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Abstract: Objective To evaluate the quality of Mahoniae Caulis from different species by UPLC multi-component
determination and fingerprint combine with chemical pattern recognition method, and provide a reference and basis for the

construction of the quality assessment of Shidagonglaomu (Mahoniae Caulis) and the identification of species. Methods The
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analysis was performed on an UPLC with Agilent Zorbax SB-Aq column (150 mm x 2.1 mm, 1.8 pm), the mobile phase
consisted of acetonitrile-0.1% phosphoric acid solution for gradient elution, the volume flow rate was 0.3 mL/min, the
detection wavelength of fingerprint and content determination were 220 nm and 345 nm, column temperature was 15 C, and
injection volume of 2 pL. The fingerprint of Mahoniae Caulis from different species were established by UPLC method, and
the content of four active ingredients in Mahoniae Caulis were simultaneously determined. The differences of different
Mahoniae Caulis species were studied by hierarchical cluster analysis (HCA), principal component analysis (PCA),
orthogonal partial least squares-discriminant analysis (OPLS-DA) and analysis of variance. Results The UPLC fingerprints
of Mahoniae Caulis from four species were established. The similarity of Mahoniae Caulis from the same species was greater
than 0.968, and similarity of four Mahoniae Caulis species ranged from 0.864 to 0.964. A total of 17, 15, 14 and 9 common
peaks were identified for Mahonia eurybracteata, M. bodinieri, M. ganpinensie, M. duclouxiana, respectively. And four of
them were identified by comparing with reference substance, which were columbamine, jatrorrhizine hydrochloride,
palmatine hydrochloride, and berberine hydrochloride. The results of HCA, PCA and OPLS-DA could accurately distinguish
four species of Mahoniae Caulis. There were obvious differences in chemical components among the different species and
seven inter-species significant differential components were found by OPLS-DA. The content determination results showed that there
were obvious differences in the four index components of Mahoniae Caulis from different species, and M. ganpinensie had
better quality. Conclusion The established fingerprint and multi-component content determination are reasonable and
reliable, which can significantly distinguish different Mahoniae Caulis medicinal plants, and provide scientific basis and
reference for the species identification and quality evaluation of Mahoniae Caulis medicinal materials from different species.
Key words: Mahoniae Caulis; Mahonia; fingerprint; columbamine; jatrorrhizine hydrochloride; palmatine hydrochloride;

berberine hydrochloride; chemical pattern recognition; quality evaluation
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Table 1 Sources of medicinal materials of Mahonia Caulis
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A-M. eurybracteata; B-M. bodinieri; C-M. ganpinensie; D-M. duclouxiana; E-mixed reference substance map; F-fingerprints overlay map from different

species.
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Fig. 1 UPLC fingerprints of different species of Mahoniae Caulis and common peaks



FED 2025F 48 $56% B8 Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8

= 2918 -
RIhFA (B 1-B) BiE 15 DA 20P+K
WA (B 1-0) B 14 MEA W KEKD)

FAR (E 1-D) #E 9 NMLE . 4 Fhd Rt e
S S IEAN SN 9 A, WK 1-F, B
pits R B B[] A 58 S AL 28 3 S o 4 P TR 2
MHI) 9 NG IEEATIAE, e 14 HAEIBE
O, U 15 AERIR AR, 1% 16 HEHRE LT,
U 17 NERER/NBERR . I 1-F B, U3 ATt
T RIFHAREE, W 5 K+ RKIDZ ARERK
I 8. 9. 2 A/NRAKRINZFA . 2P+ KI5 A
KA+ RKI 57Kz )2 5, RET KI5 K
Zipt R 4 S [RLJE J RAk 2 1 0y 22 S5 0 o

2.4.2 MHBIE M SRH ‘P2t is gr kg
MU VEA RG” AE, 500k 4 FhE R L 65
bV 25 B BE S I UPLC 48 40 B 1 47 B4 b
B, RAEHE, BEE DA 0.5 min, £ g5
1E, Mark WEVCEC, 85k S b A A ploxt JE R
THEARLE R ARWNEK 2 i, 16 itz
T KI5 AR A LB 7E 0.992~0.999, 18 #it
KA+ KT 55 R AHALFE I AE 0.982~0.999,
16 ftt/N R4 KT 57 R B AH AL FE 3 72 0.968 ~
0.997, 15 it %8 %5+ K T 55 A B9 AH L 2 ¥ 78
0.981~1.000. £5RLEMH, [F—HEE K-+ KT
57 AR B A B — gk .

%2 FREE+ADHABHOMAIEMNETHER

Table 2 Intra-specific similarity evaluation of different species of Mahoniae Caulis

9 5 AL 9 HHALEE ELed HALLE ELed FHAL
AP1 0.998 Cz2 0.998 XG1 0.980 KB2 0.999
AP2 0.999 CZz3 0.982 XG2 0.989 KB3 0.994
AP3 0.998 Cz4 0.984 XG3 0.997 KB4 0.994
AP4 0.996 CZ5 0.993 XG4 0.996 KB5 1.000
AP5 0.998 CZ6 0.999 XG5 0.994 KB6 0.998
APG6 0.999 Cz7 0.992 XG6 0.991 KB7 0.995
AP7 0.992 CZ8 0.994 XG7 0.981 KB8 0.995
AP8 0.996 CZ9 0.996 XG8 0.979 KB9 0.995
AP9 0.998 CZ10 0.992 XG9 0.975 KB10 0.999
AP10 0.999 CZ11 0.999 XG10 0.994 KB11 0.997
AP11 0.999 CZ12 0.997 XG11 0.997 KB12 0.997
AP12 0.999 CZ13 0.997 XG12 0.986 KB13 0.998
AP13 0.999 CZ14 0.996 XG13 0.990 KB14 0.987
AP14 0.996 CZ15 0.991 XG14 0.988 KB15 0.996
AP15 0.996 Cz16 0.998 XG15 0.987 KB14 0.988
AP16 0.996 Cz17 0.997 XG16 0.968

Cz1 0.988 Cz18 0.996 KB1 0.981
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Table 3 Reference fingerprint similarity evaluation

of different species of Mahoniae Caulis

Bl NRAERIIA %P RIS A K RIp5A SR AT A

MRERIIEA 1000

PEFRWHA 0914 1.000
KHTRIHA 0867 0.864 1,000
SETAHEA 0964 0.936 0.920 1,000
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Fig. 2 HCA of 65 batches of Mahoniae Caulis
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Table 4 Contribution rate of characteristic roots and principal components

By Mt WIREEE T EA /% BRTTEIRE/% S REEM T M ER S/ % BBRTTEE/ %
1 7.756 45.622 45.622 7.756 45.622 45.622
2 3.918 23.046 68.667 3.918 23.046 68.667
3 2.841 16.712 85.379 2.841 16.712 85.379
KB PHAAZ T IR SR, RR AL UG, &
4 XG BATEE,
2 , AP
= ' cz AP B 52/ (variable importance in
=0
= project, VIP) 72 i it 22 A G VI B E 48 FR, VIP
j fE B, X AL 2 SR R R, DL VIP>1.0 fE
8 -6 -4 -2 2 4 6 R ARAEDS], % T KI5 AR 4 BE R 0 %2 Rk

0
t[1]

AP-%F R 95 AR s KB-%i 45+ KDy 95 R s XG-/hR+ K
HAR: CZ-KETRIAR. TEIF.
AP-M. ganpinensie; KB-M. eurybracteata; XG-M. bodinieri; CZ-
M. duclouxiana, same as below figs.
3 PCABSE
Fig.3 PCAscore chart of 65 batches of Mahoniae Caulis
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Fig. 5 Analysis of variance results of potential inter-specific differential components of Mahoniae Caulis
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Table 5 Calibration curves, correlation coefficients,

linear ranges of four components of Mahoniae Caulis
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MO Y=22.684 X+1.6103 0.9991  0.198~4.947

HEARE  Y=31747X—20.963 0.9998  4.989~99.782
HEEODT Y=27812X419.174 09990  1.570~39.254
BRNEER,  Y=20.283X—198.594 0.9998  4.994~99.882
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Fig. 7 Determination results of four active components of Mahoniae Caulis from different species (X1 $)

®6 TRIERTARIFAAGMD 4HELRDIESENE (n=2)

Table 6 Contents determination of four active components of different species of Mahoniae Caulis (n = 2)
i S5 & Bl % g5 5 5 3 K%
FEMBT O R HREDT BRER SR TP B B R 2GR R T Fh RN B B
AP1 0.0231 0.967 9 0.1493 0.7424 1.8827|CZ18 0.0393 0.4236 0.2850 0.4465 1.1303
AP2 0.018 7 1.0500 0.1363 0.9337  2.1387 |[XG1 0.048 4 0.6119 0.1756 0.8036 1.6394
AP3 0.0115 0.964 9 0.1275 0.7135  1.817 4 |[XG2 0.0349 0.360 3 0.247 4 0.8295 14720
AP4 0.0131 0.8556 0.0789 0.8165 1.764 0 |[XG3 0.0413 0.5518 0.2515 09714 18161
AP5 0.0156 0.947 4 0.0879 0.8716 1.9225 XG4 0.026 3 0.3897 0.174 4 0.6966 1.2869
AP6 0.014 6 0.8941 0.0958 0.7378 1.742 3 XG5 0.0331 0.4759 0.1407 0.796 0 1.4457
AP7 0.016 3 1.056 6 0.0931 0.6608  1.826 9 |[XG6 0.0397 0.626 6 0.1909 1.0264 1.8836
AP8 0.0143 0.9392 0.1243 0.8899  1.967 8 |[XG7 0.036 4 0.549 6 0.1553 0.8015 15428
AP9 0.016 6 1.160 3 0.1067 0.7610  2.044 7 |XG8 0.0338 0.547 4 0.1918 0.8473 1.6204
AP10  0.0141 1.1814 0.1568 0.9025 2.254 7 |XG9 0.0401 0.4336 0.2525 1.0422 17684
AP11  0.0190 1.1745 0.0994 09280 2.220 9 [XG10 0.059 8 0.738 6 0.3532 1.0779 22295
AP12  0.0256 1.326 0 0.1816 1.0601 2.5932|XG11 0.0332 0.5901 0.203 6 1.0954 19223
AP13  0.027 2 1.488 2 0.2028 12505 2.968 7 [XG12 0.0259 0.600 2 0.1658 0.7635 1.5554
AP14  0.0177 1.4479 0.1387 0.9522 2556 5|XG13 0.054 9 0.6859 0.3256 11783 22447
AP15  0.0155 1.238 4 0.1693 0.8400 2.2632|XG14 0.062 6 0.768 8 0.2455 0.9797 2.0567
AP16  0.0191 1.2253 0.2678 1.0243  2.536 5 [XG15 0.0477 0.5256 0.250 4 11156 1.9394
Cz1 0.044 6 0.4949 0.4504 0.3109 1.204 6 [XG16 0.0421 0.594 2 0.176 0 0.9818 1.7941
Cz2 0.050 5 0.5126 0.4203 0.4238 1.3270 |KB1 0.016 3 0.5355 0.1950 0.016 3 1.8372
Cz3 0.0532 0.567 7 0.4330 0.2832 1.2522 |KB2 0.020 9 0.586 9 0.276 4 0.0209 1.7697
Cz4 0.056 9 04726 0.3064 0.3303 1.094 0 |[KB3 0.029 7 0.6157 0.2856 0.0297 1.7057
Cz5 0.0375 0.4252 0.2362 0.3701 1.002 9 |KB4 0.029 5 0.724 3 0.294 3 0.0295 19181
CZ6 0.046 0 0.4322 0.3061 0.3581 1.067 8 |KB5 0.027 0 0.6515 0.294 3 0.0270 1.9583
Ccz7 0.046 9 0.3735 0.2961 0.4140 1.058 4 |KB6 0.0117 0.576 9 0.2218 0.0117 1.7649
Cz8 0.0481 04148 0.2702 0.3503  1.007 3 |[KB7 0.019 6 0.540 4 0.298 8 0.0196 1.6145
Cz9 0.0823 0.469 6 0.3879 0.3855 1.2401 |KB8 0.0341 0.748 4 0.3136 0.0341 2.0290
CZ10  0.0500 0.4439 0.2842 04016 1.1153|KB9 0.0321 0.634 6 0.2833 0.0321 1.9342
Cz11  0.0612 0.463 4 0.3331 0.4479 1.2307 |KB10 0.024 8 0.662 5 0.2491 0.0248 18777
Cz12  0.0555 0.488 2 0.3484 04367 1.2539 |KB11 0.0319 0.630 4 0.346 1 0.0319 2.0285
CZ13  0.0485 04350 0.3420 05757 1.3196 |[KB12 0.0237 0.6559 0.276 0 0.0237 1.7886
Cz14  0.0449 04117 0.3199 0.4634 11727 |KB13 0.029 3 0.7114 0.359 3 0.0293 21742
CzZ15 0.0443 04748 0.3129 04743 1.2331|KB14 0.019 4 0.5385 0.228 5 0.0194 1.9007
Cz16  0.0370 04135 0.2707 0.4393 1.098 8 |KB15 0.020 4 0.687 2 0.216 6 0.0204 1.8088
Cz17  0.0525 0.4407 0.3377 0.4349 12023
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