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Purpose: This study aimed to assess the potential of Derma Genie™-HOO1 as a
functional cosmetic ingredient for alleviating hair loss symptoms by evaluating
its impact on anti-inflammatory, antioxidative, photoprotective, antiandrogenicity,
and activation of hair growth-related gene expression. Methods: We employed
various methods, including nitric oxide (NO) assay and quantitative real-time
polymerase chain reaction (qRT-PCR, to estimate anti-inflammatory activities).
Received September 14, 2023 Additionally, this study assessed antioxidative and photoprotective effects on human
Revised November 28, 2023 dermal papilla cells (HDPCs) using water-soluble tetrazolium salt (WST-1) assay,
Accepted February 14, 2024 2' 7-dichlorofluorescin diacetate (DCF-DA) assay, lactate dehydrogenase (LDH) assay,
Published March 30, 2024 and ultraviolet B (UVB)-irradiation assay. To investigate the anti-hair loss effects of
Derma Genie™-H001, 3D spheroid culture and gRT-PCR were conducted. Results:
Derma Genie™-HOO1 exhibited the characteristics of polyphenols and demonstrated
2,2-dipheny-1-picrylhydrazyl (DPPH) radical scavenging activity. Importantly, it
showed no cytotoxicity on HDPCs and increased the diameter of HDPCs 3D spheroid.
Inflammatory mediators such as NO and proinflammatory cytokines were reduced
in a dose-dependent manner in Raw 264.7 cells treated with Derma Genie™.
Moreover, Derma Genie™ exhibited substantial protective effects against hydrogen
peroxide (H202) and UVB-induced cytotoxicity in HDPCs. Notably, gqRT-PCR analysis
revealed a decrease in the expression of genes related to hair loss and an increase
in the expression of genes associated with hair growth in HDPCs treated with
Derma Genie™. Conclusion: Derma Genie™-HOO1 demonstrated promising effects
in mitigating LPS-induced proinflammatory cytokines, H202-induced cytotoxicity,
UVB-induced cytotoxicity, and DHT-induced TGF-B1 expression. Furthermore, it
significantly upregulated the expression of hair growth-related genes. These findings
suggest that Derma Genie™ may serve as a valuable functional cosmetic ingredient
for improving hair loss symptoms.
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T AN, A B, AR A 52 make] 9 AYeshy 7]——i
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shaft) 22 J=m] FAglo] A== Auojzdate =24 4%
71, E37], FA7]L Bl 257 (hair cyce)E 7HE 2ol &
ZJo|th(Park et al,, 2018), o2t Zo] L= 223 7]H] 2o
AR} E|3e A o] B.8EAE (dermal papilla cel)2F Fu] 9] 2
E7|A|Z (hair follicle stem cell)®] T2 A% Ao o 24
HDaszezuk et al,, 2020). §3] Zigo] 47| 2 Agk=]7] YA
ot As E29] BH)7t D agt|, AW AtA| 2ol A= PDGFa,
Ay HGEA|ZAME= NOG, FGF7, FGF10, TGFB2 442 %7}
7F Il Ao R A QthHsu ef al., 2014), A3 ALo|A
£ 9] gl vl RRFAIEZE gt FUstge o 2ido] 4
A AL B8l 2 A Al BERFAIEY S skl ot
(Jahoda et al., 1996). T3t AZo|= BQ =AML} hydrogel, self—
assembling peptide, collagen—chitosan scaffold 5 biomaterial&
83 22 A 7)0] AE L Y= Aotk et al., 2021).
ot=2A 9]&A4 X (androgenetic alopecia, AGA)Q} €& &
H(alopecia areata, AA)= 74 &3t grZzog wutol A3}
(miniaturization)?} 27+ AX3Kvellus hair) 59 £ FHISH
tHYork et al., 2020), ©2<] A3Fst Yl 9 f)# 1 Z(mechanism)
2 of FHEA Pk, T AtolM= AGA ERpollA
AbstA|aba o] E2]9l malondialdehyde®] %7+e} Hikel E4gl
superoxide dismutase 52| A4S £38) AGA Sx}2] AU SFAEs
S IRISHATHPrie et al., 2016), T3 AA BHAFE o= g
Ao A= X Yol A 8—deoxyguanosine, high mobility group
box 159 8% #& £49 37F 231 SitHMustafa et al.,
2021), ol=gt M) d-e] Aik= A7 dEA Y= B2 ¢
013} Eo] AkSF AEH A (oxidative stress) H F5(inflammation)
o] g Zat 712 ATIE 7ML 3= AlARRHT,
o= g2 o 9 2 ] B
A 2 SHEE Aol ok A7 2ds] AgE ek
AE FEe Hd A EEE2 FPAlSHanti—oxidant),
& (anti—inflammatory), @--(anti—microbial), FF=Z 7 (anti—
androgenic) 59 715& F3 BEE 43A7|= Aoz By
o] 9lth(Dhariwala & Ravikumar, 2019: Ezekwe et al., 2020;
Gupta et al., 2022). & H3to] AFE3t Derma Genie™—-H001-&
12 (Pleuropterus multiflorus), Z3(Acorus calamus), 2F2H
(Houttuynia cordata), 3%0] WA (Tremella fuciformis), A=Y
(Perilla folium)®] &% FZ7olc}, sl A, o, 35o| b
A, Aage Aedos g A3t 9 S5 3 A2 go| ZEE]
0} HEo|ch(Khwairakpam et al., 2018: Kim et al., 2019: Li et
al., 2018; Park et al., 2011; Yoon et al., 2023). £3] s A=
FoMoF FRIoIA ] AMSal2 o AlER, Eejvks, SuhE ol
E 9 ydeaaiico|=5 38k sho| EAu]Z (phytochemical) 4
o] o THEo] Slo] ¥ E s aso] FHold Ao U
A AHLee & Han, 2012; Li et al., 2014; Muthuraman & Singh,

$2go]

o rlo
R )
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2011; Shingnaisui et al., 2018; Yoon et al,, 2023). FA|Z =2, 3}
90l ZHgallic acid) ¥ 7HE|7) (catechin), FEo= Fut-opA}
E(a—asarone) ¥ H[E}-oMFE(B-asarone), FLHo= HZAEH
(quercitrin) % Slo]#|2AL0| =(hyperoside), TFo] HAlol= 25
F2 =24 2R Glucuronoxylomannan), AHAGelle 2 20kAE
(rosmarinic acid) 5] F& r3Eo] thCharachit et al., 2022:
Han et al,, 2013; Hermes et al., 2021; Yoon et al,, 2023; Zhao et
al., 2015), T3 A3 AolA Sk RIEEA 28, A= g
At &4, o g 2 QA7) md AT F7t, SlEo] MAlL 3t &
&, Ao A7) B D] 57 9 AotEe A 28-S ok A
o2 Hugo] glof, Al W g 43} 9 S5 £7] 7hgAdo] A
v} chEsfandiari et al., 2018; Kim et al., 2019; Li et al., 2018
Shin et al., 2020; Shingnaisui et al., 2018; Yoon et al., 2023). 3}
A4k SR o] 8E= AEE dRe N FEEC] oid B9 &
55 WigE FHE 2 AREHL o FEEY S AR
ARG R Q8 aupt AdsErks A7t Bad v glen
2, o 57FA Aok B3 559 2T AlE W 2 A 24
E200] tigt Ats F7H R dad A0 HelthHuang et al.,
2005; Shin et al., 2020).

webd 2 AoAs HAEH o g A} 242 S-gEo] g
A, AE Y EE 43 W S5 53] 7RsAdo] A, sk, A,
ory SEo] M, AagE B FESte] 4 4G A &
Botaat siglom, o B3 FE=0] AlE WellA 34, Fatsk
RIEZZ, FET W 2 o] Al fA2 B $7 A
= 7HAIEA] 48150t ESE ol gt Al f AR]EHY 75 Eot
of @A ARSEE Y YUES AT 4= Sle Ad EREAA 9
A A 7Hs 8 Gob Rt shgi

Methods

1. A2 ZH]|

2 o] AFRE Derma Genie™-H001-2 5% kA& (3l
o FE ofmy Bgo] WA, AAH)Z FAE 100% B(80°T)
FEEE, 50| B4 FE2EL GEX|LHto| 2 JEo|MA AT
AlE| (Korea)ollAl, k2, X, ofrd 2252 Gofagutole
(Korea)ol| A Algitol AREIQILE, sl A, oFmd, 3o B
A, ALgY E4¢ FEE2 FYS HEE T8t 100 mLe] §
S Whatman 24| No, 1 (Whatman, UK)& AMEsle] o3}t
3, 0% 0,2 uM] FF ¢13}7](Corning, USA)E 0|83t 37} 4
At HE2 2% stof & 8 5%7](Rotavapor R—100:
Buchi, Switzerland)& AME3t] HZET, o]F 54 AxI||
Al 48 h B¢t 52 AZSIFCHTFD-100; ilShinBioBase Co,, 1td.,

Korea). 52 7A2H B3 582 95 100 mL F 2.78 g2 113
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B $E3 S qlglon, AZEL 100 mg/mL =7 =8 S5
(distilled water)o]l 83l —20TC oA BH3IGTE, o] F AR

T, sk PIERA, FES ) 2 e ZH] A
ARG T

2. MIZ HHQF

Aol AEE vReA IAAEERaw 2647 cells)= S A EF
2% (No, 40071 KCLB, Korea)ollA & &kon], A2 vjele
3l RPMI-1640 medium (R8758; Sigma—Aldrich, USA)S AR
atgit, Q17 B8-F A 3Z(HDPCs)= PromoCell (Germany)AFollA
st o, HjokS 3t v X 2= follicle dermal papilla cell growth
medium (C—26501: PromoCell, Germany)< AMS-3}ATE, AlE=
N Z8F7]E o]838te] 37T, 5% CO AFEloA BiF  3-A3F3ct,

Folin—Denis (Folin & Denis, 1912) W< 28 & 235152
o, A|¢ko 2= 9N Folin—Ciocalteau's phenol reagent (Sigma—
Aldrich)E AMESFATE &zte] 8840l A Folin—Ciocalteau's
phenol reagent®| E2|Hlik} HAEARe HlEdlgtad o) &
dejo] FPEAEY} JARAES FA%T SR Editd T §
2EAE2 Mo Wil = B4R g 765 nme] FHEE 7}
At} Derma Genie™9] & Zd|ulE L gallic acid (Sigma—
Aldrich)& EFEHE AMgsto] 438t 0, 0.05, 0.1, 0.2,
0.5, 1 mg/mL9 =2 Derma Genie™ 100 uLE 2N Folin—
Ciocalteau's phenol reagent 100 uL&} £3F5}te] 5 min B¢t A-20]]
A BRSAIRE, 0]% 10% NayCO; (Fluka, UK) 100 uLE 71t ¥
oFAlo| A} 1 h < WREA|A Synergy HTX Multi-Mode Microplate
Reader (Biotek, USA)E o]&3lo] 765 nme] I S5 =
gt § A} S E4st

2) DPPH radical 271 &4

Derma Genie™¢] 348} S5 S4517] 2l A3 AtollA 7
<8 S 3-8 T AYsIckBlois, 1958). AlFeRE A &
2]7](free radical)Z E3Fs}L Q= 2,2—dipheny—1—picrylhydrazyl
(DPPH; Sigma—Aldrich)2 AM-3FR.2.H, 520 nmof|A4] o] S3%
£ 7HAi= DPPH7} 34t} £ o8 SEH o] Hsl= Az
£ ol &3] AlgS A3 0, 0.05, 0.1, 0.2, 0.5 mg/mL %
9] Derma Genie™ 34 AL 0,2 mMe| DPPH €4} 1112 &
ek, oA 30 min 5 BESAIZ] H 520 nme] T4 &
F=E 25 A g2 2= 5 pug/mLe L-ascorbic acid
(Sigma—Aldrich)E A+g-3te] Bl awstgict,

4. Nitric oxide (NO) MNE =X

http://www.e-ajbc.org
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Derma Genie™?9] &8 24 S4517] Hal vhe-2 tiAA|l
(Raw 264.7 cells)?} lipopolysaccharide (LPS: Sigma—Aldrich)S
o] &3l AlEE XPstArt, TE]A A2K(Griess reagent: Sigma—
Aldrich) obdAtdnt 3tst whgate] Rt ofx @S FAdsta
o] A& NOY =9} A3t Raw 264, TAIEE 96—well plated]
ZF well & 5X10° cells®] #5510 24 h F2t wjeysisich. ©]$ 0,
0.2, 1 mg/mL ¥%9] Derma Genie™E &3t & 10 ng/mL =
9] LPSE A3t F 24 h 5 7 viFstitt, A2 96—well
plateoli= 100 pLo] 22 AlekE 718l 100 Lo AlE A5
<= F7Rle] EFES A5 EF/ES 10 min ¢ BREAIZ

¥ 540 nm ] ¥ FH=E ST 7 A g A

Al ZA]9] H7l= water—soluble tetrazolium salt (WST—1)
assay= £8f 213Y=|Slt}h 96—well plateo] HDPCso] 2% 10° cells/
well®| FE7t =g B350 24 h <t vjstgitt, ©% Derma
Genie™E 0, 0.1, 0.2, 0.4, 1 mg/mLe] ¥=2 A3t F, 48 h
B 7 wjeksilet, e A2z Ax sjgdE AAS F
phosphate buffer saline (PBS: Welgene, Korea)& ©]-&3}o] 13]
A A38E 3 E7—Cytox Cell Viability Assay Kit reagent (DoGenBio,
Korea) £39& 100 uLA Az]sto] 30 min 5<F A7 oA
HESAIZAT, o]F 450 nm 3P4 s S9% F A 2
ARt

2) Spheroid formation assay

A7F BRFAEZ 9] 3D spheroid Y2 A3 A-tollA 7ed ¥

< $-831o] FaEFATHAbreu et al., 2021). HDPCs& 96—well
round—bottom ultra—low attachment microplates (Corning, USA)
o] 2x10° cells/well®] =7} =2 25 &, 5119) spheroid
7t 342 & QI=E 24 h B3 wistGitt, ©1% Derma Genie™&
0.05, 0.1, 0.2 mg/mLe] F=2 st} 24 hit} 48 h Ft 27+
71wkttt Spheroid®] F7]+= phase—contrast microscopy S
Z-8-5to] 27 (diameter) S 5743 7 27 g 245K

3) H.O.0H oISt AtS AERA THOAM ME MEE =Y
Derma Genie™9] |3 AJE&-2 WST-1 assayE 53l 8=
t}, HDPCs 96—well platedl] 2 10° cells/well 2] §=7} ==& &
5101 24 h 59t HjoFsHA), Derma Genie™E 0, 0.1, 0.2, 0.4, 1
mg/nL.o) S 12 b, 24 b FE AR Aefsiel 27} eretatck
0|3 A3E vfjoFlof 150 uMe] hydrogen peroxide (H;O.: Daejung,
Korea) & 23t &, 24 h F2t F7h vjgstsict, 24 dzzoezs
H0, &5 A, FA d2EO02E 2.5 mM =9 N-acetyl
cysteine (NAC; Sigma—Aldrich)& ARESFEo 1, WST-1 assay=
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ol gsto] AT AEEE ST,

et AERA HHOM| MZ =Y =Y
S Az 9 A" A=

4) H,O0.0f| oIt
AIZ EA(cytotoxicity) 282 $J8), &
oA WFEE]: lactate dehydrogenase B3-S HjoFol o 25 g Seola}
gch. HDPCsS 96—well plateo]] Z+ well & 3 10 cells® E-Z35}od
ikt =, Derma Genie™Z 0, 0.1, 0.2, 0.4, 1 mg/mLe] &%=
gk A A2)3iein). 24 h AFA e 3 500 uMe] H,0,2 Hels}

o 24 h 5¢t S7F Wittt SAAHERT L2 HO, U5 AT
& ARSI ofF A vl e] ASE 7 10 uLA A= 96—
well plate]] 53+ % EZ—-LDH Cell Cytotoxicity Assay Kit reagent
(Biomax, Korea) £grohS ZH2} 100 uLA A 2]3te 30 min E<H Al
FuF7 ol WhSAIZ1 F, 450 nmolld SEEE SAsI%)

5) UVB irradiation 2E0AQ] MZ MES =X
Q7 HEEAZE 96—well plateo]] 3x10° cells/well =7}

Table 1. List of primers for quantitative real time polymerase chain reaction

Gene

Forward
Gapdh

Reverse

Forward
I-13

Reverse

Forward
TNF-o

Reverse

Forward
NOS2

Reverse

Forward
GAPDH

Reverse

Forward
WNT5A

Reverse

Forward
ALPL

Reverse

Forward
VCAN

Reverse

Forward
FGF2

Reverse

Forward
VEGF

Reverse

Forward
LEF1

Reverse

Forward
FGF7

Reverse

Forward
FGF10

Reverse

Forward
AR

Reverse

Forward
TGF-B1

Reverse

Sequence (5’ to 3’)

CATCACTGCCACCCAGAAGACTG
ATGCCAGTGAGCTTCCCGTTCAG
GCCCATCCTCTGTGACTCAT
AGGCCACAGGTATTTTGTCG
CTACTCCTCAGAGCCCCCAG
TGACCACTCTCCCTTTGCAG
CGAAACGCTTCACTTCCAA
TGAGCCTATATTGCTGTGGCT
TCCAAAATCAAGTGGGGCGATGC

GCCAGTAGAGGCAGGGATGATGT
TTGAAGCCAATTCTTGGTGGTCGC
TGGTCCTGATACAAGTGGCACAGT
CAAACCGAGATACAAGCACTCCC
CGAAGAGACCCAATAGGTAGTCCAC
GGCAATCTATTTACCAGGACCTGAT
TGGCACACAGGTGCATACGT
ACCTGCAGACTGCTTTTTGCC
GGTGCCACGTGAGAGCAGAGC
GAGGGCAGAATCATCACGAAGT
CACCAGGGTCTCGATTGGAT
CCTGGTCCCCACACAACT
GGCTCCTGCTCCTTTCTCTG
TCTGTCGAACACAGTGGTACCTGAG
GCCACTGTCCTGATTTCCATGA
CCACCAACTCCTCTTCTTCTTCCT
ATACTGTACGGGCAGTTCTCCTTC
AGATGGGCTTGACTTTCCCAGAAAG
ATGGCTGTCATTCAGTACTCCTGGA
TACCATGCCAACTTCTGCCTCG
TGACACAGAGATCCGCAGTCCT

Gapadh, glyceraldehyde-3-phosphate dehydrogenase; /L-13, interleukin 1 beta; TNF-a, tumor necrosis factor alpha; NOS2, nitric oxide synthase 2; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; WNT5A, Wnt family member 5A; ALPL, alkaline phosphatase; VCAN, versican; FGF2, fibroblast growth factor
2; VEGF, vascular endothelial growth factor; LEF1, lymphoid enhancer binding factor 1; FGF7, fibroblast growth factor 7; FGF10, fibroblast growth factor 10;
AR, androgen receptor; TGF-31, transforming growth factor beta 1. The primers for the genes Gapah, IL-13, TNF-a, and NOS2 were designed to target gene
sequences in the species Mus musculus (house mouse). Conversely, the primers for GAPDH, WNT5A, ALPL, VCAN, FGF2, VEGF, LEF1, FGF7, FGF10, AR, and

TGF-31 were designed to target gene sequences in Homo sapiens (human).
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Heg 25610 24 h F3F wiFstgitt, Derma Genie™E 0, 0.1,
0.2, 0.4, 1 mg/mLY] H=& 12 h @ 24 h B AFA A5t
Z7} wjgFstitt. o]+ PBSE 13] A& F ol 2 well & 50 uL
9] PBS7} 0|7t g Basto], b Al T §le AdEielA
15 md/cm?@] UVBE ZA}SIth th&-2 2 Derma Genie™7}
e A2 w2 wASH 24 h F7F jFAIZl F, WST-1

assay= o|-&5t NZYEES S5k

6. M= LH Reactive oxygen species (ROS) Hzf EM

A3 Y ROSE= H;DCFDA (Sigma—Aldrich) A|9FS AR&-3}o]
2439t H:DCFDAE A|3E W9 cellular esterase®] 2J3lA]
deacetylation=lo] H.DCFE A, o= Z AZ Y ROSe| 2JajiA
DCF& HgtEo] 3 E4 =29 F&o| 7Heet 92E o853t
HDPCs2 96 well plateol] 4% 10° cells/well®] s=2 &3t 3,
24 h E¢t vjokslct. o], Derma Genie™E 0, 0.1, 0.2, 0.4,
1 mg/mLe] FEZ 24 h 52t AP A2jatgict, AlZ vkl A
Aste] PBSE 13] A& &, 10 uM2] H,DCFDA A|ofo] 23
B2 5 B35t 30 min E<F HAolA] A2 MiFAFT, o] F Al
Z Y ROS &= 9 &332 A5 9ol 1 mM 529 HO0.5
g F, 30 min S AN AL WFART, 4 2
S 2= H0, B A TE ANSIeH, o 2T o2E 25
mM®| NACE AZstglth, 3% 42 Synergy HTX Multi—Mode
Microplate Readerg |85t 4351921, excitation 485 nm,
emission 520 nm®| P g2 o83l EA st}

7. Quantitative real—time polymerase chain reaction (QRT-PCR)
Derma Genie™E A28t Raw 264.7 A3 @ HDPCs W9 &
Az E BAS 5tux}t qRT-PCRE o|-&3+9th, Total RNA

30r
25F
20r

15¢

(vg GAE/§)

10t

Total polyphenol content

5F

0

Derma Genie-HOO1™ 0 0.05 0.1 0.2 0.5 1
(mg/mL)

Figure 1. Antioxidant activities of Derma Genie™-H001.

4

o 2152 R SRE

AXHEM] Derma Genie™—H0012| Mz|&M S5 Tt

RiboEX reagent (GeneAll Biotechnology, Korea)E E3f &
31993 cDNAE 1 ug9) total RNAS} 1.5 mM dNTPs, oligo dT
primers, 5X First—Strand Buffer, 0,1 M DTT, 18|31 M—-MLV
reverse transcriptase (Thermo Fisher Scientific, USA)E 0]|-8-5}o]
HAI5FETE qRT-PCRE StepOnePlus Real-Time PCR system
(Thermo Fisher Scientific)S 38 £J= 1L, AJfo2E 5x
HOT FIREPol EvaGreen gPCR Mix Plus (Solis BioDyne, Estonia)
£ ARSI 24 BE fAAe BEFS glyceraldehyde
3—phosphate dehydrogenase (GAPDH)E %3 AF= it} PCR
stage= 40 cycles ¥HESlo] TS 24351901, holding stage
L 95C, 10 min denaturationd}al, denaturation (95C, 30 s),
annealing (607, 30 s), extension(72C, 30 s) £0.& HHE3lo] 4=
P51t mRNAY] AT CighS o &-3f Attt 400 A
49 54 34 primer A €] 7-- Table 13} 2,

e e

8. S/l24 g

2 d+e sYst 5 st 33 o] whE AY
< AA YT B4 o= GraphPAD Prism 8.0 (GraphPad
Software, USA)o] A& glon, Z+ Ad o B3te] one—way
ANOVA £4& o]g3te] p—value0.05 ('p<0.05, ~'p<0.01,
7"p<0.001) ol5td FL- BARH SR Fosirta ARSI

Results and Discussion

1. Derma Genie™2| M| 2| S tsls 7}
1) & 22ii= & gt

Derma Genie™-H0019] & Z&] 9+ =2 Folin—Denis W

[N
o
o

80r

601

401

20F

DPPH radical scavenging activity
(% of control)

0

Derma GenieHOO1™ - - 0.1 0.2 0.5 1
(mg/mL)
Ascorbic acid (5 pg/mL)

(A) Total polyphenol content of Derma Genie™. The absorbance was measured at 765 nm, and the calibration curve of 0-100 ug/
mL gallic acid as a standard material was y=0.0324x+0.0545, R?>=0.9989. (B) DPPH radical scavenging activity of Derma Genie™.
Ascorbic acid (5 ug/mL) was used as a positive control and Derma Genie™ showed DPPH radical scavenging activity. The results are
presented as mean + SD of three independent experiments. "p<0.05, ~p<0.01, ““p<0.001 compared with the vehicle treated group
as determined by one-way ANOVA. DPPH, 2,2-dipheny-1-picrylhydrazyl.
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& 283t A3} rHFolin & Denis, 1912), 2L 23} Derma
Genie™oll= 0,05 mg/mLoA 1,78 ug GAE/g, 0.1 mg/mLol|A]
3.40 pg GAE/g, 0.2 mg/mLeflA 6,46 ug GAE/g, 0.5 mg/mLollA]
14,62 pg GAE/g, 1 mg/mLoA 27.92 ug GAE/g®] Eg]9lzo] &
FEo] A= AL FRlstaArh(Figure 14),

2) DPPH radical A7{ &4 7t

Derma Genie™¢] DPPH radical &7 €52 Blois HH& &
&5to] S483HBlois, 1958). ¥ HE2L22+= 5 pg/mLo
ascorbic acidE AR&SFIT, 1 A3}, Derma Genie™ 0,1 mg/mL
ol 31.25%, 0.2 mg/mLellA 55.94%, 0.5 mg/mLelA 69.08%,
1 mg/mLejlA] 68.28%<] DPPH radical 27 4& 715 chFigure
1B). wehd F Zejvls @2 2 DPPH radical 27 4% 53}
o] Derma Genie™2] Nz U 33} 7150 28 71=AL Bl

k.
2. Derma Genie™Q| StHZ 7}

1) NO M4 Axlls Hot

A ### dk Kk

5001

N
(=]
o
4

Nitric oxide production
(% of control)

= N w

o o o

o o o

0

LPS (10 ng/mL) - +
Derma Genie-HOO1™ _ - 0.2 1
(mg/mL)
C NOS2
8001 ### % % %k
% *
£
St ‘
[7}
o
g2 00 T
S
X
5%
<
z S 400}
©
EE
£
2e
£ < 200
°8
T
S 1
0 T
LPS (10 ng/mL) - +
Derma Genie-HOO1™ - - 0.2 1

(mg/mL)

Raw 264.7 A=) LPS (10 ng/mL)2} Derma Genie™E =&
AFgt & A7 FEo W2 NO YAES s tHFigure 2A).
Figure 2A%} Zro] SAJti2(LPS 10 ng/mL)}E FAg ] |
GH NO AAJo] 402.84%2 Z7}8t9aL, Derma Genie™<} LPSQ]

SAE70.2, 1 mg/mL)*lA+= NO /&0l Z+2t 328,97%,
260. T9%= 573 thztol| vlsh AAISHA ZH2st3ict,

TEH AMO|EZIQ! x| HI}

93 grz2 27t " A3 autoimmune disease) 22 H|4Hk
&4 g (non—scarring hair loss)E do7]= Aoz LA 9l
thPratt et al., 2017). ©|H3t v|RIEA grl tjoFst 24 A}
o|E7}¢l(inflammatory cytokines)ol] 28] dojub= Aoz A
=o] ol=dl, | 37 (immune privilege) 711 2] A
(homeostasis)& Fsl= EAEE= TNF-a, IL-6, IL-1p 181
IFN—y 9] E1Eo] Qlth(Simakou et al., 2019; Tomaszewska
et al., 2020), Wb Derma Genie™&] HZA4 Alo|E71el W o
Al £3+5 B15H7] $l3l Raw 264.7 MZE|A IL-18, NOS2, 18]
I TNF-a®) §27 I8 B85 $3sH3ickFigure 2B-D). &4
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Figure 2. Anti-inflammatory effects of Derma Genie™-H001 on LPS-stimulated Raw 264.7 cells.

(A) Raw 264.7 cells were seeded into 96-well plates and stimulated with 10 ng/mL LPS. Raw 264.7 cells were treated with the
indicated doses of Derma Genie™. After 24 h of incubation, the amounts of nitric oxide were measured by Griess reaction assay. (B-D)
The expression levels of /-1 (B), NOS2 (C) TNF-a (D) were measured by qRT-PCR in Raw 264.7 cells treated with the indicated doses
of LPS and Derma Genie™. The results are presented as the mean + SD of three independent experiments. ##p<0.001 indicates

significance from vehicle treated group and "p<0.05, “p<0.01,

<0.001 indicates significance from LPS-stimulated group as

determined by one-way ANOVA. LPS, lipopolysaccharide; gRT-PCR, quantitative reverse transcription polymerase chain reaction.
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Figure 3. Effects of Derma Genie™-HO01 on cell viability and spheroid size of HDPCs.

(A) HDPCs were seeded in 96-well plates and treated with the indicated doses of Derma Genie™ for 48 h. The WST-1 assay was used
to evaluate cell viability and cytotoxicity on 2D monolayer culture. No toxicity was observed in the HDPCs. (B) A 96-well clear round-
bottom ultralow attachment microplate was used to measure the volume of the HDPC spheroid. The cells were treated with 0.05-0.2
mg/mL of Derma Genie™ for 24 and 48 h. The results are presented as the mean+SD of three independent experiments. *p<0.01,
“p<0.001 compared with the vehicle treated group as determined by one-way ANOVA. HDPCs, human dermal papilla cells; WST-1,

water-soluble tetrazolium salt-1.

2Z(LPS 10 ng/mL)ollX& IL~18, NOS2, TNF-a2] WH&o] Z
7} 48085.66%, 565.55%, 939,82%= u|A || vlsl S-J5tA &
7Fekct, ¥HH Derma Genie™ ®-8342]2(0.2, 1 mg/mL)oAE
IL—1B H&o) 31854.40%, 17244.86%=2 F&= &2 02 7+43}H%)
I(Figure 2B), NOS2 I&-& 444 51%, 172,55%2 +oJ5HA 745}
Hoo(Figure 2C), TNF-a2] B E3} 725 66%, 667.40%2 343
2ol vsl BAHCE FofatA Zhagh AE FRIsHtHFigure
oD). 23O Z Derma Genie™= LPSO] 2J&) G249 th2]A)Eo]
A A5 Aol E7IQ] Q) oA B BAon, ot AaE
Hio g 3% et dES anE Ad 9= 93 715 9EE
A g 5= 9lE A0 R At

3. Derma Genie™2| M= M=g 7}
1) Mz MEE Zot

Derma Genie™7} RA-FAIEZ Yo gitehs 9 23
of oJwgt FEEE w|X|=A] gohr] Holl, HDPCsollA o] =4
dh w2 31015} ¢itt, HDPCso|l 0—1 mg/mL ¥%¢] Derma
Genie™Z 48 h 5 A3t & WST-1 assayS Eaf AE AE2E
(cell viahility)e 241351t} Figure 3AQ} ZHo] HDPCs®l| Derma
Genie™E A2J3t 27}, 1 mg/mL 0|32 s=o|A] F40] UehtA|
elorom 0.2, 0.4, 1 mg/mLe] oA Zk2F 105.50%, 109.61%,
124.43%% NZ E&0] F7IeHe AL FRISHATHFigure 3A).
2 A9 292 5 A7 55 AW 1 mg/mLE o] o]% 4
A& At
2) Spheroid culture modelofl M2 M SAIE It

EHFAIEE A3 Y (dermal mesenchyme) fref9] 223 Al

z2 2 714 29]¢l B (hair bulb)ol| spheroid FE|Z ZA3}
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o 1 AAE fEshs Aoz g4 lth(Huang ef al., 2016).
oj2|g A T Fel= EAFAIE W) g A5 (hair—inductive
properties) B4l §lo] S35ttt 53] o B RRFAZE ol
5t spheroid BjFAIZ] 7, F= uheL B o] o] A5lS o H &
L& g AAS(induction efficiency)& 7HITH: AL HojFo] &
FFAIZE] spheroid 2717} g A5l }lojA Fasithe He
HolZ 3 It Huang et al., 2013), WA Derma Genie™7} 24
FAIZ9| spheroid Z7]0f oW FEFS M =A] A A, 24
h A2 2A)A%E Derma Genie™ 0,05, 0.1, 0.2 mg/mL A2|F
oA 22} 106.73%, 107.3%%, 107.85%= = & oz Z7ls}
o, 48 h 7] ZHo4E Derma Genie™ 0,05, 0.1, 0.2 mg/
ml, 2ol A 22} 104.86%, 108.42%, 109.95%2 2514l Z7}
Sk 2 2UstgItHFigure 3B). ©]2i3t 2= Derma Genie™7}
27 9 33k g 2 W A Al A4S ek

AE SAES S7HI7 e P JEER Y 7S AIMRIH.

4, H,0,01l 2|5t Mgt AEZA BEOA Derma Genie™2| M=
EMES 51

BREAEZ Y AS} AEF X (oxidative stress)= AT =3}
(senescence)& 90711, A2 A2y EAS F2AA
follicular keratinocyte2] £33} S41& JA8 L B3PS ofy]
Stk 4 A It Huang et al., 2017; Ma et al., 2023). W=HA
Derma Genie™7} |3 W 418} 715 E A5 43t 852 7t
A=A gelst7] el H0,0 <Jet Akt AEHA melof A WST-1
assays T3t

Figure 4A%} Zro] Derma Genie™<] 12 h AFAA (0.1,
0.2, 0.4, 1 mg/mL)ollA= AE PEE0] 22 82.50%, 87.04%,
88.21%, 95.09%2 24 thZH(74.67%)) Bls] A|E HE&o] &
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Figure 4. Protective effect of Derma Genie™-HO01 on H,0,-
induced cytotoxicity in HDPCs.

(A) HDPCs were incubated with Derma Genie™ for 12 and
24 h, followed by treatment with 150 uM H,0, for 24 h, and
cell viability was measured using the WST-1 assay. (B) Phase-
contrast images of H,0,-induced HDPCs after 24 h. All values
represent the mean + SD of three independent experiments.
#1p<0.001 indicates significance from vehicle treated group and
p<0.05, “'p<0.01, ""p<0.001 indicates significance from H,0,-
treated group as determined by one-way ANOVA.

3] F7FeE ERIstrt, SAKSHA, Derma Genie™$] 24 h AR
A220.1, 0.2, 0.4, 1 mg/mL)oA= 34 HRTH(78.84%)°) H|
3 Al AEgo] MA=Egen ZH 85.72%, 86.19%, 90.63%,
95.84%% AR SR {23 Skt ol#dt AE 3,
Derma Genie™7} A2 €] 3HASHs3} Bl Eo] HA-FAE Y| 72t
FAB} 75 Fasks M AR 7RsA3E ERIsHtHFigure
4B).

5. UVB-irradiation 22 0|A Derma Genie™2| MZEM HS S}

i W) gk UVB AR 2] 47hs dAska, whe =5y
7] B 9wsh= Roa IeA QoL et al., 2009). T3 UVB
L A|Z Y DNA damage 2 ROSE Z7IA A|E 312 X812
2, UVB7} 2AME B4 Al U] 3 &45% AAlsk] Siet 24 4
7t Es] Y=L Y= AHoltHAhn, 2017; Madaan et al.,
2018). kA UVB7F 2AHE E-FA )4 Derma Genie™2] Al
2EXN BHS aE #9151 93 Derma Genie™E 0—-1 mg/mL
FER 12 h, 24 h AR Ak}, o] UVB 15 md/em?S A}
Sk ¥ thA] 24 h F9F 0-1 mg/mL 5=2] A|RE A=t &, WST-
1 assayE SY3chFigure 5). Figure 5A9} ZHo] UVB 15 md/
em’E BARE SR A9 A YEE0] 72,13%% 7S

o1}, Derma Genie™ 24 hAFAAE]740.4, 1 mg/mL)oA= A|E
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Figure 5. Protective effect of Derma Genie™-HO01 on UVB-
induced cytotoxicity in HDPCs.

(A) HDPCs were incubated with Derma Genie™ for 12 and 24
h, followed by irradiation with UVB 15 mJ/cm? for 24 h, and cell
viability was measured by WST-1 assay. (B) Phase-contrast images
of UVB-stimulated HDPCs were captured after 24 h. All values
represent the mean+SD of three independent experiments.
##n<0.001 indicates significance from vehicle treated group and
“p<0.01, *p<0.001 indicates significance from UVB-stimulated
group as determined by one-way ANOVA. UVB, ultraviolet B.

REE0) 42t 77.62%, 80,48%2 S/dthxol vl fslA 57+
& 2k, wEbA Derma Genie™E E-FAIE HloflA] B
ol A A Z2EAE HoT o 3lga S8tk Figure 5B).

6. Derma Genie™2| ERFME L 24 LA 3 =M 2t} Wt
AlSE 2B AT HEEE 749 Al U ROS € LDH
7}t 2 Derma Genie™9] ER-FAEZ W EAAkA 9 B4 &3}
=g gohE 1zt skckFigure 6). WA, Al W Eg4k B8
< 3Rl5tarA}, HDPCs®) Derma Genie™S 0—1 mg/mL == 24
h B AP A2gt 5, Alsh AEHAE fEsigltt 1 A3 34
T 2TH(Hz0, 1000 uM)ofl 8|3} Derma Genie™ AP ]l A FA)
Hog o3t ROS 4 5k SRIskith(Figure 6A). 4 tiz
T FA L] vlg] Al W ROSYo] 198.72%% FoJstA &7}
319, Derma Genie™ ARAAEZ2 0.1, 0.2, 0.4, 1 mg/mL &
oA 2+ 132.69%, 120.42%, 87.62%, 67.36%= SAAkA YA
w7t dA3] ghdhe A IRIst g hFigure 64), ©1%F Akt A
Ega wd Y S7HAQ A2 54 43} = Brlskr] $lsl LDH
leakage assays 8 23}, SAHRZH,0, 500 pM)ol| =] 3|
Derma Genie™ AFAA 20,1, 0.2, 0.4, 1 mg/mL)o|4] LDH A3
gl s JEH O R sk Ag ERIsHTHFigure 6B). ©1A
AR A A7 f e BRFAEZ W Derma Genie™ 9] 2434t
& A 9 AR 431 35-2(Figure 6), Figure 49} tlE0] 24

levelo] &
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Figure 6. Ameliorative effects of Derma Genie™-HOO1 on
intracellular ROS levels and cellular damage in H,0,-induced HDPCs.
(A) Intracellular ROS levels were measured using the
dichlorofluorescein diacetate (DCFDA) method. HDPCs were
treated with the indicated doses of Derma Genie™ for 24 h
and then labeled with 10 yM DCFDA for 30 min. The cells were
treated with 1 mM H,0, and analyzed immediately using a
fluorescent plate reader. (B) Oxidative stress-induced cellular
damage was assessed via the LDH leakage assay. (C) The
subcellular localization of DCFDA was observed using an Axiovert
200 UV microscope. All values represent the mean + SD of three
independent experiments. ##p<0.001 indicates significance
from vehicle treated group and *p<0.001 indicates significance
from H,O,-treated group as determined by one-way ANOVA. ROS,
reactive oxygen species; DCFDA, dichlorofluorescein diacetate.
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Figure 7. Effects of Derma Genie™-H0OO1 on expression of hair
growth-related genes in HDPCs.

(A-B) HDPCs were treated with the indicated doses of Derma
Genie™ and DHT for 8 h. The mRNA expression levels of hair loss-
related genes (AR and TGF-31) were assessed by gRT-PCR and
normalized against GAPDH. (C) HDPCs were treated with 0-0.1
mg/mL of Derma Genie™ for 8 h. The mRNA expression levels
of hair growth-related genes (ALPL, VCAN, LEF1, VEGF, FGF2,
WNT5A, FGF7, and FGF10) were assessed by qRT-PCR and
normalized against GAPDH. All values represent the mean + SD of
three independent experiments. “0<0.05, “p<0.01, *“p<0.001
indicates significance from vehicle treated group and #p<0.05,
#p<0.01 indicates significance from DHT-treated group as
determined by one-way ANOVA. DHT, dihydrotestosterone

7] B¢ FEs7| HelMe oheket w4 I faxE
Fo| W4=A2Y|, o] FNME FGF7, FGF10, NOG, ALPL, LEF]I,
VCAN, VEGF, FGF2, WNT5A 5-& 2y AL S5dhs 28 9
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Atz gl thMadaan et al,, 2018), ¥HH @AJF 2ro] €%1e
2 ¢4 dihydrotestosterone (DHT)S 2 B §E31=1] o
o, androgen receptor (AR) L TGF—B1 S0] A= o] 9l20] Bl
=] QItk(Shin et al., 2013), WkA Derma Genie™7} HDPCs Y]
g B} AE AR G vl Fs #4743, DHT
Aelol o) S7He AR (177.46%)T TGF-B1 (126.36%) o]
Derma Genie™ H-&x]2JA](0.04 mg/mL, 0.1 mg/mL) = o9&
Ao Zaghe IIsHItHFigure TA-B). £3], DHT9} Derma
Genie™ (0.1 mg/mL)] H-&A 24 AR HdZFE 104.38%,
TGF—B1 HEFE 83,81%2 2ol Hlsh FofstA Tadhe
gelstsirt,

o]%oll=, Derma Genie™7} g 44-& F&Edk= F42 Ld
o M= FFE GRS Figure 7CY A1E 534, HDPCs
9] ®A] §ARsignature gene)¢l ALPL, LEFI, VCAN2] ¥r&o]
Derma Genie™ #2]+0.1 mg/mL)ollA 24z} 151.96%, 234.46%,
1199.67%= @AstA F7FHE Elstart. B 447 2 4=
of| WA 5F(WNTHA, FGF7, FGF10, FGF2, VEGF)2| 74}
WS 8R1gt A7, Derma Genie™ A 2]7H0.1 mg/mL)ollA] 2+
Z} 480.57%, 354,76%, 485.04%, 988.52%, 170,07%=2 F-A 2|+
of vlal) A3l S7HE AR A FFE I 5 A THFigure
70). ©l= Derma Genie™7} NI2Z W 3}, 4k}, FRT 285 U
o g 2 HIE fEske FAAEY HES WL, B
AN BeARl fFAREY HEE ol 2 A3l W SH A
2 7= 7164 2AE E8E 5 8135 ARk itk

Conclusion

£ A 53 AYEHee, FxE, o, F5o] BA, Z4aq)
g 5222 Derma Genie™-H0019] S 93} 9 81 23 &
in vitro 28 WollA ERRIstax} st4iT), In vitro 29 | R
55 gl A= Derma Genie™9] A W 3HAks},
e 9 3E3 ans grlstga, Al W S5 £
o13}7] 93iA= Derma Genie™2o] A|E AYZEE 7jA &
of A FHA IE 571 A5S BrlskgH, B
B30l 9 B alo? d#A Y A I=2 4 (hyper—
androgen), At} 2E# A (oxidative stress), IG5 ¥ (hyper—
inflammatory response), & £AH(photodamaging) & -J-=35}o]
AZ | 2EFHAS FE8150H, o]of thgt Derma Genie™ €] Al
Z B3 9 AEHA O3 558 YFsle] 2R 943} 715 9=
24 Derma Genie™9] 7FsAS AASFATHDeviani et al,, 2023;
Ma et al., 2023; Piérard—Franchimont et al., 2010; Shakoei et
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ZHVCAN, ALPL, LEF1, FGF7, FGF10, VEGF, FGF2, WNT5A)
9 27} 5% 59 Derma Genie™9] S 9 9kn 34 714
< A3

FARLZ =, BRFAE Y Derma Genie™7} A2 54 9 5
Algo] nA= IS gt 27, 2D monolayer Wi 271004
L Y 1 mg/mlsEolA 124.43%) AIE FAEINE BT} £
8l 3D spheroid B 2741 1 mg/mL &9] 48 hAg] A
A} 109.95%2] spheroid Z7] 712 30lste], £32 0 F Derma
Genie™7} RR{FA2Y] F4] D S AT AS 11T 4
Uit

o gs, grZEvtel Afgo] BuyH it 2AEHA a9l
(H0,, LPS, UVBYE A2 W f-&8to], o]of] thgt Derma Genie™
o] B4 43} 752 RISt SFtHMa et al., 2023). 53] LPS
(10 ng/mL) A& F3 G54 AtolE7I1 IL-1B8, NOS2, TNF-a
o] §Az} WE Z7H= Derma Genie™ 383 2S S8 AA5H
2= B3 H0; (150 uM)yE A 23 BH-FA 2] 79 Al
AZgo] 78 84%=2 A8+, Derma Genie™ 1 mg/mL2 24
h AP AElgh 79 AZAYEE0] 95.84%% I FEo] FA e}
AR =X 2 EEo] AR RS FRIT 4= U5t fARBH,
UVB (15 mJ/cm) & ZARE BHFAE A 72,13%2 Wolxl Al E
AEE0] 1 mg/mLE 24 h AP He|gh 3¢ AlEZAEE0] 80.48%
2 /= A BYFa Qi) 53], H0, (1000 uM)E A=]gt
739 198.96%% %71 ROSY0] Derma Genie™e] HEAZE &
3 T gEHog TAEE S HolBE, Derma Genie™7}t
Az W s g, A} FRS 858 e HAE 9 &
AL grelg 4= 9ldrh,

o]F, RJ{FAE Y N FAE 57 2 2EH A = ZojA
o] =4 93} 552 22l Derma Genie™7} 2y A4} #E F
8 AR HAE 2SR YotR A SKth, AR TGF-B1=
=2 o) Frlskn, By EFS Fedks RS A%t
2 4 A QIok(Shin et al., 2013). DHT (100 nM)e]l sl Z71=
AR, TGF-B12] 44} W& go] Derma Genie™9] #-83]2o] w}
2} 8251 ZH23k= AL E3l Derma Genie™ o] Fot= 27 2hg-
7Fe S ERIT & %Y}, 3 BRFAIE W 2 AR P4
Al 447 o oS BRIgh A3} BHFAIE W 3359 24 &
FAHVCAN, ALP, LEF1)%} 59 /37%47] ¢ K= FAZHFGF7,
FGF10, VEGF, FGF2, WNT5A) 2% Derma Genie™< # 2|3t &
oA F& gEH R FUIRE AL IS FA719 Higo] A
712 A7 Yallde o] BgRAElA EH|EE FGF7,
FGF10, NOG 59 paracrine factor?] 2717} B4&o|thHsu et
al., 2014), W2tA] Derma Genie™e] A2 53t 17t ZRFAE
Woll Ao e &= FA7L9] $7h= 2R E o 9 A = Sl
7Fs7d0) =2 7154 EARY Fa4S FHstaL gltt,

FZY] AT =252 B AlZ Y Al AEFA, agEEA
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