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Application of fingerprint combined with QAMS in quality evaluation of Aurantii
Immaturus Fructus

GAO Xi-mei®?, CHI Yu-mei', ZHANG Wen" 2, ZHAO Xiao-li* %, DI Liu-ging™
1. School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China
2. Jiangsu Engineering Research Center for Efficient Delivery System of TCM, Nanjing 210023, China

Abstract: Objective This paper aims to provide the experimental foundation for quality control of Aurantii Immaturus Fructus from
different habitats by analyzing the multi-component qualitatively and quantitatively. Methods Fingerprint pattern and QAMS were
combined in this experiment, and HPLC analysis was performed on a Waters X-Brige Cyg (200 mm x 4.6 mm, 5 pum) column with
mobile phase composed of acetonitrile (A) -0.1% methanoic acid solution at a flow rate of 1.0 mL/min in gradient elution mode. The
column temperature was maintained at 30 ‘C, the injection volume was 10 pL, and the detection wavelengths were set at 283 and 330
nm. Results The HPLC-UV fingerprint of Aurantii Immaturus Fructus from different habitats was established with 21 common
peaks, 9 of them were identified as narirutin, naringin, hesperidin, neohesperidin, naringenin, hesperetin, sinensetin, nobiletin and
tangeretin, and the similarity of 23 batches of samples were greater than 0.9, CA and PCA show the classification is consistent with the
habitats distribution of the medicine. Then, the QAMS result showed some differences with neohesperidin to be the internal standard.
Conclusion From the perspective of composition, there are some differences in the quality of Aurantii Immaturus Fructus from
different habitats, and the method of QAMS is accurate, efficient and feasible, which has obvious advantages than standard curve
method and external standard method. In a word, it can be applied to quality evaluation and provides the experimental foundation for
quality control of Aurantii Immaturus Fructus from different habitats.
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RSN ZE B RME YRR # Citrus aurantium L. J% 1 HREE
Hoh ke As fhal # 45 C. sinensis Osbeck T4 H, Table 1 Information of samples
B WEREEZ A, mreRm, WE o Y fk P G K 4
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S 2568 HR B A2 Ry 1R PR E BT 9, (EARAR
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b ) 2 e T STk, AR S
LT RS RS2 M ) HPLC-UV fe4U&iE, U
X R RORIRE AT LU, S5 ) I H O A B A 2
gy, ARV . BT (CAD R4
Bt (PCAY ZERBIEAR, X2 AT T /b8,
R, RSEFRH—MZIHE (QAMS) @&
KRS AR T2 B AR S S IE AT (D), X%
B HEAT T8 A7, T A [ 5 2% 9 A s 2 &
PG BT AS [F] 7= MO BR P AR S i 2 22 e, AR S 244
()R o B PR 2 26 T 3 1 B A AR A S G
A -
1 {UEEmaE

Waters €2695 ! =y HOBUAH (151X ; KH-500DE
AU RIS PSS Sartorius CPA225D HL T KF. Z
fif. Wy EREal (Tedia A])D; TKHEE. LK
I, HR. iR, LRI ANl (E 2R
FLRAERA D

M (K5 110722-201714) . # (K5
110721-201617). #i#& e F (k5 111857-201703)
T F o [ 24 S A e A e, R A U N
93.4% . 96.1% . 99.2%; = F AL FEH (Ht S
P11IN8L48150). #ii % (dit'5 YJIO603HAL3). 15
J g (k5 CO3F6Y L), H#E Bl (k5 P14M6R1).
JIBE 2 (S H22M8K32109). & (k5
HO9M7K14409) T Eilgiimt VAR AR, s
SR T 98%.

HSICRE i bR R ARG AR 2 A B B A R 43t
KETLVORE K 4 MAFMLIX, SRR
L R BRSNS A EHE RS Citrus
aurantium L. S HARETARF P FERLIE, G R
# 1.

2 FHEE%ER
21 BIEEH

iR N Waters X-Brige Cig (250 mm X 4.6
mm, 5um); BN LHE (A) -0.1% H R /KIE R
(B); BHEVMAESEAN 0~10 min, 10%~19% A;

S1 180610 PGkt Ki4E | S13 181201 FPILE AV
S2 180611 JLPGREM i+ Ki4E | S14 180615 VLFGHEMJE T4
S3 180612 JLPGREM #+ K4 | S15 180616 VLFGHEHE T4
S4 180613 JLPGIRM #+ Ki4E | S16 180617 VLFGHEHE T4
S5 180614 JVLPEREM i+ K4 | S17 180618 VLFGHEHE T4
S6 180801 LGkt Ki4E | S18 180619 VIFGHEHE T4
S7 180802 VLPGfREM# L% | S19 180620 YLPiHi+&

S8 180803 VLPfRM# L% | S20 180621 YLPiHi+&

S9 181015 EFILHMVEE | S21 180622 YLPUHi+&
S10 181018 FEPILEHMVE | S22 180623 YLPUHi &
S11 181105 FEPILHAVEE | S23 180624 YLPiHi+5
S12 181114 FEPITE [V
10~25min, 19% A; 25~27 min, 19%~30% A;
27~50 min, 30%~53% A; 50~51 min, 53%~75%
A; 51~56 min, 75% A; 56~57 min, 75%~10% A;
57~62 min, 10% A; KA 283 nm (Rl 2
EMEH . MRH . BERCE . BT R MR
PERZE D 330 nm (A M4 SC &, Al A B R |
JFRRZ . R EDs BREN 1 mL/min; iR
930 C; #FEEN 10 pL.

2.2 MRGZIAENHIE

S BCER MR M RE . B RS
T MR, R AR, JIPRR R
RO Fhoer I G R, REEERRE, DA G o
W 4354 103.6. 596.0. 335.5. 968.5. 22.6. 23.0.
6.7 33.1. 23.3 pg/mL AR A& 5 FE VAT
2.3 HiIXmiaiEaEl &

I SRR 0.1 g, K% FRE, B 25 mL &,
TN 3/4 RIS, AL (Th3 250 W, il
40 kHz) 45 min, HUih, WA, HFEDER, #5,
JEt, HEUEEIERT 0.45 pm JEME, BIfS.

2.4 RYENEGEFRIE

R «2.37 TN A A 10 pl Sk
FE6 K, PR — IS, o eI A% S
0. 2. 4. 8. 12, 24 h RS HT, FRREEFRINE —
FEARLEY 0.1 g, #% “2.37 Tl F LR #l% 6 4y
P RIS AR, IR S 43 i 7E 330 nm
PR TR AZI (S), THEHAMIA 1§
XA ] RSD . 53R BN, SFMBETHY% 8
T 001 1873 45 3 0 B 2 ) ) AFD O BE IS TR] RSD
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Fig. 1 HPLC chromatograms of sample (A) and mixed
standards (B)
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ABEPEAST, 255 23 HHURE dn 550k et Pl 1) () AR UL S
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0.979. 0.974. 0.969, KT 0.960, FH] 23 fit2}
MABLRE R4, FEmEIME A 2. AR
FF i (B FHABURE (1) RSD {4 0.75%, [F]— 7= Hif¥ s A]
AEBUEE () RSD 18 0.24%~0.81%, it B AN [F] 774tk
FE i 8] 22 S e/, LR — P2 HO R i BAR BE A A
8L, ABFER & EARRAEE— B E R
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Fig. 3 Dendrogram of clustering analysis
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2.6.2 TN K 23 HbRES 21 AN FLAT I i
AR FN SPSS 22.0 #ft, R brtitl 51T+
BT 3T, 3 AN B 2 B 2 B A )
MIRRE(E KT 1 BIRT 3 AN FRisy, H R TTwkRE
F| 88.09%, HAET 4 A1 B TTIAE &4
92.01%, G 7 KEHEE . HAET 3 AT Hr
HEAE 4> )M 9.584. 7.108. 1.806, 77 ZTiHEkZ4)
N 45.638%. 33.848%. 8.602%. Z3HILAHES 1~3
TR EARR R, WE 4, B SN —A
FE o TR AT 45 R AT AR S 258 73 O 4 2% S1~
S6. S8 VA K 1 2%, S9~S18 14 Il 2%, S19~S23
9 3L, ST M IV 2K, %50 KI5 L AR S H
SRV A | 8RN IV 2857 &8 T pa R b o 1
BB, 11 SR8 T PRI (VD HE S VT FE A R
B, R E LB a8 R ERE G
RO EMEME, REREFNERSIZ LS

Vg PRy AR KT D TR AR R AT B0 AL B, = 10 23 BT A2 A%
WA Py 8 %o 0 TR AR AT 2500 A 2

2.7 tREMLZRE T IEFIIE

271 AEEE. BoEt. EEMERE FEWE
“2.37 TR SVAR 10 pL LR 6 X, FE
A — A A, V5 JE 0. 24 4. 8.
12.24 h BERESRAT, RS AR HLR]—FE kA 0.1 g,
e “2.37 WURNJ7iE RN 1125 6 4 Bl i i v s b
Wig, FRRE8 5> AI7E 283 nm K Tl R ZER
MR MR B, B . MR, B
Fe Z DL 330 nm K TG SREHFE TR . 1R 2=
K R 2 AR B i [ A AR . DUBHS B R 2 R,
THEL At 8 i A 43 (1 AE X O B BT[] R0 X0 Ut T A P
RSD fH. 257N, 2SR S 8 Pl ak o3 (PAE %Y
5 B4 Bsf () FOAR i T AR ) RSD {E#4)/NT- 1.88%, £
AN 25 B L b A VRS T 1 LA B it A 3 Ty
R EE IR R .

272 LRMEXRRFZLE B €227 TUNRAX M

WA EMBEREE 7 IR, 1523 R BT EWR R R
BT, % 2,17 TR B I RE AT
g DT St VA PR o B R B AR AR (XD, DAUEETHIAR
5 NIARR (V). LHIbRAE L. R FIR
TIEBREMRE, 43 I LMEREEE 3 A1 10 B 5 FR AN
EEMR (R 2), SRER, ZEHEMETHE 9 RS
FEAZ T F R BE 0 [ N S I T AR 2 R AP MG &R
2.7.3 AR S PREC S I E B R
i 0.05 g, FEEE NN 9 Ffont M it il B, 4% “2.3”
TR A i & O R AT I A, IR Y217 TR
B4 Em5 3D EHE S AR AT, THE 9 Bh 0 R R B
Fig. 4 3D score graph of principal component 7t B IR % B B IR I 7E 95%~105%, H I
F2 IR XRER
Table 2 Results of linear regression of nine components
D% Lt TR r LRV Fl (pgmL ™) F R/ (ug-mL ) & R/ (ug-mL ™)
EFRMET Y=14036 X+4649.3 0.999 9 0.81~103.57 0.08 0.27
i R EF Y=18085X+47161.0  0.9999 4.66~596.00 0.05 0.17
& 7 Y=17459 X+24582.0  0.9999 2.62~335.47 0.09 0.30
R R Y=20828 X+90 811.0 0.999 9 7.57~968.53 0.04 0.13
W& Y=30355 X+1 770.9 0.999 9 0.18~ 22.55 0.03 0.10
P e 3 Y=34592 X+2 455.7 0.999 9 0.18~ 22.97 0.03 0.10
i e 2 i Y=35 076 X—230.84 0.999 9 0.05~ 6.67 0.01 0.03
I 2= Y=19 787 X+1706.8 0.999 9 0.26~ 33.07 0.03 0.10
T f & Y=29 475 X+1 816.5 1.0000 0.18~ 23.34 0.02 0.07
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RSD 18 73524 0.78%.0.81%. 2.79%.0.92%. 3.73%.
1.27%. 2.58%. 0.72%. 0.91%, itHIA 7k mEHR
SR RIUT,
2.8 QAMS ERIEL
2.8.1 MXMKIEHET (fy) HITHE

(1) Z AR IEE (MPC): Sz DL B
K Er e, HEisE BRiae, MUz s
TERNHNIRZ B . 2 A fiys=Tfd/fs= CiAJ/(ACs)
&, X C, AR RIRIE, A SR
VI T AR, Cu A REIN R I R IR B, A A
I RS2 A P O T AR o GG 885 R A ) o 3R R VR 5 X6
HRS VAR, THE S E M (AL M
(B BT (C). & (BE). BEE (F).
R EEEE (GO JIBREZER (H). FikE (D M
fus [l o G5 R E IR, iR 8 Fh A5 #H 5 1 58
B¢ H (D) fiys 73 514 1.515.1.178.1.199.0.684.
0.609.0.612.1.056.0.699, RSD 18 4 % A 1.56%.
0.23%. 0.23%. 0.30%. 0.15%. 1.04%. 1.59%.
0.82%.

(2) BERIZIETE (SC): RERAZIERH T fys=ay/as,
a ARF AR HE AR, as ANSYIFRHE T ZaR)
R, RUNMERERZ L, TS AR B )
o MEMIC R B LIS ARG & B b th 2R 1)
afl, RInMAE 8 FhARHIN R AT T2 HEAH G R
) figs 3514 1.484. 1.152. 1.193. 0.686. 0.602. 0.594.
1.053. 0.707.
2.8.2 fiys M AMEHS @ B2 SR IEEAR
FRIEERIL, #i# e & @& s 2, ok
SEHG E T EIE AT . E R 2 RS IE T
AT HPEE 22

(1) AREMLEFFIA R BTSN figs FORZM: 5K
B0y BT 3 R (Waters 2695, Agilent1260-
578 LC-2010A). 4 Ffr a3 4 (Waters X-Bridge Cg-
Thermo Ci5+ Kromasil Cig. Waters Sunfire Cig) A
Je 2 Pt FE K (250, 200 mm) XF &Ry 550
YIRS B2 figs MIE B 52T . 45 R 27 % 85 RSD
EHI/NT 3% (£ 3), RZITNERGRIFFES
PEFIE R

®3 TRULEFMEEERG T FNENRERF

Table 3 Relative correction factors determined by different columns and chromatographic systems

s Bt f f f iﬁﬁ&E% f f f
AD B/D c/D E/D F/ID G/D H/ID 1/D
Waters 2695 Waters X-Bridge Cyg 1.477 1.180 1.201 0.678 0.606 0.601 1.035 0.687
Thermo Cyg 1.482 1174 1193 0.677 0.600 0.613 1.040 0.692
Kromasil C1g-250 mm 1.491 1.194 1.196 0.675 0.605 0.607 1.045 0.704
Kromasil C1g-200 mm 1.506 1.178 1.197 0.691 0.628 0.591 1.032 0.679
Waters Sunfire Cqg 1.531 1.191 1.230 0.703 0.636 0.614 1.041 0.706
Agilent1260 Waters X-Bridge Cyg 1.537 1.174 1.187 0.691 0.625 0.590 1.040 0.669
Thermo Cyg 1.469 1.171 1.185 0.700 0.638 0.598 1.028 0.662
Kromasil C15-250 mm 1.419 1.185 1.217 0.693 0.631 0.622 1.027 0.689
Kromasil C15-200 mm 1.501 1.178 1197 0691 0.628 0591 1.032 0.679
¥ LC-2010A Waters X-Bridge Cyg 1.457 1.167 1.193 0.673 0.611 0.584 1.013 0.669
Thermo Cyg 1.436 1.168 1192 0691 0.622 0587 1.019 0.666
Kromasil Cyg 1.477 1.173 1.201 0.681 0.614 0.586 1.016 0.666
WIE 1.482 1.178 1.199 0.687 0.620 0.598 1.031 0.681
RSD/% 2.350 0.740 1.060 1.450 2.060 2.110 1.030 2.220

(2) HAMPRIZEXE fys ORI : LI 5 T ANH
S N Gy ARFEIREIHE . AR DA AS 5] 37
figs WE MIFEMT . SCIGZE IR, 3 4525 N RAER
—SIGE L RN R ik AR 8 Fh AR
DU RS AR T2 BRI RS B2 1 figs 230 1,492,
1.178. 1.224. 0.681. 0.604. 0.604. 1.042. 0.695,
H RSD f5¥)/MF 0.50%; 7EZME-0.1%F . LIE-
0.1%5R . 4 N5-0.1% 1 3 Fhimshaf 244 e

fis 737924 1.488. 1.179. 1.200. 0.681. 0.608. 0.605.
1.042. 0.689, H RSD {4/ T 0.93%; 7E 28. 30.
32 °C 3 MR N IAR fiys 731 1.445.1.177
1.046. 0.675. 0.601. 0.578. 1.028. 0.681, H.RSD
5 35/NF 0.98%; 7£ 0.9. 1.0. 1.1 mL/min 3 F{AFH
TR TG fys 239904 1.445. 1.177. 1.050.

0.676. 0.602. 0.577. 1.030. 0.684, H RSD f&#
/INT0.98%, 2% BT I LR
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283 Rt fr AP SikR I,
5 B I E) 22 ( Atyys = tr—trs) 15 ATAR X {5 BA (8
(triss =trultrs) 122005 T I E R U T8 6 3 o TEAR SR
IEREAR, 35 DLR B B ) Z2 250 AR s 70 R 1084 T
B, FEANFIRBUL SRS AT, i
RSD {H¥J KT 5%, HINMERZE, 1RHMESZINT & %
IIPITER BT,  Wor HT izt it 0 e o vk HOE FH 1 [
—ASCES AR R JEURE B A T S AR L AR AL P B A
SI6 LA 2 b A RIS R R S S R 2
I¥1) F4) 45 B4 B 1) 2243/ Watters X-Bridge Cig#1 Thermo
Cig 2 IR ELTERE 11122 5/

A LAAFRT O B RV 06T 457 0 152 4 FRD €8 93 Ui i3 47
SEAL, 8 FAFI 4y R AH X OR BE {E AN AE Waters
X-Bridge Cig Al Thermo Cig 2 tR (it it b2 745/,
FEHAMRR B SRR, (A SRR Ak
ARG B2 1 3 MR 73 (1) RSD fE /T 3%, Al
REHAD 5 MFMEL /1) RSD {HIW A, K%
SENLFX R BB RIS TS I8 Rl i) Z Ji i
3 PR AT AT AT EAEUE R E AL, NS 51 5
PR 73 78 AR 22, X AT e 5 H A e 2
() () A0 1k B A S M O P 22 e O o ORI i

U 7 vk Hid T R AT o A A ABL ) 1 A B
A& T A7 5 2 B M ST AU I B0

% S8 R P A A TE 92 V0 45 00 e 4 847 5
BLo TEPI SRR IEIRA, 2 A WL v G,
H AN BRI SR E , DA G E 9 ity (19 1 2 1
U A T4 B HH (W BB R AR IR OR 22 SIBR R BT
Pz 7 AR B I ) s A (A B2 R EAT T R T
RINEAF I R A BESAE 5 SE{E RSD ¥ KT 5%,
27 DABE B8 00 (A i AR B kAT AR IE, B
ANEHE SN, HAhEEE RSD {H/NT 5%, EALRL
BT, MOk UM R AR R 2 AN A S R
Xof FAMRE I A 7 AT R A7
2.9 QAMS ESHMMEFHALERMLE

I3 ARG B I 23 He A IR 10 pl, TEA
o R B SO 5, SR A R I THAR 43 il
K H AR e 427 . MPC-QAMS 7. SC-QAMS ¥
FAMRIERT 8 FARFM B 7 AT 2 B E /3 hr . 45
R GRS B, @EARTETEENE R
Z AR R EENZ S, H QAMS LM T4+
PR AR E T R VETE R I . G fE . A,
HAT I AR 3

x4 IMEATEAGEEEMNELER
Table 4 Determination of nine ingredients by different methods

o = HE Rt S

s frfelisk:  MPC-QAMST:  SCQAMSH: AMah  RSD  fEMi%i:  MPC-QAMSH:  SC-QAMSH: MR RSD  fREMZE MPCQAMSH:  SC-QAMSH: M RSD
S 045 0469 0460 0455 146 6613 6781 663 65T 170 0809 0842 0838 084 1%
2 0434 M5 0 1 571 5857 578 565 161 07® 0825 08 087 1R
B 0465 0480 0410 0466 10 7846 8028 T T 16T 0T 0745 0 0w
S 041 0475 0465 0461 14 6593 7058 6902 679 166 0988 100 05 18 15
S5 046 0460 051 04T 1M 7557 7% 563 746 167 06% 0713 079 015 0
S 094 094 095 0916 128 9417 963 Wl 938 16T 2% 218 PAVKIA v/ S Vil
ST 08% 0,854 08% 089 19 10150 10366 0137 % 167 16% 1663 1655 1667 091
0%l 0982 09%2 083 18 103 10586 1032 0160 167 1259 1200 1% 1% 13
9038 0,356 039 036 188 10261 10487 1025 10060 10 0588 0622 0619 068 270
S0 0293 0306 029 0% 1 7962 8.164 TR 88 18 12 1256 1249 1% 18
S 0142 0151 048 018 239 3790 3875 3 31K 04 0522 050 058 285
S 0162 0172 0168 0187 2% 0677 0751 034 00 4% 0%l 0503 050 054 o7
S13 0185 0.195 019 0189 2l 5721 5859 5709 560 15T 0497 0527 055 050 29
S 2569 2603 250 281 5980 6115 590 5887 15T 1997 2019 2000 200 o7t
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IS VHRRT A, 23 A S 9 o R L 1Y
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