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Abstract

In other to develop bioactive ingredients from subtropical resources, we
screened Averrhoa carambola branches collected in Jeju Island. The
prepared 70% ethanol extract was successively partitioned into n—Hex,
EtOAc, n~BuOH and H2O fractions. Upon biological screenings, EtOAc and
n-BuOH fractions exhibited potent anti-oxidative, anti-inflammatory and
anti-bacterial activities.

Phytochemical investigation of the extract from A. carambola branches
resulted in isolation of four constituents; epi—catechin (1), daucosterol
(2), phloretin 3'-C-(4-0O-B-D-glucopyranosyl)-B-D—-fucopyranosyl-6"-0O-a
-L-arabinofuranoside (3) and carambolaside J (4). The chemical
structures of isolated compounds were elucidated based on the
spectroscopic data including NMR spectra, as well as comparison of the
data to the literature values. As far as we know, compounds 1 and 3
were 1isolated for the first time from this plant and compound 3 was
identified as a novel compound in nature.

Quantitative analysis was performed by HPLC. The contents of
compounds 1, 3 and 4 were confirmed in extract (2.19 mg/g, 7.75 mg/g,
3.00 mg/g), EtOAc (35.18 mg/g, 4.61 mg/g, 4.85 mg/g) and n-BuOH (2.16
mg/g, 29.38 mg/g, 14.65 mg/g) fractions, respectively.

On the anti—oxidation tests, the compound 1 (SCsp 38.7 uM) showed
stronger DPPH radical scavenging activity than positive control (ascorbic
acid, SCs¢ 43.5 uM). Also, compounds 1 (SCsq 12.0 uM), 3 (SCs0 20.9 uM),
and 4 (SCsp 34.2 uM) exhibited potent ABTS® radical scavenging activities
compared to ascorbic acid (SCso 31.8 uM). For the anti-inflammation
studies using RAW264.7 cells, compounds 1, 3 and 4 inhibited the
production of NO effectively without causing cell toxicity. Furthermore,

the compound 3 inhibited the generation of iNOS protein.



Based on these results, it was suggested that extract and isolated
compounds from A. carambola branches could be potentially applicable as

pharmaceutical and/or cosmetic ingredients.
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Figure 5. Extraction and solvent fractionation of A. carambola branches.
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Figure 6. Isolation of compounds from A. carambola branches .
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H,O-MeOH (10-100%)
Flow rate: 10 mLimin

l l l

MP6
(200.3 mg)

Pl MP42

Sephadex LTH-20 CC
CHCL-MeOH (3:1)

Cpd. 1
(731 mg)

Figure 7. Isolation of compounds from A. carambola branches.
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Sujits F dojxl 7} B3I FTE T n-BuOH #EE 5.0 g& S w &
At o2 MEsst7] 98t MPLC (medium pressure liquid chromato
—-graphy)& 33} t}. n-BuOH 38 +& 5.0 g2 MeOH 10 mLel =o]3 0.20
um PTFE filterg ol&3] oagt 5 FAlem columne KP-C18-HS
(Biotage Co.)& ARS8t 71&7] &< ]88 MeOH:H:0 (10-60%
MeOH, 30 min), MeOH:H,O (60-80% MeOH, 80 min), MeOH:H,0O
(80-100% MeOH, 20 min), MeOH (100%, 20 min)¢] |2 SA44]&
S wAHos UEuHA 7hzE 35 mLY SEA1A F 42709 fractions AATH
(BMP1-BMP42).

MPLC fraction® & Fr. BMP18 (131.4 mg)< CHCl3-MeOH(3:1)¢] &ujx
o= Sephadex LH-20 column chromatograpye <33t compound 3
(34.1 mg)s LA .

Fr. BMP31-35 (131.4 mg)& CHCls-MeOH (3:1)¢] &mj&71 22 Sephadex
LH-20 column chromatograpyE 33t compound 4 (12.8 mg)s AUt

(Figure 7).

EwOHFr (5.0 8

MPLC {C18)
H,O-B=0H (10-100%)
Flow mate : 10 mL/min

R N T A

..| BMPIB T ’ | BMP31-35 |, . A
EMPL (1314 mg) BEMEPI1 EME2& (1457 mg) EMP41
Sephadex LH-20 CC Sephadex LH-20 QC
CHCl;-M=0H (3:1) CHCl;-M=0H (3:13
Cpd. 3 Cpd. 4
{34.1 me) {128 me)

Figure 8. Isolation of compounds from A. carambola branches.
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Table 1. HPLC chromatographic conditions of the control factors

Control Factor Conditions
Injection Volume 10 pL
Column Shimadzu ODS (250 X 4.6 mm, 5 pm)
Mobile phase A: H-0, B: MeOH
Flow rate 1.0 mL/min
Column Temperature 40T
Wavelength 285 nm
Detector Waters 2998 PDA (Waters, USA)
Separation Module Waters 2695 (Waters, USA)

Table 2. Gradient elution condition for HPLC analysis

Time (min) Flow (mL/min) Hz0 (%) MeOH (%)
0 1.0 80 20
50 1.0 20 80
55 1.0 0 100
60 1.0 0 100
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F E9dE ¥ SALS Folin-DenisH'"S &-&3te] AAstlth
e gallic acide #F EZ=E st 1 mg/mLe &= A3
62.5, 125, 250 ¥ 500 pg/mL7} HE=E A5t 24 stglo,
o] r?Zk2 0.99 olielth(Figure 8). 4 7+ 1 mg/mL &2 A|E&d
=R 3A G gallic acid ¥ &S 100 pLA A &, FHF 900 uLE 7t
3to] total volume©] 1 mL7} =5 3435} th ¢ 7]o] Folin-Ciocalteu’s
phenol reagent 100 pL& H7Fste] oA 33F WESAIZ]AL, 7%(w/v)
Na,CO; &9 200 pL& 7Fste] =33t & S5/ 700 pL& ¥o] total volume
o] 2 mL7} H =5 3|4sto] g2 1AZF REGAIZATE ©]F 96 well plate

Ao

=3
FN
Y
o
1

w
—
\}
o

5]
A
Y
I
X

il
_\;_1‘
of

e

o] 71 3 microplate reader® ©]£3te] 700 nmolA FHYEE

W oo FPEEVE 5 FedE FFS Fagld

g

1. 2000

w=0.0HEx - 0.0174
1. OO FF =0 .8954

'g 0. 8OO0

=

=

5 01, SO0

s

= 0.4000

22000

o, 200
000 SO0 1002 1500 2000 2500 3000
Crallic acid concentration (pugsrnl.)

Figure 9. Calibration curve of standard gallic acid for determination of

total phenolic contents.
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2) DPPH radical 24 &4 =#

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical &7 &4 A& Blois &2
Wgss $g8te] AAEgith $-4 DPPHAI ¢S DMSOE AF4-3ke] 20 mM &
EZoFE F o]E EtOHS AME3ste 0.2 mM=E 38|48t ALg3kqlt. -4
96 well plated] A 55 Z+7; 20 ulLl® ¥ 0.2 mM DPPH €< 180 plLA <
7hste] Aol Al 154-7F RESAIFTE ©] & Microplate readers AFH&-3Fe] 515
nmel X FHE=E 22 vad 22 Aol o8 =
AArE AT B3 Al=8] radical &7 &4 WEEo] 50%Y Wl AE F
(SCs0)E sttt 72 g 33] vy A3dS AAste] Hgks Tsiglon, of

w] kA ) ZF it (positive control) 2.2+ BHTS} ascorbic acidE AF&3F )

H
ht

I

A3s}% a1, radical &4

£
==

Radical scavenging activity (%)

= [1 - (Abssample - AbSblank) / ADbScontrol ] < 100

AbSconeo N BE H7FHA 82 Whggele) FHu

I

3) ABTS" radical 27 &4 =4

ABTS" (aaa) radical &7 &4

oL
>,
off
rlo
=
@D
Sy
Lo
us
iz
L
©
o
olo
ofo
ol

tel A Alstel.
ABTS® radical &4 @48 74371 #38l, 74 mM ABTS® 2.6 mM
potassium persulfateE &g3Fo] A2, AolA 16A17F &9 HE-gA|A ABTS'
radical2 FAAIFTE o] €4S ethanolZ F43te] 700 nmollA FF=7)
0.78+0.027} ¥ =% 3]st A AREsEI. ¢4 96 well plateol] A&

20 pLA 7k & 5129 ABTS' &9 180 uLA S H7bste] d2elA 158 &



oF HF-S-AlZ Tt} o] & Microplate readers AF83Fe] 700 nmellA S3EE S
g8k aL, radical &7 A2 v &2 Aol 98 %= ALHEJT. =T
A=9] radical &7 &4 WEEo] 50%Y W] AE FE(SCs0)E TRFATE 2
AEe 33 W A¥S AAete] Hdgks Tekslen, o A xR

(positive control) 2.2%= BHT$} ascorbic acidE A3}t

Radical scavenging activity (%)

[1 - (Abssample - AbSblank) / AbScontrol ] < 100
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1) RAW264.7 cell v

vt~ A A E A9 (Murine macrophage cell line)?l RAW264.7 cell2
American Type Cell Culture (ATCC)ZH-H Ewrol 100 U/mL penicillin,
100 pg/mL streptomycin®} 10% fetal bovine serum (FBS, Gibco Inc., USA)
o] &% dulbecco's modified eagle’s medium (DMEM, Gibco Inc., USA) wj4]
= AREEkel 37T, 5% COp E1elA widsiglon, 2 d ASR A wd=
Al 88T

2) Nitric oxide (NO) A4 oA &4 =A

24 well plated] RAW264.7 cell& 2.0 X 10° cells/well®& ®F3}a, 37T,
5% COy FAdtellA 18A1%F A wigstdet. A wiAI cell& 1 pg/mLe
LPS7} =E3He wiAZ wEgt § Z}7; samples A lste] 24A413F v st
o]% AMd¥E nitric oxided % AME A5 100 pLet Greiss A1%(1%
sulfanilami de, 0.1% naphthylethylenediamine in 2.5% phosphoric acid)
100 uLE &3ste] wbeAIZ & 540 nmellA F4EE A5k AFE NO
o do AEEYd Fo EASE NO, 9 FHZ FAH3Ror, sodium
nitrite (NaNOp)E AH&38te] ®5 HAAIAS 2AAste] Hlasi. 214
Aol 2 ke 0.990)Aolom, kA Ea(positive  control) &2

2-amino—-4-picoline (10 uM)<S A}-&3}% ).
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3) AE EA H7HMTT assay)

MEEANH7F= MTT (3-(4,5-dimethylthiazol-2-y1)-2,5diphenyl-tetrazoliu
m bromide) assayE ©]&3}tt 24 well plated] RAW264.7 cell& 2.0 X
10° cells/well® #53}al, 37C, 5% CO, Z7stelA 18A1%F A wlkataict.
A AR cells 1 pg/mLe] LPS7F 2348 w2 wst §, 7H7} sampleS
Aglste] 24A17F wiFstith o] % 500 pg/mLe FE=Z MTT Al%S #7}shed
37TColA 3AZE BEEA F- s dle AAS T 7]l DMSOE 7hahe] 4
ofl&= Az BEG-3le] A7 formazan W ES §dlA1Z]1 ¥, ©]& microplate
readerg ©]&3] 570 nmolA FFEE SHSIUY. HME AEELS U 22

2ol ola] %m Ak A
Cell Vlablllty (%) (Abssamp / AbScontrol) X 100

AbSconrol - A1 BE H7FSHA] &2 W8

=l
. ~ = o 5
Abssample . }\] E% ;(1:14 7]’?15_]_' ]i—o‘%o—ll] ‘O”] %3’6}11:—

4) IL-6 2 TNF-a A4 o4 24 %4

24 well plateo] RAW264.7 cellE 2.0 X 10° cells/well® ®F3}a, 37T,
5% COy ZAdstellA 18A1ZF A vidstdeh. A wigAZD cell& 1 pg/mLe
LPS7} 239ke WA= w&sh 5 ZZb samples A 2|sto] 2443 wfFait.
o]F HNE FeqE FHd IL-6 © TNF-a D9S5A cytokine B4 &S 247
SAskelth. IL-6 % TNF-a d93FA  cytokine A4 F2 TNF-a
(Invitrogen), IL-6 (Invitrogen) enzyme-linked immunosorbent assay
(ELISA) kitE AFE3}e] 450 nmolA SFE=E SAHSY] HFHsl¥ o vl 3}
Aok
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5) Western blot analysis

60 mm petri dishel] 6.0 X 10° cells/dish® AEE EF38ta 37C, 5% CO,
Z7135fel A 18A17F A v Fsigleh. A wlEAIZD cellS& 1 pg/mLe] LPS7F 3%
B oA wEdk 3 7b7 sampleS AHelsho] 244)%F vkl o] AEA

S S A A PBSE A3 = lysis buffer (1 X RIPA)E o] &3slo] 4C%

Aol A overnightA]A lysis AJZTh 1 o] whwlzaS AARZ (15000 rpm,
4C, 20 min)ste] @@ o] g dnt Felste] Ao ARgStSih. TulE A
S bovine serum albumin (BSA)E ¥+° % bradford A 9FS AL-&35le] 7]

ARAE AAstel FFAAL,

42y 9l 20 pgs 8-12% SDS-polyacrylamideo] #7953 3 o=

0

Transfer stack= ©] &3] poly-vinylidene difluoride (PVDF) membranec°l] 7
B2 transfer 3Fth. @2 o] trasfer ¥ membranes 5% skim milkES 3Hf
3 TTBS (0.1% Tween 20, tris—buffered saline)ol] Yil 2o A 247+

blocking A7l &, TTBSZ 53] A#3s9tt. 71 & membraned 7}7te] 13} 3

—~

Ags weS Azlen, 2 12k A4 w2 anti-rabbit NOS2 (Santa Cruz)
< 1:1000%, anti-mouse COX-2 (BD Biosciences)= 1:1000%, B-actin
antibody clone AC-74 (Sigma)S 1:200002 3]A8}e] AFE-313aL, 4C 79
A overnight ¥FSA|ZH T HEZ o] E4 membraned TTBS=® 53] Az 3
HRP (Horse Radish Peroxidase)7} A%% ¥ 2x &A(Santa Cruz)E COX-2
1:5000, INOS 1:5000, B-actin 1:20000 o= 3]A43t & A2 A 1A]7F WS-
A7 H, TTBS®E 53] AFsigirh. @wlde WEST-ZOL (Western blot
detection system, Intron) &S AMgste] ECL 71d3 dk& A7l &
Chemidoc (Fusion solo, VILBER LOURMAT)S ©]&3}e] z}zhe] oz g

=] =] 21
AEs BAH
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1) 50

g X A Al Staphylococcus epidermidis (CCARM 3709, 3710, 3711)3}
Staphylococcus aureus (CCARM 0027, 3708)L 3FAA| WA 7238 (Culture
Collection of Antimicrobial Resistant Microbes) 2. Z 58 ¢ o} A}-83}3]
th. S aureus?) 75, WFwiAIE LB (Luria bertand) ®jA|=2 &l S
epidermidisv= W A& TSB (Tryptic soy broth)2 3t 37C, 7|4 %71
sloll A 24417t mht} Al vl FSFA T

2) Paper disc diffusion method
S ¥3sl= TSB, LB x| o] €o] 1.5% 3HS ¥t 1A A 98 2=
. olF WAzt Zow AR Se0g Takehs U7 8 mm paper disc® &1

37T =3 shell A 24413 w5, I LAY LHEAA L] A8 5A

A tHFigure 9).
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Bucteria U o _\zmple
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D6 4T Towe Bobatdomat 37 5

24h

Figure 10. Paper disc diffusion method.

3) MIC (minimum inhibitory concentration)

g 4 9k MIC SAHL2 A=A FAHE WHYste] AFEskSlth. 96 well
plateol] ®jX|= 3]A3%F A5 100 pL9} 0.5 McFarland standard= Ef
sk o 100 pLE Yo 371

o33
]

27 sl A 24407k weFatel Fe] FAo] Ve

[

5 C
HrEes delsher)
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4) MBC (minimum bactericidal concentration)

2R ol =& A
3k 96 well plate®l A loop

St A plateE Y]

gujgFa S HojfA plated] =S
g1t}

it

= HATEE

o colony7} |4 HA &+

_22_
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. 23 € z3

1. 2299 s +x B4

1) Compound 19 +% &4

Compound 1¢] C-NMR spectrum %4 A3}, & 15709 carbon peak”’} ¥
ZE, o2 E3] A AH flavonoid FAYS oY & = Ak 'H-NMR
spectrum A A3} &y 6.98(1H, d, J = 2.0 Hz), 6.80 (1H, dd, J = 2.0, 8.4
Hz), 6.76(1H, d, J = 8.4 Hz)% peak? coupling constant #<S E3}o] A=
ortho- & meta—couplingS 31l 94 aromatic ringo] 9SS dArsttt =
gk 6y 5.94 (1H, d, J = 2.4 Hz) 5.92 (1H, d, J = 2.4 Hz2)¢] peak® coupling
constant #% E3te] M= meta-couplings 3tal Y+ aromatic ringS oA
stttk &y 2.86 (1H, dd, J = 16.6, 4.4 Hz), 2.74 (1H, dd, / = 16.6, 2.8 Hz)
9] peaky sp’ EEAS ZH= proton®® coupling constant ZFS E3te] 3o
carbonel 3}8t# k7ol & 2 2709 protonl. & o AEIATE o5&
ato], EA%3} nludte] compound 1€ epi-catechin¥S 2213} tH(Figure

10-12, Table 3).
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OH

L

oH

oH
Figure 11. Chemical structure of compound 1.

Table 3. 'H and *C NMR data of compound 1 (400 and 100 MHz, CDs;0D)

No. Compound 1

&y (int., multi., J Hz) 8c
2 4.81 (1H, ) 80.0
3 4.17 (1H, m) 67.6

2.86 (1H, dd, 16.6, 4.4)
4 29.4

2.74 (1H dd, 16.6, 2.8)
5 158.1
6 5.94 (1H, d, 2.4) 96.5
7 157.8
8 5.92 (1H, d, 2.4) 96.0
9 157.5
10 100.2
1 132.4
2' 6.98 (1H, d, 2.0) 115.4
3' 146.1
4' 145.9
5' 6.76 (1H, d, 8.4) 116.0
6' 6.80 (1H, dd, 8.4, 2.0) 119.5
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Figure 12. 'H NMR spectrum of compound 1 (CD3s0D).
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Figure 13. ®C NMR spectrum of compound 1 (CDs0D).
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2) Compound 29 +% A

Compound 2% 'H ¥ C NMR spectrum ¥4 A3}, &y 5.37 (1H, d, J =
4.5 Hzol slgd3st= sp” A4S zh= protono] #EEM, &y 0.67 (3H, s),
0.88 (3H, t, J = 6.5), 0.90 (3H, d, /= 7.0), 0.91 (8H, d, J = 7.0), 0.94
(3H, s), 1.00 (3H, d, J = 6.5) peakE=ZHH F 6719 methyl”]7} &S o
A F Atk 6y 3.99~4.639] overlap Hol A& o] e peaket Fo
anomeric protond] 393dt= 6y 5.10 (1H, d, /= 8.0 Hz) peakEs 3l 1719
Fo] 3tE F2IS & 4 A3l anomeric proton?] coupling constant #k
& B 19 2eo] BPoE EAT Aol oiaigith. C-NMR spectrum
B2 Ax F 35709 carbon peak”} #EEW, §c 141.3, 122.4 peak: spf
<A 9] carbonl & ofAE 4= AT} §¢ 103.0 peak® anomeric carbon¥} ¢
9.1, 79.0, 75.8, 72.1, 63.39] 571l peak 3 NMR data®} E§sto] & w A

ol 3= < B-glucopyranosided& oldstlal, o5 dHolHE wEow

o3

248 E3g compound 2% daucosterol, = B-sitosterol-3-0-3

e

-D-glucopyranoside® 1% A th(Figure 13-15, Table 4).

Figure 14. Chemical structure of compound 2.
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Table 4. 'H and “C NMR data of compound 2 (500 MHz and 125 MHz,

pyridine—dj)

No Compound 2
' Sy (int., multi., J Hz) Sc

1 37.9
2 30.7
3 3.99 (1H, m) 78.5
4 39.8
5 141.3
6 5.37 (1H, d, 4.5) 122.4
7 32.5
8 32.7
9 50.8
10 37.4
11 21.8
12 40.4
13 42.9
14 57.3
15 25.0
16 29.0
17 56.7
18 0.67 (3H, s) 12.5
19 0.94 (3H, ) 19.9
20 36.9
21 1.00 (3H, d, 6.5) 19.7
22 34.7
23 26.8
24 46.5
25 29.9
26 0.91 (8H, d, 7.0) 20.0
27 0.90 (38H, d, 7.0) 19.5
28 23.8
29 0.88 (3H, t, 6.5) 12.6
1' 5.10 (1H, d, 8.0) 103.0
2! 3.99-4.63 (sugar H) 75.8
3' 79.1
4' 72.1
5' 79.0
6' 63.3
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Figure 15. 'H NMR spectrum of compound 2 (pyridine—ds).
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Figure 16. *C NMR spectrum of compound 2 (pyridine—d5).
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3) Compound 3¢ +% A

Compound 3¢] “C NMR, 'H-NMR spectrum 41 A3}, §,; 7.06 (2H, d, J
= 8.51 Hz), 6.68 (2H, d, J = 8.51 Hz) peak?] #& %3} coupling constant
s =3ty ortho-couplingS 31l 9 WA TX9 aromatic ringS o AFE
T Atk &y 6.23 (1H, $)9 peak® sp’ protono|™, 3 §; 3.28-4.27¢]
overlap ¥} = o8 719 proton ¥ A9 F9 anomeric protonel] &Gl
&y 5.60 (1H, d, J = 1.60 Hz), 6y 4.84 (1H, d, / = 9.77 Hz) ¥ &y 4.58
(1H, d, J = 7.57 H2)¥] peakEs Tl 3719 Tol A&d 793 & 5 A
31, coupling constant #< &3 Zo] 1709 o, 2709 BHo=E E=AT Ao
g} 9ot BC-NMR spectrum #24] A3, th3 <l 2709 aromatic ring®)
carbone F&3e] EF 32709 carbon peak’} #EEW, 1 F §c 206.79
peaks &3l 1709 carbonyl groupol A Wdl EAETE oSkt 6¢
62.8-87.5 7}4¢] & peaks Ao i 4= §lof 2D NMR 245 3133}
Ak, COSY NMR spectrume %3] A= coupling 3t 9+ protong #41
3F9aL, HMQC NMR spectrum= S3flA = g0 25 2359 9+ proton
<, HMBC NMRE &F3dlME= ZF ©4ol] dld] long-range couplings 3}
protons, NOESYE &3l F3tdo= 5 A olule 77k Aglel A= proton
o] AAZS el §¢ 108.5, 106.5, 76.32] anomeric carbon peak®} 13
Mel §c 62.8-87.5 peak, 17.89] methyl”|E& &3] B-glucopyranoside®} B
—-fucopyranoside, a-arabinofuranose’} U= ZHo =z oAt gt o] F3)
compound 3-> phloreting XEAZ 3sFo] 3' 9X]e| B-glucopyranoside®} £
—fucopyranoside”’} AgtEo]glar, 6' ¢ X a-arabinofuranose”’} Z23gtE o] 9
= As 94 F At

T3k, compound 3¢ HR-ESI-MS 41 Z3 m/z [M+Nal® 737.2260
[M+Nal” (cale. 737.2269)0.2 o3 3}gt&o] £AFH dAsh= AS 244
ST

olg{gt A¥E wigro g TP wluste] Fihete] B w, compound 3

phloretin 3= C-(4-0O-B-D-glucopyranosyl)-B-D-fucopyranosyl-6"-O-a
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-L-arabinofuran oside®.Z F3R o, o] 332 AAA A HFoz &
¢, By shgtEolt

compound 39 HWFFIFLE Apae = 287.7 nmo|H, F3}3EL [a]*) =
110.1° (c. 0.050, MeOH)o|t}. 7|75 B3 AW v %9l Zrh(Figure
16-23, Table 5-6).

HO

OH

OH

HO

OH
OH

Carambolaside C

Compound 3

Figure 17. Chemical structures of compound 3 and carambolaside C.

Table 5. Information of compound 3

Feature Yellow powder
Molecular formular C39H490138
Molecular weight 714.7 g/mol
specific optical rotation [a]?°p = 110.1° (c. 0.050, MeOH)
Amax in UV/vis range 287.8 nm
HR-ESI-MS m/z [M+Nal® 737.2260 (calc. 737.2269)
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Table 6. 'H and "*C NMR data of compound 3 (500 and 125 MHz, CDs;OD).

No Compound 3 Carambolaside C
' &y (int., multi., J Hz) Sc Sc
1 133.9 133.9
2 7.06 (1H, d, 8.5) 130.6 130.3
3 6.68 (1H, d, 8.5) 116.2 116.1
4 156.5 156.4
5 6.68 (1H, d, 8.5) 116.2 116.1
6 7.06 (1H, d, 8.5) 130.6 130.3
7 2.90 (2H, t, 7.3) 30.8 31.3
3.45 (m)
8 47.2 47.5
3.35 (m)
9 206.7 206.7
1' 106.7 105.5
2' 165.7 164.5
3 106.9 104.6
4' 164.6 164.4
5 6.23 (1H, s) 96.1 96.1
6' 161.5 164.5
1" 4.84 (1H, d, 9.8) 76.3 76.5
2" 4.04 (m) 72.1 72.1
3" 3.65 (1H, dd, 9.5, 3.2) 76.9 76.7
4" 3.95 (1H, d, 2.8) 84.0 84.0
5" 3.77 (m) 76.1 76.0
6" 1.38 (3H, d, 6.3) 17.8 17.6
1" 4.59 (1H, d, 7.6) 106.5 106.4
2" 3.35 (m) 76.3 76.2
3" 3.28 (m) 78.3 78.1
4" 3.35 (m) 71.5 71.3
5" 3.45 (m) 78.6 78.4
3.87 (1H,dd, 12.0, 2.2)
6" 62.9 62.7
3.71 (1H, 11.5, 5.7)
Al 5.60 (1H, d, 1.6) 108.5 -
A2 4.27 (1H, dd, 3.5, 1.6) 83.5 -
A3 4.02 (m) 78.3 -
A4 4.07 (m) 87.5 -
3.77 (1H, dd, 12.0, 3.2)
Ab 62.8 -

3.68 (1H, dd, 12.0, 4.7)
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Figure 18. 'H NMR spectrum of compound 3 (CDs0D).
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Figure 19. *C and DEPT (135°) NMR spectra of compound 3 (CDs;0D).
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Figure 23. HMBC NMR spectrum of compound 3 (CD3;0D).

Figure 24. HR-ESI-MS spectrum of compound 3.
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4) Compound 49 +% %A

Compound 4¢] H-NMR spectrum ¥4 A3}, &y 7.51 (1H, d, / = 16.0 Hz
), 6.27 (1H, d, J = 16.0 Hz)2 peaki= coupling constant #<S &3}
trans-olefin T+Z2% oAEM, §; 3.22-4.139] overlap Ho] Ud+= o7 719
proton ¥3¢} 2] anomeric protond] & Fsl= &y 5.74 (1H, brs), 5.14
(1H, d, /= 9.2 Hz), 4.38 (1H, d, J = 7.2 Hz) ¥ 3.97 (1H, brs)9 peakE
ol 4719 o] AXgE FERYS ¢ 5 AR AL, anomeric protongs9] coupling
constant & E3l Fol 2709 oF, 2719 BHFom EAT Flolet odsalTh
BC-NMR spectrum ¥4 A3, i3l 4709 aromatic ring® carbons *3F
sle] F 47719 carbon peak’} #EEW, §c 206.7 X 167.79] peaks T3 2
7§12 carbonyl group®] #A} Weo] &S 45T §c 62.1-93.1 7HA 9
9 peakE AIeA FEFT F §lo] 2D NMR #4& #dsqict. COSY NMR
spectrum< @] A& coupling 3Fal Y= protons ¥4 391, HMQC NMR
spectrume E3A = BAol] A ZA3Eo A+ protons, HMBC NMR &
E3= 7+ g4 ts] long-range couplingS 3= protong 3Helsly o),

§c 107.2, 106.8, 106.1, 74.09] anomeric carbon peak®} 19719 &
62.1-93.19] peak, 17.3, 17.0, 17.09 methyl7| & &3 B-fucopyranoside, a
—arabinofuranose, a-rhamnopyranoside”} )+ ZHo=Z o &) ol& &
3]l compound 4% phloretine EAZ 3l 37 YA 270¢] B-fucopyranoside
7} AstE o] 9Jar, 6° ¢ F|o| a-arabinofuranose, a-rhamnopyranoside 7} A%
Hol A= As A% & AT

olg]gt A¥E nigow FHy uwd A compound 4 £ phloretin
3'-C-(2-0-trans—-cinnamoyl-3-0-B-D-fucopyranosyl)-a
-D-fucopyranosyl-6"-0O-a-L-rhamnopyransyl-(1—=2)-a
—-L-arabinofuranoside, = carambolaside J& <13} (Figure 24-29,

Table 7).
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Figure 25. Chemical structure of compound 4.
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Table 7. 'H and "C NMR data of compound 4 (400 and 100 MHz, CDsOD)

Compound 4
No.
&y (int., multi., J Hz) 8c

1 134.1
2 6.88 (1H, brs) 130.6
3 6.60 (1H, d, 7.6) 116.4
4 156.7
5 6.60 (1H, d, 7.6) 116.4
6 6.88 (1H, brs) 130.6
7 2.64/2.73 (1H, brs) 30.3
8 3.35/3.10 (2H, brs) 47.6
9 206.2
1 105.3
2' 165.6
3' 105.3
4' 164.9
5' 6.17 (1H, s) 96.4
6' 161.9
1" 5.14 (1H, d, 9.2) 74.0
2" 5.74 (1H, brs) 71.9
3" 4.01 (1H, m) 82.6
4" 4.02 (1H, brs) 73.4
5" 3.90 (1H, m) 76.6
6" 1.34 (3H, d, 6.4) 17.3
1 4.38 (1H, d, 7.2) 106.1
2" 3.48 (1H, dd, 7.4, 10.1) 72.4
3" 3.38 (1H, dd, 10.1, 3.2) 74.8
4" 3.56 (1H, d, 2.8) 73.0
5" 3.62 (1H, m) 72.1
6" 1.26 (3H, d, 6.4) 17.0
" 136.0
2" 7.52 (1H, dd, 6.4, 2.0) 129.4
3" 7.40 (1H, brs) 130.2
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YRl
5
g
7
g
g
Al
A2
A3
A4

AD

R1
R2
R3
R4
R5
R6

7.40 (1H, brs)
7.40 (1H, brs)
7.52 (1H, dd, 6.4, 2.0)
7.51 (1H, d, 16.0)
6.27 (1H, d, 16.0)

5.74 (1H, brs)
4.178 (1H, d, 4.0)
4.11 (1H, dd, 7.6 4.6)
3.95 (1H, m)
3.63(1H, m)
3.77 (1H, m)
3.97 (1H, brs)

3.39 (1H, m)

3.25 (1H, brd, 9.6)
3.42 (1H, dd, 10.0, 8.2)
2.90 (1H, brs)
0.79 (3H, d, 4.8)

131.6
130.2
129.4
146.1
119.1
167.7
107.2
93.1

76.3

84.5

62.1

105.8
72.9
72.3
75.0
71.9
17.0
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Figure 26. 'H NMR spectrum of compound 4 (CDsOD).
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Figure 27. *C and DEPT (135°) NMR spectra of compound 4 (CDs;0D).
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Figure 28. COSY NMR spectrum of compound 4 (CD3;0D).
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Figure 29. HMQC NMR spectrum of compound 4 (CD3;0D).
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Figure 30. HMBC NMR spectrum of compound 4 (CD30D).
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2. HPLC analysis

HPLCE ©]&3le 2EF2E 71 55, B85 9 3 sggsEe 92
& skl HPLC A4 A2 ol A 2+ 939 MFE AIZF T compound

1°0] 12.386 min°] 7}% #grow 71 t}& Adl& compound 33 45 3H¢)
g 4= JAF(Figure 30). Figure 312 Z} fraction 59 IA=ZvlE 138 YE

PLxA; 285 nm
(A o
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Figure 31. HPLC chromatogram of compounds 1, 3 and 4.
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Figure 32. HPLC chromatogram of 70% EtOH extract, EtOAc and n-BuOH

fractions.
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~EERE J1H 2EE 2 89 B

ol gE(1, 3 and 4)¢ THS

o o=
Table 8).%® 1 Ay} ~E}FEE 71A 9] FEE oA

HPLC= o]&3l S 33t =z
Hol Z+7}F 2,19, 7.75, 3.00 mg/ge] ko] 3Heolx]g)

AN
+ compound 1, 3 % 4 A
o EtOAc #3 &A= 35.18, 4.85, 4.85 mg/g9] ko] = Ao

AE Il E3 p-BuOH & Eo| =

o=
2.16, 29.38, 14.65 mg/g®] o] &<l
= A

Table 8. Contents of isolated compounds by HPLC

Cpd. 1 Cpd. 3 Cpd. 4
70% EtOH extract 2.19 7.75 3.00
EtOAC fraction 35.18 4.61 4.85
n-BuOH fraction 2.16 29.38 14.65
Unit: mg/g
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Figure 33. Total polyphenol contents of extract and solvent fractions from
A. carambola branches. The data represent the mean *+ SD of triplicate

experiments.
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-

2EIFEE 717 2EFE 2 232 d)ste] DPPH radical 2ASH S =435
Atk A& s 7.8

2 xgstal o, Z4zke] thall SCsot= Attt L A3, 70% EtOH F=
&, n—Hex, EtOAc ¥ n-BuOH &3 E&E9 SCsogtol ZH2F 167.9, 44.2, 43.1,
55.8 pg/mL=Z, Wz BHT (SCso: 452.1 pg/mL)¢F HlnLste] HES w tix
TR w9 -3 DPPH radical &4 &4& yeEld AAth(Figure 33, Table

9).
Extract ®-Hex N Water

BOA #BudH
Figure 34. DPPH radical scavenging activities of extract and solvent

_
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fractions from A. carambola branches. The data are expressed as a
percentage of control and represent the mean =+ SD of triplicate

experiments.

Table 9. SCs¢p values of DPPH radical scavenging activities for extract

and solvent fractions from A. carambola branches

Extract n-Hex EtOAc  n-BuOH H>0O BHT

SCso (ng/mL)  167.9 44.2 43.1 55.8 428.4 452.1
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2ERFEE JHA] FEE W E8E st ABTS' radical AAEEE &
otk A8 =& 3.1, 6.3, 12.5, 25.0 50.0, 100.0 pg/mLe] == 23
stolom, Zhztel didl SCs s Aktskdth. 1 Ad, 70% EtOH F&%,
EtOAc ¥ n-BuOH #8%&E9] SCs kel Z+7z; 33.8, 15.5, 8.8, 17.7 pg/mL=E,
2 BHT (SCso: 7.9 pg/mL)9} Blnsle] BokS w thxawhd £ ABTS'
radical 24 EX4& YEF I HFigure 34, Table 10).

o2,

o
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oo
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Figure 35. ABTS" radical scavenging activities of extract and solvent
fractions from A. carambola branches. The data are expressed as a
percentage of control and represent the mean =+ SD of triplicate

experiments.

Table 10. SCsy values of ABTS" radical scavenging activities for extract

and solvent fractions from A. carambola branches

Extract n—-Hex EtOAc n—-BuOH H>0 BHT

SCso (ng/mL) 33.8 15.5 8.8 17.7 95.4 7.9
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3tk AlR9 FEE 6.3, 12.5, 25.0, 50.0, 100.0 uMe] vx== A&gsrg o

], Z}zbo tha] SCsy 2 AAMEIATE. 1 A3 compound 19 SCsy #to] 38.7
uM= g)3=7%l ascorbic acid  (SCso: 43.5 uM)ETt} £ DPPH radical &7 &

Aol 9Je-S sl vhFigure 35, Table 11).
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Figure 36. DPPH radical scavenging activities of isolated compounds 1-4.
The data are expressed as a percentage of control and represent the

mean * SD of triplicate experiments.

Table 11. SCso values of DPPH radical scavenging activities for isolated

compounds 1-4

Ascorbic
1 2 3 4 ]
acid
SCso (M) 38.7 >100 >100 >100 43.5

(2) ABTS" radical &4 &4 =4
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ZERFEE TR oA EelE shgHEel tidte] ABTS' radical A4S 54
etk Al®el FEE 0.8, 1.63, 3.1 6.3 12.5, 25.0, 50.0, 100.0 uyM9] =
2 st om, zhzto] ths] SCs #h= At 1 A3, compound 1, 3
2 4o A wfg- 22 S Belom 7o) SCh #h2 12.0, 20.9, 34.2 pM=E o

%21 ascorbic acid (SCso: 31.8 uM)S} AR ABTS' radical 227 &4do] U

S 3ol th(Figure 36, Table 12).
= L6
3 1M
= 6.3uM
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Figure 37. ABTS" radical scavenging activities of isolated compounds
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1-4. The data are expressed as a percentage of control and represent

the mean * SD of triplicate experiments.

Table 12. SCso values of ABTS' radical scavenging activities for isolated

compounds 1-4

Ascorbic
1 2 3 4 ]
acid
SCso (uM) 12.0 >100 20.9 34.2 31.8
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(1) Nitric oxide (NO) A A &4 =4

sEFEE MK F2E % 80 wHge @9 4L S48 99

RAW264.7 cellS ©]&3}9 nitric oxide A AA &4 2 AL SAHAMTT

2 AE S5A4
assay)= eletditt. 4 70% EtOH F=+ % 7 &4 #+¥+&< 100 pg/mL
of & AFS PR o, 1 A} EE sampleo A AE Ao flvk=
RS gl = ). E3 EtOAc w8 EA nitric oxide A4 A &5
18t aL(Figure 37), olol we} F7p o= 125, 25, 50, 100 pg/mL &%
ol HAE Pt 1 A3 AEFEEE 71X EtOAc H38Eo] AlEo] 3t
54 §le] nitric oxide S AlGT = AS sk on, 1G5k 85.79

ng/mLo 2 &l¥ At} (Figure 38).
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Figure 38. Effects of extract and solvent fractions from A. carambola
branches on NO production and cell viability in LPS-induced RAWZ264.7
cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS
plus A. carambola branches and 2-amino-4-picoline (positive control, 10 p
M) for 24 h. The data represent the mean = SD of triplicate experiments.
*p < 0.05; *xp < 0.01
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Figure 39. Effects of EtOAc fraction from A. carambola branches on NO
production and cell viability in LPS-induced RAWZ264.7 cells. The cells
were stimulated with 1 upg/mL of LPS only, or with LPS plus EtOAc
fraction from A. carambola branches for 24 h. The data represent the

mean *£ SD of triplicate experiments. *p < 0.05; **p < 0.01
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NO A oA 84S BAW EtOAc I E HAAFA cytokine (IL-6,
TNF-a) A4S ZAH3ATE Sample> 12.5, 25, 50, 100 pg/mL ==
ol-&3slo A¥E et

T AY, 2EFFEE 7HA] EtOAc BEEL 1L-69 S AdAAIE AS &

o138t = gl om, ICs 7S 70.80 pg/mLo 2 2218} th(Figure 39).
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Figure 40. Effects of EtOAc fraction from A. carambola branches on IL-6
and TNF-a production in LPS-induced RAW264.7 cells. The data

represent the mean £ SD of triplicate experiments. *p < 0.05; **p < 0.01
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(3) Western blot analysis

AERFEE 744 EtOAc #E oA F7149) g9 84

RAW264.7 cells ©]-&3sle] COX-2 % iINOS ¥l g <

o

Atk 1 A3 EtOAc +8&2 INOS ©@d a3

A Fsk A tH(Figure 40).
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Figure 41. Effect of isolated EtOAc layer from A. carambola branches on
levels of INOS and COX-2 protein expression in RAWZ264.7 macrophage.

Result are mean £ SD of triplicate data.
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(1) Nitric oxide (NO) A4 <Al &4 =4

2EFFEE JHA A R SgEd gid 39 24E SAs] 94
RAW264.7 cell& o]&3led NO A4 oA &4 3 HAx 54MTT assay)=
selstoict. 4 Il @Ado] Bt compound 2577 AQg Zb &jhE
i3 100, 200, 300 uMe] w52 AdS &t 1 A3, 300 uM F o
Al compound 1, 32 AXE =54 §lo] 20% AEel NO A A &Xo] sl

d §lol 30% o2l NO A4 <Al &4do] ==

w M
x

™, compound 4+ A3
g8kt thH(Figure 41).
o] MEA HAE 3H5HE<2l compound 39 it F7HAQ AHS

R, 1 A¥} Fx= EHOE NO S JAlets Ae e th(Figure

42).
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(2) Compound 39 IL-6 ¥ TNF-a A4 A4 &4 =4

Compound 3¢ 954 cytokine (IL-6, TNF-a) A&A S =AHs}.
Sample> 50, 100, 200, 400 uM §E=E °]&35te] AgS W3 Th
1 A3, compound 3% 400 pM ©]&te] oA IL-69F TNF-a° A4 <

== @1 A H(Figure 43).
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Figure 44. Effects of compound 3 on IL-6 and TNF-a production in
LPS-induced RAWZ264.7 cells. The data represent the mean = SD of

triplicate experiments. *p < 0.05; *xp < 0.01
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(3) Compound 3¢] Western blot analysis

Z}A A BeE FE2 compound 3] thal F7Hz ¢l &l &

AEFEEZE

A 71HES ATty Yall RAW264.7 cellS o]&3te] COX-2 % iNOS gz
W oA S AP 1 A3 compound 3& COX-2 w3 oA+
S FA EA R INOS vl w3 o FroEAH o7 ofxdittE AL Feld)

A HFigure 44).
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(1) Paper disc diffusion method

ZERFEE JHA] FEE B & 2959 3 S S5 A IR
ANl Staphylococcus aureus (CCARM 0027, 3708), Staphylococcus
epidermidis (CCARM 3709, 3710, 371D % 5/ #FE AMEskAlaL,
positive control®+= erythromycing AF-83}$ T},

71 A3, EtOAc 8 Eo] A BE w7l s d3E5AA S A6t
AL et 3 FEEY p-Hex ¥ ENA S epidermidis (CCARM
3709, 371D w&] &5 yetlsler, n-BuOH ¥&8ES S epidermidis
(CCARM 3709, 3710, 371Dl thHall 54 24d& Hep Atk (Figure 45,
Table 13).

rr
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S. aureus CCARM 0027

S. aureus CCARM 3708 S. aureus CCARM 3708

S. epidermidis CCARM 3709 S. epidermidis CCARM 3709
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S. epidermidis CCARM 3710

S. epidermidis CCARM 3711 S. epidermidis CCARM 3711

Figure 46. Results of paper disc diffusion method of extract and solvent

fractions from branches of A. carambola on S. aureus and S. eprdermidis.
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Table 13. Anti—bacterial activity of extract and solvent fractions from A. carambola branches

Bacterial density

Clear zone (mm)

S. aureus S. epidermidis
6
(1.5X10° CFU/mL) CCARM CCARM CCARM CCARM CCARM

0027 3708 3709 3710 3711

Extract N.A. N.A. 10 N.A. 10
n—Hex fr. N.A. N.A. 10 N.A. 10
EtOAc fr. 14 12 14 15 13
n—-BuOH fr. N.A. N.A. 10 10 10
H»0O fr. N.A. N.A. N.A. N.A. N.A.
Positive control 22 12 29 N.A. 28
Sample solvent N.A. N.A. N.A. N.A. N.A.

Sample : 2 mg

positive control : Erythromycin (+) (20 pg)
Disc size @ 8 mm

N.A. : No Activity
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(2) MIC and MBC

Paper disc diffusions E3l &A4o] JQE FE25 2 &u] £ & s F7}
Ao 72 HAA S (minimum inhibitory concentration, MIC) % FHAAd 5%
(minimum bactericidal concentration, MBC)& 743ttt AdL2 4 mg/mLE
two—fold-dilution®§ &% A|&9] =& F w4 34 shdA dAAsigivh. o1 A
% 70% EtOH F&& % EtOAc &% 3 lA 5ol wis MIC
e g F Qdoemw(Table 14), EtOAc +8ESY A S epidermidis
(CCARM 371Dl dis] MBC #(4000 ng/mL)& 213 = Sl th(Figure 46,
Table 14).

i1t
o

oF &
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o
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S. epidermidis CCARM 3711

Figure 46. Results of MBC of extract and solvent fractions from A. carambola

branches on S. aureus and S. epidermidis.
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Table 14. MIC and MBC value of A. carambola branches

S. aureus S. epidermidis
CCARM 0027 CCARM 3708 CCARM 3709 CCARM 3710 CCARM 3711
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Extract 4000 >4000 4000 >4000 4000 >4000 4000 >4000 4000 >4000

n-Hex N.A. N.A. 4000 >4000 4000 >4000 4000 >4000 4000 >4000
EtOAc 4000 >4000 4000 >4000 4000 >4000 4000 >4000 4000 4000
n-BuOH N.A. N.A. 4000 >4000 4000 >4000 4000 >4000 4000 >4000

N.A.: No Activity
Unit: pg/mL
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