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(T e KK =505, VM #1 2 453007)

BE: W THRABEFHAFESCCIONREETHNIERESE. MAMEIURRKRER
By R, EIRTECE K E N (34.00+1.16) g 82 450 B, HALG A S A (BA3IMER,
HFEAEL30R), PEA. 0.5mg/L Cd 4. 0.5mgL Cd*+10" CFU/g % 4 ¥ WA 8 41,
0.5 mg/L Cd**+10° CFU/g %k £ 3 #1478 41 DL & 0.5 mg/L Cd*+10° CFU/g %t 4 ¥ FAT T 41 (&
AliE & DK. D. DA, DB#DC), #*# 8 A. £ R T, SREFBGUAMIL, BEFRA
WSCC-19 e MMM ET R E, RERGLBEHRE S MD) AT, BRMLFES
7 % 28 (ALT) fo & 2 4% 28 (AST) & Mo Bhsl, %45 F AT B 4088 AT B AL gk 4 (T-
AOC). MHMAMBE T HHAEE Y (ASA) sl A mAEE Y (AHA) A TR EG THRER
4, Tk E (ROS). i — 8 (MDA) fuif At & (H,0,) KPR EFRTHREZE L. 74,
B4 3 FATH SCC-19 ¥ LUK & 48 AT JE [ 4% & 55 3& 09 P B 3K 3L IE F (TNF-a)s A 4080 %
(IL-1B) #%fb £ K H T-p (TGF-B) FHEHth 7% Kk, R KNA, ML FHATEH SCC-19 ¥
WV EFBETHENIERESE, EMANEH, WHRERNL. ARERAB THREELE
BF FL AT B A R A R R R K R B 4R A T RR

RYERE: 4, 4B, HAW,; M, AN

hESHES:S917.4 ERFRERD: A

B Tk pyi sk e, B4R 15 YL sl H
T E PR ) AR RN R A
J&, TR CE R IR E . BT Tl i
P R e . ARG 3 . Hop b BRI AR L, K
)4 B R K I M AR E AK AR A SRS, 1
BOKA AR TG g . BT, KR R TS Y i
[R5 2 A T B LAY, IROK IR B v i i IR
i HTE 0.02~5.00 pg/L, {HJETEFR 4015 e X,
KRS R B 1.00 mg/LP, 534, TR
R L BN T3k A A e Ak 7 YR A 1T 22
B o KA AL 4 5 Y Xof 41 28 Z2 Fh i B A O 7
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e SR AR B A i A B

AR, il 45 A TR ORI LA 5o 32 45 45
G EY BRI A 2 BT O, s
FVE N — 28RBS X i R = AR 25 VE s o
WA, CaEARFRESBRE T, B
SERPE Y 25 A T DA RE [ 5 AT B 2 R RE TR
T AT A3 2ok A 0 A %) 3k T B B R T 4
J&, DLRBIERRT R AROCR . BESE 2EUFT TR (Baci-
Ilus coagulans) 1R 7K 7 FRFE M 8 FH 4 A8 TR B IE 52
RENE A 1A S B AN 2 B 75 Y IR B v B 7 4 S U
RN SERUESE ,  BESS 27 AT 1 AT LLSE i 24 57 =
AR BEER Y ARSI = WAL (Cypri-
nus carpio) [ 18 P25 1) 53 8 3RAF — bk B AT 1R R
W5 25 1 () B 45 2R AT B SCC-19") & B B ik
FA 2 i 2 5 S SO B M0 WV o R,
KT IR RN 5 2 15 T £ S 2 45 40 5% 1l 7
YEHIRCR WA, AHOCHI S iR T 8

B4R R R K S5 B, B B
FAVERREE TS e W A8 /R AR o A S5 DB Oy S 3
XPG, AR R R LI A, 3E A AE B A R
VS AN TR) v B2 R B 45 2 FUAT 78T SCC-19, I i i
M Er . SRMENE MT) KFE . MiFESHNFEE
fiff (ALT) MR B8 00 (AST) 36 . IFE S T4
fk fig 1 (T-AOC). ¥ %A B & + H 3 g
(ASA) ML ] ¥2 H th L 68 71 (AHA). I M &
(ROS) 7KF-. T§ [ (MDA) flit E LA (H,0,) &

i, DU IE RRE R A C LN (TNF-a. IL-18
I TGF-p) 48 bk, VABFFT &8 45 2 fFF B SCC-19
X R R TR . BURIRER T DL R R AE
FNE P SE A o S0 45 Sk 3 W IR 1K Sh i AR
BEMERT IR BRI, R E 4 8 X 2 Y B s
FARIF 5 $ AT L

1 MESTHE

1.1 SCIOE#E

S P HR 45 ZE AT T SCC-19 4355 1 i fizg 3
WA, BWRRLE 37 °C &4 T 200 r/min §7 3% 15
5240, BiFREAE4°C T, 8000 r/min 2.0 10 min,
DUTE FH A B ER 7K 7 T T B i) 5 T B T A5 FH
1.2 SIS S5EREE

V0] i 0 kA B 2 ] e s R A Ay 3
AL, 27 Feng 45607 1 vk 4y il nl S Atk i el
TBE 13107, 1x10° A1 1x10° CFU/gf#ESS 25 0T
W SCC-19, #E TEIMET, 4°CHfifr. BELSZF
FF# SCC-19 #RhE 2% Wang Z1' 5256, 270
SRS E o A VAR T B0 B A TRk e
ZEAUAF R TS PR R RN, R IAF SRR 0.5 mg/L
(7K A Cd> X ] 1) 52 e A7 7 1 25 P22 B, IRt
ARSI BOUK R C WK 0.5 mg/L, HARSIE:
Wit 1,

®1 KR

Tab.1 Experiment design

o4 SIS
groups experimental design
DK BERlARL (OoF B2 basic diets (control group)
D FAAEL + 0.5 mg/L Cd* basic diets + 0.5 mg/L Cd**
DA FEREARL + 0.5 mg/L Cd* + 107 CFU/g k4 AT basic diets + 0.5 mg/L Cd** + 10" CFU/g B. coagulans
DB FERtAEE + 0.5 mg/L Cd* + 10° CFU/g Hik4s 27 il FF i basic diets + 0.5 mg/L Cd* + 10° CFU/g B. coagulans
DC BRI + 0.5 mg/L Cd* + 10° CFU/g i4h 2F b i basic diets + 0.5 mg/L Cd** + 10° CFU/g B. coagulans

1.3 SR EMFEEE

fat R 0 [ ] R A8 7K P R AR K e AR
B ML S5 0 2 48 S AEE 2 T R T K
IR =2 BE SR A L, R SR 2548 i 300 L PVC il o
B2 G, ISR 450 BV IREN
(34.00 £ 1.16) g HIERFEHL >0 5 4, M43 ANER,
RANES 30 B, AN 8 |, WillR Kk
HEAR FE 19 8%~10% 2 WL 10 & $ M 2 ¥k, (08:00 FI
18:00) , MRHERA . FEEFIA ARG B AR N I 5 4
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M, FRAE S TRJE 28.0+£0.3°C, pH7.2+0.2,
VSR 5~6 mg/L, A A MK T 0.05 mg/L,
FRE AR 2 K 1 R0k, BRE=02Z
FFHNFEE A CACL,.5H,0 ¥ U F7 78 A P A F5 e
S CA* 7K o i FH B 4 8 4 R A 380 5 3 K
fiff Cd™ i B 38 B 1E F HE PR IE

L4 HmRE

SR RRRE SR AR B 24 h, BEARFREALES
B 6 R, F MS-222 BRI 5 >R FH — UM J0 B v 5
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#r (1 mL) TR KB, 4°CH#HE 6h, MG
B0 (4 °C, 4 000 x g, 30 min) 4> BESWCEE LT, 1RAF
F£—80 °C BB VKA &5 FH . FH TG R 48 7 2L 59 U
W SR, BT RNA BEESOE T, WA,
—80 °C {172 H . FHAlFFHL 6 2 fa i JIF Ik 28 0 1R
RO (PBS) VNS, UEAUK T, %1 g TRk
FES A 9 mL A= FRERK I £ 10 % ALK, TE
4°CF 3000 r/min Z5.0> 10 min, B W 4 25E 3]
1.5 mL B0, —80 °C HAF 7 .

S i R AR N AR S8 ST e U S A A
SYSERAC L A 2 B A SRS B, I
i FEAT 1 91 K 2 2 ) S 9 A0 B 22 B3 4 1 9 R1L
T AT
1.5 BFREH YRR E N E

JHRE A LR IR A R (R IR - S AR =
4 : 1) 1€ 180 °C 4514 T 1K M 24 ho FifiJ5 R KA
JE IS G EE T (AA-7000, By, HAS) Wl E
JFRELH L o . PR & i I SUR R

1.6 HEIB4ELIRFRNE

AT R U A ) TR TS BT S 18
7O S DM TP < BB P L T RS R
AN N Z S . IR B b A AL RE
WPER A A, N RS R, JUBAE T AN
B MR A AERE D . AL SRR . BAR
J7 12 AL AR B W 45 o

1.7 B 4H AR E 18

F TRIzol 157 [ A=) T (OR3ZE) A PR
A ] SR AE A RO RNA,  EAREAE T 7™ %
Z UL 54047 . A NanoDrop 2000c 43 Y 6
11 (Thermo, ZZ[E) £l RNA i &5 & &, H
1.5 % 78 VL 3 Hi Ak v e A DN HL e B o B S R
Prime Script™ RT Reagent il 57| & [ EEY OKi#)
A BRAE] R HCE ) B RNA T R 5%, Al
cDNA, %1% SYBR" Premix Ex Tag™1II (Tli RNaseH
Plus) 0 & [ A9 ORiE) AIRA T ] 3 45
HEAT 4 M A R DG R B PCR ORI 248 it PRI -
AHRIE R SRS W) S B-actin NS L HAR Y51
DL 2, HAYIEHE mRNA Fakgh 7R H 27449 1k
AR, DA RIAEFRIR

1.8 HIEMES S
SEYRZE R RN R Y EAAREZE (mean + SD),

R E K7 2: 2 E /) sponsored by China Society of Fisheries

#2 EEPCR3Y
Tab.2 Primers used for gPCR

HEA 314 F#31(5-3")

genes primers name sequences(5'-3")

TNF-a TNF-F GCTGTCTGCTTCACGCTCAA
TNF-R CCTTGGAAGTGACATTTGCTTTT

IL-1p IL1-F GAGTGAACTGCACCAAACAAC
IL1-R GTCGGCACTGTCAGAGTAAAT

TGF-f TGE-F ACGCTTTATTCCCAACCAAA
TGF-R GAAATCCTTGCTCTGCCTCA

P-actin ACT-F GCTATGTGGCTCTTGACTTCG
ACT-R CCGTCAGGCAGCTGATAGCT

JH SPSS 22.0 # 4 Xt 45 S 47 B PR K Ty 22 40 Bt
(One-Way ANOVA), 4 P <0.05 A A
25, BJ5FIH Duncan [GiE#HT 2 E HLH

2 4R

2.1 BEESFATE SCC-19 3R R E T AT Ak
wBEENFI

MR s R s, SXF A, 45k EE gl i
JFF I v 4 AR K B 3 T (P<0.05). 4R B %
T kL 4G 2F AT SCC-19 FR I 4R v,
JERE PR K 2R Rt HR, MBELS 2
AT SCC-19 TRAnH A 1x10° CFU/g I, #f AT HE
HR AR FIKPATIAR B 3 5 TR BRA (P<0.05)(3% 3)-

®3 REFAFENRERETEMRBERIKTHZM
Tab.3 Effect of B. coagulans on the Cd content in the

liver of C. carpio (n=18)

4L i (hg/g)
groups Cd content

DK 0.059 £ 0.005°
D 31.80 +1.03¢
DA 23.80 + 1.24°
DB 11.70 £ 1.02°
DC 1.10 = 0.04*

i AR ARRNE FEMURAAAE B EVEZ R (P <0.05): TR,
Notes: Values in each column with different superscripts are significantly
different (P<0.05); the same below.

22 REFHATE SCC-19 XWiERE T M E
HIBS L IEFRRYZ M

5% IR AL, s ER AT AST Al ALT
TP T (P<0.05); SRmmAti, Bt
ZEZE AT SCC-19 FRANZH #7117 AST 1 ALT 3%
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PRI i 2 IR (P<0.05) , I H Y4 BEZE 2T B
Jn ik #] 1x10° CFU/g i, #3107 AST A1 ALT i

20 - .
2

—

W
T
o

ALT activity
S

B BT PE/(U/mg prot.)

5 F
0 1 1 1 1 1
DK D DA DB DC
4151
groups
(@)
&1

BT ERARANG FRARAEREEZR (P<0.05); N

PE 5 X BRZH A LT B P22 5 (P >0.05) (181 1),
= 100
2
= a
%n 80 - .
S 2
Sz 60+ 1 c
- =
2 | cd ¢
— <
I
& 20
il
( 0 1 1 1 1 1
DK D DA DB DC
2H 5
groups
(b)

REFATEMRRE TEMIFARE R () MBEXEE (b) FHHNZME

Fig. 1 Effects of B. coagulans on the activities of ALT (a) and AST (b) in C. carpio exposed to Cd

Bars with different letters indicate significant difference (P<0.05); the same below.

23 REFATENERETERREERE
S SRV

i 2 B RN BE 235 ZF AT R SCC-19 S i 24 i
JHF I 4 8 B 2 F KT 28 48 35 T IR 4 (P<0.05).
R A, 2 % 2 FTE 45 25 T 18 SCC-19 s Iin 4l
1 IE 4 J B AR 1 KO G 3 22 S (P>0.05)
(# 2).

100 b b b b
a — T T -
Eﬁ 80
5 e |
b1 g 60
a S
Yy 40 a
g = -
& 20 +
&
O Il Il Il Il Il
DK D DA DB DC
ZH )
groups
B2 BRAEFATEMNERE FEFESERERD
P S 0EA

Fig.2 Effects of B. coagulans on the level of MT in the
liver of C. carpio exposed to Cd

24 BEFHIFE SCC-19 MinHR E T 485t
=R A=l EA

WELE SEAAT TR X A SR R T I A e SR AL 7
S PSS RN, SRR ER LA P ROS. MDA
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H1 Hy0, 7K1 34 1 25 5 7% B4 (P<0.05). 54
TR LER, BELE ZFRAT T SCC-19 WS in 41 S i
i th ROS. MDA Fl1 H,0, F4 7K V-4 5 3% [l [ (P<
0.05). il H. >4 %E 45 2F #1 #F B SCC-19 ¥ I & 2y
1x10” CFU/g i, #fL i+ iE MDA F1 H,0, B7K ¥ 5
X BRZH TG B 5 M 25 5 (P>0.05), 5% BRZHAH 1L,
R TR LWL HTE T-AOC., ASA Fl AHA /K- 3%
FEAIK (P<0.05), B BESS 2F T I SCC-19 Wit
() 32 7 48 Z2 R AT IE T-AOC . ASA Fil AHA /K- &
F 07} (P<0.05), FF H ASA fil AHA K2 43k
FIEH K (K 3),

2.5 BEFHIFE SCC-19 Mg R E T8
RIE K B B2

EELE ZF LT TR X 0 22 R T 20 B R A G R A
FIRA AR (£ 4), S5RE~, 708 JHE
5 e R L T O ) S A M R T 3 ) TG I 236
B K T A (P<0.05), S4RREEHMIL,
Wi 25 BE 25 2E AT B SCC-19 s in 15 3 W7 444 £ g )1
I 4110 9% 20 i IR 7 i D TGF-p 1Y 2% 3 1 i 35 [l I
(P<0.05), {HIMETXF R4 (P<0.05), XA L
B, R TR AL A 26 40 B T 3 R TNF-o0 R
IL-18 Fe3k B B F T (P<0.05), W& BE45 28 AT
P SCC-19 8 Jin i 1) i ¥ 16 22, 03 ) U 1 ¢ 400 it
R FHEH TNF-o Fl IL-18 Zik i i 35 MR (P<0.05),
{H ) 5.2 73 TR 4H (P<0.05).
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& 200 o _ 80 a g _ 30 a
E£73 150 . R b EE 4, b
2L 100 | d 2 E§ 40 c I S ¢ ;
ERA = 4 ed A 10
22 50 5 g0 | d "<
B @z 0 [1 ==
o 0 2 0 P 0
s DK D DA DB DC i DK D DA DB DC DK D DA DB DC
4153 = 415 45
groups groups groups
(@) (®) ©
= 2
e - 5
; : :
g 80, & £ 100
2E 60 b E@g SEw
S5 b =25 RE 60
B0 40 = Rl
Im d S R < < 40
=2 20 N By A =
g o LILILILILT == = o
g DK D DA DB DC g DK D DA DB DC I DK D DA DB DC
415 415 & 4151
groups groups groups
(d) (e) ®

&3
MBEAETERESE

BEFHTEMERE TEREZEEKE ), AZEBESE 0). TELEEE (o).
(e) AHMHFZ B R ERES ()

BIEMXES ).

gEA

Fig.3 Effect of B. coagulans on the ROS level (a), MDA content (b), H,O, content (c), T-AOC (d), ASA (e) and
AHA activities (f) of C. carpio exposed to Cd

x4 REFATENRERETEMEERET
AR EEFAK TR
Tab. 4 Effect of B. coagulans on the expression of

cytokine-related genes in C. carpio exposed to Cd

(n=18)
P!
groups IL-18 TNF-o. TGF-
DK 1.00£0.11° 1.00£0.05¢ 1.00£0.06°
D 3.16£0.12° 5.01+0.02° 0.20:£0.03"
DA 2.53+0.11° 4.37+0.052° 0.4140.14¢
DB 1.79+0.20° 3.58+0.05° 0.56+0.04°
DC 1.37+0.07° 2.25+0.05¢ 0.77+0.04°
3 ¥

AR, BEE TV R PRGEL S, KRR R
ISP H 57, XK 3R AE 0 2 0 A A A
ST T o RIS UL TR 2K IR B Y
A, SRR IRAE P Al R T B 2 B K
[l 0 S2 40 15 S K™ il 22 T E R W )N 26
(9 B AR o ATAEOR, i £ A R PRI HLIA
X B Y R T2 B O B
FORBL, eSS AT T HAT FLIR B A2 FAT B 1Y
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RCERRE, T L EAT A B 22 7 25 s A9
ARBEGE FZARIE T AR B INBEAS 28 AT B X
WA EE TR S . DU RE A R AE I
IO PR R

WEFE R B, f0 280 i R 2 15 e K A
TRDR T K 0 2 B S AR N, T T AL 18 i
AR B 5 BE B RGP B X B 2 ML R A E
e, RS R, P TR B R A
Z 1 WrFE R, HAT AR R T D RE Y
st AR T AT ARV AR N A S e, AT
PEA MRS , FEARHLAR A & = AR 0E5E
KB, R AN EELS ZF AAT B SCC-19 RERE Ik
AR R B R AT T A B, B4 AR
FFA SCC-19 HATRSMNK M s i fe 1, Mk
HEW , BESS 2F AT T SCC-19 BE TR A BE I 1L
SIEN SIS Bu 4 T A B N R (EE AN O NI
A HAEAFE P AR R o SR, T AR K AR
DRIF— 2 B AR BE L T LA A0 % o 20 8 £ IO v
TKFHELL R 20 FRZELK -

GIEHEH M) &) 2R T RN S
SHUAE &8 R R EEE A . BEFER,

https://www.china-fishery.cn



WA, 5

IKF= 24, 2023, 47(4): 049113

WEIE S (G E 4 ). WU 2 b B e 5 N &
Al BE S B R TE N S IR MT KT
Bl MT 5SS ESBETHES, WRELSEX
VLA B AR, AR E 4R = R
PHLHIPY, AR LRI, R A R AT
B SCC-19 ASIMALBETAE MT /K- 2575 T % Ba 4,
T i 7 i 2 5 B 45 2 FFF 1 SCC-19 MR I4L[a] MT
GRILREER, RWMERETIHRM LKL
f MT, AT ol 5 i B 7 o g 2 M 01 405, T
ZEZEHUAT I SCC-19 X MT Fik Jo i FH52m .
L& o AST F1 ALT 6 P J2& S AL T 2 g
AR BE bR . 24 10 2T E 20 22301405 o T 4 A
HEHRE R, SFEKER AST M ALT Bk 2
M, 5% 107 AST il ALT i FE, AHF
gE, HAER AN YE AST FI ALT 3% 4 8 3 Ft
T, L R R G R I o B T RS . Y
P 2 1R 2 Tl S R HLAR BT A AL Bl T M, AR
HEHUARTE PSR A 3t (0, . Hy0,. -OH) 74k, 1%
BCHLPR PR R { R SR, T Bl 4L E b i
55 1, T-AOC. ROS. MDA. ASA. AHA fil
H,0, 55 C 9 12 FIVE S A B BTl i b 2 2
Hrp, T-AOC J& i T s bt E LR T LR B 4847,
Al DL AL AR S A AR IR S . ASA R AHA #E
6] $% 5 W O, F1-OH B & &, M HLIR N O,
F-OH & 8T, ASA Fl AHA [, 4558
W, B RS EELFE T-AOC. ASA 1 AHA
KO B E T X B4, 1 ROS. MDA F1 H,0, )
K4 8w TR AL, ZE A I YE AST F ALT
TEESE A, AU R MR R ST T
AL . BESS 2R AT R B E AR I T LB
A R ML 1 B ) AR 34 SR 5 AR
7N, FEDRE S T ERE 2 2 AT I SCC-19 REHS 1B
f i BIE [N A 2 BE & L T-AOC. ASA. AHA,
ROS. MDA Fl H,0, Z545 bR 54, [R) B R AR i
M7 AST A1 ALT 34, 156 BH BE 45 28 4T 7 SCC-
19 1] LLZE fift 0 J1T ik PR) ‘e 22 68 5 | ) SR A I 5 4R
o450 . I IR AR 26 B 25 A= B nT 3l 2 Pk &R B AR
PTG P R 2 i B 4 ) 2 60 VT IR T 325 i 1 4
e, Blan, YoZEP HFoe £, MY L #
(Lactobacillus plantarum) i1k & A ALY AL |
1o A AL U A I H IR S A 0 Tl T R 28 A
B SRR w Y IR i (Oreochromis mos-
sambicus) JFWEE AL 075 5 4h, Wang &0 &
BEAE ZE AT B (B, cereus) W] LLiE 19K B B E ALY
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ARG 3o 4R Ak U RN I H K -S-54 A% il 1) 0 14
ZF AR R R T BN 5 F WA (Carassius auratus
gibelio) JHIE A AL 13

P22 5% T 1 4 R R BT 25 3 BUARE LN Y &
A T OGS A A M, BT TNF-a, IL-1B
F1 TGF-B S 4 A+ B AR ER, f%
25 2L B8 T 410 2% 40 e R - SE X TGF-p 3R 3k &
FACTX AL, mifE R AN A T A TNF-a Fi IL-
18 ik 3w X IR, R 2 R S BT
e T RIS . CAMFRERN, WL
FRAT ETE N 2 25 A= T AT LA I ST e 14 98
i SN B ARG R, BEAS 2R AT SCC-19
AT AR 52 8 I DR 6 2 8 5 i ) 400 M PR R T
TNF-a., IL-18 Fl TGF-p 3Rk W 5%, FRIAEE
45 ZERAT P SCC-19 1T DLy 2 5% 3 B0 T
JUE A& AE SV o

4 gEip

B2, AT 3 LS ZF fAT I SCC-19 1]
DI AR 22 88 45 1 T ERFIEGR & &, IS &8 m
KT, FEARILYE 25 9 &% 2 W A B 2 S g T
P, WKERFAEBURACRE 1, DR E RN, AT
A R R R S B R . SR A B TR
FUGELG ZF AT B SCC-19 A S — R4l L s Jin 351 2%
oK s e v fett, Fu AR M H
& B FEE PR IIS

(3 7 BA A SUT 55 B sl A2 B Al 22 )
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Effects of Bacillus coagulans on the cadmium content, antioxidant capacity and
inflammatory response in the liver of Cyprinus carpio under cadmium exposure

CHANG Xulu®, CHEN Yongyan, KANG Meiru, FENG Junchang, ZHANG Jianxin
(College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: Cadmium (Cd) is one of the heavy metal contamination sources and can be released into the aquatic
environment through agriculture, industry and other human activities. In most contaminated aquatic environments,
the fish are often threatened by excessive accumulation of Cd, which may cause oxidative stress, immune damage,
growth inhibition and even death of fish. In addition, Cd exposure can promote the metal bioaccumulation in fish,
thereby continuously affecting human health through the food chain. Thus, identifying a safe and effective natural
substance against Cd toxicity is of great importance for the effective management of aquatic animal health and
alleviaton of the pressure on food safety. The use of probiotics to protect the humam body from the toxicity of
heavy metals has become a hot research topic in recent years. The purpose of this test is to explore the effects of
Bacillus coagulans SCC-19 on the cadmium content, antioxidant capacity and inflammatory response in the liver
of Cyprinus carpio under cadmium exposure. The 450 C. carpio with an average weight of (34.00+1.16 g) were
selected and randomly divided into 5 groups (control group, 0.5 mg/L Cd*" group, 0.5 mg/L Cd*+10" CFU/g B.
coagulans group, 0.5 mg/L Cd*+10° CFU/g B. coagulans group and 0.5 mg/L Cd*+10° CFU/g B. coagulans
group), with 3 replicates in each group and 30 fish in each replicate. The results indicated that compared with the
cadmium exposure group, B. coagulans SCC-19 could effectively reduce the cadmium content in the liver of C.
carpio, and reduce the serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities, and
significantly increase the level of metallothionein (MT) in the liver of C. carpio. In addition, the total antioxidant
capacity (T-AOC), anti-superoxide anion free radical activity (ASA) and anti-free radical hydroxyl ability (AHA)
of in the liver of C. carpio in the B. coagulans SCC-19 groups were significantly higher than the those in control
group, while the levels of reactive oxygen species (ROS), malonaldehyde (MDA) and hydrogen peroxide (H,0O,) in
the B. coagulans SCC-19 groups were significantly lower than those in the control group. Moreover, the results
showed that B. coagulans SCC-19 could alleviate the genes of tumor necrosis factor-o (TNF-a), interleukin-1 (/L-
1p) and transforming growth factor-p (7GF-f) abnormal expression. The results of the study show that B. coagu-
lans SCC-19 can reduce the cadmium content, relieve oxidative stress, and inhibit inflammation in the liver of C.

carpio under cadmium exposure.
Key words: Cyprinus carpio; cadmium (Cd); probiotics; liver; oxidative damage
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