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Abstract: Objective To explore the compatibility law of Zhishi (Aurantii Fructus Immaturus, AF1)-Baizhu (Atractylodis Macrocephalae
Rhizoma, AMR) herb pair from the perspective of quality transfer. Methods In the current study, a determination method of 18 main
active components in the couplet medicines of AFI-AMR such as synephrine, naringin, narirutin, hesperidin, neohesperidin, sinensetin,
isosinensetin, luteolin, hesperidin, citrin, luteolin, atractylenolide I, atractylenolide II, atractylenolide III, chlorogenic acid,
neochlorogenic acid, cryptchlorogenic acid and naringenin was developed by ultra-high performance liquid chromatography-triple

quadrupole mass spectrometry (UPLC-QqQ-MS/MS). The quality of 14 batches of AFI and AMR decoction pieces from different
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sources was evaluated by chemometrics methods such as principal component analysis. The binding energies of the 18 kinds of main
active components in AFI-AMR couplet medicines with 5-hydroxytryptamine 4 receptor (5-HT4R) and aquaporin 4 receptor (AQP4R)
were investigated by molecular docking technology to evaluate their effects on intestinal peristalsis and water metabolism. Then, the
transfer rate of 18 components in Zhizhu Pills (2R 1), Zhizhu Powder ({2 R #§), Zhizhu Decoction (2 /4i%) and AMR processed
with AFI was analyzed. On this basis, the compatibility principles of AFI-AMR couplet medicines was comprehensively explored.
Results The method for simultaneous determination of 18 components established in this study was feasible. The quality of AFI and
AMR decoction pieces from different habitats and sources is quite different. PCA showed that the cumulative variance contribution
rates of three principal components of AFI and two principal components of AMR were 85.37% and 66.51% respectively. The
comprehensive evaluation showed that the quality of Z10 AFI decoction pieces and S4 AMR decoction pieces was better. Furthermore,
the docking ability of narirutin, hesperidin and luteolin with 5-HT4R was strong (binding energy < —41.840 kJ/mol). The docking
ability of hesperidin, narirutin and naringin with AQP4R was strong (binding energy < —35.564 kJ/mol). The transfer rate of 18 active
components in Zhizhu Pills, Zhizhu Powder, Zhizhu Decoction and AMR processed with AFI was 5.80%—159.24%, 39.02%—
137.61%, 7.10%—463.07% and 4.18%—429.07%, respectively. Conclusion Based on the concept of quality transfer, this study
explored the compatibility law of the “AFI-AMR” couplet medicines. The relevant data provides a theoretical basis for the rational
application of its clinical prescriptions and preparations.

Key words: Aurantii Fructus Immaturus; Atractylodis Macrocephalae Rhizoma; herb pair; compatibility law; quality transfer;
molecular docking; UPLC-QqQ-MS/MS; synephrine; naringin; rutin naringin; hesperidin; neohesperidin; sinensetin; isoorange
flavone; luteolin; hesperidin; citrinin; luteolin; atractylolactone I; atractylolactone II; atractylolactone III; chlorogenic acid;
neochlorogenic acid; cryptchlorogenic acid; naringin; principal component analysis; 5-hydroxytryptamine 4 receptor; aquaporin 4

receptor; binding energy; transfer rate; Zhishu Pills; Zhishu Powder; Zhizhu Decoction
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GEK, B 0.5h, JEIE, &I 2 IE, HfS.
2.1.6 AR HA GESEE) 1N, FHHFE
PR, BRSO 50 g, AR 50,
WERK GBS0, A, BifS.

2.1.7  ARSEH ORI BUAE AR 100 g, MAA
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Fig.1 Typical chromatograms of reference substance (A) and AFI-AMR drug pair test sample (B)

K Y=7187.79 X+11702.7, r=0.999 1, ZitiEiH
2.27~61.46 ng/mL; 1§ 1 & Y=742.331 X+6914.23,
r=0.999 6, Z&IEVEHE 0.41~75.00 pg/mL; FHAN
fig I Y=4 240.26 X+12 663.0, r=0.999 7, £
7.96~22.90 pg/mL; HANEE 1 Y=4363.47 X+
19983.8,7=0.999 3, Z& 147t [l 0.465~21.280 pg/mL;
AR PTG T Y=11 443.0 X+23 971.0, r=0.999 9,
LR TMEVEE] 19.96~70.03 pg/mL; 4EJEER Y=265.851
X—22.260 6, r=0.999 9, Z&MHIEH 0.33~40.49
pug/mL; FetJRER Y=6 090.97 X+180.051, r=
0.9998, Z&PEEH 0.04~0.34 ng/mL; FEEEERR Y=

718.046 X+476.755, r=0.999 0, &1 0.08~
0.42 pg/mL. PMEEEEL (SIND A 3 F10 0 501EA
For il PRAN e B PR, S5 A R 43 A 0.141 0.12.
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0.70. 1.57. 1.30. 0.30 ng/mL.
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24 h N E M RIF.
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B >TLPE > 220> DO )1 s, AR R RO R 5
RAIE 72, 73, Z5~Z11 kP& ER ., 20H%
B> 915 > VLG > DY N ks, L 2 A L s
BN BTN AR, Z3. Z5. Z6. Z11 iR &
B, BV P AT A P i AR SRR TR U

R A T AR AR E P, A B IR
FAR AW 0.1 mL BAHIR QC #i, %I
“2.2.37 F “2.2.47 T S AT RS S AFEAT 20 bl
5E, K QC BRSNS 14 U A A 12 Fhid
YT FAILFE SN SIMCA 14.1 BAEHEAT T80
43 #7 (principal component analysis, PCA), 2541
Bl 2. 2050, 14 HRSLR AT 3 28, K
o, DU s R —2, . Wima A —3,
T A1 3% B 7= b [ O T B AR AE — 58 22 5%
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Table 3 Determination results of main active components in AFI decoction pieces

Jii & B/ (mg-g ™)

Ff it

MhECH BERE W SEMEE BRI R MR ARER RREYE MR K

Z1 0.5350 1.0557 0.1159 25750 0.0041 02480 0.0807 0.1663 0.0005 0.0002 0.1301 5.2227
Z2 17131 1.0075 4.2346 24790 04282 0.0180 0.0245 02735 0.5475 0.0004 1.4233 0.2360
Z3 5.6247 1.1633 53285 34540 03918 0.1657 0.0687 0.8343 0.4697  0.0012 1.0363 3.0250
Z4 3.6230 1.1077 3.6728 1.8957 03950 0.1367 0.0543 0.5157 0.0227 0.0007 0.4579 2.4577
Z5 53867 11733 5.3886 31897 03632 0.1237 0.0440 0.7467 03677 0.0009 0.7783 3.1777
Z6 3.1890 1.0437 1.6407 19660 0.0050 04627 0.0447 0.1057 03420 0.0004 0.2955 2.1077
Z7 8.5849 0.7833 2.5527 2.0073 0.0049 0.0440 0.0003 0.0800 0.1143  0.0005 1.0911 0.206 7
Z8 6.6589 1.1850 5.0431 38017 0599 0.1033 0.0283 0.6860 0.5537 0.0017 19124 2.5080
Z9 50167 12313 58129 19633 0.7555 0.0457 0.0353 0.2520 0.2553 0.0003 0.8173 3.2000
Z10 5.7181 09213 4.6260 32500 03543 0.0947 0.0337 0.6604 0.2433  0.0004 13434 2.0110
Z11 5.5760 1.0493 3.8011 3776 7 0.1331 0.1657 0.0463 0.8643 0.4593 0.0017 0.8732 2.8033
Z12 0.3568 1.0817 0.2867 32460 0.0347 0.6583 02003 02737 0.0009 0.0006 0.4657 4.6553
Z13 0.0409 09173 0.0433 23601 0.1279 04053 0.1227 02187 0.0010 0.0014 0.2332 4.0913
Z14 04128 09180 0.2814 1.5447 0.0138 04930 0.0450 0.1283 0.0008 0.0013 0.0045 3.6506

A W il 3 AERS RSB FARFEHE AT 1,
AR 3 A ORI SADR B, BT 3 A E RS

0] i iR B AT VRSO (A S

= " izl IBM SPSS Statistics 26 #fEiH5 14 itk
I I R RS (KA 135, DA L3 L) 5 22 5
- WU RO SR 130, PR, 4R
sl W 4. HF4TTH, Z8. Z10. Z3 HLIRAIFAELIR
T REEAF AT 3, RSN R BT e

t[1]
R*{1]1=0.580 R%4{2]=0.311 Ellipse: Hotelling’s T2 (95%)

B2 #MEEMS PCAE
Fig.2 PCA of AFI principal components
[FF, K iR %dE S\ IBM SPSS Statistics 26
WA, I8 F R 15 R 2 F R RHIEE
KF 1V FERINECN 3, 5B 1. 20 3 ERDTT
ZETERE BN 54.01%- 20.13%- 11.23%, HEMH
T ZETTHRE N 85.37%. [FIRY, WA (E3) ]

o 3 6 9 1
ENE Vi
3 BEERSHEAE
Fig.3 Scree plot of AFI principal components

x4 HAILEWNES . GEBOIRHEF

Table 4 Principal component score, composite score and

ranking of AFI

\ ERCZ) Zafn ki

i
F i) Fs F HiF

Z1 -3.03 0.64 —-0.10 -1.78 12
Z2 1.37 -1.63 —0.40 0.43 6
73 2.26 1.47 —0.06 1.77 3
Z4 —-0.31 —-0.49 —1.46 —0.50 8
z5 1.81 0.99 —-0.52 1.31 5
Z6 —-1.83 -0.91 —0.04 -1.38 10
77 0.08 -3.78 1.08 —-0.70 9
78 3.68 0.94 —0.08 2.54 1
79 1.34 —-0.25 -2.77 0.43

710 291 —-0.13 1.92 2.06

Z11 1.84 1.04 1.40 1.59 4
712 —3.47 2.60 0.57 —-1.51 11
713 —3.24 0.41 0.35 -1.91 13
714 -3.41 -0.91 0.10 —2.36 14
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YN Z8+ 210+ Z3, BPYLVERISI R = b, 258 oAt
KR HLE, RS 10 HASEIKA (Z10) 1ER
J5 IS5 SR
232 HAARWA Al 14 AR, R
“2.2.27 WUR Tk Hl s AR d IR, $2IE “2.2.37 A
“2.2.47 TR (o BE AN 5T 2% R0 E el B L 2 A A
T SIS TR & 8, AR IR 5. ik
5 LA AFERIEE AR H 6 FiE s 1S &
FAEME 2R . o, BARNEREERENE AR
MEI B E P Ty, HABRER & & T IRE
By, RN BRI AT AR AR BT o5 A
KIELE. FAARNESES EAE S1. S8, 89 fitixHt
e, BT RPN > 2B > bR
HEL IR W EESR BRE EPP O bR, T 4
Ji BB
x5 BRRFPEZEERSEENELER
Table 5 Determination results of main active components
in AMR decoction pieces
JFE S $(mgg ™)
B ARA ARN ARA SR ek Rk
Bl BEI BRI ERE R
S1  0.1568 0.5279 0.3150 0.0594 0.0278 0.0032
S2  0.2652 04164 0.2846 0.1655 0.0229 0.0019
S3 02760 03708 0.3841 0.1543 0.0076 0.0016
S4  0.2457 03231 0.2838 0.2537 0.0361 0.0092
S5 0.1410 0.2370 0.4101 0.1739 0.0036 0.0017
S6 0.2502 0.3657 0.3967 0.0899 0.0183 0.0005
S7 03292 02711 0.2229 0.1214 0.0133 0.006 7
S8 0.2657 0.2879 0.5228 0.2766 0.0138 0.0010
S9 03635 04187 0.4424 0.1582 0.0098 0.001 6
S10 0.1823 0.3860 0.3423 0.1314 0.0072 0.0014
S11  0.2528 0.4177 0.1800 0.1416 0.0299 0.004 8
S12 0.2600 0.4589 0.2963 0.1196 0.0159 0.000 7
S13 0.1568 03981 0.3199 0.1350 0.0167 0.002 4
S14 0.3212 0.4230 0.2069 0.0969 0.0328 0.0008

Py P S B At A2 VR R B E R RSy 2 — o TR
FHERFE S SR R & =, 7E S1. S6. S14
LS ARG AR, PR T S BT > e >
LR o R IR FB 48 R TR 1) & &= 7E S4.S11
AR s, 7 T S T > AT E > e
B WA RIS R E R VPN bR e, WL =He
JR BT

B 14 AR 6 Fhim ik o i T A7
N SIMCA 14.1 43847 PCA, ZER I 4. HE 4

LD, 14 HEEARK AT o8 3 3K, Hdb oy —
K, ZRON—K, WLN—K, KRG HEA 2
Fk 25 . iE 1 IBM SPSS Statistics 26 %, T
F R B E NG FRIEER T 1 B E
BN 2, 55 1L 2 RS T ZE DT 0N
37.69%- 28.82%, H RITTETTHRE N 66.51%. [A
B, WEEAEE (S wl%n, 80 2 DR HREE
BOR HAFEE R T 1, 1 HAth 3 5o IR 2 A X ¢
AN, UL 2 AN F R E— B R BT DMRER AR
R T

.
1.5 1
A
[ ]
05 1 e A
_ ad Wi @
o
= * ® [ ]
—0.5 1 N W *
LR
*
71.5 4
2 a1 0 1 2
t[1]
R’4[1]1=0.486 R?y¢{2]=0.345 Ellipse: Hotelling’s T2 (95%)
E4 BARES PCAE
Fig. 4 PCA of AMR principal components
2.5
2.0
mm 1.5
&
i 1.0 7
0.5
0

EHS
Es5 BARERSHEAE

Fig.5 Scree plot of AMR principal components

iz Jf] IBM SPSS Statistics 26 #4114 14 itk
BRI E R399, LA FE R R 7 22 51
PR E RO R A0, P, 4%
W 6. HIF 6 Al%0, S4. S11. ST HLKAARURF
e 3, R B AR i B FIHR
9S4, S11. S7. ZAAEHAHREFE, mA&EME
4 AR (S4) 1E NG St 7T 5k .
24 EFEFEMRS S KBNS FIE

i id PubChem %4 FE RN 18 Fh E 25 L R 4>
CEIRAR, MR SE BB L B R S BT B
FHRE S . A . ARRBE . B ER . KR
KBEZR. AARNE . AARAEE . AARNE 1.
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Table 6 Principal component score, composite score and

x6 BAREMNBD. LABIRHF

ZRIFIR . B RIR . ek AlEZE) [ SDF 4%
{3, A Chem3D 14.0 FAFxF HoAk B 45/ HEAT

ranking of AMR RALIEFES 3D Lifi.mol2 f AL, REL
Gy [ grertas LAY AutoDock Tools 1.5.6 F AL J5 ORAFE N pdbqt 74 3X
Fi 2 il Hoy A%, iEiL PDB Chttps://www.rcsb.org) $4 7 £ 1)
. e I 3 o A 5 AT 1 A 6
s3 _1.047 0434 _1.481 1 BEEE S 5-BR L 4 524R (5-hydroxytryptamine 4
S4 0.890 3396 4.286 1 receptor, 5-HT4R) HIZKIBIE & 4 524& (aquaporin
S5 ~2.396 0.032 -2.365 14 4 receptor, AQP4R) 3D £ pdb k0t F
S6 —0.333 ~1.084 —1.418 F PyMOL 2.5 # A4 BrleAA fm 3t 47 257K Inass 4k
87 0.434 1.622 2.056 o R A3 R R A TE T A Auto
22 _52:; gjzg _izgi 1(3) Dock Tools 1.5.6 #AFiE47 pdbqt # \i%#k. &)5,
S10 —0.704 —0.989 -1.692 12 A AutoDock Vina AT Ir TSI, ABIL
S11 1.982 0.756 2.739 2 JXAT 18 TR SR S-HTAR Al AQPAR
12 0513 1191 0.678 3 3D HI4iaRe kAN LA S HEN, HieimELS S
S13 0.045 ~0.580 -0.535 7 MORHAT IR, VRIS R AR 7 MK 6. Horpr, &5
S14 1.951 —0.444 1.507 4 L /NT—20.92 kI/mol, i BHZ 40 580 25 2 A B
R7T 18THMS N5 5-HT4R. AQP4R KIS EE
Table 7 Binding energy of 18 components with S-HT4R and AQP4R
o £ B8 /(kJ-mol™) N 7488 /(kJ-mol™) PN ZE A BE/(kJ-mol™)
5-HT4R AQP4R 5-HT4R AQP4R 5-HT4R AQP4R
oelt e 1 -30.54 3556 | BEE -38.07 -31.38 FIR A BRI -33.89 -27.61
EEMLY —46.44 3640 | KRBER -39.75 -35.15 FIARWETT 3347 -28.03
P R —46.44 =37.24 | WHHEEEA -35.56 -26.78 | SEIR -38.07 -32.63
e B -38.49 —-33.89 | I -35.56 -27.61 Brevim -36.82 -32.63
PN —41.84 -35.15 | W E -34.73 -31.80 | FRSRIRR -35.56 -32.63
Tl e & -38.91 -30.96 FIAR AREL —-37.24 —28.45 F IR -28.87 -21.34

A~C oAl RRs G F . M. EF/FME S AQPAR

A
e

Bl: D~F 73098 . RBEH . SEmL S 5-HT4 2G5 E .
A—C are binding diagrams of hesperidin, naringin, naringin to AQP4R; D—F are binding diagrams of hesperidin, luteoloside and rutin naringin to 5-HT4R.
6 RIEFEARE

Fig. 6 Best combination model
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AEUFMAEIETED), AR, RFLEEHR
EARE. WM 7 AL, SEFMEE . BEE. KB
L 5S-HT4R W45 G RN, 20l /E—46.44,
—46.44. —41.84kJ/mol, KI5 5S-HT4R HA KU
e AaEtE . B, ZEHMEEMME TS
AQP4R M4 RN, 41 alN-37.24. —36.40.
—35.56 kJ/mol, UtBHFE BT 2575 Al 5 A S
5 AQP4R BT ML GG, that, 18 Fik
2335 5-HT4R A1 AQP4R R4 &5 v LIE
W, BRbh AN, HoAth 17 Pk 5 5-HT4R 455
BT S AQPAR ML AistE. RIH LiRTENE
B0 S-HTAR ()2 4F FH 5 5

25 MREL-BARGRAHIRATRETHREGEBER
2.5.1 PCA %217 TR 77245 Al AR A AL
FARE ARG FIAR L) AR I 4 6,
WA A 10 HUARSEIR  (Z10) FIEE 4 #E
RKF (S4), %18 “2.2.27 TN J7i%H 4l i
W, FFHEIE 92237 F1 “2.2.47 WO RER 5 i 4%
FEEAT 18 T 2 LIS R RO I B E , FHoke U T AN
S SIMCA 14.1 B AFi4T PCA, S5 WK 7. HIE
7 WL, RRSE- AR Z AN R 7 BT 2R e PR
G EAE—EER: BRG. REH ARSI
RAFFIRBCZ M EAHEZR, AR IR
B e 2S5, X 5HFIERRAE —Em
FHIRAE

252 FiEAESATR B ASFERIESE- AR
PR 4 AR 18 FEMERT & &
AT 0T, FEAREE T AT EA N R R, 4

A
6 .
21 FASEH AR BA%
— ) =
pa
5] BURAL Mg
] AR
_6 -
*iO *5‘ 0 3 lIO g

t[1]
R?{1]=0.714 R%*{2]=0.214 Ellipse: Hotelling’s T2 (95%)

7 ML-BARAIEMST PCA
Fig.7 PCA diagram of principal components of AFI-AMR
drug pair

R 8. 9,

R 2 = WAL 5 I Ve A B R TR AR L

FH2 8 I, ARSI AR BT 5 I 2 o 7 AR
Rz F & BAR S (P<<0.05), THAEARS2H A A
H SRR BRSO TEAR S LR A R R
By TEARARZ & R HK: By RIS Ry AR AR Sl
FAR S B R, X RIS R 4 5 e (77 20F0
E A0 AR S - AR 2506 1A oy BAT — TE RIS

B2 9 AT RN, AMBZ Y. BRI R AN
RAPHER R, 7F 80.28%~93.25%; At .
RS R IR B TR AR AR B R R R R v, $TE
95%LA b5 MHEZHFIEARMNES 1. 1L I FEAR SEHf| B
RAHIER R, 1F 53.66%~94.65%; HliH .
TR R RN 2= A A B FEAEAR AR IR R R R A

x8 TREVBZ-BARAGMAELEAHENERTD 1I8MEATHRESE (n=4)
Table 8 Mass fraction of 18 components in samples of different compatibility forms of AFI and AMR (n = 4)

JR 4y B/ (mg-g ")

P i

MIEE EEE WEEE EHEMET O BEER ARSI BB WMER KEBHER

FAR AL 43285 0.8483* 3.3268° 1.9130°  0.0983°  0.0627°  0.0027°  0.240 0° 0.566 3°

FRARHL 5.0900° 0.8667* 4.1489? 2.648 3b 02060 0.1223*  0.019 7 0.458 7° 0.237 04

MshlAAR  3.0685¢  0.2893¢  2.093 8¢ 0.899 04 0.0222¢  0.0013¢  0.000 9¢ 0.043 09 0.297 0¢

R 560818 0.7752> 42998  3.0460°  02434* 0.0507° 0.0180°  0.378 0" 0.614 72
oy B/ (mg-g™)

TR MEE Rk SRR FEEMm REEm AARNEL ARKED AR
FAARAL 0.0015°¢  0.6203° 0.6944°  0.2327°  0.0007° 0.0010¢ 0.0797¢  0.0465¢ 0.199 7¢
FAAR B 0.001 8 0.9517> 1.1907°  03350>  0.0010° 0.0018  0.0960>  0.1279* 0.397 7°
ASEHIAAR 000029 0.1787¢ 023679 040497 0.0034*  0.0036°  0.1417*°  0.1183° 0.302 3°
AR 0.0033* 1.1533* 5.0583*  0.0127¢  0.0021° 0.0042*  0.0012¢  0.000 8¢ 0.299 92

a~d For AR E A FEA R BCATRE i () SR DL 22 57 (P<<0.05).

a—d indicate significant difference between samples with different formulations under the same components (P < 0.05).



F8 B 2025568 $£56% BB Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 11 + 3841
#9 1I8MRAEARME-BARGTASRAFRRNERFERE =9
Table 9 Transfer rate of 18 components in samples of different compatibility forms of AFI and AMR ( = 4)
B Fere%/%

" W B PR SEMET BEE ABEE RERE MRS ARNE
AR 80.90 80.28 77.18 61.47 31.24 20.37 5.80 42.20 93.25
AR EL 95.13 82.02 96.25 85.09 65.44 39.76 4275 80.66 39.02

HShl AR 53.66 31.40 4526 27.66 6.25 1.41 2.67 6.48 122.05
ARG 98.08 84.14 92.95 93.72 68.68 53.52 53.47 56.93 252.60
- R %1%

Y RREY MR ERM SER FEER BREER  AARNE AARNEI  RARI
FAAR AL 86.55 4933 22.92 159.24 69.59 114.16 63.23 45.04 67.38
AL 99.46 75.67 39.30 150.31 71.89 137.61 55.60 55.85 56.78
RSz B R 4.18 13.30 11.77 226.54 429.07 400.00 94.65 55.58 59.71
ARG 81.40 85.85  251.53 7.10 263.07 463.07 0.80 0.38 59.23

BIFE 92% LA b o SEEGEE R, AR AL ARAREH
HR) s A S R B o) e R 28 T s 1T AE AR S
EAR N BRSNS UL AT I, AR
(1) 20 77 BC A 5 R B A5 X6 AR S - AR 24 6040 2 il 5y
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3 g
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FIARNEE I 11, 155 A EESS o DA SCSR R TR Brae
JRER S 4R BRI IR IR LR e bR, T AASE
FI AR 15T 2P LA AR 52 - LR 25 00 AN Rl 4 77
Ko AR U o AR AT 5T

XA FEHER AR SE . BRI EE T
AT EEATIE, AR, ASFEER AR L
A AR TA) (R 1 1 22 S ok . Herhr, L™
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J 1 S £ FEFMARARAS Bl 8500 38 3L 550 2 IR 3= 190,
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I Caquaporin, AQP) S5yH1k RGHM AT # Y]
FHOG, R ILE A B a0 IR TR Rigks, 18
MRS P RIFEEVER 5-HT /Ey— M 211
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TERR AR, A S N AN SR R 22024, AQPs NI
RAET IR RIS EHLAN PR FERES, BF
YEFF AR IK 73~ e W SEfa e PR . o,
AQP4 FEIEWNW ARG SR E hRIE, WT4eFrss
Ji (R K R AL Y- 1l 42 O B 225200 R, ARSI SR
I TR ARG T AR S - R 20 A 3 B A%
435 5-HT4R Fl AQP4R {45636, S5R KR,
AR T RS R L KR R A R 5 5-HT4R
Al AQP4R AT HAFILs GG, RIIX L0 7E
PRS- AR 2G5 RIEWE A RGP T ER T BA
HEMME, TEAHREE S AR EY.

I EAEARA I AR AR FIRR S
IR A 32 BT 1 B A B AT 7R R i e 72
HoL, SRR, 7R HL) e o #2950
PERY RS R A W R AR .. Hd, BURAL.
HORBORTAR AR 7 Hh B S 0 B e fe 22 T iy, AR
S AR R BRE e RS F N B vy, xS &
FS 53 BV fe 1 LA R AE 1500 7 R s e A 06 . JRHAEZ
TEETAMBE A L FE BRI B X e S AR TR
ARH ARAREL FRZ TR SL ] AR 3 B AR
(PR 2, X R AR SE- AR Z AN [F AT A7)
HAMFEGIT AR R, i s 2 o
RAFNNAFE G 7 ER R TRk, [
I, FEARSZIGH 18 Fhid I s s 78 40 77 He AT ) 1) i
P23 22 AR, W A TG I R A3 B R 3 R R 3
M2, TR R R e %
H LB 2R R e B a3 U, X T RE S/ N+
FSC 43 8] AR LS 0 BL S /N 9315 K4 4 st AR
HAERA K. W, RAWEFT A 7B AT Lk —
SO ARAEAR SE- AR 2550 i PR FH 24 R4

gr b, ARWFFREET I EAL ORI T AR
SE-FIAR” 290 27 FCARARAE , FH G RR AT AR 2K
AR I PR 1 G 38 8 P 2 L3 A B

FBAR FAVHEHYFARGEF TR

&k

[11 B, XIEHk, g, % SR AKER LR
B MTER KRG Cajal 165740 M 3958 A T 10 5
mg [J]. HpE SRS O R S A A, 2020, 26(19): 120-126.

[2] "EZGH [S]. —#F. 2020: 257-258.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

MRIZSE, JglE, ki, BURZITIRIRICHIZ A [J].
B2, 2015, 35(12): 1275-1277.

BHF, WKL, RET, & PSR X DRI
THAAS R K B P M U s e (0], b strh R
242, 2016, 39(12): 1027-1032.

BT BT 2 0 SRR IR A R A A (1 4 B Al e
e A EBRIER [D]. b3 bR BEZRE
2018.

Takase H, Yamamoto K, Hirano H, ef al. Pharmacological
profile of gastric mucosal protection by marmin and
nobiletin from a traditional herbal medicine, Aurantii
Fructus Immaturus [J]. Jpn J Pharmacol, 1994, 66(1):
139-147.

NG, i, M40f6, 5. HPLC-MS/MS & [l il
SEFRE T 13 Fhsr AL R E & B A (1]
rh k24, 2023, 45(9): 2832-2838.

WAL 25w B E . WL T 2k O MR R
(2018 ki) [M]. dbst: o [E B2 25 B ok, 2018:
32-33.

AR, M, PhR, & AR TR AR R K
B 25 PR I HLAI B 72 (9], AP 2408 24 55 I PR 24 22,
2025, 36(1): 56-65.

aRfP . B M) dbat: P E A B 2 AR AL,
2013: 204.

M. REAFIRER GE7M) M]. dbat: ART
A H A, 2016: 27,

E77, TR, ZERE, % S AR ES T EMmiE
K HPLC M EE S8 [J]. FFE 925 72 4 &,
2018, 24(17): 6-13.

BB, EIE, FARF, 2. T M2 TR 575t
BR U SIE TR 9T 45 B e i VE LA 7). g,
2023, 54(6): 1850-1859.

RFNHE, MEr . SO o R I 0 R T A
BE S RN RIGE )RR S Pt [J].
[ I S 24 B 2 2k 25, 2024, 40(7): 1024-1028.

FARAE, BRIGTT, REM, 5. A R g R A
e 3t R R AR K B B g sh LI 72 (0], R E 2
55,2017, 28(13): 1747-1750.

BUEE, FLAER, K1Y, S5 AR S 524G E
R e B 7 R R g [J]. FRAEREE 22T, 2020,
38(1): 69-73.

TS, KT, SRR, 25 A RSHE AL i B A
KB c-kit mRNA FIERIEm [J]. AR PEERSE &K
%, 2016, 11(8): 1098-1102.

=33, AR EARR A R RRIEK R 8 et &
HERARIM D] B AR EZ K, 2019
T, TUKIA, SR, 2. SR ThREE A
RAE ML 25 253 22 008 (7], R 20 25 5l IK



FEH 2025567 £56% B 1M Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 11

* 3843«

[20]

[21]

[22]

(23]

253, 2022, 33(5): 666-673.

Gwynne R M, Bornstein J C. Luminal 5-HT4 receptors-a
successful  target for  prokinetic actions [J].
Neurogastroenterol Motil, 2019, 31(10): e13708.

Bianco F, Bonora E, Natarajan D, et al. Prucalopride exerts
neuroprotection in human enteric neurons [J]. Am J
Physiol Gastrointest Liver Physiol, 2016, 310(10): G768-
G775.

Spohn S N, Bianco F, Scott R B, ef al. Protective actions
of epithelial 5-hydroxytryptamine 4 receptors in normal
and inflamed colon [J]. Gastroenterology, 2016, 151(5):
933-944.

FWE, Jrte, IR, S AR IRVE KR A A LUK

[24]

[25]

[26]

HIEE A 4 LRYEE TRIE R (1], P EZ SR
£, 2024, 44(15): 3769-3773.
Stakenborg N, Labeeuw E, Gomez-Pinilla P J, er al.
Preoperative administration of the 5-HT4 receptor agonist
prucalopride reduces intestinal inflammation and shortens
postoperative ileus via cholinergic enteric neurons [J]. Gut,
2019, 68(8): 1406-1416.
Wu M N, Li Y R, GuY F. Hesperidin improves colonic
motility in loeramide-induced constipation rat model via
5-hydroxytryptamine 4R/cAMP signaling pathway [J].
Digestion, 2020, 101(6): 692-705.
EBEFS, TR EKRAMKEEEREA4RIES D
AEIREFS [3]. ILPEEE 2525, 2007, 36(12): 1079-1081.
[Friesmit  Feilit]





