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Two new natural products of Ephedra intermedia
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Abstract: Objective To investigate chemical constituents of Ephedra intermedia. Methods The monomer compounds of this
plant were isolated by various chromatographic techniques such as Toyopreal HW-40C, Sephadex LH-20, silica gel and
semi-preparative HPLC. And their structures were determined by analysis of physicochemical properties and spectral data. The
anti-asthma activities of these compounds from E. intermedia were evaluated by establishing an in vitro model of RBL-2H3 cells
degranulation induced by C48/80. Results A total of 21 compounds were isolated from 50% acetone extract of E. intermedia, and
identified as 3-hydroxy-5-(4-hydroxyphenyl) ethyl valerate (1), 3-hydroxy-5-(4"-hydroxyphenyl) methyl valerate (2), catechol (3),
benzoic acid (4), 5-(4-hydroxyphenyl)-2-pentenoic acid (5), (+)-thododendrol (6), frambinone (7), acetovanillone (8),
methyl-4-hydroxy-3-methoxybenzoate  (9), 3,4-dihydroxyphenylethanol (10), zingerone (11), protocatechuate (12),
3,5-dihydroxy-4-methoxy-benzoic acid (13), syringic acid (14), 3-hydroxy-4-methoxy-benzene carboxylic acid (15), vanillic acid
(16), methyl syringate (17), 4-hydroxy-3-methoxypropiophenone (18), noreugenin (19), 5-(3,4-dihydroxyphenyl)-y-valerolactone
(20), 2-guaiacylpropane-1,3-diol (21). The results of their anti-asthma activities showed that compounds 5, 18, 19 (P < 0.05, 0.01)
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could significantly inhibit the release of f-hexosaminidase (-Hex) at the concentration of 10 umol/L, and compounds 4, 6, 8, 11, 20,

21 could slightly inhibit the release of B-Hex at the concentration of 10 umol/L. Conclusion Compounds 1 and 2 are two new

natural products determined their absolute configurations for the first time, and compounds 3, 5—15, and 17—21 were isolated from

E. intermedia for the first time. The results of in vitro anti-asthma activities screening showed that compounds 5, 18, 19 could

significantly improve RBL-2H3 degranulation, and compounds 4, 6, 8, 11, 20, 21 could slightly improve RBL-2H3 degranulation at

the concentration of 10 umol/L.

Key words: Ephedra L.; Ephedrae intermedia Schrenk ex C. A. Mey.; anti-asthma activity; 3-hydroxy-5-(4"-hydroxyphenyl) ethyl valerate;

3-hydroxy-5-(4'"-hydroxyphenyl) methyl valerate; 4-hydroxy-3-methoxypropiophenone
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BRI EETE, W1 Zhu SEOVMORIERR 3 4 2515
FARTERBN S HA PN TEVE: He SO
BLRR B P B A B B SRS B A BT AR TR
Jia SEUTIAARIE R 38 A I 1 — A B B O 2
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Nicolet IS10 ZL4M%1E{Y (3[E Thermo Scientific);
Autopol IV 4 HBIHENAL (EEEER A A D;
N-1001 Zjeik & KA. A-1000S Z7K S HL
N-1111 BAGKEHEE (B RAEEARA
A MG (R EREE A IR A
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Toyopearl HW-40C ( H A& TOSOH A &) ); ODS (40~
60 pm, HA YMC HFRA7]D; MCI gel CHP-20.
KALB A Diaion HP-20 ( HA =Z2022AF]D; #Z
BOIERERE GFasa FEEIERERL (100~200. 200~300
H, FREENTT D BEE (Ealal, KAV AR
=M AERATD; LN (Fikal, EEKHAR
AN i H A 3 B Al 35 S R EE A A
HIRAF; Operetta CLS m=WIHEAG T &9t (56
41 /RBR /A ] ); Multiskan MK3 EEFR{X (3EH
Thermo Fisher A ] ); K 5 HR M 40 Y 1 1075 41 A
Pk (RBL-2H3) W4 H b BB A TR A A 5
RANHREER. BER. C48/80. 4-fHIEFHIL-N- Lt
H-B-D-FFEE EHEE H Sigma A F .

HRR 25 B T R T SR B A 2 M R B IR A



2024 4E3 H 558 63 Chinese Traditional and Herbal Drugs 2024 March Vol. 55 No. 6
i3

* 1901 °

F, IR R R 24 K 24 A o T I R S AR
WRHMEY) R E. intermedia Schrenk et C. A. Mey.
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(D5-1~D5-9), D52 (5.8 g) #kLELREH: (i
(200~300 H>, HAlEE-HiEE L5 (170 & 1~20 :
D BREESEL, WERRE A IR RR M 5] 6 M
43 (D5-2-1~D5-2-6), H D5-2-5 I Sephadex
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fE-7K 27 © 73, rR=25.0min, 5.4 mg). 8§ (HEE-/K
38 1 62, (r=28.6 min, 12.4 mg) fl 11 (ZfiF-/K 30 :
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fiE-7K 7193, /=274 min, 3.5 mg) fl12 (ZJi-
K 7193, r=26.2min, 2.2 mg). E4-2-7 ZHERHE:
3% (200~300 H) J5 R &2 0 s aifh /53
&1 (R FR-FEE 101, 42 g AHLEY
2 (CEHBE-HE 1201, 3.6 g); E4-3 BRERA:M
W (200-300 H), DA=&HF-FEE (250 1~5: 1)
BEEEGENL, HERIRE I FER 2 4 ANH
(E4-3-1~E4-3-4), 1 E4-3-1 I Sephadex LH-20
LIRS RE, DL A5 R i I 448 1 1) % v 280V (1
(FHEE-7K 28 72) B4t 3 2G4 20 (1r=19.6
min, 5.2mg) Al21 (r=24.8 min, 4.2 mg).

2.2 RANTIRENSSE M ik

221 FEERGHI R

(1) C48/80 HL il K C48/80 I—20 CukfE
FEHEME 0.5 h, THF TIESG T H PBS &, AL
HIRUFR B E A 20 mg/mL VAW, 3 DIMAREE R
T 4 CokfEh 4.

(2) 1% Trinton X-100 . T8 TIEGH,
HY 100 pL Triton X-100, JIA 9.9 mL &5 2R Hf#E,
Bt ik 1% Trinton X-100, I AHILEL.

(3) B-Z O R I 4-fr 3 R KL -N-
LR 3E-B-D-ZHEE EIEFH 1 mol/L ¥4 IR £k 22 il
(pH4.5) Pl % 1 mmol/L WA -

(4)1 mol/L NaOH & ¥R L : #REX 4.00 g NaOH
WL, FH 100 mL RUZE /KR, TR pH E.

(5) Na,CO3/NaHCOs & IE3E L. FREL 2.65 ¢
Na,CO; f1 2.1 g NaHCOs, 250 mL XA /KiEf#E, H
1 mol/L NaOH #4471 2 pH 10.7.

222 GEMEIRE G A& S TR AN,
RBL-2H3 4t & T 545 15% FBS [ EMEM K5 373E(1)
BRI, F 5% CO, (1) 37 “CIERIEIRAFRTE, 54
FRATIIL 8O%INHEAR, 45 2 RALAR 1 G FRENHAEK
W, FERRANAREE R 3 X 104 Y/mL $ERT 96 LI,
24 h JEor AR (R ERER . B2 (30 pg/mL
C48/80) &45252H (10 pmol/L AL &4 430 pg/mL
C48/80) LAz 4 (1% Trinton X-100) . 24 K C48/80
R e RIEH], SAME 3~5 M EFL (RS2
i, BInE 280 » ¥ 30 min J5, HX S0 pL 0B i,
JIAN 50 pL 1 mmol/L 1) -2 CRE TSI
37 ‘CH¥E 1h, JIA 150 uL NaxCO3/NaHCOs £ 1L
1B, EgbRiX 405 nm FRAIUOGE (4 H, T
B-Z MY (B-Hex) BEHCK.

B-Hex BEBUHE =(A s — A +1)/(A sm—A 211

3 %R
3.1 HmEE

EM 1 atss (FED, SETHE. [of
-16.761 (¢ 0.017, CH3;OH), % HR-ESI-MS il & 15
FIED T B TIE [M+H] m/z: 239.128 3 (C13H1904
TFEAE RN 239.127 8), iz ED TN
Ci3His0s0 UV AN (nm): 200, 223, 278; IR veo:
(em™): 3356 (33, 1717 (I, 1516 (55
R 1205 (s, 1034 (Bedk) ZE5.

7£ 'TH-NMR (500 MHz, CD;0D) i, 5% X,
S 7.00 (2H, d, J = 8.4 Hz, H-2', 6'), 6.68 (2H, d, J =
8.4 Hz, H-3',5") $&/nfA1E 1 MMLA ) AABBHUCR
ARG, 6n3.97 (1H, m, H-3),4.12 (2H, m, H-6) HA7
THACYy, HEWPT RGN T, 456 HSQC
W, A1 H-3 5 H-6 7375 dc 68.7 (C-3)- 61.5 (C-6)
HEME, 238 1 ANEE K RS
£ BC-NMR (125 MHz, CD;OD) i, ILF 13 4
kiG55, 454 DEPT 135 LA & HSQC i n] 41, dc
173.6 (C-1) N 1 MisHE(E S, H&EIX, oc 156.4
(C-4"), 134.0 (C-1"), 130.3 (C-2', 6%, 116.1 (C-3’, 5"
RN LIRS, oc 68.7 (C-3) A 1 NMERIKXH
FerfE T, RIS EEE T A, EE AL N-0H,
dc 61.5 (C-6), 43.5 (C-2), 40.3 (C-4), 32.0 (C-5) H 4
AN EEBRAE S, 0c: 14.5 (C-7) N 1T ARG S,
44 'H-'H COSY i (B 1) w41, H-4 5 H-3/5.
H-3 5 H-2/4 BHHIKR, H-6 5 H-7 BAMHKK
%, B H-2/3/4/5 8 1 NEEBEEGAER, H-6/7 4 1
MEREEAZR; £ HMBC i, H-5 5 C-1’EA
TFEAHKR KR, UE C-5 52RIA C-1HE, RIS,
H-6 5§ C-1 EfA@fEHK KR, 4ia H-6 HLFAL
FerTHEN, H-6 AR 15 C-1 M. TPk

) on o o o
W o SN 1N0%
HOT NS o
1 3 2
OH O OH ©
M W
HO HO
1 2
— HHCOSY . HMBC

1 &% 1H0 2 NEEHLLR X "H-"H COSY 1 HMBC
HEXFR
Fig. 1 Structure and key 'H-'H COSY and HMBC

correlations of compounds 1 and 2
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ST, R AR S5, £ Scifinder
RN VAR, FR-ZAEY C-3 ALRZaxt
PR IE I 06t B il ECD A HE ECD #h£kmT e N
3S (E2), NEXICZEMRI4s . 1%k
HEYEILE 1, 8RN (3S)-3-F2%E-5- (4-F7dk
I KR O Bg. A8 WK 1.

&Y 2. BEMRY, S THE. (o
~15.549 (¢ 0.167, CH3;OH), % HR-ESI-MS il & 15
FUES T B TIE [M+H] m/z: 225.1126  (C;Hi704 3t
FAER 225112 1), FoRZAED TN CoHi6040
UV AN (nm): 204, 223, 278; IR veor (cm™!): 3 371
(F2F). 1450 (G5FR). 1029 Bk 255

7£ 'TH-NMR (500 MHz, CD;0D) i, &,

* 1903 »
40 = ==« Exp. ECD Spec. of 1
- -- Exp. ECD Spec. of 2
20 —— Calcd. ECD Spec.of (35)-1
— Calcd. ECD Spec.of (3R)-2
¥
e}
g == =
()]
©]
40— T T T 1
200 250 300 350 400

A/nm

2 L&Y 102 BSEFNHE ECD EiE
Fig.2 Experimental and calculated ECD spectra of
compounds 1 and 2

1 1£L&% 1702 8 '"H-NMR (500 MHz, CD;0D) 1 3C-NMR (125 MHz, CD:0D)
Table 1 'H-NMR (500 MHz, CD30D) and 3C-NMR (125 MHz, CD30D) data of compounds 1 and 2
\ 1 2
et on o on oc
1 173.6 174.0
2 2.47 (1H, dd, J=15.0, 4.8 Hz) 435 2.49 (1H, dd, J=15.1,4.5 Hz) 433
2.40 (1H, dd, J = 15.0, 7.3 Hz) 2.41 (1H, dd, J = 15.1, 8.5 Hz)

3 3.97 (1H, m) 68.7 3.97 (1H, m) 68.7
4 1.71 (2H, m) 40.3 1.70 (2H, m) 40.3
5 2.66 (1H, m), 2.55 (1H, m) 32.0 2.66 (1H, m), 2.55 (1H, m) 32.0
6 4.12 (2H, m) 61.5 3.65 (3H, s) 52.0
7 1.23 3H, t,J=7.1 Hz) 14.5

1’ 134.0 134.0
206" 7.00 (2H, d,J = 8.4 Hz) 130.3 7.00 (2H, d, J = 8.4 Hz) 130.3
3,5 6.68(2H,d,J = 8.4 Hz) 116.1 6.68 (2H, d, J = 8.4 Hz) 116.1
4’ 156.4 156.4

ou 7.00 (2H, d, J = 8.4 Hz, H-2', 6", 6.68 (2H, d, J =
8.4 Hz, H-3', 5") $Z/RA71E 1 LA AABB 2RI
B ZRYE, 0u3.97 (1H, m, H-3) AL T8k, Hel
HOTREEAR 1| MRHETEEHE], 4546 HSQC LA K DPT
135 B0 41, H-3 5 oc 68.7 (C-3) HIMIE, N1
MERRBEZES, E£EgX, 454 HSQC BLKk
DPT 135 A 41, du 2.49 (1H, dd, J = 15.1, 4.5 Hz,
H-2a), 2.41 (1H, dd, J = 15.1, 8.5 Hz, H-2b), 2.66
(1H, m, H-5a), 2.55 (1H, m, H-5b) A& 1.70 (2H, m,
H-4)7355 éc 43.3 (C-2), 32.0 (C-5), 40.3 (C4) H
FAREH N 3 AN H %L, B 'H-"H COSY Bl nT 41,
H-4 5 H-3/5 HAAMKK R, H-3 5 H-2/4 AAMHEX
K&, F, H-2/3/4/5 8 1 MEEIEAEAER, ou: 3.65
(3H, s, 6-OCH3) & T8UK, N 1 MHEEEAFES .

7£ BC-NMR (125 MHz, CD;OD) i, L5

12 Mx(ES, HEIRFIX, FE 1 DBRERES oc
174.0 (C-1), F5&[X dc 156.4 (C-4'), 134.0 (C-1,
130.3 (C-2', 6", 116.1 (C-3", 5"y N#IF L HIBRAE S,
4E4 HSQC Rl %0, on 3.97 (H-3) 5 oc 68.7 (C-3)
HAEMKRKER, HE4E DPT 135 #EulH1, oc 68.7
(C-3) N 1 NMXHEBKIGFT, oc 43.3 (C-2), 403
(C-4), 32.0 (C-5) N 3 NMEHERES, dc 52.0
(6-OCHs) A 1 MHAEIERRAS 5 /£ HMBC B,
H-5 5 C-I'EAmEMIK KR, FHEN C-5 HES
HEAEIRINF) C-1"62, on 3.65 (3H, s, 6-OCH3) 5 C-1
BAEZBEMICKR, NS C-1 ik, &
TU Ea#r, ahezammrmgdgs, &
Scifinder #0241 BRI, H C-3 ALi4axt
P 3@ 6 L Sl ECD Fb &4 2 HIiH5 ECD i
2 (2D nrifE iz S AR BN 38, AE
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R %A AN A . 25 F, SIS
I 1 iR, 4N (3S)-3-F23k-5-(4 -2 LRI
IR e . RS EIE A8 NER 1.

&Y 3: AEERRGS W (FED, ZETHEE,
ESI-MS m/z: 111 [M+H]*, $#R4 F2 N CeHeO2-
'H-NMR (500 MHz, CD;OD) 6: 7.86 (2H, d, J = 8.6
Hz, H-4,5), 6.80 (2H, d, J = 8.6 Hz, H-3, 6); 3C-NMR
(125 MHz, CD;0D) §: 163.1 (C-1, 2), 132.9 (C-4, 5),
115.9 (C-3, 6). #i& Ll FEERIF22% CikfiiE!,
e AW 3 ALK .

WEY 4: AEHK, ZiET HIEE, ESI-MS m/z:
123 [M+H]", #5738 C7HeO2. 'H-NMR (500
MHz, CD;OD) ¢: 8.01 (2H, d, J = 7.7 Hz, H-2, 6),
7.55 (1H, t, J = 7.1 Hz, H-4), 7.43 (2H, t, J = 7.7 Hz,
H-3, 5); BC-NMR (125 MHz, CD;0D) 6: 169.9 (C-7),
134.0 (C-4), 131.8 (C-2, 6), 130.7 (C-3, 5), 129.4
(C-1). &V EEURIFSH CIRIRIERY, el
V) 4 RHR .

WEY 5: LB EHIRY), 53T HEE, ESI-MS
m/z: 215 [M+Na]", #&n9 TN CiH20s. 'H-
NMR (500 MHz, CD;0D) d: 7.00 (2H, d, J = 8.5 Hz,
H-2', 6'), 6.69 (2H, d, J = 8.5 Hz, H-3', 5"), 6.95 (1H,
dt, J = 15.5, 7.0 Hz, H-3), 6.95 (1H, d, J = 15.5 Hz,
H-2), 2.66 (2H, t, J = 7.5 Hz, H-5), 2.46 (2H, m,
H-4); 3C-NMR (125 MHz, CD;OD) §: 170.1 (C-1),
156.6 (C-4"), 133.1 (C-1"), 130.3 (C-2', 6'), 116.2
(C-3",57), 150.4 (C-3), 122.9 (C-2), 35.4 (C-4), 34.6
(C-5). &L EHURIFSH CIRIRIERY, el
¥ 5 ;9 5-(4-hydroxyphenyl) 2-pentenoic acid.

wEY 6: AfLEMh K, ST HE,
ESI-MS m/z: 189 [M~+H]", $#275 7 F 3N CioH 14025
'H- NMR (500 MHz, CD;0D) ¢: 6.99 (1H, d, J = 8.5
Hz, H-2', 6'), 6.77 (1H, d, J = 8.5 Hz, H-3', 5'), 3.70
(1H, m, H-2), 2.56 (2H, m, H-4), 1.65 (2H, m, H-3),
1.16 (3H, d, J = 7.2 Hz, H-1); *C-NMR (125 MHz,
CD;0D) 8: 156.3 (C-4"), 134.4 (C-1"), 130.2 (C-2', 6'),
116.1 (C-3', 5'), 67.9 (C-2), 42.4 (C-3), 32.2 (C-4),
23.5(C-1). &5a U EEEE IS CER, #i5E
&%) 6 7y (+)-rhododendrol.

WE 7. LEMHRY), 5iETHE, ESI-MS
m/z: 164 [M]*, $&R7+H N CioH1202. 'H-NMR
(500 MHz, CD;0OD) 6:7.04 (2H, d, J = 8.5 Hz, H-2/,
6", 6.75 (2H, d, J = 8.5 Hz, H-3", 5), 2.83 (2H, t, J =

7.4 Hz, H-3), 2.73 (2H, t, J = 7.4 Hz, H-4), 2.14 (3H,
s, H-1); 3C-NMR (125 MHz, CD;0D) ¢: 208.7 (C-2),
154.0 (C-4"), 132.9 (C-1%, 129.4 (C-2', 6%, 115.3 (C-3',
5%, 45.4 (C-3),28.9 (C-4),30.1 (C-1). 454 L BRI
SEERARIERY, e EY) T AR TN,

&Y 8: W AMRY), 5T HEE, EI-MS
m/z 166 [M]*, $&7~ 70T 34 CoH1003. 'H-NMR (500
MHz, CD;0D) d: 7.55 (1H, dd, J = 8.2, 2.0 Hz, H-6"),
7.51 (1H, d, J=2.0 Hz, H-2'), 6.84 (1H, d, J= 8.2 Hz,
H-5%), 3.89 (3H, 3-OCHs), 2.52 (3H, s, H-2);
BC-NMR (125 MHz, CD;0D) d: 199.4 (C-1), 153.4
(C-4"), 149.0 (C-3"), 130.6 (C-17), 125.2 (C-6"), 115.8
(C-5"), 111.9 (C-2"), 26.2 (C-2), 56.4 (5-OCH3). 45&
P28 122 SCRRAROER, #i et A 8 &
LT
&Y 9: W AMRY), 5T HEE, EI-MS
m/z 183 [M+H]", #7570 TN CoH1004. 'H-NMR
(500 MHz, CD;0D) ¢: 7.54 (1H, dd, J = 8.8, 2.0 Hz,
H-8), 7.53 (1H, d, J = 2.0 Hz, H-4), 6.83 (1H, d, J =
8.8 Hz, H-7), 3.89 (3H, s, 1-OCH;), 3.88 (3H, s,
5-OCH;); *C-NMR (125 MHz, CDs;OD) d: 168.7
(C-2), 152.9 (C-6), 148.8 (C-5), 125.0 (C-3), 122.5
(C-8), 115.9 (C-4), 113.6 (C-7), 56.4 (5-OCH3), 52.3
(1-OCHa). #56& PA 3R I 22 SCaE ™), e
A 9 24 methyl-4-hydroxy-3-methoxybenzoate .

&Y 10: MR, 5T HEE, ESI-MS
m/z 177 [M~+Na]*, #7553 F N CsH 003 'TH-NMR
(500 MHz, CD;0D) ¢: 6.66 (2H, m, H-2, 6), 6.52 (1H,
d, J= 8.0 Hz, H-5), 3.66 (1H, t, J = 7.2 Hz, H-8), 2.65
(1H, t, J = 72 Hz, H-7); BC-NMR (125 MHz,
CD;0D), 146.2 (C-3), 144.6 (C-4), 131.8 (C-1), 121.2
(C-6), 117.1 (C-5), 116.3 (C-2), 64.6 (C-8), 39.7
(C-7). Z5& VA EHERIFSH IRIRIERS), #hElE
P10 K 3,4- R FIE L,

&Y 11 KRR, 53T I, ESI-MS
m/z: 195 [M+H]", #7570 1 X8 CiiHi403. 'H-NMR
(500 MHz, CD;0D) d: 6.76 (1H, d, J = 2.0 Hz, H-6),
6.68 (1H, d, J = 8.0 Hz, H-9), 6.60 (1H, dd, J = 8.0,
2.0 Hz, H-10), 2.75 (4H, s, H-3, 4), 2.11 (3H, s, H-1),
3.81 (3H, s, 7-OCH3); '3C-NMR (125 MHz, CD;0OD)
5: 211.4 (C-2), 148.9 (C-7), 145.8 (C-8), 134.0 (C-5),
121.7 (C-10), 116.1 (C-9), 113.1 (C-6), 46.2 (C-4),
30.5 (C-3), 30.0 (C-1), 56.3 (7-OCH3). 454 L _E ¥
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HSHSCRRIRIERT, et & 11 2R .

&Y 12: Ltk dn (HED, S5 THEE,
ESI-MS m/z 153 [M—H]", /RT3~ C7HeO40
'H-NMR (500 MHz, CD;OD) 6: 7.42 (1H, brs, H-6),
7.40 (1H, d, J= 2.0 Hz, H-2), 6.78 (1H, d, J = 8.0 Hz,
H-5); BC-NMR (125 MHz, CD;OD) ¢: 170.3 (C-7),
151.5 (C-4), 146.1 (C-3), 123.9 (C-1), 123.2 (C-6),
117.7 (C-2), 115.7 (C-5). &5& DL EAHE 352 S0k
IERS, e EY 12 R LRIR .

& 13: ABAERB AR, 5T HEE,
ESI-MS m/z: 183 [M—H]", /RT3~ CsHsOs.
IH- NMR (500 MHz, CD;0D) ¢: 7.03 (2H, brs, H-2,
6), 3.85 (3H, s, 4-OCH3); 'C-NMR (125 MHz,
CD;0D) J: 169.9 (C-7), 151.6 (C-3, 5), 141.0 (C-4),
127.2 (C-1), 110.4 (C-2, 6), 60.7 (4-OCH3). 454 L L
B 2% R RE R, #E LA 13 N 3,5- 5%
Fe-4-FEHERHIR .

&Y 14: TLEWPIRY), 59T HlE, ESI-MS
m/z: 199 [M+H]", $2/R 73 F 3N CoH 105, 'TH-NMR
(500 MHz, CD;0D) ¢: 7.32 (2H, brs, H-2, 6), 3.87
(6H, s, 3, 5-OCH3); 3C-NMR (125 MHz, CD;0D) ¢:
170.0 (C-7), 148.8 (C-3, 5), 141.7 (C-4), 122.0 (C-1),
108.3 (C-2, 6), 56.8 (3, 5-OCH3). 454 UL LEHR 25
FCHRARERY, FEEY) 14 AT HR.

&Y 15: Ltk i (HED, ST HEE,
ESI-MS m/z: 169 [M+H]", #/~% T3 A CsHsOuo
'H-NMR (500 MHz, CD;0D) d: 7.53 (1H, dd, J = 8.4,
2.2 Hz, H-5), 7.43 (1H, d, J = 2.2 Hz, H-2), 6.97 (1H,
d, J = 8.4 Hz, H-6), 3.90 (3H, s, 4-OCH3); '3C-NMR
(125 MHz, CD;0D) 6: 170.0 (C-7), 153.3 (C4), 147.3
(C-3), 124.4 (C-1), 123.7 (C-6), 117.3 (C-2), 111.7 (C-5),
56.4 (4-OCHs). Zi& U FEARIFSHSCIRESY, 7
TEN AN 15 4 3-hydroxy-4-methoxy-benzene carboxylic
acid.

WwEY 16 kR (FED, ZETHE,
ESI-MS m/z: 169 [M+H]", /R4 T34 CsHsOuo
'H-NMR (500 MHz, CD;0D) d: 7.55 (1H, d, J = 1.8
Hz, H-2), 7.54 (1H, dd, J = 8.6, 1.8 Hz, H-6), 6.83
(1H, d, J = 8.6 Hz, H-5), 3.89 (3H, s, 3-OCH3);
BC-NMR (125 MHz, CD;0D) §: 170.1 (C-7), 152.7
(C-3), 148.7 (C-4), 125.3 (C-6), 123.1 (C-1), 115.8
(C-5), 113.8 (C-2), 56.4 (3-OCH3). 540 EEHEH5
FHRIRIESY, HE G 16 NEHR .

wEW 17: ABEEH AR, 5% T HEE,
ESI-MS m/z: 235 [M+ Na]*, £ =20 TR A
C1oH1205. 'H-NMR (500 MHz, CD;0D) 6: 7.29 (2H,
brs, H-2, 6), 3.87 (6H, s, 3, 5-OCH3), 3.86 (3H, s,
8-OCH3); *C-NMR (125 MHz, CD;OD) J: 168.6
(C-7), 148.9 (C-3, 5), 141.9 (C-4), 121.3 (C-1), 108.1
(C-2, 6), 56.8 (3, 5-OCH3), 52.5 (8-OCH3). Z5A AL
B IS % CHRIRIERY, et & 17 N T &R
F T .

&Y 18: REEH KR, HIETHEE, ESI-MS
m/z: 181.0 [M+H]", &R A CioH1203. 'H-
NMR (500 MHz, CD;0D) 6: 7.53 (1H, dd, J= 8.3, 2.0
Hz, H-6), 7.50 (1H, d, J = 2.0 Hz, H-2), 6.83 (1H, d,
J =83 Hz, H-5), 2.95 (2H, q, J = 7.3 Hz, H-8), 1.14
(3H, t, J = 7.3 Hz, H-9), 3.88 (3H, s, 3-OCH3); 3C-
NMR (125 MHz, CD;0D) d: 202.0 (C-7), 153.1 (C-4),
149.0 (C-3), 130.2 (C-1), 124.4 (C-6), 115.8 (C-2),
111.8 (C-5), 32.1 (C-8), 9.0 (C-9), 56.3 (C-3). ZE& LA
FHAR IS SCHIRIGEPY, HiE A 18 8 4-5%
HE-3-FAE IR PIR

WEY 19: WO, 5% T HEE, ESI-MS
m/z: 191 [M—H]f, T%%ﬁ?ﬁyﬂ Ci10HgO4, 'H-NMR
(500 MHz, CD;0D) 6: 6.20 (1H, d, J = 2.1 Hz, H-2),
6.17 (1H, s, H-5), 6.04 (1H, s, H-7), 2.35 (3H, s,
H-10); BC-NMR (125 MHz, CD;0D) ¢: 184.0 (C-1),
169.3 (C-6), 165.9 (C-7), 163.3 (C-8), 159.9 (C-4),
105.1 (C-9), 100.1 (C-8), 94.9 (C-5), 166.0 (C-3),
108.9 (C-2), 20.2 (C-10). &4 DL _E B 2% ik
RGPS, A 19 L T H AR .

WwEY 20: A&k (FED, Z%THE,
ESI-MS m/z: 208 [M]*, #2787 TN C1iH 12040 'H-
NMR (500 MHz, CDs;OD) J: 6.68 (2H, overlapped,
H-11, 12), 6.55 (1H, dd, J = 8.0, 2.0 Hz, H-8), 4.71
(1H, m, H-5), 2.86 (1H, dd, J = 14.0, 6.0 Hz, H-3a),
2.78 (1H, dd, J = 14.0, 7.9 Hz, H-3b), 2.47 (1H, m,
H-4a), 2.32 (1H, m, H-4b), 2.22 (1H, m, H-6a), 1.94
(1H, m, H-6b); 3C-NMR (125 MHz, CD;OD) o:
180.3 (C-2), 146.3 (C-10), 145.2 (C-9), 129.1 (C-7),
121.9 (C-8), 117.7 (C-11), 116.4 (C-12), 83.3 (C-5),
41.5 (C-3),29.3 (C-4), 27.9 (C-6). Z5& UL EX¥E I
Z % SRR E DY, HoE & 20 N 5-(3,4-
dihydroxyphenyl)-y-valerolactone

&) 21: LEPIRY), 59T HIE, ESI-MS
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m/z 281 [M+Na]*, #x% T RX A CioH1404+
'H-NMR (500 MHz, CD;0D) 6: 6.63 (2H, s, H-2, 6),
4.07 (1H, d, J= 6.3 Hz, H-7), 3.72 (1H, td, J = 6.4, 3.9
Hz, H-8), 3.63 (1H, dd, J = 11.3, 3.9 Hz, H-9a), 3.55
(1H, dd, J = 11.3, 6.5 Hz, H-9b), 3.84 (6H, s, 3,
5-OCH3), 3.21 (3H, s, 7-OCH3); *C-NMR (125 MHz,
CD;0D) ¢: 1492 (C-3, 5), 136.4 (C-4), 130.6 (C-1),
106.2 (C-2, 6), 85.9 (C-7), 76.2 (C-8), 64.3 (C-9). &i&
PL E3¥E 95 2 2% SRk E R, fENEY) 21 A
2-guaiacylpropane-1,3-diol.
3.2 RSMNTIEREE M kLS R

SR FH e S5 AW v B BT AR AR S )
Xt C48/80 755 RBL-2H3 41 fL i B-Hex FIF2M
gk 2 fon, SXTIRAAHLE, 30 ug/mL C48/80
WAL FEANAL 30 min J5, B-Hex B BH 140

#=2 AW C48/80 15 RBL-2H3 ZHHEFE AT B-Hex AU
g (X+s,n=4)
Table 2 Effects of compounds on release of f-Hex in
RBL-2H3 induced by C48/80 (x+s,n=4)

2H 51 78 /(umol-L1) B-Hex BEJHE/%
X i 0.60+0.22
it 1.00+0.06™
1 10 0.93+0.12
3 10 1.1540.06
4 10 0.89+0.10
5 10 0.7440.05%
6 10 0.80%0.06
7 10 0.96+0.16
8 10 0.8610.08
11 10 0.850.06
12 10 0.89+0.07
13 10 0.91+0.09
14 10 1.07+0.09
15 10 1.06+0.18
16 10 1.07£0.10
17 10 0.92+0.02
18 10 0.69+0.06"
19 10 0.70+0.12%
20 10 0.84+0.09
21 10 0.80+0.27

HX AR, P<0.01; SRBAMEL, “P<0.05 #P<0.01.
**P <0.01 vs control group; *P < 0.05 *P <0.01 vs model group.

(P<<0.01); SEAVHAMEEL, L&Y 5. 18, 19 7] &

F4M4) B-Hex BRI (P<<0.05. 0.01), L&) 4.
6. 8. 11. 20. 21 WJEHHH] p-Hex IR

4 e

B TS X R 50% P B SR B HEA T 4 2
TS, I BE R 21 Mead, a2 My
U 8 X R B R R AR LA R 19 AN R 24k
EY; IARZTBERE SR, R B B
H, AT T TS B 5005 C48/80 55
RBL-2H3 20 M JBLR0RL v P i o3 (e, 45 3R B,
&Y 5. 19, 20 7R3 MGE RBL-2H3 it kil
%, LB 4. 6. 8. 11, 12, 21. 22 A ¥ RBL-2H3
BRI G, (HR ILE 25 1, $emiZ o) nl Reid
VI A K 4 ot A A HE R e

RBAFAR  FIAVEH Y ERNTAEFBA R

EE B
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