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Abstract: We identified and analyzed the components and chemical constituents of hawthorn leaves of
Crataegus pinnatifida Bge. (wild) and C. pinnatifida Bge. var major N. E. Br (cultivated) by using ultra high-
performance liquid chromatography and quadrupole time-of-flight mass spectrometry (UHPLC-Q-TOF/MSF)
combined with UNIFI data analysis platform and multivariate statistics. Fifty-eight chemical compounds were
identified, including organic acids, flavonoids, triterpenoic acids, monoterpenes and sesquiterpenoids; among them,
terpenoid content was the most abundant. Principal component analysis (PCA) and orthogonal partial least squares
discriminant analysis (OPLS-DA) were used to identify the differential components of hawthorn leaves from two
sources. The results show that there are differences in the chemical compositions of the two sources, including 24
flavonoids and terpenoids (including monoterpenoids, sesquiterpenoids and triterpenoid acids). The types of
flavonoids (such as rutin, vitexin-2"-O-rhamnoside, isovitexin-2"-O-rhamnoside, hyperoside, quercetin-3-O-f-D-
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glucoside) and terpenoids (crataegolic acid, corosolic acid and ursolic acid) in C. pinnatifida were more varied than

those found in C. pinnatifida Bge. var major N. E. Br, and their contents were relatively higher. This study provides

a comprehensively analysis of the different chemical components of hawthorn leaves from two sources listed in the

Chinese Pharmacopoeia, and provides a basis for the selection of raw materials and the potential development and

utilization of hawthorn leaves.

Key words: hawthorn leaf; different sources; UHPLC-Q-TOF/MSF; identification of chemical constituents;

differential analysis
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Table 1 Summary of analyzed samples
Sample Geographical Collection Sample Geographical Collection
Sample name . . Sample name . .

No. origin time No. origin time
SZ-1 C. pinnatifida  Lingyuan, Liaoning 2019.10 SLH-47-10  C. pinnatifida var. major ~ Xinglong, Hebei 2018.10
SZ-2 C. pinnatifida  Lingyuan, Liaoning 2019.10 SLH-47-11 C. pinnatifida var. major ~ Xinglong, Hebei 2018.11
SZ-3 C. pinnatifida  Lingyuan, Liaoning 2019.10 SLH-47-30 C. pinnatifida var. major ~ Xinglong, Hebei 2018.11
SZ-4 C. pinnatifida  Lingyuan, Liaoning 2019.10 SLH-7 C. pinnatifida var. major ~ Chengde, Hebei 2019.10
SZ-5 C. pinnatifida  Dandong, Liaoning 2019.10 SLH-47-19 C. pinnatifida var. major ~ Xinglong, Hebei 2018.11
SZ-6 C. pinnatifida  Dandong, Liaoning 2019.10 SLH-47-23 C. pinnatifida var. major ~ Xinglong, Hebei 2018.11
SZ-1 C. pinnatifida  Xinglong, Hebei 2019.10 SLH-31-29 C. pinnatifida var. major ~ Xinglong, Hebei 2016.10
SZ-K C. pinnatifida  Xinglong, Hebei 2019.10 SLH-31-22 C. pinnatifida var. major ~ Xinglong, Hebei 2016.10
SZ-47-45  C. pinnatifida  Xinglong, Hebei 2018.11 SLH-47-26 C. pinnatifida var. major ~ Xinglong, Hebei 2018.11
SZ-47-46  C. pinnatifida  Xinglong, Hebei 2018.11 SLH-47-28 C. pinnatifida var. major ~ Xinglong, Hebei 2018.11
SZ-47-47  C. pinnatifida  Xinglong, Hebei 2018.11 SLH-47-36 C. pinnatifida var. major ~ Xinglong, Hebei 2018.11
SZ-31-10  C. pinnatifida  Xinglong, Hebei 2017.10 SLH-31-3 C. pinnatifida var. major ~ Xinglong, Hebei 2017.10
SZ-31-23  C. pinnatifida  Xinglong, Hebei 2016.10 SLH-J C. pinnatifida var. major ~ Xinglong, Hebei 2019.10
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Figure 1

Base peak intensity (BPI) chromatograms of hawthorn leaves in negative ion mode by UHPLC-Q-TOF/MSF analysis. A: C.

pinnatifida (SZ-1); B: C. pinnatifida var. major (SLH-31-3); The peak numbers hereby are consistent with those in Table 2
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Figure 2 The proposed fragmentation pathway of 2"-O-acetyl vitexin or its isomers (peak 31) in positive ion mode
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Figure 3  Structures of identified components in hawthorn leaves
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Figure 4 PCA/scores plot of leaves of C. pinnatifida and C. pin-

natifida var. major
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UHPLC-Q-TOF/MS" &% 4 UNIFI £ 4 43 #7176 5 11 i
W H A 2 A3 AT A B 4, AN LU A I 5 A
BAr 58, TR I HRE T S A R R E 1
SRR (L 244N, B Y A AL JE A A A
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Identification of markers from leaves of C. pinnatifida and C. pinnatifida var. major. The peak numbers are consistent with Table

2. The numbers I-IV indicate the components that have not been identified

Peak to Error . . Main source of
. Mass Formula Identification of markers .
No. /min /mDa existence
1 0.50 191.054 8 -0.6 C,H,,04 Quinic acid C. pinnatifida var. major

3 0.97 309.119 5 0.9 C,H,,0, (2S5)-Hex-2-ulofuranosyl 4,6-dideoxyhexopyranoside C. pinnatifida

11 4.80 431.192 4 0.7 C,,H,,04 (6S,7E,9R)-6,9-dihydroxy-4,7-megastigmadien-3-one-  C. pinnatifida
9-0-f3-D-glucopyranoside

18 6.80 593.150 4 -0.3 C,,H;, 0, Vitexin-4"-O-glucoside C. pinnatifida var. major

19 6.98 609.145 1 -0.5 C,,H, 0, Rutin C. pinnatifida

21 7.12 577.157 8 2.1 C,,H, 0, Vitexin 2"-O-rhamnoside C. pinnatifida

22 7.19 5771517 -4.0 C,,H, 0, Isovitexin 2"-O-rhamnoside C. pinnatifida

23 7.25 463.088 1 0.4 C,H,0, Hyperoside C. pinnatifida

25 7.55 463.090 1 2.4 C,H,0, Quercetin 3-0-f-D-glucoside C. pinnatifida

I 7.74 455.156 1 C. pinnatifida

I 7.82 453.139 8 C. pinnatifida

I1I 9.56 437.143 8 C. pinnatifida

v 9.87 437.143 8 C. pinnatifida

34 10.78 461.2373 -1.4 C,H,.0,, Linalyl rutinoside C. pinnatifida var. major

41 14.45 487.343 2 0.9 C,,H,.Oq 2a,3p,19a-Trihydroxyursolic acid C. pinnatifida var. major

43 16.25 487.340 4 -1.9 C,,H, O The isomer of 2a,3,19a-trihydroxyursolic acid C. pinnatifida var. major

44 16.89 487.343 2 0.9 C,,H,Oq The isomer of 2a,3$,19a-trihydroxyursolic acid C. pinnatifida var. major

45 17.62 485.326 8 0.1 C,,H,O; 18,19-Seco-2a,34-dihydroxy-19-oxo-urs-11,13(18)- C. pinnatifida
dien-28-oic acid or its isomers

46 17.82 485.326 8 0.1 C,,H,O; 18,19-Seco-2a,3f-dihydroxy-19-oxo-urs-11,13(18)- C. pinnatifida
dien-28-oic acid or its isomers

50 19.95 471.348 2 0.8 C,,H,0, Crataegolic acid C. pinnatifida

51 20.26 471.348 2 0.8 C,,H,0, Corosolic acid C. pinnatifida

52 20.48 633.376 7 -2.4 C,,H,,0, The isomer of 3-O-trans-p-coumaroyltormentic acid C. pinnatifida

55 22.55 469.332 2 0.4 C,,H,0, 18-Glycyrrhetinic acid or its isomers C. pinnatifida var. major

58 23.21 4553514 -1.1 C,H,,0 Ursolic acid C. pinnatifida

30 48 73
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Figure 5 Heatmap of the 24 different markers of two sources of hawthorn leaves. (sample numbers and peak numbers are consistent with

Table 1 and Table 2, respectively)
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