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Wykaz publikacji bedacych podstawg rozprawy doktorskiej

Ponizej zamieszono zestawienie publikacji naukowych stanowigcych podstawe pracy doktorskiej
megr inz. Kingi Kazimierskiej-Geca zatytutowanej: ,,Ocena wptywu colostrum owczego na wybrane
parametry skory dojrzatej oraz tradzikowe;j”.

Dla publikacji bedacych podstawg rozprawy doktorskiej sumaryczny IF (ISI Journal Citation
Reports) cyklu zgodny z rokiem publikacji jest réwny 14,827, zas punktacja MNiSW wynosi 480
punktow MNiSW.

o Publikacja 1 [P1]:

Kazimierska K, and Kalinowska-Lis U. 2021. "Milk Proteins—Their Biological Activities and Use in
Cosmetics and Dermatology" Molecules 26, no. 11: 3253.
https://doi.org/10.3390/molecules26113253.

IF: 4,927; MNiSW: 140.

o Publikacja 2 [P2]:

Kazimierska K, Szabtowska-Gadomska |, Rudziniski S, Kosla K, Ptuciennik E, Bobak t, Zambrowicz
A, Kalinowska-Lis U. Biologically Active Sheep Colostrum for Topical Treatment and Skin Care.
International Journal of Molecular Sciences. 2024; 25(15):8091.
https://doi.org/10.3390/ijms25158091.

IF: 4,9; MNiSW: 140.

o Publikacja 3 [P3]:

Kazimierska K, Erkiert-Polguj A, Kalinowska-Lis U. The Efficacy of a Cosmetic Preparation
Containing Sheep Colostrum on Mature Skin: A Randomized Placebo-Controlled Double-Blind
Study. Applied Sciences. 2024; 14(7):2862.

https://doi.org/10.3390/app14072862.

IF: 2,7; MNiSW: 100.

. Publikacja 4 [P4]:

Erkiert-Polguj A, Kazimierska K, Kalinowska-Lis U. Assessment of the Impact of a Cosmetic
Product with Sheep Colostrum on Acne Skin. Applied Sciences. 2024; 14(5):2199.
https://doi.org/10.3390/app14052199.

IF: 2,7; MNiSW: 100.
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Wykaz skrétow

1BR.3.N Linia komérkowa prawidtowych fibroblastow skory ludzkiej

B-LG B-Laktoglobulina

ABTS Kwas 2,2'-azyno-bis(3-etylo-benzotiazolino-6-sulfonowy)

dHF Komorki fibroblastow cukrzycowych (ang. Diabetic human fibroblasts)

DMEM Pozywka do hodowli komérek eukariotycznych, zmodyfikowana o wysoka
zawartosc glukozy (ang. Dulbecco's Modified Eagle Medium)

DMSO Dimetylosulfotlenek

DPPH 2,2-difenylo-1-pikrylohydrazyl

ECACC Europejska Kolekcja Kultur Komérkowych (ang. European Collection
of Authenticated Cell Cultures)

EGF Naskérkowy czynnik wzrostu (ang. Epidermal Growth Factor)

FGF Czynnik wzrostu fibroblastéw (ang. Fibroblast Growth Factor)

FSB Ptodowa surowica bydleca (ang. Fetal Bovine Serum)

GHP Dobra praktyka higieniczna (ang. Good Hygiene Practice)

GMP Dobra praktyka produkcyjna (ang. Good Manufacturing Practice)

IGF Insulinopodobny czynnik wzrostu (ang. Insulin-like Growth Factor)

IGF-I Insulinopodobny czynnik wzrostu 1 (ang. Insulin-like Growth Factor 1)

IGF-1I Insulinopodobny czynnik wzrostu 2 (ang. Insulin-like Growth Factor 2)

ISO Miedzynarodowa  Organizacja  Normalizacyjna  (ang.  International
Organization for Standarization)

KGL3A Szczep bakterii Lactobacillus plantarum (probiotycznych
lub fermentacyjnych)

Ki67 Antygen Ki-67 (marker proliferacji komorek)

L-DOPA Lewo-dihydroksyfenyloalanina (ang. Levodopa)
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LF Laktoferyna
MTT 3-(4,5-dimetylo-2-tiazolilo)-2,5-difenylotetrazoliowy bromek

(ang. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
PRP Peptyd bogaty w proline (ang. Proline Rich Peptide)

PTGS-2 Prostaglandyna-endoperoksydaza syntaza 2, znany jako cyklooksygenaza-2

(COX-2) (ang. Prostaglandin-Endoperoxide Synthase 2)

TEWL Transepidermalna utrata wody (ang. Transepidermal Water Loss)

TGF-a Transformujacy czynnik wzrostu a (ang. Transforming Growth Factor a)
TGF-B Transformujacy czynnik wzrostu B (ang. Transforming Growth Factor B)
TGFpB; Transformujacy czynnik wzrostu B2 (ang. Transforming Growth Factor B2)
TSG-6 Biatko stymulowane przez czynnik martwicy nowotworéw 6 (ang. Tumor

Necrosis Factor-Stimulated Gene-6)
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Uzasadnienie podjetej tematyki badawczej

W ostatnich latach obserwuje sie znaczgcy wzrost zainteresowania zdrowym stylem
zycia, ktéry obejmuje zaréwno diete, jak i pielegnacje ciata. Coraz wiecej oséb zwraca uwage na
naturalne surowce i produkty, ktére moga wspomagac zdrowie i urode. Wedtug raportu "Global
Natural and Organic Personal Care Market" z 2024 roku, rynek kosmetykéw naturalnych rosnie
w tempie 9,32% rocznie, co odzwierciedla rosngce zainteresowanie konsumentéw produktami
pochodzenia naturalnego [1]. Dodatkowo, spoteczeistwo w Polsce starzeje sie, a obecne normy
kulturowe wymagajg utrzymania mtodego i zdrowego wyglagdu skéry [2]. W zwigzku z tym
wzrasta zapotrzebowanie na skuteczne metody pielegnacji skory, ktére mogg opdzniaé procesy

starzenia czy poprawiac jej wyglad.

Wraz z wiekiem skdra ulega zmianom, ktdére prowadzg do zmniejszenia jej nawilzenia,
elastycznosci, grubosci oraz gestosci. Zmiany te mogg by¢ spowodowane réznymi czynnikami, w
tym predyspozycjami genetycznymi, stylem zycia oraz czynnikami srodowiskowymi, takimi jak
ekspozycja na stonce, zanieczyszczenia i palenie [3]. Terapie przeciwstarzeniowe stawiajg
wyzwania, poniewaz czesto okazujg sie niewystarczajaco skuteczne lub zbyt inwazyjne, zwtaszcza

w przypadku niektérych procedur medycyny estetycznej [4].

Podczas gdy starzenie sie skdry stanowi kluczowy problem dla oséb dorostych, tradzik pospolity
(tac. acne vulgaris) pozostaje jedng z najczestszych chordb skéry, dotykajac gtéwnie mtodziez
i miodych dorostych w wieku od 11 do 30 lat w krajach rozwinietych [5]. Zgodnie
z najnowszymi wytycznymi, leczenie tradziku opiera sie gtéwnie na stosowaniu miejscowych
retinoidéw, nadtlenku benzoilu oraz antybiotykdw. Kwas azelainowy i kwas salicylowy
sg zalecane szczegélnie w tagodniejszych postaciach trgdziku. W ciezszych przypadkach tradziku
rekomenduje sie stosowanie doustnych retinoidéw Iub antybiotykdw, w zaleznosci
od charakteru i nasilenia choroby [6]. Niemniej jednak, liczne dziatania niepozadane tych lekéw
(np. podraznienia, wysuszenie, nadwrazliwo$¢ skéry na promieniowanie stoneczne czy
zaburzenia funkcji watroby) oraz narastajgca wielolekoopornos¢ bakterii sktaniajg naukowcow
do poszukiwania nowych metod terapeutycznych oraz strategii pielegnacyjnych skéry [6,7].
Pomocne dla oséb zmagajacych sie z tradzikiem mogg by¢ preparaty dermatologiczne

pochodzenia naturalnego, ktére dodatkowo wspomagatyby leczenie tradziku.

W obliczu powyzszych wyzwan, rozpoczeto badania nad mozliwoscig zastosowania naturalnych
sktadnikow aktywnych, ktére mogtyby sprosta¢ wymaganiom terapeutycznym, bedac

jednoczesnie skutecznymi, mato inwazyjnymi oraz o minimalnym ryzyku dziatan niepozgdanych.
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W tym kontekscie szczegdlne zainteresowanie wzbudzity substancje o szerokim spektrum
biologicznego dziatania. Jednym z takich surowcéw jest colostrum (siara), bogate w sktadniki
odzywcze i biologicznie aktywne, ktére moga pozytywnie wptywac na kondycje skéry [8-15]
[P1]. Dostepne dane wskazujg, ze colostrum bovinum (bydlece), wykazuje dziatanie
przeciwzapalne, regeneracyjne i nawilzajgce [10,16]. Zastosowanie siary bydlecej w leczeniu
trudno gojacych sie ran wykazato skuteczno$s¢ w badaniu preparatu dermatologicznego
u pacjentdw z owrzodzeniami [16]. Ponadto, kremy zawierajagce  colostrum konskie
doprowadzity do catkowitej regeneracji skory u oséb z tradzikiem tojotokowym [13]. A preparaty
z mlekiem oslim wykazaty wtasciwosci nawilzajgce oraz dziatanie przeciwstarzeniowe u ludzi ze
skdrg dojrzatg [17]. Wyniki badan z wykorzystaniem colostrum pochodzgcych od réznych
zwierzat [13,14] [P1] stanowig uzasadnienie dla podjecia dalszych badan z wykorzystaniem

colostrum w dermatologii i kosmetologii.

Colostrum (siara), jest to wydzielina produkowana przez gruczoty mlekowe w okresie
okotoporodowym u ssakéw, w tym u ludzi [18-20] [P1]. Siara jest z6tta, ma lekko kwasne pH
wynoszgce okoto 6,4 [20]. Ze wzgledu na swoje przeznaczenie, zawiera znacznie wiekszg ilos¢
(niz mleko pdzniejsze) biologicznie aktywnych substancji, ktére majg istotnie wzmocni¢ uktad
odpornosciowy noworodkéw [20] [P1]. Sktad ilosciowy siary rézni sie w zaleznosci od gatunku.
Najwieksze réznice dotyczg zawartosci biatka i tluszczu poszczegédlnych zwierzat. Najlepiej
przebadanym colostrum pod katem wykorzystania w medycynie i kosmetologii jest colostrum
bovinum (bydlece) [P1]. Jednak istniejg takze badania dotyczace zastosowania colostrum oslego,
konskiego, koziego czy wielbtgdziego [13,21-23]. Siara owcza wyrdznia sie wysokg catkowity
zawartoscig biatka i ttuszczu, ktdéra jest prawie pédttora razy wyisza niz w mleku

i siarze bydlecej czy koziej (Tabela 1) [P1].

Tabela 1. Sktad colostrum bydlecego, koziego i owczego (%) [P1].

Colostrum
Sktadnik
Bydlece Kozie Owcze
Laktoza 3,60 3,39-4,24° 3,30
Mineraty 0,90 0,85-0,9° 0,90
Biatka 7,10 3,53-5,69° 11,80
Ttuszcze 5,10 3,88-8,21° 13,00

@ podano wartosci minimalne i maksymalne z badan;
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Colostrum bydlece, ale takie owcze zawiera liczne biatka, ttuszcze, witaminy i mineraty, ktére
przynosza korzysci lecznicze i pielegnacyjne dla skory [24-26] [P1]. W siarze znajdujg sie takie
biatka jak kazeina, B-laktoglobulina, laktoferyna, immunoglobuliny, lizozym, laktoperoksydaza
i czynniki wzrostu [P1]. Proteiny te wykazujg aktywnos¢ przeciwzapalng, immunomodulacyjng,
przeciwdrobnoustrojowg oraz regeneracyjng [27][P1]. Wtasciwosci te mogg wspierac leczenie
tradziku oraz pielegnacje skoéry dojrzatej, ktéra wymaga intensyfikacji procesdw naprawczych
i ochrony przed stanami zapalnymi. Ws$réd biatek zawartych w colostrum, laktoferyna
i laktoperoksydaza, wykazujg udokumentowane dziatanie przeciwdrobnoustrojowe, obejmujgce
aktywnos¢ przeciwbakteryjna, przeciwwirusowg i przeciwgrzybiczg [28,29]. Laktoferyna, poprzez
chelatacje zelaza i dezintegracje scian komdrkowych bakterii, hamuje ich rozwéj oraz blokuje
receptory komodrkowe dla wiruséw i pasozytéw [30,31] Stymuluje rdwniez fagocytoze i redukuje
produkcje cytokin prozapalnych, takich jak IL-6 i TNF-a, tagodzac stany zapalne [32,33].
Laktoperoksydaza (LPO) katalizuje reakcje utleniania tiocyjanianéw w obecnosci nadtlenku
wodoru, generujgc posrednie produkty o szerokim spektrum dziatania przeciwbakteryjnego

[29,34,35].

Wtasciwosci przeciwbakteryjne przypisuje sie takze innym biatkom obecnym w colostrum
bydlecym, jak na przyktad peptydy kazeinowe (np. GMP, GHP), B-laktoglobulina czy lizozym
[27,36-41]. Peptydy kazeinowe, takie jak kazoplateiny, dziatajg przeciwbakteryjnie wobec
Streptococcus aureus [37]. B-laktoglobulina (Lg) hamuje adhezje patogendw, zapobiegajgc ich
kolonizacji, a jej dziatanie bakteriobdjcze potwierdzono wobec bakterii Gram (+) i Gram (-)
[38,39]. Lizozym, enzym hydrolityczny, wykazuje dziatanie przeciwbakteryjne, szczegdlnie wobec
bakterii Gram(+), a takze wspomaga efektywnosc lekdw bakteriobdjczych i bakteriostatycznych
[41]. Immunoglobuliny obecne w colostrum zapobiegajg adhezji patogendw, hamujg metabolizm

bakterii i neutralizujg toksyny [42,43].

Czynniki wzrostu, takie jak EGF, IGF-1 i FGF, stymulujg proliferacje i réznicowanie komorek, co
jest niezbedne w procesach regeneracyjnych skory [44-48]. EGF wspiera podziat i migracje
keratynocytow, przyspieszajgc odnowe naskoérka, IGF-1 wptywa na regeneracje tkanki tacznej
poprzez stymulacje syntezy kolagenu, a FGF reguluje angiogeneze i proliferacje fibroblastéw, co
jest istotne w procesie odbudowy skéry i gojenia ran [44,45]. W skérze dojrzatej, gdzie zdolnosci
regeneracyjne sg ostabione, czynniki wzrostu mogg przyczyni¢ sie do przywrdcenia
prawidtowych funkcji naprawczych [49,50]. Ponadto, zawarte w colostrum polipeptydy bogate
w proline (PRP) wykazujg dziatanie zaréwno regeneracyjne, jak i immunomodulacyjne, co
wspiera proces gojenia i odbudowy tkanek skdry [51] [P1]. Dziatanie antyoksydacyjne biatek,

takich jak B-laktoglobulina i laktoferyna, moze chronic skére przed uszkodzeniami wywotanymi
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przez wolne rodniki i przeciwdziata¢ procesom starzenia skory [52,53] [P1]. Laktoferyna jako
antyoksydant, przez chelatowanie jondw zelaza i miedzi, zapobiega produkcji wolnych rodnikow
[54-57] Ochrona przed stresem oksydacyjnym jest szczegdlnie istotna dla skdry narazonej na
dziatanie czynnikdw zewnetrznych, jak promieniowanie UV i zanieczyszczenia Srodowiskowe
[58]. Laktoferyna, peptydy kazeinowe (jak GMP), oraz PRP wykazujg dziatanie przeciwzapalne
i mogg modulowaé odpowiedZ immunologiczng, co pomaga w ograniczaniu standéw zapalnych
[51,59,60][P1]. W przypadku tradziku, stan zapalny jest jednym z gtdwnych czynnikéw
prowadzacych do rozwoju zmian skérnych, dlatego substancje przeciwzapalne obecne w

colostrum moga by¢ pomocne w jego leczeniu [61].

Ttuszcz zawarty w colostrum sktada sie gtéwnie z triacyloglicerydéw (97-98% catkowitego
ttuszczu mleka) pozostate frakcje to fosfolipidy, wolne kwasy ttuszczowe i sterole [62,63].
Triacyloglicerydy sg zrodtem energii oraz dostarczajg niezbednych kwaséw ttuszczowych, ktére
odgrywajg istotng role w utrzymaniu bariery lipidowej skory, zapobiegajgc utracie wody
i chronigc przed dziataniem czynnikdw zewnetrznych [64,65]. Wspierajg strukture i funkcje
komoérek skdry, poprawiajac ich integralno$é i elastycznos¢ [63,66]. Doktadna analiza profilu
kwasow ttuszczowych w colostrum owczym, znajduje sie w dalszej czesci niniejszej rozprawy

(rozdziat 1.1).

Ponadto, colostrum owcze charakteryzuje sie wysokg zawartoscig witamin rozpuszczalnych
zarowno w ttuszczach (A, D, E, K), jak i w wodzie (C, B1, B2, B6, B12, kwas foliowy) [24,67-69].
Witamina A odgrywa kluczowg role w regulacji produkcji sebum, odnowie komadrek, stymulacji
syntezy kolagenu i elastyny, ochronie skdry przed promieniowaniem UV, wptywa na degradacje
melaniny i koloryt skéry oraz ogranicza rozwdj Cutibacterium acnes [70-75]. Witamina E, ze
swoimi  witasciwosciami  przeciwutleniajgcymi, wspomaga synteze kolagenu, elastyny
i  glikozaminoglikanéw, a takze chroni struktury lipidowe warstwy rogowej naskérka
i zapobiega rozwojowi rumienia wywotanego promieniowaniem UV [76-82]. Witamina D
reguluje proliferacje i rdéznicowanie naskodrka, chroni skore przed fotouszkodzeniami
i przyspiesza gojenie ran [83]. Witaminy z grupy B, takie jak witamina B12, wykazujg dziatanie
przeciwzapalne i przyspieszajg regeneracje uszkodzonej skéry, natomiast pirydoksyna (witamina
B6) stymuluje produkcje filagryny, kluczowego biatka barierowego skoéry [84,85]. Witamina C
wspiera produkcje kolagenu i hamuje melanogeneze, jednoczesnie chronigc przed

fotostarzeniem i promieniowaniem UV [86-90].

Do mineratéw zawartych w colostrum nalezg wapn, miedz, zelazo, cynk, magnez, mangan

i fosfor [24,68,69,91]. MiedZz wykazuje dziatanie przeciwdrobnoustrojowe, stymuluje
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dojrzewanie kolagenu oraz moduluje synteze melaniny [92—95]. Cynk z kolei chroni skoére przed

uszkodzeniami wywotanymi promieniowaniem UV i wspiera procesy naprawcze [19,96-101].

Wspomniane wifasciwosci siary owczej sprawiaja, ze moze by¢ cennym sktadnikiem aktywnym w
kosmetykach i produktach leczniczych. Szczegdlnie istotne wydajg sie by¢ jej funkcje
regenerujgce, antyoksydacyjne, przeciwbakteryjne i przeciwzapalne. Wtasciwosci siary i jej
poszczegdlnych sktadnikdw, mogg by¢ wykorzystywane, m.in. w produktach przeznaczonych do
pielegnacji  wrazliwej czy problematycznej skéry, w tym  tragdzikowej, oraz

w terapiach przeciwstarzeniowych.

Wiekszos$¢ badan koncentruje sie na colostrum bydlecym, ktére jest szeroko stosowane jako
suplement diety wspierajgcy odpornos¢ oraz jako sktadnik aktywny w preparatach
kosmetycznych. Colostrum pochodzenia owczego nalezy do mniej przebadanych surowcow
mlecznych. Literatura dotyczaca colostrum owczego w wiekszosci podaje jedynie jego sktad.
Dlatego tez badania wybranych wfasciwosci biologicznych colostrum oraz jego wplyw na
paramenty skory dojrzatej i skéry trgdzikowej, podjete w ramach niniejszej rozprawy, stanowia

uzupetnienie dotychczasowych badan.
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Cele naukowe pracy

Celem niniejszej pracy doktorskiej byto zbadanie wptywu colostrum owczego na wybrane

parametry skéry dojrzatej oraz skory tradzikowe;.

Cel realizowano w oparciu o przeprowadzenie nastepujgcych badan:
1. Opracowanie oryginalnej receptury preparatu kosmetycznego w formie emulsji
zawierajgcego jako komponent aktywny colostrum pochodzace od polskich owiec.
2. Przeprowadzenie niezbednych badan dla przygotowanego preparatu kosmetycznego:
e czystosci mikrobiologicznej,
e skutecznosci zastosowanego systemu konserwujacego,
e stabilnosci i kompatybilnosci z opakowaniem,
e badan dermatologicznych (test pototwarty na 25 ochotnikach) oceniajgcych
potencjat draznigcy i alergizujgcy preparatu.
3. Ocena wptywu preparatu kosmetycznego zawierajgcego colostrum owcze na skére
dojrzata:
8-tygodniowe randomizowane badanie z podwdjnie Slepg probg, kontrolowane placebo,
przeprowadzone na grupie 52 ochotnikow. Badanie polegato na:
e Pomiarze nawilzenia skéry na podstawie zawartosci wody w warstwie rogowej,
e QOcenie transepidermalnej utraty wody (TEWL),
e Pomiarze poziomu hemoglobiny (rumien) i melaniny, dwdch gtéwnych
barwnikéw odpowiadajgcych za kolor skory,
e QOcenie ilosci sebum na skorze,
e Pomiarze witasciwosci viscoelastycznych skéry,
e Woykonaniu fotodokumentacji stanu skéry oséb badanych przed i po stosowaniu
preparatu,
e Subiektywnej ocenie stanu skéry przez osoby badane przed i po zakoriczeniu
stosowania preparatu.
4. Ocena wptywu preparatu kosmetycznego zawierajgcego colostrum owcze na skore
tradzikowa:
8-tygodniowe badanie na grupie 30 ochotnikéw. Badanie polegato na:
e Pomiarze ilosci sebum na skdrze,
e QOcenie nawilzenia skory,

e Oznaczeniu przeznaskérkowej utraty wody (TEWL),
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Subiektywnej ocenie stanu skéry przez osoby badane pod katem wystepowania
zaskérnikéw, grudek, krostek, rumienia, a takze jej nawilzenia, tojotoku oraz

ogolnej kondycji skory.

5. Ocena wtasciwosci biologicznych colostrum owczego:

Analiza skfadu colostrum pod katem obecnosci biatek, ttuszczéow i kwaséw
ttuszczowych,

Zbadanie aktywnosci przeciwutleniajgcej colostrum metodami ABTS i DPPH,
Ocena potencjalnych wtasciwosci wybielajgcych przez badanie hamowania
aktywnosci tyrozynazy,

Badanie in vitro wptywu colostrum na proliferacje linii komédrkowych
fibroblastow skéry ludzkiej (1BR.3.N) i keratynocytéw naskdérka noworodkéw,
Analiza wptywu colostrum na proliferacje ludzkich fibroblastow (dHF)
wyizolowanych z prébek tkanek pobranych od 4 pacjentéw z owrzodzeniami
stopy cukrzycowej,

Poréwnanie wptywu colostrum na ekspresje genéw zwigzanych z proliferacjg
i odpowiedzig immunologiczng w komaérkach dHF czterech pacjentéw,

Wykonanie testu rysy (scar test) wobec komorek dHF stymulowanych colostrum.

13
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Czes¢ doswiadczalna

1. Metodyka badan.

1.1 Prébki siary [P2, P3, P4]

W badaniach wykorzystano siare owcza pochodzacg od owiec rasy Lacaune zyjacych w
gospodarstwie w centralnej Polsce. Siare pobierano podczas pierwszych 12 godzin laktacji owiec
i natychmiast zamrazano. Przechowywano je przez kilka dni w temperaturze — 22°C,

a nastepnie liofilizowano. Siara nie byfa pasteryzowana.

1.2 Receptura preparatu kosmetycznego z colostrum owczym [P3, P4].

Recepture preparatu kosmetycznego z colostrum owczym opracowano na potrzeby tego
badania. Zawartosci poszczegdlnych sktadnikow i ich funkcje opisano w Tabeli 2. Preparat
z 15% colostrum owczym ma forme emulsji typu O/W.

Krem placebo, niezbedny do przeprowadzenia badania [P3], posiada identyczny sktad jak
krem z colostrum, z wytaczeniem tego komponentu.

Powyisze preparaty przygotowano zgodnie z wymogami Rozporzgdzenia (WE) nr 1223/2009
Parlamentu Europejskiego i Rady z dnia 30 listopada 2009 r. w sprawie produktéw

kosmetycznych.

Zakres badan zgodnych z wymogami rozporzadzenia obejmowat badania czystosci
mikrobiologicznej, badania skutecznosci systemu konserwujacego, badania stabilnosci

i zgodnosci z opakowaniem oraz testy dermatologiczne (test pototwarty).
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Tabela 2. Formulacja kremu z colostrum.

Nazwa INCI Funkcja sktadnika Stezenie [%]
Aqua Rozpuszczalnik Do 100,00
Acrylates/C10-30 alkyl
Zagestnik 0,2
Acrylate Crosspolymer
Humektant, booster
Pentylene Glycol 3,0
konserwacji
Isononyl
Emolient 7
Isononanoate
Cetearyl Olivate,
Emulgator 4,5
Sorbitan Olivate
Glyceryl Stearate
Koemulgator 2
Citrate
Tripelargonin Emolient 7
Helianthus Annuus
Antyoksydant 0,1
Seed Oil, Tocopherol
Parfum Substancja zapachowa 0,7
Colostrum Sktadnik aktywny 15
Aqua, Sodium Lactate Regulator pH 0,5
Aqua, Potassium
Sorbate, Sodium Konserwant 1,5
Benzoate
Aqua, Citric Acid Regulator pH 1,30-1,50

1.3 Analiza biatek, ttuszczéw i kwaséw ttuszczowych w colostrum owczym [P2].

Analiza ttuszczu

Zawarto$¢ ttuszczu w colostrum owczym okreslono za pomoca metody Soxhleta, zgodnie
z normg PN-I1SO-1444:2000. Do ekstrakcji zastosowano préobke colostrum o masie 3 g, poddang
40 cyklom ekstrakcyjnym przy uzyciu heksanu jako rozpuszczalnika. Proces ten polegat na
wielokrotnym przeptukiwaniu proébki przez rozpuszczalnik, ktéry odparowywat, skraplat sie,
a nastepnie ponownie obmywat badang substancje, umozliwiajgc skuteczne wydobycie lipidow
zawartych w colostrum. Na zakonczenie ekstrakcji rozpuszczalnik oddestylowano, a uzyskany

ekstrakt lipidowy poddano analizie w celu okresSlenia zawartosci ttuszczéw w badanej prébce
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[102]. Proces ekstrakcji ttuszczu przeprowadzono przy uzyciu urzadzenia Blchi B-811 (Buchi

Labortechnic AG, Flawil, Szwajcaria).

Analiza kwaséw ttuszczowych

Analize przeprowadzono zgodnie z normg PN-EN ISO 12966-1:2015-01.

Oznaczanie kwasow ttuszczowych przeprowadzono metodg chromatografii gazowej (GC) po
estryfikacji do estréw metylowych. Lipidy wyekstrahowane z prdbek colostrum poddano
estryfikacji z uzyciem boranu trifluoru (BF3) w metanolu. Estry metylowe kwasow ttuszczowych
ekstrahowano przy uzyciu heksanu, a nastepnie warstwe heksanowg osuszono za pomocay
bezwodnego siarczanu magnezu. Po odparowaniu rozpuszczalnika probke rozpuszczono
w heksanie i przeprowadzono analize chromatograficzng na aparacie GC wyposazonym

w kolumne polarno-niepolarng (Agilent 6890N Series GC) oraz detektor MS (Agilent 5973) [103].

Analiza biatka

Zawarto$¢ biatka w colostrum owczym zostata zbadana metoda Kjeldahla przy uzyciu systemu
Kjeltec 9 (Hilleroed, Dania), zgodnie z normg EN ISO 8968-1:2014. Proces obejmuje mineralizacje
probki w obecnosci kwasu siarkowego (H,SQ,), destylacje uwolnionego amoniaku oraz jego
miareczkowanie. Catkowita zawarto$¢ azotu zostata okreslona poprzez miareczkowanie
standardowym roztworem HCI, a nastepnie przeliczona na zawarto$é biatka przy uzyciu

wspotczynnika konwersji N*6,25 [104].

Analizy przeprowadzone we wspodtpracy z Katedrg Rozwoju Funkcjonalnych Produktéow

Zywnosciowych przy Uniwersytecie Przyrodniczym we Wroctawiu.

1.4 Badanie aktywnosci przeciwutleniajgcej colostrum metodami ABTS i DPPH [P2].

Ocena aktywnosci antyoksydacyjnej metodg ABTS

Badanie aktywnosci antyoksydacyjnej przeprowadzono przy uzyciu nieznacznie
zmodyfikowanej metody odbarwiania kationéw rodnikowych ABTS [105].
Metoda ABTS polega na pomiarze zdolnosci antyoksydacyjnej w kontakcie z kationorodnikiem
ABTS+e, wygenerowanym w wyniku reakcji ABTS (Kwas 2,2'-azyno-bis(3-etylobenzotiazolino-6-

sulfonowy) z nadsiarczanem potasu (K;S;0s). Zmiany absorbancji roztworu kationorodnika
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ABTS+e przy dtugosci fali 734 nm, wobec prébek colostrum o okreslonym stezeniu, byly miarg
zdolnos¢ substancji do neutralizacji wolnych rodnikéw [106].

Absorbancje roztworéw, przy 734 nm, mierzono za pomocg (spektrofotometru UV-1800
Shimadzu UV). Wyniki przedstawiono jako wartos¢ ECso (ang. Half Maximal Effective
Concentration), czyli stezenie roztworu colostrum, przy ktérym uzyskuje sie 50% maksymalnej
mozliwej aktywnos$ci antyoksydacyjnej [105].

Ocena aktywnosci antyoksydacyjnej metoda DPPH

Badanie aktywnosci antyoksydacyjnej przeprowadzono przy uzyciu nieznacznie zmodyfikowanej
metody zmiatania wolnych rodnikéw DPPH (2,2-difenylo-1-pikrylohydrazyl) [107-109].

Metoda DPPH polega na pomiarze zdolnosci antyoksydacyjnej substancji w kontakcie
z rodnikiem DPPH, ktéry ulega odbarwieniu w obecnosci antyoksydantu. Zmiany absorbancji
roztworu DPPH przy dtugosci fali 517 nm, wobec prdbek colostrum o okreslonym stezeniu, byty
miarg zdolnosci substancji do neutralizacji wolnych rodnikéw [107-109].

Absorbancje roztwordw mierzono przy 517 nm za pomocy spektrofotometru UV-1800

(Shimadzu UV). Wyniki przedstawiono jako wartos¢ ECso.

1.5 Ocena potencjalnych wifasciwosci wybielajagcych colostrum owczego przez analize

hamowania aktywnosci tyrozynazy [P2].

Ocena hamowania aktywnosci tyrozynazy

Hamowanie aktywnosci tyrozynazy oceniono zgodnie z dwoma wczesniej opisanymi
metodami [110,111]. Metoda polegata na pomiarze zdolnosci substancji do inhibicji enzymu
tyrozynazy, ktéry katalizuje dwa kluczowe etapy syntezy melaniny: przeksztatcenie L-tyrozyny w
L-DOPA oraz utlenianie L-DOPA do dopachinonu, bedgcego prekursorem melaniny [110,111].
Zmiany absorbancji roztworu przy dtugosci fali 477 nm, wobec roztwordw colostrum o stezeniu 1
mg/ml, byty miarg zdolnosci substancji do inhibicji enzymu. Kontrolg pozytywng byt roztwor
witaminy C (1 mg/ml). Absorbancje mierzono przez 20 minut za pomocy spektrofotometru UV-
1800 (Shimadzu). Procent hamowania tyrozynazy obliczono wedtug wzoru, zgodnie z literaturg

[110,111].
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1.6 Badanie in vitro wptywu colostrum owczego na proliferacje linii komdrkowych

fibroblastow skory ludzkiej (1BR.3.N) i keratynocytéw naskorka noworodkéw [P2].

Celem oceny wptywu colostrum na zywotno$¢ komorek fibroblastow skéry ludzkiej (1BR.3.N,
nr kat. 90020508, ECACC) oraz keratynocytéw naskdrka noworodkéw (nr kat. SCCE020, Sigma
Aldrich) przeprowadzono kolorymetryczny test MTT (bromek 3-[4,5-dimetylotiazol-2-ilo]-2,5-
difenylotetrazoliowy), oparty na pomiarze aktywnosci dehydrogenazy mitochondrialnej. Analize
wykonano na 96-dotkowych ptytkach hodowlanych, na ktére nanoszono zawiesine komdrkowa
o gestosci 8000 komodrek na dotek. Po 24 godzinach hodowli komdrek, przeprowadzono
ekspozycje na colostrum w wybranym zakresie stezenn (0,1-2 mg/ml). Po okre$lonym czasie
inkubacji (24 i 48 godzin) na ptytki nanoszono roztwoér bromku MTT. Po zakonczeniu reakcji
i rozpuszczeniu powstatych krysztatdw formazanu za pomocg DMSO (dimetylosulfotlenek),
absorbancje w dotkach mierzono kolorymetrycznie przy dtugosci fali 570 nm. Na podstawie
uzyskanych wartosci oszacowano wptyw colostrum na zywotnos¢ fibroblastow i keratynocytéw
w poréwnaniu do kontroli pozytywnych (komérki bez colostrum), a uzyskane wyniki poddano

analizie statystycznej.

Badania zostaty przeprowadzone we wspodtpracy z Zaktadem Karcynogenezy Molekularnej

i Zaktadem Genomiki Funkcjonalnej Uniwersytetu Medycznego w todzi.

1.7 Analiza wptywu colostrum na proliferacje ludzkich komérek fibroblastéw cukrzycowych
(dHF) wyizolowanych z probek tkanek pobranych od 4 pacjentéw z owrzodzeniami stopy
cukrzycowej [P2].

Analize wptywu colostrum na proliferacje ludzkich fibroblastéw cukrzycowych (dHF,
ang. diabetic human fibroblasts) wyizolowanych z préobek od pacjentéow z owrzodzeniami stopy
cukrzycowej przeprowadzono przy uzyciu testu Presto Blue (mierzy aktywnos$¢ metaboliczng
komarek). Wszyscy pacjenci przekazujacy probki wyrazili swiadomg zgode na dostarczenie
materiatu do badania (nr zgody KB/128/2019 i KB/3/A2021) (Zatgcznik 1). Komorki wysiano na
ptytki 96-dotkowe (20000 kom./cm?) i hodowano przez 3 dni, po czym medium hodowlane
(DMEM (Dulbecco's Modified Eagle Medium)) o wysokiej zawartosci glukozy z 10% FBS
(ptodowej surowicy bydlecej) i 1% roztworem antybiotyku/leku przeciwgrzybiczego) zastgpiono
medium wzbogaconym o roztwdr 1 mg/ml colostrum. Jako kontrole uzyto standardowe podtoze.

Inkubacja trwata 48 godzin, a proliferacje analizowano po 24 i 48 godzinach. W celu oceny
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proliferacji zastosowano odczynnik Presto Blue, ktéry zawiera wskaznik tetrazolowy
przeksztatcany jest w zywych komadrkach przez dehydrogenazy mitochondrialne w rozpuszczalny
produkt fluorescencyjny. Po inkubacji (1 godzina, 37°C) zmierzono intensywnos¢ fluorescencji
(wzbudzenie/emisja = 540 nm/590 nm) na czytniku ptytek Spark (Tecan, Szwajcaria). Wyniki
fluorescencji dla komdrek traktowanych colostrum poréwnano do kontroli, a wskaznik

proliferacji obliczono jako procent fluorescencji komaérek kontrolnych.

Badania zostaty przeprowadzone we wspotpracy z Laboratorium Badan i Zastosowan
Komédrek, Centrum Badan i Technologii Przedklinicznych, Warszawskiego Uniwersytetu

Medycznego.

1.8 Test rysy (scar test) wobec komérek dHF stymulowanych colostrum owczym [P2].

Przeprowadzenie testu rysy.

W metodzie testu rysy tworzy sie przerwe (ryse) w monowarstwie komorek
adherujgcych do ptytki hodowlanej, co pozwala oceni¢ zdolno$¢ komodrek do migracji
i regeneracji uszkodzonych tkanek. W badaniu fibroblastow cukrzycowych (dHF), komorki
wysiano na 24-dotkowe ptytki z wktadkami Culture-Inserts 2 Well (Ibidi GmbH), ktére po
3 dniach hodowli usunieto, tworzac szczeline (ryse) w monowarstwie komérek. Powstata rysa
symuluje uszkodzenie tkanki.

Nastepnie medium hodowlane zastgpiono standardowym medium dHF lub medium dHF
wzbogaconym o 1 mg/ml colostrum owczym, co pozwolito oceni¢ wptyw colostrum na migracje
i regeneracje komérek. Komorki hodowano w standardowych warunkach (5% CO,, 37°C), a ich
migracje w kierunku zamkniecia rysy monitorowano przez 72 godziny. Zdjecia wykonywano co 4
godziny przy uzyciu mikroskopu odwréconego Nikon Eclipse Ti w kanale jasnego pola
(brightfield).

Obrazy rys analizowano za pomocg oprogramowania Image J z makrem Wound Healing Size
Tool, ktére mierzy powierzchnie rysy. Wskaznik zamkniecia rysy obliczono jako procent

powierzchni bez komérek w momencie poczgtkowym (T=0h) [112,113].

Badania zostaty przeprowadzone we wspodtpracy z Laboratorium Badan i Zastosowan Komorek,

Centrum Badan i Technologii Przedklinicznych, Warszawskiego Uniwersytetu Medycznego.
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1.9 Wptyw colostrum na ekspresje gendw zwigzanych z proliferacja i odpowiedzig

immunologiczng w komdrkach dHF czterech pacjentéw [P2].

Komoérki fibroblastow cukrzycowych (dHF) od czterech pacjentéw wysiano do kolb T25
i hodowano w standardowej pozywce dHF. Po trzech dniach pozywke zastgpiono $wiezig
pozywka dHF lub pozywka wzbogacong o roztwdér 1 mg/ml colostrum owczego. Komorki
inkubowano przez 48 godzin w warunkach 37°C i 5% CO,. Po zakonczeniu inkubacji zebrano
komorki do dalszej analizy ekspresji gendéw [P2].
Izolacje RNA z komdrek poddanych 48-godzinnej inkubacji z colostrum przeprowadzono metoda
mikrokolumienkowa.  Wyizolowane RNA poddano reakcji odwrotnej transkrypcji
w celu uzyskania cDNA. Obecnos$¢ cDNA sprawdzono poprzez przeprowadzenie reakcji PCR
z uzyciem genu referencyjnego — 18S rRNA.
lloSciowg ocene poziomu ekspresji gendéw Ki67, IL-6, PTGS-2 oraz TSG-6 przeprowadzono
z wykorzystaniem metody Real-time PCR. Analize przeprowadzono w celu poréwnania poziomu
ekspresji wybranych genéw w komérkach dHF w zaleznosci od zastosowanego stezenia roztworu
colostrum i warunkéw inkubacji. Szczegdty technik molekularnych zamieszczono

w Publikacji 2.

Badania zostaty przeprowadzone we wspodtpracy z Laboratorium Badan i Zastosowan Komorek,

Centrum Badan i Technologii Przedklinicznych, Warszawskiego Uniwersytetu Medycznego.

1.10 8-tygodniowe randomizowane badanie z podwdjnie slepg préba, kontrolowane

placebo, przeprowadzone na grupie 52 ochotnikéw [P3].

Badanie zostato przeprowadzone, zgodnie z wytycznymi Deklaracji Helsinskiej z 1964 roku
i pdzniejszymi zmianami oraz za zgoda Komisji Bioetycznej Uniwersytetu Medycznego w todzi
(numer zgody RNN/13/22/KE z dnia 11 stycznia 2022 roku) (Zatgcznik 2).
Kryteria wtgczenia:

e Ptfec zenska,

e  Wiek miedzy 40 a 70 lat,

e Widoczne oznaki starzenia skory, takie jak zmarszczki, utrata elastycznosci,

przebarwienia i suchos¢ skory,

e Podpisana Swiadoma zgoda na udziat w badaniu.
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Uczestnikdw losowo przydzielono do grupy stosujgcej krem z siarg (32 osoby) lub do grupy
stosujgcej placebo (20 oséb), przy czym ani uczestnicy, ani badacze nie byli Swiadomi, do ktérej
grupy zostali przypisani. Dwie osoby z grupy placebo nie dokonczyty badania z przyczyn
losowych, a z grupy stosujgcej krem z siarg dwie osoby przerwaty badanie z powodu dziatan
niepozadanych (suchos¢ i podraznienie skoéry).

Badani aplikowali krem (jedng lub dwie dozy) raz dziennie - wieczorem po oczyszczeniu twarzy.
Przed rozpoczeciem stosowania kremu, dokonano pomiardw poziomu nawilzenia skory,
przeznaskorkowej utraty wody (TEWL), ilosci sebum, indeksu hemoglobiny (rumien) i melaniny
w skorze, a takze elastycznosci skdéry. Do oceny nawilzenia skory wykorzystano sonde
Corneometer® CM825 z systemu Courage + Khazaka electronic GmbH Multi Probe Adapter.
Do oceny transepidermalnej utraty wody (TEWL) wykorzystano sonde Tewameter® TM.
Do pomiaru poziomu indeksu hemoglobiny (rumien) i melaniny wykorzystano sonde
Mexameter® MX18. Do pomiaru iloSci sebum na powierzchni skéry wykorzystano sonde
Sebumeter® SM 815. Do pomiaru wtasciwosci viscoelastycznych skdry wykorzystano sonde
Cutometer® MPA 580. Parametry mierzono na Srodkowej czesci obu policzkow.

Uczestnicy wypetnili rGwniez ankiete dotyczgcg subiektywnej oceny stanu skéry (Zatacznik 3).

Po 8 tygodniach stosowania preparatu, wszystkie testy zostaty powtérzone.

Podczas pierwszej i ostatniej wizyty wykonano dokumentacje fotograficzng skéry za pomoca
systemu Photomedicus. Zdjecia robiono w standardowym oswietleniu, zachowujgc ustalone

wczesniej pozycje twarzy.

1.11 8-tygodniowe badanie na grupie 30 ochotnikéw, oceniajace wptyw preparatu

kosmetycznego zawierajgcego colostrum owcze na skore tradzikowa [P4].

Badanie zostato przeprowadzone na grupie 30 ochotnikéw z tagodnym lub umiarkowanym
tradzikiem. Grupa zostata utworzona zgodnie z wytycznymi Deklaracji Helsiskiej z 1964 roku,
wraz z pézniejszymi zmianami. Na przeprowadzenie badania uzyskato zgode Komisji Bioetycznej
Uniwersytetu Medycznego w todzi (nr RNN/44/23/KE z dnia 14 lutego 2023 roku) (Zatacznik 4).
Uczestnicy badania aplikowali krem dwa razy dziennie — rano i wieczorem, po oczyszczeniu
twarzy, przez okres oSmiu tygodni. Sposrdd zrekrutowanych 30 oséb dwie zrezygnowaty
z badania bez podania wyrazniej przyczyny, a jedna osoba nie ukonczyta badania z powodu

dziatan niepozadanych, takich jak suchos¢ i podraznienie skdry. Badanie ukoriczyto 27 osdb.
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Dokonano zaréwno obiektywnej, jak i subiektywnej oceny stanu skéry uczestnikéw przed
rozpoczeciem terapii oraz po osSmiu tygodniach stosowania kremu. Ocena obiektywna
uwzgledniata pomiar takich parametrow skéry jak nawilzenie, TEWL i sebum, na czole, policzku
i podbrédku przy uzyciu aparatu MPA 580 (Courage and Khazaka Electronic GmbH, Kolonia,
Niemcy).

W ocenie subiektywnej, z uzyciem autorskiego kwestionariusza ankietowego, uczestnicy oceniali

efekty 8-tygodniowej kuracji (Zatacznik 5).
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Realizacja celow naukowych — wyniki i dyskusja

Badania in vitro zawarte w niniejszej rozprawie obejmowaty analize potencjatu
antyoksydacyjnego, wybielajgcego oraz zdolnosci colostrum do stymulacji proliferacji
fibroblastow (w tym fibroblastéw dHF) i keratynocytéw a takze test gojenia rany. Zbadano
rowniez wptyw colostrum owczego na ekspresje gendéw zwigzanych z proliferacjg
i wtasciwosciami przeciwzapalnymi [P2]. Dopiero po uzyskaniu wynikéw z tych eksperymentow
przystgpiono do badan wptywu na skére dojrzata i trgdzikowa, co pozwolito zweryfikowad

skutecznos¢ colostrum w warunkach rzeczywistych [P3, P4].

Publikacja [P2] obejmuje pordownanie sktadu i wybranych wifasciwosci biologicznych
colostrum owczego pochodzacego z Polski i ze Szwajcarii. W niniejszej rozprawie wykorzystano
tylko czes¢ wynikéw dotyczacych colostrum pochodzenia polskiego, poniewaz to na jego bazie

przygotowano preparat kosmetyczny wykorzystany do badan na ochotnikach [P3, P4].

2. Badania sktadu i wiasciwosci biologicznych colostrum owczego [P2].
2.1 Analiza zawartosci biatek, ttuszczéw i kwaséw ttuszczowych w colostrum owczym
[P2].
Srednia zawarto$¢ procentowa ttuszczu i biatka ogétem w liofilizowanej siarze owczej wynosita
odpowiednio 38,05% £ 0,50 34,14% + 0,23.

Wyniki badan réznig sie od uzyskanych przez innych badaczy. Wendorff i in. stwierdzili nizszg
zawartos$¢ biatka (11,8%) i ttuszczu (13,0%) [114]. W badaniu dziesieciu ras owiec zawartos¢
biatka wynosita od 13,75% do 22,49%, a ttuszczu od 4,04% do 13,64% [115]. Guiso
i in. podali, ze S$rednia zawartos¢ biatka i ttuszczu w siarze wynosita 16% i 7,8%,
a w pdzniejszym mleku odpowiednio 5,5% i 5,8% [116]. Réznice te moga wynikac¢ z réznych
czynnikéw, takich jak postaé siary (ptynna lub liofilizowana), moment pobrania prébki, rasa
owiec, dieta oraz warunki hodowlane [114-116]. Wyzisza zawartos¢ ttuszczu i biatka
w badanym colostrum, w pordwnaniu do literatury [114,115], moze by¢ wyjasniona jego
liofilizowang formg, ktdra zwieksza koncentracje sktadnikéw. Dodatkowo, prébki colostrum
pochodzity z pierwszych 12 godzin laktacji, co réwniez ttumaczy wyzsze stezenia biatka i ttuszczu

[114].

Analiza kwaséw ttuszczowych
Dominujgcymi nasyconymi kwasami ttuszczowymi (SFA) w colostrum byly kwasy

palmitynowy - 37,41%, mirystynowy - 11,17% i stearynowy - 10,65%. (Tabela 3).
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Wsrdd jednonienasyconych kwaséw ttuszczowych (MUFA) najwiekszg ilos¢ stanowity kwas
oleinowy (29,11%) oraz kwas palmitooleinowy (2,02%).

Wielonienasycone kwasy ttuszczowe (PUFA), w tym kwas linolowy (LA), sprzezony kwas linolowy
(CLA) oraz kwas a-linolenowy (ALA), stanowity tgcznie 4,86% wszystkich kwasow ttuszczowych.

Najwiekszg ilo$¢ w tej grupie stanowit kwas linolowy, ktérego zawartos¢ wynosita 2,98% (Tabela

3).

Tabela 3. Zawartos¢ (%) kwasow ttuszczowych w colostrum owczym [P2].

Colostrum
M SD SE
Kwas kaprylowy CH3(CH3)sCOOH C8:0 0,000 0,000 0,000
Kwas kaprynowy CH3(CH;)sCOOH C10:0 0,000 0,000 0,000
Kwas laurynowy CH3(CH3)10COOH C12:0 2,337 0,391 0,226
Kwas mirystynowy CH3(CH;)1,COOH C14:0 11,173 1,173 0,677
Kwas
CH3(CH,)13COOH C15:0 1,090 0,069 0,040
pentadekanowy
Kwas palmitynowy CH3(CH3)14COOH C16:0 37,413 0,163 0,094
Kwas
Kwas 9-cis-heksadekenowy Cle6:1 2,043 0,300 0,173
oleopalmitynowy
Kwas margarynowy CH3(CH;)1sCOOH C17:0 1,320 0,279 0,161
Kwas stearynowy CH3(CH;)16COOH C18:0 10,650 0,795 0,459
18:1
Kwas oleinowy Kwas cis-9-oktadekenowy (n-9) 29,113 1,258 0,727
n-9
Kwas all-cis-9,12- 18:2
Kwas linolowy (LA) 2,983 0,182 0,105
oktadekadienowy (n-6)
Sprzezony kwas (9Z,11E)-Kwas oktadeka-9,11-
CLA 0,757 0,061 0,035
linolowy (CLA) dienowy
Kwas alfa- Kwas all-cis-9,12,15- 18:3
1,123 0,040 0,023
linolenowy (ALA) oktadekatrienowy (n-3)
SFA 63,983 1,107 0,639
MUFA | 31,157 | 0,977 0,564
PUFA 4,863 0,146 0,084

M — warto$¢ srednia; SD — odchylenie standardowe, SE — bfad standardowy; n=3.
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W badanym colostrum owczym stezenia MUFA, SFA i PUFA wynosity odpowiednio 31,16%,
63,98% i 4,86%. Podobne profile kwaséw ttuszczowych odnotowano we wczesniejszych
badaniach [116-118]. Guiso i in. podali nastepujace zawartosci kwasow ttuszczowych: 37% -
MUFA, 58% - SFA oraz 6% - PUFA [116]. Podobny profil kwaséw ttuszczowych odnotowano
rowniez w siarze bydlecej: 65,6% SFA i 27,5% MUFA [119]. Dominujgcymi substancjami
ttuszczowymi w badanym colostrum owczym byt kwas palmitynowy (z grupy SFA) i kwas
oleinowy (z grupy MUFA) o zawartosciach odpowiednio 37,41% i 29,11%.

Badacze wykazali, ze stosowanie odpowiednich stezen kwasu palmitynowego (PA) sprzyja
prawidtowemu réznicowaniu naskdrka, wspierajac jego morfogeneze [120]. PA, bedacy gtéwnym
sktadnikiem sebum, obok kwasu oleinowego, linolowego i stearynowego, wspomaga tworzenie
lipidéw sebum, w tym ceramiddw, triacylogliceroli oraz nasyconych glikolipidéw, co przyczynia
sie do zachowania wtasciwej struktury i funkcji bariery skérnej [120-122]. PA wykazuje jednak
dziatanie prozapalne, zwiekszajgc produkcje cytokin takich jak IL-1B, IL-6, i IL-8 w komdrkach

tojowych, co sugeruje jego role w patogenezie tradziku [123].

Z kolei miejscowe stosowanie kwasu oleinowego moze naruszaé bariere lipidowg skoéry, jak
wykazano w badaniach nad oliwg z oliwek (76,3% kwasu oleinowego), co prowadzito do
ostabienia bariery skoérnej i lekkiego zaczerwienienia [124-127]. Jednonienasycony kwas
oleinowy, moze zwieksza¢ przepuszczalnos¢ skoéry, utatwiajac przenikanie innych substancji przez
naskérek [127,128].

Kolejng, najmniejszg grupa kwaséw ttuszczowych zidentyfikowang w badanym colostrum
byty PUFA, a najwyzszg zawarto$¢ odnotowano dla kwasu linolowego (LA) (2,98%). LA odgrywa
kluczowg role w organizacji i funkcjonowaniu bariery przepuszczalnosci skéry, zwtaszcza poprzez
wigczenie do w-hydroksylowanych ceramidéw, ktdre tworzg rusztowanie dla lipidéw skory [129—
133]. LA jest réwniez gtdwnym sktadnikiem lipidéw sebum, ktdre nie tylko nawilzajg skdére
i wtosy, ale takie wspierajg procesy regeneracyjne [134]. Niski poziom LA jest zwigzany
z patogenezg tradziku, poniewaz powoduje zwiekszong proliferacje komodrek tojowych oraz
powstawanie zaskérnikéw. Stosowanie miejscowe LA wykazuje dziatanie komedolityczne
i przeciwzapalne [135-138].

Z badan wynika, ze zaréwno kwas oleinowy, jak i palmitynowy mogg wykazywac dziatanie
korzystne, jak i draznigce na skére, w tym stymulowaé tragdzik. Dotychczasowe badania dotyczyty
jednak olejéw o wysokiej zawartosci tych kwaséw, np. oliwy z oliwek, a préby nie uwzgledniaty
obecnosci innych sktadnikéw, takich jak PUFA, biatka czy witaminy, ktére mogg modulowac ich

dziatanie.
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2.2 Oznaczanie aktywnosci przeciwutleniajgcej colostrum metodami ABTS i DPPH [P2].

Aktywnos¢ antyoksydacyjng colostrum owczego okreslono poprzez wyznaczenie wartosci
ECso, czyli stezenia colostrum, przy ktérym nastepuje zahamowanie aktywnosci rodnika DPPH
i ABTS w 50%.

W metodzie DPPH, colostrum owcze wykazato umiarkowang aktywnos$¢ przeciwutleniajaca,
z wartoscig ECso wynoszaca 0,988 mg/ml (Tabela 4). W metodzie ABTS, siara wykazywata okoto
dwa razy silniejszg aktywnos¢ przeciwrodnikowg w pordwnaniu do aktywnosci w tescie DPPH,
z wartosciami ECso wynoszgcymi 0,515 mg/ml (po 30 minutach)
i 0,477 mg/ml (po 40 minutach). Potencjat antyoksydacyjny colostrum byt okoto sto razy nizszy
niz dla uzytego standardu antyoksydacyjnego, tj. kwasu askorbinowego, dla ktérego warto$é ECso

wynosita 0,0053 mg/ml.

Tabela 4. Aktywnos¢ antyoksydacyjna colostrum owczego metody ABTS i DPPH [P2].

ABTS DPPH

ECso [mg/ml] + SD ECso [mg/ml] £ SD

10 min 20 min 30 min 40 min 30 min
Colostrum 0,727+0,051 0,574 +0,034 0,515 +0,048 | 0,477 +0,048 | 0,988+0,137
Kwas

0,0053+0,0007 0,0026%0,0003
askorbinowy

Dodatkowo, zmierzono procent inhibicji rodnika ABTS przez colostrum (przy stezeniach 0,25
mg/ml, 0,5 mg/ml i 0,75 mg/ml) co 10 minut w okresie 40 minut (Wykres 1). Najwiekszy wzrost
inhibicji zaobserwowano w ciggu pierwszych 10 minut: wykazano inhibicje na poziomie 13,5%,

35,0% i 51,8% przy stezeniach odpowiednio 0,25 mg/ml, 0,5 mg/ml i 0,75 mg/ml.
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Wykres 1. Procent inhibicji rodnika ABTS przez colostrum owcze w czasie [P2].
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Hydrofilowe antyoksydanty w mleku obejmujg m.in. kazeiny, biatka serwatkowe
(laktoferyne, B-laktoglobuline), peptydy, mineraty, witaminy oraz zwigzki azotowe o niskiej
masie czgsteczkowej. Mleko jest rowniez bogate w enzymy antyoksydacyjne, takie jak
dysmutaza ponadtlenkowa, laktoperoksydaza, peroksydaza glutationowa i katalaza. Do
lipofilowych antyoksydantéw nalezg sprzezony kwas linolowy (CLA), karotenoidy, a-tokoferol,
witaminy A i D3, fosfolipidy oraz koenzym Q10. Zdolnos$¢ antyoksydacyjna mleka rdézni sie
w zaleznosci od gatunku zwierzecia, diety oraz fazy laktacji [139,140].

W omawianych eksperymentach zastosowano petne colostrum owcze. Nalezy jednak
podkresli¢, ze metody oparte na polarnych rozpuszczalnikach, takich jak DPPH i ABTS, mierzg
jedynie aktywnos$¢ antyoksydacyjng fazy hydrofilowej colostrum. Faza lipofilowa, zawierajgca
sktadniki rozpuszczalne w ttuszczach, nie wchodzi w reakcje z tymi hydrofilowymi odczynnikami,
co stanowi istotne ograniczenie tych metod. W zwigzku z tym rzeczywista aktywnosc
antyoksydacyjna colostrum bytaby prawdopodobnie wyzsza, gdyby mozliwe byto uwzglednienie

dziatania przeciwutleniajgcego lipofilowych sktadnikéw colostrum.

W badaniach dotyczacych réinych rodzajéw mileka ssakéw, mleko owcze wykazywato
najwieksza zdolno$¢ neutralizowania wolnych rodnikéw w tescie DPPH (27,28%) [141]. Ponadto,
w innym badaniu mleko owcze fermentowane przy uzyciu szczepu bakterii KGL3A wykazywato
wtasciwosci antyoksydacyjne w tescie ABTS w zakresie od 18,4% do 34,6% [142]. Te wyniki
sugerujy, ze colostrum owcze, ktére jest bogatsze w sktadniki aktywne od mleka, moze
wykazywac¢ jeszcze wiekszy potencjat antyoksydacyjny, co zostato udowodnione

W powyzszym badaniu.
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2.3 Badanie wptywu colostrum na hamowanie aktywnosci tyrozynazy [P2].

W celu oceny potencjalnego dziatania wybielajgcego colostrum, przeanalizowano jego
zdolnos¢ do inhibicji aktywnosci tyrozynazy przy stezeniu roztworu 1 mg/ml. Colostrum wykazato
stabg inhibicje na poziomie 23,4% 0,6, co jest wynikiem okofo czterokrotnie nizszym niz

w przypadku zastosowanej kontroli — kwasu askorbinowego.

Niewiele badan dotyczy hamowania aktywnosci tyrozynazy przez siare owcza, mleko owcze czy
siare bydlecg. Jedno z badan analizowato dziatanie inhibicyjne biatek mleka, hydrolizatéw
biatkowych, peptydéw i aminokwaséw, takich jak B-kazeina czy a-laktoalbumina wzgledem
tyrozynazy. Peptydy zawierajgce arginine i fenyloalanine w potfgczeniu z waling, alaning lub
leucyng okazaty sie bardziej skuteczne niz te zawierajace reszty kwaséw asparaginowego
i glutaminowego [143]. Kolejne badanie potwierdzito zdolno$¢ hamowania aktywnosci
tyrozynazy przez biatka mleka, tj. k-kazeina i B-laktoglobulina [144]. W innym badaniu wykazano,

ze mleko osle hamuje aktywnos$¢ tyrozynazy oraz synteze melaniny [21].

2.4 Badanie in vitro wptywu colostrum na proliferacje linii komdrkowych fibroblastéw
skoéry ludzkiej (1BR.3.N), keratynocytow naskoérka noworodkéw i ludzkich
fibroblastow (dHF) wyizolowanych z probek tkanek pobranych od 4 pacjentow

z owrzodzeniami stopy cukrzycowej [P2].

Wptyw colostrum owczego na proliferacje linii komoérkowych fibroblastow skory ludzkiej
1BR.3.N i keratynocytéw naskdrka noworodkdéw zostat okreslony za pomocg testu MTT. Po 24-
i 48-godzinnej inkubacji wszystkie badane stezenia colostrum owczego znaczgco zwiekszyty
proliferacje fibroblastéw w sposéb zalezny od dawki (im wyzsza dawka colostrum, tym wyzsza
proliferacja) w poréwnaniu z komdrkami niepoddanymi dziataniu siary (Wykres 2). Najwiekszy
wzrost proliferacji, wynoszacy 91,2% (po 24 godzinach) i 122,2% (po 48 godzinach),
zaobserwowano dla najwyzszego z badanych stezen - 2 mg/ml.

Keratynocyty naskoérka noworodkow wykazywaty rdéing wrazliwos¢ na dziatanie colostrum
(Wykres 3). Inkubacja przez 24 godziny w niskich stezeniach siary (do 0,5 mg/ml) nieznacznie
zwiekszyta zywotnosé komdrek o 32,1%, podczas gdy wysokie stezenia (2 mg/ml) zmniejszyty

zywotnosé nawet o 17,9%. Po 48 godzinach efekt zmniejszenia zywotnosci keratynocytéw byt juz
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widoczny przy najnizszym z testowanych stezen - 0,1 mg/ml, a zwiekszenie stezenia prowadzito

do coraz wiekszego hamowania zywotnosci keratynocytéw, o okoto 40% przy stezeniu 2 mg/ml.

Wykres 2. Wptyw colostrum na zywotnosc fibroblastéw skory ludzkiej 1BR.3.N [P2].
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Wykres 3. Wptyw colostrum na zywotnos¢ keratynocytow z naskérka noworodkéw [P2].
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Wptyw colostrum owczego na fibroblasty ludzkie pochodzace od pacjentéw z cukrzycg wykazat
zrdznicowane tendencje w zaleznosci od pochodzenia komorek (Wykres 4). Po 48 godzinach
hodowli wszystkie badane komérki wykazaty wyzsze wskazniki proliferacji, szczegélnie dHF1022

(107,7%, p < 0,001) i dHF1029 (110,8%, p < 0,01).

Wykres 4. Wptyw colostrum na zywotnos¢ fibroblastow pochodzacych od pacjentéw (dHF)

z owrzodzeniami stopy cukrzycowej [P2].
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Dotychczas stwierdzono, ze siara bydleca stymuluje wzrost psich fibroblastéw in vitro. Najwyzsze
z zastosowanych stezen siary bydlecej, tj. 0,3 mg/ml i 1 mg/ml, stymulowaty wzrost fibroblastow
odpowiednio 0 12% i 32% w porédwnaniu do kontroli po 48 godzinach inkubacji [9].

Wptyw colostrum bydlecego na procesy starzenia skory badano réwniez m.in. przez ocene
dtugosci telomerdw i ich tempa skracania. W jednym z badan oceniano wptyw siary na
proliferacje fibroblastow ludzkich w warunkach standardowych oraz w obecnosci stresu
oksydacyjnego wywotanego przez H;0,. Wyniki wskazaty, ze colostrum bydlece moze
wspomagaé regeneracje skéry poprzez zwiekszenie proliferacji fibroblastéw oraz ochrone
telomeréw przed ich skracaniem, nawet w warunkach stresu oksydacyjnego [145].

Ponadto wykazano, ze frakcja kuleczek ttuszczu wyizolowana z siary klaczy najsilniej stymulowata

proliferacje fibroblastéw, prawdopodobnie ze wzgledu na zawartos¢ laktadheryny [146].
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Dotychczas nie badano wptywu colostrum na fibroblasty pochodzace od pacjentéw
z owrzodzeniami stopy cukrzycowej (dHF). Wyniki bedace czescig tej rozprawy wskazaty,
ze proliferacja fibroblastéw dHF, stymulowanych colostrum owczym, wynosita od 96,0% do
115,4%, co jest nizszym wskaznikiem niz w przypadku zdrowych fibroblastow (227%) po 48
godzinach inkubacji. Wynika to prawdopodobnie z nizszego potencjatu proliferacyjnego komérek
dHF, ktdre pochodzg od pacjentdw z zaburzeniami metabolicznymi. Aby osiggna¢ podobne
efekty jak w komdédrkach zdrowych, mogg byé potrzebne wyzsze stezenia siary, co wymaga
dalszych badan. Ponadto nalezy zauwazy¢, ze dtugotrwaty wzrost proliferacji fibroblastéw nie
zawsze jest pozgdany, gdyz moze skutkowac powstawaniem blizn keloidowych [147]. Dlatego
potrzebne sg dalsze i dtuzsze obserwacje z siarg, zwtaszcza w warunkach klinicznych.

Ocena wptywu siary na wzrost podstawowych komérek budujgcych skére wtasciwg i naskérek,
takich jak fibroblasty i keratynocyty, oraz fibroblastow dHF pochodzacych od pacjentéw
z owrzodzeniami stopy cukrzycowej, stanowi wartosciowy model badawczy. Pozwala on na
ocene efektywnosci wspomagania proceséw gojenia sie ran, zdolnosSci regeneracyjnych oraz
potencjatu siary w kontekscie opdzniania proceséw starzenia. Wyniki te majg istotne znaczenie

w realizacji zatozonych celéw badawczych niniejszej rozprawy doktorskiej.

Stwierdzono, ze colostrum po 24 godzinach stymulowato proliferacje keratynocytéw, jednak
tylko do stezenia 1,5 mg/ml. Wyisze stezenia hamowaty proliferacje keratynocytéw
w obu czasach inkubacji. Podobny efekt hamujacy wykazata siara bydleca na prawidtowe
keratynocyty ludzkie. Badacze przypuszczajg, ze zatrzymanie wzrostu mogto by¢ zwigzane
ze zwiekszong ekspresjg inhibitorow kinaz zaleznych od cyklin (CDKI), co sugeruje potencjalne
zastosowanie siary w ograniczaniu nadmiernej proliferacji keratynocytéw w leczeniu chordb

skdry zwigzanych z zaburzeniami bariery skérnej i réznicowania komérek [148].

2.5 Test rysy (scar test) wobec komérek dHF stymulowanych colostrum [P2].

Komoérki dHF hodowane w obecnosci colostrum owczego wykazaty przyspieszone tempo
zamykania rany. Komorki traktowane colostrum, proliferowaty i migrowaty szybciej niz komorki
kontrolne, pokrywajac 40% poczatkowej powierzchni rany po 16 godzinach hodowli (komdrki
kontrolne po 20 godzinach) oraz 20% powierzchni po 28 godzinach (kontrola po 32 godzinach)
(Wykres 5, Rycina 1). Wyniki te sugerujg, ze colostrum owcze moze wspomagac proces gojenia

ran, co moze by¢ szczegélnie korzystne w terapii owrzodzen stopy cukrzycowej.
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Wykres 5. Wyniki testu zamykania rany dla komérek dHF stymulowanych colostrum owczym

[P2].
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Rycina 1. Wyniki testu zamykania rany dla komérek dHF stymulowanych colostrum owczym.

Reprezentatywne fotografie ran w trzech wybranych punktach czasowych [P2].
t=0h t=40h t=72h

Colostrum

Kontrola

Wyniki badania sugerujg, ze colostrum owcze wspomaga procesy gojenia ran, szczegdlnie
w przypadkach owrzodzen stopy cukrzycowej, gtdwnie dzieki wysokiej zawartosci
antyoksydantow oraz laktoferyny. Laktoferyna odgrywa kluczowa role, stymulujac proliferacje
i migracje fibroblastéw, co przyczynia sie do regeneracji tkanek [149]. Jak dotychczas

w literaturze nie znaleziono badan oceniajacych wptyw colostrum na proces zamykania ran.
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Przeprowadzono jedno badanie, ktdre poréwnywato skutecznos¢ opatrunkow z siarg bydlecy do
opatrunkéw konwencjonalnych w przypadku gtebokich ran. Wyniki wykazaty, ze opatrunki
z colostrum promowaty gojenie ran poprzez: skrécenie czasu gojenia rany, zmniejszenie bolu
i zmniejszenie liczby zmian opatrunkdéw. Dlatego badacze sugeruja, ze opatrunki z siary bydlecej
mogay by¢ stosowane wspomagajgco w leczeniu gtebokich ran [150]. Siara bydleca skutecznie
wspomagata gojenie ran, prawdopodobnie dzieki obecnosci transformujgcego czynnika wzrostu
(TGF-B), czynnika wzrostu fibroblastéw (FGF) oraz insulinopodobnego czynnika wzrostu (IGF-1)

[45,150].

2.6 Wptyw  colostrum na ekspresje genéw zwigzanych z  proliferacja

i odpowiedzig immunologiczng w komérkach dHF [P2].

Wyniki ekspresji gendw komarek dHF czterech pacjentéow traktowanych colostrum owczym
wykazujg wzrost ekspresji gendow KI67 (marker proliferacji), oraz TSG-6 (geny zwigzane
z wtasciwosciami przeciwzapalnymi) wzgledem komadrek nietraktowanych (Wykres 6).

Wyniki pokrywaja sie z tendencjami obserwowanymi w tescie rysy.

Wykres 6. Ekspresja genéw Ki67, IL-6, PTGS-2 i TSG-6 w komdrkach dHF po 48-godzinnym

traktowaniu colostrum owczym [P2].
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Bardzo niewiele badan analizowato wptyw siary na ekspresje gendw i jej aktywnosé

biologiczng, a te, ktére sg dostepne, stosowaty rézne metodologie i typy probek, co utrudnia
bezposrednie poréwnanie ich wynikéw z wynikami niniejszego badania.
Colostrum owecze znaczaco zwiekszyto ekspresje Ki67, co wskazuje na silny efekt proliferacyjny
[151]. Poczatkowy wzrost tempa migracji i proliferacji komérek dHF (test rysy), w potgczeniu ze
zwiekszong ekspresjg Ki67, sugeruje, ze colostrum owcze posiada wiasciwosci sprzyjajgce
proliferacji komdrek [151].

Zwiekszenie ekspresji TSG-6 sugeruje rowniez korzystne efekty przeciwzapalne. TSG-6
jest biatkiem, ktore chroni tkanki przed uszkodzeniami wywotanymi stanem zapalnym [152].
Wczesniejsze badania wykazaty, ze siara bydleca zawiera czynniki wzrostu, takie jak IGF-1
i EGF, ktore mogg stymulowac proliferacje komodrek nabtonka jelitowego, co znajduje
odzwierciedlenie w obserwacjach dotyczgcych zwiekszonej ekspresji Ki67 po zastosowaniu
colostrum owczego [48].

Poniewaz komodrki dHF mogg by¢ obcigzone tzw. "pamiecia metaboliczng" zwigzang
z cukrzycy, zwiekszona ekspresja genow przeciwzapalnych, takich jak TSG-6, oraz zmniejszona
ekspresja genu IL-6 mogg sugerowac, ze siara wykazuje korzystny wptyw na zaburzone
wtasciwosci zapalne komdrek dHF [153]. Ponadto, w populacji fibroblastow w tkance wrzodowe;j
stopy cukrzycowej zaobserwowano zwiekszong ekspresje TSG-6, ktéra byta zwigzana
z procesami gojenia [154].

Podsumowujac, colostrum owcze wykazuje wtasciwosci proliferacyjne, co potwierdza wzrost
ekspresji markera Ki67, oraz dziatanie przeciwzapalne poprzez zwiekszong ekspresje TSG-6.

Wyniki wskazuja, ze colostrum owcze moze mie¢ potencjat wspomagajacy procesy gojenia ran.

3. Ocena wplywu preparatu kosmetycznego zawierajgcego colostrum owcze na skore

dojrzata [P3]

Instrumentalny pomiar parametréw skéry [P3]

Test nawilzenia skory wykazat statystycznie istotne zwiekszenie nawilzenia w grupie
stosujgcej krem z siarg owczg, gdzie srednie nawilzenie wzrosto istotnie statystycznie z 35,9 do
51,1 jednostek (Wykres 7, Tabela 5). W grupie placebo zaobserwowano jedynie niewielkg,

nieistotng statystycznie zmiane nawilzenia, z 42,2 do 46,2 jednostek.
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Aby doktadnie opisa¢ ten parametr skory, obliczono mediane oraz zakres miedzykwartylowy
(mediana (25%; 75. Wyniki wskazaty na znacznie wyzszg, istotng statystycznie poprawe
nawilzenia skéry w grupie kremu z siarg (45,5%) w poréwnaniu do grupy placebo (9,5%).

Srednie wartoéci TEWL (przezskérnej utraty wody) byty podobne w obu grupach przed aplikacja
kremow: 21,1 g/h/m? dla siary i 20,8 g/h/m? dla placebo. Po o$miu tygodniach terapii wartosci
TEWL poprawity sie w obu grupach o okoto 5 jednostek, tj. z poziomu normalnego (15-25
g/h/m?) do zdrowego stanu (10-15 g/h/m?). Zmiany te byty statystycznie istotne w obu grupach
P<0,05.

Elastycznos¢ skoéry, oceniana za pomocg RO i FO, poprawita sie w obu grupach w trakcie
eksperymentu. RO reprezentuje pasywng odpowiedz skéry na site, a FO elastycznos¢ skory
w momencie ssania. Srednie wartosci RO zmniejszyty sie z 0,201 do 0,177 jednostek w grupie
kremu z siarg oraz z 0,207 do 0,177 jednostek w grupie placebo. Podobnie, $rednie wartosci FO
zmniejszyty sie z 32,6 do 27,1 jednostek w grupie kremu z siarg i z 31,6 do 26,7 jednostek
w grupie placebo (P<0,001).

Nie zaobserwowano istotnych zmian w zakresie rumienia, zawartosci melaniny ani sebum na

koncu badania w zadnej z grup (krem z siarg oraz placebo).
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Tabela 5. Zmiany parametrow skéry po osmiu tygodniach leczenia w grupach uzywajacych

kremu z colostrum i placebo w postaci kremu bazowego, wyrazone jako srednia + odchylenie

standardowe [P3].

Pomiar | Pomiar Il Istotnosé
Badany parameter
Group statystyczna
skory (tydzien 0) (tydzien 8)
(P)
Colostrum
35,9+11,8 [U] | 51,1+10,7 [U] P<0,0001
(N=30)
Nawilzenie
Placebo
42,2+11,9 [U] | 46,248,3 [U] NS (P=0,147)
(N=18)
Colostrum
21,1+12,3 [U] | 15,345,4 [U] P=0,021
(N=30)
TEWL
Placebo
20,849,0 [U] 16,146,2 [U] P=0,030
(N=16)
Colostrum 351,9+83,2
361,6+92,5 [U] NS (P=0,254)
(N=30) [U]
Rumien
Placebo 336,2+78,1
359,0+82,1 [U] NS (P=0,115)
(N=18) (U]
Colostrum 111,7433,7
109,8+33,3 [U] NS (P=0,520)
(N=30) (U]
Zawartos$¢ melaniny
Placebo 107,6+31,0
104,5+26,1 [U] NS (P=0,517)
(N=18) (U]
Colostrum
40,9+35,0 [U] | 39,0%26,2 [U] NS (P=0,684)
(N=28)
Sebum
Placebo
42,1355 [U] | 39,7+27,8 [U] NS (P=0,689)
(N=18)
Colostrum 0,201+0,026
0,177+0,021 [U] P<0,0001
(N=29) (U]
Elastycznos¢ RO
Placebo 0,207+0,029
0,177+0,031 [U] P=0,001
(N=16) (U]
Colostrum
32,644,6 [U] | 27,13,0 [U] P<0,0001
(N=29)
Elastycznos¢ FO
Placebo
31,6%4,1 [U] 26,7+3,5 [U] P<0,0001
(N=16)
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Fotodokumentacja [P3]

Podczas oceny zdje¢ badacze nie mieli informacji, czy oceniana pacjentka zostata
przydzielona do grupy kremu z colostrum, czy do grupy placebo. Analiza wykazata znaczace
zmiany w zaczerwienieniu i wygtadzeniu porow w grupie colostrum (p<0,05). Dla pozostatych
parametréw wykazano poprawe w grupie colostrum, jednakze nieistotng statystycznie (Wykres
7). Zmniejszenie zaczerwienienia odnotowano u 25% pacjentek w grupie z kremem z colostrum
i u 0% oséb w grupie placebo. Wygtadzenie poréw na skérze twarzy stwierdzono u 71,4%
badanych stosujgcych krem z colostrum i u 38,9% osdb stosujgcych krem placebo. Oceniono
rowniez parametr "ogdélna poprawa" (oznaczajacy ogdlng poprawe wygladu skéry twarzy
w catosci) i wyrownanie kolorytu, ktore ulegty zmianie u pacjentéw z grupy kremu z colostrum

i placebo, odpowiednio u 71,4% i 53,6% (Wykres 7).

Wykres 7. Wyniki oceny fotografii wykonanych przed i po badaniu [P3].
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Zdjecia oceniano wedtug nastepujacej skali: O - brak poprawy (taki sam stan jak na zdjeciu poczatkowym), 1 - niewielka poprawa,
2 - umiarkowana poprawa, 3 - znaczna poprawa (istotna poprawa wygladu w poréwnaniu do stanu poczgtkowego, ale nie catkowicie

optymalna), 4 - maksymalna mozliwa poprawa.

Subiektywna ocena parametréw skory [P3]

Badani zostali poproszeni o wypetnienie ankiety przed i po badaniu, w ktérej mieli ocenié
stan swojej skory na podstawie rdznych parametréw. Podczas wypetniania ankiety po 8-
tygodniowym badaniu pacjenci wcigz nie wiedzieli, do ktdrej grupy nalezeli (czy stosowali krem
z colostrum czy placebo). Uzyskane wyniki zostaty przedstawione jako procent badanych,

u ktérych doszto do zmiany lub tez nie w ocenianych parametrach. W grupie stosujgcej krem
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z colostrum zaobserwowano poprawe w zakresie od 27,6% do 55,2%, natomiast w grupie
placebo od 17,6% do 40,0% (Wykres 8). Szczegbétowe dane dostepne sg w publikacji.

Najwyzszg poprawe odnotowano w obszarach takich jak regeneracja, nawilzenie
i miekkos¢ skéry. Analiza ocen wykazata statystycznie istotng réznice w poprawie miekkosci
skory w grupie colostrum.
Podsumowujac uzyskane wyniki, wiecej pacjentow w grupie colostrum wskazato poprawe
w zakresie nawilzenia, regeneracji, miekkosci skdry, redukcji zaczerwienienia i zmniejszenia

nadwrazliwosci niz w grupie placebo, lecz rdznice te nie byty istotne statystycznie.

Wykres 8. Odsetek osdb, ktére odnotowaty poprawe parametréw skory po 8 tygodniach

stosowania kremu placebo i kremu z colostrum.

60,0% 55,2%
48,3% >0,0%
50,0% ’ 44,8%
0,
40,0% s 0% 37,5%

Poprawa ocenianych parametrow

M Placebo Colostrum

Zwiekszone nawilzenie skdry w grupie stosujgcej krem z siarg owczg mozna przypisac
wysokim poziomom lipidéw, czynnikédw wzrostu, witamin i mineratéw obecnych w colostrum
owczym, ktére wystepujg w wyzszych stezeniach niz w siarze bydlecej [48,69]. Substancje te
promujg nawilzenie i odzywienie skdry [48,69]. Produkt wspiera nawilzenie skéry dzieki kwasom
ttuszczowym z colostrum, ktére mogg poprawiaé funkcje bariery skérnej i redukowac
przezskérng utrate wody (TEWL). Jednakie, poniewaz podobne zmniejszenie TEWL
zaobserwowano réowniez w przypadku kremu placebo, konieczne sg dalsze badania w celu
doktadnego okreslenia specyficznego wptywu siary owczej na TEWL i nawilzenie.

Wiele korzystnych efektéw dla skdry mozina przypisaé obecnosci witamin, mineratéw

i aminokwasow w siarze bydlecej [155]. Witaminy takie jak C, niacyna (B3), biotyna (B7),
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witamina E i A wspierajg produkcje kolagenu, gojenie ran i dziatanie antyoksydacyjne, podczas
gdy mineraty, takie jak cynk i miedz, neutralizujg wolne rodniki i wspomagajg regeneracje tkanek
[155]. Aminokwasy, w tym prolina, treonina, metionina i arginina, wspierajg zdrowie skoéry,
przeciwdziatajac starzeniu i przyspieszajac gojenie ran [155] (P1).

Zwiekszenie elastycznosci skory po zastosowaniu kremu z colostrum owczym mozna przypisac
antyoksydacyjnemu dziataniu jego sktadnikéw, takich jak witaminy A, C i E oraz
B-laktoglobulina i laktoferyna. Substancje te chronig przed stresem oksydacyjnym i wspieraja
produkcje kolagenu (witaminy A,C,E), co spowalnia procesy starzenia [52,53,155]. Cho¢ poprawa
elastycznosci byta rowniez widoczna w grupie placebo, wzrost nawilzenia w grupie colostrum
owczego dodatkowo wspomagat ten proces, co wynika ze zwigzku pomiedzy nawilzeniem
a elastycznoscig skéry [156].

Analiza fotodokumentacji wykazata istotne zmiany w wygtadzeniu poréw i redukgji
zaczerwienienia w grupie stosujacej krem z colostrum (p<0,05). Efekt ten mozna przypisac
stymulacji proliferacji keratynocytow i fibroblastéw oraz wtasciwosciom antyoksydacyjnym,
ktore wykazuje colostrum owcze w badaniach in vitro [157]. Podobne wyniki uzyskano badajac
siare bydlecy, dodatkowo udowodniono, ze stosowanie colostrum bydlecego hamuje skracanie
telomerdw, zapobiegajgc tym samym zapaleniu skéry i zmianom tekstury [145,158].

Proliferacja i réznicowanie keratynocytow, udokumentowane w badaniach in vitro, mogg by¢
takze odpowiedzialne za zmniejszenie nadwrazliwosci skdry, sptycenie zmarszczek oraz poprawe
regeneracji skéry, co potwierdzajg zaréwno subiektywne odczucia uczestnikow, jak
i dokumentacja fotograficzna. Literatura wskazuje, ze stymulacja fibroblastéw przyczynia sie do
poprawy proceséw regeneracyjnych skory, co zapobiega jej przedwczesnemu starzeniu
[145,158].

Badanie wptywu kremu z colostrum owczym na skdre dojrzatg jest pionierskie, poniewaz
dotychczas nie testowano preparatéw z siarg owczg. Wyniki wskazaty, ze krem z colostrum
owczym poprawia nawilzenie skory, zmniejsza TEWL oraz zwieksza elastycznos¢, co sugeruje
jego potencjalne zastosowanie w dermatologii i kosmetologii. Produkt placebo, cho¢ nieco
poprawit TEWL i elastycznos¢ skéry, nie wykazat takich efektéw jak krem z siarg. Subiektywne
oceny pacjentéw oraz dokumentacja fotograficzna potwierdzajg, ze krem z colostrum przynosi

korzysci w zakresie miekkosci, wygtadzenia poréow i redukcji zaczerwienienia.
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4. Ocena wplywu preparatu kosmetycznego zawierajacego colostrum owcze na skore

tradzikowa [P4].

W poprzednim badaniu dotyczgcym wptywu kremu zawierajgcego colostrum owcze na skore
dojrzata zaobserwowano efekt w postaci zmniejszenia wydzielania sebum u trzech oséb z ttusta
cery. Zgtoszenia pacjentdw byty zgodne z wynikami pomiaréw, ktére potwierdzity redukcje
produkcji sebum po kuracji. Te obserwacje zasugerowaty, ze colostrum moze mie¢ pozytywny
wptyw na regulacje wydzielania sebum, co uzasadnia podjecie dalszych badan na grupie

pacjentéw z tradzikiem, w celu zweryfikowania jego skutecznosci w leczeniu skory tradzikowe;j.

Badania aparaturowe parametréw skory.

Po 8-tygodniowym stosowaniu kremu z owczym colostrum odnotowano istotng
statystycznie redukcje tojotoku na czole, co jest szczegdlnie istotne, poniewaz w innych
obszarach twarzy wyjsciowy poziom tojotoku byt nizszy. Dodatkowo zaobserwowano poprawe
nawilzenia skéry na czole i policzkach oraz zmniejszenie wartosci TEWL na policzkach i brodzie
(Tabela 6). W pozostatych badanych partiach twarzy parametry te takze ulegty poprawie, lecz

wyniki nie wykazywaty istotnosci statystycznej.
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Tabela 6. Zmiany parametrow skory po 8 tygodniach leczenia wyrazone jako srednia

+ SD oraz mediana [P4].

Pomiar | Pomiar Il
Istotnos¢
Obszar twarzy (przed zastosowaniem (po 8 tygodniach
statystyczna (p)
kremu) stosowania kremu)
Nawilzenie
50,7+13,8 56,6+10,0
Czoto p=0,036
51,0 (42,2-58,2) 58,5 (53,2-61,0)
43,2+12,8 49,31+11,4
Policzek p=0,013
41,0 (38,5-52,0) 50,0 (41,5-55,7)
50,1+10,9 54,9+19,7
Broda NS (P=0,171)
50,0 (41,5-54,2) 52,0 (40,7-60,0)
TEWL
17,349,1 16,816,1
Czoto NS (P=0,876)
15,5 (10,0-20,5) 15,0 (13,0-18,5)
20,16,5 16,516,2
Policzek p=0,013
18,5 (14,7-25,0) 15,0 (13,0-16,2)
26,4+11,9 18,918,4
Broda p<0,001
22,0(17,7-33,0) 16,0 (14,0-20,0)
Sebum
132,8+67,8 91,7+41,0
Czoto p=0,002
120,5 (81,5-199,7) 84,0 (61,0-101,2)
63,3162,1 69,2+52,7
Policzek NS (P=0,264)
51,5 (22,2-69,2) 64,0 (35,0-83,7)
110,2465,3 103,1456,2
Broda NS (P=0,207)
89,5 (62,7-145,0) 90,0 (60,5-134,2)

Wartosci w Tabeli: Srednia +SD, Mediana (25-75) (interkwartyl 25% i 75%)
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Subiektywna ocena badanych.
Uczestnicy ocenili swoje objawy skoérne, takie jak zaskdrniki, grudki, krosty i rumien,

a takze nawilzenie skory, tojotok i ogdlny stan skéry po osSmiu tygodniach leczenia.

Odsetek osdb badanych doswiadczajgcych poprawy w zakresie redukcji zaskérnikéw, grudek,

krost i rumienia wynosit odpowiednio 68%, 78%, 75% i 82% (Wykres 9a).

Za$ Srednia poprawa w grupie deklarujgcej poprawe wyniosta 38% (redukcja zaskornikow), 39%

(redukcja grudek), 43% (redukcja krost) i 38% (zmniejszenie rumienia) (Tabela 7a).

Odsetek oséb badanych doswiadczajgcych poprawy nawilzenia skory, redukcji tojotoku oraz
utrzymania skéry w dobrej kondycji wynosit odpowiednio 82%, 82% i 90% (Wykres 9b).
Zas srednia poprawa w grupie deklarujgcej poprawe wyniosta 40% (wzrost nawilzenia), 29%

(redukcja tojotoku), 43% (redukcja krost) i 39% (dobra kondycja skéry) (Tabela 7b).
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Tabela 7. Dane dotyczace subiektywnej oceny uczestnikbw w zakresie poprawy badanych

parametréw [P4].

a)

Zaskorniki Grudki Krosty Rumien
czoto | broda |policzki| czoto | broda |policzki| czoto | broda |policzki| czoto | broda |policzki
Srednia poprawa
w grupie deklarujacej|33,30%|38,80%|40,40% [32,60%|43,20%|41,80% |37,60% |44,30%| 48,30% |40,40%|31,50%| 43,50%
poprawe
(licznosé grupy) | (N=18)|(N=12) | (N=13) | (N=21) | (N=16) | (N=17) | (N=21) | (N=15) | (N=15) | (N=16) | (N=10) | (N=12)
Licznos¢ grupy z
. . N=3 N=3 N=3 N=1 N=2 N=2 N=1 N=1 N=0 N=0 N=1 N=1
brakiem zmian
Srednie pogorszenie
w grupie deklarujacej|12,50%|10,70%| 10% [15,00%|16,00%|30,00% |10,00%(19,50%|30,80% |10,00%|10,00%| 8,30%
pogorszenie
(licznosé grupy) (N=2) | (N=7) | (N=2) | (N=2) | (N=5) | (N=3) | (N=3) | (N=6) | (N=6) | (N=2) | (N=1) | (N=3)
Licznos¢ grupy z
. L, N=4 N=5 N=9 N=3 N=4 N=5 N=2 N=5 N=6 N=9 N=15 | N=11
brakiem objawow
b)
Nawilzenie skory Redukcja tojotoku Dobra kondycja skory
czoto | broda | policzki | czoto | broda | policzki | czoto | broda | policzki
Srednia poprawa
w grupie deklarujacej |37,50% | 38,00% | 43,20% | 32,50% | 24,10% | 29,60% | 39,70% | 33,90% | 43,80%
poprawe
(licznosé grupy) (N=23) | (N=20) | (N=23) | (N=23) | (N=18) | (N=20) | (N=23) | (N=24) | (N=23)
Licznos¢ grupy z brakiem
. N=2 N=5 N=1 N=2 N=7 N=3 N=1 N=2 N=2
zmian
Srednie pogorszenie w
grupie deklarujacej 20,00% | 15,00% | 36,70% | 0,00% | 0,00% | 10,00% | 22,50% | 0,00% | 20,00%
pogorszenie
(licznos¢ grupy) (N=2) | (N=2) (N=3) (N=0) | (N=0) (N=1) (N=2) | (N=0) (N=1)
Liczno$¢ grupy z brakiem
o, N=0 N=0 N=0 N=2 N=2 N=3 N=1 N=1 N=1
objawdéw
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Wykres 9. Procent uczestnikdw, ktérzy zadeklarowali poprawe (niebieski), brak zmiany (szary) i
pogorszenie (granatowy) w zakresie zmian skornych [P4].
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w probie
o o o o o o o o

Wzgledna liczba uczestnikow

o

NAWILZENIE SKORY REDUKCJA tOJOTOKU OGOLNA KONDYCJA SKORY

MW Pogorszenie M Brak zmian M Poprawa

Zaréwno leczenie tradziku, jak i sam tragdzik mogg zwiekszaé utrate wody z naskérka, prowadzac
do suchosci skéry, standw zapalnych i jej wiekszej wrazliwosci [159]. W prébkach skéry tradzikowej
zaobserwowano zmieniong ekspresje czgsteczek odgrywajacych kluczowa role w utrzymaniu funkcji
bariery naskdrkowej [160], a pacjenci z tradzikiem wykazywali wyzszy wynik TEWL i nizsze nawilzenie
w poréwnaniu do grupy kontrolnej [161].

Uzyskane wyniki wskazujg, ze terapia prowadzita do poprawy nawilzenia skéry na czole

i policzkach, co moze sugerowaé, ze aktywne sktadniki colostrum (w tym czynniki wzrostu, witaminy

44



Rozprawa doktorska Kinga Kazimierska-Geca

i lipidy) zwiekszajg zdolnos¢ skéry do zatrzymywania wody. Ponadto zmniejszenie TEWL na brodzie
i policzkach sugeruje poprawe integralnosci bariery hydrolipidowej, prawdopodobnie dzieki lipidom
i biatkom wzmacniajgcym warstwe rogowa naskodrka [13,148]. Laktoferyna, jeden z kluczowych
sktadnikow colostrum, jak sugerujg Mueller i in. [162], poprawia stan skory poprzez redukcje zmian
tradzikowych, zwiekszenie nawilzenia, zmniejszenie TEWL oraz obnizenie produkcji sebum.

Wyniki badan, obejmujacych ponad 900 pacjentéw, wykazaty istotng role sebum
w powstawaniu zmian zapalnych [163]. W niniejszym badaniu zaobserwowano, ze stosowanie
preparatu zawierajgcego colostrum owcze wigzato sie ze znaczgcg redukcjg produkcji sebum na czole.
Mozna to przypisa¢ regulacyjnemu dziataniu lipidéow, cytokin i immunoglobulin zawartych
w colostrum, ktére wptywajg na funkcjonowanie gruczotéw tojowych [164-167]. Co istotne,
najwieksze zmniejszenie produkcji sebum zaobserwowano na czole, przy braku istotnych zmian
w innych obszarach twarzy, co sugeruje, ze produkcja sebum zostata znormalizowana, a nie jedynie
zredukowana. Uczestnicy badania zgtaszali poprawe w zmianach zapalnych zwigzanych
z tradzikiem, co potwierdza przeciwzapalne wtasciwosci colostrum owczego, w tym jego sktadnikow,
takich jak immunoglobuliny, laktoferyna, laktoperoksydaza i cytokiny [162,168]. Regeneracja
i odbudowa skdry zostaty rowniez wzmocnione dzieki obecnosci czynnikéw wzrostu, takich jak IGF-1,
EGF i TGF, co moze przyspiesza¢ gojenie ran oraz zmniejszenie rumienia po tradziku [169].
Laktoferyna, znana ze swoich wtasciwosci przeciwzapalnych wykazuje zdolno$¢ regulowania
wydzielania cytokin, hamowania reakcji zapalnych oraz redukcji prozapalnych cytokin, takich jak IL-8
[12]. Sugeruje to potencjat laktoferyny w tagodzeniu standéw zapalnych zwigzanych z tradzikiem oraz
poprawie ogdlnego stanu skéry. Moze réwniez zmniejsza¢ zaczerwienienia, najprawdopodobniej
poprzez hamowanie aktywnosci kluczowych biatek zapalnych [12].

Ponadto wczesniej wykonane badania in vitro potwierdzity dziatanie przeciwzapalne
i regenerujace (stymulujgc proliferacje fibroblastow i przyspieszajgc migracje komorek skory) [P2]
colostrum owczego, co dodatkowo wspiera mozliwos¢ jego zastosowania w pielegnacji skoéry

tradzikowe;j.
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Whioski

W niniejszej pracy podjeto temat wptywu colostrum owczego na skére, ktérego dziatanie

nie zostato do tej pory tak dobrze przebadane jak w przypadku colostrum bydlecego.

Ocena wptywu colostrum owczego na wybrane parametry skéry dojrzatej oraz
tradzikowej zostata poprzedzona przegladem literatury i badaniami in vitro. Badania wtasne
colostrum owczego wykazaty jego wtasciwosci antyoksydacyjne, a takze wysoka zdolno$é do
stymulacji wzrostu fibroblastow i umiarkowang dla keratynocytéw, co przy spowolnionych
podziatach komérkowych w skdrze starzejgcej sie, moze przektada¢ sie na witasciwosci
przeciwstarzeniowe i regeneracyjne. Badania przeprowadzone na fibroblastach pochodzacych
od 0sdb chorych na cukrzyce wykazaty stymulacje ich proliferacji (Ki67) i migracji, ale tez wzrost
ekspresji gendw dla biatek przeciwzapalnych (TSG-6), a zmniejszenie prozapalnych IL-6, co

pozwala przypuszczaé o pozytywnym dziataniu na procesy gojenia.

Potwierdzona aktywno$é biologiczna colostrum owczego, sugeruje jego korzystne
dziatanie na skére zdrowg i chorg. W badaniach obiektywnych po stosowaniu kremu
z colostrum owczym wykazano istotng statystycznie poprawe nawilzenia, redukcje
przeznaskérkowej utraty wody, a takze poprawe elastycznosci. Subiektywna ocena o0sdb
stosujgcych kosmetyk i fotodokumentacja, potwierdzity wyniki uzyskane aparaturowo, a takze

wskazaty na poprawe miekkosci, wygtadzenie porow skéry i zmniejszenie rumienia.

Dziatanie kremu z colostrum okazato sie réwniez efektywne u oséb ze skoérg tragdzikowa.
Zmniejszenie wydzielania toju i poprawa nawilzenia pozwolity na utrzymanie skéry w dobrej
kondycji. Regularne stosowanie kremu z colostrum prowadzito réwniez do redukcji zmian
tradzikowych, takich jak zaskérniki, grudki i krosty. Stad krem z colostrum moze wspomagac
pielegnacje skory tradzikowej podczas leczenia dermatologicznego,

np. z zastosowaniem retinoidéw, poprzez poprawe bariery naskorkowe;j.

Powyzsze wyniki wskazujg na mozliwo$é zastosowania w dermatologii, rowniez

o dziataniu typowo pielegnacyjnym.
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Streszczenie

Celem niniejszej pracy doktorskiej byto zbadanie wptywu colostrum owczego na wybrane
parametry skéry dojrzatej oraz skory trgdzikowej. Dziatanie colostrum pochodzenia owczego nie

zostato do tej pory tak dobrze przebadane jak w przypadku colostrum bydlecego.

Na poczatkowym etapie badan opracowano oryginalng recepture preparatu
kosmetycznego w formie emulsji zawierajgcego jako komponent aktywny colostrum pochodzace
od polskich owiec.

Nastepnie oceniono wptyw przygotowanego preparatu kosmetycznego z colostrum
owczym na skére dojrzatg, w 8-tygodniowych randomizowanych badaniach z podwdjnie Slepa
probg, kontrolowane placebo, na grupie 52 ochotnikéw. Badanie obejmowato: pomiar
nawilzenia skéry na podstawie zawartosci wody w warstwie rogowej; ocene transepidermalnej
utraty wody (TEWL), pomiar poziomu hemoglobiny (rumien) i melaniny; ocene ilosci sebum na
skdrze, pomiar wtasciwosci viscoelastycznych skdry, a takze wykonanie fotodokumentacji stanu
skdry oséb badanych przed i po stosowaniu preparatu, oraz subiektywng ocene stanu skéry
przez osoby badane przed i po zakornczeniu stosowania preparatu.

W drugim 8-tygodniowym badaniu na ochotnikach (30 osdb) oceniono wptyw preparatu
kosmetycznego z colostrum owczym na skére tradzikowa. Badanie polegato na pomiarze ilosci
sebum na skdrze, ocenie nawilzenia skéry, oznaczeniu przeznaskdrkowej utraty wody (TEWL),
oraz subiektywnej ocenie stanu skéry przez osoby badane pod katem wystepowania
zaskornikéw, grudek, krostek, rumienia, a takze jej nawilzenia, tojotoku oraz ogdlnej kondycji
skory.

Ocena wptywu colostrum owczego na wybrane parametry skéry dojrzatej oraz
tradzikowej zostata poprzedzona przegladem literatury i badaniami in vitro. Badania wtasne
colostrum owczego wykazaty jego wtasciwosci antyoksydacyjne, a takie wysoka zdolno$¢ do
stymulacji wzrostu fibroblastow i umiarkowang dla keratynocytdow, co przy spowolnionych
podziatach komérkowych w skdrze starzejgcej sie, moze przektada¢ sie na witasciwosci
przeciwstarzeniowe i regeneracyjne. Badania przeprowadzone na fibroblastach pochodzacych
od 0s6b chorych na cukrzyce wykazaty stymulacje ich proliferacji (Ki67) i migracji, ale tez wzrost
ekspresji genéw dla biatek przeciwzapalnych (TSG-6), a zmniejszenie prozapalnych IL-6, co
pozwala przypuszczaé o pozytywnym dziataniu na procesy gojenia.

Potwierdzona aktywnos¢ biologiczna colostrum owczego, sugeruje jego korzystne
dziatanie na skére zdrowg i chorg. W badaniach obiektywnych po stosowaniu kremu

z colostrum owczym wykazano istotng statystycznie poprawe nawilzenia, redukcje
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przeznaskéorkowej utraty wody, a takze poprawe elastycznosci. Subiektywna ocena o0sdb
stosujgcych kosmetyk i fotodokumentacja, potwierdzity wyniki uzyskane aparaturowo, a takze
wskazaty na poprawe miekkosci, wygtadzenie porédw skéry i zmniejszenie rumienia.

Dziatanie kremu z colostrum okazato sie rowniez efektywne u oséb ze skdrg tradzikows.
Zmniejszenie wydzielania toju i poprawa nawilzenia pozwolity na utrzymanie skéry w dobrej
kondycji. Regularne stosowanie kremu z colostrum prowadzito réwniez do redukcji zmian
tradzikowych, takich jak zaskdrniki, grudki i krosty. Stad krem z colostrum moze wspomagaé
pielegnacje skory tradzikowej podczas leczenia dermatologicznego,
np. z zastosowaniem retinoidéw, poprzez poprawe bariery naskérkowe;j.

Powyzsze wyniki wskazujag na mozliwo$é zastosowania w dermatologii, réwniez

o dziataniu typowo pielegnacyjnym.
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Summary

The aim of this doctoral thesis was to examine the effects of sheep colostrum on
selected parameters of mature and acne-prone skin. The effects of ovine colostrum have not

been as thoroughly studied as bovine colostrum.

At the initial stage of the research, an original formula of a cosmetic product in the form
of an emulsion containing ovine colostrum from Polish sheep as the active component was
developed. Subsequently, the effects of the prepared cosmetic product with sheep colostrum on
mature skin were evaluated in an 8-week randomized, double-blind, placebo-controlled trial
involving 52 volunteers. The study included: measurement of skin hydration based on the water
content in the stratum corneum; evaluation of transepidermal water loss (TEWL); measurement
of hemoglobin (erythema) and melanin levels; assessment of sebum levels in the skin;
measurement of skin viscoelastic properties; photographic documentation
of the skin condition before and after the application of the product; and a subjective
assessment of the skin condition by the participants before and after the use of the product.
In the second 8-week study involving volunteers (30 people), the effect of the cosmetic product
with ovine colostrum on acne-prone skin was evaluated. The study included measurements of
sebum levels on the skin, evaluation of skin hydration, determination
of transepidermal water loss (TEWL), and subjective assessment of the skin condition
by the participants, focusing on the presence of blackheads, papules, pustules, erythema,

as well as skin hydration, seborrhea, and overall skin condition.

The evaluation of the effects of sheep colostrum on selected parameters of mature and
acne-prone skin was preceded by a literature review and in vitro studies. The in vitro studies of
ovine colostrum demonstrated its antioxidant properties, as well as its high ability
to stimulate fibroblast growth and moderate ability to stimulate keratinocytes. Given the slowed
cellular division in aging skin, this may translate into anti-aging and regenerative properties.
Studies conducted on fibroblasts from diabetic patients demonstrated stimulation of their
proliferation (Ki67) and migration, as well as an increase in the expression of anti-inflammatory
proteins (TSG-6) and a reduction in pro-inflammatory IL-6, suggesting a positive effect on healing

processes.

The confirmed biological activity of sheep colostrum suggests its beneficial effects
on both healthy and diseased skin. Objective studies following the use of a cream containing
ovine colostrum showed a statistically significant improvement in hydration, a reduction

in transepidermal water loss, and an improvement in skin elasticity. The subjective evaluation by
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the participants and the photographic documentation confirmed the instrumentally obtained
results, as well as indicated improvements in skin softness, pore smoothing,

and erythema reduction.

The effect of the cream with colostrum also proved to be effective in individuals with
acne-prone skin. The reduction in sebum secretion and improvement in hydration allowed the
skin to maintain good condition. Regular use of the cream with colostrum also led to
a reduction in acne lesions such as blackheads, papules, and pustules. Therefore,
the colostrum cream can support acne-prone skin care during dermatological treatment,

for example, with the use of retinoids, by improving the epidermal barrier.

These results indicate the potential for its use in dermatology, including for skincare purposes.
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Wykres 4. Wptyw colostrum na zywotnos$¢ fibroblastéw pochodzacych od pacjentéw (dHF)

Z OWrZOdzZeNiami SLOPY CUKIZYCOWE]....cecueeiecteceeceeeeieiettettet e e e e see st stestesaeessesessassaesses e sseseestestessesnnenes 30

Wykres 5. Wyniki testu zamykania rany dla komoérek dHF stymulowanych colostrum

OWEZY Mttt tuttenieseueettenueesueesstesatssteasssenses seeeestesseesbeanssesses saesessesassseanssessss seesnsbenassusenssensesssesessenssesueesssensesanses 32

Wykres 6. Ekspresja gendéw Ki67, IL-6, PTGS-2 i TSG-6 w komédrkach dHF po 48-godzinnym

traktowaniu COlOSTIUM OWECZYM.......ciiiiieece ettt st s te s resese e s aes en e e e e see sanens 33
Wykres 7. Wyniki oceny fotografii wykonanych przed i po badaniu........ccceeeeveveieienececcceriene, 37

Wykres 8. Odsetek osdb ktére odnotowaly poprawe parametréw skéry po 8 tygodniach

stosowania kremu placebo i Kremu z COlOSTIUM.......c.vciiiicieicece ettt et e enaeans 38

Wykres 9. Procent uczestnikéw, ktérzy zadeklarowali poprawe (niebieski), brak zmiany (szary)

i pogorszenie (granatowy) w zakresie zmian SKOrNYCh..........oeciveceie e e 44

Rycina 1. Wyniki testu zamykania rany dla komérek dHF stymulowanych colostrum owczym.

Reprezentatywne fotografie ran w trzech wybranych punktach czasowych..........ccceeveeviveiennnne 32
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Zataczniki

Zatacznik 1. Zgoda Komisji Bioetycznej przy Warszawskim Uniwersytecie Medycznym
(KB/128/2019).

, MEDIC4 e s T

P B Komisja Bioetyczna

& > ! . . .
F W& 04: przy Warszawskim Uniwersytecie Medycznym
2Q 7
A ?‘;g f 4 é Tel.: 022/57-20 -303 ul. Zwirki i Wigury nr 61
= M/ 7 Fax: 022/57-20-165 02-091 Warszawa

Jﬁ( . 1809 03' e-mail: komisja.bioetyczna@wum.edu.pl

1 punv www.komisja-bioetyczna.wum.edu.pl
KB/Al%./12019

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 24 czerwea 2019 r. po zapoznaniu si¢ z wnioskiem:

Dr hab. n. med.Beata Mrozikiewicz-Rakowska
Klinika Diabetologii i Choréb Wewn¢trznych
Warszawskiego Uniwersytetu Medycznego

ul. Banacha 1, 02-097 Warszawa

dotyczgeym: wyrazenia opinii w sprawie badania pt : ,, Ocena bezpieczenistwa i skutecznosci leczenia
ran przewlekiych w zespole stopy cukrzycowej z uzyciem allogenicznych komérek
macierzystych.izolowanych z tkanki tluszczowej .”

wyraza nast¢pujgcq
opinig
- stwierdza, Ze jest ono dopuszczalne i zgodne z zasadami naukowo-etycznymi®*.

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z péin.zm./, zarzqdzenia MZiOS z dn.11.05.1999r. w sprawie szczegblowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrze$nia 2001r, (DzU.Nr 126, poz. 1381 z p6Zzn. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .

Wom%imwmq
s /(_e/&C@f—\
Prof. dr hab. n. med. Magdalena Kuzma-Kozakiewicz
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Komisja wyraza pozytywng opini¢ w sprawie przeprowadzenia wnioskowanych

badan- na warunkach okreslonych we wniosku oraz dodatkowo zastrzegajac:

1/ obowiazek przedstawienia Komisji:

- wszystkich zmian w protokole majacych wplyw na przebieg oraz oceng
badania,

- wszystkich przypadkow zdarzen niepozadanych,

- zawiadomienia o przyczynach przedwczesnego zakonczenia badania,

- sprawozdania w toku przeprowadzonych badan-za szes¢ miesigcy,

- raportu koncowego.
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Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 -20-303 ul. Zwirki i Wigury nr 61
Fax: 022/57 - 20 -165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

KB/ 3 /A2021
Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 18 stycznia 2021 r. po zapoznaniu si¢ z wnioskiem:

Dr hab. n. med. Beata Mrozikiewicz-Rakowska
Klinika Diabetologii i Choréb Wewngtrznych
Warszawskiego Uniwersytetu Medycznego

ul. Banacha 1, 02-097 Warszawa

dotyczgeym: akceptacji zmian w dokumentacji obejmujgeych:

-Protokot badania wersja 2.0 z 23.12.2020

do badania pt. ,, Ocena bezpieczenstwa i skutecznosci leczenia ran przewleklych w zespole stopy
cukrzycowej z uzyciem allogenicznych komérek macierzystych.izolowanych z tkanki thuszczowej .”

wyraza nastepujacy
opinig
- stwierdza, ze sg one dopuszczalne i zgodne z zasadami naukowo-etycznymi®.

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z péin.zm./, zarzadzenia MZiOS z dn.11.05.1999r. w sprawie szczegélowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrzesnia 2001r. (Dz.U.Nr 126, poz. 1381 z p6Zn. zm.) oraz
Zarzgdzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .

W zalaczeniu: sklad komisji oraz lista obecnosci

*niepotrzebne skresli¢
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strona podpisowa do uchwaly Komisji Bioetycznej przy Warszawskim

Uniwersytecie Medycznym nr KB/........20 B...... z dnia 18 s% ZOilr.

1. Prof. dr hab. n.mcd. Magdalcna Kufzma =Kozakiewicz / ........................
2. Dr hab. n. med. Tomasz Grzela

3. Dr hab. n. med. Andrea Horvath-Stolarczyk
4. Dr hab. n. med. Urszula Ambroziak

5. Dr hab. n.med. Maciej Sinaki

6. Dr hab. n. farm. Sylwia Flis

7. Prof. dr hab.n.med Tomasz Jakimowicz

8. Dr n. med. Leszek Kraj

9 Mee, Danuta Lewandowska

10. Dr n .farm. Agata Maciejczyk

11. Dr hab. n.med. Barbara Grzechocinska

12. Dr n. med. Artur Hacia

13 Mgr Anna lasinska .......\.‘%9.“-‘?“.\‘:’&...‘#?}}‘(2-.
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Lista obecnosci
na posiedzeniu Komisji Bioetycznej
w dniu 18 stycznia 2021

1. Prof. dr hab. n.med. Magdalena Kuzma —Kozakiewicz

2. Dr hab. n. med. Tomasz Grzela

3. Dr hab. n. med. Andrea Horvath-Stolarczyk
4. Dr hab. n. med. Urszula Ambroziak

5. Dr hab. n.med. Maciej Sinski

6. Dr hab. n. farm. Sylwia Flis

7. Prof. dr hab.n.med Tomasz Jakimowicz

8. Dr n. med. Leszek Kraj

9.Mec. Danuta Lewandowska

10. Dr n .farm. Agata Maciejczyk

11. Dr hab. n.med. Barbara Grzechocinska

12. Dr n. med. Artur Hacia
13. Mgr Anna Jasiniska i, . g

14.Iwona Siudalska oo Jhona... Sladele.......
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—

!\)

i

SKLAD OSOBOWY KOMISJI BIOETYCZNEJ
przy WARSZAWSKIM UNIWERSYTECIE MEDYCZNYM, ul. Zwirki i Wigury 61
w dniu 18 stycznia 2021r.

. Prof. dr hab. n. med. Magdalena Kuzma Kozakiewicz-Przewodniczaca KB

Katedra i Klinika Neurologii
ul. Banacha la,

02-097 Warszawa
specjalizacja: neurologia

Dr hab. n.med. Tomasz Grzela -nieobecny
Katedra i Zaklad Histologii i Embriologii
ul. Chatubinskiego 5,

02-004 Warszawa

specjalizacja: chirurgia i immunologia

. Dr hab. n. med. Andrea Horvath-Stolarczyk

Klinika Pediatrii
ul. Zwirki I Wigury 63a,
02-091 Warszawa

specjalizacja: pediatria

Dr hab. n. farm. Sylwia Flis

Zaklad Farmakologii

ul. Chelmska 30/34

00-725 Warszawa

specjalizacja: biolog, n. farmaceutyczne

. Mec. Danuta Lewandowska

specjalizacja: prawnik

Dr hab. n. med. Barbara Grzechocinska
1 Klinika Poloznictwa i Ginekologii
Pl. Starynkiewicza 1/3

02-015 Warszawa

Specjalizacja: ginekolog

. Prof. dr hab. n. med. i n. o zdr. Tomasz Jakimowicz

Katedra i Klinika Chirurgii Ogélnej,

Naczyniowej i Transplantacyjnej

ul. Banacha la

02-097 Warszawa

Specjalizacja: chirurgia ogélna, chirurgia naczyniowa, transplantologia kliniczna

. Dr hab. n. med. Maciej Sinski -nieobecny

Katedra i Klinika Chor6b Wewnegtrznych, Nadciénienia Tetniczego i Angiologii
ul. Banacha la,

02-097 Warszawa

specjalizacja: kardiologia, choroby wewngtrzne
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9. Drn. farm. Agata Maciejczyk
Specjalizacja: farmaceutka

10. Dr n. med., dr n. teol. Artur Hacia
Kolegium Fizjologiczno-Teologiczne OO. Dominikanéw w Krakowie
Mazowiecki Szpital WojewGdzki ,.Drewnica”
ul. Rychlinskiegol,
05-091 Zabki
specjalizacja: psychiatria, duchowny

11. Dr n. med. Leszek Kraj
Klinika Onkologii,
ul. Banacha la,
02-097 Warszawa
specjalizacja: onkologia kliniczna,

12. Dr hab. n. med. Urszula Ambroziak
Katedra i Klinika Chorob Wewnetrznych i Endokrynologii
ul. Banacha la,
02-097 Warszawa
specjalizacja: endokrynologia, choroby wewnetrzne

13. Mgr Anna Jasinska
specjalizacja: pielggniarka

14. inz. Iwona Siudalska -sekretarz
Sekretariat Komisji Bioetycznej
Tel.22 5720303
ul. ul. Zwirki I Wigury 61,
02-091 Warszawa
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Zatacznik 2. Zgoda Komisji Bioetycznej Uniwersytetu Medycznego w todzi (RNN/13/22/KE).

e

KOMISJA BIOETYCZNA PRZY UNIWERSYTECIE MEDYCZNYM W LODZI
PL Hallera 1B, 90-647 £.6dz, tel. 0 785 911 596, 42 272-52-43, bioetyka@umed.lodzpl

UCHWALA
KOMISJI BIOETYCZNEJ O PROJEKCIE EKSPERYMENTU MEDYCZNEGO
Numer RNN/13/22/KE z dnia 11 stycznia 2022 r.
(przy korespondencji dotyczqcef niniejszej decyzji prosimy powolywaé sig kazdorazowo na powyzszy
numer i datg Uchwaly)

Gléwny badacz i wykonawca:

Dr n.med. Anna Erkiert — Polguj, mgr inz. Kinga Kazimierska, Zaklad Kosmetologii 1
Dermatologii Estetycznej, Zakfad Chemii Surowcoéw Kosmetycznych, Katedra Kosmetologii
Uniwersytetu Medycznego w Lodzi, ul. Muszyfiskiego 1, 90-151 Lodz

Tytul badania:
Ocena wplywu preparatu kosmetycznego zawierajacego colostrum owceze na wybrane
parametry skéry z objawami starzenia.

Na podstawic ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty (. j. Dz U.
22020 r. poz 514,z pdzn. zm,), rozporzadzenia Ministra Zdrowia z dnia 11 maja 1999 r. w sprawie
szczegblowych zasad , powolywania i finansowania oraz trybu dzialania komisji bioetycznych
(Dz.U. nr 47 poz. 480), zarzadzenia nr 8/2015 z 16 lutego 2015 r. z pézn, zm. Rektora Uniwersytetu
Medycznego w Lodzi w sprawie wprowadzenia Regulaminu pracy Komisji Bioetycznej przy
Uniwersytccic Medycznym w Lodzi oraz zarzadzenia nr 87/2020 z dnia 14 wrze$nia 2020 1. Rektora
Uniwersytetn Medyeznege w Lodzi w sprawie powolania Komisji Bioetycznej przy Uniwersytecie
Medycznym w Eodzi po przeanalizowaniu wniosku, zapoznaniu si¢ z projektem opinii dotyczace)
zgloszonego badania, w glosowaniu tajnym, Komisja Bioetyczna przy Uniwersytecie Medycznym
w Lodzi (wypelniajac zobowigzania ICH GCP) uchwala, co nastgpuje:

§1
1. Opiniuje wniosek pozytywne, bez zastrzezen , na podstawic ziozonych dokumentdw,

ktorych wykaz okreSla zalgeznik nr 1. Uchwata wchodzi w Zycie z dniem podjgcia.

§2
Opinia dotyczy tylko rozpatrywancgo wniosku z uwzglednieniem przedstawionego projektu. Kazda
zmiana i modyfikacja wymaga uzyskania odrgbnej opinii. Wnioskodawca zobowigzany jest do
informowania o wszelkich poprawkach, zdarzeniach niepoZzadanych oraz  nieprzewidzianych
okoliczno$ciach.

Udwolanie od niniejszej uchwaly wnosi si¢ za posrednictwem Komisji Bioetycznej przy

Uniwersytecie Medycznym w Lodzi do Odwolawczej Komisji Bioetycznej, w terminie 14 dni od dnia
otrzymeania uchwaly wyrazajgeej opinig.

Przewodniczacy isji Bioetyczne)'
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\

\
Lista obecnosci na posiedzeniu Komisji Bioetycznej przy Uniwersytecie Medycznym w todzi
w dniu 11 stycznia 2022 r.
Lp. | Imig i nazwisko Zawdd, specjalnosé | Miejsce pracy Podpis
1. | Prof. dr hab. n. med. Lekarz medycyny, Emerytowany profesor .
Jozef Drzewoski internista, Uniwersytetu Medycznego
Przewodniczacy Komisji diabetolog w todzi
farmakolog kliniczny
2. | Ks. dr hab. Jan Wolski Duchowny, bicetyk | Wyzsze Seminarium /
Z-ca Przewodniczacego Duchowne w todzi W‘,\
| Komisji
3. | Prof. dr hab. n. med. Lekarz medycyny, Klinika Neurologii i Udaréw ) 1z
Andrze] Glgbinski neurolog Mézgu UM w todzi /. 7 \')/\_,
4. | Prof. dr hab, n. med. Lekarz medycyny Klinika Psychiatrii Wieku m
Iwona Kloszewska psychiatra Podesziego i Zaburzen o S 6
psychotycznych UM w todzi v
5. | Prof.dr hab.n.med. Lekarz medycyny | Klinika Patologii Ciazy g Tk
Agata Karowicz-Bilinska poloinik, ginekolog | |Katedry Ginekologii i [ | / in
Potoznictwa UM w todzi / \\lY }_/L
6. | Prof. dr hab. n. med. Lekarz medycyny, Klinika Chirurgii o = >
Janusz Piekarski chirurg onkolog Onkologicznej V
~ - —— UM w-todzi . — — 2
7. | Prof. dr hab. n. med. Lekarz medycyny, Zaktad P
‘ Henryk Stepien | endokrynologia | Immunoendokrynologii UM
byl w todzi
8. | Drhab. n. med. prof. UM | Rehabilitacja Klinika Rehabilitacji i
Marta Woldariska- medyczna Medycyny Fizykalnej C,‘ \/!M
Okoriska UM w todzi
9. | Prof. dr hab. n. med. Lekarz medycyny, Klinika Pediatrii, Kardiologii s
Krzysztof Zeman pediatria, Prewencyjnej | Immunologii \/ \
immunologia Wieku Rozwojowego < T
kliniczna UM w todzi \
10. | Dr n. prawn. Rafat Budzisz | Prawnik Uniwersytet todzki
w todzi (
11. | Drn.med. Pielegniarka Wojewddzka Stacja 1
Beata Barwinska Ratownictwa Medycznego ﬂ?
W todzi %
12. | Mgr Elzbieta Piotrowska- Farmaceutka Naczelna Izba Aptekarska, '
Rutkowska ul. Dtuga 16 w Warszawie /“\b W
A}
13. | Drn. med. Elzbieta Lekarz medycyny, Przedstawicielka Okregowej \f v 3}
Jaszczuk anestezjologia | Rady Lekarskiej w todzi E 4
intensywna terapia
\
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Zatacznik 3. Ankieta subiektywnej oceny stanu skéry — osoby ze skdrg dojrzatg.

Ankieta przed zastosowaniem kremu z colostrum

INSTRUKCTA-
Bardzo prosimy ¢ agHaciente swoich edpowiedzi we wlafctnych kratkech za pomocy snaku X ub V

1. Prosze ocenic stan PaniPana skary:

STWIERDZENLA tak nig
5 4 3 2 1

Zrarszezki phytide powisrzchnioone

Zmarzzezki glebakie

Przsharwisniami poslonecme i
pozapalne

koloryt skdry wyréwnamy

skdra jest rregenerawana

skdra w dobraj kondyoji

skora jest gladka i delikama

nawilzona:

natfuEzcIona

migkka

rozswistlona

jedwabista

elastyczna jedma

szorstka

iciagnieta

ZaCTETWIEnions

nadwrazlivatkliva
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Ankieta po 8 tygodniach stosowania kremu z colostrum

Irmig T mazwiskoT

WiEk
INSTRUKCIA:
*  Bordzo prosimy o zozngczenie swoich odpowiedzi we wigsciwych krotkach zo pomecg zmaky X lub v.
1. Prosze ocenic stan Pani skary po 8 tygodniach stosowania kremu:
Zdecydowa Bardzo Srednio Troche Zdecydo Nie
STWIERDZENIA riie tak waniz nie | dowyery
] 4 3 2 1
Maja skdra posiada:

Zmarszezki pytkie/powisrzchniowe

Frzebarwieniami postoneczne
i pozapalne

Koloryt skary jest wyrdwnany

Moja skora jest:

IreEENErIWans

w dobrej kondydji

giadka i delika

nEtiuszczona

migkka

roziwietlona

jedwabista

elastyczna/jgdma

szorstka

Sriggnieta

eniona

nadwrazliwa/tkliwa

Czy polecitaby Pani ten preparat innej osobie?
tak )
nie )
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2. Prosze ocenic forme aplikacji kremu [opakowanie) -

Zd i Hie potrafi i
T ecydowanie Tak ie pi I'i; B T Zda:yd-l:mame
tak ocenic nie

krem jest fatwy w aplikacji:

krem dobrze sie dozuje 2 pojemnika:

1 daza (pompka] kremu wystarcza na
aplikacje na calg twarz:

krem roluje sig |, watkuje") na skdrze:

zapach kremu podoba mi sig:

krem zmienit kolor w trakcis
StosOWania:

krem zmienit konsystencje w trakeie
StosOWania:

krem zmienit zapach w trakcie
STDSOWaANIE:

3. Czy bezpoirednio po splikaci lub w trakcie stosowaniz testowaneago produktu
wystgpity u Pani ktérekolwisk z ponizszych rezkeji?  legli tzk, to prosze zeznaczyd w

tabeli ich intensywnosc.

Lekkie dziafanie O sredniej O dufej intensywnosci

STWIERDZENIA _ - . P
niepoigdane intensywnosci

pisczenie, podrainisnie oczu/spojdwek:

tzawienie oczu:

podraznienie skory woket aczu:

uczucie suchosci i sciggniecia skony:

fuszezenie sie skory:

uczucie pieczenia skory:

wysypkas

zaczerwiznienis skiry

ogolny dyskemfort: o o u]

Jak diugo utrzyrmywaty sie wskazane objawy?
Inne dziatanis niepoiadans N WYMMIEMIONE . e e e cem e are e

Czy w zwigzku z wystapieniem u Fani reakcji niepoizdanej na testowany kosmetyk przerwat{a) Pani

jEED stosowanie?:
tak 1
nig 1
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Zatacznik 4. Zgoda Komisji Bioetycznej Uniwersytetu Medycznego w todzi (RNN/44/23/KE).

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

UCHWALA
KOMISII BIOETYCZNEJ O PROJEKCIE EKSPERYMENTU MEDYCZNEGO
Numer RNN/44/23/KE z dnia 14 lutego 2023
(przy korespondencyi dotyezgeef ninlefszef decyzji prosimy powolywed sig kaZdorazowe na powyzszy
numer i date Uckwaly)

Glowny badace | wykonawcea:

Dr n.med. Anna Erkiert-Polguj, mgr inz. Kinga Kazimierska, Zaklad Kosmetologii i
Dermatologii Estetycrnej; Zaklad Chemii Surowedw Kosmetycznych, Katedra Kosmetologii,
ul. Muszyfskiego 1, 90-151 Ladz

Tytul badania:

Ocena dzialania preparatn kosmetycznego zawierajgcego colostrum oweze na skirg
tradzikows.

Ma podstawie ustawy = dnia 5 grednia 1996 r o zawodach lekarza 1 lekara dentysty (t . De. UL
20221 poz. 1731, z phin. zm ), ustawy z dnia 6 wrzednia 2001 r. Prawo farmaceutyezne (4], Dz U z2021
pox. 1977 z poin, zm.), rozporzgdzenia Ministra Zdrowie z dnia 12 paddzicrnika 2018 r. w sprawic wzordw
dokumentdw przedkiadanych w zwizzku = badaniem klinicznym produktu leczniczego omz w sprawie wysokoscl
i sposobu wiszczania optat za zlofenie woiosku o rozpoczecie badania klinicznego (Dz. U, z 2018 ¢, poz.1994),
ustawy 2 dnia 07 kwieinia 2027 r, o wyrobach medycznych (D, UL z 2022 r. poz. 974 ze zm.), rozporzadzenia
Ministra Zdrowia i Opieki Spolecznej z dniz 11 maja 1999 r. w sprawie szczegdlowych zasad powolywania i
fnanscwania oraz wybu deialania komisji bivetycenyeh (D2, U. Nr 47 poz. 480), saregdrenic or 552022226
maja 2022 r. Rekiora Uniwersytetu Medycznego w Lodzi w sprawie wprowadzenia Regulaminu pracy Komisji
Bioetyczne przy Uniwersytecie Medyernym w Lodzi oraz zarzgdzenia nr 57/2017 = dnia 5 wrzesnia 2017 ¢
Rekiora Uniwersytets Medyeenego w Lodel w sprawie powolania Komisji Bioctycene] prey Uniwersytecie
Medycznym w Lodzi po przeanalizowaniu wniosku, zapoznaniu sig z projeklem opinii dotycagee] zgloszonego
badania, w glosowaniu tajnym, Komisja Bioetyczna przy Uniwersytecie Medyeznym w Lodzi
(wypetniajac zobowigzania [CH GCP) uchwala, co nastgpuje:

¥
1. Opiniuje wniosck pozytywne, bez ustrfa:‘caﬂ , na podstawie Zlozonych dokumentéw,
ktorych wykaz okreéla zalgeznik nr 1. Uchwala wehodzi w Zycie z dniem podjgcia.
§2
Opinia dotyczy tylko rozpatrywanego wniosku z uwzglgdnieniem przedstawionego projekiv. Kazda
zmiana i modyfikacja wymaga uzyskania odrebnej opinii, Wnioskodawca zobowigzany jest do
Informowania o wszelkich poprawkach, «darzeniach niepozadanych omz  nieprzewidzianych
okolicznosciach
Odwolanie od niniefszef uchwaly waosi sig za posrednictwem Komisfi Bloetyezmef przy
Uniwersptecie Medyezmym w Lodzi do Odwolawezej Komisji Bioetyczuej, w terminie 14 dni od dnia
olrzymenia uchwaly wivrazajgeej apinig,

Przewodniczgcy Kgmisji Bioetycznej

przy Uniwersyiecie Medycenym w Edd=
: o
prof.ds . Jozel Dreewoski

s Fnowelizowana podstawa prawna £ daia 3 lutego 2023 r. o dealanio Komisji Bioetycenyeh
dodaje rozporegdzenie Ministra Zdrowia 2 dnia 26 stycznia 2023 r.w sprawie komisji bioetycengj
i Ddwolaweze] Komisji Bloetyesnej (D U.pox.218)
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Lista obecnosci na posiedzeniu Komisji Bioetycznej przy Uniwersytecie Medycznym w todzi

w dniu 14 lutego 2023 r.

Lp. | Imig i nazwisko Zawdd, specjalnoéé | Miejsce pracy Podpis
1. | Prof. dr hab. n. med. Lekarz medycyny, Emerytowany profesor =
Jbzef Drzewoski internista, Uniwersytetu Medycznego
Przewodniczacy Komisji diabetolog w todzi
farmakolog kliniczny
2. | Ks. dr hab. Jan Wolski Duchowny, bioetyk | Wyzsze Seminarium 1
Z-ca Przewodniczgcego Duchowne w todzi W\’d
Komisji
3. | Prof. dr hab. n. med. Lekarz medycyny, Klinika Neurologii i Udarow
Andrzej Gigbinski neurolog Mézgu UM w todzi
4. | Prof. dr hab. n. med. Lekarz medycyny Klinika Psychiatrii Wieku
Iwona Kloszewska psychiatra Podesztego | Zaburzer o MY
Psychotycznych UM w todzi i
S. | Prof.dr hab.n.med. Lekarz medycyny Klinika Patologii Cigzy
Agata Karowicz-Bilinska potoznik, ginekolog | 1 Katedry Ginekologii i /on YY"
Potoznictwa UM w todzi B O
6. | Prof. dr hab. n. med. Lekarz medycyny, Klinika Chirurgii
Janusz Piekarski chirurg onkolog Onkologicznej
= | - S - = UMwtodzi - —— | =
7. | Prof. dr hab. n. med. Lekarz medycyny, Zaktad
Henryk Stepien endokrynologia immunoendokrynologii UM
w todzi
8. | Drhab. n. med. prof. UM | Rehabilitacja Klinka Rehabilitacji i
Marta Woldarska- medyczna Medycyny Fizykalnej CJY\O(M&J\
Okoriska UM w todzi
9. | Prof. dr hab. n. med. Lekarz medycyny, " | Klinika Pediatrii, Nefrologii i
Krzysztof Zeman pediatria, Immunologii - /_,;_)
immunologia UM w todzi /a‘
kliniczna
10. | Dr n. prawn. Rafat Budzisz | Prawnik Uniwersytet todzki B
w todzi &
11. | Drn.med. Pielegniarka Wojewodzka Stacja
Beata Barwinska Ratownictwa Medycznego /l(,é A
W todzi
12. | Mgr Elzbieta Piotrowska- | Farmaceutka Naczelna Izba Aptekarska,
Rutkowska ul. Dluga 16 w Warszawie %
)
13. | Dr n. med. Elzbieta Lekarz medycyny, Przedstawicielka Okregowej «
Jaszczuk anestezjologia i Rady Lekarskiej w todzi 0\))”’\
intensywna terapia
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Zatacznik 5. Ankieta subiektywnej oceny stanu skory - oséb ze skoérg tradzikowa

Zatacznik nr 7 — Wzér ankiet dla ntéw.

Ankieta przed zastosowaniem kremu z colostrum

Imig i nazwisko: Wiek:

Rodzaj cery (ttusta, sucha, normalna, mieszana - tlusta cze$¢ érodkowa +suche policzki, thusta czqs¢
$rodkowa + normalna skéra na policzkacn):

INSTRUKCJA:
Bardzo prosimy o zaznaczenie swoich odpowiedzi we wiaSciwych kratkach zo pomocg znaku X lub V

Prosze ocenié stan Pani/Pana skory w poszczegdlnych obszarach twarzy w skaliod 1do 5
(5- zdecydowanie tak; 4- bardzo; 3-$rednio; 2- troche; 1- zdecydowanie nie)

= i

= T T S
& i "-.i\}' :._.\':'L-E,
g 3 ¥ i
—

Moja skora posiada: S|4(3|2(1|5/4|3|2(2|5|4|3]|2|1|5(4(3|2]|1

Zaskorniki

Grudki
Krosty

Rumienie po zmianach

Przebarwienia

Trwate blizny potradzikowe

Fal) Y S R A S| A0 —
)

Moja skéra jest: 5|4|3|2|1|5|4|3|2|1(5|4|3|2|2|5|4|3|2]|1

sucha

Sciggnigta

2aczerwieniona

nadwrazliwa/tkliwa

nawilzona

tojotokowa

w dobrej kondycji

83




Rozprawa doktorska Kinga Kazimierska-Geca

Ankieta po 10 tygodniach stosowania kremu z colostrum

Imig i nazwisko: Wiek:

INSTR

* Bardzo prosimy o wpisanie swoich odpowiedzi we wiasciwych kratkach wskazujqc czy nastqpila
poprawa 4 (o ile %) lub pogorszenie L ( o ile %)

1. Proszg oceni¢ stan Pani/ naké o 10 tygodniach stosowania kremu: -

Moja sposbda: o

Zaskorniki

Grudki

Krosty

Rumienie po zmianach tradzikowych

Przebarwienia

Trwate blizny potradzikowe

Moja skora jest:

sucha

$ciagnieta

zaczerwieniona

nadwrazliwa/tkliwa

nawilzona

tojotokowa

w dobrej kondycji

Czy polecit(a)by Pani/Pan ten preparat innej osobie?
tak
nie
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Abstract: Milk and colostrum have high biological potential, and due to their natural crigin and
non-toxicity, they have many uses in cosmetics and dermatology. Research is ongoing on their
potential application in other fislds of medicine, but there are still few results; most of the published
ones am included in this review. These natural products are espedally rich in proteins, such as
casein, f-lactoglobulin, o-lactalbumin, lactoferrin, immunoglobulins, lactoperoxidase, lysoeyme,
and growth factors, and possess various antibacterial, antifungal, antiviral, anticancer, antioxidant,
immunomodulatory properties, ete. This review describes the physico-chemical properties of milk
and colostrum proteins and the natural functions they perform in the body and compares their com-
pnsir[m e b andimnal speci.evs {cows, goats, and shee'pll. The milk- and colostrum-basad pr\:\dunrts
can be used in distary supplementation and for performing immuncmodulatory functions; they can
enhance the effects of certain drugs and can have a lethal effect on pathogenic microorganisms. Milk
products are widely used in the treatment of dermatological diseases for promoting the healing of
chronic wounds, hastening tissue regeneration, and the teatment of ame vulgaris or plaque psoriasis.
They are also increasingly regarded as active ingredients that can improve the condition of the skin
by reducing the number of acne lesions and blackheads, regulating sebum secretion, ameliorating
inflammatory changes as well as bestowing a range of moisturizing, protective, toning, smoothing,
anti-irritation, whitening, soothing, and antiaging effects.

Keywords milk; colostnum; casein; f-lactoglobuling e-lactalbumin; lactoferring grow th factors; sking
regeneration; antimicrobial; cosmetics

1. Introduction

Although milk is known to be used as a raw material in the food industry, it is also
widely used in the pharmacentical and cosmetic industries due to its considerable biological
potential. It has also been the subgct of detailed analyses and discussions of its indwvidual
components and their properties [1,2].

Milk contains the nutrients required for the growth and development of the neonate. It
containg a colloidal dispersion of specific proteins as micelles, fats organized in emulsified
globules, as well ag lactose, various minerals, and vitaming in solution [3].

The composition of milk varies between species. The largest differences can be found
between the protein content of individual speckes. Sheep milk and sheep colostrum is
distinguished by the highest total protein and fat conbent, being almost ome and a half that
of cow or goat milk and colostrum (Table 1).

The initial milk, or colostrum, is produced by the mammary glands during pregnancy
and immediately after delivery for about five days [4-6]. Colostrum is yellow, has a slightly
acidic pH of about &.4, and a higher density than later milk. Due to its intended use, it
has a much higher content of biologically active substances that affect the immune sy stem
of neonates.

Molerules 2021, 26, 3253, hitps: // doiorg/ 1003390 /molecules26113253
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Table 1. Composition of bovine, goat, and sheep colostrum and milk (%) [3,7-13].
Colostrum Milk
Component -
Bovine Goat Sheep Bovine Goalt Sheep
Lactose 36 3394240 33 46 41 48:49b
Minerals 09 0.85-09= 0.a o7 0.8 0941k
Proeins 71 3535690 1.8 34 29 5.5
Fats 51 3188-8.21¢ 13 37 45 £;740

® the minimum and mavimum vahes from the test ane given; P given values from wo sounces.

Bovine colostrum 15 several times richer in caseins, f-lactoglobuling, e-lactalbumin,
immunoglobuling, GMF (gly comacropephde) lactofernn, and growth factors than milk.
For example, the immunoglobuling content ranges from 20 to 150 g /L in colostrum, but
in the milk, only from 0.5 to 1.0 g/L. Only the content of lactoperoxidase and Iysoryme
remains at a similar level to both raw materials. Of all the types of colostrum presented,
goat colostrum is the richest source of p-lactoglobulin. In goat colostrum, as in sheep
colostrum, the content of B-lactoglobulin, a-lactalbumin, IgG, IgM, IgA, and lactoferrin is
much higher than in milk of the same species. Sheep milk is rich in casein in comparison
to goat and bovine milk; its content, equal to 4.6 g/ L, is almost twice as high as in goat’s
and cow’s milk (2.5 g/ and 27-28 g/L, respectively) (Table 2). Therefore, colostrum
from each of the mentioned speces could be used as a raw material supplying proteins,
especially those with biologically active properties.

The main source of active molecules of milk consists of casein and whey profeins,
which demonstrate a range of antimicrobial, antioxidant, and immunomodulatory proper-
ties, among others [14]. Most biologically active proteins need to undergo proteolysis to
achieve their full properties [15,16] Proteolysis naturally ocours in the digestive tract, but
it can also be initiated by the enzymes naturally found in milk, as well as by coagulants or
lactic acid backeria, which am often used in the food industry [15].

2. Bioactive Proteins of Milk
1.1, Casein

It belomgs to the family of milk proteins containing phosphorus (phosphoprotein)
and sugar (glycoprotein) mesidues; it consists of about 20 protein components. Caseins
precpitate from raw, skimmed milk at a temperature of 20 “C at a pH of 4.6, The proteins
of the four casein fractions (os-, meg-, B-, and k-casein) account for 802 of the total protein
content in bovine malk. Whale 95% of the casein content is naturally self-assembled into
casein micelles, Le., sphernical colloidal particles, approximately 10% 15 present in the
form of single molecules as soluble casein. These two states, viz. mokecular and micellar
casein, exist in equilibrium [17]. Caseins can form dual-binding models that exploit their
amphiphilic nature; interactions exist between hydrophobic regions of the proteing, with
calcium phosphate clusters being linked to phosphosery] clusters [15].

2.1.1. Biological Properties of Casein

The: phosphoprobeins contamnied in casein regulate the calcium and phosphate metabolism
in the body. Improvement in bone mineralization in experimental animals was observed
in postmenopausal models [19]. In addition, casein proteins inhibit tooth decay by in-
creasing the caldium phosphate content in the plagque [20] (Table 2). o-Casein, f-casein,
resl-casein, es2-casein and k-casein can transform into biclogically active molecules. For
example, o-casein forms an opioid, casomorphine, and «- and -caseins are precursors of
immunopeptides. In Figure 1, the bicactive peptides that are released from casein and their
properties are shown [14,16,21]

87



Rozprawa doktorska Kinga Kazimierska-Geca

Moleaules 2021, 26,3253

3of22

Casokinins*
a-Casomorphins**
Isracidin***

Casein phosphopeptides****

Casokinins*
Casocidin - [***
Casein phosphopeptides****

g C-casein gy

Casokinins*
B-Casomorphins**
Casein phosphopeptides****

g cascin (g

Casokinins*
Casoxins**
Glycomacropeptide***

Casoplatelinsg*****

ll’eptides activity: * ACE inbibitor

** Opioid agonist

*** Antibcaterial activity

*** Mineral carries, anti-caries activity
**#% Antithrombotic activity

Figure 1. Peptides released from casein and their activity.

It is worth paying attention to casein phosphopeptides, which exhibit the properties
of mineral carriers and anti-carriers—they form complexes with calcium ions and other
mineral 10ns, thanks to which they increase the absorption of calcium in the intestines [14].
Unlike B-casomorphins, which are opioid agonists, casoxins are opioid antagonists [14,21].
Antithrombotic activity has been demonstrated for casoplatelins and antimicrobials in
in vivo studies, especially against Streptococcus aureus, Streptococcus pyogenes, and Lis-
teria monocytogenes [14). Several of the listed peptides are described in more detail in

Section 21.2.
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Table 2 Major bivactive protein components of bovine, goat, sheep colostrum, and milk.

Colostrum

Milk

Proteins | Ree]
Bovine Goat Sheep Bovine Goat Sheep
Casein (g/L) 26 nd. md. *27;2.8 25 46 (14], *[22]
k-casein (%) nd nd. nd. *12 =204 +91-1024 *[23,24], ** [22]
S 1-casein (%) nd nd. md. *a7 54 +33.9-300° * [23,24], ** [22]
a52-casein (%) nd nd. nd. *10 102 *12-164° *[23,24], ** [22]
B-casein (%) nd nd. md. *35 =548 = 374238 * [23,24], ** [22]
B-lactoglobulin . . e e - P e S, rer [
(mg/mL) 7.9-30 93498 419 33 X1 5.97 [25], ** [26], *** [14], **** [27]
ce-lactalbumin - -
=3 =377 w150 *12 uee 77 422 (105 * [14]** [25],*** [26], %= [27
fmg/mD) [14] 7 25} [26) = [27]
]"m‘“?;ﬁ_?m‘s 20-150 nd. nd. 0.5-1 n.d. nd. (14]
1gG +15-180 == 5060 = 45 £ *(L35; ** 0508 = 0.1-0.4 sees (35162 *[25-34] = [22] *** [35], *+ [34]
IgM =42;+5b *16-52 == 132120 005 * 0.01-0:04 e )2 *[13,37]** [28-34], " [35]
Iz *35 w30k 0024 e =014 ** (030,08 e 2 * [28-34] ** [13,37],*** [35]
Gl}m’“{’g‘?ﬂp"‘”“d’ 25 nd. nd. 12 nd. nd. [14]
Lactoferrin (g/L) *08; ** 155 == (.38 074 *002-0.2%; 0020755 *0.098-0.15 =014 *+ [30-42], ** [36], *** [43]
b“t“fgﬁd” =002 001100450 = ppE2-0204 nd. *0.03; ** 0013003 b n.d. nd. = [14], ** [8], *** [4]
Lysozyme (mg/L) *014-07 nd. md. = 03706 =[5 ] 4 = [44], ** [13]
Serum albumin (g/L) =13 nd. md. *03 03603 = (0,550 = [14], ** [45]
Gm?;;fi;tm 50 pg—40 mg/ L nd. nd. <1 pz2mg/L md. nd. [14]
IGEI Qo2 2 nd. 22 11960, 265; ** 50-500 & *20002-0.101 e 11168 ° Lo * [46-58], ** [59],*** [60],**** [61-63]
IGE-1T *015-06% n.d. nd. = 0.002-0.1* 106 nd. * [62], = [46,51,56]
EGF = (L.004-0.008; 0.3242 nd. =17-23 <0,002; 0,155 nd. == 0.0008 * [64,65], ** [66]
TGF-g1 0012400426 nd. md. 0000500035 nd. rd. (49]
TGF-g2 015115 03" nd. md. 0.013-40.07; 0,064 & nd. mnd. [48,67]

nd: no data; * the minimum and maximum values from the st are given;  found different valaes; %, *, ** and **** pfer to the cormsponiding [Ref] in the last column.
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2.1.2. Properties of Casein Peptides

Casokining are fragments of a-casein and B-casein; these are believed to exhibit
antihy pertensive effects by acting as angiotensin-1 converting enzyme (ACE) inhibitors [9].
Casokinins are mainly produced by the action of trypsin or chymotrypsin on f- and og;-
casein [21]. ACE is an enzyme that catalyzes the conversion angiotensin I to the strong
vasoconstrictor angiotensin I, thereby increasing blood pressure. Casokinins inhibit the
action of ACE and thus lowers blood pressure in in vivo and in vitro studies [68-70].

Caseinomacropeptide (CMF) 1s split from casein by rennin during milk coagulation. It
inhibits the aggmegation of blood platelets and the binding of the human fibrinogen y-chain
to fibrinogen receptors on the platelet surface [14]

k-casein is a donor of glycomacropeptide (GMP) and can be obtained by the action
of chymaosin [9]. GMP has been found to inactivate microbial toxins of Escherichia colf and
Vibrio cholerae, inhibit the adhesion of cariogenic Streptococcus mutans and Streptococcus
sobrinus, and hemagglutination by four strains of influenza virus in in vitro tests. It also
modulates immune system responses, promotes the growth of Bifidobacteria, suppresses
gastric hormone activities, and regulates blood circulation through antihypertensive and
antithrombotic activity [71,72].

GMP hydroly sate (GHF) has been found to increase the level of hepatic gly cogen and
ameliorate hepatic insulin resistance in high-fat diet (HFD)}-fed mice, suggesting that GHP
may improve the insulin sensitivity of insulin target organs [73]. GHP could meduce the
levels of interleukin-6 (IL-6), interleukin-1 beta (IL-18), and tumor necrosis factor-alpha
(TNF-2x) in macrophages [74].

GHF has been found to demonstrate effective hy pogly cemic activity and to ameliorate
dyslipidemia and inflammation in diabetic mice. GHP supplementation could influence
the composition and diversity of gut microbiota, with potentially beneficial effects on the
insulin signaling pathway and host metabolism. Hence, GHP may support the prevention
and management of type 2 diabetes [75].

2.1.3. Casein as Nanocarrier for Some Drugs

As casein micelles act as carriers to provide newborns with nutrients such as calcium,
phosphate, and protein, it has been proposed that they may be used to deliver vitamins,
minerals, and antibacterial substances. Such drug delivery systems may improve the
efficiency of drugs and avoid their toxic effects.

It has been shown that the micelles not only have an affinity for vitamin D2 but also
protect it from light by absorbing its radiation on its surface, thus protecting drugs such as
ergocalciferol from degradation [76].

In addition to its strong surface activity, particle stabilizing effect, and good adhesion
strength, casein can form films; however, these films show poor fexibility and water resis-
tance and are easily decomposed under the influence of bacteria, which limits their further
use [77]. In order to improve the properties of casein, core-shell structural casein-based
Zn0) nanocomposites have been created by double in situ polymerization. The resulting
nanocompaosite film demonstrates improved thermal stability, lower water absorption rate,
and excellent antibacterial properties against E. coli [77].

It has been found that B-casein also forms complexes with other biologically significant
substances, protecting them and increasing their bicavailability. For example, binding
resveratrol to f-casein in a casein micelle significantly improves its bicavailability. Both
the existing cis- and trans-mesveratrol isomers can be trapped in the micelle, and the beta-
casein-resveratrol complex has a much better protective effect during storage than p-casein
micelles [75].

A particularly intrresting and innovative example of the use of casein as a carrier
is the creation of a complex with platinum. The clinical application of platinum-based
anticancer drugs is greatly limited by their severe toxiaty; however, a platinum(1I) complex
of bipyridine morpholine dithiocarbamate with nanoparticles composed of p-casein and
chitosan demonstrated improved cytotoxicity and cellular uptake against colorectal cancer
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HCT116 cells, suggesting that this novel drug delivery system could enable the drugs to
function in stable aqueocus solutions and to be of use in targeted oral delivery applications.
The nanopartickes demonstrated good colloidal stability and low cytotoxicity [79].

2.2, a-Lactalbumin

a-Lactalbumin is a hydrophilic albumin and globular protein. A single peptide chain
consists of 123 amino acids. [t accounts for about 20% of bovine whey proteins [80]. This
albumin is a coenzyme in lactose biosynthesis and has the function of transporting calcdum
maztal 1ons [44].

Biological Properties of a-Lactalbumin

a-Lactalbumin ig a good source of opicid peptides. It has the ability to reduce stress
and depressive moods by increasing brain try ptophan and serotonin levels [81-83].

Mative o-lactalbumin does not show antibacterial activity, unlike peptides isolated
from a-lactalbumin: LDT1 (1-5), LDT2 {17-31) 5-5 (108-114), LDC (61-568), and 55 (75-80).
The first two peptides are formed under the influence of trypsin, and the third by chy-
motrypsin [84]. They have been found to be active mostly against Staphdococcus epidermidis
ATCC 12228, Staphylococcus lentus, and Bacillus subtilis BGA [84].

The HAMLET/BAMLET (human a-lactalbumin made kethal to tumor cells/bovine
re-lactalbumin made lethal to tumor cells) complex with oleic acid can penetrate tumor
and immature cells, inkerfering with mitochondria, nuckeosomes, and protecsomes, and
activating apoptotic cancer cell pathways [55,56]. It has been weported to have comparable
cytotoxic activity against lung cancer, kidney, and bladder carcinoma cell lines [44,87,85]).
Theze findings suggest that such cy totowic aggregates of apo-alpha-lactalbumin could be
potential antitumor drugs.

2.3, B-Lactoglobulin

B-Lactoglobulin belongs to whey proteins and constitutes about 507 of these proteins [59].
Its confent in colostrum i much higher than in milk and amounts g0 7.9-30 mg/mlL [6]. Strue
turally, it is a globular protein containing five cysteine residues, four of which are involved
in the formation of disulfide bridges stabilizing the quaternary structune [44]. B-Lg is arich
source of calcium ion binding peptides [90].

Regarding it thermal stability, a temperature of 72 °C did not cause significant
changes in the structume of the B-Lactoglobulin molkecule in mixtures of other substances
derived from milk; however, heating for 30 5 at 100 °C resulted in significant changes, ie.,
partial denaturation of particles [91]. This globulin is a carrier of retinol and fatty acids and
is known to bind vitamin D and stimulate lipase activity [40-42]. In addition, when heated
to 7080 °C, it loses the ability to actively bind palmitic acid, vitamin I, and retinol [92].

Biological Properties of p-Lactoglobulin

Hernandez-Ledesma et al. isolated several antioxidant peptides by hydrolysis with
Corolase PF. Their antioxidant activity was shightly higher than that of butylated hydrox-
yanisole (BHA) [93].

The f-Lg molecule also demonstrates significant antioxidant activity in milk, which,
among others, has been attributed to the presence of sulfur-containing amino acids such
as methionine [85-91). These amino acids ame also believed to exert antitumor effects [94].
Their activity is believed to be associated with the fact that methionine is a precursor
of cysteine, which is needed for the formation of glutathione (GSHY): a thiol antioxidant
that scavenges reactive oxy gen species, mesulting in the formation of oxidized glutathione.
Decreased amounts of GSH and a decreased GSH /G550 ratio in tissues ame biomarkers
of oxidative stress. Chronic oxidative stress may lead to chronic inflammation and cancer
development and progression [95].

The protein demonstrates antimicrobial effects by inhibiting the adhesion of pathogens
to surfaces and thus preventing their colonization [80,96]. Backericidal activity has been
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shown against both Gram-positive bacteria, such as B. subtilis and S, aureus, and Gram-
negative ones, such as E. coli and Bordetella bronchiseptica [80]. Other studies also indicate
that B-Lyg chemically modified with 3-hydroxy phthalic anhydnde, may be effective in in-
hibiting Chlamydia trachomatis infection; in addition, 3HP-B-lactoglobulin is active against
herpes simplex virus HSV-1 and -2 [97].

2.4 Lactoferrin

Ome of the bivactive whey proteins is Lactoferrin (LF). It was first isolated in 1939
from cow milk and later from human milk in 1960 [95]. It demonstrates a similar iron-
binding capacity to transferrin proteins [44]. Lactoferrin is a monomeric glycoprotein; its
polypeptide chain consists of two spherical lobes connected by a hinge megion [99].

It is mesistant to high temperatures and proteolytic enzymes [100]. LF can be found
in saliva, bile, pancreatic fluid, amniotic fluid, and tears, but the highest concentration is
found in human or porcine milk [44]. It is a component of neutrophils, from which it is
mleased into the bloodstream during trauma, infection, and inflammation [101-103].

In malk, LF is mainly synthesized by glandular epithelial cells [103]. Its concentration
ranges from 20 to 2000 mg/ L in cow milk, 140 mg,l‘L in sheep milk, and 98-150 mg/L in
goat milk [13,39,40]. Higher levels are found in the colostrum than in milk; for example,
the level 1s around 0.8 g/ L in cow colostrum [41].

2.4.1. Biological Properties of Lactoferrin

Lactoferrin is a protein that 1s found in many body fluids such as colostrum, milk,
tears, nasal secretions, saliva, and genital secretions. It is also produced in large quantities
in meutrophils [42]. Lactoferrin demonstrates bactericidal, bacteriostatic, antiviral, anti-
fungal, antiparasitic, anticancer and antioxidant propertses [41,100,104-114]. In addition,
several clinical studies have confirmed that bovine lactoferrin is an immune modulator
that stimulates the phagocytic activity of multinucleated leukocytes [107] and reduces the
production of interkeukin (IL)-6 and tumor necrosis factor (TNF)-ocin cell cultures [106].
The mechanisms of action of lactoferrin related to individual tvpes of its activity were
presented in Table 3.

Table 3. Mechanisms of lactoferrin action.

Kind of Activity Mechanism of Action [Ref.]

- Reducing the concentration of iron ions that are

necessary to bacterial grow th and proliferation

{chelation of iron via LF) (02,115 116]
- Interacting with lipoteichoic acid (LTA) of the cell R
walls of G{+) bacteria, disintegrating them and

increasing their permeability

- Binding to lipopolysaccharide (LPS) of the walls of

G(—) bacteria and disintegrating them.

Antibacterial

- Damaging cell membranes of fungi and altering
their permeability

Antifungal [117-119]

- Sequestration of iron
- Membrane destabilization

- Blocking the host's cell surface receptors due to the
Antiviral LF = affinity for glycosaminogly cans- Direct [113,120,121]
interacting with capsid or viral envelope proteins
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Table 3. Cont.
Kind of Activity Mechanism of Action |Rei.]
Antiparasitic - Targets the host cell entry [122-124)

- Sequestration of iron- Probably linked to
sequestration of iron

- Acts additively or synergistically with the
antiparasitic compounds used in therapy

- Inhibiting the propagation of hydroxyl radicals by

Antioidant . L
sequestering cationic iron and copper

109,115,127]

- Reducing the production of tumor necrosis factor
(TNFF o in cell cultures

- Stimulating the phagocytic activity of
multinucleated leukooytes

- Reducing the production of interleukin (IL) -6 in

Inmumomodulatory cell cultures [98, 103, 104]

- T-cell maturation

Anticancer [104)

- Stimulation of NK (natural killer cells) cells

- Reducing pro-inflammatory cytokines

The protein @xerts antibacterial activity by chelating iron and removing it from the mi-
crobial growth environment [128]. It1s also involved inthe dinect destruction of the sheaths
and disruption of bacterial cell metabolism by inhibiting adhesion to host tissues [129],
inhibition of biofilm formation by some bacteria [130], and stimulating the immune system
to fight pathogens [112].

It has been proven to have a protective effect on intestinal epithelial cells and on the
growth of beneficial intestinal microflora while inhibiting the grow th of pathogenic bacteria
such as E. coli, and especially those of the Enterobacterniaceae family [108].

It should be mentioned that the gly coprotein increases the sensitivity of bacteria to
certain antibiotics such as vancomycin or penicillin, which reduces the supply of effective
doses of individual drugs [131]. Diarra et al. showed that a mixtune of lactoferrin and
penicillin doubled the nhibitory activity against 5. aurens [131].

Van der Kraan et al. isolated and characterized a new peptide, lactoferrampin, which,
together with lackoferricin, a peptide derived from the hydrolysis of lactoferrin, showed an-
timicrobial properties against E. coli, L. amonocytogemes, B. subtilis, Psaudomeonas aureoginosa,
and Candida albicans [110].

Many clinical studies have found lactoferrin to have antiviral properties. It effectively
inhibits the development of infection caused by hepatitis B and C [132], type [ and 1T
herpes simplex virus [128,133], HIV [134], human cytomegalovirus, HPY virus, enterovirus,
influenza virus, and parainfluenza virus, and rotavirus [109,111,127,135],

The protein also prevents the formation of free radicals regulating the production
and release of cytokines and tumor necrosis factor (TNF) [101]. Lactoferrin can serve
as an antiocddant by sequestering cationic iron and copper and theneby inhibiting, the
propagation of hydroxyl radicals [136]. Lactoferrin has potential antioxidant properties
due to the ability to sequester free iron ions [137].

2.5, Lactoperoxidase (LPO)

LI is a glycoprotein that occurs naturally in milk, colostrum, and many other secre-
tions [14]. It catalyzes the oxidation reaction of thiocyanates in the presence of hydrogen
peroxide, thereby generating intermediates with a broad spectrum of antimicrobial ac-
tivity [1358-140]. Lactoperoxidase acts as a natural antibacterial agent as an element of
non-specific axllular immunity [100,141]. Its coneentration is 13-30 mg,/L in cow colostrum
and 11-45 mg/ L in milk [6]. In vitro studies showed that LPO has bactericidal activity
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against Gram-ne gative bacteria such as E. coli, Saimoneila spp., Pseudomonas spp., Campu-
lobacter spp., and bacteriostatic properties against Gram-positive ones such as Lisferia spp.,
Staphylococcus spp., Streptococcus spp. It has also demonstrated activity against Candida spp.
and the protozoan Plasmoditm faldpari, and has been found to inactivate HIV type 1 and
poliovirus [142-146].

2.6. Immunoglobulins

They are high molecular globulins that can be divided into five classes, Le., IgG, IgA,
IgM, IgE, and IgD). Each class has a similar structume composed of four polypeptide sub-
units [147]. In bovine milk and colostrum, the primary immunoglobuling are IgG, whereas
in human milk, 90% of all immunoglobuling are slgh; therefore, there are differences in
the specifics of the action of total immunoglobulins [145]. The protective effects of im-
munoglobuling are presented below, as exemplified by 1gs from bovine milk and colostrum.
It is believed that the Igs in milk transport immunity from the mother to the neonate [4].
By binding antigens and stimulating phagocytosis or activating the complement sys-
tem, immunoglobulins prevent pathogen adhesion, inhibit bacterial metabolism, and also
neutralize toxins. Immunoglobuling thus participate in the destruction of pathogenic
microorganisms such as E. coli, C. albicans, Clostridium difficile, Shigella flexneri, 5. mctans,
Helicobacter pylori, and Cryptosporiadium pratum [149,150].

The physical properties of Igs have a key influence on their natural antimicrobial
properties and the possibilities of their further use. Igs ane thermolabile, especially at
high temperatures. Heating milk at 100 °C for 30 s damages the structure of Ig proteins,
while heating at 72 °C for 15 2 allows for mild pasteurization and maintains their active
properties with no structural changes [91]. Therefome, extensive use of immunoglobuling
is possible.

2.7, Lysozyme

Lysozyme is a hydrolase found at high concentrations in f2ars and chicken egg whites,
from which it is obtained on an industrial scale, mainly by direct crystallization. Other
mithods for its preparation, like sequential dilution diafiltration using a UF membrane,
affinity chromatography, adsorption, or molecular imprinted particles (Lys-MIFP), are
also known but used only in laboratory practice due to high costs [151,152]. Lysozyme
stimulates the non-specific humoral immune response [141,153]. Its content has been found
tovary from 0.37-0.6 mg/L in cow milk, 0.25 mg/L in goat milk, to 14 mg/L in sheep
milk [13], and to range from 0.07-0.6 mg,/ L cow milk and 0.14-07 mg/L in colostrum [44].

Lysozyme exerts its antimicrobial activity by catalyzing the hydrolysis of the f-1.4
bonds in peptidoglycan, a component of bacterial cell walls; it is active against Gram-
positive bacteria and demonstrates synergistic bactericidal activity with lactoferrin against
S. epidermis [44]. Lysozyme is also called an endogenous antibiotic due to its supportive
effect on bactericidal and bacteriostatic drugs [105]. The formation of a complex of lysozyme
with oleic acid shows promising bactericidal effects against Streptococcus prieumeoniae [154],
and the lysozyme-Zn0 nancpartickes complex demonstrates synergistic achivity against
E. coli and 5. aureus [155]. Lysozy me applications in the industry could expand with the
increased production of lysceyme afforded by the use of transgenic animals, whose milk
contains levels as high as 25 mg /L [44].

2.8. PRP (Proiine-Rich Peptide)

It 1 a complex composed of a mbchune of 32 peptides of various molecular masses rang-
ing from 500-3000 kDa. This group of similar molecules demonstrates a broad spectrum
of regulatory activity supporting the development of the immune system, inducing the
maturation and differentiation of murine thymocytes, and affecting humoral and cellular
immune esponses. PRP consists of proline residues (25%) and hy drophobic amino acids
(40%:) [156]. It possesses homology to three protein precursors: annexin, p-casein, and a
hypothetical p-casein homolog [157].
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PRP was first isolated from ovine colostrum and was subsequently found in human
and cow colostrum [156]. PRP exhibits immunomodulatory properties, inducing mat-
uration and differentiation of thy mocybes, the proliferation of pheochromocytoma cells
increases the viability of fibroblast cells and inhibits f-amyloid-induced apoptosis [158]. It
has been found to influence precognitive functions in animal models, and hence to exert
a potential influence on central nervous system processes, Clinical studies on the effects
of sheep colostrum PRF administration in patients with Alzheimer’s disease (trade name
Colostrinin Tm; ReGen Therapeutics Lid., London, UK) found it to have a beneficial effect
on disease symptoms and everyday functioning in AD patients and a negligible number of
very mild side effects [159].

2.9, Growth Factors

Grow th factors, which are generally considered a subset of cytokines, are signaling
proteins that stimulate cell growth, differentiation, survival, inflammation, and tissue
wpair They can be secreted by neighboring cells, tissues and glands, and even cancer cells.
All cells need a range of grow th factors to maintain proliferation and viability [160-162].
The first information about the presence of growth factors in milk and colostrum was
recorded in 1997 by Pakkanen and Aalto and later by Gauther et al. in 2006 [141,163].
The following growth factors are known to be present in milk: BTC (Betacellulin GF),
EGF (Epidermal GF), FGF-1, FGF-2 (Fibroblast GF), IGF-1 and IGF-2 (Insulin-like GF),
TGF-B1, TGE-B2 (Transforming GF), and PDGF (Platelet-derived GF) [101]. Of these, the
maost prevalent are epidermal (EGF), insulin-dependent (IGF), and transformative (TGE)
growth factors [141], with concentrations of 2-155 ng/mlL for EGE, 2-101 ng,/mL for IGE-1,
2-107 ng/mL for IGF-Il and 13-71 ng/ mL for TGF-p2, and <4 ng/ml for BTC, TGF-A1,
FGF1, and FGF2 [163].

Grow th factors demonstrate a multilevel effect on individual cells and tissues. EGF
and BTC stimulate the proliferation of epidermis, epithelium, and embryonic cells, and
promote wound healing, bone econstruction and inhibit gastric secretion [163]. TGF-§
is responsible for embryo development and repair and the formation of bone, cartilage,
and epithelial tissue; it also egulates the immune system [163]. Some supplements have
been designed with the aim of increasing immunity and treating conditions such as child-
hood Crohn's disease, e.g,, Nestle Modulen 1BD containing TGF-p2 from milk [164-166).
IGE which includes IGF-1 and IGF-I1, stimulates the proliferation of many cells and also
regulates metabolic functions, e.g., glucose uptake or glycogen synthesis [163]. Due to
their wide range of action, these growth factors have been included in studies on treat-
ing epilepsy [167]. Flayford et al. [168] suggest that cow colostrum-based products that
contain growth factors can be used to counteract side effects when using nonstercidal
anti-inflammatory drugs. Gauthier et al. [163] described a positive effect of growth factors
om the digestive system, skeletal system, and skin.

Particularly important in the context of this artick: seems to be the study, the results of
which indicate that FGE IGF-1, and EGF are important mitogens in wound healing and
that EGE in particular, is capable of stimulating the epithelium. IGF-1 and EGF may play a
significant role in both the early and late wound environment, while FGF may play the
maost important role in early tissue repair [169].

3. Milk- and Colostrum-Based Products in Cosmetics and Dermatology

Recent years have seen a growth in interest in natural products, and milk- and
colostrum-based products are now widely used in the cosmetics and pharmaceutical
industries. In this chapter, their impact on skin conditions when used as a dietary sup-
plement or topically applied in the form of creams, ointments, ete, will be discussed.
These data are summarized in Table 4. This section will also present the effect of milk or
milk-derived ingredients on skin cells (fibroblasts and /or keratinocytes) in vitro.
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3.1 Impact of Supplementation with Milk- and Colostrum-Based Products on Skin Conditions

Substances derved from colostrum and milk, especially proteins, have been shown
to have great therapeutic potential in the treatment and prevention of many diseases,
and there is a growing demand for those based on colostrum. A number of colostrum-
supplemented powders, capsules, lozenges, beverages, and chewing gums an: available
on the market. The products are used not only as wound healing factors and antioxidants,
ant-inflammation, tissue growth agents but also to enhance the immune system, repair
damaged gastrointestinal tissues, or encourage the differentiation and proliferation of
epidermal cells, among others [5,43].

The milk protein most commonly used as a supplement is lactoferrin, possibly due
to its broad spectrum of proven biological properties (Section 2.4.1). This has been found
to induce a significant improvement in the skin condition of patents with psoriasis and
acne vulgaris, including a reduction in the number of inflammatory lesions and an overall
improvement in the clinical pictune [%0,170-172].

Ome study compared the effect of consuming fermented milk enriched with lacto-
ferrin (200 mg daily) by patients with acne vulgaris in the course of skin inflammation.
Two groups of 18 patients, one consuming enriched milk and the other unenriched milk
(placebo), were tested for skin hydration, sebum, pH, and skin surface lipid content at the
beginning of the study and after 12 weeks. The group of patients taking lactoferrinenriched
milk demonstrated a 38.6% improvement in inflammation reduction, 31.1% lower sebum
content, 23.1% fewer total ksions, and 20.3% lower acne seventy compamed to the placebo
group. Although both groups displayed a decrease in lipid kevel on the skin surface, the
lactoferrin-receiving group also demonstrated a decrease in the triacylglycerol content of
the lipids; this was found to correlate with the reduction in acne lesions and the severity of
acne. The hydration and pH of the skin eminded unchanged after supplkementation [90].

Twice daily administration of lactoferrin (100 mg) as a dietary supplement was found
to mesult in an overall improvement in acne lesions in patients with mild to moderate
commaon acne [170]. Twice daily administration of capsules containing lactoferrin with
vitamin E and zine for three months was found to reduce the number of acne lesions,
meduce blackheads and inflammatory changes, and bether regulate sebum secretion. The
preparation was found to be both safe and effective [173].

In addition, an orally administered preparation based on milk proteins, rich in growth
factors, alpha-lactalbumin, lactoferrin, and immunoglobulins in reducing skin lesions has
been found safe for use in patients with plague psonasis [171].

Lactoferrin supplementation was also found to inhibit the incmease in transepidermal
water loss, reduction in skin hydration, aberrant epidermal hy perplasia, and cell apoptosis
in hairless mice orally administencd lactoferrin and exposed to UVB radiation [172].

The vitamins, mimerals, and amino acds contained in colostrum are known to bestow
many health-promoting effects on human skin. Ascorbic acid (vitamin C) is involved in the
production of collagen and L-carnitine; it also maintains healthy skin, heals wounds, and
possesses antioddant activity. In addition, niacin (vitamin B3) maintains healthy skin, bi-
otin (B7) strengthens hair and nails, vitamin E possesses antiaging and antioxidant activity,
and metinol (vitamin A) encourages skin cell production and has antiaging properties. The
various minerals present, such as zinc and copper, take part in neutralizing the harmful
effects of free radicals, megeneration processes, and wound healing.

The amino acids also have positive effects: proline has antiaging properties (reduces
wrinkles and sagging), forms collagen, and heals tissue, threonine produces collagen and
elastin in the skin, methionine has an antioxidant effect, synthesizes collagen in nails and
hair and arginine stimulates wound healing [43].
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Table 4 Clinical studies with milk-or colostrum-based products,
Type of Disease or Healthy Skin
Froduct Used {Number of Patients) Result of the Study [Ret.]
Topically applied milk-based products
. . ditficult-to-heal wounds cansed by
bovine colistru ] i B
fsug:!zdtnlill::f‘lr:?f:_fa:\; buttock erythematosus and by eroszon. significant improvement in wound healing [174)
’ B erythema
vintments containing 10% and 20% N - o — improvement in elevation, redness, and
frein moderake paoriatic plague (1= 22) acaling of paaristic lea [114)
- " . . . . good cleansing and antibacterial -
soap comtaining 5% Podolian cow milk healthy skin properties [175]
cmamﬁu‘ilh:kjmd d.onlwy milk healthy skin gt = 15) satisfactory :rln.li:lﬂun'.'.in;.; propertias; [176]
encapsulated in nanoliposomes - antiaging effect
cream comtaining 3 horse colostrum seborroic acne (1 = 12) complete skin regeneration [177]
cream comtaining 209 horse colostrum ki 5 . .
. ssolution of contact skin kesions and
and 10% horse milk (plus mint and comtact skin kesions (1= 5) st o et 7L IS and pan 177]
A immediately after application
benzocaine) B
cream comtaining 209 horse colostrum immesdiate relief of pain and skin tension
and 10% horse milk (plus mint and by perthermia sunburn skin (= 30} [within 24 h); the appearance: of a normal [177]
benzocaing) tan, without any scale-off skin effect
cream containing 209 horse colostrum . ek bl
and 10% horse milk (plus mint and 27 degres and 37 fire bumns (1= §) rapid pam l'\'.JI\'_‘,.TLIJIlIJIJIH\'.‘ the 177]
L epithelium in aweek
beneocaine)
reduction in ery thema and pruritus;
emulsion with 20% horse colostrum mioderate atopic dermatitis (1= 7} softening, moisturizing, soothing, and 177]
anti-inflammatory effects
" X iming: 1%, )
liposomal gel containing 1% horse ubcerative skin kesions (1= 10) improvement of skin bealing and repair 177]
colostrum ¢
. . antiaging, moisturizing, protective,
cremetic formulations based on a Bl - . X
combination of horse colostrum and healthy skin D_'IBI.L:-IJlISV.'I'IHI\'u. t_'uc' mwull.un:.;, 177
hiorse milk B anti-irritant, emaollient, bleaching,
L decongestant, and sebostatic effects
- . alleviating sympoms;
fermented (by ::alf'“ mlli'bact_m] b atopic demmatitis (atopy and paoriasis) moisturizing and anti-inflammatory [174]
effects
§ ented colost A imprivement rlated to the antibackerial (174
effect
formulations comtaining bovine or imprivement elasticity and ension;
eduine adostrum (plus by aluronic acid healthy skin of elderly voluntesrs moisturizing and antiocidant effects; [150]
or its salt and olive ol or vitamin E) mduction in skin sagring and liver spots
cosmetic formulation based on S . _— .
b skin with discoloration ¢ hifening properte 141
colostrum albumin (plus arbuting althy ghin wi e winEmEng P s [141]
Milk-based products used as supplements
fermented milk enriched with PP, meduction in inflammation, sebum content, a
rrin acre vulgaris i1 = 18) and the severity of acne kesions [
lactoferrin mild to moderak: commaon ace overall improvement in acne kesions [1710]
capsulés conbaining | ferrin (phus mduction in the number of acne besions,

witamin E and zinc)

blackheads, and inflammatory changes;
magrulation of sébum secretion

[173]

3.2 Influemce of Milk or Milk-Derived Ingredients on Skin Ceils In Vitro

Skim bovine colostrum has been found to increase canine skin fibroblast proliferation.

Bow ine colostrum stimulated fibroblast growth at all doses (0.1, 0.3, and 1 mg/ ml) after
M hincubation. Proliferation was found to increase from 19% to 32% compared to negative
controls, and the effect nemained significant after 48 h for the 0.3 and 1 mg/ml. doses [182].

The fat fractions isolated from mare's colostrum were found to have a stronger effect

on fibroblast proliferation in vitro than those from milk. The different lipid pattern of the
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two substances, specifically the higher levels of adipophilin and lactadherin in colostrum fat
globules, is believed to have affected skin wound repair efficiency. Colostrum also contains
higher levels of total lipids, linoleic and linolenic acids, gangliosides, and glycolipids when
companed to milk [5,183].

Colostrum has a positive effect on the healing process of skin wounds. This may be
due to the participation of growth factors and /or other immune egulatory factors [5].

Peptides from milk protein hydrolysates, typically with a molecular weight of 300 Da
and containing mainly hydrophobic aromatic amino acids, have been found to promote
growth in human skin cells in vitro. Treatment promoted growth efficacy by 108% in
keratinocytes cultured in a medium supplemented with 300 pg/ml of one peptide fraction
for 12 days [154].

Other studies have examined the effect of donkey colostrum and matume milk, human
colostrum and mature milk, and f-casein and p-casomorphine7 on the growth and in-
flammatory response of the skin Abroblast culture. Exposure of skin fibroblasts to donkey
milk and human colostrum resulted in a decrease in proinflammatory transcriptional factor
MNEF-«B pbb activity. The opposite effect was noticed for f-casein and p-casomorphine-7.
Moreover, it was proved that the tested products and f-casein lead to the activation of
growth-regulating kinases (Akt 1/2/3 kinase, Erk kinase, INK kinase, and Stat-1 kinase),
especially the p-Erk pathway. Accordingly, it can b concluded that casein amino acids
may be responsible for the activation and proliferation of the cell cycle immtiated by Erk. It
suggests that noncasein bioactive pephides of donkey and human milk may be responsible
for anti-inflammatory properties and may be useful in wound healing, regenerative, and
aesthetic dermatology [185]

Recently, Kovacs et al. showed that colostrum promotes cell cyele withdrawal by
increasing the expression of kinase inhibitors and promotes the transition of keratinocy tes
from proliferation to differentiation. Colostrum also has the ability to induce the expres-
sion of early and late differentiating markers (keratin 1, involucrin, and filaggrin) and
the synthesis of caspase 14 and bleomycin hydrolase: two major enesymes involved in
the maturation of filaggrin. Bovine colostrum has been found to promote keratinocy te
section and final differentiation in two-dimensional (20) and theee-dimensional (3D) skin
counterparts, the latker being a mone physiologically representative system. Colostrum ap-
pears to stimulate cell differentiation via the PI3K/PLC-y1/ PKCa (3-phosphatidy linositol
kinase /phospholipase Cy2/protein kinase Co) pathways associated mainly with tyrosine
kinase receptors; this suggests that colostrum may be used in the treatment of skin diseases
characterized by a perturbed barrier function, such as cutameous dryness in elderly or
UVER-exposed subjects [156].

3.3 Topical Applications of Milk or Colostrum Containing Products

The properties of milk prokeins make them promising candidates mesearchers are trying
to use them to create a skin substitute for the teatment of burn wounds. A preliminary
study show ed that the application of bioactive milk proteins, lactoferrin, and whey prokins
on a gynthetic polymer (polycaprolactone) scaffold increased the growth, spread, and
infiltration of keratinocytes and fibroblasts. Hence, it could be effectively used to heal
wounds [157].

Milk proteins have also been used directly on the skin for therapeutic purposes,
Topical application of bovine colostrum preparations resulted in significant improvement
in the treatment of difficult-to-heal wounds caused by buttock eryvthematosus and by
erosion erythema when administered as support for systemic antibiotic therapy [174].

An ointment consisting of Gundelin (Gundelia tourngfortii L.) extract with milk cream
(GT/MC 4:1) was found to support the healing of second-degree burn in a rat model.
Thirty-six mak Wistar rats with second-degmee bums on the skin wen divided into three
groups: one treated with silver sulfadiazine drug, another treated with G. foumefortii L.
extract composite with milk cream, and one untreated group. Of the three, the GT,/MC
ointment group demonstrated the most effective healing, After 21 days of treatment, the
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wound anca was meduced, and the wound healing process was improved significantly.
Thus, such an cintment could aid in the healing of burn wounds [1858].

Bovine lactoferrin may be considered as a topical treatment option for the treatment
of psoriatic plaque. This is confirmed by studies conducted on a group of 22 patents
with moderate plague psoriasis who used cintments containing 10% and 20% lactoferrin.
The psoriatic lesions treated with lactoferrin demonstrated improvements in elevation,
redness, and scaling; however, the 207 ointment did not appear to be mome effective than
the 10% [114].

Podolian cow milk has also been used as a raw material for skincane products in the
form of liquid hand soap. The product was found to demonstrate good cleansing and
antibacterial properties. The most effective was the soap containing 5% of Podolian milk,
which mduced bacterial hand contamination by 98%. The antibacterial activity of the
product derved from the presence of some milk protein, as well as various eneymes, such
as lysoeyme (0.25 mg/ L), lackoferrin, and lackoperoxidase [175].

Another study compared the effects of creams with nanoliposomes encapsulated with
skaimmed donkey milk with placebo on untreated skin in fifteen healthy volunteers. Shortly
after application, the creams demonstrated satisfactory moisturizing properties, which were
maintained throughout the entine period. Transepidermal water loss slightly decneased
only after four weeks, and the pH value was similar after each of the treatments. The
creams may contribute to additional antiaging effects [176]. The formulations containing
the skimmed donkey milk are described in detail in the Serbian patent (P-2016,/ 0289; No
57752) [189].

Scwentific publications regarding the external application of colostrum to the skin are
sparse. However, many patents relating to colostrum-based dermocosmetics ame pending,

In accordance with the patent US5750149A [177], formulations containing horse
colostrum together with horse milk have been clinically tested. The studies investigated
preparations with different ratios of colostrum to milk content, ie., 30% horse colostrum,
2% horse colostrum and 10% horse milk, 10% horse colostrum and 200% horse milk, and
3% horse colostrum and 20% horse milk. When applied to the skin, the formulations were
effective in the treatment of sunbums, burns from fine, contact lesions, skin diseases such as
acne, seborrhea dermatitis, irritation, keratosis defects (psoriasis and ichthy osis), including
atopic dermatitis and itching, among others [177]

In addition, twice-daily topical application of a cream containing 30% of horse
colostrum led to resolution of cutaneous ksions in twelve patients aged 16-27, affected by
seborrheic acne, with the skin being completely regenerated [177].

Twice-daily topical treatment, ie, every 12 h, with a cream containing 20% horse
colostrum and 107 horse milk, with the addition of mint and benzocamne, resolved contact
skin lesions within 24 hoin five test subjects, with the pain disappearing immediately afer
application [177]. The same cream, based on 20% horse colostrum and 10% horse milk plus
mint and bereocaine, was applied twice-daily in adult patents with hyperthermia sunburn
skin; the same extract was also applied to children but with the addition of chamomile
extract instead of peppermint The study group consisted of thirty people. The results
indicated that pain subsided immediately, skin tension dropped over the course of 24 h,
and a normal tan appeared, without any scale-off skin effect in the following days [178].
The cream was also found to be effective in the treatment of 27 degree and 37 fire burns.
Similarly, in a group of eight patients, pain weakened quickly, and the epithelium was
mestored within one week [177].

Application of 20% horse colostrum emulsion (twice a day for 30 days) resulted in
greater softening, moisturizing, soothing, and ant-inflammatory effects than observed for
commonly available emulsions in seven patients with moderak atopic dermatitis comparned
to a control group of 10 healthy people. No side effects wene observed, and erythema and
pruritus decreased [177].
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A liposomal gel containing 20% horse colostrum resulted in total or partial improve-
ment of 2kin healing and skin repair in ten patients with ulcerative skin lesions treated
twice daily for 20 days [177].

Irrespective of the composition, cosmetic formulations based on a combination of
horse colostrum and horse milk demonstrate a number of skin benefits, including antiag-
ing, moisturizing, prokective, fensio-distensive, tonic, smoothing, ant-irritant, emollient,
bleaching, decongestant, and sebostatic activities [177].

Another interesting patent study concerns the use of fermented horse colostrum
in the case of atopic dermatitis. In this case, the colostrum was treated with lactic acid
bacteria: Lactobacillus delbrueckii subsp. bulgaricus (ATCC 11842), Streptococcus thermophilus
(ATCC 19258), and Lactobacillus rhammosus GG, (ATCC 53103). The results indicate excellent
moisturizing and anti-inflammatory properties, suggesting that the substance in question
can be used to alleviate symptoms assodated with atopic dermatitis, such as atopy and
psoriasis [175].

A Komean patent describes the use of fermented colostrum as an anti-acne treatment.
The specific active substance contaimed in colostrum, resulting from fermentation, appears
to demonstrate excellent antibacterial effects against acne bactena [179].

Another product containing bovine or equine colostrum, hyaluronic acid or its salt,
and other substances such as olive oil (Oler enropea) or vitamin E was found to reduce
skin sagring, improve skin elasticity and tension, and demonstrate moisturizing and
antioxidant properties when applied to the facial skin of elderly participants. Treatment
also appeared to reduce the appearance of liver spots to a slight degree [150].

One patent presents a method of producing whitening cosmetics in which colostrum
albumin is combined with arbutin, a whitening agent [181].

4. Conclusions

The broad spectrum of biological properties of milk and colostrum is undoubtedly
related to their rich composition, especially in whey proteins, such as a-lactalbumin, f-
lactoglobulin, lactoferrin, lactoperovidase, lysozyme, immunoglobulins. Milk proteins
enjoy unflagmng interest among medical scientists not only because of their activibes but
also because of their natural origin and non-toxicity. These ingredients are considered in
treating skin diseases, restoring immunaty, fighting cancer, and combating microorganisms.
Despite the multitude of studies on milk raw materials, there are few clinical trials con-
firming their effectiveness. Milk-based products appear to be used mome often as dietary
supplements than as medications,

It is also important to note that differences in the composition of milk between animal
speckes may influence their therapeutic value. As bovine milk has been quite exhaustively
studied, futune research should be directed towards the milk from other species: sheep,
goats, or camels.

Among milk raw materials, colostrum deserves special atbention. Its complex compo-
sition has been found to be safe for use in peoplke and to give excellent results in rebuilding
immunity, as well as its use as a therapeutic agent in dermatology and an active ingredient
of cosmetics. Topically applied formulations containing colostrum support healing pro-
cesses of burn wounds, uleers, and sunburns. They also appear to be effective at treating
skin diseases, such as aone vulgaris, plaque psoriasis, and contact lesions. However, most
research conoemns the synergistic effects yielded by the combination of milk-derived in-
gredients/ products and other active substances, like vitamin E, zine, arbutin, hyaluronic
acid, which does not allow for unequivocal conclusions about the action of the milk-based
products themselves. Therefore, clinical trials ame needed on a separated from a single milk
ingredient or milk/ colostrum products without any other active additives.
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Abstract Colostrum is gaining popularity in cosmetic products. The present study compared the
composition and selected biological properties of colostrum from Polish sheep (colostrum 1) and
Swiss sheep (colostrum 2), particularly those that can affect healthy or diseased skin. The antioeddant
activity of the colostrums was measured using ABTS and DPPH assays. The effect on the proliferation
of human skin fibroblasts, neonatal epidermal keratinocytes, and human diabetic fibroblast (dHF)
cells isolated from diabetic foot ulcers was also assayed invitro by MTT and Presto Blue tests,
mspectively. The colostrum simulated dHF cell proliferation by up to 115.4%. The highest used
concentration of colostrum 1 stimulated normal fibroblast proliferation by 191.2% (24 h) and 222.2%
(48 h). Both colostrums inhibited epidermal keratinocyte viability. The influence of the colostrums on
the expression of genes related to proliferation (Ki67) and immune esponse (I1-6, PTGS-2, T5G-6) in
dHF cells were compared. Colostrum 1 increased the rate of wound closure (scar test). Analysis of
total fat, protein and fatty acid content found the Polish colostrum to be a richer source of fat than the
Swiss colostrum, which contained a larger amount of protein. Both colostrums exhibit properties
that suggest they could be effective components in cosmetic or medicinal formulations for skin care,
especially supporting its regeneration, mjuvenation, and wound healing,

Keywords antiodidant; cosme tic ingredients; fibroblasts; keratinocytes; gene expression; proliferation;
sear test; sheep colostrum; skin diseases

1. Introduction

Colostrum, the so-called first milk, i a thick, yellow secretion of the mammary glands
produced by mammals in the first few hours after giving birth. Sheep colostrum and
mature milk provide estential nutrients and bivactive components critical for the growth
and development of newborn lambe prior to weaning [1]. The composition and biological
activities of milk vary widely among species and breeds, being influenced by genetics,
environmental conditions, and dietary factors [2]. However, the key funchional elements
in milk are proteins, which can be categorized into three primary groups: caseins, whey
proteins, and milk fat globule membrane proteins [2-4]. Among these, the predominant
proteins in milk are caseins, which provide crucial amino acids necessary for the growth
of newborns [45]. Milk fat globule membrane profeins enable the transport of fats and

Int. [ Mol 5d. 2024, 25, 8091, https: // doi ong/ 10,3390 /iims251 58091
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proteins, cell signaling, metabolic regulation, and other key biological functions [6,7]. Whey
proteins, which constitute about 20% of total milk protein content [5], ame essential for
providing neonatal protection via antioxidant properties, immune-enhancing effects, and
antr-inflammatory activities [3,9].

Colostrum is also notably rich in fats, carbohydrates, and proteins, and its complex
composition provides essential micronutrients (vitamins and minerals), antimicrobial
agents (including lactoferrin and lysoeymes), and growth factors [2,10]. It contains essential
minerals including selenium (Se), which are vital for preventing nutritional shortfalls in
nursing lambs; without these, they could suffer myodegenerative conditions. For example,
selenium deficiency can mesult in white muscle disease [2,11-13]. Furthermone, other
important minerals in colostrum, such as magnesium (Mg), manganese (Mn), zinc (Zn),
and copper (Cu), have significant roles in protecting the integrity of cellular membranes
from oxadative stress [2,13,14].

Hownever, theme is little research on sheep colostrum compared to bovine colostrum [15-20],
The present study compares the content and certain biological activities between colostrum
of Polish and Swiss origin It 1s hy pothesized that differences in the environment between
Poland’s continental climate and Switrerland’s alpine negions may influence the nutntional
and biological profiles of colostrum, and thus its potential therapeutic value, The analysis
focuses on the total protein level and lipid compositions, which are vital for its therapeutic
efficacy, particularly in skin care and human health.

The study examines the impact of colostrum on the growth of diabetic human fibrob-
last cells, a critical area of research given the challenges associated with wound healing in
diabetic conditions. This aim is to explore how colostrum can potentially accelerate cell
megeneration and improve wound healing outcomes in diabetic patients,

The mesearch explores the capacity of colostrum to promote the growth of fibroblasts
and keratinocytes, key cells involved in skin health and wound healing, and assesses
its antioxidant properties. It also examines its potential to enhance tissue repair and
manage scar formation, crucial aspects of post-operative cane and injury recovery, in scar
test models.

The proposed in vitro tests aim to check whether colostrum will be a good choioe as
an active component in cosmetic and medicinal preparations with rejuvenating properties,
delaying skin aging, regenerating and accelerating wound healing, ete. Moreover, parallel
tests on colostrum from two sources (Polish and Swiss) will allow us to compan: their
properties and indicate the better ome.

2. Results
2.1. Fat, Protein and Fatty Acid Analysis

MNoticeable differences in total fat and protein content wene found between froese-
dried colostrum 1 and 2 (Table 1). Colostrum 2 had higher protein content (43.68%) than
colostrum 1 (34.14%), while colostrum 1 had a much higher fat content (38.05%) than
colostrum 2 {26.63%).

Table 1. Content (%) of fat and prowin in lyophilised colostrum 1 and 2

Colostrum 1 Colostrum 2
M sD SE M sD SE
Fat (%) 38054 0,50 0.17 26,634 075 025
Protein (%)  34.14b 023 012 4368t 0.37 018

M—mean value: SD—standard deviation, SE—standard error: *n=% "n=4 {r—number of independent

messurements ).
Distinct differences in the concentrations of specific fatty acids were noted between

colostrum 1 and 2 (Table 2). Colostrum 2 was charackerized by a significantly higher PUFA
(polyunsaturated fatty acids) content and a slightly higher SPA (saturated fatty acids)
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comtent than colostrum 1, but a significantly lower MUFA (monounsaturated fatty acids)
content than colostrum 1.

Table L. Fatty acid content (%) in lyophilized colostrum 1 and 2.

Colostrum 1 Colostrum 2
M sD 5E M sD SE
Caprylic acid CHa(CH,1CO0H Cs0 000 000 000 036 002 00l
Capric acid CHa(CH, 3 COOH Cloo 000 000 000 135 006 003
Lauric acid CHa(CHy g COOH Clzo 23 03 023 25 019 0ll
Myristic acid CHa(CHy )2 COOH Cl40 1117 117 068 1304 065 038
Pentadecylic acid CH4(CH; )15000H Cl50 109 o007 o 152 045 026
Palmitic acid CH;(CHy)yCOOH Cl&n 3741 016 009 314 096 05
Palmitoleic acid G-cis-Hexadewnoic acid Cle1 204 0.30 017 117 002 o1
Margaric acid CHa(CH, ) C00H C17:0 132 02 016 08 016 009
Stearic acid CHa(CHy )y COOH Cleo 1065 080 0469 1186 072 041
leic acid cis-3-petadecencic acid 181 (n-9) 2011 126 073 2345 0.58 033
Linoleic acid (LA) all-cis-9,12-octadecadienoic acid 18:2 (n-6) 248 018 011 397 0.x2 013
Conjugated L
lincleic acid (CLA) (92 1NEFOctadeca9,11-dienoic acid CLa 076 0.06 0.4 1a4 0.05 003
AIEL::;IDT_E“C allcis9,12 15 petadecatriencic acid 1833 112 o o002 1ol ond2 oo

SFA £3.98 11 064 68.75 0.78 0.45
MUEFA 3116 098 056 2463 0.59 034
PUEA 486 015 0.08 b.62 0.21 nlz2

M-mean value; SD-standard deviation, SE-standard error; (n= 3]

The predominant saturated fatty acids (SFA) in both colostrums wene palmitic, myristic,
and stearic acids. Both colostrum 1 and colostrum 2 contained almost identical amounts of
palmitic acid, 37 41% and 37.14%, respectively, whik colostrum 2 had slightly higher kevels
of myrishc acid (11.17% vs 13.04%) and stearic acid (10,65% vs 11.86%). Caprylic and capnc
acids werne absent from colostrum 1, but wem present in very small amounts in colostrum
2: 0.36% and 1.35%, respectively.

Among monounsaturated fatty acids (MUFA), both oleic acid and palmitoleic acid
wemre more abundant in colostrum 1 than in colostrum 2. The oleic acid content was 29.11%
and 23.46% in colostrum 1 and 2, respectively, and the palmitoleic acid content was 202%
and 1.17%.

Polyunsaturated fatty acids (PUFA), including linoleic acid (LA), conjugated linoleic
acid (CLA), and alpha-linclenic acid (ALA), accounted for only 4.86% and 6.62% of all
fatty acids contained in colostrum 1 and 2, respectively. Among these, LA predominated,
amounting to 2.98% and 3.97% in colostrum 1 and 2, respectvely (Table 2).

2.2, ABTS and DPPH Free Radical Scavenging Activity Assays

In the DPPH assay, colostrum 1 and colostrum 2 exhibited moderate antioxidant
activity, with ECsp values of 0,988 mg,/mL and 0.806 mg/ml, respectively (Table 3). In
the ABTS assay, both colostrum 1 and 2 demonstrated around two times stronger anti-
radical activity than anti-DIPPH activity, with EC5 values of 0.515 mg/mlL (after 30 min)
and 0,477 myg/mL (after 40 min) for colostrum 1, and 0.455 mg/mL (after 30 min) and
0.424 mg/ ml. (after 40 min) for colostrum 2. The antioxidant potential was around one
hundred times lower than for the antiesidative standand used, Le., ascorbic acid, for which
the ECsp value was 0.0053 mg/ mL. Colostrum 2 exhibited slightly higher activity than
colostrum 1, determined by both DPPH and ABTS assay.
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Table 3. Anticeddant activity of colostrum 1 and colostrum 2 expressed as ECsg [mg/ mL]. The values
represent the mean + standard deviation of three independent measurements (n = 3).

ABTS DFPFH

ECz Img/mL] + 5D EC;y [mg/mL] + SD

10 min 20 min 30 min 40 min 30 min
Colostrum 1 0.727 £ 051 0.574 + 0034 0.515 + 0,048 0477 £ 0.48 0.988 £0.137
Colostrum 2 0,625 + 051 0.512 £ 0.033 0455 + 0.043 0424 £ 0.053 0.806 £ 0.155
Ascorbic acid 0.0053 + .00V 0.0026 + 0.0003

ishibiian (%)

Additionally, the percentage inhibition of the ABTS radical by colostrum 1 and 2
(0.25 mg/mlL, 0.5 mg/ml, and 0.75 mg/mL) was measured every 10 min over a pe-
riod of 40 min (Figure 1). The greatest increase in inhibition was observed in the first
10 min: eolostrum 1 demonstrated 13.5%, 35.0%, and 51.8% inhibition at concentrations
of 0,25 mg,/ml, 0.5 mg/mL, and 0.75 mg/ml, espectively, while 2 demonstrated 15.1%,
40.1%, and 61.2% inhibition. This increase leveled out between 10 and 40 min for both
colostrum 1 and 2, amounting to only around 20 p.p. for 0.75 mg/mL and 0.5 mg/mL, and
around 15 p.p. for 0.25 mg/ml.

inhibigon [%)
2

—— il TG lrﬂ.rml
—&—1{.5 mg/ml =m=0.5 mg/ml
T —& —a— 0.5 mg/mil an — = 10,25 gl
— T 0 -
>
]
1]
0 an 4n 10 0 LY 40
& [min] t [min]
(a) (b}
Figure 1. Percentage of ABTS radical inhibition by colostrum 1 (a) and colostrum 2 (b) over time
n=3).

2.3, Inkilition of Tyrosinase Activity

To investigate the potential skin-whitening effect of colostrum 1 and 2, their ability to
inhibit ty rosinase activity was tested using ascorbic acid as a eference standard. Samples
with a coneentration of 1 mg/mL were assessed (Table 4). Colostrum 1 demonstrated weak
inhibition (23.4%), around four imes lower than ascorbic acd; however, this value was
approximately three times higher than for colostrum 2 (7.0%:).

Table 4. Inhibition of tyrosinase activity (%) by colostrum 1 and 2.

Colostrum 1 Colostrum 2 Ascorbic Acid
M+ 5D M+ 5D M+5D
23.4% + 06% 7.0% +20% 96.0% +2.2%

M—mean value; SD—standard deviation; (n= ).
Although this study found that colostrum 1 has some inhibitory activity, the level was

not significant companed to ascorbic acid. Therefore, neither colostrum 1 nor colostrum 2
appear to be a good source of whitening substances for possible skin therapy or cane.
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2.4 Proliferation of Fibroblasts and Keratinocytes
The effect of colostrum 1 and 2 on human skin fibroblast 1BR.2.N and human neonatal
epidermal keratinocytes in relation to dose and time was determined by MTT assay.
After 24-h and 45-h incubation, all concentrations of colostrum 1 significantly in-
cmased fibroblast growth in a dose-dependent manner when compared to untreated cells
(Figure 2a). The highest incoease in proliferation, 91.2% (24 h) and 122.2% (48 h), was
observed for colostrum 1 at a concentration of 2 mgme.

Karatingcyts wintiity [%]

corbed D1 035 05 0765 1
coneanimlion [mgimi]

(a) (b)

Figure 2 The effect of colostrum 1 on the cell viability of: {a) 1BR.3.N human skin fibroblasts;
(b} human necratal epidermal keratinocytes (n= &); *** p < 0.001; ** p< 0.01, * p < 0.05.

Human epidermal keratinocytes exhibited varying sensitivity to colostrum 1 (Figure 2b).
Incubation for 24 h at low concentrations (up to 0.5 mg/mL) slightly increased cell viability
by 32.1%, whemeas high concentrations (2 mg,/mL) reduced viability by up to 82.1%. Afer
45 h, the effect of decreasing keratinocyte viability was already evident at the lowest dose
of 0.1 mg/ml, and increasing the concentration resulted in additional suppression of
keratinocy fe cell viability, i.e., a reduction of around 40% at 2 mg/ ml.

For colostrum 2, after 24 h of incubation, fibroblast proliferation increased with in-
creasing concentration (Figure 3a). However, a smaller increase (from 13.1% to 49.6%) was
measured compared to colostrum 1. Incubation for 48 h resulted in a slight increase in pro-
liferation (around 207%) from 0.25 mg/mL to 1 mg/mL, while incubations with 1.75 mg,/mL
and 2 mg/mL reduced cell viability by 19.4% and 39.3%, respectively.

Incubation for 24 h inhibited human keratinocyte cell proliferation by 16.7% to 41.4%
relative to untreated cells, at concentrations from 0.5 to 2 mg/ml; also, 48-h incubation
mduced proliferation by 27.1% to 58.07% compared to controls at concentrations from 0.1 to
2 mg/mlL (Figure 3b).

2.5, Proliferation of Diabetic Human Fibroblasts

The effect of colostrum 1 and 2 on diabetic human fibroblasts showed mixed trends
depending on the cells sample material; the results ame presented in Figume 4. Cells cultured
with colostrum 1 after 24 h showed mixved tendencies: the values were either lower than
controls, viz. dHF1014 (97.3%) and dHF1029 (96.3%), or slightly higher, viz. dHF1022
(101.4%) and dHF1008 (102.2%). After 48 h in culture with colostrum 1, all cells showed
higher proliferation rates, especially dHF1022 (107.7%, p < 0.001) and dHF1029 (110.8%,
p=0.01). For colostrum 2, an increase in proliferation rate was observed already after
24 h, with significant results noted for dHF1014 (105.4%, p < 0.05) and dHF1008 (104.3%,
p<0.01). After 45 h, the cultured cells showed an even higher increase in proliferation
rates: dHF1014 (115.4%, p <0.01); dHF1022 (109.4%, p < 0.05).
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Figure 3. The effect of colostrum 2 on the cell viability of (a) TBR.3.N human skin fibroblasts;
(b} human neonatal epidermal keratinocytes (n = &); *** p< 0.001; ** p< 0.01, * p < 0.05

Generally, the dHF cells tended to achieve higher proliferation rates than the control
culture after a 48-h culture; however, dHF cells treated with colostrum 2 showed higher
proliferation after 24 h (Figure 4b).

2.6, Scar Test Assay

dHF cells cultuned with colostrum 1 showed an increased wound closure rate. Cells
treated with colostrum 1 proliferated and migrated faster than the cells in the control
culture, covering 40% of the initial scar area after 16 h of culture and 20% of the initial scar
area after 28 h. Mearw hile, cells treated with colostrum 2 covered 40% of the initial scar
area in 28 h and 20% after 40 h of cultume (Figun: 5).
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Figure 4. Cont.
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Figure 4. Presto Blue proliferation test results for diabetic human fibroblasts (dHF): (a) four different
dHF cells samples (n = 3) cultured with either colostrum 1 or colostrum 2; (b) cumulative results
of Presto Blue proliferation tests (n = 12). Proliferation rate was calculated with a dHF cultured in
standard dHF medium as the control. The proliferation rate of stimulated dHF cells ranged from
96.07% (dHF1029—cultured with colostrum 1 after 24 h) to 115.4% (dHF1014 cultured with colostrum
2 after 48 h). SEMs were calculated. The statistical significance was calculated with Fisher's test and
Student’s f-test. *** p < 0.001; ** p< 0.01; * p < 0.05.

2.7. Gene Expression

dHF cells cultured with colostrum 1 showed higher expression of Ki67 (fold
change = 1.53; p < 0.0001) and TSG-6 (fold change = 1.44; p < 0.001) genes than the control
culture (Figure 6a); in contrast, dHF cells cultured with colostrum 2 showed lower levels of
11-6 (fold change = 0.82; p < 0.05), PTGS-2 (fold change = 0.65; p < 0.0001) and significantly
higher levels of TSG-6 (fold change = 3.3; p < 0.0001) (Figure 6b).

The effects of colostrum 1 and colostrum 2 on the expression of genes related to
proliferation (Ki67) and immune response (IL-6, PTGS-2, and TSG-6) were also compared
in dHF cells from four patients. It was found that colostrum 1 significantly increased
the expression of Ki67 (p < 0.05) and PTGS-2 (p < 0.001) genes compared to colostrum 2,
while the latter demonstrated stronger stimulation of TSG-6 expression (p < 0.0001). No
significant differences in expression levels were observed for IL-6 (Figure 6c).

Both colostrum 1 and 2 were found to enhance dHF proliferation rate in Presto Blue
assay after a 48-h cell culture. However, differences in Ki67 expression levels suggested
that colostrum 1 has a higher potential to stimulate proliferation in dHF than colostrum 2
over longer periods. The observed differences in dHF response to colostrum 1 and 2 may
stem from the different levels of LTF protein.

Colostrum 2 significantly increased the expression of TSG-6 in dHF cell culture com-
pared to controls and colostrum 1; this may suggest that colostrum 2 has anti-inflammatory
properties [21]. The lack of any significant change and the lower levels of IL-6 and PTGS-2
expression may indicate that colostrum contains TSG-6-related stimulants,
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Figure 5. Scar test results for dHF cells stimulated with either colostrum 1 or colostrum 2 (n = 4).
(a) dHF cells stimulated with colostrum 1 closed the scar to 40% of the initial scar area (red line)
after 18 h of culture and 20% (green line) after 28 h of culture. Colostrum 2 did not increase the
speed of dHF migration compared to control culture. (b) Representative photographs of wounds in
three selected timepoints. In the scar test, colostrum 1 had a stronger impact on scar closure rate. It
was shown that ovine colostrum has the potential to enhance wound healing processes in diabetic
foot ulcers.
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Figure & Expression of Ki67, IL-6, FTGS-2, and T5(-6 in dHF after 48 h treatment with either
colostrum 1 or colostrum 2 {n = 4). Panels: (a) dHF cells treated with eolostrum 1 vs control; (b) dHF
cells treated with colostrum 2 vs. control; ¢} colostrum 1 vs. colostrum L Statistical significance was
determined in GraphPad program with the Mann-Whitney U test with Holm-Sidik cormction for
multiple comparisons; *** p < 0.0001; *** p < 0.001; * p< 0.05; ns means no significance.

3. Discussion

In this study, we analyzed the composition of sheep colostrum onginating from Polish
and Swiss animals. Further, the antioxidative propertes of both colostrum wene compared
and their ability t0 inhibit the tymsinase activity as well as the pro-proliferative impact on
throe types of human skin cells: neonatal epidermal keratinocytes, skin fibroblasts, and
diabetic fibroblasts. Additionally, the pro-regenerative attributes of both colostrum were
analyzed by scar tests and gene expression of diabetic fibroblasts.

3.1 Analysis of the Composition of Colostrum

The results of present study on protein and fat content in sheep colostrum differ from
the results of other researchers. Wendorff et al. reported lower profein (11.8%) and fat
(13.0%) content [22]. Different results were also observed in a study on ten sheep breeds,
in which the protein and fat content ranged from 1375% to 22.49% and from 4.04% to
13.64%, respectively [23] In a study by Guiso et al,, the average amounts of protein and
fat in colostrum were 16% and 7.8%, respectively. In later milk, the protein and fat content
dropped to 5.5% and 5.8% [11].

Such discrepancies could be attributed to vanous factors, including the form of
colostrum (liquid or solid), the period after giving birth, sheep breeds, their diet, and
breeding conditions. The content of ingredients in the liquid form of colostrum is lower
than in its more concentrated form after Iyophilization. Therefore, the solid form (freeze-
dried) of our colostrum (1 and 2) may explain their much higher (by about 2-3 times)
content of fat and protein than that reported in the literature [22,23]. Furthermore, our
colostrums wene obtained during the initial 12 h of lactation, a period when concentrations
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of substances like protein and fat are markedly higher than in later milk [22]. The protein
and fat content can also vary significantly between breeds, and can be influenced by diet
and environmental conditions [11,22,23],

Both colostrum samples demonstrated similar fatty acid profiles as noted in previous
studies [11,24,25]. Guiso et al. report the follow ing proportions of specific fatty acids: 37%
monounsaturated fatty acids (MUFA), 58% saturated fatty acids (SFA), and 6% polyunsatu-
rated fatty acids (FUFA) [11]. In comparison, the MUFA, SFA, and PUFA concentrations
wiere 31.16%, 63.98%, and 4.86%:, respectively, in colostrum 1 and 24.63%, 68.75%, and 6.62%
in colostrum 2. A similar fatty acid profile was noted for bovine colostrum: 65.6% SFA and
27.5% MUFA [26].

Among the fatty acids, both in colestrum 1 and 2, oleic acid and palmitic acid were
the dominant components with the highest contents: 22.11% and 23.46% and 37.41%
and 37.14%;, respectively. Topical application of oleic acid may compromise the integrity
of the lipid barrer, as evidenced by mesearch on olive oil, which is also predominantly
composed of oleic acid [27-29). Its topical application by healthy individuals significantly
compromisged the integrity of the stratum comeum and induced mild erythema [27].

Specific fatty acids such as CLA and long-chain FUFAs present in our samples are
known for their anti-inflammatory and immunomodulatory properties [30-32]. The high
levels of CLA in colostrum 2 may make it beneficial in reducing inflammation and help-
ful in the treatment of autoimmune diseases such as atopic dermatitis [33]. Long-chain
polyunsaturated fatty acids (LC-FUFAs) have an mhabitory effect on the growth of P aomes
NCTC?37 and 5. aurens ATCC43300 bacteria [34]. This may indicate a beneficial effect of
colostrum in the treatment of acne vulgars.

3.2, Antioxidant Activity of Colostrum

Milk hy drophilic antioxidants include, among others, caseing, whey proteins (lacto-
ferrin, f-lactoglobulin), peptides, minerals, vitamins, and nitrogen compounds of low
mokcular weight. Milk is also rich in antioxidant enzymes such as superoxide dismutase,
lactoperoxidase, glutathione peroxidase, and catalase. Lipophilic antioxidants include con-
jugated linokic acid (CLA), carotenoids, a-tocopherol, vitamins A and D3, phospholipids,
and coenzyme Q10 The antioxidant capacity of milk varies between species of animal, diet,
and the phase of lactation [35,36].

Among the tested milk samples of various mammals (sheep, cows, buffaloes, camels,
and goats), sheep milk displayed the strongest DPPH radical scavenging capacity (%),
amounting to 27.28%. This milk also had the highest content of total protein and fat [37].

Another study revealed the KGL3A-fermented sheep milk was a source of antiosdda-
tive peptides. The milk fractions showed antioxidative properties ranging from 15.4 to
M.6% (ABTS assay) [38],

In the present study, the 50% mnhibition of ABTS and DPPH radicals by colostrum was
observed for the flJ]]m\ri.ng concentrabions: 0.477 mg,l‘mL and 0,958 mg_,l'mT_ {colostrum 1)
and 0.424 mg/mL and 0.806 mg/mL (colostrum 2), respectively.

3.3. Colostrum’s Impact on Tyrosinase Actizity

Few studies have examined the potental of sheep colostrum and milk, or bovine
colostrum, as tyrosinase inhibitory factors,

Nevertheless, one study compared tyrosinase inhibition by proteins, protein hy-
drolysates, individual peptides, and amino acds derived from industrial proteins (f-casein,
e-lactalbumin, B-lactoglobulin, and ovalbumin). It was found that the peptides containing
argl'.ru'.lw and/ or phenylalanine Iu;}eﬂwrwith valine, alanine, and /or ke ucine were more
effective inhibitors than those containing aspartic or glutamic acid residues [39]. Milk
proteins such as k-casein and f-lactoglobulin are known to inhibit melanogenesis and their
hydrolysates are antioxidant peptides [40]. Donkey milk is a promising skin whitening and
antiphotoaging agent, showing a good inhibitory effect on melanin synthesis, tyrosinase
activity, and related gene expression [41]
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Although we may presume that either colostrum 1 or 2 are sources of whitening agents
for prospective skin cam, we did find in our mesearch that colostrums have a shght tendency
to decnease tyrosinase activity.

34 The Effect of Colostrum on Froliferation of Fibrobasts and Keratinocytes

Assessment of the effect of colostrum on stimulating the growth of the basic skin cells
building the dermis and epidermis, fibroblasts and keratinocytes, as well as diabetic human
fibroblasts (dHF) can serve as a model for effectiveness in supporting skin wound healing,
its regenerative capacity, skin rejuvenation, and even delaying skin aging.

Bovine colostrum has been found to stimulate canine fibroblast growth in vitro. The
effect of this colostrum was very similar to the effect of sheep colostrum 2 on human
fibroblast cells in our study. The highest concentrations of bovine colostrum used, ie.,
0.3 mg/ml and 1 mg/mL, stimulated the gn:lwlh of canine fibroblasts by 12% and 32%
compared to the negative control after 48 h of incubation [42].

The protective effect of bovine colostrum on skin aging was determined based on
telomere length and the rate of their shortening, this being a biomarker of aging, as well as
by examnining changes in the proliferation of human fibroblasts under standard conditions
and under oxidative stress induced by HpOyp. The results indicate that bovine colostrum
can improvie the condition of aging skin by increasing the rate of fibroblast cell proliferation
and protecting against telomere length erosion, even in the presence of an oxidative stress
factor [43].

Among three fractions (whey, casein, and fat globule) isolated from mare colostrum,
the fat globule fraction stimulated fibroblasts strongest, probably due to the presence of
lactadherin [44].

To date, the effects of any milk or colostrum on diabetic human fibroblasts (dHF) have
not been studied. Cur study found that proliferation on stimulated dHF cells ranged from
96.0% to 115.4%, with a lower rate compared to 1BE.3.N human skin fibroblasts, which
reached up to 227% after 48 h. This may be related to the origin of dHF cells which were
isolated from wounds of patients with complex metabolic disorders. These characteristics
implicate the lower proliferative potential of dHF aells and can influence the outcome of the
Presto Blue assay. It is possible that higher doses of colostrum would be required to achieve
similar effects in dHF cells as in healthy cells, although this requires further research.

Moreover it should be noted that prolonged increases in fibroblast proliferation are
not always desirable, as it can result in keloid scar formation [45]. Therefome, further and
longer observations with colostrum are needed, especially in a clinical setting,

Different biological effects have been noted for keratinocytes. Colostrum 1 (24 h)
was found to stimulate cell proliferation but only to a concentration of 1.5 mg/mlL. In
contrast, the emaining concentrations of colostrum 1 and all those of colostrum 2 in-
hibited keratinocyte proliferation at both incubation times. A similar inhibitory effect
was demonstrated by bovine colostrum on human primary keratinocy tes. The growth
arrest was presumably caused by upregulation of cyclin-dependent kinase inhibitors that
suggest the possibility of using colostrum for reducing the proliferation of keratinocytes
in the treatment of skin diseases characterized by a disturbed skin barrier and altered
differentiation [46].

3.5 Scar Test Assay

Colostrum 1 was found to exhibit potential to enhance wound healing processes in
diabetic foot uloers, probably due to its high levels of antioxidative agents and lactoferrin
(LTF) protein, which may stimulate fibroblast proliferation and migration [47]. 50 far, no
studies have examined the effect of colostrum from sheep or other animals on scar testing,
which could open up an entirely new area for esearch. Taking into account the mesults of
gene expression analysis, it could prove beneficial to test the dHF reaction to colostrumi(s)
following prior inflammatory priming.
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Studies have compared the effechiveness of bovine colostrum powder dressings and
comventional dressings for deep wounds, The mesults show that colostrum dressings were
safe and promoted wound healing by shortening healing time and reducing pain as well as
the number of dressing changes. Therefore, they can be used supportively in the treatment
of deep wounds [45]. Bovime colostrum effectively supported wound healing, probably
thanks to the presence of transforming growth factor (TGF-b), fibroblast growth factor
(FGF), and insulin-like growth factor (1GF-1) [48,49].

3.6, Genr Expression

Very few studies have examined the effects of colostrum on gene expression and
biological activity, and the existing ones have employed differing methodologies and
sample types; as such, it is difficult to directly compare their findings with those of the
present study. For example, most existing research has focused on bovine colostrum in
liguid form, wheneas the present study used freeze-dred sheep colostrum.

Research indicates that colostrum contains numerous bivactive components that can
affect the gene expression and biological activity [50,51]. Two such components ane the
growth factors IGE-1 and EGE, which stimulate cell grow th and proliferation. IGF-1 acti-
vates the IGF-1 receptor, inducing intracellular signaling that promotes DNA synthesis
and cell divigion [52]. Immunomodulatory proteins such as lactoferrin (LTF) have anti-
inflammatory, antibacterial, and immunomodulatory properties, inhibiting the produc-
tion of pro-inflammatory cyvtokines such as IL-6 and increasing the expression of anti-
inflammatory mediators [53,54]. Proline-rich poly peptides (PRPs) help regulate immune
msponses, reducing excessive inflammation [55]. Cytokines and chemokines, such as 11-10,
can suppress the expression of pro-inflammatory cytokines such as IL-6 and TNF-o [51,56]
Transforming Growth Factor Beta (TGE-B) regulates cell proliferation and differentiation; it
also plays a key rok in wound healing by stimulating fibroblast proliferation and extracel-
lular matrix protein synthesis [50,57]

Colostrum 1 strongly increased Ki67 expression, indicating a strong proliferative effect.
Although colostrum 2 also increased cell proliferation, its effect om Ki67 expression was
less pronounced than that of colostrum 1; this may suggest differences in the bicactive
composition of the two samples. Those differences in expression are coherent with the scar
test assay nesults, where dHF cells stimulated with colostrum 1 were first to reach the 40%
and 207% breakpoints. Even though no drastic differences between colostrum samples were
observed over the course of the full-length observation, this initial burst in migration and
proliferation speed of AHF cells, together with increased Ki67 expression, suggests that
colostrum 1 has greater proliferation-promoting effects.

The observed meduction in IL-6 expression by colostrum 2 indicates potential anti-
inflammatory effects, which is supported by the significant decrease in FTGS-2 expression.
PTGS-2 (COX-I) is an enzyme associabed with the inflammatory prooss, and its reduction
suggests a coordinated anti-inflammatory iesponse [58,59].

The increase in TSG-5 expression by colostrum 1 also suggests beneficial anti-inflammatory
effects. TSG-6 is a protein that protects Hssues from inflammatory damage. Nevertheless,
colostrum 2 vielded an exceptionally high increase in TSG-6 expression, further underscor-
ing the higher ant-inflammatory properties of this colostrum, and possibly the presence of
stronger T5G-6 stimulants.

Previous research has demonstrated that bovine colostrum contains growth factors
such as IGF-1 and EGE, which can stimulate the proliferation of intestinal epithelial cells,
supporting observations of increased Ki67 expression by colostrum 1 [50]. Addition-
ally, bovine colostrum has been found to reduce the production of pro-inflammatory
cytokines such as I1-6, which is consistent with the eesults iegarding colostrum 2 and its
antr-inflammatory effects [51].

Since dHF can be burdened with diabetes-nelated “metabolic memory™, the incneased
expression of ant-inflammatory genes, such as T5G-6, and the decreased expression of
the pro-inflammatory IL-6 gene may suggest that colostrum has a beneficial effect on the
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dysregulated inflammatory properties of dHFs [60]. In addition, a fibroblast population
subcluster in diabetic uloer wound tissue demonstrated increased TSG-6 expression which
was strongly related with positive healing processes [61].

In summary, colostrum 1 show s stronger proliferative effects (higher stimulation of
Ki67), whilke colostrum 2 exhibits stronger antk-inflammatory properties (higher stimulation
of TSG-6). These differences may result from variations in protein composition, including
levels of lactoferrin and other bioachive components, and may indicate different future
applications for either colostrum. Those pilot observations regarding the reaction of dHF
to siimulation with colostrum(s) can be fully understood and interpreted in combination
with the proteomic analysis of colostrum. Such analyses are currently being conducted by
the authors and will be published in the near future, However, the properties shown in
this study indicate that colostrum 1 could have higher potential in acute wound healing
applications, whereas colostrum 2 could find use in the management of chronic wounds,
thanks to their ability to activate the expression of different genes in dHF cells.

4. Materials and Methods
4.1. Colostrum Samples

Sheep colostrum from two sources, Polish and Swiss, was used in the mesearch,

Colostrum 1 (Polish origin) was collecked from Lacaune sheep living on a farm in
central Foland, Colostrum 1 was collected during the first 12 h of sheep lactation and
immediately frozen. The tested batch was a mixture of colostrum from approcimately
20 sheep. Itwas stored at—22 °C for a few days and then freere-dried. Colostrum 1 was
not pasteurized.

Colostrum 2 (Swiss origin) was obtained as a commercially available product: Swiss
Sheep Colostrum Vivienne Swiss Formula. Colostrum 2 is sheep colostrum from Swiss-
controlled onganic farms; it is collecked only within the first 12 h after birth, pasteurized by
the manufacturer at temperatures up to 63 °C, and freeze-dred.

4.2 Freeze-Drying

Frozen colostrum 1 was subjected to sublimation drying (lyophilization) using a Free-
Zone 181 apparatus (Labconco, Kansas City, MO, USA). The process began at a temperature
of —40 7C for the first hour, then the shelf temperature was gradually increased to 40 °C at
a rate of (.05 “C /min and maintained under these conditions for the next 48 h The process
pressure was kept constant at 0.230 mBar

4.3, Fat Analysis

The fat content of sheep colostrum was determined using the Soxhlet method. Fat
was extracted using a Biichi B-811 extraction system (Biichi Labortechnic AG, Flawil,
Switzerland). A 3 g sample of sheep colostrum was extracted for 40 extraction cycles using
hexane as a solvent [62].

4.4 Protein Analysis

Approximately 1 g of sheep colostrum was weighed into mineralization flasks, two
Kjeldahl copper catalyst tablets (3.5 g K350 + 0.4 g CuS0y-5H20) wene added, and 25 mL
of concentrated Hz50y was added, followed by sample mineralization. Protein nitrogen
was distilled and titrated with a standardized HCI solution using the Kjeltec 9 system
(FOSS5; Hilleroed, Denmark). The protein conversion factor used was N*6.25 [63].

4.5 Fatty Add Analysis

The extracted lipids (approximately 50 mg) were placed in a hydrolysis tube; 4 mL of
0.5 M NaOH solution in methanol and 4 mL of BF3 (14% solution in methanol) were added.
The solution was heated in a heating block for 0.5 h at 70 "C. After the elapsed time, the
obtaimed esters wen extracked with 6 mL of hexane. The bexane layer was dned through a
layer of anhydrous magnesium sulfate, evaporated to dryness in a stream of nitrogen, and
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the residue was dissolved in 1.5 mL of hexane and subjected to chromatographic analysis
(Agilent 6890N Series GC), using a 88% cyanopropyl and 12% aryl polysiloxane column
(HP-88, 100 m 0.25 mm 0.25 pm) and M5 detector (Agilent 5573 MS Detector).

4.6, ABTS Free Radical Scavenging Activity Assay

The antioxidant activity assay was carried out using the slightly modified ABTS
[2,2"-azine-bis{3ethy Ibenzothiazoline-6-sulphonic acid) diammonium salt] radical cation
decolorization method [64]. The ABTS™ stock solution was prepared by mixing equal
volumes of 7.00 mM ABTS solution [96.02 mg (0.1750 mmel) in 25 mL water/ methanol
(1:1)] with 2.45 mM potassium persulfate solution: 16.56 mg (0.06126 mmol) in 25 mL
water/methanol (1:1). This mixture was allowed to stand in the dark at room temperature
for 16 h before use. The ABTS®® stock solution (0.25 mL) was then diluted with water
(5 mlL) to give an absorbance of the negative control about 0.7 at 734 nm.

The measurement was performed for the following colostrum concentrations:
0.25 mg,l‘rnL, .50 mg,l‘mL, 0.75 mg_,l'mL, and 1.00 rng_,l'rnL The highest colostrum concen-
tratiom of 1 mg,l'rnT_ was obtained by dissolving 100 mg of colostrum in 100 mL of distilled
water. The suspension was heated at 30 *C for about 30 min with constant stirring. Lower
concentrations were obtained by appropnake dilution of a solution with a concentration of
1 mg_,l'mL with distilled water.

Following this, 5 mL of the kst solution at a particular concentration was combined
with (.25 mL of the ABTS*" stock solution and then the absorbance of the mixture was
measured at 734 nm (Shimadzu Specrophotometer UV-1800, Kyoto, Japan). The absorbance
of each solution was assayed after 10 min, 20 min, 30 min, and 40 min. Ascorbic acid was
used as a standard (assayed only after 10 min). The results were expressed as ECsp, the
concentration of sample at which 50% of maximum scavenging activity was necorded,
which was calculated from the calibration curve.

4.7. DPPH Radical Scavenging Activity

The DPPH [2,2-diphenyl-1-picrylhydrazy]l] (Merck Life Scence Spe.oo; Poznan;
Poland) radical scavenging activity was determined as reported previously [65-67]. For
this purpose, 10 mL of the colostrum sample at various concentrations (0.25; 0.5; 0.75; and
1.0 mg/ mL) was mixed with 10 mL of an ¢thanol solution of DPPH (125 mM) in a 1:1 ratio.
The mixtures were incubated for 60 min in darkness at room temperature. For the control,
distilled water was used rather than the sample. The absorbance of solution was read at
517 nm using a Shimadzu spectrophotometer UV-1800 (Kyoto, Japan). The DPPH radical
scavenging activity (%) was calculated according to this formula:

DPPH inbibition (%) = %ﬁ—c)

» 100

whene A indicates absorbance of DPPH solution without the colostrum sample; B indicates
absorbance of DPPH solution with the colostrum sample; and C indicates absorbance of
the colostrum sample.

4.8, Inhikition of Tyrosinase Activity

Tyrosinase inhibition was measured according to two reported methods [68,69]. A
starting tyrosinase solution was prepared by adding 0.5 mL of fungal tyrosinase (167 U/mlL;
Merck Life Science Sp.zo.0., Poznan, Poland) the solution containing 25.45 mL of 0.1 M
phosphate buffer (pH 7.0). Following this, 1.5 mL of tyrosinase solution, 1 mL of colostrum
solution (1 mg/mL), and 3.5 mL of phosphate buffer were mixed to form the appropriate
solution. The colostrum concentration of 1 mg/ ml. was obtained by dissolving 100 mg of
colostrum in 100 mL of distilled water. The suspension was heated at 30 °C for about 30 min
with constant stirring. The mixture was then incubated for 5 min at 30 °C. A frer this time,
5 mL of 34-dihydroxy phenylkL-alanine (L-DOPA) was added to initiate the enzymatic
mreaction. Absorbance at 477 nm was measured for 20 min to monitor L-DOPA formation by
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Shimadzu spectrophotometer UV-1800 (Kyoto, Japan). Ascorbic acid (1 mg/ mL) served
as a positive control that was used for comparison. The inhibition rake was calculated as
follows:

[(A-B-(c-D) %C_D] * 100%

A

where A indicates the absorbance of the solution with tyrosinase without sample, B indicates
the absorbance of the solution without samplke and tyrosinase, C indicates the absorbance
of the solution with sample and tyrosinase, and D indicates the absorbance of the solution
with sample and without tyrosinase.

Tyrosinase inbibition (%) =

4.9. Proliferation of Fibrobiasts and Keratinocytes

The influence of colostrum on cell viability was ested using 1BR.3.N human skin
fibroblast {cat. no. 90020508, ECACC) and human neonatal epidermal keratinocytes (cat.
no. SCCEN20, Merck Life Science Sp.z.o.0, Poznan, Poland). The cells were cultured
at 37 "C and 5% CO; in a humidified atmosphere, with the usage of appropriate media
recommended by manufacturer.

For the viability assessment, the cells wemne seeded on 96-well plates, 8000 cells per
wiell; siv replicates were made for each concentration in full culture medium. The next
day, the medium was changed to starving with an appropriate colostrum concentration.
Colostrum was weighed and pre-dissolved in MEM medium (Gibeo, Thermo Fisher Saen-
tific, Waltham, MA, USA) (without FBS) for 2 mg/ mL working solution; this was vortexed
and incubated for approx. 30 min in a water bath at 37 °C to form a homogeneous sus-
pension. This was then filtered through syringe filters with a pore diameter of 0.22 um.
After filtration, dilutions of both tested batches of colostrum in culture medium were
prepared—0.1; 0.25; 0.5; 0.75; 1; 1.25; 1.5; 1.75; and 2 mg,/ml—and applied to cells.

The MTT (3-[4,5-dimethylthiazol-2-y1}- 2.5 diphenyl tetrazolium bromide) (Thermo
Fisher Scentific, Naarden, The Netherlands) viability assay was performed after 24 and 48-h
incubation. Briefly, the all culture medium was extracted and replaced with 110 ul. of MTT
solution in PBS (Thermo Fisher Scientific, Naarden, The Netherlands). After incubation for
thmee hours at 37 °C, the MTT solution was extracted and 100 ul. DMSO (A pplied Biological
Materials Inc., Richmond, BC, Canada) was added. The formazone crystals were allowed
to dissolve for 10 min at room temperatune on the cradle, and the absorbance was read at
570 nm with an Infinite F50 Tecan plate reader (Life Sciences, Mannedorf, Switzerland).

The raw absorbance measumes were normalized against negative control without cells
and the cellular viability was presented as a percentage of positive controls, ie., wells with
cells but without colostrum. The significance of the difference in the viability of the treated
and untreated cells was analyzed with the two-sided t-test. The difference was considered
statistically significant at p < 0.05.

4.10. Diabetic Humat Fibroblast Culturing

Diabetic human fibroblasts (dHF) wene isolated from tissue samples collected from
wounds of four patients with diabetic foot ulcers. All patients providing samples pro-
vided their informed consent to provide matenal for the mesearch study (approval no.
KB/128/2019 and KB/3/A2021).

The samples were expanded in standard dHF medium consisting of high-glucose
DMEM medium (Gibeo, Thermo Fisher Scientific, Waltham, MA, USA) supplemented
with 10% fetal bovine serum (Gibeo, Thermo Fisher Scientific, Waltham, MA, USA) and
1% antibiotic—antimy cotic olution (Corning, Amsterdam, - The Metherlands) in standard
culture condition (5%C0; /37 “C). Then, cells were harvested after appropriate culturing
time depending on the planned analyses.

4.11. Diabetic Human Fibroblast Proliferation Assay

For the proliferation assay, the cells were seeded on the 96-well plate (20,000 cells/ cm?)
and cultured for three days. Then, the culture medium was changed to dHF medium
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supplemented with 1 mg/ml of either colostrum 1 or colostrum 2. Standand dHF medium
was used as a control. The cells wene cultuned for 48 h, during which time a proliferation
assay was performed twice, Le., after 24 h and 48 h. For the proliferation assay, Presto
Blue Cell Viability reagent (Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA) was
used as a 10% addition to dHF standard medium. The cells wene incubated for one hour
at 37 “C. After the incubation, the medium was transferred to a new 96-well plate and
the fluorescence was measured (excitation,/emission = 540 nm /590 nm) on a plate reader
(Spark, Tecan, Switzerland). To calculate the proliferation rate, the mean blank value
was subtracted from the fluorescence intensity values, The mean value of fluorescence
intensity was calculated for each cell sample separately. To calculate the proliferation rate,
the fluorescence values for stimulated cells were divided by the mean of the fluonescence
of the controls and ane shown as the percentage of the proliferation rate.

4.12. Scar Test

For the scar test, the dHF cells were plated onto 24-well plates using Culture-Inserts 2
Well (ibidi GmbH, Grifelfing, Germany }—32,000 cells/ inserts well. The cells were cultured
for three days to allow them to adhere to the culture plate. On day three, the Cultumne-Inserts
were removed and the culture medium was changed to either standard dHF medium,
medium supplemented with 1 mg/mL of colostrum 1, or colostrum 2. The cells were then
placed in a Nikon Eclipse Ti (Nikon Instruments Inc, USA) inverted microscope with the
live chamber providing the needed cultume conditions—5% CCy, 37 °C, and humidity. Scar
images wene acquired at four-hour intervals for a total observation period of 72 h. Each
scar had up to four acquisition points set Only a brightfield channel was used.

Image Analysis

Scar images were analyzed using Image] software [70] with the Wound Healing Size
Tool macro [71]. Images wene analyzed only on the brightfield channel. Before using the
‘Wound Healing Size Tool, the brightness was adjusted to reduce the noise and improve
reproducibility between the stack images. This adjustment was performed using auto
adjustment set on the darkest frame, and the following macro was used:

runi“Bandpass Filter...”, “filter_large = 40 filter_small = 3 suppress = Mone tolerance = 5
autoscale saturate process”); run(”Subtract Background...”, “rolling = 50 light stack™);

run{“Make Binary”, “method = Default background = Default caloulate black™ ).

The acquired results were collected and analyzed collectively for each well. The
wound closume rate was calculated as the percentage of the no-cell area at time T= 0 h.

4.13. Gene Expression Analysis

The dHF cells from four patients were plated in T25 flasks and cultured in standard
dHF medium. On day three after plating, the culture medium was changed to either fresh
standard dHF medium or dHF medium supplemented with 1 mg/mlL of colostrum 1 or
colostrum 2. The cells were incubated at 37 °C, 59%C0; for 48 h. Then, cells wene collected
using Accutase Cell Detachment Solution (Becton Dickinson, MA, USA). The cell count
and viability weme assessed on the ADAM automated cell counter (NanoEnTek Inc., Seoul,
Republic of Konea). The cells were then washed in PBS (Giboo, Thermo Fisher Scientific,
Waltham, MA, USA) and centrifuged at 12,0000 g for one minute. The PBS was discarded
and the dry cell pellets were quickly placed at —80 *C.

4131 ENA Isolation and cDNA Synthesis

The total RNA was isolated from frozen cell pellets using a High Pure RNA [sola-
tion Kit (Roche, Germany) according to the manufacturer’s protocol. RNA comcentration
was assessed with a NanoDrop spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA). cDNA templates were synthesized using Maxima First Strand <DINA Syn-
thesis Kit for RI-gPCR (Thermo Fisher Scientific, Waltham, MA, USA) according to the
manufacturer’s protocol.
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4132 gPCR

The gPCR reaction was performed using 30 ng of cDNA template per well. Each
sample was analyzed in triplicate using TagMan™ Fast Advanced Master Mix for gPCR
(Applied Biosystems, Thermo Fisher Scientific, Waltham, MA, USA) with the following
Tag Man assays as housekeeping gene, 185 rRNA (Hs%9999901_s1); as genes of inter-
est, Ki67 (Hs01032443_ml), IL-6 (Hs00174131_m1), PTGS-2 (Hs00153133_m1), and TSG-6
(Hs00200180_m1) (Applied Biosystems, Thermo Fisher Scientificc Waltham, MA, USA).
The single plex reaction was carried out on 7500 Real-Time PCR thermalcycler (Applied
Biosystems, Thermo Fisher Scientific, Waltham, MA, USA) using a fast cycle program.

4.13.3. qPCR Data Analysis

The data were collected from Fast 7500 software 7500 Fast as Ct values and then ex-
ported. Ct values were used to calculate fold changes for each gene/sample pair according
to the 2744 method [72,73].

4.14. Statistical Analysis

For dHF proliferation assay, the standard error of measurement (SEM) was calculated
for each patient. The significance of the differences between test and control samples were
determined based on Fisher's test and Student’s i-test, with the p-value threshold = 0.05.
The same procedures were carried out for all four cell samples as one group.

qPCR results were analyzed with GraphPad Prism 9 (GraphPad Software, USA). Tests
used Mann-Whitney U with a set p-value threshold p = 0.05; data were presented as mean
<+ standard deviation (SD).

5. Conclusions

Due to its biological properties, sheep colostrum has the potential to be used as an
active ingredient in cosmetic and medicinal preparations for skin care and treatment. Sheep
colostrum may exhibit anti-aging, regenerative, and anti-inflammatory effects on the skin
and accelerate wound healing.

The possible rejuvenating and regenerative effects of colostrum on the skin, as well
as the delaying of aging processes, may be predicted by its antioxidant properties, high
ability to stimulate the growth of fibroblasts, and moderate of keratinocytes. Cells divisions
slow down in (photo)aging skin, so providing colostrum ingredients that could stimulate
dermal proliferation is crucial for skin regeneration.

Based on in vitro tests performed on dHE, it can be concluded that sheep colostrum
may also have a beneficial effect on wound healing processes in diseased skin. It was shown
in this study that depending on its origin, colostrum stimulated in vitro diabetic human
fibroblast (dHF) proliferation (Ki67) and migration, as well as increased the expression of
anti-inflammatory genes (TSG-6) while decreasing the expression of the pro-inflammatory
IL-6 gene. However, further studies, e.g, proteomic analysis or animal model observations,
should be performed to confirm those results.
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Abstract: Colostrum, the first milk produced by mammals, is rich in various bicactive components
that provide numerous health benefits to newboms, such as growth factors, hormones, immunoglob-
ulins, cytokines, and enzymes. Topical application of bovine or equine colostrum has been found
to improve regeneration, aceelerate cutaneous wound healing, and have moisturizing, protective,
and anti-aging properties. The aim of this study was to examine the effect of a cosmetic prepara-
tion containing sheep colostrum on skin with signs of aging in mature women. Fifty-two women,
aged 40-70, were randomized into two groups to receive either colostrum or placebo cream. The
participants applied the cream for eight weeks. Skin hydration, TEWL, sebum, erythema, and tone
were measured using a standardized Courage + Khazaka electronic GmbH Multi Probe Adapter; skin
elasticity was measumed with a cutometer, and images were taken by FotoMedicus, The treatment
increased skin moisture, reduced TEWL, and improved skin firmness. These findings were confirmed
by the subjective survey. The participants reported, inter alia, improved skin softness and less red-
ness and hypersensitivity. Sheep colostrum cream was mome effective at improving skin conditions
than placebo cream. Colostrum creams can improve certain aspects of skin quality, especially the
hydrolipid barrier, and overall ejuvenation.

Keywords: colostrum; skin; hydration; TEWL; firmness; matume skin; placebo-controlled

1. Introduction

As people age, their skin undergoes changes that result in reduced dermal hydration,
elasticity, thickness, and density These changes can be caused by various factors, including
genetics and lifestyle, as well as environmental factors such as sun exposune, pollution, and
smoking. As a mesult, there is a growing interest in the use of natural products to improve
skin health [1].

Colostrum is the first milk produced by humans and other mammals after giving birth,
It is rich in various bivachve components, such as growth factors, hormones, immunoglob-
ulins, cytokines, and enzvmes, which provide numerous health benefits to newborns.
Colostrum contains high levels of insulin-like growth factor-1 (IGF-1), which stimulates cell

grow th and differentiation, and epidermal grow th factor (EGF), which promotes the growth
and repair of skin tissue. Additionally, colostrum contains several other growth factors
that have been shown to play a crucdial role in skin egeneration and mepair including trans-
forming growth factor-beta (TGEB), plateket-derived growth factor (PDGF), and fibroblast
growth factor (FGF) [2,3]). In addition to its growth factor confent, colostrum also contains
Attributian (CC BY) leense fhtps// sevieral other binactive components that provide various health benefits. For example, it
[ L contains lactoferrin, which has antibacterial, antiviral, and ant-inflammatory properties,
40/} and has been shown to promote wound healing, Colostrum also contains proline-rich
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polypeptides (PRPs), which modulate the immune system and have been shown to improve
skin barrier function [4].

Most of the studies concerning dairy foods have focused on bovine milk, the most
common milk used in human nutrition. However, sheep colostrum contains higher levels
of various bivactive molecules, such as immunoglobuling and growth factors, compared
to bovine colostrum [5,6]. For example, sheep colostrum has been shown to have higher
levels of insulin-like growth factor 1 (IGF-1), which plays a crucial role in tissue repair
and regeneration [7].

Several studies have confirmed that colostrum influences skin health, Topical applica-
tion of bovine colostrum improved skin regeneration and accelerated cutaneous wound
healing [5]. Bovine colostrum promotes wound healing and reduces scar formation in
rats [9] Subsequent research suggests that exosomes sourced from bovine colostrum
possess remarkable structural and functional stability, making them a promising natural
memedy for mending age-related and sun-induced skin injuries [10].

Ome study found a cosmetic preparation containing a micture of horse colostrum and
horse milk to demonstrate a number of benefits for healthy and diseased skin. The effects
included various anti-aging, moisturizing, protective, and smoothing effects, as well as
pain relief, greater skin tension, and epithelial regeneration. It was found to be suitable for
both healthy and diseased skin [11].

However, little s known about the effect of sheep colostrum on the skin, Thenefore,
the: aim of the present study was to examine the effects of a cosmetic preparation containing
15% sheep colostrum lyophilizate on skin with signs of aging.

1 Results
2.1. Instrumental Measurament of Skin Parameters

The cormeometry test demonstrated a statistically significant enhancement of skin
hydration in the group receiving the cream with sheep colostrum (the colostrum cream
group): mean skin hydration increased substantially from 359 to 511 units (Figure 1,
Table 1). In contrast, in the placebo group receiving the cream without colostrum (placebo
group), only a slight, insignificant change in hydration was noted (from 42.2 to 46.2 units).

0
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Figure 1. Skin hydration before and after treatment in the colostrum ceam and placebo groups;
=== p < 0.0001.

In order to accurately describe this skin parameter, the median and the interquartile
range (median (25%; 75%)) of the percentage of changes between the first and second
measurements for both groups were caleulated (Table 2). The results indicate a significantly
higher chance of improving skin hydration in the colostrum cream group (45.5%), compared
to the placebo group (9.5%).
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Table 1. Changes in skin parameters after eight weeks of treatment in the colostrum cream and
placebo groups, expressed as mean + 50

Skin Parameter Grou Measurement | Measurement 11 Statistical
P Week 0) (Week B) Significance (p)

Hydration Colostrum cream (n= 30} 359+ 118 [U) 51.1 + 10.7 [U) < 0.0001
Placebo (n = 18) 423 1 119 [U] 462+ 83[U) NS (p= 0.147)

TEWI Colostrum cream (n= 30) 211123 (W) 153254 U] p=0.021

L Placebo (n = 16) 208 £ 9.0 [U] 161£62[U] p=0.030
Ervthema Colostrum cream (n= 30) 3519 L 832 (U] L6 925U NS (p=0.254)
Ty Placebo (n = 18) 3362+ 781 [U] 359.0 £ 821 [U] NS (p = 0.115)
Melanian Colostrum cream (n= 30) L7 £ 337 U] 109.8 £ 333 U] NS (p = 0.520)
anian content Placebo (n = 18) 107.6 + 31.0 [U] 1045 £ 261 [U] NS (p = 0517}
Seb Colostrum cream {n= 28) 409 + 35.0 [U) 390 + 26.2 [U) NS (p = 0.684)
um Placebo (n = 18) 421+ 355[U) 307 + 27.8 [U] NS (p = 0.689)

Fi "o Colostrum cream (n= 29) 0.201 £ 0.026 [U] 0177 £+ 0.021 [U] < 0.0001

TImess Placebo (n = 16) 0.207 + 0,029 [U] 0,177 = 0.031 [U] p=0.001

Fi To Colostrum cream (n= 29) 326 46(U) F1x3io[U < 0.0001

mness Placebo (n = 16) 316+ 41 [U] 267 +35[U] p = 0.0001

Table 2. I'-hm.-ntago changes in skin parame ters over the course of teatment in the colostrum cream
and placebo groups, expressed as median and interquartile range, e, median (25%; 75%).

Skin Parameter Colostrum Cream Group Placebo Group Si;ﬁﬁnc:rizl ip)
Hy dration 455 (12.3; 82.0) %) 9.5 (—15.0; 34.3) [%] p=0008
TEWL —18.2 (—34.1; 2.8) [*%) —19.1 (—40.6; 2.9) [%] NS (p = 0.854)
Erythema 46 (—5.2; 10,00 [%] 23 (—5.0; 13.4) [%] NS (p=0.823)
Melanin content =35 (-10.0;7.4) [%] 0.6 (—16.8; 12.1) [%] NS (p = 0.865)
Sebum 54 (—346;99.5) %) —61(-381; 100.8) [%] NS (p = 0.534)
Firmness R0 —10.8 (—17.6; —5.7) [%] —157 (—23.5; —4.8) [%] NS ip = 0.448)
Firmness FO —17.2(—25.5; -5.1) [%] —159(—247; —6.7) [%] NS (p = 0.652)

The two groups demonstrated similar mean TEWL values before the application of
the creams: Tz, colostrum 21.1 g/h/m? and placebo 20.8 g/h/m?®. After eight weeks
of treatment, the TEWL values in both groups improved by about five units, i.e., from a
normal level (15-25 g/ h/m?) to a healthy condition (10-15 g/ h/m?) [12]. These changes
were statistically significant in both groups, p < 0.05 (Figure 2, Table 1).

Skin firmness, assessed by the RO and FO, improved in both groups over the course of
the experiment. RO represents the passive response of the skin to force, and FO represents
the firmness of the skin at the tme of suction [13,14]. Mean R0 values decreased from
0.201 to 0177 units in the colostrum ceam group and from 0207 to 0.177 units in the placebo
group (Figure 3, Table 1). Similarly, mean FO values decneased from 32,6 to 27.1 units in
the colostrum cream group and from 316 to 26.7 units in the placebo group (p < 0.001)
(Figure 4, Table 1).

Mo significant changes in erythema, melanin content, or sebum wen: observed at
the end of this study in either the colostrum cream or placebo groups. Detailed data are
presented in Tables 1 and 2.

133



Rozprawa doktorska Kinga Kazimierska-Geca

Appl. 5a. 2024, 14, 2862 10613
40
.

- E .
[
=2 -
J ®
E 0
=

10

1} 1
colostrum cream placebo
B before W after

Figure 2. TEWL before and after treatment in the colostrum cream and placebo groups; * p < 0,05,
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Figure 3. Skin firmness (R0) before and after treatment in the colostrum cream and placebo groups;
=% p < 0LOD0L, ** p < 0.001
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Figure 4. Skin firmness (F) before and after treatment in the colostrum cream and placebo groups;
== p < 00001
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2.2, Photodocument ation

It is important to note that the esearchers assessed blinded photos they did not know
whether the subjects belonged to the placebo group or the colostrum cream group.

Significant intergroup differences were found for reduction in iedness and smoothing
of skin pores, p < 0,05, Assuming a score of 4, 3, or 2 indicated improvement, and 1 or 0
indicated no improvement (Figure 5), improved edness was observed by 25.0% in the
colostrum cream group and 0% in the placebo group, and improved smoothing of skin
pores was observed in 71.4% of colostrum and 38.9% in placebo.

colost. placeho

shallowing of
wrinkles

colost,placebg colost placabo colost placebo cobost. placebin colost.placebg
reduction of reduction of redness skin tone alignment | smoathing of skin averall
hyperpigmentation pores improvmant
of skin

Figure 5. Comparison of the results of photo documentation between the colostrum cream and
placebo groups.

In the colostrum cream group, major improvements were noted in “overall improve-
ment”, noted by 71.4% of participants, and “skin tone alignment”, noted by 53.6%.

It is worth emphasizing that for each considered parameter, a greater improvement
was observed in the colostrum cream group than in the placebo group.

Exemplary pictures of subjects before (left) and after (right) eight weeks of using the
colostrum cream was shown in Figure 51,

2.3. Subjective Assessment of Skin Parameters

The mesults of the subjective assessment of skin parameters wene presented as the
percentage of subjects whose skin improved, worsened, or mmained unchanged (Figure &)
Creerall, mone subjects in the colostrum cream group noted an improvement in skin condi-
tiom (27.6-55.2%) than in the placebo group (17.6-40.0%). In the colostrum cream group,
about 50% of the subjects reported an improvement in skin hydration, regeneration, and
softness, as well as a reduction in redness and skin hypersensitivity. A statistically signifi-
cant (p < 0.05) difference in softness was found between the colostrum cream and placebo
groups. The subjective and objective measunements obtained similar results in terms of
skin hydration and elasticity.

Among the colostrum cream group, three subjects with oty skin reported reduced se-
bum secretion after treatment. Indeed, these observations were consistent with the recorded
sebum measuements, which improved from 126 units &0 76 units in one participant, and
from 142 to 100 units and 150 to 102 units in the others,
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Figure 6. Changes in subjective evaluation of skin parameters; placebo group in the center ring;
colostrum cream group in the outer ring.

2.4. Side Effects of the Creams Used

Three subjects in the colostrum cream group and two subjects in the placebo group
reported side effects such as dryness and tightness of the skin, skin redness, and a burning
sensation. These symptoms subsided after a dozen or so minutes after applying the creams.
Presumably, they were related to the fragrance present in both preparations. It was unlikely
that the colostrum was responsible, as side effects were noted in both the colostrum and
placebo groups.

Of the 52 subjects in this study, two from the placebo group were lost to follow-up for
various reasons other than the treatment, and another two from the colostrum cream group
due to adverse effects (skin dryness and irritation).

3. Discussion

Our study describes a preliminary evaluation of the use of cosmetic cream contain-
ing 15% sheep’s colostrum lyophilizate on mature skin compared to placebo cream.

In a study of 15 healthy volunteers, nanoliposomes encapsulated with skimmed
donkey milk creams demonstrated good results in hydration and epidermal water loss
improvement, although the effects were not significantly better than placebo cream. Our
research was conducted on a much larger group (forty-eight women finished the study),
and in comparison to placebo cream, the colostrum one was significantly better at hy dration
improvement [15].

In addition, in seven patients with moderate atopic dermatitis, a 20% horse colostrum
emulsion was found to demonstrate greater softening, moisturizing, soothing, and anti-
inflammatory effects than commonly available emulsions when applied twice daily for 30 days;
in addition, the treatment resulted in reduced erythema and pruritus, with no observed
side effects [11]. Furthermore, cosmetic formulations combining horse colostrum and horse
milk demonstrated various benefits, including anti-aging, moisturizing, protective, tensio-
distensive, tonic, smoothing, anti-irritant, emollient, bleaching, decongestant, and sebostatic
activities [11,16).

Lastly, products consisting of bovine or equine colostrum, hyaluronic acid or its salt,
and inter alia olive oil (Oleq europea) or vitamin E were found to reduce skin aging, improve
skin elasticity and &nsion, and demonstrate moisturizing and antioxidant properties in the
facial skin of elderly participants [16].
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Hence, colostrum-based creams appear to effectively promote skin health, The in-
creased skin hydration observed in our colostrum group can be attributed to the high levels
of lipids, growth factors, vitamins, and minerals in sheep colostrum, which are present in
greater amounts than in colostrum bovium. These substances promote the hydration, and
nourishment of the skin [17,18]. The product also has a positive effect on skin hydration;
the fatty acids in colostrum have beneficial effects on skin barmer function, manifested as a
mduction in TEW L. Various miristic, palmitic, stearic, palmitoleic, obeic, and linoleic fatty
acids an: distributed throughout the stratum corneum. It is important to emphasize that
while all acids are present in colostrum in high amounts, palmitic acid is both the main FFA
in the epidermis and in the colostrum used in this study [19].

Crur findings indicate a significantly better reduction in redness and improved smooth-
ing of skin pones in the colostrum than in the placebo group. Also, the colostrum group
wported bether effects in the survey, including shallower wrinkles, softer skin, and lower
hypersensitivity. Similarly, skin firmness was found to objectively improve, as measured
by the cutometer.

The beneficial regenerative properties of colostrum could be due to the effects of its
ingredients on fibroblasts or their antioxidative properties. Previous bovine colostrum
studies noted increased fibroblast proliferation and migration and a slower telomere short-
ening rate, indicating delayed cellular aging. Under conditions of oddative stress in pifro,
colostrum appears to exert a protective effect against telomene kength erosion and oxidative
stress, thus preventing skin inflammation and textural changes [20,21].

In the context of the discussed study, it is worth mentioning the effect of colostrum
or milk of various origing on skin cell lines. In particular, bovine colostrum stimulates
keratinocyte proliferation and migration, suggesting its positive re-epithelializing effect at
the wound site [22]. As bovine colostrum has the ability to induce the differentiation of
keratinocytes, it may be helpful in the treatment of skin diseases charackerized by impaired
barrier function, such as dry skin in the elderly or people exposed to UV radiation [23].
The study conducted on skin fibroblast culture shows that donkey milk may be useful in
the treatment of inflammatory skin diseases as well as in wound healing, regenerative, and
aesthetic dermatology [24]. Mare's colostrum, especially its fat fraction [25] and bovine
colostrum [26], strongly stimulates the proliferation of fibroblast culture. It is beleved that
they may affect the effectiveness of skin wound healing,

The in vive wound healing ability of multifunctional bovine colostrum-conjugated
nanofibrous dressings was confirmed in a rat wound model. Probably, high kevels of
immunoglobuling, lactoferrin, hormones, and cytokines played a significant robe in wound
healing [27].

Consideration should also be given to reports on the oral supplementation of dairy
substances and products. Routine four-wee k intake of fermented milk products loaded with
various lactic acid bacteria strains resulted in increased skin hydration [28]. Other evidence
suggests that continuous supplementation with sphingomyelin (SM), a phospholipid found
in milk fat globules, has the potential to boost skin hydration and elasticity [29].

An oral formula with high kvels of milk proteins, growth factors, alpha-lactalbumin,
lactoferrin, and immunoglobuling was found to diminish skin lesions in indviduals with
plaque psoriasis [30]. The same proteins are present in sheep colostrum [3].

An oral administration of bovine lactoferrin prevented transepidermal water loss, i
mgular epidermal thickening, cll apoptosis, and increased skin hy dration in UVB-radiated
hairless mice [31].

Many of the health-promoting e ffects on human skin have been attnbuted to the vitamins,
minerals, and amino acids present in bovine colostrum [32]. Collagen production, wound
healing, and anticwidant activity are believed to be supported by ascorbic acid (vitamin
), niacin (B3), biotin (B7), vitamin E, and retinol {A), while minerals like zinc and copper
contribube to neutralizing free radicals and tissue regeneration. In addition, various amino
acids, such as proline, threonine, methionine, and arginine, also promote skin health by

138



Rozprawa doktorska Kinga Kazimierska-Geca

Apml. Sd_ 204, 14, 7862

Gof 13

supporting anti-aging and wound healing activities [32]. It is also important to emphasize
that sheep colostrum is as rich in minerals as bovine colostrum, and richer in protemn [3].
Although toxicological studies on our raw material, sheep colostrum, have not been
assessed, they were carmed out on colostrum of bovine origin. Tocdcological evaluations of
an ultrafiltered bovine colostrum product, e, a mixture of native colostrum and a unique
subset of concentrated low-mokcular-weight proteins (<10 kDa), confirmed its safety [33]
Studies on rats fed for 30 days with food enriched with 3% and 10% bovine colostrum also
confirmed the safety of the colostrum, as no biochemical, physical, or histopathological
abnormalities wen: observed in rats [34]. It is worth mentioning that before conducting this
eight-week study on volunteers, the potential sensitizing and irnitating e ffects of our ceam
with 15% sheep colostrum were tested on a group of 25 perople. The results of this study
showed that the cosmetic preparation did not cause any side effects in dermatological tests.
Side effects of topical use colostrum can be the result of an allergy to colostrum compo-
nents, Anaphylaxis after a cream with bov ine colostrum was described [35], butwhat 18 worth
noticing is that sheep milk is characterized by a lower content of frequent allergens [3,36],

4. Materials and Methods

The mesearch was registered at clinicaltrials gov, wherne it eoeived the identifier:
NCTOR305923,

4.1. Preparation of Cosmetic Formulations: Colostrum Cream and Flacebo Cream
4.1.1. Colostrum Raw Material

The raw material was colleched within the first 24 h after the birth of the sheep, then
frozen and lyophilized. The manufacturing process of sheep colostrum was based on
rigorous quality control protocols to ensure the safety and efficacy of the end product,
making it suitabke for various applications, including skincare.

4.1.2. Colostrum Cream

The formulation of the cream was developed specifically for this study. The content of
individual components is described in Table 3. The formulation used in this study is an
O/ W type emulsion.

Table 3. Cosmetic formulation of the cream based on sheep colostrum.,

Phase INCI Name Function Percentage
IA Aqua Solvent Till 100.0
Acrylates/ C10-30 alkyl Acrylate Crosspolymer Thickener nz
1B Pentylene Glycol Humectant, maintenance booster 30
[sonony] lsononanoate Emollient 7.
Cetearyl Olivate, Sorbitan Olivate Emulsifier 45
Il Glyceryl Stearate Citrate Coemulsifier 20
Tripelargonin FEmollient 7.
Helianthus Annus Seed Oil, Tocopherol Antioxidant 0.1
Parfum Fragranme .7
m Colostrum Active ingredient 150
Aqua, Sodium Lactate Humectant, pH mgulator 0.5
Aqua, Potassium Sorbate, Sodium Benzonate Preservative L5
IV Aqua, Citric Acid pH regulator 1315

A water phase (I) was prepared as follows: the thickening agent (Acrylates /C10-30
alkyl Acrylate Crosspolymer) was sprinkled into the water, left to ensure complete wetting,
and then mived; it was then beated to 70-75 “C and entered phase T8 (Pentylene Glyool).

The ingredients of fatty phase I were then heated to 75 *C and mived to obtain a
homogeneous liquid. Phase 11 was combined with phase 1 and homogenized under vacuum,
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After the mixture cooled to below 40 °C, the phase Il ingredients, including the active
ingredient, colostrum, were added successively with continuous mixing, Finally, citric acid
solution (phase IV) was added to adjust the pH to the range of 4.7-5.2.

4.1.3. Placebo Cream

The placebo cream was prepared using the same process and ingredients as the colostrum
cream, but without the colostrum. Its composition included: Aqua, Acrylates/C10-30 Alkyl
Acrylate Crosspolymer, Pentylene Glycol, Isonony] Isononanoate, Cetearyl Olivate, Sorbitan
Olivate, Tripelargonin, Helianthus Annuus Seed Oil, Tocopherol, Parfum, Aqua, Sodium
Lactate, Aqua, Potassium Sorbate, Sodium Benzoate, Aqua, and Citric Acid.

The resulting products wene subjected to a series of tests in accordance with the
requirements of Begulation (EC) No. 1223/2009 of the European Parliament and of the
Council of 30 November 2008 on cosmetic products by an accredited laboratory. The
scope of testing includes microbiological purity westing, testing of the effectiveness of the
preservative system used, stability and compatibility testing with packaging, as well as
dermatological testing (semi-open test). The tests confirmed the safety of the products,
which have been approved for use in humans.

4.2 Selection of Participarn is

The research was carmied out on a group of 52 healthy volunteers, selected in accordance
with the guidelines of the Helsinki Declaration of 1964, with subsequent addibions and with the
approval of the Bioethics Committes of the Medical University of Lode No. RNN/275/21/KE
of 14 December 2021, We obtained written informed consent from each subject to participate
in this study. The incdusion and exclusion criteria ame as follows in Table 4.

Table 4. Inclusion and exclusion eriteria for selecting the participants.

Female
Age between 40 and 70
Signs of skin aging: wrinkles, loss of skin elasticity, discolorations, dryness
Signed informed consent

Inclusion

Pregnant or breastfeeding
Allergic to milk proteins
Suffer from neoplasms, contagious infections, autoimmunologic diseases
Suffer from face skin diseases
Have had an aesthetic procedure on the skin of the face during the last
two months
Have been treated with isotretinoin or other oral retinoids during the last
six months

Exelusion

In total, 52 subjects participated in this study. Two people from the placebo group
were lost to follow-up because of random reasons, and two from the colostrum cream
group did not complete the study due to adverse effects (dryness and irritation of the skin).

The age of the subjects who completed the study ranged from 40 to 70 years. The
mean age of the group was 504 years, the median was 48.0 years, and the interquartile
range (45.5, 54.0).

Participants were enrolled randomly in the colostrum cream (32 people) or placebo
groups (20 people) and were not informed which group they belonged to.

Participants were given the creams and asked to apply one —two doses in the evening
after nighttime facial cleaning, They were also asked to use sunscreen during the day.

4.3 Instrumental Menasurements of Skin Parameters
During the first visit and after eight weeks of everyday use of the tested cream, the
skin parameters wene measumed three times on both cheeks, and the results were averaged.
The skinwas measured at standandized eemperature and humidity using a Courage + Khae-
aka electronic GmbH Multi Probe Adapter with the use of the following probes
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1. Comeometer™ CMB25 probe: measuring skin hydration based on water content in
the stratum cormeum;

2. Tewameter™ TM probe: assessing transepidermal water loss;

e Mexameter™ MX15 probe: measuring the level of hemoglobin (erythema) and
melanin, the two main dyes responsible for skin color;

e Sebumeter™ SM 815 probe: measuring skin sebum level, independent of
waber content;

3. Cutometer™ MPA 580 probe: measuring the viscoelastic properties of the skin. The
R0 and FO parameters were chosen, RO represents the passive response of the skin to
force, lower values indicate greater firmness, FO—frmness of the skin at the time of
suctiom. Lower values indicate mome elastic skin,

4.4 Photodocumentation

The skin was subjecied to photodocumentation at the first and last visit with the use
of the Photomedicus system. The photos were taken in standard light with standandized
face positions. The photos were compared using the following scale: 0 means no improve-
ment (the same as the initial pictunr), 1—slight improvement, 2—moderate improvement,
3—marked improvement (marked improvement in appearance from the initial condition, but
not completely optimal), and 4—greatest possible improvement (optimal aesthetic result).

4.5 Subjective Assessment of the Skin

All participants, i.e,, in both groups, subjectively assessed their skin condition after
eight weeks of treatment. Participants rated smoothing of shallow wrinkles, skin tone
alignment, regeneration, hydration, elasticity, softness, redness reduction, and hypersensi-
tvity mduction; they indicated either improvement, deterioration, or no change. Finally,
the mesults in each group wene presented as the percentage of subjects with improved,
worsened, or unchanged skin.

4.6, Statistical Analysis

The mean and standard deviation (mean £ 51) or median and inferquarhle range (me-
dian (25%; 75%)) were applied as appropriate for the description of parameters. Changes
in skin parameters compared to baseline were calculated based on the following formula:
({[x{t1} — x(tp)]/x(to)*100).

Differences in skin parameters over fime were evaluated using the paired f-test for
normally distrbuted data and Wilcoxon's signed rank test for non-normal data. For unpaired
data, the t-test or Mann-Whitney test werne used, depending on the distribution. The Chi-
suan test, or Fisher's exact est whem appropriate, was used to compame differences between
categorical variables. p values of kess than 0.05 were considered statistically significant.

5. Conclusions

The study of the effect of sheep colostrum cream on mature skin, in comparison
to placebo cream, is highly innovative research because no cosmetic preparation with
colostrum of sheep origin has previously been tested.

This study also indicates that the issue of preparing an appropriate placebo cream
iz crucial. Our placebo product, with the same composition as our colostrum cream but
without an active component, also slightly improved hydration and TEWL in subjects.
However, the placebo cream should not improve skin condition, but on the other hand, it
should ensure comfortable application to patients throughout the study period.

Sheep colostrum cream demonstrates greater effechiveness in improving skin condi-
tions compared to placebo cream. Its use nesults in substantial enhancements in hy dration,
TEWL, and elasticity, suggesting potential dermatological and aesthetic applications.

The subjective assessment of skin condition and photo documentation confirm the resulis
of the objective measurements, revealing that the colostrum cream demonstrates significant
activity in, fifer @lig, improving skin softness, smoothing skin pores, and reducing redness.
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6. Patents

As a result of the work described in this manuscript, the Polish patent application
No. P446801, “Cosmetic composition, method of its production, and application” was filed
on 22 November 2023,

Supplementary Materials: The following supporting information can be downloaded at hitps:
/ fwwwomdpicom/ article/ 10,3390/ app14072862 /51, Figure 51: Exemplary pictures of subjects
befome (left) and after (right) eight weeks of using the colostrum cream.
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Abstract: Colostrum, the first secmetion of mammalian breasts after giving birth, contains a wealth of
components believed to have a beneficial effect on human skin, including lactoferrin, immunoglobulin
(Ig)A, beta-carotene, fat-soluble vitamins, and zine. The present study examines the effect of a
cosmetic preparation containing 15% lyophilisate of sheep colostrum on acne skin A group of
7 volunteers with mild or moderate acne applied the cream twice a day for eight weeks. Before
and after using the cream, the level of skin hydration, sebum level, and TEWL were measured using
a standardized Courage—Khazaka Multi Probe Adapter. The participants also completed a survey
rating the effects of using the cosmetic preparation. Regular application of the cream with sheep
colostrum resulted in an objective improvement in hydration and TEW L and a mduction in sebum;
this is extremely desirable for acne-prone skin. Thme-quarters of the participants reported that
the tested cream reduced acne lesions (blackheads, papules, pustules, and erythema) by around
40%. Momeover, the cosmetic preparation improved hydration by 407 and reduced seborrhea by
20%, in 82% of subjects and kept the skin in good condition in 90%. As the cream improves the
hydrobarrier and overall condition of the skin, it could serve as an addition to local acne treatment,
e.g,, with retinoids.

Keywords acre; sheep colostrum; skin; lydration; sebum; TEWL

1. Introduction

Acne is a multifactorial inflammatory disease affecting the pilosebaceous follicles of
the skin. It predominantly affects eenagers, but it is not uncommon among adults [1].
The condition not only impacts physical appearance but also significantly lowers self-
confidence, both during active outbmeaks and post-recovery due to potential scarring [2].
Effective treatment requires regular and gentle care for such sensitive skin.

The pathogenic factors of acne include increased sebum secretion, follicular epidermal
hypercormification, Citibacterium acnes colonization, and inflammation; the condition is
characterized by the development of blackheads, inflammatory pimples, papulkes, and
scars [3]. Typically, acne treatment includes both topical and systemic approaches, with the
decision based on symptom severity. Although acne is not deemed an infectious disease,
the regimen often includes antibiotics such as clindamycin, lymecycline, doxycycline,
erythromycin, or tetracycling, each with a potential to enhance bactenal esistance [4,5]. The
imperative to seek and develop alternative non-antibiotic therapies for acne has escalated
due to the growing concerns over antibiotic resistance and adverse effects to treatment.
Other prevalent treatments, such as retinoids, bercoy] peroxide, azelaic acid, and salicy lic
acid, have known systemic effects and can cause local skin irritation [6]. In the most severe
cases, oral retinoids are used [7]. Although the skin barner is affected in the course of acne,
the choige of treatment may worsen its function [8].
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Colostrum is the first milk produced by humans and other mammals immediately
after giving birth. It is rich in various bivactive components, including several growth
factors involved in skin iegeneration and repair [9,10]. It also contains lactoferrin, which
may have an important role in acne treatment because of its antibacterial, antioxidant,
and anti-inflammatory properties [11]. Proline-rich polypeptides (PRPs) from colostrum
modulate the immune system and have been shown to improve skin barrier function [12].
The author of the patent reports that in patients {n = 12) with seborrheic acne who used the
cream with 309 equine colostrum, the skin lesions completely disappeared, and their skin
mecovered entirely [13]. The authors of another invention claim that their antiacne ingredi-
ent, a product of bovine colostrum fermentation, has an effect related to its antibacterial
activity [14].

The composition of sheep colostrum, particularly in the immediate postpartum period,
is markedly richer than that of cow colostrum, with significantly higher concentrations of
fat (13.0% vs. 5.1%), protein (11.8% vs. 7.1%), and total solids (28.9% vs. 15.6%). The lactose
combent in sheep colostrum is shightly lower than in bovine colostrum (3.3% vs. 3.6%), and
the amount of minerals is comparable (009%) in both types of colostrum [15]. Motably, sheep
colostrum contains the highest levels of IgG and IgA when compared to bovine and caprine
colostrum, which can play rok in regulating the immune response [11,12]. Lysozyvme,
another component of sheep colostrum, is effective in breaking down the cell walls of
acne-causing bacteria. Given that the lysoeyme content in sheep’s milk is significantly
higher than in bovine and caprine milks, it can be inferred that sheep colostrum’s lysozyme
levels ame even more pronounced. Also, lactoperoxidase acts as a natural antibacterial agent
as an element of non-specific cellular immunity [11]. Sheep colostrum i also significantly
richer in EGF (epidermal growth factor) than bovine colostrum; its topical application was
earlwer described in acne lesions, as well as in the treatment of scars [16,17]

Henoe, the aim of the present study was to assess the effects of a cosmetic cream
containing 15% sheep colostrum lyophilisate on acne skin

1. Materials and Methods
2.1. Preparation of Colostrum Cream

The colostrum creamn was prepared as described previously [18]. The active component
in the coeam 15 15% sheep colostrum lyophilisate.

INCI: Aqua, Sheep Colostrum, Isononyl Isononanoate, Tripelargonin, Cetearyl Oli-
vate, Sorbitan Olivate, Pentylene Glycol, Glyeeryl Stearate Citrate, Potassium Sorbate,
Sodium Benzoate, Citric Acid, Parfum, Sodium Lactate, Acrylates/C10-30 Alky] Acrylate
Crosspolymer, Helianthus Annus Seed Oil, and Tocopherol.

2.2 Selection of Participanis

The research was carried out on a group of 30 volunteers with mild or moderate acne.
The group was formed in accordance with the guidelines of the Helsinki Declaration of 1964,
with subsequent additions. The study morived the approval of the Bioethics Commission
Mo, RMNN/ 44/ 23/ KE of 14 February 2023

The exclusion criteria comprised pregnancy and lactation, active viral lesions on facial
skin, active fungal and bacterial diseases, or participation in other dermatological therapies
during the study period.

The study participants were asked not to use any other cosmetic treatments and not to
change cosmetic preparations for daily care during the study, except changing the cream
for colostrum cream. The participants weme asked to use the cream twice a day, once in
the morning and once in the evening, after ckeansing their face: all participants pledged
to comply with the recommendations. Written informed consent was obtained from each
participant before enrolment.

In total, 30 subjects, aged 18-27, participated in the study. Two wenre lost to follow
up due to different reasons, and one did not complete the study due to adverse effects
(dryness and irritation of the skin).
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2.3, Instrumental Measurament of Skin Parameters

Skin condition was assessed before the teatment and after eight weeks of everyday
use. The skin parameters were measuned three times, e, on the forehead, cheek, and chin

The amount of sebum on the skin, hydration, and changes in transepidermal water
loss (TEWL) were measured with an MPA 580 apparatus (Courage and Kharaka Electronic
GmbH, Cologne, Germany). The measunements were carried out under constant condi-
tions (temperature of 20 *C and humidity of 45% + 5%) once the participants had been
acclimatized to ambient conditions for 15 min,

Hydration of the skin was measured via a comeometer, which measures the change
in dialectric constant due to skin surface hydration. TEWL was measured via Tewameter
by assessing the gradient of water evaporation from the skin. Sebum measurement was
conducted via Sebumeter; the mat tape of the Sebumeter in contact with the skin becomes
transparent because of sebum on the skin; then, the transparency of the tape is measuned.

2.4. Subjective Assessment

The participants wene also asked complete a questionnain in which they evaluated the
effects of the eight-week tieatment. They rated skin sy mptoms such as blackheads, papules,
pustules, and erythema, as well as skin hydration, seborrhea, and overall skin condition.
They indicated the percentage of either improvement, deterioration, or no change.

2.5 Statistical Analysis

The data were processed as mean and standard deviation {mean £ SI)) or median and
interquartile range (median [25-75%]) as approprate. The differences occurring in skin
parameters over time were evaluated using the Wilcoxon signed-rank test. prvalues < 0.05
were considened as statistically significant.

3. Results
The study was completed by 27 participants.

3.1 Instrumental Measuranent of Skin Parameters

After eight-week application, the cream with colostrum yielded a significant improwve-
ment in skin hydration on the forehead and cheeks, improved TEWL values on the cheeks
and chin, and caused a ieduction in seborrhea on the forchead. These parameters were also
found to improve in the emaining parts of the face, but without statistical significance.
The tested skin parameters ane presented in Table 1 and Figure 1.

Table 1. Changes in skin parameters after eight weeks of treatment expressed as mean + 50 and
median (25-75%).

Face Area Measurement 1 Me asurement 1T Statistical
Week 0) (Week 8) Significance (p)
Hydration
] 507 + 138 56.6 + 10.0
Forehead 51.0 (422-58.2) 58.5 (53.2-61.0) p=0.03
4324+ 128 193 +11.4
Cheeks 41.0(38.5-52.0) 50.0 (41.5-557) p=0.013
] 501+ 109 540+ 197 ~
Chin 50.0 (41.5-54.2) 52.0 (40.7-60.0) NS jp= 0171
TEWL
- 1734091 168 +61
Forehead 15.5 (10.0-20.5) 15.0 (13.0-185) NS ip = 0.576)
M1+65 165+ 62
Cheeks 18.5 (14.7-25.0) 15.0 (13.0-142) p=0.013
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Wydration, Units

Table 1. Cont.
Face Area Measurement [ Measurement 11 Statistical
Week 0) (Week 8) Significance (p)
) 264+ 119 189+ 84
Chin 22.0(17.7-33.0) 16,0 (14.0-20.0) p < 0.001
Sebum
1328 £ 678 917 £41.0
Forehead 120.5 (§1.5-199.7) B4.0 (61.0-101.2) p=0.002
£33+ 621 0.1 4+ 527
Cheeks 51.5(22.2-60.2) 4.0 (35.0-837) N3 (p= 0.264)
) 1102 £ 653 1031 £ 562
Chin 89.5 (627-145.0) 900 (60.5-134.2) NS (p = 0.207)
45
40
g
£ . T .
g mn |
= |
; I I
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Figure 1. Instrumental measurements of skin hydration (a), TEWL (b), and sebum (c) before and after
treatment. * p< 0.05, ™ p< 001

3.2, Subjective Assessment of Skin Parameters

The subjects assessed their skin symptoms, e.g., blackheads, papules, pustules, and
erythema, as well as skin hydration, seborrhea and overall skin condition after eight weeks
of treatment. The results ane provided in Tables 2 and 3.

Improvements were noted with regard to the numbers of blackheads (68.3% of par-
ticipants), papules (78.1%), pustules (74.5%), and erythema (82.4%) for the whole face,
ie., forehead, chin, and cheeks (Figure 2). The mean improvement noted, where present,
was 37.5% (reduction of blackheads), 39.2% (reduction of papules), 43.4% (reduction of
pustules), and 38.5% (reduction of erythema) for the whole face (forehead, chin, and cheeks)
(Table 2).

Improvement was noted in skin hydration (81.5% of participants), seborrhea (82.4%),
and overall skin condition (89.7%) for the whole face (forehead, chin, and cheeks) (Figure 3).
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The mean improvement, when present, was 39.6% (increase in hydration), 287 % (eduction
of sebum), and 39.1% (overall skin condition) for the whole face (forehead, chin, and cheeks)

{Table 3).
Table 2. Subjective t by participants of their skin symptoms such as blackheads, papules,
pustules, and erythema.
BLACKHEAD PAPULES PUSTULES ERYTHEMA
Farehead  Chin  Cheeks Forehead Chin  Chieks Forehead Chin  Cheeks  Fosehead  Chin  Cheeks
Mean nprovement in
the group declasing IN 3MEW 404N 306 430% 418w AN 4% AN 404% JLS% 4
N=18 (N-13) N=13) N-2) (N-18 N=17 [N-2) [N-1§ N-1§ [M-16 [N-1) (N-1
{grop siaz)
'—""“"Pﬁ“‘*”‘” N=3 N=3 N=3 Na=1 N=2 N=2 N=1 N=1 MNa=i N=i Nal Na=1
il
Mean deferionetion in
ngwpm e 107%  looh 180% TR 1) 10M 198%  308% oo loo% A%
erionation MN=2) (N=F) (N=2) (N=2 (N=B N=3 ([N=3 [MN=f [N=§ [N=2 [N=1} MN=3
{grontp stze)
sizewith
Gn’z‘;?,wm‘;:m N=4 N=5 N=9 N=3 N=d N=S§ MN=2 N=5  N=& N=% N=15 N=11

0% W

] &

.- T e

= =

R R

2 B W better ‘:_ 5 W better

2 F A 13,6 = nix change EA 0 nix change

2 mworse Eg ,r mworse

s ™ |l L g ™ ﬁ

= o

= i) i1 3 [

& forechesd  checks chin £ forehead  cheeks chin
BLACKHEADS PAPULES

(2)

(k)
100% 100%
B Bl
60 L
m better g o better
4% no change oA 0 ni change
B worse g W worse
% e
|
» L
chin

forchead  checks forehead  cheeks chin
PUSTULES ERYTHEMA

relative number of subjects in
the sample
relative number of subjects in

le) (d)
Figure 2. Percentage of subjects who declared improvement (blue), no change (grey), and deteri-

oration (navy blue) in terms of skin lesions such as blackheads (a), papules (b), pustules (c), and
erythema (d).
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Table 3. Subjective assessment by participants of their skin hydration, seborrhea, and overall

SKIN HYDRATION SEBORRHOFA OV ERALL SKIN CONINTION
Forchead Chitn Cheeks  Fonehead Chan, Checks  Forehead Chin Cheels
Mican provement in the group E-X0 IO [ 3285 N T T YL aaen
i W-2y  NeZ)  N-D3  (N-2H  (Nell  (N-2)  (N=2) (N=2§)  (N-13)
Group stz with o changes N-2 H-8 N-1 N-2 N-7 ) N-1 N-2 M-2
Mean deferioration In the 20
. HFE 15.0% KT [Ty [T 10t o1 al
declusing deteriorution WN-2 M- N-3  N-0)  N-0)  (N-D)  N-2  eq D
Group stze with o symptoms N=0 N=d N=0 MN=2 N=2 N=3 N=1 N=1 N=1
1, 1%,
£ e
£ s £ sox
i £
T F oo opru
T E ® better TE m better
£ 8 Ak e change 25 ars W ne change
E £ B worse E £ B worse
H 2 c .
£ £ 13 e
= % “ k] . ] -
E forehead  chocks E forehead  checks chin
SKIN H‘:"DRJ!TJDN SEBORRHOEA
(a) (b}
1%
i
£
£
F o s
T E W belter
2R am no change
E é W worse
E 2%
[
E m =
o
= forehead  cheeks chin

OVERALL SKIN CONDITION

[e)

Figure 3. Percentage of subjects who declared improvement (blue), no change (grey), and deteriora-
tion (navy blue) in terms of skin hydration (a), seborrhea (b), and overall skin condition (c).
4. Discussion

This study examines the efficacy of a cosmetic preparation containing sheep colostrum
on acne-prone skin, with particular emphasis on the potential dermatological benefits
arising from its bivactive components. The outcome of the study was measured by subjec-
tive (participants’ opinions) and objective (measurements of epidermal barrier function)
methods. Our cream is a cosmetic, and for this category, subjective opinions are especially
important. The volunteers agsessed the antiacne effects as improving their skin in the light
of skin lesion and epidermal barrier function.

Acne can be treated topically with agents such as benzoyl peroxide, retinoids, and oral
isotretinoin, as well as with photodynamic therapy, chemical exfoliation therapy, and laser
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therapy. However, such treatments, and acne itself, can increase the rate of water loss from
the epidermis, resulting in skin dryness and inflammation and greater skin sensitivity [19].
Acne skin samples were found to demonstrate an altered expression of epidermal mokecules
with a key role in maintaining barrier function [8], and acne patients demonstrated higher
TEWL and lower hydration comparmed to a healthy group [20].

Crr findings indicate that treatment mesulted in greater skin hydration on the forchead
and cheeks, which may indicate that the bivactive colostrum components (including growth
factors, vitaming, and lipids) enhance water-retention capacity. Accordingly, the reduction
in TEWL observed on the chin and cheeks suggests an improvement in hydrolipid barrier
integrity, lkely mediated by lipids and proteins that strengthen the stratum comeum [13,21].
Mueller et al [22] propose that lactoferrin, a key component of colostrum, improves skin
health by reducing acne kegions, enhancing hydration, diminishing TEWL, and lowering
sebum production.

Sebum plays the key rok in the development of acne. Aene begins just before puberty,
when the sebaceous glands enlarge, and reaches its maximum cecurrence in early ado-
lescence. Although patients with acne demonstrate gneater sebum secretion in the whole
face than in controls, its level does not correlate with kesion count [23]. In our study, most
patients had a normal skin type rather than an oily skin type, according to Sebumeter
guidelines [23]. Another study involving over 900 patients found sebum to have a clear
influence on inflammatory lesions and that male acne patients are mome influenced by
sebum content than female acne patients [24]. Our results indicate that treatment was
associated with a notable eduction in sebum production on the forehead, a critical factor
in acne pathogenesis. This can be attributed to the regulatory effects of the lipid, cytokine,
and immunoglobulin components on the sebaceous glands [25-28]. Tt is important to note
that the greatest sebum content was observed on the forehead; as no significant c'ha.ngl—:i
wemw found in other facial egions, this may suggest that sebum production was normalized
and that its content was not simply reduced.

The study participants eported improvements in inflammatory acne kesions, which
is consistent with the documented anti-inflammatory properties of colostrum, including
its constituent immunoglobulins, lactoferrin, lactoperoxidase, and cytokines [22,29]. Skin
regeneration and mepair was also enhanced by the presence of growth factors such as
IGE-1, EGE, and TGE potentially accelerating the healing of acne-related scarring and
erythema [11]. Another component, lactoferrin, known for its anti-inflammatory and
antibacterial properties, demonstrates the ability to mregulate cytokine secretion, inhibit
inflammatory responses, and reduce levels of pro-inflammatory cytokines such as [L-8 [30].
This indicates its potential in alleviating acne-related inflammation and improving overall
skin condition. It can also reduce redness, most likely by inhibiting the activity of key
inflammatory proteins [30]. The effectiveness of lactoferrin in reducing inflammation in-
duced by Cutibacterium acnes is in line with the overall beneficial impact of sheep colostrum
om the skin, especially for inflammatory problems like acne [30].

The positive outcomes observed in this study are in line with previous esearch on
horse colostrum and the growth factor-enriched protein fraction from bovine milk, suggest-
ing that colostrum of other origins may also have therapeutic potential [13,31,32]. Indeed,
previous research indicating that colostrum-derived products have significant antimicrobial
and anti-inflammatory effects further supports their use in managing acne-prome skin [14].
Together, these findings emphasize the role of bivactive profeing, enzymes, and growth
factors in modulating the immune response of the skin and its microbial environment.

Although this study presents promising results, it may have some limitations. Con-
siderable variability was noted in the responses among participants. As such, thene 15 a
need for further studies based on larger, more diverse cohorts to broaden the applicability
of the findings.
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5. Conclusions

The tested colostrum-based ceam appears suitablke for the care of acne-prone skin. It
maintains the skin in good condition by reducing sebum secretion and providing adequate
hydration. Tts use resulted in a mduced number of skin lesions typical of acne-affected skin,
ie, blackheads, papules, and pustules.

Cologtrum cream may appropriately complete the care of acne skin during dermato-
logical therapies, e.g., with retinoids, through its potential for improving the epidermal
barrier function.

6. Patents

As a mesult of the work described in this manuscript, Polish patent application Mo,
P446801 " Cosmetic composition, method of its production and application” was filed on
22 Nowvember 2023,
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£tk
—Polpey

Urszula Kalinowska-Lis

30%

przygotowanie planu i koncepcji badan, nadzér
merytoryczny, udziat w  przygotowaniu
manuskryptu, wizualizacja wynikéw, wykonanie
finalnej korekty pracy

(szduZa

HKalimootedTs

w przypadku, gdy dorobek stanowi autorstwo dwéch lub wigcej oséb
2 Nalezy wskaza¢: autordw, tytut, czasopismo, rok wydania, tom, strony
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Zatacznik nr 7
do Regulaminu postepowania w sprawie nadania stopnia doktora
w Uniwersytecie Medycznym w todzi

toédz, 10.09.2024r

PRZEWODNICZACY RADY NAUKOWEJ
DYSCYPLINY / UNIMWERSYTETU*

OSWIADCZENIE

Wspétautoréw okreslajace ich wkiad w powstanie artykutu lub monografii*

Oséwiadczam, ze méj udziat w nastepujacej pracy® Anna Erkiert-Polguj,, Kinga Kazimierska, and
Urszula Kalinowska-Lis. 2024. "Assessment of the Impact of a Cosmetic Product with Sheep
Colostrum on Acne Skin" Applied Sciences 14, no. 5: 2199. https://doi.org/10.3390/app14052199
przedstawia sie jak ponizej:

: ﬁxr(iga&

iat
Autor U(i:a Opis udziatu wiasnego Podpis
Anna Erkiert-Polguj 45% udziat w koncepcji badan, metodologia badan, V%na
przeprowadzenie badan, analiza i interpretacja | .
wynikow, opracowanie czesci manuskryptu, {‘4“’/’4
wykonanie finalnej korekty pracy ‘%{p/{,vf
Kinga Kazimierska 25% | przeglad literatury, udziat w opracowaniu [éuwc%(
wynikéw i przygotowaniu manuskryptu wy@{mew
Urszula Kalinowska-Lis | 30% przygotowanie planu i koncepcji badan, nadzér

merytoryczny,  udziat w  przygotowaniu
manuskryptu, wizualizacja wynikéw, wykonanie
finalnej korekty pracy

(o1

* W przypadku, gdy dorobek stanowi autorstwo dwéch lub wigcej 0séb
2 Nalezy wskazac: autordw, tytut, czasopismo, rok wydania, tom, strony
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Spis publikacji — mgr inz. Kinga Kazimierska

Punktacja zostala wykonana na podstawie spisu publikacji przedstawionego przez osobe zainteresowang, przy uZyciu list Impact Factor
i ministerialnych za rok publikacji artykutu.

kacznie 26 cytowan (24 bez autocytowan), indeks Hirscha wynosi 1 (grédm: ISI Web of Science Core Collection).
tacznie 35 cytowan (31 bez autocytowan), indeks Hirscha wynosi 1 (Zrédlo: Scopus).

1. Punktacja wg list ministerialnych oraz wspéiczynnik impact factor prac umieszczonych
w dysertacji:

Prace Oznaczenie | Impact Punkty Typ
autorstwa | Factor | ministerialne | publikacji
Erkiert-Polguj Anna, Kazimierska Kinga, Kalinowska-Lis Urszula: Assessment of the Impact of a Cosmetic 25 100 oryginal

Product with Sheep Colostrum on Acne Skin, Applied Sciences-Basel, MDPL, vol. 14, nr 5, 2024, Numer artykutu:
2199, s. 1-9, DOI:10.3390/app14052199

Kazimierska  Kinga, Szablowska-Gadomska  Ilona, Rudzifiski  Stefan, Kos§la ~ Katarzyna, Pluciennik | pierwszy 4,9 140 oryginal
Elzbieta, Bobak Lukasz, Zambrowicz Aleksandra, Kalinowska-Lis Urszula: Biologically ~Active Sheep
Colostrum for Topical Treatment and Skin Care, International Journal of Molecular Sciences, MDPI, vol. 25, nr
15, 2024, Numer artykutu: 8091, s. 1-21, DOI:10.3390/ijms25158091

Kazimierska Kinga, Erkiert-Polguj Anna, Kalinowska-Lis Urszula: The Efficacy of a Cosmetic Preparation| pierwszy 2,5 100 oryginal
Containing Sheep Colostrum on Mature Skin: A Randomized Placebo-Controlled Double-Blind Study, Applied
Sciences-Basel, MDPI, vol. 14, nr 7, 2024, Numer artykuhu: 2862, s. 1-13, DOI:10.3390/app14072862




Kazimierska Kinga, Kalinowska-Lis Urszula Anna: Milk Proteins - Their Biological Activities and Use in
Cosmetics and Dermatology, Molecules, MDPI, vol. 26, nr 11, 2021, Numer artykulu: 3253, s. 1-22,
DOI:10.3390/molecules26113253

pierwszy

4,927 140 poglad

SUMA

14,827 480
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