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Abstract: Objective To establish a physical fingerprint and a particle size fingerprint of standard decoction of Huangqi (4stragali
Radix, AR) for distinguishing the quality of two types of crude drugs: wild-simulated and horizontally transplanted AR, and further

discover the physicochemical indicators of traditional Chinese medicine quality markers. Methods Ten batches of wild-simulated and
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twelve batches of transplanted AR standard decoctions were prepared. A physical fingerprint was constructed using eight
physicochemical indices, including conductivity, total dissolved solids, salinity, resistivity, pH value, { potential, polydispersity index
(PDI), and Z-average (average particle size). A particle size fingerprint was established by determining the particle number percentages
within nine particle size intervals (100—200, 200—300, 300—400, 400—500, 500—600, 600—700, 700—800, 800—900, and 900—
1 000 nm) using a flow cytometer. Similarity evaluation, principal component analysis (PCA), and hierarchical cluster analysis (HCA)
were applied to analyze the physical fingerprints and particle size fingerprints. Results Physical fingerprints of 22 batches of wild-
simulated AR and transplanted AR standard decoctions were established. Multivariate statistical analysis combined with the Mann-
Whitney U test revealed that C potential and Z-average were sensitive physicochemical indicators for distinguishing the two
specifications of AR. Moreover, the absolute value of  potential and the Z-average of wild-simulated AR were significantly lower than
those of transplanted AR (P < 0.05). Further analysis of the particle count percentage in standard decoction of AR showed that particles
in the 100-200 nm interval accounted for the highest percentage, followed by the 200—300 nm range, while the remaining size intervals
showed smaller percentages. PCA and HCA of the particle size fingerprints showed a clear separation trend between wild-simulated
and transplanted AR. Differential analysis indicated that the particle count percentage of wild-simulated AR was significantly higher
than that of transplanted AR in the 100—200 nm interval, whereas transplanted AR had significantly higher percentages in the other
eight intervals (P < 0.05). Subsequently, by integrating the potential characteristic particle size intervals identified by partial least
squares-discriminant analysis (PLS-DA) and random forest, the 400—500 nm and 500—600 nm intervals were found to contribute the
most to distinguishing the two specifications of AR. Conclusion The quality differences between two specifications of AR were
evaluated from the perspective of the polydisperse system, using multi-index physical fingerprints and particle size fingerprints. Three
parameters were identified for quality evaluation, including { potential, Z-average, and the particle count percentages in particle size
intervals. Two potential characteristic particle size intervals were preliminarily screened to distinguish different specifications of AR,
providing a research basis for its quality control and discovery of new indicators for quality markers.

Key words: wild-simulated Astragali Radix; transplanted Astragali Radix; physical fingerprint; particle size fingerprint; quality
evaluation; quality markers; standard decoction; principal component analysis; hierarchical cluster analysis; partial least squares-

discriminant analysis; random forest; ononin; astragaloside 1I; formononetin; astrapterocarpan
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A-AB33EC B HL 33X, WE XS H R A 7
PHS-3C & pH i, EIACHRHAAER AT AR 2
] ; Zetasizer Pro By /R SCHAZNRFKRLE ALY, T8
[E Malvern {X#5f R A ; DTS1070 B /R SCHALFE
i, BTSSR A Cyto Flex S
R 4HA%, 3EE Beckman A & ; RE-2000A %Y
WL 2 KA, B R AR .
1.2 RAFISHR

Cyto Flex Bl %Y H % QC 3k, FE[H Beckman
Coulter A #l; REFEWARER: 100 nm (it 5
PS2115802F)+ 200 nm (#lt5 012420102F)+ 300 nm
(#1t5 012324202B). 400 nm (L5 012432802B).
500 nm (it 5 2134009A ) . 600 nm C #it 5

012510402A) 700 nm (L5 012510402B)+ 800 nm
(#t5 012510402C). 900 nm (iS5 012510402D)+
1 000 nm (b5 012225802A), FRMINEEAWIFEA
AIRAF; 400 HE RGN, JbmZEEREAR
AF] SIS Aifh K.
1.3 Zh#%t

T 10 4t (F1~F10) 8B4 ERS 12 it
(Y1~Y12) PR3 AT Y B 48 bR 5 R4 X TR
W, H4 78 (F1I1~F17) 1584 K 6 it (Y13~
Y18) “Fak i 1A MR RRAE X (A S 36 U REAS,
g RS B LR 1. SERPTH A 2L
P RZEHR R AP O REMEREE, D
Bl EEEY S ¥ K A membranaceus (Fisch.)
Bge. var. mongholicus (Bge.) Hsiao T84, 4T
A (PEZG ) 2025 FRURE -

1 2HUBRKAMRANHERER
Table 1 Origin information of 22 batches of Astragali Radix (AR)

%' 77 b LVEN MR WS 77 b Pt 7y =%
F1. F2 WiERFETRE iH4 |F13 WEE RFETRES L |Y1I~Y14 HlRE 4k
F3~F6 WA KFETERE (784 |[F14. FI5 LIEHKETERS 54 Y15, Y16 NZEHHRKX Tk
F7. F8 WA IMMTNE 4584 |Fl6. FI7 il EMmMBE 84 Y17 Ly P54 A M T L Tk
F9 WA M HE R A (Y1, Y2 WiEESAM MR Pk Y18 PRI g PRk
F10 O PB4 |Y3~YS LA ITMH AER PR
Fil. F12 IWPGERFATTRE 554 |Y6~Y10 GEITMTHEE Pk

2 FAEEHR
2.1 HEMEATIEIE

Z: ORI TE U 20 25 B R HEA A, FREUE S
WH 10g, —HIINA 8 f5&E/K, =il 30 min, &
Jo B KRR 60 min, JERL; RO 6 1%
K, ZWERIE 30min, JE; SIFIEM, A
WHER S R diE, SRR .
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Wr.

(1) SR, HfEEARSE (total dissolved
solids, TDS). #hE. FEFHZ: A B SR OGE T
B, ERT T AT, RHERID S, K AR
SEAR AW, AT, d SR E .

(2) pH{H: KA pH il (HFIE) AT,
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AT
222 HikEEE
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Hil 5T, SFATHIE 6 i hr A A E, %k
W E TIEXRT 6 I B S OEAT 8 N FEAR I
R, THEARSYIEFERR 1 RSD {HU05R 2 o, B
C HAL. Z ¥MEA PDI Ak, 3/8TF 10%, i 2l E
ER,

(3) fEthidse: BOREa Y1 Bhlasi, 7
BITEER (25 °C) FHEO. 1. 2. 4. 6. 8h /5
Sy AEEREIE , G0k 8 MBEIRFR I E AR, 1M
HEYIETRPRE) RSD H UK 2 fis, B Z $BfE M
PDI #b, ¥J/NTF 10%, 2 E BsR .
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physical indicators
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Table 2 Validation results for analytical methodology of

2.2.3 22 HEPHEARAEZ P BAR bR I E S Hobm
AL 22 LR LRI “2.2.17 TUR I3 AT

3K, BOPHME, 45RILER 3. IR 4

bl RSD/% LEi RSD/%

obr KR EEME etk RbE KERE mEM et %3,
BEER 360 684 570 |[pHfE 129 163 132

TDS 356  6.85 521 [CAAL 7.45 24.63 571

I 385 725 544 |ZH{H 18.54 3049 2233

HBEZE 361 671 510 |[PDI  21.72 44.80 56.25

*3 2 HEERRESTIREGRS NSRRI ENRE

Table 3 Detection results and standardized values of physical indicators of 22 batches of AR standard decoctions

2.2.4  THECARAE A BE i SUR U A A

TRES PR HEA T R AT AR AL AL 0314, S5 2R L

R

Origin 2024 H (185 18 B 3640 J5 1 22 fas sehnifE
YRR bR IE R, MR\, B
B ARMEZ A B SR SIS DS (B 1-AD . LU R

X HS%/ TDS/ Ha B e/ G/ ZIME/ Ptk BME
FF i - N pH1E PDI —

(mS-em™) (gL Q mV nm 5% TDS #H)¥ MR pH (WAL zKH PDI
F1 3.099 1549 1.614 323 558 —3.950 1309.702 0.869 3.099 6.197 6.455 6.460 5.58 1.975 4.655 8.690
F2 2401 1.200 1.233 421 591 —5.673 788.578 1.000 2.401 4.801 4.931 8.427 591 2.837 4.394 10.000
F3 2441 1.227 1260 407  5.33 —3.727 1694.197 1.000 2.441 4.907 5.039 8.147 5.33 1.864 4.847 10.000
F4 2.833 1417 1466 353 5.44 —4.826 908.900 0.695 2.833 5.667 5.864 7.060 5.44 2.413 4.454 6.950
F5 27700 1.350 1.394 371  6.00 —5.588 683.842 0.815 2.700 5.399 5.575 7.425 6.00 2.794 4.342 8.150
F6 27766 1.383 1.429 362  5.53 —5.604 1884.166 1.000 2.766 5.533 5.716 7.233 5.53 2.802 4.942 10.000
F7 2254 1.127 1.154 445 594 —5272 658.939 0.664 2.254 4.508 4.615 8.900 5.94 2.636 4.329 6.640
F8 2430 1.215 1.249 411  5.57 —4.792 791339 0.860 2.430 4.861 4.997 8227 5.57 2.396 4.396 8.600
F9 2220 1.110 1.134 451 574 —4.069 605.156 0.941 2.220 4.440 4.535 9.020 5.74 2.035 4.303 9.410
F10 2464 1.232 1266 406 5.41 —6.787 1376.883 0.809 2.464 4.928 5.065 8.113 5.41 3.394 4.688 8.090
R-F1 2561 1281 1320 395 5.65 —5.029 1070.170 0.865 2.561 5.124 5279 7.901 5.64 2.514 4.535 8.653
Y1 2745 1373 1.418 364 576 —8.154 5445.607 0.505 2.745 5.492 5.673 7.280 5.76 4.077 6.723 5.050
Y2 2403 1201 1.233 416 591 —9.396 9 064.655 0.590 2.403 4.805 4.931 8.320 5.91 4.698 8.532 5.900
Y3 2466 1.233 1.267 407 5.54 —4.808 1643.119 0.819 2.466 4.932 5.069 8.147 5.54 2.404 4.822 8.190
Y4 2.085 1.042 1.063 480 5.65 —6.074 3317.486 0.390 2.085 4.169 4.252 9.593 5.65 3.037 5.659 3.900
Y5 2568  1.284 1.324 390 5.57 —5.498 4363.673 0.402 2.568 5.137 5.296 7.793 5.57 2.749 6.182 4.020
Y6 2,184  1.092 1.114 458  5.67 —7.717 1539.381 0.912 2.184 4.368 4.457 9.160 5.67 3.859 4.770 9.120
Y7 2025 1.012 1.031 494 597 —7.239 440311 1.000 2.025 4.048 4.124 9.880 5.97 3.620 4.220 10.000
Y8 2747 1373 1.419 364 551 —5.231 1365433 0.919 2.747 5.493 5.676 7.280 5.51 2.616 4.683 9.190
Y9 2669 1.334 1377 375 5.51 —6.427 1126.797 1.000 2.669 5337 5.507 7.500 5.51 3.214 4.563 10.000
Y10 2413 1.207 1.238 415 539 —8.012 2132.388 0.890 2.413 4.827 4951 8293 5.39 4.006 5.066 8.900
Y11 2590 1.295 1335 390 620 —4.886 1013.757 0.855 2.590 5.180 5.340 7.800 6.20 2.443 4.507 8.550
Y12 2719 1360 1406 368 5.65 —4.816 9288.484 0.612 2.719 5.439 5.623 7.353 5.65 2.408 8.644 6.120
R-Y1 2468 1234 1269 410 570 —6.522 3395.091 0.741 2.468 4.936 5.075 8.200 5.70 3.261 5.698 7.412

R4 YNREARIRENEERTSE
Table 4 Standardized conversion method of physical indicators

YERFERE R BUEVERE R | WEEdERR B BuUEVE REA S | s A BUEVOE R AsC
HS%E  mScem! 2~4 - BIH%E  kQ  0~05 20x Z¥ME  nm  400~9 500 x/2 00044
TDS gLt 1~25 4x pH1E - 5~17 - PDI - 0~1 10x
hAE - 1~25 4x CHLAT - -3~-15 —x/2

JEH) 10 HEOTEFAE S 12 #EP R Wb ik iz I BE
PREFME (R-F1. R-Y 1) BT s AR i 1

YEJuns PR SUA 1 (K] 1-B) . HEERI LIRS
P T BRI R B AE A 7T B B bR 2 ] 22 5
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A %@% =5 10#ATES 2 #tPREEDBEREEHERL
B (X+s)
) = % T g Table S Comparison of significant differences in physical
L o indicators between 10 batches of wild-simulated and 12
\ \ gg IF;g batches of transplanted AR (X £ s)
Z ¥ —— ) ’ s Y7 F7
N ) wal{fwali I OS(ELY R
Fisn %%‘1)—'— F10 (mS-em™)
Y12 A 10 256110279 5.124+0.557 5.279£0.606 7.901+0.830
S THIE 12 246840255 493620510 5.075+0.550 820040901
FER n pHM CHfimV  Z$9fH/mm PDI
PiBFERETE 10 5.6440.24 251440474 4.535+0.231 8.65341.227
b 121%)%4( THEE 12 5701023 3.261£0.777" 5.698+1.536" 7.412+2.276
PDI 8 DS S5O AT "P<0.05.
N —— R P < 0.05 vs wild-simulated AR.
o~ T R 6 BYPRIERR LMM SHER
: Table 6 LMM analysis results of physical indicators
Z ¥t R
i vEie:  PE | YR PE | WHEfER PHE
HSHE 0424 | EFEE 0432 Z3E  0.014
. TDS 0.418 | pHfH 0.630 | PDI 0.109
Sl i i 0.417 | (AL 0.001

pH LN
1 22 HEEAEZTEMIERELEE (A) FAFE
5PRERREATIX RIRE L EE (B)

Fig. 1 Overlay physical fingerprint of 22 batches of AR
standard decoction (A), and comparative physical
fingerprint of wild-simulated and transplanted AR

standard decoction (B)

B ERTELW SR ) 22 HEPE R AEHL T 3 . TDS. FhE .
HLPHZ . pH fHIX 5 MEFRBONE S, T Z 3HES ¢
AL AT 25 #E—2 R Mann-Whitney U 556
X477 B A R T AR R S ) B R bRl AT 2 R
PR, RITEF A B EAE C AT A L Z 3518
febr EEER T PREE (P<0.05), HAWHETE
B REEZER (RS BTSRRI K1l
va Hl . WEESEZ S, BTLCRHA] SPSS 27
BAFGINCL P ABENLRLS . B “ R 7 7
9 ] 7 2850 () 2 1 VR B N AR AL (linear mixed-
effects models, LMM) B = HFHt, KL EE
MW 6, CHAE Z HEIER P<0.05, HiHHIX 2
AR SR 7 50 1B 22 R 2 B P RS

225 VAR SUERE R AR Y I i R

K, ORISR SUEIVEAE v 27K B B B VAN T
%, MURRLE G RIEH R, TR EWER
ANFERER A BRAB AR AR B ZE AR B . 1 —22R

FH SPSS 27 A X Ee 4 1) 22 i B hRitk iz 43
TRPR AT AHRAEE VAT, TR B BRI 77 %5 X ]
Spearman FHX 5%, ZiRWE 7~9 Fow; 84
W 5 PRI 00 LA B YR AR P E (R-
Fl. R-Y1) JXtHR, 153 22 #Li &hriEZ 1 1
URE o 555 X IEAR B, FRACLRE 42Dk 1,
F A RRUEZ 77 [ B R AH T . MZH N P35 A A
FERTE, i AT REREARA N FABUE A 0.942
(>0.90), PRI AL N -FIIMLES 0.753

®=7 10 HAFERERESTIYIRIEARE A O ITEMN
Table 7 Similarity evaluation of physical indicators for 10

batches of standard decoction of wild-simulated AR

. HbAE
B
FI F2 F3 F4 F5 F6 F7 F8 F9 FI10 R-FI
F1  1.000
F2  0.905 1.000

F3 0.929 0.976 1.000

F4 0.976 0.881 0.905 1.000

F5 0.905 1.000 0.976 0.881 1.000

F6  0.976 0.929 0.905 0.952 0.929 1.000

F7  0.881 0.976 0.952 0.905 0.976 0.905 1.000

F8 0.929 0.976 1.000 0.905 0.976 0.905 0.952 1.000

F9 0.929 0.976 1.000 0.905 0.976 0.905 0.952 1.000 1.000

F10 0.881 0.976 0.952 0.905 0.976 0.905 1.000 0.952 0.952 1.000

R-F1 0.929 0.976 1.000 0.905 0.976 0.905 0.952 1.000 1.000 0.952 1.000




F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

* 8301 -

®8 12 {tERERINEATYIRIEARR BRI ITEN
Table 8 Similarity evaluation of physical indicators of 12

batches of standard decoction of transplanted AR

F 10 22 HEEEAREZTIMIIRIEFRA B AR LB TN
Table 10 Inter-group similarity evaluation of physical
indicators for 22 batches of AR

MBI

A

R e

Y VYD VS VA VS Y6 Y7 Y8 Y9 YI0 VI Y2 RYI “FI F2 F3 F4 F5 F6 F7 F8 F9 FI0
I 1000 Y1 0405 0.500 0.476 0.524 0.500 0.429 0.619 0.476 0476 0.619
Y2 0905 1000 Y2 0.429 0571 0.548 0476 0.571 0.452 0.619 0.548 0.548 0.619

Y3 0476 0.548 1.000

Y4 1.000 0.905 0476 1.000

YS 1000 0.905 0.476 1.000 1.000

Y6 0.738 0.833 0.881 0.738 0.738 1.000

Y7 0619 0.786 0.905 0.619 0.619 0.976 1.000

Y8 0452 0500 0.976 0.452 0.452 0.833 0.857 1.000

Y9 0.500 0571 0.976 0.500 0.500 0.905 0.929 0.952 1.000

Y10 0.619 0.786 0.905 0.619 0.619 0.976 1.000 0.857 0.929 1.000

YI1 0476 0548 1.000 0.476 0.476 0.881 0.905 0.976 0.976 0.905 1.000

Y12 0810 0952 0.619 0.810 0.810 0.833 0.810 0.595 0.595 0.810 0.619 1.000
R-Y1 0.762 0.881 0.810 0.762 0.762 0.976 0.952 0.786 0.833 0.952 0.810 0.905 1.000

x99 22 HREREZFIYIBIERERILE TN
Table 9 Similarity evaluation of physical indicators for 22
batches of standard decoction of AR

mim 5R-F1 mim 5R-F1 e 5HR-Y1 e 5R-Y1

HHABLEE HHACLE HHABLE HHABLEE
F1 0929 | F7 0952 | YI 0.762 | Y7 0.952
F2 0976 | F8 1.000 | Y2 0.881 | Y8 0.786
F3  1.000 | F9 1.000 | Y3 0.810 | YO 0.833
F4 0905 | F10 0952 | Y4 0.762 | Y10 0.952
F5 0976 Y5 0762 | YI1T 0.810

F6  0.905 Y6 0976 | YI2 0.905

(<0.80), K5 AL B EAEY AL R B
R8s 2 AR EF AR 0.757
(<0.80, 100, WULH 7 2 Fiih AL s e AE V) BEAL,
SAebr LAAE— B ER .

2.2.6 W3 e SCE B 3 RS 40 A Cprincipal
component analysis, PCA)  PCA & —Fliz H 44
T BRI E AR, K2 D8I
g ARARl) A# B SPSS 27 B A4Skt HdE 347 KMO
(Kaiser-Meyer Olkin) HTELRFEFIRART SR, 25 R R
KMO>0.5, EUVRERIFRRELS 2 1 <<0.05, R Z0t
FAS B AR CME AT (8 11), 2 PCA A%
i, FTLAEEAT PCA, FHit 8 E M RHEE R 7 51
BREROT), JEIT SIMCA 14.1 845t 22 it rehniEz
IR IR oL R 2 a7 PCA, I Hotelling’s
T2 A1 DModX ##i EI% 22 8 EARdEZ 77 AT R
R, JEEELT, EEHILZ NI IER

Y3 0.929 0.976 1.000 0.905 0.976 0.905 0.952 1.000 1.000 0.952
Y4 0.405 0.500 0.476 0.524 0.500 0.429 0.619 0.476 0.476 0.619
Y5 0.405 0.500 0.476 0.524 0.500 0.429 0.619 0.476 0.476 0.619
Y6 0.762 0.905 0.881 0.786 0.905 0.786 0.929 0.881 0.881 0.929
Y7 0.786 0.929 0.905 0.762 0.929 0.810 0.905 0.905 0.905 0.905
Y8 0.976 0.952 0.976 0.952 0.952 0.952 0.929 0.976 0.976 0.929
Y9 0.905 1.000 0.976 0.881 1.000 0.929 0.976 0.976 0.976 0.976
Y10 0.786 0.929 0.905 0.762 0.929 0.810 0.905 0.905 0.905 0.905
Y11 0.929 0.976 1.000 0.905 0.976 0.905 0.952 1.000 1.000 0.952
Y12 0.548 0.595 0.619 0.571 0.595 0.524 0.619 0.619 0.619 0.619

R 11 KMO FEHFIFFER T ERE
Table 11 KMO measure and Bartlett’s test of sphericity

KMOR ELURFRI R 56
KMORUFEIE V) M 4k 0.668
ELRERRR BR Y FE A 3 AR T 445321
H 28
M <0.05

FEh, B P 2 RE O S A A U8)e 22 LI
¥R 71 Hotelling’s 72 A1 DModX #2141 &] 2-
A~D fiw, B PIEFE (95%) 1D Il FHE
(0.05) MM, hlE SR, 22 HLEEhrEZ
¥J7E Hotelling’s T2 il DModX FIE iR A« 1 ML
3508 (B 2-E) B O AR B KECF R KA
REE, VLWI7 B AR B T R RO R B N B
—, SHLE RS R — B

Bt — DR T e/ 3= H 0 23 M (partial
least squares-discriminant analysis, PLS-DA) i,
350 (B 2-F) 2o, i AR K2 AL TS B
FEER Ty, PR R AL TS0 BRI A8 )
REMEIEA B, R 2 dFEARA] ) B AR AL R AT
TEZ . NYUERAAG Rk, #ET 1 200 CE S
% (B 2-G), ZRExR, O* HIALLE Y MfERE
N-0.20, ZALT 0, UEMIRACR IS G, B
RAF B TOI0 RE g o ik — Dl A B E EAE R R
(variable importance projection, VIP) {f (/& 2-H)
JRiE R 72 AR, DL VIP>1.0 bsifE, JLiiEH
Z¥#fH. PDI. CHANEE X AR
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% 1.5 ~ DCnt (005)
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FI F2 F3 F4 F5 F6 F7 F8 F9 FI0 Yl Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO Yl YI2
Obs ID (primary) Obs ID (primary)
1-R(cum)[1]1=0.239  M1-Dcyi[1]1=2.077 1-R(cum)[2]=0.256 M1-Dci2]=1.978
C ] = D :
= 181 T2(99%)=19.460 4 = 167 12 (99%)=16.6307
~ 12
&
2 8 120u(95%)=9.026 17
-
ol el mm
0
FI F2 F3 F4 F5 F6 F7 F8 F9 FI0 Yl Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO Y1l YI2
Obs ID (primary) Obs ID (primary)
F 3

AR

[ ]
o fifEEK .
K— Nwﬁx | e 4\”&%
'~ * * @ .' .-‘* ‘ » [} . 4 " o
= . K—.& * o -1 + “*‘/

-4 -3

t[2]

° - - 0 2 4 6 -4 )
t[1] t[l]
RA[11=0.525 RA{2]=0231 Ellipse: Hotelling’s 7% (95%) RP[11=0.404 Ry{2]=0.175 Ellipse: Hotelling’s 7% (95%)
G . . -
05 3 4 . .
NQ) 03 S A-—--f--ov----ﬂ----—-—--—.----v-----‘-—-. H
£ L
- RS & N
o LT :
-0.3 |
0 0.2 0.4 0.6 0.8 1.0 Z¥ME PDI (fr EMHZE HF  TDS BEFE pHE
IR AR wiE B

A, B EFAE PR b7 DModX #2HE; C. D-5¥FA4E 5 PR R F7 Hotelling’s T2 4% l; E-Y/3 ks PCA 7340 18; F-43ids
b5 PLS-DA 1947 B G-EfEk4E; H-VIP &,

A, B-DModX control charts for physical indicators of wild-simulated and transplanted AR; C, D-Hotelling’s 72 control charts for physical indicators of wild-
simulated and transplanted AR; E-PCA score plot of physical indicators; F-PLS-DA score plot of physical indicators; G-permutation test plot; H-VIP plot.

B2 22 tHEARESTIIEEEFR PCA
Fig.2 PCA of physical indicators for 22 batches of standard decoction of AR

254 VIP (UL Mann-Whitney U A6 0 #r4s  IERERRSE, WIGIRS1E BNV, R ks

R REWE Z9ES CRADMTE A S TFREIE RN, A AR A AORVE L I HL
W2 S BURY BEAL AR bs, IRt PR R EFFR<10%HIHTIE, RV REARERER

FIHIRLAZ AT RGFAL R
2.3 HERNEZTINEIENEIERE 2.3.2 A TR R A% WQVﬁT%%ﬁ%,

VIR E SRR, Z WERAIEAES SRR, GRS, £ 400 H JE i
R 2 R BUR TR bR, AR RE Fﬁ,Wﬁﬁ&ﬁ@%ﬂ1ﬁmm&
TNy HURSCRLEEACHTIN Z YMERE % . EEMEH 233 UHESHWRAMNEXEEE XA
ANERAR,  DRLHR B R QA O] 35 AR A Rk Cyto Flex S i aR4HAEAX v450 JEIEHEAT 70 #r,
BT RARAE, #—DRAE FIRZER . “2.3.17 TUN SARAR /N FR LRI IR EFE,
231 REEPRAERERE 2 43 AHL 100, 200, BT R S EOE 2 RE . AR 2N
300, 400. 500. 600, 700, 800. 900. 1000nm JX 400, E{H 4 000 K}, /K5 100 nm fEk, FkifEiu
FERRAERIER, AL KFRE 1000~10000 5, A5 FEGAERI T LB 405, e bRl B 2k e hifs
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X35, 152 250 T I SR S A iR A I (B 3D
FREAR DL 52 B BTR N 100 000 3EATREE, o,
YK KiZ/NF 100 nm. KF 1000 nm B
FeATEN 9 AN P8 s ot 43 DX 35 F0URE BN T N X i)
bk, fEE S ANRE, 4K T, o
AR UK BREL, B il soe k.
R X PRV BURE o5 b = X 1] S50k 450 /A 0 S

6_
i W 100 nm
1 Il 200 nm
i B 300 nm
§4: 7] 400 nm
X ] 7 500 nm
i R Il 600 nm
= 5 - B 700 nm
1 | M 2000m
il [ 900 nm
| .”
0 JL .
1X10* 1X10° 1X106 1X107

VSSC V450-A
3 AREUIRNEZESHENESE

Fig.3 Overlay histogram of particle size distribution of

standardized microspheres

234 JikEHEER

(1D FEHFESRL: DRSS Y1 R A E R,
%18 “2.3.37 TUMUERSEOESHFENE 6 I, 12
3% 100~200.200~300- 300~400.400~500- 500~
600. 600~700. 700~800. 800~900. 900~ 1 000
nm 9 MR X ) BORL AL A b, TS S RLAR X [R]
WURLECE & LLI RSD B4 AN 3.23%. 7.24%-
4.13%3.91%-3.05%-2.31%- 3.71%- 3.77%- 4.52%,
BT 10%, 45 RRHIAEHE % E R I .

(2) EEMRE: B Y1, RIE “2.17 1
TSI, SPATHIS 6 AR EA TS, 4
IR “2.3.27 TR J7il4% 6 (il id i, 40 )
BRI E f e 3% 6 A A RAE ik 9 SRR X
(FRTRL A (G L, VRS SRR X (AL ROR & & B
fX] RSD 17354 5.06%- 5.10%-+ 3.78%- 3.79%-
4.22%- 5.39%- 6.90%- 7.76%- 11.16%, /N 15%,
SRR ZI L ERE R

(3) FasEthikse. BOREM Y1 XM, 7o
A= (25 C) FHE 0. 1. 2. 4h )5, 45
HEFENIE, il BIR 9 ASRIARIX (AR 2 & 5 b,
THEAR SRR X AU e |5 LL i) RSD B 3018
6.21%-4.86%- 5.88%- 6.75% 6.22%- 5.57%-2.90%-

4.81%- 14.16% HI/NT 15%, S5RFZHMKNE
TAE 4 h PRRE T AT .

2.3.5 EEARHEZFIRAARI K “2.3.27 TR
T HIAER AW, 1518 “2.3.37 WM B
HERFERSIN, 7RI B (B 4D, DL BRI 9 ANk

XN R G LG, R R 12, i
A 900~1 000 nm
800~900 nm
10 3 700~800 nm -,
] 600~700 nm 3.
] 500~600 nm
s b 400~500 nm
T 300~400 nm
X 200~300nm |
< 13 o
Z 3 100—200nm"

T T T TTTTI7 T T T TTTTT7 T T T TTTTTT 1

1X10* 1X103 1X10° 1X107

VSSC V450-A

B

100

1X10* 1X10° 1X10° 1X107
VSSC V450-A

520
400
& i

160 -

40 47

T T T TTTT0 T T T TTTTIT7 T T T TIrrrg
1X10* 1X10° 1X10° 1X107
VSSC V450-A

AL BB AR s ICHUS BRI E T B C-Oi 87 A PR & m B 77 .
A, B-scatter plot and histogram of wild-simulated AR; C-overlay
histogram of wild-simulated and transplanted AR.

El4 RAMELEREFRGUER
Fig. 4 Detection results of AR samples by flow cytometer
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Table 12 Distribution table of particle count percentages in particle size intervals for 22 batches of standard decoction of AR

AR IX T RURE SR 5 EE /% RLAR X 1) RO 7 B /%
- 100~ 200~ 300~ 400~ 500~ 600~ 700~ 800~ 900~ o 100~ 200~ 300~ 400~ 500~ 600~ 700~ 800~ 900~
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm

F1 20.72 1340 392 534 503 241 129 076 1.09 Y2 27.76 15.62 527 7.58 7.75 3.88 1.70 091 0.97
F2 3143 753 194 267 275 1.67 1.00 0.77 1.19 |Y3 1348 11.23 441 695 844 508 283 1.86 2.61
F3  37.64 10.57 246 2.61 205 0.80 036 021 0.25|Y4 26.19 17.11 521 6.55 504 1.80 0.66 032 0.37
F4 3548 11.84 299 354 289 1.17 050 028 036 Y5 1831 12.44 4.60 7.04 831 487 263 1.69 220
F5 3521 1133 232 232 1.77 0.89 050 029 039 Y6 2337 1433 496 727 796 439 220 137 1.64
F6 4349 11.63 1.78 1.55 096 037 0.15 0.09 0.11 |Y7 16.81 12.50 4.76 7.57 8.83 530 2.67 1.55 2.00
F7 30.03 15.73 395 437 3.01 1.06 040 025 027 |Y8 3415 16.66 449 517 333 091 031 0.16 0.17
F8 36.50 12.83 2.81 290 189 0.75 032 0.17 020 |Y9 2046 14.64 5.07 7.19 7.00 339 156 0.89 1.03
F9 3737 9.81 221 236 1.75 0.68 030 0.16 0.19 [Y10 22.65 13.84 470 6.79 7.75 423 2.19 139 193
F10 34.85 13.96 3.18 337 252 1.10 0.55 033 040 Y11 1337 13.70 6.53 7.54 10.25 6.07 336 1.88 2.09
R-F2 3427 11.86 2.76 3.10 246 1.09 0.54 033 045 Y12 1488 13.52 649 743 1080 7.13 4.14 247 3.34
Yl 1239 11.79 4.89 833 10.75 6.55 3.65 237 3.36 |R-Y2 2032 1395 5.12 7.12 8.02 447 233 141 181

100~200 nm ki & 5 i ok (10%~45%), X [H] (200~1000 nm) ~F-5Hk & 1 0 3 = T B AR 2
200~300 nm K2, HARXERREE 5 RN B (P<<0.05) (K 13). S5WBL4EARAH RIS [X 7] 550
23.6 HEREGFIRATESEE RS S KGR SRR BL e BRI BA “Fl
FREUEIEAE R, SR S BRI R 22 s ehni A7 SN E SN E LMM 23 87 32 7= 4,
G SRR X R RO i o Lok, M SR EEEMNGER 14, SRR XEERHE S
FU UL, B REAREZ A R AT 2t LMM 20 Hr P<<0.05, T L7E Abe 7 X b i 2 2
(B 5-A). LL10 7B A 12 #Psahnittln RS2 2 m,
AR E 2 LB THME (R-F2. R-Y2) At 2.3.7  RARIRSUENE MUY XF 22 fibsi
AR ST 5 B R AR FR S B 0E (B 5-B), ¥ brdE AR AR Fa SO B 304 T AR BURE VR4, SR SPSS
R T SR e T R BT B AR SO AR T AR 27 B SR BRI ) LYK TE] Spearman A1 G
GRS A 2 5 R dRNER 15~17, FERESFRE KD
KF Mann-Whitney U #5307 R EMEZERIL AP KA X (AR S0 & HF39ME (R-F2. R-
B, RBGEF ARG 100~200 nm FiR X SR Y2) AXTR, 53] 22 HLirehrdtzm A AU, 45
b HGRE TR TR (P<<0.00D), Bl 8 Mhife R, (ARSI KRR S EE A LT,

A 100~200 nm B 100~200 nm
0.5 [ 0.4
900~ i 200~ 900~1 000 nm 200~300 nm
1 000 nm A 300 nm e y] == Fl 0.3
- \\ / —— Y2 —— F2 / —— {EEET
; Y3 —— F3 s
A Y4 F4 SPARIE I
800~ { 300~ ¥g Eg 800~900 300~400
ol PSR ~900 nm —__ L ~400 nm
900 nm — = 400 nm v7 F7 N
YS —e— F8
—4— Y9 —— F9
—— Y10 —— F10 ;
700~ 400~ Yl
——YI2 700~800 nm 400~500 nm

800 nm \ 500 nm \

600~700 nm 500~600 nm 600~700 nm 500~600 nm

5 22 HARMEZTIBMEEZELEE A) MHFESERERREZFINIT R EZELEE B)
Fig. 5 Overlay particle size fingerprint of 22 batches of standard decoction of AR (A), and comparative particle size

fingerprints of wild-simulated and transplanted AR standard decoction (B)
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x13 10 {HFES 12 IFRERRESFIRZX B
EHEEEMERIER (X+5)

Table 13 Comparison of significant differences in particle
count percentages across particle size intervals between 10
batches of wild-simulated and 12 batches of transplanted
standard decoction of AR (X £ S)

WA X [ F0RE R 5 L/ %

Ff it
100~200 nm 200~300 nm 300~400 nm

iR 10 3427+5.99  11.86+2.30 2.76+0.76

FHEE 12203246.747 13.95+1.85" 5.1240.70**
e HEAZ X JE) i A o b /%
HA

n
400~500 nm 500~600 nm 600~700 nm

iFARE 10 3.10£1.10 2.46+1.10 1.09+0.58

SPRREEEE 12 71240777 8.02+£220" 4474182
. A DX [ R 2 B/ %
Fe i 700~800 nm 800~900 nm 900~ 1 000 nm
AT 10 0.54+035  0.33+0.24 0.4540.38
PAREEE 12 23341157 1.41+£0.73" 1.81+£1.03"

5 AR "P<0.05 TP<<0.01 ""P<0.001.
*P<0.05 P<0.01 ""P<0.001 vs wild-simulated AR.
® 14 NEXEFMAKE S LMM S174R
Table 14 LMM analysis results of particle count

percentages in particle size intervals

F16 12 HFPREERESTIRZ X B RIBOVE TN
Table 16 Similarity evaluation of particle count

percentages across particle size intervals for 12 batches of

transplanted AR
g M
"YLOYL VP VA OYS Y6 YT Y8 Y9 Y0 VI Y2 RY2
I 1000

Y2 0.983 1.000

Y3 1.000 0.983 1.000

Y4 0917 0.950 0.917 1.000

YS 1.000 0.983 1.000 0.917 1.000

Y6 0.983 1.000 0.983 0.950 0.983 1.000

Y7 1.000 0.983 1.000 0.917 1.000 0.983 1.000

Y8 0917 0950 0917 1.000 0.917 0.950 0.917 1.000

Y9 0967 0.983 0.967 0.983 0.967 0.983 0.967 0.983 1.000

Y10 0.983 1.000 0.983 0.950 0.983 1.000 0.983 0.950 0.983 1.000

YIT 0967 0.983 0.967 0.933 0.967 0.983 0.967 0.933 0.967 0.983 1.000

Y12 1.000 0.983 1.000 0.917 1.000 0.983 1.000 0.917 0.967 0.983 0.967 1.000
R-Y2 0.983 1.000 0.983 0.950 0.983 1.000 0.983 0.950 0.983 1.000 0.983 0.983 1.000

kifelX(e  PE | YEERs PE|] YHEdER PHE

100~200 nm 0.001|400~500 nm 0.001{700~800 nm  0.001
200~300 nm 0.028500~600 nm 0.001|800~900 nm 0.001
300~400 nm 0.001{600~700 nm 0.001{900~1 000 nm 0.002

R 15 10 HHATFEREREATRAZXE AR E TN
Table 15 Similarity evaluation of particle count
percentages across particle size intervals for 10 batches of
wild-simulated AR

HATLLE

F17 2 HEEAVEZFIRZ X EFR K E S A EILE
ey
Table 17 Similarity evaluation of particle count
percentages across particle size intervals for 22 batches of
standard decoction of AR

2 5R-F2 - HR-F2 - 5HR-Y2 - 5HR-Y2

AHABLE FEALLRE FEALLRE FEALRE
F1 0983 |F7 1.000 | YI 0983 | Y7 0.983
F2 0933 |F8 1.000 | Y2 1.000 | YS 0.950
F3 1.000 | F9 1.000 | Y3 0983 | Y9 0.983
F4 1.000 | F10 1.000 | Y4 0.950 | Y10 1.000
F5  0.996 Y5 0983 | Y1l 0.983

F6  0.983 Y6 1.000 | YI2 0.983

i

Fl F2 F3 F4 F5 F6 F7 F F9 FI0 RF2

F1 1000

F2 0967 1.000

F3 0.983 0.933 1.000

F4 0.983 0.933 1.000 1.000

F5 0.971 0.929 0.996 0.996 1.000

F6  0.950 0.917 0.983 0.983 0.996 1.000

F7 0.983 0.933 1.000 1.000 0.996 0.983 1.000

F8  0.983 0.933 1.000 1.000 0.996 0.983 1.000 1.000

F9  0.983 0.933 1.000 1.000 0.996 0.983 1.000 1.000 1.000

F10  0.983 0.933 1.000 1.000 0.996 0.983 1.000 1.000 1.000 1.000
R-F2 0.983 0.933 1.000 1.000 0.996 0.983 1.000 1.000 1.000 1.000 1.000

FEIARUE DS 0.980, PR # BT BIAH Ry 0.969,
FABLEERI KT 0.9, R WIAN [FIH VT ] ) B B b TR

RLAR AR, 150 B O A) o — B

238 HKiARTRSUEE R PCA 52 RE KD
(hierarchical cluster analysis, HCA)  {#if] SPSS 27
BAFHEAT KMO MR AR g, 45°R (R 18) &
I, KMO>0.5, ERF AR5 <0.05, HI#E(T PCA.
Hotelling’s 72 1 DModX #z | &l (& 6-A~D) &R,

#® 18 KMO FEFFFERI RN
Table 18 KMO measure and Bartlett’s test of sphericity

KMOFH EVRERRR R 50
KMOIUFEE V) PR 2L 0.772
LR R REER T 4G 56 AR 559.657
H B 36
2 <0.05
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22 #EHE AR ITE Hotelling’s T2 1 DModX )
EWRAN; WNRSETATUE R, iEEEKST
ASH GRS W] & (& 6-E). ] SPSS 27 it
17 HCA 133 HCA W (Kl 6-D), 4 FIRR IR ES v
10 I, BR F1. Y8 FEASL, HRFEATT LA A 2 2K,
T B BT 28 S (PR AR FE S0 Rt T X o0 1 B AR
GRVIIR S S gic

NG ERAR X E], 57 [ PLS-DA #54Y,
BB (E 6-F) R, A5 FRIEKEH TS
Hila, 2 ARG NRERTLES: 4 200 RE
BAG I IAE (B 6-G), Q* RIVALRAE Y Sl aEzE
TR, RIBRAAEL G, BA REFHH
Mge Sy Ht—P@nt VIP (% 2 FRiR X E (F
6-H), LL VIP>1.0 JbrdE, FEHR5IH 100~200.
500~600.400~500 nm 3 X} 3 2H DTk i oK I X (8]
239 FEAHEBFIRER AR IX ETRE AT
HE— D A AR A I 2 SRR X ], SR B
FLAR ARSI A 28 I 00 428 X ) 50 o L) o 25 A8
AL, DLX 305 B A 5P AR B o 22 LB RORIAR X
) ks 5 B o L T mie3 R AL3EAT 20 M7 JF R EL
DR B ITHET 3 M REAR X E], RFH Graphpad Prism
WA 34T %2 K H B AERFAE (receiver operating
characteristic, ROC) HHZE, 43714l B — A 7Y ) il
MRe, PAK 2R RS G T RcEE .

Mg R AT DUR B, RE 2 BRI R 46 b5k
W2, IR EEEE ST (R 19), ikt
300~400. 400~500. 500~600 nm iX 3 MRIfZEX
[f]. £54A PLS-DA MIBEHLARAK 2 P2 AR S Gi A
Ik 4h B, RiARTE I 400~500. 500~600 nm 7E
2R R HE A T 3, Rt — P 7E Graphpad
Prism #4%:_EXF 400~500. 500~600 nm 2 442 [X
[8]#3E4T ROC HHZR 53 #T, HH 2% 1HI#H (area under curve,
AUC) ¥4 0.9917 (>0.9) (JH7-A. B), XUHHEL
4G AUC=0.8500 (& 7-C), Tt FHAEAS T RE /7 K
U, TP X5 2 B SR .

B, NRUEBAREGIEIE, KAWL 7
AT B A TS (FII~F17) 5 6 I TRE A
(Y13~Y18) BT XA ZE ROC #hzk 4 (B 7-D),
AUC=0.809 5 (>0.8), Ui HIEIFEEER R ZH A T
WA HTREST R AF, AT 2 Flodh 088 BT BT IX
5%, R HiE 400~500 nm. 500~600 nm 2 4>
FLA% X 8] 52 X 23 17 B A 5 51 3% 28 88 138 8 R A0
X H .

24 YIBERSUHERSEXMES

TR BT O AR BT & F1~FS.
Y1~Y5 X 13 #EBEHT T 11 M & RI4axt e
BN, B 8 MIBEERRS 11 B kE K
HFRMER T (K 8): (AL S EMIET . HIKRE
HIL R RSN 4 MEEGY R TR
(r<-0.40), M A BB 11 X7
H YK URL R T A s R s o R . A IX 4
Pl 73 ¥ A1 PDI 2EGBR K (r<-0.60).
3 it
3.1 A RMAREREATIYIIR I FIBIR T

HZE RS R, HY B4R S R 2
Y P (AR AR R Y, XA F A2
JiEAREY) (quality marker, Q-Marker) P22 4}t
TOB R ST I, AR SRR TR TDS,
R, HBHA ., pHE. C AL, PDIL Z $31H 8 ™M)
L 2 F R bR i 2 i re bR e R I R SR, o
ARG 38 B ARHE A IR T VAN, KRB Z (A LA
C HLALTE 2 PRl B e b B B M 22

€ FELAVT A o AR R 2 T FELART 1) EL BRI, 52 ““
LA B R A “AARIRES” XU M . BT KR
B, AR B AR AN C AR R 2 R
AR T3 KINRE T 2 MR R, FIERKED
REM., WHARTHICUESE, Py 08 2 i
B IRBACE = AR R 123, 7 5 AL B R rh s i 2R
(BRI AT BHE (WEKEF 1.
BRI D & 8 & TR o2, (i,
HeAE 7 XA SR S ST EER,
SEOKFIR A Y B RERAF, S T KR
(1 55 - 5 B FH R PR SR THT LA % B . Zhang S50} 3
BT B HBAT AT THEAL, HE 3 B /K BNR
FRYRRL ) 2R 2 E v E L BB R
BRIy N FAE YD B/ B S
BRAKAE MR IR AR R . 1% E ISR AHE TR
WS CHALIRIOC RITHE T 4t dEat . I HAHE
FORILC AL ST R B 1L TR
TR 4 MUEEY RSO, HEmTiIX 4
MEEYF A R IR SRR R, BT
RYESS T, AR B AE QORI AR R R T, B A%
SRS E, WORCER T e s, ¢ AR
EHIR . [ IX 4 Pk sy 3580 PDI S 808 ARG,
VLA B . ST IR B RE O G A R M L R
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Fig. 6 PCA and HCA of particle size intervals for 22 batches of standard decoction of AR
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Table 19 Importance score table for particle size intervals

KAZX[E/mm  fEEER)  FAZRXE/Mm  E 2SI

300~400 0.13193 600~700 0.014 42
400~500 0.078 19 100~200 0.012 04
500~600 0.069 85 900~1 000 0.001 86
700~800 0.022 11 200~300 0.000 17
800~900 0.016 49
A 100 T B 100 T
80 80
S <
2 60 B 60 -
= E
Z 40 - g 40
3 AUC=09917 | 3 AUC=0.991 7
209 P=0.000 1 20 1 P=0.000 1
0 T T T T 0 1 1 | 1
0 40 80 0 40 80

Specificity/% Specificity/%

c 100 D 100
80 80
S =
2 604 2 60
2 z
Z 40 A g 40 o
3 AUC=08500 | 3 AUC=0.809 5
201 P=0.005 6 20 1 P=0.063 3
0 T T T T 0 T T T 1
0 40 80 0 40 80

Specificity/% Specificity/%
A. B-400~500. 500~600nm F.[KZ ROC HhZk[E; C-UIZRAEX
% ROC HiZkFEl: D-BUEEXUE % ROC Lk .
A, B-univariate ROC curves for 400—500, 500—600 nm; C-two-
factor ROC curve plot for the training set; D-two-factor ROC curve
plot for the test set.

7 FEHLARR ST R ROC Bi%k

Fig. 7 Random forest analysis and ROC curves
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Fig. 8 Correlation heatmap of physical indicators and chemical components
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