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Prediction Analysis of Quality Markers of Rhododendron molle G. Don Based on Chemical Pattern Recog-
nition and Network Pharmacology

MEI Wenya', YU Junbao', DENG Ting', LIU Xiangdan'?, TONG Qiaozhen'””, WANG Zhihui'?*, LIU Xi-
aorong] 2 , ZHOU Ribao'*** (1. School of Pharmacy, Hunan University of Chinese Medicine, Changsha 410208, China; 2. Key
Research Laboratory of Germplasm Resources and Standardized Planting of Genuine Regional Medicinal Materials Produced in Hunan
Province, Changsha 410208, China; 3. Key Laboratory of Modern Research of Traditional Chinese Medicine, Education Department of
Hunan Province, Changsha 410208, China)

ABSTRACT: OBJECTIVE To screen the quality markers ( Q-marker) of Rhododendron molle based on HPLC-ELSD and network
pharmacology, compare the contents of quality markers in different parts, different flowering periods and different producing areas of
R. molle, and explore the potential medicinal value of R. molle and speculate its possible mechanism of action. METHODS HPLC-
ELSD was used to establish the fingerprint of R. molle, and hierarchical clustering analysis ( HCA), principal component analysis
(PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were carried out. The network diagram of ' component-
target-pathway-pharmacological effect-efficacy ' was constructed by network pharmacology method, and the disease prediction was
carried out. The quality markers of R. molle were screened and quantitatively analyzed. RESULTS In this study, the fingerprints of
11 batches of Rhododendron molle were established, and total of 10 common peaks were calibrated. Four differential components were
obtained after analysis. It was predicted that rhodojaponin-1Ill , rhodojaponin-1II , hyperoside and quercitrin were candidate components
of quality markers of R. molle and network pharmacology analysis was performed. It involved 84 target proteins, including ATKI,
TNF, INS, etc. , acting on 159 signaling pathways, and had potential therapeutic effects on tumors, autoimmune diseases, and cardio-
vascular diseases. The results of component content determination showed that the flowering of Rhododendron molle might have better

curative effect, and the S10 origin was the best. CONCLUSION The quality markers of R. molle are predicted by chemical pattern

EEWE : AR BRI H BT (CARS-21) 5 #5834 Hh P 2555 R TE AL 00 F 57 3 (A2024002 ) 5 391 g H = 25 # A ZRRHIE T H T A
TUH B (2023-27) 5 W 4 0H T U555 400 BT (2380385 ) 5 1P P BE 25 A RHDFRIHTT H B3 ) (2023-102) 5 31 4 11 AR 3 0T H T I
(2022]J80086 ) 5 i 25 TLA= it FEZe 1R BFE 00T H 95 B (D202302078705 ) 5 i i9g Hh B2 24 K2 B s~ B o 2 24 B F 98 By (ReAT & 57 2023 12 ) 52020
AT A —IRAS Rl AR BE S H BE B G0 [ 2020 1248 5) 52020 42 [E 5 — AR B A T H B0 (R T R 202117 %5)
(= I 5 A B o ) R O 0] 1 e a7 - R T 00 e o D 11 = Y C N IS SO Y LA R € oy e 2 [ T 0w TR
RIS M B Tel: (0731)88458233 ;X534 il k- M BdZ  BFSLTT Il RIS o Tel: (0731)88458233

+ 2030 -

Chin Pharm J, 2024 November, Vol. 59 No. 21 W E 25245 2024 4F 11 H %5 59 55 21 3



recognition, fingerprint and network pharmacology. It is proved that R. molle could treat diseases through multiple targets and multiple

pathways, which provides a reference for improving the establishment of quality control standards of R. molle and further exploring the

mechanism of disease treatment.

KEY WORDS: Rhododendron molle G. Don; finger print; quality marker; chemical pattern recognition method; network pharmacology
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Tab.1 Rhododendron molle G. Don sample information table

Origin Harvest site Harvest Origin Harvest site Harvest

No. Specimen No. Specimen
(in Chinese) /period time (in Chinese) /period time
S1  Huangshan, Anhui ( Z#(#111) Flower Dry product  2023.3 S12 Luanchuan,Henan({i[F528)I])  Root Fresh product 2023. 4
S2  Guilin, Guangxi( ] PikEMR) Flower Dry product ~ 2023.3 S13  Luanchuan,Henan(Ji]E§Z5)1])  Steam Fresh product 2023. 4
S3  Enshi, Hubei ( b %Uiti ) Flower Dry product  2023.3 S14  Luanchuan,Henan({i[F528)I]) Leaf Fresh product 2023. 4
S$4  Xiangtan, Hunan ( ] 35 1T ) Flower Dry product  2023.3 S15  Luanchuan,Henan(Ji]E§Z5)1])  Flower Fresh product 2023.4
S5  Nanchang, Jiangxi (VI.VGR5 &) Flower Dry product ~ 2023.3 S16  Luanchuan,Henan({i[F548)I])  Bud period Fresh product 2023. 4
S6  Luanchuan, Henan (Ji] 55 25)1] ) Flower Dry product ~ 2023.3 S17  Luanchuan,Henan({i#§Z5)I])  Initial period Fresh product 2023.4
S7  Ji'an, Jiangxi (VL.PG75 %) Flower Dry product  2023.3 S18  Luanchuan,Henan(Ji[F§25)1])  Half-open period Fresh product 2023. 4
S8 Huanggang, Hubei (#§JJt #X] ) Flower Dry product  2023.3 S19  Luanchuan,Henan({i#5Z5)I])  Blooming period Fresh product 2023.4
S9  Yongzhou , Hunan (i pg 7k ) Flower Dry product  2023.3 S20  Luanchuan,Henan({i[F§28)I])  Wilting period Fresh product 2023. 4
S10  Jingzhou , Hubei (#L3RI 1) Flower Dry product ~ 2023.3
S11 Xupu, Hunan (#5130 Flower Dry product  2023.3
2 7 & 2.5 A Q-marker Hy £ 5 U

2.1 xS H A

HCRI-M\RJ- T M 1 4 22 Bk 0 BE ot i i
FEEE , IR R4 80 50% B ) o 1 MR B A
2.00 mg + mL ™" AT A S VA TR, OB X IR A T
£ 0.25 mL F 2 mL g, AT 5351 50%
FEASTE A, B LT R Ry 0. 25 mg - mL™' R
ARt HE SRV, AR RGO A2
2.2 KRB R E A

PRI BF6 i ot By R (3t 80 HIAfi ) 15 g, BT
200 mL HZEHETE R A, I AR TR G388 75% & 1
120 mL, FR5E i, d8 A 2 B (4% 80 KHz)2 h, &
B3 A B, AR E T, IR 8 75%
AN R TE 5 IR IR, e 7 & o ), 199
B IMATR S350 50% P88 75 7 i i 8, A il i
225 mLE i P E A, #55), iFE 24 h, IR ETH )
FELEH,12 000 r - min ™' B0 2 min, BUETER,
i10. 22 pmffALUERE 2 YK, IEEIETR , B4
2.3 @itk

Agilent C,, {41 #i: (ZORBAX SB-C,;,4.6 mm x
250 mm,5 pm) , i 2 AH R (A) -7K (B) , P A B
(0 ~30 min,15% —35% A ;30 ~ 50 min,35% —40%
A ;50 ~55 min,40% —50% A ;55 ~60 min,55% —65%
A;60 ~61 min,65% —15% A;61 ~65 min,15% A) .
HER 30 °C L RER 10 WL, 28 ZOGHRUE I & 250k
BRI 85 °C M35 2, R 2.5 L - min ™',
2.4 5 E B Q-marker K IE E AL

ARSI E AL BRI TSR Q-marker (1 [ 40T
BT HPLC-ELSD $5 80 KI5 45 G Ak 2 B R 5 i i
- R 1 22 SR BT A PR SO , 2 T 2 U
I i b = B M O R AR
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PubChem %4 2 3115 5 55 8 7 75 Q-marker
2D Z5#4) SMILES 5, ] ] SWISS Target Prediction
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il £ SO ELAE T 2% (PPL) 45 11 BAE R 25 14
2.6 EEAKRGCO) MG mMERGERAEH
44 (KEGG) & & 447
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AT E G 0.2.4.8.12.24 h J54%“2. 37 IR
G RFERE, L) 4 S (RI-11) S 2l 115 10
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3.1.3 ®EEMAK BRI (S9) 6 4,
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FARSD ¥ <2.5% , W% I L HE M R I
3.1.4  FPRH HPLC-ELSD 45 2 4% & 57 S A AR
FEVPANT ROASTR] 7 = B 24 B AE i ST~ ST, 4%
“2. 27 TN A A B A AR, $ 2. 37 TR A
FAFHERE A0 5% 11 HEAE St Y (03 18T, FF 5 s
A2 38 1 S TS AR LB PEAN R 58 ) (2004 A)
HEATAL By H7, LA ST 8135 S 2 BRI 3, 1) (8] % S
0. 2 min, R AP ALEGE , JEAT G DE I , AR 00 IR
TROCEE (R) |, Mo 53 25 B 3t HLAOR B I ()5 o i)
RI-MI (U 4) S 2 B0, e e T 10 A i,
T SARER BT PRI T 4 A, S
RJ-I0 (U 4) 22ty (0 S) B (1 7) (RI-1
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SUREIA R, WA 1, 452 S, 11 HEAN ) ™ 1
S ] % 5 0 B R 2 8] AR BLEE S 0. 784
0.982.0.953,0.980,0.992.0.915,0.979.0. 858,
0.988.0.203.0. 743, H. A S1.S10.S11 S-4£ 5 AH
JERAR( <0.800) , 11 Ik = BiF i 4% A 08 A X BR
WA RSD /8T 2.55% , A % i 1 AL RSD g
63.92% ~179.76% , W] S1.S10.S11 #¢ 5 5 %4t
R IEX 10 DA TR LB Y& A AERCR
22 5% , VLS [R] 7 b, = SRR ol A7 A — o 22 57
3.2 ZAIH4M

SAIE A [a] 7 1, = 4 o i S P 1 A U 2
DAAS ] 7 4t = B0 iy A 0 0 T AHCA A2 35 ] SPSS
25 BAR G A T T B R R B T A5
AHIR) SR T %, VAR 75 BE B 7 vk 0 A i ) )
YEES, H1T R A B 2550 ¥ (hierarchical cluster analy-
sis, HCA) , ARFAE BYRAEAE M2 AR TR hy )i 4K
P, %8 L1t = B0 8 A i 64T 3 559 43 At ( principal
component analysis, PCA) | BfAS 6] 7= #iL 2 B B AL i AL
F IR S A SIMCA 14,1 Z o728 & 414,
73 3 1E A f¢ /N — 33 H0 531 73 At (orthogonal partial
least squares discriminant analysis, OPLS-DA )15/
M B E RO (VIP) K,
rhE 22 2k 2024 45 11 F 56 59 4556 21 )

A
9
2 3
15 3 4(S) 5 7 8 M«
f W T T MI ]lk_#’ T &
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N Ay T St
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4 —RJ-M;5 - G 22BKT 37 - MitETT 58 — RI- 15 Hoft g R i
4 —RJ-II'; 5 - hyperin; 7 — quercitriny 8 = RJ-1II ; other peaks — unknown.

B1 FHEEsEEtaEX(A) BEexEE(B) 11 #
F 94 98 2 A v AORAR . 3% (HPLC) & fm B 35 (C)

Fig. 1 The fingerprint common mode ( A), mixed reference
substance (B), HPLC overlay map of 11 baiches of Rhododen-
dron molle( C)

3.2.1 HCA DL 11 fIL2E B AR & 10 3G g g
RN 1, ia 1] SPSS 25 B+ i iF AT R 2K
B, WL 2. 45530, MR 10 1), 11
PRBBRE N4>k 4 2K, S2 83 .84 S5 86,87 . S8 .89 &
F—2, S IR 28 S10 Fph RN 5 =2k,
S B ER R 55 U2 . ISR B Sk B, AN [R) 7™ Hh
S o HAA — o 25 R, ERC AL B R AT R
TR RS = ) i T 45 5 R S5 30 S HoAth
AR A W] 25 5

7
9 -J
S8
s3

S6 J
s4 —
S5 ~|

s2 J

S1

Batches No.

S11

S10
B2 11 #FHEFEREHNARA
Fig.2 Cluster analysis tree diagram of 11 batches of Rhododen-

dron molle G. Don samples
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3.2.2 PCA DL 1L HEF-HREAE AL 10 A g
TR AL B, 3 I SPSS 25 8%t B dh AT 0y
OrhTe FETHFAL(E > 1 175 R 5, 45 R 2o 11
L IRAEAA 4 A T80, R (E 0 AL =
3.769 A2 =2.762 A3 =1.353 A4 =1.278, ik F
Sy R 37.687% 27.621% 13.527% 12.777% , &
Pk A Al R # 91. 613% , §ifi 1t thi 1) 4 A>Tl R
AT BRI, AT S W A [R] 7 4t ] 2F AE A 25
it 11 HEF R AE AR 1 PCA 1370 RG] 3,
5 RIOM A RIEA — 2, NE Al E ), S1,510,
ST 5 A YA i A HE 22 5 0K, FL LA AT fiE 2
SRS - 0 Ak AN () (9 26397, HL ™ g Jon 105 5K
AT T HAR ™ 1 28 S 800, U WIS [+ 7 - 88
ST HA —EMIE . ARG 130 R BOE M
R FIR NS AN WL KR 2,2, 2, Z, L)
FERERITENERIB (2 ), LS HE g A2
SRS IO AR RS AR I 3 B3 R AL AR A8 AR A
B AR AN TR o 3 o LR R (8

R2 FHEIRIBL Za/IH5HF

XD ST, I XF P EER I THEF AR R 2,
Z, =0.411Z, +0.301Z, +0. 148Z, +0. 139Z,

~3(1)

35318 DL S A5t 5 SR A A TR O, 7590

g U BB o AT WL R A5 50

I group 1
B sroup 2
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group 4
2 @s7
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S 0+ S9 4o !
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B3 11 #F B E A& K22 (PCA) 134 B
Fig.3 PCA score plot of 11 batches of Rhododendron molle
G. Don samples

Tab.2 Principal component score, comprehensive score and ranking of Rhododendron molle G. Don

No. Principal component 1 Principal component 2 Principal component 3 Principal component 4 Comprehensive score Ranking
S10 3.304 -0.350 1. 127 0. 842 1.536 1
S11 1. 563 -0.098 5.269 0.230 1.424 2
S7 1. 144 1. 110 1. 246 1.707 1.226 3
S8 0. 656 1. 580 2.851 0.323 1.212 4
S9 0. 802 0. 940 0.928 1.413 0. 946 5
S5 1. 080 0.029 2. 059 0. 699 0. 854 6
Sl 2.653 2.653 1. 063 -4.614 0.719 7
4 1. 068 -0.496 1.526 0. 550 0.592 8
S3 0.411 0. 466 1. 168 0.222 0.513 9
S2 0.773 -0.411 1.254 0.113 0. 395 10
S6 0. 405 0. 164 0. 176 0. 148 0.263 11
3.2.3  OPLS-DA M AS[)™ b F BB AL b A J0 X 2H ) 28 S i DTRBROR, ULIAT 4B, S B A i 3

WU T FRS A SIMCA £ 50748 & 58 1T 4, 45 3]
OPLS-DA 133 (&1 #1 VIP [, 73 Hr /s A2 G
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MRA R T, A R UL 4A . A 45 AR R W, R
OPLS-DA S AN [R] 7 Hl 2= PR A i 1 B IR R 2K,
11 FoEAEah RO 4 28, 5 HCA Z53RIAR—H.
S BB AN [7] 7= = R A ik Joi 22 S ) o, AR
AR R EEIEBOYIL, UL VIP (HRTF 1 AR, i
el TTRRER R Y 6 A8, VIP (R T 1 W] i
O 2 AL REAS 1 32 28 22 S AR i, VIP (EDBER U2 8
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Fig.4 OPLS-DA score plot (A), VIP plot (B) and permuta-
tion test plot (C) of 11 batches of Rhododendron molle G. Don. .
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Fig. 5 PPI network of Rhododendron molle G. Don-related pro-

tein targets
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Fig. 6 GO enrichment analysis of Rhododendron molle G. Don-related protein targets
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TS0 e B 43 ) ok 1,100, 1. 000, 1. 000, 1. 333 mg -
mlL ™ PR IR AR, 4 RI-ILRJ-I1, 42 22 Bk % B
VEWFERE1.30.1.69 2.20 2. 86 3. 71 1%, Ml iz X B
SRR B 1.50.2.25 3.38.5.06.7. 59 £%,#42.3”
TR AR IERE , LAV T FROG B A A, 25 5T
T RTECE AR AR, 1545 B3 P 1 0E 5 2 R G
B M AR LR 3,

3.4.2 FEREAE BRI R (S9)
W2, 37 IR i A5 R JE SR EFE 6 Uk, TR i
RI-M\RJ- 11 4 22 Bkt A5 e T AR RSD 43531
b 1.328% .2.320% .0.992% 0. 642% , 3= W Y #%
KT R AT

3.4.3 RoEtiksm  BUE—fE R (S9) , 4
BIFRESS R4 )E 0.2.4.8.12 .24 h J5#%2.37 W T
SRR AR RI-T R 11 & 228617 .
Mk Kz HF 04 T AR B RSD 43 1) K 0.993% | 1. 486%
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Tab.3 Regression equation, correlation coefficient and linear

range of four compounds in Rhododendron mole G. Don

Component Regression equation > Range of linearity/mg + ml ~!
RJ-MI y =1.792x + 1. 680 0.999 3 2.963 - 11. 000
RJ-1I y=1.471x +1.746 0.999 2 4. 882 -10. 000
Hyperin y =2.882x +0. 764 0.999 8 4. 882 -10. 000
Quercitrin y =1.364x +1.761 0.999 5 2.634 —13.333
3.4.4 BRI BCOEHEAMAR(S9)6

B, 452, 27 U R J7 3 il a B i i I, 152, 3. 17
TN s AR AR OCHERE , TH SRR b b RI-TTLRI-T0
LM A R g TR RSD 235 0. 992% |
T E 2GR 2R 2024 4 11 H 5 59 55 21 )

1.012% 1. 123% 0. 410% , 3% B3 3% J7 1 1) 85 & 1
[SY/TaN

3.4.5 e ENCRIE  BCRBEER R (S9) 1E
O EMOE, 3L 6 03, B A G X B TR, 4%
“2. 27 R A AR A, $52. 37 R (o
SRAFHELEVERE 0 SR TR 1B LA AR [l iR
J RSD, 459 W3¢ 4, RI-T0 \RJ-T1 4 228647 A 1z
0 7 25 1 & 43 g Sl 96.28% | 100. 6% |
98.65% . 101.4% , RSD 4 1 4 0.60% . 1.3% .
1.5% 1. 8%,

3.4.6  CEISHANFERUGHAIFES S RIE LI
PSR SRMSCER A (812 ~S15)  Q-marker %5 HL3 S
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R4 FHEMHERERRER, n=6
Tab.4 The results of recovery test of Rhododendron mole G. Don. n =6
Component m(Known)/mg m( Added)/mg m(Measured ) /mg Recovery rate/% Average recoveries/ % RSD/ %

RJ-MI 0.2215 0.220 0 0.427 5 96. 85 96. 28 0.601 0
0.2209 0.220 0 0.419 6 95.19
0.2211 0.220 0 0.426 2 96. 62
0.221 6 0.2200 0.4259 96. 45
0.221 6 0.2200 0.424 9 96.24
0.2222 0.220 0 0.426 1 96. 36

RJ-T 0.3159 0.3200 0.639 6 100. 6 100. 6 1.297
0.329 8 0.3200 0.644 1 99. 12
0.320 2 0.3200 0.651 1 101.7
0.320 4 0.3200 0.634 4 99. 06
0.3199 0.3200 0.654 3 102.3
0.3190 0.3200 0.643 9 100. 8

Hyperin 0.3550 0.3500 0.686 5 97.37 98. 65 1. 489
0.3528 0.350 0 0.705 2 100.3
0.3547 0.3500 0.702 8 99.73
0.3550 0.3500 0.684 0 97.02
0.3532 0.350 0 0.701 9 99. 82
0.3532 0.3500 0.691 2 97. 60

Quercitrin 0.258 7 0.260 0 0.537 8 103.7 101.4 1. 826

0.259 1 0.260 0 0.517 6 99.72
0.2589 0.260 0 0.5126 98.79
0.258 4 0.260 0 0.533 1 102. 8
0.258 5 0.260 0 0.5255 101. 4
0.258 8 0.260 0 0.528 1 101. 8

(5 S AN BR K 53 ), “F B A W] 3L 28 35 A
RI-M, H.AE. i RI-TD 5 & 40 088, 20 3k
0.386 8% 0. 139 0% ; RJ- Il .4 22 M6 TF 24 78 4L P
B B AR 0. 464 8% (0. 463 2% ; il iz
P BT R A R, R 0. 327 T% (HERR (ZEh kR
frs RI- 10 A 22 M6 M 1 . i tm] g —
it 28 R e LA, PR s AR A2 ]
REHLA AT 2 FRAE o

RS FHELF AL Q-marker 4 & I &
Tab5 Determination of Q-marker content in different parts of

Rhododendron molle G. Don

Quality fraction/%

No. Site
RJ-1I RJ-T Hyperin Quercitrin

S12 Root 0.058 0 - - -

S13 Stem 0.054 3 - - -

S14 Leaf 0.1390 0.1198 0.101 1 0.3277

S15 Flower 0.386 8 0.464 8 0.463 2 0.172 0
SR S 4 8
Note: — — Not detected.

>y = ¥ O A B Sz O

3.4.7 TR SR E

ARIFEI (S16 ~520) Q-marker & &t ULIET 10 (4 iy
B INBR K IR ) o HER R, A [ 26 9] 5 0

+ 2038 -
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Determination of Q-marker content in Rhododendron
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R R, 235004 0. 136 3% (0. 179 6% ;i Bt
TR LA (S11) RIS 22 8dme i, o 0. 160 3% 5
LR I E PR RE A (ST) A BT i o A =y,

F6 A F P HFHE Q-marker 1y & EIE, n=3

0. 186 3% . A S10 A ff b il e S B, iy S1
R T RIS S R R, BAOR T, S10 77 M i o
B

Tab. 6 Content determination of Q-marker in Rhododendron molle G. Don from different habitats. n =3

Quality fraction/%

No.
” RJ- RJ-1 Hyperin Quercitrin Diterpenes Flavonoids Summation
S| 0.083 1 0.124 8 0.113 3 0.186 3 0.207 9 0.299 6 0.507 5
2 0.082 0 0.114 7 0.112 2 0.095 3 0.196 7 0.207 4 0.404 1
3 0.089 6 0.113 7 0.097 9 0.085 1 0.203 3 0.183 0 0.386 4
s4 0.087 4 0.120 1 0.1220 0.089 5 0.207 5 0.2115 0.4190
S5 0.096 1 0.1370 0.124 4 0.093 5 0.233 1 0.2279 0.461 0
s6 0.058 9 0.071 6 0.108 4 0.094 6 0.130 5 0.203 0 0.3335
s7 0.086 8 0.1119 0.146 3 0.097 0 0.198 7 0.2432 0.4419
S8 0.084 2 0.148 3 0.114 7 0.110 6 0.232 6 0.2253 0.457 9
S9 0.083 5 0.123 4 0.135 1 0.104 9 0.206 9 0.240 0 0.446 9
s10 0.136 3 0.112 4 0.179 6 0.095 6 0.248 8 0.275 3 0.524 0
S11 0.110 2 0.160 3 0.110 3 0.079 6 0.270 5 0.189 9 0.460 4
T B RI-I0 G 22 B B HF R KT 1, AR D iy
05+ -gj:lllll BAE Q-marker, Jﬂfﬁl\ I 1 0§ 10 JR AT AE A [ZQZ<
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Fig. 11
from different habitats

Content of Q-marker in Rhododendron molle G. Don
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