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PP ARG o T3k 25 R 4 3 5 S TR IF T8 R INF R T TR I BN, S 17 7™ ) P ke S 23 T 4 8 1 A W B AR, U 3 A A Ak
E YA SR o HEYE /N RBEALS R 25 1 BB, s ZE R A B PR 25 40 (0. 115 mmol-kg '), # R 475 b fRH 44 (1.0,0.5,
0.25 mmol-kg ") FIWEAL AT A= W) [ Z BEAL S BE 7= 4 (PAM) |, Y BEAK B 7= 40 (HPM) | T B AL RS 7= 4 (HBM) ] 4% 55 L P AR5
#H(0.25,0.125,0. 063 mmol-kg™") 4520 10 B, HHELLOLZGS do KIRAZH 45 min J5, B#H DK IE S SCE S 4 5K
FZRER T S VK EE AR o 15 min J5 A0 SE/INBR, T AL ARV 20 A B 80 AR R0 358 002 1 °F o 000 B 1, 4 S0 i, 380 6 o ok ¢
T3 P AR S KR f T S R AT O O, WO IR M R E RO R (A LT IR R B AL M B . SRR 3 Mg s
¥.(a)7,2',3",4",6'-H L BT B A (PAM) , (b)3,6,7,2',3",4" 6L A BE AL 25 B 45 77 £ ) (HPM) F1(¢)3,6,7,2',
304" N T BT R ATA Y (HBM) 525 (xh B L 3, w5 R i R il st 4 O PAM & v il s 4 HPM i b A1 79 2 2 F
HBM &5 i A7) e 21 35 68 5 32 400+ /0 BROEC B b Jik (P < 0. 05) , Jf: 8 58 & 490+ 6 40 1l 87 ) 3 53 M el 20 IE s i 8 1 (P < 0. 01 5
P<0.05), R B EMBRIER, 2 —E WS- R, &8 PAM,HPM Al HBM 35 1 WK it (0 5 25 M 16 & 9 5 1
RAFBEAAT A N A Y P R 14 BRI i, PR R S 1 R AR A BT R VR A U0 A T 4% 1 R A RO B e
TR PR PTG R H P R R
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[ Abstract ] Objective: To prepare acylated derivatives of mangiferin, and then to evaluate their anti-
inflammatory activity. Method: Mangiferin was respectively reacted with acetic anhydride, propionic anhydride and
butyric anhydride to produce acylated-derivatives. Swelling of mice ear and permeability of mice celiac capillary
were used to evaluate the anti-inflammatory activity. Result; 3 compounds were confirmed: (a) 7, 2', 3', 4',

6'-penta-acetyl-mangiferin (PAM), (b) 3, 6, 7, 2', 3', 4', 6'-hepta-propionyl-mangiferin ( HPM), (c¢)
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3,6, 7, 2", 3", 4'-hexa-butyryl-mangiferin ( HBM ). Mangiferin’s high and medium dose group (1.0, 0.5
mmol -kg '), PAM’s high and medium dose group (0.25, 0.125 mmol -kg '), HPM’s high, medium and low
dose group (0.25, 0.125, 0.063 mmol -kg ') and HBM’s high, medium and low dose group (0.25, 0.125,

0.063 mmol -kg ") could significantly inhibit the ear swelling and permeability of celiac capillary in mice, showing

obvious anti-inflammatory effect. Conclusion; PAM, HPM and HBM were novel compounds and were reported for

the first time. Acylated derivatives have stronger anti-inflammatory activity than their parent compound mangiferin.

[ Key words |

TR (mangiferin) & —Fp 4 RIS, BA
J 7z AR R R A R R L, T
FERRA T Rk 95% DL b AR T & A i oK T
R W PR 245 4 W = D B EG 2 3 Oz T 55
SERIARGE . AWFgEaE Y IR R T A W 2 )
#7335 & 4t ( biopharmaceutics classification system,
BCS) iy 25 4 & 251, ¥ fife M R I R O 1k 1 AR
AN AR R R BEARG, AT A 2 7 252 2R 25 BRAE T 1 &
FE o O T B AR B A W R EE AT et e 24 B
T, R 22 5T 58 A i 72 SR B9 K PR AT {E i
BRI 5 55 A — e BF 50 AR 0 5 SR 10 B
WBEEA T, w7 B — e
JRUAKC, AH AL AN B BT ] 4 A0 A ) 28 A 2 R A5 3
FER N o AE 2 A ik T DA 44t i v SR 100 55 3 35 e
AT, 25 e R VA Ik 1 o R IR AT A, JR PR L
PUARIGE
1
L1 2y klh SRE(HS, &= 98.1%,
HPLC, f [® 25 & 24 9 1 &b & 2 B I 2, it 5
20071028 ) , B& W2 B (AR 2%, b [ 1k 25 45 1 28 A, it
5 F20090116) , N IR IEF (41t %5 23116) | T R (#t 5
27067 AR 2, ¥ R Bl hr T 4k 22 R A BR TR A A )
Mo FEK WA R (Gl A AR 5 250k e A IR AL it 5
100514 ) ,f SCHUEE (AR 9%, 72 24 TOKS T4k 27 5 A FR
oA 090925) , HR (AR 9, TN g M 4R T
AR TS 080621) , pK SR (AR 2%, il Sk i vy
Bk T.) 7,4t 5 0905071)
L2 Y BEWIF/NE,18 ~22 g,6 ~8 J], MEPE,
SPF ¢ , ) 7 397 3 5 53k 52 90 sh WA BR A W), 1 AT HIE
SCXK ( # ) 2009-0004, & H & ¥ iF
HNASLKJ20102119, 13 FaH=E N, E iR (22
2)°C  HIRHILEE (60 £5) % , 1 W4 o UK BB, 11 P
POKFHEE o
1.3 Y% F039300 %I fff b4 ( SUNRISE A #] ),
AG135 B 1~ K1 [ Mg e 848 F) 2404 ( B ) A7
PR ], TDL-5 AU EE H 2.0 AL (11 22 5 B2 AU

mangiferin; acylation reaction; anti-inflammatory activity

7)o
2 Hik
2.1 REBAT A E SR R EK S
o B PE AR 100 mL ZBREFHR N 1.5 mL 98%
H,S0, i ¢ Ja & A 10 g £ 289, IR 50, B iR
B KRR T 40 °C L HAVIE IR K AR IR
IO 18 h, 0T T) AN B 40 4 i 1 SR 4 U il 5 S o
B — i P — 208 BB 10 LK b R
R H A 18 BUR Y, 1T 300 mL JE K £ B
ORI IR T R OB MR B R 10 LK
B B G TUTE , IE R Y) 40 CHELT, 153 2
Pk A 52 W 7 ) (PAM) 13.9 ¢, #8:4E[6] |-,100 mL Py
BRIEF o 2 mL 98% H,SO, 110 g #HF4,60 C J
N 24 h, 45 B B AL SR 72 (HPM) 11, 3 g;100 mL
THREFH 2.5 mL 98% H,SO, #1 10 g = 1,80
C LI 24 h 458 T BEAk S i =% (HBM ) 8.5 g,
2.2 grEsaifl BEAL SN Y D i GBI  fE
WA BRI L, H 2T, 4 Bl A TLC
KA, A I [RIRE B — B A A 3 0, LISV SR T 1 45
fm s BE A 25 4, 19 B & W 2k

CTRAC T Wy 19 J2 40 355 500 Ry AT - £ 1R & TR - T
(7:2: 1) 5 A BEAL 7™ 9 16 )2 B 385 70 Sk S8 D -H et
(25:1) 5 T kAL 7™ W 19 J2 B 3 500 o A ool k-5 -1
i (5:3.5:1.5)
2.3 fbeEgmEiaE AL A W Rk H
NMR,"”C NMR,HMBC,EI-MS fl HR-MS )i | 38 1
WA A AT B TR AL B W B AL 2 254
2.4 HLARAMERMENEFRS BN B 140
HBEBLAY 2 6 IR (A B AR 7K ) 4, BH 1 24 (b 9
KA ) 2, AT i o IR R A, PAM & LR IR
2, HPM & rp AR50 & 4, HBM & L IR
L4 10 Ho K4 i 4T MR A 25 4 5l
FEFRER K A2 AN 20 mL-kg MR L 3ELES d
KIKE 25 45 min J5, B i Bk 95 0. 25% ¢ g
10 mL-kg ™", A7 H3f —H £ 0. 02 mL 8% ,i p 0. 6%
PKEER2 ,0.2 mL/ K, 15 min J5 i 300HE 2 S8 /N B,
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6 mm F]FLESUYZE A7 HJE AR [R50 462 4T F W0 5
AMIFRE (W) o B H 6 mL A B EL K 8 s 1 gt R 4T
T I, T 2 500 remin T B0 10 min, B
b IE R, EEEER A, AE 590 nm b E TG (A) .
Foe N BRI BCE 0 b o R Mo o o] 3

K =W 0 - Wy

Pl R = (Wapmen — Wamasn )/ W namn

x 100%

2.5 ymabE BRI v x5 F£ox, 8 SPSS 19.0
St AR HEAT B R O 22430, P < 0. 05 A Seit
L
3 #R
3.1 R A N LSRR uE M BE L
FRL =R o AR 2 3 A A G A Sl R i A
A, W UE AL 2= A e 1

PAM

HPM

11
Hep: R3= —C—CH20H20H3
HBM

1 EREFBAFTEY PAM,HPM, HBM H{L3 &5

3.1.1 7,2',3",4,6"-H L BRAL TS R AT AE W, 5L
7,2',3",4",6'-penta-acetyl-mangiferin (PAM) 43T
3 CoyHo O, FHXT 43 F BT i 632. 16, 2y 85 {4 JC 5 JE
¥y oK ;64 4E . ' H NMR ( CDCL, ,600 Hz)§: 13.55
(1H, s, 1-OH),7.80(1H, s, H-8),6.84(1H, s,
H-5),6.33(1H, s, H4),5.43 (H-1",d, J=9.0),
5.26 (H2',t, J]=9.6), 431 (H-6'b, dd, J =
12.6, 3.6),4.17 (H-6'a, dd, J =12.6, 6.0),
3.90 (H-3", H-4', H5', overlapping signals) ,2.30,
2.10,2.07,1.99,1.82(15H,s),"” C NMR ( CDCI,,
- 230 -

150 Hz)é&; 161.0(C-1),104.3(C-2),163.7(C-3),
96.0(C4),156.6(C4a),103.5(C-5),147.7 (C-
6),137.2(C-7),113.0(C-8),119.4(C-8a),179.9
(€C9),155.5(C-9a),157.8(C-10a),73.3(C-1"),
70.6(C-2"),73.6(C-3"),68.0(C-4"),76.4(C-5"),
61.6(C-6"),20.9,20.8,20.7,20.6,20.5(5CH, ),
171.0,170.4,169.8,169.7,169.4 (5C = 0), EI-
MS.:632[ M ] " ,590,523,481(100),439,397, HR-
MS. 632. 1584, Caled. 632.158 9, Caled. for C,
H,;O 0

3.1.2 3,6,7,2",3",4",6'-b N BEAL = R B AT A
Y ,83,6,7,2',3',4",6'-hepta-propionyl-mangiferin
(HPM) 53 F 3K CoHy O, M4 5 &t 814. 27,
S TG RE B R A 6% R AE - 'H NMR (CDCl, , 600
Hz)6: 7.95(1H, s, H-8),7.34(1H, s, H-5),6.87
(1H, s, H4),5.44 (H-1', d, J=9.0),5.33 (H-
2',t,J=9.6),4.36 (H-6'b, dd, J=12.6, 2.4),
4.17 (H-6'a, dd, J=12.6, 6.4), 3.93 (H-3', H-
4', HS5', overlapping signals) ,1.35(3H, t,/=7.2),
1.27(3H, t, J=7.2),1.26(3H,t, J=7.2) 1.18
(3H,t,J=7.2),1.12(3H, t, J=7.2),1.06(3H,
t, J =7.2),0.89 (3H, t, J =7.2), "C NMR
(CDCl,,150 Hz)6: 158.8(C-1),112.3(C-2),161.2
(C3),93.4(C4),153.1(C4a),103.8(C-5),
147.5(C-6),139.2(C-7),112.3(C-8),120.8 ( C-
8a),179.9(C-9),153.1(C9a), 158.8 (C-10a),
73.3(C-1"),70.6(C-2"),73.5(C-3"),67.4(C4"),
76.6(C-5"),61.0(C-6"),27.9,27.7,27.6,27.5,
27.5,27.4,27.2(7CH,),9.3,9.2,9.2,9.1,9.0,
8.9,8.9 (7CH, ), 174.1, 173.7, 173.6, 172.9,
171.8,171.0 (7C = 0), EI-MS:814 [M] ", 758,
702,646,592,536,523 (100),467,411,354, HR-
MS.814.268 6, Caled. 814.268 4, Caled. for C,
H, O,

3.1.3 3,6,7,2,3" 4" N T BEAL T SR AT AR Y, 5
3,6,7,2",3", 4'-hexa-butyryl-mangiferin ( HBM ) 4
T2 CHy, 0, X 73 7 i i 842. 34, O 4 JC /€
TE AR ;614 1F . "H NMR (CDCI, ,600 Hz) §: 7. 91
(1H, s, H-8),7.31(1H, s, H-5) ,6.84(1H, s, H-
4),5.30 (H-1', d, J=9.0),5.28 (H=2", t, J=
10.2), 4.31 (H-6'b, dd, /J=10.8,2.0) ,4. 12 (H-
6'a, dd, J=10.8, 6.8), 3.89 (H-3', H4', H5',
overlapping signals) ,2.52 ~1.34(24H,q,J =7.2),
1.11(3H, t,/ =6.0),1.03(3H, t,/J=6.0),1.01
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(3H, t,/=6.0),0.95(3H, t,/=6.0),0.90(3H,
t,] =6.0),0.86(3H,t,J=6.0),"C NMR(CDCl,,
150 Hz)é§: 161.2(C-1),112.3(C-2),158.8(C-3),
93.4(C-4),153.1(C-10a),103.8(C-5),147.5(C-
6),147.5(C-7),112.3(C-8),120.8(C-8a),179.9
(C9),153.1(C9a),102.3 (C4a),73.3(C-1"),
70.6(C-2"),73.5(C-3") ,67.4(C4"),76.6(C-5"),
61.0(C-6"),36.4,36.1, 36.0, 36.0, 35.9, 35.6
(6CH, ), 18.6, 18.5, 18.4, 18.4, 18.2, 18.1
(6CH, ), 14.1, 13.9, 13.8, 13.8, 13.8, 13.6
(6CH,),173.6,173.3,172.8,172.0,171.1,171.3
(6C=0), EI-MS.842 [M]",758,702,646,592,
536,523 (100) ,467,411,354, HR-MS.842.336 8,
Caled. 842.336 1,Caled. for C;H;, 0,0
3.2 BRALATA Y B9 AL
3.2.1 g COhEZI) Y A D
R AT I E , Wk 1

Rl BULEVHESR

& S a5/ C sckfE /e
Ly 266 ~270 (4} 267 ~272(43i)
PAM 150 ~ 153 (43t -

HPM 174 ~ 178 (4} fi#) -

HBM 158 ~ 161 (4} fi#) _

3.2.2 HmE ol e b s SRR S,

£ 37 CARURAS ORI, B 30 min JR4E — KT 2T 5
6h J& U AIVE L, e b i fe S &, Ik 2.

£2 BEMENE gL~
gl Fil e PAM HPM HBM
B R Z B 0.01 68. 42 93. 65 132. 66
1F 3 0.07 36.93 53.71 94.59
H 0.38 17. 88 12. 54 7.93
2.1 0. 46 22.17 18.35 11.47
20 1.32 26. 64 20.33 10.72
JK W pH 1. 02 37.43 41. 83 37.55 33.78
pH 2. 06 14.22 25.31 22.06 18. 88
pH 3.03 6.57 13.43 10.32 8.17
pH 4. 01 1.83 3.69 3.54 3.44
pH 5.03 0. 86 1.17 1.06 1.08
pH 6. 02 0.35 0.31 0. 44 0.28
pH 7.13 0.18 0.17 0.19 0.16
pH 8. 05 0.42 0. 69 0. 54 0.30
pH 9. 01 4.97 2.85 2.36 1.93
pH 10. 01 20.78 16. 53 13.49 11.74

3.2.3 AWl R LA o R T T I
VRS SMROETE , el i i g 51 T3 3

3.3 PIRIEH

3.3.1 XU/NECH MK A ISR S xR
LLLH, FHPEZG AL, 22 R H s PR AL, PAM & o
A2, HPM &, A IR 2 2 1 HBM i | o IR
i 2] Y RE R R B N B M K, A
WFEMERESR (P <0.05), WE4,

F3 EHNRUBERNMEREIEIRK nm
& I 1 I 2 3 I 4
eI 365.0 317.5 257.0" 239.5
PAM 357.6 285.8 258.0" 235.6
HPM 304.0 242. 6" - _
HBM 303.6 242. 8" - _

D R
R4 EREBHTEDNNREEMEER
BB HD B R AR50 (» £5,n =10)

a5 bl i Bk 22 i
/mmol-kg’l /mg /%
25 [0 TR - 3.55+1.84 -
i FE KA 0.115 1.82+1.41" 48.73
A 1.0 1.76 =1. 44" 50. 42
0.5 1.90 1. 15" 46. 48
0.25 2.18 £1. 14 38.59
PAM 0.25 2.00 £0. 61" 43. 66
0.125 2.10 +0. 88" 40. 85
0. 063 2.46 £0. 84 30. 70
HPM 0.25 1.57 +1.26" 55.77
0.125 2.06 +0.87" 41.97
0. 063 2.09 +0.97" 52.39
HBM 0.25 1.67 1. 13" 52.96
0.125 1.78 =1.49" 49. 86
0. 063 1.82+1.57" 48.73

S EAX EA R P <0.05,
3.3.2 /NEREREEHNNEEEENEZN 52
FIXF B2 LA, P 2 4 L7 ST L AR A
PAM & i f 20 HPM g oh fIGHR) & 2 0 HBM 55
r ) 2 2 5 I S 0 ) R A G Y A v e TR
FEWE , Bos W BBt RVEH (P <0.01 5 P <
0.05), WFESs5,
4 iFig

AR SCE UHGE X7 A 19 b 25 S5 4 E AT AR AT
A & T P BREIE M A 5 BT K &R, PAM L HPM Al
HBM J i 45k &9 .
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x5 TREBUTEYINRER
EAMEBRBEHZME(x+s,n=10)

20 51 HI 4 /mmol - kg ™' A
75 % - 0.319 0. 035
i FE KA 0.115 0.243 £0.077"
e e 1.0 0.246 +0. 066%
0.5 0.274 +0. 036"
0.25 0.287 £0.029"
PAM 0.25 0.265 £0. 047"
0.125 0.277 £0. 041"
0. 063 0.282 £0. 056
HPM 0.25 0.239 0. 064%
0.125 0.259 0. 054"
0. 063 0.278 +0. 046"
HBM 0.25 0.257 £0. 046%
0.125 0.270 0. 050"
0. 063 0.298 +0. 043

TE 5 XTI E ) P <0.05,2 P <0.01,

Tk A AT A 0 1) J i B e SR A IR, BT B
FEAR Ko LB HE B2 09 SR IR A5 AT & B, PAM R B
116 °C ,HPM F[%& 92 C ,HBM F[# 108 °C . X1l fig
ST RAT IR I WAL S |, 4> T Z 1) SRR AN
T AEAE S AR A FZ S TR, F 2
[E] 5 45 JBL RS Bl , DT (45 A2 A A1

PAM (1) 8 S WSO 335 01 S5 16 4 481, Wi i
KR, X ] BE S PAM £ BAF ot 2 A 7-
f-OH i Z BE 1k , oAb 2 25 44 45 5 1 S AR DL B 85
HPM I HBM {1y 58 4 W W 5% 1% AH L, (5 B A 5] 1
AT RO I 7 BN K S R A R TR X
A BE 55 ME b R B 5 e A b 35 1T ) K B A KA 6

FDA Fl WHO %5 20 2030 5 , 40 24 4y 50 Yk 35 3 )
HAEA AR T 250 mL pH 1 ~7.5 g4 i rh, WAy i%
25y HAT BCS FUAE MY i e e SR K
FA 2 g, 78 pH 1 ~2 BFREAVA T 250 mL /K 1, £iF
& BCS ik iy “ B vk " FRAF (B 7€ pH 3 ~ 8 A
it i 2 il R [ 8 R Ik B BCS B A0 5 ¥ e 1k
(VAR EE . PAM,HPM F1 HBM (15 50 5 26, 78
pH 1 ~3 Bf B T BCS Frik il i il vk {0 1
pH 4 ~ 8 [ 75 fiff J IR 20 A8 /N, 35 N R3S 3] BCS #EL
FE IR T M R B, [N ik, PAM, HPM Al
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HBM #4855 & BCS FILAE 1 /5 1 i 1k 25 9 1) 5 1E
7 —J7 i ,PAM, HPM 1 HBM E. A3 &5 IR % 1, 4% 3¢
BRO12T, 456 BCS BLE M = 38 B M7 R AIE o

PAM ,HPM 1 HBM H G0 Fr 847 174 19
JEE IR 4k, BT 77 A 5 1 R AR R B R AR, Ui
Pk AR A7 A T R A FH 1 255000 ot B8 o F 2 SR AT, R
HYT RGP IR MR . X 0T BB PR O K
HEPEZS Y, PAM, HPM F1 HBM Jy &l B 1E 254,
DAL I HL AT L7 SR e 1 2 W R B, A T A b R R
PR
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