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2
% A2UFU = (a-b) x 100
W

Y. . v

a = UIMUNUBIDMISNOUD UL
L'

b = UIMUNUIDIMITUAIB UL

w = UIMANUBIBIMITNOUBY

14
130 % vesaquiia (DM) = 100 % Ay

milmnzreendimadundnhigis HPLC

gunsaluazensiadl
1 NIZAIYNTOINIY Nylon -6, 6 Membrane filter Y119 0.45 Um
2 Methylalcohol HPLC grade
3 Acetonitrile HPLC grade

4 Oxaliic acid

5 HPLC system 994 Waters 1/5znoudae
Pump Model 616
UV detector Model 486
Controlier Model 600
Autosampler Model 717

HPLC Condition
1 Column: Nova-Pack C 18 column Y418 3.9 x 1.50 mm.
2 Mobile Phase : Methylalcohol : Acetonitrile : 0.1 M Oxalic acid pH3.3
Tudasdm 15 :1:75

3 Flow rate; 1.0 ml/min
4 Detector: 360 nm.
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1

g o ' : <
LﬂUG’I')ElU’NNﬂN‘lJiNWI‘i 414.

2 N5BINIUATLATENITOL Nylon -6, 6 Membrane 0.45 Llm

3

» v '
Usumstinnsswd@adn ldhunios HrLc 20 luTnsans

@ ¢ W ooa
M3innzHesndinaddundvluemsdedie HPLC

o
gunsoluazmsiail

1

8
9

Disodium hydrogen phosphate, Na,HPO,
Citric acid, C;H,0,.H,0
Ethylenediamine tetraacetrate, disodium
Oxalic acid, (COOH),.2H,0
Triethylamine

Sodium Hydroxide, NaOH
Oxytetracycline hydrochloride, Sigma
Acetronitrile, HPLC grade

Methanol, HPLC grade

10 Milli-Q water

11 Syringe

12 NSZAIMNIBINIU Nylon -6,6 Membrane filter Y11A 0.45 Mm

13 Centrifuge

14 HPLC system Y99 Waters Usznoudie

Pump Model 616
UV detector Model 486
Controller Model 600

Autosampler Model 717
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HPLC Condition

1 Column : Nova-Pak C 18, 3.9 x 150 mm
2 Mobile Phase : 20% acetonitrile + 80% (0.01M oxalic acid pH 2.8)
3 Flow rate : 1 ml/min
4 Detector » 360 nm
MRS UUAIBE

1 Tasa01113 3.75 031 Hawf Mellvaine Buffer 50 TaAans
auldidrdwduszeziat 10 win
2 il Ianasnew Anamida 2000 seuandt funat 20 wii
3 ﬂﬂﬁﬁﬁxmﬂﬁ 5 Jnddas i1 lUkuy sep-pak C,, “ABQ activate 790 methanol 10 Jadans
uazsindy 30 Tadaas s iedantihndy 5o fadsns
4 %% (eluted) 81910 sep-pak C,, @6 0.02 M methanolic oxalic acid 5 JAAANT LATATOIN
4

08197 18K 045 lunseu Membrane filter (PTFE) wehansazanadiuiiomerdy 91n

¥
s W '

wilwethfinsed W5unes 5 dadans )

5 Wimsazaefiinun1snioe luRadunses HPLC do 'l

MIATUIN
U5 orcluoms @nludwdn) = ¢ x ExB
S xW
Taehl € = swaududuinléen Calibration Curve (luTasniureiadans)

E = USuasvesmsazawildninnmsve (elute) OTC oanvin sep-pak
é 1w e T =)
FAUYINY 5 Uadans
= 7] A e o o

B = UTuasusamsana Mcllvaine Buffer ¥uvfiu 50 Nadans
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m3innzvesndianHdunduludunaziiodedidan HPLC

ginssiuazensingl

I Disodium hydrogen phosphate, Na,HPO,

2 Citric acid, CH,0, H,0

3 Ethylenediamine tetraacetrate, disodium

4 Oxalic acid, (COOH),.2H,0

5 Triethylamine

6 Sodium Hydroxide, NaOH

7 Oxytetracycline hydrochloride, Sigma

8 Acetronitrile, HPLC grade

9 Methanol, HPLC grade

10 Milli-Q water

11 PTLAYNTOINIY Nylon -6,6 Membrane filter 0.45 Um

12 Syringe

13 Centrifuge

14 HPLC system Y94 Waters 15¢naudan
Pump Model 616
UV detector Model 486
Controller Model 600

Autosampler Model 717

HPLC Condition

1 Column: Nova-Pack C18. 3.9x150 nm.
2 Mobile Phase: 20% Acetonitrile + 80% ( 0.01 M Oxalic acid/T. EA, pH 3.0)
3 Flow rate 1.0 ml/min

4 Detector UV 360 nm
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1 e 5 ndu Tuazidon 3 afs smsazaw 0.1 M Na,EDTA (pH4) 20, 20 (a2 10
wa. Taol9n21332 3000 rpm WU 2 WIF LA centrifuge 7t 3500 rpm WU 2 WA

2 Whasazmwdanla laaalu syringe v11@ 50 wa. finpogiy sep-pak C,, THIINS activated
($11AUM3 elute A20 methanol 20 1@, FIUR L Milli-Q 25 20.) 9IN1TY elute @15 sep-
pak &1ada01h Milli-Q 25 1a. 19 syringe A9 IMA 2 1A, UAIBARN sep-pak

3 elute BONFAA1FUATY 0OAIN sep-pak TABFZAIY 50:50 oxalic-TEA 5 1d. UAZRYATS

¥ as ' 1 9 4" = ar
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s =
azmumnmmif’fa W97 4 LHAZ 5 Y9INTNR[0IN |1 Iﬂtl factorial design

(GLM)
Source Sum of Df Mean F Sig.
Squares Square

Corrected Model 43286.377° 31 1396.335 297.550 000
Intercept 143403.87 1 143403.87 30558.498 000
Feed 37066.188 1 37066.188 7898.581 000
Salinity 1222.413 3 407.471 86.830 000
Times 3602.433 3 1200.811 255.886 .000
Feed * salinity 406.839 3 135.613 28.898 000
Feed *times 897.561 3 299.187 63.755 000
Salinity *times 62.879 9 6.987 1.489 171
Feed * salinity *times 28.064 9 3.118 664 738
Error 300.337 64 4.693
Total 186990.58 96
Corrected total 43586.714 95
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= a s ' & -
ATTINNIANUINN 2 ﬂ'li".llﬂi'l:ﬂﬂ']‘ll!lll]'iﬂ‘i'lu (ANOVA) ﬂ'lmﬁﬂlﬂﬂil%ﬂﬂﬂ'ﬁﬁxﬁ?ﬂ‘u&! OTC

N8 M58 1WeT 4 uay 5 vesmInaaedh 1 1aY factorial design (GLM)

Source Sum of Df Mean F Sig.
Squares Square
Corrected Model 37866.481" 31 1221.499 132.472 .000
Intercept 278970.23 1 278970.23 30254.327 .000
Feed 27427.011 1 27427.011 2974460 .000
Salinity 2355.541 3 785.180 85.153 .000
Time *feed 6890.234 3 2296.745 249.745 .000
Feed no *salinity 347.726 3 115.909 12.570 000
Feed no *times 700.864 3 233.621 25336 000
Salinity *times 94.745 9 10.527 1.142 348
Feed no * salinity *times 50.360 9 5.596 .607 787
Error 590.134 64 9.221
Total 317426.85 96
Corrected total 38456.615 95

= 3 ] 1 P < 4
AINMANNINT 3 MdeneinnuendRiwisemududuiudures otcluomada wed 4

1ag 5 vosmsnaaedf 1 Inold ttest

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
t Df  (2-tailed) Difference  Difference Lower Upper
Equal variances 7.62.5 4 .002 1155.8333 151.5865 7349617 1576.7050

assumed
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{ = ' =, { i
ATINIARUINT 4 NIT ARSI A IuILT52U (ANOVA) vedllSuim OTC mdshnunie
P P y 2 i
1ummsf§’anuas411ax wad 5 WodugaNInansy ¥04MINAR0aT 1

Tay factorial design (GLM)

Source Sum of Df Mean F Sig.
Squares Square

Corrected Model 1703543.7° 7 243363.38 296.348 000
Intercept 11304651 1 11304651 13765.898 .000
Feed no 1023265.3 1 1023265.3 1246.050 .000
Salinity 530151.41 3 176717.14 215.192 .000
Feed no *salinity 150126.94 3 50042.312 60.938 .000
Error 13139.311 16 821.207
Total 13021334 24
Corrected total 1716683.0 23

] ] » ’
ATIRAIIALINT 5 MsTmnzdanuuandRsmdsveahminGuduvesds veanisnaass

7 2 Taold t-test

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
t Df  (2-tailed) Difference  Difference Lower Upper
Equal variances 1.495 4 209 9.000E-02 6.018E-02 -7.71E-02 2571

assumed
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7 2 Taold t-test

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
t df  (2-tailed) Difference  Difference = Lower Upper
Equal variances 1.060 4 349 9.333E-02 8.807E-02 -1512 3378

assumed

{ = L4 3 ' 4 u’ w o o :! 4
ﬂﬁNﬂTﬂNu’Jﬂﬁ 7 fﬂ‘i'llﬂ5'l:‘Hﬂ’)"IliLlﬂﬂﬂ'NﬂTLﬂﬁUﬂlﬂQuWﬂuﬂ'ﬁlwuﬂuﬂﬂifi’ﬂ Y0IN1INARDIN 2

Taol% t-test

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
t df  (2-tailed) Difference  Difference Lower Upper
Equal variances 105 4 922 3.333E-03 3.180E-02  -8.50E-02 9.162E-02

assumecd

» [
o

- - ¢ ' ' e fd o v 44 2
AINMAHNINT 8 MIBTzianuuandnA e dslefidumbminfidiuiuesds vean1snanes
1 2 Tauld t-test

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
t df  (2-tailed) Difference Difference Lower Upper
Equal variances 1.485 4 212 8167 5498 -.7098 2.3431

assumed
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ﬁ’]'i'lﬁﬂ'lﬂﬂu'}ﬂﬁ 9 ﬂTJ"}l,ﬂ‘J'13'Hﬂ')'lullﬂﬂﬂ'Nﬂ1I.ﬂ?3U‘IJENBﬂ'J"lﬂ’l‘)'mifglﬂ'lJTﬂﬂﬂ']u‘UENfiﬂ UYDINT

naaoan 2 1au 19 ttest

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
t df  (2-tailed) Difference Difference Lower Upper
Equal variances 1.506 4 207 1.300E-02  8.634E-03  -1.10E-02  3.697E-.02

assumed

1 = o 3 1 1 a !
ﬂ'ﬁ'lﬂﬂ'lﬂ”'l«nﬂﬁ 10 ﬂ'l?'Jlﬂ'i'\3Hﬂ'J'HJllﬂﬂﬂ'liﬂ'llﬂﬁﬂﬁlﬂaﬂﬂ?']ﬂ'l'i'iBﬂﬂ'lU‘UﬂQﬁ:\'l YPININARBIN

2 Tavl¥ t-test

Mean 95% Confidence
Sig. Std. Emror
Interval of the Mean
t df (2-tailed)  Difference  Difference Lower Upper
Equal variances 991 4 378 2.2100 2.2307 -3.9835 8.4035

assumed

] 1 ) »
AT NNIANUINA 11 ms'Jmﬁ1:ﬁﬂ11uumnmqmmﬁtmmé’ﬂﬂﬂmﬂﬁuummssﬂmﬁmmﬁq

- 3
voaNsnaanan 2 laold t-test

95% Confidence

Sig. Mean Std.
Interval of the Mean
Error
t df (2-tailed)  Difference  Difference = Lower Upper
Equal variances -1.063 4 348 -.5233 4924 -1.8904 .8438

assumed
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ANTNIAFNUINN 12 f\'l‘i'Jiﬂ‘i‘lSHﬂ’J'llJuﬂﬂﬂNﬂ“ﬂ'ﬂU‘UENﬂiu1ﬂlﬂ1‘iﬂuﬂ1ﬂ1iﬂ0\1f’]’\1

o ¥
YDINITNAADIN 2 1AYTS t-test

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
T df (2-tailed)  Difference  Difference Lower Upper
Equal variances 5707 2139 025 23.3933 4.0987 6.8152 399714

not assumed

= a o T r i [5-TE.4 a
AT NAANUINNT 13 fn'j’Jlﬂi’13'Hﬂ'ﬂnliﬂﬂﬂ"Qﬂnﬂaﬂ‘uauﬂﬂstmu¢lﬂ15ﬂuﬂ'lﬂTj'UENfﬁQ VOINT

naanan 2 Tauld ttest

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
t df (2-tailed)  Difference  Difference  Lower Upper
Equal variances  -23.632  2.000 002 -1.4967 6.333E-02 -1.7692  -1.2242

not assumed

MINMARLINT 14 MITNSIZIATNIANA A URAUYBITATIMIAUBIMIYBIRY VoINS

nanoan 2 Tauld t-test

95% Confidence

Sig. Mean Std. Error
Interval of the Mean
t df (2-tailed)  Difference  Difference Lower Upper
Equal variances 5.701 2.140 025 3.3400 .5859 9709 5.7091

not assumed
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4 a v 1 1 - as = -
ﬂﬁNﬂ'IﬂN'N’Jﬂﬁ 15 MTANTIBHANUUANA A UNAGUVDIDRNTINITAUDINITADIY

: o ar FY o §
(% 9N IMINAT) ¥BaNIvDIN1INAaDIN 2 oty ttest

95% Confidence

Sig. Mean Std. Error  peerval of the Mean
t df (2-tailed) Difference  Difference Lower Upper
Equal variances 6.653 2.164 018 1933 2.906E-02  7.696E-02 3097

not assumed

~ a v 4 oaa w
MINNANUINN 16 ﬂﬁ')tﬂi’lxﬁﬂ'ﬂhllﬂiﬂilu (ANOVA) 1]84ﬂ1ﬂ5i1%1ﬂﬂ15ﬂﬁ109‘!'3‘1]83

M 1 [ 4 +
otc anmaluileden q vesdeidoelutedu vesnminaaesi 3

Source Sum of Df Mean Square F Sig,
Squares
Between Groups 1.085 3 362 5.653 064
Within Groups 256 4 6.397E-02
Total 1.341 7

$ - 1 J a3 L
MTNMIANULINA 17 ﬂ'l‘i’Jlﬂ‘i'le.l’Fl'J'llJli‘]JﬂJ‘i'Ju (ANOVA) YOI IAMIAA IR

» ] T ]
otc anfinluiiiediens q vesfaidsaludand veamsnanosit 3

Source Sum of Squares Df Mean Square F Sig.
Between Groups 3.937 3 1.312 3.709 061
Within Groups 2.831 8 354

Total 6.768 11
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ﬂ’li'l@ﬂ']ﬂﬂu’lﬂﬁ 18 ﬂT)"]Lﬂi']:5?1ﬂ’J'ImlﬂﬂﬁNﬂ'lmﬁU‘UfNﬂ'lﬂ5\1%’}ﬂﬂ1‘iﬁﬂ1ﬂﬂ’mﬂﬂ oTC
o by Ay A 3/ ci:f r a 1A o
‘nmﬂmﬂummuamqq ‘IIENf]ﬂﬂlﬁﬂﬂiﬂﬂﬂﬂﬂllﬂxﬂﬂ“ﬂlﬂﬂﬂ YDINIT

naad 3 laold ctest

95% Confidence

Sig. Mean Std. Error
Interval of the Mean

t df (2-tailed) Difference  Difference Lower Upper

M Equal variances -1.908 3 152 -1.3783 7224 -3.6775 9208
assumed

H  Equal variances -2.050 3 .003 -1.7817 .1696 -2.969 -1.1552
assumed

! Equal variances -6.806 3 .006 -.2.3067 .3389 -3.3852  -1.2281
assumed

TBM Equal variances -5.000 3 015 -1.8067 3614 -2.9566 -.6567
assumed

nueiMg - M = muscle H = hepatopancreas I = integument TBM = total body mass

c:. - T 1 4 t A = o
ATWNAANUINN 19 ﬂﬁ’Jlﬂi'|$H(ﬂ’J'lllI.I.?Iﬂﬂ'N'HENﬂ'llﬁﬁUﬂ'lﬂ'i»i%’]ﬂ'ﬂﬂﬂﬂ'liﬂﬁ1ﬂﬂ']‘llﬂ~1 OTC

» (]
Tuiuazaunsnou veansnaaesn 4 1aold ttest

35% Confidence

Sig. Mean Std. Error Interval of the Mean
t df (2-tailed) Difference Difference Lower Upper
Equal variances -8.354 1.195 .05 -11.63965 1.393332 -23.79024 .51094

not assumed
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Residues of oxytetracycline in black tiger shrimp
(Penaeus monodon) reared in cement tank and
earthen pond

Sopon Onkong', Amonrat Sermwatanakul® and Chutima Tantikitti’

Abstract
Onkong, S., Sermwatanakul, A, and Tantikitti, C.
Residues of oxytetracvcline in black tiger shrimp (Penaeus monodon) reared
in cement tank and earthen pond
Songklanakarin J. Sci. Technol., 2000, 22(Suppl.) : 717-724

The objective of this experiment was to investigate residual concentration of oxytetracycline {OTC)
in different tissues of black tiger shrimp subsequent to treatment with the antibiotic. Three-month-old shrimps
weighing 17.54 £ 0.5 g wereculturedin 1.2 x 2.8 x 0.6 m® cement tanks orin 0.25 hectare earthen ponds. Three
cement tanks each containing 30 shrimps per square meter and two earthen ponds each containing 35 shrimps
per square meter were used. Shrimps were fed commercial diet sprayed with OTC (86.4% active ingredient)
Sp/kg of diet at the daily feeding rate of 3% of body weight for seven days. The shrimps were then sampled
every day for a period of 28 days for the determination of residues of OTC in integument, hepatopancreas,
and muscles. These determinations were made using high performance liquid chromatography. For both
rearing conditions, the OTC concentration in the hepatopancreas during the medication period was 2 to 3
fold higher compared with the other tissues. The OTC concentration in hepatopancreas decreased from ap-
proximately 19 to 2 ppm within 7 days after withdrawal and the tissue was free of any detectable residue at 17
and 14 days after withdrawal in the cement tanks and earthen ponds, respectively. Since the dietary concen-

'Scientist, Satun Coastal Aquaculture Development Center, Coastal Aquaculture Division, Department of
Fisheries, Ministry of Agriculture and Co-operative Langu, Satun 91110 Thailand, *Ph. D. (Fish Nutrition),
Ornamental Fish Division, Department of Fisheries, Kaset Klang, Jatujak, Bangkok 10900 Thziland, ‘Ph. D.
{(Fish Nutrition), Department of Aquatic Science, Faculty of Natural Resources, Prince of Songkla University,
Hat Yai, Songkhla 90112 Thailand. '

Corresponding e-mail : tachutim @ratree.psu.ac.th

Received, 5 April 2000  Accepted, 8 June 2000
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tration of OTC used in this experiment is the same as that used in commercial farming, a withdrawal period
of 21 days appears to be adequate in terms of public health concerns related to residual levels of this antibiotic
in the shrimp tissues meant for human consumption.

Key words : black tiger shrimp, oxytetracycline, drug residues
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. P ed X a y .
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Large scale production of black tiger shrimp
{Penaeus monodon) carried out via intensive farm-
ing poses a risk of rapid disease spread in shrimp
populations (Kongkeo, 1997). Several chemicals
and drugs have been used on shrimp farms to im-
prove water and soil quality and to prevent and
control diseasees. Oxytetracycline (OTC) is the
predominant antibiotic used both in hatchery and
grow-out ponds by black tiger shrimp farmers
{Saitanu eral,, 1994). To contro! the incidence of
disease outbreaks under commercial conditions,
farmers usually mix OTC S g/kg of diet feeding
to the shrimp for a period of seven days. As in
other animals, any residual levels of OTC in

shrimp tissue is considered as a serious concern
for human consumers. The gravity of such concerns
is inversely related to the period of withdrawal
of the antibiotic prior to marketing (Reilly and
Kiferstein, 1997). Therefore, there is an urgent
need to investigate the extent of OTC residues in
shrimp tissues subsequent to its withdrawal, under
practical conditions of shrimp farming.

Objective
To determine OTC residual concentrations

in various shrimp tissues during medication and
post-medication withdrawal periods under cement
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tank and earthen pond systems of shrimp culture.
Materials and Methods

1. Shrimp Culture

Intensive culture techriques, as usually
practised by shrimp farmers, were employed in
this study. Three months prior to start of the ex-
periment, PL , shrimp larvae were stocked in
each of two earthen ponds each of the size 0.25
hectare. Seven days prior to start of the experiment,
four hundred shrimps were randomly taken from
earthen ponds. One hundred of these shrimps were
then randomly taken, desensitized by chilled water
{about 15 °C), lightly blotted with paper, weighed
collectively and placed in each of the three cement
tank (1.2 x 2.8 x 0.6 m®) for the purpose of accli-
matization. Shrimp body weight at start was 17.54
+ 0.5 g for earthen ponds and 17.54 + 0.2 g for
cement tanks. The initial stocking density in ce-
ment tanks was 30 shrimps whereas in earthen
ponds it was 35 shrimps per square meter.

2. Medication

A commercial grade oxytetracycline (oxy-
tetracycline hydrochloride with 86.4% active in-
gredient) widely applied for bacterial treatment by
farmers was used in this study. The 5 g quantity of
OTC was dissolved in 45 mL of distilled water,
after which the solution was sprayed on 1 kg of
commercial pelleted shrimp feed No. 5 to obtain
a final OTC concentration of § g/kg of diet. The
experimental diet was freshly prepared on a daily
basis. To protect the drug from leaching, the feed
pellets were then sprayed with 30 mL of fish ol
per kg of feed. The shrimp were fed the medicated
feed 4 times a day at 6.00, 12.00, 18.00 and
24.00 h at the rate of 3% of body weight per day
for seven consecutive days, both in cement tanks
and in earthen ponds.

3. Sampling Procedure

Thirty shrimps from each earthen pond and
three shrimps from each cement tank were ran-
domly sampled every day throughout the experi-
mental period, at start of the medication (day 0),

during the medication period (day | to 7), and
during the post-medication withdrawal period
{day 8 to 21). These shrimps were collected im-
mediately before the second feeding at 12.00 hours,
were sealed in a plastic bag and kept at -20°C until
analysis.

4. Sample Analysis

The OTC concentrations in hepatopan-
creas, muscle, integument and in the total body
mass were determined according to the method
described by Oka et al. (1985) using high perform-
ance liquid chromatography (Waters with Model
616 Pump, Model 486 UV Detector, Model 600
Controller and Model 717 Autosampler) The OTC
concentrations in each tissue sample were then
calculated using the following equation:

OTC concentrdtion (ppm) =
Calibration conc. {ug/mly x 5
sample weight {g)

5. Data Analysis

’ Data obtained for OTC concentrations over
the sampling period were subjected to logarith-
mic transformation and least square regression
analysis. The elimination rate constant (B) was
obtained from the slope of the elimination curve.
The half-life (t,,,)} of residue in each tissue was
tabulated from the equation t , = In 2/ (Xu and
Rogers, 1994; Uno er al. 1992). Means of each tis-
sue between rearing conditions were subjected to
ANOVA. Comparison of means was determined
using Duncan's New Multiple Range Test (Zar.
1984).

Results

1. OTC concentration in shrimp tissues in
earthen ponds

The mean OTC concentrations in different
tissues of shrimp after feeding medicated feed for
seven days are shown in Figure |. The highest con-
centration (34.24 = 4.37 pg/mL) was found in the
hepatopancreas on day 5 of medication. The peak
concentrations of OTC in integument and muscie
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Figure 2. Elimination of OTC from

tissue occurred on day 6 and 7 of medication,
respectively. The OTC concentration in-all the
tissues rapidly decreased after drug withdrawal
reaching below detection limits on 10, 12, 13 and
14 day after the drug withdrawal in hepatopan-
creas, muscle tissue, integument and total body
mass, respectively (Figure 2).

2. OTC concentration in shrimp tissues in ce-
ment tanks
The mean OTC concentrations in different

Dy

tissues after medication (earthen ponds)

tissues of shrimp fed medicated feed for seven
days are shown in Figure 3. As with the shrimp
reared in earthen ponds, the highest concentration
(37.75£3.01 pg/ml) was found in hepatopancreas,
however this occurred at 3 day of medication.
The peak concentrations of OTC in integument
and muscle tissue occurred on the same day as those
found in shrimp in earthen ponds. Although elimi-
nation of OTC from different tissues of shrimps
raised under cement tank conditions followed the
same pattern as found for shrimps raised under
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earthen pond conditions, the elimination period
was longer in the former. Figure 4 shows that
the OTC concentrations reached non-detectable
levels at 14, 15, 16 and 17 day after drug with-
drawal in hepatopancreas, muscle tissue, total
body mass and integument, respectively.

A comparison of OTC concentrations in
different shrimp tissues in earthen ponds and ce-
ment tanks is further elaborated in Figure 5
whereas the apparent drug elimination rate cons-

tant (), half-life (t,,) and elimination time for
different shrimp tissues are provided in Table 1.
Statistical analysis of half-life of OTC in different
shrimp tissues reared in two different conditions
is further elaborated in Table 2 and shows that
OTC in hepatopancreas, integument and total
body mass of shrimp in cement tanks had signifi-
camily longer half-life than those in earthen ponds
(P < 0.05) whereas the elimination from muscle
tissue was similar under both rearing conditions.
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Discussion

1. OTC concentrations in different shrimp
tissues
Among the tissues examined, hepatopan-
creas was found to contain the highest concen-

tration of OTC during the seven day medication
period irrespective of rearing conditions. This or-
gan also achieved peak OTC concentration 2-3
days earlier than other tissues. The reason for this
effect appears to be that hepatopancreas is the
first organ that encounters the drug subsequent
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Table 1. Apparent OTC elimination rate constants ®), half-life {t,,) and
withdrawal times in tissues after administration of black tiger shrimp
cultured either in earthen ponds or in cement tanks after 7 days
period of feeding OTC- medicated pellet (5 g/kg of feed).

Culture condition and t 28D  Elimination times
tissues B £ SD/day (Iﬁays) {days)
Earthern ponds
Muscle -0.452 + 0.023 1.54 £ 0.077 12
Hepatopancreas -0.769 £ 0.175 0.93+0.215 10
Integument -0.388 £ 0.045 1.80+£0.210 14
Total body mass -0.380 + 0.080 1.87£0.393 13
Cement tanks
Muscle -0.257 £ 0.086 291 £ 0.965 15
Hepatopancreas -0.256 + 0.020 2720214 14
Integument -0.170 £ 0.017 4.11 £0.430 17
Total body mass -0.188 £ 0.023 3.73 £ 0457 16

Table 2. Statistical comparison of the half life {t,)
of OTC elimination in black tiger shrimp
tissues cultured either in earthen pond or
in cement tank conditions after medication.

Half life in days (mean + SD)

Tissue Earthen Pond Cement Tank
Muscle 1.54 x 0.077" 291 x0.965"
Hepatopancreas 0930215  272+02(4™
Integument 1800 210° 4 43
Total body mass 187 & 0.393" 3.73 + 0497

* Means with the same superscripts in each column are
not significant different (P>0.05),

** Means underlined in the same row are significantly dif-
ferent (P<0.05) from each other.

to its absorption from the intestine providing an
essential passage through which the drug is dis-
tributed to other tissues via the blood circulation
(Lockwood, 1967). A rapid decrease in drug con-
centration in all tissues under examination is at-
tributable to an efficient xenobiotic elimination
machanism that may exist in shrimps, although
little information pertaining to this phenomenon is
available to date. Regardless of rearing condition,
OTC disappearance from hepatopancreas was fas-

ter than from other tissues. This information is in
agreement with that of Lockwood (1967) and indi-
cates an important role played by shrimp hepa-
topancreas in xenobiotic removal from the body.

2, OTC concentrations in shrimps raised in
earthen ponds versus cement tanks
Despite the similarity in the absorption and
accumulation pattern of OTC between shrimp
reared in either culture conditions, OTC concen-
trations in tissues of shrimp reared in cement tanks
were higher. This effect may have occurred be-
cause of the relatively much smaller capacity of
the cement tanks causing a more even distribution
of feed and a more uniform feed intake. This point
gets its support from the observation that loss of
drug and feed wastage in cement tanks was less
than in earthen ponds leading to higher feed and
drug availability.

The higher OTC concentrations in tissues
from shrimp in cement tanks were nevertheless
associated with longer elimination time when
compared with those from earthen ponds. The dif-
ference in elimination was prominent for hepa-
topancreas, integument and total body mass tissue.
Other factors that might have an effect on meta-
bolism of shrimp that prolonged the elimination
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process were stress associated with lower water
temperature in cement tanks than in earthen ponds
(27.5-30.0 versus 29.0-31.0 °C). Work of Bayer
and Daniel (1987) suggested that OTC elimina-
tion in Lobster is inversely related to the ambient
temperature of the culture media. Similar relation-
ship pertaining to rainbow trout has been eluci-
dated by Herman et al. {(1969). Although such in-
formation for shrimp is not available, it appeared
likely that a high water temperature stimulates
drug metabolism and its subsequently elimination
from the body (Corliss, 1979; Goebbles, 1991). The
results of the present experiment indicate that un-
der practical conditions where farmers use OTC
at the rate of 5 g/kg of shrimp feed, the longest
elimination time of the drug from any tissue will
be 18 days. Adding a margin of few more days
to this period for consumer safety, we suggest
that the withdrawal period between the use of
OTC and harvesting should be no less than 21}
days. These considerations should be taken in to
account for making recommendations about
withdrawal period of drug in aguaculture.
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