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NMR-based study of chemical constituents of Massa Medicata Fermentata
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Abstract: Objective To study the chemical constituents from Medicated Leaven (namely Massa Medicata Fermentata in Chinese).
Methods Compounds were isolated and purified from chloroform extract of Medicated Leaven by column chromatograph of silica
gel, ODS, Sephadex LH-20, HPLC, and their structure were elucidated on the basis of spectral data and physicochemical property.
Results Eleven chemical compounds were identified as 5-pentacosyl resorcinol (1), 5-heptadecyl resorcinol (2), 5-heneicosyl
resorcinol (3), 5-tricosyl resorcinol (4), (95,10E,12Z2)-9-hydroxy-10,12-octadeca-dienoic acid (5), trans-4-hydroxy-2-nonenoic acid
(6), 9,10,11-trihydroxy-11(E)-octadecenoic acid (7), (9S,12R,135)-9,12,13-trihydroxy-10(E)-octadecenoic acid (8), (9S5,125,13S)-
9,12,13-trihydroxy-10(E)-octadecenoic acid (9), (95,128,135)-9,12,13-trihydroxy-10(£)-octadecenoic acid methyl ester (10), and
9,12(Z)-octadecadienoic acid methyl ester (11). Conclusion All above compounds are all isolated from Massa Medicata
Fermentata for the first time, and the chloroform extract of Massa Medicata Fermentata and compound 8 showed inhibitory effect
against TNF-a generation of RAW 264.7 induced by LPS in a dose-dependent manner.

Key words: Massa Medicata Fermentata; S-pentacosyl resorcinol; 5-heptadecyl resorcinol; trihydroxy-octadecenoic acid; (95,12R,13S5)-
9,12,13-trihydroxy-10(£)-octadecenoic acid
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B, WAHZEREAAR), A EREON, K%
WA 48 h 2 7d A%, SECH AT L8 B
NI RS AT, EE LAY B T
il A Dy (7Y, N A P 24 4
PP IR a) R AR AR R DR 75 il A 085 AN
R, B TZMBTEAEH S SRR . BT
TR R NMR HARN H 73 B2 R S S 1
W E, KD EARERE R KRR S
A SN YN WA il O VAR 950 S PN & G
By, ASEEG DL NMR HARNTES, FEX /S Hih i
AT TR S RIS b, 34T B 7
MR 11 AMEERGY, a8 E N 5- ke
FE[A 2K )y (5-pentacosy Ireso rcinol, 1) 5-+-EkE
Fe[a) 28—y (5-heptadecy Iresorcinol, 2). 5-—-—
JeFE A 28— (5-heneicosy Iresorcinol, 3). 5-—-
=B [A] 2K %y (5-tricosy Iresorcinol, 4)+ (9S,10E,
127)-9-hydroxy-10,12-octadecadienoic acid (5) .
trans-4-hydroxy-2-nonenoic acid ( 6 ) . 9,10,11-
trihydroxyl-11(E)-octadecenoic acid (7). (9S,12R,
135)-9,12,13-trihydroxy-10(E)-octadecaenoic acid (8)-
(95,125,135)-9,12,13-trihydroxy-10(E)-octadecaenoic
acid (9. (98,125,138)-9,12,13-trihydroxy-10(E)-
octadecenoic acid methyl ester (10 ) . 9,12(Z)-
octadecadienoic acid methyl ester (11). FTALED)
By E ISt b B AR 3. A sk, N
P ith ST R IAT R PR
1 #RIE{EE

Burker Avance 600 ZAZ W ARG Giig A7
BT GCMS-QPS050A JA R (HA BEEA
A R CF B SLAE R MR TR A F)D;
Sephadex LH-20 (Zfi-f: Pharmacia 27 ); ODS Cjg
FARRERR CHAE LA 7D Agilent Cig (35 T
(100 mmX 4.6 mm, 2.7 ym, LA ). IR
FEHF (TNF-o) ELISA i&7& ( Lifg B v
HABRAFD. ECk. Bk, BERROB. &
PR, Il Ol 2K 3RR. R Nt
gl CRIERFE WAL AR IR A 7)) K ZEmg e 2
7K

N, b E M ER A A RME (S
20160522, JRBHEIL T B2 R SR B E
5, G H T A%REHEY)E H Xanthium sibiricum Patr.
(TR AT IR SE . AN S RHE ) AR/
. Vina umbellate (Thunb.) Ohwi et Ohashi /5K

AR T, B CAEMBED RIS Prunus
mandshurica (Maxim) Koehne I TG RAF 15 B
BUONERMEIREZL Polygonum pubescens Blume
)8 A B THUA ) 1 ok FH 2 55 TH R A A PR A 7 5
FHIWAKET M AT
2 BRSNS

BSpih 2 ke, INERRGHRI 2 &, W)k (Al
W), 8 175 go I ERIRE 150 g, HIE-
HEE (1D REEAGRE, SR, DIEF
CUE-BEFR 208 (50 0 1.30:1.20:1,10: 1.5
D) BAEEGEIL, & 250 =Y 1 AN, BIUE T,
ZEEAR GEROT-AEE-PER 10 03 0 0.2, FHEEE-
WIRBR MG ), A I FIR R, 152 4 N
4> Fr. 1~4, 34 Fr. 3 ekl tit, PLEAG-A IR
(50 1 110 : 1) BREESENL, S#ZRR, &I
B Sy, 534 Fr. 3-a CRUA-TAHER 30 © 1 e
#5435 Fr. 3-b (GU05-FI8H 10 © 1 BEMLER 52D o
Fr. 3-a & Sephadex LH-20 #E 43l ¢4 f5 (LA -H
BE 101 B, ZERBEl e s CHEE-/K
90 > 10) LA 1 (11 mg).2(55 mg).3(10 mg)-
4(5 mg).Fr. 2 4 Sephadex LH-20 ¥ 41 fii i J5 (LA
SUT-FEE 1D 1R, FRA RO (R
FE-/K 87 1 23), LAY S (15 mg). i Fr.2 &
TERAE B 3 55, LA -HEE (50 1120 0 1) F6
FEVeii, 4 ODS-Cig EFE 55, DL EE-
7K (30 1 70—90 : 10D BAEEHEML, HrFIEE- 7K (30 :
70 4> P2 ) 5 TUAH R ) % CHRRE-7K 50
50) BEIHLEY 6 (30mg). FEE-/K (60 :40) ¥
BB B 7 (8 mg). HEE-/K (70 :30) ¥
Jit 3B oA A2, 194E4 8 (21 mg). HIE-/K
(80 : 20) VMi#k4 Sephadex LH-20 thilitt:4lifk,
(RASOG-FPmE 10 1 e, /Ea% 9 (32 mg).
WA Fr. 1 Sk el DA Cle-IiiR 16 (50 -
120 0 1) BREESEML, 3 Cl-BiR 40 (50 -
1) P74 Sephadex LH-20 A4 it i 1 4lifh J5
LAY 10 (35 mg). A CVE-BER B8 (20 @ 1)
434 Sephadex LH-20 A e 4lifuig 24k 54 11
(40 mg),
3 SHExE

HEW 1. BENK, MREO6, =FI8k
BIRL AT, . ESI-MS m/z: 459 [M—H] - "H-NMR (600
MHz, CDCl;) 6: 0.87 (3H, t, J = 6.8 Hz, H-31), 1.25
(44H, s, H-9~30), 1.56 (2H, m, H-8), 2.47 2H, t, J =
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7.6 Hz, H-7), 6.18 (1H, t, J = 2.0 Hz, H-2), 6.24 (2H,
d, J=2.0 Hz, H-4, 6); *C-NMR (150 MHz, CDCl;) &
156.7 (C-1, 3), 100.4 (C-2), 107.9 (C-4, 6), 146.1
(C-5), 35.8 (C-7), 31.9 (C-8), 31.1 (C-9), 30.9 (C-10),
29.3~29.7 (C-11~29), 22.7 (C-30), 14.1 (C-31). A
R S SCR o B AR E, M A
14 5-Z - e 2K — .

EY 2: LEMAE, MREOE, —FIek
&KL . EIS-MS m/z: 347 [M—H] . "H-NMR (600
MHz, CDCls) 6: 0.88 (3H, t, J = 6.8 Hz, H-23), 1.25
(28H, s, H-9~22), 1.56 (2H, m, H-8), 2.48 2H, t, J =
7.6 Hz, H-7), 6.17 (1H, brs, H-2), 6.24 (2H, brs, H-4,
6); “C-NMR (150 MHz, CDCl3) 6: 156.6 (C-1, 3),
100.1 (C-2), 108.0 (C-4, 6), 146.2 (C-5), 35.8 (C-7),
31.9 (C-8), 31.1 (C-9), 29.3~29.7 (C-10~21), 22.7
(C-22), 14.1 (C-23). izt &6 i Hdh 5 S0k
SRR A — ), s A 2 N 5Lk
K.

EY 3: LEMAK, MREaE, =5k
BIRLAD . ESI-MS m/z: 403 [M—H] . 'H-NMR (600
MHz, CDCl;) 6: 0.88 (3H, t, J = 6.8 Hz, H-27), 1.25
(36H, s, H-9~26), 1.56 (2H, m, H-8), 2.48 2H, t, J =
7.6 Hz, H-7), 6.18 (1H, brs, H-2), 6.24 (2H, brs, H-4,
6); “C-NMR (150 MHz, CDCls) 6: 156.6 (C-1, 3),
100.1 (C-2), 108.0 (C-4, 6), 146.2 (C-5), 35.8 (C-7),
31.9 (C-8), 31.1 (C-9), 29.3~29.7 (C-10~25), 22.7
(C-26), 14.1 (C-27). PA G140 5 Sk xd IR A
— 8, M E Y 3 N 5- B R

WEY 4: LEMAK, HREOE, —FIek
BIRL D . ESI-MS m/z: 431 [M—H] . 'H-NMR (600
MHz, CDCl;) 6: 0.88 (3H, t, J = 6.8 Hz, H-29), 1.25
(40H, s, H-9~28), 1.56 (2H, m, H-8), 2.48 2H, t, J =
7.6 Hz, H-7), 6.17 (1H, brs, H-2), 6.24 (2H, brs, H-4,
6). LA HE 5 Sk e A — 8, M
B 4 N 5- 4 = ek K

WEWS: TEMAR, MR-FHEDREL6,
IRy 4k i 3 0. ESI-MS m/z: 295.1 [M—H] .
'H-NMR (600 MHz, CDCl;) &: 0.92 (3H, t, J = 7.0
Hz, H-18), 1.30~1.61 (16H, m, H-3~8, 15, 16), 2.21
(2H, q, J = 7.2 Hz, H-14), 2.28 (2H, t, J = 7.5 Hz,
H-2), 4.09 (1H, brq, J = 6.8 Hz, H-9), 5.42 (1H, m,
H-13), 5.63 (1H, dd, J = 15.2, 6.8 Hz, H-10), 5.99
(1H, dt, J = 11.1, 11.0 Hz, H-12), 6.50 (1H, dd, J =

15.2, 11.1 Hz, H-11); "“C-NMR (150 MHz, CDCl;) &
176.3 (C-1), 33.6 (C-2), 24.7 (C-3), 28.7~28.9
(C-4~8), 72.0 (C-9), 135.9 (C-10), 125.1 (C-11),
128.0 (C-12), 131.5 (C-13), 27.2 (C-14), 29.3 (C-15),
31.6 (C-16), 22.3 (C-17), 13.0 (C-18). LL_EY:iE%ds
5acwhont A -5, WS Eham s N
(95,10F,12Z2)-9-hydroxy-10,12-octadecadienoic acid.

WE 6: TR, BR-FHE DR,
Ry & ¥ . ESI-MS m/z: 171 [M—H] .
'H-NMR (600 MHz, CDCl3) d: 6.81 (1H, dd, J = 15.6,
5.8 Hz, H-3), 5.97 (1H, dt, J= 15.6, 1.4 Hz, H-2), 4.20
(1H, td, J = 5.8, 6.0 Hz, H-4), 1.33~1.54 (8H, m,
H-5~8), 0.91 (3H, t, J = 6.9 Hz, H-9); *C-NMR (150
MHz, CDCly) 6: 170.8 (C-1), 124.7 (C-2), 145.7
(C-3), 70.4 (C-4), 36.3 (C-5), 24.7 (C-6), 31.5 (C-7),
22.2 (C-8), 13.0 (C-9). LAbJErER 5 SClkont i 2
A=, WA 6 N trans-4-hydroxy-2-
nonenoic acid.

WEWT: LMK, RR-FEEZERG, R
A BBy 4 (2 35 {0 . ESI-MS m/z: 331 [M+H]". "H-NMR
(600 MHz, CD;0D) §: 5.45~5.57 (2H, m, H-12, 13),
5 4.46 (1H, dd, J = 9.3, 4.1 Hz, H-11), 3.72 (1H, m,
H-9), 3.26 (1H, dd, J = 7.3, 4.1 Hz, H-10), 2.23 (2H, t,
J = 7.0 Hz, H-2), 1.60 (2H, m, H-3), 1.50 (2H, m,
H-8), 1.34 (2H, m, H-17), 0.90 (3H, t, J = 6.8 Hz,
H-18); "*C-NMR (150 MHz, CD;0D) §: 178.2 (C-1),
35.4 (C-2), 26.3, 29.4, 29.5, 29.6, 30.7 (C-3~7), 34.8
(C-8), 71.9 (C-9), 77.0 (C-10), 69.2 (C-11), 134.8
(C-12), 130.8 (C-13), 29.0 (C-14), 29.4 (C-15), 32.7
(C-16) 23.7 (C-17), 14.5 (C-18). LA FIGit##E 5 ¢
BRI A — 5, WS e A T N 9,10,11-
trihydroxy-12(Z)-octadecaenoic acid.

W& 8: TR, MR-&REREA, R
Py 43 B 8 (. EI-MS m/z: 330 [M]". 'H-NMR (600
MHz, CD;OD) §: 5.71 (1H, dd, J = 15.5, 5.8 Hz,
H-11), 5.70 (1H, dd, J = 15.5, 5.8 Hz, H-10), 4.06
(1H, ddd, J = 6.5, 6.0, 5.0 Hz, H-9), 3.92 (1H, tdd, J =
5.5, 4.5 Hz, H-12), 3.46 (1H, m, H-13), 2.28 (2H, t,
J = 7.0 Hz, H-2), 1.60 (2H, m, H-3), 1.50 (2H, m,
H-8), 1.34 (2H, m, H-17), 0.93 (3H, t, J = 6.8 Hz,
H-18); "C-NMR (150 MHz, CD;0D) §: 176.4 (C-1),
35.8 (C-2), 25.4,25.8, 29.4,29.5, 29.7 (C-3~7), 37.3
(C-8), 72.0 (C-9), 130.0 (C-10), 135.5 (C-11), 74.8
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(C-12), 75.5 (C-13), 32.1 (C-14), 25.6 (C-15), 32.7
(C-16), 22.7 (C-17), 13.4 (C-18). LA %R 5 lkxt
M A —F, M EEY 8 A (9S,12R,135)-
(E)-9,12,13-trihydroxy-10-octadecaenoic acid.
WEW9: TR, MKR-FHREZEA, R
HI iy 4 B35 (0 . BI-MS m/z: 330 [M]". "H-NMR (600
MHz, CD;OD) 6: 5.73 (1H, dd, J = 15.5, 5.8 Hz,
H-11), 5.65 (1H, dd, J = 15.5, 10.4 Hz, H-10), 4.06
(1H, ddd, J = 6.0, 5.5, 5.0 Hz, H-9), 3.92 (1H, dd, J =
5.0, 4.5 Hz, H-12), 3.46 (1H, m, H-13), 2.28 (2H, t,
J =17.0 Hz, H-2), 1.60 (2H, m, H-3), 1.50 (2H, m,
H-8), 1.34 (2H, m, H-17), 0.93 (3H, t, J = 6.8 Hz,
H-18); "C-NMR (150 MHz, CD;0D) &: 176.8 (C-1),
34.0 (C-2), 25.4,25.7,29.4,29.5, 29.7 (C-3~7), 37.2
(C-8), 72.3 (C-9), 130.2 (C-10), 135.7 (C-11), 74.7
(C-12), 75.7 (C-13), 32.1 (C-14), 25.4 (C-15), 32.7
(C-16) 22.6 (C-17), 13.4 (C-18). LI EYiE#dE 53¢
R R A — ), M e & 9 A (98,128,
13R)-(E)-9,12,13-trihydroxy-10-octadecaenoic acid.
WEY 10: LEMR, MR-FEEDE 6.
ESI-MS m/z: 344 [M]". '"H-NMR (600 MHz, CD;0D)
d:5.71 (1H, dd, J = 15.5, 5.8 Hz, H-11), 5.67 (1H, dd,
J =155, 10.4 Hz, H-10), 4.04 (1H, ddd, J = 5.8 Hz,
H-9), 3.92 (1H, dd, J = 10.4 Hz, H-12), 3.64 (3H, s,
H-19), 3.42 (1H, m, H-13), 2.30 (2H, t, J = 7.0 Hz,
H-2), 1.60 (2H, m, H-3), 1.50 (2H, m, H-8), 134(2H
m, H-17), 0.90 (3H, t, J = 6.8 Hz, H-18); "“C-NMR
(150 MHz, CD;0D) &: 175.0 (C-1), 33.8 (C-2), 25.0,
25.5,29.1,29.3,29.5 (C-3~7), 37.2 (C-8), 72.1 (C-9),
129.9 (C-10), 135.5 (C-11), 74.7 (C-12), 75.5 (C-13),
32.1 (C-14), 29.4 (C-15), 32.5 (C-16) 22.7 (C-17),
13.4 (C-18), 50.9 (OCH3). LA Y61 H 5 5 STk 5 1
A5, %S EAAEY 10 9 (95,125,13R)-
9,12,13-trihydroxy-10-octadecaenoic acid methyl esters
WEY 11: LR, MKR-EFHEEEEA,
EI-MS m/z: 294 [M]". "H-NMR (600 MHz, CDCl;) ¢:
5.32~5.37 (4H, m, H-9~12), 3.66 (3H, s, OCH3),
2.30 (2H, t, J = 7.0 Hz, H-2), 1.60 (22H, m, H-3~17),
0.86 (3H, t, J = 6.8 Hz, H-18); ""C-NMR (150 MHz,
CDCly) 8: 174.2 (C-1), 31.9 (C-2), 25.0, 25.5, 29.1,
292, 29.3 (C-3~7), 29.6 (C-8), 130.1 (C-9), 128.0
(C-10), 34.8 (C-11), 129.9 (C-12), 127.8 (C-13), 31.5
(C-14), 29.4 (C-15), 32.5 (C-16) 22.7 (C-17), 13.4

(C-18), 51.4 (OCH3). PA F ot Ed 5 sk R IR A
— ) % sE A 11 4 9,12(2)-octadecadienoic
acid methyl ester.
4 MRIEBMAR

S A2 2 3T ) RAW264.7 2 i LPS i 32 45
RUAT 7SR BV L RAE VA . S 10% i
A1 iE (FBS) H) RPMI 1640 K40 i 3% 55 WK
RAW264.7 A& 5X10° AM/mL FIHKE, F1L 1
mL R T 24 fLERCE, FIOAEZHE (LPS) )i
HEIREIAH) 200 ng/mL, BT AR FRA 37°C
8 4 h, 7% EER, 53 RAW264.7 41 LPS
M SZAR A . SR 5 BB AR . BRI+ AN (R
FNAH TR I (SQE) 4RI AL 40 g + AN [A) ik
A 8 Ho HFLINATEITE RPMI 1640 15775
1 mL, HAsZZ4H 5 m A 1% DMSO B i
(49 43 B BAAA B 43 1) SQE AL A4 8 %% 10 pL (s
H2ANELD, ZWRESHA 5. 100 25, 50, 100
umol/L, B (4 L) IA A 1% DMSO, &
T ARG TR 37 CWEE 12 h, B0, U
AHBEEE TR, ) ELISA &, & MR 1E Ul B i
PRI E TNF-a & & . #RE SPSS 15.0 K iF4eit
orHr, ARIE 1

M 1 WL, SQE S51b&4 8 ¥ PR A4
73 TNF-o BI1E A, H 255 SRS, K 10,
25. 50, 100 umol/L IRFEMI1EM EE (P<0.05).
$&/~ SQE A fE &It BE{IG TNF-o & B K IEHTRAE
F .
F= 1 ANEMEHREIIX LPS FSHNEEMME S
TNF-0 &0 (X*s)
Table 1 Inhibition of LPS-induced TNF-a production by
CHCI; extract of Massa Medicata Fermentata (X = s)

45 &/ (umol- L™ TNF-o/(pg-mL™")
et 0 185.26+15.33
SQE 5 170.33+14.27
10 106.54+ 9.98"
25 89.13%+ 7.66™
50 7042+ 5177
100 59.49+ 4.86™
8 5 172.48+11.94
10 117.11£12.03"
25 9543+ 8.017
50 83.224 7.24"™
100 7637+ 2.19™
SHEOMALLE: P<005 TP<0.01
"P<005 “P<0.01 vs model group
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N AL 2 B I FUARGE D, BRI
REANTERE . AT HIRS 7 BRI, ARSEES
T 584 SQE #H4T NMR Z37#fr. H1 SQE Y HSQC 1%
T EA X 6 4 sp3 Zblk RS MIEE, 4
# 'H-'"H COSY i T (0 534, m) SHARR
THIMEARXER, K TOCSY #F1 HMBC i1 sp2 4
BBk 5 128.0~ 130.0. 173.3 FIAHRAE S, $ERIREL
Y AR S5 H B A5 CH3-(CH,),-CH,-CH=CH-CH,-
(CH,),,- 1 HOOC-CH,-CH,-(CH,),,- F EBtHI& &1
K&y, 3£+ LidfE5E48S, FIAH sephadex
LH-20. MCI i i b R E ;e 2 4lifh, FF& 3
WE UV IS K3E1T HPLC #i4,  MoS il A 43
B2 PR IR SRS o IRIFHISZEL T NMR AT
B o B R S AEH .

SIEHS Fi I RAW264.7 41 LPS i 52 45 284 Sy AR 512
S5 I ST AR AN AR Y, LR S T ) % R A
T2 531 TNF-o 25 1E % RAW264.7 41 iy f2. 3% 318
hne HLPRZ SRR 5 T Huist bn P 45 i 98 HE A s s ik
fit LIRR VPR IEE, MORR B M4, (&
PRI

BRI SC MR 8 = % 2 - U B O R 2R R
(THOD) A #Hi# . PrabSLmimiel, doAseis
#%%% SQE FIHKLL &40 8 MG . 45 R BN, thE
Y 8 5 S P R G AL, W] SQE A R
TFIHL A5, THOD W] g S Hm My .

BEHk

(1] & PR At 0] N2 EEEZ,
2002, 13(8): 491-493.

2] B& 48, HIEHE, MEF, S SRR FIEES
PCR-SSGP HAS M/ #li P (1 B R 258 (1], EH
#2014, 39(21): 4169-4173.

[3] SR&EF, & %, TMEE & Sl R EE B
R aiFhoR B S (1], R E SZI0 U7 R A Ak &, 2013,
19(16): 12-14.

[4] £, 75 M, EHZ Al EER S EEEE

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SKRINER, W0CIE, EMFE, S5 SHl T REE e
0. WFEFZE4E, 2012, 37(13): 1929-1931.

FHFVE, mOOE, TKINEE, 5 NI ER S & T
T HUER B SIS (] E Rk, 2012,
37(14): 2084-2087.

TREE T, R, Gk A SH R EARAERT ST (D).
HEE 224, 2015, 30(1): 98-100.

WM, WKiFE, Y VY, S NMR BT E i
KB (0], T EBACTZ, 2017, 19(2): 183-187.
mooM % JR, B OF, B NERRB I Ry
[7]. FHEZY, 2009, 40(1): 27-29.

Hartmut K, Rainer W, Lutz A, et al. Occurrence of free
and esterified lipoxygenase products in leaves of
Glechoma hederacea L. and other Labiatae [J]. Eur J
Biochem, 1989, 186(1/2): 155-162.

Mu L H, Ju Q F, Liu P, et al. Chemical constituents of the
roots of Pottsia laxiflora [J]. Chem Nat Compds, 2013,
48(6): 1004-1007.

Gao J M, Wang C Y, Zhang A L, et al. A new trihydroxy
fatty acid from the Ascomycete, Chinese truffle Tuber
indicum [J]. Lipids, 2001, 36(12): 1366-1370.

Liu M J, Liu M C, Gong HY, et al. Chemical constituents
of Thalictrum ichangense [J]. Chem Nat Compds, 2015,
S51(1): 175-177.

Kuo T M, Manthey L K, Hou C T. Fatty acid
bioconversions by pseudomonas aeruginosa PR3 [J]. J
Ame Oil Chem Soc, 1998, 75(7): 875-879.

Shirahata T, Sunazuka T, Yoshida K, et al. Total synthesis,
elucidation of absolute stereochemistry, and adjuvant
activity of trihydroxy fatty acids [J]. Tetrahedron, 2006,
62(40): 9483-9496.

Hanagata H, Shida O, Takagi H. Taxonomic homogeneity
of a salt-tolerant lactic acid bacteria isolated from shoyu
mash [J]. J General Appl Microbiol, 2003, 49(2): 95-100.
Venkat N V, Holger J, Richard L K, et al
Hydroxyoctadecadienoic acids: Oxidised derivatives of
linoleic acid and their role in inflammation associated
with metabolic Eur J
Pharmacol, 2016, 785(17): 70-76.

syndrome and cancer [J].



