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Abstract This study aimed to investigate the effects of small molecular weight deer antler collagen
extract complex (NP-2007C) on skin moisturizing and improvement of skin wrinkles. In HaCaT
cells, NP-2007C treatment significantly increased the contents of procollagen type I and hyaluronic
acid (HA) as well as the gene expression levels of hyaluronic acid synthase 1 (HAS1), HAS2,
filaggrin, and aquaporin 3 (AQP3). In hairless mice, the contents of collagen type I, HA, and ceramide
significantly increased in the NP-2007C-fed group. In addition, when NP-2007C was treated in
HaCaT cells irradiated with UVB, the activity of matrix metalloproteinase-1 (MMP-1) decreased,
while the activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx) increased. In the NP-2007C-fed group in hairless mice, skin moisture content increased, and
transepidermal water loss (TEWL) decreased. Furthermore, wrinkle formation was improved in the
NP-2007C-fed group in UVB-irradiated hairless mice, and the enzymatic activity of cytokines such
as transforming growth factor-p (TGF-p), interleukin 1 beta (IL-1p), and IL-6 decreased. Therefore,
the results of this study suggest that NP-2007C has sufficient development value as health functional
food for improving skin health by suppressing UVB-induced oxidative stress and regulating skin
moisturizing and wrinkle-related signaling pathways.

Keywords deer antler collagen extract complex, skin moisturizing, skin wrinkle, UVB, oxidative

stress

1. ME

[ S

Azte] S sk 54 2102 Qo) s ALY THo] A H A ok SA T
Az9] &Fo] AAIE= Wil otet S, Aol (ultraviolet, UV), &5 5 2 &4 8210z
oI5 ¥Ash= Q1A w32 UHth(Farage 5, 2008; Zhang¥} Duan, 2018). o] & Z2JAlo] 9]t
w3 QA s oo, BEelAY ASHe AM RS HRolN THL
oxygen species, ROS)9] A& £25}7 Hth(Chen 5, 2021; Krutmann 5, 2009). A4 =&

Z(reactive
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T2 ROS®] F7HE TR Hel i BF HUL FASE
ZH, detAE 59 AlEQ] 7] & (extracellular matrix, ECM)
Thila g Hsfol= 7] S4HHES| S 4 (matrix metalloproteinase,
MMP)e] I ZHRleb SEslel FAA0E TR 250
FE FAot F5S FUSHA HH(Choi 5, 2020).

T 5] 90%E AT BAL TRel SE3 T
S fAoks o 8% 9% op, o] § 13 Fle TR
o] & ZA 3 (Nolte 5, 2007). E3St 5| L¢FEX K hyaluronic
acid, HAy2 84 b7 BALEAER, 8 Bf 58S
ol 229 & B, AE AR A, 23 X 8ROl o
o= Ao 2 HIEJHKim &, 2007; Song 5, 2013). H3j
AR, wEopE, 2270 2t ole AoE 4Rl 7154
2 A, SPE, AloREok 5olA Aoz g A
S5 Qlort, WA 9 A $24E SelE Ao B
JEof kst ARl A 754 EE9 gl 845
I QIthKim 5, 2017).

OGS HAAA = 3P E &-8(deer antler velvet, Cervi
Parvum Cornu)Xth 7}Zo] AF3E =Zi(deer antler, Cervi
Cornu)Z FAISIe} A5 BIER ofyet 25 58
st g7t Qe Aoz IR o (Kwon 5, 2017; Lee
5 2015), o|& o]&qt 47 &4 ol gt A7t &de]
Y= QI (Ann, 2003; Parkd} Lee, 2018), < 2F 5
Sepag m% A7 AY L 24402 Seld B gl
(Goo 5, 2023). FE ¥ ARGH O] & F7|ZH(Lycium
chinense Miller)yx= T & o]l ol 2= 744 g3/} FHojupy,
Azhd 4 ALt AetAEtotA (elastase) AAIE B0l 3F
& JfAo] 7]ofste AR HIAE It (Choi 5, 2014; Kim
5, 2011). 3L, F-23KLonicera japonica Flos)yx= AJA 02
FrE AR AEHARRE WRE B35k, ROS AAY @
G 9 o] A B BT L o)) $82 A A
Ho=& m@rhy 9ltkSeo 5, 2014; Yu 5, 2017).

wep B AToAE ARA 7t ) ae) 0y Az
WA 715782 SAA717] S1et B F9] shuE oRgAERl +
P 8 ot Adjete] AUl Eake Sska sgict. ole]
w2} A7 2P A E(human keratinocyte cell, HaCaT)
o hairless mice (HR-1)OA] 487 52t Bebd 23 9%
(NP-2007C)9] A}2]A(ultraviolet B, UVB) A} 950 wh& 3
w3} oA avkE glshy, B 9 5 /A 23 BrIse
5 A% 715748 X AAEAY 7RsAE Elsklth

=l

=

2. Mg 2 diH

2.1, M5
AR} 57k Zep 3% BYBNP-2007C)
BAZNGES S AR ARA} H7 e 2

https://www.ekosfop.or.kr

AR TS 50+5°Co|A] 4417t 59t Endo-protease(Novozyme,
Bagsvaerd, Denmark) 42 12} 7}5E35)519c) o202
50+5°CO)| A 4A|7F B9t Exo-peptidase(Novozyme, Bagsvaerd,
Denmark) 4= 2X} 7}5pE8] 9 60°Cof|A] 18A|17F 59 A
2L AA Hat 1,409 Da EA}5F(data not shown)S 7121
AR =7t ZeHAS £ PHE At B3 1A &
55 FI S238 de5E B2 47 9= oF 10
Hijof| siols B TS F 95+5°C] RHA 3ATHA 2
HHESto] &S00, 5 mlo]AE FEE o7}, 60°CoA
AAsS 9 60°CollA 18A17F ot AXIF S AX &2 3
B2 A|Zskoich

>

o,

2.2. MEHSF

HaCaT A|*Z+ Cell Lines Service(CLS; Eppelheim, Germany)
oA #4599t} ¥l A= Dulbecco’s modified Eagle’s medium
(DMEM,; Gibco, Grand Island, NY, USA)o]| 10% fetal bovine
serum(FBS; Gibco)@ 1% penicillin-streptomycin(Gibco)<
S35t A0 &, 5% CO,, 37°CE AAE A|E uij7|(Labtech,
Gyeonggi-do, Korea)ol|A] BJ5}SiT.

23 AEEE

NP-2007C9] H¥ H<% 5315 39135H7] ¥J5te] NP-2007C
£ hairless mice #|% tH] 50, 100, 150 mg/kg?] FE =& 25
2 AT ST AEHNCS AHAGSE AEA,
FAHEHPC)E S|EFEAE AT thH] 50 me/ked] 5%
2 AFg3ielch. Eok, NP2007CO] Ao RN Wi 85
A7E E9I517] Yool hairless miceo] UVBS RARSE &,
NP-2007CE A% thH] 50, 100, 150 mg/kgd] HE = 1237t
A7 Eol39it. UVB 2AK= Yun S(019)9] #0243
=9 5 ol 4L Al ¥ UV Crosslinker CL-1000M
(UVP, Cambridge, UK)Z AF8-5ta] A|3519ith. UVB XAV
© 75 mijemolA] AJ&Sle] v A FERF 151 27147
T HEHoR Ha FURF 33 FEE F 105 BU RAHY
o} SEAES (A)AErte] 221 8Y HARLAFAE Ads
20219125 (No.INR2204)) 591 Wo} Seagsleirh

24 aABGZFENELISA)
HaCaT A|3E 9 hairless mice TX MEZo|A m2Z A,
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MMP-1 % S|USE4F B3-S 2457] 95tol procollagen
type I C-peptide ELISA assay kit(Takara Bio, Inc., Otsu,
Japan), MMP-1 ELISA kit(R&D Systems, Inc., Minneapolis,
MN, USA) ¥ human hyaluronan ELISA kit(R&D Systems,
Inc.) & AREdto] ARAAQ] Z2EZ we} ¢t £
sk, mR AZ9] Agtulol= §fF =742 human ceramide
ELISA kit(MyBioSource, San Diego, CA, USAYE AR&5}o]
gty 181 X AEo|A tumor necrosis factor
alpha(TNF-0), interleukin-1p(IL-1B) & IL-69] St=F =42 7+
Z} Mouse TNF-o ELISA kit(R&D Systems, Inc.), Mouse
IL-6 ELISA kit(R&D Systems, Inc.) & Mouse IL-1p ELISA
kit(R&D Systems, Inc.)& ARE5lo] 435}t
2.5, gitel g4 24 SF

UVB 2AE B3 12 &4 $92 Ho S022)°] oz
Y519 t;. UVB I (Bio-Link BLX-312, Vilber Lourmat,
Marne-la-Vallee, France)E ©]-8-5}o] HaCaT A|Zof UVB(30
ml/em?)E ZARE T NP-2007CE 25, 50, 100 pg/mLo] S&
2 24A7F 59t A5ttt 1 3, superoxide dismutase
(SOD), catalase(CAT) ¥ glutathione peroxidase(GPx) &4&
245}17] Yl 2+ SOD assay kit, CAT assay kit @ GPx
activity assay kit(BioVision Inc., Milpitas, CA, USA)E Al
sfol B

I

2.6. OF7 #7878, ZOoj+FL45 & 07 5 F4

Hairless mice®] NP-2007CE A% tH] 50, 100, 150 mg/kg
9] L& 237} ALEAS 3 comeometer® CM 825(CK
Electronics GmbH, Hamburg, Germany)Z AR&-5}o] mjX 4
Belo ks =A5}9 1, tewameter® TM 300(CK Electronics
GmbH)E Al8-5}0] 7 3]4-E4 AT, (transepidermal water loss;
TEWL)S =45}t E3H UVBE ZAISH hairless mice©]
NP-2007CE A% dH] 50, 100, 150 mg/kg?] HE& 1237k
ATE03E T, visioline®(CK Electronics GmbH)g AF&-510]
35 FE52 B7HtH(Yun 5, 2019). 5 A4 FEol=

% W4, & gol, 78 A4, 22 ol EFHULk

2.7. HAIZt REAF 2L (QRT-PCR)

Hairless mice?] T& ZA 3} UVBE ZAFSE HaCaT A Zoj
A & RNA &2 TRIzol(Invitrogen, Waltham, MA, USA)&
AL8519Th 255 RNAS FP O & ARSIl PrimeScript™
RT master mix(Takara, Tokyo, Japan)S AF&5lo] ¢cDNAE &
Aottt 1 &, g4JE cDNAY]| SYBR Green qPCR PreMIX
(Enzynomics, Seoul, Korea)E #7}5}1. Rotor-Gene Q Real-
Time PCR System(Qiagen, Hilden, Germany)& A}-8-5}o]
qRT-PCRZ =otet. ZF FHA Ud FF2 ACt(cycle

360

threshold) ¢FS ARg5to] AAFCH glyceraldehyde 3-phosphate
dehydrogenase(GAPDH)E W& o &+*(internal control) .2
gt

2.8 SH=4

B o9 EAA 2] SPSS Ver. 22(SPSS Inc., Chicago,
IL, USA) Z2 J3& ARgslo] Ul FAREA(One-way ANOVA)
< AAIRE & Dunnett’s test= ) Rt7} 7 AT 74| §-9jm
gk Aol & EASHG o, pgto] 0.05 Wkl F-f-ofvt FAE
Hog foligo] Q&= Ao HFIAT RE = A= 3
TH(mean): ¥ FH 2| (standard deviation, SD)Z IEA|5} T}

3. 21 % ¥

3.1. NP-2007CS ZZHgIEZ 22/

ApA w7t B B 4 BenE B
o B WA I SRS SN e 3

F2AE SYSIA HaCaT HZo|A Higte]go]
2T} 5| GFEATY] TS ERlstlrh ket
sl Fehs YTEL FFL SAGNE AL
=3t 9A9 7P Sa% 8R1e® HFEHI QltkLlee T,
2013). HA] APATLE 53 A2ls=E 100 pgmLE 2745}
A, =272 EFL8E 22 10101, 3:2:1, 1:3:2 W 2:1:39]
vl g Aot & 22 I TS ERIg 43 =7
F71ABest 32:19) Aelqrl TeEa gasol 94
RO YEPtth(Fig. 1A). E3L, S|YFEA4TY] AT &1l
St A3t B7b: 7| 2238 3:2:19] A2 oA s|gFE4t
Feol et Ao= UEdth(Fig. 1B). ol9t 22 2
o 2 &2 =7t F2H 2, 714 4955 &
F28}F EFE S 32019 HEE 23 AEA} 57

2l #& H9Ee NP-2007CE gttt

N 0]

=

Bu o

>,

o — wa
it

§

a}
g]
7

Hr ot

il

=
e

mf w2

32, HaCaT AZojA NP-2007CS| o2 8= J4A0) O/
xl= &2t

Zulo] 7P 5 g2 FEHIoR, 11 F 90% o4
o] ZEFeHllc = RE HAHH FH B 19 FH= A%
CH(Varani 5, 2001). g8 o2 mX A xE ISt thokst
ZA 3 Ao EAjsts S|FEARZ BF, AIE olF, 4A
Ao 583 4TS sh, Alzu @ 5421 hyaluronic
acid synthase(HAS)O| 93] A== Aoz dHA ot
(Jeon 5, 2014; Karvinen 5, 2003). w&hA] NP-2007C2] Tj&
H& /A aE gRIsH| sl HaCaT Al ZE o]t =&
ST} S|UFEARY] S ERIgE A3, NP-2007C A
o] 7l et 2 Ea S|YFEAR] ol T
7Fobe AC® Uedth(Fig. 2). T3 NP-2007C2] o § H
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Fig. 1. Effects of three extract mixtures on collagen type 1 synthesis (A) and hyaluronic acid (HA) synthesis (B) in HaCaT cells.
Enzyme-linked immunosorbent assay of procollagen type 1 level and HA level in the culture supernatant of HaCaT cells. Values are

mean+SD (n=3). “p<0.05 and “p<0.01 compared to the control.
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Fig. 2. Effects of NP-2007C on collagen type 1 synthesis (A) and hyaluronic acid (HA) synthesis (B) in HaCaT cells. Enzyme-linked
immunosorbent assay of procollagen type 1 level and HA level in the culture supernatant of HaCaT cells. Values are mean+SD (n=3).

"p<0.05 and “p<0.01 compared to the control.

A2 24 Ga7E Al oA AAEEA] Rl
R B 9 qi g9 s BE 8 fARe T
RT-PCRE F-4J5t3{tt. 11 A3}, NP-2007C: S|gFE
o Tolsl= HASI, HAS2 94 &, A= Y=z 4
*HFSH= aquaporin 3(AQP3) FAAHS] W, ulF A4
S5 filaggrin FAAH] HHS S7HAIA D7 B 7
2NE Yele 2AE ERlskith(Fig. 3).

2 gl do il
eaya)
=2 J:_:io

o o fe r
i tlo »

y Mo

1

S
lo
OOZZ

3.3, A8[HO 2 R E HaCaT MEWA NP-2007CS/
MMPsS} gtitef 24 &0 O/A= &2
ZF@JAof 9Jg] AYAE ROSS =22 mitogen-activated

https://www.ekosfop.or.kr

protein kinase(MAPK)9] Q1AL }Q—— ZA51a, QA p3s,
jun N-terminal kinase(JNK) 52 c-Fos%} c-Jung A 3IA|A
activator protein-1(AP-1) E<§11]E P A5l MMPS} 242 &
ALY Wheg ZA3HTH(Choi 5, 2020; Lin 5, 2019; Son 5,
2011). 5, Fes} Fo] WA ROSC] A4 o] gt
MMP 2H30] 27} 0l Zal7l Baj ZAAel ECMO] 22
WISk WY £8 94L 2PU oot BAE ot
(Chen 5, 2021; Kyrgidis %, 2010; Pillai 5, 2005). wehA] Z}<]
Alo]| oI5t Al W ROS©| 23] A3 matrix metalloproteinases
(MMPs) 5 Z2HA E3)] a40f tist NP-2007CS] A5 a3}
£ ZIst7] 918l HaCaT Ao UVBE ZAFSte] MMP-19]
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Fig. 3. Effects of NP-2007C on mRNA expression of genes related to moisturizing in HaCaT cells. (A), HAS1; (B), HAS2; (C),
filaggrin; and (D), AQP3. The mRNA expression of HAS1, HAS2, filaggrin, and AQP3 in HaCaT cells was analyzed by qRT-PCR.
Values are mean+SD (n=3). "p<0.05 and “"p<0.01 compared to the control.

e 25 1 23k NP-2007C Al UVBO] 2
SEE MMP-19] A4S A3 FAAZOH, o2 B

NP-2007C29] #A&]Aoj o5t F& 7jA 2IE 8915} th(Fig.
4A). EZL, IS} a4 B Glsto] Akejadel o) AdE
ROSO|| I3t NP-2007C2] A3 BAS sHolsigct. 1 A},
NP-2007C #g] $<&0] F71tol we} UVBo] o8] fied &
Ak a4 g4o] S7Iohs AR YERTH(Fig. 4B-4D). °JF]
gt AIk= NP-2007C7F FAket aA4o) Hes S st
UVBY 93] Z7He ROSE #aAZozH Aojidez 9l
PR &) His) 2o avE yehdte AS Sulddt

O‘ll-;]r

¢

3.4. Hairless miceOjAf NP-2007CS| mj2EZ0) 0/xf

EFdtH(Chang 5, 2007; Kwon 5, 2013). w2kA NP-2007C
b WRe) g Aol £AFS Aashhe WaEo] vl
L ggkg doIst| €5te] NP-2007CE hairless mice©] 25
5t A7 Folol, We 42 gek TEWLS 2499,
5 8 S 574 A NP-2007C AF T2 i) H]s)
S ego] OlotA ST H (Fig. SA), TWEL 57 21,
NP-2007C AL o] vla) W 3 £4%o] 49
Sl aEE AL gRlE & ARTHFie. 5B). o, T
¥ 200 THnE B SRR AllE B
F= S 47}, NP-2007C gF|tollAl 5| dFEA4kat Azt
T o] fstA F7Fste] NP-2007C AHFE SdlA]

T EEO| H*FJ“

i

w342 1% 4 9IoitkFig. 5C9} SD)
EAAE IS AN A8 52 2ok
N celgsiol=y Eejols ¢
g g4 58S ¥oly W e pug
u aoke 710 4+ ki 5.
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Fig. 4. Effects of NP-2007C on MMP-1, SOD, CAT, and GSH-Px activities in UVB-induced HaCaT cells. (A), MMP-1; (B), SOD;
(C), CAT; and (D), GSH- Px MMP-1, SOD, CAT, and GSH-Px in UVB-induced HaCaT cells was analyzed by ELISA. Values are

koK

mean£SD (n=3). "p<0.05, *

3.5, Xf8[OZ RLEl hairless micedAf NP-2007C
} OIF & WMo O/x/= &2

Fieohe w3 w5} £439] —,—3 ololoz Aol 2}9jAl
=22 olo) ws, A2Y3} 25§42 o]0z Chen,
2021; Poon, 2015). NP-2007C7} UVB ZAFZ Qlgt mj2 z=
H3olo| m|X]= g3E EQI517] Y9, hairless miceo] 125 &

*F UVBE ZAShe SA1°] NP-2007CE ﬁ;L_Eroq sk, 1
A7}, NP-2007C AH70] & WA, & o], &2 7 =&

Zo|7F @A 5] A5t Ak(Fig. 6). O]T’—h} A= AA ZA
Z QI3 F2 FAJo] NP-2007Co] 9J3f A=A ERH
o} E3] 17|A A& % phytoestrogen estrogend} -3-AFSHA|
2§50 estroge HAagE YA olF B AF A 2
collagen SP3E §Aste] A% BT} £5E YA &
A AH(Choi 5, 2014). 52319 F247 Fof shtal
chlorogenic acid GA] UVBZE FE% ASh &40z HE
ROSE Aot ARIAEH AR Qlsf WAYst= A 2tt)d
EHE AZE H3ste] 0} k35 A[AA7|E AoR oA

https://www.ekosfop.or.kr

"p<0.01, and p<0.001 compared to the UVB-irradiated.

ZtHCha 5, 2014).

3, YA RAF= MAPK A3 A A2E 24slo] 1
9 MMPsE F7HA ECM T¥dS Eofjglth(Han 5,
2022). E3F MMP2] HAFQIAFQI nuclear factor-kB(NF-kB)&=
TNF-a, L1, IL-6 52| 94 Alo|E711L Z7pAA 7]
&Aoo 71ojgitty B ¥ Tk (Yamamoto?} Gaynor, 2004).
w2hA] hairless miced] 125 59 UVBE A= BA|9
NP-2007CE 37503 & A5 AelE7HR] ZHlof A=
£342 GUiTt 1 A3 UVBS ZARRolA B4 izl
H|3] TNF-o, IL-1p, IL-6 EH]7} 8-9|5}1A4] Z7}5te] Ato]E7}
o But SEEGOL, NP2007C HHTE B34 AolE
7A91o] AL Gl lEtel 9% g 2HG B T
5 P45 AAsk= AS lskSick(Fig. 7).

HaCaT A|%Z2} hairless miceo] 4] NP-2007C2] m¥ A7} 7}
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Fig. 5. Effects of NP-2007C on skin moisturizing in hairless mice. (A), water content of stratum corneum; (B), TEWL; (C), hyaluronic
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are meantSD (n=8). “p<0.05, “p<0.01, and ~"p<0.001 compared to the normal control group.
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