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ABSTRACT: AIM To evaluate the quality of Polygala fallax Hemsl. METHODS The HPLC fingerprints
were established, the analysis was performed on a 35 °C thermostatic Waters CORTECS T3 C 4 column (2. 1 mmx
150 mm, 1.6 pm), with the mobile phase comprising of acetonitrile-0. 1% formic acid flowing at 0. 3 mL./min in
a gradient elution manner, and the detection wavelength was set at 256 nm. Subsequently, cluster analysis,
principal component analysis and orthogonal partial least squares discriminant analysis were performed, after which
lancerin was used as an internal standard to calculate the relative correction factors of 7-O-methylmangiferin and
polygalaxanthone Ill, and the content determination was made by quantitative analysis of multi-components by
single-marker ( QAMS) method. RESULTS There were 5 common peaks in the fingerprints for 29 batches of
medicinal materials with the similarities of more than 0. 80 (except for S2). Various batches of medicinal materials
were clustered into two categories, 7-0-methylmangiferin was quality differential marker. Three constituents showed
good linear relationships within their own ranges (R*=0.999 0), whose average recoveries were 95.34% —
104. 64% with the RSDs of 1.31% —2.30%. CONCLUSION This accurate and reliable method can provide
evidence for the quality control of P. fallax.

KEY WORDS: Polygala fallax Hemsl; quality evaluation; HPLC fingerprints; cluster analysis; principal
component analysis; orthogonal partial least squares discriminant analysis; content determination; quantitative

analysis of multi-components by single-marker ( QAMS)

BAERDK I i B RV Y WAL KE Polygala
fallax Hemsl. [T, SHRICET (FHTRZ
FHY, EIRRIG AR BTG, fEAER X
AL B W, S DEREMBE LR R PR T
Z, BEEATRRES . R, FEREN
BIT, B EEN TRV LS, WERZHT
PRATH R A, i R K SR, fE
NFRE A Y R & B, T AR (R
IKIEFIN . HAE | JER, B2 RIRK, Hr&
SRR WA R 2 T . BET, XM
TV, TP, MR AR AR AR E R B
R, R, TLC BEWH , vz € EMag e in
B B e 7, JCI A AT A AT
VP, AR TR EE T R AR A
)T 2G4 7 AR AL & Y Ik, ARSE
Sl it HPLC 5 8 . Al U Fn 2 i i
FE O AR AR K G SR AT T A, DAYk O vk
PEBTANBFE IR, RV A RIAE | SR, I TRl
BREEAR R o
1 ##

1.1 %  Waters H-CLASS # 5 %0 A (0,354 |
Waters CORTECS T3 C @@ i%4E (2.1 mmx150 mm,
1.6 pm) (3E[E Waters A#)); HFRF (HI74
Z—, MEEFELZ MW A); KQ-500MDE i 7 i
HUEA (BRILmi@Es AR A ) ; HH-S6 fH ik
Kitss (LB IERRH A RA ) 5 Milli-Q &
47k HL (€ [E Millipore 23 7)) ; Agilent ZORBAX

Plus C,g B354 (2.1 mmx100 mm, 1.8 wm, F[FH
Agilent Z3H]) ; Shim-pack GIST C i+ (2. 1 mmx
H A 5 H A A ) Thermo
Hypersil GOLD C 34 (2.1 mmx100 mm, 1.9
pm, 3 EPEER CHRBHEAR]) .
1.2 XA 5% 4-B-0-FAEREI-1, 3, 7-=5
FEIG e % BRSO IR A R A IR F
LS JB241853, 4l 98.0% ) ; 7-0-H KA T %t
HRSL (RS A B e A BR A W, it
L19A0885, 4fi fif 98.0% ); wcaimifi M (45
111850-202207, #EJ¥ 95.8% ). 3, 6'-_JF F Ik
FERE (HE5 111850-202307, 4EJE 96.7% ) Xf BB
("PEEMA R EEIIERE) . mEX G (b
B 2w R F SR e, it 120989-201908 )
WALBEUKEIL 16 fit, RA)TY, HINRERE”
3L, AR S, TLVEE 3L, a2 2
PEATHORE, 40 W op S 25 0 5 e SR AL RIS B3 AN
TG 245 5 A 56 F 9 e 4 7 il R AT 24 0 58 o IE
mn, BARLER 1, o, Wi htgkal (36 E7E
BRCHRBH AT HEERAHTaE (7 AR
B ATIR AT 5 KAk,
2 HAEE4R
2.1 &it%# Waters CORTECS T3 C,, {04
(2.1 mmx150 mm, 1.6 pm); WEHIIE (A) -
0.1% H'R (B), #REEVEM (0~5 min, 5% A; 5~
30 min, 5% ~15% A; 30 ~42 min, 15% ~21% A;
42~45 min, 21% ~90% A; 45~46 min, 90% ~5% A ;
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Tab.1 Information of P. fallax

G P A H G 7 FAEH M
Sl IV 42 5 LA R S R 2024 4 12 A S16 T VGAIH T K PR 5 AR A 2025 4E3 A
S2 IR ET & 75N E S RIGH 2024 4F 12 A S17 PAWLIE RGRTRE SR RE 3R Y 2025 4F-3 A
S3 TR ET &7 RN E S NEN 2024 4 12 H S18 T PE AT 2 1R LB B Sk L 2025 4E3 A
sS4 IVRET&FLERS Ll 2024 4F 12 A S19 JPEEEARTTIGAE X BV £ N R 2025 4F 3 A
S5 JVEHEE TSR R O 2024 4F 12 A $20 JUPE AT I R B 2025 4F 4 A
S6 IV RS =71 2 WA, 2024 4% 12 H S21 I VER T 4 75 B ALFIA, 2025 F 4 A
s7 T PR T - EAl ] & o i 2024 4 12 A S22 IHRETEFRERS TR 2025 4F 4 A
S8 PGB T P Bl ] S R LA 2024 4F- 12 A S23 TR TR TSI E Al 2025 4F 5 A
S9 F A T b BT AR 2024 4E 12 H S24 TR N T Ak L A 2025 4E5 A
S10 VLG54 T RV BUAR A 2024 4 12 A 25 JUARAR i L T A R B VR R 2025 455 A
S11 JARCARIE A Je kT 202542 H S26 =R SCULHRHIE FIAMBREES B2 2025 4E 5 A
S12 TV BN TP X S MR 202542 H S27 IR M T RS B 2025 4E 5 A
S13 PR T RULL B 885 B 5 202542 H S28 TR MM T K B 2025 4E 5 A
S14 VLG 35 22 X LU T 2R P4 AR A 2025 4F2 A $29 A ST BRI R SR AR [ A 2025 45 A
S15 ey R sy =Y AR 202543 H

46~60 min, 5% A); KRR E 0.3 mL/min; &
35 °C; KK 256 nm; FEEEE 2 pl,

2.2 B &

2.2.1 XPRESAR MR N IR S, H
Rl B 1 mL & RIS 20 pg IOIRTR, F47
RA), RIS,

2.2.2 MHLIER KERREMHR 2, BT
HEIEHE T, WA 20 mL WY, FRoE i, M
(B 45 kHz, $hF 500 W) A0 1 h, HUH, #
BHEER, WEANERKH TR, 0.22 pm MFLIE
it ug, BpfE,

2.3 HPLC s A#E s

2.3.1 LREMERE  BOdES ORI s
FER (B da, 78 <217 Ti@iEs&s it
FEMRE, S5 UL 1, HBbnl AL, £ kg oy
B, Pk, Rz EERLE
2.3.2 fEEmERE WAL (S4) S,
FE“2.17 TEREAE R IR E 6 Ik, DL 2 Sk
(4-B-O-FHWEIE-1, 3, 7T-= R ENGIEE) HS
MR DN 45 45 S A 0 AH XF £% B B [A] RSD ¥/ T
1.50% , AHXTIETE AR RSD #9/0 T 3.00% , 22 WY
i A R RAT

2.3.3 EEMHKE WA (S4) 6y, #%
“2.2.27 WURJrikdl A AW, R 2,17 T
3 S FHEREI S, LA 2 5 (4-B-0-7 2 i -
1, 3, 7-=FJENGIERER ) 2 7S & A A
X B E] RSD ¥9/NTF 1.50% , AR X 0 i AL RSD
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He A~CaralRzs A, HEE . XTI
2. 4-B-O-AIHHIE-1, 3, 7-ZRILNGMEER 3. 7-0-F B4R
o4 mEHNEI 5.3, 6'- 37 FRERER
4. polygalaxanthone Il

2. lancerin 3. 7-O-methylmangiferin

5.3, 6'-O-isinapoyl sucrose
1 &M% HPLC BikE

Fig.1 HPLC chromatograms of various constituents

BINF3.00% , £ EELZERL,

2.3.4 RuEtilE  BUEHSSER (S4) EE,
E“2.17 WA AR 2 h SEAEIE 1K,
HEE 13K, L2 Bk (4-B-O-FEREEE-1, 3, 7-
SRIEREIGER ) SR, AR A I AR X R B
FFlE] RSD ¥9/8NF 1.50% , AHXF TR AL RSD 4/ T
3.00% , FHHEWAE 24 h NERETE R,

2.3.5 MRS 5300k % RE 8 ZORBAX
Plus C,; (2.1 mmx100 mm, 1.8 pum) . 557 Shim-
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pack GIST C,; (2.1 mmx50 mm, 1.9 wm) ., FEEk
K Hypersil GOLD Cj; (2.1 mm x 100 mm, 1.9
pm) . KA CORTECS T3 €, (2.1 mmx 150 mm
1.6 pm) i%HE, XJ[F— #2561 A7 204, L 2
SRS I RARGH R ], 25 R LER 2w
KA W RSD BI/NTF 3.00% , 2By kit H
PERLT,
F2 ZBHBFIEBEIRBEE

Tab.2 Relative retention time of various common peaks

s s
1 2 3 4 5
1 0.243 1. 00 1.105 1.226 1. 643
2 0.244 1.00 1. 150 1.257 1.638
3 0.237 1.00 1. 105 1.228 1. 647
tE 4 0.240 1.00 1.135 1.224 1.587
RSD/%  1.311 0 1.977 1.247 1.918

TE: HE1~4 5031 HE/E ZORBAX Plus Cg, & Shim-pack
GIST C,g. F%EK K Hypersil GOLD C,q. K451t CORTECS T3 C g
T
2.3.6 AR B 20 HEZGRE, % “2.2.27 T
TONER SRR, R 2. 17 WO AMET
HEREINGE , R 17 MR B ENDA 5 A g
PR B A b 24 (0 3% 48 20 38 A 0L 37
RE” (2012.130723 WA ), Lhs4 S, R
WA E T, eI DT C AR AR S0 RIS Boxt BR BT
(R), WK 2, BIEMPE, 258 0%E3, mit
L1 [P = O 5 e o o S e R S o BT S VBN PN
S4~S7. S10, S12~S14, S16~S22, H 14 Hitzy
MR E TP, Har 3 4k FVLPT, RUIPIHE ™
Y EARIT . FiAh, W R RHME Y A R AT
Br, RIMHAREE DAL 4 50 Goakinl§dl) | 5
Sl (3, 6/-TIT FIEAEEENE ), R 1~3 T,
FMNIZ Ty A S I8 S AR ) 7% W] e F 8 AR £ 7K

AATRRI L R,
i 1 2 34 5
e 1 2 P 1 P o R
— ! S S17
[ o T
e i L r—
- J . ;::,.4
| R | . D
i L o
| . L ) A O |
|~ M R M
A 1 N i P
bt ; M | O S L WY
1 1 had ek
[ U o
0 S 10 15 20 25 30 35 40 45 50 55 60

t/min

B2 17 #tEHEEKE HPLC 59 EiE
Fig.2 HPLC fingerprints for 17 batches of P. fallax

x3 HEUBEVNESER

Tab.3 Results for similarity determination

7= H ¥ i AHABLEE
i} 1 S1 0.921
2 2 0.753
3 S4 0. 926
4 S5 0.927
5 S6 0.928
6 s7 0. 836
7 S12 0.916
8 S13 0.928
9 S16 0. 821
10 S18 0. 894
11 S19 0. 829
12 $20 0.927
13 S21 0.918
14 S22 0. 926
bW 15 S10 0.985
16 S14 0.928
17 S17 0. 927
2.3.7 RIS (CA) DI IEE AL, BURE

W HE AR R, S EnELE S5 A SPSS 27. 0 %
PEEAT 00T, S5 3, mubnl s, BRaCHE sk
S EFAAL M R 2 25, 12 A, 2 ARIE NE
—2&, 3 A, 4 ARICE B 2L,

0 5 1 15 2 3

FEARTIT20244E12
BN 2024412 7
e zei20244:12 1
12024412 H
e i2024412 4
e Ei20244:12 4
Y5 5 4202542
BNH2025%2H 9
T 1202542 A 10

]
FEART20254E3 4 11
JUPEEEAR20254E4 H 15
WP 12025463 7 12
13
R 202543 H ]

03— W BN

YL 4202543 H 14
JUEKFE20254E4 H 17
LVEHE420244E12H 3
PR FE20254E4 7 16

B3 17 #tEFEEIKE CA B
Fig. 3 CA plot for 17 batches of Polygala fallax

2.3.8 FEWAHr (PCA) T dE—00 %
WACE TR X 24 0 it T s, g L g 0 T AR o A
Ja A SIMCA 14. 1 8 Fi#E47 530, 45 3RILE 4,
ARl AT, BG4 RX R 0. 741, TS 4K
Q* }0.513, ¥JKTF 0.5, FHHFMAE S K1,
SRR B 43 2 28, 5 CA —3, KW
28 i B SR MO T — e Rk,

2.3.9 EASlwE/DAe-FNHT (OPLS-DA) ¥
B S A SIMCA 14, 1 4% 98 47 W B A X oy
Br, RIMERIIESEA 2 E RX® | A& RY? 41
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m12H
WA
3
2 @s13 .4E
— 1 @s18
= s ..s17 s14@ @52
* s19 4
20 0@ @s: -
o
2 -1 SW‘$S7
S5

1.004 89%([1]

El4 17 #tELEKE PCA
Fig. 4 PCA plot for 17 batches of Polygala fallax

HIA0.892, 0.685, AT S 4 Q° M 0.576,
BIRKF 0.5, FRPHLFMWEE T R4, 200 WCE HAs
Ba R oR, IPAEHSE LD R, QF R T
g, JFH QP MR aRIALS v MR T 7
i, FUACR BB LA RN, ATHTREER
FHI, WK SA, H4h, 3 51 (7-0-F FEATRA)
A BB (VIP ) KT 1, BIXT2544 )R
2 A RKITER, WK 5B,

or
Ve

i3 i i1 i1 it
Var ID (Primary)
5 17 #tETEEKE OPLS-DA E
Fig. 5 OPLS-DA plot for 17 batches of Polygala fallax

2.4 AHFME CRH-MEWL, Hi, 4-8-0-
A1, 3, 7- =R IR | Gl I, 7-
O-H AT RAT L5 AT, B2 B 2K IR ik g i
ARSI S AL A, —E A R 5T —
B, AN R K Y 256 nm,  BCEE £ HAR
RFERRELST; 3, 6/- T F IR RO R SR R 25 1
Y, RN R KN 320 nm, 5 iR 3 Fp
BT 2E SRR, WA IE AR bR AT .

2.4.1 LMEXRRFE BRI 4-B-0-7 %5 -
1, 3, 7-=F5ENGE 0GR | G aEmlER I, 7-0-H LA
X BN IS i, HORSVA AR, B =
235.2, 188.8, 252 pg/mL FUXTIRSVEW, 7 BN
WA 0.1, 0.2, 0.5, 1, 2, 3 mL, HEERREE
10 mL, 7E “2.17 @S FKM4THAENE, LIXT
PRSI AR (Y) X BTEWE (X) #FfrmIA,
SRR 4, WA BUANE RS A Ve N Ltk G R

RA4f,

2.4.2 MEEE, RERAE aulE <2.3.27
“2.3.4” T,

243 EEMEKE WA (S4) 6, #

“2.2.2" WURkH A A AW, fE C2.17 I
RS N UEREI S, AT 4-B-0-H M IE-1, 3,
7- YR FENGIGEER | 7-0-F AR | Gz Al 105
B RSD 7050 1.93% . 1.55% . 1.82% , FHi%J)r
BEEERLE,

2.4.4  fnAEEICERIAE RIS o SR E
HZih (S4) 6 1y, By 1 g, A% mA
235.2, 141.6, 63.0 pg 4-B-O-F & W1, 3, 7-
BN | 7-0-F AT SR | g A 1% AR
b, HE€2.2.27 TR 7 ik A A S A W, fE
“2.17 TGRSR AR E, TR, 4
W 4-B-O-ZIHERE-1, 3, 7-=FR KMy i FR - 44
FERNSCE A 101.06% , RSD M 1.31% ; 7-0-F K47
RSB AL B Ry 99. 65% , RSD A 2.30% ;
6 A R IS 34 i R [ 0 % R 101.43% . RSD
K 2.13% ,

R4 BHSKEXER

Tab.4 Linear relationships of various constituents

%y [l g 7 R? LAV (pg-mL ")
4-B-O-FE WiFE-1,3,7- = R IR i R Y=10 707X-4 781.0 0.999 0 2.35~70.56
7-0-H B4 Y=14 340X-3 851.2 0.999 3 1. 89~56. 64
375 Al 10 Y=14 557X-3 980. 8 0.999 2 2.52~75.60

2.4.5 FHXREHE TR DL 4-B-0- A1,
3, T-RRFENGEER A bR, T 7-0-F BRI
1090
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FHA AR, C A NAR S, A, S NARIE
MR, Z5RIFES,

2.4.6 GIEGEEN DL 4-B-O-H A BER-1, 3, 7-
SRRILRE UG R AR, AR 7-0-F EARAY L i
SRR TSP 35 #H % 4 B8 B 8] 2901 o0 1,12 1,23,
RSD ¥J/NT 3% , FWAAH X {4 B B e) m] T € i e

L,

2,47 MR E R E O W17 A, %
“2.2.27 WUk dl A A, 7R C2. 17 T
Rk R RIS, AR MR I ZF
PAtEe s, R WER 6, MULATAL, 2 ik
HLEREIE (RSD /N 5% ), FRWH— £ 3]
&N,

x5 BHSENRERTF

Tab.5 Relative correction factors of various components

Erhe) S B0 A1 3., 7-= P HE T 7-0- T SRS SO A1, 3,7 KM 5 T
1 1.33 1.36
2 1.33 1.36
3 1.35 1.38
4 1.36 1.38
5 1.35 1.38
6 1.34 1.35
SEHE 1.34 1.37
RSD/% 0. 88 0.98

x6 BHRAZENEER (pg/e)

Tab. 6 Results for content determination of various constituents ( pg/g)

W B 4-B-0- i H L1 ,3‘,7-5%%% i i _ 7-0-?%ﬁ%ﬁ _ Jintudmn il
LIRS ShbREE S —EE S RSD/% AMmik —IEIEE RSD/%
St 2.073 0 138.91 145.13 149. 21 1.96 47.88 49.34 2.13
S2 2.176 4 101. 62 72.26 75.01 2.65 42.24 43.95 2.82
S4 2.093 2 203.25 131.57 133.89 1.23 66. 60 67.94 1.40
S5 2.1200 95. 46 55.15 57.48 2.92 46. 61 48. 69 3.09
S6 2.200 2 255. 49 57.91 58.62 0. 86 38.76 39.33 1.03
s7 2.165 8 137. 62 56. 84 58.37 1.88 38. 84 39.98 2.05
SI0 2.1662 124.13 29.35 30.25 2.12 49.36 50.99 2.29
S12 2.1924 178. 30 112. 41 114. 60 1.37 70. 85 72. 40 1.54
SI3 2.3394 143.03 42.69 43.69 1.64 70. 34 72.17 1.82
S14  2.1206 99.22 58.15 60. 49 2.80 41.16 42.92 2.97
S16 1.8696 170. 12 115. 88 118.78 1.75 47.80 49.11 1.92
S17 2.0524 218.90 85.45 86. 85 1.15 43.32 44.13 1.32
SI1I8  2.198 4 307. 88 103. 02 104. 01 0. 67 36.27 36.70 0.84
S19  1.8596 561.29 246. 26 247. 44 0.34 63. 83 64.29 0.51
$20  1.9996 182. 80 63.11 64. 45 1.48 35.23 36. 06 1.65
s21 1.929 4 138.78 136.29 140. 46 2.13 117. 80 121.70 2.30
S22 1.9632 115.78 132. 44 137. 34 2.57 73.20 76. 09 2.74
3 itig 7o, AR TR A 5 DA AR

3.1 GitfuFikfeigsrse ARLBLM,
7 256 nm PERAL A U AR IE S B R, RLT
B, BOEBHAE MR, Wi TH
f, M. K. 0. 1% HR, 0.1% &R, KIS
#5-0. 19 H R DRI 25 1 o3 (5 6 43 BS 307 FEIR
P INEELT 25, 35, 45 °C, AP35 CHFREFELRIE
A B T G A 5 B SE A (R T4 40 R o AT ]

PO A TI]RGO B R B, S
2~5 SN 4-B-0-F F M SE-1, 3, 7 =R
WL 7-0-F AT SR AT | G RGmUER I, 3,
6'- T PRI ERE ", 3500 A AL (R K
KB, Hi a5 S0 2025 4ER (P E 2 )
BRI, FF A AL BIAGEE BRI
FRAE; 2. 3 S0 e i R R O P R AT 2, R
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PEEKEL B IT . T 2 ~4 50X S

ZERIARIE , ARSI AR T — B, E B T

M Z PP, Hrb 2 S BAE0RIE 5 R

O FITE O R B ), s B Ry AR

3.2 Rl ot RBARTHIR L B, £

AR 7K SR I T B 7 TR — R, TEST

FH1I2 HE2 H, 3 HE 4 ARG h &£ H R

By B 22 S, HEDN AT BB M iR

K, JFH B T RET R, R P RIUE RZ R

MARE TR, H12 HZE2 HRSES T,

M3 HE4AFMHRMAL (AEHK MM

K7y, B, 2R, TR R

AT REIE A A RO R . ARSI R, ASFHE

WAL EKED 7-0-HEARIT T EEZ R L,

AR B AR Z W RS Y 5 E AL AR T
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