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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 of24 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 ofthe control profiles, which were all greater than 0.880. The antioxidant activities of24 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 aguide 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

F Citri Sarcodactylis Fructus N2 R &
YT Citrus medica L. var. sarcodactylis Swingle
PRS0, HMERSE, 5 TR T, A B
B iz, PR EE TR E AR, BE
W BEMOR . ok % . B/ bIKnESRE, BRI
1B, BB ARRAR DI,
P2, T E AT TG R X, R
WL 725, T, PO EER. = B S i
TS, BT T AR, HAZRIGEETT. L
WKL WEEEZ BRI, P RESEA
Fro (REZGI) 2020 FRUSE T TZM, AL
X HA B (CosHsaO1s ) BEAT TRRED .
W EA LS. 2L Z2ERAENTHEREER,
HiEVERAZRE, VEFINLEIE 2. HAT, B—fds
FRARMEASTH b AN 2 A b Jsz e m 245 ¢ 4 B A
STORMERA R A 0l T 24 B 24 235000 Jo i
FARNDTFL, B AA ) # S @ E & T T 258 1)
AR AR T EESA R, FERE,
ZPE. R THUTREZMLER T,
REFHE IR TR TGRS, ERA R
(591, FLEAALIO, PURRUSEZ R, BERAERN,
il T O B AN B LR RS B A A2 1)
ST, E WA R E T R R
PP FEbR . B AF0RHA] HPLC [R] I 5E =
MR BEH. 6,7- “HHEBEFER. 5,7--HH
RAEE RTINS 5 Mg s, MT
PRUTASE] P S B T 258 B . ) ARERUSIE ST
HPLC VAR IE NN P AR R R R 6,7-— I
FER. KET. 57-_HEAREER, T-REEFE
B OB, MR BTBEIRSE 8 PRy & &,
GG LR TR, RUSANF ™ 1) 1] 4%
FUMBTTEZ R . PR & RORH

T ASCER A DY A AT B A5 154X (UPLC/Q-TOF-
MS) T4 E 10 MR =256, Vb
MWI 6,7- —HHEIEEFETR. 5,7-WLIRAE-8- HELE
TE. 5-HREESREAMTEER. T-Rdk-6- I
BORGEEURBO AL =5k I
TR S R R PR X A 10 REZGH I O
PERLAY o AR PEEEOTV AL T AN R P H b T 254 11
HPLC fR4 B, i A8 s/ — 3fed-H0 5 0 4
512649 2 s i T PR 1 2 O B 5,7-2
HAREET R, 6,7- “HEEFEE. HFHH Al
FEARY . g8 LFTA, LIRVPNRARITER, A8k
Z 5IGPRIT RO DGR, 3 DL S AL 54 2 M s A T
1) N 7E i 5

2 FR U T DA U b s o 258 (140 2
SRR, FFREVEN B E AR E A — 2. B
5&, TROUEE AT SO o HANER A Rk sy, H
RS ZIRHRER, DA T3P0 245 i 2 AL
LA R BRPE AN HERf PEUs281, i 23 322 e i 4h
AR GRS B 5 A 45 AT A B A AR
al, B RO B A RRE P DTRRER BE AT XS
HR 2T R PR 020, AR SCER AR, HETER A
Fe BB T 1 A b T B 2 Lo B HRE D721,
(ER =R RE AP S MR T PNE 2 e L R R FEA
T ST DA S S e, TR T R O8I
RIWARIE . T, ARURELE BT 1) HPLC 18
orEl i, IR AU PR . SRS by R
534341 (principal component analysis, PCA) &3/
FHREFNAR: @i DPPH HHEA ABTS H
HIE L, AT 24 HEORE S PTE AL AT
PR, SRAKEOREREEVE (grey relational analysis
GRA) KT s o 5 HH A s AT 4 5%
PEGMT,  UFZ R 0 T HUa A S PR A 047



FREZ 20234 12 B 54 % 423 8 Chinese Traditional and Herbal Drugs 2023 December Vol. 54 No. 23

NHARKFIEIT KGR RS
1 UHE5RA

L1 Y38

LC-20A M=l (i { (DAD #ji2g, H
A By ; ReadMax 1200 SIS 4 i K BgbRi (B
NIE AR A R AT 5 VGT-2013QT = S5 UE
Bl O 2R [ RS A5 e A PR A 1D 5 Milli-Qlntegral5
a4 (£ Millipoer 2A%]) ; QL-901 iR JigfX
1T HAR TURAGERHE A R AR : H3- 18K B
HELOHL GHIRE ] AR R S A R AT 5 BSA224S
B2 —WFRF (REFWREAE I A R
AF]D 3 CPA225-D B2 —HF RV (FEZH
BRI A R AFD .

1.2 #H5RFH

ToKCEE Grrgl,  LRTR T AR O
HIRARD ; vKEER (tiltali, 32 Thermo Fisher
Scientific AF]) ; HEE (fikal, 78E (Merck AF]) ;
AR (i, B RAEEREA TR AFD |
2,2-BRA - = (3- &Hk - ORI R M -6- TR) "k Eh

(ABTS, FifgZmRAEMEAIRARD 5 1,1-2K
R MR E AL (DPPH,  HigUEM AR A TR
ANFD s HEER CHO(VC, #ibS 20221232, fEhZy
WA RAFD s F R (kS MUST-22112914)
PN (LS MUST-22101710) . 6,7- 48 J&
FEER (IS MUST-22062008)  5,7- &R G
% (b5 MUST-23020301) . 7-F2dk-6- AR E G
£ (it'5 MUST-23012702) . 7-BHEEFTR (L5
MUST-22100504 ) . K B % & (it 5 MUST-
22072315) . #itz & (LS MUST-22042012) . #h
AE G5 MUST-22062017) . HliH (k5 MUST-
22062911) ¥y sl 2 ke I RH A TR AW,
JRE T E=98%. FIT A Z5b 3548 5 PR 1 v 251 i B
25 A4 2510 A I R SR T O R e N A
T C. medica L. var. sarcodactylis Swingle [1]J
R, HFERKREE BWE 1R,

2 A&
2.1 HPLC {58 &R EL

2,11 GRS A AR EBOE B 7R g
6- HEREF TR, T-RERFER. 6,]-_HEAEED
. M. BT, 57 HERET R, R,
KBEZ . BT AEERAE ARSI S,  nH
FEARIERREE 10 mL, HI&ERFREREN 1.0
mg/mL KRGS IR I, #8251, JE, HUELUEWR,

© 7843 -

x1 H@ER

Table 1 Sample information of 24 batches of finger citron
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UKBERR KW (B) , BAEEVERL: 0~10 min, 20%
25% A; 10~20 min, 25%~35% A; 20~30 min,
35%~40% A; 30~50 min, 40%~42% A; 50~60
min, 42%~60% A; 60~75 min, 60%~70%; 75"
85 min, 70%~85% A; 85~90 min, 85%~20%
Ao HEUE 1 mLmin; ZHFEE 10uL; AR 30 C;
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Fig.1 Overlapping HPLC fingerprints of 24 batches of
finger citron
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Fig.3 HPLC of the mixed control
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Table 2 Similarity results of 24 batches of Citri

Sarcodactylis Fructus

G5 A Gii 5 LA
S1 0.938 S13 0.997
S2 0.957 S14 0.991
S3 0.998 S15 0.989
sS4 0.964 S16 0.995
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S5
S6
S7
S8
S9
S10
S11

S12

0.998
0.996
0.880
0.994
0.995
0.989
0.990

0.988

S17
S18
S19
S20
S21
S22
S23
S24

0.979
0.997
0.996
0.997
0.99
0.997
0.996

0.994
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S5 S2 87 S22 S17 816 S11 S6 S1 S18 S24 S21 S13 823 S9 S3  S4 S19 S15 S14 S8 S20 S10 S12
e

FI~F17-17 ML IE  S1~824-24 kBT SE-KE At-mKE

F1—F17-17 common peaks S1-—S24-24 batches Citri Sarcodactylis Fructus ~Green-down-regulated expression Red-up-regulated expression

B4 24 #HORBFHME 17 D HBIEEERRLERE

Fig. 4 Heat map of peak area clustering of 17 common peaks of 24 ba
3.3 EMPAMER 12 13 3
<!
3.3.1  ERI RITETTRRE T A PCA 153 13 o 6
T 2AFERGr, HITZEZRRITHRE (96.995%) Y 14 g | 4
AERIGERER, X2 ADAERTTUARGEE 17 M s d & 0
W2 KHR B R, ATV VRN B T 24544 S AR l s o e

Br— (FIMES . 16 439 953.442 0 100.000

=3 SEERSEREE 17 222061.247 0 100.000

Table 3 Eigenvalue and variance contribution rate

o WUERFE(E
At TIZETRE Y BT Y%
1 82629 137216.000 90.786 90.786
2 5650 858 668.000 6.209 96.995
3 1088 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 20526 446.160 0.023 99.958
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