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[ Abstract] Moringa oleifera leaves are known for their " Virechana" (purgative) effect in Ayurvedic medicine in India. This study
compared the purgative effects and mechanisms of M. oleifera leaves with the reference Rhei Radix et Rhizoma to establish a foundation
for the further application of M. oleifera leaves in traditional Chinese medicine (TCM). Using network pharmacology and molecular

docking methods, this study identified the material basis, common targets, and signaling pathways through which Rhei Radix et
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Rhizoma and M. oleifera leaves exerted their purgative pharmacological effects. A low-fiber diet-induced constipation mouse model was
established to measure fecal parameters and small intestinal propulsion rate, and histological changes in the colon were observed using
HE staining. Relative expression levels of relevant genes and target proteins were assessed using RT-qPCR and immunohistochemistry,
respectively. The results showed that mapping the targets of Rhei Radix et Rhizoma and M. oleifera leaves onto the biological process
network of constipation revealed close proximity, indicating that they may exert their therapeutic effects on constipation through similar
biological processes. Molecular docking results indicated that compounds such as sennoside C and isoquercitrin could target serine/
threonine protein kinases ( AKT1) and mitogen-activated protein kinase 3 (MAPK3) , thereby affecting MAPK and calcium signaling
pathways to promote defecation. Animal experiments demonstrated that both M. oleifera leaves and Rhei Radix et Rhizoma increased
the number of fecal pellets and water content in constipated mice, improved small intestine motility, colon mucosal thickness, and
muscle layer thickness, upregulated the gene expression levels of AKT1 and MAPK3 in the colon, and downregulated the expression of
AQP3 protein. These findings suggest that M. oleifera leaves and Rhei Radix et Rhizoma share similarities in their therapeutic efficacy
and mechanisms for treating constipation. Using Rhei Radix et Rhizoma as a reference can provide a better understanding of the
characteristics of the " Virechana" (purgative) effect of M. oleifera leaves in TCM.
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Table 1 PCR primers sequences

D AR 27 SRR Rk, 51T AL
%% lO

EIEZE2N

LRI (57-37)

TWESIPI(5'-3")

GAPDH

MAPK3

GAAGGTCGGTGTGAACGGATTTG
AKT1 ATGAACGACGTAGCCATTGTG
TCCGCCATGAGAATGTTATAGGC

CATGTAGACCATGTAGTTGAGGTCA
TTGTAGCCAATAAAGGTGCCAT
GGTGGTGTTGATAAGCAGATTGG

L3.11 BT RHAT SPSS 21, 0 B #E T 4E

FACPR SCHHHR VL vs TR ZHE SRR R

722538 (One-way ANOVA) | 21 [A] 22 5% ] SNK £

K75k, P<0.05 N2EFAGIE R,

2 4

2.1 R BRI o3 i 0 M B A A T A
R R KBRS 2 10y 42 A FEH

FLAT 354 A5 BRI AL 27 7 88 A, AE AR i

487 14~

2.2 fEERPEHE SRR S PP ) 45 Y 4
SwissTargetPrediction -5 Fil il H: £ 4545 £ 42 1

1 230 /> ; Cytoscape 3. 6. 0 FJ - {HFLHE 55 1) PPI /2%

LKA 958 AN A, 21 152 4301 (EARHE A A PPL

PO 245 D o 5] R0 P A S 5 1 RSB AIN AT RL )

K1 R SR R GO B AR

2.3 fERLHLGRY GO BARHT

FIFH Metascape K45 X5 1 230 A~ b 40 5 1F
11 GO WA T, I SeHl T AL K 262 A1t R
AR R 43 O 20 2 B A A A B A A B3R
(negative regulation of cell population proliferation) |
R H B R B B JE % (positive regulation of protein
phosphorylation) .17 A ( behavior) | & 5 I 57 4 fifd 414
% (regulation of epithelial cell proliferation) |z 3l A%
BRI Y (positive regulation of locomotion ) | £ fifd X}
HHLEAC AW B9 R ( cellular response to organoni-
trogen compound ) | 4l fifd € T i B4 I 35 ( positive
regulation of cell death) | R&GEid #E ] 75 (regulation of
system process ) | B AL S ( regulation of ion
transport ) 55, WLIE[ 1.2,

Fig. 1 GO enrichment analysis of biological process of constipation targets
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Fig.2  Clustering network of GO enrichment analysis results of constipation targets
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Yyt e 2 FUBE AT PP 2% rp Ay e S5 PT DL v ) R o AR
SCHER R I AA R ) o SRR, R AT B A
RS H R KRB ABOR TR B (2 7E 0~0.5, H
A negative regulation of cell population proliferation
regulation of epithelial cell proliferation | regulation of
system process , regulation of cell development X 4 />
ZAHBYI B ER T 0.5, 1 g ml I, K25 oK
TEERRAS A ) 2 00 v BT RR B 194 73 BE B A
Ul A R B AR I 1T B8 152 e A DL A i
KRB AR
2.5 AW FEATHIE S PPT 4 AL gt 5 4 Hr

R A R R 3E R A7 A 1 LR W e
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Fl J& positive regulation of protein phosphorylation ( £
H R L 14 1 18] 98 15 ) Fl cellular response to or-
ganonitrogen compound ( il it % A L & AL & #) 1Y S
NE) A E 82 ANHE AL, AT BN A A P IR YT AR R 1Y
WERE R, Horh T S RN (AR ANR degree
RN, WIE 3, 315 degree KT 3 175 o0 B 6
#0513 >, A0 55 AKT1 (degree = 61) [ TP53 (degree =
58) .MAPK3 ( degree =56) ,EGFR ( degree =54)  CT-
NNBI1 ( degree = 54 ) | INS ( degree = 54 ) . CASP3 ( de-
gree=51) SRC(degree=51) IGF1(degree=48) .1L6
(degree = 46) | ILIB ( degree = 46) . MTOR ( degree =
45) 'TNF (degree=45) % =I5 LL 50 5 0] B8 MIRYT
AL AR DA R
2.6 BRARM | G ERR 1  25 -0 - HE
A I 2% ARG 5 4T

KEGG BHESRE T 81 &5 M, RA%
AR (P<0.05) KR 18 2% UL 4, £ 4%
MAPK 51 & &% ( MAPK signaling pathway ) |
p33 {5515 S 1% 12 (p53 signaling pathway ) . NOD Ff
ZAKAF 5 1% T & £ ( NOD-like receptor signaling
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Table 2 Number of targets in the PPI network of targets contained in each biological process entry mapped by Rhei Radix et Rhizoma

and Moringa oleifera leaves and their distance values

No. *H RAR s w AR i
K AR

1 negative regulation of cell population proliferation 226 184 2 785 20 27 0.53
2 positive regulation of protein phosphorylation 220 202 4195 42 42 0.09
3 behavior 157 153 1 992 27 36 0.43
4 regulation of epithelial cell proliferation 186 135 1954 21 20 0.53
5 positive regulation of locomotion 123 102 1234 25 21 0.37
6 gland development 107 107 1215 18 18 0.35
7 response to growth factor 148 140 2321 27 28 0.30
8 cellular response to organonitrogen compound 212 204 3362 39 51 0.33
9 positive regulation of cell death 115 95 1 098 19 24 0.45
10 response to inorganic substance 127 126 1 256 32 34 0.29
11 regulation of system process 111 100 632 14 24 0. 60
12 regulation of ion transport 138 124 932 25 30 0. 46
13 regulation of cell development 107 100 817 19 14 0.59
14 regulation of cell adhesion 196 180 3 565 26 28 0.27
15 regulation of inflammatory response 166 121 1597 18 23 0.19

K3 AWpid B2k A AP E SR ) PPT 4%

Fig.3  PPI network of potential targets in biological process entries

pathway ) #5155 1% 5 & 42 ( calcium signaling path-
way) 5, 38 ST BT kB, 25 -1k A R o
S g HR LG 153 S s, R S P YT
99 A TR AR T A 78 A (RE 17 A, HOA R
61 1™, WA 5, KiE Y 28y KB R B
(palmidin B, degree = 10) 5+ K # & (isoemodin, de-
gree=8) FEVEH U C(sennidin C,degree=5) KEE
F it ( physcion, degree = 5) . K 8 [ig ( thein, degree =

3) . KE W ( chrysophanol , degree =3) 45, A Hh
FERS M A B B (niazimicin B, degree = 13) |
ZE7* (quinines,, degree = 12) | EJJ & UK 5 ( pterygo-
spermin , degree = 11) | JiL f£ 7 % ( proanthocyanidin ,
degree=11)  5#t B2 1 (isoquercitrin , degree = 10) #fi}
W F-3-0-F5 ZFHT ( quercetin-3-0-glucoside , degree =
10) 55, Pk, RE P RIS HOT CORERR AR
TP R SR A R 2R -3-0 - 2 A 10 T et
AKT1 MAPK3 “E4E i AT MAPK {5 514 Tk 42 |
5515 P IRAR G550 R ORI - iz 3l
NI A2 (A O REAR
2.7 T RHE

PEHL degree %75 (1 HE £ AKT1 MAPK3 EGFR
CASP3 SRC \MTOR 5 5 K8 | BRA it rp i 4 5 43
palmidin B | isoemodin | citreorosein , quercetin-3-0-glu-
coside , kaempferol-3-0-glucoside , 7-OH flavone 5% i
Frorx, WK 6, 45 2R R 16 PR o 5 5 i 4
P A SV A 2 AR 0 U RS A 42
2T PR O 5 R R 4 R SR citreoro-
sein 5 AKT1 & 4% A B AF I, /F FH H 3% 5 ASN
(204) .SER(205) ;isoquercitrin 5 AKT1 {EF T H 5%
3 ASN(204) \LEU(213) \LYS(268), W& 7, Hrp
AKT1 MAPK3 Y454 6E B/~ 15 palmidin B | isoemo-
din , citreorosein 25 V& 75 T P L 73 BAT B0 O 45 5 1%
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Kl 4 KEGG il & 40
Fig.4 KEGG signaling pathway enrichment analysis

AR B CRHR M KB MR ; S AR D A B A0 KEGG (551,
BLs ot BRI B A SR [

Fig.5 Network of " Rhei Radix et Rhizoma/Moringa oleifera leaves-chemical ingredient-target-pathway"
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45 AR BTN M5 B TS 25 B4R F A L] EL A5

P, HEI K B BRI AT BEE 3 palmidin B isoemo-
din | citreorosein 25 V& 15 1% 4 % /0 7E F T AKTL,
MAPK3 S48 ok K A5 51

2.8 BUKM KEXHIRLF 24175 T 0 AR/ BRI 255K
FALHIBEFE

2.8.1 KRB BARMXMERS N RFEHESE Mz
B2 SRS S a3 S VAN I UiE TR
MR M SRR /N HEE AR R (P<

K6 HLA S AR AT o0 10 ) e R4S A RE A A

0.05) ; SR b4, BAPE 25 4 K o 4l /N B A 2%
5 KRB ETHE (P<0.05) ; HPEZS2H K i 40 Al
A A1/ R 1 - AT A% S st ) A RAALG R 3, PR 24
2 ORI/ B 2 (R A T, P2
A R E O 21 /N B /N 4 0 Y A T s
POHERIGI R, R 3, DGR EN,
KB BRI AT I 2T 2 R S/ BRAY 1 A

Fig. 6 Heat map of the lowest binding energy of the docking between the targets and the related component molecules

K7 oyt
Fig.7 Molecular docking patterns

F 3 KB BRI AL/ RIEAES O NG HERE DI RE AR (225 ,n=6)

Table 3  Effects of Rhei Radix et Rhizoma and Moringa oleifera leaves on fecal parameters and small intestinal propulsion of constipa-

ted mice (x+s,n=6)

2051 /g kg™ FEMREL A - AT A% % 8]/ min MR E g FAEEIKFE/ % N HERE R/ %
2 - 21.17+7. 41 135.00£62. 21 0.53+0. 16 0. 57+0. 07 0. 54+0. 10
A - 12. 67+6. 447 270. 00+98. 59 0. 170. 09 0. 46=0. 07% 0. 41x0. 05"
PR 25 0.001 8 14.00+5. 97 205. 00+ 120. 62 0. 30+0. 08 0. 60=0. 07% 0. 52+0. 09
Kk 1.82 7.76+5. 09 186. 67+139. 95 0. 17+0. 08 0. 66+0. 07" 0.53+0. 10
A 1.82 11. 67+3. 67 215.00£119. 12 0.25+0. 08 0.52+0. 05 0.52+0. 12

T S gL P<0. 05,7 P<0. 01; SHR4] S P<0. 05, P<0.01(F 4 ),
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2.8.2 R HUR X B /)N BRSPS i

SRR, A AN RS IR Z S8, L B
i B S e, R HE B LI, 45 4 355 WA, 45 )2 oK DL
o BSOS 5 528 P2 LA, R U 2 /) U5 M 6t 2
JELRE R R BE 25 ek /b (P<0. 05) |, B Z 2= 4

AL 25 (41 B BT C. PR 241D, K41 E. k-4l (& 9 [/) .
B8 /INEAEIN HE Ye(h (x200) K AQP3 2K 1335 (x400)

A AT IUZ B B 2= 4 SR AL LA, KRB
BRI 20 /N BRI Z R B 545 L2 R B A 1 )2
A Horh R B2 R ZE R W E I (P<
0.05) , BRA 2 /N BRL45 1 L2 8 B2 2538 n ( P<
0.05), W& 8.9,

Fig. 8 HE staining (x200) and AQP3 protein expression (X400) of colon in mice

534 L P<0. 05, “P<0. 01; SR L #* P<0. 05, P<0. 01,

Ko /NREMmEIRZIRE i UZERE K& AQP3 AHXTRIA (x+5,n=6)

Fig. 9 Thickness of the mucosal layer and the muscular layer of the colon, and the relative expression of AQP3 in mice (x%s,n=6)

2.8.3 Kl BORMXHMERL/NEREEHHL AQP3 £
KR S5 4h AQP3 iR B AR AL 2 A
KA B s P R, AR 4N R
AQP3 i K3k 1 1 5R (P<0.01) 5 518 20 AH
L, FRPE 25 2 B 2 /N B AQP3 1Y 2R 35 Ik 25 %
R (P<0.05) , REH /N AQP3 1 FIAA R
PO LK 8.9, ZERFM], KB BN AT LT
TREF A A5 Y E AL /N B Z5 I AQP3 2R 1 3Rk K
S AL R EAR

2.8.4  RH BUR M X E AL /N LSS AKTL FI
MAPK3 mRNA EiLMym =5 4/ Mg b A
K AKT1 F1 MAPK3 mRNA ik #BiRIZH AKT1 Al
MAPK3 mRNA ik /b ; 5HAH A L, B I2H
5 AKT1 mRNA ik B 559 ( P<0. 05) ; K
ZHRIBRA N2 /N BS54 1) MAPK3 mRNA 235 & A
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oL, W3k 4,

#4 NREEHEEE AKT] MAPK3 mRNA 351 H#E (xs,
n=3)
Table 4 Comparison of expression of AKT1 and MAPK3 mRNA

in colon mucosa of mice(x+s,n=3)

a5 T AKTI mRNA MAPK3 mRNA
AT A A ik
Z=H - 1.03+0.28 1.06x0. 13
H - 0.73x0. 14 0.84+0. 13
K 1.82 0. 560. 33 0. 89+0. 44
AR 1.82 1. 04+0. 36" 0. 8420. 43
3 e

ABIEGEIE T M 28 25 B2 Mo T XHE T 1%, 5
KRB BRI ARG T 25 B E IR S el A



45 AR BTN M5 B TS 25 B4R F A L] EL A5

A RIS i, R 2530 2= S IR B0 IE 2 Fh 2P i)
IER NSV BT DN W ¥ NU R (&S S
7 TET A AFLRL A I3]0 3000 R 365 TF A it %) 3 {5 4
FHBLH

Do 26 2 2= 25 BU AT AR AR B A i R, K
BRI -V FH A 5 B R O, 88 v 9 R B R 55
A3 FIBRA - Fv ) 28 T 24 46 140 A 0 A 3 1 LA
PR8I A i () A7 B 4 AKT1 , MAPK3 | EG-
FR S5 MR AV TEIRY T RE AL, A S AR B
MAPK 15538 [ M85 85 15 5% SR 55 AT e el
SRR R A 15 538 5, 0 BH 19 3 v 3 1 A TR] AG 1
FHBLE A R s A e . TESh s btk — 20
BRI, KHE RN A 3G AN BRI 2SR EoR 3
o, 4 11 - A% A B T bt e 28 % 7K 38 /N
J i 3R G A /N BRUCE RE TR, PR 2 485 P 2 )2 I
JERWURIERE . X R B O 1 368 158 25 550817 L
B RBE O 7 e 2 0R BRI A% g [
R E KN iz sh A 7 T B AR R S B
Py S5 I R 2 R B R ILZ R UL 1 25 RSk
TR BRI 5 30 AL 1 38 4 24 0k el 3 P (IR 41
Y fa ) BT A AR IR, UL RH P 253 B — R
AL

AKT1 £ PI3K/AKT {55 538 1 JiF i) 2 R
P55 1T 2 50 09 1 A AR 0 KT LY ok
AT 2 2] &7 3 i 18 7 WL AR E B 1A i S B AR
2 PI3K/AKT 42 C-kiv/SCF & 42 F s 5 S
A 22— A T LS e I 3 S 0 S 4 e
TR HEAE TG , B W I R (5 5 4r 7 PI3K i1 &
F( Cajal [8] 57 41 B2 ( interstitial cells of Cajal, ICC) 5
WO & A N B T T RE A ik DT S B AL
MAPK 25 45l ok S g T A1 2> Herp
MAPK3 #] i &F MAPK {F % i # # () ERK/p38
MAPK #8425 5 3l b 5 7KG8 38 2 1A 2R IR AR G
2500 S 5 0% MAPK/ERK1/2 15 5 38 % F i
AQPs TEZ L (%) FR 3k el 38 8 1 25 1 rh K 4y 2 F i)
PERPY S EGFR 1 i 15 figy i 766 110 5 2 348 3 figp
Tiitie , 34 iz Fees An M psi s 5 Pk O RR B, AT AR
P hEE ) Eas ] LR 3w R R TS 5L
Fm AR, NI M 38 -1 LAN R A i i A, AR
SRTELE LN 7 N T D e T N Y S B
MAPK3 fyZeiki, R AQP3 HE AU IS, AQPs fiY
WAL AT 64000 i 38 X6F 7K G ) L R MAC R i Y 1 30 AT

P & N B R Tt i BN i o N L !

RAEAE AKT1 MAPK 558 SR 8 i 32 3l 3 fn

JWr T 7K 3 W MAT , DT T8 38 AT 2 4 )Rk T S0 /)N B

FEABIEAR , A A5 HERE AR T, U I R B BRI 7R &

PRI R 7 T AFTE— 2 B AL
g5 FRTIR R BB i A S i v 3 P )

YERIT AKT1 MAPK3 S54E L s 52 M MAPK {55

T B (RS0 A DA R e 5 R A L

il , ELZ8 3 255800 3 AL S 56 1 B0k 5 be g, 2 A

G KA 15 MR T ASCR O T B AR I

W R EAE RS TR 2 R B A

AATYE, BRI G E T R R KK

VRTT RO  FE BB T R BT A4 245 W M i R AR

FRTE PSP E A R R, TR a4

ARERIRIT Tk o, AT R, AR

M EA R AT IR A B35 T AR, ELW 3 e A

e e N LAWY A S 1 S T

T2 (S0 TAEIRIE R i (9 Dy e 1 M, A 2 BR
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