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Banana peel extract improves intestinal motility of constipation model mice by
regulating intestinal flora and intestinal neurotransmitter levels
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Abstract : To explore the effect of banana peel extract on intestinal motility in constipated mice. In this study,the mice model
of constipation was established with the mixed antibiotic solution. The effects of banana peel extract on intestinal flora, intesti-
nal neurotransmitter and intestinal motiveness of constipated mice were measured. The results showed that the fecal water con-
tent increased by 137.5% ,the intestinal propulsion rate increased by 3.4 times,and the first black stool excretion time de-
creased by 73.7% (P < 0.05) in the high-concentration banana peel extract group,which basically recovered to the level of
the blank group. The phyla horizontal flora was disordered and some beneficial bacteria were missing in the constipation model
mice. After the intervention of low concentration banana peel extract, the relative abundance of Trabulsiella and Unclassified-f-
Enterobacteriaceae increased by 6 times, the relative abundance of intestinal Bacteroides decreased by 94. 4% . Furthermore,
the concentrations of norepinephrine , dopamine , gamma-aminobutyric acid and acetylcholine of neurotransmitters were signifi-
cantly increased by 6. 1% ,17.6% ,63.7% and 52.6% . These results indicated that banana peel extract could regulate intes-
tinal flora and intestinal neurotransmitter levels to improve intestinal motility in constipated mice.
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Table 1 Parameters setting on the determination of neurotransmitter

. B S T 57 W85 T Q1 ke [ T A g Q3 ek

MR ) . HRER .
Neurofrs . Precursor ion and Q1 deflection voltage Collision Energy Q3 deflection voltage

eurotransmitter product ion(m/z) (V) (eV) (V)
DA 154.0—137.0 16 12 23
5-HT 177.0—160. 1 18 12 29
ACh 146.0—87.0 30 14 30
GABA 104.0—69.0 20 18 26
Glu 148.0—84.0 15 18 30
NE 170.0—152.1 18 10 26
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Table 2 The elution gradient setting of neurotransmitter

B ] st A Wiak B
Time( min) Flow phase A(% )  Flow phase B(% )
0.01 30.0 70.0
3.00 95.0 5.0
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Fig. 1  Effect of banana peel powder intervention on fecal morphology in constipated mice

P :a:MD 4;b:MB 4 ;c:XJL 41, Note:a:MD group;b:MB group;c:XJL group.
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Fig. 2 Effect of feed consumption, total feces and total water content parameters of mice in each group before and after intervention
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Fig. 3 Comparison of functional parameters of IPR and FSE in each group of mice after intervention
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Fig. 4 Comparison of OTUs,abundance grade curve and beta diversity of mice in each group after intervention
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Venn diagram.
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FAE T =E B R {Ik 87. 2% , Proteobacteria [ AH Xt 3 &
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Verrucomicrobia, Actinobacteria [ ] 4 3l & =
0.6% .0.2% ,Proteobacteria B[ ] BIAHXT 325 I F 42
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Table 3 Comparison of the proportion of microflora at the phylum level of mice in each group after intervention

RS -

Microflora at the phylum level XL XJH CTL CTH
SUFFHT ] Bacteroidetes 28.20% 72.80% 9.30% 0.10% 9.00% 21.10%
JELBE ] ] Firmicutes 31.20% 16.50% 10.80% 9.60% 13.70% 14.30%
B/F( Bacteroidetes /Firmicutes ) 90.38% 441.21% 86.11% 1.04% 65.69% 147.55%
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Fig. 5 Species composition abundance map at phylum level of mice in each group after intervention
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Fig. 6 Species composition abundance map at genus level and LEfSe analysis and

comparison of flora in mice in each group after intervention
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X HEEH , XIL 2/ N % 36 o734 ACh e FEAH Lt T FH
PEXT REZH 3G N 52. 6% , FAAE B EEZE R (P <
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HSE- 45 GABA ¥ 3 i 54800 63. 7% (P <0.05) ,MD
H/NRIGIE ) DA W TR 8. 2% (HAEA W

Tk, X4 MD 40, XIL 473 DA ¥R K VB3
BN 17.6% (P <0.05) o 1B B B 75 A2 1 HE L
YixtiaiE ACh il GABA A % W & MAEdAEH (P <
0.05), XfHt MB 2, MD 41 Jig i 40 4 v P-4 5-HT
W BE AT T 9, XTL 41/ BRI 412034 5-HT ¥
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Table 4  Analysis and comparison of intestinal neurotransmitters in mice in each group after intervention ( L)
y p group W

a5

45 ACh GABA DA 5-HT NE Glu
Group

MB 0.1989+0.03* 0.7135+0.04° 0.2065+0.01" 0.356 4 +0.02*> 3.016 4 +0.06" 84.69 +3.78¢
MD 0.091 8 £0.01*  0.5307 £0.02¢  0.1895£0.01° 0.3373 £0.01*  2.838 2 +0.03“ 82.38 +5.67¢
XJL 0.1401 £0.01*  0.868 7+0.03">  0.2229+0.01"> 0.376 8 £0.06"  3.021 5 +0.04" 76.68 +4.64°
XJH 0.0630+0.02°  0.4861+0.03" 0.2062+0.01"  0.1592+0.06° 2.763 9 +0.03¢ 68.07 £2.55"
GTL 0.1923£0.02°  0.996 6 £0.03°  0.2957 £0.01°  0.4945£0.07°  3.583 0 +0.04° 102.42 +4.30°
GTH 0.1079£0.03™  0.4478+0.03"  0.1368+0.01" 0.2294 £0.05"  3.539 0 £0.08" 39.56 +2.67°

VI IR IRLING o (P S HEE 5, P < 0.05,

Note ; Different lowercase letters in the same column indicate significant differences,P < 0.05.

2.6 EMREUNRBERMSHHEERMEEH
NIERRHE XSS T
P 7 S i 2 ) J8 7K P B AR SETEHE Unclassi-
fied-f-Lachnospiraceae .2 /K E< i J& ( Dorea ) | Unclassi-
fied-o-Clostridiales | f-S24-7 %% 5 Jizy #ft 25 3% i Da,
ACh 5-HT ,GABA |NE  Glu 5§48 #5 B AH 3¢ 1 43 #r
WK TA FroR, 5 NE 5258 AH S5 I B R A 17 2R 3w R
( Enterococcus) (r =0.912) 988 8 BKF )& ( Ruminococ-
cus) (r=0.898) ] 1 ¥ 75 B B+ 9% B ( Adlercreutzia )
(r = 0. 828) . Unclassified-f-Lachnospiraceae (r =
0.828), 5 5-HT 23 A X W JE A Dorea (r =

Trabulsiella
Ruminococcus

rococcus
Dorea
Coprococcus
Citrobacter
Blauti

5-HT GABA DA Glu NE Ach

0.926) 2% KA R AT ( Citrobacter) (r =-0.845) ,
5 Glu B9 AH XMW R JE A Citrobacter (r =-0. 845)
Bit2 7 J& ( Oscillospira) (r = 0. 811) | Dorea (r =
0. 678) . Unclassified-f-Ruminococcaceae (r = 0. 771 ) ,
5 ACh & 98 fH X ) W J& A1 Ruminococcus (r =
0.811) . Adlercreutzia (r = 0. 828) . & 7B %
P 2388 515 W 50 3 KR S 3 A mT A, 0N BN
PR g2k i 5-HT (r =-0. 829) .Glu(r =-0.
829) & W ARG, /N B LA AE AR i E] 5 5-HT
(r=0.771) 2 B FIEMAE,

0.9300 B

0.9450
Ach

0.5740

NE - 0.5670

0.2180 Glu 0.1890

-0.1380 DA -0.1890

GABA
.
-0.4940 10:5670,
SHT
-0.9450
~0.8500 FSE 1PR

7T FHENMNRBEERSHEER . EER SR 18 Spearman ELEL ST T
Fig.7 Spearman's correlation of gut microbiota and neurotransmitters , neurotransmitters and gut motility in mice after intervention

HE:# R>0.8 H P<0.05, M AFFEAZEM: B % . Note:If R>0.8 and P < 0.05,the correlation is significant.
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MIERTITIE o ARBIESE i (A R WA A S, X b as
F A (AR ARL/INER I 2 Rl 28 5K B /Mg
BT R GE PR3 0 2 FRAIL, & B A AR I
RERAMETHUE , ERTebn A B, HA R
B SRR W O TR SRR . R 2 TE s 3h )

Fabr b, BRRER AT 225 V2 KT, Ui I i A R 4 U
PRCRAT 5 PR HEHEAE | A0St 2 A 1545 A1 i 3 4% 50
JTEFERT e FAI, 5 T Bl A A A9F 5 SCRRAH X
Z (B FEAE R BE 25U, X RIR BT
YERIRIBEFEAINS B H Z2BE5E FE2EC TR
U =0 7 DA G (L E N B ek it 7
22388 A JRE TR B e A AR A 1) AR P AL
WA B =
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A5 K B 4 i $E U ELA i A 4 v
/INER I 3h o BV T, VA A T DR T B R R B
ST AR R BRI
REAS IR i T8 Bl A= 9 R o st 5, 35/ 1N U B
I, XU RE LA AL A AR R R R . A, A
AR AT LU R T P S B R 1 A
e WP EIBT B ) 3 RE 2 b b R 2 Bl b A R
(R SE e T 2 Bz 75 )4 i 2T L3 ) 4
PR AL TR G A, I T AR A ARG R A, ik 4
AR T HARH R N B — 2 T

EVA ST 2 AL 26 LA AR PR 9T T 1 i
XHE RS B SR A AE T, IF A48 R e AL, A
g R BRI 5-HT 50 8 91 S AR G, HoaT
13 5 i T T T LT 2 40 L AR R A 32 AR A 1
il B L PR U A ST i, DT 52 M 8 ) e+ TR
{5 H Ath A 22556 5 7 5 i 3 D g6 /R T H AT
RNEHE . BRI R, % zs AL, (E RS
/NG A 22 08 B s 5-HT K- 58 25 B A% 22 41, GA-
BA ACh M &K AP B & 2R, KPR
FiR 7K V-5 /N e 3 2 i) 2 25 67 4 %, 16 I g i
TR KT A SR nT I A 3h o T AR R SR
AR R 5-HT K-, BEARAS 002 19 7K SF-, DT 1
S Eh . A ST G S T A e HE ) n] e R
M) gy Ao 25328 I A9 K- T /N R 8 1. eah, AR A
G & BUAE I b 2238 o B s AR A I, 75 A 2 $E L)
FAIEHAEA A Z AR EES, XY
i it A2 2 B4 figm T TR AR A AR AR A G (L Bk
JE A i R i — A 5T

o TR A PP R ) R 2R, Horh B/
F 0 07 i 3 O 7 K A A S AR AR . Yang
SELPURF SR AR 251 B/F (ERYRAS . AHIFSE
H116s r RNA JE RN ¥ 25 5 R, 761 1K F 1, MD
201 B/F {R# MB 203800 1 350. 83% , Ak 11
A /N B/F (VK ZIEW KF. BT B/F %R
75 2 P T AR 2 R ) B AR R AR T A A R AR U T
T T (2 (K A 28 I /KT, 1 A 4 R SR
HA P /NR B R R ER . R8RS I,
XFE MD 41, 7 £ i SR B A L R AL 25
Trabulsiella FIAHXTF B2 43 54 T 6 £5H01 7 4%, 1K
R R AR Trabulsiella FXTFEERK T 3 45,
ULHH Trabulsiella J&HiH5 & A= D48 A W br &5 B,
SR A AR B RIMEG SR SRR A A Y PO B T

PAiE R RS SN & —EMCR,

TIRE PR K2 A 45 iz sh DI RES , 5 W th 4
BRI REAKE M B AR B R ) R
R 3 R AR A 0 o 5 g o 28 2R G ORI Y
SRR A, B A i e .
WKAL Sk E S E mIE Y Ruminococcus . Dorea
SEIERETS | Lachnospiraceae g4 /)N B 8 fE e ,
KA S5 B 55 X6 R M /N s (%) 43 493 DA R g 105 3%
PEVOT A A BT B (e A REA L, i 4 AR
BB W7 8 B BE Dorea . Ruminococcus 55 5 12 [ A,
Oscillospira %7} | Al ## 5-HT NE %54 288
Ji & =08 /0, U B Dorea . Ruminococcus | Oscillospira
55 5-HT | NE 259 28388 51 il R B A — 2 B AH DG M
ARG 0 A0 O 23 A &2 B, NE [ 5-HT , Glu 4351 5
Enterococcus  Dorea  Citrobacter 55 /A~ [6) B Fif 52 50 4H 56
P, U0 b 228 5T 5 1 T TR R AR b 28 A O
T TEM 22388 57 55 W 3 T3 AR G R B, /0N B/ D o 4 s
K5 2586 5 5-HT  Glu 5 3 Tk 56, /N ki
REHE RS S-HT 2 838 EAHOC, FaRgs Rk
WY, i T R AT 30 o 9 3 R M 223 B K 5
i /N B B0 7, AT B i S M8 HE 1 4 3 3 L) R A
B % H . Nzakizwanayo '™ FI Peng 25" 1A %
TE BRI 28 0o o SR AR OC (LA AT o e A ik — 2P
B UE AR SCHRIE , o oA PRI W 38 T A 5 o A 4238 T
G ZEI DA IR RS ST

g5 bR, (R AL /N R B 18 T S T ek 2
3B A AR OC M, I b 22388 o )5 W 3 0 W 2%
A, A A8 S SR Y AT AR A 2 AF JCid o 119 i 1 7R
FERZ A 22088 B Y K-, 4 i 3l g, DT ke 3
o B H A DN i 1 RS W 35 1 iR s b1
AW B, AVF 2 10 ANTERE AT TR
W,

AW 5T R B L R SR B R HR B A RIS IO
S ZE LA AR AN R B B R R R
HAE A e A 46 B B Oy ik o0 9 /)N B 1
T LR TR, T T 5 0 i T A 5 38 B 1 K7 RN
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