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A new antiatherosclerotic meroterpenoid from Ganoderma cochlear
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Abstract: Objective To discover anti-atherosclerotic compounds from Ganoderma cochlear. Methods  Silica gel column
chromatography, reversed-phase Cis column chromatography, and semi-preparative HPLC were used for isolation and purification,
and the structures of the isolates were elucidated by various spectroscopic techniques (1D and 2D NMR). The in vitro anti-
atherosclerotic activity of compound was evaluated using an ox-LDL-induced macrophage lipid deposition model, and the expression
of phenotype-related protein was detected by Western blotting. Results A previously undescribed meroterpenoid, designated as
cochlemeroid A (1), was isolated and identified from G. cochlear. BODIPY and Oil Red O staining showed that compound 1
significantly inhibited ox-LDL-induced macrophage lipid deposition in a dose-dependent manner, accompanied by reduced TC and
TG levels. Furthermore, Western blotting results demonstrated that compound 1 downregulated the expression of cluster of
differentiation 36 (CD36) and class A scavenger receptor (SR-A), while upregulating the expression of the ATP-binding cassette
transporter Al (ABCAL1). Conclusion In this study, a new meroterpenoid was successfully isolated from G. cochlear. The bioactivity
results indicated that compound 1 possessed significant antiatherosclerotic potential.
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K FETELL Catherosclerosis, AS) f&—FflL
B NR B B GTAR T3l kR, & B3N Ik BE 3G 5L
BB AR N ERHE R B RS, oA O
P I BRI, IR T ™ E AR R
AS WRIEHLE - 2 2%, W RBIRUR A N D)
REPERG . JORE SN SAARIEE, b ig B R Al
PN AN A e HAZ OB R 2231, B R4 fE
AS HRA R R e HEEH, £ AS 1)
TSR, TS B AR R P R 2 B s 2 P B
T AGEAGEE T, e AR &GP 2> 1-1 (vascular
cell adhesion molecule-1, VCAM-1) F14H ffd &) % Fft
/3-F-1 (intercellular adhesion molecule-1, ICAM-1),
T 4 532 LR ) 5 A 2 P 86 B S % 3 N T )
HET A o B AR, W 4 A R A I
G & (oxidized low-density lipoprotein, ox-
LDL) J&, fefgit—A A0 sOis ot 25 i v R 4 i,
FHAEBIK AT I ETHERR, T RUIR T 2 S0R 5 1 B
BBl Ay TR 25052 HATIETT AS~ FRAKIH [ B i) —
L2, AR A AN 5210, Rk -4
RIHT AS 254 BA B ER)IG IR L.

REZAMHEB ZRAREL—, HET (f
RAFLZ), HH “AEBRAEANZL”, AR
LR TR, P2 AR R ZAE AS TR
7 E RGBT AR, iR Z 18 n LeE B
WEAR e ABCAL/GL AT B MHE RE M, $0H]A
MR, I AS BEERBL; [, JERERGE Sirt7-
Nrf2 R ESUEAER, MM =8, %%
AS FMEAP), RIHEZ Ganoderma cochlear
(Blume & T. Nees) Bres. N Zj# 375 WL R 2 5
P, BRI T2 p . oloB AR . 39 5mi0iZ /) e A
28 TR U010 AR R ZH 1 A 9T R LSO K 2 1)
FR A BLF P AS ¥ 73020, (H R 2R mi A N Hg
Mnz—, —REEAPAS fER M AR F. A0t
FEM AR R 2 90% FHEE-7K B R FLAR i 9l it 3508 o7
SFEARE T LA 2R 1 2,5 - R -6-(2-5
FETN-2-F8)-[1,1-BE K ]-3-FR IR H IfE  (methyl 2',5'-
dihydroxy-6-(2-hydroxypropan-2-yl)-[1,1'-biphenyl]-3-
carboxylate), #F44 NANEZ %M A (cochlemeroid
Ao PR HEIREFENEE S (oxidized low-
density lipoprotein, ox-LDL) i 5 RAW264.7 &
Wik 24 B A DT O AR B PP Ay 1 B0 3l koo A A A0 v
1o AED 1 BRI S AR ] ox-LDL 5 3 1)
B AR BT UTAR, PR =M H il (triglycerides,

TG). (LA HEEE (total cholesterol, TC) 7K,
FILH B B B K SR RERE A 77
1 UEEMH

Bruker timsTOF Jii 1% (%% Bruker A 7]); Cary
600 FTIR ZLAMGIEAC (3EE Agilent A7]); Bruker
Avance 111 600 MHz #ZREFEHRIEHE (48 E Bruker 2
A]); Agilent 1220 BY:ifil 2 B Sp8eiid a4y (SEE
Agilent /25]); Welch Ulitimate XB-Cjs i (250
mmX10 mm, 5pum, _FiREHBRHEBAAERARD;
RE-52A MUt KA (s AEAAAR A T,
Varioskan Flash Multiskan MK3 Fg#r{% (3£ Thermo
/A#]); PerkinElmer Opera Phenix Plus 151 iS5 4K »

FEERERERE (200~300 H, S TH R
NFD; R OERER GFss (F B L TAHRA
F); KIL A AR D-101 T CRERRHEAL 2245 PR A
"D; ik HEE (EE Sigma AF); AR, B
B, Bk, BERR 28 (rMral, T RN L
A RATF]D:; DMEM K72 (Gibeo AH]); #iA:
2 1M (FBS, WL KB ; BEIR Sh 2% 1 (PBS,
Gibco A#]); CCK-8 (& AEMRHEARAF);
BODIPY 493/503 g4k o ekl & G ok
AFD; 4% FHE (LR BREEDEARGIRA
F]); ox-LDL (J7IMZE AR AR A FD; BCA
RAlE QURBRHEEMHEARGRARD; —hi:
CD36 (JLRHIRAMRIHE AR AR D). SR-A (FE[H
Cohesion A 7]). ABCA1 (Z[E Cohesion A F] ).

SRR Z 06T DU 1148 s 0 T A A6 1t b 2544 1T
Yy, SRR R 24 K 5 m ki B0 % e o 2 FLR R
RZJBHEWERINEZ G. cochlear (Blume & T. Nees)
Bres., FrAs (GC202305) BUARAE T BEHR o B2 24 K2
V4 R R 2 BRI 2540 o T ST
2 FHE
21 REETE

AR Z 258 30 kg, Kt FH A [ 4 L 3
K (3. 24 20D, HIFREUHE, WURKRAIHEE 2.99
kgo KH D-101 KFLIR BB BT AW 45 2 BESEIR
BT 8, e XKIEHEM)E, LA 30%H B 50%
HEE . 70% FHEE . 90% FH AN 100% H B 9 it s AH ik
ITUEL, LA33] 5 M8 (Fr. A~E).

Fr.D (501.35g) RARERAE g, DL S H -
HEE (50 1 1~5 1 1) RRBAHZE TR B, 152
T 10 MRy (Fr.D1~D10). Hr1, Fr.D3 #t—5
B Cis ks PUHEE-ZK (30%~100%) i)
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i, 1837 22 AMfi4r (Fr.D3.1~D3.22). Fr.D3.5
R, L& TR EE (50 0 1~5: D)
NS AHBATER L, 58T 5 AN (Fr
D3.5.1~D3.5.5). Fr. D3.5.1 FCE T EERAE i,
DL T Bk -BE R 2085 (80 & 1~20 © 1) AIMBhHHIEAT
BAEELELIEAS 15 43, o Fr. D3.5.1.5 £ A 21l
B ERORAHEIE (2 mL/min, AR 25 °C, Kk
£ 254 nm, 80%HEE-/KIEWD 4G 2L &Y 1
(6.34 mg, rR=14.1 min).
2.2 PRIMAEHRBKSSHEERE TR IEN
2.2.1 LEYIR RAW264.7 4 2240 324k
AR B (DMSO) ¥ f#fic fil B 100
mmol/L W REE, FMke/a i .« /N B AZ Bt i o
MIREAE RAW264.7 5555 T8 10%I64- MiEH 1%
-5 % 2 ) DMEM #7531, 137 C. 5%CO,
ST REFR . B LLRRFL 1.2 X 10% /MR35 B e
T 96 LM H, HEFE 24 ho SERWE S AH CREH
FD. XTREZH (4HM AR FIgh 252 (AR + AT
KL S, HAHRE 4 NEFL. kR 24 h
Jo B FR I NS 10% CCK-8 7)) DMEM,
T 37CH#5E 30 min. )5, f£HEFAMXAE 450 nm
BRI ERSCREE () It EAfRE .
IMPAFTE R = (A 25— A 2e)/(A s — A 211)
2.2.2 BODIPY #iff K RAW264.7 AL 1.2X
104 AN/ALINE BE AT IR L H 96 LR, 5595 24
ho )5, FAIZHLL 80 pg/mL Y ox-LDL #H4T T,
25N [E S 45 F ox-LDL LA AN A FE (1 32 1k Ak
GV, ZEHE (10 pmol/L) VENFHIEXT IR . AbFH 24
h G, R, F PBS WRikdii 2 vk, 3 4%
ZBHREFE E 20 min. PBS P& 3 s, A
BODIPY 493/503 %t 44k}, W 20 min. f&fa, £
H PerkinElmer Opera Phenix Plus /= Wi 1% 2 40K
I i BHG HdE
223 ML O Yt RAW264.7 EVEAN R T 24
LR, HMGLENSHE “2.227 Wi, HH4
Wa, A 4%2 KPR E 30 min, 4 PBS it
%3 Wa, FMA O Yt 25 min. fEXGF BB T
MENR UG, HRERRER BT SR
2.2.4 Western blotting 538 RAW264.7 44k
AV TG IR, 2R HEEUS B, BE 5 H BCA
B E N EIE B AR . AR AR (20
ng) 2 8%~ 12% | hr KL IR AN -2 T I ok A st fe
Hi¥k (SDS-PAGE) 48, JF44#8% PVDF Jii L.

M 5% s ks 1 h, BEET 4 CE&MHTS
CD36. SR-A 1 ABCAl H—HiEE®K. b5,
IINBHGSE S48 (HRP) FRiCHILLEH % 1gG
TPUEE 2 h, FFEH ECL AL RGN &
M HMZAW . L GAPDH fE NS XTR. I)a, fif
F Image J 553 8 1 2% AR BE AR

225 ARG BRERIUCIAN, BT A HdE L
x+sn. AR LECKA Student's ¢ file; 220
] LK FH B R 86 75 229347 (One-way ANOVAD:;
P<0.05 A wEMEER.

3 #R

3.1 HmEE

WEY 1. FOMRY, UV (MeCN) Amax (log )
226 (3.91), 335 (3.15) nm. IR vy (cm™): 3 356.6,
29283,2857.2,1716.1,1621.4,1501.3,1446.7,1256.7,
1 119.9, 868.9. HR-ESI-MS %5 Hi#E 51 55 116 m/z:
325.1046 [M+Na]" GHEAEA Ci7H180sNa, 325.1052),
HEMAL AW 1308 CiiHIs0s, AEFIER 9,
IR i I 7 LAY (R SRR I (3356.6 cm™!) AT
BERAEIE (17161 cm™D. &Y 1 ) 'TH-NMR
JRIL T 2 ML ABX & RAMRIME S 6u8.29
(1H, d,J= 1.4 Hz), 7.42 (1H, d, J= 8.1 Hz), 7.93 (1H,
dd, J= 8.1, 1.4 Hz) Ml 64 7.22 (1H, d, J = 2.7 Hz),
6.77 (1H, d, J=8.4 Hz), 6.72 (1H, dd, J= 8.4, 2.7 Hz),
2 M HR(ES on 1.59 (6H, s), 1 MHEREES
on3.94 3H,s). 5% 1 11 BC-NMR i fl DEPT i
BN 17 MxfsS (R 1D, BrZ 'H-NMR HREILT
FLHRIZE R BeAl, I EHE 1 AR (6c168.3)
| NMEEE (0c 78.2) 155 . ML R, V1P
ML AEY) 1 R Z AR50,

Bt — R 2D NMR MHbEAY) 1 EsiaiiaT 17
Y€, fE£ HMBC #iHr, W%EH| H-3 5 C-1 f1C-5 #H
K, H-6 5 C-2 1 C4 #H5¢, H-3'5 C-1'F1 C-5'4%,
H-6'5 C-2'fil C-4'#15% (& 1), 454 H-5/H-6. H-5"/H-
6’2 [ 'TH-'H COSY #H2% (B 1), WEBH T 2 4~ ABX
FIHIAAAE. [FR, H-3 5 C2'. H-3'5 C-2 ZIEf)
HMBC 2%, kB 1 2 Ndid C-2-C-2#HiEEE,
H-6 5 C-2"2 [ “Ww” MRAG 53 RF Bidde (&
1. £ HMBC 10 ) Hs-8'F1 H3-9'5 C-7'1 C-1'
AEIG, UERH T E T HIERAELE, FRUER T C-7 M CA1
&R B4, Ha-11'5 C-10405%, 454 C-10 BN
EIHALEERRE (0 168.3) 1FE] T 1 > HI S L A7
76, [F H-11'5 C-4 1) “W” MRE 554 H-3's
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Fz1 £E% 148 'H-NMR (600 MHz, methanol-ds) #1 *C-NMR (150 MHz, methanol-ds) #1E
Table 1 'H-NMR (600 MHz, methanol-ds) and '*C-NMR (150 MHz, methanol-ds) data of compound 1
DA OH oc A OH oc
1 147.1,C 4! 130.8,C
2 123.4,C 5 7.93 (1H,dd,J=8.1, 1.4 Hz) 130.0, CH
3 7.22 (1H, d, J = 2.7 H2) 109.9,CH | 6  7.42(1H,d,J=8.1H2) 124.9, CH
4 153.4,C 7' 78.2,C
5 6.72 (1H, dd, J = 8.4, 2.7 Hz) 118.2,CH 8’ 1.59 (3H, s) 27.4, CHs
6 6.77 (1H, d, J =8.4 Hz) 119.8, CH 9' 1.59 (3H, s) 27.4, CHs
1’ 146.0,C 10’ 168.3,C
> 130.6,C 11" 3.94(3H,s) 52.8, CHs
3 829(1H,d,J=14Hz) 124.2, CH

= H.'H COSY ~~HMBC .-« J, HMBC (""" correlations)

E1 L&Y 1 HWHFEHRKXE HMBC #1 'H-'H COSY
LEPS
Fig. 1 Chemical structure, key HMBC and 'H-'H COSY

correlations of compound 1

H-5'5 C-10 ) HMBC MHXAE 5, Uk ERERAE
C-4'fr. PRk, etk & 1 FgawmE 1 s,
T4 NI Z %05 A (cochlemeroid A).
3.2 RIMREnBRRS AR AL TE TN

N T A IE R BE AT AN K R A AR AL
PEYEI, ESEAHML G 1 KRR AT TR R,
CCKS8 LI 45 MR AY) 1 7E 40 pmol/L B {5 X}
RAW264.7 4HAFIERA M, £ 80 umol/L W {x
ML 2, 50 2 Fos. Fik, %87 2.5,
5+ 10 pmol/L 3 M4 4K FE R AT J5 SR 5L 50

BEJ5, XM ox-LDL %3] RAW264.7 4liHffig
JRUTEERIEAL T LAY 1 BIPUsh ks R ALy
71. BODIPY 493/503 et gfi iR, & 1 18
2.5 umol/L A BRI TTAR %, (H23%A &
FMEZESR 7E S pmol/L BHLAW) 1 HITE AN PH 4 24
ZHE (10 umol/L) AH2%; 7E 10 pmol/L i, 4HAE
R IR (B 3-A), AR FRITAR ] Sk 3
79.6% (K 3-B). JMAL O Yetush Fit—BiEse, 1k
AW 1 REREFIE M SRR R ox-LDL % 510
RAW264.7 4Hfdflg it iif (B 3-C. D). fELEEA
b, B EAE Y 1N R B S,

120

1004 =1 =,
ok

80+

0k

60+

HNLAFE /%

404

20

T T T T T T T T
YIHE 125 25 5 10 20 40 80

1/(umol-L™")

5xF R4 EEE: 7 P<<0.01.
**P <0.01 vs control group.
B2 A1 3 RAW264.7 WFTFERAIFNE (X +s,n=4)
Fig.2 Effect of compound 1 on RAW264.7 cell viability
(Xts,n=4)

RIAE 10 pmol/L ¥ N A 22 il TC M TG /K
F (E3-E).

E—0iHid Western blotting #5:31 74654 1 %
B eI A B R IA R e . il 4 B, 5%
HRZHAHLL, ox-LDL Hll¥E RAW264.7 4/ rhiFiE
K22k CD36 Fl SR-A [ [ RIA K- &I &,
1T JH B MRSk ABCAL KA B ERIL. %4
TALAEY 1 (10 umol/L) AbFE )5, CD36 Al SR-A ]
RAFRIEKTF T, FF ABCAL FREKTEE
BT} FiREE KW, (&1 T REIELHIH] CD36.
SR-A - FHINE PR ABCAL /i3 (1 /iH [
BEANHE, R AE DB W i g SRR E A .
4 Tig

RZRMER R Z 8 AWM EZEER Y 2 —,
H 2000 FEA~RZRmEHIGER, HEc kM
[ R Z 4410570 T BT 680 AMI4-151, R 2 ki f Jk
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A B g
K154
Q ##
- =1
2 w
8 1.07 1] . *k
pog 0.5 [ *ok
=
=
= 0‘# T O R T
P A R 25 5 10
1/(umol-L™")
E 2.5 #
L]
18 2.0 A
& .
C AW 1Q2.5pmol LY = 154 =i *
o
=
S 107
F
0.5
0 T T T T T
xR BIR 25 510
&£ o > 1/(umol-L™1)
Xt T D & &% 1(2.5 umol-L™) 20
3 i
@) il
° e 15 5 .
¢ = = v
= = 1.0
< -.5 e
; " o = = 05
50 um ¥
) . L "E 0 T T T T T
A 1 (5 pmol- L) HA® 110 pmol- L) E KR B 2.5 510
= 1/(umol-L™")

1/(umol-L™)

A-BODIPY 493/503 etk AL &) 1 %) T ox-LDL 53 (¥ RAW264.7 41 g BT 54 : B-BODIPY 493/503 Jett 25 R Geit s C-liam O B
RIS 1 % T ox-LDL %3 1) RAW264.7 AR ST 520 D-il4l O et 25 R4t &l: BRI @R &4 1 % T ox-LDL %2 1
RAW264.7 4l TC. TG IF5M (H—1k); SPHALLE: P<0.05 #P<0.01; HEAALLE: "P<0.05 “P<0.01.

A-BODIPY 493/503 staining was used to detect the effect of compound 1 on ox-LDL-induced lipid deposition in RAW264.7 cells; B-Quantitative analysis
of BODIPY 493/503 staining results; C-Oil Red O staining was used to detect the effect of compound 1 on ox-LDL-induced lipid deposition in RAW264.7
cells; D-Quantitative analysis of Oil Red O staining results; E-The effects of compound 1 on ox-LDL-induced intracellular total cholesterol (TC) and
triglyceride (TG) levels in RAW264.7 cells were measured using commercial kits and normalized to the control group; *P <0.05 #P <0.01 vs control

group; "P<0.05 **P<0.01 vs model group.

3 LAY 13t ox-LDL iE 589 RAW264.7 AR BUAFRAVMEIER (X+s,n=3)
Fig. 3 Inhibitory effects of compound 1 on ox-LDL-induced lipid deposition in RAW264.7 cells (X £ s, n=3)

Hys
) 3.0 2.0 .
-7.00X10% ; R X ®
CD36 | - . ] 70010 % H%J ‘ X ]
139X10° & 2 Z10 *
, - — & .« = * Lo o T
21 |+ b =% :
GAPDH | 360X 104 O . : &
@) & >
ox-LDL - _ + + 0 T T T T o T T T T 0 T T T T
ox-LDL ~ + + ox-LDL — - + + ox-LDL - + +
1 - + - + 1 - + - 4 1 - o+ - 1 -+ -+

LA P<<0.05; SHIAL (ox-LDL) HL#Z: "P<<0.05.
#P < 0.05 vs control group; “P < 0.05 vs model group.

4 LEY 1 MR HEUARREELTEHIFNE (X£s,n=3)

Fig. 4 Effect of compound 1 on expression of lipid transport-related proteins (X £ s, n =3)

ALERY R IT N TR IR S A B AR, HE B AFHAR AR TE, R TR 2w 4
REZBHIIM R AT, R IE SR — R M Z R, 5140 ganoapplanin 4 & 5 & 4136
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R, X —PhRr ) R ZEE R IR h Al
ZEJLIel; Cochlearine A Fll cochlearine B A JHAS 1]
6/6/6/5/5/6 %34k Z171; Lingzhiol 1 sinensilactam
A FREA i B IR AR AN IR R 0819,

WAL, RZ e I 1 2 S, )
whtiatl . Brerdith. ARy, ik, HuMIE.
ek L A S5 1314200, Ai45 R 2 I i R 40 BOA R Z AT
R Z—

TR R Z ) B 31k s o B8 A 7 e ol 82 A
i, HEZHE P22/ 2 HE B2 2022 4F
WAL 1 A RZ IR 7 Y (R,E)-5-(4-(tert-
butyl)phenyl)-3-(4,8-dimethylnona-3,7-dien-1-yl) furan-
2(5H)-one) (GMD) 7£ 10 mg/kg I B i 2 003 i g
B Apoe/INRBNIK SR FEREAL IR AL, FEAK I
JEACF BRI, $R7R R Z Rk B ks pE a4k
18T 77 1 BA R BRI FRE JJ242) 0 A 58 R
B2 OB ERR AR ZREEY), W
NI Z 05 A (cochlemeroid A, 1), F&E T
RZ IR Z R SRR S R A 1 /e
% 52 Z 4] ox-LDL 53 ) RAW264.7 4Hfifi5 BT
A, HAERMLURI TR S T IRIEE RS2k CD36 1 SR-
A [RERIL  [RI_EIRREE RSN 127K ABCAT FIER
RE K AWFTLERIRIE THEDD 1 P AS TEE,
PR H AR AR AS RIE S FHED, HRA
FURIAEYNEECFIIY SR T4 2 10, S8R ES)
YA it — D G L A HE A

IR RPN ED 1 BA R IPiah ki
WL 71, R Z A RAR BTN K FE AL 5 T4k
BRI TR R AR .
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