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Pharmacokinetics and Toxicological characteristic after oral administration of
sulfadiazine to whiteleg shrimp, Litopenaeus vannamei

Seung Hyun Lee

Department of aquatic life medicine, Pukyong National University

Busan 48513, Korea

Abstract

This study was conducted to investigate the pharmacokinetic and toxicological
properties of sulfadiazine when administered orally to whiteleg shrimp. Feeds

containing 80, 240 and 400 mg/kg of sulfadiazine were administered orally at

20°C and 28°C for 7 days. After oral administration of sulfadiazine, the amount

of drug residue in the tissue (muscle, hemolymph, and hepatopancreas) was
analyzed over time using LC—MS/MS. Pharmacokinetic characteristics were
derived from the drug residual data using Pk Solver program. Residual amount
decreased with time in muscle, hemolymph, and hepatopancreas, and the
residual amount increased significantly as the concentration of sulfadiazine
increased. In the muscle, hemolymph, and hepatopancreas administered
sulfadiazine, the time to reach days of maximum concentration (Tmax) was 0
days at all concentrations, and the maximum concentration (Cmax) was in the
order of hemolymph, muscle, and hepatopancreas. In all dose concentration

groups, a large amount of sulfadiazine was excreted between O and 1 days
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after the end of the administration, and the residual concentration became less

than 0.1 mg/kg on the 3rd day after the end of the administration. The release

rate of sulfadiazine was more rapidly at 28 °C than at 20 °C. Biochemical

analysis of hemolymph and histopathologic analysis through H&E staining
were performed to confirm the toxicity of sulfadiazine to whiteleg shrimp. As
a result of biochemical index analysis, the number of hemocytes did not show
any significant difference at all concentrations compared to the control group.
Glutamic oxaloacetic transaminase (GOT) and total protein were significantly
decreased in all concentration groups compared to the control group. Glutamic
pyruvic transaminase (GPT), total cholesterol and glucose showed a tendency
to decrease in the 80mg/kg concentration group compared to the control group,
and rather increase in the high concentration group. As a result of evaluating
histopathologic toxicity to muscle, hepatic pancreas, and antennal glands, there
was no change in all drug—administered groups compared to the control group.
In conclusion, the results of this study on the pharmacokinetic and toxicity
evaluation of sulfadiazine can be used as basic data necessary to establish the
maximum residue level (MRL) and withdrawal period of sulfadiazine applicable

to crustaceans in the future.



I. A&

Sulfadiazine<- sulfonamide# dAAo|n] W FAHES] A Ao A}
Z¥th(Romero, 2012). Sulfonamidedl A= I8 S A2 1%
w4 Aol m3rr e AWl @etAloltk(Henry, 1943; Connor,
1998). Sulfonamide] °F=2 Alte] AL 52l itk 49 A+

Al Para—aminobenzoic acid (PABA) 2} +%% FAM S 7HA 12

tt.

32

a8% 545 o338k PABAY HEH-9lo tial HEHo |t 44 %

e =& &8-S YepATH(Skold, O., 2001; Achari et al., 1997). &

AHE oekR 02 sulfadiazine FTE trimethoprim¥e] 3 AA|=E A}
5T Fof, 9A, Wof, WHol 5 ofF Add A A HHo=m A}
LA (FHFATE, 2018). @2 el U9 9= AMgsta

WA AR, "=, HEE, A 5 2=l = sulfadiazines o Fit
ooty et AfeRel AW Al A0 R ARESta vk (Seafood watch,
2020; Cruz et al., 2000; Thuy et al., 2011). & AMAHFCZ At |-+
4 7318 A (Acute hepatopancreatic necrosis disease, AHPND),
Z 71X A5+ (Early mortality syndrome, EMS), 3dHdnlo] 2] A~ (White
spot syndrome virus, WSSV) & Aol gt HA7F vIHSHA Aot

e web YA AMEE E7bel= A Aol ti(Thitamadee et al., 2016;



Moriarty, 1999; Holmstrém et al., 2003). A2 4, 20199 7|+
Oo% °F 68564ECR FAE &5 T 3WAR Wol FYHIL Ut 1
T MEFAA Y A7 FU=Fe] 28,799 F 7P o] o] Fojx i 9]
U (sHFAA ST, 2019). A4 A¢-FE 9 o AuAle] F= of
Fofl AAHE AF3]E7]2 0.1 mg/kgs AdEZE AHL3do] A3t} s
ARE 33 FAEC] 58 B4 &5 A (Positive list system, PLS) 7}
AlgEchd oA $-oli= sulfadiazineo] ofdh zH53]€7]F (Maximum
residue limit, MRL)©| wFgd&o] Q1] ¢k7] wjitol] d&7]|FES st

st do. d&27|E

flo

BE 240 A§F 5 Yr FEololok #) o)

e

of A% 71E2 0.01 mg/kg FFolIth(HF o ofFebx A, 2019). whet

ol

A, PLS7F 2385 sulfadiazine©] $Hir¥ A5 9 A 427
7(0.01 mg/kg) & Z=Hete Fabze] BT 5 A= EA7F A7IA doh
T B3R, PLSE| Alde] ekA Slthe]Al-f-ol ti$t sulfadiazine®] -3
e AAste Zlo] AR FQEtt SN AR EIIES AR
shi= dloll Q3 sulfadiazine?] °Fa-s®ist4] 2A57F H2bFel A9 A

9 9= AAHo|}, uweba], B AFoAE dArta Al g o)dt sulfadiazine

of ANATEA W 2AYYsE 54 AL A



I. A= % Ty

1. Ak 8l AR EE

Ao A}L% sulfadiazined 99% Z+E 0% Sigma (USA) #A|FL A+

of APFEL A AkAASE FAA FolT we Ho| gl
A7 AAZA 1E Sftolnps Sxely A7 JRHEE A& A

AetA FAHG e dEE= 30 %o, pHE 7.0-8.0, DO+= 5.0*£0.3& &

A5k,



2. oA 7o 9 AR AH

SulfadiazineS A% 1 kg & 80, 240, 400 mg? ¥T7} HEE T A=

% 5, ZRFO ol Am wH 1% FAANATYG kBl FHe

ol

Y
i

NEE

e
o

71Z2F 1xA171 § Fish oil®2 I¥YdE+= & 3] Al7FA] —20°C
of H¥stitt. Sulfadiazineo] FZE AIRE A% Ha AT
25 g= 7IF o2 sto] AA dd Holy gl AT 14 %E 14l 3

o8 o 79 Fot ol sttt A F2E AR E Foldh
A 790] At AlFE 0LE Fo] 0, 1, 3, 7, 14, 28¥vi} zh A T4
1ok AlRE AF s AdeAleE de v g E, 25,
HE Als AFHE APk -2 = -5 3AQl Alsever's solution

(Sigma, USA) 400 w7F @A % 1 ml FAH]| S o] &38to] 4:19] vH|&=
AFA AT, 5 o] E/HA s nel Wy FES WA A
A & QAR A I S A AolA] GEE st AF A

th ARR ARt A8 AW A7 -80ClA WE ekt



3. Sulfadiazine F&& $3 A5 FAF =

SECIEER

o590 AAHge AF 38 (AFdFERbdA, 2019 FAIH U=
AapAle] AAe WS ofgt Wigste] WA Ave A <5 0.5
gg v A& o} TissueLyser(Qiagen)E o]&3lo] w43} 3 &
15 m gl #ow Ht. #As}; 3k Z5o ACN (J.T.Baker, USA)

3 mE ket 1023 253 Ay, o] & 4,500 X g oA 10&3¢

R & AfZ2 15 mL Conical Tubeo] 2wt g & F}.

o] Hde 23] wHEste] ATsAS Fotu fof

o] &3to] FHAIL vF F P AFEel wEE(Merck, USA) 1
mLE 7Fet 5 oF 533t 253k AHeste] &iAIZ F, 0.20 me] A=A
] (Syringe filter) & o] ¥sle] QA HESE FAAA A|PLHNo 7

ARG-RE



3.2. 89X AAY

gz Axge ofF A FFEL AA G™EFAsd, 2000) €
YA Eo] e Akl HAE WS web sk AvkEAle- d9
= A& 200 mol 50 mM phosphate buffer (pH 7.4) 200 = 3 7}sk4
oF 182t 43 3 F wwE 200 wE 93 vortex@ Egste] Ao

1087 WA8kE T 919 =3NS 15,000 X gol|l A 1587 94 &g

=

.

M

A4 By st oz A5dES 0.20 me] AHXR FE (Syringe filter) &

oj3}sto] QA MBEE SIYAA ABINOE ARS 2t



3.3. 7HAR9 A

A A o F A AFEA AP (EAFAT) o HAlg
of Qi AstAl AAY PEe we APk G AR 0.2 gl

50 mM phosphate buffer (pH 7.4) 200 wE 37lste] oF 183+ #4243}

3 & e 200 W = Y9I vortex® E3slo] AF&o] 1087 v &)
At 9o =3AS 15,000 X gollA 15%7F 44 FEe st 94 25t

o}

1 Aol ASA= 0.20 me AL BE (Syringe filter) 2 o 3}5}o

oA M2z IAA AlFZ ROz ARG T



4. LC-MS/MS &4 %4

LC-MS/MS #4] =12 A5 3o gAE] = A% Wl 7 5=
& ook Ay T AuAe ARAEHe Faskdlth LG Acquity
UPLC I-Class (Waters, US)& AF&st3l o™ MS+= XEVO TQ—S micro
(Waters, US)& AR&ste] LC-MS/MSE zl&siitt. LC +4 271
Table 1.0 AR om MS/MS #4231 Table 2.9 HAISHITH
Sulfadiazine®] 2Ajel 23t H&Fol&s HAAste] MRM (multiple
reaction monitoring) R =2 w4 =H 1 =71-& Table 3. o YERY

ATt



Table 1. LC instruments and analysis conditions for sulfadiazine

Instrument

Acquity UPLC I-Class (Waters, US)

Column

Phenomenex KINETEX C18

(2.1 mm X 100 mm, 1.7 #m)

(A) : 0.1% Formic acid/Water

(B) : 0.1% Formic acid/Acetonitrile

Gradient system

Time (min) A (%) B (%)
0 90 10
a5 90 10
Mobile phase 3 % 35
o) 5 95
5.5 5 95
6 90 10
9 90 10
Flow rate 0.5mL/min
Column temperature 40C
Injection volume 2 1l
Run time 10min




Table 2. MS/MS instruments and analysis conditions for sulfadiazine

Instrument XEVO TQ-S micro (Waters, US)
lonization ESI (positive)
Desolvation gas 350°C
temperature
Desorvation, N, (800 ¢ /Hr), Ar

Collision gas

10



Table 3. Mass spectrometry parameters for quantification and confirmation for sulfadiazine.

MW Retention time Precursor ion Product ion Collision energy
Compound
(g/mol) (min) (m/z) (m/z) (eV)
92x 27
Sulfadiazine 250.3 1.2 251 108 22
156 15

*Quantification ion

11



=34 A 2 s S AES 98k vE A& 2 sulfadiazine 1
mge 2ot 10 mee] wWes gHow EarA —20°Cel Y& Histe] &
T SH(100 mg/ €)= AFEeITh EF 95 HErEE 0.5, 0.2, 0.1,
0.05, 0.025 mg/ ¢ FEZ A ste] ZF3H Aol A&tk 7 &
W2 3A¥E working solutione Table 1,2,3¢] WAlE Z@Haozw BEA3H

9 Qolnl AEebEIY A WA kol Ei WAL Too RIS
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5.1. THNAM 3+& A

ot alt-o &5 0.5 g& v Ao <o} TissueLysers ©]-8-3}o]

‘

4

gt g 5 15 m gAY HoR 3o A3 Z5o] ACN 3 ml

i

H7vela HF w57F 0.2 mg/ L o] ¥ E= stock solutions ¥ H
oF 5%t w3t 1023 253 Attt o] & 4,500 X g oA 10+

2 QAR & A2 15 mL Conical Tubeol] A=dvk #g & Fu}.

gto] FFAAY. 5 F @2 ARl deEe 1 mLE 7k | oF 5%

7 253 HYste] A7 H, 0.20 me] A#™A HE (Syringe filter)

2 q%ste] LC-MS/MSZE 54319 3|¢&S T3l

13



5.2. BHZANY 3FE FF

Yl Aol 103 WA o] 5 15,000 X gollA 153 4 &

AC)

stoh, P4 BElste] dofRl ASAES 0.20 me A™A] FAE (Syringe

filter) & o #ste] LC-MS/MSZE 743t 35&S F3ak3ith

14



5.3. AN B¢g 57

FYAE Fol WA ¢

rlo

oAl 3 A= 0.2 goll 50 mM

‘

e
phosphate buffer (pH 7.4) 2005 2il #AsIste] A2 77 A A
50 pb 8} stock solution 50 W& #HF §%7F 0.05 ppmo] L= &3tsk
o] 100 wo] WerE&s Yar Ao 10w7F WA8HT}. ©]& 15,000 X g
oA 1537 A4 FEgith. A4 #eete] dojx AFdE 0.20 me
d™A 2H (Syringe filter) 2 of3}sto] LC-MS/MSZ =743t 3+&

& e
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6. A=, AU, AE A 2 FF A

AEIA, dFIAES 737 Yl sulfadiazined T+ €4S 0.5 MRL,
MRL, 2 MRL ©¢] ¥3td 0.5, 0.2, 0.1, 0.05, 0.025 mg/ ¢ 5TA=Z 343}
o 3utE SAsSt S4Y sxo e oAl A=vtE A 34

ol Ei WA Pl REFNES AASUT 2 BEFA ]2

AsAet AZFAE Tl o714 o HFAHCNM YEHS BEY

2715 23tk e 4 AdES Flsr]

gk

A2, Se AFAY

N

sulfadiazined & € A4S 0.5 MRL, MRL, 2 MRLo] 323 0.5,0.2,0.1

0.05,0.025 mg/ ¢ S5AIZ 34 sto] 5Udst 143 33|14 43830
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7. 89 - A3 AR

7.1. EF A=

A3 dP2E At A A4l B (Hemocytometer) & Al53FSI T

ol = 34 Fx W At & Al wlel & gk AlAtskai

7.2. T—Cholesterol

S AFESH AJokE OAAE F FEYAHE SHE Al N (oFAkA ok
A}, Sto) S o] ek S54SR O FAAY 1HE SN 1HoRE F
23] &A1 #A T 15 ml conical tubed] &4A 3 My X 0.02 M=

A & EFetel T o]F 37 TelA 5#ZF REEAIXL F 96—well

plate°]] 200 w# #Fsto] 34 500 nmold FFEE S AT

17



7.3. Glucose

S0 AGE Aoke oBMAE FFIA 38 A (oA A 34},

ol
o

st) S o] g3ste] SAsIgon aaAd 1 dFH 1Hog FHT]
S HTE 15 ml FHE G4hAN 3 my 92X 0.02 mE 9 & &
sHalo]l F=2ATh o] 37 TolA 583 ¥H$A1Z1 & 96—well platee] 200

WA BFske] 3P 500 nmel M FREE S5k

B

7.4. Total protein

S of] AFR3E Ak oA E F okl S g A N (o} akA| k2] S| A}, S
) S o] &3] FH3AT 156 ml FHo AMAIN 5 n FHFATE o] F
YL 0.05 ME 21 Alole 3T 37 TolA 308 FF WAt} o] %

96—well plate®] 200 u# EF3sto] 540 nmolA] FFES =454}

18



7.5. GOT

SAof] AL A2k oA E 2] QE] - AT E] 4L Al N (o}hkA k=2
3 Ab, B S o] g5te] =AEPTE 15 ml FHol glutamic oxaloacetic

transaminase (GOT) &4& 7|2 N 1 mlS 37 ColAq 5&7F WA & Et.

ofF FHe Al EHZ 0.2 m= ¥a & A2 F 37T 1ARE BAAA
th o] F FEe G 1 s Far EFERe] Ao 207 WA

I

N FASUHEFENS SHTE 108 st % 0.4N FAEIHE

sl

oo

ANe 10 m ¥ skl Ao 10 1+ WA AT o] % 96—well

platee] 200 @ FF3sto] 505 nmelA el FFEE S3sAh

7.6. GPT

S ol AFES AJeFE OJAHHE X Q| - X I E SHL AN (o}rbA kT2
AL, ) S ol gete] FASEITE 15 mb FEO| glutamic pyruvic

transaminase (GPT) =4 & 7]dH 1 mS 37 ColA 5&E7F vx) &=},

ofF- FHo] Af- d¥-EZ 0.2 m= Wil F A4S F 37 T 30% AN
TF o] % FHo| FAAN 1 mE Wi Eete] Aol 2083 WA g

it

I

N FASGEFENE THTE 108 34ste] s 0.4N FAEHE

sl

oo

HNg 10 m B3 Fste] Ao 10 w3F WA A7) o] F 96—well

plateell 200 @A FF3to] 505 nmolA 2 FFEE ST

19
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Sulfadiazines 7477013 Avke|Ale-o o5, €=, HHF Wl oF= &

= =4 d3E vg o2 two—compartmental modele] wa} PK Solver
£ 0] €3}%y Cmax, Tmax, AUC (area under the time—concentration curve)

59 sulfadiazine®] <°FE-5EjSF4 W<+ (pharmacokinetic parameter) &

T

21



m. a3

1. 2534 4 35&

¥

sulfadiazine?] TFENS 0.5,0.2,0.1, 0.05,0.025 mg/ ¢ FE7} H %

2
=
i

g5t LC/MS-MSZE SHsitt. S4% 55 tdh peak ™

o
ofo
ol
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N
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11, CODEX guideline®l A A|Alst= 712l 0.99 oAkl =4S

ot (Fig. 1.).

eE2 5ol 0.1 mg/ke, FHZH} HZ M 0.05 mgkg =7t
H =% 3ko] stock solutions F7bskal A elsto] A2 dA3E Table 4.

o YeER AT
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Fig. 1. Calibration curve for the assay of sulfadiazine
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Table 4. Recovery of sulfadiazine from muscle, hemolymph,

hepatopancreas samples of Litopenaeus vannamei

Fortified Concentration Recovery (%)

sample (mg/kg) Mean®*SD CV (%)
Muscle 0.1 83 1.5
Hemolymph 0.05 100 0
Hepatopancreas 0.05 107 1.4
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2. 3%, AUE, ASTA 2 FZFEA

Qlst7] Y&l sulfadiazine® T+ €92 0.5 MRL,

ki
b
:
ki
f
X

MRL, 2 MRLeo] 3Z3tsl 0.5,0.2, 0.1, 0.05, 0.025 mg/ ¢ 5YAZ 3] A s}o]

pg/kg, ™HHFEAS 3t H=Es A= 2.3 ug/keR =45tk CODEX
guideline°l| A A A= 7]=0 2 AZFsHAl= 0.5MRLEE olstE ®wH=3lof
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Fig. 2. Muscle concentration (mg/kg) of sulfadiazine in L. vannamei
after oral administration with doses of 80, 240 and 400ppm for 7days
at 20C (Mean*SD, n = 15)
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Fig. 3. Muscle concentration (mg/kg) of sulfadiazine in L. vannamei
after oral administration with doses of 80, 240 and 400ppm for 7days
at 28C (Mean*SD, n = 15)
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Fig. 4. Hemolymph concentration (¢g/mé) of sulfadiazine in L. vannamei
after oral administration with doses of 80, 240 and 400ppm for 7days
at 20C (Mean*SD, n = 10)
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Fig. 5. Hemolymph concentration (¢g/mé) of sulfadiazine in L. vannamei
after oral administration with doses of 80, 240 and 400ppm for 7days
at 28C (Mean*SD, n = 10)
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Fig. 6. Hepatopancreas concentration (ug/m) of sulfadiazine in L.

vannamei after oral administration with doses of 80, 240 and 400ppm

for 7days at 20C (Mean*SD, n = 10)
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Fig. 7. Hepatopancreas concentration (ug/m) of sulfadiazine in L.
vannamei after oral administration with doses of 80, 240 and 400ppm

for 7days at 28C (Mean*SD, n = 10)
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Table 5. Pharmacokinetic parameters of sulfadiazine in the muscle of L.
vannamei after oral administration with doses of 80, 240 and 400 mg/kg

for 7days at 20T

Parameter (Unit) 80 mg/kg 240 mg/kg 400 mg/kg
T (d) 20.83 21.85 17.45
Thnax (d) 0 0 0
Cunax (mg/kg) 3.08 8.35 10.02
AUC o-« (mg/kg-d) 3.69 7.69 10.07
MRT o- (d) 3.85 2.33 1.62
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Table 6. Pharmacokinetic parameters of sulfadiazine in the muscle of L.
vannamei after oral administration with doses of 80, 240 and 400 mg/kg

for 7days at 28T

Parameter (Unit) 80 mg/kg 240 mg/kg 400 mg/kg
T (d) 5.87 5.76 6.66
Thnax (d) 0 0 0
Cuax (mg/ke) 4.23 8.28 24.12
AUC o-« (mg/kg-d) 4.22 6.76 16.60
MRT o-« (d) 2.66 1.78 0.92
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Table 7. Pharmacokinetic parameters of sulfadiazine in the hemolymph
of L. vannameir after oral administration with doses of 80, 240 and 400

mg/kg for 7days at 20TC

Parameter (Unit) 80 mg/kg 240 mg/kg 400 mg/kg
Tz (d) 18.85 21.50 21.15
Thnax (d) 0 0 0

Cunax (mg/kg) 11.87 19.74 40.09
AUC o-« (mg/kgd) 17.08 27.77 37.60
MRT o- (d) 1.35 1.14 0.82
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Table 8. Pharmacokinetic parameters of sulfadiazine in the hemolymph
of L. vannameir after oral administration with doses of 80, 240 and 400

mg/kg for 7days at 28C

Parameter (Unit) 80 mg/kg 240 mg/kg 400 mg/kg
T (d) 5.04 4.80 5.46
Thnax (d) 0 0 0
Cunax (mg/kg) 9.17 23.64 47.55
AUC o-« (mg/kg-d) 8.51 16.99 35.54
MRT o- (d) 2.01 L. 2 0.78
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Table 9. Pharmacokinetic parameters of sulfadiazine in the
hepatopancreas of L. vannamei after oral administration with doses of

80, 240 and 400 mg/kg for 7days at 20T

Parameter (Unit) 80 mg/kg 240 mg/kg 400 mg/kg
T (d) 5.99 5.90 5.69
Thnax (d) 0 0 0
Cunax (mg/kg) 2.65 7.6 14.83
AUC o-« (mg/kg-d) 3.03 6.44 10.73
MRT o- (d) 2.78 1.80 1.20
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Table 10. Pharmacokinetic parameters of sulfadiazine in the
hepatopancreas of L. vannamei after oral administration with doses of

80, 240 and 400 mg/kg for 7days at 28T

Parameter (Unit) 80 mg/kg 240 mg/kg 400 mg/kg
Tz (d) 9.73 10.70 10.32
Thnax (d) 0 0 0
Cax (mg/kg) 2.04 3.20 14.36
AUC o-« (mg/kg-d) 2.48 3.57 10.7
MRT o- (d) 3.31 3.18 1.233

45



5. 89 - B3}ety A& 34

28 TollA] sulfadiazine2 80, 240, 400 mg/kg? HE=Z 3lt}grj$ol 7
T5o & gdaysista 54 Ad A3E Table 10. o YeRAY. 4+

Ast dzga naste BE FRlA feud ol HolA ek,

o

GOTS] A-F, dxw¥ vlaste] B sEoA Fov|st Zd4as Bl
GPTe ZA-¢, iz vlaste] 80 mglkg T FolwollA = fHash=

S BHelom e el =2 RTINS STkl 2348 Bt

Total Cholesterol % Glucose®| -9, iz Hlste] 80 mg/kg

ATRATANE BrdE FFE B

-
32

¢
ol

om 79 WH| T FETOIAE
Z7tet= A2 Rl Total protein®] A-S-, dlx+37 vlwste] &

FEAA FAE AxE Bk

46



Fig. 8. Hematological parameters of L. vannamei hemolymph. (A): Total hemocyte, (B): GOT, (C): GPT,
(D): Total cholesterol, (E): Glucose, (F): Total protein. (Mean*SD, n = 10)

(A) Total Hemocyte (B) GOT © GPT
20 - 14 1 20

? 15 4 e

E - -"..

g 10 E—

E

3

-
0

w
L

Glucose (m/d_l_f-

-.
Total protein (g/dL)
"

Total Cholsterol (mg/dL)

Sulfadiazine (mg/kg)



80, 240, 400 mg/kg®l FE= vt Ao 7

S
=

28 TolA sulfadiazine

—

oA thx¥} H

Fig 9, 10, 11¢] }E+

)

w7}

o/

W3ke] k&9

48



Fig. 9. Micrographs of L. vannamei muscle were isolated 1 day after 1

week sulfadiazine oral administration. A: Control, B: SDZ 80 mg/kg, C:
SDZ 240 mg/kg, D: SDZ 400 mg/kg. Scale bar: A, B, C, D=50 pm.
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Fig. 10. Micrographs of L. vannamei hepatopancreas were isolated 1
day after 1 week sulfadiazine oral administration. A: Control, B: SDZ 80
mg/kg, C: SDZ 240 mg/kg, D: SDZ 400 mg/kg. Scale bar: A, B, C,

D=200 pm.
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Fig. 11. Micrographs of L. vannamei antennal gland were isolated 1
day after 1 week sulfadiazine oral administration. A: Control, B: SDZ 80

mg/kg, C: SDZ 240 mg/kg, D: SDZ 400 mg/kg. Scale bar: A, B, C,
D=200 pm.
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