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[Abstract] Objective To optimize the extraction conditions for 7 flavonoids (taxifolin, myricetin,
liquiritigenin, apigenin, naringenin, baicalein, and isoliquiritigenin) from Polygonatum cyrtonema, and clarify
the content and distribution characteristics of flavonoids in various organs. Methods Taking different
vegetative tissues of Polygonatum cyrtonema as experimental materials and 7 flavonoids as detection indicators,
single-factor test, orthogonal test and particle swarm optimization (PSO) algorithm were combined to
determine the optimal extraction conditions for flavonoid quantification. An HPLC method was developed for
simultaneous quantification of flavonoids. Principal component analysis, cluster analysis and Spearman
correlation analysis were further applied to elucidate the distribution patterns and compositional correlations of
flavonoids in different vegetative organs of Polygonatum cyrtonema. Results The 7 flavonoids showed good
linear relationships (r > 0.999 0), and the precision, stability, repeatability and accuracy all satisfied the criteria
for quantitative determination. The optimal extraction conditions optimized by PSO were 75% ethanol as the
extraction solvent, extraction temperature of 95 °C, extraction duration of 1.5 h, and solid-liquid ratio of 1:20.
Under these conditions, the total flavonoid extraction efficiency increased by 34.8% compared with that
obtained from orthogonal tests. The content of taxifolin was highest in leaves, naringenin and baicalin were
mainly enriched in rhizomes, and the content of various flavonoids in flowers and fibrous roots was less than 0.5
mg/g. All tested organs were classified into 3 groups based on principal component and hierarchical clustering
analysis. Leaves formed an independent cluster, rhizomes and aerial stems were grouped together, while flowers
and fibrous roots constituted the third category. Conclusion The extraction parameters collaboratively
optimized by orthogonal test and PSO algorithm possess high stability and extraction efficiency. The established
HPLC quantitative method has high accuracy. Multivariate statistical analysis showed that the 7 flavonoids
exhibit distinct distribution patterns across various organs of Polygonatum cyrtonema, providing a basis for

resource development and quality evaluation.

[Keywords] Polygonatum cyrtonema; Flavonoids; Particle swarm optimization algorithm; HPLGC;

Principal component analysis; Cluster analysis; Spearman correlation analysis
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Figure 1. Diagram of different parts of

Polygonatum cyrtonema
E: AbEZE; BUR; Covb; Dby EARE,

1 XEE##H

1.1 EEUEH

B LC-16 W AH (A 354X, f145 SPD-16 24k
Rl gt (HASHZAF); FA2004B B+ K F
(b B2 A A BRA R ) 5 KW-1000DC 7Y
B A (LR &I hifcE B A RA
Al )3 RE-5299 AUje it 78 & SN TS AL 8%
AHIRAF); SHZ-D (1) EIFEH KX L HE2
H CBH RS AR AR ) ; LGJ-10A &Y
BTSRRI A RARD)
1.2 FEHRGIKF

TR Z AL AR ZE (5. 20250122-1) .
(it 20250122-2) , fE (Hit5 . 20250122-
3). B2 (A5 20250122-4) , i (4t
20250122-5) #Hy= HACE BT i E M E, T
2025 4F 1 A RA%, G RHE A 24 B ik &
2, BN ZAEEKS (P.cyrtonema) AR
XML e R . HER (S
AF21020763) . fEHEMAZE (HIL%5: AF20041364) .
SHEE (5. AF21020851), EAZE (5.
AF21021952) . 3% (4it5: AF90320080) .
MiEz 2 (#5. AF20110451) . #iEZ (5.
AF90337068) XtHAM:, 4liJE >98%, Iy H MH

Frontiers in Pharmaceutical Sciences, Jul. 2026, Vol. 30, No.7

BAIEEBHCA RA T A By (g 4l
FeiaGRlss g el s KO IEIR G 4K .

2 HEEHER

2.1 AEHIECH
211 BiXmER

BEZACERRZE . s 25 . fE. JikES,
S TRV, BT 60 CIER T 2 E
&, MERmEIt 18 Hifi. F#mRI2.0 g5 %
HREAFI SR, BT 250 mLIAKb
W, A 20 mL 70% £ B, 90 “CK 5 H a3t
PEHC2 b, FHUES AR s uEiE R R EE
PR—R, IEJE A 2 IRIETR, SRR SE 2
ARG AT R T, PRE R, RAFETT
B Y

e B AR HUAS [ R BRSBTS 45 22 Ak
KR T AR 0.4 g, FH170% WS 5 7
F10 mLEPEZ, 120.45 un ffLIERE, R,
212 MRBSRIER

i 25 FR IOGT BE S AR T AN 2R 3.79 mg, IHfE &R
3.82mg., HHZE471 mg. FHRE423 mg. Hi&
457 mg, BEXZE 495 mg, FHEZX391 mg,
BT 10 mLEHRA, 1 70% B B i Of 2 25 2 %)
&, w2, #0379, 0.382. 0.471. 0423,
0.457. 0.495. 0.391 mg/mL [KIRA X I AIATR -
2.2 HPLC&if&H

K H Inertsil ODS-3 Cj 2% #£ (250 mm X
4.6 mm, 5pum); WBIAHHR 0.05% BERRTE R (A)-
S HE (B), B EVEME (0 min, 30% B; O~
15.5 min, 30%—70% B; 15.5~17 min, 70% B;
17~17.5 min, 70%—71% B; 17.7~25 min, 71%—
80% B); Hi A 30 °C; WM 0.6 mL/min; Al
Wk K270 nm; FEFERN 15 pL 12
23 FHEFER
231 ZRLAERABRE

Bezs FER (EE)  IRA X BRI RO
2% B R AT, e “2.27 TR %45
PRI E , e EIEE (K2), R ER, FH
WHAE AR BT T4 R — A e
W, MR, HHEE. 758k, kR, 55
. R HRERNEIFEEE RLF, S E S
FEEMAGEOR, RINZHELEERL, 6
T EAE AN R 25 B D 75 2

https://yxqy.whuznhmedj.com



A
L L 1 L L 1 t/min
0 5 10 15 20 25
B
3 6
43 .
1 2
o |
L 1 L L I 1 t/min
0 5 10 15 20 25
C
1
2 3 4547
D
1
2 3
| N
A
E
F 1
2 3 4347
356
G 2 4
1 h 7
L N
L 1 1 I I 1 t/min
0 5 10 15 20 25

B2 HPLC &i%®
Figure 2. HPLC chromatograms
E: AEAEAN; BRSSRBRER; CRMRSLER; D LEE
RSB BV GRER ; FooM Rk GARE R
Wy 1A E 2 3HEE; 4 FEE; SRR E; 63
RAE T AEHEE,

232 LAMBXAEER

B “2.1.2” WA R SAER, H70% F
BRI AL FER B 1, 4, 16, 64, 256 15, 15%
SANANTAL R B2 6 BRI . 4% “2.27 TT (i
SRR AR R, AT RS R BE R Ak bR (X,
pe/mL) . WETBUA AL RS (V) FEFT4 11 45
Br, 25T, TEPrE R EN, &k
ST SREY R RIFAM LR, Y KT
0.999 0, EHZE /ITIEMNLMICR BRIT,
233 MEEIRE

% W HUR & 6 B 10 pL, %2 “2.27
TR (A8 A F S SR 6 k. 45 R BN, B
. BME. HEE, AR AR, 85
RS H R FE 0w BB RSD 4 B8 1.05%.
1.64%. 1.53%. 1.07%. 1.23%. 1.66%. 1.37%
(n=6), FUARITEANEEE R,
2.3.4 AT MR

KR “2.1.17 HUF S HHA AR, iR
THCEO, 2, 4. 8, 12, 24h)5, & “2.2” T

https://yxqy.whuznhmedj.com

1115

F1 ERSHEEERADITER
Table 1. Linear regression analysis results of
each component

FE Al 0 etk r MR (pg/ml)
WHEWA R Y=471.95X+159 821  0.999 7 1.480~379.000

iR Y=551.38X+106 337  0.999 4
HER Y=1160.4X+344 324  0.999 4
FRE Y=144.25X+28 149 0.999 8
i R Y=1845.9X+297 718  0.999 3
AR Y=2 440.2X+352 724  0.999 6
SH®EE  y=151.71X+52816  0.999 3
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2 FAEHFFDEFZEMHNEEHRXELLER (n=06)
Table 2. Repeatability test results of each flavonoid in different nutritional organs (n=6)
HR=5 =5 nt bia 7
B ALY T¥aE RSD V&R RSD PSR RSD PSR RSD THIFE RSD
(mg/g) (%) (mg/g) (%) (mg/g) (%) (mg/g) (%) (mg/g) (%)
TR Z 1.22 0.77 1.86 1.12 2.61 0.95 0.38 1.41 0.11 1.26
Witz 0.39 1.47 0.24 175 0.06 1.60 0.07 2.03 0.12 1.52
HEZE 0.59 1.89 0.61 1.34 0.03 2.01 0.03 1.66 0.19 1.88
TR 0.45 223 031 0.96 0.09 1.37 0.12 1.19 0.08 2.05
lifz % 1.09 2.07 0.18 1.58 0.06 1.82 0.08 1.94 0.06 1.39
EAER 1.53 1.77 0.08 2.10 0.02 1.55 0.02 0.71 0.04 1.79
SHEE 0.32 1.65 0.11 1.43 0.08 2.18 0.09 1.28 0.09 1.61
R3 FTAEFREPESEMWMERKRLILER (n=6)
Table 3. Recovery results of each flavonoid in different nutritional organs (n=6)
25 M =5 nf: 1 7
WRMSY  psgEleR  RSD CPMEMeR  RSD CPHEMcE  RSD CPENCE  RSD FHENCR  RSD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
bi 11075 104.11 2.27 97.62 1.41 101.87 0.95 96.94 133 99.73 2.52
Wit 99.32 2.53 100.18 2.15 97.29 2.29 98.81 2.61 103.48 0.86
HHEE 99.26 1.98 98.75 2.73 98.43 2.47 101.02 1.24 100.91 2.38
NS 95.53 2.69 99.41 1.08 100.56 0.97 97.36 2.78 98.66 225
iRz % 102.55 2.84 102.07 2.59 96.78 2.74 99.67 245 97.92 1.63
HAE 97.88 2.92 96.89 2.36 99.12 131 100.39 2.12 98.57 2.49
SHEZR 96.37 277 100.74 1.81 97.25 2.58 98.28 1.68 101.14 1.17
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Figure 3. Effect of ethanol concentration on individual flavonoid contents  (n=3)
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Figure 4. Effect of extraction temperature on individual flavonoid contents (n=3)
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HEFE 1.5 hy BB T ¢ 15,
2.6 PSO&%
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Table 5. The design and result of orthogonal test
e c ARETE (mefe) i LI
AR BthR R AR kxR &5FE RHEER (mg/g)
1 1 1 1 1 0.46 062 029 0.06 0.15 008 0.07 1.73
2 1 2 2 2 0.32 039 033 0.05 025 022 0.05 1.61
3 1 3 3 3 0.46 036 036 0.09 036 026 0.07 1.96
4 2 1 2 3 0.42 11 0.96 035 101 045 0.31 4.60
5 2 2 3 1 1.28 0.61 1.82 0.16 1.82 1.62 021 752
6 2 3 1 2 175 142 1.09 0.23 220 1.03 0.38 8.10
7 3 1 3 2 052 078 037 0.13 068 029 0.16 2.93
8 3 2 1 3 1.00 058 046 0.08 129 061 0.17 4.19
9 3 3 2 1 0.71 032 032 0.05 093 043 0.12 2.88
K1 1767 3.087 4673  4.043
K2 6.740 4440 3030 4213
K3 3333 4313 4137 3.583
R 4973 1353 1643 0.630
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R6 HEDNER
Table 6. The result of the analysis of variance

R3S BYEMm ARE F P
A 39.429 2 30.88 <0.05
B 3.988 2 3.12 >0.05
C 4.852 2 3.8 >0.05
D 0.637 2 0.50 >0.05
wZE (D) 1.277 2

T Fys(2,2)=19.00,
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