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Qualitative Analysis on Perilla frutescens Leaves and Stalks by
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[ Abstract] Objective: To establish a method for qualitative analysis of components in Perilla
frutescens leaves and stalks by liquid chromatography-mass spectrometry (LC-MS) , so as to explore the
substance basis of pharmacodynamics differences between P. frutescens leaves and stalks. Method:
P frutescens leaves and stalks were extracted by 80% methanol-water ultrasound. The samples were analyzed
by UPLC-Q-Exactive-Orbitrap-MS comprehensively. Halo-C,; column (2.1 mmx100 mm, 2.7 pm) was used
for gradient elution with 0. 05% formic acid aqueous-0. 05% acetonitrile formate as mobile phase in positive and
negative ion modes. The flow rate was 0.3 mL-min", the column temperature was 40 °C , and the injection
volume was 5 uL. Result: The chemical compound in P. frutescens was deduced and identified based on the

retention time of chromatography, and the exact molecular weight, excimer ion peaks, fragment ions and

[KFEEHE] 20191201(008)
[E€WHE] ERHAAHZ00H R F R L (20182X09711001-003-004) ; 111 4544 & & 6 & %15 H (2017CXGC1309)
[E—1EHE] JURW, PR+, e 25 K 52 07 06 M 1oy 5 0 b 28 I ATF 5%, Tel: 0531-89628192, E-mail : 1391824910@qq. com
[EEEE] O, A, B B0 b 2 i 4 5 55 A8 43 BT 9T, Tel: 0531-89628192, E-mail : gonglily@163. com

- 156 -



526 B 13 ] HEXBAFZRS Vol. 26, No. 13
202047 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2020

reference materials in Xcalibur software. The chemical composition of P. frutescens was identified by Mass
Frontier 7. 0 software. Totally 4 amino acids, 7 phenylpropanoids, 10 flavonoids, 12 triterpenoids, 7 organic
acids, 4 fatty acids, 10 unknown compounds and 54 compounds were identified. Among them, 6 triterpene acids,
including glochidone, were identified in P. frutescens for the first time. The structures of five characteristic
compounds were analyzed. There were 45 constituents in P. frutescens leaves and 32 constituents in
P. frutescens stalks. They had 23 common constituents. Conclusion: LC-MS can identify the components of
P. frutescens rapidly and effectively. This study provides an important theoretical basis for the quality control of
different parts of P. frutescens and the development and utilization of P. frutescens.

[Key words] Perilla frutescens leaves; P. frutescens stalk; liquid chromatography-mass spectrometry

(LC-MS); component identification; triterpene acid
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Fig. 1 Total ion chromatogram of negative and positive modes of

Perilla frutescens leaves and stalks
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Table 1 Characterization of constituents of Perilla frutescens leave and stalk

te 5 . [atg?]
No. min {1 S A B i B fopm YR lax?] .- oA
1 0.54 241.106 7[M+H]" C,H,,0, -1.45 223.0961,197.9905 3,47 - TR -SRI R AR L
2" 0.59 197.045 0[M-H] C/H,,0, -2.77  179.0343,152.893 9 FFZ R fiblik LS
3 0.61 268.103 5[M+H]" C,H,;N,0, 0.00 136.0615 Jig HZAER S
4 070 191.019 3[M-H] C(H,O, -2.09 173.008 3,128.034 1 PR HHLER LS
5" 0.80 182.080 9[M+H]* C,H,NO, -1.48 136.0755,165.0543 i AR HAER S
6 0.81 137.024 2[M-H] C,HO, -1.46 94.0323,75.0142 LS ) AHLR LIS
7 0.83 375.1042[M+H]" C,H,O, -8.65 163.0386,150.077 1 PR 1% 7 R R 1) KHFEZE L
8 0.87 153.0190[M-H]' C,H,O, -1.96 109.030 5 JE LA R AHLR LIS
9 1.13  204.086 2[M+H]* C,H,N,0, 0.00 159.0361,142.026 2 R BHEM S
10 134 195.064 8M+H]" C,H,0, -1.98 135.0135,107.0855 By 2 g 1) HRNE LS
11 1.41 130.049 7[M+H]* C,H,NO,  -1.54 98.5123,84.0812,87.004 4 A E R AHM LIS
12 171 169.048 7[M+H]* CH,0, -4.73  146.961 1,128.950 6 T RLRI AL L
13 272 227.1272[M+H]* C,H, O,  -2.58 149.0230,209.1167,154.9899  ZEFjfR" AP L
14 424 193.049 I[M+H]" C,H,0, -2.07 179.0702,161.0592,107.960 1 Z K75 N ERIS AW L/S
15 435 595.164 7[M+H]" C,H,,0,, -1.76 327.200,209.1167,154.989 9 T3 2R -7-O- W I 4 25 0 W L/S
16 440 163.038 6(M+H]" C,H,O, -1.84 145.0493,135.0439,117.091 0  7-}#3E A & 05160 HRNZE L
17 4.58 449.107 I[M+H]* C,H,0,  -1.64 2850385 AR RN B L
18" 4.94 287.0539[M+H]" C,H,, O, -3.88 153.0942,135.1165 NZE S IR B L
19 495 461.0723[M-H] C,H,O, -0.43 285.0409,175.0240,357.063 8  ARH K-7-0- % FEE 107 W L/S
20 5.03 449.106 §[M+H]* C,H, 0,  -045 303.8827 ik e U7 WIS

21 5.04 637.104 9[M-H] C,,H,O 0.47 351057 1,285.040 9,193.0347  ARBER-7-O-—#j4 v ¥ W L/S

22 511 433.1120[M+H]* C,H,0,, -2.13 253.113 4,313.076,271.059 1 T3 2 -7-0-B-D- M W 7 4 A 1) WE L
23" 544 361.091 7[M+H]* C,H,O, -0.26 163.0399,181.0499 KA R HNFE LIS
24 557 181.049 I[M+H]* C,H,0, -2.40 135.044 1 i e KNFE LS
25 580 271.059 2[M+H]* C,H,,0, -3.32 119.0896,149.023 1,225.1116  f3z0 HE TR L
26 6.18 303.049 9[M+H]" C,H,,0, -0.10 274.170 1,153.127 1,109.026 6, #fi iz 2509 Gy L
137.987 2
27 623 721.174 §{M+H]* C,H,0,, -2.10 361.0907,199.987 3 A AR AHLR LIS
28 836 593.186 5[M+H]" C,H,,0, 0.03  447.091 1,285.038 7 IR B 2K -7-0-25 F AP W L
29 9.03 200.236 8§[M+H]" C,;H,N -0.20 128.9506,158.9609,146.961 0 Al S
30 16.15 318.299 8§[M+H]* C,H;,,NO, -1.48 300.201,256.1749,102.128 0 2-amino-octadecane-1,3, 4-trioll'") Jot it L
31 17.28 455351 I[M+H]* C,H,O,  -1.76 409.3447,205.159 7,381.900 9 [ HEfiig il iz 2! =R L/S
32 18.00 473.362 5[M+H]" C,H,O0, 0.00 409.3456,455.351 0,437.340 6 JEHEA IR0 =R L/S
33 1821 473.361 6(M+H]' C,H, 0, -1.98 200.2368,270.3148 AR AT ou R =i L
34 2237 439357 3[M+H]" C,H,O0, 0.68 393.3517,259.1693,137.1326 3 ¥z AR =R L
35" 23.15 457.367 6[M+H]" C,H,O0,  -0.05 439.359 9,411.363 3,249.185 4, FrEL G020 =R L/S
203.170 9,191.179 1
36 24.02 439.356 O[M+H]* C,H,ON, 0.7 191.1789,203.1790,249.1842 %I L
37 24.12 339.230 0[M-H] C,H,,0, 0.27 163.110 5,324.208 6,148.0874 KM L
38 24.18 423.363 7[M+H]" C,H,O 3.78  405.3524,215.179 9 BT ERRO =R L/S
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No. ™ mmTETE TR O O et e

/min /ppm Byl
39 2432 342241 8[M-H]" C,H,, ON,  0.12 164.1150,195.589 2,297.244 5 H 0 L
40 24.88 369.210 0[M-H] C,,H,0, -0.14 281.2490,108.0439,160.2129  FKl L
41" 25.06 279.233 0[M-H] CH,,0, 0.00 261.2227,178.8793 NATT B NEWiEZ  L/S
42 2524 443.388 I[M+H]" C,H5,0, 1.80 425.3114,191.179 5,235.2059 1 A i i 120) —iEEE L/S
43 25.99 473.361 9[M+H]" C,H,O, -1.34 295.2258,277.2155 FHE R0 =Rz L/S
44 26.00 471.344 §[M+H]* C,H,O, -4.24 453.3442,431.3513,319.8324 AR R 0020 =AR  L/S
45 26.13 445368 O[M+H]" C,H,0, 0.90 427.3574,194.117 1,409.344 4 A S [ i D B4 28 5 B0 =ik L/S
46" 2636 255.2328[M-H] C,H,,0, -0.78 219.845 T e g 22! BifR  L/S
47 26.88 281.248 6[M-H] C,H,,0, 0.00 243.7905,183.362 6 MR RifR  L/S
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52 28.53 607.289 9[M+H]" C,H,O,N, 0.10 547.2689,592.265 4 Ko L
53 29.54 338341 [[M+H]" C,H,N, 2.07 321.3147,303.304 3,97.101 6 el S
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m/z 439.357 3[M+H ], 5§ H 7 ¥ C, H,0,, fig
R b & s MS* S 4 R B R BT A m/z
393.351 7,259.169 3,137. 132 6, U1 J& 45 W& H i 1
4y 9 B [M-COOH]" , [M+H-C,H,,0]", [M+H-
C,,H,,0-COOH]",,
3.6 AHLRREMITIEE  FEHh A LRI T
PR & w2 B RTBSTEARS, R
HMS'HIMS* E % . 5% MS' K7 1 55 1 0%
S 197. 045 0[M-H]", 5 H 4> 73X CH,,0,, BB 1R
w4 s MST B W R EF R ms
179.034 3,152. 893 9, 9 J& #5 1 v &5 F 43 il [ M-
H-H,0]",[M-H-COOH] . #r# i MS' Kl i & 7~
AL A W) UE Sy F B IR m/z 191,019 3[M-
H], 5 H 553 CH,0,, BB AR 4F M W) & s MS® #1115
B FRERE R BT N m/z 173.008 3,128.034 1,
9@ & 1R B 743 3 o [M-H-H,0]", [ M-H-H,0-
Cco,l .
4 itit

EWING Wi N P (2 2T PN U N i AN 23]
BB, AR 2 AR A R AT b SR AR
K25, A5 LC-MSH AR/ Hr 4 74008
R 5 I A 0 AR 45 AR LAY PR AT A L i A
M 2, O I K 2 R R Y B B RO L A
FTFAHMIFREFAERTI . X LR HRNA
R AWM, w2, RS, A LR 25 1
fIE B 43 AT 54 A 4 B O 045 24 R, D 2 )R % 2k
3 B 8 PR AT SR AL T A

A 3K H UPLC-Q-ExactiveOrbitrap-MS 4 A& |
HENT T TP S 5 U TP Ak A A B R A X
TAR ST BEBIE % vk BA R R U R R
15057 R AN 5, [6) B 5l B LA Mass Frontier #¢ 44 3E
T AL A B S 500 38 = T B W as i %
FAHE B b TR P i Ah ) Z Ze R N R R
255500 o KAl K A AL I 5T S 41 T B AR IE

A3 I WA A% o N 5T Al B 80%
HHEE 7K, 70% HY - 7K 95 711, 235 S e 1Y 80% H 1t -
IR A SRy £ TS ) Bsf A5 1) 9 0 3 06 06 55 H B 2 HL
N7 {38 18, 0 B LA S 25 M I R BBGA R . 7E LC-
MS 3 #r Bif 3 8 A %5 28 T A MK 7K -0. 05% PR

K-0. 1% F iR, B H LN . ZH5-0. 05% iz %5 JLF R
[F) 114 900 30 A 4, H A 2 B A FH 7K 0. 05% H iz F1 B
A LG -0. 05% WV R AE Ry it 20 AH 247 86 B2 Uk I I 8,
T UG BE 65 A BT I 4 B R, HLE IR AT, BT Y B
FACRCRE T

AR S A T N 4 T b R AE A S R
AW, R T IE BB AR TS AR 3 i
LC-MS 4 AR M S 4 Fp LR, 7 MR N 2, 10 Ff
B, 1280 SR, 7 R A HLER L 4 BT T IR 28 L4,
10 Bl A A3, 22 54 Bl Ak 27 il 43, v B3 48 T 45
6 Flt =1 R 1 K AE R IR A Y T R B, A5 R R KR
HEE A S RN R 2 A LIRS, SR b A
Z, Hm N8 . =R Eh Y EEGZ/MAY
T KR, B AR & 00 25 AN (B, FEA LG
F BB B I R R AME AR i — DR, =R 2k
B3 A7 AE K 1 ] 43 S A B4, 5 0 1R
i, FHE R R AL R A5 M Kb 5 T R 1k
BYRFNE R T 5 IR 0 I K 25 TH DAL, [ i A
S | N LI 7 3 0 il o D 3 e N B
o H T A% 1 B R R BT A R A R AR AR S
O3B M Ok . AT 10 I N A R I AR A R K g
5 A B P FIAR G SCHR R 3 X R W] 28 9 h il
A SR W A A 2P

& PINUECE N OB e N D & A= 231
g3, R ARG W)y R 2 R B A AR W] I 2%
S ARSI %E D SR Y 45 Fho A, 55 A
(9 32 B A48, A 23 ROk R A48, 76 © 6 E 1 K
IR IR IR AT L R e 2 FPOR TN R L 3 R AT LR ,
3 b =il R L 6 B 2 N Ay, SRR AR AR 3 R A
3 L B9 e 2 1| U S L
] B A 2 B3, R ER 1 SCHR B0 B R A B R
TR S X e b AR AR . R A
A TR R = R R A, R LS O i B
TSR 2R BRI, SR R g ALER 2 | B
e R 28 L A3 0 el ORI i AR R TR Rl 2R
&R, X TR H AN Y R 2 R 2
— o [Al B B8 ORI B Ay R A2 R R HR RS
305 W I 25 57 B K, K S R AT Rk — 2P 4%
WMo o

[&E k]
(1] ERAMEL L. PAEAREMEZ M. — 3 [M].
b5t o B 2 B AL, 2015,
[2] KWAK J, JU 1J. Inhibitory activities of Perilla
- 161 -



26 55 134
20204F 7 H

H [E 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FEER

Vol. 26,No. 13
Jul. ,2020

[10]

[12]

frutescens Britton leaf extract against the growth,
migration, and adhesion of human cancer cells [J].
Nutr Res Pract,2015,9(1):11-16.

PN, B IRER IR, 5 L SRR A A 25 00
KR AA R R ZWIELT]. 2y 2R, 2019, 44
(3):454-459.

WANG J, XUE S, ZHAO G H. Comparative study on
chemical components and in vitro antioxidant capacity
of essential oil from different parts of Perilla frutescens
[J]. Food Sci,2013,34(7):86-91.

LIU J H, STEIGEL A, REININGER E, et al. Two new
prenylated 3-benzoxepin derivatives as
cyclooxygenase inhibitors from Perilla frutescens var.
acutalJ]. J Nat Prod,2000,63(3) :403-405.

GU L, WU T, WANG Z. TLC bioautography-guided
isolation of antioxidants from fruit of Perilla frutescens
var. acuta [J]. Food Sci Technol, 2009, 42 (1) :
131-136.

JUN H I, KIM B T, SONG G S, et al. Structural
characterization of phenolic antioxidants from purple
perilla (Perilla frutescens var. acuta) leaves|J]. Food
Chem,2014,148(4):367-372.

NITTA M, KOBAYASHI H, OHNISHI-KAMEYAMA
M, et al. Essential oil variation of cultivated and wild
Perilla analyzed by GC/MS [J]. Biochem Syst Ecol,
2006,34(1):25-37.

HUANG B,LEI'Y,TANG Y, et al. Comparison of HS-
SPME with hydrodistillation and SFE for the analysis
of the volatile compounds of Zisu and Baisu, two
varietal species of Perilla frutescens of Chinese origin
[J]. Food Chem,2011,125(1):268-275.
BANNO N, AKIHISA T, TOKUDA H,

Triterpene acids from the leaves of Perilla frutescens

et al.

and their anti-inflammatory and antitumor-promoting
effects[J]. Biosci Biotechnol Biochem, 2004, 68 (1) :
85-90.

A, BRI AR LC-MS BRI 4 BT 4 SR K B
W iy E AL A [T]. 2953 B e i, 2015, 35
(8):1417-1423.

LEE Y H, KIM B, KIM S, et al. Characterization of
metabolite profiles from the leaves of green perilla
(Perilla frutescens) by ultra high performance liquid
chromatography coupled with electrospray ionization
quadrupole time-of-flight

mass spectrometry and

- 162 -

[13]

[15]

[19]

[20]

[21]

[22]

screening for their antioxidant properties [J]. J Food
Drug Anal,2017,25(4):776-788.
YI F, TAN X L, YAN X, et al. In silico profiling for
secondary metabolites from Lepidium meyenii (maca)
by the pharmacophore and ligand-shape-based joint
approach[J]. Chin Med,2016,11(1):42.
PURWAHA P, SILVA L P, HAWKE D H, et al. An
artifact in LC-MS/MS measurement of glutamine and
glutamic acid: in-source cyclization to pyroglutamic
acid[J]. Analyt Chem,2014,86(12):5633-5637.
CHANG Y-X,ZHANG Q-H, LI J, et al. Simultaneous
determination of scopoletin, psoralen, bergapten,
xanthotoxin, columbianetin acetate, imperatorin,
osthole and isoimperatorin in rat plasma by LC-MS/
MS for pharmacokinetic studies following oral
administration of Radix Angelicae Pubescentis [J]. J
Pharmaceut Biomed Anal,2013,77(2):71-75.
o HE R B AE B i S0, 4% L 2T HPLC-Q-TOF-MS/
MSS FE PE 73 i 25 U oh 2 i e SR SRS [T ], v [ 5
B 24k R,2019,25(13) 1 157-162.
LIN L Z,MUKHOPADHYAY S,ROBBINS R J, et al.
Identification and quantification of flavonoids of
Mexican oregano (Lippia graveolens) by LC-DAD-
ESI/MS analysis[J]. ] Food Compos Anal , 2007, 20
(5):361-369.
FBE, B RS AR IR R Ak i A3 U
I P 4 e o A L) ], v B S 36 T 0 2 2R 35, 2018,
24(17) :80-87.
XIANG Z, YU C, JINHUA L, et al. Neuraminidase
inhibitory activity and constituent characterization of
Fagopyrum dibotrys [1]. Molecules, 2017, 22 (11) :
1998.
g . 22 AL = A G W 4 B SR IS Y O
BriD]. Z& 585 A HURHE L2 e, 2014,
YANG X, LI G, CHEN L, et al. Quantitative
determination of hederagenin in rat plasma and
cerebrospinal fluid by ultra fast liquid chromatography-
tandem mass spectrometry method[J]. J Chromatogra
B,2011,879(21):1973-1979.
B Rt L R E L 45 . 3 T UPLC-Q-Exactive
Orbitrap-MS 73 H7 B AR JN K R Ak 52 i 4 [T]. HhRe 2y
2018,49(20):4773-4779.

[RERE WMEH]



