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A B S T R A C T

This stu d y  a im ed  to in vestiga te  th e  interactions o f  tw o  abiotic factors (tem perature and salin ity) and d e l
tam ethrin  (pyrethroid  p estic id e) exp osu re o n  som e ox id ative  stress biom arkers as w e ll as on  acety lch o
lin esterase ac tiv ity  (AChE) in hepatopancreas, g ills and m u scle  o f  black tiger shrim p (Penaeus m onodon). A 
com b in ation  o f  th ree tem p eratu res (24 , 29  and 34  °C), tw o  sa lin ities  (15  and 25  ppt), and th e  absence or 
p resen ce o f  0.1 pg  L 1 d eltam eth rin  w as app lied  on  shrim p during 4  d under laboratory con d ition s. Lipid 
p eroxidation  level (LPO) and g lu tath ion e  S-transferase ac tiv ity  (GST) w ere  not affected  by  com bin ed  
e ffect o f  tem perature, sa lin ity  and d eltam eth rin  in any o f  th e  stu d ied  tissu es. D eltam eth rin  im paired  
oth er te s ted  ox id ative  stress biom arkers, i.e. tota l g lu tath ion e  (tGSH), catalase  (CAT), g lu tath ion e  perox
idase (GPx). tGSH leve l sign ifican tly  increased  in hepatopancreas d u e to  d eltam eth rin  exp osu re m ain ly  at 
34  °C, w h ile  p estic id e  effects  o n  tGSH and CAT activ ity  in g ills w ere  influenced  by  both  tem p eratu re and  
salinity. In addition , GPx activ ity  in hepatopancreas decreased  after d eltam eth rin  trea tm en t m ain ly  at 
2 4  °C. Finally, AChE in m u scle  w as strongly  inh ib ited  by  d eltam eth rin  at all te sted  tem p eratu res and  
salin ities. T hese novel findings d em on strate  th at interactions b e tw e e n  abiotic factors and a com m on ly  
used  p estic id e  exp osu re shou ld  be taken into accou n t w h en  analyzin g som e w id esp read  biom arkers in 
black tiger shrim p.
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1. Introduction

M arine c ru stacean s a re  u n d e r  th e  in fluence o f n u m ero u s  en v i
ro n m en ta l factors such  as n a tu ra l en v iro n m en ta l changes acco rd 
ing to  daily  o r seasonal rhy th m s, en v iro n m en ta l stre ss  from  
co n tam in an ts , o r physico -chem ical changes. M ost ex is tin g  s tu d ies 
w e re  d irec ted  to w ard s  th e  effects o f a  single e n v iro n m en ta l factor, 
such  as te m p e ra tu re  o r salin ity , o n  som e b iochem ical m arkers 
(Leinio a n d  L ehtonen, 2005; M enezes e t  al., 2006; C ailleaud e t  al., 
2007). H ow ever, th is  is ra re ly  th e  case in  reality  w h e re  a q u a tic  an i
m als a re  exp o sed  to  a  v a rie ty  o f en v iro n m en ta l stresso rs . In M e
kong River D elta (MRD), V iet Nam , w a te r  te m p e ra tu re  in  sh rim p  
ponds, ran g ed  from  23.9 to  34  °C, flu c tu a tin g  d iu rn ally  an d  seaso n 
ally  as it d ep en d s  on  a ir  tem p e ra tu re , w a te r  d ep th , po n d  design  
a n d  w a te r  m an a g em e n t (Phuong, 2005). In a  sam e w ay, th e  sa lin ity
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in MRD is h ig h er d u rin g  th e  d ry  season, rang ing  from  21.5 to  
25.0 ppt, b u t  d ecreas in g  to  15.0 p p t a f te r  heavy  ra infall (Phuong, 
2005). Sub-op tim al tem p e ra tu re , o r u n su itab le  sa lin ity  level in 
w a te r  m ay  in te rac t in an  an tagon istic , add itiv e  o r synerg istic  m a n 
n e r w ith  to x ican ts th e re b y  cau sin g  changes in th e  to le ran ce  cap ac
ity  o f a q u a tic  an im als . Thus, toxicological re sea rch es have recen tly  
e m p h asized  th e  n eed  for te s tin g  th e  in te rac tio n  b e tw e e n  m u ltip le  
factors.

The lo n g -te rm  ecological haza rd  asso c ia ted  w ith  th e  u se  o f 
o rganoch lo rine , o rg an o p h o sp h ate , a n d  c a rb am a te  co m p o u n d s p ro 
pelled  th e  in tro d u c tio n  o f a  n ew  g en era tio n  o f p estic ides w ith  a 
lesse r deg ree  o f p e rsisten ce. As a  consequence, th e  use  o f pyre- 
th ro id s  as insecticidal a n d  an ti-p a ra s itic  fo rm u la tio n s has m ark 
ed ly  in creased  as a  v iable  su b s titu te  an d  cu rre n tly  acco u n ts  for 
o ver 30% o f insectic ides u sed  g lobally  (P rasan th i e t al., 2005). 
D e ltam eth rin  is a  py re th ro id , th a t  kills insects on  co n tac t an d  
th ro u g h  ingestion . The ex ac t m ode o f ac tio n  for d e lta m e th rin  is 
c u rre n tly  n o t know n. It is genera lly  a ssu m ed  th a t  p y re th ro id s af
fect n eu ro ac tiv ity  by  d e lay ing  th e  c losing o f  so d iu m  ch an n e ls  (Cor
b e tt  e t  al., 1984). This affects ac tio n  p o ten tia ls  a n d  o ften  resu lts  in
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rep e titiv e  activ ity  o r  b lockage o f nerve conduction . The m ain  reac 
tio n  involved in  th e  m etab o lism  o f d e lta m e th rin  in m ice an d  ra ts is 
e s te r  cleavage m ain ly  d u e  to  th e  a c tio n  o f carboxyesterase . M etab 
o lism  in fish is largely  ox idative  an d  d e fic ien t in e s te ra se s  m etab - 
o liza tio n  (D em oute , 1989). A cute to x ic ity  d a ta  for d e lta m e th r in  
in  fish have b een  su m m arized  in a  re p o rt o f  th e  W HO (1990). 
M oreover, c ru stacean s a re  gen era lly  ev en  m ore  sensitive  to  pyre- 
th ro id s  th a n  fish (C lark e t  al. 1989), a n d  d e lta m e th rin  is o ften  th e  
m o st tox ic  to  c ru stacean s in co m p ara tiv e  te s ts  (H aya 1989). Sm ith  
a n d  S tra tto n  (1986) sh o w ed  th a t  lo b ste r an d  sh rim p  are  su sce p ti
ble to  all py re th ro id s. L’H ote llier an d  V incen t (1986) sh o w ed  th a t  
th e  96 h  LC50 v a lue  o f d e lta m e th rin  (25% p u rity ) in  p ink  sh rim p  
(.Penaeus duorarum ) w as 0.35 pg  IT 1. As in case o f  fish, a  h igh  ra te  
o f a b so rp tio n  o f d e lta m e th rin  th ro u g h  gills cou ld  a lso m ake sh rim p  
a v u ln e rab le  ta rg e t o f its toxic ity . S tudy o f d e lta m e th rin -in d u ce d  
ox idative  stress  an d  its influence o n  various a n tio x id an ts  could  
prov ide  u sefu l in fo rm atio n  on  th e  ecotoxicological co nsequences 
o f d e lta m e th rin  use.

In MRD, d e lta m e th r in  is ex tensively  u sed  in  b lack  tig e r sh rim p  
farm s b ecause  o f its h igh  activ ity  ag a in st a  b ro ad  sp e c tru m  o f in 
sec t pests  (Tu e t al., 2006). The w id esp read  use  o f th is p estic ide  
co n seq u en tly  leads to  th e  ex p o su re  o f  m an u fac tu rin g  w orkers, 
field app licato rs, th e  ecosystem , an d  finally th e  p ub lic  to  th e  p o ss i
ble tox ic  effects o f th is  pestic ide. Both th e  W orld  H ealth  O rganiza
tio n  (W HO) an d  th e  U n ited  S ta tes E n v ironm en ta l P ro tection  
A gency list d e lta m e th rin  as m o d era te ly  hazardous, w ith  th e  
W HO labeling  th e  co m p o u n d  as a  Type II A cute H azard. As a w ide ly  
u sed  b ro ad  sp ec tru m  insecticide  th e  uses o f  d e lta m e th r in  req u ire  
carefu l ev a lu a tio n  o f th e  p o ten tia l im p ac t on  o rg an ism s in th e  
en v iro n m en t. The im p ac ts o f p estic ide  c o n tam in a tio n s  o n  aq u atic  
ecosy stem s have b een  w ell s tu d ied  in  N orth  A m erica, Jap an  and  
m an y  p a rts  o f  Europe. In Viet Nam, pestic ide  c o n cen tra tio n s  in 
th e  e n v iro n m en t a re  n o t d o c u m e n ted  in  th e  y early  e n v iro n m en ta l 
rep o rts  an d  in fo rm a tio n  o n  th is  type  o f co n ta m in a tio n  is genera lly  
lacking.

C om prehension  o f th e  m ech an ism s re la ted  to  th e  su b le th a l ef
fects cau sed  by  chem icals u p o n  sh rim p  m etab o lism  w o u ld  help  
to  develop  sensitive  an d  precise  d iagnostic  too ls w ith  a  p red ic tive  
cap ab ility  in assess in g  th e  tox ic  effects, th u s  c o n trib u tin g  to  b e tte r  
po n d  m an a g em e n t (Bainy, 2000). It is d o c u m e n ted  th a t  p y re 
th ro id s  m ay  tr ig g e r th e  g en era tio n  o f reac tive  oxygen  species 
(ROS) (Sayeed e t  al., 2003; E l-D em erdash  e t al., 2004; P rasan th i 
e t  al., 2005) lead ing  to  a  s itu a tio n  o f ox idative  stress, w h ich  can  
be m o n ito red  by  th e  level o f  lip id  p e ro x id a tio n  (LPO) (B h attacharya  
e t  al., 2007). A n tiox idan t defences such  as to ta l g lu ta th io n e  c o n te n t 
(tGSH), g lu ta th io n e  S -transferase  (GST), cata lase  (CAT) a n d  g lu ta 
th io n e  perox idase  (GPx) are  involved to  co u n te rac t th e  to x ic ity  o f 
ROS (K ette rer e t al., 1983; H alliw ell an d  G utteridge, 1999; Sies, 
1999; V en tu ra  e t  al., 2002). U nder no rm al cond itions, th ese  a n tio x 
id an ts  p ro tec t th e  cells an d  tissu es from  oxidative  dam age. On th e  
o th e r  hand , th e  m e a su re m e n t o f ace ty lch o lin esterase  activ ity  
(AChE) has b e en  w id e ly  u sed  as a  specific b io m ark er o f o rgano- 
p h o sp h o ru s an d  ca rb am a te  p estic ides (Fu lton  an d  Key, 2001). 
H ow ever, several s tu d ies  have in d ica ted  th a t  AChE is also  sensitive  
to  o th e r  ty p es o f en v iro n m en ta l co n tam in an ts , such  as p y re th ro ids, 
m eta ls , d e te rg en ts , an d  co m plex  m ix tu res  o f p o llu tan ts  (Gili e t  al., 
1990; Payne e t  al., 1996; G uilherm ino  e t al., 1998, 2000; Badiou 
a n d  Belzunces, 2008).

B iom arkers a re  “ea rly -w a rn in g ” signals reflecting  th e  ad v erse  
biological resp o n ses to w a rd  en v iro n m en ta l c o n ta m in a n ts  th a t  are 
com m o n ly  em p lo y ed  in en v iro n m en ta l q u a lity  a n d /o r  risk  a sse ss
m e n t (Van d e  Oost e t  al., 2003). H ow ever, th e  in te rp re ta tio n  o f  b io 
m ark e r d a ta  is challeng ing  becau se  n a tu ra l v a ria tio n  in 
en v iro n m en ta l factors p robab ly  in fluences en zy m e activ ity  (Pow er 
a n d  Sheehan, 1996). Thus, it is im p o rta n t to  k n o w  a n d  u n d e rs tan d  
th e ir  effects to  avo id  m is in te rp re ta tio n  o f re su lts  in  e n v iro n m en ta l

stud ies . T here  is a  scarcity  o f d a ta  to  su p p o rt th e  a ssu m p tio n  th a t  
en v iro n m en ta l changes includ ing  c o n ta m in a n ts  induce  a m odifica
tio n  o f ox idative  stress  responses in shrim p , lead ing  to  a n  e n 
han ced  su scep tib ility  to  in fec tious d isease. Thus, as th e  first 
co m p reh en siv e  report, th e  p re sen t s tu d y  w as carried  o u t to  in v es
tig a te  th e  com b in ed  effects o f  tem p e ra tu re , sa lin ity  an d  d e lta m e th 
rin  on  som e b io m ark ers  in th e  b lack  tig e r sh rim p  (Penaeus 
m onodon ) u n d e r  lab o ra to ry  conditions.

2. Materials and methods

2.1. Chemicals

D eltam eth rin  (98% purity , M erck) w as d isso lved  daily  in a ce 
to n e  to  p rep are  a  s tock  so lu tio n  o f 0.1 m g m L ~ \

P o tassium  p h o sp h a te  d ibasic  (K2 H P04), p o tass iu m  p h o sp h a te  
m onobasic  (KH2 P 0 4), so d iu m  p h o sp h a te  d ibasic  (Na2 H P04), so
d iu m  p h o sp h a te  m on o b asic  (NaH 2 P 0 4), ace ty lth io ch o lin e  iodide 
(ATCH), 5 ,5 '-d ith io -2 -b is-n itro b en zo a te  (DTNB), bovine se ru m  
a lb u m in  (BSA), trich lo ro ace tic  acid  (TCA), th io b a rb itu ric  acid 
(TBA), m alo n d ia ld eh y d e  (MDA), e th y len e  d iam in e  te tra a c e ta te  
(EDTA), so d iu m  azide  (NaN3), g lu ta th io n e  red u ctase  (GR), reduced  
g lu ta th io n e  (GSH), n ico tin am id e  ad en in e  d in u cleo tid e  red u ced  
(NADPH), 4 -(2 -h y d ro x y e th y l)- l-p ip e ra z in e e th a n esu lfo n ic  acid 
(HEPES), l-c h lo ro -2 ,4 -d in itro b e n ze n e  (CDNB), im idazol, titan y l 
su lfa te  (T i0S 04), tr ito n  X-100, h y d ro g en  perox ide  (H 2 0 2), 5-su l- 
phosalicylic  acid  (SSA) w ere  p u rch ased  from  S igm a-A ldrich  C hem 
icals (G erm any).

2.2. Experim ental animals

The e x p erim e n t w as carried  o u t a t  th e  College o f A quacu ltu re  
a n d  Fisheries, th e  U niversity  o f  Cantho, V iet Nam . Shrim p, average 
w e ig h t o f  12.2 ± 1.7 g, w e re  b ro u g h t from  ex tensive  sh rim p  farm s 
in C am au province. Shrim p w ere  tra n sp o rte d  to  th e  lab o ra to ry  in 
po ly sty ren e  boxes filled w ith  n a tu ra l se a w a te r (21 ppt). Seaw ater 
in each  b o x  w as a e ra te d  d u rin g  tra n sp o rta tio n  by  a  b a tte ry -p o w 
e red  ae ra tio n  p u m p  (Blue R ibbon Vibra-Flo, USA). U pon arrival, 
sh rim p  w ere  acc lim ated  to  lab o ra to ry  con d itio n s in  2  m 3 co m p o s
ite  tan k s filled w ith  21 p p t n a tu ra l a e ra te d  w a te r  a t  3 0 -3 2  °C for 
2 w eeks. D uring th e  acc lim atio n  period , sh rim p  w ere  fed w ith  
com m erc ial sh rim p  feed (35% cru d e  pro te in ), four tim es a  day, 
b u t  w e re  s ta rv ed  1 d  before  s ta rtin g  th e  exp erim en t.

2.3. Shrim p acclimation

A fter 2 w eeks o f acclim ation , sh rim p  w ere  p laced  in ex p e rim e n 
ta l tan k s (capacity  100 L) filled w ith  70 L o f 21 p p t n a tu ra l w ater. 
Stocking d en sity  w as 12 sh rim p  p e r tank . The sa lin ity  w as d e te r 
m in ed  u sin g  a h and  re fra c to m e te r (W estover™  M odel RHS10ATC, 
USA). The w a te r  sa lin ity  in ex p erim en ta l tan k s w as slow ly  in 
c reased  o r d ec reased  by 1.5 p p t every  hour. Salinities h ig h er and  
lo w er th a n  2 1  p p t w e re  o b ta in ed  by ad d in g  n a tu ra l sea  w a te r  o f 
30  p p t o r d e ch lo rin a ted  fresh w ate r. A fter th en , th e  w a te r  te m p e r
a tu re  w as lo w ered  o r e lev a ted  by 0.5 °C p e r h o u r till th e  ta rg e t v a 
lue. The se t-u p  for 2 4  °C w as in  a n  a ir  c o n d itio n ed  room , th e  se t-u p  
for 29  an d  3 4  °C w as m a in ta in ed  w ith  su b m ersib le  th e rm o sta t-  
co n tro lled  h e a te rs  (Ruud, M ontgom ery , AL, USA).

2.4. Experim ental design

T hirty -six  ex p erim en ta l tan k s w ere  o b ta in ed  by com bin ing  
th re e  te m p e ra tu re s  (24, 29  an d  34  °C), tw o  salin ities (15 and  
25 p p t) an d  th e  ab sen ce  o r p resen ce  o f 0.1 pg  L_ 1  d e lta m e th r in  in 
trip lica te . A co n cen tra tio n  o f 0.1 pg  L 1 d e lta m e th r in  w as chosen
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accord ing  to  o u r  p rev ious in v estiga tions sh ow ing  a  sign ifican t p e s
tic ide  effect on  som e en zy m atic  activ ity  o f  b lack  tig e r  sh rim p  (D or
is  e t  al., 2009). All d e lta m e th rin  tre a tm e n ts  an d  con tro ls received  
th e  sam e ace to n e  co n ce n tra tio n  (0.01%). This ace to n e  c o n ce n tra 
tio n  w as b e lo w  th e  no  obse rv ed  effect co n ce n tra tio n  (NOEC) of 
0.1% re p o rte d  by  M ayer (1987). Shrim p w ere  sam p led  before  ex p o 
su re  (day  0) an d  a fte r  4  d  o f  e x p o su re  (4  d  exposure).

D uring th e  ex p o su re  period , w a te r  w as g en tly  s ip h o n ed  o u t d a i
ly an d  rep laced  by freshly  p rep ared  w a te r  u n d e r  th e  sam e co n d i
tions. Shrim p w ere  s ta rv ed  d u rin g  ex p o su re  an d  w ere  su b m itte d  
to  a  n a tu ra l ligh t cycle d u rin g  th e  ex p erim en t. W a te r  sam ples in 
each  ex p e rim e n ta l ta n k  w ere  co llected  daily, 10 m in  an d  2 4  h  a fte r  
th e  w a te r  ren ew a l p rocess for analysis o f  n itra te s  a n d  n itrites . At 
th e  sam e tim e, w a te r  sam ples w e re  co llected  a n d  s to red  a t 
- 2 0  °C for fu r th e r  d e lta m e th rin  analysis. T em p era tu re , d isso lved  
oxygen  an d  pH w ere  checked  tw ice  a  day  u sin g  a  w a te r  q u a lity  m e 
te r  (YSI E nv ironm en ta l 556, USA).

2.5. Sam ple preparation

At each  sam p lin g  tim e, h ep ato p an c reas, gills an d  m uscle  from  5 
sh rim p  p e r ta n k  w ere  co llected  o n  ice, poo led  p e r ta n k  a n d  k ep t a t 
- 8 0  °C u n til assay. T issues w e re  hom o g en ized  in  ice-cold  buffer 
co n ta in in g  50 m M  K H 2PO 4/K 2H PO 4, pH 7.5. P o st-m ito ch o n d ria l 
fractions (PMF) w ere  o b ta in ed  a f te r  c en trifu g a tio n  a t  1 0 0 0 0 g  for 
10 m in  a t  4  °C.

2.6. Biochemical investigations

2.6.1. LPO m easurem ent
LPO w as m easu red  follow ing th e  p ro ced u re  o f  Fatim a e t  al. 

(2000). T issue h o m o g en a te  w as p rec ip ita ted  w ith  TCA an d  reac ted  
w ith  TBA in a bo iling  w a te r  b a th  for 15 m in. A fter cooling  th e  sa m 
ple, th e  abso rb an ce  w as read  a t 535 n m  w ith  a sp e c tro p h o to m e te r 
(M odel B iom ate 5, T herm o Electro, UK). A ca lib ra tio n  curve w ith  
in creas in g  MDA c o n ce n tra tio n  (0 -1 0 0  pM ) a llo w ed  th e  ca lcu la tion  
o f LPO level w h ich  w as ex p ressed  in  n m ol MDA e q u iv a len ts /g  w .w. 
tissue.

2.6.2. Determ ination o f  tGSH
tGSH w as d e te rm in e d  by th e  m eth o d  o f A kerboom  an d  Sies 

(1981). Briefly, w e  u sed  th e  reac tio n  o f red u ced  GSH w ith  DTNB 
th a t  can  be  read  sp ec tro p h o to m etrica lly  a t 412  n m  for 5 m in. The 
ox id ized  form  o f g lu ta th io n e  (GSSG) w as red u ced  back  to  GSH by 
GR in p resen ce  o f  NADPH. The sam ple , a f te r  h o m ogen ization , w as 
d ilu te d  in SSA 5% in a  ra tio  1:1 an d  cen trifu g ed  a t 1000g for 10 m in. 
tGSH c o n te n t w as ex p ressed  as nm ol GSH/g w .w  tissue.

2.6.3. A ntioxidan t enzym e m easurem ents
GPx activ ity  w as assay ed  using  th e  m eth o d  o f M ohandas e t  al. 

(1984). H u n d red  m ic ro lite r PMF w as ad d ed  to  th e  reac tio n  m ix tu re  
co n ta in in g  50 m M  KH2 PO4 /K2 HPO4 , 1 mM  EDTA, 1 mM  NaN3 buffer 
(pH  7.4) a n d  1U mL“ 1 GR, 1 m M  GSH, 0.2 m M  NADPH. A fter 10 m in  
in cu b a tio n  a t 37 °C, th e  overall reac tio n  w as s ta r te d  by  ad d ing  
100 pL o f  0.25 mM  H2 0 2. The decrease  o f ab so rb an ce  a t 340 n m  
w as m o n ito red  d u rin g  5 m in  w ith  a  sp e c tro p h o to m ete r. The e n 
zym e activ ity  w as ex p ressed  as p m o l NADPH o x id ized /m in /m g  
pro tein .

GST a ctiv ity  w as p e rfo rm ed  by  th e  m eth o d  o f H abig e t  al. (1974) 
by  fo llow ing th e  co n ju g a tio n  o f GSH w ith  CDNB a t 340 nm . The 
activ ity  w as ex p ressed  as nm ol CDN B/m in/m g pro tein .

CAT activ ity  w as e s tim a te d  by th e  m eth o d  o f B audhu in  e t al. 
(1964) w ith  som e m odifications. First, a  stock  so lu tio n  o f b lank  
m ix tu re  (BC) w as p rep ared  co n ta in in g  1 g BSA, 100 mL Im idazol 
b u ffer 0.2 M, pH 7.0, 900  mL L_ 1  H2 0 . The q u a n tity  o f  H2 0 2 to  be 
ad d ed  to  BC w as d e te rm in e d  by ad d in g  40  pL o f H2 0 2 30% to

250  mL o f BC (so lu tio n  called  sam ple  m ix tu re  o r SC). 0.75 mL of 
TÍOSO4  w as ad d ed  to  1.3 mL o f  SC, th e n  th e  ab so rb an ce  w as read  
a t  420  n m  an d  m u st be  com p rised  b e tw e e n  0.75 an d  0.95 (th e  
m ax im u m  possib le  abso rbance). The reac tio n  m ix tu re  co n sisted  
o f 1250 pL SC, 25 pL T riton  X -100 0.02%, 25 pL PMF. A fter 6  m in  
in cu b a tio n  a t  0 °C, 750 pL o f T i0 S 0 4  w as ad d ed  to  s to p  th e  reac 
tion . The abso rb an ce  w as reco rded  a t  420  nm . One u n it o f activ ity  
is defined  as th e  a m o u n t o f enzym e cau sin g  th e  d e s tru c tio n  o f 90% 
o f th e  su b s tra te  in  1 m in  u n d e r  th e  assay  condition .

2.6.4. AChE m easurem ent
AChE activ ity  w as m easu red  using  a  m odified  v e rsio n  o f a  co lo r

im e tric  tech n iq u e  desc rib ed  by E llm an e t al. (1961). The reac tio n  
m ix tu re  w as p rep ared  in 50 m M  o f so d iu m  p h o sp h a te  b u ffer pH
7.4 co n ta in in g  ATCH an d  DTNB a t a  final co n ce n tra tio n  of
1.5 m M  an d  150 mM, respectively . Fifty m ic ro lite r o f  PMF w as 
ad d ed  to  s ta r t  th e  reac tion . AChE activ ity  w as reco rd ed  at 
412  n m  for 10 m in. AChE activ ity  w as ex p ressed  in  nm ol o f h y d ro 
lysed  ace ty lth io ch o lin e  io d id e /m in /m g  pro tein .

2.6.5. Protein estim ation
P ro te in  co n cen tra tio n  w as d e te rm in e d  follow ing th e  m eth o d  of 

Lowry e t al. (1951), u sin g  BSA as a  stan d ard .

2.7. Determ ination o f  deltam ethrin in w a ter  and shrim p muscle

D eltam eth rin  w as e x tra c te d  from  w a te r  sam ples by  solid  phase 
e x trac tio n  acco rd ing  to  th e  m eth o d  describes by  De la Colina e t  al. 
(1996) u sin g  a Supelco Supelclean™  E nvi-18 SPE tu b es  6  mL (1 g) 
(Supelco, Bellefonte, PA, USA). D e ltam eth rin  re ta in e d  on  th e  co l
u m n  w as e lu te d  w ith  5 mL o f an  iso o c tan e :e th y l a ce ta te  so lu tio n  
(85 :15 , v:v). D e ltam eth rin  w as ex tra c te d  from  sh rim p  m uscle  by 
m ean s o f 4  mL o f a c e to n itr ile :w a te r  so lu tio n  (2.5 :1 .5 , v:v). For 
w a te r  sam ples, th e  final e lu tio n  w as ev ap o ra te d  u n d e r  a  g en tle  
s tre am  o f n itro g en  to  a  vo lu m e o f 50 pL u sin g  a  Supelco Visidry™  
24. For sh rim p  sam ples, th e  final e lu tio n  w as ev ap o ra te d  w ith  a 
Z ym ark T urbo Vap® LV e v ap o ra to r ju s t  to  d ryness. The purified  ex 
tra c t w as an a ly sed  by h igh  re so lu tio n  gas ch ro m a to g rap h y  u sin g  a 
T herm o  Q uest T race 2000  gas ch ro m a to g rap h  eq u ip p ed  w ith  a  Ni63 

ECD d e te c to r  (T herm o Q uest, M ilan, Italy) an d  an  a u to sam p le r  for 
liqu id  sam ples T herm o Q uest AS 2000  (T herm o Q uest, M ilan, Italy). 
Two m ic ro lite r o f th e  so lu tio n  w as in jec ted  by m ean s o f a  cold “on 
co lu m n ” in jector. The chem icals w ere  se p a ra ted  o n  a 
30  m  X 0.25 m m  (0.25 p m  film  th ick n ess) R estek Rxi-5 m s cap il
lary  co lu m n  (Restek, Bellefonte, PA, USA). Iden tifica tion  an d  q u a n 
tifica tio n  o f d e lta m e th rin  w ere  p e rfo rm ed  u sin g  th e  C hrom card  2.2 
(Fisons In stru m en ts , T herm o Q uest, M ilan, Italy) so ftw are  for W in 
dow s. Q uan tifica tion  w as pe rfo rm ed  u sin g  th e  in te rn a l s tan d ard  
m eth o d . The lin ea r ca lib ra tio n  curve for w h ich  co n cen tra tio n s  ra n 
ged from  5 to  100 pg pL“ 1 w as p rep ared  w ith  certified  ca lib ra tio n  
stan d ard s . The recovery  efficiency w as 64.2%. The lim it o f  q u a n tif i
ca tio n  o f d e lta m e th rin  w as 1.7 ng L 1 (p p t) o f w a te r  sam ples an d  
0.5 ng g “ 1 (ppb) o f m uscle  fresh  w eigh t.

2.8. Statistical analysis

D ata w ere  ex p ressed  as m ean  ± s ta n d a rd  d ev ia tio n  (SD). The 
e x p erim e n t w as desig n ed  for analysis u sin g  a  re p ea te d  m easu res 
analysis o f va rian ce  ( th ree -w a y  ANOVA) w ith  a  significant level 
o f  0.05 to  d e te rm in e  th e  effects o f tim e, tem p e ra tu re , sa lin ity  an d  
d e lta m e th rin  as w ell as th e ir  in te rac tio n . In case o f  significant 
in te rac tio n  d e te c te d  w ith  th e  ANOVA tes t, a  m u ltip le  co m p ariso n  
te s t  (F isher LSD te s t)  w as pe rfo rm ed  to  ex am ine  d ifferences b e 
tw e e n  groups. This m odel, su m m arized  by  Paine (1996), w as ch o 
sen  becau se  o f th e  re p e titiv e  sam p lin g  w ith in  th e  sam e tanks, 
m ean in g  th e  n o n -in d ep en d en ce  o f th e  g roups. The v a ria tio n  o f b io 
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m ark e r levels w as assessed  as a  re su lt o f co m b in ed  factors: te m 
p e ra tu res  (24, 29  an d  34 °C), sa lin ities (15 an d  25 ppt), d e lta m e th 
rin  (0 an d  0.1 p g L “ 1), rep lica te  tan k s (w ith in  trea tm en ts ) , 
sam p lin g  tim es w ith in  rep lica tes (day  0 and  4  d exposure). D ata 
w ere  first checked  for n o rm ality  (S h ap iro -W ilk ’s te s t)  an d  h o m o 
g en eity  o f va rian ce  (Levene tes t). All te s ts  w ere  p e rfo rm ed  u sing  
th e  so ftw are  S ta tistica  5.5 (StatSoft, Inc., 2000).

3. Results

3.1. W ater quality

T h ro u g h o u t ex p erim en t, w a te r  q u a lity  p a ram ete rs  ran g ed  from  
6 . 8  to  7.0 m g L“ 1 for d isso lved  oxygen, an d  from  8.1 to  8.2 for pH. 
Salinity  w as com p rised  b e tw e e n  14.9 and  15.1 (n o m in a l 15 ppt), 
an d  b e tw e e n  24.9 an d  25.1 (n o m in a l 25 ppt). T em p era tu re  ranged  
from  23.7 to  24.1 °C (n o m in a l 24  °C), fro m  28.8 to  29.0 °C (nom inal 
29  °C), an d  from  33.8 to  34.0 °C (n o m in a l 34 °C). N itra tes an d  n i
tr ite s  ranged  from  1.6 to  2.0 m g L“ 1 a n d  from  0.03 to  0.05 m g L_1, 
respectively . M ean va lues o f th ese  p a ram e te rs  w ere  n o t signifi
can tly  d ifferen t am o n g  tre a tm e n ts  a t  any sam p lin g  tim e  (p > 0.05).

3.2. Deltam ethrin concentration in w ater and in shrim p muscle

D eltam eth rin  co n cen tra tio n  in  w a te r  w as 0 .12 ± 0.02 pg  L“ 1 

a f te r  10 m in, b u t  d ro p p ed  sign ifican tly  a fte r  24  h  w h e n  it w as only 
70%, 28% a n d  16% o f th e  co n ce n tra tio n  m easu red  a f te r  10 m in  a t 
24  °C, 29  °C a n d  34  °C, respectively . The co n cen tra tio n s  o f  th is  p e s 
tic ide  in  m uscle  o f sh rim p  w ere  u n d e r  th e  lim it o f  q u an tifica tio n  
(L O Q =0.5  n g g “ 1 for d e lta m e th rin )  in all tre a tm e n t  g roups a t all 
sam p lin g  tim es.

3.3. Oxidative stress

LPO level in  h ep a to p an c reas  w as sign ifican tly  a ffec ted  (genera l 
increase  p a tte rn ) d u rin g  th e  4  d  e x p erim e n t (p = 0.001 ) in all t r e a t 
m en ts , w h ile  th e re  w as no  effect in gills. R epeated  m easu re s ANO
VA revea led  th a t  th e  in te rac tio n  b e tw ee n  tim e, tem p e ra tu re , 
sa lin ity  an d  d e lta m e th rin  w as n o t sign ifican t e ith e r  in  gills o r in  
h ep a to p an c reas  (Table 1).

GST activ ity  w as w eak ly  affected  by  tim e  in gills (p = 0.04) w h ile  
a h ighly  sign ifican t d ecrease  w as obse rv ed  over tim e  in h e p a to p a n 
creas (p = 0.0004). None o f th o se  tim e  effects w as d e p en d e n t on  
salin ity , te m p e ra tu re  o r d e lta m e th rin  (Table 1).

In h ep ato p an c reas, GPx activ ity  w as affec ted  by  tim e  
(p = 0 .0 0 0 0 2 ) and  w eak ly  affec ted  by th e  com b in ed  effects o f  tim e, 
te m p e ra tu re  an d  d e lta m e th rin  ex p o su re  (p = 0.04) (Table 1 ). For all

tre a tm e n t  g roups b u t th e  unex p o sed  sh rim p  a t 24  °C, GPx activ ity  
w as sign ifican tly  low er a f te r  4  d  ex p o su re  co m p ared  to  day 0 
(Fig. 1), suggesting  th a t te m p e ra tu re s  o f  29  a n d  3 4  °C can  a lte r  
GPx activ ity  in d ep e n d en tly  o f chem ical. The fact th a t  th is effect 
w as no t obse rv ed  in  u n ex p o sed  sh rim p  a t 24  °C w hile  it w as o b 
served  a fte r  d e lta m e th rin  exposure , in d ica tes th a t, a t  th is te m p e r
a tu re , GPx activ ity  w as m ain ta in ed  a t a no rm al level b u t can  be 
im p a ired  by pestic ide  exposure .

A sign ifican t in te rac tio n  am o n g  tim e, tem p e ra tu re , sa lin ity  and  
p estic ide  (p = 0 .018) w as o bserved  for gili tGSH (Table 1). In th is o r
gan, w e  rep o rted  a n  increase  o f tGSH a f te r  4  d  exp o su re  for all 
tre a tm e n ts . H ow ever, a t  34  °C, th e  increase  w as h ig h er for sh rim p  
exp o sed  to  d e lta m e th r in  co m p ared  to  th e  u n ex p o sed  shrim p, in d i
ca tin g  a p estic ide  effect (Fig. 2a). In th e  sam e w ay, sa lin ity  in te r
fered  w ith  d e lta m e th r in  a fte r  4  d  ex p o su re  since th e  tGSH 
increase  in  d e lta m e th rin  t re a te d  sh rim p  w as sign ifican tly  h igher 
a t  25 p p t th a n  a t 15 p p t (Fig. 2b). In h ep ato p an c reas, tGSH also in 
c reased  d u rin g  th e  4  d  ex p o su re  in all co n d itions (p = 0 .00008) and  
a  sligh t b u t  significant in te rac tio n  b e tw e e n  tim e, d e lta m e th r in  and  
te m p e ra tu re  (p = 0.048) w as observed . In Fig. 2c  w e obse rv ed  th a t  
th e  tGSH level w as h igher a f te r  4  d  ex p o su re  th a n  in day 0, b u t th a t 
th is  level w as ev en  sign ifican tly  h ig h er for sh rim p  m ain ta in ed  a t 
3 4  °C a n d  exp o sed  to  d e lta m e th r in  th a n  for sh rim p  exposed  a t 29 
an d  24  °C, suggesting , as in  gills, th a t d e lta m e th rin  in creased  th e  
tGSH level in h ep a to p an c reas  a t  34  °C.

CAT activ ity  in gills w as sligh tly  sign ifican t affec ted  by th e  co m 
b in ed  effects o f tim e, tem p e ra tu re , sa lin ity  an d  d e lta m e th r in  
(p = 0.04) (Table 1 ). In teractio n s am o n g  tim e, te m p e ra tu re  an d  d e l
ta m e th r in  (p = 0 .0 2 ) a n d  am o n g  tim e, sa lin ity  an d  d e lta m e th r in  
(p = 0.04) a re  sh o w n  in Fig. 3a  an d  b. D espite  a  h igh  variability , 
th e  rep ea ted  m easu res ANOVA d e te c te d  th a t  d e lta m e th rin  tre a te d  
sh rim p  p re sen te d  a fte r  4  d  ex p o su re  a sign ifican t lo w er CAT activ 
ity  a t  34  °C only, an d  a t 25 p p t only, co m p ared  to  day  0. In h e p a to 
pancreas, CAT activ ity  w as affec ted  by  th e  co m b in ed  effects o f 
tim e, sa lin ity  an d  d e lta m e th rin  (p = 0.01 ). Its a ctiv ity  d ecreased  
w ith  d e lta m e th rin  ex p o su re  a t  15 p p t on ly  (Fig. 4).

3.4. AChE activity

The c o m b in a tio n  o f tim e  and  d e lta m e th r in  in d u ced  h ighly  signif
ican t effects on  AChE in m uscle  (p = 0.00008). Its ac tiv ity  w as d e 
c reased  o v er tim e  in  b o th  co n tro l an d  exp o sed  sh rim p  (Fig. 5). 
H ow ever, th e  activ ity  d ep le tio n  w as m ore  p ro n o u n ced  for th e  
sh rim p  exp o sed  to  d e lta m e th rin , in d ica tin g  a n  in h ib itio n  o f AChE 
activ ity . M oreover, w e  cou ld  n o t re p o rt any  sign ifican t effect o f  te m 
p e ra tu re  an d  salin ity , n e ith e r  any  in te rac tio n  o f tim e  or d e lta m e th 
rin  ex p o su re  w ith  th ese  b o th  p a ram ete rs . This ind ica tes th a t  th e  
effect o f  th e  pestic ide  w as in d ep e n d en t o f  te m p e ra tu re  an d  salinity.

Table 1
The in terac tion  o f tem pera tu re , salin ity  and d e ltam eth rin  (0.1 ug I. 1 ) on b iom arker responses.

LPO GST GPx tGSH CAT AChE

Gills Hp. Gills Hp. Hp. Gills Hp. Gills Hp. Gills Muscle

Pest. ns ns ns ns ns p = 0.0049 p = 0.0003 ns p = 0.04 ns p = 0.001
Temp. X Pest. ns ns ns ns ns p = 0.00001 p = 0.002 ns ns ns ns
Sal. X Pest. ns ns ns ns ns ns ns ns ns ns ns
Temp. X Sal. x Pest. ns ns ns ns ns ns ns ns ns ns ns
Time ns p = 0.001 p = 0.04 p = 0.0004 p = 0.00002 p = 0.00002 p = 0.00008 ns p = 0.04 p = 0.00001 p = 0.00005
Time x Pest. ns ns ns ns ns ns p = 0.03 ns ns ns p = 0.00008
Time x Temp, x Pest. ns ns ns ns p = 0.04 p = 0.0005 p = 0.048 p = 0.02 ns ns ns
Time x Sal. x Pest. ns ns ns ns ns ns ns p = 0.04 p = 0.01 ns ns
Time x Temp, x Sal. x Pest. ns ns ns ns ns p = 0.018 ns p = 0.04 ns ns ns

ns: n o n -s ign ifican t effec ts o r in te rac tion .
Pest.: p es tic ide ; Tem p.: te m p e ra tu re ; Sal.: salin ity ; Hp.: h ep a to p an creas .
LPO: lip id  perox id a tio n ; GST: g lu ta th io n e  S -transferase ; GPx: g lu ta th io n e  perox idase; 
tGSH: to ta l g lu ta th io n e ; CAT: ca ta la se ; AChE: ace ty lcho linesterase .
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GPx in hepatopancreas
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Fig. 1. GPx ac tiv ity  in  b lack  tig e r sh rim p  h ep a to p an c re as  as affec ted  by th e  in te rac tio n  o f tim e, te m p e ra tu re  and  d e ltam e th rin . D ata a re  rep o rted  as m e an  ± SD (n = 3). 
D ifferen t le tte rs  above bars  in d ica te  significant d ifferences (p < 0.05).

In gills, th e re  w as no  in te rac tio n  effect a m o n g  th ese  factors w h ereas 
a  sign ifican t tim e  effect w as rep o rted  (Table 1 ). AChE activ ity  w as 
d ec reased  over t im e  in  b o th  co n tro l a n d  exp o sed  shrim p.

4. Discussion

The co m b in ed  effects o f tem p e ra tu re , sa lin ity  an d  to x ican t w ere  
stu d ied  in  th e  g rass sh rim p  (Palaemonetes pugio ) (H ow ard  and  
Hacker, 1990), in Zooplankton (H eugens e t  al., 2001), a n d  recen tly  
in th e  ro tife r (Brachionus rotundiform is) (G am a-Flores e t al„ 2005).

In th e  p re sen t study, w e te s te d  th e  in te rac tio n  effects o f  realis tic  
co n ce n tra tio n  o f d e lta m e th r in  w ith  te m p e ra tu re  an d  sa lin ity  th a t  
can  be e n co u n te re d  in sh rim p  po n d  d u rin g  a no rm al a n n u a l cycle. 
O ur resu lts  suggest th a t  d e lta m e th r in  affects som e b io m ark ers  in  a 
te m p e ra tu re  a n d /o r sa lin ity  d e p e n d e n t m an n er. tGSH level and  
CAT activ ity  are  th e  m o st e v id en t b io m ark ers  jo in tly  a ffec ted  by 
th e  s tu d ied  p y re th ro id  an d  ab io tic  factors. H igher tGSH levels in 
gills a n d  h e p a to p an c reas  w ere  rep o rted  in sh rim p  exp o sed  to  d e l
ta m e th r in  a t  th e  h ig h est te s te d  tem p e ra tu re , i.e. 34  °C, b u t n o t a t 
29  °C a n d  24  °C. This cou ld  be  d u e  in  p a r t to  th e  n ecessity  o f  th is 
tis su e  to  cope w ith  a n  ox idative  stress, by  u sin g  GSH as a  co -fac to r 
for a n tio x id an t en zy m es o r a lte rn a tiv e ly  to  b in d  ROS, suggesting  
th a t  d e lta m e th rin  can  induce  a n  ox idative  stress  a t 34  °C. In p a ra l
lel, CAT activ ity  w as im p a ired  in gills by  d e lta m e th r in  ex p o su re  a t 
3 4  °C only. This re su lt s tre n g th e n s  th e  possib ility  o f a n  ox idative  
stress  in d u c tio n  d u e  to  th e  co m b in ed  effect o f d e lta m e th r in  and  
h igh  tem p e ra tu re . The reaso n  could  be a n  e n h an ced  ROS p ro d u c 
tio n  ex p la in ed  by  th e  in ten sifica tio n  o f re sp ira tio n  a t h igh  te m p e r
a tu re , re su ltin g  in  a  h ig h er ox idative  stress (R ajagopal e t  al„ 2005). 
M oreover, Laskow ski (2002) sh o w ed  th a t  te m p e ra tu re  has a  d irec t 
im p ac t on  th e  d eg rad a tio n  o f d e lta m e th r in  as w ell. In c o n tra s t to  
b io m ark er resp o n ses in sh rim p  a t e lev a ted  tem p e ra tu re , th e  actu al 
co n ce n tra tio n  o f d e lta m e th r in  in  w a te r  d ec reased  rap id ly  24 h 
a f te r  th e  w a te r  ren ew a l u n d e r  o u r  ex p erim en ta l conditions. This 
decrease  w as co rre la ted  to  th e  te m p e ra tu re  an d  w as m ore  p ro 
n o u n ced  a t  3 4  °C (16% o f th e  c o n ce n tra tio n  m easu red  a t 10 m in). 
R esults have a lso  b e en  rep o rte d  by  Shi e t  al. (2007), w h o  in d ica ted  
th a t  d e lta m e th r in  has a  sh o rt half-life an d  is fairly rap id ly  d e 
g rad ed  in w a ter. H aug an d  H offm an (1990) sh o w ed  th a t  d e lta 
m e th rin  has a  h igh  to x ic ity  to  a q u a tic  an im als  u n d e r  lab o ra to ry  
cond itions. H ow ever, in field condition , d u e  p a rtly  to  rap id  a d so rp 
tio n  o f d e lta m e th rin  o n to  sed im en t an d  ev apora tion , it does no t

ex h ib it th e  sam e level o f  toxicity . M oreover, w e  found  th a t  d e lta 
m e th r in  resid u e  in sh rim p  tis su e  w ere  u n d e r  th e  lim it o f  q u a n tif i
ca tio n  a t  4  d  o f  exposure . T hese re su lts  a re  in acco rdance  w ith  
Spehar e t  a l.(1983) a n d  M orolli e t al. (2006) w h o  in d ica ted  th a t 
d e lta m e th rin  w as rap id ly  e lim in a ted  from  red  sw am p  crayfish  
(Procambarus clarkii) a n d  co m m o n  carp  (Cyprinus carpio) tissu es 
a f te r  th e  ex p o su re  ended .

W e sh o w ed  th a t  p estic ide  ex p o su re  d ecreased  GPx activ ity  in 
h ep a to p an c reas  a t  2 4  °C, th e  lo w est te s te d  tem p e ra tu re , w h ile  4  d 
e x p o su re  a t  29  a n d  34  °C seem ed  to  decrease  its ac tiv ity  in d ep e n 
d e n tly  o f th e  pestic ide. This finding is, in  part, su p p o rted  by th e  w o rk  
o f K au sh ik an d  K aur (2003), w h o  found  a  d ecrease  in GPx in  th e  h e a rt 
an d  liver o f th e  co ld -s tre ssed  ra ts. A red u ced  GPx activ ity  in th e  p re s 
e n t s tu d y  ind ica tes th e  possib le  d ecreased  cap acity  to  scavenge 
hy d ro g en  perox ide  p ro d u ced  in th is  tis su e  u n d e r  co m b in ed  effects 
o f  d e lta m e th r in  a n d  low  te m p e ra tu re  o f 24  °C. H ow ever, th is  re su lt 
cou ld  also  be due  to  th e  s tro n g  d eg rad a tio n  o f d e lta m e th rin  w ith  
in creas in g  tem p e ra tu re , w h ich  cou ld  re su lt in a n  in d irec t im pact 
o f  te m p e ra tu re  on  d e lta m e th rin  toxic ity . Therefore, th e  te m p e ra 
tu re -d e p e n d e n t tox ic ity  o f d e lta m e th rin  seem s to  be  re la ted  to  th e  
b io m ark er tes ted . In th e  sam e w ay, Chiu e t  al. (1990) in d ica ted  th a t, 
in som e cases, th e  tox ic ity  o f  p y re th ro id  m ay  change  w ith  increasing  
tem p e ra tu re , in th e  range  o f  3 0 -3 8  °C, p a rtly  due  to  a n  in creased  
stress  o f th e  an im als a t  h igh  tem p e ra tu re .

CAT activ ity  in gills w as m o d u la ted  n o t on ly  by  te m p e ra tu re  b u t 
a lso  by salin ity . Its activ ity  w as found  to  be  sign ifican tly  d ecreased  
in gills o f  sh rim p  exp o sed  to  d e lta m e th rin , b u t on ly  a t  34  °C an d  a t 
25 ppt. This cou ld  be  d u e  to  th e  flow  o f su p erox ide  radicals, w h ich  
have b een  rep o rted  to  in h ib it CAT activ ity  (Kono an d  Fridovich, 
1982). The re la tio n sh ip  b e tw e e n  sa lin ity  an d  to x ic ity  o f x en o b io t- 
ics is still re la tive ly  unclear. B recken-Folse e t  a l.(1994) ind ica ted  
th a t  severa l p estic ides seem  to  have a n  in creased  to x ic ity  for grass 
sh rim p  (Palaemonetes spp.) a t h igh  salin ity . W hile C ynthia an d  Cari 
(1990) rep o rte d  th a t  a  d ecreased  sa lin ity  re su lted  in  an  increase  in 
n e t u p tak e  o f cad m iu m  in  g rass shrim p, th e re fo re  bo o stin g  its to x 
icity. O’H ara (1973) re p o rte d  th a t  an im als  m u s t increase  sa lt u p 
tak e  in  o rd e r to  m ain ta in  a  h y p ero sm o tic  ba lan ce  u n d e r  low  
salin ities. In th e  p re sen t study , th e  d ecreased  CAT activ ity  in 
sh rim p  h ep a to p an c reas  w as obse rv ed  a t 15 ppt, possib ly  assoc i
a te d  w ith  en ergy  co st o f  o sm o reg u la tio n  in co n ju n c tio n  w ith  d e lta 
m e th r in  co n tam in a tio n . The isosm otic  p o in t o f th is  species is 
7 5 0 m o sM  k g ~ \ eq u iv a len t to  25 p p t (C heng a n d  Liao, 1986). In 
th e  p re sen t study , w e  also  found  th a t  a t  25 p p t CAT activ ity  de-
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Fig. 2. tGSH in  b lack  tig e r sh rim p  gills as  affec ted  by th e  in te rac tio n  o f tim e, te m p e ra tu re  and  d e l ta m e th rin  (a) an d  by th e  in te rac tio n  o f tim e, salin ity  an d  d e lta m e th rin  (b). 
tGSH in  b lack  tig e r sh rim p  h ep a to p an c re as  as  affec ted  by th e  in te rac tio n  o f tim e, te m p e ra tu re  an d  d e lta m e th rin  (c). D ata a re  rep o rted  as m e an  ± SD (n = 3). D ifferen t le tte rs  
above b ars  ind ica te  sign ifican t d iffe rences (p < 0.05).

c reased  sign ifican tly  b u t  th e  tGSH in creased  in gills o f  sh rim p  e x 
po sed  to  d e lta m e th rin , su g g estin g  th a t  th e  sa lin ity  cou ld  induce 
ox idative  stress.

For th e  o th e r  te s te d  b iom arkers , LPO, GST an d  AChE, w e could  
n o t p o in t o u t an y  sign ifican t in te rac tio n  b e tw e e n  d e lta m e th rin

ex p o su re  an d  te m p e ra tu re  a n d /o r  salin ity . M oreover, for all b io 
m ark ers  ex cep t LPO an d  CAT in gills, w e  obse rv ed  significant 
changes o f th e  resp o n ses in a lm o st all tre a tm e n ts  b e tw e e n  day 0  

an d  day  4, m o st im p o rtan tly  in clud ing  th e  co n tro l tre a tm e n t. This 
is p a rticu la rly  strik in g  in  th e  case o f tGSH w h e re  th e  ev a lu a tio n
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w as u p  to  a n  o rd e r o f  m ag n itu d e  h ig h er a t  day  4  co m p ared  to  th e  
s ta r t  o f  th e  ex p erim en t. The co n tro l tre a tm e n ts  w ere  se t-u p  to  
d e te rm in e  th e  effects o f  te m p e ra tu re  a n d  sa lin ity  an d  h and ling  
stresso rs  on  b io m ark ers  o ver th e  ex p erim en ta l p eriod  so d e lta 
m e th r in  in duced  effects cou ld  be d is tin g u ish ed  from  n o n -tox ic  
s tresso rs . In th e  p re sen t study , no  sign ifican t d ifferences in  b io 
m ark e r resp o n ses w ere  found  a t th e  s ta r t o f  e x p erim e n t (day  0 ) 
w ith in  all tre a tm e n ts , w h ile  sign ifican t d ifferences w ere  found  b e 
tw e e n  day  0 an d  day  4  in con tro ls. It is also  possib le  th a t  o th e r  fac
to rs  such  as s ta rv a tio n  a n d /o r  han d lin g  affec ted  b iom arkers . 
Therefore, th e  tru e  m ag n itu d e  o f d e lta m e th rin  in d u ced  effects 
cou ld  be m ask ed  b ecau se  th e  b io m ark er had  a lread y  b e en  s tim u 
la ted  by  tem p e ra tu re , sa lin ity  an d  h an d lin g  stress.

AChE activ ity  in h ib itio n  is w ell k n o w n  as a  b io m ark er ind ica ting  
th e  effect o f n eu ro to x ic  su b stan ces (Talesa e t al., 1992). Only few  
s tu d ies have b e en  rep o rted  reg ard in g  th e  effect o f p y re th ro id s on  
AChE. G enerally  a  re d u c tio n  o f activ ity  w as obse rv ed  a f te r  in to x ica 
tio n  a t  su b le th a l co n cen tra tio n s . For exam ple, Reddy e t  al. (1991), 
a f te r  a d m in is tra tio n  o f su b le th a l co n cen tra tio n s  o f  cyp erm eth rin , 
o b se rv ed  a d ecrease  o f  29% o f AChE activ ity  in th e  b ra in  tis su e  of 
fre sh w a te r te le o s t (Tilapia mossambica), w h ile  Szegletes e t al. 
(1 9 9 5 ) sh o w ed  a 20% decrease  in  th e  p lasm a  o f  carp  (C. carpio L.) 
exp o sed  to  d e lta m e th rin . M oreover, B alint e t  al. (1995) also  found 
a 70-90%  decrease  in AChE activ ity  in b ra in , h eart, b lood, liver and  
sk e le ta l m usc le  o f  carp  (Cyprinus carpio L.) a fte r  5 d  ex p o su re  to  
d e lta m e th rin . Badiou a n d  B elzunces (2008) exp la in ed  th a t  th e  ef
fect o f  p y re th ro id s o n  AChE activ ity  cou ld  re su lt from  a m o d u la tio n  
o f AChE b iosy n th es is  by  in creas in g  th e  level o f th e  sec re ted  so luble  
fo rm  an d  decreas in g  th e  AChE ad d ressed  to  cellu la r m em brane . 
T em p era tu re  a n d  sa lin ity  have b e en  sh o w n  to  in fluence AChE 
activ ity  in som e species such  as b luegills (Lepomis macrochirus), 
roach  (Rutilus rutilus L.) a n d  Jap an ese  m ed ak a  (Oryzias latipes) (H o
gan, 1970; Chuiko e t al., 1997; El-Alfy an d  Schlenk, 1998). In th e  
p re se n t study , AChE in m uscle  w as strong ly  in h ib ited  by d e lta 
m e th r in  a t all te s te d  te m p e ra tu re s  an d  salin ities, suggesting  th a t  
th e  a sse ssm e n t o f AChE activ ity  in sh rim p  m uscle  m ig h t be  ad v an 
tag eo u s as a  b io m ark er b ecause  its a c tiv ity  seem s n o t to  d ep en d  
u p o n  te m p e ra tu re  a n d  salinity .

5. Conclusions

D eltam eth rin , b ecause  o f  its beneficia l fea tu res , has a ttrac ted  
sh rim p  farm ers to  u se  it for p e s t con tro l. The p re sen t s tu d y  e m p h a 
sizes th e  fact th a t  th is  pestic ide  can  affect som e b io m ark ers  o f  ox i
d a tiv e  stress  as w ell as AChE in sh rim p  exp o sed  u n d e r  lab o ra to ry  
con d itio n s a t  realis tic  level, su g g estin g  a n  in creased  g en era l stress 
level in an im als tre a te d  w ith  th is p y re th ro id . M oreover, s tro n g  
in te rac tio n s b e tw e e n  d e lta m e th r in  ex p o su re  an d  te m p e ra tu re  
a n d /o r  salin ity , m o stly  on  GPx, tGSH an d  CAT, h igh ligh t th e  n eces
sity  to  m o n ito r th o se  b io m ark ers  jo in tly  w ith  ab io tic  pa ram ete rs . 
In th is  w ay, d e lta m e th rin , ev en  if it is d eg rad ed  a t  34  °C, seem s 
to  induce  a n  ox idative  stress  a t  th is  tem p e ra tu re , a t  least v ia  CAT 
inh ib ition . It com es o u t o f th is s tu d y  th a t  AChE activ ity  in  m uscle  
cou ld  be th e  m o st ap p ro p ria te  b io m ark er o f d e lta m e th rin  ex p o su re  
since w e obse rv ed  a n  in h ib itio n  d u e  to  th e  p estic ide  in d ep en d en tly  
o f te m p e ra tu re  a n d  salin ity . To avoid  m is in te rp re ta tio n  o f b io 
m ark e r responses, th e  s tu d y  p re sen te d  h ere  is th e re fo re  a n  e sse n 
tia l p re lim in a ry  step  before  u sin g  b io m ark ers  to  assess 
co n ta m in a n t ex p o su re  in  th e  b lack  tig e r shrim p.
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