FED 2025668 $56% B 128  Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12 . 4419 -

ET HPLC {FUEIE R FRIVAFALZELS Okekr) REBAERA®RE
BEEMR

kOARL Hm—F2 BRI RETH, XEIEFI B RV, KA LY
1 R ERZGRFEZ %N, R B 250355

2. WEMALERFEZSE, AR B 274031

3. MEFET AR AR ARG, LR VR 274000

4. FEERFERR, AR EE 274000

# ZE: BM @ LZEEE Pleiones Pseudobulbus (VKIKT) MHEIELEALH M) HPLC F8UEE, FHE5A bl SR 1L 284
kBT B MM ZER SRS, finkilgs KB BAERAR. B A OIE-0.1%B R KIE R ER A TS
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Abstract: Objective To establish the HPLC fingerprint of Pleiones Pseudobulbus (Bing qiu zi) and potential substitutes, and combine with
chemical pattern recognition to identify the differential components of Bing qiu zi and potential substitutes, so as to screen for the best
substitutes of Bing qiu zi. Methods ~ Gradient elution was performed using acetonitrile-0.1% phosphate acid water as the mobile phase, HPLC
was used with Agilent ZORBAX SB-Ciscolumn (250 mm x 4.6 mm, 5 pm), the detection wavelength was 224 nm, the injection volume was
25 pL, the column temperature was 30 °C, and the flow rate was 0.8 mL/min. HPLC fingerprint of 40 batches of samples was established, and
the data of characteristic components was analyzed by combining similarity evaluation, HPLC specific chromatogram, cluster heatmap

analysis, principal component analysis (PCA), and orthogonal partial least squares discriminant analysis (OPLS-DA). Results There were a
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total of five common peaks in 40 batches of samples. After comparison with the reference substances, five components were identified, namely,

gastrodin, p-hydroxybenzyl alcohol, dactylorhin A, militarine and batatasin III. The cluster heatmap analysis and PCA analysis results can

distinguish between Bing qiu zi and potential substitutes, and combined with similarity evaluation, it was preliminarily determined that Tainia

dunnii Rolfe was the best substitute for Bing qiu zi. OPLS-DA analysis combined with HPLC specific chromatogram and PCA analysis

identified the differential components of Bing qiu zi and potential substitutes as loroglossin, dactylorhin A and militarine. Conclusion The

fingerprint established in this study, combined with chemical pattern recognition methods, can be used to distinguish between Bing qiu zi and

potential substitutes, as well as to screen for the best substitute of Bing qiu zi.

Key words: Pleiones Pseudobulbus (Bing qiu zi); fingerprint; similarity; chemical pattern analysis; substitutes; gastrodin, p-

hydroxybenzyl alcohol; dactylorhin A; militarine; batatasin 111
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AIERE hidse /N e 734 (orthogonal partial last-
suares dscrimination anlysis, OPLS-DA) Z§4b*i1 &
EOOTENTI8, GRS (VKBRS B ERH
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FEHR AR,

1 XEEHR
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1.2 #

S} 8 i militarine (#1655 112061-202102, Jii f4
H=98%)  XMFREEAHEE (k5 111970-201702,
JRETE=98%) « KIFEFE (k'S 110807-202010,
JRE ST H=98%) 35 1 HH £ 5 2 ks e AR s
XA dactylorhin A (%5 DSTDD023301, Jifi &4
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JRE D H=98%)  3.4- " HEIL-2,7-3E 0 (IS
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5 DST230922-447, &5 40=96%) HI0 H 50K
VIR PR A W] X loroglossin (65 120300-
202309, RESE=97%) W H ik AEMERA
FRAT]; SR N 4,7- =332 A H-9,10- & FEXT
FE L (JIb'5 MUST-23092927, JFi &0 %0=>98.13%) -
monbarbatain A (#t5 MUST-23082104, FimEi=
99.20%) « FZHVII (k5 MUST-23092925, JiiH
53802=96.03%) F K EKFE AL 'S MUST-23042514,
JRE 7 40=99.45%) P06 E RS 2 ks E R A
[RAF]. LM (Thermo Fisher Scientific, £E) .

KA, HAREFI A a4k,

FLULE 40 HUFEM . SIREER LRGP
TR % e, ik S1~S13 N2 RHE s 22
Pleione bulbocodioides (Franch.) Rolfe T 151

2%, S14~S19 N2EFBHEY) = MR 2= P yunnanensis
(Rolfe) Rolfe [T RE5ZE, S20~S24 A~ FHEY)

AEMFRE P maculata (Lindl.) Lindl /)Tt 45 %
2, S25~S35 N ZEFHEDE M = Anthogonium
gracile Lindl 8B 65 =5, S36~S40 F=2FHEY)
W1 JE 2% Tainia dunnii Rolfe I T BB 2s, ELARFE T

IR (CRETRIEMAARFIE R AR ¥ohtaiba, KPEEEIE 1,
=1 H&EKR

Table 1 Source of samples
FE it 4 5 i ol 524 it BRI SR
S1 PER A 2R =R G2106022 IR — A RA A
S2 PhFR=s 2R R G2107045 AR —FHHRAA
S3 PhFR=s 2R R 240803 IR BREA R A
S4 PFR L R R 2022-07 ZM T3
S5 PFR L 2R =R G1806028 IR — A RA A
S6 Tz 2R R G1904018 IWAR—FHHRAA
S7 PER A 2R G1908144 IR — A BRA A
S8 MR 2R 2022-07 ZM T3
S9 PhpR=s ZRMhGR R 2024-05 ZM 3%
S10 PhpR=s ZRMhGE R 2024-05 ZM 3%
S11 MhFa= 2R G2307041 IR — A BRA A
S12 M= 2R 2307006 ZERHEFRAF
S13 PhpR=s ZRMhGE R 2024-07 ZM %
S14 Patap iy 2R 2023-08 P L
S15 MR 2R 2023-08 =R
S16 5 A R 2 ZRMhGR R 2023-08 ZM 3%
S17 5 A R 2 ZRMhGE R G2406008 AR —FHHRAA
S18 MR 2R 2024-05 ZM T3
S19 5 A R 2 ZRMhGE R 2024-05 ZM %
S20 KA R = ZRMhGE R 2023-08 ZM %
S21 AR 22 LR 2023-08 AR AT ALt T 3%
S22 A7 2% 2ERPME 2024-05 =R
S23 A7 2% 2ERMGE E 2024-05 Z T
S24 A7 2% 2ERMGE E 2024-05 Z T
S25 a2 ZRHEREE 2022-07 =E I
S26 B ZRE R =R 2022-07 Z T
S27 B ZRE R =R 2022-07 Z T
S28 (G ZRHEREE 2022-07 ZM T3
S29 (G ZRHEREE 2023-04 AR ALt T 3%
S30 B ZRE R =R 2023-08 ZETT
S31 (G ZREREE 2023-08 2 E i
S32 (G ZRHEREE 2024-05 ZM T3
S33 B ZRE R =R 2024-05 Z T
S34 G} ZERMER R 2024-05 Z T
S35 (G ZRHERE)E 2024-05 ZM T3
S36 R Bk (FED ZRWEZE 2022-07 ZM T3
S37 g v iy ==yt 2023-08 sk EIW T
S38 g ZRWEZE 2024-05 ZM T3
S39 g ZRWEZE 2024-05 ZM T3
S40 g 2R EZE 2024-05 2T
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2 FEEHR
2.1 A&
2.1 SRS A FREL “1.27 BT 40 ik
FESZMIRL) 0.5 g, KEERRE, B HEHEH,
R HL 50% 2% 25 mL, R 58 i B Jm B s AL FE (Th
F 300 W, HiiE 40 kHz) 30 min, A E=E, H
WRRE TR, FEH 50% L EERN Ik R i, 8240,
VeI, HUERIEENS.
2.1.2 REXEGEHR S R SRS E R
FRE . WFRIEKHEE. loroglossin. dactylorhin A«
militarine. 3,4-F 4(JE-2,7-9F %, 4,7- " FpF2-H
AHE-9,10-—EFE. FSHIX. FSEHVIL A&
JE A, 1125 11 1 monbarbatain A, JIA 50% ¥
fil e B3R 12 ASECr BRI 7370 4.83. 513,
4.66. 5.04. 4.98. 4.48. 491. 6.12. 5.71. 4.95.
5.49. 4.69 pg/mL IR A X IR VAT
22 BIEEH

AN Agilent ZORBAX SB-Ci5(250 mm X 4.6
mm, Sum) , FEHNHE (A) -0.1%BERRKIFR
(B) , BEEEWEML (0~10min, 10%~15%A; 10~15
min, 15%~20%A; 15~35min, 20%~30%A; 35~
45min, 30%~42%A; 45~55min, 42%~60%A;
55~56 min, 60%~90%A; 56~70 min, 90%A) ,
PR EN 0.8 mL/min, FEE N30 C, HEFFEN 25
uL, fE 224 nm PIEAS PTG . 5 AN A
JERE i S R Aot R ) HPLC SURSHRAE P LI 1
2.3 FEWENERENL
2.3.1 ZBIRIEREFE 5 SIEXFRYEL . fRE A
LT i b (R B, JF B S5 AR AR kg
()5 B RE R AR E , £76 2 IR IEFRbrdE,
WOk SE 5 FIEME NS IE.
232 R BUMERZE S1FESRZH 1 4,
FEERE, $2“2.1.1 7 TR B4 7145, $%42.27
TR Byl 2 A1 B8 S ERE 6 UG, e SARRAE f itk ]
DA 5 SR NS g, 15 H & LA W R A OR B
I ] RSD £ 0.11%~0.26%- AIXHIE AR ) RSD
£ 0.53%~2.00%.
233 HEEMHRE BUREEZ S1 A2 FE—H
613, FEERRE, 1% “2.1.17 TN B 77 v
By % 227 BUNMEREZANE, LS SIEfER
SR, V15 H - LA W R AR O R B N [] ¥ RSD 7
0.09%~0.86% AHXFUEHIFA K] RSD 7E 1.33%~
1.94%.
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2 3, =455 6
[5 4 [IJ I‘_tl 2
10 20 30 40 50 60
p ! 5 53.07
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4 9 %
2 6 7 Toit
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E ! 5 8
4 2 10
2 6 Il
ng
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F 11
1 6 59 12
2 34 5 g 10
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t/min

I-RIRE; 2-XFREORFEE; 3-loroglossin; 4-dactylorhin A; 5-
militarine; 6-4,7- ZF2He-2-F 4 ££-9,10- =5 4F; 7-3,4- = FF -
2,7-4E 28 8-FZHIX: 9-1iZ55&K I 10-FZHVIL 11-H K0k
4F A; 12- monbarbatain A

1-gastrodin;  2-4-hydroxyphenylethyl alcohol; 3-loroglossin; 4-
dactylorhin A; S5-militarine; 6-7-methoxy-9,10-dihydrophenanthrene-
2,5-diol; 7-3,4-dimethoxyphenanthrene-2,7-diol; 8-gymnoside IX; 9-
batatasin IIT; 10-gymnoside VII; 11-blestriarene A; 12-monbarbatain A.

1 WFR= (A TERFE B). RERFZ O- §
MW= (D). HE= (F) MEAXEME (F) 89 HPLC HE4;
EEE
Fig. 1
bulbocodioides (A), P. yunnanensis (B), P maculata (C),

HPLC specific chromatogram of Pleione

Anthogoniumgracile (D), Tainia dunnii (E) and mixed

reference substance (F)

234 FREtRE  BUMERZE SRS ZM AR 114,
FEEMGE, & “2.1.17 BUNKITER %, % “2.27
TR i 2644, 20F 0. 24 4. 8. 120 24h k&
W, WE SRR R, LS SIEE NS RIE, i
S S W A R BE I TR Y RSD 7E 0.14%~
0.26%, FHXTUEHEA) RSD 7E 0.58%~1.40%.
2.3.5 HPLC WIfRatEiEApmk K 40 HLFE S, %
“2.1.17 TN B 7 i AR AR, A “2.27 T
TN EIE AR, AEIERE S Akt
SUEEAUE PN REE7 (2012) BRAGFSEAT AT Ak
HE, DL ST SRS R S ) ol B o S 18 B,
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KHFHGE, WHRIE SN 0.5, 2 RRIEERH
AR IEDURAC, AR o R S AR B e ST

W 2 Fion o B AR AR BRIV Be 45 35 2 i
ATEOXSIIE, 40 HEFESILA S MR, S5REX
MRREAT XS, FRIN T 5 AN IEAUE, A RIRER
(1 FW) | XREIRHEE (2 5108) | dactylorhin A
(4 510%) | militarine (550 . IHZF I (95
), FagrEuE 50 IR S S L 2.
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“ - S40
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1-RFRE; 2-XREIEHEE; 4-dactylorhin A; S-militarine; 9-111
EERIIE
1-gastrodin; 2-4-hydroxyphenylethyl alcohol; 4-dactylorhin A; 5-
militarine; 9-batatasin III.
B2 WZEsE okekT) REBEKA®RN HPLC 53 E
E (A) MxRIELEE (B)
Fig.2 HPLC fingerprints of Pleiones Pseudobulbus (Bing qiu

zi) and potential substitutes (A) and mixes and contrast (B)

2.3.6 FRUEPHAY 40 HEFE S FESURNE 50 BT
AU R A 0.292~0.974, AR URR 22
(S1~S14) Mz MR = (S15~S19) fENIKERT
(1) 2 N, MUEAEX R, N 0.881~0.974,
FRAEIRR = (S20~S24) AR A, 2 0.292~
0.344, M2 (S25~S35) HIMPBIEIRAL, AN
0.843~0.935, 1 J& 2% (S36~S40) AL v 0.829~
0.971, W3k 2.

2.4 WEE OkEkF) REBERARITFEERR
A5

240 FEREDHT B 40 HREAN G 12 Fhpl o g
THIRRLIN 5 45 SR A5 5\ Originpro 2022, &4 “~F1y”
vk, WHEIFBEEE N “Euclidean” , 21 ZB2# & (K
L, B AL RIS AGRIE TR /N EO o S5 IR,
40 AR ATERY 4 26 Hir S1~S13 OfliFa=2) |
S14~S19 (=M 2)  S37~S40 GiFEL) H[E
=, 1X 19 HFEA dactylothin A (4 55 F
militarine (5 S5 WEIFIIHS; S25~S35 (fAHl
=) AIEON—I, X 11 #FE Y Militarine (5 50§)
W TR R, AR TIAR IS RG; S36 Gl s ==-
BEER) BN —2K, IR IRRER (1 518
F1 Militarine (5 505 FRIETIAIYE R S20~24 (FK
) BON—2, X 5 FERMIORERR (1 518)
H1 Loroglossin (3 “SUg) WERIAIE G . 45K IA 3.
RO (UKERTD BB EACH 2z TR Ak
LR SRR ZESR, HPLC faaEliksh 455
BT AT VD X o 1L 2 g (DKERT) IR
i, SR A E B

242 PCA il SIMCA 14.1 B, %hilz&ns (vk
BT RILBEARHMM 12 MFERS (54
HAHIE) 34T PCA 437, nT LB /3415 5 B R oA

F2 EEE OkEkF) REBENRASN HPLC I8 EIERIVESER
Table 2 HPLC fingerprint similarity results of Pleiones Pseudobulbus (Bing qiu zi) and potential substitutes

i FEACAE % HHALUE i HALAE %5 FHALAE
S 0.971 S11 0.962 S21 0.306 S31 0.843
S2 0.974 S12 0.951 S22 0.297 32 0.905
S3 0.963 S13 0.943 823 0.298 33 0.887
S4 0.966 S14 0.933 S24 0.292 S34 0.904
S5 0.958 S15 0.973 825 0.896 S35 0.910
S6 0.953 S16 0.965 826 0.865 S36 0.829
S7 0.962 S17 0.924 827 0.935 37 0.969
S8 0.950 S18 0.881 S28 0.903 S38 0.971
S9 0.963 S19 0.937 S29 0.917 39 0.966
S10 0.969 S20 0.344 S30 0.883 S40 0.965
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B3 hEEE (k) REBERFARIRAERE
Fig.3 Cluster heatmap of Pleiones Pseudobulbus (Bing qiu

zi) and potential substitutes
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) '
—4
-6 -4 -2 0 2 4
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R’{1]1=036 R’4q{2]=0.225 Ellipse:Hotelling’s 7% (95%)

~04 02 0 0.2 04
pl1]
Rx[2] =0.225

Rx[1]=0.36
4 40 fitLLZEEE (KEKTF) PCA (A) 1 12 MHER 7K
PCA #HTE (B)
Fig. 4 PCA of 40 batches of Pleiones Pseudobulbus (Bing
qiu zi) and potential substitutes (A) and PCA loading plot of
12 characteristic components (B)

p1IIFE IR Bt 1. 3. 5.
K, ZRILKE 4-B.,

2.43 OPLS-DA OPLS-DA & —ffg Wi B 1) 3
AT 775 o R:Xcum~ R2Y eum 53 B FE 7R R AR RS A X,
Y BB, 0P RIEEBWHIGE S, =&
B AR LA FREE 76 PCA 43 #T  24ith E
#t— 2547 OPLS-DA 43#T, @iss R EIR,
R*Xeum N 0.846, R*Yaum A 0.728, Q%cum A 0.600.

10 X p[2]F ML

OPLS-DA 34 B i 2% (VKBRT) S B AR
ﬁﬁ%TﬁEﬁ%E‘JE%, HoE 2L 52 =

PhFE 22 AT, 454 PCA 184> &, ¥15HE W
EXal R IR (KERT) MEBAER M, 45
R ILKE 5-A.
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0.4 | il : '
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-0.8 .8
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E5 40 #tLiZEgE (KEKF) OPLS-DA 1557E (A). 12 M
fERZS VIP B (B) K OPLS-DA HEEIBMGIGLER (O)
Fig.5 OPLS-DA score plot of 40 batches of Pleiones
Pseudobulbus (Bing qiu zi) and potential substitutes (A),
VIP value of 12 characteristic components (B) and OPLS-
DA model permutation test results (C)
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A EREEE (variable importance for the
projection, VIP) F/R#RFAL R AR BN, A1 ikiE
X IR S 7E AR () B AR 0, K VIP>1.00
TE RS, TRk 1 8 ANELsr, 7ol 2, 5. 1,
4.7.3.102 11, X Bt 43 Jgond Fe k2% FHBE  militarine
FJKZE - dactylorhin A, 3,4- - H4FE-2,7-3F .
loroglossin. FZHVIIAEH ABIE A, KHIX 8 i
B Rl s (DKERT) R B LEARH S ) DTk
K, AraeR e KR LI M=
FPEfEPR Ry, AR WEl 5-B.

N1 i1k OPLS-DA @ #biid f& v th Id FE il &
IR, PR N EAT 200 (CE B 77,
5 R TR R2 Q7 RIAZ RS /N TR AR, 73 )
/& 0.0616. —0.418, RUBARLFFE, 4R MK
5-C.

3 itig
3.1 ‘BIEFEMIFHE

TG FR SIS I B TR 2 e A 2
HFIBT ARSI, 2P 2RI B E R R, A
WFFCRT B S 1 4 MAS RIS I  2 1 T i S
PRSI, 25 BRBHLE 224 nm PK A 40 #Eil
Rk (UKERTD ST AEACH] b i B v i I
% HIEROIRRPERLT, e kil Ky 224 nm 1E
NI SRS I 8 2 A o 5140 X6t Agilent ZORBAX
SB-Cis taifi 4t (250 mm X 4.6 mm, 5pm) Fl Zafex
ZY-Cis (250 mmX4.6 mm, 5pum) 2 PPk 5
BUSCRIEAT T VPG, 45 B 2R Agilent ZORBAX SB-
Cis taiH: (250 mm X 4.6 mm, 5pm) X T &5
)73 B RUR AR, WA SEEIE . Agilent ZORBAX
SB-Cis il 4L
3.2 HAMHEIER A SN EERIAE TN

X 40 foili 2k (UKERT) B AEACH] gk
1T HLAYRHAE EIRE il e, A5 R 1 foR, AEE
JEREA TR R AR B AR BB ZE R, AHEAX
Sl 2R (UKIR) ST AEACH il ) 32 AR
XF 25 BT 908, KW loroglossin (3 Z ) {XFERK
MR (B 1-O) i) S s, s = (B
1-BE) RAGIENZE I, EH AR S EEBUR
dactylorhinA (4 F1§) a2~ (K 1-A) . =7
Mrz (B 1-B) fipg== (B 1-B) # bR E,
EMAEM R (O 52 (B 1-D) H i) 5 s
fi%; militarine (5 SU§) AEKIEMFE (] 1-C)
o LU, FE AR 38 A s 3,4- AR

Fe2,7-9E (7 F) UEERE (B 1-D) FRE
KR, %45 RPE7R loroglossin, dactylorhin A Al
militarine 3 N FIAENILZESE (UKERT) IEMS
FooR 3 PR JFR A 2 R 22 SR gy, X LR
i (KERT) BB S B BRI . [F,
BE—2D 0 Tl R0 5 Fl 2 JR AT RRAIE B vp o BEARAE 22
RN 3. 4. 5. 75, WENILEG (KERT) K&
FOBAEACH W S AR br o

BOCEITE AR PPN 25 SR 2o, 40 LR IEA 5
AN, SRR TR ERE A BE N 0.292~0.974,
ULIHARBLRE 22 80K, HerP AKIE 22 (S20~S24)
e e o El it A oAt 35 FE 2GR FIARALLEE 4 AR IR
IR 2 5 1L 2B s (KR ) 25 WML 2 1 A
BOKZES . JhERs (S1~S13) MEmMis (S15~
S19) 2 MR ZGMARALLE Y 0.881~0.974, i 11124
T (UKERT) 2 ANIE SR SR 8] (1) 22 AT BN,
BRaE .. BAEIFRE (S20~824) ABERAR, Hotl
VIERIE (RKRFFAE) tHERILA 4 FiEAE 22 RIE JRRE
AFZER R FIRE (S25~S35) SxRFeL LK)
FHALE N 0.843~0.935; [RisfE=-BIEk (S36) 4h,
HARWIE (S37~S40) Ff b5 % HRAR SIS (AL
FESIRT 096, M4 FIRARAAEEPEAN S, VD4
fRI =2 A 5 = B O ILE S (VKERT IBTEACH
AN A
33 WEHEENWH

AW TR FH R IAE 541 PCAL OPLS-DA %
JriExb g (KERT) KILEEARA S, W
Fo3 A BEIEAT S W RO VAR, 2 08 H R R 4
XA 1L ZEas (UKERT) I i 1) 22 S M
SIEWDSHEN AT E N L 2T (UKERT 1A
Fdh, R KR KRG 0iET
M LB LEAR FH i 2B R AL T — s IR HE

REME R ER, 40 HFERATERR 4
J5: Horf S1~S13 (BhFE%) . S14~S19 (=Fafh
=)\ S37~S40 GifJE§22) ] N—2; S25~835
(RS ATRAN—2; S36 CHFEZ) BRN—2%;
S20~24 (FkAehFr=2) BAN—H. HEREIEH
AT R AR —5, oL &S KBk 1
JR R VP AN AR AR S R IR T — R R
TR

gEA R (UKERT) I i BOARE
I L K PCA #4615 OPLS-DA #A ) VIP
534, loroglossin (3 5 1&) | dactylorhin A (4 514)
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FI militarine (5 FU§) 3 ANl nlae L& w: (UK
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WERH MR X Sy, Hr PCA 73p#frh, S36 (g
WS =R, o pr R AT RE R H R R R (g 1D |
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KESE, S36 NS FIIREREA (FEAEK
R, BRI E R LSS T ER, T ERITAE
MEHEE) , #—THER RN iR 25 Ry 31 & w
a A AT RV, DLAA ORAE i ftk 2 (B] 25— 1% . OPLS-
DA & REW], W E = 5Mm 2 ks mit
AR AT, S36 A 25 JE 2 B il T PCA
A1 OPLS-DA 43, #t— 45 S48 SURTEAHLE VT
Mg, HEWr S = E N L & (DKBERT) BT
A i

gi b, AW EES T 2RIARER 40 it
i Z& g (VKERT) LB EAH M HPLC 8404
W, bE T 5 AN LA, JERAXTIEFRIA T
5 Ak, R RBRE . R R OR T
dactylorhin A militarine. 111252 1. KH (it
AR SRS AL VRN RGED XT 40 HURE S EEATAH
ABEPEAST, B0 HE W AT 70 B USCaE 1) o e 22 A0 T
2= HA RO (KR AR BE 1. % 40
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B s FERA SRR T 45 B 45 G 4R SU BT A AL S
G3HT, HEWTE S 2 AR ML s (DKBRT) BIE R
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et 7T Re O L 2T (VKR ARH R
P DL T TE R EAR A, AT T L& (ke
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