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Abstract ; Triclosan (TCS) as an antimicrobial ingredient, is commonly added into the consumer products, such as
soaps, toothpastes, cosmetics and other daily necessities. Due to the massive usage in daily life, TCS has been
widely detected in the environment especially rivers and lakes. TCS exposure affected the composition of gut mi-
crobiota and disturbed the lipid metabolism process in aquatic organisms and murine models. In order to investigate
the effect of TCS exposure on liver function injury induced by high fat diet (HFD), we constructed a mice model
fed with HFD. After adaptation to the specific pathogen free (SPF) environment for one week, these C57BL/6J
mice were randomly divided into 4 groups, the control group fed with normal chow, TCS group fed with normal
chow containing TCS (10 wg-g™' diet), HFD group fed with HFD, HFD+TCS group fed with HFD containing
TCS. The group of TCS and HFD+TCS were firstly exposed to TCS by feeding normal chow with TCS for one
week, then the group of HFD was fed with HFD and HFD+TCS group was fed with HFD containing TCS, and the
whole experiment last for another 6 weeks. At the end of the experiment, the abundance of Firmicutes, Bacte-
roidetes and Enterobacteriaceaec were quantitated by real-time quantitative PCR (RT-qPCR) based on the bacterial
characteristic sequences. Physiological changes in the murine intestine and liver tissues were characterized by H&E
staining, RT-qPCR, ELISA, Western blotting and flow cytometry. Compared with the control group, the treatment
of TCS and HFD significantly reduced the contents of Firmicutes and Bacteroidetes and increased the abundance of
Enterobacteriaceae in the gut microbiota, but caused no significant intestinal barrier damage and could not promote
the lipopolysaccharide (LPS) translocation from the intestinal tract into the circulatory system. In addition, TCS ex-
posure and HFD also caused the imbalance of CD8" and CD4" T cells in the spleen of mice. Moreover, the HFD
treatment significantly increased alanine aminotransferase (ALT), aspartate aminotransferase (AST) and triglyceride
(TG) levels in mice, while single TCS exposure did not cause significant liver dysfunction. Compared with the
HFD group, the combination of HFD and TCS activated the Toll-like receptor 4 (TLR4) protein and promoted the
inflammatory responses in the liver of mice, which significantly increased the levels of ALT and AST and aggrava-
ted the injury of the liver function caused by the HFD. In conclusion, TCS exposure can exacerbate intestine and
liver dysfunction induced by HFD via disordering the gut microbiota and body immunity, and promoting liver in-
flammation.
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1 ##l57 % (Materials and methods)
1.1 FERH S5

=4 (CAS No.: 3380-34-5), I T KRiELE L H:
WH AR BR S 4l >99% 5 2H 41 RNA 42 5t izt
TRIzol, 4 F 3¢ [ Life Technologies 2\ w] ; KM T &
DHS5« %32 A 41, 28 & DNA $2BGAH & /N
147 2 (interleukin, 1L)-6 ELISA {57 & ZL 40 i34 %
W AR B ) | 20 28R AR BRI U (R A Ripa
PR BCA € it oWl & B ARG op
W BRI AT A Ak ) il S 60T S I T b e R
SR RN 7] RNA 55 iR ) 2 st 5
€ & PCR(RT-qPCR) A & T 5 H B AP H A
AEIOAE PR/ 5 Bk DNA #2EBGAR] & F1 AT 52l
A G A A T AR TR (B B0 A7 BRA & 5/
Ul Z B (lipopolysaccharide, LPS)ELISA {57 £ Il4)
H IR SE A ) TR BRA AL /NI ik APC-
CD3 .FITC-CD4 F1 PE-CDS8 4 [ 3 [#] Biolegend /2%
3 /N H—PL TLR4  TNF-« 1 B-actin W4 [ 36 [
Cell Signaling Technology /3],

SR 9 Ot E i PCR X (H + Roche,
LightCycler96) ; #8 2 Fl iy fL + K F- (1 ¥ 38 2 F 7,
Secura); K B8 1b 27 & G EE I A5 R 40 (L K RE,
5200Multi) ; H 5 3 06O BE T (78 B Implen, N50);
K Z I RE B FR AL (B 1 Tecan, M1000); i =0 40
HI{X (3 BD, Accuri C6); 4= F 2l A= 4k A A A (R
%, BS-200); B AL(FEE Eppendorf,5430R),

1.2 W2 EESs

4 ~ 5 J& % % 9 (specific pathogen free, SPF)
C57BL/6J HEPE/NER 32 H, I F b nt 4 BLREAE L
B ABR A A, /N BRAR SR & i 22C£1C |
TERE(50+10)% 12 h A 6/12 h 2w, [ K&
Y. ERETERL45% fat k1% ) A% FRGEDEH(10%  fat
kJ% )W [ 1195 363 R A P B 25 A FRA ) ¥ TCS 43
SR ALFRE LA TCS0 g - g™ )inT BEARRE
0 B GDRHIURE /N B by P M 7R — B J5 B ML A3 A
4 2 B 8 H 405 o 1E AR 6 B 4H (control) | =
S (TCS) 8 I T 4 (HED) A i S AR B = 44
A4 (HFD+TCS), b Bi X%} TCS 20 A1 HFD+TCS #H
IR TCS MR IRk, — )5, HFD H4R DL A

TR SR HFD+TCS 41 4RI & % TCS 1975 A5 1A
B A /N BRSO i O W B /N RO B 2 (i ik
T FE 6 J8 . S A o s AR IR BRI, 24 J5 S00AE A
AEHE/INER, TRGHAE TC B 254 B /s BRUIBLE L 285 1
JFRESFLHE T~ — 22500,
1.3 AL ZUER P AR BORN 8. 1 Sz B A A

HRH 2 28R (BRI R & UEE K 50 mg T E
HALE UK LB B /N B, DA 1 mL 2R FH S
SR F RS, IR A, AR R R E
PRETE 4 °C 415 F 12 000 g B5.0> 5 min, BG4 |
AT BCA A& e, I HAL LW 5 &R L
FELZE R IR A T Western blotting 43 #7, B 30 pg
T REG 6T SDS-PAGE #E i L, Uik (W 4 i, 65 V.
30 min; 43 ESE, 100 V 90 min), SR )5 #4511
#:3] PVDF 5t [ (fH3% 200 mA ,2 h), 345 5% BIEY)
& 60 min, /N Toll #£3Z 14 4(Toll-like receptor 4,
TLR4) TNF-a Fl B-actin —HiiF A&, 4 TBST ¥t
W3 WA, & AT R A AR AL W il
(horseradish peroxidase, HRP) ) T 60 min, /5
2k 2% RO 5 AL SO FHEE R LR R Stk A 140
W&, R Tmaged A4 86 11 45l EA 721 /40 A0T
1.4 #2150 RNA #EHURT RT-qPCR 434

fii I TRIzol ¥ 4& HU/N B4 M A e 40 2
RNA, F| HB 0 S0 Y6 B T HEA T RNA & &
HU1 g RNA FEAHEAT R 5% 543545 cDNA SR 5 {1 H
TB Green #5596 XT cDNA £ A 3 47 51 3% X 6
W51 F 5 an 3% 1 s, RT-qPCR 1 2 W 45 7
K195 CHUAEYE 5 min, X5 HE1T 40 MEFRAY 95 C
AP 15 s F160 °C ZEH 30 s, 2 5 HEATIX A ERIA B 7%
R 26 b1, LU R EEL A B-actin /EH mRNA ik
SYBTRIPN S, ISR A 27249 o 4% A B4 40 35 R 3
FTAHXT R HE BT
1.5 LA E R

WL AT el 5 ik b EE /)N BB BE TR ] (Fir-
micutes) . 44T I ] (Bacteroidetes) 1 1% #T- i F (Enter-
obacteriaceae) F:# fiF J7 51 (1) 0 b7 2% 14, 4R J5 5% A
DHS o JEZZ 254N, PRk BH M Fe b 47 36 355 9% | SR 5 42
HUTTRL DNA, I FH 8 S it 43 D' 06 BE 11 647 kL
DNA & 5l % , IF 115 Bk 4% D1 %k, 3 i RT-
qPCR 75 0 € B AR AR 16 )7 51 CT (EFI$5 DIz
] AR A It 2, 9K J5 X 28 {8 9 #F DNA 17 RT-
qPCR Jrik 40T, 5 1H 5. Hh 45 25 1 3 o e 2 A
Arp e g, AT .
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_ CPx6.022x10%
LPx1x10°x650

3 PCN S F- 349 A4~ 21 B 1) 5 bz 4% DL 4K (plasmid
copy number), CP A 1% %5 25 [ ¢ iE J37 51| 5T fi. DNA
v BE (ng - wL™"), LP S & 5 B RRAE T 5 51 1 JBo.
KE(bp).
1.6 JBUIE b T 40 73 A U A0 o3 B

K73 BRI ZH U= AR VR 1Y 1 mL JC A W
REL 2 v I (PBS) | GRS o J FUE 20 S i T IS O
1 100 FRNEE MG R, K i U8 IAE 4 °C 25T 400 g
25,0 10 min, BV, b2 mL 140 A 2%, OF T
37 CHFE 2 min, 285 PBS ¥ 2 25 LI, dsk
RS A0 R AT e 5 KE /)N B APC-CD3 | FITC-CD4
1 PE-CD8 i 145k L A VR 2], I T & ik |
% E 30 min, SR S5 VS 1Y PBS 1% 2 i, W B2 e £
SRR IR 0.1% Z2 R R E . B i i =X
A0 AT bk EL 4R 20 A, I FlowJo X 4% 4 ffd
RIAT oM AT E A
1.7 A4k tr

i34 H AR A SR I DI REHE R N 2R
= FL % 7% I (alanine aminotransferase, ALT), K[ ]4
TR % FE 7 7 T} (aspartate aminotransferase, AST) fll
i =g (triglyceride, TG)/K - ; IfiL3# IL-6 5 & | IfiL
I LPS FIZEfd LPS & fid i ELISA J7 kAl
1.8 Gtk

HPu b PRoK FH Graphpad Prism 8 B4 A9 HL K
75 273 Hr(ANOVA), Fifi 5 >R ] Turkey 12 47 . 2514

PCN

AT, I FRERRIC B 0 45 20 18] 43 BT R ATt 2 PR
ic, AnicBEN Dl AR PR R R 2 A E A
[P F R gl al A 125 7 (P<0.05),

2 455 (Results)
2.1 TCS Z&5& N B IRE X /N4

WE 1@PT7R,4 ~5 JE /N BGE N 25 5
TCS 43—, m s iR & F /N 6 fi, S5
ZHAH L, TCS %288 7 J8 ) /Iy B 5T d A0 JHF U I i 92
A 5 E P22 5 HFD A/ BRUA T NSS4 T 46
FEPL B A0 25 5, 1 HED A1 TCS — 8 40 38/ B
MR eSS 3 RSt R B B 225 . W& 1(b)fr
7,5 HFD 41/ {UAH ., HED+TCS 41 4 /) BRUA 5
w4 IR R 32w . & 1(c)ias  HFD 4
F9 /0N BURE X B E 5 M (6.3 +0.7)% , .3 =5 T con-
trol Z1(4.3+0.1)% F1 TCS £H(4.4+0.4)% /]> LA AR Xt
JEF AR H: , {E B 2 A1 T HED+TCS 41708 BUAY AR X
JHFE 5 (8 4+£0.9)% (P<0.05),
2.2 TCS ZiEhELIE RS

WE 2) iR, SXF AL, Bl TCS 2 5%
RE SR I 35 4 v JB2 BE 18] [T (Firmicutes ) A HUFF B 17
(Bacteroides) 77 18 [ ) & &, 34 70 B #F B6 #} (Enter-
obacteriaceae)/l77i8 [# 1Y & i ; 5 TCS ZH A1 HFD ZH4H
Lt , HFD Fll TCS BEA b B E— 2 FAIG 1 20 v JEE
P TRNAUFE B T TR0 P 19 5 2, B T W vF i B
ERM S, E 2(b)Fr7R , HFD+TCS 4/ LA
e E (g) P LPS A9 3 v T A Ab HiA

%1 RT-qPCR 3|45

Table 1  Gene-specific primer sequences used for RT-qPCR
FEH A K FWETIGT ~37) TWEEIMGE ~37)
Gene Forward primer (5’ ~37) Reverse primer (5° ~3")
Z0-1 ACCCGAAACTGATGCTGTGGATAG AAATGGCCGGGCAGAACTTGTGTA
Occludin GGACCCTGACCACTATGAAACAGACTAC ATAGGTGGATATTCCCTGACCCAGTC
MUC2 ATGCCCACCTCCTCAAAGAC GTAGTTTCCGTTGGAACAGTGAA
IL-1B CAACCAACAAGTGATATTCTCCATG GATCCACACTCTCCAGCTGCA
IL-6 CACTTCACAAGTCGGAGGCT CTGCAAGTGCATCATCGTTGT
IL-10 AGTGGAGCAGGTGAAGAGTG TTCGGAGAGAGGTACAAACG
B-actin AGGGAAATCGTGCGTGACAT CGTTGCCAATAGTGATGACC
Firmicutes GGAGYATGTGGTTTAATTCGAAGCA AGCTGACGACAACCATGCAC
Bacteroidetes GTTTAATTCGATGATACGCGAG TTAASCCGACACCTCACGG

Enterobacteriaceae

GTGCCAGCAGCCGCGGTAA

GCCTCAAGGGCACAACCTCCAAG

1. ZO-1 i 5 %5 % 464 1 P (19 B 5 26 1 (Zonula occludens-1), MUC2 % 4 (Mucin 2),IL HHNE,

Note: ZO-1 represents intestinal tight junction protein, Zonula occludens-1; MUC2 represents mucin protein, Mucin 2; IL represents interleukin.
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(a) . (b) (¢) 1or a
5Eid . Environment adaptation @ %) 18 Contro
FREEIE [ -@X] i 1
CQ‘;H C@ - U TCS i eI b
X B . 30 |4 il HFD i S g
Control ‘ G Triclosan (TCS) o ek T ﬁ ; 6F
= . ~ 2 HFD+TCS 5 C
T”?QF | FEIEIAET High fat diet (HFD) @ g # <2 \ c
> = 4 r
i = B
HFD ‘ ‘ S 5 i
20 [ =2 2
i+ =S
E ’T{/:l: L L L ! ! ! L > 1 1 1 1 1 1 1 1
HFDeTCS -1 0 1 2 3 4 5 6 T o012 34356 0
= o8 I |J1‘ H ~‘.”\ Iz |!| 7415_2{4: TCS - + - +
WS s} i)/ ) MR FsF ]/ ] wle HFD - - + +

Feeding time /week Feeding time /week

B 1 TCS ZFEMESMERE /R B2 05 AR 200
TE: ()RR AR I (0) 2B ad A /N B MR BT ek A2 A 2 P () S 30 45 SRS/ SRR X R 5 e I S5 /AR B ) s 50808 37 S P B (i b 22
(mean+SD), Fi2H 8 FUNEL, B A [ 5 BEAR R A 7R A 7] .5 P 22 53 (P<0.05), [l (b) FP#(P<0.05) Fl#(P<0.01)FR /R FE A RIS R I () Ak T 5
X REHAR LLAF TR BB 2E 57, * (P<O.05)AI* * (P<0.0)FIRTEAR M IR IN [A] HFD+TCS 205 HFD A8 AT 1E BB P22 5
Fig. 1 TCS exposure exaggerates the effects of high fat diet on body mass and liver in mice
Note: (a) the schedule of the experiment, (b) the curve of body mass change of mice during the experiment, (c) the relative liver mass of mice
(liver mass/body mass); the data are expressed as mean+SD of eight mice; different letters indicate the significant differences between
groups (P<0.05), # (P<0.05) and ## (P<0.01) indicate the significant difference between the control group and other groups, and * (P<0.05)
and * * (P<0.01) indicate the significant difference between the HFD group and HFD+TCS group.

@ 15e = Control EER HFD ® 600 X
& reen VO HFD+TCS = 8
" "
on'E, b 50
3 3 § a a éﬂ & 400k —1Control
g2 S5 £=aTCs
35+, 10f = £
HE c £ el B HFD
=5, S 3 200k T
¥ E 9 N » PZAHFD+TCS
Zg< =5
M = B
K 5 — — 0 ;
JERETAI] FFE] AT ZH 31
Firmicutes Bacteroides Enterobacteriaceae Groups

2 TCS ZEHME/NRIFEEE
T : (a) LB i () /N BRI AE L BE TR ) ARUFF B8 ) A0 A AT BB 3 TR 148 DL, () B 5 ek () S foE o AT T g 2 M 1 5 i
Bt 2 N Y E £ 5 1 22 (mean+SD),, n=5 , AN[I 7R AR SR AT AR 4 1] dub 351 22 57(P<0.05) .,
Fig. 2 TCS exposure disturbed the gut microbiota

Note: (a) the copy numbers of Firmicutes, Bacteroides and Enterobacteriaceae per gram of feces, (b) the lipopolysaccharides (LPS) contents

per gram of feces; the data are expressed as mean+SD, n=5; different letters indicate the significant differences between groups (P<0.05).

2.3 TCS Z &N SR IK &5 5 1 iE bt i1
K 3(a) i, H&E Yt 45 53 0 TCS 41 F
HFD ZH/NR B — 22 F2 7 A9 i i 461405 , i HFD+
TCS /N2 b 40 5 5 B (. &5 F+ TCS 41 A1 HFD
4 ;HFD+TCS 41/ FU45 I 4 2395 B 24 0 43 . 35
TFHAbA , Fik—HH5E TCS Al HED /) iz il
J3 B D) RE 2 0], ASBIF S8 A 1 1 3 AR 1 A
Z0-1, Occludin MK 1 MUC2 1£ mRNA 7K1 (1)
XA, K 3(b) ~ (d)Fras, 5% R4 TCS

ZHF1 HFD ZHAH It , TCS+HFD 41 /)™ B 18 20 4 v %
BRI ZO-1, Oceludin UK 11 MUC2 1Y
FEIRHR I SRR R Wil e A 43 ¥ )
A S5 LPS M s S A0 3] it YOG 34 AR 45 R, e 3
(e)Fi7~ ,HFD+TCS 2 /)N ERUliL i H LPS 1 it 3
T T HABAL ;1 TCS 26 A1 HFD 4/ BLAY LPS & &
5 A B S
2.4 TCS ZFENNE HFD 5 1) 5% 260

Wi 4 s, TCS A HFD 515 THUAR G 1k,
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Fold change of MUC2
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(=)
1

3 TCS REMERERRIESHGERERG

T : () AR 35 4 20 H&E B (o (Z0) R L2 (F),

—_

(=3

(=)
T
Y

N
(=]

— Control
A TCS

B2 HFD
HFD+TCS

(=]

(OZEHHLUT LR Z0-1 (XL, () FEMHALIER Occludin AHXTFik i (DZEHHLUT IR MUC2 A Kk,
(e)/NFUILTE o LPS /K ; B 5l 2678 9 BB £ bR 2% (mean=SD) , n=>5 ; [ Fp AR [R) F R FAE 7R £ 18] 2 25 22 7:(P<0.05),,
Fig. 3 TCS exposure aggravates intestinal barrier damage induced by high fat diet

Note: (a) representative H&E-stained colon sections (Left) and histological score (Right), (b) gene expression of ZO-1 in colon, (c) gene expression

SSC

of Occludin in colon, (d) gene expression of MUC2 in colon, (e¢) concentration of LPS in serum; the data are expressed as mean+SD, n=5;

(a)

CD4 4 A8/ %
Proportion of CD4* cells/%

Control

HFD

different letters indicate the significant differences between groups (P<0.05).

TCS+HFD

80

—~
o
~

CD8 4 L5l %
Proportion of CD8" cells/%

[oN)
(=1
1

40

3]
S

(=]

-]

—
o
=

CD8*FICDA AL 14 L 177]
Ratio of CD8/CD4"cells

—_
N

—
(=

e
n

o
=)

CD4*

METL-67KF-/(pg'mL™")
Serum IL-6 level/(pg-mL™")

B4 TCSEBMESRERISIRMNEREZE
TE @D RIIE R CD3* T 41 RF CD4" Al CD8™ T 4l il WA AY /- FEIR AL, (b) CD3*CD4™ T 41 LA 5 CD3* T 4il M fERY L fail,
(c) CD3"CD8" T 4l iF#f 5 CD3™ T #MAEHERY LM, (d) CD3™ T 4iffuftH CD8* Hil CD4™ T ZHf LR L],
(e)/NERILTE 1 TL-6 7K 5 R 8t 22 71 S - 34 { 4 2% (mean=SD) , n=>5 ; B AN [A] - B Q2 4775 41 1] i 3k 25 (P<0.05).,
Fig. 4 TCS exposure aggravates immune disorders induced by high fat diet

—
N
1

—1 Control
= TCS

—_
(=]

E=zR HFD
HFD+TCS

Note: (a) the cluster profiles of CD4" and CD8" subgroup T cells in CD3™ T cells of murine spleen, (b) the proportion of CD3"CD4™ T cells in

CD3" T cells, (c) the proportion of CD3*CD8" T cells in CD3" T cells, (d) the ratio of CD4" to CD8" subgroup T cells in CD3" T cells, () the

serum IL-6 level; the data are expressed as mean+SD, n=5; different letters indicate the significant differences between groups (P<0.05).
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Fig. 5 TCS exposure aggravates liver function disorders induced by high fat diet

Note: (a) the alanine aminotransferase (ALT) levels in mice serum, (b) the aspartate transaminase (AST) levels in mice serum, (c) the triglyceride

levels in mice serum; the data are expressed as mean+SD, n=5; different letters indicate the significant differences between groups (P<0.05).
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differences between groups (P<0.05).
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