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Mechanism of Quzhou Aurantii Fructus in treating rats with functional
dyspepsia based on gut microbiota and metabolomics
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[ Abstract] The therapeutic effects of Quzhou Aurantii Fructus aqueous extract ( QAFA) and Aurantii Fructus aqueous extract
(AFA) on functional dyspepsia (FD) in rats were evaluated and compared, and their underlying mechanisms were investigated. The

FD rat models were constructed by a combined method of "pinching tail + irregular diet + drinking dilute acidic water”. The rats were
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orally administered QAFA at a dose of 2. 05 g-kg ' (equivalent to 4 g-kg™' QAF) and AFA at a dose of 1.93 g-kg ' (equivalent to
4 g-kg™' AF), respectively. After 14-day administration, the gastric emptying and intestinal propulsion were assessed. The
pathological changes in the gastric antrum and duodenum were analyzed via histology, and the levels of serum gastrin ( GAS) and
vasoactive intestinal polypeptide ( VIP) were measured by enzyme-linked immunosorbent assay. The underlying mechanisms were
investigated by using 16S rRNA sequencing and serum metabolomics. The results showed that QAFA and AFA could increase
gastrointestinal motility. Hematoxylin-eosin (HE) staining and immunofluorescence analysis showed that both QAFA and AFA repaired
the damaged intestinal barrier, and ELISA analysis showed that they regulated GAS and VIP levels in serum. These results suggest that
both can improve symptoms in FD rats. The intestinal microbiota analysis revealed that QAFA and AFA reduced the abundance of the
harmful microbe Ruminococcus. AFA increased the abundance of the beneficial bacteria Prevotella and Lactobacillus, and QAFA
increased the abundance of Clostridia UCG-014. Metabolomic analysis showed that both QAFA and AFA restored serum metabolites
primarily through regulating phospholipid metabolism. Correlation analysis between metabolites and gut microbiota showed that both
QAFA and AFA decreased the abundance of Ruminococcus, and AFA increased the abundance of Prevotella, thereby restoring serum
metabolite levels. These findings suggest that QAFA and AFA may improve FD symptoms in rats by modulating specific gut microbiota
to restore gastrointestinal hormones and phospholipid metabolism. However, there are some differences in the specific microbiotas they
regulate.
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HERF) ,6~7 JAIE AR 180~220 g, Mg A L ifgLh

494

HURR S A W H R A BR A Al VF AT IES SYXK (97)
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Wit S 5E , 703k C. aurantium " Changshan-hu-you"
1 C. aurantium WK RS

Tl R R R TR K (b [ 2 R E
WHFERE , 52543 34 10722-201312 ,110721-201316 .
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Y RA R T, %5 D6356-020) ; Qubit dsDNA
Assay Kit (3£ Life Technologies 2~ ], %% 5
Q32854) ; AMPure XP ( 3¢ [€ Beckman Coulte 2 A,
P15 A63881); Tks Gflex DNA Polymerase ( H A%
TaKaRa A H] , #75 RO60B ) ; iz S AL Wl (K 14 5 133
15K a(PPARa) B-actin % 3 25 [ (occludin ) H
o, AP -1 (Z20-1) 280 (BRI = gAY H
RABRA A, 45 535 A 66826-1-1g ., 66009-1-1g
66378-1-Ig 21773-1-AP) ; #4255 (1 (MUC2) 54
(#[E Abcam AT, $25 ab272692) ; BCA & [
D5 R & HRP ARic 89t 340/ BU/9R 1gG (H+
L) \PBS . 2 I 6l 77) \RTPA 2@ ( LI =K
PR A R 2 W\, 525 53 i D 500 T-P0010,
A0216/A0208 ,ST476 . P1005 , P0013C ) ; TRIS-EDTA
B2 (pH 8.0) Flare520 , Flare570 | Flare620 ( A0
e AL MR A BR A W 585 43 3 ) HKI0043
HKI10014 \HKIO015 .HKI0016) ,,

1.3 fX#% MK (fEE Sartorius 2\ A, B
CPA225D) ; Simplicity UV #4li/K R4 ( 3 E Milli-
pore 3 ), 45 SIMS V0001 ) ; 5 25 B8 R 2041
(i AR O AL A IR A, B S TGL-16
MS) ; 4 A5 22 D RESFLAR RS I R 458 ( 26 [ Agi-
lent 23 H], %5 BioTek Cytation 1 Cell Imaging Multi-
mode Reader) ;2 Y618 & 2 i385 ( 35 [E Thermo Scien-
tific 247 , 5 EVOS M7000) ; PCR G (
Bio-Rad /A 7, 5 580BR10905) ; FL Ik 4% ( b iff K
ReAE ARl A BR AR, B HE-120) ;42 H sh 8 &k
G oA FR G0 (b R BE A A Bk A BR A W), 2
5 2500) ; 2 or M A (G Agilent 24 W, L5
2100) ; 43 66T (35 ThermoFisher 23 ], 7l
5 NanoDrop 2000 ) ; ¥ AH €2 1557 1% B¢ A ( 58 [
Waters 2 ) & 3¢ [E ThermoFisher 2% &) , 15 Waters
ACQUITY UPLC I -Class Plus & Thermo QE) ; SZH
PG E®E PCR £4:( 3 [E ThermoFisher 23 #] , -5
ABI QuantStudio3) ; M/ ¥ 22 4t ( 35 [E Tlumina 23 7,
H1-5 NovaSeq 6000) ,

2 Uik

2.1 Femlg WHRGE RS A& 500 g, 7EIK
HEEE 12 b S UTRGEE A, i 10 A% B K R PRI 3
YRR LS hy ik U8, A DR R R 4 R 2 KA T
60 °C T HZ T4, 515 5] QAFA 257.1 g Fll AFA
241. 1 g MRS

2.2 HrdH GEEERZGZ 60 HRBEBL A b XTI
(CON) 4  f5# (MOD) 4, £ ¥ 37l ( DOM ) 4 .
QAFA £ AFA 4,4 12 2, RAJE AR
AR F R SR B /K A ik s KR FD A K
BB R A AR 0.1 mol - L' R bk, g H 28 £
TEAEEE YK, HF AR K FUBRES 30 min,
X IR F ROk, 14 d JEITFIAHE B 48 24, e Sk
Y8245 14 d, ZBECHR[ 8], CON A1 MOD 2H45 T
HERRER K AFA 25T 1.93 g-kg (M4 THE 4 ¢
kg™ ) ,QAFA HZ5T 2.05 g- kg (FH2Y T M5 5%
4 g-kg™") , ZWELEA (DOM) 45F 3 mg-kg ™', B&
CON 414k, i K BRAE A A 25 AR 2 [ el
KRR ERIR K , &AL 25 7 58 UL v [ 60 AR S
s R R INAA AL, A AL BEALEERE 6 LR, MR 25
K KRG )G 24 h, T FE S BTFE A (0. 04 mg -
kg™ FRE TS Zoletil®50 (40 mg-kg™ ) BRI, Lo E
ZERIERIN 4 °C B 0o il 5 ML T SRR G A 3 A BT K
R, FHIBUCE SR A8, AR RS R, IR AT
T-80 C, HTHEHAGRENZE ST, BUEEEBHNE
Y, IR RS O TR AF T -80 C & 1, T
16S tRNA I FE 4347 .
2.3 KREEHES ZR/Ng RN E AR
6 HKR, MEMES T RG24 R G255 24 h,
KRG T O ARG R (WY 16 ¢ HE 8 ¢ JEH
8 g JHTEHKIAK 2 g, A 2% CMC-Na IS, B2
# 300 mL, iR 5 1%))2 g, 30 min J5, [A] 2. 2 TR
fise BIMLS , AbFE R R, FT R M, 25 FLHA T TR BE T,
HIHCE A ANG . LR E NEYETS 25
FRE A EHHESR=[1-(Be2E-HiHE)2]x
100% ; M5/ Nig A BE L Ko /IN i v 31 e A e it 45
ANFIETR I EE B Ly, /NS =1,/Lx100% ,
2.4 JRAOKS-DHA (HE) Yo o 58 241 205 # AR 4k
Bt 460 M 520 20, TG v AR B R K PR %, 4%
ZRPEE R, WK A al PR a)E, 7
B N SR P A2,
2.5 DKL occludin,ZO-1 Fl MUC2
#ik  HAY) B KRS, 1 TRIS-EDTA &
BT hREE SR IEH 3% H,0, T8 LABH KN
e S AW R E M, TR 3% 4 v AR A
(BSA) #£ = T B 01, SR )5 4 B A 76 B 47 19
occludin (1 : 100) ,ZO-1(1 : 200) 1 MUC2 (1 :
500) Filk 4 CHEF LK, WH G, PBS Bk
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YIR  INAAER A 90, 750 FREMEE 1 h, Bl
J& , FHl Flare520  Flare570 F1 Flare620 %¢ 42 b Y 2
5 min, PR 3 WA, F DAPL #EAT8 Y e Jm B
TEDS G e TR
2.6 MG EBEEKRN KERREES O RER M,
4 C g0, B LV . R ELISA J7 ¥ K DU 1
T R A RN A 9 M UK, LA O vk R
VLR T
2.7 Western blot 707 H 52 4H 20 % PPARa FYFE IR
JH RIPA 21527 vl (2 i 198 410 i) 550 F 26 11 il
IR ok 24 S 20, B0 TR, B
BCA a5 & o 2 VR B . F AT BE R R UK, B
B, BUAR IR AL IS, i Fusion-FX6 A% & 45 Al
Evolution-Capt Edge # 4 X} 8 [ 457 #6417 7] AL
FE I
2.8 JHIEREREN T R HT R MNP A
7168 rRNA H:[H V3~ V4 X i i 50 5 T4
T RR ) AR W B 2 B AT IR R SE A, AR ERUY
FERZH DNA BB, 1 FH A SR 65 0 R 1 5 |
¥ 343F (5'-TACGGRAGGCAGCAG-3") Fl 798R (5'-
AGGGTATCTAATCCT-3") LA & Tks Gflex™ DNA %
A, %F 16S rRNA K V3 ~ V4 X 4T PCR §”
B Z 2Ry S, Y L. AMPure XP #EER 4lifk
BERSHL RIS, XF PCR F=#03E4T Qubit %E &, AL
L A € T (e O P = Bl R T 15
R 2 e B AT AR s B
2.9 IMmVERE AW A S SR Waters
Q-Exactive Plus DU AT-#1 38 B BT 354X () ACQUITY
UPLC I -Class Plus R4t , &5 G HBIZE BB UR, LLE
TR RS AR AS TR A . B 100
pL, A 400 wL W EE-2 5 TR A 7 0 (H -2
2:1,% 4 pg-ml™ L2-SRNARIE AR, 15
PRV 1 min, KK R HL 10 min, 4 °C 12 000
remin” B0 10 min, BCEVEW 200 pL, TR
FH 300 pL HEE KIS (HFEE-K 1 4) B, R L
WALH, HU150 pL LVS AT, e A AR A i B B
WA R RUR G 45 BT REA (QC) .

FE &Y 76 ACQUITY UPLC HSS T3 (4 i 4
(2.1 mmx 100 mm, 1.8 pm) [ #4720 85, kiR
45 °C, WM 0. 1% F BRK B (A) -5 (B),
T 0. 35 mL-min™" FEAEARL3 pL, VRS .0~
2 min,5% B;2~4 min,5% ~30% B;4~8 min,30% ~
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50% B;8~10 min,50% ~80% B;10~ 14 min,80% ~
100% B; 14 ~ 15 min, 100% B, &% H JE 3.8,
-3.0 kV; & 4045 5 B 320 °C; filf % BE & 10 20,
40 eV &HA T 291K 70 000, HCD MS/MS 43
FERLR A HER 17 500, Ea R B E m/z 100 ~
1 200, R H AR,

AR b 48 )5, 1 0 A3 2 2 Ab 3 4K 1
Progenesis QL(v 3. 0) X[ B A2, ARHI LR BA It
() A o 5O R A 2 A4k B2, A HM-
DB, Lipidmaps (v 2. 3) #1 METLIN %4 % L4 & Lu-
Met-Animal 3. 0 A E R EHEITIL SR EE, 5E
AR B S A S A AR BeE
2.10 B 5 18 WA DS PR Ar Br dl
OECloud T. H. (https://cloud. oebiotech. cn) X & I
WA Th 0 1 TR & /K P50 o A kAT
Spearman FHICHE ST, REE P O AH G
2,11 GEilb2Eatr i SPSS 23. 0 BT 4eit
2O HT AL B BE LI R bR 22 (x2s) o, R H
BAIRIZR 7 2253 B ( One-way ANOVA ) PF-Aili £ 2H 22 [i]
B E 2R P<0.05 NZEFA G IR,

3 45k

3.1 QAFA il AFA 342 FD K §UAY S s 3h )1 B his
5 CON Z0AH Lt , MOD 41 A /)N g 4 30k 5 i i HE 2

I R, R W] FD AL BUAETE E M 3l 1 B A

DOM Fl AFA {5238 I T /NaHEdE S AFA A 15

B HEZS B SMH 25 R IS4 78 X, QAFA ) i &4

#E 7 FD K EW B HEZ B AN HEER, WK 1,

F 1 WSS A S LB YT FD KRR M ol o e
FUSZIE (x+s, n=6)
Table 1

Aurantii  Fructus aqueous extract on gastrointestinal motility

Effects of Quzhou Aurantii Fructus aqueous extract and

disorders of FD in rats (x+s, n=6)

415 it/ /mg-kg™ /MR % = 3/ %
CON - 76. 17£6. 05 85.00+8. 37
MOD - 63.00x2. 61" 53.33x15.38"
DOM 3 80. 33x10. 65% 53.33+9. 83
AFA 1930 72.00+3. 16> 72.50+12. 14
QAFA 2 050 77.83%5. 67% 84.17+7. 36"

1 : CON. X HBZH ; MOD. ¥iZU4 ; DOM. £ ST 2 ; QAFA. A A%
PEAAL; AFA. BB 4L (B 1~4,%2 3 /), 5 CON H
Y P<0.05,% P<0.01,% P<0.001; 5 MOD #t* P<0.05,> P<0.01,
9 p<0.001(F 23 ),
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3.2 QAFA Il AFA U3 FD KRB B it HE
Pt 5 R R, MOD 21K B+ 46 I Hh 30 5 0 240 it
B T LR AR IS R A AR E | DA S SR A
7% , 1 QAFA (AFA F1 DOM )  #1&4 T FD KK
(X e AT . AU BT A R R, 5 CON

AR, MOD 4K B+ 38 A 3 i b MUC2 ., ZO-1
Fl occludin £ [ A FRIAKF- 0 3 T $27R FD KRR
BB B Bz 45, QAFA A1 AFA 235 FIH T FD K
s SE R Y R IR KO, R WA T 2 34 AT & A7 4
() R ZE B b, LR 1 3R 2,

A, T3 IHINE AL RCFENE HE Je ) 7, 208 A8 R RIE U 3 B. S50+ 48 m2H 40 MUC2 . Z0-1 il occludin (3 135

RIER,

K1 ARSI AR FE SR I X FD R BB B0 52 R

Fig. 1  Effects of Quzhou Aurantii Fructus extract and Aurantii Fructus extract on the gastrointestinal injuries of FD rats

2 RSP IR AL MUC2,Z0-1 occludin 8 H
BPED AN B (x5, n=3)

Table 2 Quantitative analysis of relative expression of MUC2,
7Z0-1, and occludin proteins in duodenal tissue by immunofluo-

rescence(x+s, n=3)

4 FiE/mgkg™ MUC2 occludin 70-1
CON - 1.35£0.02  0.93x0.10  1.27=0.08
MOD - 1.03£0.01*  0.67+0.08" 0.87+0. 06"
AFA 1930 1.30£0.09  0.9620.03% 1.20+0.08%
QAFA 2 050 1.25+0.03%  0.95+0.02> 1.21x0.02"

3.3 QAFA Il AFA 85 FD K RUMLTE B Mg K
SE R ] ELISA #: FD K LML H GAS Fil VIP
fI7KF, 5 CON ZHAH L, MOD 20 i 1 K BRIt 35 P
GAS /K- AR, VIP /K- 3 Tk ER e
MOD 45 CON 4 [B] /9 IiLiE GAS F1 VIP K3 %
H BEAL; QAFA  AFA H1 DOM ¥ i 25 w6 5 1 M
PE FD K EUME GAS #1 VIP #7284k, (B AEMEME FD
KT E R, LR 3,

PPARa fEA IR FiRYT Z R ZE L1 259
a5 R VR g oA s PPl G R L (AR
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K3 BT AIBTE R B FD KRS B KPR E 24180 PPAR« 38 FHURZA (x45)

Table 3 Effect of Quzhou Fructus Aurantii extract and Aurantii Fructus extract on gastrointestinal hormone levels in serum and PPAR«a

protein expression in gasiric antrum tissue of FD rats( x+s)

3 i/ B /pg - mL ™ (n=6) HE B /pg - mL ™ (n=6) PP AR Bractin(n=4)
mg-kg™! GAS VIP GAS VIP
CON - 83.62+12.97 51.02+11.37 87.33+14. 88 34.28+2.78 1.00£0. 20
MOD - 51.08x7.77% 124.01+7. 719 57.08+22. 53 55.97+8.72 0. 220. 04?
DOM 3 108. 20+7. 96 32.418.13% 112. 40=5. 81 20.41£15. 84 -
AFA 1930 121. 15%19. 459 73.67+7.74% 124. 54+42. 40 29.50+6. 94 1.36+0. 51"
QAFA 2 050 104. 549, 83 71.08+12. 92 68.26=10. 48 19.24+8. 17 1. 0320. 23"
= AT

W2, H 3% PPARa B IS 2312 #F GAS 4
WAL HRLE AR 1L, MOD 41 24141 PPAR«
HARIRACE B T, M QAFA il AFA g 2% I
P8 T FD KEUEE4 4 PPARa RIS, WK 2 3%
3, SERFEI QAFA 1 AFA 7] figil i 34 7% PPAR«
KA FD K B MR AW

CON MOD AFA QAFA

PPAR: D - - 7 kDa

f-actin QU ——— - D

K2 HARHESEAL) PPAR HHRIE
Fig. 2 PPAR« protein expression in gastric antrum tissue of

rats in each group

3.4 QAFA Fil AFA B3 FD K EUBE #EREE  #E1]
IR, 25 2 B O 138 v R R BE BRI ] Firmicutes
FIHEUFFBE 1] Bacteroidetes 2H i, R 25 114 6 #H X =F &
L 95% , W 3A, FEFRFIKF I, Lachnospiraceae
JE—MMEFFIRE, MOD 215 CON 122 [ 3%
Z5 . SR, 5 CON 4 b, MOD 4+ Prevotel-
laceae Lactobacillaceae F1 Clostridia UCG-014 [#4H X}
FE P 25 A, 1T Muribaculaceae 1 Oscillospiraceae
ROAH T = B B E B, AFA #2795 T Prevotellaceae
Fl Lactobacillaceae )= &, B T Oscillospiraceae
H1 Muribaculaceae #4511 QAFA W53 T FD K
B Clostridia_UCG-014 LAl (AR, WLIEI 3B, 7E
JB K- b, Muribaculaceae . Lachnospiraceae _NK4A136 _
group , Prevotella | Lactobacillus F1 Clostridia _UCG-014
TEA AP F R R, 5 CON 4AH L, MOD 4P Ay
5B REAN Prevotella . Clostridia_UCG-014 F1 Lac-
tobacillus 1 5 E BEAK, M Ruminococcus F1 Muri-
498

baculaceae WIEEWINN, AFA T EFHEE T Prevotella
N Lactobacillus WA X B BEK T Muribaculaceae
F1 Ruminococcus [ =B, SR, QAFA ¥4/ T Clos-
tridia_UCG-014 [ =FJ& | B&AK T Ruminococcus 1)+
&, LK 3¢,

HEAT LEfSe 43 H LA TR 51 4[] 2 2% 22 S5 (1 ) ol
SRR NI R R KF LS 16 2SR
P55, Hi CON \MOD AFA F1 QAFA 43514 5.3,
3 F15 ANPSEIT, CON 411 5 22K st
45 Christensenellales H . Rikenellaceae #l1 Chris-
tensenellaceae Bt UL & Eubacterium siraeum group Fl
Christensenellaceae_R _T_group J& ., MOD #H " Rumi-
nococeus UGG _003 Hl UGG _005 J& ) £ £ # & .,
AFA ZH P B BE N Prevotellaceae F+LL M Copro-
coccus Fl Prevotella J& ., QAFA 2 AL FhBE A Os-
cillospirales H . Muribaculaceae Bt LA} Acetitomacu-
lum Muribaculaceae I Prevotellaceae_ NK3B31 _group
J& , W& 3D 3E,

R T e/ MEE R 5 AR B Wilcoxon
PRI 4G 4 T MOD 415 CON 41 AFA 415 MOD
LK QAFA 415 MOD 21 2[RI Fh K - A RRIE AR
HAEEZEZ, 5 CON 4 i, MOD 41 Pantoea
vagans . Prevotellaceae_bacterium g_Prevotella F uncul-
tured bacterium_g _GCA-900066575 ) AH XS 4= i i 3
AT, 10 uncultured organism_g_uncultured B = i [%
ik, SRIM, X SE B R 7E FD KR 2 b 7 45 7
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Fig.3  Amelioration of gut microbiota in FD rats by Quzhou Fructus Aurantii extract and Aurantii Fructus extract
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Fig.5 Heat map of correlation between cecal gut microbiota and serum metabolites in FD rats
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