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Two new y-butyrolactone derivatives from Carthamus tinctorius
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Abstract: Objective To investigate the chemical constituents of Carthamus tinctorius and evaluate their anti-inflammatory activity.
Methods Various separation techniques, including silica gel, Sephadex LH-20 gel, polyamide column chromatography, preparative
thin-layer chromatography (TLC), and semi-preparative high-performance liquid chromatography (HPLC), were employed to isolate
and purify the chemical constituents from C. tinctorius. The structures of the isolated compounds were elucidated by modern
spectroscopic methods such as MS, 1D-NMR and 2D-NMR. The anti-inflammatory activity of the compounds was evaluated in vitro.
Results Eight compounds were isolated and identified as (4R,5R)-4-(4-hydroxyphenyl)-5-methyl-y-butyrolactone (1), (55)-3-
hydroxy-4-(4-hydroxyphenyl)-5-methyl-y-butenolide (2), scopoletin (3), ethyl dihydroferulate (4), cassia cis-trans diphenylpropanoid
(5), (E)-4-(p-hydroxyphenyl)-3-buten-2-one (6), ethyl-p-hydroxyphenylacetate (7) and acetoisovanillone (8). Conclusion
Compounds 1 and 2 are new compounds, named evodinoid C and evodinoid D, compound 4 was isolated from C. tinctorius for the
first time and compound S represents the first report from the Asteraceae family. Compounds 4 and 6 significantly inhibited nitric oxide
(NO) release in LPS-induced RAW264.7 cells at 50 umol/L, exhibiting good anti-inflammatory activity.

Key words: Carthamus tinctorius L.; y-butyrolactone derivatives; evodinoid C; evodinoid D; ethyl dihydroferulate; cassia cis-trans

diphenylpropanoid; anti-inflammatory activity
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ITRG T, GG BaE T BOl T e e (B D,
éj\ %IJ N (4R,5R)-4-(4- 2 H JE)-5- F Bk y- T Y i
[(4R,5R)-4-(4-hydroxyphenyl)-5-methyl-y-butyrolactone,
1], (58)-3-F2k-4-(4-F HE IR HL)-5- I Heoy- T W
[(55)-3-hydroxy-4-(4-hydroxyphenyl)-5-methyl-y-buten-
olide, 2]+ scopoletin (3). —HFIZLIL LEE (ethyl
dihydroferulate, 4) ¥ B jz — ZE 4 A % (cassia cis-
trans diphenylpropanoid, 5). (E)-4-(XfFEat)-3-
T ¥5-2-F [(E)-4-(p-hydroxyphenyl)-3-buten-2-one,
6]. X FREIK LR L1 (ethyl-p-hydroxyphenyl-
acetate, 7). acetoisovanillone (8). HH, tLEH) 1
M2 NHEDD, i N RIRBTH N EE C MR
WINEE D; (G 4 N EIRNLIET 3 ERE], fb
W5 NERNKER S EAR . KANEZ P
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Fig. 1 Structures of compounds from C. tinctorius
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Agilent A F] ) ; Bruker-600 MHz A% i R 1843 (4l
[ Bruker A%]): Agilent 1220 % @80 (i
(£ Agilent 2A%]); SQP BpHr R (Jb#%
FIRFAACR AT R A R D RE-2000A Jig % 78 K AX
(il s seIg A # A B A 7)) Millipore Milli-Q
water purification system 4 7K % ( 3& [E Merck
Millipore /A7) ); Rudolph Autopol I H g A% (3£
Rudolph A ] ); Spectrum One FT-IR Spectrometer
LEAMEREA (3 PerkinElmer A#]); [ 6%
X (¥E[E Applied Photophysics A& ); A AR
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RN TAE S (IR s & A R A D5
Varioskan Flash Multiskan MK 3 FFr1%X (3 [E Thermo
AF]D; D101 RS FA R CRcES TR AL 27
AIRAFD; HEERER (200~300 H, MEILA
fEEH KB R~ F]); Sephadex LH-20 #Efke (i it
Amersham Pharmacia A &) ); GFasq i )2 /2 HTHER S
GFass & ER C28 R BREEM B B A
F]); Ultimate XB-Cis (43 #+ [250 mmX 10 mm, 5
um, HEEHE (R BRBARAR] FEE (i
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1.2 A5

N B AT RAW264.7 T H 22 5 1 (E
) AR AR FRA F]; DMEM 33804 H 4§
BCHRBHARAR: B4, SEE-ER
TR B PGS A R PR A W] LPS I H
IR B ERHA R AT — A e 7 208
H EEEZ REVMEAREGRAR: CCK-8 Wil
WHAEEMEHEARAR: ZEEWE RS
B AR A R A .

A2 T 2018 4 6 H R H DY) BT
B 28 RN . &R B 25 K5 2 2 B i
HRIBR Y 2 N R BB EI AL C. tinctorius
L. T4, ZibhrAs (CT-20180608) HLAFT I AR
HH R 245K 5 7 e A C 24 B 245 1 43 O T
2 7k
21 ERESH

T RLTAE 2501 50 kg, WHEJa In/K B A& R Y 2
W, BIR 1h, GHKEGR, ZIERGEENRE 16
kg. K H D-101 KL BE R L8 K IEPIR B it
T8, IR 2B 17K 20% L EE  50% L1 70%
LI 90% AT VML, RIS 1) i 15 3 - i
WAL (A~E), o C EHT a0 5.

C ALK FH R B EAE B3T3 55, BL 30%.
50%- 70%- 95% LB AN AR AT HENL, 53] 4 4>
W (Fr.1~4), Fr. | ZEERHEIESE, LA
ot - R i sl A AT B BRI (50 0 1~0 1),
2313 Misr (Fro 1-1~1-13),

HAr, Fr. 1-4 & Sephadex LH-20 %/t a1 7
B (AT 100D 53 12 ANTWAS (Fr
1-4-1~1-4-12). Fr. 1-4-11 2 S AR 4 5 S0BH
i CHEE-IK 45 1 55) ik 3 21k 59 2 (1.61 mg,
R=25 min)o

Fr. 1-4-7 3@t i) % 2 (O 0E /0 85, DA & H -
HEE (10 2 1D BIF, 531 M4 Fr. 1-4-7-1,
%5 T4 ROME ) A% A i (R - K
40 : 60) 4itb3EIL 59 6 (6.03 mg, tr=34min).

Fr. 1-4-8 & A Cis FERESF B, DLHEE-/K
(10 2 90~100 : 0) NRBIAHBEATELEE VN, 193] 5
NS (Fr. 1-4-8-1~1-4-8-5), Hrft, Fr.1-4-8-1
25 SAH - 1) 4% T RO £ /K 35 65) 4lifk
BEMLAEY 3 (1.87mg, =33 min). 1 (8.02mg,
®R=35min) A8 (1.32mg, &r=31min); Fr. 1-4-8-
3 G A - % RO B CFREE-/K 45 0 55) 46

WARNEY 7 (225 mg, /=43 min); Fr. 1-4-8-
4 28 JORH Y i) 2 v G il CREE-7K 50 2 50) 4
BRI A 4 (1.47 mg, =29 min); Fr. 1-4-8-
5 4 A1 % m G AR I CHREE-/K 50 ¢ 50) 4f
WAREMLEY S (5.11 mg, =233 min).,
2.2 IATEMMR
2.2.1 ZMpEEEENE SRA CCK-8 vAKGMIML &4 1~
8 XI/NRE VAN RAW264.7 (4l sEPEN4, 76
37 C. 5%CO KR, # RAW264.7 4HIfIE T
10%I6- B 1% 85 R -5 R DMEM K
FRHEHRFR . BOECERK IR, DL 4 X 10* A~/FLI
FEPAT 96 FLIR, KiFE 24 ho FRlL & HIH]
AN 50 pmol/L, FEFLAAFN 100 pL, [FIf %
BAEAM ) RAFI A (FEr) —H i
WD, B AR E 3 NI L. R kL
7t 24 h J5, FEEEFRE, B 100 uL EFA
10%CCK-8 i 7L, WE 1~2h, RHABRMUAE
450 nm PN ERILE (4) {f. %A XTHE
HaiE 736

TG FT=(A wa— A we)/(A s — A 20
222 MM RIEME RA Griess IEPEIM LA YD
LPS 7531 RAW264.7 B NO 52U, B4y
ALK HAN) RAW 264.7 405, DL 4X 10* A/FLINE
BERT 96 FLIR, 3597 24 h G FEE IR . WA
TINZER R FRE, BRI, MR (EEFR) A
SEIGAHIIMA 1 pg/mL (1) LPS, BlJE, FHMEZLIA
LR (12.5umol/L) , SEIHIMAMNFLL G
W (50 umol/L) , FHAAYIRE 3 AMEFL, WHE 24h
Ja, S AHE 50 uL 40 A IS, Sen 50 uL Griess it
HTIREG, EGEE Smin 5, A 50 uL Griess
WA I VRA, FEDEEE Smin, KAMFRE 540
nm K TIE A H. LREE 3 K.
3 #R
3.1 HHMEE

EY) 1. EAMRY), HR-ESI-MS i &R ik
2T B T m/z: 215.068 0 [M+Na]* (it 514
215.068 4, HEMIH 4>+ A CiH0s5, AMEFFEN
6. L& 1 1) 'H-NMR # (600 MHz, CD;0D) H,
AMER] 1 A AAXX BRGNS ERTES [0
7.15 (2H, d, J = 8.4 Hz, H-2', 6'), 6.77 (2H, d, J = 8.4
Hz, H-3, 5], 1 MNMEAXFIES [04.52 (1H, m,
H-5)], 1 NMXFE(ES [63.21 (1H, dd, J=9.0, 1.8
Hz, H-4)], 1 MEHFRMES [62.83 (1H,dd, J = 1.2,



* 8396 -

PED 2026E 11 H H£57% $ 218 Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

1.8 Hz, H-3a), 2.81 (1H, dd, J= 1.8, 3.0 Hz, H-3b)] LA
K1 ANHEAES [61.35 (3H, d, J = 7.2 Hz, H-6)].

BC-NMR (150 MHz, CD;OD) &tk &4 1 356 11
MBS (R D, WJHEN1AFE (6c19.0), 6
ANRHE [BE 4 DM EB (0c 129.5 x 2. 116.7 x
2)], I ANTEHEE (5c38.4) LK 3 AN (4 14
BEBREE (0c 178.5)]. L BB A7+, HEWr
&M 1 2 1 2L evodinoid BUOY) y-T P BEAT
AW, HEBXHETHEY 10 C3HE 14
FaHk. £ 'H-'HCOSY &, H-3/H-4/H-5/H-6 f#1E
HEEMIEYS (B 2); HMBC i+, H-3 5 C-2.

C-5 Fi%, H-6 5 C-4. C-5 %, IFEETHEM1
TH I AFERR TN ERIR, H R IGERLE C-

5 I, k4, HMBC i H-3 5 C-1', LK H4 5
C-2', C-6'WMAHRAE S, RIIRREIFRILELA C4
B, WG 1 PR DE .. EDIRIHE
XIS NOESY ##Ewhe, HHE% 1 1
NOESY i, K¥ H-4 5 H-6, H-5 Fl H-2'4 %
5%, FW H-4 5B AT HEM, 1 H-5 FIZIER
AT EM CE 3. Nilt— e &9 14Xt
AL, e 7AW 1 IR 63 (ECD), it
HHHES ECD i, @it i kB, a1 KIsE
W ECD 5 (4R,5R)-1 [ELE ECD A —3K
(E . H, tbE&W 1 5% EN (4R,5R)-4-
(A-FR RS- B y- T AR, HHEHm IR
BT N EE Co

#z1 LAY 15128 "H-NMR & BC-NMR & (600/150 MHz, CD30D)
Table 1 'H NMR and *C NMR data for compounds 1 and 2 (600/150 MHz, CD30D)

et . :

on dc on oc
178.5 171.8
2.83 (1H, dd, J=1.2, 1.8 Hz) 384 136.7

2.81 (1H, dd, J = 1.8, 3.0 Hz)
4 321 (1H, q,J = 9.0, 1.8 Hz) 50.2 134.0
5 4.52 (1H, m) 85.1 5.43 (1H, dd, J= 6.6, 1.2 Hz) 76.9
6 1.35(3H, d, /J=7.2 Hz) 19.0 1.46 3H, d, J=6.6 Hz) 21.0
1 130.3 123.3
2! 7.15 (1H, d, J= 8.4 Hz) 129.5 7.56 (1H, d, J=9.0 Hz) 130.3
3 6.77 (1H, d, J= 8.4 Hz) 116.7 6.85 (1H, d, J=9.0 Hz) 116.5
4' 158.0 159.3
5 6.77 (1H, d, J= 8.4 Hz) 116.7 6.85 (1H, d, J=9.0 Hz) 116.5
6’ 7.15 (1H, d, J= 8.4 Hz) 129.5 7.56 (1H, d, J=9.0 Hz) 130.3

B2 &1 2MEE HMBC 7 'H-'H COSY 55
Fig.2 Key HMBC and 'H-'H COSY correlations of

compounds 1 and 2

th&W 2. AMKR, HR-ESI-MS #2151
W& m/z 207.065 7 [M+H]* GiHEAE 207.065 2), #E

WA+ 0N CriH1004, AEAIEN 7. IR ik

R THEHRE (3345 cm™), WEEHRIE (1 707
em™) MR (1666 cm™) SEREH. &0 'H

NMR. BC-NMR #il DEPT &%, RELESY) 2

&3

&4 1 8 NOESY &

Fig.3 Key NOESY correlations of compound 1

Ny-THBERTAEY), HER

H 54 a7 1 R, 3

A VAHE A TOTHERIAR 1 AR,
HEREEXHET: hEW2HC3 5 C4 B
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2.07 - - =Calcd ECD for (4R,5R)-1
- - ~Caled ECD for (45,59)-1
1.5 —— Exptl ECD for 1

-1.5 - .
200 250 300
A/mm
0.6 4 - = = Calcd ECD for (5R)-2
- -~ Calcd ECD for (55)-2
04 — Exptl ECD for 2
02+ a
% 0 =7 ~ P - \__/
—-0.2 4 M Ry d
—0.4 1
—0.6
—0.8 T T T 1
200 300 400

A/nm

4 LAY 12BN ECD &R HE ECD i&
Fig. 4 Experimental ECD and calculated ECD spectra of

compounds 1 and 2

Wk, H C3fMERRIEL. Nt — DT g,
¥, JFRET 2DNMR 325 (& 2), 7E 'H-'"H COSY
i, nER] H-5/H-6 FIFHX(ES, £ HMBC i
W, H-5 5 C-6. C4. C-3 M5, H-65C-5. C-4
R, H-2'/6'5 C-4 K, XKLL ILEE 1 H
BRI T C-5 61, XFREIRHIEN T C-4 fir. ZRE DA
FEE, AW 2 WP RSEHE S . e
iy, H—LillE THEY 2 1) ECD 1, JF
THEHIS ECD #%. sl bR, a2 1
S ECD B (55)-2 FIEE R ECD 1A —2 (K
. Ft, WEY 2 MBS ERN (5S)-3-F2%-
A-(4-F BRI 5- - TR AR, IFdr e AR
BOHTNEE Do

&Y 3. FEsHIRGS & (HEE), HR-ESI-MS
m/z 215.031 7 [M+Na]* (i+51{H 215.032 0), 4+F
19 C1oHsO4. 'H-NMR (600 MHz, CD;0D) §: 7.84

(1H, d,J=9.0 Hz, H-4), 7.12 (1H, s, H-5), 6.77 (1H, s,
H-8), 6.22 (1H, d, J = 9.0 Hz, H-3), 3.91 (3H, s, 6-
OCH3); 3C-NMR (150 MHz, CD;0D) §: 164.1 (C-2),
153.0 (C-7), 151.4 (C-9), 147.1 (C-4), 146.1 (C-6),
112.6 (C-3), 112.5 (C-10), 109.9 (C-5), 104.0 (C-8),
56.8 (OCH3-6). LA FE#E 5 SCikfkiE — 27, %
EAEW) 3 N scopoletin.

&Y 4. HE AR K, HR-ESI-MS m/z
247.094 7 [M+Na]" (TH5HAH 247.094 6, 71N
C12H1604. 'H-NMR (600 MHz, CDsOD) 8: 6.81 (1H,
d, J=17.8 Hz, H-5), 6.66 (1H, d, J = 1.8 Hz, H-2), 6.63
(1H, dd, J = 7.8, 1.8 Hz, H-6), 4.09 (2H, q, J = 7.2 Hz,
H-1'),3.81 (3H, s, 3-OCH3), 2.79 (2H, t, J= 7.8 Hz, H-
8),2.55 (2H, t,J=7.8 Hz, H-7), 1.21 3H, t, J="7.2 Hz,
H-2); 3C-NMR (150 MHz, CD;OD) 6: 174.9 (C-9),
147.5 (C-3, 4), 134.9 (C-1), 120.4 (C-6), 116.4 (C-5),
112.9 (C-2), 61.5 (C-1"), 56.5 (3-OCH3), 37.2 (C-8),
31.7(C-7), 14.5 (C-2"). VI L-Hd 5 sCiffios —2x0s),
M e B 4 N A BTELIR LB

&Y 5. EOIRY), HR-ESI-MS m/z389.1357
[M+Na]" G518 389.136 5), 4> F 2N C2HxnOs.
IH-NMR (600 MHz, CDsOD) é: 7.60 (1H, d, J = 16.2
Hz, H-7), 7.60 (2H, d, J = 8.4 Hz, H-3', 5'), 7.45 (2H,
d, J=8.4 Hz, H-3, 5), 6.85 (1H, d, J = 12.6 Hz, H-7"),
6.80 (2H, d, J = 8.4 Hz, H-2, 6), 6.74 (2H, d, J = 8.4
Hz, H-2', 6), 6.31 (1H, d, J= 16.2 Hz, H-8), 5.75 (1H,
d, J=12.6 Hz, H-8'), 422 (2H, q, J = 7.2 Hz, H-1"),
4.16 (2H, q,J=7.2Hz, H-1""), 1.31 (3H, t,J=7.2 Hz,
H-2"), 1.25 (3H, t, J = 7.2 Hz, H-2""); 3C-NMR (150
MHz, CD;0D) J: 169.3 (C-9), 168.6 (C-9"), 161.2 (C-
1), 160.0 (C-1'), 146.4 (C-7), 144.7 (C-7"), 133.5 (C-3',
5%, 131.1 (C-3, 5), 127.7 (C-4"), 127.2 (C-4), 116.9 (C-
8), 116.8 (C-2, 6), 115.8 (C-2', 6'), 115.3 (C-8), 61.4
(C-1"),61.2 (C-1"), 14.6 (C-2"), 14.5 (C-2""). A%k
5 SRR IE — 800, SSRGS R BIUR
TRAENE,

e 6: HEMAIRY), HR-ESI-MS m/z
185.058 0 [M+Na]" (i+51H 185.0578), 13N
CioH1002. 'H-NMR (600 MHz, CD;OD) §: 7.54 (1H,
d,J=16.2 Hz, H-4), 7.49 (1H, d, J= 9.0 Hz, H-2', 6'),
6.94 (1H, d, J=9.0 Hz, H-3', 5), 6.63 (1H, d, J = 16.2
Hz, H-3), 2.34 (3H, s, H-1); BC-NMR (150 MHz,
CD;0D) 6: 201.6 (C-2), 161.6 (C-4"), 131.6 (C-2, 6"),
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146.4 (C-3), 127.1 (C-1"), 124.7 (C-4), 116.9 (C-3",5"),  OCH3), 2.53 (3H, s, H-8); '3C-NMR (150 MHz,
27.1(C-1). A EEE S SCBRRIE— 820, % ek CD;OD) 6: 199.7 (C-7), 153.8 (C-4), 147.6 (C-3),
B 6N (E)-4-XH IR IE-3- T Id-2- 131.7 (C-1), 123.2(C-6), 111.7 (C-5), 115.1 (C-2), 56.5
B 7. IO A, HR-ESEMSm/z203.0680  (OCH;3-4),26.4 (C-8). VA EH¥E 15 ik iE —522,
[M+Na]* GiH5EAH 203.0684), 73F 3N CioH1203. WU E W) 8 A acetoisovanillone
"H-NMR (600 MHz, CD;0D) ¢: 7.07 (1H, d, J =84 3.2 2 EMIEMN
Hz, H-2, 6), 6.72 (1H,d,J=8.4 Hz, H-3,5),4.11 2QH,  3.2.1 {b&¥% RAW264.7 405G F1 0520 KA
q,J=6.6 Hz, H-1"), 3.51 (2H, s, H-7), 123 3H, t,J=  CCK-8 iEIfEL&Y) 1~8 X} RAW 264.7 4035 11
6.6 Hz, H-2"); '3C-NMR (150 MHz, CD;0D) 6: 172.8 520, Wil 5-A Fiw, S5REW, (L&Y 51E 50
(C-8), 156.1 (C-4), 129.9 (C-2, 6), 125.0 (C-1), 114.9  pmol/L N EH H—E4upEE, HEAEY 1~4 F1
(C-3, 5), 60.5 (C-1"), 39.8 (C-7), 13.1 (C-2")o LA EEL  6~8 TEAHIFIRE T x40 B 71 W B2 (A0 s
P 5 SCRRIE — 2R, W a1 ARREE J1=75%) .
LR T 3.2.2 &R LPS 551 RAW264.7 A HIRE K
&y 8: LIRSS 5 (FEE), HR-ESI-MS — NO WIS %A LPS i S/ RAW264.7 2 4
m/z 189.052 5 [M+Na]" (I+51H 189.052 8), 7rF  BAY, DAZBERIGBHIENIE, X REHILEY) 1~4
A CoH1003. 'H-NMR (600 MHz, CD;0D) 6: 7.55 1 6~8 #HATHI RGN 7T, 4550 EW (K 5-B) ,
(1H,dd, J=8.4, 1.8 Hz, H-6), 7.42 (1H,d,J= 1.8 Hz,  1L&% 4 fil 6 BB RIFMIPTRIENE, AL EHNH]
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Fig. 5 Effects of compounds 1—S8 on viability of RAW264.7 cells (A) and their inhibitory effects on LPS-induced nitric oxide
(NO) production (B) (x*s,n=3)
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