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Abstract

Topical application of vitamin K is beneficial in the treatment of various skin pathologies. However, its delivery
to the skin is hampered by the photo-instability and phototoxicity of vitamin K (quinone form) . Indeed, topical use
of vitamin K is regulated in Europe owing to the photosensitive properties of this molecule. Here, we evaluated the
suitability of ester derivatives of vitamin K hydroquinone (VKH), the active form of vitamin K, for topical
application to overcome the abovementioned problems of vitamin K. We used the VKH derivatives VKH- 1 ,4 -bis-
N,N-dimethylglycinate hydrochloride (VKH-DMG) and VKH- 1,4 -bis-hemisuccinate (VKH-SUC) for our
studies. Photostability was determined by measuring the residual concentration after irradiation with artificial
sunlight and multi-wavelength light. Phototoxicity after ultraviolet A (UVA) irradiation was assessed by measuring
drug-induced singlet oxygen and intracellular reactive oxygen species (ROS) generation, and cell viability of a
human epidermal keratinocyte cell line (HaCaT). Delivery of VKH into HaCaT cells was assessed by measuring
vitamin K epoxide (VKO) levels. The VKH derivatives showed higher photostability than vitamin K. After UVA
irradiation, vitamin K induced high singlet oxygen levels and intracellular ROS generation, and reduced cell
viability, whereas the VKH derivatives showed no effects. The VKH derivatives increased intracellular VKO levels.
AUCvyo (9-72 1) values after VKH-DMG and VKH-SUC treatments were equal or higher than that after vitamin K
treatment, respectively. In conclusion, VKH derivatives act as VKH prodrugs and are suitable for topical
application without the need for special protection from light.
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Fig.1 Concept underlying the epidermal delivery system of VKH, which avoids
photo-instability and phototoxicity, using VKH derivatives.
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Fig. 2 Semilogarithmic plot of quinone type vitamin K and VKH derivatives (1 uM in ethanol) after
irradiation with artificial sunlight (12000 1x) at 25°C. (A) PK, (C) PKH-DMG and (E) PKH-SUC
with (@) and without (<) shading and (B) MK-4, (D) MKH-DMG and (F) MKH-SUC with
(@) and without (O) shading.
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Fig. 3 Singlet oxygen generation in aqueous solutions of quinone type vitamin K and VKH derivatives at
different irradiation intensities using UVA (0-15 J/em?). (A) O: PK, @: PKH-DMG, <: PKH-
SUC, M : ketoprofen (positive control), and []: sulisobenzone (negative control). (B) O: MK-4,
@ . MKH-DMG, <>: MKH-SUC, l: ketoprofen (positive control) , and [_]: sulisobenzone (negative
control) . Data represent mean = SD (n=3).
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Fig. 4 Percent of intracellular ROS generation in HaCaT cells in aqueous solutions of quinone type vitamin
K and VKH derivatives at different concentrations with or without UVA irradiation (5 J/cm?2). (A)
PK and PKH derivatives. (B) MK-4 and MKH derivatives. Data represent means = SD (n = 3).
*#*k#% p <(0.001 by Dunnett's test.
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Fig. 5 Intracellular VKO concentrations of HaCaT cells after treatment with quinone type vitamin K and
VKH derivatives (5 uM). VKO concentrations were determined using LC-MS/MS. (A) PKO
concentrations after treatment with O : PK, @ : PKH-DMG, or < : PKH-SUC. (B) MKO
concentrations after treatment with O: MK-4 , @ : MKH-DMG, or <>: MKH-SUC. Data represent

means = SD (n=3).
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