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Change of Biogenic Amine Contents in Lead Intoxicated Rat Brain
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** Department of Neurology, Hallym University, College of Medicine

Lead is an neurotoxic substance and its clinical effect on the central nervous system has

been well known since several decades ago. As the development of industry becomes more

rapid and widespread in the world, we can expect the amount of lead and its harmful effect

on the human life would increase in the future. We think the behavioural effect of lead on

the central nervous system might be the result of the change of the neurotransmitters in the

central nervous system. We studied the change of neurotransmitter amount in the cnetral nervous

system of rats after lead intoxication. There was a significant neurotransmitter(catecholamine

and 5-hydroxytryptamine) change after lead intoxication in our study.

M =

ge dzPE AREF g dolA Hel
AE o g 2% BPoI9 2 FHoE
Y 2 49 2L U] A 4B FW B
2o AN QoWA FH L B4 0F BA
Uz Qzkel AFe Agsm Uk Aol A
AR AF BTl go} ¥ W P A
el of W vk Gom AFE 1 e v

FE G 198095 oSl AT a5 A2
SENEREEEFES

 F5d g $HE olv ¥ HAFE A
AR T 7ol A A 7)€ 0] gomsD Fuo) A= 1986
9 =F57E AAS A AadA Ay aat
828 % 135™ o] & 5 AR T 1Y AF
s g HAFEAE ez AN ZY4B7
B2 15%9

>

N

o
2
X
=
o
o
=
(=]



)
o},i
2

2
ol
tlo

o
2
i
o Ao

£
L
o
i
2
L,
ot
2
ol

B}
N
o2

o rm
8
o o ol Lo

of

e

o

j
8 gy

e
_10 Nio lo
Y2 to rlo

il

o

-

m

g rl

ot

12

e

N oon 2
S
tlo
A
o
o

o
lo
nRPO
X'E—lm-tm
2 Lol

2
T

o & |o ok

L)
xE®
o i
T o ool W
2

X

S ox b L orfr

o of

EE‘%_\ioﬁ
off Mt N 2 o
o o %
o 0 o
RN
n}iﬂ
2
il
AC)

P oid
o

£

T

2
il
M
sl
£
=
[
i)
T

4o rir

)
e
ki

o

2

K

A sle A=

gL

H
)
I
2

g o
Y
K
rr
2

1 )
b

2§

ox, Mo
AR oW

¢

H oo N ogx 8 oox p i oo
1=
g,
oX,

Topo By

o
oy M

b
o M o
9,
o

ot o8
ol

S
L
o
i

kg
o
=
I

o
9

I

I

L

o~

O

o
B
9
N

oo
o
)
g

@ o
lu
o
2
il
g
x
4 o
o

S U

S
oo

off g 2

leﬂ‘_]
L
L X
é‘&.?.,
o}iﬁg‘o
)

I

it

i

ol

o

=2

o
)
e
e

g
3
o
2
oﬂ
oft
o3
=2
lo,
do
oy
EU_.
>
ot
™
re
A

e
2o

4
01D mhaba Aol dEEe] U o
zde olEF A7 BEHA W
otk WA PESTH A :

Qo) hAAE A B BToA

=
o
AAYEHY gAz A & T Mo

.
oY O
o
offt
)
»
'
M do iy
R o e 42

32 fo o

3

=
e o o O

gof gapol thzol Hahe F7hE L giRa9
WP G ey e A ZEAE Yoz d
thebd 217 A SR8 WAL 2Rl A el

W, w3 A Aol e FEL 04T 49 F
—
—a-

e Felsle] B% Ao, me

q FFNBA B dodle AT
e ofF B HEAA Ferort 2R
AL AARALELN 4TS & Aoz YZHy
Wy GF RO Holk ABYERA W “F
4 ¥7]% 7}’ (minimal brain dysfunction : o]}
MBD)9] 2743t ¥z gXFTi ). MBDE]
A7 FEd 714-e 32734 9 monoamine?)
Foirt ol Ao g AAEH e MBD $x}d
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Hom xHZZ A mgd 20ul o]4e] 0.25% diso-
dium EDTAE ¢-#3%F 0.IM perchloric add& 7}
8lal glass-glass homogenizers o] &3} T2 3}A]
71 & 12,500g00 4] 15837 94 £ 2] (Eppendorf ce-
ntifuge 5414, Brinkman, USA)3le] 1 4298
A F&E k. ZF Al E = nitrocellulose membrane fi-
lter(pore size : 0.22um, Bioanalytical System Inc,
USA)E o3t & oalol & 10ulE High Perfor-
mance Liquid Chromatography(HPLC) systemol]
F9J38}e] 5-hydroxytryptamine(5-HT). 5-hydroxyi-
ndoleacetic acid(5-HIAA), homovanillic acid(HVA)
o] g#S #4315t 8, Norepinephrine(NE),
Dihydroxyphenylacetic acid(DOPAC) # Dopamine

(DA)S] 23 & A8 7] AF Y F 2000 5k

SM Tris EDTA buffer(pH=8.6) 500}119} IngQ]

alumina(Al,O3) & 7}38kaL 1587 &5

cholamine& aluminad] FZA)7l & FHFFR

At oA S8 &3] AAS F 0N

HCI 60plS- aluminad)] 7}8e] &&= catechola-

& o] & 10ulE #3le] HPLC sys-

temo]] F¢ 5t £ 2157884t} HPLC systemeo] A

2e)e Zt7te] B A5 Electrochemical detector®

a9z 7 249 peak WAL Aasich

B Aol A o] &3 £47]7] & A=A, HPLC

ok#} ofE-L ThE Bt

*HPLC £4]7]7] : High Performance Liquid Ch-
romatography(Waters Associates, Models 441,
USA)

*Column : Biophase ODS  5um(250 X 5mm)
(Bioanalytical Systems Inc, USA)

*Mobile Phase : 5-HT#} 5-HIAA ¥ HVA &3
S 6.5% acetonitrile®} 98.5% 0.15M monochlo-
roacetic acid buffer(0.34mM sodium octyl sulfo-
nate$} 2mM disodium EDTA )& pH 2.8%2
wED FYEEE 12ml/mineE 3¢}
NE3} DA @ DOPACZA-& 5% acetonitrile,
95%, 0.15M monochloroacetic acid buffer(1.38
mM sodium octyl sulfonate®} 2mM disodium
EDTA #fH)E pH 282 Y1 fYLEe
1.2ml/mine. 2 stgrth

* Detector . LG 4B/17 Electrochemical Detector

mine-g F&§

with TL-5 glassy carbon working electrode(Bioa-

palytical Systemns Inc, USA).

* Applied Potential : 800mV vs Ag/AgCl.

* Controller Sensitivity . InA/V

Norepinephrine bitartarate(Sigman Chemical Co.,
USA)

4-Hydroxy-3-methoxy-phenylglycol hemipipera-
zine salt(Sigma Chemical Co., USA)

Dopamine HCI(Sigma Chemical Co., USA)

5-Hydroxy-indole-3-acetic acid(Sigma Chemical
Co., USA)

Perchloric acid(Fisher Scientific Co., USA)

10 Octane sulfonic acid sodium salt(Sigma Chemi-
cal Co., USA)

Disodium ethylene-diamine tetra-acetate(Fisher
Scienticfic Co., USA)

Monochloroacetic acid(Kanto Chemical Co., Inc.,
Japan)

Acetonitrile(Merck, West Germany)

Tris-hydroxymethyl-aminomethane(Sigma  Che-
mical Co., USA)

7 g0 2RFAE Bt A2 LA HAF
gomn 4832 H24L2 unpaired Student T-testZ
Agate] patel 0.05031e] A0l He4] S

o2 BRS

387.9% 84.9g0 2 2T 9 HiA| 400+
.Ig°ﬂ vl 28 Xoj= gliti(Table 1).

E3 gizTeA o F92E biogenic amme.,]
22 Table 17} 72}

1. M=I|E0A Catecholamine % 5-Hydroxytr-
yptamine(5-HT)Z+ 1 CHAISZE &2ke| s
(Fig. 1)

A= Ao A NES $3Fe 195.4+ 11.5ng/g tis-

sue 2 thRo] v <oUE FUE Ea
(P<{0.05), DAL 19.1% 1.7ng/g tissue?] w]Ho] 7
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Table 1. xv7 G ETOA H23 F9E bogenic amine?] 33 ¥H3}
Norepinephrine Dopamine 5-hydroxyuryptamine
Control Lead Control Lead Control Lead
Fex 123.0+ 8.8 198,44 11.3%* 2781 2.0 191+ 1.7% 678.21+ 34.4 684.21 24.9
(20) (26) (16) (14) (1) (14)
Str 31.2+ 2.8 28.9+ 2.0 7267.31 598.2 5254.6+361.5% 734.8+34.0 7428+ 31.4
(20) (26) (14) (12) (14) (12)
Hip 193.5%8.0 208.2t 8.9 230.61+ 12.3 291.2+ 37.3 365.61+29.7 341.8+18.3
(20) (24) (14) (12) (12) (14)
Tha 317.9*+124 299.5£ 7.8 63.6% 9.1 56.5t 5.6 604.8440.9 640.1% 55.2
(20) (26) (14) (18) (12) (15)
Hyp 678.3%25.2 834,91 49 1%* 157.0% 9.0 182.3£11.2 922.5+ 58.3 957.2+43.9
(20) (24) (16) (22) (14) (15)
Sn 178.1+ 14.1 1603t 11.1 271.24 30.1 331.1% %0.7 1690.0+125.1 1716.5% 86.2
(12) (20) (10) (20) (10) (14)
Homovanillic acid 3,4~dihydroxyphenylacetic acid 5~hydroxyindolacetic acid
Control Lead Control Lead Control Lead
Fcx N.D. N.D. N.D. N.D. 532.01+ 16.8 34424 16.1
(1m (13)
Str 854.71 66.2 771.0%+33.1 746.0% 82.3 732.71.38.2 527.3£27.0 500.2+ 22.7
(24) (12) (16) (14) (10) (14)
Hip N.D. N.D. N.D. N.D. 470.7£ 34.2 409.2+18.3
(14) (24)
Tha N.D. N.D. N.D. N.D. 734.41+ 327 653.51 39.8
(11 (15)
Hyp N.D. N.D. N.D. N.D. 744.9% 40,9 693.9+ 32.9
(10) (15)
Sn N.D. N.D. N.D. N.D. 1127.8+102.2 1200.8% 53.7
(11) (14)

“H“ %4 g9 ngol™ #HES FEA+
= E4EA 93-S Y. Fx ! %
Sn: z:f,Ja‘ * 1 p<0.05, **

Z5 o] thxof v £33 FA2E Byon (Pl
0.01), 5-HTE 684.2% 24A9ng/g tissueo| &5 o]
tizFd vl %7 FUbetd o §o% 2ol
olulgit}. HVASH DOPACES A& A &Y 5-
HIAAE 344.2% 16.Ing/g tissue 02 vl gtol) H3|
F9% Aol HolA &ttt

2. M=A|O|A] Catecholamine & 5-Hydroxytryp-
tamine(5-HT)Z} 1 CHAIEE &atel Bi5t
(Fig. 2)

NE®] ZHeke 28.94 2.0ng/y tssueQ Z T 0]

Az Qo vz vlE] § 3 Aol AL
DAl A&TE 5254.6% 361.5ng/g tissue O & U=

EFoAE e ()2 &

Ae A¥%Ed &

&

A5 4, Sw: AzA, Hip ! sjvh, Tha: A, HVP A gEhy
: P<{0.01 (unpaired Student-T test)

ol HlF £ FAE AL (PL0.01), 5-HT
ko 7428+ 3l4ng/g tissuel 2 F9 3k Aol
19tk BVAT DOPAC ¥ 5-HIAA:= Z47h 771.0%
88.1ng/g tssue, 732.7+ 38.2ng/g tissue, 550,24 22.7
ng/g tssuel 2 o A3 Fod ol |
ek

3. siofoll A Catecholamine % 5-Hydroxytrypta-
mine(5-HT)Z} 1 CHALEZE &Hzkel Wal(Fig.

3
suloll A 2 NEF DA € 5-HTY HEFL
Z¥Zy 208.2% 8.9ng/g dssue, 291.2:+ 37.2ng/g dssue,
341.81 18.3ng/g dssueC 2 iR} HE F9%
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Frontal Cortex

(] Control

600 |-
500 -

ng/g tissue

300 - -+
200 -
100

i 24 Lead

DA

DOPAC

HVA

Fig. 1. 228 Y2574 AF929] norepinephrine(NE), dopamine(DA), 5-hydroxytryptamine(5-
HT), homovanillic acid(HVA), 8, 4-dihydroxyphenylacetic acid(DOPAC), 5-hydroxyindolacetic acid (5-
HIAA) O] & vlal. F£3Ae FAAUs TELAE ved Aot

* 1 P<0.05, ** : p<0.01

Corpus striatum

[ Control

9000 t’

T

7200

5400 -

ng/g tissue

3600 -

T

1800

NE DA

S-HT

Lead

HVA DOPAC S5-HIAA

Fig. 2. Q273 gFEF A A2A ¢ norepmephrine(NE), dopamine(DA), 5-Hydroxytryptamine(5-HT),
homovanillic acid(HVA), 8, 4-dihydroxyphenylacetic acid(DOPAC), 5-Hydroxvindolacetic acid(5-

HIAA) O] 3 Wil Ade oo e

* 1 p<0.05, ** : P<0.01
zpol gt HVASH DOPACS A HA st
on, 5~-HIAAE 409.2% 18.3ng/g tissuel 2 HA|

FOIT Holx molA 2k

4., AA&H0llAM Catecholamine % 5-Hydroxytrypta-
mine(5-HT)Z} 1 CHALEZ! kel Hizl(Fig.

4)
NE9] st&e 299.5+ 7.8ng/g tissue, DAZ} 5-HT
= Ztz} 65.5+ 5.6ng/g tissued}t 640.1% 55.2ng/g tis-

E2oAE ek Holuh

sue2 2 izl Bisf] oo xolE T
HVASIDOPACE A9 ZHHEA &fon, 5-
HIAAT 673.5189.8ng/g dssucS @ FA] Foigh
Aol BolA gtk

5. AlAMSIEO0IA Catecholamine & 5-Hydroxytr-
yptamine(5-HT)Z 1 CHALZZE &H2Fe| His]
(Fig. 5)

Ag3Rol A AEH NE 2o 834.9449.1

o
i
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Hippocampus

1 Control W2 1ead

1

400

ng/g tissue

100 -

DA HVA DOPAC

Fig. 3. z73 $EE5FdA sfule] norepinephrine(NE), dopamine(DA), 5-hydroxytryptamine(5-HT),
Homovanillic acid(HIVA), 3, 4-dihydroxyphenylacetic acid(DOPAC), 5-hydroxvindolacetic acid(5-
HIAA)Q] 33 vlm. FAAL FaXotg B AE ved Aol
* 1 P<{0.05, ** : P<0.01

Thalamus
1 Control Lead

800

640 b
Q
8 480 -
cn
&
= 30

160

HVA DOPAC

DA

Fig. 4. 273 FEEToA A4¢ norepinephrine(NE, dopamine(DA), 5-hydroxytryptamine(5~HT),
Homovanillic acid(HVA), 3, 4-dihydroxyphenylacetic acid(DOPAC), 5-hydroxyindolacetic acid(5-
HIAA)Y] &3 vl 3L FaAAAF EFLAE vepd Aot

* 1 P<0.05, ** : P<0.01

ng/g tssue@ 2 tETe] W3 FRA FrhE B 6. SZ0|lA Catecholamine % 5-Hydroxytrypta
o m(P<0.01), DA%} 5-HTS] &3 =2 182.5+% mine(5-HT)Z 1 CHAI2Z! slzko) Hdil'(Fig
11.2ng/g tssued} 957.2+43.9ng/g dssuel 2 Z}Z}; 6)

=27 vl o §o)3k 3joj= Bolx] &gth Edo|X 7E¥ NEZ DA ¥ 5-HTS e
HVAS} DOPACE HEHA ¢hghil 5-HIAAE 693. 160.3% 11.1ng/g dssue, 331.1% 30.7ng/g tissue, 1716.
71 32.9ng/g tissue@ 2 HA] FEF zpolE o3l 5% 86.2ng/g tissue® 2 Z}7he] 27 Bl wE o
- Ul Rpol= giith HVAS DOPACE 27
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Hyptohalamus
[ 1 Control Lead

ng/g tissue

HVA DOPAC 5-HIAA

Fig. 5. iz 73 YE =704 A]4F84-2] norepinephrine(NE), dopamine(DA), 5-Hydroxytayamine(5-HT),
Homovanillic acid(HVA), 8, 4-dihydroxyphenylacetic acid(DOPAC), 5-hydroxyindolacetic acid(5-
HIAA) Q] @& Ha, $£34e FFAANE TELAE vhepd 3ot
* + p<0.05, ** 1 P<0.01

Substantia nigra

(1 Control 777 Lead

1800 [
g 1440
£ 080 F
=11
E

720 [

360

)

0

DA HVA DOPAC S5-HIAA
Fig. 6. 27% @257 29 norepinephrine(NE), dopamine(DA), 5-hydroxytryptamine(5-HT),
homovanillic acid(HVA) ; 3, 4-dihydroxyphenylacetic acid(DOPAC), 5-hydroxyindolacetic acid(5-
HIAA) O] &3 Hlal. $HAe FaA e ZEAE vehd Helo
* 1 P<0.05, ** 1 P<0.01
X ¢kgrom 5-HIAAE 1200.8+ 53.7ng/g tissue Ao} 1%=2 F
0% 9N fele Aol Holx @k aEg e 417
w
H

el 4§ FE UE A 2B 7
o go] o} Bg $eET Yok HA 4 A7
44 A7E B ¥ 0 1Y 9ESA U
el wEEd @ 35 MWEL o & U gAY FFURA J15F)E MBDY S
94 ger, B409 % 5 B WF B A GF P4k A5 AL GeA PO
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