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Effects of the antidepressant mirtazapine on the gut resistome
in rats

CHEN Yalin, YAN He"

School of Food Science and Engineering, South China University of Technology, Guangzhou, Guangdong, China

Abstract: [Objective] To investigate the effects of the antidepressant mirtazapine on the microbial
resistome in complex intestinal environments. [Methods] We employed read mapping and
metagenomic assembly to analyze the antibiotic resistance genes (ARGs) and their bacterial hosts
based on metagenomic sequencing data of fecal and cecal content samples. [Results] A total of
29 classes of ARGs, comprising 610 subtypes, were identified. Bacitracin-, tetracycline-, and
vancomycin-class ARGs were the predominant types. Chronic restrain stress (CRS) increased the
total abundance of ARGs, significantly elevating the abundance of high-risk ARGs belonging to
aminoglycoside, MLS (macrolide-lincosamide-streptogramin), and tetracycline classes (e.g., tetM,
tetO, and tet40). Oral administration of mirtazapine exhibited initial microbiota-dependent effects
on the resistome. It increased the total abundance of ARGs in healthy rats but decreased that in
depressed rats. In addition, mirtazapine significantly enhanced the abundance of vancomycin-,
aminoglycoside-, and mupirocin-class ARGs in healthy rats, as well as the tetracycline resistance
gene tetP and multidrug resistance gene ompR in depressed rats. Bacillota, Bacteroidota, and
Pseudomonadota were the dominant phyla of gut microbiota and served as the primary bacterial
hosts of ARGs. Bacillota, as the main host phylum for aminoglycoside and MLS-class ARGs,
showed increased abundance after CRS treatment, which was a key factor driving the significant
enrichment of these two ARG classes. Furthermore, CRS increased the proportion of pathogenic
bacteria such as vancomycin-resistant enterococci. Lactobacillus and Blautia were identified as
potential hosts of tetP and ompR, respectively. The significant increases in the abundance of
Lactobacillus and Blautia in the intestines of depressed rats after oral mirtazapine administration
were critical factors for the marked enrichment of fetP and ompR. [Conclusion] CRS increases gut
microbiota resistance risks by elevating the abundance of high-risk ARGs and pathogenic bacteria
carrying ARGs. The effects of oral mirtazapine on the gut resistome are dependent on the initial
microbiota composition. This study provides insights into the relationship between non-antibiotic
drugs and gut microbiota resistance, offering important implications for the prevention and control
of antibiotic resistance transmission.

Keywords: mirtazapine; gut microbiota; antibiotic resistance; bacterial hosts

A= 2t 24517 (antimicrobial resistance, AMR) TP, AEGE s Nl , S i i 2y
VE Dy A Bk i 2 4 5 00 T e 1 o 2 jgl PRI 7 A R e T AR 2R 25 W 10 it BE BN
EREREE ST R, e L, GREMERT, SR, Mg AESUE R 25 ks
] 2050 4E 2 BREAE AMR FHOCIET- NBCK 288 KRBT 2N . KRR 253 25y g rh i 5 1
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BT BTy, ARBUAE R 2R A Y be A R it
2y PEROVE A % BT JRPiA R 25T
iR A 2 JE W 25 3 [H (antibiotic
resistance gene, ARG) /K- %% 4 25 AL i J&i 41
i 25 100,

BEE IDARAE B3 BT, BUaARZS 2 K
SRR ZAEUER A 2 —, HIHFE
ERFLEH U, ZTUASMFIE R, R R
FAF T BTN AR 24 1 3 ok 3 T s R S R R AR
A] % 21 1% % S04 (mobile genetic elements, MGE)
I 1Y ARG KV 56 55 ik 4 B 3 AR 3 R AT
BRI B0 S N ShAT TR S I DR B R I 240 & el
Jin S5 R IAFF IR RTE T 5-10 me/L FRUPETT 30,
J B AR PN % P 4 (reactive oxygen species, ROS)7K
SR R S AR A6 1 2 T, S AcrAB-TolC
HhHE AL B BE PR IR B, A K AT TR R R e
RS . ENE A B- N MERG S S b A = it
PRI TR 5 4% . Ou &SP gr K0T, 1wk
PR 5- 52 0 i P45 BUAD i) 5% (selective serotonin
reuptake inhibitors, SSRIs) & = ¥ 2§ (tricyclic
antidepressants, TCA)HT AP 25 Y7 38 i ROS i
S RAL, M4 AcrAB-TolC G, S
2yt 2y, Wang SRR, KIGFTH2ET
JEIEPITT A 5 FTIMARZS 60 d 772Xt 11 Fit
AR 2P, Hizi 252 B R st . It
Gb, PUITAERZY 5404 K 2 U IR BG si i 254
Shi %514 IRV PHIT 5 S8 R IR A R 7R 5
TN T 58 28 25 Tt 24 2R AR i R Je 2 25 T 2454k
FE IR A . BUAAR 28 %5 200 T s 24 1 1y 4
VEVE FAE 61 2 AN BT B (Acinetobacter baumannii)
Hh AR 0, Gurpinar S5V fifl O Zh A
I R B AR B TP T . i HUBARRINBAT K bk
30d, M2YREE RAPOREER . W RFhE
RO EIRID o e B e 35 o, Hod e MO B
KA AR AT 5 5 60 W0 i K% o B T 24 1, T P T T
JCHAER

PUADAR 24 308 7] 38 2ok ) 5 A TR 7K 35 L e
(horizontal gene transfer, HGT) Jill # i 24 1 1%
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U ORI S I He A RS S A HGT 1Y
FEERUY . Ding SV 5T 22 Fhifit 25 35 R (n
blacnmy.s aacA4. rmtC 55) Il IR Uk pMS6198
A FIIREE TR, RP4,  LAKIAAT B HEATR . sk
1B P B (Pseudomonas aeruginosa) A 3% 1A T 1
TS, RIEWIUTTSE 6 RhimAaRy i
FACI R A . Lo ZEV MR DS BT
T (Acinetobacter baylyi) FETT tetd . blarpw. %5
fiff 245 38 [H () ok pWH1266 FE RS ALIREE , TESE
JEIEVETT 4 4 FhHTImAR 24 ] {5 it 24 JBkL 5% AL
et 2.3 .

TEm ARG TT TR 25 2228 1 i itk AN
i, %8BI ZERITERY, e
TH Jmy ¥ %) 245 v B ARA] BE X g 1 AR S A
HE RO AR R AR R K A R A G
Hi, B ALE 10°-10" AN K Z R,
XA AT A 2R T 24 P 7 g 2 o A v ) g Ak i
WG H A S B — B R R A2 20O, Al i A
P Az ZE it 25 HE K (ARG) R it 24 41 ] 1) 26 224t 47
JEPA R DL ARSMIFSE C 40 26 s Bl 2y
Xof 240 R T 24 PR SE e, (AR 1B DA R B T H
Xof Ji 3 T 245 2H R A T R AL R AT sk = 2R ek
5T . BB A, FBPE 7T 5 B oK AR AE 3
T IER /IS B I8 T R A AL I B 2 O 73 ARG
A, (HRSENE T M 25 5L aph3iiid X
BETE), Wang ZRYIET 276 1528 B
Wi 5 & B, SO e Bk 223597 n] B 2% B
HRAE B IIE N 11 4> ARG (Wnghhs MFS 5%
ZZPHMIFER) ARG FJE . SR, HATE=
PUINARZS T U5 I3 ARG 7 E w4z 1k, LU
KJpiEwES ARG 22 RERIY R GEAFE -

KR 2 I PR R 09 D9 B 28 B AR 24
(tetracyclic antidepressants, TeCAs), = % o 5
UK S AT o B F IR AR S2AR LA L3 5 2 B
AR N S (0 (V) R HE HACIIARY T A
KA A BT | s R R A 7 A R R
MER N, JUHOZ B XHMARAE 51 & 1 D etk 19
AN R L 18RO K e S50 R B A B R
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JTRCREC, Rukavishnikov 2528 ) (R SMF 5 36
B, KRETx 2R A K B A RIER],
AN XL #T i (Bifidobacterium bifidum) . FZEHEF,
¥ B (Lactobacillus rhamnosus). K W ¥ &
(Escherichia coli). Z& B Bk W (Enterococcus
faecalis). 4 WA A R (Staphylococcus
aureus) Fl FH (4 % 25 7 (Canidia albicans). Rogers
SFPNE g 2 AR BRSNS, AR
FIARRE BT AR 24 Wy 04 (1 1 2 75 2 e 28 AR SR
1 B Y% (Clostridioides difficile infection, CDI)F
WU, FAEIZWFSE T O TR A5 CDI R CHRSS
RANE : FESKRE PRI IR, HORMER
G 52 P ) LR R 32 2 WA 7 IR
2.14 4% s BRI 1 AR ECER R, AR A6
D52 PE PR LRt 2 8 8%, SR, AR ilm IR
PR, KA 8 2 2305 T 4
TE TR B EC T 245 28 )5 i v A A

ABFFELL SD KRECHEAY, A 18 1 2
U A 3R R P AR TR, R T O B TR A R
16S rRNA LA 25 AR R GEAR T e AR H T4
A 245 K B TE A B 518 M 24 SO SR 25
2 MR R TR T R R B T G i 2 4 1
S . 454 Spearman AH G/ T 5 2 BE PR 2H 20 3¢
2B RGN T HiE ARG AR 1 R,
PNGESCLS 3T R A ) 7R G 7/ N e

AT AEDL , RSP A — AR IT T RBR . A
BIFSE B A 0 PG TR 24 (19 i 3 A 0 ik 245 X
5 1 (It T B, O BT 25 i 25 PR A 5T T
FEVR AR S LT R B R, Xl PR BT 25
Lot 5 PE R ¥ FoA T B 5

1 AR5

1.1 ISR REHEARE

A GE ) B B 2 0 Ty ZE 2 AR AR )TN B o
W B A DU AT 5% B 20 ) S 06 40 B 2% B 2 A ik v
(2019-11-01),  JC ¥ 22 5 Ji 4 (specific pathogen-
free, SPR)AFMENE SD R F(IAHIERLY 180-220 g)
WA RAE B, M TR
WS I T 5 BE sl o0 I 3R . AR F 9 S5
WA IES . No.1100111911067742, 4=
PEYFATIE S . SCXK(5)2019-0006, SZL 54 fdi
FHVEATIES . SYXK(#)2018-0137. sh¥sLi i
FEONEE 1 iR, SRR/ Ml N . A
SR MAEAS I 4 4B ER

(D) &R R HT 10 K (55 1-11 K), Fr
AR BBE TR EIAEIATIEN, A&
BEE N 12 h YEHE/12 h BBEGHEHR . JRE (25+1) °C,
FHRHREE 55%—-65%. HIEMm R 2 HRE, Bk
HH BRI,

() R, NSRS, K 40 HKR

Day 1 Day 11 Day 32 Day 60
[ Adaption ||| HC I HC >
| Adaption | | HC | | Mip >
| Adaption | | CRS | | CRS >
Adaption | | CRS | | CRS_Mtp >
SPT SPT SPT
FST FST
LDT

E1l zh¥)SEREE. SPT: WKW X% ; FST: sRiafirikid; LDT: HImEZtil.

Figure 1
LDT: The light-dark transition test.

Animal experiment procedure. SPT: The sucrose preference test; FST: The forced swimming test;
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BE AL 2 2H . Horh 20 HOE by 4dt e X iR 21
(healthy control, HC), fF1E & 18 5% ; 73 b
20 FUAE A 18 M 24 5RO IR B 2 (chronic restrain
stress, CRS), #FF7 M1 3 B 11-32 KA iR
AbFR . BRSSP B RK CRS HKEVE T
AMZ 6.5 cm, K 18 cm AUV 5 1 SR A4S Th 24
6 h,

() gl WKL 3 S, R O
12 (sucrose preference test, SPT) . 5i& i1 Jiif Pk i 46
(forced swim test, FST) M B} I 27 #2 ik 50 (light-
dark test, LDT)% 47 2= i 56 AL BRI, S
Br 4 HEBOR I R . RS, s s i)
(20 H CRS 2 K K B #L 70 o 155 B 2 (CRS,
n=12) 1o 24 24 2 (oral mirtazapine in CRS-
induced rats, i FX CRS Mtp 41, n=8); [
i, HC 2H K Bt B AL 73 o fdt B X IR 4 (HC,
n=10) Fl fi& FE 45 2 2 (oral mirtazapine in healthy
rats, | SCTRIFR Mtp 41, n=8). X} Mtp 41 Al
CRS_ Mtp K A%EK 20 mg/kg A7) i H oK
A F5 HC 41H CRS 21 3 5 AR Rl BH A A= 3
oK. 2525 4 JACGE 32-60 R, fuGE Fik
17 R 2 PR R AT T TSR

(4) AR . IR s, S R ST HE
WEWES R KR 2D 3 kM, FEMEHEH
3 min N FHCEUGE , BEJS PRTF T -80 °CH& 1.
WA ZEME S, IR RS, SR T SHEN
oAb s, BIEECEE M. FBEIR R 2% vhEh ok
(phosphate buffered saline, PBS) % H N W),
AR TS R R RATF T80 °C, T 25T,
1.2 DNA ISR EFEEANF

{ifi Fil MagBeads FastDNA® Kit for Feces il
(RIS Y B 2 RHA TR w2 B
I3 NFEAEFNE i N A YRR A T JEATRE S DNA
fdmeg. 5E 0 DNA $li$2/5 , Kl DNA % Al
2RNE, FIHT 1% ZHIRHEBES HL PR A DNA 525
Mo 3B A AL (Covaris 22 H] K DNA J
Bk, ik 2y 350 bp B9 R Be, M T PE XC
J% . f#i /I NEXTFLEX Rapid DNA-Seq (Bioo

P4 actamicro@im.ac.cn, 7 010-64807516

Scientific /A F)E S, HMAMBMT: (1) #:3kiE
12, () (HEHmEERTR e bRk A& R B (3) A
FH PCR ¥ B34 T SCEREAR AR 4 5 (4) BEBR 1R
PCR = ¥15 2 5 2 0 SCPE . ffHH MiSeq P31
5 (Ilumina A /) PEAT LRI 7, HAR R
Wwr: () XFESF—Im 55 WmEE R, 2
—RP G, EERG B EETES R by (2) BE
e R B3 55— v B AL B Y 55 Ah—A4>
SITEAN, WHEEEAE, TR (bridge)”; (3)
PCR #/"3§, 77/ DNA ##; (4) DNA 9§ #1724tk
e R AR 5 (5) IS 1 () DNA 45 R Al
WA 4 FhSOEFRICH) NTPs, B IRIEH H A
1 A0 (6) FHMOGHIH R AR 3R AT, 2 HCk:
SR T H A — e S BT R A b R AL T R A
N OB A ve %1 Rl I 2 ST B i e =23 VI 8
WA 3 vmghtE, EREGE AR () 4
TR RN ZOUE T AR, RN DNA
R BT, 2 FE A R n A DR &
NCBI %4 §% J& (https://www.ncbi.nlm. nih. gov/sra),
55 PRINAT266600 (W AEAS . Mtp 2H Fil
CRS_Mtp 4 K B ZE i K &5 W N 25 W)+ A) A1l
PRINA1204160 (XJ WA : HC ZHF1 CRS 41K
S KB N IREAS).
1.3 16S rRNA EENF

% Fil NanoDrop 2000 #4 3 & 4 5t ¢ J¥ it
(ThermoFisher Scientific 2\ 7)) % DNA £ it
J&E R 2l BE FEAT RGN, Rz 1% Br g BHE G
LUK AR PEAl DNA AR5 B 58 3Pk o X i i
55Uk B Y IR BR B DNA #EAS, RIS %) 338F
(5'-ACTCCTACGGGAGGCAGCAG-3" ) Fil 806R
(5-GGACTACHVGGGTWTCTAAT-3") J J& 16S
rRNA FEH P Bt V3-V4 XA HBE. PCR RBifA
% : 5xFastPfu Buffer 4 pL, dNTPs (2.5 mmol/L)
2 uL, b . FUE5I Y (S pmol/L) % 0.8 uL,
TransStart FastPfu DNA R4 H§(2.5 U/uL) 0.4 uL,
BSA 0.2 puL, #%#¢ DNA 10 ng, ddH,O #b £
20 pLo, PCR MW 25 : 95 °C 3 min; 95 °C
30s, 55°C30s, 72°C30s, 3L27 EE;
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72 °C 10 min; 4 °CRAF. BAFEAEE 3 KE
By, K F—HEAR 3K PCR ZWHREG ),
K 2% BENEHEBERCIEAT IR ], B
Bl AxyPrep DNA Gel Extraction Kit 5¢ 1%, . #ifk
JE Py Seid e 2% SRR BRI H kA, A
F Quantus™ %565 (Promega 23 7)) 47 RE 43
Mr . J& 42 ffi ] NEXTFLEX Rapid DNA-Seq Kit
gt R ek iR DY SO, IEAE MiSeq PE300
-5 (Mumina 23 7)) EIF M TAFE. 16S rRNA
H DN A R £ 350 2 NCBI R, Bt5 N
PRINA1265918 (X Wi HEAS: Mtp ZHFIl CRS_Mtp
R B I I N A WIREA) H PRINAT203359
(RFRIEEAS . HC 440 CRS 4K B2 E 5 N
TR
1.4 BIERE

fifi Fi fastpP” (https://github. com/OpenGene/
fastp, version 0.20.0)X] reads [Y 3”3 Fl 5" ¥ (1)
adapter J7 O FEATEY DT, KRBT DIE KE/NT
50 bp., “F-HmIE T E AL T 20 Y reads, PR
B R RS s A0 BWAPY (http://bio-bwa.
sourceforge.net, version 0.7.17)%f reads FtX} 2|15
F DNA 53, Jf 2 B Ho AR B & 09 3 g
reads, HHSEIFFIPEES R GCF_036323735.1
1.5 ETF reads EEXTHY ARG £

f# i Sickle T. H. (https://github. com/najoshi/
sickle)f% M ERIN S B L Bl e 45 3k e 1 L IR
AL TR 7 9 (B 3% 0 v TR 09 R0 X 81
N 72 FE DR 21 R 32 K (raw reads) B4 T A B R
JoT e 1) 7 e R 2000 T ¥ 5040 (clean reads) T 1
Wi syt . i Diamond®? (v0.9.21)%% T &b 3 f5
[ clean reads 5 £ & 1 4= 3 it 24 5 [ 54908 2
(integrated antibiotic resistance genes database,
IARDB) lL X}, E-value %4 107", %84 & &
H Yao %09 #& & ARDB %% 4 J% (antibiotic
resistance genes database, ARDB)., CARD #(#z /%
(comprehensive database,
CARD)#1 ResFinder 45 23X 3 1~ H ARG %%

antibiotic resistance

P PR R B T p, LA 28 Fh ARG 257!
F1 1768 Ff ARG WY, #7362 LR 5% Hexd)
FALPE=80%, HEXT K =25 MR LR, WIHF %
JPHNSEE I ARG )T, FEF 16S rRNA Ft
[R e 242 BN ()X 522 B9 ARG AR 2 B
TrbruEfl, FriEAL)E B9 507 4 “ARG copy per
16S”, TXFRMHE DL,

Abundance (ratio)=

2 n N, ARG - like read X Lreads/ LARG reference sequence
1

(1)

M NarGiike read 7278 B K ARG #H K )7 51
HYRIR 5 LARG reference sequence 7% /5 TARDB ¥4} J3
H1 ARG Z % JF 5 I K B 5 Nigs read 3 78 48
BLASTn T H. 5 SILVA SSU Ref %{#z J%# (release
132) tb % F7 15 B9 16S rRNA JE [ )5 51 50
L6 reference sequence 7/5 16S TRNA &K S5 731 K
FE n RoRPTRAIEA[F—Fh ARG LRI T A
FIECH 5 Licads M7 525 PRI IN F3 B00H0 1) P A B
1.6 REFELALE R R FAAIEAETTN

fdi 1] SPAdes #5 2 FEAS 45 i 1) 7 Ak PRI 21 7
AT NSk dl e, ARl B Bi(scaffolds), %13
FESEOXBUR . -meta-k21, 33, 55, 77-only-
assembler, i ¥ 4 B =500 bp 1Y scaffolds, fifi
JH] Prodigal (v2.6.3)P4 %} scaffolds #47 Tk 8] 3%
HE (open reading frame, ORF) T
1.7 ARG MEHWETEEETE

fdi F§ BLASTp % 1.6 55 1 il il 5 ] ) ORF
XN & F Y515 TARDB i 24 5 R B ZE 647 L
X}, E-value %0 1070, Z5 XSS RAFALIT 4%
fF: AL >80%, 4 if) A % %6 >70%, N i%
ORF # %54 ARG fJ ORF, HFTrTER scaffolds
B & # 47 ARG B9 scaffolds (ARG-carrying
scaffold, ACS). K 91 H 9 ARG B ORF #% it
ARG K5I ARG WAIHEATGETE, LAJS 5 2k
3. B EEEE Hu SRR ST B0 0E, S e 4h
TG 0 B 5 38 99.1%. i 1l CAT %K 1 (contig
annotation tool, CAT)X FE>500 bp ) ACS B

N16s read X Lreads/ L 16 reference sequence
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A ORF #ATY AR, & —1 ACS L it
50% 1Y ORF #4585 Ay 6] — W Fh 73 K1, Wi
AKOE TR BRI RS R 458 i ACS A TR
6 . BT EAE SRR R R THEH RS
T B A T8 3 A (B S 2253 HT
1.8 it th RAT#{L

s B i ge it 2E i 2K P<0.05, i
TP R] P i, A B8O A 5 10 A 43 A1 U
FH ¢ Rt A T Hed, A ANAT G IE 20 A Wl FH
SRR AE S 58 Wilcoxon Bk FIUKS 46 HEA T4 1T
53 H1 . 1€ R studio 23 Hr #4045 T R-4.3.1 i
geplot2, vegan. ggpubr S5 E i3 T ARG W
RUE R AT o B ZHREME B S B AT
1k, f#i Adobe Ilustrator 2022 %% K FE HE i A
JR(bR%s . EBIALE S, EARE SR EDE h 8
FHEICE o {fi ] Spearman AH 5 7 i34 £ &
ARG B (BPAH XS 3 #>0.005) 5 J& K- ASV 2
6] ) BT A OO AH DG R R, #5 R>0.5 H P<0.05,
WAy =35 Z [ WA DG B A e it o Al
H gephi-0.10.1 X 4 5 405G 1Y ARG FlJ& 7K F- ik
WA T 28 o3 S rT AL

2 BEREM

2.1 ARG 2RO TRER

XF 16 1y ZEMEREA TN 16 43 5 I N B REA
PEAT LR AL Ty, 38 2 2 56 PR 21 )7 9 e xoF
HAT ARG %7€ . WA AR IR 58 ) 610 Ff
ARG WA!, 3 T IARDB it 24 3 R B P2
47 28 Ft ARG 284, Hirpr, 447 F ARG WALy
FEFNE NIRRT (B 2A). HIEARIX
8 ARG 7E 4 4{(HC. Mtp, CRS Fl CRS Mtp)H"
(oA B, Siit T 4 413 MERA 19 ARG,
gEILEIN, A 371 ML ARG WA 4 4 firdt
A (K 2B), fFEMZL ARG AL L E 24
2% (multidrug resistance, MDR), B-WNEBEREZS . K
R P9 B - AR T mE B - 4% BH B 2 2 (macrolide-

P4 actamicro@im.ac.cn, 7 010-64807516

lincosamide-streptogramin, MLS) 25 (& 2C), It
Ab, iEit CARD BUEPEILXTEEE T 610 it ARG
WAIR P R 2AHLH] . 5 es, PR AN
(34.75%) . P FAMIE(33.11%) FHT A 25 s ek
5(15.57%) 23X 2 ARG 14 3= B 451 4= Z 1t 245 HL
(% 2D).
2.2 BMHARNHMORKRFEXTKER
%18 ARG BEERF

K FE R 4L 7 90 FE XM s, &R GE
WERKRIAE ARG BFERE ., 250K, 7rdefd
KE BN REA T, 18 Pk 24 38 5 A 2
(CRS #1)1) ARG &3 FEAH#E Tgt Xt B2 (HC
MR B, H, (CEmNEYREA T
B 25 538 3] 45 127 3 7K (Wilcoxon Bk FTKS:
¥y, P<0.05), I8 rEZIR BN E W ARG Y
WA B8 3), #E— XS LR
52541 (CRS Mtp 41)5 CRS 414 ¥, CRS Mtp
HRRIEME L ENEYFEA TR ARG BFE
EREARES, AR KK ST B EM
(Wilcoxon FLFIK: SR, P>0.05). AIRARITKA
ST AN [F] i 38 R T S I X T 25 4 A 52
SR TR K A 205 1 ARG BERBEAR L, 45
WIR, A2 Mtp ) TEZME R E N A
PIFEAR T ARG BFEEHE T HC Y, HEW
WA PIREAS T i) 22 5 B Si 17 2 L (Wilcoxon
BRAIKER:, P<0.05), LiRZEHRFH, HRKEA
XK EUATE ARG = 152 i 52 IR 8 ) 46
PR St . 7R MR R R B RS = T
R ML ARG B F B F+, MAE CRS %
AR K BRI R A 52 T ARG BF B 2T
LRI (BN ST O
2.3 12MAR N OMRKRFEXTKER
B#i8 ARG (AR HIFNT
23.1 FKFEMIE ARG HKELHRLRIFN
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Figure 10 The composition of gut microbiota. A: The composition of gut microbiota at the phylum level; B: The

composition of gut microbiota at the genus level; C: The significantly altered bacterial phyla; D: The significantly

altered bacterial genera. * indicates the result of the Wilcoxon rank-sum test with P<0.05; e represents outliers.
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