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Correlation analysis and experimental verification between chemical components
of Aurantii Fructus Immaturus and treatment of functional dyspepsia
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Abstract: Objective To study the pharmacodynamic basis of Zhishi (Aurantii Fructus Immaturus) in the treatment of functional
dyspepsia (FD). Methods UPLC-Q-TOF-MS/MS technology was used to analyze the common components of 10 batches of Aurantii
Fructus Immaturus. FD model of rats was established by irregular feeding and tail pinching stimulation, small intestine carbon end
advance rate, gastric emptying rate and levels of motilin and gastrin in serum were used as pharmacodynamic indexes, grey correlation
analysis method and Pearson bivariate correlation analysis were used to establish the correlation between the peak area of common
peak in chromatogram and pharmacodynamic index. Pharmacodynamic substances of Aurantii Fructus Immaturus in the treatment of
FD were screened out, and efficacy was verified by zebrafish intestinal motility model. Results A total of 35 common components
were identified in 10 batches of Aurantii Fructus Immaturus decoction. Synephrine, malmin, obacunone, N-methyltyramine, eriocitrin,
naringin, hesperidin and neohesperidin eight components were screened out as potential pharmacodynamic substances of Aurantii
Fructus Immaturus in the treatment of FD through grey correlation and Pearson bivariate correlation analysis. Eriocitrin, naringin,
hesperidin, neohesperidin and synephrine with strong efficacy correlation, easy to obtain and measurable were selected for experimental
verification, above five components significantly promoted zebrafish intestines peristalsis (P < 0.01). Conclusion Eriocitrin,
naringin, hesperidin, neohesperidin and synephrine are the pharmacodynamic substances of Aurantii Fructus Immaturus in the
treatment of FD.
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Table 1 Information of Aurantii Fructus Immaturus

#5 Kk 77
S1 AL 2 b 253 L ki AN}
S2 TLPURER h 2541 Ll Tl AN
S3 TLPaAR 2544 L kT 3 AN
S4 AL 2 [ 254 Ll ke
S5 b2 [ 254 Ll ke
S6 AL E 258 kT ik}
S7 AL E 258 Lk i ik}
S8 AL E 258 Lk T ik}
S9 b2 [ 254 Ll ke
S10 bR P2 ki pAN]

1.3 Zm5iHE

SRS Gib'S DSTDY009902). SEHH
(it DST211225-014). FER#F (k5 DST211108-
038). ¥tEZH (Jit'S DSTDX003901). F#hbk (it
5 DSTCP110727) ¥ H RE:—TRHEE IR AR, i
B =98%; (Ol FEE, 250 EEER e AT, 2
TR B R RLIG; SURENESHR (i 16031609) 14
H G RIEZ R =R 2R B IR AR 23
(k5 LII2K49) T8 H 5 mfx il 2 AR A F]; JeP 4L
(5 S19279) FRERIEIR T % (k5 S26615) MWH
RIEHEYIBHABR AR —FRE dits C1259391)
W B R R AE IR A PR AR B iE ELISA i
#& (5 DRE20863) F1H5hZ ELISA 716 Git
5 DRE10129) WH FigHA2E VR R AR
1.4 X5

HEROR A g (UPLC, 25 [E Waters 23 7))
AB Sceix Triple TOF™ 5600 2 1% (3 E N4
MAEBAFD; FEBIRTHRG (gAY
WRAMRAT); DMI3Z000B B 7%¢ % & (4
Leica ~7]); 680 MEgFR{Y (3£ [H Bio-Rad AH] ).
2 ik
2.1 AREHURARSLKBIRECZER S 947
211 BEHASRER BRI OREEPREL 10 HEARSEZ
M#MARE 0.5¢ GF 60 Hif), AR, N
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AN 10 f5 20K, BISRE 2 Ik, &K 1he &I
2 IR, W4, EARRE 25mL, £ 0.22 um FSLIE
8755 W e P Wb o

2.1.2  WRREVAER RIS R IREE AR, SRR
UCHE AR 8 R RB RS Ry 0 B % 1.0 mg,
Sy IR EEAE A, T SmL EE A, il 0.2
mg/mL R0 RE AR

2.1.3 f{0if %M Acquity UPLC HSS T3 i 4
(100mmX2.1 mm, 1.8um), WM K (A) -2
& (B, BAEVEM: 0~13 min, 90%~62%A; 13~
26min, 62%~10%A; 26~28min, 10%~90%A.
FEIR 35 °C #EREAEAR 0.5 pl; AR Vi & 0.2 mL/min;
K K 274 nme.

2,14 JUESKM ESI &1 IEE PR
fifEREE 15 eV; TIRSIEE 320 C; HFRE 8
L/min; FAb2%$IE /7 241.325 kPa; 4% HLJE 3500
Vi B8AURFE 350 Cs AR E 11 L/mine %X
PR KA PR a A, HHEHE mz 100~
3000, SRFEEEN 1 spectrals.

2.2 AEHRIRSEST FD BOETT1ER

221 SEFEWMSIE B 10 HUARSEZ M, %
“2.1.17 BUR 77 iM%, BOEEIRE, MKV iR R
BN 0.103 g/mL (FVEWR, .

222 Al ERSSZ KRGERPERESE 1,

BENL N 13 2, 4920 8 W, il Xt idal, il
4 23T (1.03 mg/kg, 22 7% S F 0TS ok K
FH A= F 25 K BE 1 A 0.103 mg/mL V) 2L A 10
ALK IRLSE (2.06 g/kg, AH24TIRARTIE R 2 £5)
Ho BRXTHRAAAL, HAR & 2H R F AN R MR A S
S ST K R FD A0, KRR IE# 0K, BE H
2, BRAKEREORRRETZEm 1/3 4,
% 0.5h, B3R AIE 1K, 4 %0/d, ES14d. &
ML G, A IR IR EFIYOK, 4524 ig A
25y (10 mL/kg), XFHEZHFIRELRA ig SRR

BEEK, 1 0d, ESE 14 d.

223 AT HFMEE XSRS RE T KR EY
AR, KIEANE. KE. HE. BR. #E
AT MEEFIVEAL o

224 BFHERFNGIORHESZRNE R
AYERINVE T 250 mL 281K, SRJE AN 10 g
TER 8 g Bl 8 g VEMIAN 2 g WEMERIN A, M5
P, HIE 300 mL IBRAK], T4 CIRfF. %4HK
FRAEE 24 h, ig BRI (10 mL/kg), 30 min J& bk

W, REHRERECML, BiFIAbsE. FTHFRERE, 45908 0t
IR, BUE, BT, EBSRE, RE5
Bk, BeENBEVEEHT, WoEdmE: FE, &
N, s AR, MR 2 R E
AR KB R ORATVR IR S . THAE B HEE R AN
Wt AR 2R

BT R =[ig iARM i E— (B aiE— B i)
BRA M BT i

N R HE i3 28 = B R HEE IR 59/ /Mg A i
225 MiEHEZIER. BHWRANE S4RRMFE
F= I8 FEE 20 min, 3000 r/min 25 20 min, %
B, FA TR i W AR e iy B R A W
=K
2.3 EWHEXM S
230 KEOKRERESHT KERBE & —F
Z RGN T, R E GG R S AR
BT RENAEL, il NacR iR . FHES
R, BEERMBWE 4 MRIAENEET S, 1
5210 ftbik 35 ML URETARE N TR H, THRER
BB ().
2.3.2  Pearson XUEEAHFTANEHT LA 10 HEAHSE 35
AN IEIETEAY B &, 4 MARERIR AL &,
T Ik R R AR R B A O A R 2 R
Pearson #H2% R,
2.4 MSBERS WD & BB ER
2.4.1 FRINSZKRFEME  BENLIEEL 180 EZAG 5
6d (6 day post fertilization, 6dpf) B JEfG T
6 fLikH, 5L 30 2, HlA 3 mL JiEKEN
125, 250, 500, 1000 2000 pg/mL 1254 (FEE K
B SFIRAR. RECHE . RBRH . B RHED, RN
B RS2, FE 24 h J5, WEIFHLR
PEL AT L, W E & A B I B KTt
TS o
2.4.2 PR B IGE AR R A e Y PR
£ S dpf RILH B AR B THEENLARAE, FIEIME
PEE R, 140 B 5 dpf FIEFAER AB 305
#HET 6 fLih, 4L 20 B, WEXIEA., A
2H . 223 L (30 pg/mL) 4H . EFRF (250 pg/mL)
M. M EH (250 pg/mL) 4H. B (250 pg/mL)
2H TR R (250 pg/mL) ZHAN=F FAK (250 pg/mL)
Ho FHMA 3mL B4 (10 pg/mL), fEH 16h
JETEYE 3 . BRATHRASL, HARJHS T 3 mL 3
FRIEIR T % (20 pg/mL) AR, i FRALH IRAR RS 97
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20, SHIRARIBRALL TS UBIEIGHTOK, T 1 | |
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BRI 10 RS EFoeRme | W s
HETE, SRERDEEENEY JRBD % | U . s
HeatE (8D, H Image ] FG B BAFIITS T, 11 "“ | ! i g 54
HIGERE (. WSV | VRN WY SN
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28 BOTE 1234567 89101112131415161718192021222324352627
SiRLIX £sFoR. PraEdE i@ 1BM SPSS min

Statistics 21.0 FAFHAT 404, ZHEALH R ELECR H

BN R TT 2504 (One-way ANOVA) £l LSD £

EeE T

3 4R
3.1 1‘13'\;1'“;7}(?7?;’15##&1%[3’\]@& 123456 7891011 1213/14.1516171819 2021222324 252627
FHESE PR 10 fEAR S K B LG = 1, rmn

E1 10#ASEKRRES FEXTH BPCEME (A) 0
W& (base peak chromatograms, BPC) #1TE /1 (K Bl B i T (A)

e N 5 R YT .
1-A), Jthrid 35 LA (B 1-B). JBILH LR Fig. 1 BPC superposition diagram (A) and common peak
BN IE], BT —2%. RIS B IR 4SS A AR ISR (B) of 10 batches of Aurantii Fructus Immaturus decoction in
i, XPHEUER AT TS, g5 R IR 2. positive ion mode

®2 10 HASTHBIER S 247

Table 2 Analysis of common peaks in 10 batches of Aurantii Fructus Immaturus

o wRORE m/z e
5 min <00 BT Tanm s HTRAT (miz) s fetm

1 155 126 [M-+H]* 152.1070 152.106 8 121.064 9, 103.055 1,91.056 0, CoHi3NO  N-H £ g i1
77.040 7, 65.042 1, 51.028 3

2 1347 1.67 [M-+H]* 163.0390 163.0387 119.049 8,107.049 6,91.055 4, CoHeOs  <IAE ARSI
77.040 7, 65.041 8, 51.027 4

3 148 123 [M-+H]" 168.1019 168.101 7 150.091 5, 107.050 9, 91.055 6, CoH13NO2  #f #kl12-13]
77.040 7, 65.042 0

4 491 216 [M~+H]" 179.0339 179.033 5 161.022 8, 155.033 5, 137.022 9,CoHsOs  5,7- _F1HF G R3]
133.028 1, 123.043 6, 111.043 7

5 1432-0.57 [M-+H]" 203.0339 203.0340 175.038 4, 159.043 5, 147.043 6,C11HeOs  {EMIFFEH2
131.048 8, 119.048 7

6 948 0.14 [M-+H]" 261.1121 261.112 1 243.100 4, 159.043 6, 103.054 5 CisH1604 5 )2 Py 12

7 8.05 129 [M-+H]" 273.0757 273.0754 153.017 3, 91.055 1 CisHi20s i K13

8 10.15-0.70 [M-+H]" 287.0914 287.0916 153.017 2, 133.064 9 CicH1s0s B P ZI4)

9 7.35-0.82 [M-+H]" 289.0707 289.0709 153.017 8 CisHi2Os  EHLHI4

10 8.55-0.94 [M-+H]" 303.0863 303.0866 153.0170, 117.033 7 CisH1406 R 2EFL K4

11 12.68—0.94 [M-+H]" 303.0863 303.0866 153.0172,89.039 5 CisH140s 15 FZ K13

12 13.40-0.68 [M-+H]" 315.1510 315.1593 163.038 1, 107.049 7 CioH2204 IR 7y )
13 9.73-1.08 [M-+H]" 279.1227 279.123 0 261.112 8, 243.100 4, 189.054 3, C1sHisOs  7K& 5 fz Py fig04)

103.054 7
14 1332 0.15 [M-+H]* 333.1697 333.169 6 163.038 3, 107.085 8 CioH240s5  Ey /R (112

15 1575-025 [M-+H]" 343.1176 343.117 7 328.091 5, 313.067 8, 153.016 8 C19H1s0s 4',5,7,8- 11U FF 48 Jk i (14)
16 18.42-025 [M-+H]" 343.1176 343.1177 313.067 8,285.073 4, 153.017 1 C19H1s06 3',4',7,8-U FF 42 Jik s i 14]
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gk2
it n’fl; (X‘ﬁfﬁ) HFHR mz T BT (mi2) AT e
17 1335 021 [M-+H]" 373.1282 373.128 1 358.102 3, 181.012 1, 153.017 3 CaoH2007 i H5 BRI
18 15.68 021 [M-+H]" 373.1282 373.128 1 343.077 7,211.021 7, 135.043 2 C20H2007 il #& HFR2
19 20.08 021 [M-+H]" 373.1282 373.128 1 343.076 8, 313.069 4, 153.017 3 Ca0H2007 #7i Jz & [12]
20 21.80-0.02 [M-+H]" 389.123 1 389.123 1 374.099 5, 313.069 8 Ca0H200s  5-O-2 F 3L 1| 5 iz 22 014)
21 1822 0.61 [M-+H]" 403.1387 403.1385 373.087 2, 165.050 3 CnH20s  JIBRE R
22 20.25-0.58 [M-+H]" 419.1337 419.133 9 404.109 0, 389.084 7, 371.075 1,C21H»00  3-$53£-3'4',5,6,7,8-75 H A FL %
211.0229 Fi 2]
23 1942 048 [M-+H]" 433.1493 433.149 1 418.123 5, 165.053 5 CoH4O9  3',43.5,6,7,8-1 I 48 Fk i 112
24 848 0.17 [M-+H]" 435.1286 435.128 5 273.073 3, 153.016 9 C21H22010 #EREE T4
25 1933 0.07 [M-+H]" 4552064 455.2064 409.200 2, 161.059 4 Ca6H3007  FEAAERI3
26 1722 0.73 [M-+H]* 471.2013 471.201 0 425.193 5,339.194 1, 161.059 2, C26H300s ¥ (12
95.014 0
27 4.08 0.04 [M-+H]" 487.1446 487.144 6 341.084 8, 179.032 9 C21H26013 REEA )
28 19.15 1.87 [M-+H]" 515.2276 515.226 6 469.218 0,411.214 6, 161.058 5, C2sH3400 T KAK12]
95.013 0
29 7.88 1.00 [M-+H]" 581.1865 581.1859 419.131 8,273.073 6, 153.017 3 Co7H32014 2= F Al 2 H 14
30 842 1.00 [M+H]" 581.1865 581.1859 383.110 6,273.072 8, 153.017 2 Co7H32014 Al iz 7 012-13)
31 5.51-0.76 [M-+H]" 595.1657 595.1662 577.1515,457.108 7, 295.060 3 C27H30015 245 F 4]
32 10.00 0.05 [M-+H]" 5952021 595.202 1 433.147 8,287.090 0, 153.017 9 CasH34014 7 M HEFF12
33 7.08 0.16 [M-+H]" 597.1814 597.1813 435.127 8,289.070 3, 153.019 0 C27H32015 B E112-13]
34 828 1.55 [M-+H]" 611.1970 611.196 1 449.143 2,303.084 2, 153.017 4 CasH34O1s & iz F*112-13]
35 8.82 1.55 [M-+H]" 611.1970 611.196 1 449.142 4,303.083 6, 153.017 2 CasH34015 F#8 fz F*012-13]
* 0 LR A

* compounds compared to standard

3.2 #HsE%t FD RIS
320 AT NS IR RAOK. R
FBOE. FBELHEAN, BRES R, R
. BA K RYOKE MR EZRERLD, KE
B, FEH, MBI R, Rk,
BB, R N, SHEA4MEL, 472
AL EAFA GRS RS, KRRJOKE. e
EORWIE I, BEEWE DGR, FEE TR, SR,
PSR, RS T IER KT,
322 Bhshh KiEdisdesie  wE 2 fr
N, SRR, BIRAURR B R N
KA Z R G BAER . B EAKTFE B E K
(P<0.01); SRR AL, B4A 2520 KR B HE S %
NRRCRHERE 2 SIS B ZhE . Bl R K T
FThE (P<0.01), H. 10 #tAR Sz a3 2 5.
3.3 IR ST

B KB ICEE YRR Pearson XS & AH 0T
T 35 AN IR 25 BPr I, K
KRB RMERK, RIS RR I8 52530
FERR ORI K . 5 2R IR K £ QIR FE AR

Bl 3-A s, AR RBRBEME KT 0.7 3T,
ik 10 NS ERARAH SRRy, AHOGE
FEFEMRIR UG 1> 16 3> U 14> 3416 17> 2>
g 30>Ug 33> 25>1% 35, W52 R0FR PR
Pearson FHC REUEUNE 3-B AR, IRYEFIIERT 0.6
it 5 4 N2RARR R IEACI S, AR
RN 3> 16 14> 16 33> 16 35> U 34> 30> %
25> 1o LEA N 2 MOTIERTRISE 30K (3D, 5
JREY (U 14D, BEAAER (0 25). N-FRIERSHZ (& 1),
SR (I 33), Rl (08 30). BB (U4 34D,
Bk R (g 35) 8 Mg HARSIATT FD RIMERR
Bho ZEASCHRIRIE JAHDCHESE R, PR IR S
GiA3 AT E . Ml R RS R BT R
IR 5 AT BE S £ I AR S B A SR IE
34 MBS IR KTZTENE

WK 4 fiow, BHEKE. SEIRMR. MR, B
SRR E 5 AN AR FE 125~500 pg/mL
JREWRE TN, BESMIEAT.. 1000, 2000 pg/mL Ji
HIRE T EAFRRERIT, FATH 5 M5
Aot B #81 ) f KT 52 771 B2 500 pg/mLs
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XA #P<0.01; SERALE: ~P<0.01
#P <0.01 vs control group; “"P < 0.01 vs model group
B2 ML FD KRBHZEE., NpRREHERMELEHNR. BMRKFNFME (X+s,n=8)
Fig. 2 Effect of Aurantii Fructus Immaturus on gastric emptying rate, small intestine carbon end advance rate and motilin,

gastrin levels in serum of FD rats (X £ s, n=38)

A KRR B FHIR RAL
354 1.000 35 7T 1.000
34 34+
33 334
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314 31+
30 30
29 29+
56 0.875 56 0.500
25 25+
24+ 24+
23+ 23+
22+ 22+
211 214
20 20
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18— - 0.750 18 - 0
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16 16—
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8 8
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61 o
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44 e
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i3 i
T T T — T —X0.500 1 T T T T T —— —1.000
- 5 W @ o= R S SN S
& £ R B Eay H = ® = 7
= & il BT # s & i il el
BT N $K HI R K
7 m <z, jueng
< = N =

B3 MEHBEEBRSHIIERRKEXIKE (A) F Pearson WEEHEXME B) 747
Fig. 3 Grey correlation (A) and Pearson bivariate correlation (B) analysis between common peaks of Aurantii Fructus

Immaturus and pharmacodynamic indexes
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T2 /%

4 BEFFE-FRTERE

Fig. 4 Monomeric dose-mortality rate

3.5 RSLHBER S S &SRR EE R

Wikl 5 3 3 fs, HxTIA LR, BB B
I fa Jig i N SO B B 5R (P<0.01); 5
PRI LA, 2R 25 A B 1 £ il P 5% e P
R (P<<0.01), i BT 1 £ i T s S g 2k
RURMRAR 38 B i 7 > i iz > 3% Bhbk > 6 e 4 >
IR
4 g

HERSINHN FD J& T “HE0 7 «“ B e ” “ Bl
EuWs, FESBEENY. SMVRE. REFTh.
B RSN EA R, IGR ERESHERE, DU
RN . BRI, B BRI,
BRI, AT EIGRIGST FD W22
—, DB AR 7 WAR S s U7, AR

E5 HERDEFEATYRRAEEHMBRIEE (X4

Fig. 5 Fluorescence microscopic imaging of intestinal contents of zebrafish in each group (x 4)

*® 3 MEBEESNBEDEBIRNNEHAER (X5,
n=10)
Table 3
Aurantii Fructus Immaturus on intestinal peristalsis of

zebrafish (X s, n=10)
AR, S MIE N EY)

Promoting effect of monomer components of

B B o= S H- 27
2H 53] (ug-mL ™) S J¥ i ZNAR 335 22 /%

o HE — 541.794+214.12 100.00
T — 1 376.86+354.85% 0

EAT VAL 30 741.65+£280.05"* 76.07
EELUCH 250 881.96+250.37" 59.26
R 250 761.88+338.53" 73.64
7 7 250 827.62+£202.39* 65.77
B R 250 758.31+173.04" 74.07
F gk 250 774.27+283.44" 72.16

x4 . #P<0.01; SHM4HE: *P<0.01
#pP<0.01 vs control group; **P < 0.01 vs model group
Fov BAARFL. PUEUSISEEYT FD HEUS T R AT
5, AR LR 5T SRt 1 AN BT
AR E 56K UPLC-Q-TOF-MS/MS Fi AN}
10 HEAR S IR B EAT 0 AT, 0 i B EA T B sk
1FILAUE, BN T 35 AN ILAIE, di R B A DL &

SCHRAE BXT LA R AT AT e . HOR, R
AN AN e R R E & R 3R i 57 FD K RS
AL, ik WEE R BRAT A2 LA ARSI R BR B HE S %6
N KB B R BRI,
RICARI FD KBz o), ik — s F Ak 2=t
BAE TR AR S BE 5 2 A ORI N TR
R, ABTRHAGBYRIEEAR, BEHEN 5 254
FHOC B AT FF200 o K€ DRI BE 43 AT RE A AR 47l 15031
5 2 A B AR R, (BN BERE B R H
IEASCEE AR, 1T Pearson XS & AHKME ST
AT DA% H 5 25 3R IR A ORI Ry AR FE 2 Fof
TTEMSE G, YPGBk SR, A
N-FOEP G SRR . M BB Bk R
H5ISEYT FD MCBeIE R W RI, 3
NI E == N e R A IRe e e =
S iR S iR ah s B R E RSt B B = 1
BB BN B HEE AN R e 3, Rt B
B3, MIMEEE FD REARE2; Wb je e HA B (1)
PUEAAER, DA B RS, SRS &,
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HAT BB B IR AR, B S pH 1H, 12
piid = 07T WALl Y NN D57 = B 1Y [ A S R
e B i s o b, AT a2 JIR R A R K BRI | s
B4 KASE Y LRSS A DI AN B 2 25
i, FEASER R, 5% ~28%, Nt
A B0 32 B 425200 AR L RO T
FEIEZ RS2, b Akt B (R i3k B i i
SRR R, AHTE 7838 I 1S RO S M I i e 1 8 A
W, BIREUR 53R, N-H RS AR s
BEEAK, FAIERS 25 R bR A ARG . PRt
M8 ANy IR S 2 R . SR AT
SERLRE . MR RERCE . WS R AN B AR S
ANERAT HEAT B L £ i TE IR S A AL R I, 45 SR
5 AN RRE A IE RS, NARSNRYIT FD M
R

AT UPLC-Q-TOF-MS/MS HiA, FH
FD K B 2 R B L £ Jigy 1 i 2 55 284 el B T ARSI
J7 FD MIZ58I, 0 H VB 24 300 o skt
PRSI  RO Rt R B A PR T B
MZE M E .
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