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Abstract : The potential action mechanism of aurantii fructus immaturus and magnoliae officinalis cortex in the treatment of
slow transit constipation (STC) was investigated via network pharmacology and metabolomics. The chemical ingredients
and targets of aurantii fructus immaturus and magnoliae officinalis cortex were obtained using the traditional Chinese
medicine systems pharmacology database and analysis platform. The disease prediction targets of STC were collected
through the GeneCards, OMIM, and DisGeNET databases. The intersection targets of ingredients and diseases were
obtained using Venn diagrams. The STRING database was used to construct the protein-protein interaction network. The
Cytoscape 3.8.0 software was used to calculate and screen the key targets, and then the network diagram of TCM-
ingredient targets was plotted. The gene ontology (GO) functional enrichment analysis and Kyoto encyclopedia of genes
and genomes (KEGG) pathway enrichment analysis of the intersection targets were performed using the Metascape
database. A loperamide-induced STC mouse model was used in the study. After intragastric administration of aurantii
fructus immaturus and magnoliae officinalis cortex, GC/TOF-MS-based untargeted metabolomics of cecal contents was
performed to analyze differential metabolites. A total of 24 active ingredients and 106 intersection targets were obtained. The
key targets with higher degree values included AKT1, TNF, TP53, IL6, CASP3, and JUN. GO analysis revealed that the
possible processes were cellular response to nitrogen compound, cellular response to lipid, positive regulation of protein
phosphorylation, regulation of inflammatory response, regulation of ion transport, etc. KEGG analysis revealed the
pathways involved in cancer, the PI3K-Akt signaling pathway, the calcium signaling pathway, serotonergic synapse, etc.
In addition, 21 differential metabolites were found via untargeted metabolomics, including the Akt-associated metabolites
nicotinic acid, fructose, and protocatechuic acid. The results suggested that aurantii fructus immaturus and magnoliae
officinalis cortex exerted therapeutic effects on STC via multi-ingredient, multi-target and multi-pathway mechanisms,
thereby providing ideas and a theoretical basis for future basic research. The active ingredients naringenin and lignan, as
well as the key target Akt and its related metabolites, deserves special attention.

Key words : Aurantii Fructus Immaturus; Magnoliae Officinalis Cortex; slow transit constipation; network pharmacology;
metabolomics
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1.1 R EMFEER S RAEAERRFE

T2 2 50 25 2 048 i 5 43 M7 F 65 (traditional Chinese medicine systems pharmacology database and
analysis platform, TCMSP) (https ://temsp-e.com/temsp.php ) H1 435K R AL SL  JEAMR AL 24 B4, 8486 1 R
YR EE (oral bioavailability, OB) =30% .25 241 ( drug-likeness , DL) =0.18 1 42 % 5 i i 198 Hi 16 M Rl 4,
NG HAFIEPE RS (80 2 A5 B BRI A5 2 A9 3 2005 B o B LA F%, A Unitprot £045 % (http:// uniprot.
org/ ) HATRI R FAL R FE R A FR
1.2 STC EEfRHE XA THIE

PL“slow transit constipation” A JCEETRZE OMIM #(¥E %E ( hitps ://omim.org/) . GeneCards F(HE /2 (https . //
www. genecards.org/ ) Fl DisGeNET ¥}t )4 (hitps : //www.disgenet.org/ ) KGR STC SR A S0 5 K 3R 3 4
B 2 AR AR S BN BR EE 005, 45 A YA 5 1145 95 T 551 2
1.3 Y -HEHEZELRIRE

FIF Venny 2.1 #£28 T E. (https : //bioinfogp.cnb. csic.es/tools/ venny/index. html ) J§ A1 52 JEAME PE AL 43 1Y
1 FHAE 2 IR] STC B T 0 o R A 7 22 45, DT AR B AR SE - JE AN X AE STC IR H T AEVE FHAE A,
1.4 #HEZEAR-ZFEAREEEARKE

B 1.3 TR A S HE S S B S A STRING 048 2 (hitps . //en. string-db.org/ ) , £ #% Mutiple proteins 43
B, #EFE Organisms “& Homo Sapiens , % ¥ minimumrequired interaction score & medium confidence (0.400) , 1%
B 5 1 5 — 25 1 B E.AE H ( protein-protein interaction, PP1) {5 B, LA STV #3055 A Cytoscape 3.8.0 #4221l
PPI W45
1.5 #RIMD TR KBS THIE

FIH Cytoscape B H ) Centiscape 2.2 fifF 1184 5 AL (degree) |, 3 HB BE(E H = 2R T HE
1 HE B AR S FE UG, [RIFIJH Cytoscape KA 2l h 25 — o3 -4 s I 25 ]
1.6 GO BESHE KEGC B EEN

I Metascape 503 % ( https : // metascape.org/gp/index.html ) X 1.3 575 2 (1) 38 52 40 5 804G 047 2L R AR
14 (gene ontology, GO) it & £ 43 M Al 5t # 5& A A6 IH 4K H B4 45 ( Kyoto encyclopedia of genes and
genomes, KEGG ) i % & S0, TN AR SZ - JE AN XA YT STC TS ZERLH
1.7 EWHPRHA

6~8 JEiY,18~22 o TS, MM, CSTBL/6 /NEL, 3t 18 H, I 4 M - SCHT 5250 s A BR 23 7] (SCXK
(#1)2021-0010) , i) 5% T Io8h i A R B B SE 56 2l 9 o0 B B IR B i it v ARl SR IR Oy 24 ~26 °C 1B Ny
50% ~ 70%, 12 h/12 h [& & B 0, A5 H @k T8 i b R E B sh W e B d A (W it S
SSB2022011001) , AT /NG FR— S RENL R 3 41, BPIE# 41 (NC 41) (EAMEAIZ (STC 2H) FAH 5L+
FMAIFLL (ZS+HP ) B4 6 H, STC 21 ZS+HP 4/ BRI FHIS IR T el 5w iy el (AR AR AR | )y 1 4%
10 mg/kg RE L TIRIR T HE (PR 20, 5 . 1L.GJ0448) EH ,1 /d;NC /N4 T 0.2 mL A3
HIKHEE 1 /d, ZS+HP d/NRER 12.0 g/kg i 25 TARSE+IEAMKER IR (VORI s VOEAM) = 1:1) HEH
1 /d, NC 211 STC ZH /NN 45 7R 1] 351 k) A= SR /K HE 1
1.8 HARERLE

WSS 8 d, T A /NRESE 12 h J5SHEM F AR SE , BUNEBUE I N A Y, SRR 5 B T - 80 C KA IR FE .
FREL 5 mg T 2L S CE AR O T ARG 5 10 wL ARG, B RES FEINA 50 WL Five J5 #9509 H
i 14 000 g, 4 °C B .L» 20 min ( Microfuge 20R, Beckman, USA), ¥t I %5 % # %] [ ) BURE i ( Agilent
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Technologies, USA) . Hf 175 L B i Y B/ 05 (ABUEE S 3+ 1) I ABR S P AT AR, 14 000 g,
4 CEL> 20 min, L 100 L b-IEFER ] A SHHCREI, T A LT AR AE i, MBI R 2028
WeHiat (Labconco, USA) XJ F 2l BURE L rp 0 Bl A7 46 it 0 47 080 3 28 DL KBRS 07, JF 40 I ¥8 ok T 48 HL
(Labconco, USA)#E—#R T, THRAIBEANA 50 W FASE R R £h M0 1 W (20 mg/mL) 76 30 C ik
2 h, SR AR Sl 453K 7E 37.5 °C R LA 50 L MSTFA (1% TMCS) #4741 h,
1.9 ETF GC-TOF/MS WFEFE @A Z S

VN 0 P L PR 25 53 T 2 O G300 4 TG I DS ( GC/TOF-MS ) R ( Pegasus
HT, Leco, USA) AR, BT A0HF ZHC AR A R (13t ) AT IR A S, 5 Roi-Sms BN
HIEIHE(30 mx250 wm,025 wm, Restek, USA) AT/, #T U ( 99.999% ) 1 1.0 ml/min,
PEARIFERSIRLEE S 270 C . FSS BN R  E1 85 TR, 70 oV BB IE, 55 TR 220 °C R4 K
25 spectra/s, FHHTIH:50~ 500 Da, M1 ChromaTOF v4.71 (Leco, USA) 4Kk -4 FIAIRLHIHE 1 9 B B
BN E S 78 F R i ( I ) MY JiaLib ACHPEEE A . 12 ] 3 0343 R0 E 52 Ml 5/ — 3R 1511 43
Mridexh & LA YIES T34 . A VIP (variable importance in projection)>1 Hl P<0.05(Student’s t-test) ¥
IHHFTERE LS

2 H#R

2.1 AL BMBEMER S RAERES
i3 TCMSP B PEAG AR AT BN SIE M Loy 22 Ffr AR HTHE AT 124 A JEAMEPE R 23 2 B, /EHISE A1 28 1,
O3 2 I 45 AR S TR A 2 X (9 P 18020 36 24 B (OSID BReA Bl S N AR 1), BRSO W& 1,
PEAIRE AL 134 4>, DL OSID BHA 8l SN AR 2
1 RS JEA RS A R

Table 1  The main active ingredients in Aurantii Fructus Immaturus and Magnoliae Officinalis Cortex

2% iz YL AR AR 0B/ % DL
MOL013433 prangenin hydrate AP ERK ) 72.63 0.29

MOL001798 neohesperidin_qt B KA _qt 71.17 0.27

MOL013435 poncimarin Mk 2 63.62 0.35

e MOLO013436 isoponcimarin St R 63.28 0.31

e MOL005828 nobiletin SR % 61.67 0.52
MOL004328 naringenin Tl Bz % 59.29 0.21

MOL013277 isosinensetin - 51.15 0.44

MOL001803 sinensetin il 50.56 0.45

B MOL005970 eucalyptol g 60.62 0.32
il MOL005980 neohesperidin BRE R 57.44 0.27

2.2 STC HEIRIHXH S

L) “slow transit constipation” YE 4 JCEETR7E OMIM £048 4 Fll GeneCards FU4i 12 Hh 43 5K 2R 1) STC %A
KHE 5 604 A4F1 3 801 /4>, i T7E DisGeNET %3 2 1 Jo 7k L “ slow transit constipation” /E Ry SCE R HEA TR %
MU constipation” 124 Je 8 17] , 7F DisGeNET £ 2 i R B P AHOCHE i 424 A, £ 3 MU R4
P MBREE TS , 2435 STC B AHSEHE M AT 4 380 4,
23 WY -ERRTEHAK PPl MEHE

it Venny 2.1 7E4E T HAGRIASE - JEAN X 55 STC B 258 - 28 SR 4 5 3k 106 4>, L OSID B2k
PS5 PSR 1, K5 3RAFAY 106 20 580 S A STRING $5d5 2 | #5526 11 o [ /) AH B4R A B 1 B



Cytoscape 3.8.0 #XIFF B A Ry sC 4EH s PPT R2% , L OSID Bb 24 K040 5 P 2 R PR 2, 3 {1 R DU 4 s P sk
R, BB, AH EL A FH B DU 6 3 2Bt
2.4 KBS

TE Cytoscape 3.8.0 3R HXf S AR i FEAH AT 007, BEEHE A T 10 1Y OGS s 0 4% AKT1 'TNF \TP53
IL6 .CASP3 JUN VEGFA MAPK3 PPARG EGFR, il OSID Bl2#%5E 5N 2R K 3, [R)As 22 oh 24 — il o — 0 5
P25 &L, WL OSID Rl $idls 5 AR 4.
2.5 GO MEEEES I KEGG BEREES

1 Metascape U0 PEXT 259 5 B 3 4R R S 51T GO ThRE & 40T Ml KEGG 3l i & 2001, GO 4341
R B S - JEAN G RIAYT STC TS TEAE W) i 72 7T e b K 20 MO UG5 W0 1 S g Xof R 8 S I e S ol o) 384 174
ALY RO Y S DA AN 2 = I g = L v P MBS E RO K= 1~ G 3 ) VA7 9 S A< O e~ S R )
P X AKPREARAY SOBEAE , UL OSID FH# %8s 5 A HIE 5. KEGG J3 B4 SR il 7 1 52 - JEEAD 24 % 1] g
25 W38 PR R B N R S kR AR AL PI3K-Akt 15 538 B SRS 25 W 250 Ak 2 B0 - 52 A0 |
g5 H ARTOREYERR DT I 50550 1 5-% (B RE S fil 5 53l % AMPK {5538 #% , W, OSID Rl 845 5 N
A 6
2.6 AFEBENHAFD N

PCA ( principal component analysis, 32 i 53 73 #7) F1 OPLS-DA (orthogonal partial least squares-discriminant
analysis , 1F 3 (i de /N 3L FI B 40T ) A4 R 7R NC LA STC 41/ BUE I 8 25890 v AR R e v 55
U PRI KO AEZE I B 22 52 (B 1(a) ,1(¢) ), STC 411 ZS+HP 20 H 4 [RIAE Sk s R 20 18] 4G 3 7K SF A7 78
Wl 225 (B 1(b),1(d) ), ik NC ZLF0 STC ZH M 2H a4 22 SRR (] 1(e) ), AREE VIP> 1 AUFRAELE
FE 79 FP2E AR AR P< 0.05 MUARAESSE H 43 Pz S, [RIRH 2 LR b i s pr i i 25 52
PEAII AT 43 Fh, MR kit STC 2R ZS+HP 2L A] (A 25 AR AL 43 Fh (& 1(f) ) o XF iAW
PR LA B A 2 1) 22 SR AR i AT 25 5 20 BT IR A R AR T NC 41, SCT 4N B I N AW A 16 Fh
P 1 BRI S 9 ARAE 25 T AR S+ R ANE B 25 25 J5 R A i 38 0, 46 £ il N-FH RS 28 A
MR TR PRENE AL PR AhE R AR R RERIR R ORERRE  H B - BRI 1A
GREAE M 3R EIAK LR, LA, A 5 PRI AE SCT 4/ N E I N AW 48 NC 41 & T+ i, (HAE LS + )2
ANAZg G ML B R 05 I e 2T 4 o N-ZBuE e JrLZRRRANE 2R (£ 2) .

F 1 ARG PCA FI OPLS-DA 43#r
Fig.1 PCA and OPLS-DA analyses of metabolites
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Table 2 Screening of differential metabolites

N-FH LY &R AHm HMDB0094692 1.573 2 43209 0.015 152 l 1
NS ek HMDB0000149 1.3219 1.567 0 0.024 673 ! 1
LA M2 HMDB0001488 1.4450 1.585 2 0.014 412 ! 1

it R AIm HMDB0000162 1.6557 6.058 7 0.004 329 ! )
PRUZIE BT iR HMDB0000300 1.642 9 1.770 9 0.004 329 ! 1
AR R HKNMZE  HMDB0000764 1.416 3 1.899 3 0.015 333 i 1




K B

Fo(gk)
22 S A G HMDB ID VIP {8 A3 Ak % Pl =lens
STC 4 vs. NC41  ZS+HP 4 vs. STC 41
ERER B HMDB0000267 1.804 8 2.677 3 0.008 658 ! 1
FREER BN HMDB0000613 1.9335 2.078 7 0.000 113 ! 1
HER IR HMDB0000148 1.720 3 3.804 4 0.002 165 ! i
PN 2 HMDB0001644 1.557 8 1.661 7 0.011 984 ! 1
ey B HMDB0000283 1.624 5 1.932 6 0.008 412 ! 1
i 1z &S HMDBO0001414 1.105 1 0.182 4 0.002 165 1 !
N-Z. ke e JHie 2k HMDB0002064 1.456 0 0.386 1 0.015 152 1 !
JRILZS R HKHZE  HMDB0001856 1.330 2 0.371 2 0.045 747 1 !
P LS HMDBO0000660 1.480 4 1.538 2 0.029 288 ! 1
HEm Wik HMDB0000169 1.449 5 1.866 1 0.019 933 ! 1
LT 4 M Wik HMDB0000055 1.3517 0.187 2 0.041 126 i !
22 S HMDB0000163 1.428 1 0.190 6 0.025 974 1 !
1-PARF 5K IS HMDBO0011131 1.344 3 1.537 6 0.041 126 } 1
1-Ff ) 7 ek IS HMDBO0011561 1.383 5 2.133 9 0.029 271 ! 1
3-FRIR TR [HES HMDB0000440 1.526 3 2.859 9 0.008 658 ! 1
3 itig

WIEHFSE PP M4 % B, A1 S0 - JEAR 25 XHAJT STC (1 56 HEHE 254 AKT1  TNF , TP53 1L-6, CASP3 , JUN
4 AKTI J&—Fh 22 B/ 75 E AR B8R , /2 PI3K/AKTI 15538 R A0 B/ Y A, T8 S 5 4045
YR T AR AR B BFSE I AKTT SRR A0S X T 44+ Cajal [H] 5T 40 MY (interstitial cells of Cajal,
1CC) MThBE A EEAEMY . 1CC J&—Fh) 12 504 T 18 i 3 JILJZE (1 ) i 200 L, 2 75 i S o UL 0 ) e
HRERRE BN B s RSN . 1CC R 245 A XT84 STC g 45 Bedh b 1CC B%L
S AR I F NI s o TNF -6 J& T RAEVE AN 1, Wi A A 5 1) 9 1 40 i R 74
A S8 T AR T OO A 1) D PR 22— R 4 M R RS R R UMY Y TL-6 R TNF-oo 9 3k B2 3 1 B0 T
#5110, TPS3 1 JUN JEfi AH G I PR, — IR0 P (e Blb 20 25 9 R i 1) DR 38 8% o 1 B R 25 - 8000
AN R e B U T Y L CASP3 R —Fh R AT , J8 T2 e R K A MR 2 1 8 ( Caspase ) K, TE4 M
FT-HEREARTTABIVER . B9k B STC AH G Y S P W I J5T 248 Bl ( reactive human enteric glial cell,
thEGC) FRI 251 CASP3 () mRNA 54 5% EIH  $28 CASP3 ] A = 52 0 7 1o 28 152 J5i 240 it DA i ot 5 W 31 )
RAEWTR

ARHFFE KEGG 4 Mr 485 S fd 7w AR S - JE AN 2 XA 7 STC Y T 7E 3 B A0 5 PI3K-Akt {553 i 4515 538
F S5-FE NGRS AME S @ B . PI3K-Akt {5538 B BR T ¥ S 1CC AAEIIRESL 38 RS 38 it J445 R il N
Sl — S AL R A i ( endothelial nitric oxide synthase, eNOS) [ 2635 1T 2 SE R BR 1 FE . W5 & L p-Akt
I FRIBREAN, 2 T3 EE AL eNOS W ZRIB T, 45 NO B I, NO & — R il o4 4 2238 I, w] LAAE
T - L, Sk e s 1 TR s ARG rh 2 - B - HE AU 4 A3 BT S, DG HEERE A Akt
Xof L PRI A0 S i B R RIR R RE 2, R BB B 20— P R AR B WL & 1, BT ZFh 2 3226 1, i 4% |
Pt BEIRER B PO TSR, 2 WU 50 R IR R R 2R AT DLGE o 4% PI3K-Ake {55 #% K IR T AR
FHEO A e R R A IROTT, B T U IR A, DT IR R B B 2T DU i 4R PI3K-Akt 5
IR UM B RS S AE Y EAE T AR Yin S5V HGE A R R AE S E T F Cajal
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[) SR 4 A 75 4 T 40 IR F (stem cell factor, SCF) M H:AZ 4R c-kit Bk, DL R JE /K@ EHE A 3
( Aquaporin3, AQP3) YR IE T XTI IR T Ricis 1) STC /IR IR PRI,

5SmSR BB 5%, -1 LA WS P BE AT 5455 B s | R B A e 4 et 240 A
H Ca® N TR BN N I AE Y Ca™ B (A5 - WILAERE N Ca® AR BE T, TIT 7 &7 TRIHIF 25 Ca™ Bl BT AT 21
o Na* | Ca™ S HE L AMEAR - LAY Ca™ MR BE R B FR KO L 2R 845 W oE R B S 5 2
I35 AT LABR i 8 S 7 W LAE B Y Ca® AV FE 3 9 ILAH B A Usc 4 . 5-%4 €8 & ( 5-hydroxytryptamine , 5-HT) J&
i 28 2 gt b —Fh A R 2258 5T, 5-HT AT LURIEOY 18 -3 L , — Mok S A 8 25 08 3 tE BE 5-HT K
BEAR DA B S-HT ZARTEPERIRAE™ | WF5T R 5-HT3 SZ20R 5 T W 235 0 i 108 B3 1) K H X A 4% 326 i 75
FERRIE/D 55— 7 a8 1 B e b s | AE2% S i N A s e > o AN, 45 5-HT4 2R SRR
)RR 255 | L U Bl 553, Pl 0 S S, S B A

ARSI 30 3 A A2 2% 7 A T AR S - SR 24 0 B X STC /)N B T AR (0 5 i) | e 44 3
Rl iy 21 A2 A, o B T R 0 R AR SE SR ANR 2535 1 STC /I B T8 P 25400 v IR R R SR Y
B BRAR T IR LSRR & &, X 3 F 22 AR AR 5 Ake (5 5 BEAFTECHR MR & —Fh 2 DI
J, REHLARRN 28 R G0 A SN LA SR AR A LA R VR b 42 4517 i R R mT L3 i Ak A Ak
F AN (HaCaT) H Akt 1G4k . FUBHE 5 A ] 20 S48 00 oAbl ZE B 45 T 98 R B B RE 8 1 25 0%
Akt 55 38 5 FP SRS Akt FOBERRTEK T, Sato %5 [AIREHRIE S MR 45 25 mT AR /N BRUFFIE - Ake (4
Ak, JRILZSRR MR S B B AL AP R Z5VE F . Nam 2550 H2 38 JFULASIR v] LU I 2 855 S0 Ak {5
550 T . Wia A [RIRE S B LS TR 1T LA b 2 AR AT B T A B Y A S (FLSs ) ' Akt 1 mTOR (1%
ALK

L5 B TIR  ABIETE I 2% 2 B E 5 5 B4 5 AR RE I A 2H 2 A, 23 AR S - JBEA R 24 XA T STC 1Y)
TPy DR s AH DG P& =2 [A] A AH FLIE R 400 HOTEVE FH AL, 235 SR R W AR S SR AR 2 X £ % STC 7
TEZ T 200 2238 B AR AR i, e 5 DR TR AT I DG (A2 0% T 1ol B AR R B3R | D) KOG B
R Ak BHA AR D AR R SRR LISIR . ASHIFST 24550 Ay PR FH AR S —JEEA N4 XA T 12 1 A 764 s
HFE T B , [R]INF hy Je SRRl S SR A T RS B

S
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