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[Abstract] Objective To establish a multi-index quality evaluation system, and to provide
a methodological basis for quality evaluation of Rhododendron anthopogonoides medicinal material.
Methods TLC was employed for qualitative identification. The contents of moisture, total ash, and
ethanol-soluble extractives in 11 batches of samples were determined according to the methods

specified in the Chinese Pharmacopoeia (2025 edition). HPLC was used for the simultaneous
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determination of 5 flavonoids: hyperoside, quercitrin, quercetin, kaempferol, and isorhamnetin. Correlation
analysis and principal component analysis were applied for comprehensive evaluation. Results TLC spots were
clear with good resolution. The moisture (5.81%-7.14%), total ash (2.92%-3.93%), and ethanol-soluble extractives
(17.92%-23.91%) of the 11 batches all met the current standards. The 5 flavonoids showed good linearity (r >
0.9968), with average recoveries ranging from 98.53% to 100.42% (RSD < 0.71%, n = 6). Isorhamnetin (coefficient
of variation 39.7%) and quercitrin (coefficient of variation 34.3%) exhibited the most significant regional
differences. Correlation analysis revealed significant positive correlations among quercetin, kaempferol, and
isorhamnetin (r=0.62-0.85, P < 0.05). Principal component analysis extracted 2 principal components with a
cumulative contribution rate of 80.838%. The comprehensive scores ranked as follows: sample 9 (2.11) >
sample 1 (1.98) > sample 11 (-2.48). Conclusion The established comprehensive evaluation method combining
TLC, routine tests, and multi-component content determination is specific and reproducible, and can provide

methodological reference for quality evaluation of Rhododendron anthopogonoides medicinal material.

Hyperoside and quercitrin may be considered as potential key components in the evaluation.
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Table 1. Sampling information of 11 batches of Rhododendron anthopogonoides medicinal material

FER G KA Hb g5t i (N) Z (E) 1k (m)
1 T 5 MY 37°10"23.9" 101°31'43.8" 2979
2 HIFRE RS 37°22'3.1" 101°24'17.6" 3723
3 T TR A 37°22'55.7" 101°24'13.7" 3353
4 TG TRAIKAS 37°23'28.6" 102°0'0.3" 3298
5 HiEE LAk 37°1'49.7" 102°15'12.7" 3025
6 B E AL+ 37°0'7.4" 102°9'31.5" 3294
7 HREZR ALl 36°44'37.5" 102°25'30.8" 3080
8 TP L 36°17'22" 101°58"33.7" 3176
9 Y THEIAR 36°18'46.0" 101°37'42.8" 3304
10 FE SRR 36°22'7.5" 101°28'34.9" 3521
11 Tl M S 36°59'13.3" 102°3'0.1" 3187
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Figure 1. TLC chromatogram
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Table 2. Determination results of moisture, total ash and extracts

TR GRS K4y (/100 ¢) SRSy (/100 g) B (%)
1 591 +0.10 3.22+0.14 18.22 +0.11
2 6.63 £ 0.05 3.93 +0.05 2091 +0.14
3 5.92+0.03 2.92 +0.01 21.22 +0.08
4 6.04 +0.08 3.14 £ 0.09 19.81 +0.10
5 5.81+0.11 3.41 + 0.06 19.03 +0.17
6 6.71 £ 0.21 3.62+0.14 18.42 +0.07
7 6.23 + 0.05 3.63 +0.01 19.14 + 0.02
8 5.82 +0.01 3.61 £0.11 2391 +0.10
9 6.32 +£0.03 3.84+0.12 18.93 + 0.06
10 6.52 +0.09 3.92 +0.01 17.92 + 0.04
11 7.14 £ 0.04 3.81 +0.02 21.23 +0.03
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Figure 2. Heat map of moisture, total ash, and
extract contents
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Figure 3. HPLC chromatogram
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R3 SMEMER DAL RERER
Table 3. Linear relationship investigation results of 5 flavonoid components
HEY [EYEpyE r LM (pg)
A4 555 Y=1.00x10°X + 12.948 0.996 8 0.141 6-0.283 2
Wiz Y=7.20x10°X + 1.0628 0.998 6 0.184 8-0.369 6
Mt = Y=2.00x10°X - 9.4249 0.999 6 0.2172-0.434 4
IS Y=4.00x10°X - 14.550 0.999 9 0.206 4-0.412 8
RRER Y=1.00x10°X + 3.4804 0.999 8 0.117 2-0.234 4

LR RSD 435 4 1.10% . 1.91% ., 1.40%. 2.13%.
2.01% (n=6), Z5iRFWIMLGTHEWAE20 h W2
SEPER AT
2.3.9 mAEDK FERXIE

K AREL 6 5 ZU AL BSRE A Y R 6 103, HH
29200 mg, FEEME, SRR A —E 1R
AR IR SR, F “2.3.27 TR 5 i AR
VW, JFHe “2.3.37 TR @SSR REREIE, T
AR IR 5 RS TSR A SR R SR 43 55k
100.0%. 100.42%. 100.20%. 98.53%. 100.0%,
RSD 4y 5 M 0.55%. 0.22%. 0.28%. 0.29%.
0.71% (n=6), ZEHFIZIT LN R AT
2310 Hmegb s e

B 11 A 7] 77 b ZU A AL RS RE SR K45 1 g,
KPR, e “2.3.27 TR J7 bkl 4 ks i i
W, JfHR “2.3.37 TR @RGSR 20 wL, RS
BRI BCA LM R, T LR H 5
Fkbag b SRR AY S, 254, Sk
N 7.63 ~16.96 mglg (CV=24.6%), HilFz 45N
3.66~13.03 mg/g (CV=34.3%), #itfiz % K 1.31~
2.78 mglg (CV=22.4%), 111438 40.10 ~ 0.26 mg/g
(CV=27.5%) , 5 B2 & N 0.035~0.124 mg/g
(CV=39.7%) . Horh 5 B2 28 T B 1 A0 )™ 1 2%
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WEALALBE . DABE S 25 1 X 0L B 28 i o0 75 1
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L1 ATV | R 1B A 7 = D i
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11 AEZLF A RS AFE fh 1) S5 2 B R 35 2 I B AR
IR, AR 22T . M .
B IAE . FRERSA A E 20
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B Sy, AT L ER B R AR s . R
AR IR s M LA RENE , (BN [R] P MR
il TR 540 B AR NI S AP AE W I 25 5 0 42 228k
T IETE ZRORE i i ol EEARAE N, P RE AL 8
(FEBETT R WA AH T i AR S 1R 1,524,
W T HAR FAR (BT REmMYE) 1
Wit e e s, XTSRS LD
1L.924%; FEdh 1 CKoEEEMY) fEMbR R . 1L
AW M SR ZER 0 LY BB S K FER 11
(HBIMNT ) S Rp ARG s 541, RRAE 58 J5E
FHXT 2%

CROEIERHE, AR S AL 94 328,
R 22 BE AL . it i 1 A S S A L (ARSI
B, RS FEik S i, TR )
WP R B RS, BE— B A2 BT > Mt
T > M R > AW ~ FRAER" WA RHE.
WA HASE PR A m] R A B A Y 2
KB R IEbR R, T it — SO A0 1 S
S5 MR 1) 22 5 W R AN ) 7 A s A R 3
HeAERpE T T H
2.5 HEEM S RIEXES T

K SPSS 25.0 A AR 2 S 53 3T
T35 Pearson FHOCREL, 2] 5 FPas 2 pl o AR
A (E5), DAHCRE (r) FBEMHEKF (P)
FUWTAHSCTERSS . SISk ' LS AP IT SLbR,
PEEFCTERIMFRAE . 1r > 0.8 HHERAHIE, 0.6 <
Il < 0.8 AIRAHR, 0.4<Il<0.6 HFEME, IH<
0.4 AT, WEMEKFEBEE N a=0.05.

SEIRFRW, FUFE ARG S R R S o 1 AR
FAEE UL BRI A, ATk 2 AR X
SERRERMSS . IAS I S 5 AR R S R S R A
% (r=0.85, P<0.001), NEFA RN
PEfR . M RS ILAH (r=0.72, P<0.05).
MR ESRERER (r=062, P<0.05) JFEDR
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F4 EMBHSHERELIWEE (mg/g, n=3)
Table 4. Contents of 5 flavonoids in Rhododendron anthopogonoides (mg/g, n=3)

FERL S BB Wi B LiVES thizs SRR
1 11.1524 6.774 9 2.784 6 0.260 9 0.123 7
2 11.723 6 7.487 4 2.1819 0.1399 0.066 5
3 10.8417 53166 13115 0.119 1 0.0510
4 10.288 8 6.787 6 2.1379 0.1398 0.043 4
5 11.554 2 6.7216 22245 0.169 1 0.062 3
6 10.110 3 5.7737 1.856 7 0.1650 0.0523
7 8.500 7 4.893 2 1.4822 0.178 9 0.073 7
8 16.959 6 6.2855 1.847 6 0.144 2 0.070 5
9 11.983 8 13.033 5 2.128 1 02119 0.1103

10 8.669 9 7.670 1 2.129°5 0.206 1 0.059 7

11 7.6349 3.6610 15116 0.102 2 0.0352

FAEAHG . B 22pk S 2 ) 5 TE AR DG 3
(r=030), {HARIEBNEZEMAKFE (P>0.05), #i
KRS R (r=047), WEHESLER (r=
051, Mk HE5FEAER (r=0.60) BEPHER
FEMIIEAISE, (HIRIRG - . S22k
5tk xE r=022), 2T 5ILER (r=

20

B S
-1
-~ 10

11

10

AR

SUWE  WAE  WEE AW FRER
4 ZIEMEGH S THEMER DS EFHFEIE
Figure 4. Content characteristic spectrum of 5

flavonoids in Rhododendron anthopogonoides
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Figure 5. Correlation heatmap of the contents of 5

flavonoids in Rhododendron anthopogonoides

E: REREXRAMAMRLE, BEALMX, REH AKX,

*P<0.05, 7P <0.01,™P<0.001.
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RS o LUEFIEAR > 1 ARSI 54,
AR TS 851 E4 (PC1) FRIEAR R
3.035, J72ZTTHNE 60.698%; 452 T (PC2)
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B I R R om AR (FR5) R, T
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MRECK . g5 R, PCIERRER (0.307)
tiZsmy (0.289) . Mtz & (0.269) I EARKEIE
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FWT 4 2 BT 1Y 7228 S R N7 T A B IR A4
TEFT PR B R A

R R R 11 AN ] 77 b 2 A A S 1)
Oy A FRAE K 25 5, LA PCL1 A RE AR AR L AR

5 ERAMEFHAE
Table 5. Load factor of principal components

% F 51 FEHim2
e 4; N 0.129 0.887
Wit Ez 0.250 0.151
Mt % 0.269 -0.169
L2 0.289 -0.393
SRR 0.307 0.021
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Table 6. Principal component scores and comprehensive content ranking of 5 flavonoids

FE g F, F2 F HeF
1 2.96 -0.99 1.98 2
2 0.18 0.50 0.26 5
3 -1.76 0.57 -1.18 10
4 -0.52 -0.05 -0.40 7
5 0.32 0.12 0.27 4
6 -0.61 -0.28 -0.53 8
7 -0.82 -0.87 -0.83 9
8 0.18 241 0.73 3
9 2.68 0.38 2.11 1

10 0.49 ~1.14 0.08 6

11 -3.09 -0.65 -2.48 11
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