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Abstract: This study aims to investigate the accumulation of sulfamethoxazole in the bodies of Epinephelus fuscoguttatus x E. tukula
and to assess its toxic effects. When the temperature of water was (24 + 2) °C, E. fuscoguttatus x E. tukula with a body weight of
(10.63 = 0.24) g were exposed to the environments of water with different concentrations of SMX, which were set at 4 mg/L, 14 mg/L,
and 50 mg/L. After 21 d of experimental cultivation, high performance liquid chromatography was used to determine the law of
concentration distribution and bioconcentration factor (BCF,)) of SMX in the muscle, liver, intestine, and gill of E. fuscoguttatus x E.
tukula and in the water, as well as the accumulation of the drug in the fish. Meanwhile, the morphological changes of intestinal tissues
were observed and the weights of E. fuscoguttatus x E. tukula under different concentrations were recorded. The study found that the

concentration of SMX was the highest in the liver of E. fuscoguttatus x E. tukula, with the maximum enrichment level reaching 3.25
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mg/kg, followed by the intestine, gill, and muscle, indicating that the liver was the main enrichment organ for SMX. The values of
various tissues of F. fuscoguttatus x E. tukula in different concentration groups were all lower than 10, which indicated that although
E. fuscoguttatus x E. tukula had a certain bioconcentration potential for SMX, the bioconcentration level was relatively low. The grow
rate of E. fuscoguttatus X E. tukula under low concentration SMX exposure was higher than that of the control group, while the high
concentration group was lower than the control group, suggesting that low concentration SMX can promote the growth of fish, while
high concentration SMX can inhibit it. Pathological damages such as villus atrophy, fracture, and disruption of cellular structure
occurred in the intestine of £. fuscoguitatus x E. tukula. With the increase of drug concentration, the degree of enrichment and growth
inhibition rate continuously increased, and the degree of intestinal damage gradually deepened. The findings of this study provide a
scientific basis for understanding the environmental behavior and ecological risks of SMX, and are of great significance for assessing
the potential risks of SMX in aquaculture water and formulating reasonable antibiotic use strategies.

Key words: sulfamethoxazole; Epinephelus fuscoguttatus x E. tukula; bioaccumulation; aquaculture; antibiotic residues; toxicity
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Fig. 1 Changes in the content of SMX in the tissues of E. fuscoguttatus x E. tukula among different concentration groups
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Notes: The letter ns indicates that the difference is not significant, and * indicates that the difference is significant (P < 0.05), et sequentia.
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Fig. 2 Trend chart of BCF values of SMX in various tissues of E. fuscoguttatus x E. tukula under different concentration

groups
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Tab.1 Actual concentrations of SMX in the water
4 W /(mg/L) HUFERFTE] sampling time /d
group concentration 3 6 9 12 15 18 21
1 4 AT 1 3.68 3.40 3.56 3.88 3.32 3.80 3.52
A7 2 3.78 3.75 3.83 3.83 3.74 3.79 3.50
FAT 1 12.04 13.02 11.34 13.72 12.60 11.76 12.74
™ 14 AT 2 13.50 13.47 11.45 13.72 12.15 11.61 12.53
173 13.32 13.34 11.71 14.03 12.03 11.84 12.47
AT 1 47.00 48.70 45.60 48.00 47.94 46.00 47.50
T3 50 AT 2 46.70 47.48 47.20 47.82 47.09 48.40 46.67
VAT 3 47.10 47.95 47.05 47.96 47.95 48.03 46.84

Horp, SMX 78S 7 LA FFIE4L 409 BCF, 5k
{84 0.27.0.62.0.06 F1 0.38; 45EFEUEE 4114 me/L
i, SMX ZESE Sz LA AU EZL 2L ) BCF, B KAE
4390 4 0.10,0.23.0.03 1 0.19; 4 2 5 1k £ 4 50
mg/L B}, IR L BCF,, fie RAEMKIKA 0.04.0.10,
0.02 F1 0.06. Fiitsr#r3RM , 4 mg/L 1454141 BCFy
HBEET 14 mg/L il 50 me/L 2H (P<0.05) , 7EA IR I
SRR SMX B U 5 HA W E AR e ) 2 R S
FHOGHEH 5 2R B8 AU A [R] K A rfr SMIX 1 52 B
MEWPE DL 1, & 1 alH, & AbBRg] Kk fA o
SMX S B B AR 5 18 e Wk B B o 4230, B W
IR R EE U B R, AT TR AR
SRR PR (R 3 225K
24 SMX X &EABEEE RN

TERH] 21 d Y SMX X4 55 A1 Bif £ 110 2 5% F7 FE
SO, N[R] SMX Uk 2H 4 B2 A BEfa 1 A K 25 R
i 3 FR o S X REZHAR EE , DMSO X REZH TCHH 2 AR
ko FEIK A S92 86 H DMSO 1R F 4 80 <0.1%
(V/V) Il 2z A 28 0 i 3 a3, v ATl A

&K body length
8- &
pooe s mmed fen o fie s & (] 3 control
| = 4mglL
|
E%u 14 mg/LL
< £ 44 = 50 mg/LL
e
=E
2 9
0 AL 1 ol
3 6 9 12 16 19 21

FEFZINFA] exposure time/d

LA EE, WA AR s SRR , 4%
A7 TR £ 0] L (8 A R R o o B R 823 4, 4
TR M (7.15 £0.05) em, T (5.91 £0.05) g,
KRR KK(7.62 £0.08) em, AT (6.26 +0.08)
g, WK A3 2 IR BE SMX (4 mg/L) ZH AR K FiniAk
iR SR AR, MG (7.04 +
0.01) em, A& (520 £0.08) g, & KMEKK N
(7.37 £0.16) em, M JF 7 (5.53 £+ 0.40) g, 5% HEZH
ZFAREE(P>0.05) ; FUE (14 mg/L) 4 A Fi {4k
JoT e 3 R ) R B G R, PR IR (6.98 =
0.09) cm, 1KJFE & (6.61 £0.03) g, LKMEKK N
(7.12 £0.03) em, T 1 (6.65 £ 0.03) g, 5 X H4H
2557103 (P<0.05 ) 5 =y Vi BE ZHAE 52 50 5 1 (16~21 d)
AR A T L5, WA A (7.15 £ 0.21) em,
)5 1 (6.63 £ 0.05) g, AR MR (7.06 £0.34) cm,
R 12 (6.68 +0.04) g, 55X A 22 A8 B 3 (P>
0.05), FiE kKR (SCR) G R PE—HHAE 71X —#
B MRIKIE (4 mg/L)SMX 258 K42 B SGR
(0.27 £ 0.02)%/d & FXFREZ SGR(0.25 + 0.03)%/d,

AT body weight

& 1 control
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T 4 = 50 mg/L.
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Fig. 3 Growth changes in E. fuscoguttatus x E. tukula during 21 d
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F5Z T SGR(0.04 +0.02)%/d 5 7 % (50 mg/ml.)
SMX %7 T SGR (0.03 = 0.02)%/d W% T-% B 4H
I AR AW
2.5 SMX X &RAMEMEHARSH I

TE 100 pm B AGUEE T AR 4 5 4 B B 1B
WY R (HE Jefa ) 25 5 8w, SMX 5 28 6} 4 18 A1 B
0 fify TE T 25 1 W 2 A v B AR M1 0 (1) 4 3%
2), X REZH (0 mg/L) Wi VB 5225, WL)Z (ML)
JEREEHIA[(39.31 £2.18) m], B4 EE(MF) 325 H.
HEFWHLI , B [(365.00 £ 12.45) m] M58
[(74.73 +3.42) m]|¥J4b T 1E F A= HEE FE FRtR 4 i
(GC) WA S A0, A L (AC) T A e 3 B
HES'E 5% . B B2 528 ot BRATAR EL , 4590
BB AR PR G725 5 (P>0.05) . 24 SMX 2k
JEH 4 mg/L B, A IE 9% B 45 T i B U i
A5 BREEE [(299.34 £10.21) m] B E L (P<
0.05), Zh T J2 (SM) J& B2 U [ (51.05 + 2.87) m],
ORI S T A B A5 B A7, (HHEFIBUR T
B, G )2 A A 2L . BREERIETHR E 14 mg/L
B, BB I — 25 ]« 98B R EE[(214.87 £ 8.76)
m] &% FEFE[(59.46 + 2.94) m| B 45 /N(P<0.05) , ILZE
(ML) H BB 2455 B, AR 4n i gl R s 2, 906
R A ) R IO S Ak WA L (AC) R4y
% o 50 me/Lis Uk B L B 505 ok P B, R B R
Y B EZESR(198.33 +7.52) m, P<0.05], 345 X3
YLRLEIIE A  PRIR MR BG4, b R 40 2
ARAE BT e, WA i (A C) KT FRUBE V% , 5% B4 400 it
AT RLAZ R 2 T PR T /NS T B 5 86 J5E I )22 (SMD) (1] it
38 T8 A B 58 P AN B IR (AR EL A B SR AR M )
FHIE SRS (MF ) 2245, IUZS5 2L, SMX 258 530
G PR AT TR gy T A0 A PR B A v B T e TN R, 45
FEEE I 0 43 G BEOMRKTEZE 1 43 (4 mg/L) .2 53 (14
mg/L)F1 3 43(50 mg/L) , £ 30 ML Y ) e 3 A0t 1 45
W5l (3 3)

e 3
020 40 60 80100 pm 020 40 60 80100pm &

B4 &EAHRENBERSEER
Fig. 4 Stained sections of the intestinal morphology of E.
fuscoguttatus x E. tukula
T WUZ (ML) s R 2 (SM) s BB BE (MF ) s FRARANIE(GC) 5 K
AL (AC).
Notes: muscular layer (ML); submucosa (SM); mucosal fold (MF); goblet
cell (GC); absorptive cell (AC).
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AL BN, SMX 74 2 A B g s
JUL PRI R 2 28 v ) ' A B i i R Ak R 3 R T
IR (P<0.05) , {HZH 24 A T K P e JB2 i) oA S B4R
PEFIE - BN 2L U 2 FR 4 mg/L i BCFy, ik
i T HAMAR B2 48R AR s S BRI S
{8, 3R B — o BUERT, 25076 AR WA o9 0 3 e o
B 5 W S R s a0, AR B A E T
s, VPEEE O WESE T SMX AEBE S 4 ( Danio rerio)
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Tab. 2 Morphology of the intestinal tissue of the E. fuscoguttatus x E. tukula

AR trait XTHEZ control group
B villus height/pm 365.09 + 12.45
WUZJESE musculari thickness /um 39.31+2.18
HBTCE villus width/wm 7473 +3.42
ZhlE T )2 submucosa thickness/um 58.03 +2.76

T1 ™ T3
299.34 +10.21 214.87 +8.76™ 198.33 £7.52™
31.78 £ 1.97 12.00 + 1.05™ 22.57 +1.89™
68.62 +3.15 59.46 +2.94™ 4477 £2.31™
51.05+2.87 40.60 £2.13™ 43.01 £2.05
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Tab. 3 Types of intestinal damage and damage scores in E. fuscoguttatus x E. tukufa exposed to SMX for 21 d

BT TE X it
damage score definition damage type
- ; 5 o e e B 2 s B 2T 26 PEA » |- 2
0 43 (IEH) s %}ifﬁ@ﬂ%ﬁ,fc% HH B IRT2RL s POBR AR R T s B2 IO R A2 5 b Rz 40 R
mHER B A g Wi dl s D ok B AZ AN 1 g
LRI M Rk JRy RO B R RE Sl ) b B A B A YA s A B SRR G A B e A
BBV
L AR RS s e R
DANCRIE) S R BT %%*V%%ﬁ PR BE3E A= Jri s B 3 5 A PEZMHAE [l J2 SRR SR 4 s KA
R A 5
B T L el 2R A L A O B2 AL ARIR 24 Fh R s 5 R
SANCEIE) MU SRR Z0E R R 2R A0 L T G, B IBZ - AR AR R, B o) 2 M 5 Ak

20 IR, R I8 A B ARUZ s b B AN 58 BT IRE , B AT 2 B AN A

JER SRR A A I i EZ ARG
(EPS). EPS iy 15T 2 0EAE o0 it U | 6
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i, DT /0245 ) 1) 240 B PN 0 A H R, (2 21
T e 4 R ARSZEG R 4 me/L 2H PR EEZH R
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s G RE T o T B ML S0 mg/L 21+ SMX I/ g
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T ARG IR R 202400, i SMX 1) 55 6 it S 8U0L 5
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MLEH & 75512 B Al e sh e SMX, 2 80E St
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