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Abstract: This study attempted to investigate the possibility of the use of Morinda citrifolia (MC) as a cosmetic in-
gredient from its physiological activities such as antioxidant activity, cytotoxicity and anti-aging effect. MC is a tropical
plant that has been used as traditional polynesian foods and medicines for over two thousand years. It has been reported
that this shrub can improve antimicrobial, anti-cancer and anti-inflammatory effects and strengthen an immune system.
The in vitro antioxidant activity of MC was performed to see the DPPH scavenging activity by measuring total poly-
phenol content and total flavonoid content. As a result, a lack of any cytotoxicity was confirmed in human dermal fibro-
blasts (HDF) cell. When MC extract at a concentration of over 50 ~ 100 ug/mL was added, MMP-1 expression consid-
erably diminished. In an in vivo test, in addition, cream containing MC extract was prepared and applied to a total
of 22 women in their 30 ~ 50s in ages in the morning and in the evening for four weeks. Changes in keratin, melanin
index, pore, skin color and wrinkles under the naked eyes were then comparatively measured. Keratin levels slightly
increased in the control group but decreased in the experimental group. In addition, wrinkles diminished in the ex-
perimental group. This study found that MC extract controls many MMP-1 related mechanisms with great potential for
use as a natural ingredient of anti-aging cosmetics.
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2.1. XM= & 7(7|

B ATl A AFASE A =Y 39T & 2015
| 249, J2)FAKSeoul, Korea)ZH-E] F45}e] AR8-3}
Atk =Y FEES =49 108 FA9 50% e
< 92 T A2 72 h A% A 8 7](Hanil
science industrial co., Ltd, SUPRA25K, Korea)l|A4] 9,000
pm O E 15 min 35Y 7 JAHES 33 RHEste] YA
#2]3F & Whatman No.2 HIA &2 FZH-& o 73}
I e de sAE Az ARSI A, E+ EA
£ o]&3st HHTZ v, deES ST A
sl 74 EZ7](EYELA, Japan)Z A€k A|ASH &
d Axste] Az AFEE skt A3
A8 A9k 1,1-diphenyl-2-picryl (DPPH), butylated
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hydroxy toluene (BHT), 3,5-dinitrosalocylic acid (DNS),
glucose, caffeic acid, quercetin, arbutin, pyrogallol, griess
reagent, tris-HCl buffer (tris (hydroxymethyl) amino-
methane + EDTA), aluminium nirate, potassium acetate,
sodium phosphate buffer& AF-83}3L(Sigma, USA),
Dulbecco’s modified Eagle’s medium (DMEM, Hyclone,
USA), «-melanocyte stimulating hormone («-MSH)<}
L-tyrosine, fetal bovine serum, penicillin, streptomysin,
formaldehyde, arbutin, phosphate buffered saline solution
(PBS), easy blue, chloroform, isopropanol (Sigma, USA)
£ 7ot ARESFATE A3 2 SP600125 (INK in-
hibitor), SB203580 (p38 inhibitor), PD98059 (ERK/MEK
inhibitor), LY294002 (PI3K inhibitor)S T&te] A&
3} 2 (Calbiochem, USA), 1 £]9] 7]E} A|F2 EFA|
oFS AH&3IITH

2.2, M|X HHQf

Human dermal fibroblast (HDF) M| ZE& & 23| A}
&317] ot M=z WS AASHATE ME vk
high glucose Dulbecco’s modified Eagle’s medium
(DMEM, Hyclone, USA) 8 Z|ol] 10% fetal bovine serum
(FBS, Sigma, USA)3} 1%} penicillin/streptomycin
(Sigma, USA)Z 100 1U/50 ug/mL-& H7}sked 37 C=
FAEHE 5% CO,, FHEFE 100% S 81971 (Sanyo
Elctric Co., Japan)oll A HlFs} %t

~
(=)

2.3.

0%

A3}

I

2.3.1. & Polyphenol &fzF =X

=Y FE2EY F ZE 9= F(total polyphenol
content), TRC-2 caffeic acid (Sigma, USA)E ZFEZ
Z ARE3}F], Folin-Ciocalteau 2 W st A3}
ATH8]. AZE 0.5, 1, 1.5, 2 mgmL7} FA 343 F
AlZ 400 Lol Folin-Ciocalteau’s phenol reagent A]F
400 uL& EF3Fe] A LoA] 3 min7t FAF T 10%
NaCO; &% 400 uLE &3t thA| A-2oA 234
JEE 1 h 5% BEEAIFTE ¥H8 $ 96-well platel]
200 uLA E-F3+ & microplate readerE ©]-835F] 800

gt

2.3.2. & Flavonoids &ZfF &

Y FEE9 F EPtRo|E 3 4 W=
morenoE ©]-&3t] FAHSATHIL AEE 1, 3, 5
mg/mL7} EA 3|4 & A5 100 uLell 10% alumi-
num nitrate 20 uL2} 1 M potassium acetate 20 uL. 2 ©]
e 860 uLE A E HUbe & Sttty O & A
204 40 min It WA|3FIL 96-well plate©l] 200 uL2

BEE F 415 mold RS S45

SR ol E I SA(%) =
(A7 F35 7R F345) * 100}

2.3.3. DPPH Radical A7 s &3

DPPH (2,2-diphenyl-1-picrylhydrazyl) assay+ free rad-
icaloll T3 Al 28] 3tsl A& Hrlskr] fl7 Ao
= Blois (1958)%] W& o] &3l =Y FEElA9
DPPH radical £7]1% Z4< 39tk 0.1 mM 55
DPPH (Sigma, USA)-&< 180 uLoll =Y FE& Al85E
20 uLA 96-well plateol] 78k 37 CollA4 20 min 3t
Hj FsFATh vlF & microplate readerE ©]-83}4 517

mE FFEE SASIT

DPPH HHE &AL (%) =
NEFNEFEE

NERANEREE

100 — [( ) < 100]

2.4, MMP—1 MM 2dxls =X

241, NZ=N £F

Neutral red (NR) assayE ©]-8&3tq AHEH Al59
=4 AYe F3s9tH10]. Al = HDF AEE
ARE3EFA 21, 96-well plateol] 3 x 10* cells/well2] T =
2 B3t =Y FEES 4 57 HES HU}
gk % 24 h &% 37 CTollA CO, viF7]olA v skt
o} MERZ 2 T ARE FEEHE FIA v
At A 2gk & 48 h vl Th iRt MEE
kS NR solution®] 1% EH T8 wiAZ
3ksted 3 h v ke o @w|7 ShollAl NREY A4S}
F5E stk METAHNOZ formaldehyde &
o} 10%7} 2712 phosphate buffered saline (PBS)S 2t
welloll 100 uL= 20 min A 2]3t] 143} NR de-
sorb solution (1% glacial acetic acid, 49% SNEHE, 50%
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SHFP)E 7 welloll 100 uL2 EF31] A Uj2] NR
£ FZ35}9 microplate reader® 540 nmol A FHFEE

M BEE(%) =

A5 7HE2] 0.D. at 540 nm
A &FH 722 0D. at 540 nm

x 100

2.42. MMP—1 MM dXls =X

HDF A|ZE 96-well plateol] 3 x 10* cells/welld 2
FEAA 120 F AT S WeE]a DMEMe] =91 3

SES vEUE AYT F UVBE 20 mingt ARSI
24 h wiFetAth IEla Wi S 100 uLE
96-well plate®l] %71 ¥ coating buffer 100 uL-S 7|3
% overnight Al Th. T3 vl F5A A A T washing
buffer (0.1% Tween 202 $H)Z 3% washing 3} T}
Blocking buffer (0.1% BSA $H1) 100 uL *12] ¥ 37 C

oA 1 h RE&AI71aL, vl F &S AA F buffer® 3
W washing Tk 1,0008] 3]413t primary antibody
(anti-MMP-1 mouse antibody)E 50 uL.*12] 3 37 Col
A1 1 h BA 3 v S A A2} washing buffer=
39 washing$th. 4,000 3]
(alkaline phosphate conjugated anti-mouse IgG antibody)
5 50 uLAE] F 37 ColA 1 h x|} v &5
A A % washing buffer® 5% washing gt} 1 mg/mLe]
FE=E =2 p-nitrophenyl phosphate (pNPP) 100 uLE
ZF welld A2] %37 C HdellA 1 h FAJT 21 &
405 nm FF oA SAFTE E AL HDF Al Z
g =Y FEES MMP-1 3 HEE golr 7] 9
3t Y FEE-S HDF A2 24 h B¢+ A &
i 4SHE FH3Sked ELISA (enzyme-linked im-
HOoE MMP-1 dFe F433

233} secondary antibody

munosorbent assay)'d

o,

24, Ll &7 3 A= g

Aol A" ZY AF-S Table 19] 1ol u}
2+ i ZxT(control)F} =Y FEES TFsE 1F
(experiment) .2 o] T3 o] A 23T (A)
&3 B A7 70 T7HA 7heske] ¢ Baleh
%, (A Bl B8kl S EEA 4,000 rpmell A
15 min F kst F3AZITh 1 o3 40 C o]st=

thEkaladEek s A, Al 428 A 2 &, 2016

=3
[€)

3] - Al

Table 1. The Experimental Formulation of the Cosmetic
Product Cream Samples (Composition (%))

Control Experimental
group group
D.W 51 50

Ingredients

Hyaluronic acid 5 5
A Beta-glucan 5 5
Glycerine 5 5
EDTA-2Na 0.01 0.01
Cyclomethicone (DC345) 5 2
Grape seed oil 5 1
Cetearyl glucoside 1 1
1,2-Hexanediol 3 3
B Montanov 202 1 1
Panthenol 1 1
Glyceryl stearate/PEG-300 stearate 1 1
Cetearyl alcohol 0.5 0.5
Dimethicone 0.2 0.2
BHT 0.03 0.03
Xanthan gum (1%) 1426 14.26
C MC extracts !
Buthylene glycol 5 5
Dicaprylate/Dicaprate
Total 100.0 100.0
Yz F (O3 (A) + Byl FUst] 5 min
4,000 rpm .2 wHtst] M= Q= IY AFe Ao
Aol AEFAOH, (A), (OFE F I1F BT T4
4pol BYSL, B A 4FTL U FEE
1.5%E 3E3Fsto] Alzstdt

99 FelAks A Ao AT 30 ~ sorh
e AT U tlEE 1Y, A9E nHes
ol AxE YA Al B AFRS AL

7 U HE 2015":] 84 18¥7HA 45
7 %) AHgEte] S8, F
714 g%, =0 F55) N:; A, F5 wla A

2.51. IRB &¢I
el 94 B7HE 915 thew 2ol IRB %91
2 Wit
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tronic, Germany)E ©]-§-3l ¥| 5 o] A FS
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254 S 24
BE AR A He + FF UK (Mean + SD)E
®713tH o EA A E]+= SPSS Window Version 23.0

(SPSS Inc., Illinois, USA)S o]-&3t £A319 0

944 S paired ttests AHE3SH p Fkol 0.05 H]RE
o o SAA Fe Zfol7} A= Ao = AU
3. 27 ¥ 2%

3.1, &itst St

3.1.1. & Polyphenol &ZF
7E AAEZNE
Ao v EAEta
ot T b3l a+t, FHT A8 T TR A
S Uehll= Aoz BsA
2 A57F ede] JPea lo
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A& 7FseHA okl Barsta glom,
A A HsA s ¥ ool Ex o
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3.1.3. DPPH Radical AHs
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Figure 2. Change of total flavonoid concentration of MC.
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Figure 4. The effect of treated with MC on the cell viability
in HDF cellls.
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3.2.2. MMP-1 A Xslis

HDF A|3Zol UVB7} ZAME™ AU DNA &4
ok ole} Fiestd do] WAYShH, HDF Ao 3
3l= S AFsl MMPE LS Xl Zu
ol EAsh= Feple] € F2AIZ1IY26]. MMP
H‘fﬂf_’_ UVBZ Q8|4 &43ls]= HARIAR] NF- £ B
o] o]3le] ZZ1Et} HDF Aol A UVBE ROS
2 VA dF5A AARIA NF-«BE E4314)7]
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Figure 5. Inhibition of MMP-1 production in HDF cell
treated with MC.
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FAEE 5 AT B HP=FolA vy FEE0

TE gEH R FeAl *@ﬁw 218193 [12], Hd
H MMP= FeHle] &l E Hxlet FEAALS ©
MMP & 4]

==X 0O

FEELS HA E

e
ox
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iRy
X
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7Fs/del dvkal Ats

33. kU FE== Zefots AEE Y 2587t

331, A AIRH 1% 5% vlm
2 A7 =E AY

HHE =H3le] Wi + FFH2HMean = S.D.)ZE _,—}_7]
3o, B4 A8l= SPSS window version 23.0
(SPSS Inc., Illinois USA)E o]&3lo] E4319oH, &
o) HZL paired ttestE ARSI p ko] 0.05 H]TH
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Table 2. Examination of Skin Homogeneity between Test Groups

7

Control group

Experimental group

(n = 11) (n = 11) t p

Mean S.D. Mean S.D.
Keratin 266.82 31.34 236.36 27.86 1.772 0.116
Wrinkles under the eyes 2.68 1.01 3.18 1.46 —1.144 0.279
Melanin 161.73 33.70 160.82 59.87 0.125 0.902
Appreciable pores 1106.27 67.11 1069.45 10.64 0.247 0.809
Wide open pores 20.46 44.58 25.82 17.52 —0.041 0.968
Blackhead pores 434.27 19.31 470.91 25.26 —0.465 0.651
L 57.84 19.02 62.34 26.03 —1.929 0.082
11.91 2.34 11.41 2.20 0.516 0.611
b 23.29 3.67 20.97 5.32 1.193 0.247

Table 3. Comparison of Skin Keratin, Melannin, Wrinkle under Eyes and Color Values in Control Group before and after

Experiment ("p < 0.01)

Before After
Mean S.D. Mean S.D. ! P
Keratin 266.81 31.34 267.0 29.55 —0.043 0.966
Wrinkles under the eyes 2.68 1.01 2.36 0.70 1.884 0.088
Melanin 161.73 33.70 169.18 37.96 —0.235 0.249
Appreciable pores 1106.27 67.11 938.10 65.05 1.241 0.059
Wide open pores 20.46 44.58 16 14.98 1.048 0.052
Blackhead pores 43427 19.31 424.81 17.70 —-1.842 0.110
L 57.84 19.02 62.41 4.36 —4577" 0.001
11.91 2.34 11.98 2.29 —0.104 0.920
b 23.29 3.67 21.47 3.61 1.571 0.147
AN A4S AYE ZAH= Table 13 2T H 2 = 1 61.63 QI wol e BF3a/A
A 99 R Z/EPd e Ry B o5 =0
332 =T HME AME H, £ 08 EF Hlu om 53] vl W RE3as EYEe REygTt 4
iz AF A A, & A, =8 F5T 7} 153.54, 55912 A E=ds< ¢ T+ AdAYHh
A F, BFg, 5 Az vugs AnE Aige 5 B71E e e L #2 ARE A 6234004 A
Table 29} 2T} tiz=wol A A9 A3t 2] vjal A3 £ T 64562 o|nsA 215G B = F
dephd 2 A A, § Hd 745 Ao 2= 318004 2092 G2t FojeQa, o=
B FEret Reae & Aarh Aok L @ APerol o FEF 12004 069 Zae
Bt 4579 453 a, b 7 M - 0.07, 1.82 Ao} dxFtPgon, x| FEEo] F= N &7
of &7t A 7b dtkE A gelETi2]. ol#d AdE =Y
FEE0] I sAEFe] A8EA Tl ATt
333 MO ME A M, £ ¥ 5F Hln 3 AR ETH
Ao AF AN A, & 5 AL ARE

thatabadEss| A, Al 4298 A 2 &, 2016
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Table 4. Comparison of Skin Keratin, Melannin, Wrinkle under Eyes and Color Values in Experimental Group before and after

Experiment (‘p < 0.05, “p < 0.01, ™"p < 0.001)
Before After

Mean S.D. Mean S.D. ! P
Keratin 266.81 31.34 267.0 29.55 —0.043 0.966
Wrinkles under the eyes 2.68 1.01 2.36 0.70 1.884 0.088
Melanin 161.73 33.70 169.18 37.96 —0.235 0.249
Appreciable pores 1106.27 67.11 938.10 65.05 1.241 0.059
Wide open pores 20.46 44.58 16 14.98 1.048 0.052
Blackhead pores 434.27 19.31 424.81 17.70 —1.842 0.110
L 57.84 19.02 62.41 4.36 —4.577" 0.001
11.91 2.34 11.98 2.29 —0.104 0.920
b 23.29 3.67 21.47 3.61 1.571 0.147

Table 5. Comparison of Skin Keratin, Melannin, Wrinkle under Eyes and Color Values between Test Groups after Experiment

("p < 0.01)
Control group Experimental group
(n = 11) (n = 11) t p
Mean S.D. Mean S.D.
Keratin 267.0 29.54 201.73 32.40 3.63" 0.004
Wrinkles under the eyes 2.36 0.70 2.09 0.73 0.944 0.361
Melanin 169.18 37.96 159.64 54.97 —0.066 0.948
Appreciable pores 938.10 65.05 915.90 97.72 —0.586 0.570
Wide open pores 16 14.98 20.55 13.91 —0.829 0.426
Blackhead pores 424.81 17.70 415 20.85 —1.278 0.229
L 62.41 436 64.56 23.87 —1.398 0.192
11.98 2.29 12.52 7.47 —1.398 0.192
21.47 3.61 20.26 2.65 1.453 0.176
334, A 2 I8 2, =UFE, B3+ H MR H|W 4. A4 =
o 27 AFAHE & A5 A A=
Al re dzrig AgadA Hd 652771 79 YU 2220 gas anel @yt g9 E3
Sl 1SS E ARSI, wRFEE UEL gyg sgey bsge gusan. FU5 2L
236, A9Eel 2092 B SOISHUSH WA ATE 245 gystel Fesls $F Tehuol= P
2T 169.18, AT TNA 159.642 AETo] 1 B DPPH radical 2752 243 A5} 2F2} 2004 me/100
R ol e mEsh BHSE BEEAM s 0100 g 5% ZHE B PSS 8
=

29k,

°
JatAth =Y FEE9 st A4
o MMP-1 &d AlsS 4% 23
e =Y FEE5S MMP EHd o
HAAEAZA F5 M Fs) sEe] A2 A
& 7FsAo] deg ERIEAT =UE 3 3
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AEF] QIR E Tl =Y FE2ES Frale 34
Fo Alxst di =2 vue A3 AR Mg
o A U FEF A BESI EAACZ F9
gk MslE Ho Y FEE0] 5 3} )
Ao E37) = s sPFel A8 F Ae
A 2A9S SRIE F T weA, =Y FE2E
2 ks 9 FE A e vA e SEEY &
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