Journal of Marine Bioscience and Biotechnology 2007, p. 102-107

Vol. 2, No. 2

okulo] 0. E-=lo] PCBe] =4 zH8-9)|

v|xE Q%

Effects of Chitosan on the Toxicity of Environmental Pollutants. Hyon-Gyo
Lee, Hae-Young Kim and Jae-Ho Yang*. Department of Pharmacology and Toxicology, School
of medicine, Catholic University of Daegu 3056-6 Daemyon-4-dong, Namgu, Daegu, 705-718

Republic of Korea

Abstract

Environmental contamination becomes a great public concern as our society gets in-

dustrialized rapidly. The present study examine the role of chitosan in a effort to intervene the
environmental pollutant-induced toxicity. PCB-induced neurotoxicity with respect to the PKC sig-
naling was examined. Since the developing neuron is particularly sensitive to PCB-induced neuro-
toxicity, we isolated cerebellar granule cells derived from 7-day old SD rats and grew cells in
culture for additional 7 days to mimic PND-14 conditions. PCB showed the alteration of PKC
signaling pathway. The alteration was structure-dependent. Mono-ortho-substituted congeners at
a high dose showed a significant increase of total PKC activity at ['HJPDBu binding assay, indicat-
ing that mono-ortho-substituted congeners are more neuroactive than non-ortho-substituted con-
geners in neuronal cells. PKC isoforms were immunoblotted with respective monoclonal antibodies.
PKC-beta Il and -epsilon were activated with mono-ortho-substituted congeners exposure. The
result suggests that the position with ortho has a higher potential of altering the signaling pathway.
Alteration of PKC was blocked with treatment of high molecular weight of chitosan. The study
demonstrated that the ortho position in PCBs are important in assessing the structure-activity
relationship. The results suggest a potential use of marine bioactive materials as a means of nutri-
tional intervention to prevent the harmful effects of pollutant-derived toxicity.
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PEEEF, A2l 7197 o] T X F e
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S8 dul AJ2F2 SigmaAboll A T Y
3t o PKCe] 84 52 Santa cruzeAlolA ¢
3t ALESEATE & AFdlAE PCB o] ddA F
non-ortho el PCB-77 (3,3'.4,4'-tetraCB), PCB-81
(3.4.4' 5-tetraCB)9} mono-ortho &E|Ql PCB-105
(2,3,3'4,4'-pentaCB), PCB-123 (2'3.4.4',5-pentaCB)=
A3t} PCBE ACCU standard 4| -8 T3k
Apgsh ek

stetEd ¢ I BAF 25

PKC isozymes®] translocation® &215}7] 94
6-well culture plateol] A 747t vl st 4 3 417
A E o] DMSO (0.1%) control 2 25, 50 uM2] PCBE
158.7F 288ttt 71 EANE 1 % acetic acidel] =<1

23] 37}3] S A 7 A E(cerebellar granule cell) ¥l %

Axe Y AAMEE AT 74" Sprague
Dawley (SD) rat2- AF&-3lo] Aapull < stgom, Al
X ujekof-2 Dulbecco's modified Eagle Medium
(DMEM, pH 7.33, containing 25 mM KCl, 5 mg/L
msulin, 5 mg/L transferrin, 50 ntM 7 -aminobutyric acid,
4.5 mM NaHCOs;, 25 mM glucose, 4 mM glutamine,
10 % heat-inactivated fetal bovine serum)-& A}-8-5} 3
ok &N 7Y A AE HE 3417 "doll 50 pgmle]
poly-L-lysine-& =] 2] 3} 6-well culture plateol] & F A
T} 1x10° cells/ml = A 3t cell suspension- 3
ml® 2t 37°C, 5% CO, incubatoro|A] vl k&l
nonnecuronal cell®] 43S oA 517 sl L xpuft
3 24-48X7F Atolel 5 uMe] cytosine arabinoside S
A g stant. A& PCBol| thal whg-o] 714 77t
A7) AE 4L S, ARl T 7dA G A F
ol AR&-3FATH [6]. 95% ool HFAA 4N 7Y
AZAZE i Ft ATt

Protein kinase C receptor binding assay

12-well culture plateo| 4] 7L7F wjdsE A EXE
Locke's buffer2 M X s & AFHYEE7 2 nM
[’H] PDBuE 3}3-35+= Locke's buffero 2 15571
St v gA g A AT T AFH o2 33 MHg
2 0.1 MNaCH 1 mlZ Z&A]7] & 0.7 ml-& 9 ml9]
Ultima goldol] 23] liquid scintillation counterZ A}-&-
kel ['H] PDBu gk A3t} [15].

Cell fractionation

Cytosol¥} membrane fractionA}o] 2] PKC isozyme
S B35 Al $HLLIEHE N =EH ¥ 27
= v kA Zof| buffer A (20 mM Tris-HCL, 0.25 M
sucrose, 2 mM EGTA, 2 mM EDTA, pH 7.5)& o|-&3}
o] 83 A] 71t Sonication & 100,000xgo| A 1A 7F
U AAEY S S cytosol fraction o 2 H
g5tz W HAE-L buffer B20 mM Tris-HCL, 1% SDS,
150 mM NaCl, 1 mM EGTA, 1 mM EDTA, pH8.0)=
S3AZ] F 1587 dAE SIS A5 HS detergent-

soluble membrane fraction®. 2 X &]3tc}
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Immunoblot analysis for PKC isoforms
PKC isozyme®2] translocationg =73 3}7] €38}

cellular fraction T+ extracto]] sl western blot2- 2
AT} cellular fraction®] sample2 10 % acrylamide
geloll A 7] E 3+ 3 semi-dry electrophoretic transfer
cell (Bio-Rad, Hercules, CA)E A}-2-3}<d nitrocellulose
paperel] 10 VZ 30 £of A= blottingd} 12 blocking
buffer2 1A]7F E<F vh8-A)Z] 3 specific monoclonal
antibodies (Santa Cruz, CA, USAYE A H|& =2 3|4
sk & 127 Bt vhg-AIZIT) 23] AlE & secondary
I[eGZ 1AZF E<F ¥-2-A)7]22 ECL system (Pierce,
Rockford, IL)S A}-&-3}] Xeray filmoll 32 9] AJ7H
T =EAZ T A

3424

AR A7 TATH A El= Student's r-testS Ab
&3l o p <005 FF o|stllA FoldE AA st
At
g 1

PCB Xl o3 &7 Al xe] PKC 24 s}

PKCe] AA14 Q) 24& £4938}7] $138) [HIPDBu
£ o]&3te] PKCo HA|HQl &S EAs A
non-ortho PCBol| B]8l mono-ortho PCBL] &AJo] =
Al e o ™ mono-ortho FZ7F A7 A E U PKC
9] #A-& Z71A7]+= neuroactivedt 3-8HA 29
< 313} 9 tHTable 1). Non-ortho 7-%<1 PCB-77%}
PCB-819)| #®]&l]l mono-orthe TZ¢1 PCB-105¢}
PCB-123614 PKC o] Salo] ehyton ofa)
g Wshe Aol &3l 50 uMdlA LpERET
[HIPDBug o] &-& Ha2Ql PKCEHA 34 B2
PKC7} membrane fraction® 2 & A7}= AT E A3}
SHAl 23T S 9lo] PKCEA 9] HAE A st=T
F-&3HA AH&-E 3 Utk [15] PCB-77¢] 29 50 uM
A 15 %] =718 Jehglen = T2 non-ortho
PCB¢l PCB-819] AL-% 50 uMdlA] 12 %R =] =
e dEiich 2 olg s fAPEE 717
non-ortho PCBE =74 F7Hgk (TEF)o] =&A 2%
ABAZAAM AsHdDr| 2ol 85 9L 3=
PKCo @Adl= & 4TS mXA Eotes o=

Table 1. [’H] PDBu binding following the exposure of
substances (% of control)

Momo-ortho-substituted PCBs(uM)| 0.1 1 25 50
2,3,3' 4 4'-pentaCB(PCB-105) | 92#3  98+6 115¢7 1758
2'3,44 5-pentaCB(PCB-123) | 108+6 125+7 135+6 1654

Non-ortho-substituted PCBs(uM) | 0.1 1 25 50
3,3'4,4-tertaCB(PCB-77) 105¢8  98+6 108+7 11510
3,4,4' 5-tertaCB(PCB-81) 95¢4  107£5 115£3 112+12

et 9 tho] S4l7F frAFEE7E obd mono-
ortho PCB-105¢} PCB-123-2 PKC &4 9] =& 3k&
UER AT PCB-1239] 739 1 uMojlA] | &g 9]
F717F Uehtr] Aztete] 8ol FHE 24
o] F7tetHon 50 pMollAM= LoHl o] o] &g
el itk PCB-1059] 3% 50 uM7HA] §-3F 9]
EAQ F7HE e e A L7 o] ge] &
4g eI AT

PCB7} PKC isoformel] w|x]& %3

[HIPDBuZ ©]§-3 PKCEA Z4& 749 &4
e ¢ 5 gl ol ATk PKCE 117) ol 4ol
ol dAAE 7HA L o ol AE | Exut
Zgr oA AR g2 2ol e T [16].
PKC Aol ddor+= Hos 24 EHS & &
Qe B ol 8710E olsIheE 2
b O B R e o= o B B R g B RS o e A S
AME Z+zhe] o] gdAA o tigh EAdo] g HETH

E oI A]+= Protein kinase C isoform o] A4]-&
S7A38t7] Yot Z+7he] A E AF&-3t] cytosolic
fractionol| A membrane fraction®. 2 o] EH = AL E
immunoblot ©|-&3te] EASATE o] FHAA F
PKC-betall © PCB-777} PCB-819l| A] translocation-&-
Holzxl @& W PCB-1059 PCB-12394&
membrane fraction®] Ab5S HAT (Fig. 1)
PKC-epsilon®] 7 -¢-% PKC-betall &} FA}3+ e &
el it} PCB-777F PCB-81& translocationS- H.
o]z ¢& ®H PCB-105¢} PCB-1672 cytosol
fraction®] #]3&}¢} membrane fraction®] AL H Y
o n o] PKC-epsilono] PCBol| ©]2 W73l ¥ A&
AdE dAst Ak (Fig. 2).
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Fig. 1. Translocation of PKC-BII following PCB 50 uM
exposure. * Significantly different from control group by
Student's z-test (P < 0.05).

1) PCB-105, 2) PCB-123, 3) PCB-77, 4) PCB-81
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Fig. 2. Translocation of PKC-¢ following PCB 50 uM
exposure. * Significantly different from control group by
Student's t-test (P < 0.05).

1) PCB-105, 2) PCB-123, 3) PCB-77, 4) PCB-81

ol &g TEEOIL} thol &4l T CHEZ =
gol Bi g u} glovt AF71A] PCBo| thgh 417
=4 dael e A7E g vt glvh wakA
£ A= E}%*} 71EA Y] £2) &2 &85t
of PCBO| 417 el @/4<l PKCO] &5 AAT
T A=AE EAenA At

71 E4ke] EAeFo] 1000 kDa o] 2] ig=te] 7
¢ PCBO| |32 AAATI= 2H&o] Faee ¢
% itk 53] 7@ e PKC B4< .2 PCB-105
o ©3k PKC &43-2 1,000 kDa o]} gkl a3t
A ZHg-o] LhEbgon e EAEF1 50 kDa ol A
= AAEZA7}L v e Ao =R UElyT) (Table
2). &4 PKC isoforme]l that 7| EqLe] F3FE 53

Hl-HH

3}7] €3l immunoblot B} ¢ 2 EZA PKC isoform
o] 3t translocations A F=AE BAE T
PKC-betall ©] 73-¢ PCB-105% cytosole] @ zko] 7}
A3t WHH membrane] TS =715 PCBo
olgt &d8 YERATE 2 2ut 1,000 kDa ©]/3-€]
B2 | EAF A ] Ald= translocaton©] & A&
o] 71 E4to] E# PKC isoforme] T3+ 2H8-& <A
3o &4 4 it} (Fig. 3). PCB-1059] 2] PKC-epsi-
long& g8 o] 0 2 translocation H At} &1}
1,000 kDa o]Ate] mER} F]EAY 5] o]z 3t
A A = ATt (Fig. 4).

PKC- epsilon®] translocation-2-

Table 2. ["H]PDBu binding following PCB-123 exposure in
presence of chitosan

chitosan(kDa)
PEBAM 11000 500 200 50

0.1 100+£5 98+2 105+6 1072
1 9846 11244 1067 11543
25 12542 12544 12144 12547
50 14543 12246 140+12 14516

Cytosol Membrane

PCB (UM) 0 25 50 0 25 50

...“
" - _—

Fig. 3. Western blot analysis of PKC-BII following PCB-123
exposure in presence or absence of 0.1 % chitosan (Mw: 1110

kDa)
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Cytosol Membrane

PCBuUM) 0 25 50 0 25 50

Fig. 4. Western blot analysis of PKC-¢ following PCB-123
exposure in presence or absence of 0.1 % chitosan (Mw: 1110

kDa)
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