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FHGHR A R 2R, (-G 8 A9 7E 5 pmol- LYK B T H A Uk £ M S PPAR-o 7 3t IR 7 IRE 14, (L& 5 2
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FII AL BE-2 (cyclooxygenase-2, COX-2) HA &3 HdM$IfEH .
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Abstract: This study aims to investigate the chemical constituents of the soft coral Sinularia sp. collected from
Ximao Island in the South China Sea, and to evaluate the peroxisome proliferator-activated receptor (PPARs)
agonistic and anti-inflammatory activities of the isolated compounds. The chemical constituents were isolated using
silica gel column chromatography, Sephadex LH-20 gel column chromatography, and high-performance liquid
chromatography (HPLC). The structures of the compounds were elucidated by comprehensive analysis of NMR,
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MS, and IR data and comparing them with those reported in the literature. Eleven compounds were isolated from
the soft coral Sinularia sp., including two norsesquiterpenes, two furanosesquiterpenes, and seven steroids. Their
structures were elucidated by spectroscopic data analysis as (2F,6F)-3,7-dimethyl-nona-2,6,8-trienoic acid (1), (35,
6F)-3,7-dimethyl-nona-6,8-dienoic acid (2), (1'E,5'E)-5-(2',6'-dimethylocta-1',5",7'-trienyl)-furan-3-carboxylic acid
3), (5'E)-5-(2',6'-dimethylocta-5',7'-dienyl)-furan-3-carboxylic acid (4), (24S5)-24-methylcholesterol (5), 24R-7a-
hydroxyergosta-5-en-34-ol (6), brassicasterol (7), pregn-5,20-dien-34-ol (8), gorgosterol (9), S-sitosterol (10), 24-
methylenecholesterol (11). Compound 1 was identified as a new compound. Compounds 6 and 10 were obtained
from Sinularia sp. for the first time. Luciferase reporter gene assay revealed that compounds 8 and 9 selectively
activated the PPAR-a transcription factor at a concentration of 5 umol-L", while compound 5 acted as a dual
agonist of PPAR-a and PPAR-/ isomers. In addition, compounds 5, 7, and 8 exhibited in vitro anti-inflammatory
activities. Compound 5 significantly inhibited the production of the inflammatory mediators inducible nitric oxide
synthase (iNOS) and cyclooxygenase-2 (COX-2) in lipopolysaccharide (LPS) stimulated mouse macrophages
RAW264.7.
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18 W B (Sinularia sp.) J& T ) i 20 4 1]
(Cnidaria), 313 #2124 (Anthozoa), /\ AL LN (Octo-
corallia), % H (Alcyonacea), ¥ 43 5 W H (Alcyo-
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RPARU =) F 5 BG5BT UMy, 1 A3 A5 2 i
T B AR 2 I e S X IR AR R
JZ AR, BLAE BUMOR TR PR DL R
JiE AR 40

A Y Bl R B BE BT 2 AR (peroxisome
proliferator activated receptors, PPARs) 1 N 1% 52 14 i
KGR, & — KRR k1, 7 PPAR-a.
PPAR-A F1 PPAR-y = F AL . e A3 iok 1 4 40 2[R 4%
3K, 22 SRR AR R AR AR A AN SOIE s A5 AR
L B FE T, PPAR-a BB 7 (GW7647) AT LARE
I AT 4 4 UE B A 1T 44 28 1 B (soluble amyloid precursor
protein beta, SAPPS) [ 3R i& AN B 43I EF 1 (beta-site
amyloid precursor protein cleaving enzyme 1, BACE-1)
3 Y, R0 T B-UE B B R H 1-42 (amyloid beta
peptide 1-42, AB1-42) FIRETAL, 5401 28 SO0 MR (136
7 B R AP AE U, PPAR-B L AT 2 3k iR 7 R 41
A R PR 5 2R AR A R R T SRORE S S AR, O
Ja v R AP TS B E Bel-2 3RIA, H 5 25 PR AR 28 48
AR F 40 I A - 15 (interleukin-1 beta, IL-15). i /%
WRFEIE F--a (tumor necrosis factor-alpha, TNF-a) P %
{2 98 T 25 11 Bax (19335 /K P PPAR-y 42 2504 T I

i 43, B R & R BURNE V2 5 I8 7 AR ORI 4 0
Fio I PKH TG 97 2 BU8E IR ) PPAR-y 80 751 2 1%
B (rosiglitazone, ROSI), T 3 4% iiF 5 w36 ik 44 1] i
28 70 NLRP3 % 1t /M E A0 LUK #E P02 2808 e e
Al DL, PPARSs #8855 7E 98 i 1 5 i v BRI AR VR T T AN ME

T MR R SR 7= W) v 2 48 B AT PPARs B3l i
PRI S A0S, A SO0 R b I R i 08 TR B 1 A 4
W Sinularia sp. 34T T KRG FE 5 30T M
2R OB R 3 AR B 1ML E Y, BIE AR
i R AT SRR EY (B D). FExTe it
1T T % X PPAR-a. PPAR-A fil PPAR-y = /N W1 4 () 3 5
TR L R BT RIEVE AT T VA .
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a1 AT O MRY, 5% T & i . HR-ESI-
MS 7R 1 HE 5>+ 55 10§ [M-H] N m/z 179.107 5
(IH 58 N C, H,,0, 179.107 8), FE/n b & Wi 4 F 5%
N C,H,0,, AMEAIE N4, "HNMR ik H4fE 5 os i
EUVAEMANFEES, 2986, 1.75 3H, s, H-11)
H12.18 (3H, s, H,-10). °C NMR 1 DEPT i i¥ % 4% &
~, WELE NS S, 7 A A 5 (0. 11.9
F119.2), B4 sp’ T H 3L (5. 40.8 F1126.3). 1 /> sp I H
F (0, 111.4) 34> sp™ IR EE (6, 115.1.131.0,141.3) Al
34N sp? T, HP LR — AN ERIEBRIE T (6. 170.2), H
FEREWEER 1 FiR. @i H-"H COSY "] -5 4 H,-
4 (5, 2.25) & H-6 (5, 5.43) LL K H-8 (5, 6.35) Al H,-9
(0, 4.96/5.11) Z[AJHIAH AT 5o 56 K HMBC AH K
f& 5 : He-10 5 C2 (0. 115.1)/C-3 (5. 162.0)/C-4
(9.40.8); H,-11 55 C-6 (6.131.0)/C-7 (5, 135.2)/C-8 (J.
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Figure 1 Chemical structures of compounds 1-11
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XU, FECLAEAC X A sp? kA5 5 (0. 115.1 F1
O 162.0), X5 =3 73 i & AH 22 2 Ao & A7 1) o
ARG

Table 1 'H (600 MHz) and “C (150 MHz) NMR data for
compound 1 in CDCI,

No. o, mult. (/ in Hz) Oc
1 - 1702 C
2 571s 115.1 CH
3 - 162.0 C
4 2.25m,2.25m 40.8 CH,
5 2.33m,2.33m 26.3 CH,
6 5.431(6.9) 131.0 CH
7 - 1352C
8 6.35dd (17.4,10.6) 141.3 CH
9 4.96 d (10.6),5.11d (17.4) 111.4 CH,
10 2.18s 19.2 CH,
11 1.75s 11.9 CH,

1A 1 AR RS B 3 B NOESY i #s fif A
s (K12). NOESY i i H-2/H,-4 AR 515 55, DA &
H-6/H-8 1 H,-5/H,-11 IAHAE 5, 73 BIIESE T A’
AOXEI N ERIRL . S5 B RATIR, A E Y1 1 S5
2 FT7R, fir % (2E,6E)-3,7-dimethyl-nona-2,6,8-trienoic
acid.
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Figure 2 Key 'H-'H COSY, HMBC and NOESY correlations of

compound 1

REF R 2 5L R RGP A8 L& P 6 PPAR T2 (o B y)
¥ sh 36 4 (K 3B~D). &5 REK, FHM LS
2 (pirinixic acid, WY14643). GW501516 }2 ROSI 7£
5 pwmol L™ ¥ & R 43 7] & 3 % T PPAR-a\ PPAR-S
J PPAR-y. tL&WI51ES pmol - LK & F & 2 Bi%
T PPAR-o F1 PPAR-S; 1k & W) 8 A1 9 M| 45 53 4 ¥ i
PPAR-ai. 3T LR 455, AL &4 5 9 PPAR-o/f X EE 4
B3, b 590 8 19 J& PPAR-a [ 3% M B 5h 571 .

22 oFXE ETIOLRMR G ERENL R, @
o R AT TG 5.8 F19 5 PPAR-a [ 45
HER, LS5 5 PPAR-B IS SR . WK 4A
Fii 1%, PPAR-a M 2 7 WY 14643 454 T i ik 45 & 4809,
5 CYS276. SER280. TYR314. HIS440 F1 TYR464
REVEE, JF 5 THR279.ILE317 A1 LEU321 72 4 i 7K 4
HAEH . (&5 5 sk I SER280 T s A B, I
5 MET220. THR279. THR283. PHE318. LEU321 A
VAL324 =4 gk /EH (K 4B). 154 8 5 HIS440 Al
TYR464 JE il A 88, [ A7 5 TYR314.1LE317.PHE318.
LEU321.VAL332 F11LE354 &4 i KA HAEH (K14C).
A9 5 SER280 il &, 35 THR279.ILE317.
PHE318.LEU321.VAL324 }2 TYR334 ;= 4 i /K AE H,
MR E H 5 PPAR-a 1454 (E14D). {HARERE I,
G 8 SIEIE AT il 1 50 )iz I B R 2% A
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Figure 3 Evaluation of compound effects on Ac2F cell viability and PPAR-a, PPAR-S, and PPAR-y transcriptional activity. A: Viability of

ACc2F cells after treatment with the indicated compounds; B-D: Agonistic activities toward PPAR-a, PPAR-f, and PPAR-y, respectively,

determined by luciferase reporter assays. n =3, x 5. "P < 0.05, ""P < 0.001 vs transfection control group. PPAR-a: Peroxisome proliferator-

activated receptor-a; PPAR-f: Peroxisome proliferator-activated receptor-f; PPAR-y: Peroxisome proliferator-activated receptor-y; WY 14643:

Pirinixic acid; ROSI: Rosiglitazone

KA EAE FH, X AT R -5 AR X 47 1 PPAR-a 30 6 14
YRR

Xf T PPAR-S % AA), GW 501516 5 JLim M 14845
A5 THR289 &L, 5 THR288. THR292.ILE326.
MET329.1LE333 1 LEU339 {7 7E i /K A EAE F, [FIi
Y PHE327 J¥ % m-n HEFR, I 15 HIS323 7= A= i i 1 H
(Bl4E). th&%)5 5 PPAR-B 45 &I, 7] 5 HIS323 T %,
S8k, Jf 5 PHE282.TYR283.GLN286 fl PHE360 % £
BiKAVEH (BE4F). 25 S5 RER M, (5455 PPAR-a
M PPAR-BYJEA RUFHI45GHETT -
23 MAFEMMRK LEYS.7M87E S50 umol LK
FE L Z ] T LPS i 5 11 RAW264.7 41 i 7= £ NO, 3£
AT B APt 235 (B 5A). Western blot 25
Rt — 0 BoR, AW S e K LPS 5 3 1 INOS
A COX-2 & AFKIEKT- (I 5B~D).
3 g

Y WOM ) (Sinularia sp.) 1E 8 F E rE i EER
W R BEUR, DR B AR A 2 B AL, R 25 4

B EVE R ZE A YR E BRI . AR E R
Vg 18 P B R AR R R FR O AT T R Gk 2
IIRIR T, oy B 4 45 3 2 A BE AT - L2 AN PR IR £ 2
iR 7 NSRS . HA AL A E D,
AW 6 A1 10 1 RN FE R J8 O hfieiE . iRk
Wk BT 7RI PRI o 2.

FEAR T PE S, PPARS #E 55 5 Jig 5 A Qi 3581 ik
BRI R R VI K. HTZBNEY =
(PR, AT FA A S 52T~ 9 R HEAT 1 A%
PRI . AT 5E R R BAL S 8 R 9 Jy ik Bk
PPAR-a I35, T4k &40 5 N PPAR-a/f U7 . 1
A, B 5T R 8 BRI AR AP R VG . L, 4k
G5 vl dE I i LPS 5 19 RAW264.7 40 i 48 4
A 9% & F1INOS Fll COX-2 [ R 1A, 17 1M 98 /> NO (1 24E
R, REEPLRAEH . hEDS T8 RILH BEMbL &
ROR T RE 5 H B PPARs 2 AA S UM % . Bk gE R
7R T B IR R ) S AR Ak A 0 7 S B PPARSs ¥
ENFIIFE R TT
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Figure 4 Molecular interactions between the bioactive compounds and PPAR-a/PPAR-A. A: Molecular docking diagram of PPAR-a with
the positive control WY 14643; B: Molecular docking diagram of PPAR-a with compound 5; C: Molecular docking diagram of PPAR-«a
with compound 8; D: Molecular docking diagram of PPAR-a with compound 9; E: Molecular docking diagram of PPAR-£ with the positive
control GW 501516; F: Molecular docking diagram of PPAR-f with compound 5
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Figure 5 [n vitro anti-inflammatory activity of compound 5. A: Inhibitory effect of compound 5 on nitric oxide (NO) production in
LPS-stimulated RAW264.7 macrophages. n =3, x +s. "P < 0.01, ""P < 0.001 vs LPS group; B: Western blot analysis of iNOS and COX-2
protein expression in RAW264.7 cells treated with compound 5 or dexamethasone (DEX, 10 umol-L™") in the presence of LPS; C, D: Protein
levels were quantified by densitometry analysis using ImageJ and normalized to tubulin expression. n = 2, x £ 5. “P < 0.001 vs control
group; P < 0.01, “"P < 0.001 vs LPS group. LPS: Lipopolysaccharide; DEX: Dexamethasone; iNOS: Inducible nitric oxide synthase;
COX-2: Cyclooxygenase-2
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LIS ER Y

Agilent 1260 = R AH B85, ZenoTOF7600 /5 4
LT 55 3t (35 [H Agilent 23 7)); Bruker DRX-600 7!
W W L IR 9% v {X (4% [ Bruker 24 7]); SephadexLH-20
Wk (3518 Pharmacia 73 7); R-210/215 #4725 K AX (5
=+ Buchi A &]); Thermo 371 AL IR BE 77 48 (32
Thermo Fisher 23 #]); EnVision £ Ifj fE B bR AX (3
PerkinElemer 2 @ ); ChemiDoc MP &t JiZ i A£ X (3%
Bio-Rad A 7).

Agilent Eclipse XDB-C18 - il] % (i 4+ (250 mm x
9.4 mm, 5 um, % [E Agilent A 7)); ## )2 2 M7 & i W
GF254 (M & YL ARk IT R A IR A ), b 1% i i
(200~300 F1300~400 H, 75 &g AE 404k TA R A
), B R 5 RO A € BT I R 4 3 O o b Al
(B 22 R A IR 2 =) A g 2l (b 5t R o
Fo); —H A (DMSO, 3230820001) 1 [ -k 5 % 3¢
R IRA R BEME S (MTT, P3244322) 1 [ L iRERT
i 3 1 77 A BR A 7 ; DMEM 1 573 (6125388) 114
£ [H Gibeo 2> 7] ; g % B (LPS, 0000189842) It [ 1
Sigma-Aldrich 24 ] ; %' 1% %1 /i (ROSI, P3244322) F1
FEK ¥ (DEX, P194330) ¥4 H # [ Damas-Beta 2 7]
L7 JE R (WY 14643, 101345) A1 GW 501516 (19891)
B H kA AR R A A5 INOS (5) W H % H
Cell Signaling Technology A ; COX-2 (00100441)
H b E = AR R IR A R HRP W 4 R
IgG (3873A26) I H 3 [H ImmunoWay /4 7 ; ECL 1k 2%
RIE (FGRGP) 14 B H [ (h A B RHE AP+ AR AT R
Oy HOE BRI £ (A416251021) 1
HH E g RAEVH AR R A A R A, /R E R
A (RAW264.7) ) [ H [ G o 28 A dr B A TR
AT KR (Ac2F) 358 5 [F 58 11 K2

SEHGAE T 2023 4K H o E F i EE B, 2
KEEB TSR 4 8 N F8 M Sinularia sp., b5 A
(%5 : 23-SH-65) A7 Tl & 37 25 A ] 1L 4R 48 S2 00 =5/
RN ENE (HE) 2499555 TR .

1 BSOS

5 A UK 10 55 T8 WO B Sinularia sp. (W25 14.1 kg)
VIR JG T =%~ FH P9 e S 42 B 6 IR, 43 IR 15 min.
V4 H IR IR 408 2 B R, e TR R B ) FH K 78 4
AR, TN SRR T iR R AR 6 IR, REHUK
IR IR 46, 15 3] ZBEHIR F 23.0 .

B ZBRRLR B (13.0 @) SREAE (i 70 B, A I ik —
W% TR % (1002 180 1—40: 1—20: 1—10: 1—
111105 S i- AR R (4:1-201) FHATHR
P B I, AN R FE eI 2 AR, 15 B A~H 38 A

4y . 44 C % Sephadex LH-20 4 JZ#71 (f1 i EE- —
A LE-HEE, 2:101) 40 55, 1584 M ZH 5 CA~CE.
CE B 1 ik e A Z 1 (300~400 H, £ ik - 2./ 2. 1,
4:1) 8, 1534 5 CEA. Z W4 BamERAE
Hr (300~400 H, f1ihEk- 2.0 2.F5, 91 1) 4lifk, 55511k
A1 (1.5 mg) 2 (1.7 mg).

Hor DA A & H bt (DCM) S5 Je i 13 240 7
DB, DB f§ & it R A JZ A A il ik - 1R Sl DL 200 1—
41 B & ¥ i 41 4> DBA~DBD, DBB il itf 2f ] 4% 74
e OB B, DU EE-/KAR R (85:15) Peli 13 2tk &
"5 (1.7 mg, t, = 17.2 min) F4L &% 6 (0.8 mg, £, =
23.5 min), DBD 4 H i -7K{& % (82:18) R EL &1 7
(1.9 mg, t, = 19.4 min).

‘H.4) E 4% J5 4 i Sephadex LH-20 #F: 4 i (47 i
k- — S W bi-H BT, 2:1:1) 58] 5 W45 EA~EE,
EC #t — 0l ik e A 1 (v k- 28 218, 90 1)
aifh, 15 81k &4 3 (7 mg) Al 4 (12.5 mg). ED i it
Sephadex LH-20 £ €7 3% ( — & be &5 B 3 i) 3l i
HPLC 7> B, V% N 3 mL-min” (% 1F RS 8L 59 8
(1.5 mg, FFEE-/K, 72:28, t, = 26 min) AL &4 9 (1.6 mg,
FEE-7K, 70130, £, = 28.6 min). 1L &4 10 (0.7 mg,
BE-7K, 64136, t, = 27.3 min) AP 11 (1.7 mg, 2 M-
7K, 55:45, t, = 37.5 min).
2 HEEE

1AW 1 6 R %, IR (KBr): max 3 436,
2955,2 923, 2851, 1692, 1641, 1251 cm'; '"HNMR
(600 MHz, CDCL,) fi1"°C NMR (150 MHz, CDCL,) %45
W, %% 1, HRESIMS m/z: 179.107 5, [M-H]~ (it & 18
C,H,,0,, 179.107 8).

& 2: Lk, 71308 C, H ,0,, ESI-MS
m/z 183 [M+H] . "H NMR (600 MHz, CDCL,) d,;: 6.36
(1H, dd, J = 17.4, 10.7 Hz, H-8), 5.47 (1H, t, J = 7.2 Hz,
H-6), 5.09 (1H, dd, J = 17.4 Hz, H-9b), 4.93 (1H, d, J =
10.7 Hz, H-9a), 2.38 (1H, dd, J = 15.0, 5.9 Hz, H-2b),
2.19 (1H, dd, J = 15.0, 7.9 Hz, H-2a), 2.17 (2H, m, H,-
5),2.0 (1H, m, H-3), 1.74 (3H, s, H,-11), 1.45 (1H, m, H-
4b), 1.30 (1H, m, H-4a), 1.00 (3H, d, J = 6.6 Hz, H,-10);
“C NMR (150 MHz, CDCL,) 6.: 177.5 (C-1), 41.2 (C-2),
29.9 (C-3), 36.2 (C-4), 25.6 (C-5), 132.6 (C-6), 134.2 (C-
7), 141.5 (C-8), 110.6 (C-9), 19.5 (C-10), 11.6 (C-11).
DA b0 5 SCiRt T HRoE — 2 WS m a2 S,
6E)-3,7-dimethyl-nona-6,8-dienoic acid.

&3 LRy, 4+ X~ C H,O, ESI-
MS m/z 247 [M+H] . 'H NMR (600 MHz, DMSO-d,)
d,: 8.05 (1H, s, H-1), 6.53 (1H, s, H-3), 6.36 (1H, dd,
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J=17.6, 10.9 Hz, H-11), 6.11 (1H, s, H-5), 5.52 (1H, t,
J = 6.7 Hz, H-9), 5.07 (1H, d, J = 17.6 Hz, H-12a), 4.89
(1H, d, J = 10.9 Hz, H-12b), 2.36 (1H, m, H-8), 2.27
(1H, t,J = 8.1 Hz, H-7), 1.99 (3H, s, H,-14), 1.74 (3H, s,
H,-15); "C NMR (150 MHz, DMSO-d,) J.: 146.8 (C-1),
126.8 (C-2), 107.9 (C-3), 155.5 (C-4), 114.5 (C-5), 141.1
(C-6), 40.8 (C-7), 27.3 (C-8), 132.7 (C-9), 135.2 (C-10),
142.3 (C-11), 110.98 (C-12), 164.51 (C-13), 18.70 (C-14),
11.7 (C-15). LA F¥¥s 5 SClk" i iE — 2, w1k
EW3 N (1E',5'E)-5-(2',6'-dimethylocta-1',5', 7'-trienyl)-
furan-3-carboxylic acid.

& 4: otk Y, o+ C H,,0,, ESI-MS
m/z 271 [M+Na]". 'H NMR (600 MHz, CDCL,) ¢,;: 7.96
(1H, s, H-2), 6.37 (1H, s, H-4), 6.36 (1H, dd, J = 17.2,
10.8 Hz, H-7"), 5.46 (1H, t, J = 7.2 Hz, H-5"), 5.08 (1H,
d, J=17.2 Hz, H-8a’), 4.93 (1H, d, J = 10.8 Hz, H-81"),
2.64 (1H, dd, J = 14.8, 6.0 Hz, H-1a"), 2.48 (1H, dd, J =
15.2, 8.0 Hz, H-1b"), 2.18 (2H, m, H,-4"), 1.86 (1H, m,
H-2'), 1.74 (3H, s, H,-10"), 1.44 (1H, m, H-3a’), 1.27
(1H, m, H-3b"), 0.93 3H, d, J = 6.8 Hz, H,-9"); "C NMR
(150 MHz, CDCl,) d.: 147.5 (C-2), 118.8 (C-3), 106.0
(C-4), 157.2 (C-5), 167.2 (C-6), 35.1 (C-1"), 32.1 (C-2"),
36.1 (C-3"), 25.7 (C-4), 132.8 (C-5"), 134.1 (C-6"), 141.5
(C-7"), 110.6 (C-8"), 19.4 (C-9"), 11.6 (C-10") LA I %4
5 SCHRM R E — 2 S A 48 (S'E)-5-(2',6'-
dimethylocta-5',7'-dienyl)-furan-3-carboxylic acid.

W55 To IR Y, 73 7 3 C, H,40, ESI-MS
m/z 401 [M+H] . "H NMR (600 MHz, CDCL,) d,;: 5.35
(1H, m, H-6), 3.53 (1H, m, H-3), 1.01 (3H, s, H,-19), 0.92
(3H, d, J = 6.5 Hz, H,-21), 0.85 (3H, d, J = 6.8 Hz,
H,-26), 0.78 (3H, d, J = 4.4 Hz, H,-27), 0.77 (3H, d, J =
4.3 Hz, H,-24), 0.68 (3H, s, H,-18); "C NMR (150 MHz,
CDCL,) d.: 37.4 (C-1), 31.6 (C-2), 72.0 (C-3), 42.5 (C-4),
140.9 (C-5), 121.9 (C-6), 32.1 (C-7), 31.8 (C-8), 50.3 (C-
9), 36.7 (C-10), 21.2 (C-11), 39.9 (C-12), 42.5 (C-13),
56.9 (C-14), 24.5 (C-15), 28.3 (C-16), 56.1 (C-17), 12.0
(C-18), 19.6 (C-19), 36.3 (C-20), 19.0 (C-21), 33.9 (C-
22), 30.7 (C-23), 39.2 (C-24), 31.5 (C-25), 17.7 (C-26),
20.7 (C-27), 15.6 (C-28). DL %4l 5 C kP ) 8 —
H, MUEE R NAEDS 9 (24S)-24-F I H EEE

&M e6: Jo iRy, 4 ¥ 2\ C,H,,0,, ESI-MS
m/z 433 [M+H] . 'H NMR (600 MHz, CDCL,) 6,;: 5.72
(1H, dd, J=5.0, 1.9 Hz, H-6), 4.17 (1H, s, H-7), 3.49 (3H,
m, H,-3), 1.01 (3H, s, H,-19), 0.92 (3H, d, J = 6.6 Hz,
H,-21), 0.85 (3H, d, J = 6.8 Hz, H,-26), 0.78 (3H, d, J =

5.6 Hz, H,-27), 0.77 (3H, d, J = 5.5 Hz, H,-28), 0.64 (3H,
s, H,-18); °C NMR (150 MHz, CDCl,) 6. 36.9 (C-1),
31.5 (C-2), 71.5 (C-3), 42.3 (C-4), 149.0 (C-5), 120.1 (C-
6), 78.6 (C-7), 37.2 (C-8), 43.7 (C-9), 37.6 (C-10), 21.0
(C-11), 39.2 (C-12), 42.5 (C-13), 49.2 (C-14), 24.6 (C-
15), 28.3 (C-16), 55.6 (C-17), 11.5 (C-18), 18.4 (C-19),
36.3 (C-20), 19.1 (C-21), 33.8 (C-22), 30.5 (C-23), 39.2
(C-24), 31.6 (C-25), 20.6 (C-26), 17.8 (C-27), 15.6 (C-
28). DL E#HE 5 Rk E — 8, S e E e N
24(R)-Ta-F2FE 37 1 8 -5-0%5 -3 -1

WwEY T B IRy, 7 7 K C,H,0, ESI-MS
m/z 399 [M+H] . '"H NMR (600 MHz, CDCI,) d,: 5.35
(1H, m, H-6), 5.16-5.22 (2H, m, H-22, 23), 1.01 (3H, d,
J =42 Hz, H,-28), 1.00 (3H, d, J = 6.1 Hz, H,-21), 0.91
(3H, d, J = 6.9 Hz, H,-27), 0.83 (3H, d, J = 6.7 Hz, H,-
26), 0.81 (3H, s, H,-19), 0.69 (3H, s, H,-18); *C NMR
(150 MHz, CDC,) d,: 37.4 (C-1), 30.3 (C-2), 72.0 (C-3),
42.4 (C-4), 140.9 (C-5), 121.9 (C-6), 31.6 (C-7), 32.1 (C-
8), 50.3 (C-9), 36.7 (C-10), 21.2 (C-11), 39.8 (C-12),
42.5 (C-13), 57.0 (C-14), 24.4 (C-15), 28.7 (C-16), 56.2
(C-17), 12.2 (C-18), 19.6 (C-19), 40.3 (C-20), 21.1 (C-
21), 136.0 (C-22), 131.9 (C-23), 43.0 (C-24), 33.3 (C-
25), 20.1 (C-26), 19.8 (C-27), 17.8 (C-28). LL %5
SCHRPPHRIE — B, W 2 LB W) 7 N brassicasterol .

&8 |k, 41 10 C,H,,0, ESI-MS
m/z 301 [M+H] > 'H NMR (600 MHz, CDCL,) d,;: 5.75
(1H, m, H-20), 5.35 (1H, m, H-6), 5.0 (2H, m, H,-21),
3.55 (1H, m, H-3), 1.01 (1H, s, H-18), 0.61 (1H, s, H-19);
3C NMR (150 MHz, CDCL,) d.: 36.9 (C-1), 31.5 (C-2),
71.5 (C-3), 42.3 (C-4), 141.0 (C-5), 121.8 (C-6), 78.6 (C-
7), 37.2 (C-8), 43.7 (C-9), 37.6 (C-10), 21.0 (C-11), 39.2
(C-12), 42.5 (C-13), 49.2 (C-14), 24.6 (C-15), 28.3 (C-
16), 55.7 (C-17), 11.5 (C-18), 18.4 (C-19), 139.8 (C-20),
114.7 (C-21). LA - #¥ 5 SCmR> Ho0E — 55, W e fh
B8 N -5,20- " )-35-BF .

&9 ARy, 7+ X C,H,,0, ESI-MS
m/z 427 [M+H] . "H NMR (600 MHz, CDCL,) §,;: 5.35
(1H, dd, J = 5.1, 2.7 Hz, H-6), 3.53 (1H, m, H-3), 1.01
(3H, s, H,-19), 0.95 (3H, d, J = 7.0 Hz, H,-26), 0.94 (3H,
s, H,-28), 0.91 (3H, s, H,-30), 0.86 (3H, d, J = 6.6 Hz,
H,-27), 0.66 (3H, s, H,-18), 0.45 (1H, dd, J=9.1, 4.3 Hz,
H-29a), -0.13 (1H, dd, J = 5.9, 4.3 Hz, H-29b); °C NMR
(150 MHz, CDCl,) d.: 36.9 (C-1), 31.5 (C-2), 71.6 (C-3),
42.4 (C-4), 149.1 (C-5), 120.0 (C-6), 78.7 (C-7), 37.3 (C-
8), 43.7 (C-9), 37.6 (C-10), 21.1 (C-11), 39.2 (C-12),
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42.9 (C-13), 49.1 (C-14), 24.8 (C-15), 28.4 (C-16), 57.7
(C-17), 11.5 (C-18), 18.4 (C-19), 35.6 (C-20), 21.3 (C-
21), 32.2 (C-22), 26.0 (C-23), 51.0 (C-24), 32.4 (C-25),
22.3 (C-26), 21.7 (C-27), 15.6 (C-28), 21.5 (C-29), 14.5
(C-30). DL E#¥s 5 S CBRPiE — B, S e a9
“A gorgosterol.

EW10: kR, 73§ CuH,,0, ESI-MS m/z
415 [M+H] . 'H NMR (600 MHz, CDCl,) d,;: 5.35 (1H,
m, H-6), 3.51 (1H, m, H-3), 1.25 (3H, s, H;-19), 1.00
(3H, s, H,-21), 0.91 (3H, d, J = 3.8 Hz, H,-29), 0.89 (3H,
d, J = 6.9 Hz, H,-27), 0.86 (3H, d, J = 6.8 Hz, H,-26),
0.64 (3H, s, H,-18); "C NMR (150 MHz, CDCL,) .
37.4 (C-1), 28.7 (C-2), 72.0 (C-3), 42.8 (C-4), 140.9 (C-
5), 121.9 (C-6), 31.8 (C-7), 31.8 (C-8), 50.3 (C-9), 36.7
(C-10), 20.9 (C-11), 40.3 (C-12), 42.5 (C-13), 57.7 (C-
14), 24.2 (C-15), 25.5 (C-16), 56.6 (C-17), 11.9 (C-18),
18.7 (C-19), 33.0 (C-20), 19.4 (C-21), 32.1 (C-22), 39.9
(C-23), 45.1 (C-24), 24.7 (C-25), 15.9 (C-26), 19.6 (C-
27), 21.3 (C-28), 10.6 (C-29). LA ¥ 5 k>4 08
— 5, MU E B Y10 4 B-sitosterol.

&M AERR, 71 C,H,0, ESI-MS m/z
399 [M+H]". 'H NMR (600 MHz, CDCL,) 6,: 5.35 (1H,
m, H-6), 4.67 (2H, m, H,-28), 3.52 (1H, m, H-3), 1.03
(3H, d, J= 3.2 Hz, H,-26), 1.02 (3H, s, H,-27), 1.01 (3H,
s, J = 4.1 Hz, H,-19), 0.95 (3H, d, J = 6.6 Hz, H,-21),
0.68 (3H, s, H,-18); *C NMR (150 MHz, CDCI,) 4
37.4 (C-1), 31.8 (C-2), 72.0 (C-3), 42.4 (C-4), 140.9 (C-
5), 121.9 (C-6), 32.1 (C-7), 32.1 (C-8), 50.3 (C-9), 36.7
(C-10), 21.23 (C-11), 39.9 (C-12), 42.5 (C-13), 56.9 (C-
14), 24.4 (C-15), 28.4 (C-16), 56.1 (C-17), 12.0 (C-18),
19.5 (C-19), 35.9 (C-20), 18.9 (C-21), 34.8 (C-22), 31.1
(C-23), 157.0 (C-24), 33.6 (C-25), 22.0 (C-26), 22.6 (C-
27),106.1 (C-28). LA I Hdis 5 SCRPOHi i — £, Hods e
X490 11 4 24-methylenecholesterol »
3 EEMENR
3.0 YRBESE AR K Ac2F 4 LA FL 2x10°
Pl T 96 FLAK, #5577 12 h JG N fr D46 A 4 856 A AR
DMSO (7 F 0 1), 4% 2285 7% 24 h. HfL A0 20 uL
MTT (5 mg-mL"), 37 °C# 6 & 4 h 5 77 L3k, I
150 uL. DMSO & % ¥ fi#, T 560 nm & W6 . i HL
6 ik 2 2 0 2 1 PR AR S R AT S R A A 2 S A M
32 RAZBMIREERZE K Ac2F 41 LL & fL
1x10° /> %5 B2 e M T 48 FLAR, T B Ji5 B8 8 TG 1MLV 15 9%
., ffi [ Lipofectamine™ 2000 # Je il FI T8 4. ==
41 %% % 3x AOX-TK- % )t 2 1§ #¢ &5 Jii K 55 pcDNA3

R Y G e 4 R & pFlag-PPAR-a
PPAR-BE PPAR-y i kL. ¥4k 6 h/a, EH N 10% fif
A MG I 58 A b IR 4, kel IR . R H, i g
3 RIMNAF AL A9, [F R B3 E WY 14643 .GW501516
K ROSI %3 5 1F & PPAR-a. PPAR-f 2 PPAR-y [ BH %
SR, IR LLAEAR A DMSO TE N A XTI . 48821595 7 h
J&, PBS Ui an i, 2R IR BB, OB R G
i = DR WU 3R &, 8 22 Tl e bR AN E A K
K55

33 OFXE M RCSB Protein Data Bank 3B PPAR-
a (PDB ID: 4BCR) 5 PPAR-f (PDB ID: 2Q5G) K & A&
g5k, I K H PyMOL 3.9 B A H b 47 1 & 2
KOG FHITALE . BEJS, K& 5.8 .91 70 T 4514
. 4 PDB #% 20, # F AutoDock1.5.7 3k #F 317 4> F
X HT . BN 4 i i PyMOL 3.9 47 AT 4
5 BB AR

3.4 HAREMMIK  Griess A I NO A il & B
KA K RAW264.7 41 i, LAEFL 1x10° A 82 flF 96
FUBR (BEFL 100 pL), 37 °CHE 37 12 ho 25404 I F7 I
tEY, = AH S AN EARF DMSO, i E 1 h
Ja, B A AN FLINN LPS (49K % 500 ng-mL™"), 4k
SrEEFE 24 he WREL 70 uL A0 AR RS 77 LIS 2387 96 FLIR,
TN 70 uL Griess ik 7, 37 °Ci Y% & 1 h, T 540 nm
& OD 1H »

Western blot ¥ #5 J 4 i 85 A R 1A 1% RAW264.7
Y f F B AL 4x10° A3 F0 T 6 FLAR, #5597 12 h )5, 29 il
IINFFIAE G DMSO FiiAb B 1 he B A4, H
AEHEIMALPS (1 pgmL™") ES 12 h. ML AR
fif W (7 PMISF A 2k I Mt 4101 1) 771)) 2L 30 min 5, B0
H b3, BCAVEE & & A . B35 pg & A #E4T SDS-
PAGE Hijk, # i 42 PVDF i, 5% BSA $f 4] 2 h, 4K /0
H — ¥ (iNOS B(, COX-2, 1:1 000, 4 °C it %) f HRP
FRiT 41 (117 000, %7 2 h), ECL & 8 )5 FH B %
ARG B, Tmagel T A5 257 2K FEAE
3.5 GiitES A RS UIIE £ bRk EROR,
Fid i B R R T = W AT i o B (ANOVA). B
P<0.05 HZERBAHGIHEFE L.

YE& TRk TRAEI S TR = NASCIL A —E# . KE
WA TIAE VI B B8 MOCFE RS IR T 2
4 IR 075 8 S WD A 15 5 5 G 4 ) 67 BT PPARS & M 1 9 %t TAF;
ZERA TR E AL KB 28 B AE S I AR R BRI R T, H S 5 H
BT ; FRER A 5 5 B 4 47 DT SR W Th VR e S R 5 1R Y
RAIEAT .

FIZ M BT AR 2 B AAEER 2R R



TRAFIRAE: LIS BRI Sinularia sp. AL LT K H PPARs B PR 58

2229

References

(1]

(4]

[10]

(1]

[12]

[13]

Hanaa BE, Eman ZA, Khedr AIM, et al. Recent updates on Sinu-
laria soft coral [J]. Mini Rev Med Chem, 2022, 22: 1152-1196.
Yan X, Liu J, Leng X, et al. Chemical diversity and biological
activity of secondary metabolites from soft coral genus Sinularia
since 2013 [J]. Mar Drugs, 2021, 19: 335.

Huang CY, Tseng YJ, Chokkalingam U, et al. Bioactive isopren-
oid-derived natural products from a Dongsha atoll soft coral
Sinularia erecta [J]. J Nat Prod, 2016, 79: 1339-1346.

Jiang CS, Ru T, Yao LG, et al. Four new cembranoids from the
Chinese soft coral Sinularia sp. and their anti-Af aggregation
activities [J]. Fitoterapia, 2019, 136: 104176.

Yuan WP, Cheng SM, Fu WT, et al. Structurally diverse metabo-
lites from the soft coral Sinularia verruca collected in the South
China Sea [J]. J Nat Prod, 2016, 79: 1124-1131.

Sun M, Li SW, Zeng JA, et al. Two new diterpenoids formed
by transannular Diels-Alder cycloaddition from the soft coral
Sarcophyton tortuosum, and their antibacterial and PPAR-
agonist activities [J]. Mar Drugs, 2024, 22: 553.

He L, Wang YT, Bi J, et al. Terpinen-4-ol ameliorates high
glucose-induced cardiomyocyte injury by modulating SIRT1/
PPARy signaling [J]. Acta Pharm Sin ( 2 % %% §}), 2025, 60:
3457-3466.

Mirza AZ, Althagafi II, Shamshad H. Role of PPAR receptor in
different diseases and their ligands: Physiological importance
and clinical implications [J]. Eur J] Med Chem, 2019, 166: 502-
513.

Zeng JA, Sun M, Qi Y, et al. Novel PPAR-y agonist from the soft
coral Sarcophyton crassocaule: Modulating glucose uptake and
lipid droplet formation [J]. Mar Drugs, 2025, 23: 450.

Ke XM, Zhang RY, Li P, et al. Hydrochloride berberine amelio-
rates alcohol-induced liver injury by regulating inflammation
and lipid metabolism [J]. Biochem Biophys Res Commun, 2022,
610: 49-55.

Guan SJ, Zhang Q, Zhu XX, et al. The role of peroxisome
proliferator-activated receptor a in metabolic cardiovascular
diseases [J]. Acta Pharm Sin (Zj%2%%#}), 2025, 60: 3595-3604.
Zhang H, Gao Y, Qiao PF, et al. PPAR- a agonist regulates
amyloid-# generation via inhibiting BACE-1 activity in human
neuroblastoma SH-SYS5Y cells transfected with APPswe gene
[J]. Mol Cell Biochem, 2015, 408: 37-46.

Rostami A, Palomer X, Pizarro-Delgado J, et al. PPARS/O prevents

inflammation and fibrosis during diabetic cardiomyopathy [J].

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Pharmacol Res, 2024, 210: 107515.

Meng QQ, Feng ZC, Zhang XL, et al. PPAR-y activation exerts
an anti-inflammatory effect by suppressing the NLRP3 inflam-
masome in spinal cord-derived neurons [J]. Mediators Inflamm,
2019, 2019: 6386729.

Bernardes A, Souza PC, Muniz JR, et al. Molecular mechanism
of peroxisome proliferator-activated receptor a activation by
WY 14643: A new mode of ligand recognition and receptor stabi-
lization [J]. J Mol Biol, 2013, 425: 2878-2893.

Pettersson I, Ebdrup S, Havranek M, et al. Design of a partial
PPAROJ agonist [J]. Bioorg Med Chem Lett, 2007, 17: 4625-4629.
Su J, Hsien C, Lo C. Sesquiterpenoids-related metabolites from
the soft coral Sinularia sp. [J]. J Chin Chem Soc, 2008, 55: 1286-
1289.

Park SK, Scheuer PJ. Isolation and structure determination of two
furanosesquiterpenes from the soft coral Sinularia lochmodes
[J]. J Korean Chem Soc, 1994, 38: 749-752.

Su JH, Huang CY, Li PJ, et al. Bioactive cadinane-type com-
pounds from the soft coral Sinularia scabra [J]. Arch Pharm Res,
2012, 35: 779-784.

Tanaka A, Shimizu K, Kondo R. Antibacterial compounds from
shoot skins of moso bamboo (Phyllostachys pubescens) [J]. T
Wood Sci, 2013, 59: 155-159.

Pinto F, Almeida JG, Silveira E, et al. Steroids from the Brazilian
zoanthids Palythoa caribaeorum and Palythoa variabilis [J]. J
Braz Chem Soc, 2016, 28: 485-491.

Hassan WHB, El Sayed ZI, Al-Wahaibi LH, et al. Metabolites
profiling and in vitro biological characterization of different frac-
tions of Cliona sp. marine sponge from the Red Sea Egypt [J].
Molecules, 2023, 28: 1643.

Dawe RD, Wright JLC. An improved route to pregna-5,20-dien-
3f-ol (muricin aglycone): Carbon and proton nuclear magnetic
resonance assignments for the aglycone and a number of related
pregnene derivatives [J]. Can J Chem, 1987, 65: 666-669.

Lan WJ, Su JY, Zeng LM. Studies on the secondary metabolites
of the soft coral, Sinularia sp. collected from the South China
Sea [J]. Acta Sci Nat Univ Sunyatseni (Nat Sci Ed) (* Ll K22
i« HAABERR), 2003, 42: 105-107.

Li XJ, Song XH, Tang SQ, et al. Phytochemical constituents
from rhizomes of Dryopteris crassirhizoma and their anti-inflam-
matory activity [J]. Nat Prod Res, 2024, 38: 3574-3580.

Iguchi K, Saitoh S, Yamada Y. Novel 19-oxygenated sterols from
the Okinawan soft coral Litophyton viridis [J]. Chem Pharm
Bull, 1989, 37: 2553-2554.



