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she] B0} FaE FHSHAT. BA 71X F2E 2 v $32e] DPPH @ ABTS' iz 27 &4
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A3, 20 ug/mlLe] FENA FE25 Y o|dolAH o]
E B EA Raaar) yehgS 159 ditsl &ado] 22 dEolAH ol E R EA FEHAES
2312 medium pressure liquid chromatography (MPLC) & A8t 2719 &S 2gsigon 'H ¢
BC NMR Hlolg] 4 9 23 vnE Esto 3s7z2E 5A5YtE pinocembrin (1), desmethox—
ymatteucinol (2). ¥8]8 3350 3 DPPH 9@ ABTS' gtz &7 &84S =H3 A7} & 1, 2 &F
Fro|EF o7 943 gzt &7 FAdo] YEhgtt) 100 IM9] sE0A 3HE 1, 2& Hy0.2 =8 AlX
&40 gt NExRSEANE JePT) o]Hs AT ZHE vlg o2 EALT 71X FEEL A d4ks &4
22X &8 7158 Aol AlsEh

Abstract: In this study, we investigated the anti-oxidative activities and cell protective effects of the constituents isolated
from S. aqueum branches. DPPH and ABTS' radical scavenging activities were screened for the ethanol extract and
solvent fractions, ethyl acetate (EtOAc) and butanol (BuOH) fractions showed potent activities. When HaCaT cells were
treated with H,O,, the ethanol extract and EtOAc fractions (20 ug/mL) protected the cells against oxidative damage.
Two constituents were isolated from the EtOAc fraction of S. aqueum branches; pinocembrin (1), desmethoxymatteucinol
(2). 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. Anti-oxidative activities and cell pro-
tective effects were studied for the isolated compounds. For the anti-oxidative activities, all of the compounds 1 and
2 showed DPPH and ABTS" radical scavenging activities. Also, from the cell protective effect test, the compounds 1
and 2 protected the cell against oxidative stress by H,O,. Based on these results, S. aqueum branches extract could
be potentially applicable as anti-oxidant ingredients in cosmetic industries.
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P70l ¢F 1.7 T AE dsste] MA B2 26|
ol w2 L= 23y}l WP ok 7155k}
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o2l ZIFHE vt A9 A AF=et A
1%, A AAE T EF EAX Y] gt s
&4 Agol ofstH 7| W s}ol o33k ot =Y
2522010 1504 2012 28F 02, A -
20013 30 haollA 20123 259.4 haZ A|ullH A o] M=}
743 ok o]k 7% W= wPET ofhuet
BE 4ol 9 vE ACE o= o] tig
TR A7t o] oA oF 9.

EAMH(Syzygium aqueum Burm.f. Alston)e =5 %
(Myrtaceae)®ll &3l= AE2 o] B2 Al 2
Holgh= 5o Fof o] 52l water apples 2 <t
g ZEo|th A% FRoA e o]Alo} FHof o]
2= Faoprol AlHe] dikA|olH, f-gutgto A=
AFZoN A Auj= L JTH10]. EA} YA(leaves) F=
=0l A= Fasi11], Fd8d 59 a5°] 434
$1al myricetin-3-O-rthamnoside, phloretin %! hydrox-
ybenzaldehyde -9 -Fr& Ad&0] #2] B o UTH12].
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38 AR A7 HaE vt gick mek] B A

Lo &
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|1 E2 Merck, OCI B thAH =9 AFS AHESHA
t}. MPLC (SP, Biotage Co.)ol= <7 silica gel
(KP-C18-HS, 40+M, Biotage Co.) ZH-S A3}t
TZEAE 93 nuclear magnetic resonance (NMR)
JNM-ECX 400 (FT-NMR system, JEOL, Japan)& ©]-&
3R oM NMR =4 &v= CILAFS] NMR -8 &+
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22, ALt 7HX|e] =& ¢ B0 28

AR AHEE EAT 7HA|(AN EHE:474) = AFA
5ol AR TH A ELHSY 23S -SEd
of| A 2016‘4 1290 AP AAF AB=
T Faste] AHESIE o™ AlE 5000 g=
70% oNek2 10 Lol YL *‘ioﬂfﬂ 24 h =< AEAH
2t FUAHATE o] 88t o

Mk FHsigl o, o]e} 2 o8 FEg ALl
st U 202 23] O HHE AAISI T o
3lo] Ao ofALe 40 T F8AlA Y TF31o
FEE 1488 g& Ao Aol F=F2E 900 g= 5
7 6 Lol AEAI71 &0 54 Aol wet =AHE
S8 FI5te oHolAE|olE, REE 9 E B
< Ao

23, 24 H29 22 ¥ S

ofdolAlH|o|E B E 5.0 g2 S0l met A3
3171 $13t MPLCE 33 Th  H,0-MeOH
(20-100%)2] |1lZ gradient =702 7} 30 mL¥ &
E3k] F 487119 B ES AJATHFr. 1-48). MPLC
T8 E F Fr. 2727 318= 1 (14.6 mg)= 0,;24,@
Fr. 36221 E 33E 2 (197 mg)E AT 3=
2°] NMR tlo]E]l+= offje} At

Pinocembrin (1) 'H NMR (400 MHz, CD;OD) 6 u:
749 (2H, dd, J = 1.8, 8.7 Hz, H-2', 6), 7.39 (3H, m,
H-3', 4, 5, 5.94 (1H, d, J = 2.3 Hz, H-6), 5.90 (1H, d,
J =23 Hz, H-8), 5.46 (1H, dd, J = 3.2, 12.8 Hz, H-2),
3.09 (1H, dd, J = 12.8, 17.4 Hz, H-3), 2.77 (1H, dd, J
= 3.2, 17.4 Hz, H-3), ®C NMR (100 MHz, CD;0D) § ¢:
197.5 (C-4), 168.6 (C-7), 165.6 (C-5), 164.8 (C-9), 140.6
(C-1%, 129.9 (C-4", 129.8 (C-3', 5, 127.5 (C-2, 6",
103.5 (C-10), 97.3 (C-8), 96.4 (C-6), 80.6 (C-2), 44.3
(C-3)

Desmethoxymatteucinol (2) 'H NMR (400 MHz,
CD;OD) S u: 7.51 (2H, m, H-2', 6, 7.39 (3H, m, H-3',
4, 5", 543 (IH, dd, J = 32, 12.4 Hz, H-2), 3.05 (1H,
dd, J = 12.4, 16.9 Hz, H-3), 2.80 (1H, dd, J = 3.2, 16.9
Hz, H-3), 2.02 (3H, s, CHs-8), 2.01 (3H, s, CHs-6); °C
NMR (100 MHz, CD;0OD) 8 ¢: 198.1 (C-4), 164.4 (C-7),

160.5 (C-5), 159.2 (C-9), 141.0 (C-1'), 129.8 (C-3', 5",
129.6 (C-4"), 127.3 (C-2,, 6, 105.1 (C-8), 104.3 (C-6),
103.4 (C-10), 80.2 (C-2), 44.4 (C-3), 8.3 (CHs-6), 7.6
(CH;-8)

%@% Folin-Deinis “]"?.13[13]%
£33 7 AFE £ 100 uLoll S/ 900 uLe}
Folin-Ciocalteu’s phenol reagent 100 uL& 7}t 72
A4 3 mingt HFSAIZ T A7 7% (w/v) Na,CO; &
N 200 uLo}t FF5 700 uLE 7Feked A2 1 h ¥E
SAZL F 700 nmol A FFEE SAEAT BEER
< gallic acidE ©|83t T W& EFARFTAE
243 & F s FEFS Fsianh
Eﬂ-i‘- o|lE ¥ SAL Davis 4 W
_8_0} T ZFAE

H[14]=
8 15 uLoll ethylene glycol 150
uL2}F 0.1 N NaOH 15 uLE 718t A-2olA] 1 h HES
A F 420 nmoll A =5 SASIAH EEE=dE2
o]-gdt Fro mE FFHPIAS 2

R ol S TR

quercetin=-
At & F

£

2.5. DPPH 2}C|Zt AH &M

2,2-diphenyl-1-picrylhydrazyl (DPPH) 2}t]d 274 &
d AEL Blois 52 WH[15]= 83t 96-well
plateoll Z+ A& €9 20 4L2} 02 mM DPPH &)z &
A 180 LS E¥ale] Lol A 20 mint ¥HSAIZ]
515 nmellAl FBEE SAHSAS 7 A5 gz
2780] 50%L W] FE(SCs)E ARt o ¢4
N ZT O 2= ascorbic acidS AHESFATH

il

2.6. ABTS" 2tC|zt

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) ol &tz 24 &4 A48 Re 59 WY
[16]S S83lH 3L 7.0 mM ABTSS} 2.45 mM potassium
persulfate s 3t 2, SaollA 16 h &% ¥HA
7 ABTS' &HjZ-& A o] 842 700 nmol
A FBE7F0.78 £ 0.027F HEE o ehEE 545t
AP AR 96-well platedl] 2+ A& &9 20
uLe} ABTS" 211 84 180 uL & st 4, &
2014 20 mingt BESAIZ]L £ 700 nmoll A SR EE

Atk 2+ Age] gz 2AE0] 50%Y W

a7 &4

off AN o
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Z(SCs) 5 Axtslgom A RS ZE ascorbic
acidE AH&-3IA T

27. NZ=EHS S =X
2.7.1. MIE HHQF

Ab @A M 2] HaCaT cell Korean Cell
Line Bank (KCLB, Seoul, Korea) 2] #oF ®rol 100
U/mL penicillin, 100 ug/mL streptomycin % 10% fetal
bovine serum (FBS, Gibco, USA)°] &% dulbecco’s
modified eagle’s medium (DMEM, Gibco, USA) HIA| &
AHESE 37 C, 5% CO, =704 vt o, 3
o Ao = A vjgFES AAsHATh

272, NIEZ=4 HIKMTT Assay)
96-well plateoll 1 x 10* cells/well 2 HEE 53}
37 C, 5% CO, 734 24 h A H]F & FBSY} 3
FEHA & iAol AEE sEEE 47 At
24 h HiFSEATE o]F 500 wgmle] FEE
3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium  bro-
mide (MTT) &H-& 7}t 37 TollA 3 h &<t ke
AR &, MTT &85 A7 7] DMSOE 7+
sto] Aolgle Al w88t X1 formazan A=

S 834171 TS ELISA readerE ©]-£3) 570 nmol Al
FTHEE SA ME AEE(%)= ALlsEAH

273, IMEeAR REE MZE 2400 st MEZES ST
HaCaT cell 2 96-well platecll 1 x 10* cells/well 2 Al
£ EF3HL 37 T, 5% CO, 273tollA] 24 h 2wl
$ WA E AASIAS. AlZ2=A Hrte 249 &
Lo st AE A Edte] 30 mingt HiARE 5,
2+8}=4E A AL dulbecco’s phosphate buffered sal-
ine (DPBS)Z 23] AM|&3}3t) FBS7F $Hir=A &S
o] NS5 FEHE 34 0}01 Agskal 37 C, 5%
CO, 27134 24 h v FgH & MTT assay= Al 3E A
E&S st ks =9 AlE &2 o
g AZRS G Qdo}ﬂ‘jr.

1 o2 M

28 S7| 24
RE AFe 33 WBow ozelzon], Ay}
= BEs mERae dehiglt

3ksld-Eska] 2], A 449 A 2 5, 2018
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Extract EtOAc rBulH
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Total polyphenol contents (mg/g GAE)

80
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Extract Etlic mBuCH
Sample concentration : 0.08 ma/ml

(B)
Figure 1. Total polyphenol contents (A) and total flavonoid

40

Total flavonoid contents (mg/g GE)

contents (B) of extract and solvent fractions from S. aqueum
branches. The data represent the mean + SD of triplicate
experiments.
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Table 1. SCs, Values of Extract and Solvent Fractions from S. aqueum on DPPH and ABTS' Radical Scavenging Activities

Fractions 70% EtOH EtOAc n-BuOH H,O Ascorbic acid
DPPH radical (ug/mL) 17.8 10.6 10.5 > 25.0 6.4
ABTS" radical (ug/mL) 9.5 5.8 6.1 > 25.0 5.7

3.2, St JIX| &= ¥ E0f 2&l=2| DPPH 3
ABTS' 2iC|Z A7 &y
A f3l g EA4ka F Foll= hydroxyl radical
(- OH)F} 22 & AAE zh= A g Zo] 23ty
o] Sl drky e = 2 EAE e 4
Hzel E2 ow o BAEH v83lEe Al
Atk @A - OH o 22 grze] &44ka Fo)

MR A5 AR Q) xR o BAs et

Hue A Bae] Az} W) wgsle] AT
2N 7T Al5e] dtElse ol & Ao A
AT AFOEA AL a7k 5 BAY
2 Folo] 24T & Ak WA B AGoAE v
Z kA3 gt Z 2 &A= DPPH 2 ABTS'E ©]-&
st EALY 7R 2259 U AA 4L =4

ST 7 7HA e 191l s AASE
2k-g- 712ro] FE Aol iR Fo Al FHAEE v
Rt}
FE2 5 81 £¥=cl ti DPPH Stz &7
g4 A3 A dHoAHolE W BEE #3559
SCso #°l 22} 10.6, 10.5 ug/mLE tHZT"?I ascorbic
acid THF -3 2o 24 Ao A8 A
ok ®=3F ABTS' Sz 47 &4 43 A3 = vizirt
A= o opAElo|E B Reh& 28=2 SCs kel
Z¥7}+ 5.8, 6.1 ug/mL=E T Z7<] ascorbic acid TH
T HBHZ 47 Ao UFS FASATHTable 1)
2 A3z vRo] & v F Zodsd SR o)
E gheo] Btd odoAlEo|E B ey 5=
A E}‘:]%} 27 EAo] Holds IRl ol o
d Aot ik 24 Age} FoA8s vE
]

Q‘L & 5 AT

e X
ﬂi[O _m

3.3. MzEssat =4

3.3.1. SAt 7HX| FESE Y S0 2EE9| HaCaT MEZ=Y
m7}
o

MIT assay= FE&5 2 &7 28 =] AFEZ4AH

Call viabllity (%)
] ]

*k
*k *k
*k
r | |

Cant ral Extract Etlic a-Hul
Sample concentration (ug/l)
Figure 2. Effects of extract and solvent layers from S. aqueum
branches on HaCaT cells viability. HaCaT cells were treated
with different concentration of samples, and cytotoxicity was
then determined by MTT assay. The data represent the mean +
SD of triplicate experiments. The data represent the mean +
SD of triplicate experiments. **p < 0.01.
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Figure 3. (A) Cell viability on H,O,-induced cell damage in
HaCaT cell system. (B) Cell protective effects of extract and
solvent layers from S. aqueum branches on H,0O,-induced
HaCaT cell. HaCaT treated with different
concentration of sample for 24 h after being exposed to

cells were

oxidative stress. The data represent the mean + SD of triplicate
experiments. *p < 0.05; **p < 0.01.
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Figure 4. Isolated compounds 1 and 2 from S. aqueum branches.
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Table 2. SCsy Values of Isolated Compounds 1 and 2 from S.
aqueum on DPPH and ABTS™ Radical Scavenging Activities

Ascorbi
Compounds 1 2 sco.r °
acid
DPPH radical (uM) 248.0 2553 43.2
ABTS" radical (uM) 73.5 86.8 26.8
120

100 *%
I Kk T
1]
L]
2
L]

Control Compound 1 Compound 2
Sasple concentration (uM)

Call viabllity (%)
a

Figure 5. Effects of isolated compounds 1 and 2 on HaCaT
cells viability. HaCaT cells were treated with different
concentration of samples, and cytotoxicity was then determined
by MTT assay. The data represent the mean + SD of triplicate
experiments. **p < 0.01.

= 1T F UK Table 2).

FHarstrAa 2 FEH HaCaT M2 MERT 3
£ ZRIsIA T 4 MTT assay = #2]8 sgHE2] Ab
AP A o g MEFHS FRAFgo=H A
Foll A" 3= TE WS AAIAUL 50,
100 uM&] F=NA 35HE 1, 2 AlZ5AE 97 4
I}, M AEL] BF 80% ool dch wet £ 2
HollA AHE A7 FEE 50, 100 uME A A S
CHFigure 5). 341842 5% HaCaT A2 A%
B35 a3s 8013 A} 6 mMe| FakslEas g
g AgTe AR e ATl vIske oF 60%
o] Mz AEES e ATHFigure 6A). 3H3H= 1, 2
o] AEZ AHELE 50 uMO] BEolA ZZF 68.2%,
68.9%=Z Z7Fal.oH, 100 uM2] FxollA 22 773,
77.9%= Z7Vhe A& RISt mEtA SEHE 1,
2¢ MBSEAR FEE AEZ S gk 5% Al
EIRSANE YEATHFigure 6B).
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Compound - - i i 2 2
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Figure 6. (A) Cell viability on H,O,-induced cell damage in
HaCaT cell system. (B) Cell protective effects of isolated
compounds 1 and 2 on H,O,-induced HaCaT cell. HaCaT cells
were treated with different concentration of sample for 24 h
after being exposed to oxidative stress. The data represent the
mean + SD of triplicate experiments. *p < 0.05; **p < 0.01.
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