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Abstract: Objective To analyze the chemical constituents of Pegannum harmala based on UHPLC-QTOF-MS/MS and explore its
possible neuroprotective activities. Methods The chromatographic column was ACQUITY UPLC BEH Cis (100 mmX2.1mm, 1.6
um). The mobile phase consisted of 0.1% formic acid aqueous solution (A) and 0.1% formic acid acetonitrile solution (B), followed
by gradient elution. Volume flow was 0.3 mL/min; The injection volume was 2 pL. Column temperature was 35 ‘C. The mass
spectrometry system used electrospray ion source (ESI), which was detected in positive ion mode. Then, the oxidative damage model
induced by H202 and 6-OHDA in PC12 cells and the BV2 neuroinflammation model induced by LPS were established. The extracts
of the aerial parts and seeds of P. harmala, and the four main alkaloids of harmine, harmaline, harman and norharman, were
investigated on their neuroprotective activities. Results A total of 32 chemical constituents were identified from P. harmala. The
aerial parts mainly contained quinazolone alkaloids, such as peganol and deoxypeganine, while the seeds mainly contained
B-carboline alkiods, such as harmine and harmaline. The methanol extracts from the aerial parts, seeds and four main alkaloids
showed certain inhibitory activity on NO production in BV2 cells stimulated by LPS. They also had obvious protective effects on
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PC12 cells induced by H202 and 6-OHDA (P < 0.01). Conclusion The alkaloid components in the aerial parts and the seeds are
quite different, and the alkaloid compounds have certain neuroprotective effects. This study provides some reference for the quality
control and the basic research of pharmacological substances of P. harmala.

Key words: Pegannum harmala L.; UHPLC-QTOF-MS/MS; alkaloids; neuroprotective activity; harmine; harmaline; harman; norharman
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F1 BREPLINEENERS
Table 1 Main compounds in P. harmala
i I Lais AFA twimin EE-HHAET (i) }[E“’{;{gl* %)ﬁ Slmmiiﬁsg
1 WRIGER CsHuNO3 0.953 128.071 3, 100.076 3, 82.066 2 1460812 146.0825 v v
2 L-pipecolate CeHuNO;, 1.250 84.0710 130.0863 1300867 v v
3 indole-3-acetaldehyde  CioHgNO 2309 132.0813,117.0579 160.0757 1600760 v
4 vasicinol CuHuN:0, 2838 187.0873,169.077 7 2050972 2050981 v v
5 BETER CuH12N20 3.495 161.1065,120.044 6, 70.065 9 189.1022 189.1026 v v
6 MBETER CuH12N20 3981 171.0929, 154.066 3, 144.081 3, 118.066 2, 91.0552 189.1022 189.1026
7 HOMEIETE R CosHzN20u 4491 351154 3,189.1015,171.091 8 5132079 5132081 v N W
8 HMEILTRNE CuHzN20s 4591 189.0943,171.0840 351.1551351.1571 v N W
9 pegaharming | CisHuN,0, 4722 215.1195,188.094 2, 172.097 7,160.065 1, 144.069 1 231.112 6 231.1127 v
10 luotonin E CioHisNsO,  4.840 301.1190,283.104 5, 261.983 4, 231.112 3, 188.090 9 316.108 1 316.1085 — —
11 2-carboxyl-34- CoHsN20; 4,923 149.9125,131.060 1, 106.034 6 177.0659 177.0658 v v
dihydroquinazoline
12 BeAHs e CuHuN; 5221 144.0697,118.058 1, 106.067 3, 91.055 1 1731073 1731074 v A
13 glycosides vasicinol CisHisN20s 6226 205.098 3, 188.0735, 171.092 1 367.1513 367151 VW
14 R IR CuHoN:0 6301 1710905, 144.081 0, 118.064 2 187.0866 187086 < v
15  peganumalineF CuHiN:0s 6590 2311121, 188.089 0, 170.079 0 2611234 261125 VW
16 tetrahydroharmane Ci2HuN> 6.603 171.090 3, 144.0775 187.1230187.1243 VW
17 WSBETEEBE A BT CoHaN2O;  7.069 203.048 3,185.0359 365.1343 3651346 v N
18 MGWETE R CuHwN:0;  7.003 185.072 6, 130.066 2 203.0815203.0818 v W
19 LFRIETER C12H12Nz0 7.135 185.0726,160.076 7 2011022 2011038 N VW
20 ZEBHEm CioHuN0;  7.204 231.1137,215.079 3 393.1656 393.1661 v W
21 BRI CiH2N,0;  7.235 229.093 3, 214.057 2 391.1500391.1506 v W
2 WRE CizH10N20 7.499 184.0659, 181.076 6 199.0866 199.0872 v W
23 EHR/RIH CuHsN; 8.163 142.066 1, 115.054 3 169.076 0 169.0758 v W
24 FEARUCEMAANY) CuHN0; 8342 214.0744,187.0826 229.0972 2290992 N W
25 WA/ CizHioN2 8.824 168.078 1, 144.081 4, 115.055 3 183.0917 183.0928 V4
26 dihydroharmane CizHiN2 8.874 170.084 4, 144.081 5, 130.066 2 1851073 185.1088 — —
21 BRIETEW C13HuN:0 9.929 200.095 8, 174.092 6 2151179 2151194 N W
28 EEBRICTER CuisHN,O  10.012 198.080 2, 170.084 9, 144.080 6 2131022 2131036 VW
29 3-hydroxylated CiHN0; 10510 215.0769 229.0972 229.0988 VW
harmine

30 MOBEAEEGSIEET CioHs2024 11072 447.1338,285.0748 917.2921 9172907 N VW
31 BRI CoHsOps  12.310 651.2035,447.130 1, 285.076 5 9593027 959.3019 v v
32 harmalacidine CiHiN20p  12.792 189.102 2, 162.091 7, 146.063 8, 128.999 5 217.0972 217.0970 — —

S1-EAEHHA R S2-rhEHN AR S3-hEHEA T VERKNENZ S —FRS R E %oy

S1-the herbs from Pakistan S2-the herbs from Gansu of China S3-seeds from Xinjiang of China; Vdetected —not detected
179> T HAEFEHL (molecular feature extraction, e IEE s LAY, G L SR
MFE), 3 EEEMIH, FEHRMHERRIEE RS0, X PIRGEEm. MR 25 HIE 7K
PR B, A5 R 2. M /RIEAERL, HESRAEH BIZONIENE IR 15, IR
2.1.1 B-MRIRSEAEMIINSS S E  B-MREAEL U 5 kA BHZAEE CHs (—15) F1CO (—
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Fig. 2 Venn chart of chemical composition of herbs and
seeds of P. harmala
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B FIgE miz 229.098 8 [M+H]", #HENHS TN
CisH12N2O2 o #E— 2D W i 2 =24k miz N
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GG E T, A SCERIRIERS, HE Dy £ A0
TE R R A

&) 26 IR EE IS [E] A 8.874 min, ARG HES
T8 ¥ m/z 185.108 8 [M+H]*, HEMI A>T A
CroH12N2, HE— B TR =4 miz 2y 170.084 4
(—15, -CHg). 143.073 3 (—27, -HCN) 25— ZiH%
FET, A CufoEt, HEIA dihydroharmane.

&) 32 FIR BT 8] 12.792 min, AR¥EHE 7

T8 ¥ m/z 217.097 0 [M+H]*, HEMHA T A
Ci2H12N2O2, 3 — 2D W i 2 7= 4 miz N
189.102 2 (—28, -CO). 162.0917 (—27, -HCN).
146.063 8 (—16, -NHz). 128.9995 (—18, -H,0)
FTYWR BT, 6 CERIRGEDRT, HEW N
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2.1.2 WEWRRRSEYIBRAEA S W 2 A R
IR E L SO i — R E B AR, g
WETEDR (vasicine) . 234 Y {E7% (deoxypeganine).
i M5 16 B8 B vasicinone ) . 2= 4 1Y B 1€ B9
(deoxyvasicinone). B&IE T Hs &R,

&9 4 AR EE I )R 2.838 min, HRYEAESS T
B 7I& mfz 205.098 1 [M+H]", HEIH> TN
CuH12N2Oz, HE— PR =4 miz N
187.084 3 (—18, -H,0) & i H BT, 45A X
MR IE S, HEWH S vasicinol .

&4 5 F1 6 {fREEITA2Y 3.945 min 1 3.981
min, 1E 27T 5874 miz 189.103 0 [M+H]*
TR, N3 7008 CuHNLO, Xf&k
B TR S S AR B PR AR miz 2 171.092 9(—18,
-H,0), 144.081 2 (CipH1oN*), 118.066 2 (CgHgN™),
91.055 2 (C7H7Y) SR ET, WEW S 5
HRFR T B — 508, HE I AT RES RS MELETR, 1 6
IR BELE T .

AW 7 IR BRI (8] 4.491 min, HRIEHESS T
BT m/z 513.208 1 [M+H]*, #HEMHS TR
CagHN2016, BE— DRI ISR R A R 1401
#i % 6E miz 9 351.154 3(—162, -Glu) {15 17 7,
FER 14y THI%RE m/z 4 189.101 5(—162, -Glu)
) R BST, S5A SCHERIGER,  HEIH A
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TIPS BETEN, (EBEEL R 0 B B i v o ik
THIE o

b4 8 I BE IS 1]y 4.591 min, HRIEHES T
B 7% m/z 351.147 1 [M+H]*, #EWHS 7008
CiH2N20s, #E— DI it R R =4 mliz A~
189.094 3 (—162, -Glu), [M+H—Glu—H,0]*
171.0840 (—18, -H0) W &E T, A X
R TE DO, HEW I A G ST 1

A 10 LR AT R] Y 4.840 min, AR¥EHES>
T8 ¥ m/z 316.128 5 [M+H]*, HEM AT K
C1gH13N3O2, #E— DRt =4 miz A
301.119 0 (—15, -CH3), 283.1045 (—18, -H.0),
261.983 4 (—55, -C4H7), 231.112 3 (—30,
-NH2CH>), 188.090 9 (—128, -CgH:NO) % %%
WERET, 456 3CHdaERd, HEM A luotonin E.

WA 1L AR BRI B 4.923 min, R¥EHES>
FEFI§ m/z 177.065 8 [M+H]*, #7208
CoHeN202, it — 1B i R 7= A= miz 24 149.912 5
(—28, -CO), 131.060 1 (—18, -H,0), 106.034 6
(—43, -CHsCO) &2 B8+, 456 CiffaaEy,
HEM H: >y 2-carboxyl-3,4-dihydroquinazoline.

&) 17 IR BE I TR 7.069 min, AR HE S
FTETIE miz 365.111 4 [M+H]*, #HEMH TR
Ci7H21NO7, #E— R =4 miz N
203.048 3 (—162, -Glu), 185.0359 (—18, -H,0)
LR, S5 SRS, HEN L R TE
Pl i 0 2 W T

tEY) 12, 14, 18 FISCHRARIE O v 41 55
TV OURFE A — B HEN A T A RS AR
Bl 0 A TS A AR Bl TS A A PR o
213 HAth fEW 1 FSCHERIRGE RS TR T
U TORRFIE TR BE A B, HEN O DR R .

AW 2 BIR RN E] 2 1.400 min, AR¥EHES> T
B7iE miz 130.086 7 [M-+H]", WS TRA
CeHuNO2, BT R @ =4 miz 2y 112.063 7
(—18, -H0) W&+, it tX MassBank
G, HENHN L-pipecolate.

&Y 3 FIAR BRI TE] A 2.181 min, FRIEHES> T
B m/z 160.076 0 [M+H]*, HEMH AT K
CuoHoNO, #— B R s iR g+ 4= miz 7y 132.081 3
(—28, -CO), 117.057 9 (—15, -CH3) %5 2
FrE 1, itk x) MassBank s PE, HEMIH AN
indole-3-acetaldehyde,

A 13 HIIR AT A] 9 6.226 min, AR¥EHES:
T B TI% miz 367.151 0 [M+H]*, HEHA 7K
CigH1sNgO3, #E— D% M =4 miz N
205.098 3 (—162, -Glw) FEH &1, 454 SClikIERY,
e HA glycosides vasicinol.

&4 30 IR BT [E] 2 11.072 min, ARG HE 7
T8 FIg m/z 917.295 9 [M+H]*, HEM AT A
CaoHs2004, FE— 2D (1) T B 544 7 7 25 miz 29 447.133 8,
285.074 8 W T ES T, A5G SCHRIRIEDRS20T, HE
HTRE ML 2R A 0 gE S 1T

&) 31 FIR B IS [E] 2 12.312 min, AR¥EHE 5
T8 ¥ m/z 959.307 7 [M+H]*, HEMI AT A
Ca2Hs4O0s, 13— (1) T3 2 g 4 m/z 9 651.203 5,
4471301, 285.076 5 &5 —ZGWE B 1, G54 SRR
TGOS, HEWI AT B A GE T Y .

M 1 FE 1 A BLEH, L-pipecolate.
indole-3-acetaldehyde ¥ /X 7t 3% 3¢ 3% ks U & 3
luotonin E. dihydroharmane. harmalacidine {3 74
FrHoRDL, EIEENHEA E IR E A, DA
AR B 22 SR, MME LR . MYMELERE |
AT TER . MYWEIERARR . JRIeIEm. L 2%k
HEUL. i LW AELETEE T DRIEEE AT &
HEFRK. AL, IETEE S ERIA T A
AFEE (B 2) frafLiEH, EEE M AT
B HN g% b A g, DL R s Ik de s M1
R REA AR = B 4y il 183, 171 i 229,
1M 3 HILA MR E S 70, F— 0 ULIH AR
B AN[E] = MO B S A o 22 SRR . AR U v
EXT 3 AP HORE 5 A B 3T S, )
Y 32 MEE VIR TELR S B WAL 1o v FEA ARy
IR R AL RN A ZER, AFEEA
FRN A 22 520, A] B AL S AE MR RUR A
PRI S ARG, (A REY KA BRI H
R B~ AR AL 2 TR AR DR
22 HRTEMRIEER
221 BV2 4GSR BV2 412X
ARG FEM RIEAM,  JORE R AR EIRIT MR
P R P R B B 228, BV2 I AFIE R 45
B (E3-2), SEALAMI, IEIeEm. RE%
JEEN. SRR PR ETE 10, 20 pg/mL
I, X BV2 43 J0 B B AR E s wE/RIA 4
ERIRELE 20 ug/mL i, BV2 JIHIf7iE R T,
HHERHER . LPS /EHT BV2 4iifflf5 NO 1
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BCESR, AT LPS B K BV2 41
FEIHE — 5 R B ARG 1 S0 k1) 98 AH G TR F- NO B
Jit (FE-3b).

2.2.2 PCl12 ZHMuTEMES R PCL12 4HM s H T 7
ZERGREMATTHRBEMZGEIER, MEH R
6-OHDA F1 H,0, 7] 5 5 PC12 4l il S AL N E T2,
A A FRELE S e AR, PCL2 41 MTT 3k
SR 4-a o, SEAAMLE, WKIEER. £

a 1507 E lopg'mLA
E3 20 pgmL?

8

s

&

2

LS

SIRIETER. L FGR. M RREMERELR
HAE 10, 20 pg/mL I, F PC12 403576 I 2 4
BifE R, ORI PC12 40 i B iR 5 i A5 4%
TER o« ANFIFE SN H202 753 1) PCL2 4 i Sk 4545
ZERUNE 4-b AR, 5 HoO, i SULMILL, 9% 56 %00
FAIRIE R ISR, MR E AL
IREAE 20 pg/mL FLEIREE T, X Ho02 155 1) PC12
Y fuss BA B BARYER (P<<0.01). ASFEIFESXT

b 60- EZ10 pgmL!
EZ320 pg'mL?

8

A

e

E

g

o

=z

Mk "P<<0.05
*P < 0.05 vs blank group
3 BV2HiparEiEE (a) FANO #IFHIEME (b) &R
Fig. 3 Cell viability (a) and NO inhibitory activity (b) of BV2 cells

150+ a E310 ug.mLfl

3820 pg'mL™?

AT 2R 1%

1507 b BB 20 gl

=

o

o
1

AA

GHHEAAE 1%

(S
o
1

FH H0, Wi KA EW M1 Aw

BT R JERERR MUKW RNRE

p=3
(=1

23 20 ugemL

ZH 6-OHDARSE Xalg £H fi1 &k
B R JERE MR

HRE

5 AHEkE: 'P<0.05 TP<0.01: 4 H,0,5( 6-OHDA -S4 LH: 24P<0.01
"P<0.05 *P <0.01vs blank group; 2P < 0.01 vs H,0, or 6-OHDA induced group
4 MTT (a)s H20:i%S (b). 6-OHDA (c) iF5H) PC12 {ARESIGER
Fig. 4 Experimental results of MTT (a), H202-induced PC12 cells (b) and 6-OHDA-induced PC12 cells (c)



¢EH 202437 $53% H6 Chinese Traditional and Herbal Drugs 2022 March Vol. 53 No. 6

* 1695 ¢

6-OHDA %5 5:1f) PC12 4iffusdfbinifnss Ll 4-c
Fis, 5 6-OHDA BRI AH L, JeE 0% TeEm. P
TR E AR LR ELE 20 ug/mL 1, X 6-OHDA
FEFHAAIE R PC12 40 ts HA A B AR5 1
F (P<0.01).
3 e

A7 K UHPLC-QTOF-MS/MS A, %f1%
TEFEA R AL A Bl () I EE S U 20 il AT T
1B AR SR, SR, Hp 2
(AR A 7 B A TE B A2 20T B B AL T 47
BT, s EYBEES, WEENIES
TN SRR M) e o v s A S o AT T
I3HT o MBRTEIERE i TP RS I 32 ME gy, B
FEHTH AL E IR D e A, DL R DR E A H AN Fh
TR R AR ZE e AR TS R L i
A S M R S A R, TR E S
FAIRIEENL . JRIEESE ARSI, XS
SCHRARE — 35125, 45 SLIESL IR D SE SR ) S o B-
R A A PIAE AR BT B — &Ry iE
PEo AR TELY] B-FRIRSE A BT PC12 4HJfl
Rets e AL R E A, H 4B s E LS 2.
9 f7 ) N FIEAL B — @ BIAH OGRS, IR TE 1
Y. SRUETENR . 2 S UG T EEN A 5 H RS ZR IR
LPS #5531 BV2 41l 5 E K 5~ NO FAE i B A i il
YRR, (EAZRG R A A B AR B AE 20 pg/mL A — &
IR . Tk e XU RTIRIE 5 2% BH % D 32 i A ek
AlE I EiAE SRR (synaptophysin, syn). i
B H IS H-2 (microtubule-associated protein-2,
MAP-2) HEHEIE, 3 HMH—E B SIS,
eAC R I R R BRI 27 2] e A2 e

A T 5 ST 1) B B S A 2 B3 40 BT BV T
%, BT TR D EAN R 2 FH AL AR Wi 1 R Oy
S HARARGIENE . SR, TR 2 Fh 32
A e RN 2 S % DS B ) 7 R HLAE R
FHIEE, @I PRARE B 2 E . SO AR IR S5 T R R I
SrFF. AN, BRTEERA M AR IR 2
SR JZ OB AT 75 185 B8 22 ) s ek — A2 1Rk
ZR ERTA,  AHE T 3% D 2 1 5T R ) S 2 s
FERtE TR T —E S E .
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