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7154 AR AEsE e AU E s Atk (Rotter et al,, 2024).

AEE ofAlof A HellM sz %FJ AREEIH, ThE I oll A thEEe]

A o] FAE=E ‘ﬂ“@d‘ﬂr 5 FAEY] AR 34, At

Aol &4 BE 5o 24S 4E}lﬂ—t— Ao HiuHl o (Kim et al,

2024), sldME A& FEE=5 Fdte sHE 2A4E B o9 Alx
)

WRtel gk 5317 AAJE v A (A8 =, 2011).

“
Yy J1E ATE AR PR 4R BH 9 AE A9 39 9
st mvtel] 43R 497 Ba, ABAAE CaCoy /W Aoz, 9



B4 AAQH g5 FE AX ST B AR S ey don,
ol AA sFFE APl HEote] AFAH IFolAY ANH G3E AA
APoz HAEg o]t}(Siahaan et al., 2022; Kim et
al., 2024). 53] 9]A]4do] & A4Ae dHeR 3 FE F87,
THh SeHA WE ARE W T A ARE iﬂﬁﬂﬂf’—i =7staL, o]

S AE VI % 24 543 dAste 243 Ay A9 BasEA %

Aa

T dreMe 1EAY A5HE FE=s EE AP 485k

AT Rl A e dad SR AL W5E A APS Bl B
Vsha, oloid AE W /1% BAkst BA TE U B ol& WE 54
BAS F 7 A 54 AR drh o§ B3 ndAe A=
A Gl ATA AN 8E AW 154 FPFE 24 FrAe 7
$4S AN, 8 vobt ABPAeleks Y ParEe] nRsRg
S} A% FH5e K-HE 2w eld 5 e d7E 2A%
st g,

1.2 X4 v5o Hejg

Hhs- 4
= Aoz o)y YrHAAFE ﬂ, 2006; Borda & Wikramanayake,

2015; Schwartz et al., 2013). @ AW = o7 Q<Qlo] o238}
of AFA vF FIFS Aotst, 53] A9 Astet vAdE &4, 44
AEZet AAME He] A Ago] A WY d a4 AAET
(Borda & Wikramanayake, 2015; Schwartz et al., 2013; Jourdain et
al., 2016).

fl



121 944 243 94 7o)

o)
HA

i
T

X

~X

=y

N
il
=y

puze)

w-

=
et

2] Al 2te]

7 AR 2

—_L

)

kel
=

H 1 F G (Schwartz et

7he}

Foral, & o AE, Eg}ol

[}

=

Ft}H(Borda & Wikramanayake, 2015;

h s

ke

AJA}
7] ol% qr=z 7l

74

LN

=

1

o

2], 2012).

=

Schwartz et al., 2013). A}

oM F= FEAMH, o]

al., 2013; Ao}

el
;OO
TO
g
Y

X0

w-

shof 2 A sl FEeA = A

o]th(Schwartz et al., 2013; Jourdain et al., 2016; Borda &

a

o] 57

;Qn_
1o
i)
U

Malassezia®] %3

1
s

REEREE

Wikramanayake, 2015).

ﬁo
B
_z.fi

uAlo
B
{

=)

NJo

14 =

3w

ol

FERIEE RS

3]

K

b oL

R

el ol A

1] Al

T

0
yal

27} 7}

T

0
yal

L &

-

, TA

o] Xt} (Borda

ﬁo
B
op

&

Wikramanayake, 2015; Schwartz et al., 2013).

ol et 2144

H
e

A

SRR

S} AT SRR e gl

=]
s

ey

Uz

-

o

el

B

Ao, 17

54

T

-

Malassezia



L A AR shelAw, WA 24 wsksh A o, We w
Y

Lo
fu)
>
>
o
o
ol
:?L_‘,
g
o|\
oX,
riot

e Aslele AR AL 5 JoH(AAE , 2006; DBorda
Wikramanayake, 2015; Piacentini et al., 2025).

AAALE BEd P2 AEE ol g dY A4 S8AE E

go

d mAE T g4 WHElE @A sk, APEFRIY ARISL FHE
ZAsl= 553 Wo AR WEY. Malassezia BHE A E o)t
st A do] ZAMx] F8AE A=k IL 1a, IL 6, TNF a, IL 8

s7bstaL, ¥ dua A7 AAS Sl
RaEo, o] 3Aol= NF kB
AT Am7E Hegin
(Borda & Wikramanayake, 2015; Piacentini et al., 2025).
Fyof yje] EAletes Ad AFAES} A3 WAMEE olyg 7z
ME ASE w72 &3, Thl, Thl7, Th229F 22 954 TA
EOREZe] mAA o R FUtsheE Yol Halxoe] Qltk(Piacentini et al.,
2025; Navarro Trivifio et al., 2025).
45 Ad 789 ZE F

= £ !
A 5 AY Tlso] AstHA £ FA wEe] s, 1 At 9

o
=
>
0
=
wm

o

<@
&
@3]
=
I3
—
z,
~
olrt
=
=3
)
r o
o2
ol\

i)

b

X
i
x
=
=

o

@
=B
Do
S
S
=
&
~
@o

A EY QoA o]sld 4 TH(Schwartz et al.,

2013; Borda & Wikramanayake, 2015; Piacentini et al., 2025).



o}g} a1} o] E (aragonite) I} 7] 7]
198 mATZ2E AE 52
AANEA 544 e Zle= B
Zeng et al.,, 2024). o= F+x4 2 /‘é‘
A7y ZAAA e st A P 2

Sle AARE Ao 277 A,

9

offt X

= 2
o
o,
-]
m{njﬂmlo
o K
JZJ_,;Q
i £
o_>L,’J>
rocﬁé
rz&i
. e
Ay
(o]
B 3
—
PONS

J?ﬂi
<
oX
S
o[l
o,
X
o
frtl
_l>i
o
9|_‘(
+

B AR Ee AN fd FE= 95 95 #4dd Fa A
T ARAE FF= A= Ao dHA vk ABAFI = A A
g Aol MAPKs, PI3K/Akt, NF—xB & d5 v/l A& A7

o

A APOlEFRD S oAk A7 AA = Lo (Kuanpradit et
al., 2017; Kim et al., 2024), o= &
o] g5 Wrgo] WHRHow A3 = s
g 7Hs S AAFETH

uEA = CaCOs 7IWE 32t 2Aje] AA Fxob 245 WA=
MNa FARoR, AAY Mg 3 P W)
A W3 o5 dAFeR FEFH izt 7Nk CaCOsi= oF 250-350
C HSloNA olgfarr}o] E(aragonite) ol A W34 (calcite) Aoz b
2o 2 H3E ™ (Yoshioka et al., 1985; Thompson et al., 2000), 400
°C o]l A= CaCOs°] 2FeZ#(Ca0)o 2 #3l|(calcination)H o] %
ot A AT o] TFHAFE AoR HFTH Goodwin & Lindberg,
2015; Rodriguez—Navarro et al., 2009). o]g|gt #3124 TAHE Hfg o=
g u), 300 °Ci= CaCOs 2774 ¥af A4 or dojyur e d &
&l glo] 7154 725 AT F A 7P AE&Hola R o g
3 LS oulsht},
ofo me} & AFrol A ARERE LAY F=E(H300)2 274 AR

o
o

o,



D ) NDOEOT T om T P T AR B
= EE NrL O_ ZT ﬂXF E JI 5 :i zT_ Rl oW o#u < N ny
AL of = - o oX £ A "
TR ) Ry & ST T
aﬁ ~ S Ho MR p w o T o2 WA B o
K- 32] — a ~ N — evail] —_
¥R _% wjr o a5 A <y @ S m B X
T I A v P gL ®
o Lo N R W E = WS ooy
~ vﬁ ~ o K ~ X
3 o T ol + O o X B oy o " " %O .
- ~a S oo TR o oy - = o 3
o do TE o & O 1= o M
my o0 T _, o < X =0 S =
w ¥ W o B 5 . N o= %tu_u/f7 =
o _ =3 ©
™ oo W _WH ) Ol Ww,m ey M ﬂﬂr o wﬁ T i~ wm =
K oE N T B o 2 mm e HON g o -
%m_xgﬂﬂiw M%HW ﬁmmwﬂoﬁemmﬁ# %,
T fme Ty w3 WN 2 B oo
JdIIL MMO HT = ,ul %O S v ﬂ_OI o~ y EW ,m_vl N nUv H;l ,_mﬁ ET
X G 3 %O T Ko M T T = S )
MOE T e e Yo e o X EFEHEeT 0w
R R gl g = A w2 g P E T
T oo o DO w o M m o= B E
Mo e ¢ O R O T I S TR Y R B ¢
TR i B L Al N - R
P B E L e XOR () 7 X Womr o dr B W
ommﬁ_%igd%%ﬂo%ﬂ oo ﬂﬂm%wnﬁwiﬂ &l
R iy ) o ) A o f . ne
ey = T Aoy T J:ML i g o o T T W ﬂﬂw 4 5
of WK oo oo - O T Bk T e B ow T
~ 2 W0 B AL e R g o i
= o o T o a o ! o K Jo ) < o)A e S
) 5 ! _ du O ~0 —~ N )
™M o — JIJ| — T — N H_T H;l o — X
= = 0% METI X ! e El M L=
w2 s 5 " = B dio eI UL R SRS S S Ji 2
;.o:._ — ‘I“_/l ™ o Gy ML ) ‘ml o O_E ﬁa X —_— 0 ‘mM o X ;01_ FL
Fop N oo O % o e TR s
~ Moo Ao E N o B o — o = N = = & =

7} HaCaT

=

}9 o (Kuanpradit et

°©

Hil

o MAPK, PI3K/Akt, NF—«B

al., 2017; Kim et al., 2024).

hya
s ol



!
o
o

1

)

ok

+

o

M
mjn

(Thaweekitphathanaphakdee et al., 2019).

Elol= 7|k 7154 2R HES vk

[N

Ho

S TA o7 o]Folx Ath(Yoshioka et al., 1985; Thompson et al.,

2000). 11} o]y

il

53] 1dAg

7ol BaEA ekt

A=

iy

R R

le) =
TS

KeR
=

[N

Ho

‘W-,O

So] Hu¥a YrH(Ge et al., 2025; Lozada et al., 2025; Sadati et al.,

2024). FUAE I A I F

=K

2 9], 2012; olHnu], 2014), W%

o BarE o] ARk o}

A7}

A}

file)
N
il

o

T
oo = H300, NH300, ]

s elel A Bae wrh glok wEba] and A el

B/

e

|

pol %

S

K

KeN
=

ok
2

5] O
T

g ol 7} Al

22

=y

Ho

e



1.5 A7 53

il

o] FrolaheA

E
=

13, 1 #gel A of| 7]

7}3!

3

Y2

A, H300S

3]

A

}2)]'

avs

S 3 magto 24 H3009

€]

BH

il

o]
A

P

ST
X

PN
T

FoAl
S

°
pl

=

g 7]oi

] o1A}ol] wR|=
s}7} oju

-

s

5t

<]

J\‘_:L_
2|7

49 gl

A

0.
H

A s ole sha

Q.
S

YA

i I

A

|

T

R AR e Bl

o %
=4

A, H3000] ZH2 A

ol
oA AZH A4 B
WA, ABPA 1Y

=
=

Y

hyaA
a-

=]

=

Al

el

il
il

a

o}
A

il
nze)
il

=)
=

1

s

4 A

L

o

A
b, velrh dEgdele

°

A A

ot A% b

k=

[€)

-

]

F A=A H3009]

Ry

o

o

1] 7}

o] ART7RA A

.7_
A FHZEA

w2} 4]



2.1 AdA =
211 AE5HA 95

B Ao AEAA die Agdde =it A E(Haliotis discus
hannai) 7H& FAS olE AA B AAF AH, 60 °C, 24 h Ax
F B 2 ARE(= 75 um)delth dAY EEe HUbd dix
(NH300) 2 Ab&38ta, 4%+ 300 °C, 30 min &7] 7oA D83}
o] H300o. & Al-83t%ith

Figure 1. Abalone shell raw material and

powders. Top: Haliotis discus hannai shell.
Bottom: (a) heated powder (300 °C, 30
min;  precursor to H300) and (b)
non—heated powder (precursor to NH300).

Both powders were sieved to < 75 um.
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2.1.2 AeF

A 2 ARkE Ak A, ol ehE(E48), PBS, HBSS, 0.1 M
HCI/NaOH(pH Z7Z), NaCl, EDTAS AF&3lSity. 2 AZ(TE AlY
2 A7 QO)NE Cat ¥FE9(1,000 mg/L, ICP 533 ArH(Z+%
W, IX8)E ARt AlEMige=  DMEM(alxRE9) H&E
DMEM/F—12(1:1), RPMI—-1640, FBS(heat—inactivated), penicillin-
streptomycin, L—glutamine, Trypsin—EDTAE A}&3}3 a1, ZHAAE, A
AME L PIAE F95 55 938 LPSUipopolysaccharide)+TNFa
10ng/mL & AR&3FATE A3 #4]ol= DCFH-DA(ROS), WST—1(A3%
AE), 0il Red O(X2 AA), TNF—a % IL-6 ELISA 7|E(F3)ES A}
|olAth BE Aok AxA 9% Baxds wston, Hx AR A
ol AEY, AzAL w7 WAEATH(el: DMEM, Gibco, USA;
ELISA kit; R&D Systems, USA; DCFH—DA, Sigma—Aldrich, USA).

2.1.3 AlEF 9 A Eujok

7} M 3 (keratinocyte, HaCaT)©= DMEM(aLX%=Y) + 10% FBS +
1% penicillin/streptomycin®l| 4] 37 °C, 5% CO, ZHd oz vj3tsitt. Al
HA}oO]E (sebocyte, SZ95)+= DMEM + 10% FBS + 1% penicillin-
streptomycin®l A 37 °C, 5% CO.= wjsl ;. o2 A 3 (macrophage,
THP-1 #3)= RPMI-1640 + 10% FBS + 1% penicillin-
streptomycin®l A Hj ok‘é‘biﬁ} EE AEFe grlqes npolaZstamt

oo 3lolstyl CHA 2E 2 MY U9 HYE 74
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HE A8 Add=z 7235t B3sg)
AEFAA 3d 78 AZF9 vAFz 3 JFdv4d ECLIPSE

Ti2(Nikon Corporation, Tokyo, Japan)S AF&3t Tt Y3 4well plate
= 9 X100 wiEE BEF F, Fo F9E Hd x2000 #E&7HA &
5te] NIS—Elements BR 5.11.00 £ZEo]= #2331t}

AR 742 X4 34 7] D8 Advance(Bruker)E ©]€3}3th Cu Ka
(M = 1.5406 A) FdS Apgsislen, &2 212 40 kV/30 mA= A
dakodth 54 WeE 20 = 10-80°, =¥ A7]E 0.02°, dwell timed
0.5 s& AAst. folxl 34 -2 Rietveld A% 34 (TOPAS)S
&3l aragonite®} calcite Hl &S AFESIiTh A HHY A T8

Profex Waterfall Plot Module v5.6.0& ©]&3}o] &4135}1%t},
2.3 AgHy

2.3.1 1A ¥¥

X
oo
o,
N
)

ndAe ABPA FEE HI00S B oA=F AW APl 1A
W OAF A% Qe WRelA] WR FERI FE, FR S 9% A,
A BEEA AL GBS B A6 QA HRAE AFe AN
sk ATUdas A4 2 A% 3¢S mel: 200 4 WHom
TGk o] v YA dAE2E 9 B4 FHon
ol A WP} AFA wWNe) pAE FAo] $i pAYmz B AT
o W AX WEF E EHE o Fusiad



Atk 2 e T A AFS AREsHE fE Adwnt thEA 2433
g A" Age AEAA FEE H300 % NH300S 1 mg/ml 5%

x3ata, FEAYE 10%9 PBSE 71249 (vehicle) &2 AF&-3F o Al
] AFolg, fof2 T 7] =AY (vehicle) S AFEstE dEHA F
EES XA Fe AP oR AxErh AF F Aol fFE AR

H3007+ NH3009] 33} ool 4w =5 A sl
A mEwro R st AT Abet A {4 el A AR E N
A

getom, Fael2 wjgsilth. Alm wigh viE AR 24, 29

EALS Table 13} Table 2 % Figure 2] A&t}

(a) (b)

T M'
%ﬁﬁ%@@ﬁ '

Figure 2. NH300 and H300 essences. (a) NH300 (non—heated, 1

mg/mL), (b) H300 (heat—processed, 1 mg/mL); Identical packaging

and vehicle (glycerin in PBS). Placebo not shown.

_14_



Table 1. Composition of the H300 essence

Components Amount
H300 1 mg/mL
Glycerin 10 mL
PBS (phosphate—buffered saline) Up to 100 mL

Table 2. Composition of the NH300 essence

Components Amount
NH300 1 mg/mL
Glycerin 10 mL
PBS (phosphate—buffered saline) Up to 100 mL
AA A8 Hrhs Ay YPaaAds] s H2 ATAIA
S AWE, BN FAe Fretel AAsA ATHAAE A4 IF
A9l 71l wel A H, AT HA3 &, AP 713k SA
G2, dgEE oSy BW, Fol T I WS FI Awm
AuHow AW B Agelwr Al TEHh 4w FHI 24
PG s AFudate] MAAR Bael vjd BHAS A59on, 7
H oA ARe A =2 giAlske] Hsteiditt o] dtgo] B S
B waeh T4 AaE ARl qrAslaL, AR Rudt #Hr=
fa W v A0 n2es Age9n

2.3.2.1 A|Eujek
17t ZAHA M EF HaCaT(HaCaT keratinocyte; CLS Cell Lines
Service GmbH, Eppelheim, Germany)+= ¥ %% Dulbecco’s Modified

Eagle’s Medium(DMEM, 4.5 g/L glucose; Gibco, Thermo Fisher

_15_



Scientific, Waltham, MA, USA)o| @& fetal bovine serum(10%,
FBS; Gibco)¥ penicillin-streptomycin(1%; Gibco)& F7hek w =] ol A]
i Fstadeh. AlEE= 37 °C, 5% CO2, 7F5 Zx19] Ql5tHl o] (Heracell
VIOS 160i; Thermo Fisher Scientific)ollA A3} th. 70-80%<2] A3
Ao =3 0.05% trypsin-EDTA(Gibco)® #2]3tal PBS(pH 7.4;
Gibco)ZE Mg * Ad wYsidet. B A2 H5 FA-L2 Class 11 A

B A (1300 Series A2; Thermo Fisher Scientific)ol A 3 &7
= A8k stk

17k A] A A E (human sebocytes; ScienCell Research Laboratories,
Carlsbad, CA, USA)+ Sebocyte Medium(ScienCell)ell Sebocyte
Growth Supplement(1%; ScienCell), dEEZA FBS(10%; Gibco),
penicillin-streptomycin(1%; Gibco)S F 7}k vjx|o| A w3ttt AE
© 37 °C, 5% CO: IFtHlelg oA FAetalon, da A 74 P
&) collagen type I F¥ Zdo]E(rat tail collagen I; Corning,
Corning, NY, USA)E A3}t

oIk & # THP-1 AXF(ATCC TIB—202; American Type
Culture Collection, Manassas, VA, USA)+= RPMI—-1640(Gibco)el| €&
244 FBS(10%; Gibco)$t penicillin-streptomycin(1%; Gibco)= F7}sk
iAo A B i Fakdeh. 2= 37 °C, 5% CO2 SlsFulo]g el A 4]
stglom, ol g AERe] AFFEE 9% lipopolysaccharide(LPS)+
© 1ol wet A&t

il

2.3.2.2 A A v%= Z2A

NH300¥} H3009] M A s 7 AXFAA9 AX AEES
1o 2 AATAT. HaCaT Al¥ol+E NH300 %=+ H300& 0, 0.1,
0.25, 0.5, 1, 2, 5 mg/mL FE& 24 h A3}

V-FITC % propidium iodide(PI) apoptosis %= 7]E(Invitrogen,
Carlsbad, CA, USA)E o|&ste] dAatglon, ddE Axs FAXEE

2] % Annexin

_16_



23 71(FACSCalibur; BD Biosciences, San Jose, CA, USA)Z =743}t
81545 dlolH+ FlowJo v10.10(FlowJo LLC, Ashland, OR, USA) 43X
o7 EA3It) o] AL Hlgo g AE AELC] fAHE TL

gholslar, o] B AE AgoA AFEE NH3003 H3002] %

A5 Fr=d  AF838F  LPSipopolysaccharide, Escherichia coli

O111:B4; Sigma—Aldrich, St. Louis, MO, USA)¢} TNF—a+& 1:1 H[ &=

st 2 AxEFe] 1, 5, 10, 15, 20, 30 ng/mL FXE= 24 h A3}

Ak A F Ax QS Fu WstE dEste], =g AE E4 8l
=

o] A5 ATl FoH = T HYE HESIAT B Ao AXE 2o
A= o] M9 YA AAS =5 E LPS+TNF—a &3 A8 52 AL
J

H300 = NH300¢ *=% zZFEAAxZe Z7w)ekdt (keratinocyte
conditioned medium, KCM)2] #z] X+ g4 u&o] w2 HX A&
& WsE Vo R ARSI KCMS 0, 100, 200, 400, 800, 1,000
ug/mLE 3]X13&te] sebocyte?} macrophageel] 24 h &3t ] AX S
& , &8 ko] BAIE EA sl olH gk ou A3 A
S EU=, ofF A AlE BEEo] FAHe Hel A AAF
S5 KCM9| 24 5= ARgstoith

o = =]
= 5435t

2.3.2.3 H300 =% KCM<E o] &3 A A

H3000] =59 ZAAES Zujefto] X AAEe} thAAES] 7|5
of = 9GS gels] ] &l keratinocyte—conditioned
medium(KCM)&  o]&3 IHd A AFE Fsisitt. AAAME

(sebocyte)= oA 71Hx Z7A shallA 24 h AHEs¥Y. =HdLe

(|

control—conditioned medium(C_CM), LPS+TNF—a =% Z7dujfol
(S_.CM), H|EAE AEAHE FZ=do =FdH ZFAE Z={1ugd
(NH300_CM), 2EAg AHEHEA FEdd =91 =700gd
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(H300_CM), Sk NH300 Z=zlwjkele] E3H(S+NH300_CM), S H300
Z7in kool E3H(S+H300_CM)eo| T},

8] & MXE= PBS(pH7.4)%2 A F3}aL 2% paraformaldehyde(PFA)
2 aAET. °o]F Oil Red O €9 (Sigma—Aldrich)S o] 83o] AxE
W AT Bes @6t g€ Al ECLIPSE Ti2 377 (Nikon
Corporation, Tokyo, Japan)®.@® ##sI¥omn F53k onA=
NIS—Elements BR 5.11.00(Nikon Corporation) AXE o]z FH A5}
Ad F4 AeE A=ssiith

Y oA AAAL HE G s gl &
TaslAt. A M EE 2% PFAZ 1143 & 0.02% Tween 20 &
= A& 3}al, phospho—hormone—sensitive lipase(p—HSL, APC—conjugated;
Cell Signaling Technology), perilipin(FITC—conjugated; MyBioSource),
sl 948 DAPI(Thermo Fisher Scientific)® x40 & Helsglt).
dA® Alx= ECLIPSE Ti2 d@dvide=z wEsigla, 3 Fres
NIS—Elements BR AXESJo]2 AFeoitt. PKA Alszde] wsts g2l
3171 98l F7F=2 FITC—anti—phospho—PKA—RII(Ser96) antibody(Sigma
—Aldrich)&  AR&ste]  9A%  H,  FAEZE47](FACSCalibur;  BD
Biosciences, San Jose, CA, USA)Z #4310t} & 53 dolE &= Flowlo
v10.1.0(FlowJo LLC, Ashland, OR, USA)2.& & 3}3lt}.

WAAE 23S THP-1 2 macrophages FY3 oA =A
(C_CM, S_CM, NH300_CM, H300_CM, S+NH300_CM, S+H300_CM)2°.
2 24 h Agste] FsAek. AP § AE= 2% PFAR 3148kl PBS
= AFsY. MI/M2 238% 0 - Wsks gelskl 9fsl
CD86(FITC—conjugated; Thermo Fisher Scientific),
CD80(APC—conjugated; BioLegend), CD206(FITC—conjugated; Thermo
Fisher Scientific) A& wAAo2 At dME AMEzes
FACSCalibur2 =433, w242 FlowJo v10.1.0= AF&3le] M1/M2
e FZAA] T s S vl alstglh
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2.3.3 A5 ndAL Y9 F=

Aepgds @it ZH 5 (Haliotis discus hannai) 37} 100 ¢& S/
= 33 AlFT 7 dEAxTledA 60 °C, 24 h Az dxE AR
£ ®H71(SHMF 3000S; Hanil, Seoul, Korea)E A}Mg&3te] E3f3la,
120 mesh A& Fdst=S EFstt AAg £ 7= H7Hd iz
T (NH300)°. 2 A3, yYmA+= 23 (KO—A21HL; Kitchenart,
Seoul, Korea)& ol&sto] &7] #9714 300 °C, 30 min 22|t
o] H300 922 Ab&&tdt

NH3002} H300 &% Z+7F 10 goll 50% o€k (Sigma—Aldrich)& 7}
o] & FyE 1 L= 9 F, 259 7]171(SD—D200H, Seoul, Korea)

A 2 h

£ AFE5Fe] 40 kHzolA 2 ‘ms—}oq ZZ2319th, =Z e ojuhx]®
12 o3t 7 2ZHE W72 FFskaL, 4,500 rpmellAl Al sk
ArZ=dS 36kt 3 HEe 0.22 um o IR (Sartorius, Gottingen,
Germany)= o33k 5 $-& Aol ARgsh3in

2.3.4 F=N =

ol

A 1=
U A

H300 = NH300 FE99 28 2312 v53 o] dAsiiv. &
¥ 4—well cell culture plate(#30004; SPL Life Sciences Co., Ltd.,
Pocheon—si, Gyeonggi—do, Korea)ol] H300 X+ NH300 FZ&9S 0.22
um polyethersulfone(PES) A]®¥1*] ZE (Sartorius, Gottingen, Germany)
2 b o3t ¥ High(l mg/mL), Medium(5 mg/mL), Low(10
mg/mL) 2] Al TEZ welld 300 uL® EF3FA0t 2 well9] vF=E (2.0
cm?/welD)& TUstAl A H, 429 Class II biological safety
cabinet(Thermo Fisher Scientific, Waltham, MA, USA) ujolA &wlj7}
b3 S w7k Hdxste] FEAo] 12 IR EHEE Sl o] %
g Eujel v SolA F2e FHAstelr] 98 "t PBS(Gibeo; Thermo
Fisher Scientific)® 23] ZA ©23lar ¢F 10 min &7] A3 o, <



3
Ti2(Nikon Corporation, Tokyo, Japan)& ©o]-&3dle] #&s}glct. &53H
o]u|%]+= NIS—Elements BR 5.11.00(Nikon Corporation) AXE9|olZ
ALgEle] EA I T FEE AR WHEE B AgAH o Hrts)
7] 948 XA 3 A (X-ray diffraction, XRD) #4& 3}t XRDE
Cu Ka WAL = 15406 A)S A3 Xd  3EA D8
Advance(Bruker, Karlsruhe, Germany)& AF&3la, &2 272 40
kV, 40 mA= A3 h 54 M= 20 = 20-60°, step size™ 0.02°,
scan speed 2°/min® 2 AR5t fojxl FH IS EVA AT ES
o] (Bruker)& AF&3}e] “d(phase)s 73k, NH300¥ H300 3+ A7
T2 zkolE vlaseit,

ol:o °
Ol
38

N}

2.3.5 Z& W=

|\

g

NH300 T H300 =90z 38w 4—well Z# o] E(SPL Life
Sciences)oll PBS(Gibco)E welld 300 ulL® 7}8lar, ZEeA] 2o Z4
OEEZ hFxwrow EFEUTE 0, 0.5, 1, 1.5 hollA AEAE 3|43t

Ca?t 55 ¥4 X|A]eF Fluo—3 AM(Sigma—Aldrich)¥} wWHEA|Zl &
microplate reader(AMR—100; Allsheng, Hangzhou, China)® §% 7%
% 23990t 24gke $2Y 2992 JFew uAsdd A% Car

2.3.6 A A

2 E A&x5 = GraphPad Prism 7(GraphPad Software, San Diego,

CA, USA)E A&3te] X350, Ae+= Hd + EFHA B+ Ha +
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s

T

o= sl
(one—way ANOVA)

.E;

b

A

=13

1% 70094841-202509—

A -8-2] 9191 3] (Institutional

[e)
=

o

(s

o
R

<

o
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o]dz} 2025.08.28.~09.03.)

g]#

Al
=

=

Al

Ao we} Tukey(FEE % B)1l), Dunnett(ZF<* the] v]xl), Sidak(e]d
o, p<0.05, p<0.01, p<0.001

2.4 979 &84 19
Review Board, IRB)<]
HR—-001-01,

o

—_
file)

N

N
et
KR

o
Plo
14

T
my

sttt

S

3] 7}k
Fom, Aot

5|

1t

<l

2L

T

7=

(e}

]

Ryx

48
5

S g7|7Fe 20254 9¢Y 3ARE 2026W 9¥€ 247K 2 A
o1 A

w-

A7d 3 A

1
s

23

=
T

KN
=

gz AA-Ae 7

|

o
R

o A4

—_
file)

oj

=K

e

B

B

i

oﬂg

5

s

ARE g B

1t

3

==

_21_

shan )45k

S

3}



FEE E¥ uE obd mFo £ 9 fE WH3E 149 s HU)
stoith. H300 3 NH300 & 2% 5U% 2404 19 23], % 1497
FEES X390, 7]A M (baseline), 7Y, 14 A|HoA] F-F& =

WH3}E Figure 3 % Table 3, Table 40 #| A&+t 7] A
Ao A H300 #3 NH300 9] % ke 217F 22.0%SF 21.8%= F
T 7 zpol 7} Ao HWE} H300 & %X 7480 27.6%= Z7}38}<]
712419 Y] 5.6%p A58, 1490 31.2% = & 9.2%p =7}ato]
AIZE 7 3ol whet v%} S NS BATHp<0.001). NH300 o A
7R e} 14D A 2+ 24.2%, 26.2% % F7Fete]l 7]A A thH] 4.4%p
Asatd oy, 71 =& H300 ol Hlal] ZStH(p<0.001, Table 3).
NH300S 7]Fo2 3 Ad ads 248 Ay H300 79 8 =
7he 7R oF 1.279), 144A oF 150874 Ax o™, F AlF 5o
Al H300 9] fold—change’} NH300 w®ulh 984 =4 versch
(xp<0.05, #xp<0.01, Table 4). o] ¥Y ZHo|Ax H300 F=Eo°
NH300E o ¢ w23 & £ $7F 235 vedots 2S 9n]gith
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Figure 3. Changes in skin hydration after topical application of H300 and
NH300 over 14 days.

(a) Mean moisture (%) at baseline, Day 7, and Day 14. (b) Fold—change in
hydration of H300 relative to NH300 at each time point. Data are presented
as mean = SEM (n = 10 per group). ns, not significant; *p<0.05, #*p<0.01.

Table 3. Changes in skin hydration over 14 days

Group AO-7 A7-14 AO-14 p (0-14)
H300 5.6 3.6 9.2 <0.001
NH300 2.4 2.0 4.4 <0.001

Table 4. Fold—change in hydration (H300 relative to NH300)

Day Fold change (H300/NH300) Significance
0 1.00 ns
7 1.27 *p<(0.05
14 1.50 #xp<0.01
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B F7 M= Figure 4 % Table 5, Table 69 &g sF Tt 7]X1
Aol A H300 ¥ NH300 w9 ## & 27 50.7%$F 49.4%= =
Aol F o+ b AFol7t AA] hTh H300 o =X 7UA ] 42.9%=
skl 1AM ] 7.8%p #AEN I, 14U E 37.6%% E
13.1%p #4dte] 593 A #2445 BATH(p<0.001). NH300 ol A
= 79Aet 1490 A2t 46.1%, 42.8%% SAHEO 71AA v
6.6%p #HAidAoy, TA ES H300 THU ek TH(p<0.001,
Table 5). NH300 thv] o] ®stE HAuHW, H300 v f& e 7
AR oF 0.86uH, 1494 ¢F 0.718] FEoZ FhAdte] F Al EFoA
NH300 wE©T FolatA stk (#p<0.05, #xp<0.01, Table 6). o]
A= H300 FF=0] NH3000] Hls] 3% #8]& o g34ox oA}
of, A4 H AFA HFAAN Fi TS 43sh= d FEsAl 2eE
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WX @V

0 7 14

Figure 4. Changes in facial sebum after topical application of H300 and
NH300 over 14 days.

(a) Mean skin oil (%) at baseline, Day 7, and Day 14. (b) Fold—change in
skin oil of H300 relative to NH300 at each time point. Data are presented as
mean = SEM (n = 10 per group). ns, not significant; *p<0.05, **p<0.01.

Table 5. Changes in skin oil over 14 days

Group AO-7 A7-14 A0-14 p (0-14)
H300 —7.8 -5.3 —-13.1 <0.001
NH300 -3.3 -3.3 —6.6 <0.001

Table 6. Fold—change in skin oil (H300 relative to NH300)

Day Fold change (H300/NH300) Significance
0 1.00 ns
7 ~0.86 *p<(.05
14 ~0.71 #xp<(0.01
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Figure 5. Changes in symptom scores after topical application of H300 and
NH300 over 14 days.

(a) Pre-post changes in inflammation (I), sebum-—related symptoms (S), and
overall skin satisfaction (SF) in each group.

(b) Fold—change in symptom improvement of H300 relative to NH300. Data
are presented as mean = SEM (n = 10 per group).

#*p<0.05, **p<0.01.
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Table 7. Changes in symptom scores

Outcome Group A (Post-Pre) p (Pre vs Post)
H300 —3.40 £ 0.22 <0.001
I . NH300 —1.90 £ 0.18 <0.001
(Inflammation)
Placebo —1.00 £ 0.00 ns
H300 —3.00 £ 0.26 <0.001
S
(Sebum NH300 —2.10 £ 0.18 <0.001
symptoms)
Placebo —1.33 £ 0.33 ns
H300 2.20 £ 0.13 <0.001
SF
. . NH300 1.30 £ 0.15 <0.001
(Satisfaction)
Placebo 0.67 £ 0.33 ns

Table 8. Fold—change in symptom improvement (H300 relative to NH300)

Outcome ~ H300 A NH300 A é%f&&ﬁ%& p ;foeut;vse)e“
I —3.40 ~1.90 1.79x 0.0001
S —3.00 —2.10 1.43% 0.0113
SF 2.20 1.30 1.69x 0.0003

@01]*1 44802 1.9% 7L*o}°ﬂﬁ‘r(p<0 001). JW %%%(S) 3
Al H300 oA 7.48A 44802 3.04 z.}ifs}oq NH300 -(6.94 9]
8A 214 AR A Zo]l ¥ FHOoW(p<0.001), Yokt

4
Ao Fol 2 FAH R FoshA] ekgktk(Table 7).
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AdrAQl I wrSE(SF)e] A H300 w2 2.17oA 4.33o=
227 ZF7}ato], NH300 ¢ 1.3% Z7tRth 744 Zo] 34 vebdta
(p<0.001), Aokl A= fFold a7t Bzt =] gkt

F 7o MAFES #ZF nad fold—change #4104 %= H300
G20l gelEdtk(Table 8). H300 w2 4 AA ade I

Al
A NH300 < thw] of 1.798), =] sl 3ol A o 1.430), 357 7h%
Eoll Al oF 1.691) A UERgton, BE ahox F i 1k Aol B
Ho g FoaAth(p<0.05 T p<0.01). ©]= H300 FEEo] A#AH
frgie AFET oy It Agets AT % IA 29, 95
ML SRCAE NH300EY ¥ 2 944 +84= 7us s
.‘,:,lm-il-sh:]-

2252 Ty wE oW dF WslE geldly] 93 IR A2n2
2| A3F ok =AHH 9 (region of interest, RODE Aoz F+3t% o
x 3

W29 AN BE A Y AR 250 v opd

S 3T ROITE AE oAlAE 1Y 23] fFAHFOE =X
shalom, 1 9 7% SAE AMES HAsfEES Qhyuisith BP9 ~
ntEE S ghEtE o)gste dAds A, 4k, 2 2US AT
Aejell Al 7)1 A (Visit 1, DO), &3 15 Z(Visit 2, D7+2), &3 2F
$(Visit 3, D14=£2)e] 7}7} Al &&}qitt. Figure 6adll+= H300 =X

E
S01-S05, Figure 6bellE NH300 =X S06-S10¢ thiEz ¢l ROI %
Abzle] A A = o] Q)
H300 Z=3a9] 714 ARlo A<=
oo A S kgt 3 B F9] Fyke] ek #EESY. 1
g 257 1Y 23] H300S A &5 o -
A Y AR} &7 BErF Ao B A ke ATt =
-

o HA wrex= Aol YetEgt. =3 25 AlFcdAM= B T4
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Subject
/
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Visit 1
(Baseline,
DO)

Visit 2
(Week 1,

Visit 3
(Week 2,
D14 + 2)
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M/21y
/H300

D7 + 2)
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/H300

S03
M/26y
/H300
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M/21y
/H300

S05
M/21y
/H300

Figure 6a. Serial ROI photographs at baseline, Week 1, and Week 2 during

H300—only application under standardized imaging.
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Figure 6b. Serial ROI photographs at baseline, Week 1, and Week 2 during

NH300—only application under standardized imaging.
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Subject S01 /M / 21y _ H300
J Visit 1 Visit 2 Visit 3
Pore
Melanin
Sensi
tivity

Figure 7a. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during
H300 application in Subject SO1. All images were acquired from the same

facial ROI using APM PRO 100 (Xx30) and analyzed with ARM PRO v1.1.4.

SO01(Figure 7a). B3 EEZo|AE 7|A M v3] 23 FHe] £o 7]
SGAR A FY7F gasgon, 3W 23 E dibgog YA A
=¥ BEFo]l #FHAT. Aehd REdA = FAF Ao Frvh s}
Ha BAVE sEAe e BAoH, Wi REoXE I4A &
Wk NS AR Al mheh FHadhe dde] HEEA
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Subject S02 /M / 21y _ H300
J Visit 1 Visit 2 Visit 3
Pore
Melanin
Sensi
tivity

Figure 7b. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during

H300 application in Subject S02. Same imaging conditions as in Figure 7a.

S02(Figure 7b). #ehd REolX = Z[AddA FoeA dREd

AN AE27F 15AE A gekEglon, 2= Ma AT F-
EefA oL g Apolrh Aste] dubAQl Mz gAdmT FAE Kl
P AT WA REdAE 27 FAA W AsrE ARE A3t
upe} Fache S BHion, BE REoi= xd 83% AR Hzt
o] AxAo® sty = Aol HERHJY
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Subject S03 /M / 21y _ H300
J Visit 1 Visit 2 Visit 3
Pore
Melanin
Sensi
tivity

Figure 7c. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during

H300 application in Subject S03. Same imaging conditions as in Figure 7a.

S03(Figure 7c). W= BEEoA & 7| A HolA ZatA #A=E F4
ko]l 1F:aH-H Aak ghstE o, 2Fatel= #2 WS AETt
ARPA 0 7 Zhaate] A5 wkgo] sty Rgo] IFEFQT detd e
M= AN Mxe AErt HAXA R oA 3 AAVE seA= AT
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Subject S04 / M / 21y _ H300
J Visit 1 Visit 2 Visit 3
Pore
Melanin
Sensi
tivity

Figure 7d. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during

H300 application in Subject S04. Same imaging conditions as in Figure 7a.

S04(Figure 7d). B8 HEXA & 7]|AAoA] Az ¢4
172 AAE st glom, 25t = 1 Zo] Bt nEA FEE
&Fo] BEFAY. ded 2 gE RioME AR HE& 7)o Az
HI7F AR Aol whet Zhaste] HRHAQl 9 Az gdwrh At
Fdol TAF AT

X
o
A=)
L
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Subject S05 / M / 27y _ H300
: Visit 1 Visit 2
Pore
Melanin
Sensi
tivity

Figure 7e. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during

H300 application in Subject S05. Same imaging conditions as in Figure 7a.

S05(Figure 7e). MEhd REOAE 7| A #aEd FAFE Ma
FE7F 152 o] F Ak gstEwA AAVE REAAR e, 25 =
T Feke] Az gz} ghadte] HubAdl B gdd=rt I BE
of AFHMNT. VAR RECAME 4 FHe Aok Werh AR Gt

= HOAL, B REALR gv ARV 930
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Subject S06 / M / 20y _ NH300
J Visit 1 Visit 2 Visit 3
Pore
Melanin
Sensi
tivity

Figure 8a. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during
NH300 application in Subject S06. Images were acquired from the same

facial ROI using APM PRO 100 (Xx30) and analyzed with ARM PRO v1.1.4.

S06(Figure 8a). R REojAs Ww F9o WAz zhgo] Fi4
o gElEt P4e Yo, BF &3 EW AF/E Awndom
TRl fFAEAT. dehd R FAR Az WUsh Al AL
2 BFEQon NNE RudAE A Uk ATt tha $5E Q)
oup wiefsr Fre] Wshs Al olofM dubAQl 1A a= FElehA
B2 Fdol BEHAU
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Subject S07 / M / 20y _ NH300
J Visit 1 Visit 2 Visit 3
Pore
Melanin
Sensi
tivity

Figure 8b. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during
NH300 application in Subject SO07. Same imaging conditions as in Figure 8a.

S07(Figure 8b). #Wald HEo|Ax 7|A4A oib] FAF Mzx7}t i
gatss Fde Blouw Ha AAe 33y ] Has AR
J&%H‘”E} U BE WE Rk U L I R g e A R

o)



Subject S08 / M / 27y _ NH300
: Visit 1 Visit 2
Pore
Melanin
Sensiti
vity

Figure 8c. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during

NH300 application in Subject S08. Same imaging conditions as in Figure 8a.

S08(Figure 8c). &
el wel AR WE
Sshi= BAEA ekt wehd 2 g
AEok AR ol FREA BadkA ol

D el dEE A,

2=

-2
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Subject S09 / M / 20y _ NH300
J Visit 1 Visit 2 Visit 3
Pore
Melanin
Sensiti
vity

Figure 8d. Serial close—up facial images of pore, melanin, and sensitivity
modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during

NH300 application in Subject S09. Same imaging conditions as in Figure 8a.

S09(Figure 8d). =& RIZo|AE 7| A AoA BEHA 73 @xo] 1

FA olF Av fEHE PP F4
B g A vlwd FeA fAHAG. Bkl L AgE BeeAe
3 A=y
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Figure 8e. Serial close—up facial images of pore, melanin, and sensitivity

modes at baseline (Visit 1), Week 1 (Visit 2), and Week 2 (Visit 3) during

NH300 application in Subject S10. Same imaging conditions as in Figure 8a.

S10(Figure 8e).
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Figure 9. Anti—apoptotic and proliferative effects of H300 on keratinocytes.

(a, b) Histograms showing the expression of apoptosis—related markers in
keratinocytes under each condition. (c, d) Histograms showing the
antioxidant effects of keratinocytes under each condition. Con, control; S,
LPS + TNF-—a; NH300, non—heated abalone shell extract; H300, heated

abalone shell extract; ns, not significant (#p<0.05, #%p<0.01)
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Habd 2A0A sebocyteE AT ¥ ADL e mmd A3,

[e]
% sEdzd wEE TAAE A Qo] FEs} FEA S

ol

- 2%
o} ¥bE NH3003 H300S zHz: A leh oA tixadt fAke 3
o AW G G Hel, &% A Al FEF AW FHo| {id
2] e Skth(Figure 10a). 7538 H A5 2EH 27 7Held] 20445

NH3003 H300S 37 Ae]dk FollA Ad FAdo] 2Ed s wEgto 1
3l A3 FAgoE Aotk E3] H300w-S NH300w K Th ¢ A
o SHA YEhy, 2Ed A At A F F4 oA a3t o Ade A
S AAFSFA Y (Figure 10a).

ololAl A& UiAtE x™ste A @A HSL, perilipin, AMPK®]
el S WA M E3FSE immunocytochemistry S.2 13ttt A= ~E
g ZHAAME Al @A wde] dwtdoz IA HAsigon
(Figure 10b), H300 Aol = tizxat tir] A dezo] whgo] 55
Al F7bekalvh. NH300 AatelA® 94 FFo 3ol = UA
w7k H300 fﬂﬂ%oﬂﬁ =7} io] = 74E}(Figure 10b). 3 H3002 ~E

S gz
TOoE %XMWJ HhE | NH300S 59 Z2doAd 2d Za
A Eal ~Eg e did BE gyrk H3002 T ofgk o=yl
(Figure 10c¢).

olgigt #folg Hu} W3] 7] 8| HSLY perilipin &/ F 8¢
eSS k= PKA protein kinase A W& FAX BEAHow H7LsS]
th 1 Ay 95 2~EY 20 =EF9 sebocyted PKA @d 2 txato] H
3] oF 2438 AI WA H300 HEdoldE oF 2.14¥) F71ekdck
(Figure 10¢). B3] 2E# 2 7S 7|Fo=z H|wgS w H300 B8
o] PKA ¥d& 2~Ed 2~ g Htt oF 4584 %%k, NH300 -8
HISI = oF 35% o] w2 455 X9 H300°] PKA-HSL-perilipin %
S T A4 A - 9 SFkA 2HES AAFsE tH(Figure 10¢).
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Figure 10. Regulatory effects of H300 on lipid synthesis in sebocytes

(a) Oil Red O staining images showing lipid synthesis in sebocytes under
each condition. (b) Immunofluorescence staining results showing the
expression of key proteins involved in lipid synthesis regulation under each
condition. (c¢) Flow cytometric analysis of the expression of PKA (protein
kinase A), a key upstream regulator of lipid synthesis signaling. C_CM,
control—conditioned medium; S_CM, LPS + TNF-—-a—conditioned medium;
NH300—conditioned medium, culture medium from keratinocytes exposed to
non—heated abalone shell extract; H300—conditioned medium, culture medium
from keratinocytes exposed to heated abalone shell extract; ns, not

significant (*p<0.05, **p<0.01).

_49_



3.2.3 Macrophage 9% 94 a3}

= -1
Ao, ARt ow AEgA o] M1 38 SXshs Wdoe= 2
atainh ol A t—SNE EAolA %= fAtetAl vEdY, 2Ed 2~
e 2B 2 S8 o] gt ol FIEAT

N
N
>
>
24
E¥
s
Z
il

(Figure 11c¢).

W H300_CMoll A= M1 =37 a38 oz A5t H300S =~
Efa Z2A(S+H300_CM)IA = CD80 2d 715 a4 d3ir )z o
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A= M1 A3 ga8or 2das 590 o 438 Aoz U
133533
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Figure 11. Regulatory effects of H300 on macrophage polarization

(a, b) Histograms and quantitative analyses of M1 polarization markers
(CD80 and CD86) in macrophages under each condition. (¢) t—SNE analysis
showing cell similarity based on CD80 and CD86 marker expression.

(d) Histogram and quantitative analysis of the M2 polarization marker
(CD206) in macrophages under each condition. C_CM, control—conditioned
medium; S_CM, LPS + TNF—-a—conditioned medium; NH300-—conditioned
medium, culture medium from keratinocytes exposed to non—heated abalone
shell extract; H300—conditioned medium, culture medium from keratinocytes
exposed to heated abalone shell extract; ns, not significant (¥p<0.05,

xxp<(0.01).
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Figure 12. Crystallographic Changes of Abalone Shell Induced by
High—Temperature Treatment.

a) Representative bright field images of abalone shell powder before (NH300)
and after heat treatment at 300 °C (H300).H300 shows smooth—surfaced
polyhedral crystals (white arrows) with low particle density, while NH300
displays elongated, needle—like structures (yellow arrows) with increased
surface roughness and a greater amount of fine, irregular debris. Scale bars=
10 um. (b) XRD patterns of untreated abalone shell powder (NH300)and
heat—treated sample at 300 °C (H300). The intense peaks (arrows) in H300
indicate enhanced crystallinity and calcite phase transformation compared to

the untreated control.
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ABSTRACT

Seborrheic Skin—Improving Effects of
High—Temperature—Processed Abalone Shell Extract
as a Cosmetic Ingredient

Kim, Gyu Rang

Major in Beauty Design Management
Dept. of Media Design

The Graduate School

Hansung University

This study evaluated the skin—improving and sebum-—regulating
efficacy of a high—temperature—processed abalone shell extract
(H300) and assessed its potential as a functional cosmetic ingredient
through integrated material characterization, cellular mechanistic
studies, and a human application test. Although abalone shell-derived
materials have attracted interest as potential bioactive ingredients, no
cosmetic products utilizing abalone shell extracts have been
commercialized, and human efficacy data remain extremely limited. A
two—week clinical study was conducted in male participants in their
twenties who exhibited tendencies toward seborrheic skin, during
which H300 or a non—heated extract (NH300) was applied twice
daily. Compared with NH300, the H300—treated group showed faster
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and more consistent improvements in key parameters associated with
seborrheic skin, including increased hydration, reduced sebum
secretion, attenuated erythema, and diminished inflammatory signs.
Region—of—interest and high—magnification 1maging analyses also
demonstrated improvements in pore appearance, keratin accumulation,
color homogeneity, and skin sensitivity, with higher subjective
satisfaction in the H300 group.

Cell—based mechanistic studies were consistent with these clinical
findings. In Kkeratinocytes, H300 inhibited stress—induced apoptosis
and inflammatory signaling while restoring antioxidant capacity. In
sebocytes, H300 modulated lipid—metabolic pathways centered on
hormone—sensitive lipase, perilipin, AMPK, and PKA, ultimately
suppressing lipid synthesis. In  macrophages, H300 reduced
pro—inflammatory M1 polarization and enhanced anti—inflammatory M2
polarization, suggesting a regulatory effect on the cutaneous immune
microenvironment.

Material characterization revealed that high—temperature processing
transformed the crystalline architecture of abalone shell from
needle—like structures into polyhedral microcrystals and produced a
calcite—dominant, highly ordered phase with substantially increased
and sustained Ca?" release. This enhanced calcium release may
contribute to keratinocyte differentiation, epidermal barrier formation,
and the modulation of inflammatory responses.

Overall, H300 produced clinically meaningful improvements in
seborrheic  skin, supported by mechanistic and material—level
evidence. Given that abalone shell-based cosmetic ingredients have not
yvet been commercialized and human efficacy studies are scarce, this
study provides foundational evidence for H300 as a promising

functional ingredient for seborrheic and oily skin and underscores the
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need for further long—term and diversified investigations.

[Key words] high—temperature—processed abalone shell extract;
H300; calcium release; seborrheic skin; sebum regulation; skin

hydration; anti—inflammatory activity; functional cosmetic ingredient
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