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Spectrum-effect relationship between UPLC-Q-Orbitrap HRMS fingerprint
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ZHANG Chuan-yang, YANG Lu-jia, CHEN Cui-ping, WANG Hui,ZHAO Yuan-jing, DENG Fang "

State Key Laboratory of Southwestern Chinese Medicine Resources,School of Pharmacy,
Chengdu University of Traditional Chinese Medicine ,Chengdu 611137 ,China

Abstract : This study aimed to establish the fingerprint of Physalis Calyx seu Fructus (PCF) and to study the relationship be-
tween spectrum and antibacterial activity. The fingerprint of 16 batches of samples was constructed by an ultra-high perform-
ance liquid chromatography coupled with hybrid quadrupole-orbitrap high resolution mass spectrometry ( UPLC-Q-Orbirap
HRMS) , then the cluster heat map and principal component analysis (PCA) were performed. In vitro antibacterial activities
of different batches of PCF against Staphylococcus aureus and Escherichia coli were detected and then grey relational analysis
was used to establish the spectrum-effect relationship. Thirty-eight common peaks were screened out from the fingerprint, in-
cluding 22 sucrose fatty acid eaters, four physalins, luteoloside , luteolin and other compounds based on the accurate mass and
mass {ragmentation patterns,and combined with literature information and related reference materials. The results of cluster
heat map analysis showed that PCF from different sources were clustered into three categories,which agreed with the result of
PCA. All samples had different degrees of antibacterial activities. Grey relational analysis indicated that peak 27 had great
contribution to antibacterial activities against S. aureus and peak 37,29,30,19,33,35,31,17,32,20 and 28 had great contri-
bution to antibacterial activities against E. coli. Above all,all characteristic peaks were sucrose fatty acid esters,which indica-

ted that sucrose fatty acid esters may be potential effective substances. The characteristic peaks which greatly contributed to
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the pharmacodynamics of PCF were screened out by establishing its fingerprint and spectrum-effect relationship , which provid-

ed the theorybasis for further study of the pharmacodynamics and pharmacology of PCF.

Key words : Physalis Calyx seu Fructus ;fingerprint ;antibacterial activity ;spectrum-effect relationship ;sucrose fatty acid esters
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Fig. 1  Fingerprint of 16 batches of Physalis Calyx seu Fructus
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Fig. 2 Reference fingerprint of Physalis Calyx seu Fructus
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Table 1 ~ Similarity evaluation of fingerprint of Physalis Calyx seu Fructus
i AAALAEE G ARALBE
No. Similarity No. Similarity
1 0.975 9 0.982
) 0.975 $10 0.981
$3 0.977 SH 0.981
s4 0.986 s12 0.984
ss 0.984 s13 0.983
$6 0.987 s14 0.980
s7 0.983 St 0.978
s8 0.986 816 0.972
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Table 2 Thirty eight common peaks of Physalis Calyx seu Fructus
S PN -
e RN E Tt Measured M]jljir ke BH BT A2 S
No.  tg(min) Ton mode value N e Fragment ion Compound name
formula (x10°)
(m /z)
191.055 0.,179.034 2 R
1 . -H] . CieH ;g0 . \ .
6.09 [M-H] 353.087 5 16189 0.7 173.008 4 .161.023 7 Chlorogenic acid *
385.186 7.179.055 3 AFn
HT CyoHyy 0 . , :
2 7.81 [M-H] 431.192 0 20H3, 040 0.51 119034 0 Unkoow
. AT
3 8.82 [M-H] 609.145 8 CyyHyy 044 0.57 447.092 7 285.040 1 o,
Rutinum
579.207 3 417.155 0 FA1
HT Cy5HygO * ‘
4 9.80 [M-H] 787.266 5 35 Hyg O -0.09 181.049 7 Unnow
5 10. 90 [M-H] 609.146 1 CyHyp046 0.03 300.027 2.271.024 5 255.029 5 AR
Unknow
—
6 11.55 [M-H] 447.092 5 Cy Hy Oy -1.81 447.092 7 285.040 1 *E%ﬁ*
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543.186 7 .437.159 4 0
H CyHy, 0, 1. ‘ ‘
! 12.26 [M-H] 5611971 BRI 118 149.059 9 .121.064 9 Unknow
585.198 5 401.108 6 F40
HI- Cy3HyO , :
8 13.65 [M-H] 675.228 9 13Hy 05 0.74 311,077 4 Unkaow
N-J2 2Py 2 1t -
327.111 1,190.050 2 .178.050 2 3-SR Rk e
HI- CioHy NO - : ) :
9 18.51 [M-H] 342.134 3 19H21 W05 1.02 148.052 0.135. 044 2 N-trans-Feruloyl-
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. 151.002 8.133.028 5 KRBFZ
. -H]- . CisHyp0 -1. ) A :
10 20.56 [M-H] 285.040 2 15 HioOg 1.05 107 012 8 Lotealin -
507.166 4 479.170 5.289.107 8 g3 A
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1 28.58 [M-H] 5251759 8070 1.37 193.086 3.149.059 9 121.064 9 Physalin A%
507.165 7 479. 170 8 289. 108 2 7 IR TH A
. HI . CpgHaO 1. * ° ° k
2 2.6  [MH] 525.1757 2 a0 V1o L85 103,086 6.149.059 9.121.064 9 78-Hydroxyphysalin A'°!
509. 181 4 447.180 7.403.192 0 7 BRI L
HI CpgHyy O - : : . i
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509. 180 9 .447. 180 9 .403. 191 2 IR L
. -H]- . CyHj0 -1. ) . . r
4 3157 [M-H] 527.191°6 2832 Do 129 393,128 6.149.059 8.121.064 9 Physalin 1.1
201.112 6 .171.101 9 P
H CigHy, 0 - ‘ :
15 32.07 [M-H] 327.2173 18 Hs, 05 1.13 137 092 7 Unkoow
201.112 6 171.101 9 F40
HI- CyHy, O - * :
16 35.12 [M-H] 329.2329 18 Hz4 05 1.40 127 111 8 Unkaow
467.213 1 439.181 2 341.108 3 ;
. _ Cr H. O _ \ N N - [7]
17 40.69 [M +COOH] 611.291 1 26His 015 1.57 323,098 1.143. 106 8.115,0753 SFAE
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. CyeHyO : ; ) FAE!]
18 41.14 [M+COOH] 611.2919 26Hig 01 -0.28 323,098 1.143. 106 8 115. 075 4 SFAE
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) - CHy O N N ’ 7]
19 41.61 [M +COOH] 611.291 6 2646013 0.67 323,008 1.143.106 8 115. 075 4 SFAE
467.213 0 341.108 6 323.098 2, 7
20 45.55 [M+COOH]"  639.3226  CyuHs 05 1,11 143.106 8 .113.023 3 , SFAE!]
89.023 4
495.208 1 425.166 5 407. 155 2 :
- C (H 0 . N N N < ‘[77
21 47.05 [M +COOH] 667.317 9 2 Hs00, -0.48 143. 106 8.101. 059 8 .87, 044 1 SFAE
509.219 9 439.181 5 425.169 0, 7
22 47.50 [M+COOH]-  681.3334  C3H;,0y 0.78 143.106 9.115.075 5, SFAE!
87.044 0
537.2551.509.222 6 411.150 6
. - .3 C H70 -1. : N N AU'
23 48.82 [M+COOH]"  681.3330 3052 D14 131 303 007 4.143.106 8 115,075 5 87.044 1 ' AP
) .181 3 425. :
24 49.27 [M+COOH]-  681.3334  C3H;,0y 0,78  O09:2235.439.181 3425166 2. SFAE!

143.106 8 ,115.075 4 ,101.059 7




1704 RIRF=IIW5E 5T Kk Vol. 35
214% 2 ( Continued Tab.2)
S P \;.
R REAE BTEA Meswed O PR AT st
No. g (min) Ion mode value > Fragment ion Compound name
formula (x10°)
(m /z)
467.213 4 439.182 1 425.166 3
- C;,Hs, O - N N N [7]
25  51.38 [M+COOH] 695.348 5 2 Hs, 04 1.58 143,106 8.115. 075 4 101050 8 SFAE
467.2125 439.181 5 411.149 9,
26  54.11 [M+COOH]"  709.3639  CyuHs 0y -1.76 143.106 8 .115.075 5, SFAE!"]
87.044 1
27 55.59 [M+COOH]"  723.379 8 C33Hsg0yy -1.51 551.270 6,425.165 9,143.106 8, SFAE!"!
101.059 8
551.270 1 467.212 7 425.166 1
- CiHeo O N N N [71
28 56.66 [ M +COOH] 723.380 3 33 Hsg 04 0.75 143.106 8 .101. 050 7 SFAE
29 57.53 [M+COOH]"  751.3749 C3HsgOy5 -1.18 481.191 8.143.106 7.87.043 9 SFAE["!
439.181 7 341.107 7 323.097 6
- C;,Hgo O N N N 7]
30 58.22 [M+COOH] 737.395 9 34He O 14 0.85 143.106 8.115. 075 4 SFAE
467.212°9 439.181 5 341.108 2
- CayHot O N ~ N [7]
31 59.36 [M+COOH]"  737.3959 wlaoOie 085 553 0978 143.106 8.115.075 3 SFAE
523.243 8.509.223 6 425. 166 2
- C3Hg, O - N N N 71
32 62.08 [M+COOH] 779.406 1 36He2 015 1.21 143.106 8 101059 7 87.007 6 SFAE
509.222 9 481.192 2 411.150 6,
33 62.63 [M+COOH]"  779.406 3 CyHg 05 0.98 143.106 8 .115.075 5, SFAE!"]
87.044 0
593.317 9 467.212 9 449.203 7
- CyHgs O N N N 7]
34 63.22 [M+COOH] 765.427 1 36Hes O14 0.89 143,106 8 .87, 007 7 SFAE
621.311 1 .495.207 4 425.165 5,
35 64.56 [M+COOH]"  793.4218 Cy7Hg Oy -1.15 143.106 7.101.059 7 . SFAE!]
87.044 0
551.271 1,509.223 1.425.165 6
- Cy3Hg O ~ z N [7]
36  66.84 [M+COOH] 807.437 6 33 Hes 015 0.93 407.156 4 .143. 106 8 .101.059 7 SFAE
537.254 5.509.228 3 449.200 8,
37 67.33 [M+COOH]"  807.4377 CagHgs Oy 0.85 143.106 8.115.075 4, SFAE!7)
87.043 9
38 69.05 [M+COOH]"  821.4532 C3oHeg 045 -1.01 551.270 1,523.239 3,425.166 0, SFAE!"!

143.106 78 ,115.075 4 (101.059 7

TE: * 2250 B U A

Note: * Identified by comparison with the reference substance.
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Fig. 3 Cluster heat map of 16 batches of Physalis Calyx seu Fructus
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Fig. 4 PCA score plot of 16 batches of Physalis Calyx seu Fructus

2.2 EATEAEEN

W 3 Fim , AR LU 5 KT 78 $2 B v 4 ¥
0 25 K AR K A T X8 B e e U o 3 e, L
Hh G €0 A BR A I B B 0.9 ~ 1.2 em,

KRIGFF AN EREE Y 1.3 ~ 1.9 em, ftba] i,
AT X AT B A ) 15 P00 0 4 B A A Bk
LD R e

F3 16 HABITEAMNEREER
Table 3 Inhibiton zone diameter of 16 batches of Physalis Calyx seu Fructus
T B i B
) Inhibition zone diameter(cm) ) Inhibition zone diameter(cm)
G ‘H‘Iﬁl
Sunle U ATAIRE KT sunple G AR KT
S. aureus E. coli S. aureus E. coli
S1 1.2 1.8 S10 1.1 1.7
S2 0.9 1.5 S11 0.9 1.8
S3 0.9 1.4 S12 1.2 1.7
4 1.0 1.3 S13 0.9 1.6
S5 1.1 1.5 S14 1.2 1.4
S6 1.1 1.6 S15 1.0 1.4
S7 0.9 1.9 S16 1.0 1.4
S8 0.9 1.8 25 F4H Control 0.8 0.8
S9 0.9 1.8

2.3 BRIEEHXEHAR
WA K OCE A M 16 JEUER KT 58 Ak 2 i oy
S5MEEHEZ BRSO R . LT 5 4s a0k 4

38 NI WS P, LU KT J8 25 M X 4 0 (5
2 BR TR AR i AT T A 40 5 P AR R/ IME S LR T
A, B 5 B 3 A BCHE Ab B 3E (Chitps i/ www.
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spsspro. com/ ) HEAT IR A8, JCHK FE 43t o B B ds 48—
HEATICEEANAAL B, SR B8 1 Ak 3 1 53 DG Bk 32
R4 RS,

AT AT S AT A W 27 X 4 B (0 A

BRIP4 K B A BOR TTRk (OCHKE =0. 85) 5 14 37
29 30.19.33 .35 .31 .17 32,20 128 ( XELJF =
0. 85) X KM AT o A I B 0 1 B K Tk, (E 15
TR, X LA W X o R R W TR BE S L 53 o

F4 I0HRBIERAESHEEBHANEE R XEE

Table 4  Correlation degree between common peak and antibacterial activity against S. aureus of 16 batches of Physalis Calyx seu Fructus

a5 KR 53 KR EE 25 KR BE a5 KR BE

Peak Correlation Peak Correlation Peak Correlation Peak Correlation
27 0.849 34 0.783 6 0.744 5 0.705
35 0.829 26 0.783 4 0.742 15 0.700
28 0.828 19 0.781 8 0.738 10 0.682
38 0.818 12 0.776 23 0.733 3 0.679
30 0.811 17 0.775 2 0.733 18 0.659
20 0.802 24 0.770 14 0.726 1 0.651
31 0.801 32 0.768 7 0.726 22 0.643
33 0. 800 21 0.758 36 0.721 9 0.532
37 0.793 11 0.750 13 0.714
29 0.792 25 0.748 16 0.713

£S5 16 RBATELFESHAETEFEERXEKE
Table 5  Correlation degree between common peak and antibacterial activity against E. coli of 16 batches of Physalis Calyx seu Fructus

5 KHR 53 KR BE W 5 KRB 25 KR BE

Peak Correlation Peak Correlation Peak Correlation Peak Correlation
37 0.89%4 28 0. 846 24 0.804 15 0.739
29 0.884 21 0.837 16 0.784 3 0.720
30 0.881 6 0.827 13 0.783 5 0.697
19 0.881 25 0. 826 23 0.782 1 0.671
33 0.872 38 0.825 12 0.776 10 0.666
35 0.869 34 0.815 7 0.776 18 0. 664
31 0.868 27 0.813 14 0.772 22 0.643
17 0.858 2 0.812 8 0.766 9 0.583
32 0.857 11 0.812 36 0.757
20 0.849 26 0.812 4 0.755

3 SR
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