

2. Charakterystyka strukturalna otrzymanych zwigzkéw kompleksowych 2z zastosowaniem
spektroskopii protonowego magnetycznego rezonansu jadrowego (*H NMR), analizy
rentgenowskiej monokrysztatdw (XRD) oraz analizy pierwiastkowej (C, H, N).

3. Badanie aktywnosci przeciwdrobnoustrojowej zwigzkéw kompleksowych cynku z aminokwasami
(1-6) na wybranych szczepach:

3.1. bakterii Gram-dodatnich tlenowych (Staphylococcus aureus ATCC 6538, Staphylococcus
epidermidis ATCC 12228 i Streptococcus pyogenes ATCC 19615) oraz Gram-ujemnych
(Escherichia coli ATCC 25992 i Pseudomonas aeruginosa ATCC 27853),

3.2. bakterii Gram-dodatnich, beztlenowych Cutibacterium acnes (ATCC 6919), ktore sg uznawane
za istotny czynnik patogenezy tradziku pospolitego,

3.3. grzybdéw z grupy drozdzakéw (Candida albicans ATCC 10231, Candida parapsylosis) i grzybow
strzepkowych (Aspergillus flavus ATCC 200 9643 i Aspergillus fumigatus ATCC 204305).

4. Badania cytotoksycznosci w warunkach in vitro dla zwigzkéw kompleksowych cynku z
aminokwasami (1-6) na ludzkich komérkach skoéry:

4.1. prawidtowych fibroblastach (linia komdrkowa 1BR.3.N),

4.2. keratynocyty (linia komodrek naskdrka).

5. Wytypowanie dwdch zwigzkédw wiodacych ZnGly (2) i ZnHis (3), najwiekszej aktywnosci
przeciwbakteryjnej wobec szczepu C. acnes i jednoczesnie najnizszym potencjale cytotoksycznym
wobec komaérek skoéry.

6. Opracowanie oryginalnych receptur preparatéw dermatologicznych (A-C):

6.1. Preparat A z udziatem substancji aktywnej ZnGly (2),

6.2. Preparat B z udziatem substancji aktywnej ZnHis (3),

6.3. Preparat C pozbawiony substancji aktywnej - placebo.

7. Przeprowadzenie niezbednych badan dla przygotowanych produktéw dermatologicznych (A-C):
7.1. ocen stabilnosci kazdego z preparatdw w oparciu o cotygodniowe pomiary parametréw

fizykochemicznych (pH, gestos¢, lepkos$é) wraz z oceng organoleptyczng, w okresie 6 tygodni,

7.2. ocena czystosci mikrobiologicznej wzgledem odpowiednich norm PN-EN ISO dla produktéw
kosmetycznych,

7.3. ocene aktywnosci przeciwdrobnoustrojowej zgodnie z kryteriami Ph. Eur. 10.0.



Michat Abendrot Rozprawa doktorska

Czes$¢ doswiadczalna

1. Metodyka badan.
1.1. Synteza zwigzkéw kompleksowych cynku(ll) zaminokwasami (1-6) [P2].

Syntezy komplekséw cynku z aminokwasami (1-6) zostaty przeprowadzone w Zaktadzie Chemii
Surowcéw Kosmetycznych Wydziatu Farmaceutycznego Uniwersytetu Medycznego w todzi. Syntezy
prowadzono z wykorzystaniem dwdch prostych metod, ktérych wybdér podyktowany byt
wiasciwosciami reagentow.

Kompleksy cynku z L-Glu, Gly, L-His i L-Pro (1-4), dobrze rozpuszczalne w wodzie, otrzymywano w
wyniku reakcji wodorotlenku cynku z odpowiednim aminokwasem w stosunku molowym 1:2.
Wodorotlenek cynku przygotowano wczesniej w reakcji wodorotlenku sodu z chlorkiem cynku.

Do zawiesiny wodorotlenku cynku w wodzie dodawano wodne roztwory odpowiednich
aminokwasdw, cato$s¢ mieszano i ogrzewano w temp. 50°C, az do rozpuszczenia zawiesiny
wodorotlenku. Proces kontynuowano przez okoto dwie godziny. Ewentualne niewielkie ilosci statych
pozostatosci odsgczano i odrzucano, zas klarowne roztwory zatezano na wyparce obrotowej pod
zmniejszonym cisnieniem do ok. 1/3 objetosci i pozostawiano do powolnego odparowania na
powietrzu. Po jednej lub kilku dobach wytracaty sie biate krystaliczne osady komplekséw, ktoére
saczono, przemywano bezwodnym eterem dietylowym i suszono na powietrzu.

Kompleksy cynku z L-Met i L-Trp (5-6), nierozpuszczalne w wodzie, otrzymano w wyniku reakcji
chlorku cynku z solg sodowg odpowiedniego aminokwasu [(AA)Na] w stosunku molowym 1:2. Proces
ten poprzedzono przygotowaniem soli aminokwaséw poprzez potgczenie odpowiedniego
aminokwasu z roztworem wodorotlenku sodu.

Trudnorozpuszczalne w wodzie produkty syntezy wytracaty sie z mieszaniny reakcyjnej
natychmiast po potgczeniu reagentéw: ZnCl; i [(AA)Na]. Ich mieszanie kontynuowano jeszcze ok. 60
minut w temperaturze pokojowej. Nastepnie otrzymane biate osady zwigzkéw odsgczono, przemyto
zimng wodg oraz eterem dietylowym i suszono na powietrzu.

1.2. Charakterystyka strukturalna uzyskanych komplekséw cynku(ll) zaminokwasami (1-6) [P2].

Analizy sktadu i struktury zwigzkédw byty prowadzone z uzyciem nastepujgcych metod
analitycznych: protonowego magnetycznego rezonansu jadrowego (*H NMR), analizy pierwiastkowe;j
(EA) oraz rentgenowskiej analizy strukturalnej monokrysztatow (XRD).

Widma *H NMR rejestrowano na spektrometrze Bruker Avance Il (600 MHz) z uzyciem D,0 lub
DMSO-d¢ jako rozpuszczalnika, w Pracowni Spektroskopii Molekularnej Wydziatu Chemii
Uniwersytetu todzkiego Uniwersytetu tddzkiego. Analizy elementarne na obecnosé¢ C, H i N
przeprowadzono za pomocg analizatora Perkin-Elmer 2400 w Zakfadzie Chemii Organicznej Wydziatu
Farmaceutycznego Uniwersytetu Medycznego w todzi.

Badania strukturalne przeprowadzono z uzyciem rentgenowskiej analizy monokrysztatow.
Badania przeprowadzono w ramach wspétpracy z Instytutem Fizyki Uniwersytetu Slaskiego w
Chorzowie oraz Wydziatem Chemii Uniwersytetu tddzkiego. Dane dyfrakcyjne zostaty zebrane na
mikroogniskujgcym dyfraktometrze SuperNova z detektorem Atlas (dla kompleksow 3, 4, 5) i
dyfraktometrze Xcalibur z detektorem Sapphire (dla kompleksu 2) przy uzyciu promieniowania MoKa
(CuKa byto wyjgtkowo uzywane dla kompleksu 5) i zastosowaniu w-skanowania. Pomiary
przeprowadzono w niskiej temperaturze 100(2) K. Dane dyfrakcyjne skorygowano o absorpcje.



Michat Abendrot Rozprawa doktorska

Wszystkie struktury rozwigzano za pomocg oprogramowania SHELXT i udoktadniono za pomocg
programu SHELXL-2018/3. Do analizy struktury i prezentacji wynikdw wykorzystano programy
krystalograficzne MERCURY i PLATON.

1.3. Badania aktywnosci przeciwdrobnoustrojowej komplekséw cynku (1-6) [P1-P2].

Oceny aktywnosci przeciwdrobnoustrojowej in vitro otrzymanych zwigzkéw kompleksowych
cynku dokonano we wspdtpracy z zespotem Prof. dr hab. Katarzyny Lisowskiej w Katedrze
Mikrobiologii Przemystowej i Biotechnologii na Wydziale Biologii i Ochrony Srodowiska Uniwersytetu
tédzkiego.

1.3.1. Ocena aktywnosci przeciwbakteryjnej komplekséw cynku (1-6) wobec wybranych
szczepow bakterii tlenowych [P2].

Do oceny aktywnosci przeciwbakteryjnej kompleksow cynku (1-6) w stosunku do szczepow
bakterii Gram-dodatnich (Staphylococcus aureus ATCC 6538, Staphylococcus epidermidis ATCC
12228, Streptococcus pyogenes ATCC 19615) i Gram-ujemnych (Escherichia coli ATCC 25992 i
Pseudomonas aeruginosa ATCC 27853) zastosowano metode mikrorozcienczen zgodng z normami
CLSI (ang. Clinical and Laboratory Standards Institute) nr M07-18. Jako substancji referencyjnej uzyto
ZnPCA (pirolidynokarboksylan cynku). Wyniki badan przedstawiono jako krzywe wzrostu bakterii (%
kontroli biotycznych) w obecnosci komplekséow cynku oraz wyznaczono ich wartosci MIC
(minimalnego stezenia hamujacego).

1.3.2. Ocena aktywnosci przeciwbakteryjnej komplekséw cynku (1-6) wobec bakterii
beztlenowych Cutibacterium acnes [P1].

Aktywnosc¢ przeciwbakteryjng komplekséw cynku (1-6) wobec bakterii C. acnes zbadano stosujgc
metode mikrorozciericzen dla bakterii beztlenowych zgodnie z normami CLSI nr M11 (Wydanie 9).
Minimalne stezenie hamujace (MIC), okreslono jako najnizsze stezenie komplekséw cynku, przy
ktorym nie zaobserwowano wzrostu C. acnes. Jako substancji referencyjnej uzyto ZnPCA.

1.3.3. Ocena aktywnosci przeciwgrzybiczej komplekséw cynku (1-6) [P1].

Dokonano oceny aktywnosci przeciwgrzybiczej komplekséw cynku (1-6) wobec wybranych
szczepoéw drozdzy (Candida albicans ATCC 10231, Candida parapsylosis) i grzybéw strzepkowych
(Aspergillus flavus ATCC 9643 i Aspergillus fumigatus ATCC 204305) metodg mikrorozciericzen
zgodnie z wytycznymi CLSI nr M27 (Wydanie 4) dla drozdzy i M38 (Wydanie 3) dla grzybow
strzepkowych. Podjeto prébe wyznaczenia wartosci minimalnego stezenia grzybobdjczego (MFC).

1.4. Badania cytotoksycznosci kompleksowych cynku (1-6) wobec prawidtowych komoérek skory
[P1].

Ocena toksycznosci komplekséw cynku (1-6) w stosunku do ludzkich prawidtowych linii
komadrkowych skory: fibroblastow (1BR.3.N) oraz keratynocytéw (linia komadrek naskdrka), zostata
przeprowadzona za pomocg testu zywotnosci komdrek Presto Blue. Jako substancji referencyjnych
uzyto ZnPCA oraz ZnCl,. Wyznaczono wartosci ICso (stezenie badanego zwigzku hamujgce wzrost
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komérek o 50%) dla badanych zwigzkéw.. Badania przeprowadzono w ramach wspétpracy z Zaktadem
Zaktad Kancerogenezy Molekularnej Uniwersytetu Medycznego w todzi.

1.5. Przygotowanie oryginalnych preparatéow dermatologicznych (A-C) [P1].

Wszystkie preparaty zostaty przygotowany w temperaturze pokojowej. lota-karagen (2,00 g)
doktadnie rozprowadzono w wodzie (70,00 ml), do utworzenia Zzelu. Dodano substancje
konserwujacy: mieszanine fenoksyetanol: etyloheksylogliceryna (9: 1) (1,00 g). Mieszanine
homogenizowano (7 000 obr./min, 1 minuta / 100,00 g). Dodano i zmieszano odpowiedni kompleks
cynku (0,66 g ZnGly (2) lub 1,27 g ZnHis (3)). Podczas mieszania dodano wodny 2,50% roztwér kwasu
cytrynowego (tj. 14,76 g dla preparatu (A), 22,75 g dla preparatu (B) lub 0,52 g dla preparatu (C)) w
celu uzyskania wartosci pH pomiedzy 5,00 - 5,50. Otrzymane zele nastepnie homogenizowano (7 000
obr / min, 2 minuty / 100,00 g) i przechowywano przez siedem dni do zaniku pecherzykéw powietrza.

1.5.1. Badania fizykochemiczne dla preparatéw dermatologicznych (A-C) [P1].

Stabilnos¢ przygotowanych preparatow okreslano badajgc ich parametry fizykochemiczne, w tym
wartosé pH, gestosc i lepkos¢, raz w tygodniu przez okres szes$¢ tygodni. Pomiary pH przeprowadzano
z uzyciem metody pomiaru bezposredniego wykalibrowanym pH-metrem Seven Compact meter,
Mettler-Toledo. Pomiary gestosci wykonywano z uzyciem wykalibrowanego piknometru metalowego
(model P1, POL-ZAF). Lepkos¢ oceniano przy pomocy wiskozymetru rotacyjnego (model R ViscolLead
ONE, Fungilab). Dokonywano oceny organoleptycznej: zapachu, wygladu i barwy preparatu. Badania
wykonano w laboratorium firmy ACC Chemicals w Piasecznie.

1.5.2. Badania mikrobiologiczne dla preparatéw dermatologicznych (A-C) [P1].

Badania mikrobiologiczne obejmujace czysto$¢ mikrobiologiczng wedtug norm PN-EN ISO oraz
test ochrony przeciwdrobnoustrojowej w oparciu o metodologie Ph. Eur. 10.0, zostaty
przeprowadzone na mocy wspotpracy z laboratorium dr Nowaczyk Centrum Badan i Innowacji we
Wroctawiu.

1.5.2.1. Ocena czystosci mikrobiologicznej preparatéw dermatologicznych (A-C) [P1].

Czystos¢ mikrobiologiczna wszystkich preparatéow zostata oceniona wedtug obowigzujacych dla
produktéow kosmetycznych norm ISO obejmujgcych: limity czystosci mikrobiologicznej (PN-EN 1SO
21149:2017-07 oraz PN-EN ISO 16212:2017-08), oznaczanie liczby drozdzy i plesni (PN-EN 1SO
16212:2017-08), jak rowniez obecnos$¢ drobnoustrojéw alarmowych (PN-EN ISO 22717:2016-01, PN-
EN ISO 21150:2016-01, PN-EN ISO 22718:2016-01 i PN-EN ISO 18416:2016-01) obejmujacych
zaréwno bakterie (Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus), jak i drozdze
(Candida albicans). Protokoty z badan dla poszczegdélnych preparatéw (A-C) stanowig zatgczniki do
publikacji [P1] (Supplementary Materials: Test reports S1-S3).

1.5.2.2. Test konserwacji dla preparatow dermatologicznych (A-C) [P1].

Ocene skutecznosci ochrony przeciwdrobnoustrojowej preparatéw wykonano zgodnie
Farmakopeg Europejska 10.0 przez 28 dni dla kazdego szczepu mikroorganizmu oddzielnie. Zgodnie
z zapisami Ph. Eur. 10.0, referencyjne szczepy testowe stanowity odpowiednio: bakterie
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(Pseudomonas aeruginosa ATCC 9027, Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 8739)
oraz grzyby (Candida albicans ATCC 10231 oraz Aspergillus brasiliensis ATCC 16404). Wyniki
przedstawiono jako logarytmiczny wskaznik redukcji liczby mikroorganizméw i poréwnywano z
kryteriami okreslonymi Ph. Eur. 10.0, (Tabela 1). Protokoty z badan dla poszczegdlnych preparatéw
(A-C) stanowig zataczniki do publikacji [P1] (Supplementary Materials: Test reports S4-S6).

Logarytm redukcji drobnoustrojow testowych
mi:f::rm;:\‘ilzpmu Kryterium == i - o i
& 2 dzien 7 dzien 14 dzien 28 dzien
. A 2 3 - NI
Bakterie B i . 3 NI
A - - 2 NI
Grzyby B i i 1 NI

NI - brak wzrostu liczby zywych mikroorganizméw w poréwnaniu z poprzednim odczytem.

Tabela 1. Kryteria akceptacji zgodne z zapisami Ph. Eur. 10.0.

2. Ocena statystyczna wynikow.

Opracowaniu  statystycznemu poddano wyniki badan cytotoksycznosci i badan
fizykochemicznych preparatéw dermatologicznych. Wszystkie wyniki przedstawiono jako wartosci
$rednie wraz z odchyleniem standardowym (SD). Istotnos$¢ statystyczng okreslono za pomocg testu
HSD Tukeya (dla poréwnania parametréw fizykochemicznych) lub testu Kruskala-Wallisa (dla
poréwnania cytotoksycznosci). Réznice miedzy Srednimi uznawano za istotne przy p £ 0,05. Wszystkie
analizy statystyczne wykonano przy uzyciu programu Statistica (STATSoft, Polska, wersja 13.1, 2016).

12



Michat Abendrot Rozprawa doktorska

Realizacja celdw naukowych — wyniki i dyskusja

1. Synteza i charakterystyka strukturalna komplekséw cynku(ll) z wybranymi aminokwasami (1-6)

[P2].

Przeprowadzono syntezy komplekséw cynku(ll) zaminokwasami (1-6) o wzorze ogdlnym [Zn(AA).],
gdzie AA stanowity odpowiednie aminokwasy: L-Glu, Gly, L-His, L-Pro, L-Met oraz L-Trp. Otrzymane
zwigzki, zgodnie z zamierzeniami, nie posiadaty w sktadzie czgsteczkowym innych ligandéw niz
aminokwasy oraz byty pozbawione nieorganicznych przeciwjondw, np. ClI, NOs’, SO4%, ktére mogtyby
stanowi¢ potencjalny czynnik draznigcy skore. W zaleznosci od rozpuszczalnosci reagentéw w wodzie
opracowano dwie metody syntezy zwigzkdw kompleksowych cynku: dla pochodnych o wysokiej
rozpuszczalnosci w wodzie (Metoda 1, kompleksy 1-4) oraz niskiej rozpuszczalnosci w wodzie (Metoda
2, kompleksy 5-6). Opracowanie dwdch odrebnych metod syntezy pozwolito na tatwe wyizolowanie
produktu gtdwnego reakcji z mieszaniny reakcyjnej i oddzielenie produktéw ubocznych reakcji (NaCl).

Metoda 1. Synteza kompleksow cynku(ll) polegata na reakcji wodnej zawiesiny wodorotlenku
cynku z wodnym roztworem odpowiedniego aminokwasu (L-Glu, Gly, L-His, L-Pro) w stosunku
molowym 1:2. (Schemat 1).

Zn(OH); (susp.) + 2 AA = [Zn(AA);] + 2 H,0
AA = L-Glu, Gly, L-His lub L-Pro
Schemat 1. Synteza komplekséw cynku(ll) (1-4) dobrze rozpuszczalnych w wodzie.

Reakcje prowadzono w temperaturze 50°C przez okoto dwie godziny. Zawiesina wodorotlenku
cynku potaczona z roztworem odpowiedniego aminokwasu ulegata rozpuszczeniu w ciggu kilku minut
po rozpoczeciu procesu. Produkty reakcji (1-4), ktore byty bardzo dobrze rozpuszczalne w wodzie,
izolowano z mieszaniny reakcyjnej poprzez czeSciowe zatezanie roztwordw na wyparce i pozostawienie
ich do powolnej krystalizacji.

Niezbedny do powyzszej syntezy wodorotlenek cynku wytrgcono w reakcji wodorotlenku sodu z
chlorkiem cynku, w stosunku molowym 2:1.

Metoda 2. Synteza polegata na reakcji chlorku cynku z solg sodowg danego aminokwasu w
srodowisku wodnym w stosunku molowym 1:2 (Schemat 2). Metoda ta stuzy do otrzymywania
komplekséw cynku(ll) o niskiej rozpuszczalnosci w wodzie (5-6).

ZnCl; + 2 (AA)Na = [Zn(AA);]d + 2 NaCl
AA = L-Met lub L-Trp
Schemat 2. Synteza komplekséw cynku(ll) (5-6) trudno rozpuszczalnych w wodzie.

Wytracony w wyniku reakcji trudnorozpuszczalny osad kompleksu cynku odsgczano i
przemywano wodg, oddzielajgc go w tatwy sposdb od produktu ubocznego - chlorku sodu, dobrze
rozpuszczalnego w wodzie. Zwigzek kompleksowy suszono na powietrzu.

Gtéwny proces poprzedzono reakcjag odpowiedniego aminokwasu (L-Met lub L-Trp) z 1M
roztworem NaOH w celu uzyskania jego soli sodowej. Obydwa procesy prowadzono w temperaturze
pokojowej.
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Sposréd otrzymanych komplekséw cynku zwigzek (5), ZnMet, byt mozliwy do otrzymania za
pomocg obydwu metod. Chociaz produkty reakcji byty identyczne, to wydajnos¢ reakcji
przeprowadzonej zgodnie z metodg 2 byta wyzsza.

Jakkolwiek w literaturze mozna znalez¢ przyktady syntez komplekséw cynku(ll) z aminokwasami
[58,59,60], to jednak zwigzki te najczesciej zawieraty w strukturze czgsteczkowej, obok aminokwaséw,
takze inne ligandy i/lub nieorganiczne aniony, np. siarczanowe, octanowe, chlorkowe. Kompleksy
cynku(ll) otrzymane w ramach mojej pracy doktorskiej nie posiadajg zadnych anionéw
nieorganicznych, co niewatpliwe jest ich duzym atutem pod katem dalszych aplikacji skérnych, gdyz
obecno$é przeciwjondw nieorganicznych obniza tolerancje skérng, co moze powodowac jej
podraznienie [61].

Opisano synteze kompleksu cynku z proling (4), jednak metoda syntezy tego zwigzku polegajgca na
reakcji octanu cynku i proliny w obecnosci trietyloaminy w sSrodowisku metanolowym, znacznie rdznita
sie od zastosowanej w publikacji [P2]. Celem tej syntezy byto wykorzystanie otrzymanego zwigzku
cynku jako katalizatora do réznych przemian w chemii organicznej [58].

Metoda otrzymywania kompleksu cynku(ll) z metioning (5) [62], z wodorotlenku cynku i
aminokwasu, stanowita dla mnie zrédto inspiracji do syntez dobrze rozpuszczalnych w wodzie
komplekséw cynku z aminokwasami. Co ciekawe, autorzy pracy [62] zgodnie z ta metodg otrzymali
kompleks, ktory bardzo trudno rozpuszcza sie w wodzie.

Co prawda w literaturze wzmiankowane sg kompleksy cynku(ll) z glicyng, jednak ich struktura jest
znaczgco rézna od struktury kompleksu (2). Rdznice te zwigzane sg z rodzajem soli cynku uzytej jako
substratu do syntezy oraz pH reakcji, a co za tym idzie wystepowaniem glicyny w formie jonu
obojnaczego lub w formie anionowej. Opisywane kompleksy z glicyng, o wzorach ogdlnych
[Zn(H20)6][ZNn(C2HsNO3)2(H20)4](SO4)2 [59] oraz [Zn(Gly).l2] [63], nie tworzg chelatéw oraz sg posiadajg
w zewnetrznej lub wewnetrznej sferze koordynacyjnej nieorganiczne aniony (SO4% lub I), w
przeciwienstwie do kompleksu cynku (2) (Schemat 3) [P2]. W opisanych kompleksach cynku(ll) glicyna
jest ligandem jednofunkcyjnym (monodentnym) z powodu sprotonowanej grupy aminowej, czyli
kationu -NHs*, ktéry nie dysponuje wolng parg elektronowg zdolng do utworzenia wigzania z jonem
cynku [59,63].

Otrzymane kompleksy cynku(ll) z aminokwasami (1-6) scharakteryzowano pod wzgledem
strukturalnym za pomocy spektroskopii magnetycznego rezonansu jadrowego (*H NMR) oraz za
pomocg analizy pierwiastkowej na obecnos¢ C, H, N. Dodatkowo, dla czterech komplekséw (2-5) udato
sie otrzymac odpowiednie do rentgenowskich badan strukturalnych monokrysztaty zwigzkéw [P2].

Widma H NMR komplekséw cynku(ll) za aminokwasami oraz wolnych ligandéw- aminokwaséw
zarejestrowano w D,0 (1-5) lub DMSO (6). Najwieksze réznice w wartosciach przesunie¢ chemicznych
sygnatéw poszczegdlnych grup protonéw dla komplekséw i odpowiadajgcych im liganddéw obserwuje
sie najczesciej dla protondéw znajdujgcych sie w sgsiedztwie miejsca koordynacji. Im mniejsza odlegtosé
dzieli dany proton lub grupe protonéw od wigzania koordynacyjnego, tym wyzsze rdznice wartosci
przesunie¢ chemicznych danego protonu/-6w w zwigzku kompleksowym w stosunku do
odpowiedniego protonu/-6w w czgsteczce wolnego liganda [64]. Wynika to z faktu zmiany gestosci
elektronowej wokét tych protondéw na skutek utworzenia wigzan z atomem centralnym. | tak,
najwieksze rdznice w wartosciach przesunie¢ chemicznych, wieksze od 0,1 ppm, wynoszgce: 0,12; 0,30;
0,14;0,12;0,20i 0,11 ppm, zanotowano odpowiednio dla nastepujgcych protonéw: CH; (y) (1), CH2 (2),
CH (5’) (4), CH (2) (4), CH (o) (5) i CH2 (B) (6). W widmach *H NMR, zaréwno komplekséw jaki i liganddw,
nie obserwuje sie sygnatdw protonéw, ktére ulegly wymianie na deuter w zastosowanym
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rozpuszczalniku D,0, a mianowicie sygnatow protonéw grupy aminowej, karboksylowej oraz protondéw
zwigzanych z heterocyklicznym atomem azotu. W takich przypadkach, dane o budowie czgsteczkowej
zwigzkdw, uzyskane na podstawie analizy widm, sg nieco ubozsze i zawezajg sie do protondw szkieletu
weglowego. Szczegdtowe dane wynikajgce z analizy widm *H NMR komplekséw (1-6) i odpowiednich
liganddw znajdujg sie w publikacji [P2].

W celu jednoznacznego potwierdzenia struktury komplekséw dokonuje sie analizy
rentgenostrukturalnej monokrysztatéw zwigzkdw. Podjeto zatem préby otrzymania monokrysztatow
dla wszystkich komplekséw cynku, ktére ostatecznie zakorczyty sie to sukcesem dla czterech zwigzkéw
(2-5) [P2]. Struktury krystaliczne komplekséw (2-5) wraz ze wzorami strukturalnymi komplekséw (1-6)
zamieszczono na Schemacie 3.

Kompleks cynku z kwasem glutaminowym, ZnGlu, (1)

HoOoC

H

N o o
\Z/ Nie uzyskano odpowiedniego monokrysztatu

n

/ \ do badan

o] N

(0] H,

COOH

Kompleks cynku z glicyng, ZnGly, (2)

"00C Coor

Kompleks cynku z proling, ZnPro, (4)
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Kompleks cynku z tryptofanem, ZnTrp, (6)
HN
\ N o 0
\Z/ Nie uzyskano odpowiedniego monokrysztatu
/ \ do badan
o ° N

\NH

Schemat 3. Wzory strukturalne oraz struktury krystaliczne komplekséw (1-6).

Rentgenowskie analizy strukturalne krysztatéw pokazaty, ze zwigzki cynku z glicyng (2), proling (4)
i metioning (5) tworzg pieciocztonowe pierscienie chelatowe, zas kompleks cynku z histydyng (3)
szesciocztonowe pierscienie chelatowe. Przypuszcza sie, ze pozostate kompleksy cynku, z kwasem
glutaminowym (1) oraz tryptofanem (6), dla ktérych nie uzyskano odpowiednich do badan
monokrysztatéw, takze bedg formowaty chelaty pieciocztonowe (Schemat 3). Wskazuje na to budowa
aminokwasoéw, bedacych ligandami wielofunkcyjnymi, tzw. kleszczowymi. Didentne (dwukleszczowe)
ligandy wigzg sie z jonem cynku za pomocg dwéch atomdéw donorowych, tj. atomu azotu grupy
aminowej oraz atomu tlenu grupy karboksylowej, dysponujgcymi wolnymi parami elektronowymi [P2].
Zatem we wszystkich kompleksach, poza kompleksem z histydyng, wystepuje tzw. , glycine-like” model

koordynacji (Schemat 4).
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M
X
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16



Michat Abendrot Rozprawa doktorska

Schemat 4. Model koordynacji , glycine-like” [65].

W kompleksie z histydyng (3) mozliwos¢ wystepowania takiego modelu koordynacji jest réwniez
wysoce prawdopodobna i czesto spotykana w literaturze, jak w przypadku komplekséw miedzi(ll) z
histydyng [66,67]. Jednakze, jak pokazaty badania strukturalne krysztatu kompleksu cynku(ll) z
histydyng (3), tworzy on szesciocztonowe pierscienie chelatowe, poprzez utworzenie wigzan
koordynacyjnych za pomocg wolnych par elektronowych atomu azotu grupy aminowej oraz atomu
azotu pierscienia imidazolu. Atom tlenu grupy karboksylowej nie jest w tym przypadku zaangazowany
w formowanie wigzania koordynacyjnego z jonem centralnym [P2]. Ponadto, czgsteczka histydyny
moze by¢ takze ligandem tréjkleszczowym, koordynujac do jonu centralnego jednoczesnie za pomoca
atomu azotu grupy -NH,, atomu azotu imidazolu oraz atomu tlenu grupy -COOH, jak zaproponowano
dla kompleksu [ZnH(GSH)(L-His)(H20) [68].

Tozsamos$¢ oraz czystos¢ uzyskanych zwigzkow kompleksowych cynku(ll) (1-6) potwierdzono
wykonujgc analizy elementarne na obecnos¢ C, H i N. Wyniki tych analiz pozostawaty w zgodnosci z
wynikami rentgenowskich analiz strukturalnych komplekséw. Jak pokazujg nasze analizy sktadu
komplekséw i ich analizy strukturalne, niejednokrotnie zwigzki kompleksowe krystalizowaty z
wbudowaniem czgsteczek wody w siec¢ krystaliczng zwigzku, np.: jak miato to miejsce dla kompleksu
cynku z glicyng czy histydyng [P2].

2. Badania aktywnosci przeciwbakteryjnej komplekséw cynku (1-6) [P1, P2].
Oceniono aktywnos¢ przeciwbakteryjng kompleksdw cynku (1-6) w stosunku do wybranych

szczepdw bakterii tlenowych Gram-dodatnich (Staphylococcus aureus ATCC 6538, Staphylococcus
epidermidis ATCC 12228 Streptococcus pyogenes ATCC 19615) oraz Gram-ujemnych (Escherichia coli
ATCC 25992 i Pseudomonas aeruginosa ATCC 27853) [P2], a takie wobec szczepu bakterii Gram-
dodatnich beztlenowych Cutibacterium acnes ATCC 6919 [P1]. Wybrane szczepy bakteryjne
odpowiadajg za wystepowanie infekcji skérnych i uktadowych (oddechowych, moczowych). S. aureus
jest sktadnikiem naturalnej mikroflory skéry cztowieka, ale w pewnych warunkach moze nadmiernie
kolonizowaé¢ skore i tkanki miekkie, powodujac zakazenia, wypryski skérne czy nasilenie zmian
atopowego zapalenia skory [69]. Dwa kolejne drobnoustroje, S. epidermidis i S. pyogenes sg z kolei
czesto izolowanymi patogenami ze zmian skdrnych i ran [70]. Bakterie Gram-ujemne E. coli wywotujg
zapalenie opon mézgowych czy infekcje przewodu pokarmowego, natomiast P. aeruginosa moga
powodowac ciezkich infekcji skéry i tkanek miekkich [71,72]. Beztlenowe bakterie C. acnes sg
natomiast uznawane za jeden z gtéwnych czynnikdw patogenetycznych tradziku pospolitego [73].

W przeprowadzonych badaniach substancje odnosnikowg stanowit ZnPCA, ktéry obecnie
stosowany jest miejscowo jako sktadnik przeciwtradzikowy [74]. Wartosci minimalnego stezenia
hamujgcego — MIC [mg/I] wyznaczono tylko dla szczepdw bakterii S. epidermidis, S. pyogenes oraz C.
acnes (Tabela 2). Dla pozostatych szczepéw, w szczegdlnosci Gram-ujemnych, wartosci MIC nie udato
sie wyznaczy¢. Dla wszystkich badanych szczepdw bakterii podano zaleznosé ich wzrostu (%) od
stezenia zastosowanego zwigzku cynku odpowiednio dla szczepéw Gram-dodatnich (Schemat 5) oraz
Gram-ujemnych (Schemat 6) [P2].
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Minimalne stezenie hamujace (MIC) dla bakterii Gram-dodatnich, [mg/L]

Bakterie
Bakterie tlenowe beztlenowe
Badany zwigzek - -
Staphylococcus Streptococcus Staphylococcus | Cutibacterium
epidermidis pyogenes aureus acnes

ZnGlu (1) 400 400 ND* 250
ZnGly (2) 200 ND* ND* 100
ZnHis (3) 300 ND* ND* 125
ZnPro (4) 300 500 ND* 250
ZnMet (5) 100 200 ND* 125
ZnTrp (6) 200 300 ND* 175
ZnPCA 200 300 ND* 175

ND*- nie ustalono wartosci MIC w badanym zakresie stezen.

Tabela 2. Wartosci minimalnego stezenia hamujacego, MIC, dla zwigzkdw cynku [P2].
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Schemat 5. Wzrost wybranych bakterii Gram-dodatnich w obecnosci zwigzkéw cynku [P2].
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Schemat 6. Wzrost wybranych bakterii Gram-ujemnych w obecnosci zwigzkédw cynku [P2].

Uzyskane wyniki wskazujg, ze kompleks ZnMet (5) posiada wyzszg aktywnos$¢ niz substancja
referencyjna- ZnPCA. Wyznaczone wartosci MIC, wynoszace 100 mg/l wobec S. epidermidis oraz 200
mg/l wobec S. pyogenes, byty mniejsze niz ich odpowiednie wartosci MIC dla ZnPCA (200 mg/| oraz 300
mg/1). Kompleks (5) wykazat takze lepszg aktywno$é niz ZnPCA wobec E. coli. Jednakze zwigzek (5) jest
trudnorozpuszczalny w wodzie, zatem nie bedzie on przedmiotem naszego zainteresowania pod katem
wyboru substancji aktywnej dla zelowych preparatach dermatologicznych, podobnie jak drugi
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trudnorozpuszczalny kompleks ZnTrp (6), ktérego aktywnos¢ w stosunku do S. epidermidis oraz S.
pyogenes jest identyczna jak substancji referencyjnej ZnPCA [P2].

Wyznaczone wartosci MIC dla pozostatych zwigzkéw (1-4), w stosunku do S. epidermidis i S.
pyogenes, byty wyzsze niz dla substancji referencyjnej, z wyjgtkiem wartosci MIC dla zwigzku ZnGly (2)
wobec S. epidermidis wynoszgcej 200 mg/l, podobnie jak dla ZnPCA. Ponadto, zwigzek (2) przy stezeniu
200 mg/l, hamowat w 60% i 90% wzrost odpowiednio S. aureus i S. pyogenes. Analogiczne wartosci
hamowania wzrostu tych bakterii przez ZnPCA byty stabsze i wynosity 50% i 75%. Dodatkowo, kompleks
(2) wykazat silniejszg niz ZnPCA aktywnos¢ przeciwbakteryjng wobec P. aeruginosa [P2]. Z tych
powodéw, a szczegblne z powodu wysokiej aktywnosci w stosunku do beztlenowych bakterii C. acnes,
kompleks ZnGly (2) oraz kompleks ZnHis (3) beda przedmiotem naszego dalszego zainteresowania [P1].

Szczepy beztlenowych bakterii Gram-dodatnich, C. anes, petnig istotng role przy powstawaniu
zmian tradzikowych [18], dlatego wybdr substancji aktywnych do przygotowania preparatow
przeciwtrgdzikowych byt w najwiekszej mierze uzalezniony od zdolno$ci hamowania wzrostu wtasnie
tych bakterii. Wyznaczono minimalne stezenia hamujace dla komplekséw ZnGly (2), ZnHis (3) i ZnMet
(5) wynoszace odpowiednio 100, 125 i 125 mg/l. Wartosci te byty nizsze od wartosci MIC dla zwigzku
referencyjnego réwnej 175 mg/l. Zatem zwigzki te charakteryzujg sie wysokg aktywnoscig
przeciwbakteryjng w stosunku do C. acnes, a w szczegdlnosci kompleks ZnGly (2), ktérego aktywnosc
byta prawie dwukrotnie silniejsza niz ZnPCA [P1]. Sposréd otrzymanych zwigzkéw cynku
rozpuszczalnych w wodzie, o wysokiej aktywnosci wobec C. acnes, najwiekszym zainteresowaniem jako
potencjalne sktadniki aktywne preparatéw przeciwtradzikowych bedg cieszyty sie kompleksy cynku z
glicyng (2) i histydyna (3).

Pomimo istnienia kilkunastu substancji aktywnych stosowanych w terapii trgdziku [7,8,9], wobec
rosnacej antybiotykoopornosci bakterii C. acnes, poszukiwanie nowych, skutecznych pochodnych o
tagodniejszym profilu dermatologicznym jest ciggle aktualng potrzeba, dlatego uzyskane wyniki
stworzyty podstawe do dalszych badan. W ostatnim czasie prowadzi sie liczne badania nad nowymi
zwigzkami o aktywnosci przeciwtragdzikowej do stosowania miejscowego [75,76,77], jednak
wykorzystanie komplekséw cynku z aminokwasami do tej pory byto badane jedynie w formie doustnej
w pofaczeniu z antyoksydantami, jak witamina Ci E [78]. Miejscowa terapia przeciw C. acnes z uzyciem
komplekséw cynku z aminokwasami nie byta do tej pory prowadzona.

Aktywnos¢ przeciwdrobnoustrojowa wobec rozmaitych drobnoustrojow zostata opisana dla
licznych komplekséow metali przejsciowych z aminokwasami: miedzi(ll) [47,48,49,50,51] kobaltu(ll)
[48,49,50,51], niklu(ll) [49,50], zelaza(lll) [48], manganu(ll) [50], kadmu(ll) [50]. O ile w literaturze
mozna znalez¢ dane dotyczace aktywnosci przeciwdrobnoustrojowej mieszanych komplekséw cynku z
aminokwasami i innymi ligandami [79,80], to nasze badania potencjatu przeciwbakteryjnego [P1-P2]
przyczynity sie do wypetnienia luki wiedzy dostarczajgc informacje dla komplekséw zawierajacych
jedynie ligandy aminokwasowe.

3. Badania aktywnosci przeciwgrzybiczej komplekséw cynku (1-6) [P1].

Zbadano aktywnos¢ przeciwgrzybiczg zwigzkow cynku wobec drozdzakéow (Candida albicans ATCC
10231, Candida parapsylosis) i grzybow strzepkowych (Aspergillus flavus ATCC 9643 i Aspergillus
fumigatus ATCC 204305) w zakresie stezen od 0 do 500 mg/l. Nie wyznaczono wartosci minimalnego
stezenia grzybobdjczego (MFC) dla badanych szczepdéw w badanym zakresie stezen.
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4. Badania aktywnosci cytotoksycznej zwigzkéw kompleksowych komplekséw cynku (1-6) [P1].

Zwigzki kompleksowe cynku (1-6) zostaty zsyntezowane z myslg o ich zastosowaniu zewnetrznym,
dlatego ich charakterystyke strukturalng i badania aktywnosci przeciwdrobnoustrojowej uzupetniono
0 ocene potencjalnego dziatania toksycznego na komarki skory.

W warunkach in vitro oceniano aktywnos¢ cytotoksyczng komplekséw cynku (1-6) w odniesieniu
do dwéch rodzajéw prawidtowych komoérek skéry ludzkiej: fibroblastéw (linia komérkowa 1BR.3.N)
oraz keratynocytow (linia komdrek naskérka). Z uwagi na warstwowa budowe skéry ludzkiej, oprdcz
komérek zewnetrznej warstwy skéry (keratynocytéow) do badan wigczono komérki wystepujgce w
gtebszych warstwach skéry - fibroblasty wystepujace w skérze wiasciwej. Zbadang aktywnosé
cytotoksyczng wyrazono za pomocg wartosci ICsp [UM], ktdra okresla stezenie zwigzku cynku
powodujgce zahamowanie wzrostu komérek o 50%, w stosunku do wzrostu komdrek kontrolnych
(Tabela 3). Krzywe przezywalnosci komérek skéry w zaleznosci od stezenia zastosowanych zwigzkéw
cynku przedstawiono odpowiednio na schematach, odpowiednio dla fibroblastéw (Schemat 7) i
keratynocytéw (Schemat 8).

Wartosci ICso [LM] (Srednia £ SD)
Badany zwigzek Rodzaj badanych komérek skéry
Fibroblasty Keratynocyty

ZnGlu (1) 8738 + 6.01 c* 231.17 +15.94d
ZnGly (2) 119.85+4.61 b 138.20 £8.11 be
ZnHis (3) 171.48 +17.02 a 102.00 £3.76 ac
ZnPro (4) 172.20+4.00 a 157.20+8.19b

ZnMet (5) - -
ZnTrp (6) 94.88+8.41c 85.66+14.28 ¢
ZnPCA** 171.73£9.69 a dbzsUs 2 ae
ZnCl** 162.65 +4.10 a 126.97 +4.32 ae

- nie wykryto z powodu zbyt matej rozpuszczalnosci w pozywce hodowlane;.
*$rednie oznaczone tg sama literg w kazdej kolumnie nie réznig sie istotnie pod wzgledem statystycznym (test Kal-Wallisa
Krusa-138; p<0,05).
** substancje odnosnikowe (referencyjne).
Tabela 3. Wartosci ICso (Srednia + SD) dla kompleksow cynku ludzkich fibroblastow i
keratynocytow [P1].
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Schemat 7. Krzywe przezywalnosci fibroblastéw pod dodaniu komplekséw cynku (1-6) i
zwigzkoéw referencyjnych [P1].
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Schemat 8. Krzywe przezywalnosci keratynocytéow po dodaniu kompleksédw cynku (1-6) i

zwigzkoéw referencyjnych [P1].
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Wartosci 1Csp dla komplekséw cynku wobec fibroblastow ludzkiej skory wahaty sie od 87,38 do
172,20 (uM). Kompleksy ZnHis (3) i ZnPro (4) byty najmniej cytotoksyczne, z podobnymi wartosciami
ICso w stosunku do ZnPCA (171,73 uM). Wartosci ICso komplekséw (1), (2) i (6) byty nizsze niz w obu
kontrolach. Toksycznos¢ komérkowa kompleksow (1) i (6) byta okoto 2 razy wyzsza niz obu substancji
referencyjnych [P1].

Wartosci ICsp dla komplekséow cynku wobec keratynocytow miescity sie w zakresie od 85,66 do
231,17 (uM). Toksycznos¢ komplekséw ZnGlu (1), ZnGly (2) i ZnPro (4) byta znacznie nizsza niz w obu
kontrolach (231,17; 138,20 157,20 vs. 102,50 dla ZnPCA i 126,97 uM dla ZnCl,). Kompleks z histydyna
(3) wykazat identyczng cytotoksycznos¢ jak zwigzek odniesienia ZnPCA (102,50 uM). Najwyiszy
potencjat cytotoksyczny zanotowano dla zwigzku (6) [P1].

Wsrod badanych komplekséw cynku (1-6), tylko niektdre z nich sg stosowane i to w ograniczonym
zakresie [26], co moze by¢ podyktowane brakiem danych na temat ich toksycznosci wobec komadrek
skory. Do tej pory dokonano analizy pordwnawczej zwigzku cynku z histydyng z nieorganiczng solg
cynku (ZnSO4) wobec prawidtowych ludzkich keratynocytow, gdzie wykazano nizszg cytotoksycznosé
dla pochodnej organicznej [61]. Z punktu widzenia rozwoju nowych produktéw, badania
cytotoksycznosci na odpowiednich liniach komdrkowych sg szczegdlnie istotne pod katem oceny ich
tolerancji w miejscu podania [81]. Komitet Naukowy ds. Bezpieczeristwa Konsumentow (SCCS)
zaznacza, ze niektére pochodne cynku, takie jak: glukonian cynku i ZnSQ,, cechuje wysoki potencjat
cytotoksyczny [26]. W sSwietle naszych badan kompleksy (2-4) stanowig obiecujgce substancje pod
wzgledem bezpieczenstwa aplikacji skdrnej.

5. Opracowanie i badania preparatéw dermatologicznych (A-C) [P1].

Wytypowanie substancji aktywnych sposréd komplekséw cynku (1-6) do przygotowania
preparatéw dermatologicznych byto podyktowanie wysoka aktywnoscig przeciwbakteryjng zwigzkéw
wobec beztlenowych szczepdw C. anes oraz niskg cytotoksycznoscig wobec komadrek skory.

W grupie substancji o najwyzszej aktywnosci przeciw C. anes znalazty sie kompleksy z glicyng (2),
histydyna (3) oraz metioning (5). Poniewaz planowano przygotowanie preparatéw dermatologicznych
o duzej zawartosci wody oraz pozbawionych fazy ttuszczowej, istotnym parametrem byta dobra
rozpuszczalno$é substancji aktywnej w wodzie. | wtasnie z powodu niskiej rozpuszczalno$¢ w wodzie
kompleksu (5), zwigzek ten wyeliminowano z dalszych badan.

Analiza aktywnosci cytotoksycznej wobec komaérek skéry pozwolita wytoni¢ kompleksy z glicyng
(2), histydyng (3) oraz proling (4) jako pochodne o najwiekszym bezpieczenstwie zaréwno dla
keratynocytéw, jak i fibroblastéw skéry ludzkiej. Zwazywszy jednak na niskg aktywnos¢ kompleksu
ZnPro (4) wobec bakterii C. anes, kompleks ten nie zostat wybrany do dalszych etapow badan.

Ostatecznie, po uwzglednieniu wynikdéw badan in vitro: cytotoksycznosci na obu typach komérek
skory oraz wynikéw badan aktywnosci przeciwbakteryjnej wobec C. anes, wytypowano do dalszych
badan dwa zwigzki o optymalnych wtasciwosciach. Byty nimi kompleksy cynku z glicyng (2) i z histydyna
(3). Z udziatem zwigzkéw: ZnGly (2) i ZnHis (3), jako substancji aktywnych, przystgpiono do opracowania
oryginalnych receptury preparatéw dermatologicznych, ktdre nastepnie poddano badaniom
stabilnosci i mikrobiologicznym.

5.1. Opracowanie oryginalnych receptury preparatéw dermatologicznych (A-C) [P1].
Opracowano oryginalne receptury preparatéw w formie Zzelu. Ws$réd trzech stworzonych
preparatéw wyrdzniono: dwa zawierajgce substancje aktywne [preparat A z udziatem 0,66% ZnGly (2)
i preparat B zawierajacy 1,27% ZnHis (3)] oraz trzeci preparat placebo C (bez substancji czynnej).
Preparaty (A) i (B) miaty zawiera¢ taki sam ekwiwalent molowy cynku, jaki zawarty jest w 1% ZnPCA. |
tak, w 1 molu 1% ZnPCA jest 0,2022 g cynku, stad zawartosci procentowe zwigzkdéw ZnGly (2) i ZnHis
(3) w preparatach wynoszg odpowiednio 0,66% i 1,27%. Sktady poszczegdlnych preparatéow (A-C)
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zamieszczono w tabeli (Tabela 4). Wyznaczone stezenia komplekséw cynku (2) i (3) w preparatach
przewyzszajg wartosci MIC dla poszczegdlnych substancji aktywnych w stosunku do C. acnes, co
zapewnia efektywnos¢ preparatow przeciw bakteriom C. acnes po aplikacji skornej [P1].

Oznaczenie preparatu
Sktadnik
A B c
woda demineralizowana do 100,00 g do 100,00 g do 100,00 g

lota-karagen 2,00g 2,00¢g 2,008
fenoksyetanol : etyloheksylogliceryna (9:1) 1,00¢g 1,00g 1,008

ZnGly (2) 0,66 g NA* NA*

ZnHis (3) NA* 1,27g NA*
2,50% roztwdr kwasu cytrynowego 14,76 g 22,75g 0,52¢g

NA*- nie dotyczy.
Tabela 4. Skfad ilosciowo-jakosciowy opracowanych preparatéw dermatologicznych (A-C) [P1].

Sktady preparatow w formie zelu oraz stezenia poszczegdlnych substancji dobrano z myslg o ich
przysztej aplikacji na skére trgdzikowa. Koncepcja preparatdow byta wzorowana na potgczeniu ZnPCA z
oligosacharydami pozyskanymi z alg morskich, dla ktédrego wykazano skutecznosé przeciwtradzikowa
w warunkach klinicznych [27].

Ze wzgledu na obecno$¢ stanu zapalnego i wysokiej wrazliwosci skoéry tradzikowej [22], w
formulacjach (A-C) unikano skfadnikéw o wysokim potencjalne uczulajagcym. Dla wszystkich
preparatéw wybrano odpowiedni uktad konserwujacy (1% Euxyl PE 9010: fenoksyetanol (PE) i
etyloheksylogliceryne (EHG) w stosunku masowym 9:1). Konserwant ten cechuje niski potencjat
uczulajacy i jednoczesnie wysokie bezpieczerstwo nawet wobec skory wrazliwej [82,83,84]. Majac na
uwadze na fakt, ze cera tragdzikowa cechuje sie wzmozonym wydzielaniem sebum [85], zdecydowano
sie na opracowanie formut pozbawionych fazy ttuszczowej. Jako substancji zelotwdrczej uzyto lota-
karagenu, ktéry jest mieszaning liniowych sulfonowanych polisacharydéw ekstrahowanych z
wodorostow morskich klasy Rhodophyceae [86]. Ten naturalny zagestnik tworzy ochronng powtoke na
skorze i posiada witasciwosci przeciwzapalne [87], co powinno przynies¢ dodatkowe korzysci przy
terapii skory tradzikowej.

Z powodu wzrostu pH skory w przebiegu tradziku [88] oraz koniecznosci zapewnienia optymalnego
pH preparatu z zastosowanym uktadem konserwujgcym zatozono, ze pH formulacji (A-C) powinno sie
miesci¢ w przedziale 5,00-5,50, co umozliwi przywrécenie skérze odpowiedniego pH oraz zapewni
pozadang aktywnos¢ przeciwdrobnoustrojowg przez uktad konserwujgcy [89].

5.2. Badania fizykochemiczne preparatéow dermatologicznych (A-C) [P1].

Przeprowadzono ocene stabilnosci fizykochemicznej wszystkich opracowanych preparatéw
oceniajac takie parametry jak: pH, gestos¢ i lepkos¢ z czestotliwoscig raz w tygodniu, przez okres 6
tygodni. Zaréwno przechowywanie preparatdw, jak i pomiary prowadzono w temperaturze pokojowe;.
Kazdy z pomiardw zostat powtdrzony 3-krotnie.

W ciggu catego cyklu pomiaréw fizykochemicznych nie zaobserwowano znaczgcych odchylen
wartosci zadnego z ocenianych parametréw. Dla preparatéw nie zaobserwowano zadnych cech
niestabilnosci, takich jak zmiana koloru, zapachu, wytrgcenie osadu. Preparaty uznano za stabilne w
temperaturze pokojowej przez okres co najmniej 6 tygodni. Zestawienie zakresow wartosci
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poszczegdlnych parametréw fizykochemicznych z catego 6-tygodniowego badania zamieszczono w
tabeli (Tabela 5).

Badana kolor lepkos¢
: H tosé 3 epkosc [cP]
formuta zapach P gestosc [g/cm’]
26ttawy, bez -
A y 5,23-5,36 1,0031 - 1,0047 75610 - 83426
zapachu
26ttawy, bez -
B y 5,31-5,41 0,9785 - 0,9929 149703 - 160466
zapachu
z6ttawy, be -
¢ z6ttawy, bez 523-5,36 1,0105 - 1,0137 957,7 -1104,7
zapachu

Tabela 5. Zestawienie zakresdw wartosci poszczegdlnych parametréw fizykochemicznych dla
preparatéw dermatologicznych (A-C).

Poszczegdlne preparaty posiadaty bardzo podobne wartosci odpowiednich parametréw
fizykochemicznych, z wyjatkiem lepkosci. We wszystkich preparatach zastosowano ten sam typ
substancji zelujacej (2,00% lota-karagen), jednak zaobserwowano wyrazny wzrost lepkosci dla
preparatéw (A) i (B) zawierajgcych kompleksy (2) i (3), jako substancje aktywne. Lepkos¢ preparatu
placebo (C) (n=957,7 - 1104,7) byta znacznie nizsza niz dla preparatdw (A) i (B), dla ktorych miescita sie
odpowiednio w zakresach 75610 - 83426 i 149703 - 160466 [cP].

Uzyskane rdznice lepkosci sugerujg, ze wprowadzenie odpowiednich komplekséw cynku(ll) do
formut (A) i (B) prowadzito do znacznego wzrostu lepkosci. Warto zaznaczy¢, ze preparaty preparaty
(A) i (B) zawierajace substancje aktywne (2) i (3) zawieraty réwnomolowa ilos¢ cynku odpowiadajgca
0,2022 g cynku, jednak w poszczegdlnych kompleksach metal ten byt zwigzany z réznymi ligandami
odpowiednio glicyng (2) oraz histydyng (3). Na podstawie tych obserwacji mozna wnioskowaé, ze na
wzrost lepkosci preparatéw (A) i (B) w stosunku do preparatu (C) miaty wptyw dwa czynniki: obecnos¢
kompleksu metalu i rodzaj zwigzanych z nim ligandéw.

W literaturze istniejg doniesienia o wzros$nie lepkosci zelu karagenowego w obecnosci niektdrych
jonéw metali (Y3* i Pb?*) na skutek tworzenia dodatkowych wigzan (kowalencyjnych i jonowych)
miedzy jonami metali a czasteczkami karagenéw [ 90 ]. Wykazano, ze obecnos¢ jondw
dwuwartosciowych (Ca®*) pozwala utworzy¢ dodatkowe wigzania pomiedzy nimi a dtugimi, liniowymi
tancuchami sulfonowanych polisacharydéw dzieki czemu zel zawierajacy lota-karagen uzyskuje
tréjwymiarowa strukture z jednoczesnym wzrostem lepkosci [91]. Na podstawie uzyskanych wynikéw,
przypuszcza sie, ze podobnego rodzaju oddziatywania mogty réwniez powstac¢ po dodaniu zwigzkdéw
kompleksowych cynku (2) i (3). Preparat (B), zawierajacy 1,27% ZnHis, charakteryzowat sie okoto 2-
krotnie wiekszg lepkoscig niz preparat (A), zawierajgcy 0,66% ZnGly. W kazdym z preparatéw zawartosé
jondéw cynku byta identyczna, zatem na wzrost lepkosci preparatéw musi wptywaé nie tylko obecnosc¢
jonow cynku, lecz przede wszystkim obecnos$¢ odpowiednich ligandéw. Nie wykluczone, ze to wiasnie
obecnosé w czasteczce ligandéw ugrupowan, -NH; i -NH- w pierscieniu imidazolowym, zdolnych do
tworzenia wigzan wodorowych z uwodnionym karagenem odpowiada za wyzszg lepko$¢é preparatu (B).
Jest to jednak zagadnienie ztozone, ktére wymaga dalszych badan.

5.3. Badania mikrobiologiczne preparatéw dermatologicznych (A-C) [P1].

Badania mikrobiologiczne opracowanych preparatow sktadaty sie z badan czystosci
mikrobiologicznej oraz badan ochrony przeciwdrobnoustrojowe]. Badania te sg wymagane dla kazdego
nowego produktu kosmetycznego. Wyjatek od tej reguty stanowig produkty o tzw. o niskim ryzyku
mikrobiologicznym, ktére nie stwarzajg sprzyjajacych warunki do rozwoju drobnoustrojéw, np. silnie
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kwasowe lub zasadowe pH, preparaty o niskiej zawartosci wody czy te oparte na rozpuszczalnikach
organicznych [92].

5.3.1. Ocena czystosci mikrobiologicznej preparatéow dermatologicznych (A-C) [P1].

Badania czystosci mikrobiologicznej zostaty przeprowadzone dla preparatéw (A-C) wedtug
obowigzujgcych dla produktéw kosmetycznych norm [1SO. Wykaz obowigzujgcych norm 1SO
zamieszczono czesci dotyczgcej zastosowanej metodologii (1.5.2.1.0cena czystosci mikrobiologicznej
preparatéw dermatologicznych (A-C) [P1].).

Chociaz produkty kosmetycznie nie muszg by¢ jatowe, to spetnianie kryterium czystosci
mikrobiologicznej jest bardzo istotne z punktu widzenia bezpieczestwa stosowania preparatu [93].
Pomimo istnienia norm determinujgcych czysto$é¢ mikrobiologiczng, wykazano, ze wiele produktéw
kosmetycznych obecnych na rynku jest zakazonych rozmaitymi drobnoustrojami, wliczajagc w to
patogeny [94].

Opracowane preparaty (A-C) spetnity kryteria czystosci mikrobiologicznej przewidziane dla
produktéw kosmetycznych zgodnie z obowigzujgcym standardem ISO. Limity czystosci
mikrobiologicznej nie zostaty przekroczone. Potwierdzono, ze testowane preparaty byly pozbawione
kluczowych patogendw skory takich jak: Pseudomonas aeruginosa, Escherichia coli, Staphylococcus
aureus i Candida albicans. Potwierdzenie czystosci mikrobiologicznej preparatéw pozwolito na
przystgpienie do wykonania testu skuteczno$é ochrony przeciwdrobnoustrojowej [P1].

Protokoty z badan dla poszczegdlnych preparatow (A-C) stanowig zatgczniki do publikacji [P1]
(Supplementary Materials: Test reports S1-S3).

5.3.2. Ocena aktywnosci przeciwdrobnoustrojowej preparatéw dermatologicznych (A-C)
[P1].

Dla opracowanych preparatéw przeprowadzono testy konserwacji, tzw. challenge tests. Badane
preparaty wykazaty skuteczno$¢ ochrony przeciwdrobnoustrojowej na najwyiszym poziomie,
spetniajac zalecane kryteria skutecznosci (kryteria A) dla preparatéow do stosowania na skére zgodnie
z normg Ph. Eur. 10.0 [P1]. Dane literaturowe wskazujg, ze zapewnienie bezpieczerstwa
mikrobiologicznego dla preparatéw jest niezbedne [95]. Testy ochrony przeciwdrobnoustrojowej
powinny by¢ wykonane przed udostepnieniem preparatu do stosowania, aby wykluczy¢ ryzyko
wtdérnego zakazenia drobnoustrojami [ 96 ]. Dzieki potwierdzeniu skutecznosci wtasciwosci
konserwujacych poszczegdlnych preparatéw, potwierdzono zdolno$¢ ochrony preparatu przed
zakazeniem podczas uzytkowania i przechowywania.

W badaniach typu challenge test nie wykazano rézni¢ pomiedzy poszczegdlnymi preparatami (A-
C), gdyz juz po pierwszym odczycie redukcja liczby drobnoustrojéw dla bakterii (T, ani) oraz grzybow (T14
ani) byta na najwyiszym poziomie. Wynika to z silnego dziatania przeciwdrobnoustrojowego
zastosowanej mieszaniny konserwujgcej, obejmujgcej PE i EHG w stosunku wagowym 9:1 [P1].
Dziatanie przeciwdrobnoustrojowe fenoksyetanolu jest bardzo dobrze udokumentowane [82], dlatego
jest on powszechnie stosowany jako konserwant w stezeniu do 1,00% [97]. Sama aktywnosé
przeciwdrobnoustrojowa EHG jest dos¢ niska, jednak wykazano jej zdolno$¢ do wzmacniania dziatania
przeciwdrobnoustrojowego typowych konserwantow, jak PE, metyloizotiazolinon (MIT) czy parabeny
[98]. Wykorzystujgc synergistyczne dziatanie obydwu sktadnikéw, PE i EHG, zastosowany uktad
konserwujacy zapewnit maksymalny stopien ochrony przed szczepami drobnoustrojéw testowych.
Zgodnie ze z norma Ph. Eur. 10.0, przy spetnieniu kryterium A, nie s3 wymagane dodatkowe srodki
zabezpieczajgce produkt przed zakazeniem drobnoustrojami.

Chociaz dziatanie przeciwdrobnoustrojowe pochodnych cynku jest dobrze opisane [15,16,74], to
aby odpowiedzie¢ na pytanie, czy zwigzki kompleksowe cynku z aminokwasami (1-6) mogg wzmacniac
dziatanie tradycyjnych konserwantéw, potrzebne bytyby dalsze badania. Zastosowanie nizszego
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stezenia tradycyjnej mieszaniny konserwujgcej w potaczeniu z opisywanymi pochodnymi cynku (1-6)
pozwolitoby oceni¢ site dziatania przeciwdrobnoustrojowego takiego uktadu. A w przypadku
pozytywnych rezultatéw kolejnym etapem mogtoby by¢ testowanie w tym kierunku samych
komplekséw cynku (1-6).

Protokoty z badan dla poszczegdlnych preparatéow (A-C) stanowig zatgczniki do publikacji [P1]
(Supplementary Materials: Test reports S4-S6).
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Podsumowanie osiggnietych wynikow

W ramach niniejszej pracy przeprowadzono synteze, charakterystyke strukturalng, badania
wiasciwosci przeciwdrobnoustrojowych oraz cytotoksycznosci wobec linii komérkowych skéry dla
komplekséw cynku(ll) z wybranymi aminokwasami.

Sposrdod przebadanych komplekséw cynku(ll) wytypowano dwa zwigzki, ktdre postuzyty jako
sktadniki aktywne do przygotowania przeciwtradzikowych preparatéw dermatologicznych.
Potwierdzono stabilnos¢ fizykochemiczng, czystos¢ mikrobiologiczng oraz  skutecznosé
przeciwdrobnoustrojowg zastosowanego ukfadu konserwujgcego. Szczegdtowe rezultaty badan
podano ponizej.

Cze$c I: dotyczy badan komplekséw cynku (1) z aminokwasami (1-6):

@,

¢ Zsyntetyzowano serie komplekséw cynku(ll) o wzorze ogdélnym [Zn(AA):] z nastepujacymi
aminokwasami (AA: L-Glu, Gly, L-His, L-Pro, L-Met i L-Trp.) [P2];

%+ Syntezy zwigzkdw kompleksowych cynku(ll) z wybranymi aminokwasami [Zn(AA),] zaprojektowano
w taki sposdb, aby produkty nie zawieraty nieorganicznych przeciwjonéw (anionéw typu CI,, NOs,,
S0.%), mogacych stanowié potencjalny czynnik draznigcy skore [P2];

+» Opracowano dwie efektywne metody syntezy dla powyzszych kompleksow; pierwsza pozwalajaca
na otrzymanie i dogodne wyizolowanie z mieszaniny reakcyjnej kompleksdw o wysokiej
rozpuszczalnosci w wodzie, druga dla komplekséw o bardzo niskiej rozpuszczalnosci w wodzie [P2];

«» Zaproponowano budowe czgsteczkowg komplekséw cynku(ll) bazujgc na wynikach spektroskopii
protonowego magnetycznego rezonansu jadrowego (*H NMR), rentgenowskich analiz
strukturalnych monokrysztatéw (XRD) oraz analiz pierwiastkowych (EA) na obecnos$¢ C, Hi N [P2];

¢ Ustalono struktury krystaliczne czterech komplekséw cynku(ll), z glicyng (2), histydyna (3), proling
(4) oraz metioning (5), za pomocg rentgenowskiej analizy strukturalnej monokrysztatow [P2];

% Okreslono aktywnos$é przeciwbakteryjng in vitro komplekséw cynku(ll) w stosunku do wybranych
tlenowych szczepach bakterii Gram-dodatnich (Staphylococcus aureus ATCC 6538, Staphylococcus
epidermidis ATCC 12228 oraz Streptococcus pyogenes ATCC 19615) i Gram-ujemnych (Escherichia
coli ATCC 25992 oraz Pseudomonas aeruginosa ATCC 27853) i poréwnano z aktywnoscia zwigzku
referencyjnego ZnPCA (2-pirolidyno-5-karboksylanu cynku) [P2];

*» Wykazano, ze kompleksy cynku(ll) z glicyng (2) oraz z metioning (5) cechuje wyzsza aktywnos$¢
przeciwbakteryjna niz substancji referencyjnej ZnPCA. Aktywnos¢ pozostatych komplekséw byta
nizsza [(1) i (4)] lub poréwnywalna [(3) i (6)] do aktywnosci ZnPCA [P2];

+* Oceniono cytotoksycznos¢ kompleksdow cynku(ll) na ludzkich komadrkach skory: fibroblastach (linia
komdrkowa 1BR.3.N) i keratynocytach (linia komoérek naskorka) i poréwnano z aktywnoscig
substancji referencyjnych: ZnCl; oraz ZnPCA [P1];

% Wobec keratynocytdw kompleksy (1, 2, 4) majg nizszg toksycznos$é niz substancje referencyjne, za$s
kompleks (3) wykazuje takg samg toksycznos¢ jak ZnPCA [P1];

+» Wykazano, ze kompleksy (3) i (4) cechowata prawie identyczna toksyczno$é wobec fibroblastow
skéry w poréwnaniu z odno$nikami [P1];

%+ Okreslono aktywnos¢ przeciwbakteryjng in vitro komplekséw cynku (1-6) wobec beztlenowych

szczepow bakterii C. acnes [P1];
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®,
0’0

Wykazano, ze kompleksy z glicyng (2), z histydyng (3) oraz z metioning (5) najsilniej hamujg wzrost
C. acnes. Wartosé MIC dla zwigzku (2) byta okoto dwukrotnie wyzsza niz wartosé MIC odnosnika
ZnPCA [P1];

*» Wykazano brak aktywnosci przeciwgrzybiczej in vitro komplekséw cynku wobec drozdzakow

(Candida albicans ATCC 10231, Candida parapsylosis) i grzybow strzepkowych (Aspergillus flavus

ATCC 9643 i Aspergillus fumigatus ATCC 204305) [P1].

Czesc Il: dotyczy badan preparatéw dermatologicznych (A-C):

R/
0’0

Y/
0'0

Do przygotowania preparatéw dermatologicznych wytypowano dwa kompleksy cynku(ll): z glicyng
ZnGly (2) oraz z histydyng ZnHis (3), czyli zwigzki dobrze rozpuszczalne w wodzie o najwyzszej
aktywnosci przeciwbakteryjnej wobec C. acnes oraz niskiej toksycznosci wobec fibroblastéw skoéry i
keratynocytéw [P1];

Opracowano trzy oryginalne formulacje dermatologiczne o konsystencji zelu (z kompleksem ZnGly
(A); z kompleksem ZnHis (B), placebo (C)) [P1];

Potwierdzono stabilnos¢ fizykochemiczng preparatow dermatologicznych w temperaturze
pokojowej dowodzac statosci analizowanych parametrach fizykochemicznych (pH, gestos¢, lepkos¢)
w okresie 6-tygodni [P1];

Potwierdzono czystos¢ mikrobiologiczng wszystkich preparatéw zgodnie z obowigzujgcymi
normami PN-EN ISO dla produktéw kosmetycznych [P1];

Udowodniono najwyzszg skutecznos$¢ zastosowanej ochrony przeciwdrobnoustrojowej ukfadu
konserwujgcego (kryterium A) dla wszystkich formulacji zgodnie z wymaganiami Farmakopei
Europejskiej 10.0 [P1];

Wykluczono istnienie negatywnych interakcji substancji aktywnych (2) i (3) z zastosowanym
uktadem konserwujgcym (mieszanina Phenoxyethanol i Ethylhexylglycerin w stosunku wagowym
9:1) [P1].
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Perspektywy i plany na przysztos¢

Opisane powyzej wyniki badan stanowig wstep do wiekszego zainteresowania kompleksami cynku
z aminokwasami w preparatach przeciwtradzikowych. Do uzyskania petnej charakterystyki aktywnosci
przeciwtradzikowej zasadne bytoby przeprowadzenie badan in vivo z udziatem probantéw réznym
nasileniu tradziku pospolitego. Cennym bytoby takze sprawdzenie czy sita dziatania tych zwigzkéw
moze zosta¢ porédwnana do stosowanych obecnie antybiotykéw. Poréwnanie takie mogtoby
przyczyni¢ sie do ograniczenia naduzywania antybiotykoterapii w terapii trgdziku, pozostawiajac
uzycie antybiotykow jedynie w razie zdecydowanej koniecznosci. Jako, ze przygotowane preparaty
dermatologiczne (A-C) miaty forme zelu o wysokiej zawartosci wody, ciekawym kierunkiem bytoby
sprawdzenie stabilnosci fizykochemicznej rowniez innych form preparatéw, na przyktad w postaci
emulsyjnej oraz serum lipidowego.

Jak juz wspomniano w rozdziale ,,5.3.2. Ocena aktywnosci przeciwdrobnoustrojowej preparatéw
dermatologicznych (A-C)”, cennym wydaje sie takze sprawdzenie, czy pochodne te mogty by znalez¢
zastosowanie jako substancje wspomagajace dziatanie tradycyjnych konserwantéw. Koncepcja
stworzenia mieszanin omawianych komplekséw z innymi substancjami wzmacniajgcymi dziatanie
konserwujace, nie bedacymi jednak typowymi konserwantami, rowniez moze by¢ ciekawym
pomystem.

Nie mniej interesujgcym wydaje sie przebadanie kompleksdw cynku pod katem innych rodzajow
aktywnosci, np. w  kierunku dziatania  antyoksydacyjnego, przeciwnowotworowego,
przeciwzmarszczkowego czy zmniejszajgcego zmiany hiperpigmentacyjne skory.
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Streszczenie

Tradzik pospolity wystepuje nawet u 95% nastolatkdw i czesto wymaga wdrozenia
antybiotykoterapii ogdlnoustrojowej lub miejscowej. W obliczu nieustannie rosnacej
antybiotykoopornosci bakterii uznawanych za powstawanie tradziku pospolitego (Cutibacterium
acnes) poszukiwanie nowych substancji aktywnych o dziataniu przeciwbakteryjnym staje sie kwestig
priorytetowga. W terapii tradziku wykorzystywane sg doustne substancje lecznicze, m.in. antybiotyki
(limecyklina, doksycyklina, erytromycyna, tetracyklina-HCl) i retinoidy (izotretynoina), ktdrych
stosowanie wigze sie z wystgpieniem ogdlnoustrojowym dziatan niepozadanych. Z uwagi na wysoki
stopien wrazliwosci skéry w przebiegu tradziku, substancje stosowane miejscowo mogg wywotywac
podraznienia skory, jak w przypadku nadtlenku benzoilu i kwasu azelainowego.

Moje zainteresowanie zwigzkami cynku wynikato z duzego znaczenia, jakie spetniajg one w
produktach kosmetycznych stanowigcych podstawe pielegnacji cery tradzikowej. Niektére ze
zwigzkdéw cynku posiadajg whasciwosci przeciwdrobnoustrojowe. Pomimo, ze zwigzki kompleksowe
cynku wykazujg nizszg toksycznos¢ wobec komoérek skéry niz aktualnie stosowane pochodne, to ich
aktywnos¢ przeciwdrobnoustrojowa nie byta zbadana. Na chwile obecng, substancje te wykorzystane
sg jako sktadniki suplementéow diety u ludzi, w zywieniu zwierzat czy jako katalizatory reakcji
chemicznych. Co istotne, dotychczas nie badano ich aktywnosci przeciwbakteryjnej. W swietle tych
danych, celem niniejszej pracy doktorskiej stato sie poszukiwanie nowych skfadnikéw aktywnych
preparatéw dermatologicznych o nizszej cytotoksycznosci wobec komdrek skdry oraz wysokiej
aktywnosci przeciwbakteryjnej wobec bakterii C. acnes. Do swoich badan wybratem otrzymanie nowej
grupy pochodnych z puli zwigzkdéw cynku, ktédrymi sg zwigzki kompleksowe cynku z aminokwasami.

Zsyntetyzowano serie zwigzkdow kompleksowych cynku z wybranymi aminokwasami (L-Glu, Gly, L-
His, L-Pro, L-Met i L-Trp) o ogdlnym wzorze Zn(AA),. Zwiazki kompleksowe nie zawieraty
nieorganicznych anionéw, ktére mogtyby stanowi¢ potencjalny czynnik draznigcy skére. W zaleznosci
od rozpuszczalnosci reagentdw w wodzie, opracowano dwie metody syntez: dla komplekséw dobrze
rozpuszczalnych w wodzie (ZnGlu, ZnGly, ZnHis, ZnPro) oraz dla komplekséw trudnorozpuszczalnych
w wodzie (ZnMet, ZnTrp).

Wszystkie otrzymane zwigzki kompleksowych cynku(ll) scharakteryzowano pod wzgledem
strukturalnym z uzyciem spektroskopii protonowego magnetycznego rezonansu jagdrowego (*H NMR)
oraz analizy elementarnej na obecno$¢ C, H i N. Budowe czasteczek kompleksow (ZnGly, ZnHis, ZnPro,
ZnMet) potwierdzono analizg rentgenostrukturalng uzyskanych monokrysztatéw.

Oceniono aktywnos$¢ przeciwbakteryjng otrzymanych zwigzkéw kompleksowych cynku w
stosunku do wybranych szczepéw bakterii Gram-dodatnich tlenowych (Staphylococcus aureus ATCC
6538, Staphylococcus epidermidis ATCC 12228, Streptococcus pyogenes ATCC 19615) i beztlenowych
(Cutibacterium acnes ATCC 6919), Gram-ujemnych (Escherichia coli ATCC 25992, Pseudomonas
aeruginosa ATCC 27853) w pordwnaniu do substancji referencyjnej, ZnPCA, stosowanej w
dermatologii jako srodek przeciwbakteryjny. Dla wszystkich badanych szczepéw bakterii wyznaczono
zalezno$¢ ich wzrostu od stezenia zastosowanego zwigzku cynku. Dla niektérych szczepéw
wyznaczono dodatkowo wartosci minimalnego stezenia hamujgcego — MIC. Aktywnos¢
przeciwbakteryjna kompleksow ZnMet i ZnGly byta wyzsza niz zwigzku referencyjnego wobec Gram-
dodatnich tlenowych szczepdw bakterii, zas wobec beztlenowych szczepdw C. acnes kompleksy ZnGly,
ZnHis oraz ZnMet wykazalty silniejsze dziatanie przeciwbakteryjnie niz ZnPCA.
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W toku dalszej analizy biologicznej oceniono aktywnos$¢ cytotoksyczng komplekséw cynku w
odniesieniu do dwdch rodzajow prawidtowych komérek skory ludzkiej: fibroblastow (linia komdérkowa
1BR.3.N) oraz keratynocytéw (linia komdrek naskdrka) wobec dwdch substancji odnosnikowych ZnCl;
oraz ZnPCA. Trzy kompleksy (ZnGlu, ZnGly, ZnPro) wykazaty nizszg toksycznos¢ wobec keratynocytéw
niz substancje odnosnikowe. W przypadku fibroblastéw skdry tylko kompleks ZnHis okazat sie by¢
mniej toksyczny niz substancje odnosnikowe.

Kierujac sie najnizszg toksycznoscia wobec komdrek skory oraz najwyzszg aktywnoscig
przeciwbakteryjng wobec beztlenowych szczepéw C. acnes, wyselekcjonowano dwa kompleksy
(ZnGly) i (ZnHis) o optymalnych witasciwosciach. Z udziatem tych zwigzkéw opracowano oryginalne
receptury preparatdw dermatologicznych, w ktérych stezenia substancji aktywnych wynosity: ZnGly
0,66% dla ZnGly i 1,27% dla ZnHis. Zastosowane ilosci substancje aktywnych - (ZnGly) i (ZnHis) -
zawieraty identyczny ekwiwalent molowy jonéw Zn?* jaki jest w 1% ZnPCA. Dla tych preparatéw oraz
preparatu placebo potwierdzono czystos¢ mikrobiologiczng zgodnie z obowigzujagcymi normami ISO
dla produktéw kosmetycznych. Kolejno zbadano stabilnos¢ preparatow prowadzgc pomiary
parametréw fizykochemicznych (pH, gestosci i lepkosci) przez 6 tygodni. W nastepnym etapie badan
wykazano najwyzszg skutecznos$¢ zastosowanej ochrony przeciwdrobnoustrojowej preparatow
zgodnie z wymaganiami Farmakopei Europejskiej 10.0. Nie wykazano takze negatywnych interakgcji
substancji aktywnych (ZnGly) i (ZnHis) z wybranym uktadem konserwujagcym (mieszanina
fenoksyetanol i etyloheksylogliceryna w stosunku wagowym 9:1).

Podsumowujgc, przeprowadzone badania pokazujg, ze zwigzki kompleksowe cynku z
aminokwasami, w szczegélnosci zwigzki ZnGly i ZnHis, mogtyby by¢ wykorzystane jako nowe sktadniki
aktywne preparatéw dermatologicznych w terapii tradziku pospolitego.

Summary

Acne vulgaris affects up to 95% of adolescents and often requires the implementation of systemic
or local antibiotic therapy. In view of the constantly growing antibiotic resistance of the bacterial acne-
trigger (Cutibacterium acnes), the search for new active substances with antibacterial properties
becomes the priority. The oral treatment of acne is based on the use of antibiotics (limecycline,
doxycycline, erythromycin, tetracycline-HCl) and retinoids (isotretinoin), the utilization of which is
associated with the occurrence of systemic side effects. Moreover, due to the high degree of skin
sensitivity in acne, the topical substances may cause the skin irritation, as in the case of benzoyl
peroxide and azelaic acid.

My interest in zinc compounds resulted from the great importance they play in cosmetic products
constituting the basis of acne skin care. Some of the zinc compounds have antimicrobial properties.
Although zinc complexes show lower toxicity to skin cells than the currently used derivatives, their
antimicrobial activity has not been investigated. At present, these substances are used as ingredients
in dietary supplements in humans, in animal nutrition or as catalysts for some chemical reactions.
Importantly, their antibacterial activity has not been studied so far. In the light of these data, the aim
of this doctoral thesis was to search for new active ingredients of dermatological preparations with
lower cytotoxicity against skin cells and high antibacterial activity against C. acnes bacteria. For my
research, | chose to obtain a new group of derivatives from the pool of zinc compounds, which are
complex compounds of zinc with amino acids.
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A series of zinc complex compounds with a few selected amino acids (L-Glu, Gly, L-His, L-Pro, L-
Met and L-Trp) with the general formula Zn(AA), was synthesized. The complex compounds did not
contain any inorganic anions that could be a potential skin irritant. Depending on the solubility of the
reagents in water, two methods of synthesis have been developed: the first for the complexes that
are highly soluble in water (ZnGlu, ZnGly, ZnHis, ZnPro) and the second for those that are difficult to
dissolve in water (ZnMet, ZnTrp).

All obtained zinc(Il) complex compounds were structurally characterized using the proton nuclear
magnetic resonance (*H NMR) spectroscopy and elemental analysis for the presence of C, H and N.
The structure of the complex particles (ZnGly, ZnHis, ZnPro, ZnMet) was confirmed by X-ray structure
analysis of the obtained single crystals.

The antibacterial activity of the obtained zinc complex compounds against the selected strains of
aerobic Gram-positive bacteria (Staphylococcus aureus ATCC 6538, Staphylococcus epidermidis ATCC
12228, Streptococcus pyogenes ATCC 19615) and anaerobic (Cutibacterium acnes ATCC 6919) and
Gram-negative (Escherichia coli ATCC 25992, Pseudomonas aeruginosa ATCC 27853) compared to the
reference substance, ZnPCA, used in dermatology as an antimicrobial agent. For all tested bacterial
strains, the dependence of their growth on the concentration of the zinc compound used was
determined. For some strains, the values of the minimum inhibitory concentration - MIC were
additionally determined. The antimicrobial activity of the ZnMet and ZnGly complexes was higher than
for the reference compound against Gram-positive aerobic bacterial strains, and against anaerobic
strains of C. acnes, the ZnGly, ZnHis and ZnMet complexes showed stronger antibacterial activity than
ZnPCA.

In the course of further biological analysis, the cytotoxic activity of zinc complexes was assessed
against two types of normal human skin cells: fibroblasts (1BR.3.N cell line) and keratinocytes
(epidermal cell line) against two reference substances ZnCl, and ZnPCA. The three complexes (ZnGlu,
ZnGly, ZnPro) showed lower toxicity to keratinocytes than both reference substances. In the case of
skin fibroblasts, only the ZnHis complex was shown to be less toxic than the reference substances.

Considering the lowest toxicity towards skin cells and the highest antibacterial activity against
anaerobic strains of C. acnes, two complexes, namely (ZnGly) and (ZnHis) with optimal properties were
selected. With the use of these compounds, the original dermatological preparations were developed,
in which the concentrations of active substances were as follow: ZnGly 0.66% for ZnGly and 1.27% for
ZnHis. The amount of active substances used - (ZnGly) and (ZnHis) - constituted the same molar
equivalent of Zn?* ions as present in 1% ZnPCA. For these two and the placebo preparations, the
microbiological purity was confirmed in accordance with the current I1SO standards for cosmetic
products. The stability of these preparations was tested in turn by measuring a few physicochemical
parameters (including pH, density and viscosity) for 6 weeks. In the next stage of the research, the
highest effectiveness of the applied preservative system of each preparation was demonstrated, in
accordance with the requirements of the European Pharmacopoeia 10.0. There were also no negative
interactions of the active substances (ZnGly) and (ZnHis) with the selected preservative system (a
mixture of Phenoxyethanol and Ethylhexylglycerin in a weight ratio of 9:1).

Summing up, the conducted research shows that zinc complexes with amino acids, in particular
ZnGly and ZnHis compounds, could be used as the new active ingredients of dermatological
preparations in the treatment of acne vulgaris.
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Abstrack Zimne compounds have a number of beneficial propertaes for the skn, mcleding antiog-
crobial, sebostatic and demuloent achivities, The aim of the study was o develop new anbi-acne
preparabions contarmng: 2nc—-amino acid compleses as achive ngredients, Firstly, the cytotoxicity of
the 2 complexes was evaluated agamst human skin fbroblasts (1BE 2N cell hne) and human epi-
dermal keratmocyte cell lines, and ther antinticrobaal activity was determmned against Culihacieriom
ames. Then, 2mc complexes of glyeme and hisbidme wene selected to create cngmal gel formulations.
The stabality (by measuring pH, density and viscosity ), mucrobiologieal purity (referning o FN-EN
150 standards) and efficacy of the preservative system (according to Phe Bur. 10 me thodology) for
the preparations were evaluated. Skan tolerance was determned m a group of 25 healthy volunteers
by the patch kst The preparabions contamung zmnc(ll) complewes with glycine and hastidine as
active substances can be topically used in the reatment of acne skin due to their high antibacterial
activity agamst O ames and low oy toloxicly for the skin cells. Dermatological recipes have been
appropriately composed; no irntation or allergy was observed, and the preparations showed high
mucrobological punty and physicochemacal stabadity.

Keywords: zinc{ll} complexes; amino acids; acne; cytotoxicity; antibacterial activity; skan tolerance

L Introduction

Finc acts as cofactor for over 1000 biochemical reactions impacting the growth, differ
entiation and development of cells in different tissues [1]. It is an essential microelement
and its proper skin content plays a key role in the prevention of many skin diseases [2].
Finc-containing compounds are hence often used as adive substances in dermatological
products [3]. Most zinc-containing substanoes are exploited for their antimicrobial and
anti-acne potential as they may represent effective safer albernatives for current treatments
with systemic adverse effects [4,5]. Several mechanisms have been proposed for the ef-
fects of zinc in acne-affected skin, with the most significant being antimicrobial activity
against C. ames and lipase inhibition, reduction in sebum production [6], anti-inflammatory
effects [6,7] and Sa-reductase inhibition [5].

Aone vulgaris is defined as an inflammation of the pilosebaceous units (hair follicles
and sebaceous glands), manifested by the overproduction of sebum, keratinization distur
bance, excessive multiplication of skin microflora and, finally, the formation of blackheads,
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inflammatory pimples, papules and scars. The pathogenesis of acne vulgaris is extrernely
complex and has not been fully described; however, it is believed that this disease is caused
by the excessive production of androgen hormones, follicular hyperkeratinization and
the colonization of hair follicles by bacteria, including strains of Cutibacterium aones and
Staphyocecous epidermidis [9,10].

C. achies is a Gram-positive, anaerobic, polymorphic microorganism which is asso-
ciated with the pathogenesis of acne vulgaris; it henee constitutes the typical target of
antibiotic therapy. Antibiotic therapy of acne involves the use of drugs from the macrolide
group, mainly erythromycin and clindamycin. However, the misuse of anfibiotics, often
combined with their prolonged use, has resulted in the evolution of bacterial resistance to
traditional drugs. Such cases have already been noted in many countries of the European
Union [1(4,11]. Therefore, it is essential to search for alternative substances that can be
effective in acne treatment. The effect of zine on acne has been well described since the first
clinical trials on oral administration of zinc sulphate were conducted in 1977 [4]. Nowa-
days however, it is known that organic derivatives of zinc possess better binavailability
and tolerability than ty pical inorganic zinc salts [12-14]. Interestingly, it was shown that
zinc absorption is increased by the addition of amino acids [15] and chelating peptides
forming metal coordination complexes [16]. Moreover, zinc ions weme found to reduce
antibiotic resistance [17] and increase their topical absorption rate (as for ery thromycin) [6].
In addition, the effects of zinc compounds in ame might exceed those for some antibiotic
therapies [15]. Taking into account the growing antibiotic resistance problem [1%,20], there
is a need to identify new non-antibiotic solutions for acne treatment. Therefore, we have
recently synthesized and fully characterized a number of new zinc complexes with amino
acids and evaluated their antibacterial activity against a few selected pathogens [21].

When treating acne, it is essential to choose the correct cosmetic products as they
constitute the essential foundation for everyday skin management [22] The maximal con-
centration of zinc permitied in a cosmetic product in the EU is 1% [23]. Although various
zinc amino acid salts can be used in cosmetic products, only zinc aspartate, zinc cysteinate,
zinc ghatamate and zinc glycinate have been included in the latest Cosmetic Ingredient Re-
view (CIR} and in the cosmetic product EC Regulations [23,24]. Currently, a couple of these
complexes have become an interest of animal feed [25,26] and the food industry [27,25],
but their application in skin-applied products is scarce [24]. Although some reports sug-
gest that such complexes might offer benefits against acne if taken orally [29], there are
insufficient data regarding the efficacy and skin safety to consolidate their further use.

To fill this knowledge gap, the aim of this study was to carry out more extensive
research to determine the potential application of selected zinc—amine acid complexes in
dermatological products. Six zinc complexes of amino acids have been synthesized and
characterized: ZnGlu (1), ZnGly (2), ZnHis (3}, ZnPro (4), ZnMet (5) and ZnTrp (6) [Z1]. The
present study evaluated their cytotoxicity against human skin fibroblasts (1BE.3.N cell line)
and human epidermal keratinocy tes (Neonatal, Millipore, co. SCCEO20), as well as their
antimicrobial activity against Cutibacterium ames ATCC 6919 (formerly Proprionibacterium
ames). The two zine complexes with the best parameters, ZnGly (2) and ZnHis (3), were
selected and used to prepare stable gel formulas containing (0.2% zinc (i.e., (L66%: zinc
ghrcine and 1.27% zinc histidine) and a non-zinc containing gel {placebo). The prepared
gel preparations underwent six oycles of weekly physicochemical measurements of pH,
density and viscosity, microbiological purity testing based on PN-EMN I50 standards for
cosmetic products, and efficacy of antimicrobial preservation (challenge test according
to European Pharmacopoeia 10000, Finally, to assess skin tolerance, all products were
patch tested on healthy volunteers following the Jadassohn-Bloch method (modified by
Rudzki) [30]. Therefore, this paper provides more detailed data for novel zine complexes,
substantiating their utilization in products for the management of acne-prone skin.
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2 Results and Discussion
21. Evaluation of the Effect of Zinc Compounds on Keratinocyte and Fibrobiast Viability

Novel substances must be subjected to a skin oytotoxicity evaluation before they can
be used in a final product formula.

To assess the safety of their extemnal use as active ingredients in dermatological prepa-
rations, the cytotoxicity of the zinc complexes, ie., ZnGlu (1), ZnGly (2), ZnHis (3), ZnPro (4)
and ZnTrp (6), was tested in vitro against human skin fibroblasts (1BR.3.N cell lines) and hu-
man epidermal keratinocytes, neonatal cells. ZnPCA (zinc 2-pirrolidone 5-carboxylate) and
ZnCl were used as reference compounds. ZnMet (5) was not evaluated due to insufficient
solubility. The normalized dose-response curves for analyzed zinc complexes and reference
compounds for fibroblasts and keratinocytes are shown in Figures 1 and 2, respectively.

150+
-~ ZnCl2

& 7ZnPCA

& ZnGlu (1)
- ZnGly (2)
+  ZnHis (3)
@ ZnPro4)
B ZnTrp (6)

Viability [%u]

log ¢ [uM]

Figure 1. The normalized dose-response curves for the analyzed zinc complexes and referencs
compounds against fibroblasts.

150
- ZnCR2
& ZnPCA
& ZnGlu(l)
- ZnGly {2}
+ ZnHis (3)
@ ZnlPro 3)
W ZaTrpi6)

Viability [%]

1.6 18 2.0 22 24 26 28
log ¢ [uM]

Figure 2. The normalized dose-response curves for the analyzed 2inc complexes and meference
compounds agamnst keratinocytes

The ICs values for the zinc complexes against human skin fibroblasts ranged from
§7.38 to 172.20 (uM) (Table 1). The complexes ZnHis (3} and ZnPro (4) were the least cyto-
toxic, with the ICsg values at the similar levels without statistical differences (at p < 0.05)
as the reference compound ZnPCA (17173 pM). The ICg values of complexes (1), (2) and
(6) were significantly lower (at p < (.05) than both controls. The most oy totoxic towards
fibroblasts were the complexes ZnGlu (1) and ZnTrp (6): their cytotoxicity was about twice
that of the reference compounds.
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Table 1. The g values (mean <+ 500) for all analysed zine complexes for human Abroblasts and
keratimocytes. The Hgy was calculabed usang the Hill Equation after the viable cell number was
narmalized relative to untreated cella

1Csg Values (Mean + 51

Analyzed Complexes Fibroblasts Kermtinecyles
ZaGlu (1) .38 + 601 = 23117 + 1594 4
ZnlGly (2) 11985 + 44510 138.20 + 8.11 be
EntHas (3) 17148 £ 17.02¢0 10200 £ 3752
InPro (4) 1725 + £00 157.20 + 19"
ZnMet (5) - -

ZnTrp (6) G4 88 + B41* 2566+ 1428°
InPCA 17173 + 962" 10250 4+ 207>
Lol ** 16265+ 4107 126,97 £ 432 %

- mot detected because of too [tte solubibty In cultue medium; * means signed with the same keter within
each column ars not significantty different (Foruskab-Wallis test; p < 0L05); ** reference compounds (ZnPCA: minc
2-pirmolidone S-carboarlate ).

Different sensitivity of human epidermal keratinocoytes to the zinc complexes was
observed (Table I, Figure 2). The ICy values of the complexes AnGla (1), ZnGlhy (2) and
£nPro (4) wem significantly higher than both controls. However, the highest ortotoxdc effect
among all analyzed complexes was demonstrated by ZnTrp (6), but without statistical
differences (at p < (L05) between the oytotoxicity of ZnHis (3) and AnPCA. ZnHis (3)
demonstrated equal cytotoxicity to the reference compound ZnPCA (102,50 pM).

Considering the cytotoxic activity of the complexes against skin cells, fibroblasts and
keratinocytes, it could be concluded that the most favorable cytotoxicity profile was shown
by the Znlro (4), ZnHis (3) and ZnCly (2) complexes.

Previous studies have demonstrated that a concentration of #nCl; equal to 100 pM was
not only non-toxic to HaCaT keratinocytes, but also increased ozl proliferation and induced
significant changes in the mENA expression of MOTCH], IL8 and oyclooxygenase-2 [31].
FnCly was used as a reference substance in the present study; it demonstrated an ICsp value
of 127 uM neonatal human epidermal keratinocy tes.

£n( nanoparticles (ZnO NF) demonstrated higher toxicity against keratinocytes than
the equivalent concentration of ZnS0Y. In addition, zinc chelators such as bovine serum
albumin (BSA) and EDTA mitigated overall zinc toocicity [32]. Im turn, the zinc histidine
complex demonstrated significantly lower cytotoxic pofential than ZnS0y against normal
human keratinocytes (NHEK}. Both derivatives exert stimulatory effects on natural NHK
proliferation and differentiation; however, the zinc histidine derivative demonstrated a
significantly greater proliferation enhancement effect than the inorganic salt, whereas zinc
sulphate displayed a more pronounced imfluence on differentiation [13].

The towicity of #nCly against fibroblasts is well characterized, but only in a murine
model it exerts substantial towicity against L929 fbroblast cultures, with an ICsp value of
0.928 uM [33]. Our present tecicity data indicate significantly lower toxicity against human
skin fibroblasts, with an [Csp value of 162.65 uM.

Concerning the other metal complexes of amino acid derivatives, the toxicity of
copper(Il} complex with 5-hydroytrvptophan was tested on a few cell types, including
a non-malignant human lung fibroblast (MBC-5) cell line, and showed no toxic effects at
concentrations up to 100 pbd [34].

22, Antimicrobial Actizity against the Anacrobic Strain Cutibacterium acnes ATCC 6919

Zinc complexes have been previously demonstrated to have antibacterial activity
against certain Gram-positive strains, namely Staphifococcs qurens ATCC 6538, Staplnd ococ-
s epidermidis ATCC 12228, and Strepfococcus pyogenes ATCC 19615, and two Gram-negative
bacteria, viz. Escheridhia coli ATCC 25992 and Pseudomonas acruginosa ATCC 27853 [21]. The
present paper examines the activity of these complexes against a strain of Cutibacterinm
ames ATCC 6919, an anaserobic bacterium.
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Acne vulgaris, one of the most commonly diagnosed dermatological disorders, isa
chronic disease that affects people of all ages, particularly teenagers. Although it is not a
life-threatening disorder, it is a considerable therapeutic and psy chological problem [4].

The present study determined the anti-acne properties of six newly-synthesized xinc
complexes (1-6). The obtained results are presented in Table 2.

Table L Anbimicrobial activity against C aones of zine complexes of amme acids (1-6)

Compound MIC Value [mg/L]
ZnGh (1) 250

ZnCly (2) 100

ZnHis (3) 125

ZolPro (4) 250

ZnMet (5) 125

ZaTep (6) 175

ZnPCA* 175

* mierence compound {zine 2-pirrolidone S-carbocylate).

The anti-acne properties of the studied complexes wem compared with those of
FnPCA, a compound commonly used in the treatment of various skin lesions. The highest
antibacterial activity was expressed by the complexes ZnGly (2), ZnHis (3) and Znbet
{5), with minimum inhibitory conentration (MIC) values of 100, 125 and 125 mg/L,
respectively. Interestingly, ZnGly (2) demonstrated almost twice the antibacterial activity of
ZnPCA and showed good antimicrobial activity toward S. epidermidis [21]. It may therefore
prove to be an effective weapon against the growth in drug mesistance among cutaneous
bacteria, and represent an alternative for conventional drug therapies.

WVarious compounds, such as essential oils and antimicrobial peptides originating from
plants, as well as some retinoids, may show activity against C. aones [10,11,35]. Miazrga-
Karska et al. [11] showed that the low molecular weight burdock peptide Br-p inhibited
the growth of C acies at concentrations lower than 63 mg/L, depending on the strain
tested. The peptide was also found to limit the growth of 5. aurens and 5. epidermidis at 250
and 500 mg/L, respectively. Additionally, Mustarichie et al. [36] revealed that the extract
of cassava leaves exhibited antimicrobial activity against both C. aoies and 5. epidermidis,
The published data also indicate that non-antibiotic substances could reduce the numbers
of C. acnes, Isotretinoin, which is a non-antimicrobial retinoid, can effectively educe the
multiplication of C. ames [37].

There ame a few mechanisms that explain the bactericidal activity of zinc compounds;
however, different zinc derivatives could exert various modes of action. The mechanisms
of action for Zn NPs include: direct contact killing, the production of reactive oxygen
species (ROS) and Zn® ions release. These effects can lead to the destruction of the bacterial
membrane, disturbance of the respiration process of the cell, eneyme denaturation, and
the inhibition of DNA replication, causing leakage of the eell content and its death [38,35].
The antibacterial mechanism for the majority of zine derivatives seems to be dependent on
the level of Zn(ll) ions released. Achieving Zn* concentrations above 10~* M was shown
to have a toxic effect on prokaryotes by increasing the cell membrane permeability in a
dose-dependent manner, as for zinc oxide and zinc gloconate [40]. On the other hand,
some aspects of the antimicrobial effect of zinc complexes were explained by Cherton's
concept of cell permeability, according to which the lipid cell membrane favors the passage
of lipophilic substances [41]. The activity of Zn(ll}) complexes of Schiff base derivatives
was elucidated based on chelation theory. This study showed that the polarity of Zn®*
was reduced by the chelation of Schiff bases that enhanced the lipophilicity of the zinc
complexes. As a result, zinc chelate complexes can better penetrate the lipid membrane of
microorganisms than cormesponding free ligands [41-43].
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2.3, Assesment of Antifungal Activity of £inc Complexes (1-6}

Antifungal properties have been determined for both yeast {Candida allfcans ATCC
10231, Candida parapsylosis ATCC 22019) and microscopic filamentous fungi (Aspergillus
famus ATCC 9643, Aspergillus fumigatus ATCC 204305). Finc-amino acid complexes were
tested in a concentration range of 0 to 500 mg/L. The conducted analyses showed that the
addition of the mentioned complexes did not affect the growth or morphology of the tested
strains. Thenefore, no minimum fungicidal concentration (MFC) values wemne determined
for the synthetized complexes.

24 Preparation of Gel Formmlations: ZnGly Gel (A), ZnHis Gel (B} and Placebo Gel

The percentage concentration of Znlsly (2) in gel formulation (A) was 0.66%, while
that of ZnHis (3) in (B) was 1.27% [44]. These formulations contained the same molar
equivalent of zinc ions as in the 1% ZnPCA (PCA—pyrrolidone carboxylic acid). Thus; in
one mole of 1% ZnPCA there is (0.2022 g of xinc ions. A more detailed composition of gel
preparations is presented in Table 7 (Section 3. Materials and Methods). In addition to the
active substances £nCly (2) and ZnHis (3), the preparations contained the following ingne-
dients: iota-carrageenan, which was used as a gelling agent; a mixture of phenmoyethanol:
ethylhexylglycerin (%1 1w /0] acting as a preservative of the preparations; and citric acid to
adjust the pH of the preparations to the value 5.0-5.5.

It is established that the pH value on the skin's surface ranges from 5.0 to 6.0 [45]. In
addition, acne vulgaris patients tend to demonstrate higher facial skin pH values than age-
and sex-matched controls without acne (5.09 + 0.3% vs 6.35 + 1.30) [46]. Regarding our
gel preparations, ZnGly gel (A) was pH 5.30+0.05, #nHis gel (B) was pH 5.30 + 0.05 and
placebo gel was pH 536 £ 004

15, Stability Assessment of Gel Formulations: ZnGly Gel (A), ZnHis Gel (B) and Placebo Gel

The stability of the prepared gel formulations was determined by testing their physico-
chemical parameters, including pH value, density and viscosity, onoe a week for six weeks.
Additionally, organoleptic tests wene performed to assess the physical appearance of the
preparations, ie., their color and odor More detailed results are given in Table 3A-C with
calculated standard deviations (n = 3) from the physicochemical evaluations,

Oy slight changes in the measured parameters—pH, density and viscosity values—
wete observed (p < (L05), so they can be omitted in all products. All evaluated preparations
(“nGly gel (A), ZnHis gel (B) and the placebo gel) therefore appeared to remain stable at
room temperature for at keast siv weeks. Additionally, no changes in color and odor wene
observed after six weeks of testing for any preparation.

2 6. Microbiological Tests of Gel Formulations: ZnGly Gd (A), ZnHis Gel (B) and Placebo Gel

Microbiological tests are required during the development of a dermatological prepa-
ration [23} it has to fulfil the appropriate microbiclogical purity criteria, and the formula
should prevent microbial growth during storage and use. As the antimicrobial e fficacy may
be influenced by the other constituents and not only the active substances, this test must be
performed forevery preparation separately. Additionally, the other antimicrobial properties
of the examined active substances may be established as for anti-acne preparations.

The microbiological purity st was performed according to the PMN-EN IS0 stand ards
for cosmetic products. The efficacy of antimicrobial preservation was confirmed according
to the European Pharmacopoeia 10.0 (Phe Eur, 1000,
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Table 3 {A) Physicochenucal evaluations of Zo-Glycine gel formulation; (B) Physicochemecal evaluations of Zn-Histidime
gl formulation; {C) Physacochemical evaluations of placebo pel formulation.

1A)
InGlyGel
Stability Testing Week -
E Color, Ddor pH* Density * [1'?""-‘“3[ Viscosity * [cPL (R4, 2 RPM}
] slightly yellowssh, no odor 535 + 001 <" - -
1 no chianges 535+ 001 = L(dd6 < 0.0001 4 TOATE + 1376 &b
2 no changes S04 4002 1.0045 -+ (000 $2932 + 1004 b
3 no changes 527 + Q2 Be 10044 -+ (0] FT65E + 13234
4 no changes 5.26 = 0k L0032 + 00001 & 77,233 + 176
5 no changes 5.30 + 00 ¢ 10044 -+ Q0001 ThS64 + 13544
f no changes 535+ 0aeh LINMZ + (L0001 T7.79 + 1083 8
(B}
= . ZoHisGel
Stability Testing Week
8 Color, Odor pH* Density * [glem®]  Viscosity * [P, (RS, 2 RPM)
] slightly yellowish, no odor 535+ 00247 - -
1 no changes 536+ 0.01° 05788 4 DuO0a 157724 + 27427
2 no changes 535 +0.01° 19835 -+ 00001 & 154,240 + 26667
3 no changes 535+ 0.01 = 09766 -+ 00001 * 152,136 + 2435+
+ no changes 533+ 0.022 0.9894 -+ 0.0001 ¢ 154,403 + 20092
5 no changes 540+ 001" 09928 + 001 © 153,519 + 2289
& nies chirges: s40+tomt 0.0872 = 00001 ¢ 155,302 + 21622
1)
Placebo Gel
Stability Testing Week - —
B Colog, Odor pH* Density * gfem®]  Viscosity * [cPl, (RZ, 30 RFM)
] shightly yellowish, no odor 531 £ 0024 - -
1 no changes 535+ 001 b 10135 -+ 00001 9717 £+ 144
2 no changes Iz +0.0P 10136 & Qoo 1036 + 135
3 no changes 535+ 02« 10936 + QDo 10897 + 154
4 no changes 537 L 0uE LD118 + 00001 & 10512 + 12°¢
5 no changes 5590+ 002 # L0116 + 0.0001® o79h = 12
f no changes 529 + Q.02 4 L0106 =+ 0.0001 9952 + 11

* Values expressed as mean £ 513 of triplicaie measurements [n = 31 ** Means indicated with the same better within sach column ae not
statistically difierent (Tukey's fest; p < 005).

26.1. Microbiological Purity Test

All three pre parations complied with IS0 microbiological purity standards. The tested
preparations wene deprived from the key skin pathogens Pseu dowonas aernginosa, Esdherichia
coli, Staphyfococcus aurens and Candida albicans, The numbers of aerobic mesophilic microor
ganisms, yeast and molds wene within established IS0 limits (Table 4). The detailed results
are given in the Supplementary Materials (Test reports 51-53) for each ®sted preparation

The microbiological purity test is a basic siep which plays an essential role in assessing
the quality of each product type; it is therefore frequently utilized, for example, as part
of the product stability testing process. Although cosmetic products are not expected
to be fully aseptic, the presence of any microorganisms should be established, as well
as their number [47]. Furthermore, the microbiological purity of each batch of product
should be established before it is launched onto the market [48]. This procedure also
ensumes that thie mesults of further tests would not be disrupted when developing the
product. If the microbiological purity standard of a sample preparation is confirmed,
further antimicrobial protection tests and dermatological examinations can be performed
to gain additional information about the product. In our study, the examined preparations
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fulfilled all seven microbiological purity criteria according to the established IS0 standands
for cosmetic products.

Table 4. Microbiological purity test of gel formulations,

PN-EN IS0
Parameter z InGly Gel (A} ZnHis Gel (B} Placebo Gel
Requirements

Enumeration of asrobic

P s 1= 1P CRUA glml  <1x10'CRUMARgImL <1« CFUMAgAml <110 CPUA gflml

'“‘“”‘:ﬁn’;g yeast 1= 1P CAUA A mL  <1=x10"CAUM g/ iml <xWCRUAgAml <1 =10 CRUA g/l mL
Detection of mold spomes Absence in 1 gf1 ml Alt=ene inl g/1 mlL Absence in 1 g/1 ml Absence in 1 g/1 mL
i ﬁ;ﬂgf@m Abserice in 1 g/ T il Absnce i1 gfT @l Absens in Tg/1ml A 5 L gy Tl
Detection of Eschericlia coli Absence in 1 gf1 ml Abene inl g/1mlL Absence n 1 g/ 1 ml Absencein1g/1 mL
: rﬁ"’“‘m:rm Absencein 1 gf1ml Abmne ind g/l ml Absenez in1g/1mL Absence in 1 g1 ml.
Detection of Cordidn alhines Absence in1 g1 ml, Abtseneinl g/l ml Absence in 1 g/ 1mL Absence in 1g/1 mL

26.2: Test for Efficacy of Antimicrobial Preservation (Challenge Test)

All tested preparations demonstrated effective antimicrobial preservation: the ecom-
mended efficacy protection criteria (A criteria) for cutaneous application preparations wene
in line with Ph. Eur 10.0 standards (Tables 5 and 6). No differences were cbserved between
the three preparations, vie. ZnGly gel (A), £nHis gel (B) and placebo gel, egarding the
log reduction in any tested time period for any microbial strain type. Detailed mesults ane
presented in the Supplementary Materials {Test reports 54-56).

Table 5. The European Pharmacopoesa 100 eritena for efficacy of antinacrobial prese rvabon.

Ph Eur 100, Requirements (Logarithm of Reduction in Time T,)

Microorganisms Bacteria * Fungi**

Sampling Time Tz T+ T Tas Tz T: T Tas
Criterion A =2 =3 c =3iNl - - =2 =21Nl
Criterion B - - =3 =3i NI - - >1 =1l

‘Tx—time of performing measurements whee "x” miers to the number of days; Ml—the number of viable micoorganisms does not inoease
compared to the previous reading; * Peeudomans gaeneginosa ATOC 9027, Staphydococrus gureus ATOC 6538, Escherichin ol ATCC 8739, =
Comaliials atbicans ATOC 10231, Aspergilius brasidionsis ATCC 16404

Tabbe 6. The cbtamed sesulls from the efficacy of anhoderobaal preservation lesl

Final Sample Resulls

Ph. Eur. 10.0. Requirements

ZaGly Gel (A), InHis Gel (B} Placebo Gel
Criterion A - + +
Criterion B N/A N/ A N/A

+—meets criterion A according to Table 5; N7 A—not applicable.

Antimicrobial activity must be evaluated for products that may demonstrate microbial
growth during use or storage. This is particularly important for multiple use products,
unless they possess self-preserving properties [44]. The vast majority of cosmetics are
not single-use products, so antimicrobial activity efficacy must be determined to ensure
consumer safety [50]. Such tests must be performed for each product separately to account
for the addition of any further active or auxiliary substances. In the present study, the
challenge test was performed according to the European Pharmacopea standard (Ph. Eur
1.0, as this is a welFknown international standard.
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Separate tests were performed for each product, vie. ZnGly gel (A), ZnHis gel (B)
and placebo gel, and all tested preparations demonstrated the highest possible level of
antimicrobial preservation according to the Phe Eur. 1000 standard. As the preservative
systemn, we used a 1% mixture of Phenoxyethanol (PE) with Ethylhexylghrcerin (EHG)
(%1 w/uwy; although the used PE concentration was almost the maximal permitted by
Repgulation (EC) No. 1223/2009, Annex V, entry 29, the maximal concentration of EHG
allowed in cosmetic products is not established [23]. We observed that the zine-containing
active substances ((.66% ZnGly and 1.27% ZnHis) did not influence the antimicrobial
properties of the used preservative system: neither zinc complex appeamred to interact
negatively with the preservative system, nor did they demonstrate any additional antimi-
crobial enhancing properties. The preservative system in the examined preparations was
s0 effective that maximal logarithmic microbial reduction was observed two days after
microbial inoculation.

2.7. Dermatological Test (Patch Test) of Gel Formulations: ZnGly Gel (A), ZnHis Gel (B) and
Placebo Gl

Mone of the fested products showed any irritating or allergenic properties, as indicated
by a patch test conducted on a group of 25 healthy volunteers with a history of allergy. The
detailed results for each examined product are presented in the Supplementary Materials
(Test reports 5759,

Patch testing is recognired as a standard procedure for the assessment of irritant
and sensitizing properties of a product [51]. Although the zinc bisglycinate complex is
commonty used in dietary supplements and animal feed, its use in skin-applied products
remains scarce [ 25].

Experiments conducted on animals indicate that some water-soluble zinc salts, espe-
cially agueous solutions of inorganic zine salts (1% ZnCly and 1% ZnS0y4), may be skin
irritants [52]. Furthermore, the Cosmetic Ingredient Review {CIR} underlines that amy
additional data concerning the safety of zinc salts utilized in cosmetic products would be
favorable [24]. Our results provide new data showing that the gel preparations containing
(66% ZnGly (2) and 1.27% ZnHis (3) demonstrate no irritating effects against the skin of
patients with a history of allergy.

Although zinc derivatives are frequently used ina wide range of products, including
cosmetics and pharmaceuticals, only a few cases of zinc salt allergy have been reported [52].
In addition, only a few positive results have been recorded of patch testing for zinc
pyrithione [53,54]. Therefore, our present findings may provide the first such evidence that
the amino acid-based complexes zinc-glycinate and zine-histidine do not demonstrate skin
sensitizing properties.

3. Materials and Methods
A1, Materials and Reagents

The zinc(Il complexes of amino acids (1-6) wene prepared according to a previously
described procedure [21]. £nPCA was purchased from Afinomoto OmniChem and ZnCly
from Merck (Darmstadt, Germany). Carrageenan (Satiagel™ VPC 508 ') was delivered
from Univar Solutions (Warsaw, Poland). The preservative mixture (Phenoxyethanol,
Ethylhexylglycerin, %1 w/w) was purchased from Schiilke & Mayr (Morderstedt, Germany ).
Citric acid monohydrate was delivered by Brenntag (Kedeiermyn Kagle, Poland). The water
used for each sample preparation was demineralized and obtained by reverse osmosis.

3.2. Emaluation of the Effect of Zinc Compounds on Keratinocytes ana Fibroblast Viability

The oytotoxicity test was conducted on a 1BR.2.N cell line (human skin fibroblasts,
ECACC, co. 20020508) and human epidermal keratinocytes, neonatal (Millipore, co.
SCCEN20) purchased from Sigma-Aldrich (Merck, Darmstadt, Germany).

The 1BE.3.N cells were seeded 24 h before the experiments into %6-well plates at
10¢ cells/ well density, in EMEM (EESS) culture medium supplemented with 2 mM glu-
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tamine, 1% nonessential amino acids (NEAA), 10%, fetal bovine serum (FBS), and 1%
antibiotic-antimy cotic.

The same proedure was conducted for keratinooytes in EpiGRO™ human epider-
mal keratinocyte complete media with 6 mM L-glutamine, 0.405 EpiFactor F 1.0 pM
epinephrine, 0.5 ng/mL rh TGF-, 100 ng/mL hydrocortisone hemisuccinate, 5 pg/mlL rh
insulin and apo-transferrin.

The cells were maintained at 37 °C and 5% €0 in a humidified incubator MNext,
the medium was changed into a starvation medium for the 1BE.3.N cell line (EpiGRO™
human epidermal keratinocy te complete media kit for keratinocytes) with a variable final
concentration of five analyzed complexes (ZnGha (1), ZnGly (2), #nHis (3), ZnPro (4),
ZnTrp (6)) and two controls, ZnPCA and Zn(ly.

Stock solution for complex (6) was prepared in DMS0, and the remaining zinc com-
pounds were dissohred in water. Zn(Il) complex of methionine (5) was not detected because
of insufficient solubility in DMS0 and water. Final dilutions of the complexes were made
in cell culture medium. Vehicle controls (both for 0.1% DMS0 and water) were made,
but no differences weme observed with the untreated cells. After 24 h of incubation, the
cytotoicity was evaluated using the Presto Blue cell viability assay ona VICTOR™ X4
Multilabel Plate Reader (Perkin Elmer, London, UK). ICsp values were calculated using the
CraphFad Prism 5.01 software tool (CDO-Group Sp. = 0.0, Warsaw, Foland).

13, Evaluation of the Antibacterial Activity of Zinc Complexes (1-6)

The antimicrobial potential of zinc complexes against the anaercbic strain Cutibac
ferium ames ATCC 6519 was tested by the microdilution method in Brucella broth supple-
mented with hemin, vitamin K1 and laked horse blood according to the CLSI document
M11 (9th Edition) for antimicrobial susceptibility testing of anaerobic bacteria. Antimi-
crobial activity testing assays were conducted in 96-well cell culture plates in anaerobic
conditions. The antimicrobial properties of zinc complexes were tested up to 500 mg,/ 1.
A bacterial inoculum prepared in reduced supplemented Brucella broth was added to
each well to achieve a final density of 1 » 10% CFU/mlL. The bacterial suspension and
dilutions of the ested compounds were combined in equal volumes to achieve the expected
concentrations of zinc amino acid complexes. Samples as well as adequate abiotic and
biotic controls weme incubated for 48 h at 37 °C after being placed in %6-well cell culture
plates in anaerobic jars, in which anaerobic conditions wene formed using Anoxomat Mark
II CTS (Mart Microbiology BV., Drachten, the Netherlands). The minimum inhibitory
concentration (MIC), expressed in mg/L, was determined as the lowest concentration
of zinc amino acid complexes at which no growth of C. agres was observed. MNext, the
Brucella agar plates were inoculated with 200 pl. of C. acres suspension taken from the
wells in which nio bacterial growth was observed. The Brucella agar plates were incubated
for 48 h at 37 °C after placing the plates in anaerobic jars, in which anaerobic conditions
were created.

34, Assessmemt of Antifungal Properties of Zinc Complexes (1-6)

The antifungal potential of zinc amino acid complexes was tested by the microdilution
method in RPMI 1640 medium without bicarbonate, with glutamine and phenol red as
a pH indicator according to CLSI guidelines M27 (4th Edition) and M38 (3th Edition) for
broth dilution antifungal susceptibility testing of yeast and filamentous fungi, respectively
Assessment of antifungal activity was conducted on C. alhicans ATCC 10231, C parapsiiosis
ATCC 2019, A. flavus ATCC 9643 and A. fumigaius ATCC 204305 in 96-well cell culture
plates. The antifungal activity of zinc amino acid complexes against yeast and filamentous
fungi was assessed up to 500 mg/L. Final densities of yeast cells and fungi spores in each
well were 25 » 10°F CFU/mL and 2.5 » 10° CFU/mL, respectively. Samples containing
zinc amine acid complexes as well as adequate biotic and abiotic controls were incubated
for 48 h at 37 °C. After incubation, the minimum fungicidal concentration (MFC) was
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determined as the lowest concentration of the tested compounds that completely inhibited
the growth of microorganisms.

A5 Preparation of Gel Formulations: ZnGly Gel (A}, ZnHis Gel (B} and Placebo Gel

The detailed composition of each prepared gel formulation is depicted in Table 7. The
percentage concentrations of the active substances, ie, ZnGly (2) and ZnHis (3}, in gel
formulations were (.66% and 1.27%, respectively.

Table 7. Detaded composition of gel formulabons

Components ZaGly Gel [A) ZnHis Gel (B} Placebo Gel
Demmneralzed waber to 100 g o 100 & o 100 &
Tota-Carrageenan g 2z 2
Phenoxyethanol
Ethy Ihexylglycerin g 1g 1g
{9:1)
ZoCly (23 D66 g MN/A N/A
Eabhe (3} MN/A ¥ g N/A
25% Citrie Acad Mieg Bi5g 052 g

N/A—not added.

Each formula was prepared at room temperatume. The carrageenan (2.0 g) was spread
thoroughly into the water (70 mL) until the gel was formed. The mixtume of phenoxyethanol:
ethylhexylglycerin (%:1) (L0 g) was added. The midure was homogenized (7 000 EFM,
1 min/ 100 g). The proper zinc complex ((L66 g of ZnGly (2) and 1.27 g of ZnHis (3))
was added and mixed. While stirring, aqueous 2.5% citric add solution (ie, 0.52 g for
placebo gel, 1476 g for ZnGly gel (A} and 22.75 g for £nHis gel (B)) was added to achieve
a pH value between 5.0 and 5.5. The obtained gels weme then homogenized (7 (K0 RFM,
2 min/ 100 g) and stored for seven days till the air bubbles disappeared.

36, Stability Assessment of Gel Formulntions ZnGly Gel (A), ZnHis Gel (B) and Placebo Gel

In order to assess the stability of prepaned gel formulations, ie., ZnGly gel (A), ZnHis
gel (B) and placebo gel, their three physicochemical parameters, including pH, density
and viscosity, were evaluated every week for six weeks. All samples wene stoned at room
temperature (238 + (L6 °C).

3.6.1. pH Testing

The pH values of the prepared formulations were determined using a calibrated
Digital pH meter (Seven Compact meter, Mettler-Toledo, Warsaw, Poland) with the pH
value accuracy (101 The measurement process was performed directly as all examined
products were water-based gel formulas. Every measurement of pH of each formulation
was triplicated and mean values wene noted.

3.6.2. Viscosity Measurements

The viscosity measurements of prepared gel formulas were performed using the
Rotational Viscometer (model R ViscoLead ONE, Fungilab, Barcelona, Spain). Depending
on the gel formula, various types of spindle and its rotation speed were determined
and then utilized. The following set of spindles and rotation speeds (revolutions per
minute, RPM) was established: "RE2, 30 RPM” for placebo gel, "R4, 2 RFM” for Zinc
Glycinate gel and “E5, 2 EPM” for Zinc Histidine gel. Every viscosity measurement of
each formulation was triplicated and mean values were noted. Considering the gels were
airlocked immediately after their preparation, the first measurement was performed after
one week All measured values in centipoise [cP] are depicted in Table 2A-C
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3.6.3. Density Measurements

The density measurements for the gel preparations were performed using the cali-
brated metal pycnometer (P1 model, POL-Z AF, Wroclaw, Poland, V = 45965 . Every
measured density value of each formulation was triplicated and the mean values were
noted. The gels were airlocked immediately after their preparation and the first mea-

surement was performed after one week. All measured values in g/ cm® are depicted in
Table 3A-C.

3.7. Microbiological Tests of Gel Formulations: ZnGly G (A), ZnHis Gel (B) and Placebo Gel
3.7.1. Microbiological Purity Test

Detection of the presence of microorganisms in the cosmetic product, and their quan-
tification, was performed in accordance with the cumment applicable IS0 standards:
1 PN-EN 150 2114% 201 7-07 Cosmetics. Microbiology, Enumeration and detection of
serobic mesophilic bacteria.
PREEN 150 16212 2017-08 Cosmetics. Microbiology. Enumeration of yeasts and molds
PMN-EN 150 184152 7-0F Cosmetics. Microbiology Defection of mold spores.
PN-EM 150 29717:2016-01 Cosmetics. Microbiology: Detection of Peendontonas aeriginos,
PMN-EN IS0 21152016011 Cosmetics. Microbiclogy Detection of Escherichia coll.
PN-EN IS0 22718:2016-01 Cosmetics. Microbiology. Detection of Staphylococos aureus.
PMN-EN 150 18416: 201 6-01 Cosmetics. Microbiclogy: Detection of Candida allfoans.

The research procedure included three separate phases: detection of the presence of the
aforementioned microorganisms (1) and defermination of the number of microorganisms
(2 and 3}

1. Preparation of the suspension and preliminary multiplication on non-selective propa-
gation broth—the decimal dilution suspension (the mixtume of 1 g/ml. sample and

4 mL Eugon LT100 broth) was mixed well and incubated under aerobic conditions.

Preliminary multiplication on non-selective propagation broth was performed at a

temperature range of 32.5 + 2.5 "C for at }east 20 h for serobic mesophilic bacteria, or

at least 20 h but not more than 72 h for C. albicans, E coli, P aeruginoss and 5. aurens.
2 Cultivation and isolation on a sebective agar medium (or non-selective in the case of
aerobic mesophilic bacteria}l—the samples were incubated aerobically at 32.5 + 25 7°C
for 2448 h (C. allicans, E. cali, F aeruginoss, S. aureus) or 48-72 h (aerobic mesophilic
bacteria, molds and yeasts) on medium T5A (aerobic mesophilic bacteria), SDA with
chloramphenicol (C. albicans), MacConkey agar (L coff), medium with cetrimide
(B arruginesa), and Baird-Parker agar (5. aurens). For the determination of the number
of microorganisms, after the incubation step, the colonies grown on the plate were
counted and the number of microorganisms was determined (CFU/1 g (mL})).
Identification tests—performed using RaplD biochemical identification tests (Remel,
England), using conventional and chromogenic substrates to identify species of
bacteria and fungi.

e =N

Ga

3.7 2. Test for Efficacy of Antimicrobial Preservation (Challenge Test)

The effectiveness of antimicrobial protection was defermined in accordance with the
European Pharmacopoeia 10,0 (Ph. Eur. 10.0). The preparation demonstrates appropriate
preservative properties if there is a significant decrease, or no increase, in the number of
wviable microbial cells in the inoculated preparation under the test conditions, after the
specified time and at the specified Emperature,

s Test Microorganisms

With the mference to Ph. Eur. 10.0., the preservation efficacy test of the dermal
product was performed with inoculation of the preparation with the standardized following
microorganisms: Pseudomonas aeruginoss ATCC 9027, Staphylococous aureus ATCC 6538,
Escherichia coli ATCC 8739, Candida atbicans ATCC 10231 and Aspergillus brasiliensis ATCC
16404, Each microbial strain was tested on the preparation separately.
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# Preparation of Inoculum

Each inoculum was prepared from a fresh culture of the aforementioned microor-
ganisms. The individual cultumes were incubated at the appropriate temperature for the
appropriate time according to the indications of Fh. Eur. 10L0. The obtained microorganism
suspensions had the following densities: for bacteria—107-10* CFU/ml, C. allicans—
105107 CFU/mL, A brasiliensis—10°106F CFU/mL
s  Method Description

The study began with an assessment of the effectiveness of the neutralizer, followed
by an evaluation of the preservation efficiency of the preparation intended for cutaneous
application.

The study was performed separately for each test sample and test microorganism.
The test sample (20 g) was infected with the strain {(.2 mL} and stored at room temperature
(2025 =C}). The detailed concentrations utilized for each strain, complyving with the Ph
Eur. ML criteria, are presented in the Supplementary Materials ({Test reports 54-56).
At specified time intervals (Table 5), 1 g of sample was taken into % mL of neutralizer,
thoroughly mixed and incubated (bacteria and C. albicans—32.5 + 2.5 °C for 4572 h,
A brasiliensis 22.5 + 2.5 °C for 3-5 days). After the incubation period, the grown colonies
wene counted; the degree of log eduction was then determined and compared to the Ph
Eur 1.0, criteria (Table 5—acceptance criteria).

In the antimicrobial preservation efficiency test, the number of surviving microorgan-
isms was determined at specified time intervals over a 28-day peried. For each microbial
strain, the log reduction index was calculated as the number of viable microorganisms
against the value obtained for the inoculum; this value was compared with the criteria
defined by Ph. Eur. 1(L0, Detailed information of the criteria A and B is described in Table 5.
The detailed mesults of each strain reduction over time, as indicated by the Ph. Eur. 10.0.
criteria, are presented in the Supplementary Materials (Test reports 54-56).

s  Acceptance Criteria

The criteria for the evaluation of antimicrobial activity are presented in Table 5
{Section 2.6.2) and refer to the log reduction in each microorganism type.

The Pho Eur. 1000 expmesses criteria A as recommended antimicrobial protection
efficacy, implicating no additional preservatives are required. However, the antimicrobial
protection efficacy level “B” might be accepted only in justified cases: for instance, if the A
criterion cannot be achieved due to a significant risk of adverse reactions caused by the
additional amounts of preservatives.

1.8. Dermatological Test (Patch Test) of Gel Formulations: ZnGly Gel (A), Zniis Gel (B) and
Placebo Ge

The examination was conducted according to the Jadassohn-Bloch method (modified
by Budzki) on a group of 25 healthy volunteers with a history of skin allergy [30]. All testing
was performed under the supervision of a dermatologist. The main inclusion criteria were
healthy females and males aged 18-65 years; phenotype: 1-IV in the Fitepatrick scale,
caucasian skin type. The volunteers gave their voluntary consent to participate in the study
Their skin at the test site was normal, without any signs of irritation, allergy or any other
pathological changes.

The tested product was applied to filter paper in Finn Chambers. The whole patch
was then applied to the arm skin of a volunteer and remowved after 48 h. The first reading
was performed 1520 min after patch emoval, and subsequently after 72 h.

The test esult was interpreted according to the scale recommended by the Interna-
tional Contact Dermatitis Research Group (ICDRG) [51].

1.9, Statistical Analysis

Each experiment was performed in triplicate and repeated at least three times. All
data are presented as means + standard deviation (S0 The statistical significance was
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determined using Tukey’'s HSI test {for comparison of physicochemical parameters) or
the Kruskal-Wallis test (for comparison of cytotoxicity). Differences between means were
considered significant at pr < (L05. All the statistical analyses were calculated using Statistica
software (STATSoft, Cracow, Poland, version 13.1, 2016).

4 Conclusions

Amaong the studied zinc complexes with amino acids, two of them, ie., Zn complexes
with glycine (2) and histidine (3), may constitute new active components of anti-ame
preparations for topical treatment. The compounds ZnGly (2) and ZnHis {3) were selected
because of their low in vitro optotoxic potential for skin cells, both keratinocyies and
fibroblasts, and high activity against Cutibacterium aoes.

The developed formulations: Znlly gel (A) and £nHis gel (B), based on the selected
xinc complexes, were proven to be physicochemically stable and demonstrated high micro-
biological purity, with a well-selected preservative system and without any irritation or
allergies in people with sensitive skin.

Therefore, the tested preparations (A) and (B) appear to have great potential for
patients with symptoms of acne vulgaris. However before they can be introduced to
the market, further in vivo application studies with patients are needed to confirm their
anti-acne effects.

In the next step of the research, it would be interesting to verify whether the active
substances could play additional preservative roles in the preparations. This stage would
requime the preparation of new formulations without a preservative system and their further
detailed testing. Obtaining preparations with such a simplified composition would be
valuable, especially in terms of their use in the treatment of allergic skin prone to irritation.

Supplementary Materials The following are avalable enline at hitps:/ fwwoeemdpi com /1 4822-0
DE7/22/4/ 1641 /21, Teat report 51 microbiclogical purity test for ZnGly gel (A), Test report 52:
microbiclogical purty test for ZnHis gel (B), Rest repon 53 mucrobiological purity kst for placebo
gl Test peport 54 challenge lest for ZnGly gel (A, Test report 55 challenge test for ZnHis gel
{B), Test report S& challenge test for placebo gel, Best iepont 57: dermatological test (Patch test)
for ZnGly gel (A), Test repart S8: dermatological test {Patch lest) for ZnHis gel (B), Test report 59:
dermatological kst (Patch test) for placebo gel
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MA, EN, AF, KZ and EF. (Elibieta Pluciennik); formal analysis, EF. (Ewelina Pigtezak), EB
(Ekibieta Plucienmk) and MA; investipation, MA, BN, AE, KZ and EF. (Elbeta Plucennik)
andd ULE.-L; data curation, MLA., PN, AF, EP (Beelina Piatezak), and EP (Elrbaela Plucenmb);
writing—onginal draft preparation, MA. UK-1L, A F and EP (Elibeta Fluciennik]; writing—mevew
and editing, M A and ULK-L; visualization, EF (Ekbets Plucenmk) and MA; supervision, ULE-L;
project sdoumistration, UK-L; fending acquasiben, U E-L All authors have sead and agreed to the
publizhed version of the manuscapl.
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dr Howaczyk Centrum Badan i Innowacji Sp. z 0.0. Sp.K.
ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroctaw, Poland

& dr Nowaczyk

Laboratorum badaweze
zgedne z norma 150 1 IEC 17025

tel. +48 509 38T 307, e-mail: ’mum@drrmaczyk.com

www.dmowaczyk.com

Testimg laborziony
socording fo the standand 150/ IEG 7025

Sprawozdanie z badan, nr:

Test report, no: 0013

nie z [ acc. to LAB-D5.00.03, rev. 02

-DRIA/09/20

rev. 01

BADANIE DERMATOLOGICZME / KOSMETYKI / DERMATOLOGICAL TEST / COSMETICS

Faktad Chemii Surowcow

Zakftad Chemii

Kosmetycznych Surowcow
Zleceniodawca : Uniwersytet Medyczny w Kontrahent - ﬁﬂ_snﬂi?czn{‘c:ld
Customer : bodzi Contractor : wl':'l'-"ﬂlﬁ_!}ftﬂ yezny
ul. Muszynskiego 1 S5k
S I. Muszynsk 1
91-151 Loz e
Nazwa probki: zel ZDD_Zn-Gly_2.5%_1_10.06.20
Name of sample: Gel ZDD Fn-Giy_2.5% 1_10.06.20
Mumer zlecenia: 0014 — 7 /09 ) 20 Metoda pobrania probki (5) : Nie podano
Protocol-order No.: Method of sampling (5): Nof given

Praobka pobrane przez: Klienta Postepowanie z probka wyg:
Sample collected by: Customer Handling of sample acc fo: LAB-05.00.00, rev. 02

Stan i ilos¢ probki: . i —

; Bez zastrzezen Data przyjecia probki:
Sampla euaruatror_r & C ' Date of receiving sample: 02.09.2020

guantity:

Mumer probki: Data rozpoczecia badania:
Sample No.: Lo —EI Date of analysis start: e

Humer analizy : Data zakonczenie badania:
Analysis No.: I e aes Date of of analysis end: s L

Metoda badawcza (5):
Test method (5):

Metoda badan zgodna z:
Method of test acc fo:

MD-Coe 0, rev.01 Badanie dermatologiczne testem platkowym polotwartym®
MD-0xx.00, rev. 01 ,Badanie dermatologiczne testem platkowym ofwartym”

MD-0X3.00, rev.01  Dermatological semi-open patch test”
MD-Oxx.00, rev.07 Dermatological open patch test”

= FlnzporzqdzﬂiePaim Eurmopejskiego
L. Uz UE L 342 = 77 12.3009);

i Rady (WE) nr 1223/2008 z dnia 20 listopada 2008 r. dotyczace

Hegu'ahmh'u 122372009 of the Eurcpean Farfiament and of the Council of 30 November 2003 an cosmefic

products (O L 342, 22 12.2009);
zalgeznika | do
A0 aoyeeaeego moabion

¥ Decyzia Wykonaweza K zdnia 251 M w
razporzgdzenia Paramentu Europejsiiego 'ﬁaﬂﬂE]m1 kosmetyczmych;
Commission implemending Decision of ﬁmm%fHMMmMJbﬂegﬁ&m [EC} No
12232009 of the Eyopean Pariament and of e Councll on cosmefic
Ustawa = dnia 4 pandziemika 2018 . o {D=z. U. 2018, poz. Z237);
Act on cosmetic produces of 4 Ocfober 2048 (Joumnal of Laws of 2018, mzzz?;
Caosmetics Europe — The Personal Cane Associabion Guidelines Product Test Guidelines for the Assessment
of Hurman Slkin Compatibility 1897
Cosmedics Europe — The Personal Care Association Guideiines Froduct Test Guidgefines for the Assessmend
of Human Skin Compatibiiity 1297,
¥  Cosmetics Europe — The Personal Care Association Guidelines ,Guidelines for the Assessment of Skin
Toderance of Potentially Imitant Cosmetic Ingredients, Edition of 1987;
Cosmedics Europe — The Personal Gare Associafion Guidelines "Guidelines for the Assessment of Skin
Tolerance of Pofenfially imifanf Cosmetic Ingredients, Edition of 1537,
Cosmetics Europe - The Personal Care Association Guidalines for the Evaluation of the Eficacy of Cosmetic
Products 2008
The SCCS's Motes of Guidance for the Testing of Cosmetic Substances and their Safsty Evahation 10th
Revision — SCCSME0218 Finad version
ﬂmnmﬂdmmmmmmmmumdmmmmﬁm
ingredients of mixtures of ingredients on human volnteers” — SCONFPT245/86 Final December 1283
Dieklaraca Helsinska = 1964 r. wraz z pééniejszymi zmianami
Declaahon of Helsinki of 1964 a5 amended
Mermorandum on use of Hurnan Data in risk assessment of skin sensitisabon” — SCCSMEE715

¥ ¥ ¥ ¥ ¥

Wyniki badania odnosza sie wylacznie do badanego obiektu
Results are connected only with samples which were analysed

Swonal Page 1 zfof 5
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dr Howaczyk Centrum Badan i Innowacji Sp. z o.0. Sp.K.
ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroclaw, Poland
tel. +48 509 387 307, e-mail: biuro@dmowaczyk.com
www.dmowaczyk.com

& dr Nowaczyk

Testing labors

Laboratonum badawcze fory
Zgodne z normig 150 1 EC 17025 acconding fo the standand 150 ./ IEC 17023

Sprawozdanie z badan, nr:

Test report, No ;
riie = f ace. to LAB-05 00,03, rev. 02

BADANIE DERMATOLOGICZNE | KOSMET YK/ DERMATOLOGICAL TEST/ COSMETICS

0013 -DRIA/09/20 rev. 01

Spis tresci | Index
1. Podstawa wykonania badania | Study basis e e ettt e

Charakterystyka probki / Sample charactenstics
Opis metody § Description of the method
Cel badania ! Purpose of the shudy
Dobér probantow do badania § Selechion of SUBETTS ..o
Wyniki badania / Tesf resulf ...
Whioski / Conclusion ..............
Zatwierdzenie | Approval ............

W M

L

R @ s e
o W

1. Podstawa wykonania badania / Study basis

¥ Probka do badan dostarczona przez Fleceniodawce
Test sampie defivered by the Cusfomer

¥ Sktad jakosciowy probki dostarczony przez Fleceniodawce
Test sampie gualitalive composition delivered by the Cusformer

= Whyniki czystosci mikrobiologiczne] probki dostarczone przez Fleceniodawce
Test sampie microbiological purity resulfs delivered by the Client

¥ Informacje o sposobie uZycia i przeznaczeniu produkiu
Information about the manner of use and indications of the product

2. Charakterystyka probki/ Sample characteristics

Zgodnie ze specyfikacja jakosciows producenta:
Acc. fo the manufacturer's quality Specification:

Wyalad produktu:
Product appearance:

Zel
Gel

Barwa:
Color

Jasno slomkowa
Light straw

Zapach:
Smell:

Charakterystyczny dla uzytych surowcow

Typical of the malenals used

Opakowanis:
Package:

Opakowanie zastepcze zawierajgee nazwe probki
Replacement packaging with the sample name

Przeznaczenie produktu:;
Product designation:

Zel do skory tradzikowe]

Gel for acne skin

INCI {*) -

Agua, Carageenan, Phenoxyethanol, Ethyihexylglycerin, Zinc Glycinate, Citric
Acid.

['}-WMMMWEMMi;EmmeﬁMZMM

jakoSciowym i czystosciq mikrobiclogicang

odpowiada Jeceniodawea | The repor does nof include sample composition

produlitu
anallysis; the Glient s regponsibie for the consisfency of the fest samples with fhe declared qualifalive compaosition and microbiclogical

purity of the product

Stonal Page 2 ziofl 5§
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dr Howaczyk Centrum Badan i Innowacji Sp. z o.0. Sp.K.

ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroclaw, Poland
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www.dmowaczyk.com
Laboratorsm badawcze Testimg laborafory
zgodne z normig 150 [ IEC 17025 according fo the standand 150 7 IEC 17025

Sprawozdanie z badan, nr:
Test report, no : 0013 -DRFA09/20 rev. 01
nie = / acc. to LAB-05 0003, rev 02
BADANIE DERMATOLOGICZNE /| KOSMET YKl | DERMATOLOGICAL TEST / GOSMETICS

3. Opis metody [ Description of the method

Testy platkowe wg Jadassohna-Blocha (w n'ndyﬁka:n Rudzkiego) prowadzono pod nadzorem lekarza
dermatologa. Ocene wiascrhust:l alergla.l]qcy:h podraznlajawm pmparatu przeu’madzom na gmple 25
zdrowych ochotnikow _z 3 n cZnego-{oan
Sk — {ﬂm skredhic)

Patch tests according fo Jadassohn-Bloch (as modified by Rudzki) were performed under the supervision of a
dermatologist. The evaluation ufsensmsmg and irmitant pmpemes of the pmdm:t was made based on a sample
of 25 healthy voluntesrs sensifive = z s a history of allergy.

(e E—

Badanie przeprowadzono przy zastosowaniu plastrow Finn Chamber z bibutkami filtracyjnymi, na ktore nanosi
sie badany produkt, a nastepnie calosé przykleja na skore ochotnika (ramie lub ckolica miedzylopatkowa).
Proby zdejmowano po 48 h. Pierwszego odczytu dokonano po 15-20 minutach od zdjecia plastra, a nastepie
po 72 h

The study was conducted wsing Finn Chamber pafches with filter paper onfo which the tesfed product was
applied; the whole pafch was then applied to the volunfeer's skin (amn or inferscapular region). The patches
were removed after 48 h. The first reading was done 15-20 minufes after pafch removal, and subssguently
affer 72 h.

Odezyt zostal wykonany wg ogolnie przyjete] skali w badaniach dermatologicznych, a nastepnie oceniony przez
lekarza dermatologa.

The reading was based on a generally acknowledged scale for dermaitological studies, and subssguently
evaluated by a dermatologist.

Odezyn dodatni {rumien) potwierdza alergizujace wiasciwosci preparatu, zas wynik ujemny (brak rumienia)
potwierdza brak wiasciwosci alergizujacych.

A positive reaction (erythema) confirms sensitising properties, while a negafive reaction (no erythema) confirms
the lack of sensifising properties.

. Cel badania / Purpose of the study

Ocena wiasciwosci draznigcych / uczulajgeych produktu v zdrowego, dorostego ochotnika metodg
jednokrotnego nalcZenia testu platkowego.

Assessment of imitant / sensitizing properties of the product in a healthy aduff volunteer with a single application
of a pafch fest.

. Dobor probantow do badania / Sefection of subjects

Dobor ochotnikow uwzglednia kryteria wigczen i wyltgczen do badan.
The volunteers were selected on the basis of inclusion and exclusion criteria.

Glowne kryteria wiaczenia: zdrowe kobiety | meZezyzni w wieku 18-85 lat, fototyp: | — IV w skali Fitzpatrick’a,
typ skory Kaukaski.

The main inclusion criteria were: healthy females and males aged 18-85 years;, phenofype: -V in the
Fitzpatrick scale, Caucasian skin fype.

W badaniu wzieto udziat 25 ochotnikow, kidrzy wyrazili dobrowolng zgode na udzial w badaniu.
The sfudy imrolved 25 volunteers who expressed a voluntary consent fo the parficipation in the study.

Skora w migjscu badania byta prawidiowa, bez podraznien | zmian chorobowych.
The skin af the test site was normal, without imitation or pathological changes.

Ochotnikdw poinformowano o sposobie szezegolng] ostroznosci w postepowaniu z testem plathowym.

Stronal Fage 3 zfof §
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dr Nowaczyk Centrum Badan i Innowacji Sp. z 0.0. Sp.K.

2 ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroctaw, Poland
3{] dr Nowaczuk tel. +48 509 38T 307, e-mail: b:uro@dnmwaczyk.cmn

www.dmowaczyk.com

Laboratorem badaweze Testimg laborafory
2godne z normig 150 1 1EC 17025 according fo the standard 150 F1EG 17025

Sprawozdanie z badan, nr :
Tesr report, no : 0013 -DRIAI09/ 20 rev. 01
rie z / @cc. to LAB-05.00.03, rev.02)
BADAMIE DERMATOLOGICZNE [ KOSMETYKI / DERMATOLOGICAL TEST / COSMETICS

The volunteers were informed about the manners of particular caufion with respect o palches.

6. Wyniki badania / Test resulr

Tab. 1. Skala oceny wynikow badan zgodnie z zaleceniami Miedzynarodowej Grupy Badajacej Wyprysk
Kontaktowy (ICDRG).
The assessment scale was consistent with the recommendadions of the Infernational Confact Dermatitis
Research Group (ICDREG)

Skala oceny Whrnik Typ odezynu
Aszsessment scale | Resulr Reaction nype
) Odczyn ujemny Brak zmian skomych
. MNegstve reaction Mo shin changes
@ Odczyn watpivy | podrazrienie od plastra | Lekki odozyn rurmieniowy
; Dowhifid resul / patch imitabion Siight erythema
(+) r i UTEEniowy, WyaZUwaing pafpacyjnie, bez peoherzykow
Mild resclion Palpahle envthema, no vesicles
L) Silny odezyn Oudcmyn rumieniowy, grudki. obecne pecherzyki hub obrzek
Sirong reaction Erythems, papwles, vesicles or swelling
e Bardzo silny cdezyn Odlczyn rumieniowy, grudki, pecherzyki i fub owrzodzenia
it Very strong reachion Erythema, papules, vesicles andior ulceration
IR Reakcja podraznieniowa Stan zapainy, brak nacieku, krostki, rurmeen, A do wygasania
Irmitant reachion Irfiammation, no infilrstion, papuies, enyihema, fendency fo subside

Tab. 2. Wyniki badania / Tesf resuifs

Volrmear | Ape | Sext S¥in Applicaoon amea Rasiult Volmmear | Age | Sex* Skin Apoiicanon Resulr
ared

i % | RE [ Emm 0 w [ ® [ RE] N & &
3 | WE i Amn ) 15| 28 [WE T Arm 3
3 40 | KE i Am 3 6. | 42 [ KE I Am 0
S = | RE I Em ] 17| 35 [ KE 1 A &
E B | KE | Amn ] 18 | 44 | KE i Am =
B 3 | WF I Em i 5| % | KE I A &
T, 3% [ KE i Am i 0. | &3 [RE] & i
E 3 | KE T Em ) 71 [ 31 [WE T Arm i)
3 3 [ KF [ Am & 32 | 30 | KF I A O
o[ 5 [ KE I Em ) 73 [ @ [ WF 1 A =)
1. | 28 [ KE [ Am = 3. 30 | KE i A &
2| 3 [ KE [ Am & m
3. | 30 | KF i Amn & | A | A H

" - B/F — kobicta | femate | MM — mezczyena | male

7. Wnioski / Conclusions
Na podstawie przeprowadzonego testu platkowego stwierdza sie, Ze badany produkt:

#el ZDD_Zn-Gly_2.5%_1_10.06.20
nie dziata / dziala draznigco ani_ [ oraz alergizujgco na skore badanych osob.
[mispotrzebne skreslic) (niepotrzebne skreslic)
Based on the pailch test, it has been shown that the tesfed product:
Gel ZDD_Zn-Gly_2.5% 1_10.06.20

hasno / Bas irmitant or / aad sensitising effects on the skin of the subjects.

Stronal Fage 4 zfof 5
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Laboratorum badawcze Testimg laborafory
zgadne z normig 150 1 IEC 17025 according fo the standand 150/ 1EC 17025

Sprawozdanie z badan, nr :
Test report, no : 0013 -DR/AJ09/20 rev. 01
nie z { acc. to LAB-05.00.03, rev 02
BADANIE DERMATOLOGICZNE | KOSMET YK | DERMA TOLOGIGAL TEST / COSMETICS

{delete 35 approprsfe) (oelefe a5 appropniate)
Wydana opinia nie dotyczy osob, u ktdnych wystepuje udokumentowana alergia na ktdnykolwiek skladnik tego
produkfu.

The issued opinion does not refer fo persons with a documented allergy to any of the product's components.

8. Zatwierdzenie ! Approval

Opracowat © Dryrektor Laboratoriurm
Prepared - 28/102020 drhowaczyk: 001 aboralony Decek R s
data! date P pracowmika | Employee no | Turkca | posiion elektronicny)
(qualified elecironic
signaturs)
Autoryzowal © Specjalista dermatodog - wenerolog
Authorized - 201102020 driowaczyk- 005 Specialist demmatologist - venerologist
data/ dafe Nr pracownika ! Employee no funkcja [ posiion

Bepmmpﬁmd&bmwmﬁwmmmmmm rowmoweEcTy pod wegledem
UWAGH - pumn_.m podpisem wiasnoreczrym. Oryginaine sprawoedanie z badan s3 nydam‘lewﬁ:mieehﬂmqu
" reszerzeniem "-sig pd lub ™ _signed.pdf. W zwigzhu z tym wszystiie wydruki, © B2 nie s3 potwiendzone za zgodnoéc
naterm, iami.
mmﬁﬂmmﬁdWEmmﬁMEmWMMdbﬁmms afure.
COMMENTS - The oniginal tes! report is issued in elecironic form wilh the exfension ™ -sig pdi™ lub ™-signed pdi™. Therefore, al prnts, if nof
confirmed as being frue to the oniginal, are copies.
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SpEAOLEN

The studes pertormed n Dr Nowsczyk Reseamh and Innovation Centre Sp. z 0.0, Sp.K. ar conducted I Sccordance wih slandand researh metodology. The
TEsURS e cONComia Wi acknowdiedged infemationa! standands wniess offer speciic requirements have heen exabilshed and Soproved in witing by Dr NowacZyk
Researci and IMoVaton CERrE Sp. 20.0. Sp. S ine CRen prior 0 5 NUaton of e Study. The SOy IRk fefer saisly 10 e (2580 SITNes, JVen conguions
mammmammmmmmmmmmmmwsmgmmpmm ‘8a0h unk of the proakict Snd each package
In an [dertical way. L Nowacayi Reseach and innovstion Cenie Sp. 7 0. SpK. s nof respansiie for any conclusions, ine/pretatons and generalsanons mads
by the CIEnt Based on Me Sudy FEpors Issued by D NOwaczyk Researh POV CEne Sp. 2 0.0, gpm. Thuis Sty REpT i consgental CIenrs propery.
Wiithoer the Clent's consant In writhy, Dr NowSCZyk Research and Innovation Centre 5. z 0.0. 5p.K shall nat cogy the Study report in other ways Man in whale. The
DabiRy of Dr Nowaczyk Research and Innovation Cents Sp. 2 0.0. Sp.K. & rmsbiced soiely o the dats incluged In the orginal report
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dr Mowaczyk Centrum Badan i Innowacji Sp. z o.0. SpK.
ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroclaw, Poland
tel. +48 509 387 307, e-mail: bqumgdmowat:zyk.mn
www . dmowaczyk.com
Laboratorusm badawcze Testing laborzfory
zgodne z normia 150/ IEC 17025 according fo the stamdand 150/ 1EC 17025

Sprawozdanie z badan, nr ;

& dr Nowaczuk

Test report, no : 0014 -DRIAT09720 rev. 01
ie z/ ace. to LAB-05.00.03, rev.02
BADAMIE DERMATOLOGICZNE / KOSMETYEI / DERMATOLOGICAL TEST / COSMETICS
Zaklad Chemii Surowcow Zaklad Chemii
Kosmetycznych Surowcow
Tleceniodawca: Uniwersytet Medyczny w Kontrahent.: ﬁ“““'e‘“z“ﬁ":;‘d
Customer ;: bodzi Contractor : wr:odz:“ Crayict yCzny
ul. Muszynskiego 1 o
S, ul. Muszynskiego 1
91-151 kodz 91151 Fods
Mazwa probki: zel ZDD_Zn-His_2.5%_1_16.07.20
Name of sample: Gel ZDD Zn-His_2.5%_1_16.07.20
MNumer zlecenia: 0044 — 7 109/ 20 Metoda pobrania probki (5) : Nie podano
Protocol-order No.: Method of sampling (5): Nof given

Probka pobrane przez:
Sampie collected by:
Stan i ilosc probki:
Sample evalvation &
quantity:

Mumer probki:
Sample No.:

Humer analizy :
Analysis No.:

Klienta Postepowanie z probka wg:
Customer Handling of sample acc fo:
Bez zastrzezen Data przyjecia probki:
Correct Date of receiving sample:

0058 — P /09720 Data rozpoczecia badania:

D014— DR/ A f09 /30 Data zakonczenie badania:

Date of of analysis and:

Date of analysis start:

LAB-05.00.00, rev. 02

02.09.2020

19102020

23102020

MD-0xx.0, rev.01 Badanie dermatologiczne testem platkowym polotwartym™
MD-0xx. 00, rev. 01 Badanie dematologiczne testem piathowym otwartym”
MD-000.00, rev.01 Dermatological semi-open palch test”

MD-Oxx. 00, rev.07 Dermafological open pafch test”

Rﬂzpnrzqdzurei‘a'im Ewmpesskiego | Rady (WE) nr 122372008 z dnia 30 listopada 2008 r. dotyczace
Dz Urz UE L 342 z 22 12 3009);

Reguiation M:l 12232009 of the European Parfiament and of the Council of 30 November 2009 on cosmedic
products (OU L 342, 2212 2003);

¥ Decyzp\'ﬁrkum zchaZﬁI
mmzqﬁaema?aim

Metoda badawcza (5):
Test method (5):

Metoda badan zgodna z: *
Method of test acc fo:

201 r. dd)tz::'plzalqmdmldn
(WE]II'W%MI produkiow kosmetyczmych
DewsdeSNwmﬁer.?ﬂfEm Guidefines on Annex | v Reguisfion (EC) No
fMth&mmmthmmm
¥ Ustawa z dnia 4 pazdziemika 201Br. o ki {Dz. U. 2018, poz. 2237;
Act on cosmefic products of 4 Ocfober 2048 (Joumnal of Laws of 2018, idem 2227);
¥ Ciosmetics Europe — The Personal Care Association Guidelines Product Test Guidelines for the Assessment
of Hurman Skin Compatibility 1897;
Cosmetics Eurgpe — The Personal Care Association Guidelines Froduct Test Guidefines for the Assessment
of Human Skan Compafibiiify 1297,
¥ Cosmetics Europe — The Personal Care Association Guidelines Guidelines for the Assessment of Skin
Tolerance of Potentialy Imitant Cosmetic Ingredients, Edition of 1907
Cosmetics Eurnpe — The Personal Care Associafion Guidelines "Guidelines for the Assessment of Skin
Tolerance of Pofenfialy Imifanf Cosmedic ingrediends, Edition of 1537."
Ciosmetics Europe - The Personal Care Association Guidelines for the Evaluation of the Eficacy of Cosmetic
Products 2008
The SCCS's Motes of Guidance for the Testing of Cosmetic Substances and their Safety Evaluation 10kh
Revision — SCC5/1602'18 Final version
Basic Criteria of The protocols for the skin compatibdity testing of potentally cutanecus imitant cosmetic
ingredients of mixtures of ngredients on hurman volunteers” — SCONFPI245/90 Final December 1209
Dieklaraca Helsinska z 1964 r. wraz z pdeniejszymi zmianami
Declarstion of Helsink of 1964 a5 amended;
.Mermﬂmmmed'mrmnaamnstmmnfshﬂsemmsﬁm —SCCEN5aTHS

¥ ¥ W ¥ ¥

Wyniki badania odnosza sie wylacznie do badanego obiektu
Resuits are connected only with samplos which were analysed
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dr Howaczyk Centrum Badan i Innowacji Sp. z 0.0, Sp.i.

ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroctaw, Poland
C% dr NUWHCZUK tel. +48 509 387 307, e-mail: biuro@dmowaczyk.com
www.dmowaczyk.com
Laboratorum badaweze Testing laboratory
zgodne z norma 150 [EC 17025 according fo the siandard 150/ IEG 17025

Sprawozdanie z badan, nr:
Test report, no : 0014 -DR/A/09T20 rev. 01

nie z [ acc. to LAB-D5.00.03, rev (2
BADANIE DERMATOLOGICZNE [ KOSMETYKI / DERMATOLOGICAL TEST / COSMETICS

Spis tresci [ Index

1. Podstawa wykonania badania / Study basis
Charakterystyka probki / Sample characteristics
Opis metody I Description of the method
Cel badania / Purpose of the sfudy "
Dobor probantow do badania / Selection of SUBectS ..
Wyniki badania | Test mesill .. s 4
Whioski / Conclusion .............
Zatwierdzenie ! Approval ..............

W oW MM

£

aiihe B S A S

1. Podstawa wykonania badania / Study basis

* Probka do badan dostarczona przez Zleceniodawce
Test sample delivered by the Cusfomer
¥ Skiad jakosciowy probki dostarczony przez Fleceniodawce
Test sample qualitative composition delivered by the Cusfomer
¥ Wyniki czystosci mikrobiologicznej probki dostarczone przez Fleceniodawce
Test sample microbiclogical purity resufts delivered by the Client
¥ Informacje o sposobie uZycia | przeznaczeniu produktu
Information abowut the manner of use and indications of the product

2. Charakterystyka probki / Sample characteristics

Zgodnie ze specyfikacia jakosciowa producenta:
Acc. to the manufacturer's quality Specificafion:

Wyalad produktu: | Zel
Product appearance: | Gel
Barwa: | Jasno stomkowa
Color: | Light straw
Zapach: | Charaktenystyczny dia ufytych surowcow
Smell: | Typical of the maferals used
Opakowanie: | Opakowanie zastepcze zawierajace nazwe probki
Package: | Replacement packaging with the sample name
Przeznaczenie produktu: | Zel do skory radzikowsj
Product designation: | Gel for acne skin
Agua, Carrageenan, Zinc Histidine, Phenoxyethanol, Ethyihexylghycerin, Citric
INCI {*) - | Acid.

"} - sprawozdanie nie Zawera analizy skladu probki; za zgodnost praygotowanych do badan probekx z dekiarowanym skladem
jakosciowym | czystoscia mikrobologiczng produkty odpowiada Jeceniodawea ! The repor does nof include sample compaosition
analysis; the Chent is responsihie for the consisfency of the fest sampies with the declared qualitafive compasifion and microbiclogical
purity of the product
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dr Nowaczyk Centrum Badan i Innowacji Sp. z o.0. Sp.K.

ul. Zmigrodzka §1-83, lok. 205, 51-130 Wroclaw, Poland
& dr NDWHEZUK tel. +48 509 387 307, e-mail: bluro@drnowaczyk.cm
www.dmowaczyk.com
Laboratorum badawcze Testimg laborafory
zgadne z normig 150/ IEC 17025 according fo the stamdand 150/ IEC 17025

Sprawozdanie z badan, nr:
Test repmt, no : 0014 -DR/AT09/20 rev. 01
nie 7 | 3oc. to LAB-05 00,03, rev 02
BADANIE DERMATOLOGICZNE / KOSMETYHRI | DERMA TOLOGIGAL TEST / COSMETICS

3. Opis metody / Description of the method

Testy platkowe wg Jadassohna-Blocha (w n'ndyﬁka:n Rudzkiego) prowadzono pod nadzorem lekarza
dermatologa. Oceng wiascrhmt:l alerglzma_cych podraznlajqwm preparatu przeprmadzom na gmple 25
zdrowych ochotnikow _ = 3 n CZnags 1
Swerkhi— {ﬂiem shreshic)

Paich tests according fo Jadassohn-Bloch (as modified by Rudzki) were performed under the supervision of a
dermatologist. The evaluation ufsensmsmg and irmtant pmpemes of the product was made based on a sample
of 25 healthy volunieers aifive a history of allergy.

.:'l:l're a;sappﬂ:p-l fﬂﬁ? o

Badanie przeprowadzono przy zastosowaniu plastrow Finn Chamber z bibutkami filtracyjnymi, na ktore nanosi
sie badany produkt, a nastepnie calosc preykleja na skore ochotnika (ramie lub okolica miedzylopatkowa).
Proby zdejmowano po 48 h. Pierwszego odezytu dokonano po 15-20 minutach od zdjecia plastra, a nastepie
po T2 h

The study was conducted wsing Finn Chamber paiches with fiter paper onfo which the tested product was
applied; the whole pafch was then applied to the volunteers skin (arm or inferscapular region). The pafches
were removed affer 48 h. The first reading was done 15-20 minutes after pafch removal, and subsequently
after 72 h.

Odezyt zostal wykonany wg ogolnie przyjetej skali w badaniach dermatologicznych, a nastepnie oceniony przez
lekarza dermatologa.

The reading was based on a generally acknowledged scale for dermatological studies, and subsequently
evalualed by a dermatologisi.

Odczyn dodatni (rumien) potwierdza alergizujace wiasciwosci preparatu, zas wynik ujemny (brak rumienia)
potwierdza brak wiasciwosci alergizujacych.

A positive reaction (erythema) confirms sensilising properiies, while a negative reaction (no erythema) confirms
the lack of sensitizing properties.

. Cel badania / Purpose of the study

Ocena wlasciwosci draZnigcych / uczulajgcych produktu u zdrowego, doroslego ochotnika metodg
jednokrotnego nalozenia testu plathowego.

Assessment of imitant / sensitising properties of the product in a healthy aduft volunteer with a single application
of a pafch fest.

. Dobér probantéw do badania / Sefecrion of subjects

Dobor ochotnikow uwzglednia kryteria wigczen | wylgezen do badan.
The volunteers were selected on the basis of inclusion and exclusion criteria.

Gldwne kryteria wigczenia: zdrowe kobiety | meZezyzni w wieku 18-65 lat, fototyp: | — IV w skali Fitzpatrick'a,
typ shory Kaukaski.

The main inclusion criteria were: healthy females and males aged 18-65 years; phenofype: =iV in the
Fitzpatrick scale, Caucasian skin fype.

W badaniu wzieto udzial 25 ochotnikow, ktorzy wyrazili dobrowolng zgode na udzial w badaniu.
The study involved 25 volunteers who expressed a voluntary consent fo the partficipation in the study.

Skora w migjscu badania byla prawidlowa, bez podraznien | zmian chorobowsych.
The skin af the fest site was normal, without imitation or pathological changes.

Ochotnikow poinformowano o sposobie szozegdlnej ostroznosci w postepowaniu z testem platkowym.
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* dr Howaczyk Centrum Badan i Innowacji Sp. z o.0. Sp.K.
; ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroclaw, Poland
S dr NDWEEZUK tel. +48 509 367 307, e-mail: biuro@dmowaczyk.com
www.dmowaczyk.com
Laboratorm badawcze Testimg laborafory
zgodne z normig 150 1 1EC 17025 according fo the stamdand 150/ IEC 17025

Sprawozdanie z badan, nr :
Test repmt, no : 0014 -DR/A09/20 rev. 01
ie z { ace. to LAB-05.00.03, rev.02 dili o
BADAMIE DERMATOLOGICZME [ KOSMETYKI | DERMATOLOGICAL TEST / COSMETICS

The volunteers were informed about the manners of parficular caution with respect to patches.

6. Wyniki badania / Test result

Tab. 1. Skala oceny wynikow badan zgodnie z zaleceniami Miedzynarodowej Grupy Badajgcej Wyprysk
Kontaktowy (ICDRG).
The assessment scale was consistent with the recornmendalions of the Infernational Contact Dermatitis
Research Group (ICDRG)

Skala oceny Whyrnik Typ odezynu
Aszsessment scale | Resulr Reaction ype
) Odeczyn yemny Brak zmian skomych
Negafive reaction Ko sidn changes
@ Odezyn watpiney | podraznienie od plastra | Lekki cdezyn rurmisniowy
i Dowshitfud result | patch imitabon Siight envihema
i3} Slaby odezyn Oidezym rumisniowy, wycZUwainy palpacyjnie, bez pecherzykow
Mild reacion FPalpahie enythema, mo vesicles
[+ Silny odczyn Cudczyn rumseniowy, grudki, obecne pecherzyki lub obrzek
Sirong reachion Erythems, papules, vesicles or sueliing
f+44) Bardzo silny odczyn Odezyn rumieniowy, grudki, pecherzyki | fub owrzodzenia
Very stromg reachon Erythema, wesitdes andior ulceration
IR Reakcja podraznieniowa Stan zapainy, brak nacieku, knostki, rumien, tendencia do wygasania
Irmitant reaciion Inflzmmation, no infifration, papades, enythema, fendency fo subside
Tab. 2. Wyniki badania / Test resulls
Fotobyp Migiacs
‘Ochoinik | Wisk | Pac* shony Misj=ca aplikac]l Wynik Ochofnik | Wisk | Plat® =hony aplikaci ‘Wynilk
Voumeer | dge | Sert Sin Applhcamion area Rasuit Volmmer | Age | Sex* 5Kin Appicanan Resul
area
1 36 | KF i Arm -l 14. W | KF 1l Arm (-l
2 42 | KIF | Am -1 15. 8 | WF 1] Arm -
3 40 | KF I Am - 16. 42 | HF 1l Arm -1
4 2 | KF ] Arm [ 17. 35 | bF 1 Arm [
M | KF | Am -l 16. 4 | KF 1] Arm -
[} 4= 1] Am (-1 10. 56 | KF 1] Armn -
I 46 | KIF i Am -l 20. 53 [ KF ] Arm (-l
B 43 | KF 1] Am i 21. M | HF 1] Arm &
[ w | KF [ Am -l 22 0 | WF 1l Arm [
10. 55 | KF Il Arm i1 23 3 | bF 1 Arm i
11 38 | KF ] Arm -l 24 0 | bF 1l Arm -]
12 | | KF | Arm -1 ]
15 | 30 | KF 0 Am i [ Am t

" - BiF — kobeeta / femmate [ MM — mezczyzna ! male

1. Whnioski /| Conclusions
Ma podstawie przeprowadzonego tesiu platkowego stwierdza sie, Ze badany produkt:
#el 7DD_Zn-His 2.5%_1_16.07.20

nie driata [ dziala draZnigeo ani_| oz alergizujgco na skore badanych osob.
[niepotrzebne skreslic) {niepotrzebne skreslic)

Based on the patch test, it has been shown that the tesfed produck
Gel ZDD Zn-His 2.5% 1 _1607.20

hasno / hsse irritant or / aad sensifising effects on the skin of the subjects.
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dr Howaczyk Centrum Badan i Innowacji Sp. z 0.0. Sp.K.

ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroclaw, Poland
C&ﬂ dr NOWECZUK tel. +48 509 387 307, e-mail: murogdnwaczyk.oom
www.dmowaczyk.com
Laboratorem badaweze Testimg laborafory
zgodne z nommia 150 1 1EC 17025 acconding fo the standand 150 7 IEC 17025

Sprawozdanie z badan, nr :

Testreport, no: 0014 -DR/A/09/20 rev. 01
i z | 3cc. to LAB-05.00.03 rey 07

BADANIE DERMATOLOGICZNE [ KOSMETYKI f DERMATOLOGICAL TEST / COSMETICS

(delefe a5 approprisie) {deiste a5 appmpriste)
Wydana opinia nie dotyczy osob, u ktdorych wystepuje udokumentowana alergia na ktonykolwiek skiadnik tego
produkiu.

The issued opinion does not refer o persons with a documnented allergy to any of the product’s components.

8. Zatwierdzenie ! Approval

i D\lﬂmrl.abt_xauium
Prepared - 28/10/2020 drhlowaczyk: D01 s i P R—
data/ date Nr pracownika | Employee no | funkoi ] position lekironiczmy)
{quaiified electronic
signature)
Autoryzowat - Specialista dermatolog - wenenlog
Authorized - 26/10/2020 drowaczyk- 005 Speciaiist dermaiiogist - venarologist
data [ dafe Nr pracownika | Emplojee no  funkcja | position

Bmm@m%mwmﬁ%mm%ﬂﬁﬁm&mﬁmmm

UWAGA - ﬁMWstemnhsmw mzmqmnmm
ToEszerzenem *-sig pi lub ™'_signed pdf quﬂmzmmyﬂmwdltl o B2 nie 53 potwiendzone za Zgodnose 2
oryginalem,

53
Se-:.urededmsmﬁmmwﬁedbyaq:ﬂ'n?edmﬁﬁweuemna’edmterrrrsdlegafmmequermhauhﬁmsma’um

COMMENTS : The original test report is issued in elecionic form with the exdension ™ -sig pdf™ lub ™-signed pd™. Therefore, all prnts, if nof
comfimmed a5 being frue fo the onginal, are copies.

mummwammml|m&zaum&qmmmmmmm Wik
B | Inrowas) 20,205 &mmmm -.-q-rm oOnEzs S WyiatEne do mmwﬂaw

Iptzyugm == LZgnony T Wizedniel Z Kientsm. ﬁﬁmm‘m%mmlmn
wyprmm ch-scnmmmn' dr Nowaczyk Cantrum Badan Inowac] Sp. 20.0.5p K. nie [Slekniwiek wriosk,

ammmlwsummmzm Minigisze Sprawozdanis

ﬁm mmzummzmhmm ¢ powielans

wmmmmmw Z 0.0.5p K. jest ograniczona wylacanie do danyeh W orygnaie

mmﬂﬁmvﬂ’mﬁﬂ}wmmﬂmmsﬁ o0 3"”. ane conducled I accandance mﬁm’dmm
rEsus 3re CONCOTIENT with acknowiedged infemanionsd siandands Uniess ofer 5] . rEquirements have heen exabilshed and approved in witing by Dr Nowaczyk
Resaamh and Inngvaion Centre Sp. 0.0, Sp.K and fhe Cent prior i e inifaion of the study. The stutly results mfer salsly o e lesied sampes, given condtions
and adopied reseanch methads and procaduTes agreed of prevcwsly with the Clent kLMMWbWﬂH&MWGHMMWMD&:W&
hﬂﬂlmﬁ_‘.‘.ﬁmﬁ: Researh and Innovation Cenire 5. 7 0.0, -SFK ﬁl’ﬂ'l’E a?gm.‘t.mu .Txemammm

By the Ciiert based an the Sy reports Issued By D Mowaczyk Research and in I'.‘EI'-'Ef.D'IDB'L'?E..-p zo.0. Spi. This Stigy Repart is confioental Clents pmpery.
Without the Cfen™s consent in wiiting, Dr NowscZyk Research and Innovatin Canire Sp. 2 0.0, Sp. K shall nof copy the study repor in aiher ways fhan i whole. The
Babdiy of Or Mowaczyk Reseanch and Inncvaton Centre Sp. z0.0. Sp.K. s resticted solly fo the data Incuded in the orginal /eport

Sprawozdanie z badania zostafo sporzadzons w jednym egzemplarzu.  Onyginal or 1 : Kient nr 1 - Archivam
_Test Report prepared in single copy.

Fopia egeemplarza
Cryginad copy No. 1 : Cusfomer  Dupficste of copy No. 1 - Archive
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dr Howaczyk Centrum Badan i Innowacji Sp. z o.0. Sp.K.

ul. Zmigrodzka 81-83, lok. 205, 51-130 Wroclaw, Poland

tel. +48 509 38T 307, e-mail: biumgdrnowaczyk COIm
www.dmowaczyk.com

& dr Nowaczuk

Tesiimg laborafo

Laboratorum badaweze y
2godne z normig 150 1 1EC 17025 acconding fo the standard 150/ 1EC 17025

Sprawozdanie z badan, nr:

Test report, noe : 0012 -DRIA0D /(20 rev. 01
nie z / acc. to LAB-05.00.03, rev.02
BADANIE DERMATOLOGICZNE [ KOSMETYK] / DERMATOLOGICAL TEST / COSMETICS
Zaktad Chemii Surowcow iﬂlﬂﬂd Chemii
Kosmetycznych UTeWoowW
Zleceniodawca : Uniwersytet Medyczny w Kontrahent - E“?m“mm
Customer : bodzi Contractor : w':m I'm Y
ul. Muszyniskiego 1 g
i ul. Muszynskiego 1
91-151 bodz 91-151 Eads
Nazwa probki: Zel ZDD_2.5%_1_10.06.20
Name of sample: Gel ZDD 2.5% 1 _10.06.20
Mumer zlecenia: 0014 — 7 109/ 20 Metoda pobrania probki (5) : Nie podano
Protocol-order No.: Method of sampling {5): Nof given

Probka pobrane przez:
Sampie collected by:
Stan i ilos¢ probki:
Sampie evaluation &
guantity:

Humer probki:

Sample No.:

MNumer analizy :
Analysis No.:

Klienta
Customer

Bez zastrzezen
Comrect

0056 — P09/ 20

0D012-DR/ASD9S 20

Postepowanie z probka wo:

Handling of sample acc to:

Data przyjecia probki:

Date of receiving sample:

Data rozpoczecia badania:

Date of analysis stari:

Data zakonczenie badania:

Date of of analysis and:

LAB-05.00.00, rev. 02

02.09 2020

19102020

23102020

MD-Dxx.0, rev.01 Badanie dermatologiczne testem piatkowym polotwartym™
MD-Oxx.00, rev. 01 ,Badanie demmatologiczne testemn platkowym obwartym™
MD-00¢.00, rev.01 Dermatological semi-open patch test”

MD-0xx. 00, rev. 01 _Dermatological open patch test”

anporzqdzene!’mm ego i Rady (WE) nr 122372000 z dnia 20 listopada 2008 r. dotyezace
{D?_LthIELMZZ?_mmDE;
Regda#mﬁbﬂﬂ?ﬂiﬂdﬁeEwFaﬂmaﬂufﬂmM#ﬁ?W%mm

products (OJ L 342, 32 12 2009);
zalgeznika | do

= De:yzp\'l&turml(um?zm:aml adirw
razpazqdaerua?a'im mﬁ%]m1m‘mmmw
Commission implementing Decision dESthenﬁer?STSmGlMeﬁmmAlmJbHegﬁaﬁm (EG) No
122372009 of the European Pariament and of the Councd on cosmed nrodv.n‘ﬁ
Hslauazd'm-ipaamuniiammr 0 produltach k {Dz. LI 201 pn?_222"|":|
Act on cosmetic products of 4 Ocfober 2018 [Uoumal of Laws of 2078, dem 2227
Cosmetics Europe — The Personal Care Association Guidefines HndlmTEt&udeln'Ehme.ﬁasEsnm
of Hurman Skin Compatibility 1897
Cosmetics Europe — The Personal Care Associstion Guidelines Produc! Test Guideiines for the Assessmend
of Human Skin Gompafibility 1997,
¥ Ciosmelics Europe — The Personal Care Association Guidelines Guidelines for the Assessment of Skin
Toderance of Potentially Imitant Cosmetic Ingredients, Edition of 1887;
Cosmetics E — The Personal Care Associafion Guidsiines "Guideiines for the Assessment of Skin
Tolerance of Fofenfially Imifanf Cosmetic ingrediends, Edibion of 15937
Cosmetics Europe - The Persona Care Association Guidslines for the Evaluation of the Eficacy of Cosmetic
Products 2008
The SCCE's Mobes of Guidance for the Testing of Cosmetic Substances and their Safety Evaluation 10th
Revision — SCCEM180218 Fina version
Basic Criteria of The protocols for the skin compatibdity testing of potentally cutanecus imitant cosmetic
ingredients of mixiures of ingredients on human vohmiesrs" — SCOCNFPIT245/98 Final December 1289
Dieklaracja Helsinska z 1984 r. wraz = pazniejszymi zmianami
Declarsbon of Helsinkd of 1964 a5 amended,
.Mermrml:hmmmeﬁﬁmmﬁﬂalnnstmufsmsaﬁmsm —SC0C5M58THS

Metoda badawcza (5):
Test method (5):

Metoda badan zgodna z: *
Method of test acc fo:

¥ ¥ ¥ ¥ ¥

Wyniki badania odnosza sie wylacznie do badanego obiektu
Resuits are connected only with samples which were analysed
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Podstawa wykonania badania ! Sfudy basis
Charakterystyka probki ! Sample characteristics
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1. Podstawa wykonania badania / Study basis

W W MW

L]

¥ Probka do badan dostarczona przez Zleceniodawce
Test zample defivered by the Customer
> Skiad jakosciowy probki dostarczony przez Zleceniodawce
Test sampie qualitative composition delivered by the Customer
¥ Wyniki czystosci mikrobiologicznej probki dostarczone przez Jleceniodawce
Test sample microbiclogical purity results delivered by the Clhient
¥ Informacje o sposobie uZycia i przeznaczeniu produktu
Information about the manner of use and indications of the product

2. Charakterystyka probki/ Sample characreristics

Zgodnie ze specyfikacia jakosciowa producenta:
Acc. fo the manufaciurer's quality Specification:

Wyglad produktu:
Product appearance:

Gesta ciecz
Thick liquid

Barwa:
Color:

Jasno slomkowa
Light straw

Zapach:
Smell:

Charakterystyczny dla ufytych surowcow
Typical of the materials used

Opakowanie:
Package:

Opakowanie zastepeze zawierajace nazwe probki
Replacement packaging with the sample name

Przeznaczenie produktu:
Product designation.

Zel do skory radzikows]

Gel for acne skin

INCI () -

Agua, Carageenan, Phenoxyethanol, Ethylhexylghycerin, Citric Acid

[} - sprawozdanie nie zawiera analizy skladu probki; za zgodnost preygotowanych do badan probek z deklarowanym skladem
jakosciowym | czystoscia mikrobiologiceng produlkitu odpowiada Decenicdawea | The reporf does nof include sample composition
analysis, the Cient &5 responsiblie for the consisfency of fhe et samples with the declzred qualifafive compaosifion and microbicfogical

purity of the product
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3. Opis metody !/ Description of the method

Testy platkowe wg Jadassohna-Blocha (w modyfikacii Rudzkiege) prowadzono pod nadzorem lekarza
demmatologa. Ccene wiasciwosci alergizujgeych | podrazniajgeych preparatu przeu'uwadmm na gruple 25
zdrowych ochotnikow _z wywiadem alergologicznym (panel wrazliny ) L bez we e A
ekl {niepotrzebne skrelic)

Patch tests according fo Jadassohn-Bloch (as modified by Rudzki) were performed under the supenvision of a
dermatologisl. The evaluation Dfsensmsrng and irritant pmpemes of the ,urod:.rct was made based on a sample
of 25 healthy volunteers seq] a history of allergy.

e’n‘ a5 amtpn'atej‘

Badanie przeprowadzono przy zastosowaniu plastrow Finn Chamber z bibulkami filtracyjrymi, na ktore nanosi
sie badany produkt, a nastepnie calost przykieja na skore ochotnika (ramie lub okolica miedzylopatkowa).
Proby zdejmowano po 48 h. Pierwszego odezytu dokonano po 15-20 minutach od zdjecia plastra, a nastepie
po 72 h

The study was conducted wsing Finn Chamber patches with filter paper onto which the fested product was
applied: the whole patch was then applied to the volundeers skin (am or inferscapular region). The palches
were removed affer 48 k. The first reading was done 15-20 minutes after paich removal, and subsequently
after 72 h.

Odczyt zostal wykonany wg ogolnie przyjetej skali w badaniach dermatologicznych, a nastepnie oceniony przez
lekarza dermatologa.

The reading was based on & generally acknowledged scale for dermatological studies, and subsequently
evaluaied by a dermatologist.

Odezyn dodatni (rumien) potwierdza alergizujace wiasciwosci preparatu, zas wynik ujemny (brak rumienia)
potwierdza brak wiasciwosci alergizujacych.

A posifive reaction (erythema) confirms sensitising properties, while a negaltive reaclion (no erythema) confirms
the lack of sensitising properties.

. Cel badania / Purpose of the study

Ocena wiasciwosci dragnigcych / uczulajgcych produkitu u zdrowego, doroslego ochotnika metods
jednokroinego nakoZenia testu plathowsgo.

Assessmert of imitant 7 sensitising properties of the product in a healthy adult volunteer with a single application
of a pafch fest

. Dobor probantow do badania / Selection of subjects

Dobdr ochotnikdw wwzglednia kryteria wigczen | wylgczen do badarn.
The volunfeers were selected an the basis of inclusion and exclusion criteria.
Glowne kryteria wiaczenia: zdrowe kobiety | meZczyani wowieku 18-85 lat, fototyp: | — IV w skali Fitzpatrick’a,

typ skory Kaukaski.
The main inclusion criteria were: healthy females and males aged 18-85 years, phenclype: 1=V in the

Fitzpatrick scale, Caucasian skin lype.

W badaniu wzisho udzial 25 ochotnikdw, ktorzy wyrazili dobrowolng zgode na udziat w badaniu.
The sfudy imvolved 25 volunteers who expressed a voluntary consent fo the participation in the study.

Skora w miejscu badania byia prawidtowa, bez podraznien | zmian chorobowych.
The skin al the lest site was normal, without imitation or pathological changes.

Ochotnikow poinformowano o sposobie szczegolnej ostroZnosci w postepowaniu z testem plathowym.

Stronal Fage 3 2ol 5
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The volunfeers were informed about the manners of parficular caution with respect o paiches.

6. Wyniki badania / Tesrt result

Tab. 1. Skala oceny wynikow badan zgodnie z zaleceniami Miedzynarodowej Grupy Badajacej Wyprysk
Kontaktowy (ICDRG).
The assessment scale was consisfent with the recommendalions of the Infernational Contact Dermatitis
Research Group (ICDRG)

Skala oceny Wynik Typ odezynu
Assessment scale | Result Reaction nype
) Odezyn ujemny Brak zmian skomych
Negsiive reaction No skin chamges
e Odczyn vy [ podraznienie od plastra | Lekki cdozyn rumieniowy
i Deowabifud resuit / padch imitahon Siight enythema
i+ Staby odozyn Odczym rumieniowy, wyczUwainy paipacyjnie, ber pecherzykow
Mild rescfion Palpsbie eryihema, no vesicles
{+4) Silrry odozyn l:.'_)drzyn ruTEEnicwWY, grudki. obecne pecherzyki lub obragk
Strong reachion Erythema, papuies, vesicles or sweling
{44 Bardzo silny odczyn Cidezyn rumesniowy, grudki, pecherzyki | fub owrzodzenia
Very strong reachion Erythema, papules, vesicles andior ulceration
IR Reakcja podraznieniowa Stan zapainy, brak nacieku, kosthki, rumien, tendencia do wygasania
Irmitant reachion Inflammation. no infilfration, papuies, enyihema, fendency fo subside

Tab. 2. Wyniki badania ! Test resufz

Volurresr | Age | Sert Sdn Applicaoon e Rasult Volmmesr | Age | Sext SKin Appiicanian Rasui
phototype | ares

A i Am 0 W | % [RE ] N Am O
3 [ @ ®F | Am i 5 [ 28 [ WE | A i
3 W0 [ KE] W Am 0 6 | 42 [KE ][ Il Am 5
I [ (R Am il A - T ] Amn )
5 |60 | KF | Am i 6 | 4 [KE] 1l Am i
84 [ WF T Am il R = 70 A Amn i
7 |4 [KE] Am B 20 [ 52 [RE] Am i
43 [ W I Am i) R 7 2 Am =)
o 30 [ KF I Am 0 7 @0 [ KE | i A 0
0[5 [RE [ Am i 75| 3 | WF i Amn %)
it | 36 | KF I Am i 4 [ [ KE] W Am 0
o[ 3 [ KF | Am i T

15 | 30 | KE 0 Am i | | A )

oy

" - KIF — kobé fernate | MM — mezczyzna | male

7. Whnioski /! Conclusions
Na podstawie przeprowadzonego testu platkowego stwierdza sie, Ze badany produkt:
#el ZDD_2.5%_1_10.06.20
nie driata { d=ziaks draznigoo ani_/ oraz alergizujgco na skore badanych osob.
[miepotrzebne skreslic) (riepotrzebne skreslic)

Based on the pafch test, it has been shown that the tesfed product:
Gel ZD0_2.5% 1 _10.06.20

hasno / hss irritant or / asd sensitising effects on the skin of the subjects.
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(oefefe 35 approprizfe) (delefe a5 appropriade)
Wydana opinia nie dotyczy osob, u ktonych wystepuie udokumentowana alergia na ktorykolwiek skladnik tego
produkiu.

The issued opinion does not refer fo persons with a documented allergy to any of the product's components.
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8. Zatwierdzenie /| Approval

; Dryrektor Laboratosium
Prepared - 2810200 drhowaczyk 001 {tnwiuay Dwechy (ki ptis.
datal date M pracownika | Employee no | funkcia ! posiion ehakironiczy)
(quatified electronic
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data ! dafe Mr pracownika ! Employesno funkcja | posdion
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skutkow prawnych = podpisem wiasnorsezrym. O naine sprawozdanie z badan s3 nydawa'lew
" mzszerzeniem "-sigpd lub ™_signed pdf quﬂuztﬂnmdiuwydltl ulenesqpmathm-zgndmcz
aryginadam, 53 kopiami.
Secure electronic signature veniied by a qualifed centificate is equivalent in terms of legal consequences
. The oniginal fesf report Is issued in eleciomic form with the exdension ™ -sig pd™ lub ™-signed pd™. Therefore, all pans, if nof
confimmed a5 being frue o the onginal, are copies

n:rmwmgrpndvzgladun

5 hamawritfen signafure.

Badania wy mwammmumwzaqummmm ELET=T ViR

?i:mi . I zn.umncmzmmmm vq.rnunacm Sha wyiaczTie 00, e mwu“rasm_.m
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The studes performed In Dr Nowsczyk Researen and Innovasion Cenfre Sp. 2 0.0, SpK. are conducted In Scoordance wih siandsrd researe methodslogy. The
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Resaarh and innovation C2ntre Sp, 2 0.0 5p.K andthe Cient prior 1o e iifaion of the Sy, The stutly msults refer solely 10 the feseg
and adopied reseanch methods and ures
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n;wmmfwmx reports Issued by Dr mvacz:mﬂe?éamand mﬁﬁ‘?gm Km@mmmmm&mbmm
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nr 1 : Archiwum

_Test Report prepared in single copy:

egremplarza
Crnyginat copy Mo, 1 - Cusforner  Dupdicade of copy Mo, 1 Archive

Stronal FPage 5 Zal 5

80



Michat Abendrot Rozprawa doktorska

! molecules mbPy

Artide

Zinc(II) Complexes with Amino Acids for Potential
Use in Dermatology: Synthesis, Crystal Structures,
and Antibacterial Activity

Michal Abendrot !, Lilianna Checinska 37, Joachim Kusz %, Katarzyna Lisowska 43,
Katarzyna Zawadzka *(, Aleksandra Felezak ** and Urszula Kalinowska-Lis 10
1 Department of Cosmetic Baw Mate rials Chemstry, Faculty of Pharmacy, Medical Universaty of Lode,
Musayfskeso 1, 90-151 Lidl Poland; suchal abendrot@gmail com
*  Faculty of Chemistry, Univeraity of Lodz, Pomorska 163163, 90-236 Eode, Poland;
Llianna checinska@che mia um lodz. pl
* Institule of Physacs, University of Silesia, 75 Putka Paechoty 1, 41-300 Chorz éw, Poland;
poachim kuse@us edu pl
4 Department of Industrial Microbiology and Biotedmology, Facully of Biology and Envaronmental Protection,
Universaty of Lodz, 1216 Banacha Street, 90-237 Lédé, Poland; katarryna lisowska@baolwnd bodz pl (KLL.);
katarsyna.zme ade ka@biol uniode. pl (FL72)
*  Cormespondence: aleksandradelezaki@biol um ledz pl (ALF); weseula kalinenwska hafumed lodepl (UE-L)

check for
Fecewved: 30 January 2000; Accepted: 13 February 2020; Pubhshed: 20 February 2020 updates

Abstract The multifunctional profile of Zn®* has influenced its great popularity in various
pharmaceutical, food, and cosmetic products. Despite the use of difierent inorganic and organic zine
derivatives, the search for new zinc-containing compounds with a safer skin profile still remains an
open isswe: The present paper describes the synthesis, structural characterization, and antibacterial
activity of zinc(Il} complexe s with proteinogenic amino acids as potential candidates for dermatological
treatments. The obtained complexes are of the general formula [Zn{AA);], whemre AA epresents
an amino acid (L-Gla, Gly, I-His, [-Pro, L-Met, and [-Trp). Their synthesis was designed in
such a way that the final bisiaminoacidate) zinc(Il) complexes did not contain any counter-ions
such as C17, NOy~, or S0y* that can cause some skin irritations. The chemical structure and
composition of the compounds were identified by 1H NMR spectroscopy and elemental analysis,
and four were also characterized by single-crystal X-ray diffraction. The Hirshfeld surface analysis
for the Zn”* metallic center helped to determine its coordination number and geometry for each
complex. Finally, the antibacterial properties of the complexes were determined with respect to
three Gram-positive strains, viz. Staphylococous aureus ATCC 6538, Staphylococous epider midis ATCC
12228, and Streptococous pyogenes ATCC 19615, and two Gram-negative bacteria, viz. Esdherichia
coli ATCC 25992 and Pseudomonas aeruginosg ATCC 27553, and were compared with the activity of
zine 2-pirrolidone 5-carboxylate (ZnPCA), commonly applied in dermatology. It was found that
the Zn(Il) complexes with methionine and glycine exhibited a higher antibacterial activity than the
tested standard, and the antimicrobial properties of complex with Trp were satisfactory. The results of
the antimicrobial activity examination allow us to postulate that the obtained zinc complexes might
become new active substances for use in dermatological products.

Keywaords: zinc(ll) complexes; proteinogenic amino acids; orystal structures; antibacterial activity;
Hirshfeld surface analysis

Maoderules 2020, 25 251; dot 103380 mnke cubes2 5040051 www.mdpi comyjournal molecules
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L Introduction

Zinc dervatives are often utilized in pharmaceutical, food, and cosmetic products. Their popularity
in medicine is associated with the antimicrobial, antifungal, antioxidant, and anti-inflammatory
properties of Zn®* [1]. Zinc is considered as one of the most important trace elements in the human
body; and its coordination chemistry is of considerable interest. It is incorporated in the active center of
many essential enzymes, such as superoxide dismutase (S0, carbonic anhydrase, carboxypeptidase,
and alcohol dehydrogenase [2,3]. It plays a vital role in sustaining proper human body function
through bone formation, cellmediated immunity, brain function, and tissue groswth, among others [4,5].
Zinc has the ability to accept certain proteins domains to form zinc-finger proteins (ZMNFs): these can
interact with DNA, ENA, and proteins such as PAR, and are involved in the regulation of several
cellular processes [0]. It has greater acceptor affinity than calcium iCa®) or magnesium tMgz"'} 71
Zn?* can ceate inert chelate complexes by accepting the free electron pairs of O-, N-, 3 from certain
amino acid motifs, Not only it does play a crucial role in a variety of biochemical processes, but it can
also participate in numerous reactions in organometallic chemistry. Although zinc jons typically have
a coordination number of 4, they can also form trigonal bipyramidal and octahedral complexes [8,9].

Several zinc derivatives are used in dermatology, the most common of which ame zinc sulphates.
However, they have been found to possess low bicavailability and can irritate the skin. Thus, theme is a
great inferest in identifying safer alternatives with superior bicavailability [1] One potential group
of candidates comprises zinc compounds containing organic moieties, which in general have shown
better tolerability and bicavailability than the inorganic salts [10-12]. The exact organic ligand structurne
finally determines its main direction of use. A greatexample is zinc ricinoleate, which does not possess
bactericidal properties but serves as an anti-odor agent. Another organic derivative, zinc pyrithicne,
demonstrates antifungal activity against Pifyrosporum (Malassezin) and exhibits an antibacterial activity,
whemeas zinc stearate is known for its emulsion-stabilizing properties and lack of antimicrobial
properties [1]. Although many organic zinc derivatives are utilized in dermatological products,
rinc-containing antimicrobial agents are becoming insufficient due to growing bacterial resistance.
That is why the search for newer zinc antimicrobials still remains a big challenge. Interestingly, there
are a few zinc profeinogenic amine acids complexes which are widely used in dietary supplements and
animal feed, such aszinc bisglycinate and zinc methionine, but their use in dermatological products is
rare [12-15]. It seems that conducting research in this direction could be very promising Although the
effect of zinc derivatives ultimately depends on their administered concentration, zinc compounds
ame generally recognized as safe in trace amounts [16]. Taking into consideration that L-c-amino
acids are biogenic molecules, their zinc complexes should meveal an excellent safety profile which is
worth examining,.

Zinc oxide, zinc gluconate, zinc pyrithione, and zinc 2-pirrolidone 5-carboxylate (ZnPCA) ane
also common ingredients in sunscreens and anti-acne and ant-dandruff agents [17-20]. However, to
overcome drug resistance, new antimicrobial agents are always required for dermatological disorders,
espedally for acne vulgaris. A useful alternative to the zinc derivatives in current use may be zinc
complexes of proteinogenic amino acids: their good safety profile, high bivavailability [11,21], and
poential antioxidant activity [22,23], aswell as the antimicrobial properties of Zn?t [21], make them
particularly well suited for use in both oral preparations and dermal products. Previous studies have
examined the antimicrobial activity of various complexes of transition metals, induding zinc, with
amino acid ligands: for example with L-alanine- and L-aspartic acid-capped ZnS nanoparticles [24]
and mixed complexes with L-proline and kojic acid [21].

The main aim of the present study is to examine innovative zinc derivatives with potential use
in dermatology and also in the cosmetic and pharmaceutical industries. The antimicrobial activity
of bis(aminoacidate) zinc(ll) complexes without an anionic ingredient has not yet been examined.
Theoretically, these derivatives should be better absorbed and safer due to their nonionic structure
and weak influence an the skin pH which will make them excellent ingredients for dermal products.
The paper describes the synthesis and full characterization of novel zine coordination compounds
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with selected amino acids (AAs), viz. L-Gha, Gly, [-His, L-Pro, I-Met, and L-Trp (Scheme 1), and
evaluates their antibackerial activity on three Gram-positive strains, vie Stiphyfoceonis aurens ATCC
6538, Staphylococous epider midis ATCC 12,228, and Streptococcus pyogenes ATCC 19615, and two Gram-
negative bacteria, viz. Esdrerichia colf ATCC 25992 and Psendomonas aeriginosa ATCC 27853, Bacterial
strains selected for the present studies ae microorganisms that cause various disorders from urinary,
respiratory, and heart diseases to skin and wound infections. Staphylococous mirens is a component of
human natural microflora, but under certain conditions it can colonize skin and soft tissues, cansing
infection and contributing to atopic dermatitis or hand ecrema [25,26]. Staphylococcus epidermidis
and Streptococcus pyogenss are often isolated from wounds and skin kesions [27]. Also, Pseudemonis
geruginesg can cause mild and severe skin and soft tissue infections [25]. It is worth mentioning that
infections of wounds, burns, and skin are particularly difficult to treat, espedially if they are caused by
multi-resistant microorganisms. Therefome, the search for new effective drugs isextremely important.

WWK\»;C\“ JXT
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Scheme L Chenucal structures of ZniIl) complexes with L-glutamac aad (1), glycne (1), L-hostidine (3},
L-proline (4}, L-methichine (5), and L-try ptophan (6).

2. Besults and Discussion

2.1. Symthesis and Characterization of Zn(11) Compiexes 1-6

The synthesized zincill} complexes were prepared using two different simple methods, with
compounds 1 to 4 produced by meacting the comesponding amino acid with an aqueous suspension of
zinc hydroxide (Method I}, and compounds 5 and 6 by reacting a sodium salt of the corresponding
amino acid with zinc(ll} chloride in water {Method 1), The choice of the method was related to the
properties of the compounds. It is worth noting each method was performed to avoid the presence of
counter-ions, such as CI7 or NOy™, in the final zinc{ll} complexes. All synthesized complexes have
the general formula [Zn{AA )] with AA representing an amino acid: 1-Glu, Gly, L-His, L-Pro, L-Met,
and L-Trp.

Regarding Method [, the water-soluble zinc(ll) complexes containing L-Glu, Gly, [-His, and
[-Pro amino acids (1-4), wene synthesized according to a general procedure described to obtain a
Zn{ll} complex with methionine [25]. The method is based on the addition of an aqueous solution of
an appropriate amino acid (AA) to an aqueous suspension of zinc hydroxide at a molar ratio of 2:1.
Method I:

Znf{OH) (ouepy + 2 AA — [.Z.nfMJ;] +2Hy,O 1)
AA = Glu, Gly, His, and Pro

Zinc hydrowide Zn(OH)2 was firstly obtained by reacting zinc(Il} chioride with 1M NaOH at a molar
ratioof 1 o 2

The suspension of Zn{OH]; disappeared completely during the synthesis of Zn(ll) complexes 1 to
4, ie., those with Glu, Gly, His, and Fro. The resulting watersoluble complexes were isolated from the
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reaction solutions, either by partial concentration on a rotary evaporator or by allowing the solvent to
evaporate slowly at room temperature.
Regarding Method I, the Zn{ll) complexes of Met and Trp (5-6) weme synthesized as follows:

ZnCly + 2 {AANa— [Zn(AA)] + 2 NaCl

AA =Metand Trp @

The process was preceded by an amine acid alkalization step.

Both methods were used to prepare the poorly water-soluble compound 5, Le., Zn{ll) with
methionine. Although the obtained products had the same stracture, method I gave a higher vield.
The complex obtained by method I was characterized by X-ray and elemental analysis [24].

Method 11, starting with £nCl; and AA sodium salt, was not suitable for the synthesis
of water-soluble complexes (1 to 4), because it would be difficult to remove the water-soluble
by-product, NaClL However, method II could be used to obtain Zn{ll} complexes 5 and &
These compounds were precipitated directly from the reaction mixtures and weme easily isolated from
the water-soluble by-product.

Although the synthesis of [Zn(Proj2] (4) has been aleady described in the literatune [3], the
strategy was different from the one we used. It was performed by reacting zinc acetate with proline in
the presence of trimethylamine, using methano! as a solvent The compound obtained in this way was
used as a catalyst for some organic transformations.

Zinc(Il) complexes (1-6) wemne characterized by elemental analysis and Iy NMR spectroscopy.
Four of them, containing Gly, Pro, His, and Met ligands, wemne also characterized by X-ray single-crystal
crystallography. All but one of the obtained zinc (I} complexes constitute five-membered chelates,
with each amino moiety coordinated to the xine ion through the nitrogen atom and the oxygen atom of
the deprotonated carboxyl group. The En-histidine complex, in contrast, forms a six-membered chelate
ring through coordination with two N atoms of the histidine modety; viz. the -NH; group and the N of
the imidazole ring. Nope of the formed complexes contain any counter-ions; it is in accordance with
the synthesis process of Zn®* cations with amine acids with a deprotonated carboogy] group.

The 'H NME spectra of Zn(ll) complexes and free ligands weme recorded in Dy0 (1-5) or DMSO (6).
When using o0, no signals of amino and carboxyl protons nor protons connected with nitrogen atoms
of heterogy clic rings were identified. These protons were exchanged for deuterium in solutions. Thus,
the spectra in D20 solvent illustrate the image of protons associated with carbon atoms. The signals of
the protons for CHy, CH of heterocyclic rings, or CH-N of zinc complexes were mome or less shifted
compared to these of the free amino acids (A ppendix 7). The most significant shifts, amounting to
012, 0.30, 0,14, 012, 0.20, and 0.11 ppm, were respectively observed for CHa(y) (1), CHa (2), CH(5") (4),
CHi2) (4), CH{«) (5), and CHa(P} (6) protons.

2.2 Crystal and Moleuler Structures of Compounds 2-5

The crystallographic data obtained from the structural anahyses of (2}, (3), (4}, and (5) have been
deposited with the Cambrid ge Crystallographic Data Centre (CCDC Nos. 1966206-1966209). These data
can be obtained free of charge from CCDIC via www.code camoac ukfdata_request/cif. Basic information
pertaining to crystal parameters and structure refinement is summarized in Table 1.

221 A Single-Crystal Structure of 2

As shown in Figure 1, the asymmetric unit of (2) consists of four independent glycine moieties as
moncanions (Gly-1, Gh-2, Gly-3, Gly-4), two Zns" cations (Znl and Zn2), and two water molecules.
The geometry around each Zn(Il) fon is roughly square pyramidal (SOP); however, the degree of
trigomality (1) is (1458 for Znl and 0.326 for #n2, indicating a strong shift to trigonal bipyramidal (TBI).
The 7 value for ideal polyhedrons is v = 0 for SOP and = = 1 for TBP [31]. The basal plane of each
polyhedron is formed by two oxygen and two nitrogen atoms (N4, The chelating glycine-ligands
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are arranged in the frans configuration. According to bond angles around the #n cations, each basal
plane of SOF is tetrahedrally distorted [32]: two trans oriented oxygen atoms lie above the best
least-squares plane {N20h), whereas two frans orented nitrogen atoms ame below it. The zinc cations sit
0.5 A above the best plane toward the apical atom (Table 52). Interestingly, the apical bonds Zn1-08
and #£n2—0% are the shortest bonds observed arcund metal cations. The dihedral angle between the
best least-squares basal-planes of #nl and ¥n2 polyhedrons is 54.7(1)°. Bond lengths for the Zn(ll)
coordination sphere are given in Table 2.

Table 1. Crystallographec data for complexes of Zafll) with glycne {2}, L-histidine (3], L-proline {4),
and L-me thuonine (5}

12} 3 4k 15)
Empirical Formula  CyHieNaOhFna-2(He ) CrabeNaOuZn-AFH:0) CepbieN2Ogfn CuHmMySEn
Formarla Weight 102 P 162 36177
Crystal System Momaclinic Tetragomal Monoclinic Maonockinic
SF:I: Cmup P Pdz2p2 Py P2y
afh} 15007 5{E) 7.SBFHZ) 9.3REEI1) GI9E2(3)
bik) 1LA204A) IL1ESH1L) 5.BREWT) EOBEH1Y
cid) ST T.SETHZ) LGOS 15 4324(6)
i) 0000 G000 20000 G000
B 2 E4ET) S0 SLOEF(L) 107 5714
¥i) 0000 000 20000 00
ViAY 1526 51{11) AL EEEL(T) TELT2A)
Z '] 4 2 2
T(K) 100(2) 100(2} 1062} 1001}
F{o00 944 508 304 o
I (gem) M5 L&50 1755 1710
pimm) £ L43 n 522
Wavelength (A} O7UFS LT LIPS ATNF3 LE4184
firangs [ 34-300 100-29.0 39-310 100700
Measured
e 14323 17BS 7230 L5
Unique Hefiections 44w 233 3310 137
O rved
Heflectians [f = 3731 41 3264 3
2ol
L“;F;“-’E““ g w7 a7 oY
parmeteTs/Restraints 650 1455 16272 18671
Rl = 20(0)] a0 005s 014 (iTiees
wi {all data) 0084 oIz il 0E7
5 104 1M L8 L4
Afi. A 1 106% .36 63
Ap e A —07R" —Losd —028 —noy

* The highest peak and despest hole ane close to the zine atom, at 1194 and 0E7 A from Znl, respectively, b he
highest peak is (L84 A from Zn, wheneas the despest hole is 1754 from N2

Four independent ghycine moieties differ each other in molecular conformation, as confirmed
by the N-C-C-0 torsion angle: £+01-C1-C2-N1 = 15.7(2)" (Gly-1); £03-C3-C4-N2 = 4802
(Gly-2); £05-C5-Ch-N3 = 21427 (Gly-3); and £07-C7-CE-MN4 = 1.4(2)" (Gly-4). The bidentate
coordination of the ghycine ligands around the #n atoms results in the formation of five-membened
chelate rings adopting an envelope (Znl/OVC1H/C2NT and An2/07 C7/CEMN4) or twisted conformation
{(nlO3CHCLN2 and InO5CHCHMNS) according to asymmetry parameters [33]. (Table 51).
The dihedral angle between the best least-squares planes of the chelate rings is 30.5(1)° around #nl
and 24.7(1)" around Zn2
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Table 2. Bond lengths to the Zn(il) jons (A) for (2).

Bond Distance Bond Distance
Za1-01 2.1407(13) Za2-05 2.1915(12)
Za1-03 2.1262(12) Zn2-07 2.1205(12)
Zal-08 2.0127(12) Zn2-0§ 2.0026(12)
Zn1-N1 2.0321(15) Zn2-N3 2.0257(15)
Zn1-N2 2.0320(16) Zn2-N4 2.0224(15)

Znl-04% 3.5630(13) Zn2.02 % 3.4259(13)

Symmetey code: ()X, 3 - V-3 + 2 (8) X 32—y~ + Lyl 2

() x, Yoy, S84 5 () x, 3Ry, Yo+ 3 @1, 1-x, %=
(G x y 1+ iv)x Yoy Ytz
(3)
2

(i) 1=x Ya+y, 1-2; Gi) 1-x, Vo4 v, 1-%
(i) =x, Ya+y, 1-2; (i) -x, V2 +y,1-2
@iil) —x, V2 +y, 1-z;(iv) =, ¥+ y, -2

(%) (3)

Figure 1. The molecular structures of Zn(lT} complexes with glycine (2), L-histidine {3), L-prolne {4},
and L-methionine (5), showing the atom-numbering scheme. Displacement ellipsoids ane drawn at the
506G probabality level and hy drogen atoms are shown as small sphenes of arbitrary radii
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Complex (2) exhibits a two-dimensional polymeric structure. The infinite {1 0 0) coordination
sheets are separated by layers built from water molecules (Figure 51). Both types of structural layers
are connected to each other via hy drogen bonds (Table 53).

A cameful inspection of the packing within the coordination sheets revealed that two additional
Fn--0 inferactions exist, Znl-Od(x, 32—y, —% + o) and Zn2--02x, ¥, 1 + I); their distances are much
longer than those of the Zn—0 bonds within the first Zn-coordination sphere, but are still shorter than
the corresponding van der Waals radii of 3.77A (Table 2. It is possible that these weak interactions
complement the coordination geometries around each Zn(ll) atom, thus significantly elongating the
octahedral ones. It appears that all carboxylic oxygen atoms are involved in the coordination scheme;
however, the Zn— 0 contacts have a different character (Figune 1).

2272 ASingle-Crystal Structure of 3

Complex (3) crystallizes in a tetragonal system with the metal (Zn1) located on a twofold axis;
the asymmetric unit consists of one histidine moiety, in the form of a moncanion, and two water
motecules. As illustrated in Figure 1, the zinc cation is coordinated independently with bwo N atoms
of the histidine moiety, thus giving a coordination mode without oxygen atoms, which is different
to those of the other presented structures of Zn(ll) with deprotonated amino acids, Gly (2}, L-Fro
{4), and L-Met (5). Momeover, the coordinative Zn—N bonds are also the shorfest observed (Table 2).
The geometry around the Znl cation is distorted tetrahedral, with the angles varying from 97.79(18)7
to 118.1(3)". The six-membered chelate ring Znl/NYN2C2C3/C4 adopts a conformation between
envelope {with the C2 atom being out-of-plane) and half-chair (a pseudo two-fold axis passing through
the Znl-MN2 bond) (Table 51). The dihedral angle between the symmetrically-related chelate rings
around Znl is 75.4(2)".

Table 3. Bond lengths to Za{ll) on (A} for (3).

Bavind Dstance
Znl-N1 1.085%(4)
Fnl-N1 ¢ 1.989(4)
Fal-N21 2.026(4)
Fnl-Nzt 2064

Symmetry codes (G 1-g1-x,1-2

The miost interesting featune of (3] is the organization of complex molecules in the crystal lattice.
In confrast to structures (1), (4), and (5), no infinite coordination motifs are observed. In (3), the
intermolecular inferaction N3-H3--01 (32 - x, 1 + y $ —z) is responsible for the formation of the 3D
hydrogen-bonded network. Thus, each complex molecule is associated with four molecules forming a
supramolecular structure. Additionally, the crystal packing of (3) is stabilized by a number of O—H.-(}
and N-H--0) interactions w hene the water molecules play the role of proton acceptor and/or proton
donor. The geometries of these contacts are presented in Table 53.

Although the supramolecular structure of {3} can be organized by complex molecules of the Zn{ll)
complex, the presence of water molecules in this structure seems to be important. The packing index
calculated for the entire structure {3) is 74.1; however, this value decreases to 50.2 for the water-free
structure, clearly demonstrating that water molecules fill the space between the complex molecules
in the supramolecular architecture. The Zn(ll) complex with ghycne (2) also crystallizes as hydrate,
with respective packing indices of 79.6 and 71.8 for the entire and water-free structures, respectively.
It shows that the infini® metallopolymeric motifs generate more closely-packed structures, which is
additionally supported by the packing indices of 76.8 and 75.4, calculated for the arystal structumes of
{4) and (5), respectively.
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223 A Single-Crystal Structure of 4

As shown in Figure 1, in the molecular structure of (4), the £nill) is pentacoordinated. The Addison
T parameter for the zinc polyhedron has a value of 1L75, which indicates that the coordination geometry
is closer to trigonal-bipyramidal (TBE T = 1) than square—pyramidal (SQF, 7 = {1). The equatorial plane
consists of O3, N1, and N2{—x, :_} + ¥, 1 -z} atoms; the zinc cation appears to rest on it, since it is
displaced only by 0.023(4)A towards the apical atom O1 (Table 52). The widest angle of 173.37(4)" is
observed between atoms O1 and O4(—x, % + ¥, 1 -z} indicating the opposite peaks of the bipyramid.
The Zn—(M4 bond is the longest observed within the polyhedron (Table 4). Two independent L-proline
moieties form five-membered chelate rings oriented in a trans configuration around a metal center.
Their best planes form a dibedral angle of 65.3(1)°. The conformation of chelate rings, ZnlfO1CIAC2NT
and Znl/O4Y CENCTND (i —x, % + 1, 1 - £}, can be described as twisted and envelope, respectively
(Table 51).

Table 4. Bond lengths ko the Zafll) ion (A} for (41

Bond Dstance
Fnl-01 2.094(1)
Znl-03 1.9437(0)
Inl-04* 2 1535(10)
Znl-N1 20R5E(11)
Znl-MNz2¢ 205D

Srmmetry code: (i) -1, } +y 1z

The inspection of the crystal packing of {4) revealed metallopolymeric chains running along b
axis (see Figure 52). In contrast to other investigated structures, only two hydrogen bonds exist in
crystal lattice: an intermolecular interaction, N1-H1A--O0ix, 1 + 1, 2), is observed within molecules of
polymeric chain, whereas a contact, N2-H2--02{x, 11, 1 + 2}, links the neighboring chain-motifs along
the [(1] direction

224 A Single-Crystal Structure of 5

Although the crystal structure of {5) previously reported by Wilson et al [29] is in good agreement
with our dete rmination (unitcell constants:  and rare swapped), we decided to use our low-temperatune
data for a more consistent comparison between investigated structures of all four Zn{ll) complexes
and Hirshfeld surface analysis.

The coordination geometry around Zn is a distorted octahedral with four short and two long
bonds (Table 5). The basal plane of the octahedron is formed by two nitrogen (N1, N3} and two ooy gen
(21, O3) atoms from two independent methionine moieties arranged in a frans-fashion. The RMS
deviation of the fitted atoms from the best plane is (L0672, The adal sites are occupied by oxygen
atoms (02, O4) from bwo other molecules. Thus, each Zn®* cation is bonded with four methionine
mieties, whereas each methionine monoanion is associated with two Zn(ll) centers (Figure 1).

Two independent me thionine moieties display different molecular conformations, as confirmed
by cormesponding torsion angles of ¢N1-C2-C3-C4 = 175.4(4)° and s/MN2-C7-C8-C9= —547(5)".

There are two five-membe red chelate rings formed by methionine ligands: ring ZnlfOT/CTCINT
adopts a conformation between emvelope (with the C2 atom being out-of-plane) and bwisted {pseudo
two-fold axis passing through the 01-C1 bond), while ring Zn1/03Ca/C7 N2 adopts an envelope
conformation, with the C7 atom being out-of-plane (Table 51). The interplanar angle is 13.6(2)"
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Table 5. Bond lerigths to the ZaflT) jon (A} for {5).

Bond Mstance
Znl-01 2051(3)
Fnl-0a 2050(3)
Fnl-0yi 22243

Enl-Oa i 2 R56(3)
Znl-N1 2093(4)
Znl-N2 20644

Symmetry codes (11—, 1 +9, -5 @) -z -1 +01-2

The coordination polymer forms an infinite two-dimensional sheet framework lving parallel to
the ({001} plane (Figune 53). The thickness of each separate layer is equal to the ¢ unit cell constant
The side-chain alky] groups of methionine ligands are directed toward the outside layer.

2.3. Hirshfeld Surface Analysis of the Zn®* Centre

The structural investigations of Zn{ll) complexes with glycine (2), L-histidine (3}, L-proline
(4), and L-methionine (5) were extended by Hirshfeld surface analysis of the metallic cenfer using
CrystalFxlorer [24,35]. Such an approach has been stressed in recent studies (see: Pinto et al) [36].
Figure 2 presents the Hirshfeld surface (HS) of the Zn®* center with the normalized contact distance
{dlroem ) encoded onit. The geometrical dnom function is defined as the sum of the distances of any surface
point to the nearest atom outside (de) and inside {d;) the surface, with both components normalized by
the van der Waals radii of the atoms {r‘.‘“"" and r:"wJ respectively) [57]. The minimum and maximum
values of a geometrical function are presented as red and blue, respectively Geometrical properties
mapped on the Hirshfeld surface of the metal centers can be applied to rationalize coordination bonds,

As shown in Figure 2, all investigated surfaces differ in shape, indicating that the polyhedrons
display different coordinations. The coordination bonds £n—0 and Zn-N are mostly drawn as very
similar bright regions perpendicular to the bond direction, indicating their comparmable strength. It is
also evident that the Zn—(} interaction completing the octahedral geometry in (5) (bottom drawing) is
much weaker than those forming the square pyramid, but is still observed on the H5. In contrast, the
long-range interactions observed in (2} are not visible on the HS. Both the HS shapes determined for
Zn1 and Zn? and its positive dom values indicate that Znl--04 and Zn2--02 interactions are very
weak van der Waals contacts.

Figure 3 presents the fingerprint plot {two-dimensional histograms of d; vs. da) [39] for the
Hirshfeld surface of the metallic center in {2}, (3), (4} and (5). Such a plot generated for the Zn** cation
revealsnot only general but also very subtle differences in inferaction schemes around metal. The overall
form is reminiscent of a leaf shape. The central “leaf nerve™ displays the shortest metal-ligand contacts
{mainly red and green dots starting at 1A of d; vs. d.), which dominate in structure (5), demonstrating
the smallest spread of the weakest interactions (d; = 224 and de = 1.8A). A breakdown of each
fingerprint plot for the metal into individual contacts is shown in Figure 4; corresponding fingerprint
plots reduced to a single type of contact with Zn(ll) are presented in Figune 54 It is clearly seen that
structure (3) has a completely different interaction scheme regarding the metal center than the others.
While the Zn--M (57.3%) and Zn--H {38.6%) contacts cover almost the entire coordination sphere in (3],
the £n- contacts clearly dominate for the remaining structumes (49-577).
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2] i3 # i5)

Figure L. The Hirshfeld surface of the Zn®* center i (2), (3), (4], and (5) with a normalzed contack
distance {fygy ) mapped on it The parameter d, ., fenges from —061 to 1.14 for Znl and from —0.62
by 1.12 fior Zi2 (2 freen —0.64 bo 142 (3% frem —0L62 te 1.26 (4], and from —0.59 to 0.90 (5.
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Figure 3. Fingerprmnt plot for the Hirshield surface of the metallic center of (2), (3), (4), and (5).
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Figure & The perentage contnbubion of contacts of the Zn* © complexes (2}, (3], (4], and (5L
2.4 Antibacterial Activity

The antibacterial activity of the six synthesized complexes toward selected Gram-positive (Table 5,
Figure 5} and Gram-negative (Figure 55) bacteria was determined and compared with that of zinc
2 pirrolidine 5-carboxylate (ZnPCA)L

The results revealed that one of the tested complexes demonstrated similar activity to
FnPCA [20,39], and other two demonstrate better antibacke rial properties.

Complex (5], #nMet, possesses higher antimicrobial properties than the currently-used standard.
The addition of 200 mg/l. ZnMet to samples limited 5. aurens grow th by 45% (Figure 5); in addition,
its minimum inhibitory concentration (MIC) values were found to be 100 mg/L for 5. epidermidis and
200 mg/L for 5. pyogenes, both of which weme lower than those for ZnPCA (Table £). Complex (5) also
exhibited better antibacterial activity toward E coli than AnPCA (Figure 55). At the highest tested
concentration, 6% bacterial growth inhibition was observed in relation to biotic control.

Complex (2), £nGly, also demonstrated greater antibacterial activity than ZnPCA. The addition
of 200 mg/l. ZnGly to the cultures of 5. aureus and 5. pyegenes limited growth of bacteria by 60% and

90



Michat Abendrot Rozprawa doktorska

Molecules 2000, 25, 951 N otl7?

A%, respectively (Figure 5). In analogous samples containing ZnPCA, 5 qureus tolerance was 50%
and growth inhibition of 5. pyogenes reached the value of 75% (Figure 5). Complex (2) also exhibited
stronger antimicrobial activity toward B aeruginosi than ZnPCA (Figure 55).

Complex (8), ZnTrp, demonstrated comparable antimicrobial activity to ZnPCA, with both
compounds demonstrating MIC values of 200 mg'L for 5. epidermidis and 300 mg/L for 5. pyogenes
(Table &)

Table 6. Minumum inbhibatory coneentration (MIC)values of ZaIT} complexes for Gram-positive bactera.

MIC {mg/L}
Teated Canpanas) Staphylococons ?;idenﬁﬁﬁs Streptococces pyogenes

ZnGlu (1) 400 400

ZnGly (2) 200 ND*

ZnHas (3) 300 N+

ZnPro (4) 300 500
ZaMet (5) 100 200

ZnTp () 200 300

ZnPCA 200 300

MIC for Staphylocorors mreus > 500 mgfl; * NI —not detected.
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Figure 5 The antibactenial properbies of mne(ll}-amene acd complexes {1-68) and the ZnPCA

feference compound.

The decreasing effectiveness of existing antibiotics and rapid growth of drug resistance among a
variety of bacteria have added impetus to the search for newer, more effective antimicrobial compounds.
Literature data indicate that some transition metal complexes of amino acid derivatives may exhibit
good antimicrobial properties [24,40,41]. Our findings confirm that zincamino acid complexes exhibit
antimicrobial activity against Gram-positive and Gran-negative bacteria, and that two of them were
found to possess better antibacterial properties than ZnPCA, a commonly-used antiseptic agent in
cosmetic products. Premlata et al [42] also note that mixed zinc(Il) complexes with 2-substituted
benzothiazoles and amino acids are more active than tested standards.

Chur findings revealed that in samples containing 500 mg/L. of complexes, growth inhibition
of tested Gram-negative microorganisms was in range from 20% to 80%. (Figure 55). The tested
compounds showed higher antimicrobial activity toward Gram-positive than Gram-negative bacteria.
Similar results wemne received by Afvelabola et al [43] who studied the antimicrobial properties
of coordination compounds of aspartic acid. Similarly, copper and cobalt amino acids complexes
also exhibited lower antibacterial activity toward Gram-negative bacteria [44]. Such differences in
susceptibility of Gram-positive and Gram-negative bacteria to the tested complexes may be associated
with differences in the structure of the cell membranes.

3, Materials and Methods

3.1 Chemicals and Apparatis

L-Glu, Gly, L-His, I-Met, L-Fro, and L-Trp were purchased from Alfa Aesar, ZnCly from
Sigma-Aldrich and NaOH from POCH (Poland).

'H NMR spectra were recorded on a Bruker Avance 111 600 MHz spectrometer using D20 or
DMS(-dy, as the solvent. Elemental analyses (C, H, and N} were performed with a Perkin-Flmer
2400 analyzer.

3.2, Symthesis and Characterization of the Znill) Compiexes (1-6)

3.2.1. Preparation of Zn{OH});

In this step, 44 mL of 1M NaOH (0.0440 mol) were added to the zinc chloride (3 g, 0.0220 mol)
and mixed. The white solid immediately precipitated. The reaction mixture was left for about one

hour on a magnetic stirmer and mixed intensively. The precipitate was then filered off under reduced
pressure, washed with cold water, and dried on air overnight.

3.2.2 Synthesis of the Znill} Complexes {1-4)

Zinc hydroxide (1 mmol, 00894 g) was suspended in approximately 15 mL of distilled water;
following this, a clear aqueous solution {approximately 10 ml) of a corresponding amine acid (2 mmol)
{Glu {02942 g), Gly (01502 g), His (0,314 g) and Pro {12302 g)) was added to the suspension
The reaction mixture was stirred at 50 °C for several minutes until the suspension was dissolved,
and then left stirring for two hours. Any white solid, if it appeaned, was filtered off and discarded.
The remaining clear solution wasevaporated to one-third of the initial volume and allowed to crystallize.
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After one to three days, the precipitated white solid product was washed with anhydrous diethyl ether
and air-dried.

Zn(ll) complex of L-glutamic acid. [Zn(Ghajs[-HaOr (1 MW = 375.64; yield: 0.285 g (76%). Anal Caled
for CyipH N0 Zn ([Zni{Glu)e | Hz Ok C, 31.97; H, 483; N, 7.46%.. Found: C, 32.02; H, 5.02; N, 7.48%.
YH NMR (600 MHz, D500 §1.95-2.07 {m, 4H, 2 x CH,(B)), 2,30-2,38 (m, 4H, 2 x CHa({v)), 366-3,68 {m,
2H, 2 x CH{a)).

Zn{ll) complex of glycine. [ZniGly)k] (2 MW = 213.50; yield: 0.181 g (85%). Anal. Caled for
CsHsN:OgZn ([Zn(Glyhl): C, 22.50; H, 3.75; N, 13.12%, Found: C, 2251; H, 429; N, 12.97%. "H NMR
(600 Mz, DyOl: 53.23 (s, 4H, 2 x CHy).

Zn(ll) complex of L-histidine. [Zn(His)y]: 2H,0 (3): MW = 409.72; yield: 0.332 g (81%). Anal. Caled for
CpHapNeOeZn ([Zn(His) - 2H:00: C, 35,18; H, 4.92; N, 20.52%. Found: C, 35.13; H, 4.58; N, 20.53%.
TH NMR (600 MHz, Dy0): §2.95-2.98 (m, 2H, 2 x CHy(6")), 2.09-3.13 {dd, 2H, 2 x CH,(6'7), 3.87_3.89
{dd, 2H, 2x CH{7)), 6.93 (s, 2H, 2 H{5)), 7.65 (s, 2H, 2 H(2)).

Fn(ll) complex of L-proline. [Zn{Pro);] (43 MW = 293.63; yield: 0.200 g (68%). Anal Caled for
CroHsMN20uZn ([ZniPra)a]): C, 40.50; H, 5.49: N, 9.54%. Found: C, 4091; H, 7.21; N, 955%. 'H NMR
{600 MHz, DyO): 5 1.81 (m, 4H, 2 x CH2{4)), 219 (m, 4H, 2 x CH5{3})), 3.13 (m, 4H, 2 x CH3{5)), 3.86 (m,
2H, 2 x CH{2)).

3.2.3. Synthesis of the Zn{ll} Complexes (5-6)

Zn{ll) complex of L-methionine. [Zn{Met)s [-0.5H;0 (51

Method I: An aqueous solution (approximately 20 mL) of methionine (2 mmol, 0.2954 g) was
added to a suspension of Zn{0OH}: (1 mmol, 0.0%94 ) in water (ca. 15 ml) and stirned for three hours
at 50 7C. After this time a white solid product was filtered off and washed with cold water, diethyl
ether and dried in aic MW = 370.80; yield: 0.237 g (64%.).

Method IE: Briefly, 2 mL of 1M solution of NaOH (2 mmol) were added to the solid methionine
{2 mmol, (.2984 g) and mived until it dissolved. An aqueous solution (approximately 10 mL) of zinc
chloride (1 mmol, 011364 g) was mixed with the previous solation. The white product was precipitated
immediately. The mixture was stirred for around an hour at a room temperature, and then filkered and
washed with cold water and diethyl ether. MW = 370080; vield (.308 g (83%)

Anal Caled for CygHy NoOy 55:Zn ([Zn{Met), [-0.5H:0): C, 3239; H, 5.71; N, 7.56%. Found: C,
3199 H, 5.40; N, 7.48%. TH NMR (600 MHz, D:O): 8 1.86-1.92 (m, 2H, 2 xTH of CH{B}), 2.02 (s, 6H, 2=
CHa), 205-211 (m, 2H, 2x1H of CH(B}), 2.50-2.59 (m, 4H, 2 xCH3-5), 3.53-3.58 (m, ZH, 2 x CH(a)).

Zn{ll} complex of L-tryptophan. [Zn{Trp):] (6): Briefly, sclid tryptophan (2 mmol, 0.4085 g) was
first dissolved in 2 mL of 1M MaOH (2 mmaol). Following this, approximately 10 ml. of aqueous zine
chloride solution (1 mmol, (11364 g) were added. A white product was precipitated immediately
The mixture was then stirred a further hour at room temperature, and subsequently filtered and washed
with cold water and diethyl ether. MW = 471.81; yield: (1425 g (%0%). Anal. Caled for CoaHaeNyOyZn
{[Zn{Trp)a]): C, 56.00; H, 470; N, 11.88%.. Found: C, 55.87; H, 4.43%; N, 11.89%. 'H NMR (600 MH,
DMS0OY): 6 287-292 (m, 2H, 2x CH{B")), 3.32-3.35 (m, 2H, 2 x CH3(B")), 3.47-3.48 (m, 2H, 2 x CH{a)),
696,97 (m, 2H, 2 x H{3)(indol)}, 7.05-7.07 (m, 2H, 2 x H{4}indol)), 7.30 (s, 2H, 2 x H{F){indal)),
7.35-7.57 (d, 2H, 2 x Hi5)(indol})), 7.55-7.57 (d, 2H, 2 x H(Z}indol)), 10.%6 (s, 2H, 2 x NH(1){indol})
{Figre 56).

33 X-ray Diffaction Studies

Single crystal X-ray data were collected on a micro-focus SuperNova diffractometer with an Atlas
detector (3, 4 5) and Xcalibur Sapphire detector (2), all using MoKa (Cukx was exceptionally used for
5} and w scan. The measumements were carried out at low temperature of 100(2)K. The X-ray data
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wene correcied for absorption [45,46]. All structures wene solved using SHELXT [47] and refined with
SHELXL- 20183 [48].

Generally, all (CFH atoms wemre geometrically placed and constrained to their parent atoms as a
rigid body. All other H atoms were located in a difference map and refined isotropically.

Structure {3} was refined as a two-component twin with BASF (L0486, The H-atoms of the water
malecules (HI1W, H32W, H41W, H42W )} were refined with the O—H distances restrained to 0844
(=15 Ll'eq of atom O3W and O4W, respectively), whereas the N3- H3 distance was restrained to
0864 (Uigy = 1.2 Ueg of atom N3).

In {4}, a distance DFIX-restraint of 0.864 was used for N2—-H2A bond length.

The crystallographic programs MERCURY [£4] and PLATOMN [50] and were used for structure
analysis and presentation of the results.

34 Antibacterial Activity Study

The antibacterial properties of complexes 1 to 6 wemre determined with respect to three
Gram-positive strains, viz. Stephylecoccus aurens ATCC 6538, Staphwlococous epidermidis ATCC 12,225,
and Strepiococcus pyogenes ATCC 19615, and two Gram-ne gative bacteria: Esdherichin colif ATCC 25,992
and Psendomonas mruginess 27853 The growth of micoorganisms in the presence of the tested
compounds was estimated by a modified broth microdilution method, in accordance with the Clinical
and Laboratory Standards Institute (CLSI MO7-18). The obtained results wene presented as tolerance
toward the studied complex (% of biotic control) or as minimum inhibitory concentration (MIC).
The tested compounds were dissolved in water (1-4) or in DMS0 (5-6).

4. Conclusions

Ohur investigations conoerns bis(aminoacidate) zinc(Il) complexes as potentially safe and effective
antibacterial components for dermatological treatment. The combination of zinc, one of the most
important trace elements, with proteinogenic amino acids afforded compoundsex pected to be non-towdc,
well tolerable, and effective agents for skin diseases involving inflammation and irritation of the skin,
such as ulcers and acne vulgaris.

The synthesis was designed in such a way that the final complexes did not contain any counter-ions,
such as CI7, NO3~ or 504", that could cause skin irritations. The simplicity of the complexes’
composition is their advantage; they contain only zinc and aminoacidates ligands.

The research presents a thorough investigation of the crystal struchumes of zinc(Il) complexes of
selected amino acids. Single-crystal X-ray diffraction analysis found that compounds ZnGly (2) and
FnMet (5) have a 2D-coordination-layer architecture; #nl'ro (4)is characterized by 1D metallopobymeric
chains and the complex molecules of ZnHis (3) are organized into a 3D hydmogen-bonded network
The Hirshfeld surface analysis for the metallic center showed that all Zn-surfaces differed in shape,
as confirmed by their different coordination geometries: square—pyramidal in {2), tetrahedral in (3),
trigonal-bipyramidal in (4), and octahedral in (5).

The antimicrobial analysis found two compounds, ZnCly (2) and ZnTrp (6), to exhibit promising
antibacterial properties, and another one, ZnMet (5), to demonstrate greater antibacterial activity
than the tested standard. All complexes exhibit better antimicrobial properties against Gram-positive
bacteria than Gram-negative microorganisms.

Further antimicrobial studies and oytotoxicity tests on the zino(ll-AA complexes will be the
subject of our next study

Supplementary Materiale The followmng are available online al hitpeffw woe mdpa comy 1220- 30409/ 25/4/951 <1,
Table 51: The asy mmetry paramebers for selected rmgs of (2), (3), (4), and (5} Table 52: The leasl-squares planes
and deviations from them for (2), () and (5} Table 53 Hydrogen-bonding geometnes (A%} of Zn{ll) complexes
with glyeme (2}, L-histidine (3), L-proline (4], L-methionne {5). rﬁure 51 A pa.rtu[ the erystal structure showing
a smngle coordination sheet of (2) (7). The crystal packing of (2), view along the b axis (5. F151.m. 52 A part of the
cryutal structum showing a single coordination chain of (3). For clarity the ring-fragment of the L-proline meiety is
omatied (g} The coystal pachnﬁ of (2), view along the baxis (b). Figune 53 A part of the crystal structure showing
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a sangle coordimation sheet of (5. For a companson o structure (2) the side-cham of L-methionine moiebies is
omilted {g). The crystal packing of (2}, view along the ¢ axis (F). Figune 54 Fmngerpeint plot for the Hirshield
surface of the metallic center of (2), (3}, (4), and {5) and corpespending plots reduoed to a given contact type:
Fay— 0, TN, and Zne--H Figure 55: The antibacterial propertes of zinc(ll}-amincacidate complexes (1-8) and
the: ZaPCA refenence compound towards Gram-negabive bactena. Figure 56, Exemplary TH NMR spectra of L-
Leyptophan {a) and s zme(Il) complex (6} (b Appendix 51. Description of 'H NMR spectra of free ameno acds:
L-Glu, Gly, L-Has, L-Pro, L-Met, 1-Trp.

Author Contributions: Conceptualzabon, MoA and ULE-L; gynthesis and charactenzabon of compleses, MAL
and ULE-L.; crystallography, LC and LK ; anbbactenal actwiby, AE, K2, and KL; wating—original draft
preparation, MA |, UK-L, LC, and A_F; wating—eviny and editmg, ULEK-L, L.C, and A F; supervision, ULE-L
All authors have read and agreed to the published versuiom of the manusenpt

Funding: This fesearch seceived o exbernal fundaing,

Acknow ledgments: The work was supported by grant No. 503/3-066-02/503-31-001-19 of Medical Uraversity
of Lodz,

Conflicts of Interest The authors declane no conflict of inkerest.

References

1. Abendrot, M; Kalmowska-Lis, U Zne-comtanmg compounds for personal care appheatons. It | Cosmet.
5di. 208, 40, 319-337. |CrossRef]

2 Myar A ; Malandrmos, G ; Debgranmakas, ¥; Plakatowras, [.C; Hadpjhades, M Nagy, 2 Sovdgh, L nkecacton
of Cus(24] wath Has-Val-His and of Zai2+ ) wath His-Val-Gly-Asp, bero peplides surrounding metal ions in
Cu Frrsuperoxide dismutase eneyme [ Inore. Biochon. 2001, 85, 253261, [CrossRef]

3. Enshnamurthy, VM ; Kavfman, GE; Urbach, AR Gatln, L; Gudiksen, K L.; Webel, DUB; Whatesides, GM.
Carbenic anhy drase as 4 model for biophysical and physical-organsc studies of protens and protean-hgand
banding. Chene Rex 2008, 108, 946-1051. [CrossBRef] [PubMad]

4. Kidambi, S5, Lee, DK RBamamoorthy, A Interaction of Cd and Zn waith biclogically important igands
characterized vsng solid-stake NME and ab inific calculations, Irorg. Chem. 2003, 42, 3142-3151. [CrosaRei]
[FubMed]

5. Bagheram, N.;Smoller, BE An overview of zme and 1bs importance o dermatology-Part I Importance and
function of 2ine 1 human bengs. Glob. Dermatal. 2016, 3, 330336, [CrousRad]

6. Cassandn, M.; Souenov, A; Novell, E; Pitoll, C; Agosting, M.; Malewicz, M.; Melna, G; Raschelld, G.
Zane-fnger profeins m health and dwease Cell Death Discon 2017, 3, 17071 [Cros=Ref]

7. Krazel A Maret, W. The buwlogical inorganic chenustry of zinciona. Arch Biochem. Rophys 2006, 811, 3-19.
[CroasKef]

8. Trzaskowsks, B; Adamownce, L; Deymeer, PAA theoseheal study of zonc{ll) mberactsons wath amuno aad
models and peptade fragments. | Biol Inorg. Chere 2008, 13, 133-137. [CrossRaf)

9. Dudey, T; Lam, C. Tetrahedral va. Octahedral Zine Complexes with Ligands of Bwological Interest: A
DETCEM Study. L Am. Crem. Soc. 2000, 122, 11146-11153. [CrossRed]

I Deters, A.; Schnet, E; Schomdt, M.; Hensel, A Effects of zmne histidime and zone sulfate on natural homan
keratinocytes. Forsch Komplem. N3, 10, 19-25. [CrosaRef]

1L Schlegel, F; Windisch, W. Broavailabality of zine glycinabe i comparson with 2me sulphate i the presence of
dietary phytate in an ammal medel with 6537n labelled raks. | Anim. Physiol. Anim. Nufr. 2006, 90, 216-272.
[CrossRef] [PubbMed]

12 Schel, 5; Theophall, G. The Complexation of Aqueous Metal lons Relevant to Biclogacal Applicabions 2.
Evaluation of simultanecus equalibna of poody soluble 2me salts wath select amine acids. (hen., Special.
Biogoaileb. 2000, 22, 201-205. [CrossRaf]

13 Aquibna, G; Bach, A ; Bampudis, V; De Lourdes Bastos, M.; Hachowsky, G; Gasa-Gasd, |.; Gralak, MLA;
Hogstrand, C.; Leng, 1.; Lipez-Puente, 5.; et al Scentific Opinion on the safety and efficacy of niacin
(mcotinc acd and mootnamide} as a feed additive for all anamal species based on a dosser submatted by
VITAC EEIG. EFSA [ M3, 171, 3038

95



Michat Abendrot Rozprawa doktorska

Molecutes 2000, 25, 951 16 of 17

14

15

1&

17

18

19,

20

1

24

27

29

3L

BEE

Agular, F; Autrup, H; Barlew, 5; Castle, L.; Crebelli, E; Dekant, W.; Engel, K-H.; Gemtard, M.; Gott, D.;
Grilly, 5.; et al. Opanicn on e rban bisgly cinales as sources of copper, 2ine, calcum, magnesium and gly cinate
nicobmate as source of chremmm i foeods miended for the general population (mclading food supplements)
and foods for particular nutritional uses. EFSA | 2008, 718, 1-26,

Chen, N.N.; Ly, B; Xiong, FW,; Guo, X; He, [ N.; Houw, C.C; Ma, LX; Yu, [LY. Safely evaluation of zinc
methionine m laying hens: Effects on laying performance, chmcal blood paramedters, organ development,
and histopathology, Poult. 5. N8 47, 1120-1126. [CroasRef]

Flum, L; Rk, L.; Haase, H. The essential boxane Impact of zine on human health. Inf. | Enoiren. Res. Pullic
Henlth 2010, 7, 1342-1365. [Crosaef] [PubMed]

Kam, KB, Kim, YW.; Lim, 5K ; Roh, TH,; Bang, IVY,; Ched, SM,; Lim, D.5,; Kim, ¥; Baek, SH.; Kim, MEK;
etal Risk assesament of zine oxide, 8 cosmetic ingredient used as a UV Alter of sunsereens. [ Todool. Enniron.
Henfth B Crit. Rew. 2017, 20, 155-182 [CrosaRef]

Gupta, M.; Mahajan, V.E; Mehta, K5, Chauhan, BS. Zinc Therapy m Decmatalogy: A Beview. Dermatal.
Res. Pract. 204, 11, 709152 [CrosaBef]

Rewder, NLL; Xu, |; Youngguist B5.; Rust, R.C; Saunders, CW, The antifungal mechanism of achon of zine
pyrithione. Br. | Dermafol. 2011, 165, 9-12 [CromsRef]

Pique ro-Casals, [.; Hexsel, I.; Francisco Mur-Bonafé, |.; Roras-Mufoz, E. Topical Non-Pharmacological
Treatment for Facial Seboerrhese Dermatihis. Dermatol. Ther W0, 9, 469477, [CroussBef]

Sharma, C5.; Ramani, |.; Bhalodia, [; Pakl, M. Thakkar, K ; Pakel, K Synthesis, Charackerization and
Antimicrobial Activity of Some Transition Metal Complexes {(Mn, Co, Zn, Ni) With L-Proline and Kogie Acid.
Adn Appl. 5d. Res 2011, 2, 374-382.

Sardana, K.; Garg, VK. An observational study of methionine-bound zinc with anbicddants for mild 1o
moderate acne vulgars, Dermatol. Ther 20100, 23, 411418, [CrossRef] [Pubhed]

Bagchi, [; Bagcha, M.; Stohs, 51 Comparative in vitro oxygen radical scavengimg abnlity of zine aethionine
and selected zine salts and anbicoadanits, Gem. Phammac. 1997, 28, B591 [CrosaFef]

Mofokeng, TE; Moloto, MJ.; Shumbula, EM; Nyamukamba, E; Mubiayy, PK.; Takaidza, 5.; Maras, L.
Anbindcrobial Activity of Amuno Acid-Capped Zince and Copper Sulphide Nanopartices, | Nanotedmal.
28, 2008, 1-9. [CrossHef]

Bhicharz, AL; Rudrcka, L.; Samochock:, Z Staphylococoes aurens An undepestimated factor mn the
pathogeness of atopic dermatitie? Pestepy Dennatol. Alergol 2019, 34, 11-17.

Kuraitis, B Williams, L. Decolommzation of Staphylococous aumuws in Healthcage: A Dermatology
Perspective. [. Healthe. Eng. 2018, 2382050,

Adayama, CH.; Morzane, 5 Yamasak, (O Oone, T; Iwatsuki, K. Assessment of Streplococcus pyogenes
mucrocolony formation in mfected skan by condocal laser scanning sucroscopy, [ Dematal. 5o 2003, 32,
193-199. [CrossHed]

W, DC; Chan, WOW.: Metelitea, A L; Fiorillo, L; Lin, AN, Peeudomonas skin infection: Chracal features,
epidemiclogy, and management Am. [ Oin. Dermatol 3011, 13, 157-169. [CrossRef]

Wilsom, BB.; de Menster, B Hodgson, D] Structural charactersation of bes(L-me thicnatono{IT), Zofl-met)2.
Inarg. Chem_ 1977, 16, 14981502, [CrossBef]

Poddar, B; Jamn, A.; Kidwai, M. Bis[{l}prolmate-IN,OFnc A waber-saluble and necycle catalyst for various
ofganic transformations. [ Ado Res 207, 8, 245270, [CrossRed]

Addison, AW.; Rao, TN.; Reedijk, [.; van Rin, ].; Verschoor, G.C. Synthesis, struchune, and spectroscopic
properties of copper(ll) compounds contaning nitrogen—sulphur denor hgands; the erystal and molecular
structume of aqua [17-bisN-methy lbenzimedazol-2'-y1}-2, 6-dithiaheptane Jcopper(ll) perchlorate, | Chen.
Soc Daltoen Trana 1084, 7, 1340-1356. [CrossRef]

Bukowska-Streyrewska, M., Maniukiewicz, W.; Sserof, L The deformation of di-mi-halide dinuclear
Ave-coordinate copper(ll) compleces in the crystalline staee. Ada Crystallogr. Sect. B 1997, 52, 466475,
[CromeRet]

Druax, L Norton, DA - Atles of Steroid SEmdure; IFPlenum: New York, WY, USA, 1975; Volume 1, pp. 16-22.
Spadkman, MLA ; Jayatilaka D). Hirshield Surface Analysia CrystEngCorre 2000, 1T, 1032 [CrissRef]
Turner, M J.; McKinnen, [.]; Wolff, 5K ; Gnmwooed, [].; Spackman, PR ; Jayatilaka, D). Spackman, M.A.
CrystalExplorer 17, Unaversaty of Western Australia 2017, Available onkine: hitp/jerystaleplonecsdhwea.
edu i/ (accessed em 19 February 2020

96



Michat Abendrot Rozprawa doktorska

Maolecules 2020, 25, 951 17 ofl7

37z

4L

42

41

47

Finto, C.B,; Dos Santos, LH.E; Rodnguess, B.L Understanding metal-ligand interactsons in coordination
polymers using Hirshfeld surface analysis. Acta Crystallegr. Sect. C 2019, 75, 7IF-716.

McKannen, [L].; Jayatilaka, [ ; Spackman, M.A. Torards quanbitabve analysis of mbermolecular mberactions
with Hirshfeld surfaces. Chem. Commm. 2007, 37, 3814-3816. [CrossHed] [PubMed]

Spackman, MA,; McKnnen, []. Fngerprinting inkeemolecular mberactions in molecular crystals.
CrystErgComm_ N2, 4, 378-392, [CrossRef]

Frydrych, A; Arct, |; Kasiura, K Zme: A eribical importance element i cosmetology, Appl. Cosmetal. 2004,
22113,

Hadjer, F; Tahar, B.; Eddine, A D; Sofiane, D Antiocidant and Antimicrobial Activity of Some Transition
Metal Compleses with Mon-natural Amane Acds Used as Ligand. [ Mater. Envoron. Sci 2018, 7, 2153-2157.
Lakshmu, 55,; Geetha, K. Synthesis, characterzabion and biological studies of tndentale amine acod
{L-try ptophan) Schaff base transition metal complexes. | Oron. P Res. 206, 8, 668-674.

Premlata, 5.; Verma, G Seth, Synthesis and Anbbacterial Activity of Za(ll) Complexes with 2-substituted
Berwothiazoles and Ammno Acida. [ Chen. Plarme Res. 32, 4, 13271330

Anpelabola, TO; eabirye, DA Alnkunam, EO; Ogunkimle, OA; Cho, TA O Synthesis, Charactenzation,
and Anbmacrobial Activities of Coordmation Compounds of Aspartic Aad. [ Chan. 2006, 2016, 8. [CroasRef]
Stanala, A; Braxew, C; Sténdld, 5. Antibactenal Actvity of Copper and Cobalt Ammo Aads Complexes. Nof.
Bat. Hart. Agrobof. Chyj. 2011, 39, 124-129. [CrossRef]

CrysAlisPRO, version 1171.38.41q. Rigako Oxford Diffraction: Yarnton, UK, 2015, Awailable online:
hitpafwoaw agako comfpraducts/sme/erysalis {acorssed on 19 February 2020]).

CrysAlisPRO, Ver L171.39.46 Rigaku Oxford Dhffraction: Yamton, UK, 2015, Available online https:
ffwwrw rrgabon, comfproducty'amgerysahis (aecessed on 19 February 20201

Sheldrick, G.M SHELXT—Integrated space-group and erystalstructure determanabion. Ada Crystallogr. Sect.
A205, 71, 3-8, [Crossfef] [Pubbed]

Sheldrick, GM. Crystal structuse sofinement with SHEIXL. Acta Crystalagr. Sect. C 2015, 71, 3-8 [CroasBaf]
[PubMed]

Macrae, C.E; Bruno, L]; Chisholm, [A.; BEdgneton, ER.; McCabe, P Pideock, E.; Rodriguez-Monge, L;
Taylor B.; van de Streek, |; Wood, A New Features for the Visuahzation and Investization of Crystal
Structures, [ Appl. Crystallogr. 208, 41, 466470, [CrossRed]

Spek. AL Structure validation m chemical erystallography. Ao Crystalogr. Sect. [ 2004, 65, 148-155.
[CrossHef]

Sample Availability: Samples of the compounds 1-6 are available from the autheors,

2 H20 by the authors. Licensee MDPI, Basel, Swakzerland. This arbicke 18 an open acoess
article distributed under the terms and conditions of the Creative Commons A tinbution
(CC BY) hcense (hitp:fereative commens. orgTicenses /by 4.00).

97



Michat Abendrot

Table 51. The asymmetry parameters for selected nngs of (2), (3, (4) and ()

Rozprawa doktorska

SUPPLEMENTARY MATERIALS

Compound Ring Asymmetry parameters Conformation
ACANT=L9”
z [O1/CLIC2 T
2] Znl /O C1CHNT ACHNI-C2)=53.402)° E
’ P AC.(Znl=h6(2)"
Znl)O3fCHCAN2 :
AR ACHZn1-N2=48(2)° =R
- AC(N3=10.4(2)°
2IOB/CE k =]
ERCR ACN3-Ca)=3.5(2)" it
i ACAZn)=191
2 \
CAAFCICRee ACHZnD—N4y8 6(2)° T
T e ACACIEII0E"
)] Znl/N1/N2ICIC3ICA ACHZnl-N2)=152(5)" EH
AC{Znl =2 0(2)"
4 Znl/O1/C1/CHINL AC(O1=3002)F ET
ACAZn]-01=1.9(2)"
5 iy - AC(CE=1.402)°
JO TR
Znl O CECT N s B ET
N1/C2/C3ICA/Ch AC(CA=3.202)° E
N2CTFfCB/ICR/CI0 AC(Co=7102)° E
= s 3 AC(C2)=7.6{5)"
Znd/O1fC1CHNL y g ET
=) NI ACHOL-CEI=7 B(5)°
Znl)O3/Co/CT/N2 AC(CT=3.3(5)° E

Symmetry code for (4) (i} —x, ¥y, 1=
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Table 52. The least-squares planes and deviations from them (calculated by SHELXL using MPLA

instruction) for (2, (4) and (5).

(2} - basal planse of sguare-pyramids of Enl amnd

Zn2

Least—=guare= planes (x,¥,T 11 CIy=tc

al coordinates]
[* indicate= atom u==d to defin ]

and deviations

2.3603

from them

Pms deviation fitted atoms = 0.0000

9.4%25 (0.0070) = + 4.3116 - @.6767 (0D.0033) = = {0.0033)
{(D.0034) = = 2.5534 (D.0046)
771 ( 0.041
Pms deviation of fitted atoms = 0.15€1
(2) — eguatorial plane of trigonal bipyramid of Enl
Least—sguares planes [(X,¥,T 1n crystal coordinates] and de
[* indicate= atom u=sed to define plane)
— 1.4143 (0.0045) = + 4.1727 ({(0.0017) w + &6.5447 (D.0035) = = S5.0128 (D.0010D

(5) — eguatorial plane of octahedron of Eml

are= planes [(x,¥,T in crystal coordinates]
atom u=zed to define plane)

5.0688 (0.0080) = + Z_5020 (D.00OST7) y + 7T.5234
#= 0 ol
# -0 H1
#= 0 o3
# -0 Hz
o Znl

Pms deviation fitted atoms = 0.0672

and deviations

from them
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Table 53. Hydrogen-bonding geometries [.‘—:L,"] of Zn(TI) complexes with glydne (), L-histidine (3), L-
proline (4), L-methionine (3).

Comp.  H-bond D-H H-A D-A D-H-A
2 N1-H1A--O10W=  0.86(3) 2.05(3) 2.900{2) 169(2)
N1-H1B--08 0.59(2) 2.35(7) 2.060(2) 136(2)
N1-H1B--Op 0.59(2) 2.45(7) 3157(2) 136(2)
N2-HZA--O5 0.79(3) 2.55(3) 3.258(2) 149(2)
N2-H2B-- O 0.97(3) 2.10(3) 3.007(2) 155(2)
N3-HIZA--OIWs 0.91(2) 2.08(2) 2937(2) 1712)
N3-H2B-03 0.92(2) 2.33(2) 30542 148(2)
N&-H1A--O1" 0.E3(3) 22333 2992(2) 152(2)
N&-H4B--Ops 0.93(3) 212(3) 2975(2) 151(2)
COW-HI4-- O 0.85(3) 1.59(3) 2723(2) 170(3)
COW-H9B--Oe=  0.80(3) 2.08(3) 2845(2) 173(3)
OL0W-HI10A-O8*  0.83(3) 2.0003) 2827(2) 173(3)
OLOW-HI0B-O2*  0.51(3) 1.33(3) 273(2) 169(3)
3 NI1-H1A--O4 0.80(7) 2.2(7) 3.034E) 153(6)
N1-HIB-OF 0.86(7) 2.16(7) 2.920{8) 146(6)
N3-H3-Ol 0.57(3) 1.96(3) 2.7B6(5) 159(6)
OB-H31W--04 0.8401) 1.55(2) 2 7B1E) 167(7)
C3-H3IW...02w 0.84(1) 1.95(1) 2 7BO(E) 177N
O HEIW--O1 0.8401) 1.50(2) 2727(5) 170(8)
O HLOW--05v 0.8401) 1.96(2) 2.7BD{E) 1647
[ M1-H1A--01* 0.85(2) 2.23(2) 3.02002) 150(2)
N2-HZA--O2n 0.8401) 2112 2906(2) 159(2)
3 M1-H1A--Ods 0.91(E) 2.71(6) 3425(5) 136(5)
N1-H1B--Ol 0.55() 2.19(%) 29445) 143(7)
N1-H1B--O1% 0.55() 2.37(8) 3.007(5) 129(7)
N2-HZA-Ow D.E7(6) 2.34(6) 3145(5) 155(5)
N2-HZA--O3 0.57(E) 2.33(5) 2923(5) 125(5)
N2-H2B--O0 0.E5(E) 2.61(8) 3.207(5) 128(6)

Symmetry codes: 2: (1) x, ¥y, —¥=hz (0) x, 32—y, Sz (@) x, y, 1+z; (i) x, Yoy, Yo () 1, 1y, 1=
(vi) x, 32—y, Yeez, (vid) x, y, —1+z; (vili) —x, 1y, 1=

Symmetry codes: 3: (1) 1-y, 1-x, ¥oz; (i) ¥y, 32—y, Yoz (i) 3/2-x, Yoy, ¥z (iv) Yoy, Yo, oz

(%) 1y, 2-x, ¥z (vi) Voex, 32—y, Yz

Symmetry codes: 4: (fid) x, 1+y, z; (iv) x, i, 1+2.

Symmetry codes: 3: () 1-x, ¥y, 1-z; (i) 1-x, 3oy, 1-= (i) —x, Yoy, 1-z; (iv) —x, Yoy, 1= (v x, 14y, 2
(¥i)x, 14y, =
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Figure S1. A part of the arystal structure showing a single coordination sheet of (2) (a}. The crystal
packing of (2), view along b axds (k).

Q b

Figure 52. A part of the crystal structure showing a single coordination chain of {4). For darity reason
the ring-fragment of L-proline moiety is omitted (a). The crystal packing of (2), view along b ads (b).
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Figure 53. A part of the crystal structure showing a single coordination sheet of (3) For a comparison
reason to structure (2) the side-chain of L-methionine moieties is omitted (r). The crystal packing of (2),
view along ¢ axis {b).
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Figure 54 Fingerprint plot for the Hirshfeld surface of the metallic centre of (2), (3), (4} and (3) and
corresponding plots reduced to a given contact type: Zn---0, Zn--N and Zn-H.
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Figure 55. The antibacterial properties of zine(Il}- amincaddate complexes (1-6) and InPCA reference
compound towards Gram-negative bacteria.
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{b) 'HNMR (DMS0) spectrum of zine (II) complesx of L- tryptophan (6)
Figure 56. Exemplary 'H NMR spectra of L- tryptophan (a) and its zino{Il) complex (&) (k).
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Appendix 51. Description of 'H NME. spectra of free amino adids: L-Glu, Gly, L-His, L-Pro, L-Mst, L-
Tep,

L-Glutamirc acid {for comparative purpose)

"HNMR (600 MHz, D:O): &2.01-2.10 (m, 2H, CH:{p)) (A= -0.06), 2.42-2.49 (m, 4H, 2 x CHafy)) (A=-
0.12), 370-3.72 (m, 1H, CHia)) (A=-0.04).

Glycine (for comparative purpose)

'H NMR (600 MHz, D:O): & 3.53 (s, 1H, CHz). (4=-0.30).

L-Histidine (for comparative purpose)

'H NMR (600 MHz, DuO): & 2.95-2.98 (m, 1H, CH:(6")) (4=0), 3.06-3.10 (dd, H, CHz(6")) (A=+0.03), 3.83-
3.85 (dd, 1H, CH{7)) (A=+0.04), 6.90 (s, 1H, H(5)) (A=+0.03), 7.60 (s, 1H, H{Z)) (A=+0.05).

L-Proline (for comparative purpose}

'H NMR (600 MHz, D:O): & 1.54-1.96 (m, 3H, 2H of CHs{4) (A=-0,03) and 1H of CH(3")), 219-2.25 (m,
1H, CH«{(3"}) (4=0), 3.18-3.23 (m, 1H, CH(E")), 3.27-3.32 (m, 1H, CH{5")) (4=-0,14), 3.98-4.01 (m, 1H,
CHi2)) (4= -0,12).

L-Methionine {for comparative purpose)

'HNMR (600 MHz, (D:0): & 2.01 {m, 3H, CHs) (A=-0,01), 2,05-2,13 {m, 2H, CH:) (A=-0.19 and A=-
0,01), 2,50-2,55 (t, 2H, CH:-5) (A=0), 3,73-3,75 (dd, 1H, CH{a)) (4= -0,20).

L-Tryptophan (for comparative purpose)

'H NMR (600 hHz, DMSO): & 2.98-3.02 (m, TH, CH:(p")) (A=-0,11), 3.31-3.35 (m, 1H, CH:(B")) (&=
0,01}, 3.47-3.38 (m, 1H, CHia)) (A=0), 6.97-7.00 (m, 1H, H(3)(indol)) (A= -0,03), 7.06-7.09 (m, 1H,
Hi4)(indal)) (A= -0,02), 7.24 (5. 1H, H{7)indol)) (A= 0,06), 7.35-7.37 (d, 1H, H|5){indol}) (A= 0), 7.52-7.58
(d, 1H, Hi2){indel}) (A=-0.02), 11.02 (s, 1H, NH{1){indol}) (A= -0.08).

where A is a difference in values of chemical shifts of corresponding signals of free igands and their
Zn(Tl) complexes.
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It is well-known that =nc fms ane widely used in commetic producs.
Their popularity i msocisted with the mulifuncional profile of
?'Jr'“, which & classifisd as an emenfial dhemical slement in the
baman bady. This review swmines numenns beneficial hiokogical
prpertis of d@noombnining compounds and  chsstfie the mm-
panends Mmmmmamﬂqmﬂwmmq
profiler anfioxidand, aunsoreen, amb-indl v, g

tion, anti-ageing, anti-acne, antimicrobial, mnt-odmur, ceansing or
stahildng achvity, 1t ako undertines the significnce of #nc in enzyp-
matic prcenes, which depends on the enzyme type acts &5 inhibitor
or enymatic stimulator, Monsover, the anticle describes the chemical
nahere of the mest intenesting groums of 7o oompoumds.

Résume

1 et bien conmm gue les jons de zine sond largement utilisés dans
k= produits mamétiques. Laur popuiarité et associée au profil mul-
tinctionne] de 7o', qui et clmsé comme un Sément chimigque
enentid dms k= mops hemain. Cette e smmine de nombrenses
prpriétss hinlogiques héndfiques des mmposss contmnant du zinc
et classifie b= composds utilisés dans les produils cosmétigques en
fnction de hln' profil finctionnel anticydant, protection solaire,
and-4ndk andi-pk ¥m, anti-dge, antiacms, antimi-
cmhien, anti-odeur, nﬂtr_r,ugz ou aotivite stabilimanie. T soulizne
également Nimportance do rinc dans k= pmocessus. ensymatiques,
gui en fonction du type d emyme agit mmme un inhibiteur ou wm
stimulateur enzymatque. De phs, Tarticle déont la natere. dhimi-
gue des groupes les plus intéresanis de composés de Fn,

General Information abowt Zn Compounds

Zinc & acknowledged as one of most esential elaments in the
bhuman hody and & clesified a5 a h'au:d:ruﬂﬂ..ahtgw!hdﬂ'n—
miwm, cobalt, copper. inm, 3 o] whel

and seleninm. Fnc & present in vamnous i:u.lﬂnldn!pr-.n'ld:t
takes part in ower 20 chemical renctions negulaterd by enzymnes. The
total Zn content in an mverage human oganisn is esfimated ot
ahout 2 g of which ahout 60% is present in the muscles, shodt 300%
in the bomesand about 6% in the sian (1], Tt demonstodes » primany

Carmespomdence: 11, Kakinowska-[is Departmant of Cosmetic Raw Mats
riaks Chemisiry, Mediml University of Lods, Mossymskisgo 1. Lode 90
151, Poland Tel - +48 422728596 fa- +42 422725506

esmail: uremla kalinowsks SsFomed lbde pl

& 2018 Bociety of Crametic Scientists and the Sociéts Panoaise de Cosméologie

rale of Zn™ ona for these external hody parts. Tt & important &©
naie, however, that sno concentration differs hetween skin lnyem,
with the ammmt of Zn in kwer demmis estimnted to be one-sixth of
that in the epidennis layer, so as there is aix Gme ke Zn in lower
denmis #han in epidermis [1.2]. An & ting fact b that althemgh
the zinc conentmation decremmes with age in the spidermis, the same
cannat he smd for the serum, with no significant difference in Zn
saum level olmerved hetween middis-aged people (les tmn 35
yeam ) and the ddedy (aver £ 51 This shows that low Zn conbent in
the epidermis may be a comseguence of a reduction of local enzy-
mantic activity, and so appmpriste cmmetic products: containing Tn
s may pay an importand role in preventing son ageng.

In temms of acting as codacinr for various types of ensymes, snc i sm-
ilar 4o 13l In enzymmatic rectioms, snetypically hes @ coond-
matim mmmher of 4. This hos heen ohserved, for example in carhomic
mmihydrme, arimomeptidese and sloohol deboydon genme, whene the free
arbitals of P’ are accupied by fhree histidine nitmgen aboms and ane
waler molsmde. Bt ims s ooondinate anvalent hond aceeptons ame
ferumad. i mmany other and reglsiry p {3} The ik
aof fhe latier is Erecontsining trmsoripfon {schors, in the frm of so-callsd
win: fimger motil. The Zn finger proben Enmily encompeeses ahout 2500
provieims divided inin six different demes. The clomes ane disth by
the mprmsher of hisfidine amd oy sheine resides with the proteins (4] b all
aof e, Zn™ sn billors fhee folded] protsin structune in @ finger-He shape,
which can bind i the major greswe of TNA dowhle hedie

Taota] combent of dnc in humm hody depends mainly on distary
initnke. The average reguirement (AR} values difier in erms of bady
stz and genem] organism condition. B & onsdensd that sex differ
ences do not afiect AR importantly. However, aone of the most sig.
mificant factons to comsider, when estimating AR & the efisct of
phytate imtake.related inhibitim m Zn abeoption [4) Despite the
presence of Bne o meal, fish, eggs nuts, dary producs, seafood,
legumes and whale grains, o well = many other populsr distary
products, it s eely i be poorly alsorbed from the food, Zn™ wans
inferact with other hivalent elements, inchuding calciom, mpper
and imn. a5 well as with mmbic acid, phophates, fibee, taninins and
phytutes, which are shundant in bran and seeds [1.4, 5] Interest.
mngly. the sharption can be improved by ntaking winc as chelnies,
fior exnmple Zn-hisghrdnate (6]

Although fnod & the main smrce of @nc, and the best way o
prevent deficlency & i follow a comect diet 20 cim be adminis
tered i numenus types of distery supplaments and even in medi
cines. Tinc sulphate gluconate, scetate and aspamginate can he
adminisimisd orally; however, far more Zn compounds are ussd in

ER L)
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conmstion. A wids vansty of Zn compomds mirmor their muobifime.
tinmal properties. which depend on the exacl nature of mnions or
chelating agenis. The detniled Tunctomality profiles are disciesed
bhedow.

Chamical nature of In compounds

Zn compeonmads used in skin care products are wnmly slis, ooondi-
naied compounds {complexes) or @ the zine aride, which is hardly
srhrhle I waier.

Thands to e atility of the 2™ & acept lone eledmmn poin, it
can e complexed by diferent Egands. In a complex fonmation resc-
tiom. In™* plays the mle of a Lavis acid and ligands (L1 serve =
Lewis hass. The Zn™* typically has a coondination number of 4 or 6

Zn™ +4 o 6L+ |[Znly]or{Znla] >

Depending on the siahility constants of the complexs, sohtims
af the Zn complexes typically pomess Zn hmmd i the fom of more
or les stable complex. which stays in the squilibriuwm with o rea-
tedy krw oomeemtmation of Zn kms and free higands.

Generally, Zn mlts possessing donic homcs have 8 weakly aadic
charmcier when disolved in water. The Zn i bnds siv water molke-
cutles, cremfing a lahile complex cation [ZnfH, 00 thet suhsequently
undergnes hydmlyds. with the formation of the hyd rontom jom;

Bt 4 6H0 — En(H0)[T
a(Ha0), ' + Hal — Bl O )(Fa0),]* + B0

The pH of the Zn =it solufioms depends an the properties of the
ankms. The smnger & the acd from which the mion & derived
Fom. the more acidic reaction the bt s,

Finc oxide {2}, very ofien used in topical producis. & sparmegly
silthk i water, with o salubility appovmatdy 2 mg dm™’
{20°0). Pn)} haw an amphoteric nature. Although it & neardy n=ol
uhle in water, it will dimolve in stnmg acids ghving 20 and in
srong alials, yeding siluble rincates [Zn{0H} ™. Tn oder o
impove the waler slubility of Zodl, the phenomenm of the so-
called salt efisct can be applied. This effect hoses on adding m sube
stance that has not got commem fons with a spanngly saoluble mm-
pmmd, i the supemsatumisl solton of a spanngly solohle
oxmpand (hersin Zn{l. This operation will result mnoa little rise of
Zn) solubility. For example the pressnce of a coliure maliom dur
ing the detenmination of antimioohial adwity of Zn) may
incTemes it sohhility according to the mentinned sl effec [T

The next notable Zn compound helmgmg to the goup of coondi-
nafion compounds & the Zn-glycne complex. The ghcine molsnls
may be bomd with Zn** m several ways by ane or two oxygen

Fgure T (oSme o sine(l-ghone compler’s stmtme.

‘HaN

o
%\L o
on | Suo
o s

MHy"

Agure 2 Sabm of the amactre of Fn csongpdey confalning) ghycne.

aboms of the carboxylade group or by oxgen and nitmgen atoms
forming chelate oumplexes. The chelaimg & postble when the gy
cne does not exist as @ ewitterion NH;-CH-0007, bt & in is
animic forme NHz-CHz-00K with & kme dedrons pair on the
nirogen ainm (Pig. 1} KL

Ta give sn appropriate example of Zn-gycine complex m which
ghrine does mot play as chelate liggmd, a heaaquemine
tetrmaquadighcinezine  his{sulphaie} of the peneml frmmla Fn
(Ha e [{ 20 CaHN0 fH 00 (500 k. was presented (Fig. 2}, Comhi-
tions in which the compler was synthested had to pomote the
exitence of the hzgand as a zwilterion *NH,-CH,-000~. and
thendore, it coordmated i Zn only by an ooygen atom [9]. Like-
wie, m the mse of another Zn complex Fn{Gyhla], the chelate
wirs not formed and glycine adopied a8 monodentate ooond inaion
to the Zn™* (Fig 3} |10 When the glycine mwitterion constitutes
the ligand, it would ako act as a hidentie bridgmg ligand lnked
with twa 20" fons by the crborplate oxygen atoms |10}

Functionality spectrum of Zn compounds

The wide amay of physiological Amctims of Znecomtaming am-
poumads i detenmined by the chemical mature of the element. Zn is
known to contral metahabsm, growth and development of bones
and thus omstitnies an ewental factr thnughont B It maim-
tmins the immme md neropsypchintric fimctions and  enhances
wmmd henling. Tt has heen chservedl ako that Zn reduces the sk

Fgure 3 Sroctre of )iyl ) complex.

120 © 2018 Bociety of Cremetic Scientisis and the Socists Frangaise de Cosmstnlogie
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af cancer, camdinvasculer deeses md hes 1V-proteting properiies
111.12}. However. when used in ommetic producks, Zn offes rda-
tivedy few henefiis 10 the oman organisn as a whale, duoe o #is
limited alsomtion trough skin, Alihough most of the heneficial
featnes of Zn are reflected m skin care prducts, each type of maole-
cule presesses s own imctionahty profile, which & still being dis-
oivensd over tine (Fig. 4).

Amtinvidant activity

2mec poesees welkmown anfioddant properfies. The data refer
not ondy lo skim, but abo to varines systemic dseasss. 7o ome
pouncks are therefore often employed to fight e radicak, which
are regunshle r causng many undesimble ondative alteratiom
in hiomolecules, ells, issues and organs.

In gememal zinc exeris fix anboridatve properies though two
mutes, sither dinsctly or mdirectly. In the first case, P s ame
bmmd io the active centre of anfioridafive enzymes. This Lthe case
af e.g supermide dsmutase, which can inmmpomie @nc and cope
per m s siructure SO0 type 1) |13 Another eximple of antimo-
dami-hoosting effet of @nc o & a smulsing production of the
protein, which & rich in sulfhydryd groups - metallothymein (MTL
Tis amtioxidant properties derive from the high chemmcal affinity of
it zinc-friolate moisties o educe other molecules: in additinon i
their antimidant properties; the high-cmens prtsins ako detoxdfy
the bady by hinding free hemvy metal jons. B has been fmmd that

I e 2oy

==

v

In com pounds

cﬁi‘

e rotedts siin from mmmuneuppression cawsed by TV mdiastion
hy inducing MT pmductim [11]. There are data, which cmfirm
thai ¥n monsses the activity of welldnown antioxdant enoymes
such & ghiiathinne catalse (GSH) or supermride dimmutase S014
and reduce the induced oxdative potential by decreasing the actv-
ity of mdncile niinc acid synthese (N0 amd NADPH oxidase
[¥4.15)

Tn addifiom, mnc aba ofies high complexing afinity or competi-
tive inhilition propertiss to metak in difierent enmymes Zn'° dona
may neplace redoxqrome copper $Cul and on Fel ons, which
take part in a number of redox reachioms, nelnding thoee m which
nammlocurring free mdical fike supsmxide mdical andon or
hydmxy] madical ane created |11,14].

Divalent Zn®* jons have heen found to provide skin photoprotec-
tiom via their mdirect anovddant properties. Pinc has deamonstrated
a poieciive efisct on skin fhmblsis scposed to TVA and TV madi-
abom resulting i decressed cpionocty and hpd peroxdation {11
1i has heen proven that inc acks as a superior hipid oxidation projec-
tor by decreasing the amennt of charactenstic lipid oxndation: prod-
ucti, suwch a5 mabndialdehyde, coupled dienes and
hydmxyalkenal=s. Znc abo ha bemn fund o proted DNA by
reducing the concentration of B-hydroxy-2"den pyguanasine, a well-
knimwn oxidatiom product of DNA |13]; aka, #inc chlmde signifi-
canily decressed the mumbers of U-ndued INA helix alisrations
in homan fhroblet coltures md [VA-mduosd free radical kvel in
mase sk cell olire [16]. A similar efisct has ako heen ohserved
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when zinc chiwride was apphad directly to the skin (17] Tndenest-
ingly, the antinxidant eficacy of #inc compounds is related o their
e van lability: orgamic chemicals with a mmplex structune ke 2mo
cpisine FnCysl,| demimstratesd moch greater antioridant activity
than simpler chemicals. such a5 @nc mide, cimte, silphate o gh-
omale. lis tolal antioddative effact was even oomparable with those
of vitmmin ¢ or B |18} Similardy, the Zndll}-glydne complex [Fn
{Glvly] {Fig. 1) not anly protects agninst exdrnsic ooidafive sinex,
but akn mhances UVE protecion by mduding MT production [19].
Zn-glycme chelate was fmund o he hetier absorhed by mis in vive
than morganic compmmds such @ @ne sulphate, oride or carhon-
o mnd & erareled from the body mone slowly 6] Zn-Gly supple-
mentmiion has ako bem found to mprove overall oridative stoess
protectiem and incremse somge of #Enc o tieswes [20-22] md ma
dime-dependent mannerin ssrum and the hver [23],

" i
Sunscreen roperties are welkbknown for 2inc meade. Zn0) & a whate
powder, which & often used a5 a TV filler and a coburant m cos-
metic products. Zme oxide & an example of physical smescreen of
brad spectnm, which has been used for many yeas in cosmetic
and phammacentical poducts. 1@ most efectively blocks TV rays
within the 340-400 nm band. An entire VA mnge & divided indo
twa parts with different wavelengths: 320-- 340 nm for TTVA-2 and
340400 nm for TWA-1, which shows that Snc mdde ensures pro-
tecion agains almewt entire mnge of TVA. Zme ovide can be used
akme & 8 sunscreen, buot & mmmmrﬂjtﬂdmmm
with other sunscreen agenis, partiularly ttanom dimde, which
protects maxinty agsinst TV {290 320 nm) (I 5.24]. I responss i
ther high tmdency to ssdiment over time, mioomized fomms of
these physical sunscreens had become to be more popudar. It is
wirth rmemhering that dearesing paicle swe noeases VR
blacking poteniial and reduces VA pmiection al the smne Hme.
Hence, a hlend of 2inc oxide and fitanmm oxide, which & not mioco-
nized, will ofer kwer level of protection acom the full mnge of TV
waveengths that the partly micronted blend would. Theredore, io
ensure an optimal [TWA and UVE potection, it & reoommended in
use the blend of manmsied T, with mized nanmmed and large
miaramized Znd) particls [24]. Although Zn() was recognized to be
mifs when med 2 a mmsTeen agent with the maximal mneentra.
tion of 25% [25], recently it has bemn hammed a5 a coliurant agent
for conmestic pmducts, hecase of the risk of its particles mhalstion,
which may lead io lungs indlammation |26

Tapical use of 1% ZnCl; hes abo been found to ofier potedion
against WA= and TVE-indueed smbum cell fomation m mowse
skin |11]. An imporiant aemative for mmsoe=en agents & En-gly
cine omnplex, which has ability to induce MT. whidh alan improven
the resitince agamat Venduced mxidative stres preventing fom
skin hyperpigmentatim [19] In spite of potential use of @nc chlo
ride or Zn-glycine complex, zinc oxide remams nowadays the most
widspread sumsoreen blocking agent n cosmatic producs.,

Anti-inflammatory activity

Antrmilmmmatory festures could be consmdered m a denvative
fmctionality of Enc-oomiamng masies, which are ecactly regpan-
sihle for antioxidant properties.

n** jons diminish reactive moygen species (R0S ) pduction by
inhitiling nicolinamide adenine dimuckeoiide phoagphate (MAPH)
ondae. The st of RIS which pmdoction Zn*t afferts, inchides

axyzenhase] molecules comprsing supenmide radical anem {1027 )
hydmogen permmde {H,0) mnd hydroxy] mdicals {(0H), which are
produced I an asrobic envimmment as bypoducts of nonmal cd]
me=tahalimn. However, at high cncentations, they can cause alter-
ations m wanons mokecnles md damage cell sruchres NATPH oxi-
dase inhihitors such as @nc might thus have a poiective miluence
taking intn accmmi the degeme n LS fommaton | 14,27

However, mnc ako comdrimes indrectly to the dimmagon of
;" by acting & m esental cofactor for SO0 This resudis in the
production of Haly which & subsequently reduced to free water
malecules and mxygen by catalass [14.27].

Fnc alsa mhihits the formation of ndlammatoy medistom aoch
as mitric axide due o mhihitng the acivity of W08 {15

Al these mechanims have hesn demonsirmted in animal and
human model. Finc supplementation was fund o reduce the lavel
af inflanmation-causng cytokines and oxidative stnes nomarkens,
such as C-reactive prots=in [ 14]

Hence, Zn compounds are used in the treatnent of a range of
skin aitments nmocialed with the nflamma tion PEKESN age, nsas
cea, seharhosic demmatifis, exema ensive msular dermatoss
and woumds of varous astolgies Moreover, zinconniaming
chemicals comld he employed in the trestment of hair disonders
{alopecia } and muoosal conditons (Ol Lichen Plmus ) 2.1 1,15

The topical apphcaton of @nc mide pasie and zinc sulphate has
bem fommd o he effetive in iresting diaper dermatitis and hamed
ecemas. finc onde and Snc carhonate have also demonsiraterd]
saathing propertiss and hence have been used to trest prurits |15].

The snti-milommatory effsct of dnc pemude nemoparfides
(Fnd,-KPs] wais compared with that of sandard sspirin, which is
ithe well-lnwemwn pl= of andi-mdl oy drug. The nanoparii-
cls showed significant ant-milmmatory acivily ©wands Psae
dommanas geruginesa P AR and Aspergillus niger AN4 strains, with
regard o memhrane stahilimtion, proisinnse mhibition and albu-
min denatusation [28].

Amti-pigmentation properies
H al mown Zn oompomds. Zn-glycine complex |ZniGivk]
{Fig. 1} & heheved to have the greatest anti-pigmentation potendial,
which has been afiribuied o fis antioxddant and sumscreening
properties [19]. B is a wellmown MT-indocer, and mereover, i
activates pglubmyl ostemyl synthetse (76051 [ZndGyl:] echi
bits an abihty to decrerie oodative siress by preventing intracell-
lar B8 fommatim [B]. & & abo pmsile that Zn is a oofacior
which plays a mle m tymsne metsholian, oxdation and oo ver-
sim to melanim [1].

Hnc mide & ako used I smscreening pmoducts used e mel-
s brealrmend

Maorewer, the tupical applicstion of 10f% zinc sulphate schiion
twice a day for three months was fommd to mprove a skin condi-
tion with melasma, but not signifimantly, and hence could Dot he
considered 2 regular mode of melasma treatmend [15]. B & tmpor
tant i node that the madmum @nc amcentrstion allowed o oos-
metic products in the Fumpean Tndon i 1% [ 29].

The anti-ageing properties of Zn-contaiming compomes are nol
wellestahlshed. Zn-gheine complex & helieved o act a5 ant-age-
ing ageni by preventing RS fommatiom [R]. Moreover, cream with
0. 1% oogper-sne malimate was fmmd o have a peitive efisct on
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photoaged facial skin over an sight-week course of ireatmendt, with
beneficial resmits heing ohservead m group of 21 female patents: =g
nificamt regenemton of skin slastic fibres was observel. kading
wrmkle smaoathing |15, 30].

Amti-ame adivity

Acne volgans is a disese that is incidental with the presence and
adivity of baderia, nilammation and emess sebum producton amd
kearatmzation. i is 8 oommon disemse which affeds  abmost
)-95% of eenages [ 151

Zn  oompounds  have wellestbhished anti-ame pmperniies.
Although Fn-comdmining pmducts ane nol firt chados antimicminal
drgs, they are often nsed in cases of anbhioticeessant Proplari-
baderium s hacteria Zn compounds have heen umed i beat
ame due to it ahility o educe the mflammagom of ame lesms
and inhikit setmon poduction mnd are adminBrated not only topi-
cally, hut also arally.

The oral form of 7n. bypically zmc sulphate or the hetier
atworhed snc glucmate, i neo ded for the i t of mad-
emate and severe acne. and i efisctivenss & compashle to thet of
systemic tetracyclines, such as mnocycline or  axytetracycline.
However, as oral adminstration of Zn salts & amocinted with side
effmts, much as nnmea, dirrthom or vomdting, Zn salis ae nsed as
supgrting agenis rather tian o the main nemedy,

dherwie, m s of opical adminsimivm, Zn coompunds ae
wikely wsed in ommetic fommadas due o thedr andy-mdl smem atory
propertiss and an ahility. to deoresse monher of P. ames bactenia,
by blocking of the P. anex lipnses and rechicing of free faity acids”
kvel Fmnc miphais & used raely, hecmse of fis high wrotsting
potendial {15].

For ame trentment, the astringent properties of Zn salis an= alo
heneficial, (ne excellent example & d@nc mode, which has alo heen
foumed torh ave semom negudating propentie:, and another & #nc 2pimo-
lidem e S-carboxylate {Zn PCA) (Fig. 5. It offers significant benefits fnr
ame-prme skin becamse, as well asils sstrimgent properties, it exhihits
antimicm bin] properties against P. aones and 5 spidermidic 1]

Fgure 5§ Srcare of e 2-plerolidons Scarborylar

OH OH

HO Zn'*

QH OH a-

- - 2

Agore § The sroooe of #ne gaconae

Anc gliomate (Fg i) & mown to be sffecive in healing
milmmatery ame and pesemes antimicrobial actvity against
P. aoes It is akbn eflective agamst erpthmmycme-resistant P ame
strams. An in vive stedy carried out on 8 group of thiny patends
with milsmmatory ame found thal tremtment with 30 mg of zinc
ghiconate per day fr two months w effeciive and cansed a
reduction in the numher of mflammanny ksims, regardles of the
premence of eryithmmycin-nsistant P ame stimns. The addition of
zine ghconae to the cultnre mediom of P. ecnes. was also fumd i@
reduce the reddamnce of P ane stmins to erythromycn (311
Anather pubbication indicates that Zn appearms to monease the total
trpical alsarptim of erythmmyen, which oould consgade a probha-
bl explanation of dereasing redstance i this antihiotio {15].

Anather ressarch on Propionibecirium ames hes shanwved that Znd
nl‘!}u‘n:nﬂ'hﬂﬂ.[lltdesilm mived with ciric acid {CA ) may bea
good candidate for the prevention of mnd frentment of acne. The
smallest particles (<50 mm) showed the hest antimicmbial actvity.
What mieresimg the mivtee of the two ingrediends Znd: CA
{1 : 1} resmulied the higher animicrobial adivity than Zn0 and CA
separately did |32

The diicacy of oml miaks of capmle firmmlations condsming
lacioi=ring zine and vilmmin E has besn confirmesd for mildeto-
maderate acne vulgans [33].

Antihacterial acivity

It should he emphasped thet i & dificult to ompare antmomn bl
agenis becmme their activity & offen estimated under varying con-
ditkms, thai B moolefon Sme, bpe of oulure medivm, type of
microbial straim and choice of unit {eg pM, mg 177 and ather).

The optimal kevel of 2n®* Sons in microbin] cells bas ben fmmd
to range fram 1077 o0 107 M depending an the strain. 1t has heen
olmerved that concentratinns ahave 104 M disturh the homoeosta-
sis of Zn’’ kms and enbamce s penmeabilty thregh the odl
membane and this has cypbmic diecs m pmieryoies. Athough
antimicohial activity & manly milumced by Zn®* mncentration,
the form of the Fn compound itsell abo hes an diect (7]

Finc acetals has greaier anthacterial polential agmin=st Simphyl-
ciraus  airzus mnd  Stephyloosorus gpidermidis then  Perudommas
meruginos [34], with the sfiectivenss ahove 11 mmol L7° cakw-
lated on Zn** dons In turn, longtenm contact with 100 pg g of
Zn decreased the genemtion of Aspergille bred By spores | 7341
Finc chloride alsn exhibiis dmeselated growth-mhibiting potential
againg Faherichie coli [7]. Zinc suiphate (2080, TH,0) & used
aml cane pmducts, typically at concendratioms of (U02-0.5% cakon-
Inted om Fn®* comtent. In additkm, it hm been esablished that
using Zn salis in such pmducts might mhihit tartar fommation [1].

The dsedependent disct has been alon observed for zinc adde
and snc ghicomate. The Challenge Test, used by the pharmaceudti-
cal and ocoamestic mdusiry i check microbiol ogical saiety by calou-
Inting the Minimum Inhibitory Comeentration (M) and Mindmom
Racierickda] Comcentration (MREC), fmmd sinc ghconaie slt in bave
higher antimicrohial activity than Zn(). Binc ghomate tends o
have gremter efficacy agamst A. bresifiensds, E ool and C albioens,
but minc oxde supematant is more acive agninst £ sureus and
P. aeruginose [T[.

A varisty of antimicmbial mechanims can be obs=rved depend-
ing an the tested Zn componned; however, a key dismetion can be
made hetween thase used by salnhle species and by nsohrhle spe-
cies. The fommer has two postulated mechamisms of acton: m the
fird, mteraction between 207" jons and cell membrane lads o s
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Agure 7 (u@me o sne pyrithhne’s stucmne ZPTL

dentahilmatiom and enhanced permeshibity, while n the second, the
nuckic acids are thaught to interact with the 70 jons, cusing
dysfuncfions in the repiminny eeymes. However, the soxct mechs-
anism of saluble compounds’ activity nemains unclear, due to is
complexity. Three mechantars heve heen propeosed. for msoluhle o
compamds like Zndl: production of neactive oxygen spaie ROS)
135.36). the destrudion of c=ll walls by diret comtact with micro-
bial membmnes, and the mirmsi cyiotmdc =fat obined by
relemsing B’ dons [7.37L

Although the antthacterial actvity of reguinr Zof) bas been rda-
tively well investignied. the activity of Znd nanoparticles remains
porly studied. Nevertheless, Znl} nancapanticles have demmstrated
significant anthacienal activity m a boad specirom of miomaor
ganims, with grester acthvity agamsi § surus than other metal
nxide nanoparticles. It has been found that the activity of Zn0 is
dependent on the particls se and the pesence of visible light [37]:
the MIC value againdd S suras was found o be 1 mM {or
B0 ug m]'."rh'm]]u'?hﬂnamp-ﬁ:h {ca. B nm), bui 15 mM
for 1.2 mg mL™") far larger ones { 50--70 num} [12,38]. The antimd-
cmiial activities of water suspensions of namoszeed Znl, T, and
58 were compared agaimst Barillus subtiliv and  Excherichiz anli.
Better results wene obiained for B subiilis The study ako cone
firmed that Znd) nanoparticl=s wene the most active wmong other
metal oxide particks, and their aciivity was popertimal o
decrensing particls swe [32,3 7,39

Hence, Zn-oondainmg chemicalk may serve as an impartand
gy of presrvatves noosmetc and phanmaocentical poducis.

Amtifumgal acthvity

Zn compounds abko d mitifingnl acthaty. An excellant
example is the Zn complex with pyridinethione Fig. 7). commomly
knsown as pyrithions. Bnc pyrithions (7PT) demonsirates anti-dan-
drufl properiies. & has an ahility io rednce the acthaty of Pigrrospe-
nm (Melsseia, a pathogenic species nspnsihle for such skin
oconditinns as dandruff and sehomhosc dermatitis [1.15.40]. Zinc
pymthiome & often used in anti-dandmdf shampoo (AT and i ke
waler soluhility allows it io ramam on the scalp afier fnsing. To
mcreme deposition of ZPT anto the scalp, a dunlactive AT shame
pon amining both ZPT and CRZ (climbesale) has bean tested with

g

satefaciory re=ules [41)]. Such dualacive AD shampoos not only
reduce Melarszin furfur regrowth, ut ako may enhance sensoary
benedits by selecting suftahle comd#ioming ingredients [42] In adds-
tinn, as it has no mnpact an the odowr and colonr of the final fore
mulatim, it can he ey mmmpomied mio new producks.

The mechanism of the antffungsl action of ZPT appears quils
complex. 1i has heen demmsirated that ZPT depalarzes the cdl
membmnes and prevents franspart throuegh & (43 .44, whils it has
alm heen found that #s antfungal dficacy depends on its fron-
blocking poperties [45]. Recently, # was estahbshed thet fungal
grenwith inhibitem is related o an incresse in the copper mncentra-
tion mnd the destruction of the mn-sulphur proten clusters orucial
for fimgal metahaliam [440].

It & worth underdining that ZPT has abko high antfhacderial o
cay: thermopkstic el (TPE} meoory d with =nc e
ithiome {FFT} were found io demonsimate a good mhibiory efisct
towards Esvherichis ol and Stephyloromus sureas [46]. Thin mate-
rial mated with ZPT was also evahaisl agpainst Aspemgillue niger,
Candy abicans and Clrdosporium clvdmporiobder fung by the mea-
surement of mhibition omes, which amounted © 7 mm, 2 mm
and 6 mm., repactively [46].

The antifungal activity of Bogmithested Tnd) nunoparfdes
{ZnO¥ps) stahilized by Adhainds vesics poteing was studied against
Candids sp. Fumrhimm sp., Miorosponm  sudouinit  Trichophytan
rubrum and Amerglhs fmrigstur. The ohiined MIC (MFC) values
were 256 {256} 64 (12B), 156 (512} &4 {128) and 32 {32)
pg ml™", repecively. The ment promounced antifungal ofisct was
mntce] agamst Aspergllus fiemigetir. Moxd imponiantly, the ceam
with Zn(Nm exhihited significand mbabitory activity towards Cane
dide s, which shewed resitance against a commerial an6fungal
oream {2%) [47].

ZFnc undecylenate (ZnllA) and fee undecylenic acd (TIA) havwe
bem known & efiscive antifimgal agenis. They have been used
medicine s ingredients of many topical prepamtions [48].

Anti-odner activity

Twao Zn commpoumds that do not show antihacterial acivty, that is
winc ghycinate and #nc Adnoleate have heen famd to heve anti-
odmr acifvity. This actvity & believed (o be hased on the mbdhi
tion of two hydmbdic emymes poduced by bactera found in the
Immam axilla area. Thers are two grougs of bacteria mown to ml-
oniee the axills Conmeiorm bacteris (known abo as lipophilic diph-
temids | responsihle for the production of odour asodated with
delta-16 stemids. and micmomos sech & Stephylove s gpidermidis
which tend to produce Bovaleric acd odmm Ennmnes such o anyl
sullntise and heta-ghenmnidase show hydrolyic acim  for
apmrapriate sulphate or ghomnide dedvatives. In the case of
sweat and odour, their ester decom posing effsi veness is oommected
with renlzng free volatile sierad S-r-andmstanal from their ol
bwing eders 5 zamdrost-16-ene-d, fal  glcoromids by heia-

Agure § Struchre of Sne ridnokeae
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ghicumnidase and fnm 5, z-andmst-1 fene-3,fal miphat= by aryl
muliminse. As free S-zandmistzanol & one of the odorants fmown o
bhe present in the axdilla, inhiitbon of these two enanes is mpor-
tami for anti-odmr activine [1.491

TDespile the B that @nc rcnoleste Fig §) doss not possess
hactericidal properties. it has a dendorming efisct which can be
maintained for up to 24 h afer topical applitum. This has been
atirituted o iis high reactivity with low moleculsr weight oganic
campamds contmming -SH and -NH groups, which are ahundmnily
relemsed from sweat by micoorganiams. Fn Acinol=ate has ako an
nhility to remcl with free faity ackk. hierestingly, Fn slt with
stearic and oleiv acikk do not exhibii similar odour-sliminating
properties | 1.50].

O the new En-ominming matsriak, which kave ben oested, a
hytnd {ZnAl-Agsz,) msed on siver manopanticls and ZnAl layp
ened dem bl hydmddes {ZnAl LIHs} and rw ZnAL IDH appears of
inten=it Ak Az wan fund to e ten times more efisctive than
the rdference Zn ricnolesis in a study of deodnrmmt adivity against
o fatty acid mivture. In addifon, ZnAlAg,., akoshows antiace-
rial activity aguinst E aoli [51)

Finc mride alsn has deodorwing. properties. hecmme of mnveriing
short and mednem cham fnee ity acds into water-msoluble. non-
valatle smlis Znf) & an essential mgredient of baby produck for
e in the diaper area, thanks to fis wsirmgent and alworhing fea-
tumes and good skin covering potential (11

A 15% sohition of Zn sulphate was fmind to hawe high effidenay
m redudng foot ndour in 70 of paients in o Jweek study. This
high lkevel of clesrance was sustaimed by applying the solution as
mamienance therapy mnoe 2 week [52]. Although ths sohdion
was found o have high dfidency. the Zn coneentmation in cos-
metic products is hmited to 1% i the Puropean Union [29], and so
further studies have to be pedfonmad in confinm the discivenens ot
lower concendrations.

#n propionate, caprylate and indecylenate ane ako often fmmnd
in oot care produck, @ they offer antseptic and deodorizing prope
erties and the ability to inhihit bacierial gowih [1.48].

Cleansing properties

{ne emple of a Zn compound used m skin deansing products is
Fing Lauryd Pther Sulphats (ZnlBS). B combines the smiihacterial,
dendorizing and sebumenedudng pokential of 2’ dons with the
dalergency and good faming potential chamcerstic of alkyl ether
sulphate derivatives. (ne advantage of this Zn salf over other La-
ry] Bther Sulphate salis & fis kwer poiential for skin imi@ition. Iis
crifical mEcdle concentratinn vale {CMC) B lower tham thai of the
widely used Sodom Laury] Tiher Sulphat= (S8} and comgmrshle
o that of Magnesmm Lary] Brther Sulphats (MgIES). The meanximal
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sale mgredient However, it ocoum i be hamrdous to inhale Zndd
nampartices fomes |[2f]. The meosi pomising 2o compeomd
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Oswiadczenia kandydata ubiegajacego sie o nadanie stopnia doktora

Zatacznik nr 4
do Regulaminu postgpowania w sprawie nadania stopnia doktora
w Uniwersytecie Medycznym w Lodzi

UNIWERSYTET
MEDYCZNY
W tODZI

(imig i nazwisko Kandydata)

PRZEWODNICZACY RADY NAUKOWEJ
DYSCYPLINY / bNFWERSYFETU*

OSWIADCZENIE AUTORA ROZPRAWY DOKTORSKIEJ

Swiadomy/a odpowiedzialnosci prawnej oswiadczam, Ze niniejsza rozprawa doktorska zostata
przygotowana przeze mnie samodzielnie i nie zawiera tresci uzyskanych w sposob niezgodny
z obowiazujacymi przepisami.

Os$wiadczam rowniez, ze prezentowana przeze mnie rozprawa doktorska nie byta wczesniej

podmiotem procedur zwigzanych z uzyskaniem stopnia naukowego w zadnej wyzszej uczelni,
instytucie badawczym i/lub jednostce badawczo-rozwojowe;.

(data i podpis Kandydata)

* niewlasciwe skresli¢
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Oswiadczenia wspotautorow

todz, 17.02.2021

mgr farm. Michat Abendrot

Zaktad Chemii Surowcow Kosmetycznych
Wydziat Farmaceuryczny

Uniwersytet Medyczny w todzi

OSWIADCZENIE

Oswiadczam, ze:

w pracy Zinc{ll) Complexes of Amino Acids as New Active Ingredients for Anti-Acne Dermatological
Preparations” autorstwa Michata Abendrot, Elzbiety Pluciennik, Aleksandry Felczak, Katarzymy
Zawadzkiej, Eweliny Pigtczak, Piotra Nowaczyka oraz Urszuli Kalinowskiej-Lis, opublikowanej w Int. J.
Mol. Sci. 2021, 22, 1641; https://doi.org/10.3390/ijms22041641

maj udzial obejmowat: wspdtudziat w opracowaniu koncepcji badan, przeprowadzenie syntez
kompleksow na potrzeby pracy, przygotowanie formulacji dermatologicznych i probek na badania
tych preparatow, wykonanie badan fizykochemicznych preparatow dermatologicznych, interpretacje
i opis wynikow badan w zakresie: badan fizykochemicznych, czystoéci mikrobiologiczne] i ochrony
przeciwdrobnoustrojowe], wspotudziat w finalnej korekcie manuskryptu. Swaj udzial w pracy szacuje
na 55%.

w pracy ,Zinc(ll) Complexes with Amino Acids for Potential Use in Dermatology: Synthesis, Crystal
Structures, and Antibacterial Activity” autorstwa Michafa Abendrot, Lilianny Checinskiej, Joachima
Kusza, Katarzyny Lisowskiej, Katarzyny Zawadzkiej, Aleksandry Felczak oraz Urszuli Kalinowskiej-Lis,
opublikowanej w Molecules 2020, 25, 951 ; https://doi.org/10.3390/molecules25040951

moj udzial cbejmowal: wspdtudzial w opracowywaniu koncepcji badan, wyszukiwanie literatury
naukowej do stworzenia publikacji, przeprowadzenie doiwiadczen w  zakresie syntezy i
charakterystyki kompleksow cynku, wspotautorstwo manuskryptu w  zakresie syntezy i
charakterystyki oraz wspotudziat w jego finalnej korekcie. Swaoj udziat w pracy szacuje na 45%.

w pracy  Zinc-containing compounds for personal care applications™ autorstwa Michata Abendrot
oraz Urszuli Kalinowskiej-Lis, opublikowanej w Int. 1. Cosmet. S5ci. 2018 40, 319-327;
https://doi.org/10.1111 fics 12463

moj udziat obejmowat: wspétudziat w opracowaniu planu pracy i wyszukiwaniu literatury naukowej,
wspotautorstwo manuskryptu. Swoj udzial w pracy szacuje na 65%.

Podpis

Micha]. Abcadist
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Dr hab. n. farm. Urszula Kalinowska-Lis, prof. UM £6dz, dn. 19.02.2021r.
Zaktad Chemii Surowcow Kosmetycznych

Wydziat Farmaceutyczny

Uniwersytet Medyczny w todzi

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, fe:

w pracy ,Zinc(ll) Complexes of Amino Acids as New Active Ingredients for Anti-Acne
Dermatological Preparations” autorstwa Michata Abendrot, Elzbiety Ptuciennik, Aleksandry
Felczak, Katarzyny Zawadzkiej, Eweliny Pigtczak, Piotra Nowaczyka oraz Urszuli Kalinowskiej-
Lis, opublikowanej w Int. J. Mol. Sci. 2021, 22, 1641; https://doi.org/10.3390/ijms22041641

moj udziat polegat na wspdftworzeniu koncepcji badan, planowaniu poszczegolnych etapow
badar, nadzorze merytorycznym nad pracg, wspéfautorstwie manuskryptu i wykonaniu jego
finalnej korekty, pelnieniu funkcji autora korespondencyjnego oraz rozwigzywaniu
problemow naukowo-badawczych poruszonych przez recenzentéw.

w pracy ,.Zinc{ll) Complexes with Amino Acids for Potential Use in Dermatology: Synthesis,
Crystal Structures, and Antibacterial Activity” autorstwa Michata Abendrot, Lilianny
Checinskiej, Joachima Kusza, Katarzyny Lisowskie|, Katarzyny Zawadzkiej, Aleksandry Felczak
oraz Urszuli Kalinowskiej-Lis ,opublikowanej w Molecules 2020, 25, 951.;
https://doi.org/10.3390/molecules25040951

moj udziat polegat na wspoltworzeniu koncepcji badan, nadzorze merytorycznym nad
przeprowadzonymi doswiadczeniami w zakresie syntezy i charakterystyki kompleksow cynku,
wspotautorstwie manuskryptu i wykonaniu jego finalnej korekty, petnieniu funkcji autora
korespondencyjnego oraz rozwiazywaniu probleméw naukowo-badawczych poruszonych
przez recenzentow.

w pracy ,Zinc-containing compounds for personal care applications” autorstwa Michala
Abendrot oraz Urszuli Kalinowskiej-Lis, opublikowanej w Int. J. Cosmet. Sci. 2018 ,40,
319-327; https://doi.org/10.1111/ics. 12463

moj udziat polegat na wspotudziale w opracowaniu planu pracy i wyszukiwaniu literatury
naukowej, wspolautorstwie manuskryptu, wykonaniu finalnej korekty pracy, petnieniu
funkcji autora korespondencyjnego. W niniejszej pracy udziat pierwszego autora

(M. Abendrot) byt dominujacy.

(lrsuela HelinckaAho—As
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Dr Aleksandra Felczak todz, dn. 08.02.2021r.
Katedra Mikrobiclogii Przemystowe]j i Biotechnologii

Uniwersytet Lodzki

OSWIADCZENIE

Ninigjsze oswiadczenie dotyczy artykutu | Zinc(ll) Complexes of Amino Acids as New
Active Ingredients for Anti-Acne Dermatological Preparations” autorstwa Michata Abendrot,
Elzbiety Pluciennik, Aleksandry Felczak, Katarzyny Zawadzkiej, Eweliny Pigtczak, Piotra
Nowaczyka oraz Urszuli Kalinowskiej-Lis. Artykut opublikowano w Int. 1. Mol. Sci. 2021, 22,
1641. https://doi.org/10.3390/ijms22041641

Oéwiadczam, e moj udzial w tej pracy obejmowal: przeprowadzenis eksperymentow
majacych na celu okreslenie akbywnosd przeciwdrobnoustrojowej badanych zwigzkow oraz

opis otrzymanych wynikow .
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Dr Aleksandra Felczak todz, dn. 25.01.2021r.

Katedra Mikrobiclogii Przemystowe]j i Biotechnologii

Uniwersytet Lodzki

OSWIADCZENIE

Niniejsze oswiadczenie dotyczy artykuiu ,Zinc(ll) Complexes with Amino Acids for
Potential Use in Dermatology: Synthesis, Crystal Structures, and Antibacterial Activity”
autorstwa Michala Abendrot, Lilianny Checinskiej, Joachima Kusza, Katarzyny Lisowskiej,
Katarzyny Zawadzkiej, Aleksandry Felczak oraz Urszuli Kalinowskiej-Lis. Artykut opublikowano

w Molecwes 2020, 25, 951; https://doi.orgf10.3390/molecules25040951.

Oéwiadczam, e moj udzial w tej pracy obejmowat: przeprowadzenis eksperymentow
majacych na celu okreslenie akbywnosd przeciwdrobnoustrojowej badanych zwigzkow oraz

opis otrzymanych wynikow:
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Dr Katarzyna Zawadzka todz, dn. 25.01.2021r.
Katedra Mikrobiclogii Przemystowe]j i Biotechnologii

Uniwersytet Lodzki

OSWIADCZENIE

Niniejsze oswiadczenie dotyczy artykuiu ,Zinc(ll) Complexes with Amino Acids for
Potential Use in Dermatology: Synthesis, Crystal Structures, and Antibacterial Activity”
autorstwa Michala Abendrot, Lilianny Checinskiej, Joachima Kusza, Katarzyny Lisowskiej,
Katarzyny Zawadzkiej, Aleksandry Felczak oraz Urszuli Kalinowskiej-Lis. Artykut opublikowano

w Molecwes 2020, 25, 951; https://doi.orgf10.3390/molecules25040951.

Oéwiadczam, e moj udzial w tej pracy obejmowat: przeprowadzenis eksperymentow
majacych na celu okreslenie aktywnosc przeciwdrobnoustrojowej badanych zwigzkow oraz

charakterystyke wykorzystanych metod.
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Dr Katarzyna Zawadzka todz, dn. 08.02.2021r.
Katedra Mikrobiclogii Przemystowe]j i Biotechnologii

Uniwersytet Lodzki

OSWIADCZENIE

Ninigjsze oswiadczenie dotyczy artykutu | Zinc(ll) Complexes of Amino Acids as New
Active Ingredients for Anti-Acne Dermatological Preparations” autorstwa Michata Abendrot,
Elzbiety Pluciennik, Aleksandry Felczak, Katarzyny Zawadzkiej, Eweliny Pigtczak, Piotra
Nowaczyka oraz Urszuli Kalinowskiej-Lis. Artykut opublikowano w Int. 1. Mol. Sci. 2021, 22,
1641. https://doi.org/10.3390/ijms22041641

Oéwiadczam, e moj udzial w tej pracy obejmowal: przeprowadzenis eksperymentow

majacych na celu okreslenie aktbywnosd przeciwdrobnoustrojowej badanych zwigzkow oraz

opis wykorzystanych metod.
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Chorzdw, dn. 25.01.2021r.

Prof. dr hab. loachim Kusz
Unhwarsytet Slaski
Instytut Fizyki

75 Pulku Piechoty 1

41-500 Chorzow

OSWIADCZENIE

Miniejsze ofwiadczenie dotyczy artykufu  Zinc(ll) Complexes with Amino Acids for
Potential Use in Dermamlagy: Synthesis, Crystal Structures, and Antibacterial Activity”
autorstwa Michata Abendrot, Lilianny Checinskiej, Joachima Kusza, Katarzyny Lisowskiej,
Katarzyny Zawadzkiej, Aleksandry Felczak oraz  Urszuli  Kalinowskiej-Lis.  Artykut
opublikowano w Molecules 2020, 25, 951; https://doi.org/10.3390/molecules25040951,

Oéwiadezam, e maj udziat w te] pracy obejmowat wykonanie rentgenowskich

pomiardw strukturalnych dla czterech komplekséw cynku 2z aminckwasami.

T,
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Prof. dr hab. Katarzyna Lisowska todz, 12.02.2021r.
Katedra Mikrobiologii Przemyslowe] 1 Biotechnologii
Uniwersytet Lodzki

OSWIADCZENIE

Miniejsze oswiadczenie dotyczy artykutu ,Zinc(ll) Complexes with Amino
Acids for Potential Use in Dermatology: Synthesis, Crystal Structures, and
Antibacterial Activity™ autorstwa Michata Abendrot, Lilianny Checinskiej, Joachima
Kusza, Katarzyny Lisowskiej, Katarzyny Zawadzkioj, Aleksandry Folczak oraz Urszuli
Kalinowskiej-Lis. Artykut opublikowano w Molecules 2020, 25, 951; htips://
doi.org/10.3390/molecules?5040951.

Oswiadczam, Ze mdj udziat w tej pracy obejmowat: dyskusjo wynikow badan
mikrobiologicznych, korokte powstatego manuskryptu.
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todz, dn. 25.01.2021r.

dr hab. Lilianna Checinska, prof. UL
Uniwersytet Lodzki

Wydziat Chemii

Katedra Chemii Fizycznej

ul. Pomorska 163/165

90-236 Lodz

OSWIADCZENIE

Ninigjsze oswiadczenie dotyczy artykutu  Zinc{ll) Complexes with Amino Acids for
Potential Use in Dermatology: Synthesis, Crystal Structures, and Antibacterial Activity”
autorstwa Michala Abendrot, Lilianny Checinskiej, Joachima Kusza, Katarzyny Lisowskiej,
Katarzyny Zawadzkigj, Aleksandry Felczak oraz  Urszuli  Kalinowskiej-Lis.  Artykuf

opublikowano w Molecules 2020, 25, 951; https://doi.org/10.3390/molecules25040951.

Oswiadczam, e maj udzial w tej pracy obejmowat wykonanie badan strukturalnych
opartych na rentgenowskie] analizie monokrysztatow dla czterech kompleksow cynku

z aminokwasami oraz przygotowaniu materiatu krystalograficznego do publikacji.

1
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Dr hab. n, farm. Ewelina Pigtczak todi, dn, 08,02,2021r,

Zaktad Biologii i Botaniki Farmaceutycznej

Umed todz

OSWIADCZENIE

Niniejsze oéwiadczenie dotyczy artykutu ,Zinc{ll) Complexes of Amino Acids as New
Active Ingredients for Anti-Acne Dermatological Preparations” autorstwa Michafa Abendrot,
Elzbiety Pluciennik, Aleksandry Felczak, Katarzyny Zawadzkiej, Eweliny Pigtczak, Piotra
Nowaczyka oraz Urszuli Kalinowskiej-Lis. Artykuf opublikowano w /nt. J. Mol. Sci. 2021, 22,
1641. https://doi.org/10.3390/ijms22041641

Oswiadczam, ze mdj udziat w tej pracy obejmowat wykonanie i interpretacje analizy

statystycznej otrzymanych wynikow.
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Opole, 17.02.2021

dr n. biol. Piotr Nowaczyk
Katedra Nauk o Zdrowiu,
Uniwersytet Opolski,
Katowicka 68, 45-062 Opole

OSWIADCZENIE

Dswiadczam, e moj udziat w nastepujgcej pracy;

Abendrot, M., Pluciennik, E., Felczak, A., Zawadzka, K., Pigtczak, E., Nowaczyk, P, & Kalinowska-Lis,
U. (2021). Zinc(ll) Complexes of Amino Acids as New Active Ingredients for Anti-Acne Dermatological
Preparations. International journal of molecular sciences, 22(4), 1641.
https.//doi.org/10.3390/ijms22041641

przedstawia sie jak ponizej:
wykonanie badan czystosc mikrobiologicznej zgodnie z normami 150 dla produktow kosmetycznych,
ocena akbtywnosc przeciwdrobnoustrojowej zeodnie z wymaganiami Farmakopei Europejskiej 10.0.
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Dr hab. n med. Elzbieta Piuciennik
Zakiad Kancerogenezy Molekulamej

Uniwersytet Medyczny w todzi t6dz, dn. 08.02.2021r.

OSWIADCZENIE

Niniejsze o$wiadczenie dotyczy artykuiu ,Zinc(ll) Complexes of Amino Acids as New
Active Ingredients for Anti-Acne Dermatological Preparations” autorstwa Michata Abendrot,
Elzbiety Pluciennik, Aleksandry Felczak, Katarzyny Zawadzkiej, Eweliny Pigtczak, Piotra
Nowaczyka oraz Urszuli Kalinowskiej-Lis. Artykuf opublikowano w Int. J. Mol. Sci. 2021, 22,
1641. https://doi.org/10.3390/ijms22041641

Osdwiadczam, ze moj udziat w tej pracy obejmowat: wykonanie eksperymentu oceny
wplywu zwigzkdw cynku na cytotoksycznosé komorek fibroblastow i keratynocytow oraz

analizie wynikow.

Adiunk

; | Blotechnotogi
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dr heb. n. med. Elzbieta Pluciennik
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Catkowity dorobek naukowy

Catkowity IF (ISl Journal Citation Reports) wszystkich publikacji zgodny z rokiem
opublikowania jest rdwny 9,304, zas$ punktacja MNiSW wynosi 293 punktow MNiSW.

Wykaz wszystkich publikacji punktowanych wraz z analizg bibliometryczng

tadi, 22-02-2021
JIMO01.545.19.2021
Spis publikacji — mgr farm. Michal Abendrot
Punktacja zostata wykonana na podstawie spisu publikacji przedstawionego przez osobe zainteresowana, przy uzyciu list Impact Factor

i MNiSW za rok publikacji artykutu.

kacznie 11 cytowan (10 bez autocytowan), indeks Hirscha wynosi 2 (2:ro'dto: ISI Web of Science Core Collection).
tacznie 15 cytowari (12 bez autocytowari), indeks Hirscha wynosi 2 (Zridio: Scopus).

Punktacja wg list MNiSW oraz wspdtczynnik impact factor prac umieszczonych w dysertacji:

Prace 1antor? | IF z roku | MNiSW z
TN publ rokn publ| Tvp publ
Abendrot M, Phiciennik E, Felezak A, Zawadzka K, Pigtezak E, Nowaczyk P and Urszula Kalinowska Lis. Zine(II) complexes of t 4,556 140 oryginal

amine acids as new active ingredients for anti-acne dermatological preparations.

Int. T. Mol Sci. 2021, 22(4), 1641; https:/'dei.org/10.3390/5jms22041641 - I[F (2019)= 4,536; 5-Year IF (2019)=4,653; 140 pkt
MNISW (2019)

Abendrot M, Checifiska L, Kusz I, et al. Zine(IT) Complexes with Amino Acids for Potential Use in Dermatology: Synthesis, t 3267 100 oryginal
Crystal Structures, and Antibacterial Activity.

Molecules 2020, 25(4), 931; httpe://doi.org/10.3350/molecules2 5040851
IF (2019)=3.267; 3-Vear IF (201%)= 3.589; 100 pkt MNiSW (2019)
Abendrot M, Kalinowska-Lis U: Zmc-containing compounds for personal care applications. t 1481 20 pogladowa
Int J Cosmet Sci. 2018 Aug;40(4):319-327. doi: 10.1111/1cs.12463

IF (2018)= 1.481; 3-Vear IF (2018)=1,928; 20 pkt MNiSW (2018); 70 pkt MNISW (2019)
SUMA 9,304 260

Punktacja wag list MNiSW oraz wspdétczynnik impact factor pozostatych prac wchodzacych do dorobku:

1 autor? | IF z roku | MNiSW z
N publ | rokn publ| Tvp publ

Prace

Punkty przypisane wg. List Impact Factor i MNiSW z rokn publikacji artykuln
Abendrot M., Merks P, Kalinowska-Lis U.: Opicka farmaceutyczna — witaminy i mineraly, informacje niezbedne farmaceucie w t brak 20 pogladowa
prawidlowe] opiece nad pacjentem. Farm Pel, 2019, 75 (9): 510-518.
20 pkt. MINISW (2019)

Abendrot M., Swieczkowski D, Krysifski [, Merks P_: Problemy wspoh j farmacji w Ni h na preykiadzie apteld t brak ] pogladowa
szpitalne). Farm Pol, 2016, 72(1): 3-7.
-8 plt. MNISW (2016)

Abendrot M. Depresja jako choroba 1 problem spoteceny. Gabinet Prywatmy 042013 t brak H pogladowa
| Spkt MNISW (2016)
SUMA 0 33

mgr Ewa Fidelus

Oddziat Bibliografii i Bibliometrii
Uniwersytetu Medycznego w bodzi
punktacja@umed.lodz.pl

Wykaz pozostatych artykutow

1. Abendrot M. Srodki powierzchniowo czynne stosowane w produktach dla dzieci. Swiat Przemystu
Kosmetycznego. 01/2017

Abendrot M. Opakowania szklane. Swiat Przemystu Kosmetycznego. 01/2018

Abendrot M. Pielegnacja skéry wrazliwej. Swiat Przemystu Kosmetycznego. 03/2018

Abendrot M. Peelingi chemiczne w medycynie estetycznej. Chemia i Biznes. 01/2017

Abendrot M. Mozliwosci regulowania wydzielania sebum. Chemia i Biznes. 03/2017

Abendrot M. Silikony w kosmetyce. Chemia i Biznes. 04/2017

Abendrot M. Cera tragdzikowa — poréwnanie skéry mezczyzn i kobiet. Chemia i Biznes. 02/2018
Abendrot M. Rozwigzania do pielegnacji brody i waséw. Chemia i Biznes. 03/2018

Abendrot M. Co zmieni sie po 1 lipca 2019 roku? Dokument techniczny do Rozporzadzenia Komisji
(UE) nr 655/2013 z dnia 10 lipca 2013 r. Chemia i Biznes. 2/2019
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10.
11.

12.

13.

14.

Abendrot M. Hipoalergiczno$¢ w ujeciu naukowo-marketingowym. Chemia i Biznes. 03/2019
Abendrot M. Analiza wptywu niebieskiego sSwiatta na skére - nowe wyzwanie dla branzy
kosmetycznej. Przemyst Farmaceutyczny. BMP 6/2018

Abendrot M. Jakie zmiany przyniesie dokument techniczny do rozporzadzenia 655/2013 w
kontekscie oSwiadczen typu ,nie zawiera”. Przemyst Farmaceutyczny. BMP 1/2019

Abendrot M. Produkty hipoalergiczne w Swietle dokumentu technicznego. Przemyst
Farmaceutyczny. BMP 3/2019

Abendrot M. W walce z niedoborem magnezu. Manager Apteki. 7/2012.

130



