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Abstract: Objective To establish a fingerprinting method and multi-component quantification approach for Rehmannia glutinosa leaves
from different geographical origins, and to evaluate the quality of these samples using chemometric analysis. Methods The HPLC
fingerprint of R. glutinosa leaves was developed and analyzed for similarity using the Traditional Chinese Medicine Chromatographic
Fingerprint Similarity Evaluation System (Version 2012.130723). Chemical constituents were identified and quantified by comparison
with reference standards. Hierarchical clustering analysis (HCA), principal component analysis (PCA), and orthogonal partial least squares-
discriminant analysis (OPLS-DA) were performed using Origin 2025, IBM SPSS Statistics 27.0, and SIMCA 14.1 software to evaluate

the quality of R. glutinosa leaves samples and screen for differential markers. Results A characteristic HPLC fingerprint of R. glutinosa
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leaves from different origins was developed. In this fingerprint, 19 common peaks were calibrated, and 13 components were unequivocally
identified using reference standards. The similarity evaluation of the 23 batches yielded results ranging from 0.879 to 0.997. The cluster
heatmap analysis demonstrated a clear classification, dividing the samples into two groups. Principal component analysis (PCA) yielded
five principal components with a cumulative variance contribution rate of 83.545%, and the score plot revealed that samples originating
from Henan province clustered separately, suggesting their superior quality. Subsequently, OPLS-DA was employed, which successfully
screened four compounds-catalpol, acteoside, luteolin, and apigenin-as critical markers for quality discrimination. The quantitative analysis
showed that the contents of these markers were 25.474—61.784 mg/g, 11.633—47.462 mg/g, 0.096—0.848 mg/g, and 0.100—1.268 mg/g,
respectively. Conclusion The developed method, integrating HPLC fingerprinting and multi-component assay, proved to be simple,
accurate, and reproducible. It can systematically reflect the differences among samples of R. glutinosa leaves from different producing
areas, thereby providing a reference for their quality control.
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Table 1 Information of R. glutinosa leaves samples
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S1 e AEAE 2025-09 S13 iifipes 2025-09
S2 e AEAE 2025-09 S14 iifipes 2025-09
S3 T FEAE 2025-09 S15 1L PG I 2025-09
S4 MENEpSIP 2025-10 S16 1L PG I 2025-09
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S6 AT e A 2025-10 S18 I AR M 2025-09
S7 AT e A 2025-10 S19 I AR M 2025-09
S8 e AE A 2025-10 S20 L ARTEM 2025-09
S9 T FEAE 2025-10 S21 e 3L 2025-09
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S11 T R AR 2024-10 S23 B g 2025-09
S12 L P IE 3, 2025-09
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Fig.1 Superimposed HPLC fingerprints and reference chromatogram (R) of 23 batches of R. glutinosa leaves from various

origins
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1-catalpol; 3-rehmannioside D; 4-rehmannioside A; 6-geniposidic acid; 7-salidroside; 11-jiaodihuangphenylethanoid A1; 12-acteoside (verbascoside); 14-

isoacteoside; 15-leonoside A; 16-rehmannioside; 17-luteolin; 18-apigenin; 19-chrysoseriol.
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Fig.2 Chromatographic profiles of R. glutinosa leaves sample (A) and mixed reference standards (B)
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Table 2 Similarity assessment of 23 batches of R. glutinosa
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ELE] HHABAE ELE] HAALAEE
S1 0.996 S13 0.994
S2 0.987 S14 0.997
S3 0.879 S15 0.994
S4 0.943 S16 0.996
S5 0.981 S17 0.997
S6 0.993 S18 0.995
S7 0.995 S19 0.989
S8 0.994 S20 0.994
S9 0.985 S21 0.979
S10 0.976 S22 0.982
S11 0.939 S23 0.973
S12 0.998
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Fig.3 Hierarchical clustering heatmap of 23 batches of R. glutinosa leaves
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Fig. 4 Scree plot of PCA for R. glutinosa leaves
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Table 3 Eigenvalues and variance contribution rates
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2.3.3 OPLS-DA 4 | H U AR LA [F] FF A 2 [A]
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HeHb A 19 N EF A S SIMCA 14.1 3
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o " N PR S
EROEL AR SRR BB, B, AT OPLSDA, 4 s
3 2.600 13.684 65.072 4 BIREET X WAL E, S12~S17 B T4 1. 2
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Table 4 Factor loading matrix
A g A
KF1 A2 [X¥3 ¥4 55
1 CREED -0.052 0.136 —0.434 0.707 0.288
2 0.433 —0.431 0.333 -0.313 -0.200
3 GhIEFD) 0.022 0.751 0.223 0.189 0.368
4 (HBEEFA) 0.671 0.402 0.458 0.027 -0.220
5 0.495 -0.013 0.378 —0.464 -0.123
6 CRJeFHE 0.454 -0.296 0.366 0.457 0.537
7 (AFRFD 0.286 -0.043 0.583 0.402 0.043
8 0.231 0.503 —0.620 -0.067 —0.473
9 0.864 0.053 -0.279 -0.297 -0.059
10 0.636 -0.262 -0.335 -0.358 0.353
11 (FEHE R ZEEAD 0.427 0.569 —0.540 —0.042 -0.324
12 CEIEAERE 0.767 -0.385 -0.208 0.312 0.304
13 0.727 0.577 -0.276 -0.048 0.099
14 (BRI ED 0.777 —0.455 0.176 0.174 -0.154
15 CRIEHEA 0.837 0.055 0.049 -0.153 0.430
16 (Hh3gd) 0.623 -0.410 0.031 0.309 0.235
17 CKBHZE) 0.326 0.848 0.186 0.195 -0.026
18 (3% —0.206 0.502 0.501 -0.436 0.345
19 (GXEHE) 0.102 0.859 0.344 0.184 -0.049

ol BT AE 3 AN GBR B (P A B S A AT
X — 45 5 RS IE o0 brgh I AR —F . OPLS-DA
A R R 1 2 30 R:%(cum) A 0.952,

R*y(cum)y 0.858, Fillllfit 124 O*(cum)y 0.753>
0.5, RUIPrEA AT E nTFED ., AR AR Y n] 45728

= H EEHE (variable importance for projection,
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Table 5 Scores and ranking of principal components for 23 batches of R. glutinosa leaves

By
A LEE1RSY He#
EER! HT2 T3 T4 HTs mH
S1 1.499 0.232 2.731 2.794 3.196 1.499 4
S2 —2.578 1.505 -1.273 —4.471 —2.644 —2.578 20
S3 =5.031 —1.952 —4.222 3.701 =2.750 =5.031 22
S4 —1.388 —0.985 —6.770 =5.596 -7.989 —1.388 23
S5 1.445 0.985 3.160 1.336 3.100 1.445 2
S6 1.052 1.465 1.616 —0.603 2.607 1.052 6
S7 1.808 2.723 2.111 0.980 0.536 1.808
S8 1.656 3.956 1.380 —0.452 —0.787 1.656 3
S9 0.451 —0.332 0.160 1.743 —-0.039 0.451 12
S10 -1.550 —-0.913 -2.298 1.572 —1.461 —1.550 18
S11 2.008 —2.455 0.027 —-2.183 -2.615 2.008 15
S12 0.665 —-1.038 1.140 2.782 2.514 0.665 10
S13 0.306 -0.957 3.843 3.476 4.909 0.306
S14 2.135 —0.796 1.942 —1.340 2.583 2.135 9
S15 0.451 -2.565 1.191 0.648 0.813 0.451 13
S16 0.650 1.413 1.373 —0.893 2.372 0.650 8
S17 0.425 1.486 0.787 -1.992 1.523 0.425 11
S18 -0.224 -0.978 -0.713 1.871 —0.787 —-0.224 14
S19 1.368 —-0.068 1.180 2.996 1.118 1.368 7
S20 —1.886 —0.870 -2.099 1.829 -1.117 —1.886 19
S21 —1.095 -0.310 -3.760 -2.750 —3.383 —1.095 21
S22 -1.593 —0.308 0.080 —2.087 0.854 -1.593 16
S23 -0.572 0.762 —-1.585 -3.361 -2.552 -0.572 17
ORI .
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Fig. 5 OPLS-DA scores of 23 batches of R. glutinosa

leaves
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Fig. 6 VIP scores plot of 23 batches of R. glutinosa leaves
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Table 6 Linear regression analysis of marker components in R. glutinosa leaves

D% B Epg r LR MEVE R/ (ug-mL™)
FEBE Y=3942.6 X+13 826 0.999 8 31.88~2 040.00
EECHE Y=16 547 X-+334 995 0.999 0 40.31~1290.00
RBHR Y=42 599 X+139 498 0.999 5 2.27~145.00
eSS Y=36 650 X+90 728 0.999 7 2.07~132.50

2.4.5 FEEERLE L “2.4.17 TR IRE AR
W, 3% “2.2.17 TUR RS SR ARSI E 6 1K,
ICTIETHRY, TR RERE . BEIEH . KRB R,
FreR R IETH AP RSD 405124 2.59%+2.07%-2.12%-
2.25%.

24.6 FEMEAL  BUE AR (SD, 1%
“2.2.17 UM G, 2RI 0. 4. 8. 12, 18,
240 HEFEIE, THESAERE. BEAERET. RREE
. PR RGN RSD 43514 1.04%. 0.45%-
1.82%. 1.22%.

247 BEEMHRE  HUE AR 6
(S, $% “2.1.17 TR i & pEl i dmi, 1418
“2.2.17 TUN AR 2 E 40, THEASRERE. B
TEREE . RBRER. FERERANK RSD 74
1.10%- 0.44%-. 1.63%- 1.36%.

2.4.8  INFEESCRIRIS  HL 6 3 CLARR 7 B 2 I
THAES (S 0.5g, RE#FRE, AalinIANSHE R
o> S AR S R R, F2 “2.1.17 TR
AR R, R “2.2.17 TR il St g R
THEAR RIS . BEIEREE . KABER, 73RN
SEESINRE R4 A 99.90% 102.63%- 101.86%
99.78%, RSD 4354 3.12%- 3.48%- 1.91%- 2.66%.
249 FEMEENE FEEPREL 23 itz oK,
I “2.1.17 BUR SIS s, 42| “22.17
TR A8 AT RN E 73 #r, ARAEZ T R TR
g, BEARET. ABRER. FRRNEE, 41
(R D EoR, FERETUE 7> $U0E 25.474~61.784 mg/g,
F2ME 9 38.881 mg/g; EARTEHEH & 4 A
11.633~47.462 mg/g, “FIIEN 24.812 mg/g; AR
FR R BE 0.096~0.848 mg/g, 15184 0.301
mg/g; ST E ST EE 0.100~1.268 mg/g, 1

fH4 0.409 mg/g, HHRERE R BETE ™= 1735 it & 7
B, BETEREL N L7 7 P 38 5 2 o B
R, AR RN S 2R 35 ] e e T3 5 A 4
o K 23 HeHi R 4 A SR OFERE . BER
TR . REBER, 7R K& EFA Graphpad
Prism (10.1.2) A, A7 REERTTE0, &
BIESRIE 8, HEWUERBHEEETSE
ZE RN, TR . AR E R R AR
Mz MAFEREES . BEETAMAGE, "
BE. BEAENEE . KRBHER. TR 4 PR
PRV P8 5 o 2 S8 AR bR B4
3 g

SEYGHT I SR T A RFEEE ] (100% HEE
90% FHE. 80%HEE. 70%H IE. 60%F FE. 90%Z
fE. 7K, ANFEEAE RIS E] (104 30 min), Z55%
RIS 90% FH B A H2 X 30 min B H IR L
Z HWE B REEs. A TS BB EEFE, &
e AR R B R ME S RIBE, SR M5 T A
FBIAE (ZHE-01%EE K L HE-0.1% K
LMK HEE-0.1%MEER K . FEE-0.1% F R K -
KD AREBGE (0.61 0.8, 1.0mL/min).
ANFERFIRANAS [FR A S 2 A N -t B R e
TR | 4 B R A A, 45 SRR, KA Eclipse
XBD-Cis BT BIAHA ZME-0.1%BEEK . H4A7
R 0.8 mL/min. A£iF 31 C. K 204 nm i, i
AR PR R R, SRR WRE S,
By B3R, BRI 2 /BT K

2GR SIS T SRR i R A S E S, S
B b B R AR R e A 0 ) 2 R v AT
M. 23 fibHh B AR S S0 B I AH AL BE
0.879~~0.997, Ut B AN [F] 7= 1l 38 P 1 A0 27 ol 23 2k
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Table 7 Quantitative results of four marker components in 23 batches of R. glutinosa leaves

Jii & > B/(mg-g )

i $/(mg-g ™)

BE Tom wmmmyr Amux FxE | ° mm | BEEWET  ARSE  FRE
S1 41.657 35.164 0.417 0.355 S13 30.801 26.377 0.163 0.407
S2 25.474 13.259 0.180 0.933 S14 36.319 27.747 0.223 0.383
S3 29.080 15.805 0.106 1.268 S15 28.806 24.327 0.408 0.343
S4 39.752 11.633 0.848 0.585 S16 29.063 22.187 0.357 0.360
S5 35.003 47.462 0.279 0.474 S17 28.873 21.998 0.353 0.365
S6 46.987 34711 0.462 0.315 S18 33.691 22.131 0.111 0.157
S7 61.784 30.450 0.179 0.377 S19 36.373 31.408 0.092 0.040
S8 50.521 40.893 0.331 0.308 S20 33.695 23.566 0.130 0.100
S9 41.282 18.870 0.682 0.642 S21 52.929 21.381 0.096 0.243
S10 36.141 15.969 0.728 0.687 S22 49.421 21.130 0.144 0.204
S11 33.853 12.814 0.309 0.219 S23 51.175 22.966 0.121 0.292
S12 41.572 28431 0.193 0.350

_ 404 @ 0.8 a 1.0 ,

éﬁ | P ) ? 1 :;:ﬁ 0.8

%ﬁ 204 0.4 @ 5 I ab

% g b b m Nyl b p
8 - -

R P AR B

0
TR P R Bk

0_
TE P AR BRI TR AR Bk

AFEFRE T RBER R R e AR R EESR, P<0.05.
Different superscript letters denote significant differences (P < 0.05).
8 4 NMERRES S ENEETE

Fig. 8 Bar chart of content determination for four marker components.
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