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Abstract: Objective The HPLC fingerprints were correlated with the antioxidant activity to establish a spectrum-effect relationship,
aiming to analyze and screen the active ingredients with the antioxidant activities of Foshou (Citri Sarcodactylis Fructus) (Citrus medica
var. sarcodactylis). Methods  The fingerprint profiles of 24 batches of Citri Sarcodactylis Fructus were collected, and the fingerprint data
were studied by combining the clustering heat map and principal component analysis (PCA) method on the basis of the similarity
evaluation of the control profiles, which were all greater than 0.880. The antioxidant activities of 24 batches of Citri Sarcodactylis Fructus
samples were evaluated by the DPPH and ABTS radical scavenging methods; The correlation analysis of the 24 batches of Citri

Sarcodactylis Fructus common peaks with their antioxidant capacity indexes was carried out by the gray correlation method to
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comprehensively evaluate the screened active ingredients. Results Seventeen common peaks were identified from the fingerprint profiles
of 24 batches of Citri Sarcodactylis Fructus samples, and 10 of which were identified by the control comparison method. The clustering
heat map analysis and antioxidant test results showed that the 24 batches of Citri Sarcodactylis Fructus were roughly classified into three
categories, and all of them had good antioxidant activity and showed concentration dependence, among which S16 had the strongest
antioxidant activity. Combining the results of gray correlation analysis and comprehensive scoring, the compounds F16 (diosmetin), F11,
F12 (5,7-dimethoxycoumarin), and F8 (aurantiamarin) maybe important characteristic peaks reflecting the efficacy of Citri Sarcodactylis
Fructus, which were basically consistent with the information of important peaks exhibited in the main components. Conclusion By
analyzing the correlation between the antioxidant activity of 24 batches of Citri Sarcodactylis Fructus and the HPLC fingerprint profiles,
this study can serve as a guide for identifying active ingredients and quality control of Citri Sarcodactylis Fructus.

Key words: Citri Sarcodactylis Fructus; fingerprinting; antioxidant; spectrum-effect relationship; active ingredient; diosmetin; 5, 7-

dimethoxycoumarin; aurantiamarin
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AR E 1 mL/min; FEFEE 10 pL; AR 30 C;
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6-naringin  8-aurantiamarin 12-5, 7-dimethoxycoumarin
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1 24 #HLBEFHSR HPLC 358U EILES BT
Fig.l1 Overlapping HPLC fingerprints of 24 batches of

finger citron
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B2 #hFHm HPLC B
Fig. 2 HPLC of finger citron sample
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0 10 20 30 40 50 60 70 80 90 100
t/min
3 RAEXHRMEY HPLC
Fig. 3 HPLC of the mixed control
R2 24 RORBFHEUESH
Table 2 Similarity results of 24 batches of Cirri
Sarcodactylis Fructus
%5 HAAE 95 FRABLE
S1 0.938 S13 0.997
S2 0.957 S14 0.991
S3 0.998 S15 0.989
S4 0.964 S16 0.995
S5 0.998 S17 0.979
S6 0.996 S18 0.997
S7 0.880 S19 0.996
S8 0.994 S20 0.997
S9 0.995 S21 0.99
S10 0.989 S22 0.997
S11 0.990 S23 0.996
S12 0.988 S24 0.994
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F1—F17-17 common peaks S1—S24-24 batches Citri Sarcodactylis Fructus ~Green-down-regulated expression Red-up-regulated expression

4 24 RBFHME 17 N EFIEIEERRLERE

Fig. 4 Heat map of peak area clustering of 17 common peaks of 24 batches of Citri Sarcodactylis Fructus

33 ERTANER
331 FEp KIJTETERE ST A PCA 153
T2 FERGr, Hoo7 2 BRTTERE (96.995%) FIRFE
AEIEGRER, X2 DMERSATURE 17 MEH
W2 R o5 B, TR vPAN T 2564 it BT R K
ez — (GR3FE 5.

#*3 HEERMAEREE

Table 3 Eigenvalue and variance contribution rate

o WA AL
it TIETURE/ % BHTTRE/ %
1 82629 137216.000 90.786 90.786
2 5650 858 668.000 6.209 96.995
3 1 088 132 182.000 1.196 98.190
4 69 9471 353.000 0.769 98.959
5 518 192 199.500 0.569 99.528
6 175 385 245.400 0.193 99.721
7 65752 911.830 0.072 99.793
8 61702 162.080 0.068 99.861
9 46 372 528.990 0.051 99.912
10 21967 590.870 0.024 99.936
11 20 526 446.160 0.023 99.958
12 13 636 608.050 0.015 99.973
13 11 805 579.330 0.013 99.986
14 6679 648.839 0.007 99.994
15 5020911.684 0.006 99.999
16 439 953.442 0 100.000
17 222 061.247 0 100.000

1.0X10'"
8.0X10104 1

@ 6.0X10104 |
= ‘I\

£ 40x1001
20X 1010

L

2 4 6 8 10 12 14 16
E5 #AE

Fig.5 Macadam figure
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HAREY], F12. F5. F16 £ 1 A&
B K; Fl1. F4. F3. F17. F2 fE X5 2 T #far
Bk GRAERT 0.6), A3/ 1. 2
RIS R (Bl 6 FIE 4).

333 TRV HT K 24 HLXTF
17 AN A W Ve T RRAR AL AR B 5 AT 25 AP, 5
RS HEA R, BEIARK F=0.15476
11026299y, (FAZES, y NERSED).
SERLRW], SRR T 1) 2 8 A 4 BT HE T
S7>822>812>85>S87>S16>S11>S10>S2>
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Fig. 6 Loading plot
x4 EFTHER
Table 4 Factor loading matrix
A x>
1 2
F12 1.000 —0.004
F5 0.688 0.232
F16 0.636 —0.069
F15 0.478 0.060
F14 0.221 0.105
F13 0.196 0.014
F11 0.349 0.869
F4 —-0.239 0.846
F3 -0.279 0.808
F17 —0.057 0.724
F2 —-0.030 0.709
F8 0.177 0.591
F9 0.033 0.561
F1 0.248 0.509
F7 0.172 0.407
F10 —0.088 0.302
Fo6 0.213 0.260

S17>S1>S18>S3>S21>89>S13>S15>S4>
S24>S19>S823>S8>S20>S14, HP)II#HT. &
WFLEAR 05T, B AR g A
(F£5),
34 MENEMER

AW BHEE T 24 #LkHFXF DPPH Al
ABTS HHFEERERREE 1. HFEELHT DPPH I
ABTS HHEMIFHRZE, VC NEMXI. 3R
N, BT S1~S24 HE IR T30 BA BUAF Pk
T, EIEET VC. AR R T BE SR =K

®x5 EWNES. GEBIRHEF
Table5 Principal component scores, comprehensive scores

and rankings

G5 EMOY1 O EROY2 LZERS HF
S1 1.980 0.068 0.324 8
S2 1.697 1.417 0.635 5
S3 —-0.232 —0.340 —0.125 14
S4 —-0.752 —0.355 —-0.210 15
S5 1.416 2.585 0.899 3
S6 2.663 1.524 0.813 4
S7 3.122 1.994 1.008 1
S8 —1.758 —2.574 —0.949 22
S9 0.109 0.263 0.086 12
S10 —1.420 0.912 0.020 13
S11 0.476 0.054 0.088 11
S12 —0.730 1.531 0.290 9
S13 -1.419 —0.466 —0.342 17
S14 —2.167 -3.629 —-1.290 24
S15 —1.690 —-1.275 —0.597 21
S16 0.866 1.236 0.459 6
S17 0.555 1.129 0.383 7
S18 0.540 0.054 0.098 10
S19 —0.135 —1.304 —0.364 18
S20 —1.695 —3.163 —1.094 23
S21 0.124 —0.878 -0.212 16
S22 0.096 3.615 0.965 2
S23 —1.158 —1.233 —0.503 20
S24 —0.489 —1.165 —0.382 19

M 0.1 mg/mL ¥ N3] 2.0 mg/mL, X DPPH
H B2 B R 2505 B CE 7D Hodr, B S16
(=M KHD JEFE DPPH HH M 1Cso A 2.493
mg/mL, DPPH H HZEERZFHE K, M 13.85%H
AT 39.67%, 1ZEAE S IERFIRELE 2.0
mg/mL 5 0.01 mg/mL [ BHYEXS Y (VC) #
X 24 HEAES R, BEA S4 (JTF&) Bk DPPH
E A 1Cs0 N 5.625 mg/mL, IR ()75 4 5 AH
A%, AN 7.56%38 %] T 16.60% . % FE L fE 2.0
mg/mL KX DPPH E B fE 141k VC (0.01
mg/mL) (1] 45.82%. 8t A [E LK #F DPPH
1) ICso fEFEFT, RIMFLIERRRE SR/ MKICH S16>
$23>S812>S83>S17>S13>82>S18>821>S1>
S7>822>85>824>819>S11>S6>S9>S10>
S20>S14>S15>S8>S4,
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Fig.7 DPPH radical scavenging activities of 24 batches of Citri Sarcodactylis Fructus samples

IR ABTS H H3Es256 k3, #hF S1~
S24 FEAERE ABTS H i FEAE H & Ui B T v 1 1
MR (E 8). Hrh, FEH S16 (mEAED 5% ABTS

00.010.1020.40.8 1.012.0

JRAEEWRE/(mg mL )

H ) ICso A 1.574 mg/mL, ABTS H HEEERR
R, M 1534%3E 2] T 53.94%, HAFFMTE 2.0

mg/mL B % ABTS HIiEFRRE

J1#:E VC 7E 0.1 mg/mL
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Fig. 8 ABTS radical scavenging activities of 24 batches of Citri Sarcodactylis Fructus samples

W I BRI 53.95%; 24 fbRESL R, BESL S4 ()
KD Gk ABTS HHZEEMH) ICso 9 2.725 mg/mL, It
I B35 PR R AR B A, A 11.19%384 3 T 35.76%,

IZRE TG B IR B LE 2.0 mg/mL B X+ ABTS K7

55

NES
H

B e

fiE J1#EE VC (0.1 mg/mL) 1) 35.76%. %L, H
FIRMEIR N S16>S7>S6>S13>S24>
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S12>89>S17>S1>S22>S18>S23>S10>
S20>S5>S11>S2>819>S15>83>S8>S14>
S21>S4. 454 LA BRI S A, S16 BPtEfbiE
PEBIE, S4 PRI TERES (K 6). Ak, T
FEdtokh DPPH. ABTS H HTERRE ) BA WL
NP

26 MENEMEMUELR

Table 6 Determination of antioxidant activities

ICs0o/(mg-mL™1)

Ff it

DPPH ABTS
vC 0.014 0.015
S1 3.467 1.890
S2 3.320 2.401
S3 2.965 2.582
S4 5.625 2.725
S5 3.599 2.266
S6 3.696 1.600
S7 3.488 1.584
S8 4.846 2.588
S9 3.833 1.873
S10 3.945 2.210
S11 3.671 2.389
S12 2.809 1.858
S13 3.203 1.697
S14 4.229 2.706
S15 4.248 2.455
S16 2.493 1.574
S17 3.066 1.882
S18 3.348 2.048
S19 3.644 2.406
S20 3.975 2.226
S21 3.418 2.707
S22 3.593 2.028
S23 2.769 2.204
S24 3.619 1.798

3.5 BFEYLEESRENEEENXEXKE

ST

LG EE AT, Hob g 14 AN IS B DPPH
FTABTS 2 FlE FHAEIG PR RECE KT 0.8 (1.
2. 3. 6. 7. 8. 9. 10. 11. 12, 13. 14, 16. 17
S, AR ORI, KRBT ZAHor 0]
ReXT Ut B A S E A . & SR S
DPPH H HZFI KT N FI6>F11>FI12>F14>

F9>F6>F10>F7>F8>F3>F2>FI13>F]>
F17>F5>F15>F4; &k ABTS H IR RET
F11>F16>F14>F12>F9>F6>F8>F10>F3 >
F7>F2>F13>F17>F1>F5>F15>F4, 4i&KHk
JF AT o o3 12, Al 4EG 43 F16. F11 M F12 5
U2 55 i TF- B AR F R BR BEIROR IR (i beg, 10 B
X 3 NI S I 24 30 ) B R AR U, B AR A
PETTEREL K (R 7).

=7 BFHEBESHEWEENXRE
Table 7  Correlation

antioxidant activities of Citri Sarcodactylis Fructus

between common peaks and

T y‘%@%DPPf‘Iﬁ‘EE% —T ‘%l%ABT\S%EE%
TR IR EdiPR N
1 Fl6 0.879 1 Fll 0.874
2 Fl 0.874 2 Fl6 0.873
3 FI2 0.868 3 Fl4 0.870
4  Fl4 0.868 4 FI2 0.866
5 9 0.847 5 F9 0.849
6 F6 0.847 6  F6 0.842
7 FI0 0.842 7 K8 0.839
. 0.838 8  FI0 0.832
9 F8 0.838 9 B 0.832
10 F3 0.834 10 F7 0.828
11 R 0.827 1 R 0.820
12 FI3 0.819 12 FI3 0.812
13 Fl 0.804 13 FI7 0.810
14 FI7 0.802 14 Fl 0.806
15 5 0.799 15 F5 0.803
16 FI5 0.771 16 FI5 0.769
17 F4 0.758 17 F4 0.763
4 Tig

4.1 IELENEHAR

TE#E . HPLC R fEr, AT ek
(190~400 nm) 4, KIULE 254 nm P4, HiHH
FA A A BRI R s TE 283 nm AL, 15
R R R s 5, 7- AR ER.
6,7- _HELEFGTR. T-REFGER. T-HREHFHE
HFER. KBEZMEMHARRAE 345 nm BEKALY
BHEKWY, H 10 3RS LR K A BT
IR, DRI, %A 5E 345 nm 1E R RSB
PRI K . ARSI RTIAE % 7 Z MR s (H
B KIS E-0.1 % KBS RV T FHE-0.2% 0K I
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REZE 12 h NAGIN .
42 BESH

Ta S B RAEFIA AL EE VRN 5 SRR IL,  ASIFl ™=
H 24 R EIHFILAGR] 17 N F N, HARBUER
7E 0.880 2 b, FRIEAIHT& WAL i s #HABL, 5
BRRE. BRI —MZ gtk 6
XIRE AR bR EEAT 402, LR {8 DU M W 22 4
PP I SR 73, 24 LR T K3 N
3 2. KE HATeF R BRI DY) &
Ry =~ TR TSR, HR A KRBT
SHF G, JIEF AU, ER. =) T
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S4 (J7%D). S22 (J7¥). 823 (LRI 5114
BN—I, RIS DL, AN JE R A
Ae A R FI R . A0k, HIR. LIRSS PR
BRI E. Rtk bR = AR B4 R
BRH A, B TR ELREH BN S =,
43 MEMNEETFN

AHEFCR RSN R ERRE, LLERR DPPH
H H2E. ABTS H HEEIE M 1Cso RIFAN 24 HE kA
FrM P EM M ZE R . 1Cs /N, RUAPLE
e SRR, G5 R, 24 #LIR BT 6HE % DPPH.
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