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ABSTRACT

We evaluated the level of toxicity by LC50 and investigated the mechanism of brain impairment and GFAP expression
by light and fluorescence microscopes in the pale chub, Zacco platypus, treated with fenvalerate. Survival rate was
decreased according to the rise of fenvalerate concentration, and LC50 concentration was 27.79 ug/L. Apoptosis was
increased according to the rise of fenvalerate concentration by TUNEL assay which determine apoptotic cell death popu-
lation. Also, GFAP expression was increased in the periventricular zone. These results suggest that apoptosis might be a
major mechanism to brain impairment of the pale chub by fenvalrerate. Increased GFAP expression in the periventricular
zone would be an index of brain impairment. Taken together, this study might contribute to reveal the pathological
mechanism of fish brain impairment by insecticide of pyrethroid, and to be an useful basic data for preservation of aquatic
ecosystem.

Keywords : Apoptosis, Brain, Fenvalerate, GFAP, Zacco platypus

ol & SAel Aol FuA AHT AT o Fel

i S5AS veRich dubg e 2 a-cyanoZt $li typel

It o-Cyanos Ei}‘}i UE typell= %—t‘rﬂﬂ% type =

Pyrethroid#] AlZA|= =3} (Chrysanthemum cinerariae-  SAJol i3t =

foliumell A 23 AQAEA Aue] FARTE A4 ofFel HE py rethrOIdﬁl B3] By g Fe T
Aol #h-gshed, F23) (photolysis) 7} 1A Lelukm zfsk A=Al )

M =

* Correspondence should be addressed to Dr. Dong Suck Reu, Department of Life Science, Cheongju University, Cheongju, Chungbuk 360-764, Korea. Ph.: (043)
229-8528, Fax: (043) 229-8525, E-mail: re8448@cju.ac.kr



54 Korean J. Microscopy Vol. 42, No. 2, 2012

pyrethroid] 43418 AHgste] ofe] ohe FelM @7
Sich PyrethroidA] AbgAl= ool 2] ¥ (brain), 7t (liver),
A1} (kidney), A (intesting), =4-(muscle) 2 o}71m] (gill) 5
o zAeM fAAke] AAL(Geist et al., 2007)8) Aol w7
2l (cytokine)2] AJAd-2 W 3}A|7]m] (Eder et al., 2008) &A4-2]
Aol = Fod gk} (Eder et al., 2004; Wheelock et al., 2005).
w3 7o) A F3H(Werner et d., 2002) = ¢33k
A zAel WskE PRk 5 ole 24¢) &
okst 7]2ko = of3kS uZ o} (Velmurugan et d., 2007).

PyrethroidA) AHEAlE =g B2l Soldo= zhgs)
o, o fe ZHFI FEF Fro) T2 dfo] g 7}
3 =43¢ Vet (Ediset a., 1993). =3 A z2] A
Alel o33FS- m)x] 32 (Kamadaveni et al., 2001), lipid peroxida-
tionel €8 AIFAEH AT o] RO ¥ 2L s
(Sepici-Dincel et a., 2009), Z-&-Fo|* apoptosis -F-T=tul
o] =7}z <3l apoptosis7t ¥ A4S F2 712 F 3}
U=z odzlx ¢loh(Wu et a., 2000). o] Fol| A pyrethroidA
AZAel o3 ¥ £A7)=o 2 apoptosisel] 3 AT
zebrafishe] A 7}A] Zof oj3t o= (DeMicco et a.,
2010; Gu et ., 2010) #|3H= o] . A Ao A= 2 A Q)
7 etk

Al 73 ol LA A A AFA =R = (glial fibrillary acidic protein,
GFAP) F3A173Alel ®-£3)= HolwH| E (astrocyte) 2]
marker2 ARS-EW, HolwA 2] 54 A FeFA
o Fo3 AL I = THFE B E e
2 vekst dglell o8] EAE o] el mA| ol A GFAP
o] Wae] Frkeh= Aoz od#HA lok(Eng et d., 2000).
§-7114 ArzA| (organophosphates insecticides) ol =2 ¢}
< " mouse?| ¥ellA GFAP2| Wde] F7lgtohs ¥ v}
glor}(Lim et al., 2011) pyrethroid#] ArZ=A)e] 23t 2=
E2] HelA GFAPS] 3 F7h= A o4 A QA o

mEbA] B dFelMe Sl A Aol EExshe
3] g}n] (Zacco platypus) A & o] §-3Fe] £3] ARS-EH I
= typell pyrethroidA] AbEA<l fenvaerated] SA4EE
Hr)sla fenvaleratesl] 23t ¥ &4} 712k 2 GFAPe]
d AxE oln A} a9l

1. ASx=

20104 109 1093} 176 27 Slol] 1A% 2%
= g P Qdel RN AND Feie Zacoo
platypus) 7014 149 Bk Foldoln HLAR F
7~9cm =7]¢] 437 500}2) 5 Alge] ALgskde.

2. M

1) =d& ot

Fenvalerate (Sigma, USA):= 99.9% ethanolol] o] ofo]
2= 10Lo] 25ug/L, 30ug/ll 2@ 35ugle] sr 346}k
Abgstd 3, gl ok gz~ o 2 ethanol 70ug/LS oF
ool 3| 3e] ALgsldet 7 AT i oulAY
£ B3l AR 22} b Fels vl 5 Qe
=% A} (lethal concentration, LC50) A - #2] sx=2 AA]
stk Adez (40cmx25ecmx 30cm)e]] ==z A3
S8 A 100ke]2) sl g 96417} E<b Felstgich
Fenvaleratee] =2 APl §A817] $la] AP4L 24
Azl Bl o B4 Al A (002009 HolE
FFoeh AY Fr 5 Aokl A HE Azl
Aol ARg-3lsle) Fenvalerateo] o3 &2 2Hels]
A3 AAZE AR A 71533, SA4FES probit
analysis program (Version 1.5)& o] &3}o] "l X|A}ekS
F3led B7slalet.

2) ko] ME 3l ZEX2

SASE W7 F Aepd2 FEhn| 9] HE HE3te] 01
M phosphate buffer (pH 7.4)2 =A% 10% formaine. =
ACellA] 2427t A7 F 2= B2 1247 AlHsta,
ethanol 5= Ao 2 943 b xyleneo 2 X|3hA]7]
¥ paraffinez xvjsled 5um 772 ge} dit HEES
2 gAste] Fstan| Ao fAsGA T d¥E ool A
el ARg-sksict.

3) Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay

getu]e] ¥ zAeAM M EIAFS #]13E7] $)8] TUNEL
assy 5 AAISATE Sumz Bl 248 xylened o4
ste] & mlelgl & 70%, 80%, 90% 12|37 100% ethanol =
319t Proteinase K& 2]2]3}e] 37°CellA] 30% 52t
nkS-A]7] 322 TUNEL assay kit (In situ cell death detection kit-
Fluorescein, Roche, Switzerland)2] enzyme solution (via 1)
7} labeling solution (vial 11)& 737t 1:92] B|E&=2 Aol
TUNEL reaction mixtures &48)3}x 7+ A& o 50uL*
2] 3}ed 37°Coll A 1|7t 59k wh-&-A1 7 v} PBS (phosphate
buffered saline, pH 7.4) & o] 2-3}ed 524 3 4|23 5 &
3t & Fsin]7d (Olympus BX51, Japan). o= ksl v}

4) Glial fibrillary acidic protein (GFAP) 2t&1 2Zt=h

getu| o] ¥ zAel|A] GFAPS] alg HAsl7] 93
gzAsshd e AAs Sumz A" 2
xylenes o] &sle] & smlzlsl = 70%, 80%, 90% 1
100% ethanol & ] 4-3}e] Eh4=3}3]c}. Proteinase K& ]
3lod 37°Cel|A 153 53k Hkg-A]7]a2 PBSZ 584 3w A
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5193w} Blocking solution (10% normal goat serum, 0.1%
bovine serum albumin) .2 30% %<3t *|2]3t & PBSZ 5
B 31 A3t anti-GFAP (Poly-clona rabbit anti-glial
fibrillary acidic protein, Dako, Denmark)Z- 1:5009] ==
A sle] 4°ColA] 35 St ¥l-SA)7]3 PBSE 584 39
AA 3 = 23} 8442l goat anti-rabbit alexa fluor 488 (Mole-
cular Probes, Eugene, USA)S- 1:5009] == xg|sle] A
2ol Al A7 FE HEEAIFIS. PBSE o] 4-3te] 5EH4 A
W A $ 39)ste] 3s33dn]7 (Olympus BX51, Japan)
oz FAsH-

4 o

1.LC50

96417 £t Fehu|e] Q&=L favdeaaed] 37} =
obd 45 vrepxlom (Fig. 1), LC50 27.79 g/l o] At
(Table 1).

2. mj2tn] wlo| ExsY 2x

eu| e He A AN, F¥ 2 FH 2 FEEAS F
yo= vz whdE A9 (optic tectum) 2! periventri-
cular zonee FFAE 4~ gt Fx= 4 (cerebellum) 2}
4> (medulla oblongata) 2 =3l oH, A2 5 Zol
9123kt (Fig. 2).

3. TUNEL assay

¥ ZA A Al ZA}e] A =S TUNEL assay S o] 83}
of Felalg]t. Fenvaerates A3t & ol A Al ZAt
7b Azl s Frhetaeh A3} ethanol o =+

Aol Aol Holx| ghkom, fenvalerates Ael%
ZANE B2 Fobd s A EIb} S7hekn(Fig. 3)
4. GFAPZ| 5

Fenvaerates 23t =& Zol|Al sz ®]s] peri-
ventricular zoneol|A] GFAP ®&lo] Z7}slgio). dl =23}
=
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100
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Fig. 1. A time and concentration dependent decrease in the survival
rate of the pale chubs treated with fenvalerate. The pale chubs were
exposed to solutions of different concentrations in a experimental
aquarium with 10 pale chubs for 96 hours. Three replicates were set
up for each treatment. Ethanol con. is overlapped with Oug/L. Values
were expressed as mean=+ SD.

Table 1. Calculated LC50 values for fenvalerate in pale chubs
95% confidence limits (ug/L)

Point Exposure conc.
(uglL) Lower Upper
LC50 27.793 26.022 30.149

Fig. 2. A light micrograph is sagittal section brain of the pale chub stained with hematoxylin and eosin (Bar=200 um). CE, cerebrum; CB,
cerebellum; OT, optic tectum; PZ, periventricular zone; VC, valulacerebelli; V, ventricle; IN, inferior of interbrain; MO, medulla oblongata.
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Fig. 3. Apoptosis induced by fenvalerate in the brain of the pale chubs. The pale chubs were exposed to 25 ug/L, 30 ug/L, 35ug/L fenvalerate
and stained by TUNEL (green) and DAPI (blue). More apoptotic cells(TUNEL positive cell) were accumulated in the brains of the fenvalerate
exposed group than there were in the control group. A~ O: Images of sagittal section stained with TUNEL. A’ ~O’: Images of sagittal section

stained with DAPI (Bar=100 um).

lerates A2J3t FAlME F=7F FoldeS GFAP Wl
=71t (Fig. 4).
n

s)2n] A A fenvalerateol] 23 SASEE H7lsta
¥ &4 717 9 GFAPEE 7Pt ol 7ol o Akl H

oIt AT L FEI} FolHSF Yozl o ¥ FA A
M A7 Z7)sbe] 2, periventricular zoneol| &) GFAP Wt
o] F7sloict

o]l pyrethroidA] AFA]9] LC50> AbEAle] ofof
st Fx2A zlo)e} o] F FZbel| AEA|] it e u}
2t A2 gz 2 d7ex] 3|ghu)e] LC50L 27.79ug/L
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Fig. 4. Glia fibrillary acidic protein expression induced by fenvalerate in periventricular zone of the pale chubs. The pale chubs were exposed to
25ug/L, 30ug/L, 35ug/L fenvalerate and immunostained by anti-GFAP (green) and counterstained with DAPI (blue). More GFAP expression
were observed accumulated in the periventricular zone of the fenvalerate exposed group than there were in the control group. A ~E: Images of
sagittal section stained with anti-GFAP. A’ ~E’: Images of sagittal section stained with DAPI (Bar=100um).

o|elt}. Zebrafish (Danio rerio)el| fenvalerates =3t 3
96X 7} HoF #A3E Aol A] LC502 6.25ug/L o] 22 (Gu et
al., 2010) catfish (Clarias gariepinus)= 4.76 pug/L (Bhat-
tacharya & Kavirai, 2009) o|t}. ofo] 317 S-9] & %7 9|
QAR = FEnlelA] fenvalerates] 8t =A4FS of
Zoll s 23kt ol IEw|rt B el A
2 ] Fx3e olf F sd Aoz AzE

Pyrethroid] AbZAlell 2]3t ¥ &9 F8 7|22 »dE
F 5EE WElsl AASAS dodl= Aol Pyre
throidA] &A= oJ2] 719 o subunitz} B subunite 2 F
AEE YEF 52 SolXoz A, z{F9} ol F
t UEF 529 727 et ol fellA Ad A4S e
o) (Eellset al., 1993). =3+ M| £ = pyrethroidd] Ab3
Aol 218t ¥ A 712 F R dElA sl Azt
N ZF o] o] F o3t AT s=d MEIAP} Lot
A ZHel A ZHg o] &3 VEF o]2e] FHadt Zg o]
o] Ztart NMEIALS dolutA A= GAIRE ZHE o]
9] Ztae AlZaAE F7MAFIvHE Bt g)ew (Bortner
eta., 1997), Z-Fol- 22 M ZA} - i) whelg o
Agetz 2de#x ¢l (Hughes et al., 1997; Montague et al.,
1997). B AFA ¥ A ] MZz1AR= fenvaerate 3=
7} oS sl o] fenvaeratert U EF o]
F25 Wegte] Az Zgole] Fasdr] WEd A
o2 AZtEY) =31 fenvalerated] 93l =€ ASAE
27} A E3AS fgcl= 2 w7} Qloh(Shafer et al., 2005).
meb AbsteaEd 2ot sletele] W z2AelA AlEnAtE
Z/MAE Aoz Amdn.
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31, B3 el Fredsie, &4 A o] uh-ghe EEA
ol A B A 23S BE A7 diE A
ZotmA 2] v T Aglel| FAIgle] HolmA =z 7
e+ (hyperplasia) 2} 1)) (hypertrophy) = vjehtA =,
ot PYAE HolmMErl XU 1EFRE JAsIHEA
EAE9E Ago=ZH WHolwA A HEE (astrocyte scar)
S 3Adgtok (Eng et d., 2000). o]= gt WHolwH 2] =3k
A7 % GFAP2] W&l uk-3-A] MHotad] 232 3 (reactive
astrocytosis)>- A17A 22| sk3]of eJsfAnt dojubs A
oy HelwAlZ AA &4, e 25 HEovlE
3] AE7)olwA| Z (oligodendrocyte) 2] £} Alol= dor}
] (Tekada et al., 1990) FF4173419] o8 wWe]x] &4
A= HFS-S Mol A7 %2 2] )3 Al (reconstitution)el]
Helsitw dedA gl (Petito & Halaby, 1993). ™ o}wA)]
ZZA1Zo0] doyls u] HE-SA] Mo}l wi) Z (reactive astro-
cyte)= cytokine 22 E45 Fulste] AAM =z A&
& 27, AASA) Qe FAATIE A gle.
= (McMillian et al., 1994), 9F-3-A] WHolwAH 2= A ZE 9
GFAP?| o] 78k 5 HeeA gl W3y} o=
7t ozl Aysishd, ) A Wste deojydtt (Ferraraet
al., 1988).
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strém, 2007). 3 Algel] o]slw W xA]51ehx el oz
Igtu]| 9] ¥ zAel|A GFAPE Wd sl *ﬂ”%— S |
2} A]32] periventricular zonesll A G o
lerate w7} wold s Frtsllt ]b %1 ¥ 27
) A3AL 93 periventricular zoneol| A HelwA| 2] A
FHZ7} E313817) Wl Aoz gekgioh

AzH oz AxzTAE= type ll pyrethroid#] AFEA) el
fenvaleratesl] |3t Z)Etn] o EAFO] Fo 712 F shiz
A 7+=) ], periventricular zoneol| 4] GFAP 3 =7 ¥
Ao AE:E o] 8" 4 glE Aelth o] pyrethroid]
AZAel 23 o 7] o EATIA ATel A A B
L 3 72AEE g8 5 3lE Aoz AlsEd
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