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A new alkaloid isolated from Verbena officinalis
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Abstract: Objective To investigate the chemical components of Verbena officinalis of the elthyl acetate fraction with
anti-inflammatory activity. Methods The compounds were isolated, purified and identified by various chromatographic techniques
and spectral methods. The anti-inflammatory activity of the new compound was evaluated by inhibiting the production of nitric oxide
(NO). Results A total of eight alkaloids were isolated from the elthyl acetate fraction of V. officinalis, and their structures were
identified as follows: verboffidine A (1), methyl-5-hydroxy-2-pyridinecarboxylate (2), 6-hydroxymethyl-3-pyridinol (3), nicotinic
acid (4), uridine (5), adenosine (6), phenethylamine (7) and 2-(1H-indol-3-yl) ethanol (8). In vitro anti-inflammatory activity
experiments showed that compound 1 could inhibit NO secretion with a median inhibition concentration (ICso) of 38.5 umol/L.
Conclusion Compound 1 was a new compound, named verboffidine A, and had potential anti-inflammatory activity. Compounds
2, 3, 7 and 8 were isolated for the first time from V. officinalis.

Key words: Verbena officinalis L.; alkaloid; verboffidine A; anti-inflammation; methyl-5-hydroxy-2-pyridinecarboxylate; 6-hydroxymethyl-
3-pyridinol; phenethylamine; 2-(1H-indol-3-yl) ethanol
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MG ERE), DEERIRE, PR, FM. B, BA
BRI AN B RIKTE M. B, BUESET)
B HEH TR RS WAL, .
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W, SERIRI) R EER S BATIR . RIF.
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BHRIFHRITER « PRk, SRS 5 iR R £,
BEEBOLREAT TR G Z i 78, BT C kil
TINIERRGE . R AR, AR AE AR A e
ARSI N B e 8 N EIE s, B
verboffidine A ( 1 ) . methyl-5-hydroxy-2-
pyridinecarboxylate (2). 6-#% H % -3- ¥ B it me
(6-hydroxymethyl-3-pyridinol, 3). HER C(nicotinic
acid, 4). JR#ENETF (uridine, 5). JI#1F (adenosine,
6). K% (phenethylamine, 7) FlW5|WE-3- 2,
[2-(1H-indol-3-yl) ethanol, 8]. tL&% 1 A HIAY)
ik, A4 N SRR A (verboffidine A), FfiRH!
—EMPRIEA, a2, 3. 7 M8 NEIRM
YR EAR . SRR P FEE T B
AR RS P, R N B HE R R AR AR T
Jo At o
1 U5

Bruker AM 600 MHz BUAZ R LR IEI (TMS
PR, Hiid: Bruker A ®]); Bruker AVANCE III 500
MHz BURZ SR IS4 (TMS A AR, it Bruker
/x7]); Thermo Scientific Dionex Utimate 3000 UPLC
Plus Focused jf 10 AH L3l R4t LTQ-Orbitrap
Elite 41t B 1B - 5 G FRL I B0 B i 20 9% 154
(P 2% HmE 55 B U ESI 5 Xcalibur 2.1 462 LAY,
F[E Thermo Scientific /A #]); Olis DSM 1000
spectrometer |7 — i (3£ Olis A, Agilent
1260 = ReBAH g4 (3£ Agilent A7) ); LC-100
RS OB T A (R R R A TR A 7]
YMC Cig HPLC il #54E (250 mm X 10 mm, 5 pm,
HA YMC A#]); BSZ-100 H 3l iisias ( Lif
P HTCAR) ); BS224S B PR (dbaige%
FIHAER REA R AR )= OIS ER GFas A
ikl (200~300 H, #H&\EHFEAL] D
Sephadex LH-20 #E/5z (3£[H Pharmacia A ®]); KA
WZEIK s WA AT Al s ik Al (PE B R A
AMWRAFED. N-FHIEAFEIR (M5 S0011-220124,

R AEREA R AT,

LHFRL 2T B 2R =N, @Iy
REEAST /NG 20352 25 5 29l i e o) B o g A ) 1
¥V, officinalis L.J¢ T84 E#B4>.

2 HiE
21 REBEHE

BT S 258 25 kg, I 80% £ EE /KA
WL 3R (3. 2. 2 h), &IFRBURUS, 1#HE
7R AR MU 2 B2 77, 199 B3 2658.7 g,
PR B IMNIE | KBV, X AAEE . BEER
ClE. IETEEZERG, Ayl B, 45 30 I
FII%E 686.81 g+ BHIR LRI E 400.829. IE T
BRI E 696.91 9. HUEHIR LEGH 4R E 400 g,
KRR (200~300 H) FEtaifkes, DL H -
FEE (100 @ 155 : 1) ANBEliAIBE e, ZE)=
BRI, AR, 192 25 AN, 700
N Fr. 1~25. Fr. 20 (15.67 ¢) & & Fhi-HEE &R
i (50:1. 30:1. 20:1, 10: 1) BREEVEML, 75
F| 20 MR (Fr. 20-1~20-20). b Fr. 20-12(1.19
9> H Sephadex LH-20 ##AE CFHEE- S ki 1 0
AT, 4 TLC iR, AJFMRR S, 53 9
ARG, RN Fr. 20-12.1~20-12.9, Fr. 20-12.4
(0.36 g) Zead F-ifill & = OB ek alid,. CRBhAE N
FAlE-7K 40 : 60, Rl Ay 254 nm, AFARE 3
mL/min) BELEY 1 (7.0 mg, tr=19.89 min). 2
(6.2 mg, t=21.35 min) 1 8 (9.1 mg, tr=24.50 min).
Fr.21(9.88 )& S - R4 (15 0 1,10 : 1.
5:1.1: 1) BREEGEL, 193] 22 M (Fr. 21-1~
21-22), Fr.21-8 (1.16 g) £ Sephadex LH-20 #tfi
A (REE 25, £ 12 My (Fro 21-8.1~
21-8.12). M1 Fr. 21-8.5 (0.22 g) £ F4i1l 45 =20
FEREAA CRAFEAFEE-K 38 162, il
N 254 nm, RFRE 3 mL/min) B 24L& 3(26.7
mg, tr=15.08 min). 4 (16.8 mg, tr=20.42 min)
17 (18.0 mg, tr=26.81 min); Fr. 25 (12.06 g)
AT, L& e-HEE(8 1 1.5 1 1.3 1 1,
2 D D BREESEMG, 193 18 N (Fr. 25-1~25-18).
Fr. 25-16 (1.9 g)% Sephadex LH-20 %t AE 2 i ( H
BE) 43, 193] 15 M4 (Fr. 25-16.1~25-16.15).
Fr. 25-16.10 221l 4% =y ORAH ta i 4l GRishAl
FIEE-7K 30 © 70, tuilliKy 254 nm, AR E 3
mL/min) 2E{kE59)5 (7.1 mg, tk=17.09 min)
M6 (6.4mg, tr=23.15min),
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ZIOCER TR, DU R B R gR AR, i
Al NO A i, PR AE YT R TE . Al
FHE 10%J16 4 I i 15 7RG iR B ) 2X 108 4>/l
(R EAS /N B B R4 B, X 100 uL BT 96 FLAR
Rig% 24 h 5, BFLIA 25 pumol/L £illtb &A1 1
pg/mL lEZHE. 37 ‘CH:3E 18 h J5, 737N Griess A
M1 B VAW 100 pLo. 46205 & 5 min. 7£ 570 nm %
K, WER SR (A fH, FF AR AR (X,
YA RN AR FR (V) ZH gt K iz, N
A mE T AL G Y0 2 EO 8 B2 Cmedian
inhibition concentration, 1Cso) {H.
3 R
31 HWEFE

WEY 1. WEEMRY, ST HE. &5
HEE (HR-ESI-MS) Bomizib &I+ E I
Amiz 232.1332 1 [M+H]* (GH5A{E N 232.133 86),
4i4 1BC-NMR 5 (£ 1, Wz &5+
AN CuHiNO,, ANEAE N 7. IH-NMR (£ 1)
BRE AABBE RSN 4 NEERT [0n 7.22
(2H, d, J = 8.7 Hz, H-9, 13) F16.79 (2H, d, J = 8.7
Hz, H-10, 12)], 2 XU F i[04 6.29 (1H, dd, J =
4.7,10.1 Hz, H-5) £15.88 (1H, d, J = 10.1 Hz, H-4)].
BC-NMR 27~ 14 MirfE 5, 6 8 4> sp? 4k (1
ANTRIRAT L WX, 1F 5 NAERIED . FHA 2 AR
PRI S S FHAE AR 6 A spP BRIk 2 N3RPTk
454y DEPT-135 Al HSQC i, 4 6 /> spd i fldE 3
T H %L [6c45.5 (C-2), 38.8 (C-3)#11 28.2 (C-6)], 2 1
WHEE [6c 62.1 (C-7) #164.3 (C-7a)] 1 1 NZEhH
[6c50.3 (C-3a)]. R¥E Lk #r, AW L&A 1A

2,3,33,6,7,7a- /N & -1-H-W| e BB 48, 5 2 G
Y zephycandidine 111 AHAADS, 3 35 A 8] (1) 42 -
zephycandidine 111 ] C-6 {7 ALK, & 1
) C-7 MR . HMBC i (& 1) afit—3%
WESE FiRSES: H-7 (04 4.33,5) 5 C-3a fl5%. (AU,
&) 1 P B e N 3a-(4-FRH0%)-7-%
%:-2,3,3a,6,7,7a- /N A -1-H-W| Wk 56 SCikiRkaEt, I
IR NOESY #EAI CD REMfE b &4 1 ISIAARM AL,
T H-4 5 HS5 & FECh 101 Hz, 5
mesembrine-type Z44E 45 6-epimesembrenol —£K,
AMEEY) 1 BARIEM S (B D ££ NOESY &+,
H-7a 5 H-9 F1H-13 #HK, #75 2,3,3a,6,7,7a- /5 &-1-H-
H5| A=A s H-7a (0w 3.88, s) Al H-7 (dn 4.33,
like s) B FRALFIE, BEFEIRADN, $&R H-7T
H-7a ) 1 M 90, $&7r H-7 v o #2Y, 1] 7-OH
BRI, 75 CD ik (| 2), tb&% 1 1E 227 nm
A IE Cotton 25, R EALEPIRILaxT #845N 3aR
A1 7aRISL, B I, (LA 1 B4 Xt F 2 3aR, 7S, 7aR .
gi b, WA L e oy S HERR A (verboffidine A,
D, 2 E A SR C-3a- 2K - M- 75 &
WA i SR 70 A

& 2: AR (HEE), ESI-MS m/z 154.1
[M+H]", 4 A5, HNsrX K
C7H70:N. 'H-NMR (600 MHz, CD30D) &7 3 A
ABX & RGM A HRT [0n8.17 (1H, d, J = 2.4
Hz, H-6), 8.02 (1H, d, J = 8.6 Hz, H-3) £ 7.29 (1H,
dd, J=2.4, 8.6 Hz, H-4)], & 1 4~H%%E 6n3.92 (3H,
s, -OCHs). BC-NMR (150 MHz, CD30D) &= 7 4
fEs, G4 1 LHElEsE: [0c166.5 (C-7)], 541
I T 45 #4 BT Y sp? 24488 [0c 139.2 (C-2),

#z1 &% 1A/ "H-NMR #0 3C-NMR (600/150 MHz, CDs0D)
Table 1 'H-NMR and **C-NMR of compound 1 (600/150 MHz, CD30D)

A OH dc A OH dc
1 7a 3.88(5) 64.3
2 3.39 (m), 3.48 (m) 45.0 8 131.7
3 2.19 (m), 2.67 (m) 38.8 9 7.22 (d, J=8.7 Hz) 128.8
3a 50.3 10 6.79 (d, J =8.7 Hz) 116.7
4 5.88 (d, J =10.1 Hz) 133.1 11 158.1
5 6.29 (dd, J=4.7, 10.1 Hz) 1315 12 6.79 (d, J = 8.7 Hz) 116.7
6 1.88 (m), 2.22 (m) 28.2 13 7.22(d, J=8.7 Hz) 128.8
7 4.33 (like, s) 62.1
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Fig. 1 Structure of compound 1 and key COSY, HMBC
and NOESY
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Fig. 2 Experimental and calculated ECD spectra of
compound 1

123.8 (C-3), 128.1 (C-4), 159.0 (C-5) #11139.5 (C-6)]
Ko 1 AHEH [0c52.8 (-OCHa)]. BT/ bA X
FISCHR RIS, St &) 2 O 5-FRdk-2-mknE HIE .

&) 3: AENK (HEE, ESI-MS m/z 126.0
[M+H]*, 4& & &, s 708
CsH702N. 'H-NMR (600 MHz, CDsOD) &7~ 3 A
ABX & RGNS HRT [0n7.88 (1H, d, J = 25
Hz, H-2), 7.22 (1H, d, J = 8.5 Hz, H-5) £ 7.09 (1H,
dd, J=2.5, 8.5 Hz, H-4)], & 1 AN F 3 0w 4.47
(2H, s, -OCH2-). BC-NMR (150 MHz, CD30D) {&7x
6 Mx(ES, B 5 NHJETIE S T sp?
ZALTR [oc 138.2 (C-2), 156.6 (C-3), 123.7 (C-4),
125.7 (C-5) #i1151.5 (C-6)] M 1 NMIEHIE [dc 65.6
(-OCHg-)]. J8 i 43 4 LA EEE A SClifons BT, %o
AW 3y 6-F2 HBL-3-FR B nE .

&Y 4. BEEREE (FED, ESI-MS m/z:
124.1 [M+H]*, ZiamEissdE, #Hlas 5=
CsHsNO2. 'H-NMR (600 MHz, CD3;0D) i, 7E{%1%
XA T 4 ANEETHER 755 [0n 9.11(1H,
s, H-2), 8.71 (1H, d, J = 5.0 Hz, H-6), 8.39 (1H, d, J =

7.9 Hz, H-4) #17.41 (1H, dd, J=5.0, 7.9 Hz, H-5)].
13C-NMR (150 MHz, CD30D) &/~r T 6 MisfE 5,
fFE L AMREER(E S [0c 168.2 (COOH)] A1 5 AN
J& T UL nE A5 5 [oc 153.4 (C-2), 129.3(C-3),
139.2 (C-4), 125.2 (C-5)#1 151.3 (C-6)]. JEiL4#TLA
I EHEASTHERT RO, S A 4 IR .

& 5: AR CHED, ESI-MS m/z: 245.0
[M+H]*, 45 A B & 2o, a1 X8
CoH1206N2. H-NMR (600 MHz, CD30D) i, 7K
WIX SR 3N FE 5, B4 2 MEAEE T [On
8.01 (1H, d, J = 8.0 Hz, H-6) #1545.70 (1H, d, J =
8.0 Hz, H-5)] Al 1 MZH At ii 1 [0n5.90 (1H, d,
J=4.7Hz, H-1")], fEAHX &I X RoR b A&
%5 [3.30~4.17 (5H, m, H-2'~5")]. 3C-NMR (150
MHz, CD3sOD) Wor 1 9 MfE 5, fiE 4 4> sp? 2%
55 [oc 153.2 (C-2), 166.7 (C-4), 103.1 (C-5),
143.4 (C-6)] A1 5 NMAJE TEERE S [6c 91.2
(C-1", 71.8 (C-2"), 76.1 (C-3"), 86.8 (C-4), 62.7
(C-5M]. L4 H DL 2 A Sc koo BRRel, S Efh
G 5 N RENE o

&Y 6: AENK (HED, ESI-MS m/z: 268.0
[M+H]Y, 454G B &0 2, 5 5 XN
C10H1304Ns. H-NMR (600 MHz, CDs0OD) i, 7E1i
WX BIR 24N EHFRT [0n 8.25 (1H, s, H-8) £18.10
(1H, s, H-2)], fEEHX En 6 NMARE TZHER 115
5 [6n3.80~5.77 (6H, m, H-1'"~5")]. ¥C-NMR (150
MHz, CDsOD) &7~ | 10 Mif5 5, 455 NS
THRERS L sp? JebBR(E S [6c 143.9 (C-2),
122.1 (C-4), 151.8 (C-5), 159.0 (C-6), 155.9 (C-8)] A
5 MNHJE T ERERIS S [6c 91.5 (C-1'), 76.9 (C-2"),
73.8 (C-3'), 88.8 (C-4'), 64.7 (C-5")].iBiL 0 #7 LA %L
P AN SCHRGT RO, S AW 6 IR

WwEY 7. EHERY) (FEL, ESI-MS m/z:
122.1 [M+H]*, ZiGmEisEdE, #HNs 8
CsHuN. H-NMR (600 MHz, CD3OD) i¥%, 7E1%¥
XE~ 5 MARETARHERAR S ERTES [on
7.40 (2H, t, J = 7.6 Hz, H-3, 5) Al on 7.31 (2H, m,
H-2, 4, 6)], 7ERHX BN 4 NEAJET-CHo-CHo-45
FIETCIR T [0n 3.22 (2H, t, J = 7.8 Hz, H-8) Al dn
3.01 (2H, t, J = 7.8 Hz, H-7)]. *C-NMR (150 MHz,
CD30D) ‘7R [ 8 MikfE T, e 6 A sp? AAbi
&% [0c137.6 (C-1), 129.7 (C-3, 5), 129.5 (C-2, 6),
128.0 (C-4)] #1 2 /> sp® ZXHERIE S [oc 34.1 (C-7),
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41.7 (C-8)]. a4 4 LA b HHm A0 SCiifoxf 120, %
SEWEY T NIELIE.

WEY 8: Rk RK (HEE), ESI-MS m/z:
162.1 [M+H]*, ZiamEissds, #Hias vy
C10H11ON. H-NMR (600 MHz, CD3;0D) i, 7E1ik
WER SN ERTES [0n 751 (1H, d, J = 7.6
Hz, H-4), 7.39 (1H, d, J = 7.5 Hz, H-7), 7.31 (1H, s,
H-2), 7.20 (1H, like t, J = 7.5 Hz, H-6), 7.11 (1H, d,
J =76 Hz, H-4)], fEmBXER 4 MEARET
-CH2-CH2-O Z5 ¥ H e i+ [ow 3.60 (2H,t,J=7.1
Hz, H-11) A1 6n 3.03 (2H, t, J = 7.1 Hz, H-10)].
13C-NMR (150 MHz, CD;OD) &R T 10 Migfs 5,
Hodr 8 AN H & TR BEAZ L5 M 1) sp? F A5 5 [dc
123.4 (C-2), 112.7 (C-3), 118.6 (C-4), 123.0 (C-5),
120.3 (C-6), 112.0 (C-7), 137.8 (C-8), 129.2 (C-9)] A
2 4™ sp3 AL BR{E 5 [0c30.1 (C-10), 62.7 (C-11)]. i
k43 B BA b B A SR RO, S e A4 8 vl
We-3- 717,

32 EMER

AW 150 NO A i geie 25 R 7R, H 1Cso
fH 38.5 pmol/L, PFHPM:ZY N-HLH R Z R 1Cs0 {H
N 9.5 pmol/L, HEREY) 1 o — & PRI T
4 g

ey (P EZG ) 2020 SRR A, T
FERA KH KRBT IARZIE, FESEHH
TR R R A =i 2R R ), (B AR B R
A RIE . ARSI N T HE R R LR AL O B
153 8 MEMIBRA G, H A& 5 HE R,
A NERNSHEREREY >S5 2 HE
2,3,3a,6,7,7a- 7N A -1-H- 15| W Y 8 ZE 0 A 0wk Js 73
AR KR 5, S E R A2
W f F5 BE 2 3% Zephyranthes candida (Lindl.)
Herb.[2Y, ZUEAEY)E A PIiEaefE R, 1SS IR
AURAHER, 5655 A B —ehiRimt, 2
NIRRT R 2 FAEA R IR FH 228005 o
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