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Chemical Constituents of Diaphragma juglandis
Fructus and Their Anti-inflammatory Activity
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Abstract : To study the chemical constituents of ethyl acetate extract from Diaphragma juglandis Fructus for clarifying its
pharmacological basis,the high-speed counter-current chromatography, reversed phase C;3 column chromatography and
preparative high performance: liquid chromatography were used for the separation and purification. Their chemical struc-
tures were identified by spéctroscopic datas including electrospray ionization mass spectrometry ( ESI-MS) and nuclear
magnetic resonance ( NMR). Ten compounds were isolated and their chemical structures were identified as 2,3-dihydro-
3-hydroxy-2-oxo-1 H-indole-3-acetic acid (1) ,juglanin D (2) ,2-hydroxycinchoninic acid (3) , C-veratroylglycol (4),
quercetin 3-0-(6"-0-galloyl ) -B-galactoside (5), quercetin 3-0-(6"-0-galloyl ) -B-glucoside (6) , hyperoside (7) ,iso-
quercitrin (8) ,isoselerone (9) and quercetin (10). Compound 3,7 and 8 are isolated from Diaphragma juglandis Fruc-
tus for the first'time and compound 1,4 and 6 are found in this genus for the first time. The anti-infl ammatory activity of
isolated_compounds was evaluated by the levels of NO in LPS-induced RAW264. 7 tested by Griess reagent. And com-
pound 10 showed strong anti-infl ammatory activity.
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Fig. 1 Chemical structures of Gompounds 1-10
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Waters 2695 #4755 880 AH (435X (LA PDA K5
Mg, A sh ot ke a%, 52 Waters 23 w]) ; RIGOL T
3140 AL RO 3 A (b 5t B PR iR AR 2
H]) ; Agilent 1200 RRLC-6410 QQQ-MS/MS it i X
(£ Agilent 23 7)) ; YMC-PACK ODS-A/ /3 #7 51 {7,
HEFE (250 mm x4. 6 mm,5_um); YMC-PACK, ODS-A
2 & A AE A (250 mm X 10. 0'mm,5 pm) ; Varian
INOVA-400 AURZREHARBEAL (K[ Varian 22 7] ) ;
Varian INOVA-600. 714 i 2L 98 ik 3% 4% ( 36 [E Varian
N 5 ek 78 g R-3(Fi 1 Buchi A %)) 3 37 2UE
IR i (MR 22 BRI A A ) 5 bR A (36
BIO-RAD 23 1] ) 5 {8 &40 ( o PR RGN AR A
FRATD) s 4Nl s #5248 (3£ Thermo 23 H]) ; NO A6l
B & (G B REYHEARARAF) ;SW-CJ-1FD £l
BT TAE & (TR N A IR A ) o

95% | LT (B, TP TARA R 5
ATk R Sl (S B2, K & TR Ak T A
PR F]) 5 B s ({5 3% 4], OCEANPAK ALEXATIVE
CHEMICAL. ,Tad) s R ( (a3 afr, K it i B2 B ik
LR A PR ) | m RO T K CBERS e 2RO KA
BRAA ) 3 — HI AR ( DMSO, Jb 50 & 36 5 BHE A R
5] ) s DMEM 85 55 5 (6 [E Thermo 23 7)) 5 JIf 2R ifi
%5 (FBS, £ [E CLARK Bioscience 2\ 7 ) ; g £ 4

(LPS, ¥R AR A RAF) o
AR T2 B N 250 T 57, /)N BRUE W 241 i
RAW264. 7 ik T 3& [ ATCC AH] .

2 WA

2.1 RRENSH
2.1.1 #suhl&

TR R OAREGHE 9 ke, K3 E)S T 95%
PP IRAR 2 U, B2 h BRI EE 104 (w/v)
RIS, B0 2 YU, WUE 78 8 IR s A1
Tk AE L 6 YRR 25 BRIy, IR K2 FH SR TR
L6 W, B AR I3 A O, R 4 TR L TR
CBRARBRAHAEY) 47.3 g0

WRIERTHIBEIT LS R 2R LA U AR 42
PR T e 3 30 5 35 R R, VR T U, — I R
(CCCL) M RGN A e LR Mg W 7K (1
9:1:9,v/v/v/v) ,Jiti# 2 mL/min, 1 280 nm, | 4{
I EAH, A BB AR, o B E R BOK, R R
CCCl (iE &G IFARTRN o) (BT 2A) |, I e 4+ 9%
13 LR TR AL A2 18153 600 mg, A7(CCCl RBIK)
TR 0GR (CCC2) (i 7B W R RGN A
Tk PR MR W B K (1220 12, v/v/v/v) i ik
2 mL/min, P4 280 nm, FHINEEA, T A3
L5088 B B BOR i CCC2 B 1 A I 4 R Ak
43 CE 2B, D8 e 4 T 9% 15 £ R & TR & 4r C7
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Fig.2 HSCCC chromatogram of ethyl acetate extract from
Diaphragma juglandis Fructus

2.1.2 HPLC ##7

A AR A2 F1 CT 1845 % F Waters 2695 Bl =54
WARATE BT, LA EE-0. 1% W R /K VT R i ShAH
P 1 mL/min , 6 B UEME (A2 PEBEA514:0 ~ 10 min,
15% B iE; 10 ~ 11 min, 15% ~30% H ;11 ~ 40
min,30% ~40% F i ; K :280 nm; C7 Pl 44410
~5 min,25% ~30% H ;5 ~20 min,30% H fi5;20
~21 min,30% ~70% HE;21 ~40 min,40% ~50%
FAFE; 40 ~ 45 min, 50% B fE;45 ~ 50 min, 50% <
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Fig.3 HPLC chromatogram of A2 and C7 fractions from Di-

aphragma juglandis Fructus
2.1.3 455k

DA A2 18153 (600 mg) , A Cog th AL
OB MR - K (15% 30% .50% ) #4746 )3
VMG, 45184 % Waters 2695 70 25 % A €2 1% 43
B, B IFARIA 2538 6 Br o Ho 15% HI R

TS AE T o > il e OB £ 1% 5, R R 7K (8
192 v/ v) AEJEVREI 1S EE AP 1(6.2 mg) 530% H
PS5 0 35 0o 1 388 5 >4 1) 8 v 280 R €35 40 15, R
FH 7K (152 85, v/v) SFFEVEI, 15 21654 2 (4. 4
mg) F13(0.7 mg) ;30% H B YE A HE A7 30 1 2 il
B R OB AR O35 53 15, SR T BEE-7K (2575, v/v ) 4§
JEVE A RS 4(2. 8 mg) ;50% T BEGE I AR AL
0388 3 T e 80RO 63 4 5, R PR IBsE-7K (30
70,v/v) SFEEVENL, 15254 5(11.5 mg) Fil 6
(3.6 mg) ;50% HI R i FRA I dash > il w5 5 20K
FRETE 53 B, R BE-7K (850 65 w/v) S5 BE VI, 15
LB 7(3.0 mg) F18(5:0mg) ,

G300 CT 1843(40 mg) | 3 2 2 i 45 5 R0 A
g3 5 R BE-7K (502 50 ,v/v) 55 B2 BRI, 15 3]
G 9(7.1 mg) M 10(7.2 mg)

2.2 \RiEMESRE
2.2 AKX Sn e )

Bufk 5911~ 10, 435 1 DMSO A il 5 50 mM
ARV E A A, N2 i I I DMEM 8% 57 5
Fis BRI TT
2.2.2  NO #7:f i 25 09 224

K2 W T mL 35 552 58 AR S b, 3857 IR
FRRERE 0.1.5.10.,50 100 puM A9 % %, &L i 50
wL, B A S 1Y Griess T F1 Griess IT i85 , FH b5
A ZE 540 nm bW SEEE(OD {H) , 2l bR th 22
2.2.3 NO 480z

IE LS %SO, Xt 4 SR A W B 46
TEPEVEAT R0 25 0 ik o O B0 AR 1 11 RAW264. 7
M, R A R 1.5 x 10°/mL, 380 T 96 4L
M, &FFL 100 L, F 37 °C 5% CO, HEFEH T ,24
h J& , FEIHEE 3R 5L, LN 100 L & 25 K5 3R 5L, Bl
Ay Rt HRZH LPS(1 wg/mL)4H . LPS(1 pg/mL) + 1k
A1 ~10(50 pM) 41,5 3 & FL,24 h J5, B S0
pL FIE W, #i NO 3200 @A Iy i, A A3 o
540 nm 4t OD {8,

i 16 HH HLAG B NO 336 4 FH B R &, 49 3
BER% 0.5.2.5.5.25.50 uM [WFE W . R MTT
B RIS TR BE AL A W% RAW264. 7 21 3% 1 1 5%
M, NO & s vk 2. 2.3 Frid vl k. e
FRAE 2. 2.2 2236 (1) NO i fh 26, TF 5 A [F) e 52 B
an T NO i SR AR SPSS 17. 0 #fab 3
I x = s Fok, IR 5 T-Test 4347
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3.1 LEMEHERE
wEWM 1  H @k R; ESI-MS: m/z

208.1 [M+H]",230.1 [M +Na]*,437.1 [2M +
Na]*,206.0 [M - H]", 2+ %5t CH,NO, , M =
207;'H NMR (400 MHz, DMSO-d,) §:10.24 (1H,
s,-COOH),7.30 (1H,d,J =7.2 Hz, H4),7.19
(1H,t,J =7.6 Hz,H-6) ,6.93 (1H,t,J =7.6 Hz, H-
5),6.79 (1H,dd,J=7.2,2.4 Hz,H-7) ,2.89 (2H,
s,H-8);" C NMR (100 MHz, DMSO-d,),5:178.6
(C2),170.9 (9-COOH) ,143.1 (C-7a),131.7 (C-
3a),129.6 (C4),124.3 (C5),121.8 (C6),
109.9 (C-7),73.1 (C-3),42.1 (C-8), VI I ¥4k
R e A —E B A 1 2,3-di
hydro-3-hydroxy-2-oxo-1 H-indole-3-acetic acid,

wEW?2 Mg W ESI-MS: m/z 183.1 [M +
H]*,205.1 [M+Na]*,181.0 [M-H] , 5 F=\ N
CyH,,0,,M =182;'H NMR (600 MHz,DMSO-d, ) §:
6.85 (2H,m,H=2,6),7.87 (2H,m, H-3,5),4,90
(1H,t,J =5.4 Hz,H-8),3.67 (1H,d,J =4. 2 Hz,
H9a),3.56 (1H,d,J =5.4 Hz, H9b) ;" C NMR
(150 MHz,DMSO0-d,) §:115.6 (C-1),127.0 (C-2,
6),131.5 (C-3,5),162.6 (C-4),198.7 (€C-7),
74.4 (C-8),64.7 (C9), LI EFHdis sk
TEHEA B BB G2 A BER D,

EW 3 16T E R K ESI-MS: m/z
190.1 [M + H]*,212.0 [M + Na]*,188.0 [ M-
H] , 47k @, HNO,, M= 189;'H NMR (600
MHz, DMSO-d, )8+ 11.66°( 1H  br. s,-COOH) , 8. 09
(1H,d,J =7.8Hz,H-5),7.29 (1H,d,J =8.4 Hz,
H-2),7.45 (1H,m,H%),7. 14 (1H,m, H-7) ,6. 48
(1H,s, H8);” C NMR (150 MHz, DMSO-d,) §:
168.6 (11:GOOH) , 162.7 (C-2),162.3 (C4),
1397 (€9),130.4 (C-6),127.7 (C-5),121.9 (C-
3),119.2/(C-7),117.6 (C-10),115.7 (C-8), LI
B Sk R AR B MO E A 3 R
2-hydroxycinchoninic acid,

LEWa FEBAESI-MS:m/z 213.1 [M +
H]",235.1 [M+Na]",211.1 [M-H] ", 2 Fx K
C, H,0,,M =212;'H NMR (600 MHz, DMSO-d, )
8:7.55 (1H,dd,J =8.4,1.8 Hz, H-6),7.48 (1H,
d,/=1.8 Hz,H-2),6.87 (1H,d,J =8.4 Hz,H-5),

4.94 (1H,t,J = 4.8 Hz, H8),3.82 (3H, s,-
OCH,),3.68 (1H,dd,J=10.8,4.8 Hz,H9a) ,3.58
(1H,dd, J =10.8,4.8 Hz, H9b);” C NMR (150
MHz, DMSO-d, ) &:127.3 (C-1),112.2 (C=2),
152.4 (C-3),148.0 (C4),115.3 (C-5),124.1 (C-
6),198.7 (C-7),74.3 (C-8),64.9 (C9),56.1 (-
OCH,) o DA #5553kt 4l A5k, i 2%
EAEY 4 Ky C-REFT B

WEWS FHEOAKESIMS.m/z617. 1T [M +
H]*,639.1 [M+Nal*,615.1 [M-H] ,%FH
CyH,,0,,,M =616;'H NMR (600 MHz, DMSO-d, )
5:7.65 (1H,dd,J=8.4,2.4 Hz,H6'),7.55 (1H,
d,J=1.8 Hz,H2"),6.88 (2H,br. s, H2""",6"""),
6.83 (1H,d,J=9.0 Hz,H-5") ,6.39 (1H,d,J=1.8
Hz,H-8),6. 18 (1H,d,J=1.8 Hz,H-6),5.35 (1H,
d,J =7.8 Hz,H-1") ,4.14 (1H,dd,J =10.8,7.2
Hz,H%6"),4.06 (1H,dd,J =10.2,5.4 Hz, H6"),
3.74 (2H,dd, ] =7.2,5.4 Hz, H4" H-5"),3.63
(1H,dd,]=9.6,7.8 Hz,H2"),3.47 (1H,dd,J =
9.6,3.0 Hz,H-3") ;" C NMR (150 MHz, DMSO-d, )
5:177.7 (C4),165.9 (C-7"""),165.0 (C-7),
161.5 (C-5),156.9 (C-2),156.8 (C-9),148.9 (C-
4'),145.9 (C-3""",5"""),145.2 (C-3"),138.9 (C-
4"y ,134.0 (C-3),122.3 (C-1"),121.5 (C-6"),
119.6 (C-1"""),116.4 (C-2"),115.6 (C-5"),109.0
(C2""",6"""),104.2 (C-10),102.7 (C-1"),99.2
(C-6),94.1 (C-8),73.3 (C-5"),72.9 (C-3"),71.5
(C-2"),68.2 (C4"),62.5 (C-6"), VI %53
Bk G AR — B, MO RE LA S R -
3-0-(6"- & FHL) B-D-ZLbH T

HhEW6 FEHEOKA;ESI-MS: m/z617.1 [M +
H]*,639.1 [M +Na]*,615.1 [M-H] , 4>+ K
CyH,,0,,,M =616;'H NMR (600 MHz, DMSO-d, )
5:7.57 (1H,dd,J =8.4,2.4 Hz,H-6") ,7.44 (1H,
d,J=2.4 Hz,H2'),6.89 (2H,d,J =1.2 Hz, H-
26" ,6.72 (1H,d,J = 8.4 Hz, H5'),6.36
(1H,d,J=2.4 Hz,H-8),6.17 (1H,d,J =2.4 Hz,
H-6),5.43 (1H,d,J=7.2 Hz,H-1") ,4.25 (1H,m,
H-6"),4.18 (1H,dd,J =12.0,4.2 Hz,H-6") ,3.43
(1H,dd,J =4.2,2.4 Hz,H-2"),3.42 (1H,dd,J =
4.2.,2.4 Hz,H-3"),3.37 (1H,m,H4"),3.30 (1H,
m,H-5") ;" C NMR (150 MHz, DMSO-d, ) §:177.6
(C4),166.1 (C-7"""),166.2 (C-7),161.6 (C-5),
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156.9 (C-2),156.8 (C9),149.1 (C4'),145.9
(C-3""",5"""),145.3 (C3"),138.9 (C4'""),133.8
(C3),122.3 (C-1"),121.3 (C-6'),119.8 (C-
1'"),116.2 (C2"),115.7 (C-5"),109.1 (C2""",
6'''),104.2 (C-10),101.9 (C-1"),99.2 (C6),
94.1 (C-8),76.7 (C-5"),74.7 (C-3"),74.4 (C-
2"),69.9 (C4"),63.5 (C-6"), Lk ¥¥ 5
Bk RE AR — B, MO LS 6 iz % 3-
0-(6"- 1B FIEhL) -B-D-H M H o

WwEaWmT WO ESI-MS.m/z465.1 [M +
H]*,487.1 [M +Na]*,463.1 [M-H] , 5+ K
C, H,0,,,M =464,303.0 [M + H-162]";'H NMR
(600 MHz,DMSO-d,) 6:7.65 (1H,dd,J =8.4,2.4
Hz,H6'),7.54 (1H,d, J =2.4 Hz, H2"),6.81
(1H,d,J=8.4 Hz,H-5") ,6.37 (1H,d,J =1. 8 Hz,
H-8),6.17 (1H,d,J=1.8 Hz,H-6),5.35 (1H,d,J
=7.8 Hz,H-1"),3.66 (1H,br.d,J =3.0 Hz, H-
4"y,3.58 (1H,dd,J =9.6,7.8 Hz, H2"),3.46
(1H,dd,J=10.2,6.0 Hz,H-6"),3.37 (1H,dd,J =
9.6,3.6 Hz,H-3"),3.33 (1H,m,H-5"),3.30 (1H,
dd,J =10.2,6.0 Hz, H-6");” C NMR (150 MHz,
DMSO-d,) §:177.7 (C4),165.7 (C-7),161. 6 (G-
5),156.9 (C-2),156.5 (C9),149.0 (C4"),145.3
(C-3"),133.9 (C-3),122.3 (C-1") ;121.5 (C-6"),
116.4 (C-5"),115.6 (C-2"),103.9(C=10),102.4
(C-1"),99.4 (C-6),94.1 (C-8),76.3 (C-5),73.7
(C3"),71.6 (C-2"),68.3 (C4"),60.5 (C-6"),
AE Bt 5 sk o A, i s E A T
R4 2R S

a8 HEOPARIESI-MS. m/z465.1 [M +
H]*,487.1 [M+Na]*,463.1 [M-H] , 5+ K
C, H, 0, , M =464,303.0 [M + H-162]";'H NMR
(600°MHz;DMSO-d,) §:7.58 (1H,dd,J=4.8,1.8
Hz,H2") ,7-56"(1H,d, J =2.4 Hz, H6'), 6. 84
(1H,d,J=8.4 Hz,H-5") ,6.39 (1H,d,J =1.8 Hz,
H-8),6.18 (1H,d,J=2.4 Hz,H-6),5.45 (1H,d,J
=7.8 Hz,H-1"),3.59 (1H,d,J =1.8 Hz, H-6"),
3.57 (1H,d,J =1.8 Hz,H-6"),3.34 (1H,dd,J =
12.0,5.4 Hz, H2"),3.24 (1H, m, H3"), 3.12
(1H,d,J =9.6 Hz,H4"),3.09 (1H,m,H-5");"C
NMR (150 MHz, DMSO-d, ) 6:177.7 (C4),166.3
(C-7),165.4 (C-5),156.8 (C-2),156.5 (C-9),
149.0 (C4'),145.3 (C-3"),133.7 (C3),122.0

(C-12),121.5 (C-6'),116.6 (C-5"),115.6 (C-
2'),104.1 (C-10),101.4 (C-1"),99.3 (C-6),94. 1
(C-8),77.9 (C-5"),76.9 (C-3"),74.5 (C2"),
70.3 (C4"),61.4 (C6"), LI X5 3cmk " M
A B BUEEEL G 8 et H

wEWY HEOLEEESI-MS: m/z 179.1 [ M +
H]*,201.1 [M+Nal]*,3FxXH €, Hg0,,M =
178;'H NMR (600 MHz,CD,0D) 8:7.51 (1H,t, ]
=7.8 Hz,H-6),7.08 (1H,d,J=7.2 Hz,H-5) ,6. 85
(1H,d,J=8.4 Hz,H-7) ,4.85 (1H;dd,J =7.8,3.6
Hz,H4),2.91 (1H, myH-2b),2.68 (1H, m, H-
2a),2.31 (1H,m,H-3b),2.11 (1Hym,H-3a);"C
NMR (150 MHz, CD,0D) §:;204.8 (C-1),162.2
(C-8),147. 19(C4a){136.5 (C-6),117.4 (C5),
116.3 (C-7),115.1 (€-8a),66.8 (C4),34.6 (C-
2),3L V(C3) o DA b Bt 5 3cmk 7 i il A —
HLEEAEY 9 4 ,8- T FHE-1- DU A 25T
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Fig.4 Effect on RAW 264.7 cell viability of compound 10

at different concentrations.

FR1 EW 0 EARRRE T LPS 55K RAW264. 7 44
e NO & B i 2501

Table 1  Effect on the NO production of compound 10 at differ-

ent concentrations in LPS-stimulated RAW 264. 7

macrophages
=N
) Yo
G NO concentration
rou -
P (pM) (2% 5)
25 H4H Control (DMSO) 2.40 £ 0.82"*
LPS 4 (1 pg/mL) 55.12 + 2.66
0.5 uM 47.76 + 1.94
2.5 uM 40:73 + 1.73"
&Y 10 N
Compound 10 5 uM 40.52 + 2.08
25 UM 31042 4 068"
50 uM 31.07 « 1.01""

TE: 5 LPS 4 k%, *P < 0.05;**P'< 0.01,
Note : Compare with LPS, * P < 0.053*." P' < 0.01.
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AL ) -B-D-H A (6) ax 22 Bk H (7) S e 1
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