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FEAES él—l—xl' 729 F2rtEduE AASY 3719 3EES 2o 'H 2 ¥C NMR do]
B 4 9 EHAA vuE F3t9 Fd72E AU @ —linolenic acid (1), sigmast—7—en—0— 7
—D—glucopyranoside (2), 1—feruloyl— 8 —D—glucopyranoside (3). E&]¥ 3}g-&o) oj3t v 34 A3
A3}, 33 19 3004 depid A4 9 X U E2EAIYUA 849 S4E A7) oS EISHAT =35
g g4 A9 A SFE 17 3] nitric oxide NO) E HEZA AP EFRJI(TNF-«, [L-6)9] B8-S
AAANAE FRASHA ol de] AT AFHE g o= -’F‘ﬂ HaE FE2ES o83 A vy g g A2
Wdko] 7tsd Aolet AlsHTh

Abstract: In this study, we investigated whitening and anti-inflammatory constituents from a watermelon (Citrullus
lanatus, C. lanatus) vines (leaves and stems). As anti-melanogenesis and anti-inflammatory activities were screened for
the ethanol extract and solvent fractions, n-hexane (n-Hex) and ethyl acetate (EtOAc) fractions showed the most potent
activities. Three constituents were isolated from the n-Hex and EtOAc fractions of C. lanatus; « -linolenic acid (1),
sigmast-7-en-O- 3 -D-glucopyranoside (2), 1-feruloyl- S8 -D-glucopyrinoside (3). The chemical structures of the isolated
compounds were elucidated based on the spectroscopic data including 'H and *C NMR spectra, as well as comparison
of the data to the literature values. Whitening and anti-inflammatory effects were studied for the isolated compounds.
Upon the anti-melanogenesis tests using @ -MSH stimulated B16F10 melanoma cells, the compounds 1 and 3 inhibited
the cellular melanogenesis and intracellular tyrosinase activities effectively. For the anti-inflammation tests using
lipopolysaccharide (LPS)-induced RAW 264.7 cells, the isolates 1 and 3 were determined to decrease the production
of nitric oxide (NO) and pro-inflammatory cytokines (TNF- ¢, IL-6). Based on these results, C. lanatus vines extract
could be potentially applicable as whitening and anti-inflammatory ingredients in cosmetic formulations.
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depd 2 AAe] =52k, Hezke me 57y

ARA = MAEA AT Ze iAo 2]
B A 22S Boshe AAdA AT A

oj&) IEI} A= Bom xu] o] el Alo] Eo
ZFA)3k= melanocortin 1 receptor (MCIR)$} X 3}<7A]
oA #H]E]= «-melanocyte stimulating hormone («
-MSH)°] A% 3} cyclic adenosine monophosphate
(cAMP)/ protein kinase A (PKA) 74 2ol 2]3ll micro-
phthalmia-associated transcription factor (MITF)2] &
o] S7HeTh 1= <l Hepd ¢ Fa3 I
3= EJZA|YA, tyrosinase related protein-1, -2 (TPR-1,
2) Aol F7tE 1 depd Aol HXdEnh ol
A5 Fate] AR A oste fid 5 9l
= 7Y 5 4% dgoERE BREHT Utk 514
T Hehd o] HEskA HaE A9 A 2|
ot 7|v], FAE ke 5 F2HEo] op7]HETth

ol

T3 depde &g 4kA T (reactive  oxygen  species,
ROS)°l 2]+ AFshah-g-of ofsir = FA AT LA
Atk thE2 Q1 st 2 LA vitamin C= 7] ¥ o]
= g4 a7} e EFEA EEAUAIY SR
Aol Agste] E4& AT HEAUA &4 A
AR LFBl(arbutin) = VA 2A & dHZ =4
olth. tAFE o] EHEL HHAPY AR QI8 &
A ARl AFHS T At weps] Bepd A
At v EAE 7S F e F4o gle A
Qi =2l thet Jide] 8 FFH I UTH1,2]
Aol AEHhgS A Al 4 59 =94,
35k A=l ofaf fdE &4 g EATE
AA| o] 71 T skl A=l TR A =4
o7 d3 &4 S450] FreEHo EH FHAol F
HEEA EFS R3] sHARE AEHQ dF
S 23| A &4 SXANA AR R F
B, 44, ¥d T 75 ZolE fdsi, #dd
& T WA e AdS 2 TH4] WAAE
(macrophage)v= @5 WHgoll TAst= =8 AX=
HA o, Aol =ESEHAY HGMEEo] EH
= Aol E7FR](cytokine) SOl o8l 43t
719\ nitric oxide (NO)E AJ4Fate] YA Foio] Fagh
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AAZA HgFATH6]. AT Fel Al Uele] o3
FE3 NOSJ FHE AFS FBATNA Hrl 270

pu— [€)
&%, T Wol 8l A &4 52 FEIU). &
FHARIAR] TNF-0 & 1

A mAEel ek H54

S S7MNZIY. &3t TNF- e+ natural killer
NKMEZ 5o WA MEZy v THmast) D& Al
EA fEFo] SNkl T 2% IS sla B
T 4E A AAA T dlo] "HHR). FEF
A= 5 1A AEF, ofEdjd| Hste] J5 =}
=5 935 HHOE e FET Bol A
ATHI). FHFAE o] &5 Y= =EE H|2H O]
E Al%2] benzydamine, indomethacin 5©] 1.2 Z~H|
Zo|= A%2] dexamethasone, hydrocortisone 5©] AH&
Ha ATH10,11]. 28y o3t EEES E d
S2 ALY F AU ARl AlgE o] = B
7} gREoly, E3] ~HZEo|=E AFeo A JRY
=, BH, 22 59 HA8S Fhlsta ot ok

Ao &4 g5 2t B8 g A7 27 E
ATH12].

THHC. lanatus) ¥r=3e] AEQ] AEE A
57 AxE 3R A5HLoltt. Tl A E
Ed(citrulline)©] FHfrElo] hof o]zl Qi Z
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NgS F=, &1 &9 2 Zelo] AHEE SuEe
Merck % Junsei A< ARS-3FATH Vacuum liquid
chromatography (VLC)ol|& silica gel (0.002-0.025 mm,
Sigma, USA), silica gel column chromatography (CC)®]]
= silica gel 60 (0.04-0.063 mm, Merck, USA), A o3}
CColl:= Sephadex™ LH-20 (0.1-0.025 mm, Fluka, USA)
o] AMEEATE FZ2EA-E 9 nuclear magnetic reso-
nance (NMR)< JNM-ECX 400 (FT-NMR system, JEOL,
Japan)S ©|&3t o NMR 74 &vle CILAH
NMR & €wQ] CD;OD, CDCl;, pyridine-dsS AH&
S

22 2 E7|9] & ¥ S0 2=

Aol AR s FEAEHEE 414)2 AFA
ZAS 274 I E5EF T A 2013 7290 =)
etk AR Ass A E A A X}Oﬂ Az
Az & Efste] AREstR o AR 430 g 70% ©ll
B 5 Lol HA3t A4 24 h 53 HEA A
AN NEE Y FYAAVE o] &3t xRt
HstH o, o9} 2 whHo 2 BEgh ZhAte] o3}
o TYT 202 23] ¢ ¥ AAsATh o 73}
dojxl o2 40 T FE&3NA T 553t
E 697 g& A%lom dojxl FEE 674 g F
4 Lol dYAI7IaL v SATA A wet &4
EEste] Ak o olAE|olE, REHE &
AATt

W Jo S
do fu Ty o

ik BIE 50 g& A wet £8517] 35k
VLCE 333 om ik l oAl H| ©] E(0-100%) 2]

HoZ 7300 mLY &

=35t 21709 BEES Oé%ll:}(Fr HVI1-21). VLC ¥
3 & ZF Fr. HV8 (132.6 mg)< silica gel (4L : o
Yol HOIE =2 : 1) 3l SE 1 (155 mg)s A

m ul 3}od %)ﬂ )v]vh_'_ 55

At

oA B0 E B35 34 g TS VLCE 31O
&) 2ol oA B 0] E(0-100%), ol & oA Bl o] E-m e
(0- 100%)_/] L2 AL 2-10%% Zo|l= HPHo =
ZF 300 mL¥ &=3le] 43719 E3ES AUTHEr
EV1-3). VLC &8 E 5 Fr. EV21 (44.9 mg)> WE-E
<= AHgst A7t EetE 2 (6.5 mg)E EElskA
t}. Fr. EV24 (150.4 mg)= Sephadex LH-20 Z 3 (CHCl;

HEE =10 : )= 3t 3= 3 (7.2 mg)S #E3)
91@ 313% 1-32] NMR H|o]el= olzfe} 2t}

a -linolenic acid (1) 'H NMR (400 MHz, CDCL;) 6 g
5.34-5.41 (6H, m, H-9, 10, 12, 13, 15, 16), 2.79-2.82
(4H, m, H-11, 14), 235 (2H, t, J = 72 Hz, H-2),
2.03-2.10 (4H, m, H-8, 17), 1.61-1.65 (2H, m, H-3, 4),
1.26-1.37 (8H, m, H-5, 6, 7), 98 (3H, t, ] = 7.6 Hz
H-18); *C NMR (100 MHz, CDCl;) 8¢ 179.5 (C-1),
127.3-132.1 (C-9, 10, 12, 13, 15, 16), 34.1 (C-2),
29.2-29.9 (C-3-7), 27.4 (C-8), 24.9-25.8 (C-11, 14), 20.7
(C-17), 14.4 (C-18)

Sigmast-7-en-O- 3 -D-glucopyranoside (2) 'H NMR
(400 MHz, pyridine-ds) & u: 5.19 (1H, s, H-7), 5.07 (1H,
d, J = 7.8 Hz, H-1"), 4.64-3.97 (7TH, m, H-2 ~ 6), 4.09
(1H, m, H-3), 1.00 (3H, d, J = 6.4 Hz, H-21), 0.88 (9H,
s, H-26, 27, 29), 0.73 (3H, s, H-19), 0.58 (3H, s, H-18);
C NMR (100 MHz, pyridine-ds) & ¢: 140.0 (C-8), 118.2
(C-7), 102.7 (C-17), 79.9 (C-5"), 79.1 (C-3"), 77.5 (C-3),
75.8 (C-2°), 722 (C-4"), 63.3 (C-6"), 56.7 (C-17), 55.6
(C-14), 50.0 (C-9), 46.5 (C-24), 44.4 (C-13), 40.6 (C-5),
402 (C-12), 37.7 (C-1), 37.3 (C-20), 35.1 (C-4), 34.9
(C-10), 34.6 (C-22), 30.4 (C-6), 30.4 (C-2), 29.9 (C-25),
28.7 (C-16), 26.9 (C-23), 23.8 (C-15), 23.7 (C-28), 22.2
(C-11), 20.4 (C-27), 19.6 (C-26), 19.6 (C-21), 135
(C-19), 12.6 (C-29), 12.5 (C-18)

1-feruloyl- 8 -D-glucopyranoside (3) 'H NMR (400
MHz, CD;0OD), & : 7.73 (1H, d, J = 15.6 Hz, H-7), 7.20
(1H, d, J = 1.8 Hz, H-2), 7.10 (1H, dd, J = 1.8, 8.2 Hz,
H-6), 6.82 (1H, d, J = 8.2 Hz, H -5), 6.40 (1H, d, J =
15.6 Hz, H-8), 5.58 (1H, d, J = 7.8 Hz, H-1"), 3.89 (3H,
s, 3-OCH;); *C NMR (100 MHz, CD;0D) & ¢: 167.8
(C-9), 151.1 (C-4), 149.5 (C-3), 148.3 (C-7), 127.7 (C-1),
124.5 (C-6), 116.6 (C-8), 114.8 (C-5), 111.9 (C-2), 95.9

J. Soc. Cosmet. Sci. Korea, Vol. 43, No. 1, 2017



56 dotd -

(C-1), 78.9 (C-5°), 78.1 (C-3"), 74.2 (C-2), 71.2 (C-4"),
62.4 (C-6’), 56.5 (3-OCHs)

2.4, M|IZHHQE

Murine B16F10 melanoma cell & murine macrophage
cell line?l RAW 264.7 cell> American Type Cell
Culture (ATCC, USA)ZF-E &40} 100 U/mL pen-
icillin, 100 ug/mL streptomycin X 10% fetal bovine se-
rum (FBS, Gibco, USA)©] &2 Dulbecco’s modified
Eagle’s medium (DMEM, Gibco, USA) WA & A}-&-3}]
37 C, 5% CO, 7|4 vjgFstdon, o]Ee ¢
HA Al S Al gk

2,5, 0|8 k-] A 3 MR LY E|2A|LH| Kol 2k

6-well plate®ll 1 x 10° cells/wellZ A|ZE 53131
37 C, 5% CO, £73}ell4] 24 h i ¥ & WA S A
3}t 100 nM o -MSHE X ¥ele viA = ndk 5
samples FEHE 747} HUlete] 397 wj sttt
o]& ul|X|E A| A3}l phosphate buffered saline (PBS)
© 2 AAH3E F, trypsin-EDTAS A &J3dle] AEZ 34
SFATE 33 pellets FAEE AlA Fsds AA
3}a1, pelletell sonication buffer (6.7 mM sodium phos-
phate buffer containing 1% triton X-100 and 0.2 mM
PMSF)E 500 uL# 29 hand sonicatorZ cell= 7]&
5, daE stk S5 AlZ i g 2AuA A
3l B4 S pellet2 Webd A4 A3 a5 SAA
o} 96-well plate®l] &SH-S 80 pul¥ Hil 25 mM
L-DOPA®} 67 mM sodium phosphate buffer (pH 6.8)%
1:39] H&2 THE 89 160 uL? Hol vH-3AIZ 3
475 nmol A FBEE FASR o i FFE F
3 FFE #e HAst A &%) ALskiTh =
3k pelletoll = 1 N NaOH 200 uLE 3 7}slar 55 ColA
2 h FAE] dehd-g =Houio] 405 nmell X FF=
£ At "Webd (%)= ALSHAT

26, B HE-NO 2 FHHZY AOIE7IUTNF, IL-6)
AN oin 2y

24-well platedl] 2 x 10° cells/well2 A ES B33}
37 C, 5% CO, Z73}ol| A 18 h vl & x| E A A
SFATE 1 ugmLe LPSE E35h= viXE w8k 5
samples S8 & 77} H71eked 24 h v st aitt. o]
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o,

> . o]t T

T Azl eF 258 100 uL2} Griess A 2F(1% sulfanila-
mide, 0.1% naphylethylenediamine in 2.5% phosphoric
acid) 100 L& &3}3}e] 96-well plate®ll A 10 min &<t
18- AZl $ 540 nmoll Al FBEE SRS AA
H NO9| %2 Griess A oF& o]gate] M zujfl &
o] 2A3= N0, 9 Fej2 =43} 1L, sodium nitrite
(NaNO,)E standard= AR8-35to] ekttt =g Ala2
Wl Aedel cytokine A FFS sandwich en-
zyme-linked immunosorbent assay (ELISA) kitE ©]-8-3}
of et om, standardoll S EEFA ¢ Fhe
0.99 °]delAtt.

27. MZ=A WIKMTT Assay)

MTT assay= B16F10 melanoma cell 2 RAW 264.7
cellS well plateol] 23 Z7o| A BF31a 37 C,
5% CO, z3stollA 3 #jF ¥, «-MSH %+ LPS9}
sample= S =R =E FAo st vttt o] %
500 ug/mLe] FEZ 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT)E H7}sled 37 Tl A
3-4 h 5L AR & MTT 8948 AASATE o
7]°ll DMSOE 7Fate] Aobd= Az} vhg-she] 431
formazan I HE-S 841X Th, ©]& 96-well plateol]
%%1 ¥ ELISA readerg ©]-8-3l 570 nmolA SHE=E
S5t AE AEE(%)S AtsATh

28. B/ 24
FE AFL 33 gt o7 o|Fojgon AAAN}
WAy A2 JERYTE =3 Student’s #-test

T ge FEE9 9 9 4 a34E s
2J3l B16F10 melanoma cellS ©|-&3}e] Hald A4
2 A U E2ZAUA A B8-S F3s19oH vf
£~ A EQ] RAW 264.7 cell S ©]-83le] NO 2
IS AolEFR] AR A 2485 SA3IATh
FHF G 70% oSS o] 83l FE31%
2 FEES & S0l wgt &Ko R

stod g4k, odolAE|oE, e, B RIE
) A

=
s}
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Figure 1. Effects of n-Hex and EtOAc fractions from C.
lanatus on melanin contents in «-MSH-stimulated B16F10
melanoma cells. The cells were stimulated with 100 nM of «
-MSH only, or with @ -MSH plus C. lanatus for 72 h. Melanin
contents were determined by the absorbance at 405 nm. Cell
viability was determined after 72 h culture of cells stimulated
with @-MSH (100 nM) in the presence of C. lanatus. The data
represent the mean + S.D. of triplicate experiments. Values are
the mean = S.EM. of triplicate experiments (p < 0.05; "p <
0.01).

I ik gl ootAH ol E £ oA sEoEF S
2 dzpd A4 Asl a3t des A8k th(Figure
1). =3} zﬂ-oﬂ A /\164 é‘b]—};_ ]_73_]- ].x]g_ z‘sl]/\]- U_] Oﬂ
oA HolE 8 Eo] #E9EA0E NO9 A=
AA Al7lE BT eSS THFigure 2).
ujd g g Ao %k 4k gl o oA H| o]
E ‘jfﬂgoﬂ &l VLG, silica gel CC, Sephadex LH-20
Tyt F 371 sgEs SR,
‘?‘l BC NMR & ©]g3te] 31§Eo F25 4 0]’990:]'.
BHE 1S 54 5.34-541 (6 H, m) 2 §¢ 127.3-132.19]
A8 Bol 3709 o]F A o] A Yol EATE &
A = Qom, ¢ 179.59 3 AE F3N carbonyl”] 7}
Ao A F St o] HlolHE viE o= 74
[17]& &3 33E 1S ¢-linolenic acid= 2% T}
BHE 2E 64 5.19 (1 H, s) & 8¢ 140.0, 118.22] T
a5 T8l olsAFel A AL+ e, 6u
5.07-3.97 2 ¢ 102.7-63.3¢] 6719 F|IA=E Hol B
-glucopyranoside”} A= o] U&= viFAYS A3t
At} “C-NMR spectrumol| A & 35702 carbon ] =7}
HEE, olF HolHE v oz FJ[18]3 HlaLst
o 3}3E 25 sigmast-7-en-O- 3 -D-glucopyranoside
2 AL S3E 3 =3 5y 5.58-330 2 O
95.9-62.42] 67119 ¥ E RO} B-glucopyranoside’} 2

ml

fell v 9 g By R 57

®NO production (%)

L]
100 - - .
L
50 - &0
C I I 40
20 20
0 - 0

LPS (1 wa/nl)

WCell viability (%)

NO production (%)
Cell viability (%)

s

Fraction - - n-Hex srHex n-Hex Et0Ac EtOAc Et0AC
Concentration (pa/ml) - - 25 50 100 2 50 100

Figure 2. Effects of n-Hex and EtOAc fractions from C.
lanatus on NO production in LPS-induced RAW 264.7 cells.
The cells were stimulated with 1 ug/mL of LPS only, or with
LPS plus C. lanatus for 24 h. NO production was determined
by the Griess reagent method. Cell viability was determined
after 24 h culture of cells stimulated with LPS (1 pg/mL) in
the presence of C. lanatus. The data represent the mean + S.D.
of triplicate experiments. Values are the mean + S.E.M. of
triplicate experiments (p < 0.05; “p < 0.01).

el = MEAIYES & 4 e, 64773 (1 H,
d,J=156 Hz) & 64640 (1 H, d, J = 15.6 Hz) 7] 2
9] coupling constant xS & X} pans FE|] o)A
o] Aas ATk =& 0n 721 (1 H, d, J= 1.8
Hz), 64 7.10 (1 H, dd, J = 1.8, 82 Hz) 2 84 6.82 (1
H, d, J = 82 Hz) 3] 39| coupling constant &= 3|
A2 ortho 2 meta-coupling= 3F3l 1= aromatic ring
o] TATE AT + AL, 6C 16789 I A5 T3
A Well erbonyl”|7F oS &1 4= St o] & H
olElE Tt EH[19]S T3 SFE 32 1fer-
uloyl- 3 -D-glucopyrinoside = 291 %] 1 Th(Figure 3).
ed SebEel digh v aaE glstr] sl
B16F10 melanoma cell< ©]-&3F Hepd A4 9 A=
W B ZAIUA A&l &4-S 8383 o -MSHel| ¢
&l A=< -2 melanoma cell-> MITF2] W& o] F71=]
I O &) "epd Ao 83 9&-E ke B4
=9 40| S7lEo] depd o] . 53]
B ZAUA = e 5 233 A2 A dHepd &4 W
AUSZSAAN 27EEF AA s @Al Boste =
| &4 2 E]Z2(tyrosine)©| 3,4-dihydroxyphenylalanin
(DOPA)E %= 31 DOPAZ} DOPA quinone o2 73}
st Aol ZHgete] Aehd FAo T8 TS
gt webA B ZAUA o E4-S AsiAl7IH A A
o5 dzpde] Aol JAEHE aRE 7S +
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Figure 3. Isolated compounds 1-3 from C. lanatus vines.
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Melanin contents (%)
Cell viability (%)

100

a-MSH (100 mM) -

¢
+ +
1

3
300

Compound ~ ~ -

Concentration (pM) - - 25 50 100 200

Figure 4. Effects of isolated compounds 1 and 3 from C.
lanatus on melanin contents in «-MSH-stimulated B16F10
melanoma cells. The cells were stimulated with 100 nM of «
-MSH only, or with @-MSH plus compounds 1 and 3 for 72
h. Melanin contents were determined by the absorbance at 405
nm. Cell viability was determined after 72 h culture of cells
stimulated with «-MSH (100 nM)
compounds 1 and 3. The data represent the mean + S.D. of

in the presence of

triplicate experiments. Values are the mean + S.EM. of
triplicate experiments (‘p < 0.05; “p < 0.01).

o Eed el vk vy 249 A9 2 ekE
13 3914 solEX s dephd B4 8 Al W E
EAVAIE Al A7l a7 dee ST
(Figure 4, 5).

=3 2od sigt=ol thd &9 a3E FAshl
28 b2 O 2 A QD RAW 264.7 cell& ©]-8-3F NO
5l HASA A1 ETIRI(TNF-a, IL-6) 44 <Al &4
<= ST a7 AT AEeuted EAlss

=

ekl gEsts) ], A 4398 A 1 =, 2017

s
o

Intracel lular tyrosinase activity (%)

0 I

a-MSH (100 nM) -

I I k I I
I *
+ + + + + + +
1 1 1 3 3 3

Compound - -

Concentration (M) - - 25 50 100 100 200 300

Figure 5. Effects of isolated compounds 1 and 3 from C.
on intracellular tyrosinase  activities
-MSH-stimulated B16F10 melanoma cells. The cells were
stimulated with 100 nM of «@-MSH only, or with «-MSH
plus compounds 1 and 3 for 72 h. Absorbance was measured
at 475 nm with a ELISA. The data represent the mean + S.D.
of triplicate experiments. Values are the mean + S.EM. of
triplicate experiments (p < 0.05; “p < 0.01).
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Figure 6. Effects of isolated compounds 1 and 3 from C.
lanatus on NO production in LPS-induced RAW 264.7 cells.
The cells were stimulated with 1 u#g/mL of LPS only, or with
LPS plus compounds 1 and 3 for 24 h. NO production was
determined by the Griess reagent method. Cell viability was
determined after 24 h culture of cells stimulated with LPS (1
ug/mlL) in the presence of compounds 1 and 3. The data
represent the mean + S.D. of triplicate experiments. Values are
the mean £ S.EM. of triplicate experiments (p < 0.05; “p <
0.01).
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Figure 7. Effects of isolated compounds 1 and 3 from C.
lanatus on production of TNF-@ and IL-6 in LPS-induced
RAW 264.7 cells. The cells were stimulated with 1 gg/mL of
LPS only, or with LPS plus compounds 1 and 3 for 24 h.
TNF-a and IL-6 produced and released into the culture
medium was assayed using the ELISA method. The data
represent the mean + S.D. of triplicate experiments. Values are
the mean = S.EM. of triplicate experiments (p < 0.05; "p <
0.01).
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