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Abstract

(formerl-¥/,1De@ltT; 0o0%c Aarin

Carbofuran is a broad spectrum pesticide used iin
the worl d. It is one of the deadly toxic carbamat e p
enzyme of nervous system known as acetyl cholinestieras
increases the different spectrum of chol esterol s, :incl
fish hepatocytes. I t ciho | @lss emrweé d ctamati nihndbuided he- ehzym
ATPase, whi ch i s a critical protein for mai nt aji nir
mi croenvironment . Carbofuran i ntegrates into humadn b
carbofuran is identified in our daily f oddPasae dbreit:lwlese,r
the fish and human, so our data can illuminate the ef

studying the homology with the help of bioinformatiics,
in the protein -AtBasacbhbebAel€artdp rsenu satneds hfud#msw/a/(/ss)pi:ens
which appears as suffi onoaert tdat ai mwl ahtuemaour Tfiish st uc
carbofuran aftfaeacyt sl iofuer bdya yiAmtPialsiet itrhg o@a++ modul at i ojn of
critical regul atory system that controls overall hbmeo
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IRunni ng Ctairtblod :ur an ab—ABBa!;e:s Ca++

I ntroducti on products of <carbofuran are re
therefore excrete from our bo
Carbofuran (trade name i s kfnowd ceadm)e iaboahethbe cmbbul ar
commonly used pesticide i mheager ipcrud dwcrtasl i fni etlhdes hampdat oc
domestic places [1]. The meéehaxi 8imc atfi dart.s Itrmo xti i sa crhd s «
i s medi ated through irrevdridiftelreenbi nmatngbodfitas crimmci alub
enzyme of nervous systendetkonxoiwni c aatsi o mm,c esydh as, nucl
cholinesterase, which breaksdt membhcahgl bgohigéd pneasat i
acid and choline i n phys(KlPlbo@) c aMe mbhSBtPemE2ai+ss dme of
extended half life of car bedaymeas otnhathewosrok | i ecbblsg s £aho
makes it mor e venerabl e dmd diaspermasea tfrecmhomaestasi s
ecosystem to ot her [ 1] . [Sur, ABilsi n@liys,r uptAiridBaesse o0 folfe £ 3 -
carbofuran wer e detected dy sntéegeulfadadsn afd mdniynlss gnal i
which is conmagdamedndawr Il i freesu3 t4.,im] .apblpe osi s of <cell s
bi ochemical structure of camsbbbbiuanani si nshiiAliPteasy e t e $ iICai+or
hor mone with an organic benzpredrewundIl ¢gus nwhtihceh cmalkteusr ed ¢
it a more I|lipophilic compoiumde §t6ijgatNienng stthia-ATPmoeabedweé
t hat carbofuran can di sr ufpité/et b e opsnteeursa¢ireds huwsiwaemo h ssa p/ en
homoeostasi s by binding i twse relteeortwad anldbati ndbhereg ia® a
mo ¢ k signaling [ 1] . Abnormmdlwe espetrhneseotwbdb swesi es, i N
observed wupon intake of c abreb odiumwalnatiend rwaitt hmohduenha n[ 7s]y.st e
Chronic exposure to this piensdtiiccaitdeed deheamedpetsda i ekdets hav
carcinogenic ef fect &n wtohm® a bATORasien amadat ven vy, however,
[ 5,7, 8]. A mood disorder wmsecbhbbasesmefil7pl8he9pat Want e, s
which might be due to its mobliddulyarof me afmamiidmng weo odcseet
cholinesterase, a critical iemdauyxma itrheo wsrp erced rrwanss osfy sctheorh e
[ 9] . The acute toxicity ofmembrbaodfea.r anThies fedteavlattead huamah
and animals i f exposed in hieglpodhecd d.l eT hfoaursanke aft tkeinucdg i
and wild animals die due tATRagestaicamn vot ygr awuurl aob$§er ma
of carbofuran in agricul t urmelc hfainéglsdns o[f1 0la.r bof uran t oxi ci
useful pesticides being utili:
The detoxification of <car ba@amhadr adno noecsctuircs pmod thet 4.i verT.heOl
| aboratory reported that cyamlednfr oman PAb&iaemight baer b
involved in degradation of wathées pestl dci dAdETiPiaisteh &/p eat Greoydtud
[11,12,13]. The mechani sml iopi dd esgyrnat dhaetsiiosn ot s i tasl smmet abol
associated wi t h t he i nduc€taiten hoonfe o steaveirali nclti viercal
pat hways including, PI'3 kinase, PKC, and HSP70 [12].
There ar e l ot s of report indicated that , upon
met abol i sm, carbokatan cprbdticean 3 0/ 2yaydsSiko 2y LI
and-hpBdroxycarbofuran [ 14] . The met abol i c bi
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Materials and Met hods [ 2D1]The fractions containing

met abolites were cleaned by p
Mat eri aCarbofuran (98. k%t pmwrke)d, wi3 h silich2@)elanfdeslhu
carbofur amydraozxdy caar bof uran seper atbedhi meda alsayer of sodiu
a generous gift from Rall i sprieddiitadl rwd.t h( Kld rcrhd toa loane t Ihradies
Dichl oromethane -iwaieed awdtekrer L C The final elution wa:

grade were purchased from tSpatctelbeched, thedcar bdfidriaam an
gel -1(2600 mesh sige), al umi naoweme grud cfhialsteerferdom hr ough a
SRL, I ndi a. uM) (Millipore, Billirica, MA

Culture of Catfish Hepatocybtyesa gentle stream of nttroge
col umn.
Mai ntenance Hét ecvatpfnieuts)t dd n fossi |l i s

uanti fi ca,t.i on of—k e(:taqrclbaé)rftyorfamr,

institute aquarium, treat memnt-, sacrifice n d
l'iver were undertaken in mpIh?’/adnrcOeXy arbotfhuerarn gbLYI aHtPoLrCy
rul es of Bose I nstitute WAL Gail s Bt pioeve r fGQidmnmiototle ef or m
(No#95/ 99/ CRB@IBA)i.on of hepht magt emolfercaurhes at pictogr al
catfish liver and their cuHPWULECewiwelr ebidoanrey fpaimidBwicrdd U Enim
met hods routinely Jsleld .i n o(uMi dradmamd @opak, Waters | nc. , |
Treat ment of t he Hepa'[ocytexpe entccol npnp(d)esttect|on wa s
(CF) detector at 265 nm. A mobil e |
(55:45) was used. The flow r a:
Carbofuran was added at a €9 SE ntratlon of ,1 uM to .the
m mi i socratic condition
culture medi a and |ncubat|_%% ifde |2f4|hatrgo{/rgﬁo})f%)gccaarrbbooffwl
hepatocytes wer e harvested arl‘(%td)c rIb fufr%rn vaejrret:hc?éne by
experiment s. Pell et was orbettaelnnteldonftriomm \r}v?{ﬁegEggdard
hepatocytes upon centrlfugattlonSt nd Or% %r%?[)ccs)lmﬁ)r/]uf)eersf(
foll owed by meanseurgihng otfheher\)fpeattpc% m|ezat|on With internal -«
Pell et was sonicated by a soni cat.or (PrOSC|ent|fic, o Xx.f o
guanti fication "“and comput at’i ol
cT ) in 20 mM of Tris bUffI\‘ﬁil ez@hnqm c%romaet‘sogfr%rphllg ssgfct
each. Nucl eus, mitochondrifn\hccytosol, and me mbr ane
were separated by differential centrifugation. Nucl eus

stimat. of Membrane Chol es
e as mltochon
odstThﬁLTclLé”lgr s%rﬂ)ecr)rnaa %%rta_\phy

was obtained at 500x4g, wh e r
obtained at 10, 000xg from p
Me mbr ane was obtained by 2ubtgaocotnwet fhgpatoonytats was
100, 000xg for 1 h. The supkipatdant Tiweas nteoniblreacntee d was aob

cytosol . Those four fractiminsoovweanedrfirad ez e dp arorwant aantt by

80UC for carbofuran and it smemettiadomodd theesf cerxe.r alchh e otnat al I

Preparation of Samples for qu_CCtlon according to the m
[22] .

Extraction of carbofuran and its met abol i tée gyosWwdasSko 2y L.

performed following the met hod of Chatterjee et al
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Esti mati on of Chol esterolandbyl3 TmhM)n walsayndirxlealt evgidtatr oldra

Chromatography Plate (TLC) buffer (pH 7.4) i n separate
Si |-G c(aE. Mer c k, Ger many) pICa oles(tle8rol and CZh)chvslltteh were
0.5 mm thickness wer e usetdhe (‘; na}lotacflumheolwasterorpl' T
anal ysi s. Equal amount of ttohtealhe|p| ¢ was c%a egqd"ts a%ﬁ'
TLC plate at 3 ¢cm above t'ﬁecqoq/veeacehdge-ljhePeetXrtorlaequhOIeS
et her, di et hyl et her, and 'apce%Pg aC|pc1at gyttense an{nlb(r)anoe%
(90:120:1) was wused as a so \I/teFlfe‘ngtsE'efmyg%t'sqnanld%r%u%rfos
cholesterol ( Si gma chemicalls,hrM'O, TJ'SeAn) 'v‘\?ebreekeﬁgg&ml?rﬂbran
parall el wi t h t he unknowntg%rm%ﬁj%gly Tdhlealblsgtdébwgvdalse"Stth
devel oped by solvent and cﬁlre rlnaettggra{mhewgsmoggttaiorﬁedc.hOIat
Detection and quantificatioWnasofneccheoslseasrtyer%? (lnr(laatclqe 0pultat1
. nhibits t he membran? bour}d

was performed using the stalnlng reagents, "a mIrxture ©
Ferric chloride, acetic aC|dreVae§nr%lgqs@ljr_ f-rlﬁ)falsg %%}'civ'stoyl uftri(
. . inserted, membrane was gagure

The staining reagents were sprayed uniformly “0n e

0
plate followed -byol@atong2atdmih®0tf ¢ ng t he Ho mcADRyseof

Chol esterol were detected &szwmeiol et spot on the TLC
pl at e. The stained spotsThWeerhomngoa |0 e%robtye 2 seque
densitometer against t he st ndard using _the softh;\re

t p rwiseYsequence arl il gnm
(B-Rad -B8O I maging DenS|tomtBeiro,i 3P At i cs Institute (Cl u:
Anal ytical Esti mati on of Cho) esoblkeroWwi nffgr otmheTaontea [hd8&8] as m
Lipid Statistical Analysis of the Di
The spectrum of choIesterollngH‘reompetrhlemencgt%vlasl|rB|d wage
estimated. Tot al cholestermoulltlpf eesampqlestegt t|sf”l|
esterified chol esterol wepe, e e g]ktﬂegsetnt% P ratetywo g

foll owing the meth[o:dzmjent'Otpunocsanal\ﬁulltelrple Range

Test ama

Assay of Membr-&Adé&@asCGa++fronsi grhiefi cance | evel was

Hepatocytes Results

Ca+ATPase activity was me a ured o]

fr
ul ar

consi di

em ane Fractio
hepatocytes membrane foIIovMan mtu%e Ammeotuhnotd 0d BI‘I S|t|on
ear [ 238] . and its Derivatives. upbeae ®dOatga
Il nsertion of Chol esterol HPL Ct hkee mbleptat acgtl est hat t he
Membr ane foll owed by Me a s ua aermenft uhryadnr, oc&&/+c+ar bok et acar hafly
ATPase activity were 3.83, 3.1, and 2.57 min
I nsertion of cholesterol ithrtehe ChoenpsaeCouctyitvees prr?earr%(bsr ahe" :
was performed according to dtehteeCrﬁe'tohnod‘)fofpe\/\?‘arreonf thelunk
[271ln Dbrief, di fferent amount of <cholesterol O/EY%deS%UQG/
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A
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B ROO e e
140.00 —=-----------
-
120.00 :
% 100.00 —
Bree S
.00 —
=
.00 :
=
20.00 —
=
0.00 i
-i ] ] ] '
0.00 Minutes 10.00
Sample Name Retention Time (min) | Height (uV) | Area(uV?)
B | 3-hydroxycarbofuran 2.567 80846 1241809
3-ketocarbofuran 3.100 36325 675373
carbofuran 3.383 218629 5646387
Figure 1

_____________________________________________ .
\Figurediyh pressure [ iquid chromatography (HP
\standar d car bkoeftuor avar b3of ur-apdr daxnyd 3

carbofukamstandard of carboful«eaii'nq i ts met abol
icarbofura-hydra(mdy 3carbofuran weie run in HPLC
:methavmaotler i socratic solvendt/latseyl:sitaelrrs as descri
jand medToedsf |l ow rate was mainta!ned Iml / min. T

it i me of standar dketcar beoaf rubrdafyndrr 18,y 3
icarbofuran were used for detect)ion of the unk
:experiments. Retention time and, area of the g
Eamount from HPLC col umn were shiown underneath
itabl e.
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IRunnl n g Ctairtblod :ur an abABBa!;es Ca++

data of HPLC showed that crag bwded ano ambngmuwint at t B6i w M

met abol ites became compar Timéenst aleisaué d imduveadi ous i nter
subcellul ar fractions, suante c masni smemmrdaenrd,yi tggtobkel j nhi
mitochondri a, and nucl eus wictthivihmt®24 hours of exposure
in the culture media. Thecé) €SN e, olfn&'j;\ é)c?fl(l:'haveapero
its metabolites were found.l_hteo eset|%%E?oﬁnofmetmgtrglnechole
compared to cytosol, m'tOChIOanyderr'aChragr%atngé:rlaeH y IT?;C)Z)d(
Carbofuran remai ned al most do ble i.n,. . membr ane
was significant Fncrease of
compared to cytosol a-h ¥ . mThreeCahtoen rﬁeapa(tToacbyltees compar ed
nature of dlshtyrdlrbomtylcoarrboa‘uE{%an ﬁn Iytlcal estimation o
ketocarbofuran was al so rr]| carbofuran
h o esterol such "as, "total,
demonstrating a S|gn|f|cantthhe| gdﬁataamou?tc h[)nevlmb ane 1
compared to mitochondr1i)a.- ahd nucl eus (Ta .bI. .
increased 5|gn|f|cantly i n
r—————————————————————————————————————————————————————————I
'Subcellull/Car bofura3-hydroxycarl3-ketocar bc:furan
1
''Membrane [1.57 R° 0407322 RS0°03m 341 R 0.011
1 1
ICytosol 0.851 NSo0g0608865 N 0.02B.079 N 0. p05
1
Mi tochondpoi 843 R 00285 [ ".008 046 N 0.003
1
INucl eus 0.123 K 000082 N 0.000.1029 KN o.:001
1
I 1
TabdleAssessing subcell ular | ocalization and quanti ficati

'hydroxycarbofu/{amcaramm’fus’ran from cul turéd catfish hepat
|by HPLHepatocytes were treated with carpofuran and subc

prepared. Carbofuran and its met abolites were estimate
'fractions with the help of HPLC. a (p<0.001), b (p<oO
isigni ficant) indicates the statisticaytgsaglinjificance of
cyt emsicdlochondr i a,nunmilteoucshonAdr(ipp<0. 001) B (|p< 0.01), and C
iindicates the level of S|g31hyfdrcoamy¢1@/CﬁF0bx31y.h@:Fdata bet ween
:keto CF. Statistical analysis of the HPLC data was perf
i(n=3) . :

| |

D e e e e e e e e e e e e e e e e e e e e e e e e —ma
hydroxycarbofuran was foundcotmopabreedl%aostthlenctorp?eggghgprs]g
among all the metabolites subsided in the cell

Carbofuran Abrogated t he Me

Carbofuran Abrogated t he AMl_eF;nabsreanAeCtIC\</’:1i+t+y through Activ.

ATPase AcMembt gne -ATRas e af:'fln\é|ngs of previous workers

from carbofuran treated heipnadtioccaytteeds FEQ?nSéﬁS‘Feed a

sterol

dose dependent activity AmgordauquaatlI oanbrgfgatnia%rba'ar}aecaaéaHV|
ATPase activity occurred i t he me mbr ane when

orfder to examine t'hat , we |
exposed to higher amount ofhclaersbtoefuorlani|nd|cfe\F1 Ng. AN |
invol vement of cellul ar mecahsasne'sssmmerntgu}lo‘?fﬁagc&+ c':tsivcirtuyc.'a
enzymatic activity. The act|V|t0yfusrhaonwed an opt{énumrle%\/%ld
at untreated cel | foIIowedant))/y IgrardatAme Soréf| baf(ntwc%/ e;ndh‘
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.....................

Minutes 2.00 «.00 ..
Miawtes
Retention Time (min) | Height (uV) | Area(uV?) Retention Time (min) | Height (uV) | Area(uVv?)

1.433 2477 49168 2.350 34149 545540
2.050 116913 971152 3.003 39693 1049749
3.117 28083 236258 3.433 29222 1029686
3.233 28109 439677 4,933 7601 233156

C .

-~ =

4 wgen = -
:.0'0 e B X ,.'.. m”;u- ‘_l..
Retention Time (min) | Height (uV) Area (uV?) Retention Time (min) | Height (uV) Area (qu)
2.433 4997 38245
2.050 924 5650 1.367 1970 17213
3.183 20214 87637 2.417 41036 431466
3.417 7095 93001 2.717 9700 140003
3.717 7926 127457 3.133 28706 631693
Figure 2

WFigureQuaanti fication

o f-k ectaorcbaorfbuorfaunr, amyBd r @ g 3
1

Ecarbofuran from various subcell ul ar compartments
:hepaz‘ocytes Epl HPLE€d hepatocytes were treated with
:Nucleus, mitochondri a, cytosol , and memldrane were
di fferenti al centrifugation. CF and its, metabol it
'fractions asMateerii@ine daRet enet hodsti me and, area of t
iterms of thei amount from HPLC column were shown
:sample as a table. Amount of CF and its:metabolit
curve presented in Figure 1. The c-]o.mbA,ne, resudnd w
:D represented cytosol, membrane, nucleus 'and mitoch

2]
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900 -
800 -
o5 700 o
% 2 600 - 3
© S
© o 500 o
§§ 400
ke E i *k
' = 300 -
1g
88 200 A
100 -~
0
0 C 0.1 1 10 100 1000 10000
Dose of Carbofuran (nM)
C 0.1 1.0 10 100 1000 10000
804.34 t 765.17“#. 666.64*8+ | 656.08°+ | 623.81°+ | 429.52*+ | 39520+
30.1 28.0 10.93 14.78 14.39 11.21 14.2
Figure 3

Figure QWBantification of %Tnﬁarsaa?eacaaiﬂ}ﬁ'ty from
carbofuran treated primary cu/tG‘/artlATd:’fa:seatf/sh h
Eactivity was measur ed from culdt/lzmtrerdiahespaarmd:ytes
:methénEiasch value represented the mean N:SE of six

:the l evel of significance p<0.001 compared to c
jindicated the | evel of significance compared to
NS, indicated the value was not signifi:cant compa

666 P21ISY I OOStanddzo ¢ 2BEMMIMN 0 1 H kAT oyl doeddi L & & dz§ ISy b 2



http://openaccesspub.org/
http://www.openaccesspub.org/journals/index.php?jid=3
http://dx.doi.org/10.14302/issn.2326-0793.jpgr-13-333

<))
OPEN (oY ACCESS (j)pen@ccess Pub

Freely Available Online
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FigurEsdéhimati on of cholesterol from carbofuran tre.
chromatography (TLC) and effect of chAbbPaesk.erol o
C

hol esterol was extracted from the membrane of ca
chromatography was performed to quantify tHe extr
:developed. B. Spots were collected from the TL(
iesti mated. * indicated the value was signifiicant ¢
jand esterified cholesterol were estimated firom tre
isignificant compared to corresponding conttol (p<
icatfish hepatocyt es-chwdlteht et hfeol Heolwe dofb yNamER a3 s e e me n
jactivity. * indicated the value was significant c
value was significant compared to control (p<0.01)

1

2]

2}

&
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