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ODS #:t4i%. Sephadex LH-20 A5 3 F1- 1 & HPLC DA B 45 7 1A R HF 50% L WE U KB TR B8 A 3k 4T 2 2 4l
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Chemical constituents of Phyllanthus emblica and its anti-inflammation activities
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Abstract: Objective To study the chemical constituents and its anti-inflammtory activity effect of Phyllanthus emblica. Methods
The chemical constituents of P. emblica were isolated and purified by silica gel column chromatography, ODS column chromatography,
Sephadex LH-20 column chromatography, semi-preparative high-performance liquid chromatography and recrystallization method.
Through their spectra data, physical and chemical properties analysis, the structures of those compounds with high content were
identified. LPS-induced RAW264.7 inflammatory cell model was established to evaluate the effect of compounds in P. emblica on
proinflammatory factors (NO, IL-6, TNF-o, and MCP-1) of RAW264.7 inflammatory cells. Results Totally, 14 compounds were
isolated from P. emblica . and idetified as isovanillic acid (1), trans-cinnamic acid (2), p-hydroxybenzaldehyde (3), coniferyl aldehyde
(4), quercetin (5), kaempferol-3-O-a-L-rhamnose (6), naringenin (7), 2-hydroxy-3-methyl phenylpropiolate (8), hydroquinone (9),
myricetin (10), 2-furoic acid (11), methyl gallate (12), protocatechuic acid (13), gallic acid (14). The experiment of anti-inflammatroy
effects showed that those compounds had different inhibitory effects on the production of inflammatory factors NO, IL-6, TNF-a and
MCP-1. Conclusion Compounds 1, 3, 4, 8—11 and 13 are isolated from P emblica for the first time. The anti-inflammatory effect of
P. emblica is related to its phenolic acids.
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ERGEIL ., AR HEEE IR EHTRT
MBS, P, W, 1 WA R fEkast,
RErFRfLgEDY), FNEREBEE. kU LAR
Jo Wl AbSEAE R A 30 R E KB REE 2
TR R P IR ARIBE P, Ash, A H TR
AN EMAHAE. RERARHAREFE
ST S, BlIG IR A & R a7 IR X
877, WHEFIEHEME . T IRILIE A AL I AR
s, B R AR H T S SR AT FAAIR I3
JEIRFER T--o (TNF-00)+ NO Fl A4 fI A~ (IL-1p)
RI7K, AR BRI ZE I TR . AN S5 5 AEdE—
XS RHF IR S RIFI T . AR5
iz HZ R0 B H AR M 50% BRI R H T B 32
Y BARE] T 14 MUEWD, 7 % N 7 & RIR
(isovanillic acid, 1) AWK (trans-cinnamic
acid, 2). XFFKHEE (p-hydroxybenzaldehyde,
3). fAHAEE (pine aldehyde, 4). #il 7 & (quercetin,
5). &M -3-0-0-L- 5 ZH% (kaempferol-3-O-o-L-
rhamnose, 6). M Z (naringenin, 7). 2-$3E-3-
RETNR W B ( 2-hydroxy-3-phenylpropyl-propyl
methyl ester, 8). %7K . (hydroquinone, 9). 1%
iz (myricetin, 10). 2-FkARg H R (furoic acid, 11).
BETFRHFE (methyl gallate, 12). J& LK
(protocatechuic acid, 13). KB TR (gallic acid,
14). KRR ZHE (LPS) 153 ELWE4T L RAW264.7
RNE SR, o] He 5 A 1 B R 2R A S
KR, MREEMEE TR, BETRTEETT
THURTEMETFY . 85K, KETRMKE TR
R RS e AN [RI RS P AT - SR ARE DR 7 iR RN R
REPRF TNF-a i IL-6 CREMHIEM . Nit—D
TEREFHRHSIR T &R R R 2%
1 4. HR5RF

A& 52 Ascend-600M A% BIFLIRAL (FH[E A
BT, WGEILIEANEE AR 24 E 1100
AR (G B RS A ] Pl & el (B
RRFTADAMR AT ; %HEiE 6545 UPLC-ESI-
QTOF-MS/MS (EHEZHER AT JiZ—HT
IR CEEEHERFB)-FER 2 A W) ); Multiskan PC
g A (B EFEBR KA A D AR A A A
YMC-Pack ODS-A (250 mmX 4.6 mm, 5pum, HA
YAy ] ; U AT %A Agilent Eclipse Pluse
Cig (50 mmX2.1 mm, 1.8 um, FEEZHHLAF]);
i) %% Bk A YMC-Pack ODS-A (250 mm X 10

mm, 5um, HAR4EERA LA,

200~300. 100~200 HEEK (F &L L
IO\ HEIR GFase #)EM (FEEBRE A F])D; ODS (H
A LR AR S4E); Sephadex LH-20 (it GE
Healthcare Bio-Sciences AB /4] ). BD OptEIA™ it
a2 BRI e AR (32 R&D systems A7)

BREHRE. 5. HIR (EEZRERIHRE}
FadD; TAREA b BEARAR); =
HIEWEH (DMSO). LPS, [ Sigma-Aldrich A #];
Ha2FIfyE (Gibeo, FEED; HAbRFII N Hrat.

REFRA I T A AR R R 250y B IR A R I
HAEREREREIRY, miharE. 9 E R R
Bt o 245 09T 9 T AR A B ER AR 7T 5 S e KR R
BBV T Phyllanthus emblica L. W TR,
RAW264.7 AT 5 B2 27 e B s 7 e
2 ik
21 REL BS54t

T H T 258 17 kg, WG, 5 58 50%
CEHRHREL 2 % (48, 24 h), A IFREUR, JHE
WRAGEHIRE - B 50 mL I E T2 KM+, 100 CT/K
W, 105 CHAEFTE 3 h, HEHASEERR
34.9%. REMKIEE, 25 F F SR AR 00 A i ik
(60~90 C). & HHEAESER LA (5% 2 YO,
FUE T, SRR E (3.5 g0 —AFHRIRE
(3047 g)- BERBERE (75097 g). BEER LMBIR
B AR (100~200 HDOFEFRE IS, 2000 3 %5 5200~
300 HERAE s, ST - R B (99 ¢
1-0:100), #ZEi%% (TLC) AR R vEAR
ML IR 4 MG (Fr. 1~4). Fr. 2 R E#HTHE
FeAE 15> 3. F )5 Sephadex LH-20 435 (HfE)
BEEY1 (1.1 mg). 2 (193 mg). 3 (7.4 mg).
4 (11.3 mg). Fr. 3 xE ] Sephadex LH-20 7} &
(FED, o Pl (20%F i) 755
FMLEYS (30mg) 16 (24 mg). Fr. 4 #HATHER:
FEOiE B, B (100~200 H) #EFEE, 43 %
B (200~300 H) M, —HFE-ERC
BekR B (50 1—~1:3), TLC A1 HPLC-DAD %
Kl & 3155 4 N4> (Fr.4.1~4.4). Fr.4.1 &
BHATRER (Ll 7 55, Bl 5 54T Sephadex LH-20 735
(B, HJaPhl &S Rm (16%F ) 77518
FMLEM T (6mg). 8 (0.5mg). Fr.4.2 FIH ODS
Iy, HIHEE-K (5:95—100 1 0) BAREEBEML,
F Sephadex LH-20 C FHEE) Y- i) £ 56 B e (17%
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HEE) HEE2MkE% 9 (11.8mg). 10 (10 mg).
Fr. 4 [ E I Sephadex LH-20 (FFE%E) &, #x/aF)
FH e 46 S5 B e (23% ) 4 BS A 2L A4 11 (30
mg). 12(25 mg). 13 (3 mg). Fr. 4.4 F|FH%: ODS Flash
K, DLFEE-ZK (509530 : 70) HfE b il £ 0 B8
FE 2 R R =AY 14 (90 g,
22 MATEMMR
221 HEHASERPIHS  BULAEY 5 (iR EO
3.02 mg, thEW12 CEETFRTED 1.84 mg,
EW 14 CGEETIR) 1.70 mg, FHM:XHE M ZE KK
(DXM) 3.92 mg, 4r#IIIA 1 mL DMSO #f#, B
B N 100 mmol/L (1 A B I8 W
222 kiR fE 37 C. 5% CO, HIEIEIAES
T, H40CE T DMEM £3%% (1 mmol/L R
TR 2 mmol/L & WEf% . 4.5 ¢/L & ¥ hRE7%,
i B AE 85 7% 2 TR I 10% 19 K3 BR 2 i TS
(FBS). &% (100 U/mL) MEE% % (100 U/mL).
KA IR B BOE, B 2X10° ANFLI# T B
P96 FLIR T, SRJEESEFRFE R 24 he
2.2.3  Griess EMEN A YN RAW264.7 4 L5 77
s NO B sZm o RAW264.7 i Bl HL 7
7 FAXTHRZL (DMSO). #8141 [LPS (500 ng/mL)
& ox-LDL (50 png/mL) HI¥]. SEEd [24525 (100
umol/L) J5 [AIAFIR B LPS B¢ ox-LDL #ill¥]. SE44H
RAW264.7 4l 73 7 25 25 J5 35 97 2 h, B J5 LPS 4b 2,
37 CTH4R8H55E 24 ho MR EUE R B O gy
O EIE . IR S U B B AT, 7R 540
nm FREBGEE (4D {H, MR FRE 2T S AR
FE TR NO K
2.2.4 ELISA iEIELEPINT RAW264.7 41 sE 77
&Y IL-6 . TNF-o ML Z A &k 2 5 1(MCP-1)
BBEREN LR FESHA, LA
RAW264.7 4i 53 45 24 Ja £59% 2 h, B J5 LPS (500
ng/mL) Ab¥E, 37 CR4kELREFE 24 ho ¥ HIEWRIK
LR OE DR RIE T, BB %% )
B 5 4 7] 2l g B 7R 2 _EIE VP IL-6. TNF-a fl
MCP-1 (R &
3 Z#R
3.1 HW%EE

EY 1. AEdis (FEE, ESI-HR-MS m/z:
169.105 8 [M+H]", 191.087 7 [M+Na]"; 'H-NMR
(600 MHz, DMSO-dg) d: 12.52 (1H, s, -COOH), 9.84
(1H, s, H-OH), 7.40~7.45 (2H, m, H-5, 6), 6.84 (1H,

d, J=7.9 Hz, H-2), 3.81 (3H, s, H-OCH3); '*C-NMR
(150 MHz, DMSO-dg) 6: 167.4 (C = 0), 151.2 (C-4),
147.3 (C-3), 123.5 (C-6), 121.6 (C-1), 115.0 (C-2),
112.7 (C-5), 55.5 (-OCH3). LA EHds 5 SOk IE X
H, %A1 AR E R,

&Y 2: ARAK, ESI-HR-MS m/z: 149.055 8
[M-+H]"; "H-NMR (600 MHz, CD;0D) ¢: 7.64 (1H,
d, J = 16.0 Hz, H-7), 7.59 (2H, m, H-2, 6), 7.39 (3H,
m, H-3~5), 6.49 (1H, d, J = 16.0 Hz, H-8); *C-NMR
(150 MHz, CDsOD) &: 171.2 (C = 0), 145.9 (C-7),
136.3 (C-1), 131.4 (C-4), 130.1 (C-2, 6), 129.3 (C-3,
5), 120.4 (C-8). LA E¥d 5 cikiiEnt th, %5z
B 2 MR A R .

&Y 3. AKA, ESI-HR-MS m/z: 123.040 3
[M-+H]"; "H-NMR (600 MHz, CD;0OD) ¢: 9.77 (1H,
s, C=0), 7.78 (2H, d, J = 8.6 Hz, H-2, 6), 6.92 (2H,
d, J=8.6 Hz, H-3, 5); “C-NMR (150 MHz, CD;0D)
5:193.0 (C = 0), 165.4 (C-4), 133.6 (C-2, 6), 130.5
(C-1), 117.0 (C-3, 5) LA EXHE 5 STl % b,
e B 3 RN R SE R

WA 4: SBEERAK, ESI-HR-MS m/z: 179.065 0
[M-+H]": "H-NMR (600 MHz, CD;0D) &: 9.58 (1H,
d, J=7.8 Hz, H-C = 0), 7.59 (1H, d, J = 15.7 Hz,
H-7), 7.26 (1H, s, H-2), 7.17 (1H, d, J = 8.2 Hz, H-6),
6.88 (1H, d, J = 8.2 Hz, H-5), 6.66 (1H, dd, J = 15.8,
7.8 Hz, H-8), 3.91 (3H, s, -OCH;); "*C-NMR (150
MHz, CD;0D) 6: 196.3 (C = 0), 154.4 (C-7), 151.9
(C-4), 149.7 (C-3), 127.8 (C-1), 126.9 (C-6), 125.3
(C-8), 116.8 (C-7), 112.3 (C-2), 56.6 (-OCH3). LA |
s 5 kB T, %A 4 AR .

&Y 5: FkyAR, ESI-HR-MS m/z: 303.043 5
[M+H]", 325.023 9 [M+Na]"; "H-NMR (600 MHz,
CD;0D) 6: 7.74 (1H, s, H-6"), 7.64 (1H, d, J = 8.0 Hz,
H-2'), 6.88 (1H, d, J = 8.0 Hz, H-3"), 6.39 (1H, d, J =
1.4 Hz, H-6), 6.18 (1H, d, J= 1.4 Hz, H-8); “C-NMR
(150 MHz, CDsOD) &: 177.5 (C = 0), 165.7 (C-7),
162.7 (C-5), 158.4 (C-9), 148.9 (C-4"), 148.2 (C-5"),
146.4 (C-2), 137.4 (C-3), 124.3 (C-1"), 121.8 (C-2"),
116.4 (C-3"), 116.1 (C-6"), 104.7 (C-10), 99.4 (C-6),
94.5 (C-8)o LA ¥ 5 cikIfaE x e, % th &
Y15 it %

& 6: FOKAR, ESI-HR-MS m/z: 433.103 6
[M+H]", 455.086 2 [M+Na]"; "H-NMR (600 MHz,
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CD;0OD) §: 7.76 (2H, d, J = 8.6 Hz, H-2', 6'), 6.93
(2H, d, J = 8.6 Hz, H-3', 5), 6.37 (1H, d, J= 1.7 Hz,
H-8), 6.19 (1H, d, J = 1.7 Hz, H-6), 5.38 (1H, d, J =
1.5 Hz, H-1"), 423 (1H, dd, J = 3.1, 1.5 Hz, H-2"),
3.77~3.65 (1H, m, H-3"), 3.37~3.32 (2H, m, H-4",
5"), 0.92 3H, d, J = 5.2 Hz, H-6"); "*C-NMR (150
MHz, CD;0D) 6: 179.7 (C = 0), 166.1 (C-5), 163.3
(C-7), 161.7 (C-4"), 159.4 (C-2), 158.7 (C-9), 136.3
(C-3), 132.1 (C-2', 6'), 122.8 (C-1"), 116.7 (C-3', 5'),
106.0 (C-10), 103.6 (C-1"), 100.0 (C-6), 94.9 (C-8),
733 (C-4"), 72.2 (C-3"), 72.1 (C-2"), 72.1 (C-5"),
17.8 (C-6"). VL -¥¥E 5 cikfam o b, %5 th &
¥ 6 N1l Z518-3-0-a-L- 25 0% .

&M 7 W T AA (R EE), ESI-HR-MS m/z:
273.068 6 [M+H]", 295.050 7 [M+Na]"; 'H-NMR
(600 MHz, CD;0D) 6: 7.31 (1H, d, J = 8.3 Hz, H-3',
5'), 6.81 (1H, d, J = 8.3 Hz, H-2', 6'), 5.89 (1H, s,
H-6), 5.88 (1H, s, H-8), 5.34 (1H, dd, J = 13.2, 2.6 Hz,
H-2), 3.11 (1H, dd, J = 17.1, 13.2 Hz, H-3a), 2.69
(1H, dd, J=17.1, 2.6 Hz, H-3B); *C-NMR (150 MHz,
CD;0D) 6: 197.9 (C = 0), 168.5 (C-7), 165.6 (C-5),
159.2 (C-4"), 131.2 (C-1'), 129.2 (C-2', '), 116.5
(C-3', 5", 103.5 (C-10), 97.2 (C-6), 96.3 (C-8), 80.6
(C-2), 44.2 (C-3)o VL -¥ds 5 ScipdoE e, %
SEWEY T AR .

&Y 8: K k4Y, ESI-HR-MS m/z:
181.080 2 [M+H]J", 203.061 8 [M+Na]"; 'H-NMR
(600 MHz, CDCLy) 6: 7.40~7.35 (1H, m, H-4"), 7.30
(1H, t, J = 7.3 Hz, H-3', 5"), 7.21 (1H, d, J = 7.3 Hz,
H-1', 6"), 4.46 (1H, dd, J = 6.8, 4.4 Hz, H-2), 3.78 (3H,
s, -OCH3), 3.13 (1H, dd, J = 13.9, 4.4 Hz, H-3p), 2.97
(1H, dd, J=13.9, 6.8 Hz, H-3a); *C-NMR (150 MHz,
CDCly) d: 174.8 (C = 0), 136.5 (C-1'), 129.7 (C-2,
6), 128.7 (C-3', 5", 127.2 (C-4), 71.5 (C-2), 52.7
(C-OCHs), 40.8 (C-3). LA %54 5 S ki 3 x b,
KRG 8 N 2- R H3-RKEENIR T E.

& 9: A A, 'HNMR (600 MHz,
DMSO-dq) 8: 6.90 (4H, s, H-2, 3, 5, 6); "*C-NMR (150
MHz, DMSO-ds) J: 145.5 (C-1, 4), 108.7 (C-2, 3, 5,
6). VA%t 5 cmkakaE st e, e Em o N
PO L 8

&9 10: 3K AR, ESI-HR-MS m/z: 319.037 2
[M+H]": '"H-NMR (600 MHz, CD;OD) &: 7.34 (1H,

s, H-2', 6", 6.38 (1H, s, H-6), 6.18 (1H, s, H-8);
BC-NMR (150 MHz, CD;0D) 6: 177.4 (C = 0), 165.7
(C-7), 162.6 (C-5), 158.3 (C-9), 148.1 (C-2), 146.9
(C-3', 5, 137.5 (C-4'), 137.1 (C-3), 1232 (C-1"),
108.7 (C-2', 6), 104.6 (C-10), 99.4 (C-6), 94.5 (C-8).

PR 5ok aE e e, e 10
55
& 11: Atk E, 'HNMR (600 MHz,

CD;0D) é: 7.71 (1H, s, H-5), 7.20 (1H, d, J = 3.6 Hz,
H-3), 6.57 (1H, t, J = 1.6 Hz, H-4); "“C-NMR (150
MHz, CD;0D) ¢: 162.6 (C = 0O), 148.1 (C-5), 146.6
(C-2), 119.1 (C-3), 113.1 (C-4). DL E#4E 5 SCmk 4k
R, %A 11 R 2-HRE HR .

&9 12: AMHER, 'H-NMR (600 MHz,
CD;0D) d: 7.04 (2H, s, H-2, 6), 3.81 (3H, s, -OCH3):
BC-NMR (150 MHz, CD;0D) 6: 169.2 (C = 0), 146.6
(C-3, 5), 139.9 (C-4), 121.6 (C-1), 110.2 (C-2, 6), 52.4
(-OCH3). DA -%¥ 5 sclkdioas it tel™, %e b
12 N BETIRFEE.

& 13: F K, 'TH-NMR (600 MHz, D,0)
5: 8.39 (1H, s, OH), 7.57 (2H, m, H-2, 6), 6.97 (1H, d,
J=17.9 Hz, H-5); “C-NMR (150 MHz, D,0) 6: 171.0
(C = 0), 149.2 (C-4), 143.6 (C-3), 123.6 (C-6), 122.8
(C-1), 117.1 (C-5), 115.6 (C-2). LA _EXHE 5 SCHRIR
EXF N, S A 13 MR ILRIR .

&Y 14: Afgiik (UK, ESI-HR-MS m/z:
171.023 0 [M+H]"; '"H-NMR (600 MHz, CD;0D) §:
7.07 (2H, s, H-2, 6); “C-NMR (150 MHz, CD;0D) §:
170.6 (C = 0), 146.4 (C-3, 5), 139.7 (C-4), 122.1
(C-1), 110.5 (C-2, 6)o LA_F%cdf 5 Scuik i i st L,
UEAY 14 NE T
3.2 IAEM

AR SEBG I e 1 R L AT 2 RN S 0 £ 4 7R
H) NO BElcE, 45RERM (B D 3 MLE (100
umol/L) 4RI | RAW264.7 4 ffd i LPS #3451
I NO BEE T Hod, (&) 14 BT IR
I B 3

JORELN IR 17 9 A 2 i 1ok it v b 341) 2 2 (1)1
A, f0 IL-6. TNF-o f1 MCP-1, FrLlRh T H#E—
FIf e LB PLA T YE, ARSZIGHF T T WA H T
o BRI RRKMAEYST LPS Hl¥ M
RAW264.7 41 L5 IL-61 TNF-o F1 MCP-1 F¢
IRERFZm . WE 1 s, SXTRAMt, BAAH
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Fig.1 Effect of EO and its compounds on LPS-induced NO, IL-6, TNF-a, and MCP-1 production in RAW264.7 (; +s,n=3)

IL-6. TNF-o Fl MCP-1 B0 B33 n. 1h&43
AT 53 PR AN M P IL-6 PRECE s bR T AL &4 5 4b,
HAh A AP35 mT B3 PR KA TNF-a FIRE R
B A&l 525 B AN TR MCP-1 FO RS
4 g

BTN SIS R G 0
—EMPLREIFIEA, HIGI7 R R 32
BLI AT e 5 H0 ] RN AT ZI R R By (PGEy) H
TNF-o BJH <. AL AREMH, F8H T
RVEH, AIAE 5 LM SRR A 55, Fr
RHPRETFRAEETRFPBERT FHEE
i, HAR R HIH] R N R A R E AL
AP 70 B9 JR it o (R 2 BH AR H AR ORAd o s R
TR BEHIRKEENE

SE 3k
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