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Abstract ; The study aims to identify quality markers ( Q-Markers) for the evaluation of Hunan Aurantii Fructus ( HAF)

" spectrum-efficacy" correlation by the establishment of chromatographic quantitative analy-

germplasm resources based on the
sis of multiple components , combining network pharmacology , molecular docking technology , and multivariate statistical analy-
sis. High performance liquid chromatography and headspace solid-phase microexiraction-gas chromatography were used to per-
form content determination of germplasm resource samples from counties and cities in Hunan. Target collection and network

" component-target-pathway" network and predict

pharmacology analysis were carried out on multi-components to construct a
candidate Q-Markers and core targets. Molecular docking technology was used to theoretically simulate the binding activity of
ligands and receptors to identify key Q-Markers. Principal component loading factor analysis and cluster analysis were utilized
to excavate (Q-Markers that distinguish HAF germplasm resource samples. The results showed that the germplasm resource

samples had the highest contents of naringin, neohesperidin, and D-limonene , with significant fluctuations in the content differ-
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ences of each target compound. Seven candidate Q-Markers, including tangeretin, exerted antioxidant and anti-inflammatory

effects through seven core targets such as PIK3CD in the PI3K/AKT and RAS/MAPK pathways , demonstrating good molecu-

lar docking activity among them. Multivariate statistical analysis indicated that five Q-Markers, including limonin, could be

used to differentiate germplasm resource samples. These markers were group-specific, while the differences between samples

were unrelated to geography. This method can evaluate the quality of HAF germplasm resources and furnishing a valuable tool

for variety selection and breeding initiatives.

Key words: Hunan Aurantii Fructus germplasm resources ; quality markers ; chromatography ; network pharmacology ; molecular

docking ; multivariate statistical analysis
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Table 1  Information on the origin of Hunan Aurantii Fructus germplasm resources

%5 7 95 7= b

No. Origin No. Origin
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1.3.3.1 HPLC &1

Agilent-Poroshell 120 EC-C , 8% 4% (150 mm x
2.1 mm,2.7 pm) ;AR CME (A) 0. 1% BRI
(B) Jiai s Al , B8 FE VR AL 724 0 ~ 2 min, 10% —
15% A;2 ~3 min,15% —18% A;3 ~4 min,18% —
20% A4 ~6 min,20% —22% A6 ~7 min,22% —
23% A;7 ~9 min,23% —25% A;9 ~ 11 min,25% —>

35% A;11 ~ 17 min,35% —55% A;17 ~20 min,
55%-—90% A;20 ~25 min,90% A;25 ~ 26 min,
90% —10% A ;26 ~35 min,10% A ;#i3EK A 210
nm; A 40 C5 iR 0.3 mL/min; #EFE AT
1 pL,
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A AR R 25 mL/min, 55 A0 A 400
mL/min , &S i 40 mL/min, SR T
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°C/min FHEZ 100 C {4453 min; LA 3 °C/min Fi&
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min,
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1.3.6.1 g #0 nifR B4R

W €038 V5 R DU A5 B 09 21 DM AR TE N Q-
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LU RTLER 7785 R C AR 7/ Vs o G O 2= W B o
Swiss ADME, 1% 5 b5 ¥ '8 % 18 W IR ( gastrointesti-
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A =2 D Yes” Y54, FTTRGE H B B0 1
YRR, 5 2 M2 AR B S A& PR
IEPERY o REEPERLIT (. sdf A8 50) A Swis-
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ability > 07 i & 45 11, £ $efoe B 1L 5 W) 14 1 R
o

WX e e A &) 5 A TR B TRE LA

Cytoscape 3. 8.2 i A0 27 Wi o1 HTHE A
KL
1.3.6.2  HHEAEML ST

B 306,17 W G ak h /R TR A3 A
STRING %4 /7 #4725 11 H./F ( protein-protein inter-
action, PPL) W &% /3 #r. 1% B ¥ F - “ Homo sapi-
ens” , [ ] 75 3¢ H 43 50 A “ interaction score >
0.9, EBRETEOT A, HALSBR TS B 43 B 4
FARTE N = tsv” ¥ 2, M Cytoscape 3. 8.2 &4
XF P28 v BT s A TR NRAE S0 AT o ARIEFRENEEL
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degree {EERIC, AR, 7 SR, L) degree fHK
T AE LB AR, 2D Y OGN
1.3.6.3 GO 5 KEGG E&E/H7

Wit DAVID 78 £ 8% £ ( https ://david. ncif-
crf. gov/ ) X} 1. 3. 6. 27 TN 3545 (1) 56 40 o5 kAT
GO jResr # Al KEGG 38 #% & 5 73 07, D A BR 2 hy
“Homo sapiens” Kt Irf£idfa i P-Value {E 1 /NE) K
HES, IR KEGG 75 L HUH8 122 Ko A ) AH 5C SCHR,
X A5 3] ) B B 1 B B A T AT
1.3.6.4 " Ji55- 40 s 58 i X 26 g 2t

W B3 -HE S B B AR BN R OC R A Cy-
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TR S B, DL 0 R 3 1 I
(degree {8) HSHAH, A% OAEHIHE A
1.3.6.5 -4 5553 F X400
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AP AL 3. 6,47 T0F i 45 1) 9 A% O AR FH S
BONAZAR, 7E RSCB PDB %4 72 ( https : // www. resb.
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3D &54, FEARAF N . pdb” AR SCHE, I Py-
mol 2. 6. 0 FRAXT 32 (R FECAR ST I &R 22 K b B
Faf 1t AutoDock Vina 1. 1.2 gy A w225 % Hoak
1553 F AT A BB 5 Z R 45 G e, el
S A Ma G R BE RN A G4, i it
Pymol 2. 6. 0 BRAF#EAT 731X FTRAL 20#T  KHlE 2
5 SO B AT TS A e R T
1.3.7 2 EZ4Rt 5
1.3.7.1 oA 104

W AR FEAEAS T3 o8 X 4 24 B2 o3 R 422
PEH Y Q-Marker 1Y & & #F 47 b5 AL AL FL S & A
SPSS 26. 0 #AF i 4T = B3 434, K A5 B Y 4y
WG FFIE(E AN J7 22 STRRA AT HE e A5 R Dk
o K TTARAREEFTAY 3 R S R SR G
Frr s R 103 b, &80 P B AL i Ak AR 6 s
53 AR BB A, e B R B /IMK IR HES Hh 45
Q-Marker $8 5 853%F 3 B3 1Y BTHR F AL, 96 110 AT 42
Pt H F 4% 3 A R I A R Y Q-Marker
1.3.7.2 B0

TR T 5353 B A X AR 22 5 TR i
Q-Marker, [ i He B ] 24 #) 2020 4 RRAR 5250 T
Fr i I 138 B8 3, R MetaboAnalyst 6. 0 #E47
BRI,

2 #£R
2.1 HPLC 4#7
2.1.1 #EBH HEE . TLMBIR

LB EEE EEMR S LIl
SRS B A KOG VN PR R R R B ER A
17 R G R AR M R R A
Bz 2 TR B AR T I A 6 % g U i FRURT A
A IE] , TH5 T AT 04 04 T A RSD FIER B3 B ] RSD,
LB PRI 45 R R 5 B R &P 08 B IR — S0
W TA], 25 (I RE S E T K2 A b & AR
1G4 TE AR RSD MK YCH 0. 18% 0. 20%
0.24% .6.3% .0. 19% .0. 16% .0. 90% . 4. 7% .
7.8% 3.8% .5.3% .0.15% 7. 6% ; T & LR K p
% BArfb & 9 £ ik i i 1 AL RSD AR 0.21% |
1.25% . 0.45% . 0.20% . 0.30% . 0.39% . 2.2% .
0.31% 7.0% 7.2% 1.5% .0.51% 7.2% ; Ra &Pk
RIS £ H sk & 1 15 16 A8 N (W) s (1] fr i 1 AR
RSD &K 4 0.55% .3.1% .0.48% .3.6% .1.4% .
0.63% 5.0% .1.7% 4.5% 1.7% .6.8% .0.32% .
5.7% ; It HAE LR %520 H 4 AR & W Ok B8 i
[E] () RSD ¥9/NTF 1. 0% . 45580, %00 ki
K AR AR e M AT
2.1.2 &MHEZFHEXR

X Lk HARE A Y B 56 RFEATH 4R 105k
SRR AT S H AR A 4 0 £ 1% 04 05 T B, 24 il b
HEMERTT MR B WE2), Z5REH, £ H
PG TES IR IESE B N &M R R, i HF
B 2 D
2.1.3 A R 52 F PR A e AR R &

Xt ik HEs b A4 69 LOD . LOQ FinAf Rl R
USRI H h AT ARG IR &R
B R ZE Al R AT R R R R A R Al
B ORRLUCH AR ER B B R T I )
TR T AR, A EATH S/N AR, & Hirftk
&%) LOD fH k¥ 0.22.0. 23 0. 23 0. 08.,0. 31,
0.78.0.12 2. 67.0.26.0.48 .0.21.0.54.0. 18 mg/
mL; LOQ i ¥k 7 0. 88.0. 81.0. 81.0.32 1. 24,
3.12.0.42.9.35.0.91.1.94 0.82.1.62.0.72 mg/
mL, F R RBUER S . & Bintb &0
|l R K W) R 100.4% . 110.1% . 104.6% .
103. 4% . 120.5% . 106.9% . 95.22% . 76.00% .
75.00% .105.5% . 110. 14% 101. 6% .77.17% , 3
A 32 7 ik A ] 5
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Table 2 The HPLC linear relationship and ranges of target compounds

ey LM

Compound Linear equation

ZEFE I Narirutin
FIAE 1T Poncitin
JIIF 3 Nobiletin
K7 M Auraptene
Hh B2 4 Naringin

5 57 4 Hesperidin
1% Jiz % Tangeretin
Frf5E 2 Limonin
Hh 2 2 Naringenin
FERHF Eriocitrin
¥ fz & Hesperetin
FiHE K Neohesperidin

Y =155.78 X + 0.001 2
Y =164.43 X + 0.067 0
Y = 296.24 X-0.041 0
Y =200.90 X + 0.001 8
Y =162.99 X + 0.437 3
Y= 113.31 X0.0550
Y =237.32 X0.0109
Y =28.82 X + 0.0498
Y =285.58 X + 0.0887
Y = 123.60 X-0.026 6
Y = 284.80 X-0.026 0

Y= 65.99 X-0.026 7

AT Rutin Y = 128.65 X-0.035 7

TR REL LM
Correlation coefficient(r) Linear range ( mg/mL)

0.999 2 0.80 ~16.90
0.998 4 0.80 ~16.30
0.999 4 0.78 ~15.75
0.998 2 0.30 ~6.60
0.990 7 0.94 ~18.90
0.993 3 3.10 ~25.60
0.998 7 0.30 ~6.80
0.986 3 9.20 ~46.10
0.999 4 0.87 ~17.56
0.999 2 1.00 ~20.60
0.999 5 0.34~6.82
0.993 4 1.60 ~31.80
0.998 8 0.70 ~14.30

2.2 GCHMAEREER
2,21 FEK EL M

PR N V=R G IV S e B By~ I Tae
WA G H b BRI B-H M  D-Fr 5 5 A
Pt A= B -3 P M | oo R T I I T X6 )
o I T FRURIOR B8 B [, 3B T A W i B RSD
AR BT E] RSD, €Ml ss REU S Hirfe
A U8 B B[R] — B0y B R[], 25 (AR S E T
R PERE 4 HAR b &9 G i 0% i A RSD AR
WH 6.3% .2.6% . 3.2% .2.2% . 1.1% . 6.0% .
2.6% \3.2% ;FaE ki & BAn b5 1) Gk g
AN [R] B ) Y U T R RSD ARk K 9. 6% . 4.5% |
4.4% 6.7% 1.8% 1.0% 4.8% 9.1% ;3 H1E I
W H rh £ HARL & P 0% B8 1 [E] (9 RSD 1/)8
T 1.0% o 45 5RFRW Z 0 7 e iAg % 5 i
e Y R AT
2.2.2 ZMHERERER

XA HAR A P 2t 5 R AT 0T, 1e %
B-IRNAF H AR AL A W ) €0 35 0 068 1o BRI 450 S/N
AR ERM ST EAOC R B R 3) o & Hintk
A LOD {H & ¥k A 0.090 0. 007 0. 006 0.008 .
0.009.0.007,0.013,0.017 mg/g; LOQ {1k Ik Ky
0.342.0.028,0.025,0.041,0.028,0.022.0.042
0.063 mg/g, KM LR B E R, hE3 TH
& BARAE A Y AE IS B FE P, X R R 0

TR AR PE S R
2.3 H&ENE

X IR AR SRR At B K M o A )
HEATIAE (UL 4 TNk 5) , G5 SRR WM P A 5E A i
PRI BAR B B B AR R 22 5%

e 4 R, BTS20 v LA B R R
SR, A RITE 46.43 ~100. 58 mg/g 1 35.8 ~
86.2 mg/g, HoR R 25 Ml R AT 8 B2 1 AR Ay
B R A Bin o fEREA T B & | B A BRI
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Table 3 The GC linear relationship and ranges of target compounds
o GbEIr R M RR S
Compound Linear equation Correlation coefficient(r) Linear range(mg/g)
B-IR) B-Pinene Y =0.782 X + 13.358 0.992 8 0.024 ~2.29
B-H B4 B-Myrcene Y =0.649 X + 14.101 0.988 8 0.022 ~2.12
D-FPEEHS D-Limonene Y = 0.690 X + 14140 0.992 9 0.023 ~2.24
F5FEEE Linalool Y =0.700 X + 14.104 0.994 7 0.024 ~2.29
41 S % 4-Terpineol Y =0.719 X + 14.583 0.997 3 0.026 ~2.49
a-Fi1) a-Caryophyllene Y = 1.018 X + 16.838 0.9953 0.025 ~2.39
a-FATHIEE -Terpineol Y =0.753 X + 14.951 0.996 6 0. 026 ~2.49
M Geraniol Y =0.963 X + 15.512 0.995 7 0.025 ~2.37
x4 WRZTHBERLEWE HPLC SENESER
Table 4 HPLC quantitative determination results of target components of Hunan Aurantii Fructus samples
i Content(mg/g)
~E=A iy e JBR i) L 1B XS #zOXE O OBEER IR . REE
FATE T T B T
Narirutin Nobiletin Auraptene ridin Limonin  enin  Eriocitrin  retin Neohesperidin content
S1 23.12 8.29 1. 50 2. 66 100.58  9.42 1.21 3.99 0.14 0.32 0.34 81.96 0.25 233.78
S2 19.02 5.89 1.53 1.75 61.26 4. 86 1.13 4.76 - 0.26 0.26 44.59 0.19 145. 50
S3 22.86 4.41 1.30 2.83 60. 42 7.46 1.19 4.08 0.01 0.23 0.17 45.83 0.29 151. 08
S4 19. 60 4.11 0.89 0. 86 70. 80 4.37 1. 08 4.01 0. 05 0.35 0.67 57.82 0.19 164. 80
S5 24.31 1. 54 0. 48 2. 66 46.43 5.86 0. 89 3.04 - 0. 44 0.09 35.80 0.22 121.76
S6 23.31 3.11 1.38 1.62 69. 35 5.72 0.42 3.38 0.03 0.25 7.78 44. 16 0.24 160. 75
S7 20.29 2.45 0. 96 2.37 54.25 4.84 0.78 3.35 0. 05 0.27 0.13 86. 20 0.19 176. 13
S8 22.33 6.18 1.25 2.47 72. 14 5.01 0.26 2.32 0.04 0.33 0.24 55. 80 0.22 168. 59
S9 23.08 5.09 1.42 0.17 67.12 6.45 1.11 3.72 0.02 0.37 0.30 46.49 0.18 155.52
S10 19. 84 5.55 1.46 0. 69 58.50 7.47 1.22 3.01 0.15 0.55 0.24 53.25 0.22 152. 15
S11 19. 35 6.76 1.58 2.23 88.03 8.30 1.38 5.56 0.21 0.56 0.32 57. 81 0.21 192. 30
S12 21.08 4.20 1.13 2.24 48.20 5.54 0.85 2.29 0.01 0.21 0.21 36. 54 0.18 122. 68
S13 21.77 6.61 1.30 2.11 83.26 7.64 0. 81 2.84 0.08 0. 46 0.19 64.54 0.22 191. 83
S14 18.73 6. 05 1.23 1.92 72.12 6.57 0.93 3.95 0.21 0.6 0.25 53.89 0.21 166. 66
S15 22.44 5.24 1. 46 2.99 71.73 6.99 1. 16 3.31 0.05 0.92 0.19 57.99 0.29 174.76
S16 20.52 4.36 1.12 1.36 62.29 6.15 0.74 5.04 0.09 0.71 0.25 38.25 0.23 141. 11
S17 22.46 3.34 1.37 1.53 70. 90 7.43 0.89 4.47 0.03 0.34 0.24 65. 69 0.19 178. 88
S18 20. 46 7.40 1.38 1.09 65.91 7.05 1.08 2.87 0.01 0.21 0.25 62.31 0.18 170. 20
S19 19.53 8. 67 0.90 2.27 74.70 7.25 0. 81 2.85 0.01 0. 28 0.21 67. 69 0.19 185. 36
S20 22.35 4.11 0.90 0.93 58. 40 5.08 0.91 2.46 - 0.41 0.18 41.56 0.25 137. 54
S21 19.95 6.29 1.75 0.97 76.93 7.42 1.28 4.67 0.10 0.35 0.32 57.08 0.55 177. 66
S22 20. 89 5.05 1.17 2.14 73.55 7.33 1.07 3.76 0.02 0.29 0.26 47.23 0.29 163. 05
523 21.67 2.28 0.61 1.32 48.72 6.12 0.72 2.97 0.01 0.18 0.19 40. 80 0.22 125. 81
S24 22.19 5.39 1.77 1.48 83.05 9.17 1.43 5.97 0.1 0.75 0.32 66. 08 0.26 197. 96
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%3¢ 4( Continued Tab.4)
4t Content(mg/g)
= = MR iX e T RCH X T (R XE O BER R . SR
Narirutin Nobiletin Auraptene °© ridin 77" Limonin  enin  Eriocitrin  retin Neohesperidin content
S25 23.85 7.22 1.29 1.95 79. 89 7.46 1.11 4.77 0.01 0.30 0.28 62.70 0.21 191. 04
526 19.93 5.19 1.33 0.91 95.34 8.29 1.21 3.81 0.25 0.30 0. 86 66.76 0.17 204. 35
S27 21.70 5.59 1.28 1.72 85. 69 6.17 1. 14 3.54 - 0. 47 0.24 49. 33 0.26 177. 13
S28 21. 65 6.91 1.57 1.92 72.02 7.63 0.72 2.79 0.11 0.29 0.28 73.18 0.17 189. 24
q;[ii{nﬁ 21.37 5.26 1.26 1.76 70. 41 6.75 0.98 3.70 0. 06 0.39 0.55 55.76 0.23 -
RSD(% ) 7.1 32.8 24.0 39.8 18.9 18.9 26.9 25.5 109. 8 45.0 256.9 23.1 30.6 -
T -7 ROREAEAR T HAR b SR & IR T E R
Note: “-” indicates that the target compound was lower than LOQ in the sample.
x5 HAZPERLEYH CCEEMNELR
Table 5 GC quantitative determination results of target components of Hunan Aurantii Fructus samples
£ Content(mg/g)
P o A
No. B-UR A B-RHESE DAV by 4-MEGEE TR o ARhEE I EE ‘?ng
B-Pinene  B-Myrcene  D-Limonene  Linalool  4-Terpineol a-Caryophyllene a-Terpineol  Geraniol o
S1 0.01 0.01 0.74 0.35 0.03 0.01 0.04 0.02 1.21
S2 - - 3.77 0.10 0.01 - 0.01 0.01 3.90
S3 0.01 - 1.39 0.17 0.01 - 0.02 0.02 1.62
S4 0.01 0.01 0.72 0.29 0.02 - 0.04 0.03 1.12
S5 0.01 0.01 5.56 0.26 0.02 0.01 0.03 - 5.90
S6 0. 04 0.01 3.32 0.39 0.02 0.01 0.05 0.04 3.88
S7 0.02 0.01 0.59 0.16 0. 06 0.01 0.04 0.02 0.91
S8 0.01 0.01 3.53 0.21 0.03 - 0.04 0.03 3.86
S9 - - 40. 81 0.12 0.01 0.01 0.03 0.02 41.00
S10 0.01 0.01 0.71 0.26 0.03 0.01 0.05 0.04 1.12
S11 0.01 0.01 0.92 0.24 0.02 0.01 0.05 0.05 1.31
S12 0.01 0.01 1.92 0. 81 0.04 0.02 0.15 0.10 3.06
S13 0. 04 0.02 3.03 0.95 0.03 0.01 0.09 0.05 4.22
S14 0.01 0.01 0.65 0.33 0.03 0.01 0.05 0.04 1.13
S15 - - 12.23 0.11 0.01 - 0.01 0.01 12.37
S16 0.02 0.01 1.17 0.24 0.02 0.01 0.05 0.04 1.56
S17 0.01 0.01 8.30 0.27 0.04 - 0.04 0.01 8.68
S18 - - 7.07 0.18 0.01 0.01 0.02 0.01 7.30
S19 - - 0. 38 0.23 0.02 0.01 0.04 0.03 0.71
S20 0.01 - 2.07 0.43 0.03 - 0.03 0.01 2.58
S21 0.02 0.01 6.45 0.15 0.02 - 0.03 0.01 6. 69
S22 - - 0.92 0.15 0.03 - 0.03 0.02 1. 15
S23 0.01 - 1. 80 0.13 0.01 - 0.01 - 1. 96
S24 0.01 - 0. 47 0.20 0.03 - 0.04 0.04 0.79
S25 - - 2.99 0.14 0.01 0.01 0.01 0.01 3.17
S26 - - 2.50 0.24 0.02 - 0.03 0.02 2.81
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%% 5( Continued Tab. 5)
%5 Content(mg/g)
i o e , ) . , A
No. B-IRM B-AHM DR I R 4-fmEE AT oA Bt Tot
. . ) . . . otal
B-Pinene B-Myrcene  D-Limonene Linalool 4-Terpineol «-Caryophyllene «-Terpineol Geraniol content
S27 0.02 0.01 0.73 0.27 0.03 0.01 0. 04 0.03 1. 14
S28 0.01 0.01 4.94 0.24 0.02 - 0.04 0.01 5.27
P 0.01 0.01 4.27 0.27 0.02 0.01 0.04 0.03 -
Mean
RSD (% ) 88.3 41.2 180. 1 70. 4 49.3 45.2 68. 8 77.2 -

TE " FORIZEA P BAR LA S R TR R
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indicates that the target compound was lower than LOQ value in the sample.
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Chemical component-target network diagram

T VIE SRR BARL AW s B3 s AR AR L 2 49 SUR/MRER EEME R/, Note: V-shaped nodes represent target compounds ;

Square-shaped nodes represent targets; Node size indicates degree values.
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2.4.3 GO 5 KEGG & £ 45H
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function , MF ) 1224~ 45 H ; 1 € 43 #7 LA FDR ( false
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Fig. 2 Protein-protein interaction network diagram
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Fig. 3 GO functional analysis (A) and KEGG enrichment analysis (B) results
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Table 6 Binding energy of compounds and core targets
%54 fiE Binding energy ( kcal/mol )
1£4E% Compound
PIK3CD PIK3CB PIK3R1 PIK3CA AKT1 MAPK1 HRAS
% Jiz & Tangeretin 5.6 -7.1 7.6 6.6 -7 -1.8 5.2
#ili iz Z Naringenin 6.3 7.5 8.5 6.7 7.1 8.7 6.3
¥ & Limonin 6.6 9.8 -10.1 7.8 -1.7 -8.3 -1.2
T Geraniol 4.4 5.2 5.3 4.7 4.6 -5 4.4
¥ fz Z Hesperetin 5.9 7.7 8.2 6.9 7.1 8.8 6.4
18 Jz il 2% Auraptene 5.3 8.6 7.6 6.1 6.9 5.2 6.2
Hr#E 2 F Neohesperidin -7 -8.9 -10 -10. 4 7.8 -10. 4 -7.3
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Fig. 5 Molecular docking plots of representative compounds and targets
A BB S PIK3R1;B. #8475 PIK3CA; C. #i#s 25 MAPKL;D. #7475 % 5 PIK3CBE. #1875 PIK3RI1,
Note : A. Neohesperidin and PIK3R1 ;B. Neohesperidin and PIK3CA ;C. Neohesperidin and MAPKI ; D. Limonin and PIK3CB;E. Limonin and PIK3R1.
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Fig. 6  Cluster analysis of Hunan Aurantii Fructus germplasm resources
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