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Toxicity of doxycycline, a broad-spectrum semi-synthetic antibiotic,
in Pacific whiteleg shrimp (Litopenaeus vannamei)

Chae Won Lee*, Jun Sung Bae*, Chan Yeong Yang®, Eun Ha Jeoung",
Ji-Hoon Lee™ and Kwan Ha Park™

"Department of Aquatic Life Medicine, College of Ocean Science & Technology,
Kunsan National University, San-68 Miryong-dong, Gunsan City, Jeonbuk, Korea
**Aquatic Animal Disease Control Center, National Institute of Fisheries Science (NIFS),
216 Gijanghaean-ro Gijang-eup, Gijang-gun, Busan 46083, Republic of Korea

Doxycycline is a semi-synthetic broad-spectrum antibiotic, and it has been used to get rid of bacteria
in animals and humans. The use of antibiotics has greatly contributed to the aquaculture production
although its misuse sometimes presents public health problems. This study was performed to investigate
the toxic effects of doxycycline on whiteleg shrimp (Litopenaeus vannamei) administered for possible
infection treatments. The shrimp were allocated into four groups and doxycycline was fed three times
a day for 7 days at 0, 20, 50 and 100 mg/kg to each group. After 24 hr following the 7-day treatment,
hemolymph and hepatopancreas were used for blood and biochemical analysis: Total hemocyte counts,
Total protein, Total cholesterol, Gluscose, Glutamic pyruvic transaminase, Glutamic oxaloacetic trans-
aminase, Glutathione peroxidase, Superoxide dismutase, Glutathione-s-transferases, Total antioxidant
capacity colorimetric and Acid phosphatase. In addition, histopathological examination was performed
on the hepatopancreas and muscle. It was observed that body weight gain was significantly retarded
in 100 mg/kg doxycycline group. Doxycycline was found to induce biochemical or functional disorders
at 100 mg/kg as observed many of the blood and biochemical parameters were significantly reduced.
In conclusion, it was judged that there will be no major toxicity problems with doxycycline when
used for shrimp aquaculture at regular doses.
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TetracyclineZll @A A ol = oxytetracycline, mino-
cycline, chlortetracycline, tetracycline, methacycline,
demeclocycline & doxycycline 5= W53 o2
ZH 02 FARRE AT dEA Uk o] Ald e
A A= ribosome 30S A B Ul Vg H o= A
gt3le] olm| =2ty -RNAS] 35S Whx|s) &
2 FAS JAEH, rlEZ =g oo A% 708 €
BEe Ads T3 9id FAHE JASH
(Tan and Marilyn, 2001). Tetracycline Al €2 &2t
& 2~HEYo] FHAT FAAZA I7F A, 1
=4, v E atE ot oby gt AR, F
ghrjrjobe}l -2 Aoyt Tebefotet e U4
TEFA A E FEH o E Z8-3TH(Holmes
and Charles, 2009). 9] FA % doxycycline &
BRI AE APE S o atar Slgoll Al frobAl
T35 etal 4AHE Afreke 5 FUEAQl &
£ % 3t} (Chaidemenos, 2001; Ramamurthy et al.,
2002; Skidmore et al., 2003). =3 FFA Al Z
o AAdE @ Faf a4 5A 7E 55
AR EAE JAGtE A= dHA Ao
] o] Z I3 Tt FEF B FFUYAE Jol=
7148t 2. 9t (Pasquale and Tan 2009; Weinberg,
2005).

Z3ojd o] HAA ol whel FAHL A Al
Aoz waA e
A gl YgiY FuES sl
oF & AE4FF ot} 20143 2 F F<% 7] FH(FAO)
o] HuAol maH A AA AP A A
1009 52t F w2 F7kst] AA= Aol 4nls)
= FAHE AAAIF 50%7HA] ARA skl Q)T
(FAO, 2014). B3}, FAF2 theFstel 71Rlst,
FA e F7he of FEnte] oy} AR, F
g s z=FoA7MA FAE] Yrka Aok A
AEFS A AAA SRR wid 16.8%% ARE
S 7] &3}l A tH(Subnutith et al., 2008; Janartha-
nam et al., 2012). =W A-$- 2] 3G o)A o] Ao
= st 7HE s AE Folley, 2000
FURREE Agvie)d 2E skl o

7HA Aol o7k A& FJHstr] s npolH =

A Ao tigk A o] =2 AT A -S(Litope-
naeus vannamei) % A E3HA HATH A o] AE
T 7R A M Fa8% RES A
ATHJang et al., 2007). L2 AFF2 o= H
2l FE o] & WS 9] oE Y Al =
dlo]a] 2 ol o)gt Aw WAl HAHG AL
37 SR IF) AFFA ol HA g RS
Q3 Q) Th(Pattamarat et al., 2010). @A, U2t
oA FAche] Al &2 F8 HAF Ul F 24

2

A4
81lo] 12,5 %, HIAEA 587 %= AAHo=
71.2 %2 A3 &S B3 Jth(Jin Woo kim e
al., 2012). G AFEFAZANAE ATt DS
< AlEg e TSl AEs e EAE
33 9l th(Janarthanam et al., 2012).
o|F = MG FAHE wEA FUFeA YA,
BA-G AHS 87, Al = vlolg 2
ot AW B, OE Qg AIGER A3 WA
o] FFES W Utk A FAFAA= AW S
sta X gstr] 98] AbS g e, Ajg-ol
3 2Ed 2 A, FAAA B AFATF 2o
Al A= Qo oA sfAsor & W
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7] w &l (Holmes and Charles, 2009; Frenzel T et
al., 2008; = @48k, 2016) A9 FA A =
A& F AeAE Hrhehe 2 2 9u7k S
Zlolth, eyt Atk Al g0l A o] A7} WA
v FA4 W3 712 AsE obF e Bad ut
7} itk O} doxycycline® o}t T2 FARS-
oJokF o] A= ATHYMN A S 7
g AHEIZE S8 =ETH

E AT+ doxyeyclineS Btz Af$-o &8
T A=A E Hrtetua & o a3k A5 F
A5 S AES] Hste] FRsA ol
A3l doxycyclines o8] 7o 7o 2 Fos}
3, A, A5t g e 225 JEFs
glst= A ES FHAT ob A o9 Ze
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ATE ok BAFAA JobEe S4L Hrhe
E o] F delAA e WA FFelN =d
AFEA 9 oJvlE AW

Mz o UE

AMESE 2Ci2Mee e & e

Y o8 M -$-(Litopenaeus vannamei)= A% 02 g
AEo] X5 FA4F aA FA A st
159 8o Ao A AMFste] Fo] A& Al A
ol 13 g A= =23 AS AESHATH AHST
o] 4% 26 psu., pHE 7.080, F2& 28+3 CTE
frAstEeH, A&4 £715 st &4 (dis-
solved oxygen, DO)= 6.0 ppm ©]’¢S XA T

Doxycycline?| £0{ A Atg += 2|

Doxycyclines Fo3t7] #13+ Ats Z=AE 98l
F AR 15 %ol | F3F= doxycyclineS ¥ Q3
SEHE SHRT 59 AR #EsHA F2A
2 APAANA AF7IE ol &3t =3t

A AlF F=<Q 9 eFEQl doxycycline2 ©f 7ol A
AAF kg@ 20-50 mgs ALEC] ZF EFsHA
3-7¢%F Fofgitt ol & uig o R B A

doxycycline= 20, 50, 100 mg/kg-‘l] FEE ARE
ZAFATE 1 o] F AR 500 g2 7]F S Fish
oil 15 mLE I3l T A7tA] 20T W5hH
# 3Tk o] % 1§91 ot ol A A Al
o e 2HoE F 7Y T FALY 2%E WY
334 74, &% 12Al, 23 AR F53H Y
HA Folst .

MEE AlS

Doxycycline2 S2AIZ1 AR E o] 83l ET}
A FAQ 2 %2 ASE wd 33] F 7Y
TEHE #58HA Folat ittt Jol ¥ 3,7, 14,
28, 4290 HAS uf 129 =3 A2l 4] 150-
200 mHE] F 157bElRE QO R 23t A|FE 2
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ST AHE I8 -84 Alsever's solution
(Sigma, St. Louis, USA)S L 3|8 FA7|ol v
2] hemolymphE 33t} 4,000 rpmoll 72
oA 20&7F A4 & A& AFH A ’éa?ﬂ";’iq
4§ 8342 hemolymphe] 3] A H)j 4
Hote B & A4kt

Total hemocyte count2 93l Alsever's solution
04 mLE 72| ¥ FAVIE AMESt AfF S &
Y= A Phosphate-Buffered Saline(PBS) 2.2
3] 243t Thomas T AFTHE o] 83t A3}
gk TP A4S Y3l 4<Y& Kit(Asan set Total
protein, OHAHA| T2 BIAL BT ) E /‘]'%-3]'93\‘4
Z, A9 FEYEZE 005 mLY FAAY s mLE &
et 37C A 3083 A S F 96 well platel]
200 LA EF3HATE 302 oWl AleF ERAE
W2 34 540 nmol A FFEE SASAT
Total cholesterol(T-CHO)2] 4% /& Kit (Asan
set Total cholesterol, O}4HA| k=21 3|4} H 7| &) E
AbEEtE T Al EEZE 002 mLE EAAY

"

3 mLo| E§sta 37ColA 583 T F 96
well plateol] 200 L2 £33 T} 60 l"ﬁr ] o Al
oF Bal 95 thxE 34 500 nmol A FFEE =

A3sl9 . Gluscose 42 FH& Klt(Asan set
Glucose, OFHAIFF213|AL, A7 2)E AR
ok Al ERZ 002 mLAt E4AAY 3 mLe EF
3taL 37C ol A 53 WA|gE £ 96 well plateol] 200
pL EF3Ed o™ 407 ool Aof £ AE T
z=2 94 500 nmol A FHEE SAHAH GPT
9 GOT =4 9A] 44§ Kit(Asan set GPT, o}4tF
A kT2 3 AL, A7 E)E AHESHAT ol & 98l
NS EFZ 02 mLEe 71-Y 1 mLY HAA A
1 mLS H7bete] sttt T4V EF S
S 108 3]4g AS 10 mL H2 & EF3] A2
103E-3F WX 8FA T} 96 well plate®l] 200 pL¥ 5+
3t 505 nmoll A 9] FB =5 AU GOT,
GPTY &4 W& Reitman-Frankel', T-CHO%| =
7(43 _g_/ﬂgﬁ o]_Q_;s].oq _Z_;(-lg}gigtrz], TP, Glu-
cosed] =4 o}ibA| fkF A 5] ALL] protocolol]
gt S

(

J{N‘
I



48 o A - o -

X
B BHE 98 G AR ARAE 7Y

AH&-3F A o

Glutathione peroxidase(GPx) &4 A2 F4d&
Kit (Glutathione Peroxidase Activity Colorimetric
Assay Kit, Biovision, USA)E AM&3tHTH &, 96
well platedll 3|4 M FZ9Y 35 L, Assay
buffer 15 uLE 5% & Reaction Mix 40 uLE
Bate] Ad2ollAl 1583 wikEt Tk o] F 10
puL Cumene hydroperoxide solutionS &3} 340
nmol A ZA3ATH 187 1 pMe NADPHE
NADP'Z &dA7]E& E49 FE 1 mite 2 574
3} T} Superoxide dismutase(SOD) &4 ZA & ¢
3l 4 £ Kit(Superoxide Dismutase Activity Assay
Kit, Biovision, USA)E AF-8-3} T} 96 well plate©ll
3M = 7+ FE9Y 20 ul, 200 uL WST working
solution, 20 pL Dilution buffer, 20 pL Enzyme work-
ing solutions A tHE BF3ke] 37T 2083F
w9k & 450 nmol Al =731 T} Glutathione-s-
transferases (GST) &4 =45 ¢13 137 0.1 goll
0.25 M Sucrose buffer (10 mM tris, 1 mM EDTA,
pH 74) 1 mLE A7} g F 45 ol Al pellet pestle
S o] &3t mhafatATh o] F 13,000 G, 4C oA
2087 YAEET H 5N 400 uLE AFH T
34 sto] Ao AR w42 (A, 2010)9]
WS tha " s FAEA T S, 96 well plate
o 10 mM &% =FEA2 50, 10 mM CDNB,
A48 A FE2Y 50 pLE B33+ 340 nmoll
A28 AR ZASHAT GSTY| B =+ 340
nmol| 4] CDNB<] molar extinction coefficientE 9.6
mM'em ™' 2 Al4Fet] A mgd 18 B2 con-
jugate = CDNB®] nmol & ZEASATH T-
AOC &4& 93l 494 Kit(Total Antioxidant
Capacity Colorimetric Assay Kit, Biovision, USA)Z
AH8-31H 21, 96 well plate®] Cu** regent 100 uL,
I8 A FE2Y 100 pLE BEF3e] A0
A1 9023t Bl 3kt o] % 450 nmoll A SA 3G
t}. Acid phosphatase(ACP) =742 7+ 0.1 goll
PBS 0.9 mLE 37Is 5 d+5 Aol Al pellet pestle

20 AT 5 5 400 uLE AH F
8| 5ste] B4o) ALgIATE BHE FUE Kit
(Acid Phosphatase Activity Colorimetric Assay Kit,
Biovision, USA)E AF&3tA T 4 AL&H I

skl &9 % 405 nmell A SAsAT 123 1 uM
9] pNPPE pNPE 7}FH3SIE E49 & 1
unit® & =733t GPx, SOD, GST, T-AOC, ACP
9] =42 Total Antioxidant Capacity Colorimetric
Assay Kit2] protocolS Za13}%th.

e FU 5 6 Lo s el 10vte]4 g3}
AL 15 F A AR 2505 cm)= A}
o 7 EC AlEkeT 1

5 =24 Ag71E A
A vhetn 2o A9 vkl BgE e 23 &
- E2HE 50%
T gz drvl
S A g3 slide glassoll ¥l 3-44| 7k

o} hematoxylin-eosin &4 &

st}

SA st

AE H4+EFHACD)E TP eH o
Z73} 2}O]= one-way analysis of variance 2]
3 Newman-Keuls testZ 7|9 Xpo]lE EA s}
Atk P<0.059 ® FASHA frolAdol dvkar w4
ST

2 o

slct2 Aol o

Yot Aol doxycyclineS 159U 4T
sta A WsE & 23S Fig 1914 2o
Aot &z A2 AA Al 713391 65
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Fig. 1. The growth of whiteleg shrimp after doxycycline
administration. Mean values from 15 shrimp for each
group and time point. Standard deviations for 20 and
50 mg/kg were omitted for clarity. “Significant differ-

ence from control (p<0.05 with Newman-Keuls
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Fig. 2. Hematological parameters of the whiteleg shrimp hemolymph. Total hemocyte (A); total protein (B); cholesterol

(C); glucose (D); GPT (E); GOT (F). Data represent mean+S.D. (n=21 for each group). Different letters above the

columns mean that there are statistical significances compared to the control with Newman-Keul test (P<0.05).
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Fig. 3. Biochemical parameters of the whiteleg shrimp hepatopancreas. GPx activity (A); SOD activity (B); GST
activity (C); total antioxidant capacity (D); acid phosphatase activity (E). Different letters above the columns mean
that there are statistical significances compared to the control with Newman-Keul test (P<0.05).

Control

A ddo] FEE AT Doxyeycline 20 mg/kgll
= EE AxoA iz Zol7t glidth

o

2 B A% mE
UERA stk
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Fig. 4. Microphotographs of the whiteleg shrimp hepatopancreas administered with doxycycline. Tissues were isolated
24 hr after 1 week doxycycline treatment, and hematoxylin-eosin stained sections were prepared.
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Fig. 5. Microphotographs of the whiteleg shrimp muscle administered with doxycycline. Tissues were isolated 24
hr after 1 week doxycycline treatment, and hematoxylin-eosin stained sections were prepared.

7bsld Ha &390 100 mg/kgoll A A F 2] W3t
ESE| TRt A oA G| e o= At
Ho} Doxycycline?] 5438 4 FENA B
AL H 712 9] E&(Yeruham et al., 2002; Russell
et al., 1996; Hui-chin Lai et al., 2010)°l 4] X315 of
QAL BT A5 ol A o] FEFE HIFE A2 A
o] WHAE A gfol AF7HA] o] fok= A7t A9
o] Fo|AA] & HoE FAHHAT

Doxycyclineoll &3 232 Ql whuld ¢Hd A s
Zh-go] JaMA| Zo| A FEE AAT} v EE7
= 3hy, 17k AU I ol A matrix metallopro-
teinase 2= &40 AT S A3lst= Aol &
A At Hanemaaijer et al., 1998). T3, o] A A
= FAEH TR, A LA A H A o
2 840 S Aslste AEo] S ¥ ol
(Boyle et al., 1998) cytokine2] A§2]2 & &of djsh
A 285 BarEo] Uth(Solomon et al,. 2000).
w2kA 100 mg/kge] doxycycline £ & &7 H
oheFe Mol W3k 7S Ao AT AFRte
2 A8 & v flARE 289 doxycy-
clinee 3l A A 3) o]9o = F7HA ] A3}
A dgE FPSE F JS AR FHdnh

2 dAFdA= ATl hemolymphol A&
F-@ F % cholesterol %, GPT ¥ GOTY| &
=7} 100 mgkg®] o & F94 A HATS
WA SE T o] 213 hemolymph 7 U] o] Fhdl
o] 3= A+ doxycycline?] &#2tg 717U
Tl E 3+4d X3l (Chopra and Roberts, 2001) 37
< MHALE Wrgsts Zo®E FHHAT

¢ GOT 3 GPTY| €% T #& W= 4E
Azr RS 54 wde] AR F7hske AJosé

Guillermo et al., 2000; Zhao et al., 1995; Li et al.,
1998)o. 2 L&A Ut a2z} o] AFolA LA
H 4SS ofdet FAJ o BE, ofnte
doxycycline®] 7}z @il b4 A&l @/4de] 2
ARl FEo] U&= FoE AT F 84 BT
FAEC] @A E FAHH SHoBE HHE 5
o Al Tl o] §Ado] AHETHH, THAEF 1
AR Qe &4 E=F FA8] Tashr] wiEolth
AN B A E F T3 A gl-
tathione peoxidase(GPx), superoxide dismutase(SOD)
9 glutathione-s-transferases(GST) 24 °]& A E &=
ikt o Hrtel BRE AHEEE AR EOIT
(Chien et al., 2003). °] & 3529 &4 &40
Zastgd a8y o] 44 ZHAE YA doxy-
cycline®] &4tslzo] HAE sttt 4
7| Roe aid g Al e] 22H4 ol AS
Aoz AT o] AaAE FoME 53] GST
= O AWeA &4 AME e Zsio. kst
g AHA A7t obdet whuE kA Al
g o7 FAHEE A FAEE 100 mgkg
doxycycline2] total antioxidant capacity®ll A4l H 3}
7} Sl o2 HE Aksks ApA o] 7HATE obd S
ks Qs Aotk
HE 2 25l g WelxAs Prtes 4
Algk A3} doxycycline2] 1 &A= Hepr}
YUERA] gkt o] AxE doxyeyclineoll 2] gk &
W 3 A s 2h04 22 SH
M A% 540 BAEA s or gt
AEZ O Z o] AFoA doxycyclineol 2]3F
A F-oll o] thaFdt &aFA ] =4 TE o
S H71E 3 A3 100 mgkgol A= A 3}8H3]
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T 7153 Fell dodo] Yehg-S S AT
A, o] FHNME AE FRHOoZE A7 o
o] gle AoE FHHFT Doxycyclines A A
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