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1.1 MRISEF SD KR (i &4 250 ) A
PE 8 JE e L SPF 2, HH i1 A 107 3 v I8 S AR AN A
PR A J 3R AL VR ATHIE S SCXK (A 2019-0001, 24 °C
B3R, AAOLIRE B, B a5 UK.

FE R ARl A2 o AN F o, IR R AE R Carecoline
hydrobromide, Ah) J2& 4% i Bl £ 52 17 76 19 & 2.
SR 2 M B B (C,H,,BrNO,, it 5 €14930622, &
989%) W H _FI IR AE R A PR A ] s SCFAs
VR & B2 A E b (Sigma, F ¥, GC) 5 Qiagen
51504 & {F F K 20 DNA $2 Bt 7] & (4[5 22 2R K
NCID
1.2 UB5&E BB (Agilent, 7894A+
5975A, {h i K (Agilent, DB-225MS) ; i 1 25 7 #H
(ACQUITY Premier, Waters) ; Jii it 1% (SCIEX Triple
Quad™ 6500+ ,SCIEX) .

1.3 XWFHEE

1.3.1 BHEREHHFE DR IRREMGL, SD
K LDy, N 2 054 mg-kg™ , i K 5 & (LD,) >
10.0 g-kg't5 o T SE 5, 4% M 10 mg-kg! 5
50 mg-kg ' LA 2557, 582 28 d Xt SD M K B
KB 1 IRE B AR B, 85 5K R AR & \SCFAs &
W GIE A S R IR E RN R . AR T
S, 16 100 2500 mg- kg™ )5 TR R AR A Bl 1)
0.9% NaCl #W, #4823 d % 12 1 SD K fUE B 4t
H, 45 8 100 mg-kg! AL FEAEAT N EOR WL RH
500 mg-kg ' AMFE R R HBLESh R IR . &
AR A4 2575 % 8 & 100 mg-kg' Ah 5
500 mg-kg™"' Ah f10.9% NaCl &

132 & 36 SDHENE K RGBT
VA G, ML R 3 4H (B2l 12 1), B K e i E
1R, BEAL73 IE 15 5 500 mg - kg™ S IR BR A RIHR 1)
0.9% NaCl % W (500 mg-kg™ Ah 41, Ah. 500) «
100 mg-kg & IR R 155 M5 B8 19 0.9% NaCl ¥ W
(100 mg-kg™" Ah 41, Ah.100) .0 mg-kg™" G, CKD
SRR BERBHR K 0.9% NaCl # (KR . 4524
HATA), L8 K BRI H AT A B 7 Rd s K BRI
VUK SRR . #E 28 dJ5, SR 1AL

U SD K B 45 i N ) 45 A i R 5T Bl ik i 42
3 000 r-min” &0 10 min K73 1 L& W, B T
-80 ‘CHRAFHHI

133 SCFAs&y#&®  ZH kL1711 )5k, %
¥ SD K BRI HH (1) SCFAs AT AE AL, SR FHA0M (i -
JF B (GC-MS) HEAT KLl o

134 BEMAEHSHMEAN  H Qiagen51504
FE {5 5 A1 44 DNA $2 B 7 &, 3R B SD K R 45 i
W ) B TE AR ) S DNA GE & SE B PR
M e B B AR BURRHE R B R~ 7], 34T
V3-V4 a2 X 5 5190 Fe 518 341F : ATGCGTA
GCCGACCTGAGA ; 805R: CGTCAGACTTTCGTCC
ATTGC. & T Illumina NovaSeq250 M /3~ & #E17
el I, P 45 R A0 Reads HF#EIE 8, 7
97% I FF FUARALE K S b 3BT 5 31 #E 4T OTUS
(Operational Taxonomic Units) 528, ¥ Fpd B J
43 41 s I8 1 1 K = °F & (www.magic.novogene.
com) AT o Z F£ % (Alpha Diversity) 1 8 2 £ 1
(Beta Diversity) 73 #1 , 73 #7 T 4= W ¥ v& &5 14 (1)
E St

135 HZBRAARBEHOUNE SH L
BRLI8 I/ J7 ¥4, R P B € i 55 Jo o 16k P (LC-MS/
MS) , Wl 5E SD oK B B J5 L 375 H B e 42 33 I Y
.

14 HIELLIR  RHISPSS 26.0 Gt it 2 AR AT
Geik b, Bl A x £5 320 , IR EEACR A R 3R
ANOVA 5553 87 , P<<0.05 KA Gi it % 5 L.

2 HRE5HR

21 AhXISD KRITAFMEREIFM 2521
8], 3 2H SD KB BRB 6 A 3, SR IET . 2/ Ah4]
SD KR 5 H P e E(E 1-O5P0KkEE 1B
BIAE 5 21,28 K & 3 BE K (P<0.0D . 100 mg-kg
Ah 44 SD K BRAT NIEB)E 75 500 mg-kg™ Ah4H,
FEZ5 2 o LA TS 2L R

M 2 AT 40, 500 mg-kg™ Ah ZH SD KB 7E 21 d
IR~ 35 44 57 & O B R AIK T 0 A (P<<0.05) , 7E
28 d IHA R 2 N R 6.95%, HEL T S, (R
K HE N-033%(P<0.01). 7E21 dHf,100 mg-kg™
Ah 4 SD K BR84S0 IR B B 22 57, 78
28 d G T 0 Aol S 3K 26 0h 4.00% , 555 HR A
(CK) 2 5 2 3 (P<<0.05) . &5 3R 0, A A ol 2 fi
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Fig. 1 Daily intake of food (A) and water (B) of SD rats
*is P<<0.05, **is P<<0.0l. Similarly hereinafter.
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Fig.2 Changes in body weight (A) and the rate of weight growth (B) of SD rats

% SD R B 3% B 510K & B, #01) SD oK B BT
EIIEK.

22 Ah ¥ SD KR #EE+ SCFAs 2 2 &
2/~ Ah 1 SD R SR FEAE 1 1) LR 5 N ER & & 14,
5% 8 2 57 B 2% (P<0.05) . 500 mg-kg Ah 41 2
1R PR 1) 75 12 0 Sl 34 1 8.62%1.9.99% , 100 mg kg™
Ah 2 R TN R I 35 5 70 ) 389 T 2.82% 16.85% .
M7 RIR S ORI &R PR (P<0.05) ,

500 mg-kg! Ah4H TR RIR S RS &4 R
52.46%+50.76%-+97.33%,100 mg-kg ™' Ah 41T R X
R 5 CLRR 43 ) K F# 26.17%+20.729%45.81%. 5 F
SCFAs 1, CIR & s AR oK. WA : 212 : T
R T R=3 11 CARFR L, TR, 100 mg kg™ Ah 4111
Lot A CRAEE 30101, AR WA B I 5 500 mg kg™
AW IR T BRI LT T 6:20 1, Hufil &
AR

F1 EFHSCFASHIEE

Tab.1 Contents of short-chain fatty acids in feces of SD rats pg-g™

b3 Va7 R T 3474 A7
Treatments acetic acid propionic acid butyrate acid pentanoic acid caproic acid
500 mg-kg™ Ah 753.85+6.86° 275.54+6.35° 130.68+4.96¢ 10.03+1.01° 1.97+0.03¢
100 mg-kg™" Ah 713.67+5.83" 292.74+2.12* 202.95+9.27" 16.15+0.24" 39.94+1.37"
CK 694.04+10.80" 250.52+5.81" 274.90+2.01° 20.37+0.48" 73.70+0.58*

RPN FRERIR P<0.05, R

Note: Different lowercase letters in the table indicate P <0. 05, similarly hereinafter.
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2.3 AhXBFEREIRF N

231 OTUB XA AAGIA X34 16
STRNA 4 38 7 I 57 v 45 (%) Ji 4 B4 1647 70 A 99
2, R E AR AR 8, ARG T 136 1934
read FE A1, Hir1 96.50% (131 420V i3 1 B ik
Xt A 7 AU EAT 97% ALK P 5R 2K f5 15 31 831 4
OTUs. 3 2H /#5528 27, 2R 5 OTUSs % &
IRV G W B 3-A) , R BI85 A2 DA e %A
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TE A7 45 R A A E— 241 Venn B (] 3-B),
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(I 3-E~&3-H),500 mg-kg™ Ah4L[¥] Chaol 5%
Observed $& %%~ Shannon 8 %{ 5 Simpson 45 Z(IMK T
XA, B 500 mg-kg™ Ah 4 miEMAEY FE
55 % B £ K 5 100 mg-kg™ Ah 41 Chaol 5 %% .
Observed 15 %1  Shannon 5 (3% 5 T XF FE 41, Simp-
son FE RS T X IR 2H . X K B 500 mg-ke™' 7| &
(PRSP AR T A S AE 0 (1 =F & 5 100 mg - kg™
FIE ARG I T i E A FEE .

0.6 2
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A:FE 2R B: Venn 5 C: 2T A Unifrac FEES 1 PCoA ;5 D : 2 T FEHIAN Unifrac B 25 (1) PCoA [ ; Alpha 2 FEVEFRSL -
Chaol (E) Observed_otus (F) \Shannon(G) . Simpson(H) . 71 Control B A%} BRZH (CKD 5 Ah. 100 BF 4 100 mg-kg™ Ah 4 ;
Ah. 500 B 2y 500 mg-kg™ Ah#H, N .

Fig.3 Comparison of intestinal flora richness and diversity in different groups

A: Sparse curve; B: Venn diagram; C: PCoA diagram based on weighted Unifrac distance; D: PCoA diagram based on unweighted
Unifrac distance ; Alpha diversity index: Chaol (E), Observed _ otus (F), Shannon (G), Simpson (H). Control in the figure is the
control group(CK) ; Ah. 100 is the 100 mg-kg™ Ah group; Ah. 500 is 500 mg-kg ™' Ah group, similarly hereinafter.

233 Beta ZHMHH KT Weighted unifrac
PE B PCoA 43 #T, 55 1 3 B2 T 03 R R 59%
552 B 5T R RN 29.35% (B 3-C) 5 3T
Unweighted unifrac 5 55 [f] PCoA 73 #1 , 25 1 3 i
O3 T TR RN 28.61%, 55 2 K 4 Bl TR R
N 14.46% ( & 3-D) . PCoA % #1 45 R £ W]

100 mg- kg™ Ah 2 55 % 8 41 R 55 40T, i 3 AR
WD 4H R A5 R A ABL s 500 mg - kg™t Ah 415 %) I 4H B
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500 mg-kg'Ah 21 5 100 mg-kg'Ah 41 )5 BE 1 ]
(Firmicutes) « FLFF % 17 (Bacteroidota) #H 5 = & 14
I, 55 R AR 1) 7 2 IEAH G s R TT] (Actino-
bacteriota) -2 JE 1 [ ] (Proteobacteria) 8% 3= & f#
I, SRR ) 77 2 A DG (I 4-A) o FEJB K-

1,500 mg-kg'Ah 415 100 mg-kg'Ah 41 7L AT
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W7 KB J& (Rothia) i %] Bk 1 J& (Staphylococcus)
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bacterium) ~ LN J& (Achromobacter) ¥3 5F 3 &
BTG, 5 AR Al ) 771 52 AR G 1P (8 4-B)
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Fig. 4 Microbial composition at phylum level (A) and genus level (B)

VA RBHRECES BoR, fETTKFE L,
500 mg-kg' Ah 41 5 100 mg-kg'Ah 25 i) J5 BE 14 ]
(Firmicutes) « JC 7 8 '] (Verrucomicrobiota) - it fiit
'] (Desulfobacterota) « . FF 1% | ] ( Bacteroidota) Y]
FRORE == BE 3G 0, 5 R0 e 1) 77 B B OB AE O Tl
B 1] (Euryarchaeota) « Z5 il #F % ] (Campilobacte-
rota) B #F B 1] (Fusobacteriota) « L 28 B 1] (Aci-
tinobacteriota) [’ AH XT 7= FE FEAIK , 5 R MBI 771) &
EAHAAHKE5-A) . 1EJEIKTF 1,500 mg kg Ah
1 5 100 mg-kg'Ah 4111 7L R #T 6 )& (Lactobacil-
lus) ~ Muribaculaceae J& XU 15 J& (Bifidobacte-
rium ) B AE 0 35 G0, 55 AR AR B0 7 B 5 R A
K5 T B B JE (Achromobacter) « ¥5 R ¥ # J&
(Corynebacterium) « ¥ ¥ B J& (Fusobacterium) - 7
%] BK 1 )& (Staphylococcus ) W1 AH X 3 & BEAK , 5 5%
A1) 77) B 52 AAORH Ok (18 5-B) o X 3% A RS Al P
PSR P17 TE Tl AE ) ) R TR A G, 165 o R B BT 1T L 40
FE G T TEEAI0 55 B RE AR 1

2.4 AhXtSD KR LR BRI 08200
241 SDXEABEMTAVZEFGMNE HEK2
AT, AN SD K BRI B J5T A R I 38 14 Fhopd 2208 )5
500 mg-kg™ Ah 4L K2 5T A 6 Fh o 5 0] 2 7=
7 E (P<0.01) : L BE B (ACh) « K JR 2 R
(Kyn) ] & & 73 5l T % 29.90%+ 60.56%, DA
HVA.DOPAC.5-HT & &5 56 1 1 696.22%-
1 064.96%+508.30%+29.40%; 100 mg-kg ™' Ah 41K
B R S Rl R S 0 R 4L % 7 B (P<<0.01):
ACh.Kyn 15 & 73 7 & % 28.51%+51.61%, DA
HVA. DOPAC 1y & & ¢ 7 3 hn 829.64%.
896.19%- 382.36%. 2 #H % #j ¢ # DAL HVA.
DOPAC I & &I 2 21, 45 R R I, KRR
SR T SD K SR 5 R DA B4R, DA FI & &
ZTtE, AR S Y HVA.DOPAC & &t B 3 1
I, 5 DA B FEPUE R I ACh & 820 2 3 PRI,
242 SDRKRAeFFHLERGEE NSDK
BRI Y7 HRARSE I 3 12 Fob i 2238 5 (3R 3D, AR A I 2
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Fig. 5 Heat map analysis of gut flora abundance at phylum level (A) and genus level (B)
R2 SDARMKRHPHEBRNSE
Tab. 2 Contents of neurotransmitters in the cerebral cortex of SD rats nmoL - kg™
P22 328 )7 . -
Neurotransmitter 500 mg-kg Ah 100 mg-ke"Ah ek
BRI . . .
L 1026 521.67+45225.85" 1156 956.67+19 798.69* 1 174 490.00+60 960.00
Glutamic acid, Glu
REEK . . a
o 546 858.00+28 924.22 611 425.00+29 608.96 616 449.00+38 452.12
Aspartic acid, Asp
= £
. ‘y_ﬁ%Tg& 240 389.00+15 939.09* 243 501.67+15 573.64° 241 886.00+8 506.21*
y-aminobutyric acid, GABA
HEAm® . . .
. 381 481.67+24 048.87 420 174.00+8 559.72 429 037.00+4 400.85
Glycine, Gly
LR AR AR b b .
Acetyleholine, ACh 979.14+87.91 998.55+82.54 1 396.83+29.69
B 10 586.97+270.06* 10 925.47+443.19* 11 340.88+898.59*
Tryptophan, Trp
i
%ﬂ@ 26 623.23+£2 177.21* 26 237.70+2 473.48" 25 898.27+1 055.25°
Tyrosine, Tyr
=P TN
k}iﬂ& 61.55+5.57" 75.52+0.79" 156.06+12.58"
Kynurenine, Kyn
1l
& EF' %L%% 841.57+72.46 778.06+62.88" 698.98+116.97*
Norepinephrine, NE
= F.jﬂﬁ 223.63+18.73* 115.74+5.78" 12.45+0.49°
Dopamine, DA
A LR . b
Homovanillic acid, HVA 223.09+5.28 190.77+9.07 19.15£1.91
AR T
34-—RRE LR 216.86+20.12° 171.96+15.94* 35.65+3.98"

3.4- dihydroxyphenylacetic acid, DOPAC
5-
5-hydroxytryptamine, 5-HT

5-FRHEN N 2 1R
5-hydroxyindole acetic acid, 5-HIAA

946.73+13.86"

1 837.52+104.83"

859.72+55.14"

1782.11+181.98"

731.61+18.12"

1745.88+165.25"
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AChFIDA. XA (CKOFH L, 500 mg-kg'Ah 41 1fiL
B 1205 5 R 22 57 2 35 (P<<0.01) : Trp
Tyr. Kyn. HVA. DOPAC. 5 - HT [ & & 7> 5] T %
42.15%- 29.00%- 73.48%- 39.12% 50.34%- 45.18%,
Glu. Asp. GABA. Gly.NE. 5-HIAA ] 5 & 23 75 34 i
51.44%- 164.66%+30.92%-214.10% 1 000%+77.33%.
100 mg-kg ' Ah 21 L35 774 5 Rl o 5 06 R4 2% 57
# (P<0.01) : Kyn. HVA.DOPAC i % & 7 ) T~ B&

56.32%- 43.28%- 55.93%; Gly~ NE [ & 4 5 34 in
50.54%-256.42%. Asp-GlyNE 3 R ()& 2281k
RN E . S5i62.4.1 SD KRR R A #4208 i %
FLARU =W S, AR B P B (i a3 1M R 7T HVA
DOPAC.5-HT % ik Ififis 57 s i2E N Jixi 4121, 5 20 iE
Ot 3 R & B . TepTyr.5-HT [ & & 48
55 AR ) 751 2 AR A O, Asp GABA L\ 5-HIAA [f]
B AL AR T 7R B R R AR R

&3 SDARMFHHEERNEE

Tab.3 Contents of neurotransmitters in the serum of SD rats nmoL-L™
PR 36 5 " .
Neurotransmitter 500 mg-kg Ah 100 mg-kg " Ah ek
ﬁ%ﬁx 28 948.57+4 755.45° 18 893.23+439.11" 19 114.83+975.40
Glutamic acid, Glu
KA
%.\ ﬂ.ﬁx 12 594.91+£712.50* 4799.98+432.68" 4758.81+375.74"
Aspartic acid, Asp
y-2EE TR . b b
y-aminobutyric acid, GABA 106.62+6.45 76.76+3.47 81.44+1.91
HEAR . )
. 248 849.70+13 448.54 119 266.33+8 589.30 79 226.67+3 857.49
Glycine, Gly
LT AR,
Acetylcholine, ACh
AR 27 075.07+1 665.46" 37 207.40+5 437.32" 46 799.83+4 068.44*
Tryptophan, Trp
m %;@% 16 783.43+800.99" 21 308.90+1 161.12° 23 637.83+136.97*
I'yrosine, Tyr
AR 347.90+21.61° 57299433 58" 1311.71560.75°
Kynurenine, Kyn
12
& Eﬁ N L%% 168.63+27.05° 54.64+1.08" 15.33+1.14°
Norepinephrine, NE
Z L%
Dopamine, DA
o R b ) .
Homovanillic acid, HVA 21.35+0.65 19.89+0.81 35.07+0.96
34-TREOR TR
3.4- dihydroxyphenylacetic 10.93+0.98" 9.70+1.41" 22.01+3.62°
acid, DOPAC
A 27
6-F2 K 8 098.48+1 701.16" 12 988.93+522.83" 14 771.67+1 875.61*

5-hydroxytryptamine, 5-HT

6-F2 ALk 2. 1R
5-hydroxyindole acetic acid,
5-HIAA

267.10+35.96"

133.02+11.96" 150.62+12.86"

3 & %
SR OOV R AR B 1 fE LS RS K AR HE
4 JE S (e EL A /N B 4 8, R B 3 O ST 1
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Effects of arecoline on gut microbiota composition and
neurotransmitters contents in SD rats

WANG Aoxue, ZHAO Chao

(School of Pharmaceutical Sciences / Ministry of Education Key Laboratory of Tropical Biological Resources, Hainan University,

Haikou, Hainan 570228, China)

Abstract: An attempt was made to understand the effects of arecoline on gut microbiota composition and
neurotransmitters contents in SD rats based on the microbiota - gut - brain axis. Three groups of SD rats were
administered with arecoline hydrobromide (Ah) solution dissolved in 0.9% NaCl aqueous solution by gavage for
28 days, and the ratios of weight of Ah/ rat were 500, 100 and O (control group) mg-kg™ after administration. Then
the composition of intestinal microbes in colon, the contents of short-chain fatty acids in feces and the contents of
neurotransmitters in the cerebral cortex and serum were determined and analyzed. The results showed that the Ah,
when administered to SD rats, increased relative abundance of Lactobacillus and Bifidobacterium, and the contents
of acetic acid and propionic acid in the gut , and the contents of excitatory neurotransmitters like DA and 5-HT in
the cerebral cortex, and reduced the content of GABA which is inhibitory neurotransmitters. These results indicate
that arecolineAh regulates the physiological metabolism and behavior of SD rats through microbiota-gut-brain axis,
leading to symptoms such as hyperactivity, loss of appetite, and weight loss in SD rats.

Keywords: arecoline ; gut microbe ; neurotransmitter; microbiota-gut-brain axis
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