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Abstract ; Antibiotics are widely used as veterinary drugs and feed additives, especially for broad-spectrum antibi-

otics such as tetracycline, which have been abused in the breeding industry. Tetracycline is the antibiotics with the
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largest dosage and the widest application. Antibiotics accumulate in the body or are excreted into the environment
via feces as a prototype, causing environmental pollution. This experiment used zebrafish as a model organism to e-
valuate the effects of low concentration of tetracycline on the transgenerational (F1) zebrafish. Parent zebrafish (FO,
approximantely 4-month-old) were exposed to 0.1, 1 and 100 wg-L™" of tetracycline hydrochloride (TCH) for 30 d.
The F1 generation zebrafish embryos were obtained. The results showed that the F1 generation embryos had a de-
creased hatching rate and an increased malformation rate and mortality rate, all of which were concentration-de-
pendent. In addition, the zebrafish juvenile had longer mandible and mandibular arch and more narrow mandible
and shorter hyoid bone. Furthermore, transcriptional expression of runxI, sox9a, sox10 and col2ala (genes related
to skeletal development of juvenile fish) were inhibited by exposure to TCH. This study demonstrates that TCH

showed a transgenerational effect by affecting the development of zebrafish embryos, especially the development of

embryonic cartilage.

Keywords: tetracycline hydrochloride; zebrafish embryo; F1 generation; toxicity; cartilage development
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AR Bk 200 20, o, 2= 50% BB AR R
TEHEHBOL FRE AR =S 758 & FRAT
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Yy, F H A1 45 4 7 K (chlorotetracycline, CTC) ., 1+ %
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PRES Hoh 4R miA3.99 ~107.14 mg-L™' PUER
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PO PR AL A1 300 A2 I A A 28 R GE 1)
e KB T WA (R RS 2T

PURRE G R R T HURAE A, 3 4 1 AT
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KU, runx SR E BRI RN 53 Ak 0 2 SR R
TR Y runx2 FEECTIRETE R T, BRCE I L
FROSWAERPY . BEE R B T sox9 FMEFE K U
200 /2 200 DI RE AT, L3 TR W DA Ay 2 e L TR /)
B R B A A A A AR A TR R R
B sox9a B FRIXWAL T, MK H K E G sox9a
A IRBAM ] . sox9a W %2 5 BB 4L Y
HIH LIRS Y sox9a iR AE R col2ad YR [
¥ BA R CEEWEP, BT, MR R T
I SESNH) A — L85G T J s 345 A 2R Bt 2 &R (fluo-
roquinolones antibiotics, FQs) % 7 M i i3, (H7E
1 PR B O TR BT ST, SO 56 T Host
RREMERHGERY . BE S MR BB R R R B
JR IR G ) s AL AR50 B £ P HC AT R R I
RG] E TR E RIS X 25 R U K
CIR IR e el @ B T e AL ve I IR P VA5 8

ABIFFEAE FHIBE S 8y S R d it B R
PR VO PR 2% 7 B S ey, WL Z DO 31 R % F1 AR BE 5 A i
NG HCE & B RS TR AR L

1 ## 57 % (Materials and methods)
L1 s

£ U 24 2 (tetracycline hydrochloride, TCH) 4
TAE R ERHA AT, CAS 528 64-75-5, 43
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T3 K C,,H,N,0, - HCL, 43 -1+ 4 480.90, 4l & Ky
=98% BRifE it ; B RNA $2 Bt 7] & Al i 7 i )
&4 H 55 Sigma 23]
1.2 BEDfh FO sE4CAbFR

Bt 5y £t (Danio rerio) (AB &), 1A # T 5 & i1 3¢
B ARGt e AR R R AN R AR T R KR
(28+1) °C,IF7E ASRIE T ORFL IR « RIS ] A
14 h: 10 h, WER B PP B A0 — 80
T S B T £ (4 AN ), o0 T R 1 3 O 5
1 &, 38 5 0 A RT3 B JR I A A A A A AR
Ao B AL B LI BT, FO SR AREE S fa 22
TCH 4b31 30 d, 52408 4 41, 73 5 o0 25 FLR IR
2000 pg- LT IRHBEELL) 1 wg- L7 (PR EE4L) A1
100 pg-L7'(B L), 5 ~7 d Hokizy &R
2 AR R R AR B, 7R SER T — R BRI, BE MLk
BT o 1 WfERfE e e ) — B 5 a4 IR AL T R TR 3R
R, U H WO ER
1.3 BEohfa F1 ARG AL 3

BEh 1 FO 5404 TCH ALBE 30 d J5 &L, S5t
PE LK, ZREIE 1.5 hpf PEFT R 50 E I 2K B
giit, % F1 AR S ARG # A 28 °C Heratherm
IGS180 1 I 9% 1k 4 (Thermo Fisher Scientific, 3¢ [#)
HEESE . T 2R S 8.24 .48 .72 .96 Al 120 hpf
BUREIEEE D SRR B 51 1 b 238  BE T 2 1 W
TR B (AT 3 WU P47 &
IS,
1.4 IR B Ah e 424 A

A PPAE R A Brannen 5552 it (1% 2 38 X BE
hfagly o i BRI STy, 2 I WEE 8 .24
48 72 .96 F1 120 hpf iy F1 fCHRIG AL & 7481k,
410 RLBR, A3 MIER RS R R E R 4 A
iE— 2 AR IR A3 B R B RS2, A4
ALFGON S O ORI AR T AR, B
B B S e S IER X BB T A
4 5y BREERTE N 3 4, MEERTIE R 2 4, B P
H LG VPR SR E VR 0 43, KRR IR E IR R
KBt mia i 16 v, WEam A e st 14
3R 0, 55 TG
1.5 Bl 2R e B e 0 7 ik B 2 7 vk

BUZKs J5 72 .96 F1 120 hpf B4 10 45,
4% ()R 2E b 22 B RS (PFA) T 4 °C F & E I ad
A | <l T2 5 2% whS W (PBS) #h ik 2 1K, £
0.1% B 75 387 1 2% v (BT )8 i 8GX : 80% L -

20% LTR)ZEIRYLA(D 12 h DL b, FHRF 80 95% |
90% .80% ., 70% . 50% F1 20% A4 I A% M 7K 4% 30
min, FZE 18 /K15 ¥k 30 min, F B 20500 1% B A
SEAL AR T3 B0 30% M XUE K IR A 5 A B 1
h, SR )5 380N 0.05% F R T 1 h, ISt
WL FE 70% B9 H b o g8 S /A7, 985 H Tmagel
XA ST A E KB (A) AT K BEB) R A E
B JE(C)FNTT A5 75 4 (D) A TR I B £ (18 1),

E1 HOERKRLBREREKENEREE
A TR KB MT K C PRI S, D PSS KE,
Fig. 1 Schematic diagram of measuring the length of cartilage
staining on the head of zebrafish embryo
Note: A indicates mandibular length; B indicates angular hyoid length;

C indicates mandibular width; D indicates mandibular arch length.

1.6 & RNA A $2 B 52y 98t 5 it PCR (qRT-
PCR)

15 FH Trizol 32057 Ab PR 52 28 () IR iRy, MBS AR BE
R A v 4 B RNA (Grand Island 2% 7] 5 12183-
555), {8 J1] Nano Drop2000c(Thermo Fisher Scientif-
ic, 5% [ 2 SR BCAY B RNA W, 4B1LAY B RNA
i FH cDNA Jz %% 5% 157 &5 (Applied Biosystems Inc.)
FUG 5 Y cDNA, [ 7 4% IR Rt k17
cDNA FEAI T RAEAE-20 C 5~ fli ] Taq-
Man #47 2 P 36 38 I 7 F1HE A 36 35 43 B (Applied
Biosystems Inc.), KSR MMIA 0.2 ng cDNA J5 17
JZ Wi 5 TaqMan Universal PCR Master Mix R &, I
i 7900HT 52755 it PCR {{(Applied Biosys-
tems , 3¢ [E)iH 17 PCR &1, >k H Sequence Detection
System 2.0 #AF53H7, 250 )75 5P R EEA S Dong
PRI, WS A B-Actin, K 2744
TR SR SRR AT 2R (R 1),
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Table 1 Real-time fluorescence quantitative
PCR primers
GIb B A ~37) K bp
Primer name Sequence (5’ ~37) Size/bp

F: CAATGACCTGCGTTTCGTGG
runx/ 173
R: GCTTTACTGCTTCATCCGGC

F: GTGTGTGATTCGGGGACTGT
colala 143
R: TTTGCACCAAGTGACCCGAT

F: CGACTTCGGTAACGTGGACA
sox10 104
R: GGCCATTGGGTGGGAGATAC

F: AATCTCCTCGACCCCTACCT
sox9a 191
R: TTCTTGAAGTCTCCGAGCGT

F: ACATCAGCATGGCTTCTGCT
B-Actin 106
R: GAAGTCCTCTCGGGGAAAGC

1.7 Edusgiit

FIAT BN 14 L) S 2418 + SEM 26753, fdi i Graph-
Pad Prism software #1741 #r ., 255 W E R
AR ZE M, P<0.05 B9AE 00T B h 253t
I ERTE,

2 453 (Results)

2.1 TCH % F1 fURIG B 50

2.1.1 TCH X} F1 fREE 5t IR AG 514 1 5
BEh i FO 3ER2 TCH ARFH 30 d Jo, 515 F1

(a) Control  (b)

© L gLl Pl

I mm

FRIRIGA IR JZ 1T 2% R A 200 24 50 4 Hh B 35 57 31
2, KE % 8 hpf WEMEIF G b, F1 S
IR RR Y ST PR TCH e BE (9 7 v 1 R B (1R 2),
WRRG Y 510 LI AE YR BE R 1 g - L7 i 5 45 1 0 R
LA UG % 58.62% (P<0.01), 100 wg-L ™ HkBE4
5523 U0 BRALAH HERRAIG 28 4827 % (P<0.001),,
2.1.2 TCH X} F1 fCEES %)) & F 5 m

TCH 4b B FO 2EARBE S 4130 d )5, H F1 AR 4h
HHEMIEERE S, FEAEERD M LA
B IRETEM COFETEI RIS, sk AE (B13) .
F1 ARBE LD 0 IR N 77 i 230 B2 07 Ji 3% B 07
JIe T RRURTLCo 4 0 i T AR 2 TCH. R B2 19 v i 48
JN(P<0.05), 7E 48 hpf W}, B & 17 %76 100 pg -
LR H s A X IR T T 23.33% (P<0.001),
OB e T AR 25 0T R A 3 T 3.47 £%(P<
0.01), DHEIFIAAE 100 wg - L7 R b2 11X
WEZH ETFT 33.33% (P<0.01), 02877 i AR e as 1
X PR AR L3 0 T 11.76 £5(P <0.01),
2.1.3 TCH X} F1 {RIE 24104,

TCH AbFE/C FO £ 541 30 d J5 , F1 AA3E S0
JVR e W TR 23 Bt o e B P T e T v, R BE (1 g
LA He s X IR IR TR R T T 13.33% (P<
0.05), FHJELH (100 pg- L") 525 X RELHAH L e
K ETFT 26.67% (P<0.001)(K 4(a)), W HIE 2 Fk

120 (e)
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*3%k
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RSG5 2 1%
Embryo uniformity/%

Control 0.1 1 100

TCHYR E/(ug L™
TCH concentration/(pg-L')

B2 #HEMUIAE (TCH) X F1 KBTS fa BRRR 1 S K 00
E:TCH 51 F1 PR AR AMEZ AT R U BRI S 52 K5 90 K & 51 8 hpf IFHEATHE F %R,
(a) 25 FAXTHRZE , (b) 0.1 wg L™ KB, (c) 1 pg-L™ HKEELL, (d) 100 pg- L™ ¥R EEL ; 55 FoR SR HE 4 5 % BREA = ) 11y
WFHEF(FP<0.05 #*P<0.01 ***P<0.001); 5t 778 J A {E£SEM; A3 R =1 mm,,
Fig. 2 Effect of tetracycline hydrochloride (TCH) on the uniformity of F1 generation zebrafish embryos

Note: TCH causes heterogeneity in the front edge and tissue uniformity of ectoderm in F1 zebrafish embryos; the fertilized

egg was observed under the microscope when it reached 8 hpf; (a) blank control group; (b) 0.1 pg-L™' concentration groups;

(c) 1 pg-L™! concentration groups; (d) 100 pg-L™' concentration groups; the asterisk indicates the significant difference between

the exposed group and the control group (*P<0.05, **P<0.01, ***P<0.001); data are expressed as mean+SEM; bar =1 mm.
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T

0.00 Control 0.1 1 100

TCHMEFE /(ng L)
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B3 TCH 5[# F1 R3S &40 & U0 &0 5 Z

T TCH AL BESEAC FO BE 1030 d J , Sehti s Ao 345 F1AG, I WgE L

KT R ;bs AL ; ehe Sy OB KM s yse BB FEK 5 sbl

PR i bt N ERA H BS FOR R E A S MR 2 0] 19 235 22 5 (FP<0.05 #*P<0.01 *** P<0.001); 4 2R g F- 3 E+SEM; Fr R =1 mm,

Fig. 3 TCH causes yolk and pericardial edema in F1 generation zebrafish larvae

Note: The parent zebrafish (F0) is treated with TCH for 30 d, then mated to obtain F1 generation and the morphological abnormalities in the F1

generation juveniles were observed; after 30 d of parental zebrafish treatment with TCH, bs represents spinal curvature; ehc represents cardiac

capsule edema; yse represents yolk sac edema; sbl represents shortened body length; bt represents the tail bends; the asterisk indicates the significant

difference between the exposed group and the control group (*P<0.05, **P<0.01, ***P<0.001); data are expressed as mean +SEM; bar=1 mm.

FAVEAE R, ik BEH( pg- L) FREZEX IR
70.81% (P<0.05), i FEZH (100 wg-L™") T [ 2 %} HE
21 50% (P<0.001)(&l 4(b)).
2.2 TCH X F1 & Sk 52

SR TCH X B2 fa F1 ARG B 8% 10 52 10
2B R T W A e, LR 3 Sk T R Y AR TE (]
5) SKFFACE R T A KRGS TCH Wk BT =
iAKW & T 2 72 .96 F1 120 hpf i, 75 TCH
W TR A KR HEE 2SS (P>0.05) (K6

(@), AEEKERE TCH W T M4, 18
96 hpf Ff 100 wg- L™ ¥ B 2H 40 28 X IR A1 87.56%
(P<0.05),7E 72 hpf A1 120 hpf i} 5 55 % BEZH AH H 3
AR EESE AN EEEE (b)), T
W P B R A TCH YR BE R T = i 46 4, 78 72 hpf B
L1100 - L4 5 EXTHRAL 76.91% (P<
0.05), K1 % & & 96 hpf F1 120 hpf i i 5 XF B8 40
ML BAT 3 22 1 (A 45 d e % (P>0.05) (6
(c)), FHiSKERE TCH W E TR K Ik
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=
1 1 1

Control 0.1 1 100

TCHYR B /(ug L)
TCH concentration/(pg-L")

Control 0.1 1 100

TCHHKE/(ug-L™)
TCH concentration/(ug-L™")

4 TCH 3t F1 KD &FA S0
1:: TCH Ab3HRAL FO $E 50 30 d J5 S MERAS F1 AR, IF S22 WAL H] 120 hpf; ()RIRRIE R, (D) B0l ;
LS FR R T N IR L 2 ] B 25 F(FP<0.05 ¥*P<0.01 *¥%P<0.001) ; Bt R - E X +SEM,
Fig. 4 Effects of TCH on embryo development of F1 generation of zebrafish

Note: The parent zebrafish were treated with TCH for 30 d, then mated to obtain F1 generation, and the morphology

was observed until 120 hpf; (a) embryo deformity rate, (b) morphological evaluation; the asterisk indicates the significant difference between the

exposed group and the control group (*P<0.05, **P<0.01, ***P<0.001); data are expressed as mean+SEM.

5 TCH X35 F1 R4 &HKEHZIM
T FO SRARBE T £ /E TCH 455% 30 d J5 gk F1ARARAR, A& 28 72,96 1 120 hpf 43 5I#EA TR ARB RO Yo IFESE T L4 AR =100 pwm,,
Fig. 5 Effects of TCH on F1 lava cartilage of zebrafish
Note: FO parental zebrafish were treated with TCH for 30 d, and F1 generation embryos were collected; when F1 developed to 72, 96 and 120 hpf,

they were stained with Alcian blue and observed under the microscope; bar =100 pwm.

R H] 72 .96 F1 120 hpf BT &0 5 4 BE B 5 %5 1]
AR LA 3 22 5% (AR I AR Kok 3 (P>
0.05) (&1 6(d)),
2.3 TCH X F1 A OCHE K ZR 3k 1 52
SRS B B AL, X6 R S R Rk
FEN, U runxl | sox9a. sox10 1 collala HEAT T K
W, S50 FRW runx] FEH W FRIBTE 72 hpf B, m vk
FELH(100 g - L™ )FEAE 2 X} FRZH A9 61.76% (P<0.05),,

TRV A 525 O BRAEAH L, i R 3k g R
(Kl 7(a) ~ & 7(d)), 72 hpf F1 96 hpf i, sox9a A
FE 100 gL R B 21 430l B AR 22 X A1) 84.99%
H169.07% (P<0.05). 48 hpf i}, sox10 FEPHLE ik i
ZH (1 pg-L R 228 X IR 77 45% (P<0.05),
R EE L (100 wg - L7 FEAR Z X6 B4 19 67.03%
(P<001),7E 120 hpf i}, 1 pg-L™"' F1100 wg- L™ ¥ &
21 3 S A 2 5% R ALY 76.45% 1 73.70%
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e | @ & (b)
£ 203t £ % 04
g W2 03
Mo 02b W2
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‘ﬁ Zo1t T 5
5 €3 01
= =
0.0 < 00
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03r (c) E08 (@
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g5 E Do
Bz 03
E[E 5 W E0.4+
=2 0.1f E':z ks
Pl £ 202
[ o
= §
0.0 =0.0
72 hpf 96 hpf 120 hpf 72 hpf 96 hpf 120 hpf

6 TCH Xt F1 K315 & %) & LA
TE MR & & 2 72,96 F1 120 hpf B HEATRT/RBTIEHCE Y €, IFBET WLEE 5 T Image) X 401 i i R4 - I & 5 () T AIVAHICBE, (0) A0 BB,
(o) FHUE S, (d) FaS K% B SRR 2R B4 50 FRAL 2 (A1) | 35 22 5% P<0.05 \** P<0.01 *** P<0.001) ; $ 4l 7R -1 {H2SEM,
Fig. 6 Effects of TCH on the head cartilage of F1 zebrafish larvae
Note: Alcian blue cartilage staining are carried out when the embryo developed to 72, 96 and 120 hpf, and the samples
were observed by microscopy; the cranial cartilage of juvenile fish was measured by ImagelJ; (a) mandibular length,
(b) angular hyoid length, (c¢) mandibular width, (d) mandibular arch length; the asterisk indicates the significant difference between
the exposed group and the control group (*P<0.05, **P<0.01, ***P<0.001); data are expressed as mean+SEM.
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% (a) §§ (®)
: 1.5 2 B~
#® HEE 10 .
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& 2 =
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=
% & 03 5
g QX
s X 9
0.0 2“2 00
48 hpf 72 hpf 96 hpf 120 hpf 48 hpf 72 hpf 96 hpf 120 hpf

—_
wn

151 @

—
(=]

(/B -actin)

o
n
col2a lamRNA expression/

g
=3

0.0

sox10 mRNA F3i%/(/B -actin)
s0x10 mRNA expression/(/p -actin) runx] mRNA expression/(/f3 -actin)

col20 1amRNA ZRik/(/B -actin)

48 hpf 72 hpf 96 hpf 120 hpf 48 hpf 72 hpf 96 hpf 120 hpf

7 TCHX F1 REID &R ERRFHXERRENZIT
YR R F) 48 72 .96 F1120 hpf, fdiJf] RT-PCR ¥l runx! . sox9a.sox10 Fl col2ala mRNA 3k ; fH2HALE 10 MIRIG,
B 3 NEE B SRR BB 5 X I 2 18] A4 35 22 (¥ P<0.05 % P<0.01  *** P<0.001) ; Bt # 78 N P {E£SEM
Fig. 7 Effect of TCH on the gene expression of skeletal development in F1 zebrafish larvae
Note: mRNA expressions of runxl, sox9a, sox10 and col2ala were detected by RT-PCR when the embryo developed to 48, 72, 96 and
120 hpf, respectively; each group contained 10 embryos, each with three replicates; the asterisk indicates the significant

difference between the exposed group and the control group (*P<0.05, **P<0.01, ***P<0.001); data are expressed as mean+SEM.
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(P<0.05), 72 hpf i}, colPala FERAEHHEA (1 pg
L) AR Z 0 R ZH 1Y 40.65% (P<0.05); i vl FE 4
(100 wg-L™ ) FREEXT A1 39.52% (P<0.01); ik
Gk B 2 120 hpf B, P4 g L) FBEAKEXT
HEZH Y 79.78% (P<0.05); Rk BEZH (100 pg-L™)F
W 20 BRZH 1Y 72.69% (P<0.01).,

3 iFif (Discussion)

WFFE L5 R, 24 AR BE L £ 00 91 2 R [ ok g
TCH %% 30 d J&, F1 A IR iR 34 50 P B 2 v B 1Y
Fhi i B R, LR TCH ¥R BE By - 1
K, A0 BV B T MR, SRARBE S f TCH 2
#% 30 d J5,F1 fUBE 5 fa 4 fa 7F 451> TCH 2 #5 41 #F
YBR[ BERTIE | QnCo 3K b | BB 3 K i A &
A St AT R, F1 AR BE D 4 8 45 TCH
R, SRR E RS, Sk,
TCH i i F1 AR BE D fa g o a4 B2 a5
JE R TE R R A A R K R AR, TR
TCH ¥ B T e 1t BN ) 2 B A AR R sl 4R i R 4R
XA[fig 5 TCH BEf% i E KBS F1 ACHRNG H-#%
NiPS TSRS

Ak 2 B I A IR BIG & T T OGS SR AL
Al e T3S G & B IR R s IG TR Tk O%
BRI ALY, DUER R BB R M B 5 fa () IR AR BT T
) H R BB S AE T A B O B A R ARG ME— 1)
BHRRE WG AT RIS B2 IEN, ME
WG R T, U0 B R I R BB i 46 /N0 AR S 6 2
/R, TCH Ab P FO SEAREE S 30 d J5, H F1 8
NG ZEBEAR, JE TR T, &)y 00 B R IR 221
COFEVE I W R 2 LT B A I B
AR IR, X S5ARLEEER 5, KRR M FO
FARE TCH ZbFEJS | % F1 AR IRIA & B AETE i 3 1
AN

LA CE KRR E KB R ETEE, FQs 28
PUAERSELYR PG R0, U= 7 77 5
ST HE BT S8, Goto 2558 45 4R K U
T MR AR L 2 I G e v R D B Bk
W, SCEGHFST & B, TCH 3 i F1 A4 T &l
B8R B S e H BRI E g, HL
AR Je f AR /N, BN G JE B, T RE
TCH 4b F 5 B b £ 3k 35 1 35 70 3CH & & =2 20 9041
YER BT R BIWGE , A F O KB, FIEAR
2 TCH Z& 85520 F1 ACHCE K B AL, Fo AU
22 TCH Z#5 M C5 R M, bR T =R EE (100 wg-L7)

T ™ E ) B B AR IR RN A, IR EE (1 g -
L™") TCH WA & s & & 1Y 35281

AT R, sox9a 7T LAZ 55w 40 404k, i
MR K H B — 2 i), sox9a £ % FI| B i 41 i 1k
A col2ad St i R T I FE K, colala
FERTEAR Z a8 B A ZUhH A RIA B an i | IR i A
| (E B 7 = =P I £ G = SN
col2ola FEATE A U240 M Ah i 28 b A S BAEH
col2ola FER B E 2 FECE MK B AR 7E/N P
IR B L BWIE 762 N RRER T 300 -5
WATIE o 720 o R AP 2 A 5 A R 55 30| R A 4
FEWT ) ARSLIGIE T A5 SR, TCH A2 5 Y BE 5
£ F1 ARG X B R G 356 R A e S R R AT 52
Wel, FR R 20 I Ry R T R 2 A 5 AR S 0 B0
/b runxl  sox9a ., sox10 Fl col2ola mRNA ik 7K
FrEr s T R R B S0 Al S KB
FAEE AU U R 4R R RN RS i R A
{HIA T i — LT IA

2% LTk FO SRABE S 24 TCH 403130 d )5,
XFF1 ARG & B 7= A i F W52, TCH & i F1
ARG AL E AT AL FBET- % T+ 5, TCH
XT F1 gl i 1) & 8 1 i 2552 ), B R T 5
A B R IA A B TR, R ER
B TCH X} T — U B & & A 2 Esgm , gl ig
DUPR A R AR I W

BIEERN: EX(1969—), B, L+, #I&, £ 2R 5 G
AR HFER

HEBREER T TRELA8I—), & W+, S8R, £ &
BRI Fr 61 A SR

£ 2% X HK ( References) :

[1] Faria M, Lopez M A, Fernandez-Sanjuan M, et al. Com-
parative toxicity of single and combined mixtures of se-
lected pollutants among larval stages of the native fresh-
water mussels (Unio elongatulus) and the invasive zebra
mussel (Dreissena polymorpha) [J]. Science of the Total
Environment, 2010, 408(12): 2452-2458

[2] Boxall A B, Fogg L A, Blackwell P A, et al. Veterinary
medicines in the environment [J]. Reviews of Environ-
mental Contamination and Toxicology, 2004, 180: 1-91

(3] vy BRI E SR A9 M R L 3% (). AT
EH 2018(3): 92, 94

[4] Ben W, Qiang Z, Adams C, et al. Simultaneous determi-



42 FERCI AN A B 58 PRI IR B2 R R DU PR R X F1ACBE S fr IR I 15 3 RS2 243

[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

nation of sulfonamides, tetracyclines and tiamulin in
swine wastewater by solid-phase extraction and liquid
chromatography-mass spectrometry [J]. Journal of Chro-
matography A, 2008, 1202(2): 173-180

WKW, TR, B, 55 B hiA R KSR
PEROV AP FE (7). A= 3 B4R, 2015, 103): 11-27
XuY G, Yu WT, Ma Q, et al. The antibiotic in environ-
ment and its ecotoxicity: A review [J]. Asian Journal of
Ecotoxicology, 2015, 10(3): 11-27 (in Chinese)

FET. MBSO T 2y EZMELE
B B8 MRS B [D]. R ARG KA, 2016: 26
Lei H N. Antibiotic and heavy metal residues and ecologi-
cal risks in large-scale pig farm wastewater treatment
process [D]. Shanghai: East China Normal University,
2016: 26 (in Chinese)

Yu X, Wu Y, Deng M, et al. Tetracycline antibiotics as
PI3K inhibitors in the Nrf2-mediated regulation of antiox-
idative stress in zebrafish larvae [J]. Chemosphere, 2019,
226: 696-703

Meyer M T, Bumgarner J E, Varns J L, et al. Use of ra-
dioimmunoassay as a screen for antibiotics in confined
animal feeding operations and confirmation by liquid
chromatography/mass spectrometry [J]. Science of the To-
tal Environment, 2000, 248(2-3): 181-187

Keerthisinghe T P, Wang F, Wang M, et al. Long-term ex-
posure to TET increases body weight of juvenile zebrafish
as indicated in host metabolism and gut microbiome [J].
Environment Internationnal, 2020, 139: 105705

Qiu W, Sun J, Fang M, et al. Occurrence of antibiotics in
the main rivers of Shenzhen, China: Association with an-
tibiotic resistance genes and microbial community [J].
Science of the Total Environment, 2019, 653: 334-341
Yuan J, Ni M, Liu M, et al. Occurrence of antibiotics and
antibiotic resistance genes in a typical estuary aquaculture
region of Hangzhou Bay, China [J]. Marine Pollution Bul-
letin, 2019, 138: 376-384

Zhu Y G, Johnson T A, Su J Q, et al. Diverse and abun-
dant antibiotic resistance genes in Chinese swine farms
[J]. Proceedings of the National Academy of Sciences of
the United States of America, 2013, 110(9): 3435-3440
Franco G C, Kajiya M, Nakanishi T, et al. Inhibition of
matrix metalloproteinase-9 activity by doxycycline amel-
iorates RANK ligand-induced osteoclast differentiation in
vitro and 1in vivo [J]. Experimental Cell Research, 2011,
317(10): 1454-1464

Kim Y, Kim J, Lee H, et al. Tetracycline analogs inhibit
osteoclast differentiation by suppressing MMP-9-mediated

histone H3 cleavage [J]. International Journal of Molecu-

[15]

[16]

[19]

(20]

[21]

[22]

[25]

[26]

[27]

lar Sciences, 2019, 20(16): 4038

Dorman G, Cseh S, Hajdu I, et al. Matrix metalloprotein-
ase inhibitors: A critical appraisal of design principles and
proposed therapeutic utility [J]. Drugs, 2010, 70(8): 949-
964

Vandooren J, Knoops S, Aldinucci Buzzo J L, et al. Dif-
ferential inhibition of activity, activation and gene expres-
sion of MMP-9 in THP-1 cells by azithromycin and mi-
nocycline versus bortezomib: A comparative study [J].
PLoS One, 2017, 12(4): 0174853

Dong W, Hinton D E, Kullman S W. TCDD disrupts hy-
pural skeletogenesis during medaka embryonic develop-
ment [J]. Toxicological Sciences, 2012, 125(1): 91-104
Zhang G, Eames B F, Cohn M J. Chapter 2. Evolution of
vertebrate cartilage development [J]. Current Topics in
Developmental Biology, 2009, 86: 15-42

Karsenty G. Transcriptional control of skeletogenesis [J].
Annual Review of Genomics and Human Genetics, 2008,
9: 183-196

Flores M V, Lam E Y, Crosier P, et al. A hierarchy of
Runx transcription factors modulate the onset of chondro-
genesis in craniofacial endochondral bones in zebrafish
[J]. Developmental Dynamics, 2006, 235(11): 3166-3176
Enomoto H, Furuichi T, Zanma A, et al. Runx2 deficiency
in chondrocytes causes adipogenic changes in vitro [J].
Journal of Cell Science, 2004, 117: 417-425

Bell D M, Leung K K, Wheatley S C, et al. SOX9 direct-
ly regulates the type- Il collagen gene [J]. Nature Genet-
ics, 1997, 16(2): 174-178

Lefebvre V, Huang W, Harley V R, et al. SOX9 is a po-
tent activator of the chondrocyte-specific enhancer of the
pro alphal (II') collagen gene [J]. Molecular and Cellular
Biology, 1997, 17(4): 2336-2346

Sekiya I, Tsuji K, Koopman P, et al. SOX9 enhances ag-
grecan gene promoter/enhancer activity and is up-regula-
ted by retinoic acid in a cartilage-derived cell line, TC6
[J]. The Journal of Biological Chemistry, 2000, 275(15):
10738-10744

Bridgewater L C, Lefebvre V, de Crombrugghe B. Chon-
drocyte-specific enhancer elements in the Collla2 gene
resemble the Col2al tissue-specific enhancer [J]. The
Journal of Biological Chemistry, 1998, 273 (24): 14998-
15006

Goldring M B, Peng H, ljiri K, et al. ESE1 inhibits
COL2AI1 promoter activity via Sox9 and CBP [J]. Matrix
Biology, 2006, 25(S1): S90

AT . 5 D B X A A EBEE 1 S A R G K e
R B RNI[D]. A5 PUILRMRH R, 2019: 1



244 CHE T T #16 &
He J F. The influence of embryo and bone development SOD activities [J]. Tropical Agricultural Engineering,
treated with norfloxacin in rare minnow Gobiocypris rarus 2017, 41(1): 17-20 (in Chinese)
offspring [D]. Yangling: Northwest A&F University, [36] Jonsson M E, Kubota A, Timme-Laragy A R, et al. Ahr2-
2019: 1 (in Chinese) dependence of PCB126 effects on the swim bladder in re-

[28] Crump J G, Swartz M E, Eberhart J K, et al. Moz-de- lation to expression of CYP1 and cox-2 genes in develo-
pendent Hox expression controls segment-specific fate ping zebrafish [J]. Toxicology and Applied Pharmacology,
maps of skeletal precursors in the face [J]. Development, 2012, 265(2): 166-174
2006, 133(14): 2661-2669 [37] Yabe K, Satoh H, Ishii Y, et al. Early pathophysiologic
[29] Dutton J R, Antonellis A, Carney T J, et al. An evolution- feature of arthropathy in juvenile dogs induced by ofloxa-
arily conserved intronic region controls the spatiotemporal cin, a quinolone antimicrobial agent [J]. Veterinary Pathol-
expression of the transcription factor Sox10 [J]. BMC De- ogy, 2004, 41(6): 673-681
velopmental Biology, 2008, 8: 105 [38] Goto K, Yabe K, Suzuki T, et al. Chondrotoxicity and
[30] Halpern M E, Hatta K, Amacher S L, et al. Genetic inter- toxicokinetics of novel quinolone antibacterial agents DC-
actions in zebrafish midline development [J]. Develop- 159a and DX-619 in juvenile rats [J]. Toxicology, 2010,
mental Biology, 1997, 187(2): 154-170 276(2): 122-127
[31] Renn J, Winkler C, Schartl M, et al. Zebrafish and meda- [39] Bi W, Deng J M, Zhang Z, et al. Sox9 is required for car-
ka as models for bone research including implications re- tilage formation [J]. Nature Genetics, 1999, 22(1): 85-89
garding space-related issues [J]. Protoplasma, 2006, 229 [40] Akiyama H, Chaboissier M C, Martin J F, et al. The tran-
(2-4): 209-214 scription factor Sox9 has essential roles in successive
[32] Brannen K C, Panzica-Kelly J M, Danberry T L, et al. steps of the chondrocyte differentiation pathway and is re-
Development of a zebrafish embryo teratogenicity assay quired for expression of Sox5 and Sox6 [J]. Genes & De-
and quantitative prediction model [J]. Birth Defects Re- velopment, 2002, 16(21): 2813-2828
search Part B, Developmental and Reproductive Toxicolo- [41] Cheah K S, Au P K, Lau E T, et al. The mouse Col2a-1
gy, 2010, 89(1): 66-77 gene is highly conserved and is linked to Int-1 on chro-
[33] Dong W, Wang F, Fang M, et al. Use of biological detec- mosome 15 [J]. Mammalian Genome, 1991, 1(3): 171-183
tion methods to assess dioxin-like compounds in sedi- [42] Wood A, Ashhurst D E, Corbett A, et al. The transient ex-
ments of Bohai Bay, China [J]. Ecotoxicology and Envi- pression of type II collagen at tissue interfaces during
ronmental Safety, 2019, 173: 339-346 mammalian craniofacial development [J]. Development,
[34] Osman A G, Wuertz S, Mekkawy I A, et al. Lead induced 1991, 111(4): 955-968
malformations in embryos of the African catfish Clarias [43] Li S W, Khillan J, Prockop D J. The complete cDNA
gariepinus (Burchell, 1822) [J]. Environmental Toxicolo- coding sequence for the mouse pro alpha 1( I ) chain of
gy, 2007, 22(4): 375-389 type I procollagen [J]. Matrix Biology, 1995, 14(7): 593-
(35] SR, U, ML DU PR B B IR 595
CAT F1 SOD i P B B2 [J]. #aiolk T F2, 2017, 41 [44] Cheah K S, Lau E T, Au P K, et al. Expression of the

(1): 17-20
Liang W F, Zhao J G, Liu X D, et al. Effect of tetracy-

cline on zebrafish embryonic development and CAT and

mouse alpha 1(II) collagen gene is not restricted to carti-
lage during development [J]. Development, 1991, 111(4):
945-953 L 2



