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AKTYAJIbHI TUTAHHS BE3MNEYHOCTI TA EOEKTUBHOCTI
KOCMETUHMHUX 3ACOBIB AJ1g gorngaay 3A WKIPOIO
3 TINEPNITMEHTALIEIO (ornap niteparypm)

PE3IOME. ['inepniemenmayia — ye nowiupesa 0epmamono2iyna namoioeis, aka xapakmepusyemocs ougysHum abo 6ocHuujesuM
HAKONUYEHHSM Ni2MeHmy Menaniny 6 wikipl. [[is kopekyii 0epMamono2iuHux 3ax60pro6an, sKi Cynpo8oo0NCyIombCs 2inepnieMeHmayi-
€10, BUKOPUCHIOBYIOMb 3ACo0U ONsL OC8imenHs wKipu. Buguenns besneurnocmi ma egpexmusrocmi 3acobie 011 Kopexyii npoyecis nie-
MeHmMayii WKIpU € akmyarbHUM HANPIMKOM CYYACHOT 0epMamonozii.

Mema. [Ipoananizysamu npuyunu GUHUKHEHHS 2inepnieMeHmayii ma oensaHymu 3acodu 0ns 0CeimaeHHs wiKkipy. Buseumu moociuei
He2amueHi egheKmu 8UKOPUCTNAHHSA NPENAPamig 01 OCEIMIeHHA WKIPY, 4 MAKOXC HASABHICMb HeDe3neyHux npooykmie 0as 002140y 3a
WKIPOIO 3 Ni2MeHMayielo Ha YKPAiHCbKOMy PUHKY KOCMEMUKY 32i0HO 3 OaHUMU BIOKDUIMO20 OOCTIYNY.

Mamepianu ma memoou. IIposedero 02150 cmameii nPoCneKMUHUX 00CiOMNCeHy, 3i0panux i3 6a3 danux PubMed, MEDLINE,
EMBASE, Cochrane; susueno dani 3 6iOKpumux dscepen npo KOCMemonoiynuil puHox Yxkpainu.

Pezymvmamu ma 06206openns. [Ipoananizysasuiu dani timepamypu Oyau 8udiieHi OCHO8HI NPUYUHU NOPYULEHHS NieMeHmayii wKipu,
ceped SKUX YLIbHI MICYs NOCIOArONbs Menasma ma noCm3andaivHa cinepnievenmayis. OCHOGHUMU 3ac00aMU TIKYBAHHA NAMON02I]
HAPas3i 8USHAYEHI 3acoOU, W0 Micmams 2IOPOXIHOH. Y 00CHIONHCEHHT MAKOJIC Y3A20IbHEHO NOKA3AHHA 018 NPUSHAYEHHS. 0CEIM.II08ATb-
HUX 3aco0ie y depmamonoeiyniti npaxmuyi. Oyineno moniyni npenapamu 015 TiKy8anHs cinepnieMenmayii.

Bucnosxu. OcnogHi 3acobu 0151 NiKysanHs 2inepniemenmayii wkipu — ye ineibimopu gpepmenmy muposunasu. Ilosidomnsiemvcs npo
BUNAOKU MICYesUX i CUCMEeMHUX NOOIYHUX eheKmie 8HACTIOOK BUKOpUCMAHHS 2i0poxiHoHy. Hapasi nocmae numanHs yOOCKoHANEHHA
HOPMAMUGHOI 0a3u, SIK010 pelaMeHnyEMbCsl Peanizayis KOCMeMmuyHux 3acobie. AnbmepanmugHi 3acoou iKyeanus cinepniemenmayii
WKIpY, ceped AKUX HIAyuHamio, NOXIOHI AcKOpOIHOBOI KUCIOMU, PemiHOiOU Mma a3enaiHo8a KUCIomd, 0eMOHCIPYIOnb ROUMUGHI
Dpe3yIbmamu ma 8UcoKull npoine besneyrHocmi.

Kniouosi cnosa: cinepniemenmayis wikipu, menazma, ineioimopu mupo3unasu, 2i0OpoXiHoH.

H. Holovashchenko, A. Basanets
LI Medved's Research Center of Preventive Toxicology, Food and Chemical Safety,
Ministry of Health, Ukraine (State Enterprise), Kyiv, Ukraine

CURRENT ISSUES OF SAFETY AND EFFICACY OF COSMETIC PRODUCTS FOR SKIN
WITH HYPERPIGMENTATION (literature review)

RESUME. Hyperpigmentation is a common dermatological condition characterized by diffuse or focal accumulation of melanin pig-
ment in the skin. Skin-lightening agents are used to correct dermatological conditions associated with hyperpigmentation. Studying
the safety and effectiveness of products aimed at correcting skin pigmentation processes is a relevant area in modern dermatology.
Aim. To analyze the causes of hyperpigmentation and review skin-lightening agents; to identify potential adverse effects of using skin-
lightening products and to assess the presence of hazardous cosmetic products for pigmented skin on the Ukrainian market based on
publicly available data.

Materials and Methods. A review of prospective study articles was conducted using databases such as PubMed, MEDLINE, EMBASE,
and Cochrane. Data from open sources about the Ukrainian cosmetic market were also examined.

Results and discussion. Based on the literature review, the primary causes of pigmentation disorders were identified, with melasma
and post-inflammatory hyperpigmentation being the most prominent. The main treatment agents currently used are products contain-
ing hydroquinone. The study also summarizes indications for prescribing skin-lightening products in dermatological practice and
evaluates topical treatments for hyperpigmentation.

Conclusions. The primary agents for treating skin hyperpigmentation are tyrosinase enzyme inhibitors. There are reported cases of
both local and systemic side effects from hydroquinone use. The need to improve regulatory frameworks governing the sale of cosmetic
products is becoming increasingly urgent. Alternative treatments for skin hyperpigmentation, including niacinamide, ascorbic acid
derivatives, retinoids, and azelaic acid, have shown positive results and high safety profiles.

Keywords: skin hyperpigmentation, melasma, tyrosinase inhibitors, hydroquinone.
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Beryn. IlirmeHTH1 po3naau HaJA3BUYATHO
MOIIMPEH] B JIepMAaTOJOTIyHIN mpaktuil [1].
Tak, mopymieHHsl mirMeHTallli BHaCIi0K 3ama-
JICHHS BUHUKAIOTh y Oy/Jb-SIKOMY Billi 6€3 icTOT-
HOI TiepeBaru B 000X crareid [2]. AKTUBHI cIIO-
JYKU TSI OCBITJICHHS 200 BIO1IFOBAHHS IIKIPH
€ BOXJIMBUMHU IHCTPYMEHTaMU B JIIKyBaHHI
MOpPYIIEHb MPOIECIB MIrMeHTamil. 3a JaHUMHU
KJIIHIYHHAX JOCIIKEHb, YaCTOTa BUKOPUCTAHHS
3aco0iB /IS BiIOUTIOBaHHS IIKIpUA cepell Hace-
JIEHHS CTaHOBUTH mpubnusno 27,7 % [3].
HalimomwupeHimuMu moka3zaMu Il TIpU3HA-
YEHHSI KOCMETUYHHUX 3acO01B ISl OCBITIEHHS
IIKIpU € JIKyBaHHS CTaHiB, $IKI CyIpOBOJ-
YKYIOTHCS 3MIHOIO TIPUPOAHOTO BIATIHKY LIKIpH,
[0 BKJIOYAIOTH MeEJa3My Ta MOCT3anajbHy
rineprirMeHTariito [4].

Pe3yabTraru gociiaKeHHs

OcHo6ni npuyuHU UHUKHEHHA

zinepniemeumauii’

Memnaszma € XpOHlLIHI/IM PELH/IMBYIOYMM PO3-
Jag0M TITMEHTAaIlll, SKHM 3yCTp1‘-Ia€TBC$I B
omu3bko 1 % HacenenHs. JKiHoul crareBi rop-
MOHHU MalOTh BJIACTHUBOCTI 1HAYKIlIi BUBLIbHEH-
HSl MEJIAHOIIUTOCTUMYJIIOI0YOTO TOPMOHY, KU
BITMBA€E Ha (DEPMEHT TUPO3MHA3Y, IO MPU3BO-
JUTH J10 30UTBIIICHHS] CHHTE3y MEJNaHiHy. 3 i€l
NPUYMHU Mejla3Ma 4YacTille JiarHOCTY€EThCS B
JKIHOK, HIXK Y 4oJoBikiB [4]. [larorene3 menas-
MU € CKJIaJIHUM IPOLIECOM, SIKUU MTPOBOKYETHCS
niero ynerpadioneroBoro (Y®) Bumnpominio-
BaHHS, CIIQJIKOBUMHU (DaKTOpaMH Ta TOPMOHAIIb-
HUMHU 3MiHamMu |5, 6] BBaxaetbcs, mo YO-
CBITJIO, SIK OCHOBHHI (PaKTop TMOPYIICHHST Tir-
MEHTallil, BIUIMBA€ Ha IIKipy, IHAYKYIOYH
BUPOOHUITBO aKTUBHUX (OPM KHUCHIO, TaKHUM
YUHOM CIpUSIOYM MenaHoreHesy [7]. Bugume
Ta YO-CBITIO TaKOX IHAYKYIOTh MITMEHTAIIIIO
IUIIXOM BIUIMBY Ha c-kit penenTopu Tupo3uH-
KiHa3W, [0 MPU3BOAUTH 0 TIpoTideparrii Memna-
HOIUTIB. [HIIMM TEOPETHUYHHUM MEXaHi3MOM
rinepriMeHTauii € CTUMYJsLis (pakTopa pocTy
CYAMHHOTO €HJOTENII0 3 KePaTUHOLUTIB MICIs
Y®-0onpoMiHEHHS, IO COPUYUHSE TABUIICHY
aKTUBHICTh MEIAHOIUTIB [5]. YD-CBITIIO TakoX
MOB’sI3aHe 3 MPUTHIYCHHSM T€HIB, 110 BiJMOBI-
JIAl0Th 3a META0OJI13M JIMIIB, SIKI € CTPYKTYp-
HHUMH KOMIIOHEHTaMU eMiepMICy, 10 MOPYIIy€E
O0ap’epHy (YHKIIO MIKIPU Ta MOXKE CIPHUATH
MIPOrpeCyBaHHIO 3aXBOPIOBAHHSA [8].
[TommpeHicTh Mena3Mu B JKIHOK JOAATKOBO
MiATBEPUKYETHCA TUM (AKTOM, IO eIiTesii
JEMOHCTPY€E MiABUIICHY CKCIPECII0 PeIenTo-
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Introduction. Pigmentation disorders are
extremely common in dermatological prac-
tice [1]. Thus, inflammatory pigmentation
disorders can occur at any age and do not
show a significant gender predominance [2].
Active compounds for skin lightening or
bleaching are important tools in the treatment
of pigmentation disorders. According to clin-
ical studies, the prevalence of skin-bleaching
product use among the general population is
approximately 27.7 % [3]. The most common
indications for prescribing cosmetic skin-
lightening products are conditions involving
changes in the skin’s natural tone, including
melasma and post-inflammatory hyperpig-
mentation [4].

Research results

Primary causes

of hyperpigmentation

Melasma is a chronic, recurrent pigmenta-
tion disorder that affects approximately 1 %
of the population. Female sex hormones are
known to induce the release of melanocyte-
stimulating hormone, which influences the
tyrosinase enzyme, leading to increased
melanin synthesis. For this reason, melasma
is diagnosed more frequently in women than
in men [4]. The pathogenesis of melasma is a
complex process triggered by ultraviolet
(UV) radiation, genetic factors, and hormonal
changes [5, 6]. UV light, which is considered
a key factor in pigmentation disorders, affects
the skin by inducing the production of reac-
tive oxygen species, thereby promoting
melanogenesis [7]. Both visible and UV light
stimulate pigmentation by acting on c-kit
tyrosine kinase receptors, leading to
melanocyte proliferation. Another proposed
mechanism of hyperpigmentation is the stim-
ulation of vascular endothelial growth factor
from keratinocytes following UV exposure,
which increases melanocyte activity [5]. UV
light has also been associated with the sup-
pression of genes responsible for lipid metab-
olism which are critical for the structural
integrity of the epidermis, resulting in a com-
promised skin barrier and potentially con-
tributing to disease progression [8]. The
prevalence of melasma in women is further
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piB K 70 €CTPOTeHY, TaK i JO MPOTeCTEPOHY,
K1 Oe3MOCEepPEeHbO OB sI3aHI 3 MEJIAHOLUTO-
CTUMYJIFOIOUUMHU BImuBamu [9, 10].

Bapro Big3zHaunTH, 10 ICHYE TAKOX CHIJIbHA
KOPEJISAIis MO0 BIUIMBY T€HETUYHOTO (pakTopa
PO3BUTKY MeNa3Mu: AOCIIIKEHHS TOBiIOM-
JSIFOTH TIPO TIOIIUPEHICTh PO3JIAAIiB MIrMEHTaIlil
1o 61 % B marieHTIiB 13 OOTSHKEHHM CIMEHHHUM
aHamue3oM [ 11]. BcranorneHno, 1o cepen Barit-
HUX TOKA3HUK TOIIMPEHOCTI MEJa3MH JOCSTaE
70 % [12]. Li mani miaTBepaKyIOTh aKTyaJIbHICTD
NUTaHHS JIIKyBaHHS TilepmirMeHTamii Ta
HEOOXI1THICTh BU3HAYCHHS OE3MeUHMX 1 e(heKTHB-
HUX MIJXO/IB BEICHHS MOPYIICHh MEJIAaHOT€HE3Y.

[Ile oxHi€r0 3 MPUYKMH MOPYIIEHHS MITMEHTa-
11T HIKIPHU € 3anaibHI MPOIECH, SKI PU3BOASATH
M0  MIABUIIEHOTO  CHUHTE3y  MeJaMiHy.
[TocT3amanpHa TiNEpImirMeHTaIlis, SK pPO3Jaj
MIPOIIECiB MEJIAHOTEHE3Y, MOXKE OyTH HACIIIKOM
TeTepOreHHOI TPYNH 3aXBOPIOBAHb, HAHOUIBII
MOIIMPEHUMH CepeJl SKUX BU3HAYEHI ByrpeBa
XBOpo0a, eK3eMaTo3H1 IepMaTo3u, KOHTAKTHUI
JIEPMATHT, TICOpia3, TJIACKHK JIMIIA Ta OIIKH.
['pyna matonoriii, SKy BiIHOCSTH A0 TiMepHir-
MEHTAIlii, TAaKOX BKIIFOYAE (DOTOIOIIKOMIKCHHS
LIKIPY BHACIIZAOK BIUIMBY COHSYHOTO BUIIPOMI-
HioBaHHs [13]. Bimomo, mo B maToreHesi
MOCT3anaJbHOI MITMEHTAIlll KJIYOBY POJIb
BIIIrpalOTh MEIaTOPW 3alalieHHs, 3 SKUMHU
OB ' SI3YIOTh IIJBUIIICHHS aKTHUBHOCTI MEJIAaHO-
uTiB. JloCHi/DKeHHST TOKa3and, 10 TMPOCTa-
ranauHu E2 1 D2, nedikotpienn LT-C4 1 LT-
D4, tpombokcan-2, iutepneiikinu IL-1, 1L-6,
eniiepMaibHU (HAKTOp POCTY, OKCHI a30Ty,
¢dakrop Hekposy nyximH (TNF) Ta iHmi muro-
KIHH MOXYTh TIPU3BOJUTH O TTiIBUIIEHOT CTH-
Myssmii menanonutiB [14]. 3okpema, BHacIi-
JIOK 3amajieHHs MOIIKO/KYIOThC 0a3aabH1 KIi-
TUHU JEPMH, 110 NPU3BOIUTH A0 HAIMIPHOTO
CHUHTe3y MenaHiHy. Makpodaru ¢aronutyorh
BUBIJIbHEHUH MITMEHT 3 YTBOPEHHSM MEJIaHO-
¢ariB, ski mepeOyBalOTh Yy BEpXHii 4YacTHHI
JEPMH Ta TPOSIBISIFOTHCS Y BUTJISAI CHHBO-CIpOT
IUIIMA HAa MICII TOIIKOJKEHHS, SKa MOXE
yTpUMYBaTUCh pokamu [15].

3acobu ona nikyeannsa cinepnizmenmayii

[TepeBaskHa OLIBIIICTE 3aCO0IB IS BiAOLTIO-
BaHHS IIKIPH CTIPSMOBaHA Ha KOPEKI[ilo (hyHK-
[[IOHYBaHHS MEJIAHOIUTIB 1 MPOIEC CHUHTE3Y
MeJaHiHy. 30Kpema, 1HTI0ITOpHM THUPO3MHA3HU
3aro0iralTh TIMEPHIrMEHTalll HUIIXOM IpH-
THIYEHHS HaJIMIPHOTO BUPOOHUITBA O1NIKIB,
MOB’sI3aHUX 3 MeJlaHOoTeHe30M [16]. Ae y miTe-
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supported by the fact that the epithelium
shows increased expression of both estrogen
and progesterone receptors, which are direct-
ly associated with melanocyte-stimulating
effects [9, 10].

There is also a strong correlation between
genetic predisposition and the development
of melasma: studies report a prevalence of
pigmentation disorders as high as 61 % in
patients with a positive family history [11].
Among pregnant women, the prevalence of
melasma can reach up to 70 % [12]. These
findings underscore the relevance of treating
hyperpigmentation and highlight the need to
establish safe and effective approaches to
managing disorders of melanogenesis

Another key cause of pigmentation disor-
ders is inflammation, which leads to
increased melanin synthesis. Post-inflamma-
tory hyperpigmentation is a melanogenesis
disorder that may result from a heteroge-
neous group of conditions, including acne,
eczematous dermatitis, contact dermatitis,
psoriasis, lichen planus, and burns. The group
of disorders classified under hyperpigmenta-
tion also includes photodamage caused by
sun exposure [13]. Inflammatory mediators
play a central role in the pathogenesis of post-
inflammatory hyperpigmentation by increas-
ing melanocyte activity. Studies have shown
that prostaglandins E2 and D2, leukotrienes
LT-C4 and LT-D4, thromboxane B2, inter-
leukins IL-1 and IL-6, epidermal growth fac-
tor (EGF), nitric oxide, tumor necrosis factor
(TNF), and other cytokines may enhance
melanocyte stimulation [14]. Inflammation
also damages basal cells of the dermis, result-
ing 1in excessive melanin synthesis.
Macrophages phagocytize the released pig-
ment, forming melanophages located in the
upper dermis, which manifest as bluish-gray
patches at the site of damage that may persist
for years [15].

Treatments for hyperpigmentation

The wvast majority of skin-lightening
agents aim to correct melanocyte function
and the melanin synthesis process.
Specifically, tyrosinase inhibitors prevent
hyperpigmentation by suppressing the over-
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parypi onucasi JaHi, sKi CBII4arh, 110 BUKOPHU-
CTaHHS OCBITJIIOBAYiB IIKIPH MOXKE IPU3BOTUTH
JI0 YHCICHHHUX JICPMATOJIOTIYHUX IOOIYHUX
e(deKTiB, TaKUX SIK: KOHTAaKTHHH JIEPMATHT,
€K30T€HHU OXPOHO3, aTpodis Ta TUCITIIrMEHTa-
s mkipu [3].

HaliTunoBimmm npencTaBHUKOM 1HT10ITOPIB
TUPO3HUHA3U, KU IIHUPOKO BUKOPHUCTOBYETHCS
JUIS ACTirMeHTamii abo OCBITICHHS WIKIPH, €
TJIPOXIHOH. Y KIIIHIYHIN HpakTHIl TiIpOXIHOH
NPU3HAYAIOTh Il JIIKYBaHHS TUISHOK JAMCXPO-
Mii, SIKI CHPUYMHEHI HACTYHUMHU CTaHaMU:
MeJa3Ma, XJ10a3Ma, COHSIYHE JIEHTUTO Ta MOCT3a-
najbHa TiMepHirMenTaiis. Brims riapoxiHoHy
Ha TIATOTCHEeTUYHI MEXaHI3MH TiNepIirMeHTarii
3yMOBJICHHI MPUTHIYEHHAM HEepeTBOPEHHS L-
3,4-nurigpokcudeninananiny (L-JO®DA) na
MEJIaHIH IIJITXOM 1HT10yBaHHS cpepMeHTy THPO-
suHasH. CTPyKTypHa TMOMIOHICTE IiIPOXiHOHY
JI0 TIOTIEPETHUKIB MEJIaHIHY J103BOJIsIE OJIOKYBa-
TH TIPOIIEC MEPETBOPEHHSI aMIHOKUCIOTH THPO-
3uHy Ha MenaHiH [17]. BapTo BIJ[3HAYMTH, 1o
IHTiOyBaHHS yTBOPCHHS IIITMCHTY 3aJICHKHTh Bill
MPUCYTHOCTI Ta aKTHBHOCTI THPO3HHA3H, & HO
BiJl BMICTY MEJIaHIHy B KJIiTHHI. TakuM 4HHOM,
FiﬂpOXiHOH HE € JOCTaTHLO e(beKTHBHHM JUIS
3MIHH KOJIbOPY HIrMEHTY, SIKHii BXKC CHHTE30Ba-
HUi B ermizepMici un aepmi. Moro BukopucTaH-
HS MOXKHa OOTPYHTYBaTH JIMIIE 3 METOIO YIO-
BUIbHEHHS a00 MPUMUHEHHS CUHTE3Yy MEJaHIHY
B MaiiOyTHhOMY [18].

02110 6e3neunocmi 2iOpOXiHOHY

['iapoxiHOH MoOXXe OyTH TOKCHYHUM JJIS
JIONWHYU, CIIPUYMHSIOYN YTBOPEHHS aKTUBHUX
GbOpM KHCHIO, PO3BHUTOK OKCHJIIOBAJIbLHOTO
CTpecy 1, SIK HACIIJIOK, TiBUILIECHHS MOTEHIIia-
ny nomkomkenus JJHK. I'iapoxinoH — ocHOB-
HUW MeTabomT OCH30J1y, IO € IernaToTOKCHY-
HOIO Ta KaHIIEPOTEHHOIO CHOJyKoro. HaykoBi
JOCJTIKSHHSI CB1/T4aTh, IO BIH MOXE CIIPUSATH
pPOCTY TyXJWHHUX KJIITHH Ta MPUTHIYYBaTH
IMyHHY BimoBizp [19].

3 2006 p. 3acobu, sIKi MICTATH T1IPOXIHOH Y
koHIMeHTpamii moHany 1 %, Oynmu 3a60poHEHI B
€BpornerickkoMy Cor031, OCKITIBKU JTOCIIKSHHS
Ha TBAPUHHUX MOJIEIISAX MTOKAa3aJIH, 110 JaHi KOM-
MOHCHTH JIJIs1 BIOUTIOBAHHS IIKIPH € KaHIEPO-
TeHHUMU Ta MIcTATh caiau pryTi [18]. Toro x
POKy YNIpaBITiHHS 3 CAHITAPHOTO HAITISLY 3a SIKi-
CTI0 XapyoBHX MPOIYKTIB 1 MEIUKAaMCHTIB
CIOA (Food and Drug Administration, FDA)
3aIpOITOHYBAI0 3a00POHUTH Oe3perenTypHuit
BIJIITYCK T1APOXIHOHY Ta PEKOMEHIyBaJIo J10/1aT-
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production of proteins involved in melano-
genesis [16]. However, literature also reports
that the use of skin lighteners may lead to
numerous dermatological side effects, includ-
ing contact dermatitis, exogenous ochronosis,
skin atrophy and dyspigmentation [3].

The most common tyrosinase inhibitor
used for skin depigmentation or lightening is
hydroquinone. In clinical practice, hydro-
quinone is prescribed for treating areas of
dyschromia caused by conditions such as
melasma, chloasma, solar lentigo, and post-
inflammatory hyperpigmentation. The effect
of hydroquinone on the pathogenic mecha-
nisms of hyperpigmentation is due to its
inhibition of the conversion of L-3,4-dihy-
droxyphenylalanine (L-DOPA) into melanin
by suppressing the activity of the tyrosinase
enzyme. The structural similarity of hydro-
quinone to melanin precursors allows it to
block the conversion of the amino acid tyro-
sine into melanin [17]. It is important to note
that pigment formation inhibition depends
on the presence and activity of tyrosinase,
rather than the melanin content already pres-
ent in the cell. Therefore, hydroquinone is
not effective in altering the color of pigment
that has already been synthesized in the epi-
dermis or dermis. Its use is justifiable prima-
rily to slow down or halt future melanin pro-
duction [18].

Safety review of hydroquinone

Hydroquinone may be toxic to humans, as
it can lead to the formation of reactive oxy-
gen species, trigger oxidative stress, and
consequently increase the potential for DNA
damage. Hydroquinone is a primary metabo-
lite of benzene, a known hepatotoxic and
carcinogenic compound. Scientific studies
indicate that hydroquinone may promote
tumor cell growth and suppress immune
responses [19].

Since 2006, products containing more
than 1 % hydroquinone have been banned in
the European Union due to evidence from
animal studies showing that these skin-light-
ening components can be carcinogenic and
may contain traces of mercury [18]. That
same year, the U.S. Food and Drug
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KOBO BUBUMTH IIei mpemapar HarioHanabHOIO
TOKCHUKOJOriyHOI  mporpamoro  (National
Toxicology Program, NTP) [20]. OcHoBHe 3aHe-
nokoeHHs FDA monsrano B Tomy, 10 TiApoxi-
HOH MOXX€ BUKJIMKATH OHKOJIOTIYHY MAaTOJIOTIIO
ta mopymeHHs mirmeHrauii [21]. Onniero 3
TOJIOBHUX MpOOJIeM, TOB’SI3aHUX 13 MICIICBUM
3aCTOCYBAHHSM IpPENapariB riIpoxiHOHY, Oyro
BU3HAYEHO came JemnirMenTanio. OkpiM Toro,
FDA 3asBuio, 1mo He MOKHa BUKJTIOYUTH T1ApPO-
XIHOH 3 nepeniKy MOTEHIIHHUX KaHueporeHiB
Ileit BHCHOBOK OyB 3pO0CHMI HAa OCHOBI JIBO-
PIYHOTO OCTIIKEHHS TepOPaTbHOTO BBEIACHHS
IpernapariB rAPOXIHOHY B €KCIIEPUMEHTAIbHUX
Mozensix Ha TBapuHax [22]. 27 6epesns 2020 p.
BianoBinHO 10 3akony CIIA «IIpo momomory,
peabimiTariro Ta EKOHOMIYHY O€3TeKy, OB’ s3a-
Hy 3 koponaBipycom» (CARES), peamnizamis
Oynb-KHX 3ac00iB, SIKi MICTATH T1IPOXiHOH, 0€3
JKapChKOTO MPU3HAYEHHS € He3aKoHHOM [18].
V¥ 2022 p. FDA po3znouasno po0OoTy 1mo/10 nore-
PEIKeHHS BIIMYCKY Oe3pelenTypHuxX mpemnapa-
TiB JUIsl OCBITJICHHS IIKIPH HA OCHOBI T'IPOXIHO-
HY, TOSICHIOIOUM II€ THM, IO Taki 3acCO0M HE €
Oesneunumu Ta eexruBHuMH. FDA otpumaio
MOB1IOMJIEHHS PO PO3BUTOK MOOIYHUX €(DEKTIB
BHACIIJIOK 3aCTOCYBaHHS T1IPOXIHOHY, BKIIIO-
YJaloud €JIEMEHTH BHUCHUITY Ta OXPOHO3 (3MiHA
KOJIbOPY HIKipH) [23].

[Iomo KOHTPOJIEO BHUKOPUCTAHHS XIMIYHHX
CIIONYK y 3aco0ax Mo JOMISAY 3a ILIKIPOK B
Vkpaini, 3 cepnus 2024 p. HaOyB YMHHOCTI
TexHIYHUI permaMeHT Ipo KOCMETUYHY POTyK-
uito (mam — PermameHr), 3aTBep/pKeHU mocTa-
HoBoto KabGinery MinictpiB Ykpainu Ne 65 Bifg
20 ciuns 2021 p. [24]. Lle HopmaTuBHO-TIPABO-
BUIl JOKyMEHT, BUMOTH SIKOTO € 000B’I3KOBUMHU
JI0 BUKOHAHHS yCiMa yYaCHUKaMH PUHKY. 3T1IHO
3 . 19 PermameHnty, BiIOUTIOBaHHS IIKIPU PO3-
IISIAETRCS SIK KOCMETHYHA MeTa. llopymneHts
MTMEHTAaIlli, Taki K MeJa3Ma, XJi0a3Ma 1 JICHTH-
r0, BB@XKAIOTHCA TMATOJOTITYHUMU MEIUIYHUMHU
CTaHaMH{, TOMY Hpenapard, MNpU3HAYeHI s
iXHBOTO JIIKyBaHHS, PEIIAMEHTYIOTHCSI 3aKOHOM
Vikpainu «IIpo mikapceki 3aco0u». PedoBuHmM
JUIs BIAOUTIOBAaHHS MIKIPW, TakKi SK TiIPOXIHOH,
CTIOJIYKH PTYTI Ta TIIFOKOKOPTHKOIN € 3a00pOHe-
HUMH TSI BAKOPUCTAHHS B KOCMETUYHHUX 3aCO-
0ax (TiIpOXiHOH JT03BOJICHHM JJ1s1 BAKOPHUCTAHHS
JWIe B CUCTeMax JUIA IITYYHUX HIITIB y KOH-
nentpamii 0,02 %). BomHowac, HOpMaTHBHMIA
JOKYMEHT Tiepe0ayae nepexiqHui nepiof] mpo-
TATOM 2-X POKIB MI0I0 peam3amii mii
Pernmamenty. ToMy momepenHs0 3alIaHOBAHO,
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Administration (FDA) proposed banning
over-the-counter hydroquinone products and
recommended that the compound undergo
further evaluation by the National
Toxicology Program (NTP) [20]. The FDA's
primary concern was that hydroquinone
might cause cancer and pigmentation disor-
ders [21]. One of the key issues identified
with topical hydroquinone use is depigmen-
tation itself. Additionally, the FDA noted that
hydroquinone could not be excluded from
the list of potential carcinogens — a conclu-
sion based on a two-year animal study
involving oral administration of hydro-
quinone-containing products [22]. On March
27, 2020, under the U.S. Coronavirus Aid,
Relief, and Economic Security (CARES)
Act, the sale of any hydroquinone-containing
products without a prescription became ille-
gal [18]. In 2022, the FDA began taking
action to prevent the sale of over-the-counter
hydroquinone-based skin-lightening prod-
ucts, stating that these agents are neither safe
nor effective. The agency received reports of
adverse effects, including rashes and
ochronosis (a blue-black skin discoloration)
caused by hydroquinone use [23].

In Ukraine, chemical compound use in
skincare 1s regulated by the Technical
Regulation on Cosmetic Products (here-
inafter referred to as the Regulation), which
came into effect on August 3, 2024, following
Cabinet of Ministers Resolution No. 65 of
January 20, 2021 [24]. This legal framework
mandates compliance for all market partici-
pants. According to paragraph 19 of the
Regulation, skin lightening is considered a
cosmetic purpose. However, pigmentation
disorders such as melasma, chloasma, and
lentigo are classified as pathological medical
conditions; thus, products intended for their
treatment fall under the scope of the Law of
Ukraine "On  Medicinal  Products."
Substances like hydroquinone, mercury com-
pounds, and glucocorticoids are prohibited
for use in cosmetics (hydroquinone is
allowed only in artificial nail systems at a
concentration of 0.02 %). At the same time,
the regulatory document provides for a two-
year transitional period for the implementa-
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0 KOCMETHYHA MPOIYKIis, sfKa BiANOBiTa€
MDKHAPOJAHUM BHMOTaM 1 3a3HAYEHOMY peryia-
MEHTY, Oyzie pO3MIIyBaTHCS Ha PUHKY JIMIIE 3
03 cepmas 2026 p. Sk HACTIAOK, MPOAYKTH IS
OCBITJICHHS IIKIpM HAa OCHOBI TIIPOXiHOHY [0
[[HOTO Yacy peati3yloTbCs Y BUIBHOMY BiJIITYCKY
B VYKpaiHi, XO4a MalOThb pO3MIANATUCH SIK
JKapchKi 3acoom [25].

Takuii cTaH pedeit He MOXKe HE BIIOUTHCS HA
YKpaTHChKOMY PHHKY KOCMETUYHHX MPOIYKTIB.
3rigHo 3 iH(QOpMAaIIi€r 3 BIAKPUTHX JKEPET, B
VYkpaini qocTymHi s peanmizaiii 3aco0u Juist
B1IOLTIOBaHHS IIKIpU HAa OCHOBI T1IPOXIHOHY.
3okpema, cupoBarka st ocBiTiieHHs «C-clari-
fying serum-normal to dry» MicTUTB y CBOEMY
ckianai 4 % TiIpoXiHOHY, 3 TAKUM e J03yBaH-
HSIM T1IpOXiHOHY mpezacTaBieHuid kpem «C-the-
rapy night creamy, Ipu3HauYEHUI 11 OCBITICH-
HSl TEMHHX IUISIM LIKipu o6nnyus. He3pakaroun
Ha Te, 110 B onuci ToBapy «Clear RX» Bkazano,
10 TPOAYKT MICTUTH 4 % perenTypHoro Tiipo-
XIHOHY, KpeM JOCTYIHHUH JIs 3aMOBIICHHS Ha
MapkeTIuielicax 0e3 Oynb-sKHX OOMEKCHb.
Omnuc npoaykry «C-clarifying serum -normal to
oil» MICTUTh TPUMITKY WIOJO0 HEOOX1THOCTI
BUKOPUCTAHHS 3aco0y IMICJs 3BEpPHEHHS [0
JKapsi, OCKUTBKH JAIF0U0I0 PEYOBUHOIO CHPOBAT-
KM BHUCTynae rigpoxiHoH 4 %, ame ciifg
3a3HAYUTH, 110 JaHUH (PakT He oOMexye Horo
3aMOBJICHHS Ta BHUKOpPUCTaHHsA. BigmomigHa
CHUTYyalllsl CIIOCTEPITraeThCsl TAKOXK MPU peasiza-
11ii OCBITJIIOBJIBHOTO HIYHOTO 3BOJIOXKYHOUOTO
kpemy «Blender RX», sxuii 3a6e3neuye ocCBiT-
JICHHA 3a paXyHOK T'i/IpOXIHOHY B KOHILIEHTpaLii
4 % [26]. Takox I KOPEKIIil rineprirMenTa-
ii TPOMOHYETHCA BUKOPHUCTAHHSA KpeMy
«Pigment Control Creme» Ha OCHOBI TiJIpOXi-
HOHY 4 %, KM NIPEICTAaBICHUN Ha OHJIAIH-
pecypcax 0e3 HEOOXITHOCTI MiITBEPKESHHS
JKapChKOTO MPU3HAYEHHS /ISl 3aCTOCYBaHHS, a
koMOiHOBaHui 3aci6 «Pigment Control +
Blending Creme» MiCTUTB OIHKC 11010 MOXKITHU-
BOCTI KOPEKIIi po3naiB TinepnirMeHTanii npu
TOMY, 110 B TEpEeIiKy OCHOBHHUX IHIPEIIEHTIB
KpEeMy BHCTYyIa€ FiI[pOXiHOH 4 % [27].
I'mnboko npoHuKaounii GIroin 1t TiKyBaHHS
rlnepnlrMeHTauu Ha OCHOBI rlz[pOXlHOHy 2%
npeAcTaBiIeHHid Ha OiliHOMY CalfTi peceie-
piB kocMeTnuHuX 3aco0iB 13 CIIA Ta BuIBHO
peanidyerbcs B YKpaiHi, OnHaK 1H(OpMaIio
PO MOXKJIMBI TOOIYHI €PEeKTH MperCTaBHUKU
KoMIiaHii He HamatoTh [28]. Ha BiTUM3HSIHOMY
PUHKY TIPECTABJICHI TaKi MPOAYKTH Mpodeciii-
HOI nmormsinoBoi kocMmeTuku sk «True Tone
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tion of the Regulation. Therefore, it is prelim-
inarily planned that cosmetic products com-
pliant with international standards and the
mentioned Regulation will enter the market
only after August 3, 2026. As a result, cur-
rently, hydroquinone-based skin-lightening
products remain freely available in Ukraine,
even though they should legally be consid-
ered medicinal products [25].

Such a situation inevitably impacts the
Ukrainian cosmetics market. According to
publicly available sources, skin-lightening
products containing hydroquinone are cur-
rently available for sale in Ukraine.
Specifically, the lightening ‘C-Clarifying
Serum — Normal to Dry’ contains 4 % hydro-
quinone, the same is concentration found in
the ‘C-Therapy Night Cream’, which is
intended for lightening dark spots on the
facial skin. Despite the fact that the product
description for Clear RX specifies it contains
4 % prescription-strength hydroquinone, the
cream can be ordered freely through online
marketplaces without any restrictions. The
‘C-Clarifying Serum — Normal to Oily’
includes a note recommending its use only
after consulting a physician, as it contains 4
% hydroquinone as the active ingredient;
however, this disclaimer does not restrict its
availability or usage. A similar situation is
observed with the ‘Blender RX’ lightening
night moisturizer, which achieves its skin-
lightening effect through a 4 % hydroquinone
concentration [26]. Additionally, the
‘Pigment Control Créme’, also based on 4 %
hydroquinone, is offered on online platforms
without any requirement to present a pre-
scription. The combined formula ‘Pigment
Control + Blending Creme’ is marketed for
correcting hyperpigmentation disorders and
explicitly lists 4 % hydroquinone among its
main ingredients [27]. A deep-penetrating
fluid for treating hyperpigmentation, contain-
ing 2 % hydroquinone, is featured on official
websites of U.S.-based cosmetic resellers and
is freely sold in Ukraine. However, the com-
panies do not provide any information about
possible side effects [28]. The domestic mar-
ket also offers professional skincare products
such as ‘True Tone Forte’ and ‘True Tone’,
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Forte» ta «True Toney», sKi € MIUPOKOJOCTYTI-
HUMHM JJI8 BCIX Kareropid mnokymnuiB 0e3
HEOOX1THOCTI TpeJ SBJICHHS PEKOMEH Al
JKaps-1epMarosiora, MpoTe MICTATh y CKIaal B
SIKOCTI OCHOBHOI J1F0901 PEYOBHHH Ti1APOXIHOH
[29]. Crig 3BepHyTH yBary, mo B CIIIA 3aco0u
JAHOTO THUIy pEali3yloThCs BHUKIIOYHO 3a
penienTom, B €BpoIll CyBOpo 3a00pOHEHI, TOAL
K B YKpaiHi iX MoxkHa npuzadatu 6e3 oOme-
JKEHb, 30KpemMa 4yepe3 oQiLiiHI cailTH, MapKeT-
IJICHCH Ta peceuiepiB KOCMETUYHUX KOMITaHIH.

Ilo6iuni echekmu euxkopucmanns

2I0pOXiHOHYy

[To61uH1 edekTH, KI BUHUKAIOTh BHACIIIOK
BUKOPUCTAHHS 3aC00iB Ha OCHOBI TiJIPOXiHOHY
BKJIFOYAIOTh: TOJPA3HEHHS, aJepriYHHA KOH-
TaKTHHUW JIEPMATHUT, EPUTEMY, 3alaibHI TpOIe-
CH IIKipH, KcepoaepMmMy Ta oxpoHo3. Kpim
noOiyHOi J1i, IpU MICLIEBOMY 3acTOCYBaHHI,
T1IPOXIHOH TPOSBIIS€ HETaTUBHUU CHUCTEMHUI
BIUTUB: O1u3bKo 35-45 % MicIieBOi 103U pedo-
BUHA BCMOKTYETHCS B CHUCTEMHHH KpPOBOTIK.
JlocnikeHHsT TaKoXK IMOKa3yloTh, 10 TiIpoXi-
HOH MOYKE XMOHO ITiIBHIILyBaTH PiBEHD TITFOKO3H
KpOBI IPU BUMIPIOBaHHI MMOKa3HUKIB 3a JIOMO-
Moroto mimokomerpa [30]. Ha croromni He €
HiI[TBepI[)KeHOIO 0e3MeYHICTh BUKOPUCTAHH
3ac001B, sIKi MICTSTh I1POXIHOH, I Yac IPys-
HOTO BHrONOByBaHH:. Tomy KIHKaM 'y nep1o;1
JaKTamii BapTO YHHMKATH 3aCTOCYBaHHS NaHOI
pedoBuru [17]. ¥V KJIiHquOMy OCIIIKEHH]
npU  BUKOPHUCTAaHHI TiJPOXIHOHY NPOTSroM 8
THXHIB y 57 % Talli€eHTiB criocTepiraBcs Npu-
HAaMHI ONWH TMOOIYHWHA e(eKT, BKIIOYA0YN
NeYiHHS IIKIpH, JyIIeHHs, epuTteMy abo
CyXicThb, y 2 % Tali€HTiB — PO3BUTOK TeJIeaH-
rioekrasii [31].

Ex3orennuii 0XpoHO3 € MOTEHIIHHUM MO014-
HUM €(eKTOM, TOB’SI3aHHM 13 TiIPOXIHOHOM.
JlaHl cHUCTEMaTHYHOTO OIISIAY TMiATBEPANIIH,
1110 HaBiTh y HEBEJIMKIiI KOHILIEHTpALlii, 3aCTOCY-
BaHHS T1IPOXIHOHY MPHU3BOIAUTH 10 PO3BUTKY
ycknagHenb. [lig yac anamizy 56 crareit, siki
oxonwiu 126 namieHTiB 13 OXpOHO30M, IOB’sI3a-
HUM 13 3aCTOCYBaHHSIM T1pOXiHOHY, OyJI0 BCTa-
HOBJICHO, III0 OXPOHO3 HalYacTiIIe 3yCTpiyaBcs
Y KIHOK CEPeIHBOTO BiKy Ta MPOSBIABCSA Ha
o0muYYi y BHUIISAL CHHBO- YOPHHX abo cipo-
OIaKUTHUX  TWIAM  ciTyacTtoi  (OpMHU.
['icTomaronoriune iHCTPYMEHTAJIbHE J1OCTiN-
JKEHHSI TAIIEHTIB 13 T1APOXIHOHIHAYKOBAaHUM
OXpPOHO30M TPOJAEMOHCTPYBAJIO PO3BUTOK €Ja-
CTO3y TKaHUH Ta HAsBHICTh KOPUYHEBO-KOBTUX
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which are widely available to all consumer
categories without requiring a dermatologist's
recommendation, despite hydroquinone
being their main active ingredient [29]. It is
important to note that in the United States,
such products are prescription-only, and in
Europe, they are strictly prohibited, whereas
in Ukraine, they can be freely purchased —
including via official websites, marketplaces,
and cosmetic brand resellers.

Side effects

of hydroquinone use

The use of hydroquinone-based products
can result in a range of side effects, includ-
ing skin irritation, allergic contact dermati-
tis, erythema, inflammation of skin, xero-
derma, and ochronosis. In addition to local
adverse effects, hydroquinone also exhibits
systemic toxicity when applied topically —
approximately 35-45 % of the applied dose
can be absorbed into the bloodstream.
Studies also indicate that hydroquinone may
falsely elevate blood glucose readings when
measured with a glucometer [30]. To date,
the safety of hydroquinone use during
breastfeeding has not been confirmed, and
therefore, it 1s recommended that lactating
women avoid using hydroquinone-contain-
ing products [17]. In a clinical study involv-
ing 8 weeks of hydroquinone application,
5 % of patients experienced at least one side
effect, such as burning, peeling, erythema,
or dryness of the skin; 2 % of patients devel-
oped telangiectasia [31].

Exogenous ochronosis is a known potential
adverse effect of hydroquinone. A systematic
review confirmed that complications can
occur even at low concentrations of hydro-
quinone. In an analysis of 56 studies involv-
ing 126 patients with hydroquinone-associat-
ed ochronosis, the condition was found to
occur most frequently in middle-aged women,
typically presenting on the face as blue-black
or grayish-blue reticulated patches.
Histopathological examination of patients
with  hydroquinone-induced ochronosis
revealed tissue elastosis and the presence of
brownish-yellow fibers interspersed among
degenerated collagen structures in the papil-
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BOJIOKOH MK JI€r€HEpPOBaHUMHU KOJIAreéHOBUMH
CTPYKTypaMu ManuisipHoi gepmu. [ pyHTy04HCH
Ha IMX PE3y/ibTaTax, aBTOPH 3a3HAYMIM, IO
TiIPOXIHOH y KOHIEHTpAILisAX Bume 4 % i mpu
meBaHHl JOBIIE 3-XMICALIB MOXKE OyTH
OB’ sI3aHUH 13 PO3BUTKOM OXpPOHO3Y [32].

VY 2024 p. 6yB onucaHuil KIIHIYHUI BUIIA-
nok audy3HOi neﬁKOﬂepMH o0mMuyYs 1icid
JIOKaJIbHOTO 3aCTOCYBAHH rigpoxinony [33]. ¥
48- pqu01 KIHKH cnoc:Teplranac;I 6e3cUMIITOM-
Ha JIeMirMEeHTAIlisl IIKIpH HAaBKOJIO OueH, poTo-
BO1 MOPOXKHUHU Ta MK, KA TPUBAJa IPOTATOM
KUTbKOX pokiB. [lonepenHe nikyBaHHs BKIIIOYa-
JI0 MICII€BE 3aCTOCYBaHHs Iperapary Ha OCHOBI1
rigpoxiHoHy B KoHmeHtpamii 2 %. Ilig gac
oOcTexeHHs: OyJl0 BHSIBICHO KiTbKa TIiIOIMIr-
MEHTOBAaHMX Ta JACMIITMEHTOBaHUX IUJIIM Ha
moKax, Mmaoopiami, IIKIpHUX MOKPHBAX

BEPXHbOI I'yOu Ta mui (puc. 1).

PesynbpraTi maToricToNOrigHOTO JTOCIIKEeH-
HS TUJITHKY JICTIITMEHTOBAHOTO (PparMeHTy Iiui
HIATBEPAUIN TIOBEPXHEBUHN IEPUBACKYISPHUI
JEPMaTHT 13 IepMaIbHUMU MeJaHodaramu, 1o
HaAWOLIbIE BIAMOBIAAE MOCT3ATABLHIA HIrMEH-
Tamii BHACIIIOK PO3BHUTKY neﬁxonepMH
IamienTka posmnouana Tepartito KOPTHKOCTEPOi-
JlaMH, THCIIs SIKOT BIIA3HAYM/IA MTOCTYIIOBE 3HUK-
HEHHS JICTIIIMEHTAIll MPOTIroM KUTBKOX Mics-
uiB. Jleiikogepmist € mependavyBaHUM pe3yJibTa-
TOM J1i MOHOOEH3WIIOBOTO e(ipy TiIpOXIHOHY.
BaxxnuBo mam’sitati mpo 1e pinKicHUM, aje
3apeecTpoBaHUi MOOIYHHIA €(EeKT TiApOXiHOHY,
BpPaxOBYIOUH, 110 HAaBiTh HU3bKi KOHIICHTpAIii
3ac00y MOXYTh BUKIJIMKATH neﬁKo,uepMi}o [33].
Taxox 6yJ10 3apEECTPOBAHO 5 BUITAJIKIB rimep-
MrMEHTALT HIITiB [ICIIsl BAKOPUCTaHHsI 3ac001B
JUTSL IETITMEHTAIT MIKIPH, K1 MICTATh TiIPOXi-
HOH. Pe3ynbpraTté naHoro 3BITY JAEMOHCTPYIOThH
no0iuHi e(EeKTH IHUPOKO BUKOPHUCTOBYBAHUX
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lary dermis. Based on these findings, the
authors concluded that hydroquinone concen-
trations above 4 % and treatment durations
longer than 3 months are associated with a
greater risk of ochronosis [32].

In 2024, a clinical case of diffuse facial
leukoderma was reported following topical
application of 2 % hydroquinone [33]. A 48-
year-old woman developed asymptomatic
depigmentation around the eyes, mouth, and
cheeks that persisted for several years. Her
previous treatment included the topical appli-
cation of a hydroquinone-based preparation
at a concentration of 2 %. Upon examination,
multiple hypopigmented and depigmented
patches were found on the cheeks, chin,
upper lip, and neck (see Fig. 1).

Puc. 1. 'inonirMeHTaris oonmyys
(6xazano cmpinkoio)

Fig. 1. Facial hypopigmentation
(indicated by arrow)

Histopathological analysis of a depig-
mented neck fragment confirmed superficial
perivascular  dermatitis with  dermal
melanophages, consistent with post-inflam-
matory pigmentation changes due to leuko-
derma. The patient began corticosteroid ther-
apy, after which a gradual disappearance of
depigmentation was noted over the course of
several months. Leukoderma is a predictable
adverse effect of monobenzyl ether of hydro-
quinone, and this case highlights that even
low concentrations of hydroquinone may
cause this rare but documented side effect
[33]. Additionally, five cases of nail hyper-
pigmentation have been reported following
the use of skin-depigmenting products con-
taining hydroquinone. These findings illus-
trate the range of adverse effects associated
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KOMITOHEHTIB ISl KOPEKIIil MPOIIeCiB MeJIaHoTe-
He3dy [34]. IlamieHtam, sKi BUKOPUCTOBYIOTb
npenapary Jis BIIOUTIOBaHHS IIKIpH, HEOOX1I-
HO JIOHOCUTH 1H(OpMAIIO HI0J0 MOMIIMBHUX
noOIYHNX €(EeKTIB HaAMIPHOTO ab0 TPUBAJIOTO
BUKOPHUCTaHHS IMX 3ac00iB, OCOOIMBO Hepe-
T'YJIbOBaHMX Ha 3aKOHONIABYOMY piBHi [3].

Anemepuamueni 3acoou

0na NIKYy6aHHsA 2inepnicmenmauii

[TpoGnema Ge3reuHOCT] 3aCTOCYBaHHA XIMiU-
HUX KOMIIOHEHTIB I OCBITJICHHS IIKIpH
OCTaHHIM YacOM 3yMOBIIIO€ TIONIYK aJIbTepHa-
TUBHUX MoOJeKya. HemonaBHi TocCiimKeHHs
1010 BHUBYEHHSI MOXJIMBOCTEH €(QEeKTUBHOTO
OCBITJICHHSI IIKIPY BUSBUJIM HOBI MEXaHI3MHU Ta
METOAM BIUJIMBY Ha MENAHOLUUTH. 30Kpema,
MOX1/THI aCKOpOIHOBOI KUCIIOTH Oynu po3podiie-
Hi SIK TIepIIi IHTPEII€HTH ISl OCBITICHHS IIKIpU
nonan 40 pokiB ToMy. ACKOpOiHOBa KHCIIOTa
(BiTamin C) BUKOPUCTOBYETHCS JUIsl JIIKYyBaHHS
rineprirMeHTanii (Mena3mu ta menanosy Piss),
y TOMY YHCJIi, CHPHYNHEHOT COHSYHUMU OITiKa-
MH. ACKOp6iHOBa KHUCJIOTA BOJ'IOI[iG AHTUOKCH-
JIAHTHOIO Ta OCBITIIOBAIBHOIO JII€IO0, MPHUTHIYYE
MOJTIMEPH3ALIiI0 TPOMIKHUX npoz[yKTlB MenaHi-
Hy Ta 3aro0irae yTBOPEHHIO CTIMKOI IMIrMeHTa-
mii. /1o KOMIIOHEHTIB, SIKI ONMKCaHl B HAYKOBUX
myOJTiKamisgx 1 peKOMEH0BaH1 i 3aCTOCYBaH-
HS TIPH JIIKyBaHHSI TIEPIIrMeHTaii mKipy Bif-
HOCSTh: HiaIMHAMI I, TOX1H1 aCKOPOIHOBOI KHC-
J0TH Ta azenaiHoBy kucioty [35]. Cepen ycix
MOXIJTHUX aCKOPOIHOBOI KHUCJIOTH HacaMIiepes
BapTO BII3HAYUTH TETPATEKCHIIICIMI acKopOaT
(Tetrahexyldecyl Ascorbate, THDA), mo e
’KHPOPO3YHHHOIO (popmoto BiTamiHy C, siKa Mae
CYTTEBI TiepeBaru nepes BOJTHUMHU q)opMynaMH
ackopOinoBoi kucioru. Ilo-mepme, THDA €
cTaOLIbHOIO PEYOBHHOIO HaBiTh 1pH pH < 5, 1o
JI03BOJIsIE KOMOIHYBATH ii 3 IHIIUMH KOCMETHY-
HUMHU KOMIIOHEHTaMH, skl MaroTh kucie pH
cepenoBume. Ilo-npyre, ockimbku THDA €
KUPOPOZUMHHUM KOMIIOHEHTOM, HOTO 31aTHICTh
MPOHHKATH B WIKIPy € HAGAraTo Buioro. Jlani
KIIHIYHAX JOCIIPKEHb 3acBigumian, mo THDA
yTpUYl MEPEBUIILYE POHUKHEHHS YHCTOTO BiTa-
Miny C y Ti# K€ KOHIICHTpAIlii, Ta B JCCATKH
pa3iB — BOJOPO3YMHHHUX MOJIEKyN BiTamiHy C
IO/I0 PO3MOALTY B TIHMOOKMX MIapax. Bimowmi
TaKoX JaHl JOCHIUKEHD In Vitro, sIK1 CB1g4arh,
mo THDA Mae B1acTUBOCTI HEpeTBOPIOBATUCS
0e3rocepelHbO Ha AacCKOPOIHOBY KHCJIOTY B
mikipi. [To-tpete, THDA 3a0e3nedye aHTHOKCH-
JAHTHUHA 3aXUCT SIK BiJ] CEPEAHbOXBHIHLOBOTO
yasrpadionetoBoro BumnpomiHtoBanHs (UVB),
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with widely used ingredients for correcting
melanogenesis processes [34]. It is crucial
that patients using skin-lightening products
are informed about the risks of prolonged or
excessive use, especially when such products
are not regulated by law [3].

Alternative treatments

for hyperpigmentation

The growing concern over the safety of
chemical agents used for skin lightening has
recently prompted the search for alternative
molecules. Recent studies exploring effec-
tive skin lightening strategies have discov-
ered new mechanisms and approaches target-
ing melanocytes. Notably, derivatives of
ascorbic acid were developed over 40 years
ago as the first ingredients used for skin
lightening. Ascorbic acid (vitamin C) is uti-
lized for the treatment of hyperpigmentation
(melasma and Riehl’s melanosis), including
that caused by sunburn. It possesses antioxi-
dant and lightening effects by inhibiting the
polymerization of melanin intermediates and
preventing the formation of persistent pig-
mentation. Among the components described
in scientific publications and recommended
for the treatment of skin hyperpigmentation
are niacinamide, ascorbic acid derivatives,
and azelaic acid [35]. Among all ascorbic
acid derivatives, tetrahexyldecyl ascorbate
(THDA) deserves special attention. This
lipid-soluble form of vitamin C offers signif-
icant advantages over water-based formula-
tions. Firstly, THDA is stable even at pH <5,
allowing it to be combined with other cos-
metic ingredients that have an acidic pH
environment. Secondly, being lipid-soluble,
THDA has superior skin penetration.
Clinical data show that THDA achieves three
times the penetration of pure vitamin C at the
same concentration and outperforms water-
soluble vitamin C derivatives by an order of
magnitude in terms of distribution in deeper
skin layers. In vitro studies also confirm that
THDA can convert directly into ascorbic
acid within the skin. Thirdly, THDA offers
antioxidant protection against both UVB and
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TaK 1 BiJl JJOBr0O- XBHJILOBOTO YJbTPadioneToBo-
ro BunpoMi-HioBaHHS (UVA), 361nbmye CUHTE3
KoJIareHy (HaBITH OLTBIIT e(beKTHBHO HDK 9UCTa
ackopOiHOBa KHCIIOTAa) 1 BIUIMBA€ Ha €QeKT
OCBITJICHHS LIKIpH, 3MEHILIYIOYHM MEJaHOTeHe3
Outbmr HK Ha 80 % y KIITHUHHUX KyJIbTypax
MenaHoMu JioauHu [36-38]. YV psagy edpexTus-
HUX 3aCc001B TakoX Ciij 3rafatu apOyTHH, IO
Ma€ 3/IaTHICTh MPUTHIYYBATH aKTHBHICTH (ep-
MCHTY THPO3HHY, 3a100irae 103piBaHHIO MeJia-
HOCOM 1 BIUIMBa€ Ha MpOIEC MirMeHTamii. Y
PaHIOMHI30BaHOMY BIJIKPUTOMY JOCIIIKEHH1
OyJ70 BCTaHOBJIEHO, L0 MICILEBE 3aCTOCYBAHHS
apOyTHHY BHUSIBIIIOCS €(DEKTUBHUM Y 3MEHIIICH-
HI mmirMeHTarii B ocié 3 menasmoro [39].
PetnHoinM € 111e OAHUMH MICIIEBUMH 3ac00a-
MU JIJIS1 JTIKYBaHHS MTITMEHTHHUX PO3JIadiB, eek-
TUBHUX SIK y KOMOIHaIIii 3 IHIIUMU KOMIIOHEH-
TaMH, TaK 1 B IKOCTI MoHoTepamii. L1 CIIOIYKH
CTPYKTYpPHO 1 (byHKL[lOHaJIBHO no/i0H1 10 BiTa-
MiHy A Ta MOXYTb YCIIIIHO BUKOPHCTOBYBa-
THCh B OCBITJICHHI IIKipu. MeXaHi3M OCBITJICH-
HSl pealli3yeThCsl MUIIXOM MOMYJIALIT KITITHHHOL
npomnidepamnii Ta 3aBASKH aKTUBHUM MpPOTH3a-
MaJbHUM BJIIACTHUBOCTSIM peTiHoiniB [40, 41].
INppokcuninakonony perunoar (Hydroxy-
pinacolone Retinoate, HPR) € waiiHOBiIIMM
NpPEJCTaBHUKOM Yy cimeiicTBi petunoinis. Ilo-
wpenoro Ha3oro HPR e Granactive Retinoid.
Horo peanizytors y Bumisiai 10 % axTuBHOL
peuoBuHU Ta 90 % pO3UMHHMKA IIiJ] HA3BOIO
TUMETHIi30cop0ia. SIKIMO NPOAYKT MICTUTH
BKa3iBKy y ckiazi 2 % Granactive Retinoid, me
Bignosigae 0,2 % TiIPOKCUIIIHAKOIOHY PETH-
Hoaty Ta 1,8 % mumerniizocopOigy B CIIHUCKY
IHTpei€HTIB. 3a XIMIYHOKO (POpMyNIo — 1€
edip, sikuii 6e3mocepeHbO 3B’ SI3aHUM 3 PETH-
HO€BOIO KHCIIOTO0. Bapro BpaxyBaTH, 1O €/1-
HUM aKTHBHHM IHTPEIIEHTOM, SKHHA KIITHHU
IIKIPH MOXYThb O€3M0CEePEIHhO BKIIIOYATH B
MeTaboJi3M, € pETHHOEBa KHCJIOTA. [HIm
dbopMH pETHUHOIIIB MOBUHHI OyTH MEPETBOPEHI
010XIMIYHUMHM MEXaHI3MaMH, OJHAK II¢ HE CTO-
cyerbcsi HPR. Granactive Retinoid Ge3moce-
PEIHBO 3B’S3YETHCS 3 PETHHOITHUMHU PEIENTO-
paMM KIITHH HIKipU. 3TiIHO 3 JaHUMHU 1HCTPY-
MEHTAJIBHUX JOCITIKEeHb, 24 TOMUHHUNA OKIIIO-
3iitHu# mactup 3 0,5 % HPR nmpusBoguts 10
3HAYHO MEHILIOIO IMOJPA3HEHHS WIKIPH, HIK
0,5 % perunoiny [42-44]. Granactive Retinoid —
1[e KOHIICHTpOBaHa Oe3BogHa (opmyra, sKa
mictuth 10 % miHakominoBoro edipy TpaHc-
PETHHOEBOT KHCIIOTH 1 € OJHIEI0 3 HAHOUTIBII
OiogoctynHuX hopm Bitaminy A. [lana Gopmy-
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UVA radiation, enhances collagen synthesis
(more effectively than pure vitamin C), and
reduces melanogenesis by over 80% in cul-
tured human melanoma cells [36-38].
Another effective agent worth noting is
arbutin, which inhibits the activity of tyrosi-
nase enzyme, prevents melanosome matura-
tion, and regulates pigmentation. A random-
ized open-label trial found that topical appli-
cation of arbutin was effective in reducing
pigmentation in patients with melasma [39].

Retinoids are another class of topical
agents effective in treating pigmentation dis-
orders, both as monotherapy and in combina-
tion. These compounds are structurally and
functionally similar to vitamin A and have
proven skin-lightening efficacy. The mecha-
nism of action involves modulation of cellu-
lar proliferation and strong anti-inflammato-
ry properties [40, 41].

Hydroxypinacolone retinoate (HPR), com-
monly known as Granactive Retinoid, is the
latest addition to the retinoid family. It is typ-
ically formulated as 10 % active ingredient
and 90 % solvent (dimethyl isosorbide).
Thus, a product labeled as containing 2 %
Granactive Retinoid corresponds to 0.2 %
HPR and 1.8 % dimethyl isosorbide.
Chemically, HPR is an ester directly bonded
to retinoic acid. It is important to note that
retinoic acid is the only active ingredient that
skin cells can directly metabolize. Other
forms of retinoids must undergo biochemical
conversion to become active, however, this
does not apply to HPR. Granactive Retinoid
binds directly to the retinoid receptors in skin
cells, bypassing the need for metabolic trans-
formation. Instrumental studies have shown
that a 0.5 % HPR occlusive patch causes sig-
nificantly less skin irritation than 0.5 %
retinol after 24 hours [42—44]. Granactive
Retinoid is a concentrated anhydrous formula
that delivers 10 % of the pinacolyl ester of
trans-retinoic acid, making it one of the most
bioavailable forms of vitamin A. This formu-
lation has shown favorable results in reduc-
ing UV-induced skin damage, which is highly
relevant in the context of melanogenesis dis-
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Ja IEMOHCTPY€ TO3UTHBHI PE3yNbTaTH B 3MEH-
IIEHH1 HACTIKIB MOIIKO/KEHHS IIKIpU, BUKIIHU-
KaHOTO yIbTpadioiaeToM, IO aKTyaJbHO IpH
posnajzax MenaHOTeHesy [45 E(beKTHBHe Ta
Oe3meuyHe JIKyBaHHS TiMEpIIrMEHTAIlli € mep-
CIIEKTUBHOIO 00J1aCTIO JOCIIKEHb, sIKa MOCTIMH-
HO PO3BUBAETHCS 1 BHBUAE HOBI METOIM JIIKY-
BaHHS JUCXPOMil Ta MOMJIHMBOCTI BIUIMBY Ha
CUHTE3 MITMEHTY B HIKipi [46].

BucunoBok. [lopymiennsa nmirMeHrarii mkipu
€ HaACJIJKOM COMATHYHUX 3aXBOPIOBaHb Ta
MPEJICTABIISE JOCTATHRO CEPHO3HY MEIUYHY Ta
ecteTHdHy npobiemy. Haiinommpenimmumu
NpUYMHAMU TOPYILICHHS MPOIECiB MelaHore-
HE3y € Mella3Ma Ta MocT3anajibHa rineprnirMmeH-
tauig. Jns JiKyBaHHS MPOIECY MaTOJOTIYHOT
MITMEHTAIl] MKIpU BUKOPUCTOBYIOTH Mpemnapa-
TH, II0 B OCHOBI CBO€I TepameBTUYHOI il
XapaKTepU3ylOThCs BIUIMBOM Ha CHUHTE3 Mir-
MEHTY B HIKipi. ['IJpOXIHOH, SIKUH BUKOPHUCTO-
BY€TbCSA JJI JIIKYBaHHS TiNEpHirMeHTalii ta
HAJCKUTh 0 TPYNHU 1HTIOITOPIB TUPO3UHA3M,
3a00poHEHMH y KpaiHax €Bponu Ta B YKpaiHi 3
oy Ha mpodiTe Oe3meyHoCTi (J03BOICHHIA
JUIS BUKOPUCTAHHS TUIBKM B CHUCTEMax s
HITYYHHUX HIrTiB Yy KoHueHTpauii 0,02 %), 3ria-
HO Permamenty €Bponeiickkoro Corozy (€C)
No 1223/2009 ta TexHiuHOTO perinameHTty Oes3-
MEYHOCTI KOCMETHYIHOI mpoaykKiiii. Po3poOka ta
34CTOCYBAHHS ANIETCPHATHBHUX PCYOBHH, SKi
¢eKTUBHO Ta OE3MEYHO 3/aTHI KOPEryBaTH
MPOLECH CUHTE3Y MEJIaHIHY, € MPIOPUTETHUM
HaIpsIMKOM JTOCJIDKEHb Y MUTaHHI OISy 3a
HIKIPOIO 3 TINEPIIrMEHTAIIETO.
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orders [45]. The development of effective
and safe treatments for hyperpigmentation
remains a promising and rapidly evolving
area of research, with new therapeutic
options and mechanisms continually being
explored [46].

Conclusion. Skin pigmentation disorders,
often secondary to somatic diseases, pose a
significant medical and aesthetic concern.
The most common causes of dysregulated
melanogenesis include melasma and post-
inflammatory hyperpigmentation. Treatment
of pathological skin pigmentation typically
involves agents that affect melanin synthesis.
Hydroquinone, a well-established tyrosinase
inhibitor used in hyperpigmentation therapy,
has been banned in European countries and in
Ukraine due to its safety profile. Its use is
limited to artificial nail systems at concentra-
tions up to 0.02 %, in accordance with EU
Regulation No. 1223/2009 and the Ukrainian
Technical Regulation on Cosmetic Products
Safety. The development and use of alterna-
tive substances that can safely and effectively
modulate melanin synthesis is a priority
direction in research for managing hyperpig-
mented skin.
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