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FE: N FT =FEAR(Trigonostemon heterophyllus) i) i %o K HPUE G, RAERAEN . BURAENT . S0
IR ZERA AT A B A, GG IRBOEBARN G MIAT S5 5, FREIT AN EAN 2 (R BRI AL Sk B
% B B K T i (Escherichia coli)bA J 2 % BB T it 98 SUER T (Preumococcus) A KANHIFYEA MIC 8. M=%
ARAFFERBT 6 MEAEY, G5 A6, 1 ADKRIEERIS, 45 5% ¢ N trigonochinene E (1)+ neoboutomannin (2)+ 6,9-0-
dedimethyltrigonostemone (3). stelltian B (4). 3,4-secosonderianol (5) biondinin A (6). fb&H1 1. 2. 3. 5 X KIGATF &4 Pk
F, MIC {5708 9.375. 18.75. 18.75. 18.75 ug/mL. L&Y 2. 3. 4. 6 NERNZFHEY T 5B 5], WEW 4 AEIR
MZJBEHEY B E] . BRALE 4 56, HABLEWERE —ERHieEiEtE, HAGSY 1. 2. 3 SR AT B4 7 F 58 T-Be i
X HRRRIR RN 5 .

REEW: =R WS KIAFE il 2 0k
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Chemical Constituents and Antibacterial Activities of Trigonostemon
heterophyllus

CEN Xiangni, FAN Yiying, LIU Haowen, LI Jiayin, WANG Chuanlin, LIU Pinghuai”

(School of Chemical Engineering and Technology, Hainan University, Haikou 570228, China)

Abstract: To understand the chemical constituents and antibacterial activities of Trigonostemon heterophyllus, six
compounds, including five diterpenoids and one lignan, were isolated and purified by silica gel column chromate-
graphy, gel column chromatography and high performance liquid chromatography. Based on spectroscopic data,
their structures were identified as trigonochinene E (1), neoboutomannin (2), 6,9-O-dedimethyl trigonostemone
(3), stelltian B (4), 3,4-secosonderianol (5), biondinin A (6). The inhibitory activity and MIC values of compounds
against a Gram-negative bacterium, Escherichia coli, and a Gram-positive bacterium, Pneumococcus, were
detected by Oxford Cup method and double dilution method. Compounds 1, 2, 3 and 5 had inhibitory effects on
Escherichia coli with MIC values of 9.375, 18.75, 18.75 and 18.75 ug/mL, respectively. Compounds 2, 3, 4, and 6
were isolated from 7. heterophyllus for the first time, and compound 4 was isolated from Trigonostemon genus for
the first time. Except compound 4, all the other compounds had certain antibacterial activity, and compounds 1, 2
and 3 had stronger inhibitory effect on Escherichia coli than Kanamycin sulfate positive control.

Key words: Trigonostemon heterophyllus; Diterpenoids; Escherichia coli; Pneumococcus
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K7 =FAR(T howii)s EITE=FAR(T leucanthus)-
228 = FKAR(T. filipes)FIEE AW (T huangmosu), F 7=
TR = SRS ARG R A X,
S = EARB R AEY), AR TR PR
Bz, B 1~2m; K 12~35cm, 5 4~
10 cm, HREFHK 1~8 cm, AKL) 2 cm HITEAFE
RV Fr, HL8 BB EAR SR S EROB IR R,
= FARTEIAE M G 2 F RV TT P i, 7R AR e
X B PTVE AR BT, R, AR R
FNBA, = FARTE I 32 B B 5) o 2RO il
FILTRAR) RS RBTERMAEDRE. DA
Mg REY, ZFAREYEATUREET. ik
JEBL B BUEP. PUEUOR AR A ENE . AT 10
R, BN ZFEAED T EH T 100 248
ZHERA S, AR BRI B A .
e ZFORRMFE B IR A AR, B XM =%
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1.1 PERLR S

MRLT 2021 4 12 AR BEREA TigLTT, &
T B R 2 XS PR U 5 N I = 5 K (Trigono-
stemon heterophyllus)IKi 5%, ¥ IRAT T F K
W TR EHAR SR G RVR AL TAESEI = 2
ECRAE: B KT i (Escherichia coliy ATCC8739 LA
B2 RBH A B it 28 SUER B8 (Preumococcus) ATCC8576
PIRAE TR RS TR SR -40 CUkFi .

BSZ-100 H 3B EER( IEHURHYES); Bruker
Avance 111 600 A% W ILHR WA (BB AT & ) 58
AN 2 CREAR AR ), DAD1024 K5 B 21 6
B ORIEMRFERS); i HA SB-PHENYL (9.4 mmx
250 mm, 5 um, Agilent); SZI6 =R AKHL(_LEEMZR
AX#%); Waters UPLC-QTOF iR (35 E Waters
A #]); Sephadex LH-20 &t (_ EigEI): FER(F &
WAL T BER A RACERAER) s AmlE. =&
Fi. LIRS il B SRR
1.2 #MEHE

S = EAR KT, BT % 5.0 kg A
95% LI MNFENRER L 3 IR, JRIEIRAER R £ B
B 145 g. BE KRS, KA B &L,

LR CTREER, HEAMENRE 99g, W
12 g, LIROME 6.4 go WUATHEEEBLAZHN)(9.9 )it AT
TR MR A Tk 2R 2.F8(1:0~0:1)], TLC &
HILHEF] 6 MR (EI~E6). HUA4 E5 (2.4 )M
Sephadex LH-20 %, & F ki Flig=1:1 Feii, TLC
EHEE] 5 AR (ES-1~E5-5), BUALZ> ES-2 (23 mg)
AT WA AL, TRBNAE N FEE:0.1% R 7K =80:20,
S EAREAEAY 1 (2.1 mg). BUR E6 (1.5 g)
il Sephadex LH-20 %%, — & FHe: FHEE=1:1 M,
TLC &IF15 3] 6 M43 (B6-1~E6-6), Hliis E6-4
(18.4 me) AT ARSI, FRBNFH N 80% FEE, 705
BRI EAEEAEY 2 (1.6 mg). Bl LM B 3EEL
W12 g AT RERAE FE BT e ] U e R (1:0~
0:1)], TLC &HILEE] 6 M/ (FI~F6). Ui
F1 (3.2 @) ATRERAFLENL, TLC &HAR3] 6 Mo
(F1-1~F1-6), HUf4r F1-3 (1.2 g)f Sephadex LH-20
BERS, AP BRI EE=1:1 ¥EI, TLC &3F583 5
AN (F1-3-1~F1-3-5). B4 F1-3-2 T4
b, WA 10% R, 7r EA RS EY)
3 (1.2 mg), 5 F1-3-4 H 70% 9 lE HPLC 4ifk, 4
BAAREAEL A 6 (1.5 mg). BURS F2 (2.6 g)
BEATREIAL EMT 0 B, TLC & 35153 5 M4 F2-1~
F2-6, #i5> F2-4 (32 mg) Al HPLC [H #: 0.1% &
IK=80:2015% i, 7 E515EImai G 4 (2.4 mg)
5 (1.8mg). WA 1~6 L2 1,

1.3 %%

&1 AR A; ESIMS m/Zz: 321 [M +
Na]", 4312 CisH1504. 'H NMR (600 MHz, CDCI3):
5 8.08 (1H, s, H-14), 7.79 (1H, s, H-11), 7.65 (1H, s,
H-1), 6.89 (1H, s, H-6), 4.06 (6H, d, J = 4.2 Hz, 2-
OMe, 7-OMe), 2.56 (3H, s, H-16), 2.46 (3H, s, H-15);
3C NMR (151 MHz, CDCls): § 100.27 (C-1), 144.65
(C-2), 143.39 (C-3), 116.44 (C-4), 127.54 (C-5), 96.18
(C-6), 152.35 (C-7), 123.54 (C-8), 131.34 (C-9), 119.90
(C-10), 106.02 (C-11), 153.50 (C-12), 118.97 (C-13),
124.53 (C-14), 16.19 (C-15), 11.19 (C-16), 55.21 (2-
OMe), 55.93 (7-OMe). b % 5 SCHR[11 1H0E 2
AR—F, WA trigonochinene E.

&2 BEEA; ESI-MS m/z: 529 [M +
Na]", 3 F 2 C32H606. "H NMR (600 MHz, DMSO-
de): 6 10.57 (1H, s, 11-OH, 11-OH), 7.93 (1H, s, H-13,
13), 7.13 (1H, s, H-10, 10"), 6.77 (1H, s, H-5, 5'), 2.20
(3H, s, H-14, 14'), 1.43 (3H, s, H-15, 15"), 1.32 (3H, s,
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Fig. 1 Structures of compounds 1-6

H-16, 16"); '*C NMR (151 MHz, DMSO-ds): § 133.19
(C-1, 1'), 204.33 (C-2, 2'), 45.39 (C-3, 3'), 160.00 (C-
4, 4", 121.05 (C-5, 5'), 183.11 (C-6, 6'), 123.58 (C-7,
7", 129.66 (C-8, 8'), 151.52 (C-9, 9), 111.81 (C-10,
10", 160.23 (C-11, 117), 130.03 (C-12, 12'), 129.68
(C-13,13"), 16.26 (C-14, 14), 22.46 (C-15, 15"), 23.60
(C-16, 16")o FiRE A 5 SCHR[ 124008 I HE A — 2, i)
% 9E N neoboutomannin.

eI  REAS; ESI-MS m/z: 321 [M +
Na]*, 4120 Ci1sH1304. 'H NMR (600 MHz, CD;0D):
5 7.94 (1H, s, H-8), 7.45 (1H, s, H-5), 7.42 (1H, s,
H-4), 6.75 (1H, s, H-10), 3.89 (3H, s, -OMe), 2.36 (3H,
s, 7-Me), 1.47 (6H, s, 1-Me); '3C NMR (151 MHz,
MeOD): § 50.14 (C-1), 201.81 (C-2), 148.04 (C-3),
115.08 (C-4), 114.25 (C-4a), 104.47 (C-5), 133.43
(C-5a), 157.31 (C-6), 127.05 (C-7), 125.14 (C-8),
119.99 (C-8a), 155.45 (C-9), 105.06 (C-10), 144.61
(C-10a), 55.90 (3-OMe), 28.80 (1-Me), 16.85 (7-Me).
R 5 SCER[13]IRIE A — 2, BTN
6,9-0-dedimethyltrigonostemone

&4 AEKNK; ESI-MS m/z: 307 [M+
Na]*, 412\ C17H1604. 'H NMR (600 MHz, CD;0D):
87.93 (1H, s, H-1), 7.70 (1H, s, H-5"), 7.67 (1H, s, H-
1"), 4.03 (3H, s, 2-OMe), 2.50 (3H, s, H-4"), 2.36 (3H,
s, H-3"); 3C NMR (151 MHz, MeOD): ¢ 96.66 (C-1),
144.86 (C-2), 144.39 (C-3), 127.90 (C-4), 118.16 (C-
5), 120.93 (C-6), 120.29 (C-1'), 124.93 (C-2"), 125.58

HOH,C
9 ¢

(C-3"), 156.29 (C-4"), 105.21 (C-5"), 106.34 (C-1"),
153.23 (C-2"), 16.78 (C-3"), 11.52 (C-4"), 55.52 (2-
OMe). iR%E 5 CRR[ 141 A, #E
5E N stelltian B

¥ s  wrEOHRY): ESI-MS m/z: 351
[M + Na]", 4320 C21Has03. 'H NMR (600 MHz,
CD;0D): 6 6.66 (1H, s, H-11), 6.62 (1H, dd, J = 18.0,
12.0 Hz, H-15), 5.51 (1H, dd, J = 12.0, 2.4 Hz, H-16),
5.12 (1H, dd, J = 18.0, 2.4 Hz, H-16), 4.94 (1H, m,
H-18), 4.71 (1H, d, J = 1.2 Hz, H-18), 3.58 (3H, m, H-
21),2.72 (1H, ddd, J = 16.8, 4.8, 3.0 Hz, H-2, 7), 2.49
(1H, m, H-2, 7), 2.40 (1H, dd, J = 12.0, 3.0 Hz, H-2,
7),2.22 (1H, m, H-2, 7), 2.20 (3H, s, H-17), 1.98 2H, m,
H-1, 6), 1.85 (2H, m, H-1, 6), 1.79 (3H, m, H-19), 1.45
(1H, m, H-5), 1.20 (3H, m, H-20); 3C NMR (151 MHz,
MeOD): ¢ 36.23 (C-1), 29.52 (C-2), 176.33 (C-3),
141.99 (C-4), 48.00 (C-5), 26.14 (C-6), 30.42 (C-7),
127.06 (C-8), 140.07 (C-9), 42.02 (C-10), 112.28
(C-11), 154.77 (C-12), 121.19 (C-13), 148.44 (C-14),
135.729 (C-15), 119.76 (C-16), 13.28 (C-17), 114.69
(C-18), 23.20 (C-19), 28.31 (C-20), 52.03 (C-21). E
IRE s 5OCER[ 1S RIE A — B, #UEE N 3.4-
secosonderianol.

&6  TLtaitk; ESI-MS m/z: 397 [M +
Na]*, 433 C21H2606. '"H NMR (600 MHz, DMSO-
ds): 0 6.94 (2H, d, J = 9.0, 2.4 Hz, H-2', 5"), 6.87 (1H,
dd, J = 9.0, 2.4 Hz, H-6'), 6.68 (2H, s, H-2, 5), 5.45
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(1H, d, J = 6.6 Hz, H-7"), 3.77 (2H, s, H-9), 3.75 (3H,
d, J = 4.8 Hz, H-9', -OH), 3.73 (9H, d, J = 2.4 Hz,
3-OMe, 3'-OMe, 4'-OMe,), 3.70 (1H, m, H-8'), 2.58
(2H, m, H-7), 1.69 (2H, m, H-8); *C NMR (151 MHz,
DMSO-de): 6 128.89 (C-1), 111.59 (C-2), 143.36 (C-
3), 145.47 (C-4), 109.63 (C-5), 134.12 (C-6), 34.78 (C-
7), 31.58 (C-8), 62.98 (C-9), 135.15 (C-1"), 112.36 (C-
2'), 148.71(C-3"), 148.44 (C-4'), 116.44 (C-5"), 118.05
(C-6"), 86.66 (C-7"), 53.45 (C-8"), 60.20 (C-9"), 55.65
(3-OMe), 55.53 (3-OMe), 55.46 (4'-OMe). ik %
5 SCHER[ 16148 A — 2L, #%E5%€ 4 biondinin A,
1.4 PUETE WA

KA AEHEMER LA 1~6 IR B EAR, K
TEACIF IR A BRI 28 XK ERHERR T 50 mL = ffijfl
1, 160 v/min #5512 h, KPR G B A 2 ER K
B, 5 0.5 ZIRILHE Lo, BibiliR A 5%10° CFU/mML
FREG . W 100 ul RARLETAR b, F5E
TR K A AR T3R8 T, FEAR RN 100 L
2 mg/mL IS RFREFE A, BHPEXTIECN 2 mg/mL BRER <
MR, A DMSO %k

KH 2 ERREENT,  BEHIARIAE S IU6 TR
FER 2 mg/mL, WRIRATE = R FE B A R BE D
STV B RS IR R IR A, R R
FERYCA: 24 1. 0.5 0.25. 0.125. 0.062 5. 0.031 2.
0.015 6. 0.007 8 mg/mL. 7F 96 FLHRM A1~A9 1T,
MRS 20 uL R B R AR BE I 2530, 78
H AL £ AR T3 180 uLs 2B 1 29
FLII B R 23R FE A2 I ON IS VR B (Y S i _ A 10
f%, 235H14 200, 100, 50, 25. 12.5. 6.25. 3.12.
1.56+ 0.78 ug/mL. FHVEXTHRAUAMEE RIMER, &
FEWIHBEE N AR, 37 ClEEFRFE IR EUVN
BRI 16~18 h, i g WEKTE 7~9 h). MIC
B E—HEfL a1 ANETE AL RER BEFN S 1A
VEMU LT B BE BG4, B MIC=(iR )5 1 /N
TEIFLXT LR B3 1 AN A FLAT BIR )20

2 GPRAITE

2.1 FM = AR

MR = SR A EE . SR e 2 RGE A 7
H1FE 6 MEEY), BFE 5 iR A 1~5)F 1
MARIBRFEACED 6), 70 7 25 € N trigonochinene E
(1). neoboutomannin (2). 6,9-O-dedimethyltrigono-

stemone (3). stelltian B (4). 3,4-secosonderianol (5)
1 biondinin A (6). L&) 2. 3. 4. 6 HEIRMNIZ
Y BAR R AW 4 vE IR XERE Y
e EsER
2.2 AL EYIR RIS A R I HIE

LEEMEARSINL A W) trigonochinene E (1)« neo-
boutomannin (2). 6,9-O-dedimethyltrigonostemone (3)+
3,4-secosonderianol (5)XF KAt B A= KA FHIE
TR Pl ELAR AN B AR 20 3l 12.2 (thESUE). 147
(P U, 13.7 (PEBUE)FT 4.2 mm (IKBUK), FHE
SRR KA RN 11.7 mm, HERBURFERE. M
B AR E 1 5 N E 7 3108 9.375 18.75.
18.75. 18.75 ug/mL, FHMEXIHE N 18.75 ug/mL.
2.3 ALAEYIR T R SUERTE A I IE T

1k &%) trigonochinene E (1)~ biondinin A (6)%}
Jils 98 XUBR B A AT H 7 H 480 B Bl ELAR 2000 0 9.2
A 4.2 mm, SRRSO IREBUR . IVEX AR
BRI 12.2 mm, NPEBUERIEE . MENZW
TRV B e/ N BE 43 R 9.375 A 150.0 pg/mL,
FHEX R R 1.170 ug/mL.

ZERE Y RAT SRR, HATE L
1] 2 30 T AU B A ) 2 L BE RN AR B, S AR
@it BEHARRmMEAS S, RS IR
AT A1) A K 3 B R AE T
(1). 3,4-secosonderianol (5). neoboutomannin (2)%§
TN 22 A A R B A B A D Trigono-
chinene E (1)%J K4 | JTHRAT & (Helicobacter pylori SS1)+
G BV & BRI (Staphylococcus aureus ATCC25923)
R EBRE(S. epidermidis ATCC12228) BEE M
BRI (Micrococcus luteus ATCC9341). HE L ERH
(Candida albicans ACTT1600). £1 & /NE-F & (Micro-
sporum  gypseum) B A R, P4 v A A Bk
R 3R A R HI SR T PH I X EOR =28, XA
B /I TR ) R 5 T B A B R R 2R
3,4-secosonderianol (5)IRJE N 1 ug/50 ul 7 25 7E4K
FEAIGEOHERFE ST, MEEESN
13.8 mm™”., Neoboutomannin (2)%} 4> £ %5 4 BRI «
AR W HF 1 (Proteus mirabilis)~ FE W EK & (Enterococcus
faecalis)s FEEERE . #iy SEREE (C. tropicalis)Fl
W HE S ER W (C. parapsilosis) A i 12, MIC 154>
WA 3,124 250 3.12. 625, 1.56. 1.56 ug/mL. AHF
FRETREY], MR =KW 5 M w5

trigonochinene E (1). neoboutomannin (2). 6,9-O-

trigonochinene E
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dedimethyltrigonostemone (3). 3,4-secosonderianol (5)
RPN, S0 AT S SRAR T -

T = FAGE I R R Y, AW
Rift— B FE T R = AR A 8o S
WA TEZGERE T, X TR R SR BA
HEH R X

SR
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