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ABSTRACT: AIM  To evaluate the quality of Uncariae Ramulus cum Uncis. METHODS  The UPLC
fingerprints were established, after which cluster analysis, principal component analysis and orthogonal partial least
squares discriminant analysis were performed, HPLC was adopted in the content determination of isocorynoxeine,
corynoxeine, isorhynchophylline and rhynchophylline, colorimetric method was applied to determining the content
of total flavonoids, the comprehensive evaluation was performed by CRITIC-TOPSIS method, AL", Aa™, Ab" and
AE" ab were determined, and the relationships between active constituent contents and chromatic values.
RESULTS There were 10 common peaks in the fingerprints for 38 batches of medicinal materials with the
similarities of 0. 330-0. 977, 8 of which were identified. Various batches of medicinal materials were clustered into 3
types, 4 principal components demonstrated the accumulative variance contribution rate of 77. 937% , chlorogenic
acid and isochlorogenic acid B were taken as potential quality markers. The average total content of 4 alkaloids in
medicinal materials produced in Guizhou was the highest, while that produced in Guangxi was the lowest; the
content of total flavonoids in the SO02 medicinal material was the highest, while that in the S21 medicinal material
was the lowest. The medicinal materials produced in Guangxi, Hunan, Guizhou and Chongqing displayed high

rankings. The color differences were mainly reflected in brightness and yellow-blue tone, and flavonoids and
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phenolic acids might be the main material basis of color formation. CONCLUSION

This experiment characterizes

and quantifies Uncariae Ramulus cum Uncis color, and combines it and active constituent contents, which can

comprehensively reflect the quality differences of this medicinal material from different producing areas, and provide

a reference for the improvement of its quality evaluation.

KEY WORDS: Uncariae Ramulus cum Uncis; quality evaluation; UPLC fingerprints; cluster analysis; principal

component analysis; orthogonal partial least squares discriminant analysis; content determination; chromatic values
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Tab.1 Information of Uncariae Ramulus cum Uncis
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Tab.2 Results for similarity determination
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G2 FERMWEL, 2, 6, 10 FELE, FM53 E
BRI 3 4, 10 IE R, TR 4 FE g

2.2.3 AR/ ARG AT AE TR

i R ETR= AL
S0t 0. 894 $20 0.956
S02 0.895 s21 0.907
S03 0.428 s22 0.931
S04 0.363 $23 0.955
S05 0.386 S24 0.878
S06 0.961 $25 0. 384 2.2.2  FWHHr
S07 0.951 26 0. 853
S08 0.958 $27 0.370
S09 0.873 s28 0. 890
S10 0.354 29 0.872
si1 0.485 $30 0.893
S12 0.921 s31 0.948
S13 0.956 s32 0.910
Si4 0.429 $33 0.330
sis 0.748 s34 0. 891
S16 0.954 s35 0.378
S17 0.977 36 0.977 9 ff=ma.,
s18 0.340 37 0.943
S19 0.390 S38 0. 899
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Fig.2 Plots for cluster analysis and principal component analysis of 38 batches of Uncariae Ramulus cum Uncis

x3 THMFLERFETEHE

Tab.3 Eigenvalues and variance contribution rates of
principal components
FR FHEE T3 2 TTRRE /% BRUr 2250 E /%
1 3.552 35.524 35.524
2 1.834 18.338 53.862
3 1. 305 13. 049 66.911
4 1.103 11. 026 77.937

Femt [, DI w0 i AU AR B A SIMCA 14. 1
BAFSEAT 00T, RBIBLRL R°X O 0.913, R°Y N
0.905, Q%4 0.728, FHIIARE M KM GE Ty R
U, DK 3A, FRIEFT 200 R B HKG S, KB L
IR, QF WA, REENIEE, Q° #H
M 59\ (ZEM) MFRSS SR T A, RIIEL
RIATSE, R M AIMS, WE 3B, AR5,
FE 95% BEF X IS A (VIP fH) >1 K

bR, FiEhiE 2 (SRIEIR) . S (RER)EIR B)
R MAM B EES N EEEE, WK 3C,
2.3 A#masEnE RH HPLC ik,
2.3.1 %4  Hedera C, %4 (150 mmx
4.6 mm, 5 wm); WZIAH 0.015 mol MR — &
(A) -2 (B), BBEEVEN (0~20 min, 10% B;
20~ 30 min, 10% ~35% B; 30 ~40 min, 35% B;
40~50 min, 35% ~40% B; 50~55 min, 40% ~50% B;
55~60 min, 50%B); ARG E 0.8 mL/min; i
35 °C; Keilly 4 246 nm; JEAEE 10 wL, G
L 4,
2.3.2 XPRESIACRI RS KRR T, S
JEETR . Zo BRI, e SRR TR R e, T
PsEVs ik, i BB R B 3 5l 260, 192, 212, 300
g/ mL E"J@(&, HIFE
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Fig. 3 Orthogonal partial least squares discriminant

analysis plots for Uncariae Ramulus cum Uncis

2.3.3 MRl H S WAMBR (i35
i) £90.5 ¢, Wi%RE, BETHIER T, KEm
A 25 mL 70% HEE, FRE T, M (D) 250 W,
A 40 kHz) A0PE 30 min, YA, 70% FPESAD U6
B, 10 000 r/min .0 10 min, BEFH R,
0.22 pm FAFLIEE S UE , HRZLUEWE, HI1S.

2.3.4 Jrikepsg

2.3.4.1 RMEXRRFE LW IR O
AR (X)), WEE B AER (Y) #EfTRIE, 15
SRS E T FE R V=58 639X-173 957 (R>=
2508

0 10 20 30 40 50 60
t/min

0 10 20 30 40 50 60
t/min

T A XM, B Ot
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4 BEYHE HPLC BiHE

Fig. 4 HPLC chromatograms of various alkaloids

0.999 7), 7£3.00~300 wg/mL EHENLIERXRRR
Uy REHBER T R V=29 519X-92 109 (R’ =
0.999 7), 7£2.12~212 pg/mL {EEINEH XL RR
U, SEARET T BN Y=32 807X-110 561 (R*=
0.999 8), 7£1.92~192 pg/mL JELE LM KRR
U BIBETR 7 FE R Y =25 058X —94 691 (R® =
0.999 7), fE 2.60~260 wg/mL U [ &M% &R
R4f,

2.3.4.2 KEEmERE HUE — 0 k5 A TR
(S06), £ “2.3.17 IR HEAEIE 6 IR,
DA S 2 BT . JS AT . S AR . P
B T AR RSD 43901 49 1. 158% | 1. 654% . 2. 621% .
1.259% , FRBUAAG %R R4S,

2.3.4.3 EEMERE HRZAMHEK (S06) 6 17,
e “2.3.37 WUF AT 6 ik s W,
fE “2.3.17 BEAGERA TR E, AR LA
PN, 2SR, S RO . R B U T AR
RSD 351K 1.397% . 1.018% . 2.145% . 1.372%,
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2.3.4.4 RUEMIAE BWAMBER (S06) iff,
fie “2.3.37 WUR kAR, ERTT
0,2, 4,12, 24 h{E “2.3.17 Wik ik
FRME , M0AS e 2 SR . JoEA R AR
B, EATHETR I 7T AR RSD 43 K 2..045% | 1.275% |
2.137% . 1.981% , FWIHWAE 24 h WRETE RS,
2.3.4.5 JAERNSCRIES R % PRI MR R
(S06) 0.5 ¢, 6y, F 100% K AXS I8 i,
e “2.3.37 IR 7k K A W, FE
“2.3.1" WG SRR, TR R,
G5, SR AIEL . L ERET . R
FHEBR - 5 i A T i #8843 1) Sl 99.942% | 99. 635%
101.961% . 102.346% , RSD 439l 2.461% . 2.635% .
2.173% . 1.797%

2.3.5 SR o B3 At M MK, %
“2.3.3” WURJr kil p s, fE 2,317
WS4 FobREm 2, A&, 450 IE 4,
HHCAT L, P8 (S04) . WITE (S07. S14. S19.
S21, S23) FEAMTPA 1~2 NMEWTAK N B
Mg A S & Emm (FHER
0.987%0 ), VLP4 (“F-II{EHN 0.905%0) . #irg (°F
BIEN 0.823%0) PRz, TR E CEYMER
0.789%0) ik, JFH TR 257, MIbF45H4 1
KE, TR 2 F A R S
TR B[R] o3 S AR A O LR 2 i S R L
0~64% , J& P& & = S 36% ~ 100%  ( BR
S07 FMERT 50% ) .

2.4 XEmAeEaE RALGH,

2.4.1 XRESAMEEIRS KSR PREOS T O R 20
mg, 50% LIEERRES mL, ?53/}_‘], 153 4 mg/mL
BT, KB BGE i, 50% B R R o ot IR 3
%%k 0.13, 0.25, 0.50, 1.00, 1.50, 2.00,
2.50, 3.00, 3.50 mg/mL B, BIFE,

2.4.2 MRS BRI 3 S
211.0 g, BETHEHE D, KEMA 25 mL
50% T, 323011 h, 60 CH#ES (L)% 250 W,
B 40 kHz) AAHL2 h, BHIZEZERE 6 500 r/min
B0 10 min, B LIER, BIfS, BT 4 CukFH
TRAE

2.4.3 ZMERERFZE KHEREL0.13, 0.25, 0.50,
1.00, 1.50, 2.00, 2.50, 3.00. 3.50 mg/mL %}
HERRWAS 0.5 mL, BT 10 mL &), A 0.3
mL 5% NaNO, ¥, 182, ZEBE 6 min, FM
A 0.3 mL 10% Al (NO,), %W, 1RA, FiRE

R4 BEYHIENESER (n=3)

Tab. 4 Results for content determination of various
alkaloids (n=3)
2 FERES  REE SR HIER, R/
TETR/ %0 T/ %o ik %o %o %o
SO01 0. 154 0. 249 0.171 0. 288 0. 861
S02 0. 154 0. 307 0. 190 0. 407 1. 058
S03 0. 149 0. 346 0. 196 0.462 1.153
S04 — 0. 174 0.193 0.289 0. 655
S05 0.134 0. 145 0. 156 0.176 0.611
S06 0. 159 0.278 0.177 0.338 0.953
S07 0. 142 0.199 — 0.193 0.533
S08 0. 142 0. 205 0.171 0.269 0.787
S09 0. 156 0.293 0.197 0. 401 1. 047
S10 0. 149 0.253 0. 190 0. 352 0.944
S11 0. 157 0.258 0. 186 0. 286 0. 888
S12 0. 146 0. 220 0. 181 0.324 0. 871
S13 0.174 0. 246 0.197 0.244 0. 862
S14 — 0.175 0. 208 0.237 0. 620
S15 0. 163 0.276 0.204 0. 365 1. 007
S16 0. 153 0. 255 0.179 0.298 0. 886
S17 0. 140 0.192 0.173 0.279 0.784
S18 0. 147 0.186 0.174 0. 258 0. 765
S19 0. 160 — 0.211 — 0.371
S20 0.178 0. 159 0.182 0.280 0. 800
S21 0. 155 — 0. 160 0.234 0. 549
S22 0. 151 0.170 0.182 0. 198 0.701
S23 — — 0.179 0. 266 0. 445
S24 0. 164 0. 287 0. 206 0. 389 1. 046
S25 0. 146 0.251 0. 183 0.329 0.910
S26 0. 155 0. 260 0.195 0. 326 0.936
S27 0. 158 0.253 0. 199 0.313 0.923
S28 0. 169 0.287 0.220 0.363 1.038
S29 0. 205 0.256 0. 287 0.313 1. 061
S30 0. 156 0.243 0.204 0.292 0. 895
S31 0. 150 0. 199 0.163 0.574 1. 085
S32 0. 190 0.217 0.304 0.289 1. 000
S33 0. 133 0.137 0. 149 0. 167 0.586
S34 0. 147 0.259 0. 184 0.361 0. 951
S35 0. 152 0.292 0. 191 0.376 1.010
S36 0. 148 0.162 0. 181 0. 264 0.754
S37 0. 184 0.204 0.242 0.261 0. 891
S38 0. 147 0. 244 0. 167 0. 305 0. 864

L —RRARK
6 min, FFAIA 4 mL 4% NaOH ¥, 50% £ BEE 2
B, IR, #E 20 min, £ 510 nm B AL
SEMGRE . DI BEh B m v E R AR AR (X)), TR
JE RPN FR (A) HEATHIA, B RR A=
0.262 4X+0.095 5 (R*=0.992 4), £ 0.13~3.50
mg/mL Y F NG R REF,
2.4.4 ZERSHT B3 LK, i <2.4.27 i
T AR R, KRR 0.5 mL, BT
10 mL B, # “2.4.37 TR kil E oL,
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TSR, FERWE S, M, s21 S

SERAL, S02 PR,

*k5 BREMEENESER (n=3)
Tab.5 Results for content determination of total flavonoids
(n=3)
Ui SR/ % ' ST/ 9%
SO1 2.795 S20 2.034
S02 4.983 S21 0.932
S03 2.736 S22 1.390
S04 4.477 S23 3.092
S05 2.803 S24 2.451
S06 3.964 S25 2.769
S07 1.769 S26 3.597
S08 1. 867 S27 2.911
S09 3.439 S28 2.326
S10 2.472 S29 3.053
S11 2.147 S30 2.589
S12 1. 094 S31 2. 005
S13 3.573 S32 4.399
S14 2.209 S33 3.351
S15 2.077 S34 1. 995
S16 1. 651 S35 3.950
S17 1. 401 S36 2.543
S18 1.988 S37 4.934
S19 1.764 S38 2.736

2.5 CRITIC-TOPSIS #

2.5.1 WAL ZBESCHR [21] &, XA
HMHAS R, DEIS R, SRR N R SRR B
WA T AR AL AL B, IR b () L woe
P (R) . HEE(C) ., HE (w), FRBEBK,
WK, 558, FREBEMN ., Kamm,. 5
GARERE , AN HERE . BN, SRR, SRR B
FEEAY w, 430 0.149, 0.117, 0.094, 0.096,
0.108. 0.156, 0.149. 0. 130,

2.5.2 HBF KSR bRACE SRS R A
Fe, whEmth, mEITE, WHEWEE C, IRk
HHATHEY, SR WE 6, HILAT A, HEATTH1
i 3R ATTPE (S02, S03, S05), 4 itk
HilF (S06, S09, S13, S26), 2 #tk A 5t M
(S28., S32), 14tk A ER (S37), FKWIK ™ H
o HA T B S R A A R RS

2.6 & EALNE

2.6.1 ML KRG D65; 10244 ; Ml
IO 8 mm; FIHEFIE, HU1 5K A4 401 XT
M RS E L, ageid]e« . WEAHL,
FAT 10 R, BOPBIME, WAMB AR (i 3 S i)
i, FERSFRILP AR O C A B R K,
WE L™ a™ b, PR Excel 2019 #FITH =
2510

&6 38 HEABEmERHF

Tab. 6 Quality rankings of 38 batches of Uncariae
Ramulus cum Uncis
ErRe] C; Eildha = ¢ He
SO1 0. 480 19 S20 0.413 26
S02 0.672 1 S21 0.304 37
S03 0. 635 4 S22 0. 356 33
S04 0.390 29 S23 0. 266 38
S05 0.576 8 S24 0.533 12
S06 0. 603 6 S25 0. 494 17
S07 0.334 34 S26 0.578 7
S08 0.395 28 S27 0.520 13
S09 0. 603 5 S28 0.556 10
S10 0. 449 22 S29 0. 555 11
S11 0.433 24 S30 0.473 20
S12 0.387 30 S31 0.483 18
S13 0.571 9 S32 0. 666 2
S14 0.311 36 S33 0. 441 23
S15 0.502 15 S34 0.495 16
S16 0. 415 25 S35 0.516 14
S17 0.367 32 S36 0.399 27
S18 0.383 31 S37 0. 653 3
S19 0.313 35 S38 0. 464 21

HEXMMEM, BALT . Aa™, AD", R EA
FEM AE" ab, NN AE" ab= (AL +Aa™" +

Ab *2) 172
2.6.2 JTiESEEE
2.6.2.1 MR EME K MK

(S22) ifitk, 7EXESFRMLPAETE, 8. 00, 10: 00,
12: 00, 14: 00, 16: 00, 18. 00 #% “2.6.1” I
TR E 3K, WS ALY, Aa”, AbT ., AE®
ab RSD 43 9 Jy 0.424% . 2.071% ., 2.236% .
0.355% , KU, ket R,

2.6.2.2 FEMEEMNIRAE BAMBER (S22)
Wi, RSN A, TH 0.1, 2,3, 4,5
K9: 00~10; 00 % “2.6.1” Wi F k&M E 3
W, M AL" | Aa”™ | Ab" . AE™ ab RSD 435l N
0.574% . 2.111% . 2.814% , 0.737% , W24tk
KRFH PN TCI B AR, FE kR AT,
2.6.2.3 HEMIKKE WAMBAEK (522) 6 4,
TER SRR, #i6 “2.6.17 TR Jy k40 E 3
K, MG AL" | Aa”, Ab" . AE" ab RSD 435K
0.362% . 2.245% . 2.568% , 0.454% , 2 W]Z4 4t
B EEERL

2.6.3 ZERHT BUIS HLZAM A, H “2.6.17
WH kil e, 25 R WEK 7, HalH, S05,
S06, S31 A AifELk Al (Aa” <0, Ab">0), H
AMK B LA (Aa” >0, AD">0);
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AL" | Ab " RAUIRIE R T Aa™ , RUIZGH R KB4
25 57 EBARIUAE W B R Bl (500
x7 BEEUWELER (n=3)

Tab.7 Results for chromatic value determination (rn=3)

i’ AL* Aa* Ab* AE* ab
so1 -27.681 1.296 20. 099 34.237
S02 -32.368 5.459 18.959 37.910
S03 -27.978 2.662 20. 816 34.975
S04 -24.038 0. 002 24.929 34. 631
S05 ~18.748 -0. 668 25.079 31.324
S06 -21.001 -0.161 19.919 28.949
S07 -29. 671 0.796 18.776 35.125
S08 -30. 091 0. 949 18. 859 35.526
S09 -32.128 5.972 20. 706 38. 686
S10 -35.018 5. 866 19. 446 40. 482
S11 -37.121 5.019 17. 452 41.327
S12 -38.218 4.832 16.262 41.817
S13 -28. 844 1. 602 21.402 35.956
S14 ~28. 994 2.762 21.312 36. 099
S15 -36.534 5.592 18.326 41.258
S16 -36.794 5.052 18.332 41.420
S17 -36.711 5.479 17. 802 41.169
S18 -37.208 4.782 17. 602 41. 440
S19 -37.734 4.309 15. 849 41.155
$20 -36. 868 5.112 17. 039 40.937
s21 -37.294 4.712 17. 599 41.508
S22 -35.298 5.586 17. 892 39. 969
S23 -35.308 5.659 17.272 39.713
S24 -32.731 5.929 19.162 38. 390
825 -27.638 1.162 19. 149 33. 646
$26 -29.211 1. 946 20.612 35.813
S27 -30. 608 2.089 20. 782 37.058
S28 -26.078 1.832 19. 676 32.724
$29 -29.788 1. 346 20. 746 36. 328
S30 -31.491 1.349 19. 662 37.163
S31 -32.788 -0.014 17. 296 37.073
$32 -27.921 1.759 25.012 37.541
$33 -32.458 4.112 19. 766 38.228
S34 -33.051 5.939 18.542 38.366
S35 -28.391 1.202 20. 456 35.019
S36 -36. 781 5.906 17. 092 40. 989
$37 -24. 448 0. 376 24.989 34.968
$38 -30. 704 2.086 21.189 37.366

2.7 ABEMESM KFH SPSS 27. 0 BT T,
SERILE 8, MU EI A, BIEES RS ALY, AL
EWBEFME (P<0.01), 5 Ad*, AE" ab &
BERAIE (P<0.05), UM I A 52 B,
RN % ST g Sy T =y R e A ) 3 ey
W5 AE ab R EMAL (P<0.05), 550
TS A BEFIEM (P<0.05), A0S H
5 OEEITEEMCHE (P>0.05); SR, 5
SEETR B T LS ALY . ALY R I IE A G
(P<0.01), 5 Aa” . AE" ab 2B ERIML (P<

0.05), 5 & 2L, 457 8 A e vl fg
M BETE R B €5 ALY, AbT &
WRBFEIEME (P<0.01), 5 AE" ab EWEFER
XK (P<0.01), 5 Aa" 2B EFERMAE (P<
0.05), FEAZM I AR B 5 i BT 2 [ AE7E — 2 A
Kotk

#8 MHXMMTER

Tab. 8 Results for correlation analysis

TBAR AL* Aa” Ab* AE " ab
ST 0.609™  -0.390" 0.691* -0.508*
SREMBER AR -0.080 0.003  -0.093 0. 048
EEHEW AR 0.297 -0. 137 0.246  -0.331"
S E T 0.088 0.015  0.329*  0.024
FR R i 0. 086 -0.032  0.017  -0.144
AR B 0.169 -0. 069 0. 166 -0.193
23 SR e T AR 0.632**  -0.338* 0.591* -0.571*
SEJRR B UERA  0.466™ -0.325*  0.451" -0.381"
C; 0.560™  -0.323* 0.570™ -0.498*"

. * P<0.05, ™ P<0.01,
3 iTig

UPLC #5840 E3% o, 38 LA AH DI EE 22 55 i
%, MR A ERZAM AR E,, BE
SR, ERGT TN, A A R S I B 2R
£, RIS HE X250 0 B R A2 n]
REOLT =™ 1E 58 M o /D — T H ) 43 A o,
SRR . SRR B O BT 25 Sy, R T HT
AL LA Wil M — A% DA FE bR AR R, o
PR DT PP AR R A e BRI T O |

P OE SR, B T R TR O e TR
YImk, 4k A M SE 2 BRI ST Y, AR IR I
SHVERZIM TR R AR Z — . FHOCHE ST R,
SV AR 2 (RO AR O, S AT
A P I B R T R A7 R W R B R T Y
P4, CRITIC-TOPSIS ¥ W7, J7 o6, BIm, 5t
M| EE DA M A T o AT, SRR B2 A 7 b e
PRHE T

CREAPTE R, BEE, BRS ALY, AL R
WO IEMDC, 5 Aa”™ . AE™ ab 240 3 A C,
DN AT RE B O IE A DT, A2 S
BT BT AR A B i 5 R T, S T
e 1 e A R S S R AN (L
4 it

ASLH R UPLC 84 BHERIF A2 S, 1L
AT NTE AL O 2, BRI KT
AR AL, RO T S R TP i R 4
PREL— | 80 EUSEAZ R, AT S

2511
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