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Abstract: Objective To establish the HPLC fingerprint of Chonglou (Paridis Rhizoma) before and after steaming processing, and
to evaluate the difference between processed products by chemometrics. Methods The chromatographic fingerprint analysis was
carried out respectively by HPLC, and the common pattern was conducted by similarity evaluation. In addition, for quality
evaluation, the results were taken to perform the chemometric analyses, such as hierarchical cluster analysis (HCA), principal
component analysis (PCA) and orthogonal partial least square-discriminant analysis (OPLS-DA), by using SIMCA 14.1, SPSS 26,
and other software. Results The similarity evaluation results indicated that the crude Paridis Rhizoma and the steamed Paridis
Rhizoma could have high similarity. The HCA and PCA results showed the processed products could be basically cluster separately,
but there was still crossover. The applied OPLS-DA results showed the processed products could be ideally classified by five
characteristic peaks (12-chonglou saponin I, 9-chonglou saponin II, 4-loureiroside, 5-unknown). These chromatographic peaks can be
used as potential key quality markers for the difference before and after steaming. Conclusion The establishment of HPLC
fingerprint combined with chemometrics could be considered as a comprehensive reference and powerful strategy for quality

evaluation of Paridis Rhizoma and lay the foundation for the further clinical medicine research of ethnic medicine processing.
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Fig.1 HPLC fingerprints of 22 batches of crude and steamed Paridis Rhizoma samples
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Fig. 2 Fingerprints of 11 batches of crude Paridis Rhizoma (S1—S11) and mutual mode (R)
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Fig. 3 Fingerprints of 11 batches of steamed Paridis Rhizoma (P1—P11) and mutual mode (R)
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Table 2 Results of similarity analysis between 11 batches of crude Paridis Rhizoma
- FRALLEE
el S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  S11  xHEFRgUEE
S1 1.000 0.891 0.966 0.960 0.909 0970 0.944 0.914 0.965 0.913 0.950 0.965
S2 0.891 1.000 00913 0.834 0880 0.904 0.784 0.972 0.895 0.972 0.961 0.945
S3 0.966 0913 1.000 00945 00936 0.988 0.947 0.950 0.996 0.960 0.985 0.994
S4 0.960 0.834 0945 1.000 0.886 0.962 0.978 0.846 0.957 0.848 0.909 0.934
S5 0909 0.88 0936 0886 1.000 0.943 0.885 0.914 0940 0916 0.936 0.942
S6 0970 0904 00988 0962 00943 1.000 0.956 0.941 0.990 0942 0974 0.987
S7 0944 0.784 0947 0978 0.885 0.956 1.000 0.818 0.961 0.832 0.892 0.923
S8 0914 0972 0950 0846 0914 0941 0.818 1.000 0.935 0994 0.987 0.974
S9 0.965 0.895 0996 00957 0940 0.990 0.961 0.935 1.000 0.945 0.976 0.989
S10 0913 0972 0960 0848 0916 0.942 0.832 0.994 0.945 1.000 0.991 0.979
S11 0.950 0961 0985 0909 00936 0.974 0.892 0.987 0.976 0.991 1.000 0.997
WHRELETE  0.965 0945 0.994 0934 0942 0987 0.923 0974 0.989 0.979 0.997 1.000
3 1 MEREFIRIREEUESTER
Table 3 Results of similarity analysis between 11 batches of steamed Paridis Rhizoma
- AEABLE
e P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 PIl  XMEFELCEIE
P1 1.000 0.883 0.951 0.853 0.881 00920 0.936 0.894 0.943 0.852 0.890 0.940
P2 0.883 1.000 0914 0934 0904 0.966 0919 098 0918 0971 0.987 0.974
P3 0951 0914 1.000 0877 0917 0.975 0.984 0.943 0996 0912 0.932 0.977
P4 0.853 0934 0877 1.000 0.853 0.900 0.852 0.908 0.868 0.921 0.922 0.929
P5 0.881 0.904 00917 0.853 1.000 0.925 0.920 0.909 0.923 0.884 0.909 0.940
P6 0.920 0966 0975 0900 0925 1.000 0.980 0.990 0.980 0.972 0.982 0.994
P7 0936 0919 0984 0852 0920 0.980 1.000 0.960 0.992 0919 0.939 0.977
P8 0.894 0986 0943 0908 0.909 0.990 0.960 1.000 0.951 0.983 0.992 0.987
P9 0.943 0918 0996 0868 0923 0.980 0.992 0.951 1.000 0918 0.937 0.979
P10 0.852 0971 0912 0921 0884 0972 0.919 0.983 0918 1.000 0.993 0.969
P11 0.890 0987 0932 0922 00909 0.982 0.939 0.992 0.937 0.993 1.000 0.984
SRR LEE  0.940 0974 0.977 0929 0.940 0.994 0.977 0987 0.979 0.969 0.984 1.000
SRR R R YOT RRIEON 80 A 274 SEERFEVERIIEIN BT SRR R

FasEo J3Ah, KR B ) AL R A R
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e, SAERE I 4. JRE— PR “2.57
T T B 44 2F 34T HPLC-Q-TOF-MS 43 #7, FKEIL
A VIR FH o T s, 145608 HR I SOAH 9K S
BRIRIEN, % T H A 10 NS, S5 R E 4
Fi7 o

2.8 WEITEFSHN
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Fig. 4 Representative HPLC chromatograms of the crude Paridis Rhizoma sample (A), steamed Paridis Rhizoma sample (B)

and mixed reference substances (C)

x4 HBENEE

Table 4 TIdentification of common peaks

M TEFEMAH] (nlz) 32/

e TR I SO (X109 (+) MS and MSE (m/z) UEgh R

1 CuHeO2 803.22321  803.22405 —1.05 120.081 06, 166.086 21, 803.220 50 NA

2 CsiHoO1s  899.42394  899.42123  3.01 899.423 94, 753.365 78, 621.324 00 NA

3 Cs1HoxOos 1177.59748 1177.60004 —2.18 1177.597 48, 885.482 78,1 031.539 41 pseudoproto Pbl!!]

4 CsoHsoO21 1017.52429 1017.52649 —2.16 1017.524 29, 739.425 08, 885.482 60, 577.322 69 loureiroside!!

5 CuH#NOo 49433208  494.33236 —0.61 494.332 08, 658.397 42, 739.225 25 NA

6 CsiHs2021 1031.53902 1031.54214 —=3.02 1031.539 02, 413.304 21,395.293 50 HEEH vz

7 CasHnOiz 90147567  901.479 14 -3.86 413.304 16, 353.228 54, 575.356 24 12-OH-gracillin 3 5 #1214
8 CuH70017 87146642 87146858 —2.48 413.304 44, 395.293 65, 575.356 93, 871.466 42  EAREFF HI2

9 CsiHs020 1015.54391 101554722 —3.26 1015.543 91, 415.320 04, 723.429 64, 397.309 34 FE R 111314
10 CsoHsoO20 1001.52846 1001.53157 —=3.11 1001.528 46,415.319 16, 723.427 69 reclinatosidel!!]
11 CssH72017 88548031 88548423 —4.43 415319 05,397.308 43, 885.480 31, 723.428 12 £F4HZ 21

12 C4H7uO1s 85547202 85547366 —1.92 855.47202,415.32199,397.309 42, 723.429 54  FEpEEAY 11214
13 CawHeO12 723.42823 72343140 -439 397.30829,415.318 81,723.428 23,253.193 18  FEHEE 1 vIIZhI

NA 7% 1 AR i
NA means that have not been previously reported

T A3 PA 11 USRI P2 E AR AE SR (9s*5 S1~  (average linkage between groups) %4%, LLFJ7RR R
S11) A1 11 #EX R EMEES R (J5 Pl~ BB (squared euclidean distance) 15 AfH S R4k,

P11, &EZIAWERIEHRA TREEEME  SEREIT RE R0, frh RERE (B 5.
2R HEAL A B S B A R R S, SR SRR, BT ERBERRA S5 HLR XN
SPSS (Version 26, E[E) #fF4r#7 &% Origin Pro  [UZEH] 5 PS MR AN —2%, F4b 20 LR ERH
(Version 2021, E£ED 1EEl, #EARMVLHREREE A58 2 KK, ERWA S1~S4 1 S6~S11 EH
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Fig. 5 Hierarchical clustering analysis of the crude and steamed Paridis Rhizoma coupled with heatmap

—2&, ZEHI IR PL~P4 Fl P6~P11 A H—K,
FRGERGHEBEW T RANEA -, RUERNTE
BT Z MR EZE T, X5 H I T
BXRe noh, BRI S6. S9. S73 #HEFEAK
o —3, S10. S11. S3 2 #HAEAZE N N—2, S8
FEAN—2K, S1. S2. S43 ke B A—3,
SEGAREVEM A R, SRR A R IR E A O
JREAFAE—E ZE 5, XA REAE T S50 W S %4tk
U AR 281 70 DI P . A K IREE . SRS 1]
FEAE— @ Z 5, AN R R SR AR O R
FREAZN S A, UL EM RS 221 RS
], A PRAEE 2 R R 52

2.8.2 PCAUST PCA J&n[ Pl RIEFEA K £ 7
FRMETES TR —. fEWEE. B ER
HPLC 840 i dht 1, DAZRHIRT G % 11 fibkEA
MG R (Y A5, S5 KX S1~S11 #l P1~
P11, fEEMEA U K& AR & B LA I
o EE B CF 2R R — 3 g
FEAE A ORAT Y, UFE 28I AR g AR IE A 0),
it 13 ANMailkig G R B IS TR AR RS N 1 S ig~
13 506, KT A A X TR R RS S bR
AL 5 R v 2 oAb (X AR, B 22X
13 [JEAEHEFE, K F SIMCA (Version 14.1, i
Umetrics A 7)) it 7 Bk LA PCA on X-block 15
BT A i AT et b, DOWE 3L HPLC g &
WM. BRAEITIA S, BT 24
FEs, HEBUCREEAN B A8 B AE AR
RIBH R2(cum)=63.6% (>0.4) FIxF KA & B
FRRRAE IR B 0% (cum)=32.7%, FW] PCA 1

) ESRBEMRE 63.6% X & 110, HAME R A
32.7%, HM PCA —4if55 Kl (B 6) WEHH, &
SRIZH PCA WG EMAE KA 5 2881 B R JE A
Ay 2 2, BAMGRTTER, VAR
—E A o TEWB ) PCA TCiFAR I 1 [X 43 L[] R
A, (RIS, AT N A b P A EE A A AR
ZEmE, FOREIE G ARSI PR R i, K
— g A I B GR B H: OPLS-DA, XJ4E. &
HEFE 2 R AT VN .

2.8.3 OPLS-DAR24 7f PCA [Hy%tat b, #—3P
1S OPLS-DA #ESLHAIGIEARL, 858 XIe k)77
XEZME . BEEEMNSE R2(cum)=97.6% (>
0.5), HAZERMBH R2y(cum)=88.5% (>0.5),
IR AR M S T 3k, Hoaz T PCA A
WNE:; RATMEE IS 0 (cum)=75.7% (>
0.5), H R*{(cum)-Q*(cum)<<0.3 (} 0.128), KM
TR BT A b R AE R 14 FH P 5544 . OPLS-DA 14

A A 5
s ® ZEiilT
4 'S
S9
5 54 Ags
Pl 57A58Ass
® S6 A N
I~ A
S0 ) P3  SII S0
P.4 A Pep7
2 re 'Pém
[ ]
4 PS P11
_4 4
-6 -2 2 6

t[1]
El6 PCA_H#57E
Fig. 6 PCA score scatter plot



* 5670 «

FED 20226F 98 $53% FB 18  Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 18

SEIE 7. 8. DK, R R HRE S
UCRE R IR, B AN HEUCRE il 8] ) 22 57 R 5 v e i
SN A TB] BR R AL o 22 SHUARE i rh EAR U i A X
B2 2, LArpala oy 7, AR e iR REEAE N,
A dhRET AW, WE AT ARXE, R
il A Ja AR I A 20

A AR
6" ® ZEiH il
R S10 P
X ; A8S7T g8 ‘.ngs
= 21 Ssaty A / ®o\p;
— ] AS9 S3ASII | ® Igl ®
2 S6 | "PS P6 P9 |
(\I\Dl i, ‘ | "
o 7 S4 24 |\ S e |
= ] A P4 /'
B by
-6 )
-6 -1 1 3
1.000 83*t[1]/(X 10°)
7 OPLS-DA —#5B45E
Fig. 7 OPLS-DA score scatter plot
% 10°)
44{0‘\\/(
1179 62" M3 i B
g —: =
A ER — s
@ Al
2 9
£ ] P11 BS
X P1@® P4@PI0Eg g
= 1 P3 QP
= P2
3 58[
& 0] $2
= s11is7
(=3
s3 S6
2o ‘ASIO
A
———e S5

8 OPLS-DA 1§43 3D
Fig. 8 OPLS-DA score scatter plot

Britbz b, 1 ik — R g A A R Bkt
AT 2 5, FIH SIMCA ##F%f £.2 37 OPLS-
DA AT 200 JOEMAME AR (permutation
test), ZHEFUWE 9 Fron. B AL KRR
feRERe /1 R: BEAAUTIUNGE ) O /N TR A ME, &
WA RIS LG, Ao vl (5 B . 4R B3R
OPLS-DA  H1& B Ay B ML ZE il 1T J5 8 S0 I PR
R TT

TEBATHCEE (B 10) A, BH R s S kg
AR I, 5 8 P iUBROZE FR) €00 35 06 XoF X 23 it 1) T
BRAEATBROR . [FII, 5T OPLS-DA %l f ik o7 ik

O T — 2
05 L -' """"""""""""""

N s o |
S B = -
> | ™
&5

? 5| =

! = ® R?

2.5 | o Qz
0 0.4 ‘ 038

Bl brat B4R K RAL B S BT AOAR 1
9 EiStNiiEE
Fig. 9 Permutation plot

) m @U% 11
X
02 my
| i 1
- o 3@ MDA IS DA )
= . ® [
=} @0U% 13 o
2 01 4@ Sy LT % 9
£ { U& 10
X .
& .
5 %’
S 04
% 8
®
% 12
-0.7 + - T - T - + T . —®_ .
-0.6 -0.2 0.2 0.6

0.999 168*pq[1]
E 10 OPLS-DA 75
Fig. 10 OPLS-DA loading scatter plot

K S-plot B (E 11D, HAFfEAL LML T MHE
JiR R BRIZE PR RARER [X 40 DT R R K 22 S M il U
9T BB 23 R T R FE ORI (i U
KA B EHRA N ZEE (VIP, B 12) 34TV,
T B 7 12 o 2 22 S b 7, 7E 0.95 BB X [A]
W, RE VIP>1 AbrAEiiE SE8E R 260
g, ZEEEmE R RkE 12 5 (EEEE L
VIP=2.40), 9% (HEEEFH I, VIP=147). 45
(loureiroside, VIP=1.44). 55 (K%1, VIP=1.10)
BAR S FER 8T, 1EX 528010 5 AR R H

0.8 %9
)
04 )
= i 13/@@ Ut 10 b 12
= % 11
= 0 l®
8 8@ @ @ik 7
= &
[ i 5 & 6
-04 ® "
1 2
i 18
-0.6 -0.2 0.2 0.6

p[1]
11 S-Plot
Fig. 11 S-plot diagram



FED 20226F 98 $53% FB 18  Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 18

* 5671

0
Vel g9 M4 VS UE3 MBI gD IS ke WE10 11 EI13 g7
var ID (primary)

E 12 OPLS-DA {REFEHFIER VIP &
Fig. 12 VIP values of common peaks in OPLS-DA model
BAER, FORIX 4 AN A R ) A A K
v R R A A I 2 R
3 g

URGZH AT OO0 B e 28 T2 A R E R
TR OB K i SR R AR AT T AL, JFCE
IR AU ENE Ak KA GRANAHAE R BREERE
v R E . IERERESED MR HELE, 4
REF RGNS MHEARZR, BE T fa gl %1
FaE Al 5E .

ARSI ST AR AR RO L ZE R O ()
HPLC a4t il A LR vPAN 45 - S HCA 2551
R, AR AR AR R AR B A RRE
EASAFAE—E Z 5, Hi 5 5 52 2 SRyt [a]
EMRFHEZ RN HAh, AR5 2EH
PO AR B, (H AT AR SIS FT L E A
AR 5 2RO AR S A SRR A A
A, HEEAMER, fonBERAERGIIRES, X
LR AT RERAE T R Sk . RN, #E—B85 G
2z 52771, KA 7 HCAL PCA. OPLS-DA 3
Fotgd AR ) 77 o A B AR RO RRZ& 1 O 4
SUENE 2 5, HCA F PCA R EMBA MO KL%
Hil i O FEARRR R, (BARAE/NT X, A
1Y) OPLS-DA HEAY AT A X 2 FhiX v, A
Y& A 9 B ZE AT S 4R 2 B AR R 77 %,
FFifEt 12, 9. 4. 5 SEIGIER] RE S HAASIET
J& 2 O B I, ZEHI S 4. 5 5 i R {E
A ERERE, 12, 9 5ok — R EHRS,
M A XA LC-MS M Ebxt, 456 3Ck 7
1, 120 9. 4 SN EERE I, EREE LM
loureiroside, 5 5§ HATARRESRIN, J5 LI
SR 0 IR HEAT EON BL A S & LC-MS it i {5 2
TR A

w1 BRI BT I H AT D, R T B
Wt K258 e m i Rt — BT AT, HREUEIE 45
AET R DUNEEAR BV A 2R E RO
J B AR AR L ZE e, (H R T 25 R LR T
AN, Nk, JRERSREE— DI RARHLE 5 A
£ 173 18] BRIE 7 o

FBAR FIANEH ARG LEA R

EE B

[1] +EZ [S]. —#&6. 2020: 271.

[21 SMEZ) M BmES. SNEZ MXEE (16 Tk
A [M]. BFH: SR R HIRRAL, 2014: 15.

[8] BREH, BN W 2R HTIE M]. des:
B= o #E Hh L, 2014, 186.

[4] FBREA, HOKWH, AERE, . ETHEHESEN
HPLC 540 AE 24 U= 1 i fd o B2 42 AT TR0 v ) 2
7). RETZEE, 2010, 35(12): 1551-1555.

[5] GKFmH, PR, A, & ARSI S5k
TR IIEN R ZHAT 026 )], (il 2009, 27(6):
776-780.

[6] 75RERHE, kiR, AhEE, S TRAUENGE SR
TEBGRAENQ AT RS (0] PEBR AR,
2015, 40(12): 2318-2324.

(71 k#, FE, BT, 55 IS (EK) A6 R
HPLC f88(EREXT LI 7T [7]. SRMIBL2E, 2020, 38(4):
38-41.

[8] EME, AEPE, KT, S AR S 2
OB 1 o AR R[] AR &,
2018, 38(10): 1803-1809.

[91 JEukes, mEty, B, & AFRKRET W24 HPLC
RIS FIfL 22 2T [J]. TR, 2022, 53(3):
853-857.

[10] BET5, Ban, Jrdh, & FE TR S & 1 e
IR % = g o7 AR BV HEN T T (0], R,
2022, 53(5): 1345-1353.

[11] Kang L P, Yu K T, Zhao Y, et al. Characterization of
steroidal glycosides from the extract of Paris polyphylla
var. yunnanensis by UPLC/Q-TOF MSE [J]. J Pharm
Biomed Anal, 2012, 62: 235-249.

[12] R E. 15 FEEEERZRIL 2R 0 ir D] &
JE: =PI 2GR, 2018,

[13] Su F, Ye L, Zhou Z L, et al. Study of chemical
compositions and anticancer effects of Paris polyphylla
var. chinensis leaves [J]. Molecules, 2022, 27(9): 2724.

[14] Qiao X, Qu C, Luo Q M, et al. UHPLC-gMS spectrum-
effect relationships for Rhizoma Paridis extracts [J]. J
Pharm Biomed Anal, 2021, 194: 113770.



« 5672« PER 20224698 B53% H 18  Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 18
[15] ¥ %K, IhEkAe, Z=F, & AR HEREK A1 [20] Ma Q D, Chen X X, Zhang K, et al. Chemical fingerprint
UPLC R8BS G 2o S8NEMFR [J]. HE analysis for discovering markers and identifying
%7k &, 2019, 44(10): 2051-2058. Saussurea involucrata by HPLC coupled with OPLS-DA
[16] fU#afg, doMo, BER, 5. 3£ T HPLC R4 & [J]. J Anal Methods Chem, 2020, 2020: 7560710.
(o BRI BTG TG (0], hRZS, 2021, [21] SKASR. W REGeAk, % BETARAEN. (LR
43(6): 1521-1525. o L SRR 0 PR R [0, hsis,
[17] XI5, AR, FRMIE, 55 ARBRFEREE R 2021, 52(10): 2897-2908.
HPLC #REUENE A F 5 (7], 2 #rikie =, 2015, [22] ANNEE, R, B, & R THERAE E S A R 5
34(10): 1159-1163. RIS (7). 255549, 2020, 55(12): 2968-2975.
[18] DM, BJ5, LR, & JET & IR LR [23] =Bk, Fha, 52, 5. B TIagrEREA OPLS-DA ¥
AT 27 B AR AN AN [F) SRS 7K 28 TR 2 24544 AN AR 2 R A AR R (0], R E SRRy
FitE [J]. EAbRE: L2, 2021, 57(3): 204-209. FEER &, 2017, 23(14): 62-67.
[19] FREN, M7, THevk, 4. IR 284 1) HPLC [24] FFISOO6, FReRs, 2%, & JET RS T A #

TREUEE L LA E R i (0], R 2 B,
2020, 31(18): 2224-2229.

R ARGV [1]. T2, 2021, 52(15): 4496-
4506.
[FAEsE  FRALR]



