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Abstract: Objective To study the chemical components of Zisuye (Perillae Folium, PF), and establish the HPLC fingerprints of PF
based on chemical pattern recognition, so as to provide basis for further development and utilization. Methods Qualitative analysis
of the chemical components of PF was carried out by UPLC-Q-TOF-MS/MS, the HPLC fingerprints of PF were established to
determine the common peaks. Six chemical components were identified and the content of the samples was determined by comparison
with the reference materials. Cluster analysis and principal component analysis (PCA) were carried out by SPSS 22.0 and SIMCA 14.1

software. The antiviral activities were determined, and spectrum-effect relationship was established by gray correlation analysis (GCA).
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Results A total of 47 compounds were identified from PF. Nineteen chromatographic peaks were selected as the common peaks of
the fingerprint, 15 bathes of PF could be divided into two categories by cluster analysis, and the results of PCA and cluster analysis
were basically the same. Fifteen batches of samples from different producing areas all showed antiviral activities. The biological-
potency were 6.21, 5.58, 4.19, 8.19, 6.09, 5.82, 6.10, 5.36, 5.54, 10.86, 4.74, 5.78, 3.78, 7.98 and 5.65 U/mg, respectively. The
correlation between HPLC fingerprint and the antiviral activities was from 0.82 to 0.97. The contribution of chemical compositions
represented by each characteristic peak to the antioxidant activity was in the order of peak 6 (caffeic acid), 19 (luteolin) > 2, 8, 9, 12
(ferulic acid) > 4, 5, 15 (apigenin-7-O-diglucuronoside) > 7, 13 > 11 > 3, 10, 17 > 1, 16 (scutellarin) > 14 > 18 (rosmarinic acid).
Conclusion The UPLC-Q-TOF-MS/MS method can quickly identify the chemical components of PF, and the antiviral activities of
PF may be the combined effect of a variety of chemical constituents. The establishment of HPLC fingerprint of PF and the application
of chemical pattern recognition can provide scientific basis for quality control of PF.

Key words: Perillae Folium; fingerprint; chemical pattern recognition; gray correlation analysis; biological evaluation; anti-influenza

virus activity; gray correlation analysis; spectrum-effect relationship; caffeic acid; luteolin; ferulic acid; apigenin-7-O-diglucuronoside;

scutellarin; rosmarinic acid
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Table 1 Origin information of Perillae Folium

M5 U ity | R FEHL fit5
S1  Z#N% 2021092789  JUPEHEESE 20220910
S2  JTPEEAR 20211001 [ S10  VLPGEEMN 20211003
S3 WOJI#S 20211015 | S11 b 20211004
S4  JAR 20211018 | S12  #WiRAREH 20211005
S5 WiHTIGZ 20211018 | S13  iWidb#AZE 20211006
S6  WHLILLL 20210812 |S14 J PEEFT 20221009
S7  WHTITiL 20210913 [S15 JPEEET 20221012
S8 I dbfRE 20211002
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Fig. 1 Negative (A) and positive (B) total ion flow chart of Perillae Folium
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*2 EHMHPUFERTH UPLC-Q-TOF-MS/MS £ ELER
Table 2 Identification of chemical components in Perillae Folium by UPLC-Q-TOF-MS/MS

e 5 woPEBHL S R MS/MS 28T v FAs e e
min  (m/z) (mlz) (X109 JER
1 0.55191.0560191.0561 0.52 [M—H] 111.008 4 CHiOs T
2 0.59191.0200191.0197 —1.57 [M—H] 111.008 9 CeHsO7  ATHETR
3 238137.0240137.0244 292 [M—H] 136.016 4, 119.014 0, 108.021 5 C7HsOs  J& JLA45HS
4 3.29179.0350179.0349 —0.56 [M—H] 107.030 6, 135.027 8 CoHsOs4  WMHERR
5 4.12593.1510593.150 8 —0.34 [M—H] 473.109 7, 353.067 0 Co7H30015 4ERT°-2
6 4.24195.1030195.1029 —0.51 [M—H] 132.9050 CiHicOs  Hi37 3 A fig
7 435225.1130225.1124 -2.67 [M—H] 147.0817 CiaHi1s0s  KFIMR
8 4.56637.1050637.1055 0.78 [M—H] 351.057 5, 285.040 7, 193.035 6 C27H26015 KB E K -7-0- " F & ERE TR T
9  5.37447.0930447.0932 045 [M—H] 285.040 1 CaiH2001 ABFH
10 5.92461.0730461.0725 —1.08 [M—H] 285.040 4 CaiHisO12 AR FEK-7-0-B-D-Hl B FEE IR
11 5.93461.0730461.0725 —1.08 [M—H] 285.040 4 CaiHi1s012 B354
12 6.24431.0980431.0987 1.62 [M—H] 269.0457 Ca1HaoO10 KB F A & K HF
13 6.75193.0500 193.050 8 1.55 [M—H] 161.024 2, 133.029 5 CioH1004 57 PRI
14 6.76193.051 0 193.050 5 —2.59 [M—H] 134.037 3 CioHi004  FIZER
15 6.85445.078 0 445.077 7 —0.67 [M—H] 269.045 3, 113.024 3 CaiHi1sOn 7383 -7-0-B-D- 1 & HERE TR Y
16 6.85161.0240161.0244 2.48 [M—H] 133.0303 CoHeO3  4-FIEFETE
17 6.85445.077 0 445.076 8 —2.02 [M—H] 269.045 3 CaiHigOu K WE-8-O-B-D-H & i
18  6.85161.0240161.0244 2.48 [M—H] 143.889 8, 133.030 3, 132.023 4 CoHeO3  7T-BIEFTH
19  6.86359.0770359.0753 —4.73 [M—H] 161.024 1, 197.045 4 CisHisOs  HIEFHR
20 6.91431.0980431.0982 0.46 [M—H] 311.0577,268.037 6 C21H20010  J72% 25-7-0-B-D- ML it 5 2 B
21 7.48145.030 0 145.029 5 —3.45 [M—H] 119.023 4 CoHsO2 HEE
22 8.03163.076 0 163.076 5 3.07 [M—H] 145.891 1,119.051 3 CiwoHi202 T &}
23 8.71285.0400285.0406 2.10 [M—H] 133.029 4, 151.003 3 CisHi00s AREZE
24 8.87301.1070301.1073 1.00 [M-+H]" 182.0218 Ci7Hi160s  FHEY R
25 9.06301.071 0301.0702 —3.99 [M-+H]*284.046 9, 168.005 8, 140.011 0 CisH1206 HI T 7T
26 9.07301.071 0301.0702 —2.66 [M-+H]" 286.046 9, 183.030 3 CigHinOs  FHIMAZE
27 9.11299.056 0 299.0559 —0.33 [M—H] 284.032 2, 136.988 1 CisHiOs JRHEFEIE
28 9.98269.046 0 269.0457 —1.12 [M—H] 225.056 4, 151.003 6, 117.034 7 CisH100s FF3ZH
29 13.10503.3380503.3388 1.59 [M—H] 485.3273 C30H406 FEIEFI T HR
30 13.51361.1650361.1635 —4.15 [M—H] 221.1549,236.105 5 C20H2606  FFHRSEIE M4
31 14.74167.070 0 167.070 1  0.60 [M-+H]* 121.029 1 CoHi00s P}
32 14.74195.102 0 195.101 6 —2.05 [M-H]* 149.060 2, 121.028 8 CiHiaO3  WHEEERFRR T Be
33 15.27487.343 0487.3424 —1.23 [M—H] 469.332 4 CyoH4sOs  FHAHEIR
34 15.29487.343 0487.3425 —1.03 [M—H] 469.332 7, 443353 9 C30H4s0s KR
35 16.89277.1800277.179 8 —0.72 [M~+H]* 177.106 7, 145.044 6, 117.049 4 C17H2403  6-Z /5%
36 17.83235.1690235.1689 —0.43 [M+H]* 164.076 1 CisH202  FWAJHEL
37 17.97438.3490438.3459 —7.07 [M—H] 427.103 6,259.250 2 C2sHasNO3 Z31H 2 [H B D BUAS 2K [ B
38 19.10469.3320469.3326 128 [M—H] 4513224 C30H4604  160-F2FEFAZEHIR
39 21.90453.3370453.3381 243 [M—H] 407.266 5 C3oH4603  EAMEIRHRIR
40 22.36277.2170277.2175 1.80 [M—H] 277.237 1 CisH3002  TPRRER
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WS wmin BHE (m/z)  LIME mikz)  RZE (X100 BEEER MS/MS ZHEA a1 e
41 2299 4553530 4553528 —0.44 [M—H]" 391.2370 C30HaOs  RERIR
42 2301 439.3570 439.356 6 -0.91 [M+H]*  259.1861,137.1337 C3HsO02 REEA
43 2387  279.2330 279.233 4 1.43 [M—H]" 120.1172,108.128 7 CisH320; TR
44 25.10 2552330 2552329 -0.39 [M—H]" 2372227 CisH3202 AR
45 26.7 219.174 0 219.174 5 2.28 [M+H]* 163.1135,105.0712 CisH20  o-F&FifH
46 26.7 219.174 0 219.174 5 2.28 [M+H]"  105.0712 CisHnO 44 )L
47 26.7 219.174 0 219.174 5 2.28 [M+H]* 163.1135,105.0712 CisH20 54
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AR S A B PR SUEIE o 15 HER TR mRE S 4
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B AR S0 EITE 22 5 (1) DTk B = AL
241 FROHT ¥ 15 HUEIHAE R IE IR
TR R AT SR bR AL, SRJE N SPSS 22.0 B A
AT ARG 2L, K Ward 7%, “F757 Euclidean #E 55
B, SERNE 4. HKRIEEN S, 15 /TR
MRER AT 7N 2 28, BB 138 S1~S9. S15, F 1K
S10~S14.
242 PCA NWMFTARmMZES, i2H SIMCA
14.1 23 Bri st Hdk AT PCA, 45 WLIA 5, 1 PCA
BT AR H, S1~S9 A—3; S10~S15 8—3K;
SERERIIINGERIEAR - AR5 Z RS
FEFERUKR, RUIFE o2 I ROR.
2.4.3 iR/ —3VE-HI5 53T (partial least squares-
discriminant analysis, PLS-DA) 5§ 19 NI Algig
AR AR EAL AL FRE A 5 N SIMCA 14.1 3, 15
FI| PLS-DA %A B3k AN A 2 o P R 1R 241,
W 6 fim. SERRMHIKCHESE Ry Ry O* I
735124 0.255. 0.816. 0.670, FEA KT 0.5, P8
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WarEUEE (E6-A) B AARE 1IANEE,
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Fig. 2 HPLC fingerprints of 15 batches of Perillae Folium samples and its reference fingerprint (R)
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K3 3.0mg/mL, 3£ 100mL) KR % R
FE AL 5 A BT IR FE RE SR -

2.5.2 IR B4 AR, K
BHRE, IMHEEESE 10mL &, 23453
MRy 2.008 mg/mL. FiZEEZ 2.001 mg/mL. MKiEA
fi£ 2.008 mg/mL. AREEZE 2.001 mg/mL KX},
pEaRT L

253 HUAEOHTE NA TR S5nke 2%
T2 RO NA VE e J772529, T 580
ZRTLG, BAE 96 FLAR T EAT o 72D E 5757 EX
VIBURBOR R NA WE T ScIeh, S E N 5 A,
SRRl NA 41, PHEEZIARK T4 (3
mg/mL)+ Fff2H PARA R . Fodr, X RRAEIA 90
pl PR +10 pl JE&Y) 4-H 8B -a-D-N- 4
Mt # & & BR ( 4-methylumbelliferyl-o-D-N-
acetylneuraminic acid, MUNANA); NA 40\ 10 uL
NA+80 uL 223410 pL JEY: WHPKFEH A
10 pL MAFKFVER 470 pL S +10 pL NA+
10 uL JE&A; BERALIN 10 uL £ S+ 70 uL 22
PR 410 uLNA 10 pL J&#; AJERA I 10 pL 46
JK+70 uL ZE i 410 uLNA+10 pL &4 #% DL E

THEIIN 96 FUHRUS, 37 C R 1h, IIANZKIER
200 pL & IbE B WE S BWUREK 355 nm, £
MK 460 nm, AL EEARACIE 2GR, AR 3
FLEE .
254 HERALBESHMIEE AR AR
FEPAT St AT B BRI . E R E T
T 1) (R0 T BN A 58 A RN THE A
RN TR 2.0 Wi Hh N R TBCZE R B 5 .
2% 27 O /NI [ B R A

S SE A 2 = 1 — R i 2L BPH 1 24 2H 58 b B — AR 4H.
POGE ) (NA 50 — X B 2 0 H)
FERLNER AR S P NA FRPIRIR A, FH
PEZEAU MK T . B NA RURM IR AR, AR
HoaliK. FEti. NA MRV GE, NA 289 NA,
SRR R A IR A, W IR G2 R R TR
T
255 PUAUEYREEE NA EHERE 3288 ERE
TRES AR ANFE R &R E (5.0004 2.500. 1.250.
0.625.0.312 5 mg/mL) [155 Z5 A S I AT I 5
THEASE, 251K 3. AFRRLRFTEL TR NA
(A T A AE 22 7 o
25.6 AEWMMME K 15 REETRES PR
&3 15 MEAHUREIRS NA JFHEAIHIHIZENE
Table 3 Reaction inhibition rate against 15 batches of

Perillae Folium
LA 2 /%

FEf 5.000 2.500 1.250 0.625

0.3125
mgmL"' mgmL' mgmL' mgmL' mgmL’!
S1 86.73 57.10 38.51 27.45 20.14
S2 87.86 58.43 35.23 19.10 16.80
S3 80.78 54.83 28.34 15.32 5.19
S4 92.43 66.80 52.67 33.78 17.86
S5 76.01 56.41 41.56 28.40 25.65

S6 76.67 60.90 36.44 29.58 19.60

S7 91.61 70.08 33.46 30.27 3.39
S8 84.36 51.53 34.18 25.06 17.23
S9 90.29 64.64 42.92 16.66 3.58
S10 92.34 72.30 51.85 40.45 34.61
S11 91.90 54.85 32.02 10.34 837
S12 94.95 72.06 3591 10.36 7.30
S13 67.52 44.38 28.59 23.55 14.31
S14 97.21 81.33 51.90 24.82 8.96

S15 92.12 65.32 42.76 17.86 2.09
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IR EE NA TS BN AR A E B
NA . ZER WA 7. S1~S15 FIERUN 43 5N
6.21. 5.58. 4.19. 8.19. 6.09. 5.82. 6.10. 5.36.
5.54. 10.86. 4.74. 5.78. 3.78. 7.98. 5.65 U/mg.
AR S Z 8 (coefficient of variance, CV) NinfiE5
BEMEER, AXERHN CV=0/|n|, AR
SR RE S AR N BT CV N 28.70%, Ui BHFE i
ZIAEAEROR ZE 5, U VL PR 1) S10 ‘S FF
SN B, N 10.86 U/mg, WAALMPARZE S13 St
TN B, N 3.78 U/mg. | A LA, | P Al
IR TR EE TP, HAAN a2 5,58,
5.54. 5.64 U/mg, il [F]— =) LT3 m Rkt 22 57

BN,

EVA/(Umg™)

wn
7 15 HEEFHRIUR AR S NA N
Fig. 7 Biological value of 15 baches of Perillae Folium
against NA

2.6 %7 HPLC EESHvmEEMaxR e KK
547 (gray correlation analysis, GCA)
2.6.1 JFIGEHRITCENALTE R AR 1AL 4
KAWLk, K 15 UK TRHRE S B &
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{Xi(r)} 27281,
2.6.2 HNEFIRKABITHE A =k (k
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BEJF 35 7 17 51 B 46568 2 17 51 Aoik) = | Xo(k) —
X (<i<m). WHHIE =k BEFH ST FHIT
FRIKZRH (k)

7(k) = [minmin | Yo(k) — Yi(k) | + pmaxmax | Yo(k) — Yi(k) |1/
[| Yo(k)— Yi(k) | +pmaxmax | Yo(k) — Yi(k) |]
Yo(k) A 88 TR FHH IR BUR 32 3E PE IR AU s YA )
HEUCE IR RE W RS — L BUE: & WIS p AR

¥, pe(0,1), AT p HL0.5; | Yo — Yik) | NEHTFH 5
FIF A4 % 2 48 minmin | Yo(k) — Yi(k) | 485 2 481 1) 55 /N
f8; maxmax | Yo(k)— Yi(k) | g4 xHEL It A AB
2,63 KRB (DO BTHE R4E“2.6.17Hif“2.6.27
TP, U 1~19 1 fE/KKCN 0.90. 0.96. 0.92.
0.95. 0.95. 0.97. 0.94. 0.96. 0.96. 0.92. 0.93.
0.96. 0.94. 0.86. 0.95. 0.90. 0.92. 0.82. 0.97.
P DA B RT 0, D5 B FH 24 2 Tk
KEIINA 6. 19>2, 8. 9. 12>4. 5, 15>7. 13>
11>3, 10, 17>1. 16>14>18 (FFEI&RS), I
FKHAXTIE X 64 120 15, 164 18, 19 SI&HE4THE
N, ARUCYUNHERR . BTERIR . e 3R -7-O- i G bk
MR, B, RIERFR. KEREEK,
3 Wie

KRS TP AIAHA R Ve S
KA. ARSEIFE T 230, 3204 330, 350 nm KK,
SRR RIEECE. WMNAE, EEERE, AT
EFR SIS B, 18 5 5 M VR () SR A 0 25
RRENE, RIE 2 B TE B RIS T 1 B R R
WO EATHE, e KN 330 nm. i3]
AL T HEE- K. FEE-01%BE R KEH &
-0 1% B R KWW, RIS FH A BE-0.1 % B R /K %
TBE A BT ) eI T, o> B R R A, e SAE
T, LA R R -0, 1% B RR K VTR AE NI Bh
Mo SEEGIEHE LR T ARG A T RS 1 0
BE 77, K I 0~20 min, 25%~40% F % ; 20~80 min,
40%~80% FF % ; 80~81 min, 80%~25% F iz ; 81~
85min, 25%MFEEREFESRAT N, &R B R R AT,
WY LT, WA R LA B R

15 HEEE TR i i FE S0 ELAA e AR R
FE (0.9~1.00, UtHHAS[E] 7t L7772 200 A
A A 2= RAE, RS EEA AL E PN AN RRIX 45
ANFEFEHU TR 2 (1 2 . SRR — 0 R
2R O 48 S B U LG VAR RE S 2
BEAT AT, 1B TR TR 15 Koy 2 2K
(128 S1~89. S15, 5 1125 S10~S14); PCA 5
BRI RIEA—F (S1~S9 B HN—2; S10~
S15 A—2), XREHIE 15 (FEK-7-0- FE b
MERRE ) U 18 (RIEHR) 5 5 MFEMAEE N
RS, Mg 15 Fg 18 TR - SR i BT
A B g A ORI, HAEAS [F P H g 5
(1) 22 SRR, 8 K T34 PCA FIEREZE 731 40 ik
2 REEE R 2 KK
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Rlt, MR SHTRE, 1§ 15 OF3E&R-7-0-2
HIE PR IR T ) 18 GRIEEH R B — & MR,
AT DR AN [ 7= SR 5 A e 22 PR R Ay . )
Abs CREZHL) 2020 FEROME 595 7 FIE 588 1)
H A LR IE B R AE N & il 52 e An b oy, (U,
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B i W RE S IA A BN R R ARE . BEAk, T
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PER B R LR, ik, I8 FH B ROE R ok
BN

T2 2 RAEARE R IR IR Th Ak, A
T B 24 R TR ATV, T2 RK
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RPN SR A R T R, AR R I AR
W25 SRE AV, AR T DA T M s sk e 2
FE AR, HFORERR A ThRL, & T
JRIEREASHG . HOERAL T VM DO R B A
RS WL I PR A 3 1 ) v 2 R LAl 00T H RS
B /NI FI AT R TARCEAR . &4RAE . T%E. FH
Z, K¥E. KIE. 7. 3. s, BTF. fi%
TR A2 R AR I i, R
TR ARG I 7 VEAT AR A i 5 35 00,

IR R I, B RHEYE KB A Uk
BRIEME, KO — 2 f RSN ETE P,
I, BB TR NA, N2 R EEY
PRI, B KR TR 20 TP 2T 1
(R RN I 5 T30, FRDN 5 AN R 7= H vk () 28
A HTI BOR B NA WEPE AR . 15 #EANE
Hi RTS8 D5 R 3 B BB B, AR
i 3.78~10.86 U/mg, RFEIHLIIA] I HI Bk
ZEBRKIE 35, VLA I e AR I H s B
AN [ 7= S8 T3 BT 8 NA W .
A, AR FH R A MV RAS I NA A oh g
PE, IRV R ) B R TR A,
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