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The Effects of EGEE on Lectins Binding Pattern of Rat Cerebral Cortex in Developmental Phase.
Eung-Hee Lee and Un-Bock Jo*. Department of Biology, Graduate School, Pusan National University, Pusan
609-735, Korea — This study attempted to investigate the developmental alterations of the cerebral
cortex. The effects of EGEE on the developmental cerebral cortex in the prenatal, postnatal and adults
were examined by lectin histochemical methods. To investigate the change of sugar residues of
glycoconjugates, biotinylated lectins(DBA, SBA, PNA, BSL-1, RCA-1, sWGA, UEA-1, Con A and LCA)
were detected with by THC using ABC kit. In the case of injection of EGEE, the reactions to Con A
and LCA were shown in binding phase in the cerebral cortex commonly, and the reactions to PNA,
RCA-1 and LCA were shown partially, the number of lectins to be shown reaction were decreased,
and there were no reactions to DBA, SBA, BSL-1, RCA-1 and UEA-1. The reaction to Con A was
similar to control group during developmental phases. The reaction to LCA was increased in the fetal,
suckling, and weanning phases compared with control group. But there were no reactions to SBA and
sWGA, the reaction to PNA was decreased in the frontal and occipital cortex and no reaction to
sWGA in the fetal phase. There were no reactions to sWGA and PNA in the suckling phase and, no
reaction to PNA and sWGA. The reaction to Con A was decreased in the frontal, parietal and occipital
cortexes and, the reaction to LCA was decreased in the frontal and occipital cortexes in adult phase.
As the results, the effects of EGEE, environmental hormone on the each part of cerebral cortex have
shown differences. But, It had deep effect on the differentiation and growth in the cerebral cortex
pathologically. In particular, the effect was severe in suckling phase. Galactosyl-(8-1,3)-N-acetyl-D-
galactosamine, 8-N-acetyl-D-galactosamine and [-N-acetyl-D-glucosamine were decreased while a
-D-mannose and a-D-glucose were increased. It affected the sugar metabloism, and it was severe in

fetal and suckling phases.

Key words — EGEE, lectin, glycoconjugates, developmental cerebral cortex.
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Table 1. Lectins used for identifying carbohydrate residues
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3% methanolic hydrogen
peroxideol] -2 A] 305—{? *€]&tal, phosphate buffer
saline(PBS, 0.01 M, pH74)8- o2 1083t 35 A|¥g 3
HEold we-L gldh7) s} 2edA 1% bovine serum
albumin (BSA)& o] 3027+ FAT7h 4C FHAM 957+
¢ biotinylated lectin (Vector Lab., Burlingame, CA, USA)
% Dolichos biflorus agglutinin, Soybean agglutinin, Peanut
agglutinin, Bandeiraea simplicifolia lectin-1, Succinylated
wheat germ agglutinin % Ulex europaeus agglutinin-12
Hepes buffer(10 mM Hepes, pH 7.5, 0.15 M NaCl, 0.1 mM
Ca”, 0.04% sodium azide)ol], Lens culinaris agglutinin®}
Concanavalin AE 47| Hepes buffere] 0.01 mM Mn®'7} £
&5 fold), Ricinus communis agglutinin-1% phosphate
buffer (10 mM phosphate buffer, pH 7.5, 015 M NaCl,
0.08% sodium azide)o] Table 13} & FE=Z A slo] 24
Azr BHEAAT 1 &, PBSE A HE F A4 ABC
kit(avidin-biotin-peroxidase complex, Vector Lab.)A] ¢fel} 60
£ WAzl o, OA] PBSE M A F Ao A TB(Tris
buffer, 0.05 M, pH 7.6)¢] 0.02% 3.3’-diaminobenzidine tetra-
hydrochloride (Sigma, Italy)¢k 0.01% H:0.5 EF3 &4
oF 1087t WAl AT}, thAl, TBS} PBSO] 242t 1023t A4

3 &, =52 A3 st Mayer's hematoxylin® 2 tx @

Lectin Origin Major sugar Common name Concentration Binding
specification amme (¢g/ml) inhibitor
DBA Dolich ' i N- D-
olichos o-N-acetyl-D-galactosamine Dolichos ?1ﬂorus 10 a-N-acetyl D
biflorus agglutinin galactosamine
SBA Glycine . . 10 a/ B-N-acetyl-D-
s a/ B-N-acetyl-D-galactosamie Soybean agglutinin ealactosamine
PNA Arachis galactose-$3-1,3-N-acetyl-D- Peanut agglutinin 10 Lactose
hypogaea galactosamine
BSL-1 Bandei -D-
ansere ¢-D-galactose Bandeiraea simplicifolia lectin-1 10 Lactose
simplicifolia
RCA-1 Ricinus $-D-galactose . . . 5 Lactose
. Ricinus communis agglutinin-1
communis
WGA Trti i -N- -D-
s ricum B-N-acetyl-D-glucosamine Succinylated N 5 B-N acetyl' D
vulgaris wheat germ agglutinin glucosamine
UEA-1 Ulex a-L-fucose Ulex europaes 10 a-L-fucose
europaeus agglutinin-1
C li ~D- -
Con A m,a v ?a a-D-mannose,a-D-glucose Concanavalin A 2 ¢-D-methyl
ensifomis mannose
LCA Lensculinaris Lens culinaris 3 a-D-methyl-
a-D-mannose,a-D-glucose .
agglutinin mannose
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Table 2. SBA binding pattern in rat cerebral cortex during developmental phase

Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D 1D 2D 3D 5D 7D 14D 21D 35D 49D 105D
Regions
Epen ++ 0 0 0 0
Man 0 0 0 0 0
Mar 0 ++>+ 0 0 0
| 0 0 0 0 0 0 0
Fr 1 0 0 0 0 0 0 0
m 0 0 0 0 0 0 0
I\Y 0 0 0 0 0 0 0
N 0 0 0 0 0 0 0
VI 0 0 0 0 0 0 0
Epen + 0 0 0 0
Man 0 0 0 0 0
Mar 0 ++ 0 0 0
I 0 0 0 0 0 0 0
Iar I 0 0 0 0 0 0 0
it 0 0 0 0 0 0 0
1\Y 0 0 0 0 0 0 0
\ 0 0 0 0 0 0 0
VI 0 0 0 0 0 0 0
Epen + 0 0 0 0
Man 0 0 0 0 0
Mar 0 ++ 0 0 0
1 0 0 0 0 0 0 0
Tem il 0 0 0 0 0 0 0
it 0 0 0 0 0 0 0
I\Y 0 0 0 0 0 0 0
\4 0 0 0 0 0 0 0
VI 0 0 0 0 0 0 0
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 ++>+ 0 0 0
1 0 0 0 0 0 0 0
Oc 1 0 0 0 0 0 0 0
il 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0
Vv 0 0 0 0 0 0 0
VI 0 0 0 0 0 0 0

Diegrees of staining: ++++, very intense; +++, intense; ++, moderate; +, weak; %, trace; 0, absent; >, most marked.
Abbreviations: Fr, frontal cortex; Par, parietal cortex; Oc, occipital cortex; Tem, temporal cortex;
Epen, ependymal layer; Man, mantle layer; Mar, marginal layer; I, molecular layer; II, external granular layer; III,

external pyramidal layer; IV, internal granular layer; V, external pyramidal layer; VI, multiformal layer.
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Table 3. PNA binding pattern in rat cerebral cortex during developmental phase

Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D 1D 2D 3D 5D 7D 14D 21D 35D 49D 105D
Regions
Epen + ++ ++  ++ +
Man + ++ 44+ +
Mar + + + + +
I ++ ++ + ++>+ 4+ + +
Fr 1I ++ ++ + +H>+ + + +
m ++ ++ + + + + +
v + + + + + + +
\% + + + + + +
VI + + + + + + +
Epen ++>+  +>0 + ++ +
Man +4+>+ 0 + + +
Mar 0 0 + + +
I + + + + + + >+
Par 1I + + + + + + +4>+
I + + + + + + +
v + + + + + + +
v + + + + + + +
VI + + + + + + +
Epen 4>+ >+ + >+ +
Man + + + + *
Mar + + + + +
I + + + o+ 4+ + + +
Tem II + + + + + + H +
I * + + + + + +
v + + + + + + +
\Y% t + + + + + +
VI + + + + + + +
Epen + + + + +
Man * * + + *
Mar + + + + +
! + ++ ++ ++ + ++ +
Oc I + ++ ++ ++ + + +
I + + ++ ++ + + +
v + ++ + + + + +
\4 + + + + + +
A%! + + + + + +

Degrees of staining and abbreviations are the same as in the Table 2.
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Teble 4. BSL-1 binding pattern in rat cerebral cortex during developmental phase

Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D 1D 2D 3D 5D 7D 14D 21D 35D 49D 105D
[iegions
Epen 0 0 0 + 0
Man 0 0 0 + 0
Mar 0 0 0 0 0
I + + * + + + +
br I 0 + 0 0 0 + +
m 0 + 0 0 0 + +
1\Y 0 + 0 0 0 * +
\Y 0 + 0 0 0 + +
VI 0 0 0 0 0 0 0
Epen 0 0 0 0 0
Man + 0 0 0 0
Mar + 0 0 0 0
I 0 0 0 0 0 0 0
Par II 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0
\Y% 0 0 0 0 0 0 0
VI 0 0 0 0 0 0 0
Epen 0 0 0 0 0
Man * + 0 0 0
Mar 0 0 0 0 0
1 0 0 0 0 0 0 0
Tem I 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0
v 0 0 0 0 0 0 0
\% 0 0 0 0 0 0 0
VI 0 0 0 0 0 0 0
Epen 0 0 0 + +
Man 0 + 0 0 0
Mar 0 0 0 + 0
1 * + - = + + +
Oc I + * 0 + + + +
m + + 0 0 + + +
v + + 0 0 + + +
v + i 0 0 + + +
Vi + + 0 0 + + +

Dlegrees of staining and abbreviations are the same as in the Table 2.
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Table 5. sWGA binding pattern in rat cerebral cortex during developmental phase

Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D 1D 2D 3D 5D 7D 14D 21D 35D 49D 105D
Regions
Epen + + ++ + +
Man + + + £+
Mar ++ 0 + t +
I ++ 4+ + + + + +
Fr I + + ++ + + + >4
11 ++ ++ + + + + +4+>+
1\% + + ¥ + + + +
\4 + + + + + +
VI + + + + + + +
Epen + 0 + + +
Man ++ + + * +
Mar ++ + + + s
I + + ++ + + ++ +4+>+
Par 1 + + + + + +4>4 4>+
I + + + + + + +
v + + + + + + +
\ + + + + + + +
VI + + + + + + +
Epen - + + + 0
Man ++>+  + + 0 0
Mar + + + 0 0
I 0 + + + * + +
Tem II 0 + + + + + +
1 0 + + + + ++>+ +
v 0 + + + + + +
\Y 0 + + + + + +
VI 0 + + + + + +
Epen + + ++ 2
Man t * + 0 0
Mar + + + 0 0
1 ++ > + + >4+ ++>+
Oc I ++ + + + + >4+ +4>+
m ++ + + + + ++ +
v ++ + + + + ++ +
\% ++ + + + + ++ +
VI + + + + + + +
Degrees of staining and abbreviations are the same as in the Table 2.
£ Wgo] Yeptm, 47 Mo AFATA BAE ek ol# @ 89l Aol Debray F4le] ¥ A o
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ol
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Table 6. Con A binding pattern in rat cerebral cortex during developmental phase

Adult rat

Weanning rat

Suckling rat

Fetal rat
14D 18D

Stages
Days

105D

21D 35D 49D

2 3D 5D 7D 14D

1D

Regions

Epen

+

+l

+

Man

+l

+

+

+1

Mar

++

++
++
++

4+

+++

+++

++

+++
4+

II

Fr

++

4+

JH

v

++
++

+
++

++

++

VI

+

+l

+++

Epen

+

+

Man

+

Mar

P>+ >+

+

4>+

Par

+

>+

++
++

++

I
I

++

++

++

v

++

VI

+1

+

+

++

Epen

++

+

Man

+l

+

Mar

++
++
++

I
I

v

Tem

VI

+

+

+

Epen

+l

+l

Man

+

-+

+

+I

+

Mar

++

++
++
++

++

++
++

+++

e+

+++
++
++

++

II

Oc

++

++

il

v

VI
Degrees of staining and abbreviations are the same as in the Table 2.
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Table 7. LCA binding pattern in rat cerebral cortex during developmental phase

Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D 1D 2D 3D 5D 7D 14D 21D 35D 49D 105D
Regions
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 0 0 0 0
I ++ ot + 0 0 0 +
Fr i + + + 0 0 0 +
oI ++ o+ + 0 0 0 *
v + + + 0 0 0 +
\' + + + 0 0 0 +
VI 0 + + 0 0 0 +
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 0 0 0 0
I ++ ot + 0 0 0 *
Par II + * + 0 0 0 *
il + + + 0 0 0 1
v + + + 0 0 0 +
\% + + + 0 0 0 +
V1 + * + 0 0 0 +
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 0 0 0 0
| 0 0 0 0 0 0 +
Tem I 0 0 0 0 0 0 +
I 0 0 0 0 0 0 +
v 0 0 0 0 0 0 +
\ 0 0 0 0 0 0 *
VI 0 0 0 0 0 0 +
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 0 0 0 0
I + + + 0 0 0 *
Oc I + * + 0 0 0 +
111 + + + 0 0 0 b
I\Y + + + 0 0 0 *
Vv + * + 0 0 0 +
VI + + + 0 0 0 *

Degrees of staining and abbreviations are the same as in the Table 2.
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Table 8. Effect of EGEE on PNA binding pattern in rat cerebral cortex during developmental phase

Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D i 2D 3D 5D 70 14D 21D 105D
Regions
Epen + + + + +
Man + * * * *
Mar + * 0 0 0
1 + + + 0 0
Fr I + + + 0 0
I + + + 0 0
v + + * 0 0
A% + + + 0 0
VI + + + 0 0
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 0 0 0 0
1 + + + 0 0
Par I + + + 0 0
11 * + + 0 0
v + * + 0 0
v + + + 0 0
VI 0 + 0 0 0
Epen 0 0 + + +
Man 0 0 4 4 +
Mar 0 0 + + +
1 + +>+ + 0 0
Tem I + +>4 + 0 0
11t + +>+ + 0 0
v + + + 0 0
A% + + + 0 0
\ * + + 0 0
Epen 0 0 + + +
Man + * 0 0 0
Mar 0 0 0 0 0
! + + + 0 0
QOc il + + + 0 0
ol + + t 0 0
v + + + 0 0
\Y% + + + 0 0
VI * + + 0 0

Degrees of staining and abbreviations are the same as in the Table 2.
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Table 9. Effect of EGEE on RCA-1 binding pattern in rat cerebral cortex during developmental phase

Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D 1D 2D 3D 5D 7D 14D 21D 105D
Regions
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 0 0 0 ©
I + + + 0 0
Fr I + * + 0 0
m + + + 0 0
v 0 0 0 0 0
\ 0 0 0 0 0
Vi 0 0 0 0 0
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 0 0 0 0
I + + * + 0
Par i} * + + + 0
11 0 0 0 * 0
v 0 0 0 + 0
\ 0 0 0 + 0
VI 0 0 0 + 0
Epen 0 0 0 0 o0
Man 0 0 0 0 0
Mar 0 0 0 0 0
I + + 0 0 0
Tem II + + 0 0 0
I + + 0 0 0
v 0 0 0 0 0
\ 0 0 0 0 0
Vi 0 0 0 0 0
Epen 0 0 0 0 0
Man 0 0 0 0 0
Mar 0 0 0 0 o0
1 + + + 0 0
Oc I + + + 0 0
I + + + 0 0
v 0 0 0 0 0
\ 0 0 0 0 0
VI 0 0 0 0 0
Degrees of staining and abbreviations are the same as in the Table 2.
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Table 10. Effect of EGEE on Con A binding pattern in rat cerebral cortex during developmental phase
Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D 1D 2D 3D 5D 7D 14D 21D 105D
_Regions
Epen + + + + *
Man t + t + +
Mar + + + + +
I ++ ++ + +>+ +
Fr I ++ ++ + + +
[1E ++ ++ + + +
v + + + + +
Vv + + + +
N VI + + + +
Epen ++ +4+ ++ + +
Man + + +
Mar 4 + + + +
I ++ ++ ++ + +
Par I ++ ++ ++ ++ £
111 ++ + + + +
v + + + + +
4 + + + + +
_ VI + + + + +
Epen 4+ ++ ++ o+t +
Man + + + + +
Mar + ++ ++ + +
I ++ ++ ++ 4>+ +
Tem I ++ ++ ++ + +
it ++ ++ ++ +
v + + + +
\% + + £
B VI + + + + +
Epen + + + + +
Man + + + + +
Mar + + 4 + +
1 ++ ++  4>++ ++ +
Oc I ++ ++ 4>+ ++ +
M1 ++ ++ + ++ +
j\Y + + + + *
\Y + + + +
VI + + + + £

Diegrees of staining and abbreviations are the same as in the Table 2
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Table 11. Effect of EGEE on LCA binding pattern in rat cerebral cortex during developmental phase

Stages Fetal rat Suckling rat Weanning rat Adult rat
Days 14D 18D 1D 2D 3D 5D 7D 14D 21D 105D
Regions
Epen + + + + +
Man = + + + +
Mar + * + + +
1 + >+ + +>4 0
Fr 1I + ++ + ++>+ 0
m + ++ + +>+ 0
v + ++ + +>+ 0
\Y + ++ + + 0
VI + + + * 0
Epen + + £ %
Man + + + + +
Mar + + + + +
1 + ++ + + +
Par I * ++ + + £
I * ++ + * *
v + + + * *
\% * + + * *
VI 0 + + + +
Epen + 1 + + 4+
Man + + + + +
Mar + + + + +
I + + + + +
Tem 1I + + + + +
m + + + + +
v + + t + +
\% + + + + +
VI + + + + +
Epen + + + E
Man + + + + +
Mar + + + + +
I + + + + 0
Oc 1I + + + + 0
I + + * + 0
v + + + + 0
A% + + * + 0
Vi + + * + 0

Degrees of staining and abbreviations are the same as in the Table 2.
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. EGEE injected group showed that Con A binding pattern in the cerebral cortex of fetal phase. Th

. EGEE injected group showed that Con A binding pattern in the cerebral cortex of suckling phase. Th
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. EGEE injected group showed that Con A binding pattern in the cerebral cortex of fetal phase. The weak and traced reactions were shown in the

ependymal and mentle layer of frontal cortex at 14 day of fetal phase. x400.

. EGEE injected group showed that Con A binding pattern in the cerebral cortex of fetal phase. The moderate and weak reactions were shown in the

ependymal and mentle layer of parietal cortex at 14 day of fetal phase. *400.

. BGEE injected group showed that Con A binding pattern in the cerebral cortex of fetal phase. The strong and weak reactions were shown in the

ependymal and mentle layer of occipital cortex at 14 day of fetal phase. x400.
weak and traced reactions were shown in the

o

ependymal and mentle layer of temporal cortex at 14 day of fetal phase. *400.
moderate reaction was shown in the 1I and III

5]

layers of frontal cortex at 5 day after birth. x400.

o

. EGEE injected group showed that Con A binding pattern in the cerebral cortex of suckling phase. The moderate reaction was shown in the IT and III

layers of parietal cortex at 5 day after birth. x400.

. EGEE injected group showed that Con A binding pattern in the cerebral cortex of suckling phase. The moderate reaction was shown in the Il and LI

layers of occipital cortex at 5 day after birth. x400.

EGEE injected group showed that Con A binding pattern in the cerebral cortex of suckling phase. The moderate reaction was shown in the II and III
layers of temporal cortex at 5 day after birth. x400.

EGEE injected group showed that LCA binding pattern in the cerebral cortex of fetal phase. The weak and traced reactions were shown in the ependymal
and mantle layers of frontal cortex at 14 day of fetal phase, x400.

EGEE injected group showed that LCA binding pattern in the cerebral cortex of fetal phase. The weak and traced reactions were shown in the ependymal
and mantle layers of parietal cortex at 14 day of fetal phase. x400.

EGEE injected group showed that LCA binding pattern in the cerebral cortex of suckling phase. The weak reaction was shown in the ependymal and
mantle layers of frontal cortex at 14 day of fetal phase. x400.

EGEE injected group showed that LCA binding pattern in the cerebral cortex of suckling phasc. The traced reaction was shown in the ependymal and
mantle layers of parietal cortex at 14 day of fetal phase. x400.

EGEE injected group showed that LCA binding pattern in the cerebral cortex of suckling phase. The weak reaction was shown in the ependymal and
mantle layers of occipital cortex at 14 day of fetal phase. x400.

EGEE injected group showed that LCA binding pattern in the cerebral cortex of suckling phase. The traced reaction was shown in the ependymal and
mantle layers of temporal cortex at 14 day of fetal phase. x400.

EGEE injected group showed that PNA binding pattern in the cerebral cortex of suckling phase. The traced reaction was shown in the layers [ and II of
parietal cortex at 5 day after birth. »400.

EGEE injected group showed that PNA binding pattern in the cerebral cortex of suckling phase. The traced reaction was shown in the layers I and 11 of
temporal cortex at 5 day after birth. x400,
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