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Quality evaluation of Nelumbinis Receptaculum based on fingerprint and multi-
component quantification combined with chemical pattern recognition
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Yue, ZHANG Lanzhen
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To establish HPLC fingerprint and multi-component content determination method combined with chemical
pattern recognition method and evaluate the quality of Lianfang (Nelumbinis Receptaculum) from different regions. Methods A
Welch Ultimate® Polar-RP (250 mm x 4.6 mm, 3 pm) column was used with methanol: acetonitrile =1 2 (A) -0.2% formic acid
aqueous solution (B) as the mobile phase, column temperature 40°C, volume flow rate 0.6 mL/min, detection wavelength 270 nm, and
the fingerprint of 20 batches of Nelumbinis Receptaculum from different regions was drawn. SPSS 26.0 and SIMCA 14.1 software
combined with chemical pattern recognition, cluster analysis (HCA), principal component analysis (PCA), orthogonal partial least
squares discriminant analysis (OPLS-DA) and TOPSIS were used to evaluate the quality of Nelumbinis Receptaculum samples from
different habitats, and the content of six main components was determined.. Results A total of 17 common peaks were matched in
20 batches of HPLC fingerprints, and seven components were identified, namely catechin, nuciferine, N-nornuciferine, hyperoside,

isoquercitrin, quercitin-3-O-glucuronide and astragalin. The similarity of fingerprints ranged from 0.546 to 0.991. The 20 batches of

RS EHEA: 2023-11-02

ESWB: I PEAREZNARRRIESTTH (2024-ZXFZII-TW-010)

TEEEN: M &, WIELFiAE, ST IR A2 e SO 23 /E T . E-mail: hya9993@163.com

HBIEEE: K2B, AN, EEAFEPHERYRE SR &R L. E-mail: zhanglanzhen01@126.com
X, YR, 32BN R 25 24 s A e R AR . E-mail: liuyuebei_002@163.com



FEH 202457 H55% B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9

* 3099 -

Nelumbinis Receptaculum were divided into three categories by cluster analysis. PCA, OPLS-DA and TOPSIS analysis showed that

the medicinal materials from Wuhu of Anhui Province, Ganzhou of Jiangxi province and Weishanhu of Shandong Province were of

good quality. Five marker components, including nuciferine, N-nornuciferine and catechin, which caused the quality difference in

different areas were analyzed and screened. The contents of catechin, nuciferine, N-nornuciferine, hyperoside, isoquercitrin and
quercetin-3-O-glucuronide in Nelumbinis Receptaculum were 0.029%—0.958%, 0.007%—0.137%, 0.013%—0.104%, 0.015%—
0.282% and 0.008%—0.110%, 0.027%—0.541%. Conclusion The HPLC fingerprint of Nelumbinis Receptaculum is simple and

reliable. Catechin, nuciferine, N-nornuciferine, hyperoside, isoquercitrin and quercetin-3-O-glucuronide can be used as the main index

components for the quality evaluation of Nelumbinis Receptaculum.

Key words: Nelumbinis Receptaculum; chemical pattern recognition; catechin; nuciferine; N-nornuciferine; hyperoside; isoquercitrin;

quercitin-3-O-glucuronide
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Table 1 Source information of Nelumbinis Receptaculum

w5 b WL E) |gms 7 g SE I} ]
S1  ZHZEW  2022-10-12 S11 WIRGMIE  2022-10-06
S2 JUHREER 2022-10-17| S12 IR AN 2022-10-31
S3 JUEEEM  2022-10-12] S13 IR 2022-10-29
S4 JAdEEAVERE 2022-09-30| S14 ILFEEN  2022-11-02
S5 VAE{EM 2022-10-19| S15 ICPEEFFH 2022-09-28
S6 WAdLZRM 2022-10-22|S16 VLFE k4% 2022-10-29

S7  WAdbEEET 2022-11-02 | S17 WAL 2022-04-17

S8 wWidbZEE  2022-10-13 | S18 PU)I| 2022-10-04
S9  WIEGIREEW 2022-10-20( S19 WriT&fE  2022-11-02
S10 WIFGWE  2022-11-02 | S20 WITH#M  2022-10-12
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Fig.1 HPLC superimposed fingerprint and control fingerprint

of 20 batches for Nelumbinis Receptaculum from different

origins
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Fig.2 HPLC chromatograms of mixed control products
(A) and control fingerprint of Nelumbinis Receptaculum (B)
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Table 2 Similarity evaluation results of 20 batches of

Nelumbinis Receptaculum

7k T e TIDE
S1 0.945 S11 0.680
S2 0.986 S12 0.930
S3 0.991 S13 0.982
S4 0.993 S14 0.935
S5 0.934 S15 0.981
S6 0.772 S16 0.964
S7 0.546 S17 0.989
S8 0.985 S18 0.744
S9 0.760 S19 0.978
S10 0.986 S20 0.987
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Fig. 3 Hierarchical cluster analysis of 20 batches of

Nelumbinis Receptaculum
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Fig. 4 PCA Scree plot of Nelumbinis Receptaculum
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Table 3 Eigenvalues and variance contributions

ERNT R TR/ % BB 2T %
1 9.980 58.708 58.708
2 2.922 17.189 75.898
3 1.639 9.641 85.539
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Table 4 Component matrix
JEATUE 1 2 ;
1 03108 0.0209 0.007 8
2 0.304 3 0.007 2 0.040 1
3 0.2890 0.037 1 0.054 2
4 0.2889 0.158 6 0.1490
5 0.286 2 0.100 6 0.054 2
6 02821 0.1154 0.161 6
7 0.2629 0.0409 0.267 7
8 0.2517 0.001 0 0.0254
9 0.2370 0.058 0 0.418 4
10 0.2337 0.364 2 0.0169
11 0.233 4 0.3330 0.2210
12 0.2207 0.3323 0.1829
13 0.206 8 0.3225 0.3271
14 0.1400 0.452'5 0.330 8
15 0.1811 0.437 1 0.060 7
16 0.140 4 0.276 9 0.3599
17 0.1450 0.118 8 0.5143

x5 20 MEBNERS S IHF
Table 5 Factor scores and sorting of principal components

of 20 batches of Nelumbinis Receptaculum

T Fr 1 ERS 2 FRS 3 AN HF
S1 47939 0.723 0 1.1100 3.0457 2
S2 —-1.6482 —0.0943 —0.1572 —0.9990 15
S3 0.7459 0.461 1 0.344 9 0.550 4 5
S4 -0.5547 —0.0177 0.0599 -03230 19
S5 —1.986 1 —0.5054 —0.3458 —1.2862 12
S6 —1.099 1 —0.067 1 03679 -0.6213 17
S7 -1.9650 —0.7882 —0.6843 —-1.3551 10
S8 —0.422 8 04338 -03189 -0.2044 20
S9 —2.8570 —0.8688 —0.6800 —1.8922 9
S10 0.082 6 0.5556 —0.2794 0.117 1 8
S11 —-1.9454 —0.6474 —0.7628 —1.3269 11
S12 —-0.664 1 —0.327 5 0.1748 -04293 18
S13 —2.0155 —0.368 6 0.0040 -1.2462 13
S14  —-1.1684 —-0.5462 03214 -0.7488 16
S15 6.4189 —0.1577 1.949 0 3.9292 1
S16 09187 0.429 7 0.4052 0.6523 4
S17 4.448 9 1.2151 0.1290 2.8332 3
S18 —-1.504 1 —0.6215 —0.5905 -1.0468 14
S19 0.250 1 0.5093 —0.806 8 0.156 6 7
S20 0.171 4 0.6827 —0.2402 0.194 8 6
o +S15
. _ _
2 e \\\__
S7S.I§1§}I§4SI9 *S17
= 0 S1 "S8|Slf.|S'2
) 0512555.6598%20316
-2 . 4
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t[1]

5 20 #tiEfE PCA B E
Fig. 5 PCA score chart of 20 batches of Nelumbinis
Receptaculum
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Fig. 6 OPLS-DA score chart of 20 batches of Nelumbinis

Receptaculum
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Fig. 7 OPLS-DA replacement inspection diagram of 20

batches of Nelumbinis Receptaculum
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Fig. 8 VIP score chart of 20 batches of Nelumbinis
Receptaculum
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PN THHEEERBIILEE 6. 7, TOPSIS AHT4E BRI

7 ANERREREA T 3 IR 15 CRBTEED. 6 (far
O 14 OLARERD, RFIX 3 NS ik 2= 511
DRI, TEVEN TS R, ST CRBIEEHD. S15
GLAEIND S17 QLR Heamr 3, Sk
IFABREIR X 73T
24 ERFERDTESENE

BT AGR A oA, TR 45 3138 Fs ™ Hh 5T
RN FERS, FR, RE T2 EiREY (Q-
marker) i€ RO, Q-marker JNZH R AELER)
5D RO R IFR BRI, HrP A I T ] < 22 Bk
RN S B DDA M EE I T e B A — g I 2,
Wit B 25 -3-O-78] %) B I IR 7 00 A4 o8 IfL /AR B — 2
(RUR /R I, TR far B =25 FR A7 B
ILRE . 2B, iR B AR R 2 -3-0-5 % b
M IR 3% b TR AE 1) Q-marker, #ES7& & IE T
# 6 TOPSIS REELR
Table 6 TOPSIS Weight calculation result

PRA I 5 S E 5 S AU E /%
1 0.891 0.109 3.754
2 0.874 0.126 4.328
3 0.817 0.183 6.290
4 0.630 0.370 12.727
5 0.920 0.080 2.752
6 0.619 0.381 13.123
7 0.896 0.104 3.587
8 0.869 0.131 4.501
9 0.876 0.124 4.283

10 0.857 0.143 4918
11 0.885 0.115 3.960
12 0.884 0.116 3.986
13 0.876 0.124 4272
14 0.866 0.134 4.627
15 0.545 0.455 15.644
16 0.866 0.134 4.602

17 0.923 0.077 2.647

# 7 TOPSIS M ELER
Table 7 Results of TOPSIS evaluation

bk IEFMAHMRREE UMM G ES R HF

S1 0.546 0.746 0.577 1
S2 0.787 0.303 0.278 5
S3 0.888 0.155 0.148 17
S4 0.834 0.221 0.209 11
S5 0.917 0.120 0.116 19
S6 0.870 0.247 0.221 9
S7 0.950 0.206 0.178 15
S8 0.908 0.225 0.199 12
S9 0.831 0.233 0.219 10
S10 0.962 0.080 0.077 20
S11 0.816 0.275 0.252 8
S12 0.936 0.174 0.157 16
S13 0.877 0.206 0.190 13
S14 0.898 0.139 0.134 18
S15 0.563 0.731 0.565 2
S16 0.786 0.347 0.306 4
S17 0.608 0.603 0.498 3
S18 0.921 0.203 0.180 14
S19 0.807 0.294 0.267 6
S20 0.805 0.286 0.262 7

%, FERRE TAFEFHBER H 1 6 AR T S
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£ 270nm; FHiE 40 C; #EFEE 20 0L, %M “2.17
T i) £ 5 1 A o

242 FHJEMEFEL B 217 R GHE S KRR
W, T6IR “2.4.17 TUR IS SRR AT, AR
st 5 0T Rt R T O R B I (R A — 3, BTV
LEMERL, EAigEILE 9.

2 4
A 1 3 6

23

0 5 10 15 20 25 30 35 40 45 50 55
t/min
1-JUAE 3R 2-faf i Bs 3-N-25 FRAr ks 422817 5-Fe it B
6-M B 2 -3-O-81 i IS 1Y
1-catechin; 2-nuciferine; 3-N-nornuciferine; 4-hyperoside;
5-isoquercitrin; 6-quercetin 3-O-glucuronide.
9 RAXNERME (A) FMEBHMS (B) HPLC [Ei%
Fig. 9 HPLC analysis of mixed control products (A) and

Nelumbinis Receptaculum (B)
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243 LMERFREL iREEER “2.127 BUF BUN OIS FARREAENE , DU E IR AR R O,

XTI BOE &, IR E BMRE, MBS A&
22 B 1F 1.568.3.92.7.84. 15.68- 31.36. 62.72 pg/mL,
MR FF 0.813.2.0323.4.064.8.129.16.258.32.516
ng/mL, H 52 3R -3-O-1 & FERERL H 2.60.5.20.10.40,
20.80~ 41.60 83.20 pg/mL, faf "4 0.42+ 2.10+ 4.20.
8.40. 16.80. 33.60 ug/mL, N-ZHfafiH% 1.136+

2.272. 4.544. 9.088. 18.17. 36.34 ug/mL, % “2.4.1”

R TR AL SR (), 43 B4 il 28
HATERYERNE, S5 50K 8.

2.4.4 MR (LOD) HE&EMR (LOQ) LOD A
LOQ MR#ELA R A itH: LOD=3 /S, LOQ=10
o/S, H o RV EbRMEM 2 Y AR R
eI 2, S ARZYERNE T bRt i 2R Rl %, it
HARNZE 9.

*8 6 MMOLMRARBERREL

Table 8 Linear relationship and correlation coefficient of six components

&) 2R [ 9 7 r LR/ (g mL ™)
S Y=9224737.8752 X—274.636 8 0.999 9 2.10~6.72
SR Y=35589325.4342 X—5173.481 5 0.999 9 1.568~62.72
S R A Y=34396 591.530 8 X—361.609 4 0.999 8 0.813~32.516
Mk B 3% -3-O- i BT BE IR Y Y=32801131.430 8 X—3 792.054 7 0.999 9 2.60~83.20
LR Y=55241221.902 6 X—641.976 5 0.999 9 0.42~33.60
N-25 PR A i Y=56 182 087.718 4 X—957.396 0 0.999 9 1.88~60.15

RO 6 MM HIENIRANZE 2R

Table 9 Limits of detection and quantification for six

components

&Y LOD/(ug-mL™") LOQ/(ng-mL™)
RS 5 7.119X107%  2.158X 1073
G 3.788X 107 1.148X1073
S R 6.045X10  1.832X1073
Witz £-3-O- MBI IR LY 2.779X107% 8.420X 107
T B 7.188X 107 2.178X107*
N-2 g - 6.571X107°  1.991X107*
245 FEEEELE  HUS S20 FIE S5 2 AR

W, IR “2.1.17 TUR 798 by il i T

708 “2.4.17 TUN RS AR aeRe Il e, skl e
6 K, oA, 255 RSD, 45 R ERILAE
. e N-EWRTHIR. 2 PE, Rk
FIHG Rz 2R -3-O-7 % WE IS B AW THIAX RSD B 431
N 2.43%. 1.27%. 1.32%. 1.49%. 2.06%. 1.42%,
LA NG 2 P R AT

24.6 HEMEEL LS S20 E Ak Ki%
BR“2.1.17 T R 3 b ik it ol 46 7 7201 4% 6 it
RAATR, I “2.4.17 TR G &MERE, 1T
FH5r RSD, R B RILEFE . ik, N-25 H A
B S22 R SRR T R R 26 -3-O-% %) pl s
FREF IR THI A RSD B 20 A 2.14%+1.13%- 1.61%-

1.93%- 2.40%- 1.73%, RN T EE E M R I
247 FEVEFES HUFEM (S20) [ 26k
Ky R “2.1.07 TR 7R A IR, oy
BT 0. 24 4. 8. 12, 24h %8 “2.4.17 T ik
ZAFFE, A& RSD, 45 SRR LR ER
T B N-Z2 R R S22 BhFE, A A
B 2R -3-O-% %) B BE TR 1 (1 VE T A RSD B 43 71 M
2.75%. 2.30%- 2.94%. 1.90%. 2.51%. 1.46%, %
BHAZ ARG I 7 VELE 24 h RS E MR R IT .

2.4.8  JNFEENSCRRES  HURE b (S20) R34 55 2 i
K 250 mg, EEME, L6, HHkEHEIMAE
RV, B A R LA R (0.110
mg/mL). fiiHHE (0.062 5 mg/mL). N-2% F faf -l
(0.046 mg/mL) 422 BktF (0.169 mg/mL). St
H (0.070 mg/mL) FAM} B 2 -3-O-7 %) W W B2 1
(0.367mg/mL) % 1mL, % “2.1.17 TN ikl 4%
BRI, e S E TR, 5 R 171
ISR A 102.96% 102.25%. 99.55%- 100.28%-

99.42%. 99.50%, RSD {43514 2.08%. 1.52%-

2.06% 1.31%- 1.67%- 2.28%. & HHiZAI J5 ik
PRERF G 2R

249 FESEENE 20 AN HE R 258K
0.5g, K%PRE, PATHIE 3 4, AT “2.1.17
T AR R, %R “2.4.17 Tt



FEH 202457 H55% B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9 * 3105 »

FRAFHFEARTES, THEDLR R ST, FlE T,
Wit 25-3-O-F G MERE R T 7 HHBR . V-2 FR Ao TH- Ak
P&, gRIE 10, Hr 20 #L2idd ) LE R

T AR N-25 PR B 22 BEF . Sl B Al
F 2R -3-O-F G WIS TR EF (1) T35 i & 40 £ 0.143%
0.044%. 0.034%. 0.123%. 0.044%. 0.228%; JL4%
FAATAE 0.029%~0.958% faf - 43 4 7F 0.007%~
0.137%+ N-25 A 820 A 7E 0.013%~0.104% 4
Y RRAF S AAE 0.015%~0.282%- St e 0 A 7
0.008%~0.110%- #i} 57 % -3-O-% %] HE 1% B2 1 0 A 1

0.027%~0.541%.
EREIESRLEIRE S1 C2EEEHD. S15 (LA
B, S17 QLML 3 MbrE RS Em
FHEAZ AT 3, FRBRbRENERR S & 2 AR HES |
S15>S17>S1>83>S14>S16>S6>S18>S20>
S11>S4>S12>88>S$2>S13>S5>S10>S19>S9>
S7, ARG E B HEKRAE PCAL OPLS-DA 5
TOPSIS 7t s, BRI LRER. it
Bl N-ZSHAT. S2e k. AR R 2R -3-
O-F G BRI R ] LIS 5 2 VPN IR BT o

F 10 20 HEBEDH 6 HHSHFEHESE (n=3)

Table 10 Average content of six ingredients of 20 batches of Nelumbinis Receptaculum (n=3)

Hek Ji &5 3%
ILEE R N-2 F A ErtiA) Y S Wt B2 20-3-O-F A MRS IR AT
S1 0.369 0.050 0.027 0.270 0.110 0.431
S2 0.029 0.024 0.020 0.088 0.026 0.176
S3 0.159 0.055 0.049 0.166 0.058 0.268
S4 0.115 0.036 0.037 0.100 0.037 0.219
S5 0.055 0.036 0.020 0.070 0.023 0.109
S6 0.037 0.007 0.013 0.032 0.038 0.541
S7 0.074 0.021 0.016 0.015 0.008 0.027
S8 0.049 0.031 0.018 0.111 0.030 0.178
S9 0.037 0.028 0.020 0.021 0.008 0.050
S10 0.070 0.019 0.019 0.029 0.010 0.057
S11 0.037 0.040 0.032 0.152 0.041 0.246
S12 0.075 0.039 0.061 0.098 0.048 0.132
S13 0.085 0.034 0.015 0.066 0.017 0.141
S14 0.070 0.058 0.041 0.192 0.076 0.282
S15 0.958 0.137 0.104 0.282 0.094 0.380
S16 0.088 0.076 0.041 0.193 0.049 0.264
S17 0.309 0.085 0.068 0.255 0.091 0.484
S18 0.135 0.035 0.024 0.170 0.047 0.229
S19 0.032 0.026 0.019 0.031 0.011 0.060
S20 0.074 0.053 0.033 0.112 0.050 0.296
3 Wig MR B ERER. B2, 153

P i &5 T ANFEIRBUA R K. 50% H
B 70% HEEA 100% B $2H070 G AR
A INE R PR EGE D | SZEUT E] (304 45, 60 min).
WGBSR (0.5¢g:25mL. 0.5g: 50 mL 1 0.5
g 1 100mL), K (254, 260, 270, 320nm)
S5k, WhE T U £ T, TE 270 nm R TR
M B 7> 38 R, EabiEsERE, e s
HTER

AT SR T AR 3% 55 2458 HPLC fa 80
W, bRE s 17 NMEANE, FBERT 0.9 A 15
AR, ANTF 0.9 A 5 #UFES, RUAFHLKZ

FAL RS R E R BORRIAR SR Y. Hodr, 2
FEi RGO LA Y SN R 25 44 5 AR AR
GX I, REE . R AR SR BN E T
REEVEL, SRR, JrikfesE, rTHTERY
B RPN
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