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ABSTRACT: Lead is an environmental toxicant that causes
a marked deficit in cognative development in infants and chi-
Idren. Damage to the hippocampus has been linked to the
lead-induced deficit in the learning process. The present
study examined the effects of lead on the development of
hippocampal neurons in vitro. Hippocampal neurons were
incubated with various concentrations in lead acetate (1 uM
to 30 uM) for 72 hrs from 4 h after plating, and the percen-
tage of living neurons bearing neurites, neurite outgrowth
and migration of multipolar neurons in culture were determi-
ned. The percent of living neurons bearing neurites was dec-
reased at 3 uM lead acetate, but it was increased progressi-
vely at the higher concentration of lead. The neurite outgro-
wth was increased slightly at 1 uM lead, but it was decreased
progressively at the higher concentration of lead. The migra-
tion of neuronal cells was increased by lead in a dose-depen-
dent manner. Although the mechanism(s) of the effect of lead
acetate on the in vitro development of isolated hippocampal
neurons was not addressed in this study, it is suggested to
be related to its possible effect on intracellular calcium levels,
as intracellular calcium levels are critical in neuronal death
and neurite outgrowth, and lead has been reported to inter-
fere with calcium current. It is also suggested that the lead-
induced change in the development of hippocampal neurons
would underlie, at least partly, the morphological perturba-
tion of the hippocampus reported in the animals exposed to
low-level of lead during the prenatal or perinatal period.
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dstel $huel 4% fold HAz Qg B4 £9e AT AAAY 2412 ool
g3 QA 7 AERe] Wby, 4R FoRYE fAHE Wleadol o3 ’
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2ol AT Aaf, bl Qojr] Aol = Hlw A tdaitial A7tE A Wel dEsn
ANME ojdolEe Ag Y s5ed Aol dfFolidol ZefjHrtal ¢ H o 2 M(Bellinger
et al., McMichael et al., 1988), 3417 5228 o7 = vt 14 = g d5s =7}
olxRr v} ] Yolxar 9)tHNeedleman ef al., 1990).

"'345“01] g S5 f4stge wl, AAAY Held Ao g MAAME] HeAd W
2= 23}, A A w5 (gliosis), 28, ¥4 5o 2@ = #(Verity, 1990; Bellinger ef al., 1991), 53]
e Fo s §]r 7} 7)ol 83 A& 48 8h= vk hippocampus)ell 1AM A EF2] 74,
afvle] I Ylo] 2 x]4k3](dentate gyrus)e] o] 5] A ¥ tHLouis-Ferdinand et al., 1978;
Alfano et al., 1982).
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7190 F23F AT sk ol tigh HFol bRl #dte] e A7t Ho] Frh(Petit
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ofa
W

T

Alef

Minimal essential medium(MEM)# 4 o} & A (fetal bovine serum, FBS)-& Gibco
A FE AH8-3194 a2, HBSS, trypsin, trypsin inhibitor, dimethylsulfoxide(DMSO), poly-L-
lysine hydrobromide(mol. wt., 70,000-15,000), pyruvate, KCl, lead acetate 52 Sigma
AFE, 78 BE A9k S AlekS ARSI

5= o

o=
%‘34 718t A AFS g A3 165 o] ¥ Sprague- Dawleyﬂl 3175 Abg-skA T annl
18~20*]°ﬂ UA 3~4vte]7F E F ol '}Fﬁ 1ol S 9 g3 9~10A]of 53-8
A7 3 QFele] Hxi(vaginal smear) 23 ¥ %OJ A1) 74 (X200) 0.2 GAp7t gl
S99 4 05U 2 3hsich 941 189 Fo] NFE A% Sopa 54471, shrol s} el
70%(v/v) ethanolol] %HLO} =3t & w92 nAsle] BEE Ui W e HE
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&ttt 2He& Hank's balanced salt solution(HBSS)oll 270 3 44} Qtol| A Elo}=
welsted A s F AV st M 5258 W 2(No. 10)2 A1-&31d 8w} 2292 zHehf 9o,

’.‘J%‘HIEP—I Hlj
2 dgel M= Mattson Kater(1988)<] #8-S Wi g stod, e} 18U H 312)(Sprague-

Dewley)sl skt 2AAEE 23 WIS, = el Ask ol A Hlobe] wjol A3t
aut T E #AA AL F, 2dlA 1683 0.2% trypsinx]2]atil HBSSE 23] A 43}
U, 0.2% trypsin inhibitor 2 15%-3F ¥h&A)7]11, pipet-$ AME-3le] M E S 93] B
8t, 8% DMSO¢2t 10% FBSE &-%3 MEM WollA —70C 2 B3l T, o] AL 8%
gho] ¥ Aol AH8-3tA ) vl %> MEM + 10% FBSe) 1 mM pyruvate2}t 15 mM KCl-&
A 7}8ke /\}%5‘]’9\15} 35 mm Bj%H A2 poly-L-lysine(10 pg/ml) O 2 T LT AL ol A]
30%E-7F GRA1Z &, 2] poly-L-lysine-S A 78l it ZH52 28] A H3 0he s
100 cell/mm?e] W= 4212 g $-ofl A& 10% FBS-MEM ¥jA12 mx|shed 5%
CO, % 235w 319 §2-7](37C ol Al viat ). veksl M EE Zeiss Axiovert 353
A dxtdn)Fo g Baskgoh
Z 4 E(lead acetate)__l a2l

Wi F 4A12F 3= 2AF h(lead acetate) €42 0, 1, 3, 10 “18]1 30 uM S5 =2 ufj=o]
7K % 3R wi gt

HEMEE 9l J.‘JZ,"%?I & (neurite outgrowth)2| &%
Hjj oF 4A]7¢ F HiA) wA RS 0o 2 Shan, At EHER(l, 3, 10 30 uM &
Aoz TRt 24Xt 7|2 5 K98 335 3Uth HY3 AT viFHA F 4~5
N} Alokg 729 2 ek 2008 2 G st om, 214 E 7 (neurite) 2] Zo)7} A EA] Lo
o]’ del HIZE Alo] 0A3HS 71F o2 &S &AL AHE7 9] Lol 9gray)
(IBAS, Kontron)& %3l 3743l tMattson et al., 1988).

MBHZE 0|52 &H

A #1842 Al (Axiovert 35, Zeiss) S o] &3] FY l?—ﬂ% 2477 ZFA o 7 W)
FHA T 6~8Al0FE AFZ] #8319 0.1, 2441713} 484 7}°ﬂ T 474 dd dES
FENof ol F g Al E o] o} Ae)E Sk o1 F 3 AHEL F *ﬂ“ Al 273 2] 26f o]
2R HEE Ao} A&t

2 =

o] Wi dvk AAAEE $ e 71 E2Haxon) 3~5709] $AHE7](dendrite) =
7FA = th=4d(multipolar) A X7} oF 70~80%, ©1=d(bipolar) M X7} ¢} 20~30%= 2} A &}
Ak

ABE7S] dol7t AEA Aol o] de] A& 7|F o s 3t WELS 23 ul, YR T M=
24 A1 740l 40%, 4813l 23% 501, 724 1roll 4% = {}3‘:6}9&\:} 1M Fx9 Foll e 2
A 7bol| A= g o) W7} Q1) ot 484 1k 72*]7%1]“ go] Fadte A4S Uy on
3 1M T ol M= 24 A1 (HELE] 24107k R] Al EE} s YR 3 10 uM
2 30 uM FEANAME 2447kl Wl od ko) 0‘0421/} 48X 7HRE 3|8 T &Aoo g
F7hste T2A17bol Mt &t E ) oF 3w vhake] MESS JEhAITH Y 1).
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Figure 1. Effects of lead acetate on the neuronal survival in the rat hippocampal cultures. Various
concentrations of lead acetate were added to culture media 4 h after plating and neuronal survival
was measured at 24 h, 48 h, and 72 h. Daa are expressed as a percentage of matched control
cultures. Results are mean® SE of 4-6 experiments.
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Figure 2. Effects of lead acetate on the neurite outgrowth in the rat hippocampal cultures. Various
concentrations of lead acetate were added to culture media 4 h after plating and mean neurite length
was measured at 48 h. Results are mean® SE of 3-4 experiments.
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Figure 3. Upper and lower photomicrographs show the same field from a culture in which hippoca-
mpal neurons were grown on a poly-L-lysine substrate with 10 uM lead acetate. Over the 24 h interval
between the two frames, there were extensive movements of the cells.
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Figure 4. Effects of lead acetate on migration of rat hippocampal neurons. Various concentrations
of lead acetate were added to culture medium 4 h after plating and analysis of migrated neurons
was carried out by superimposing two frames at 24 h interval (between 24 h and 48 h). Data are
expressed as the percentage of number of migrated cells (number of migrating multipolar neu-
rons/total number of multipolar neurons) (a) and the rate of neuronal migration per 24 h measured
between successive frames (b). Result are mean® SE of 5-6 experiments.

Z% 2 @380l AMAME(Audesirk ef al., 1989), 3lut 2 neuroblastoma A X F(Audesirk
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ssler and Goldstein 1991). o]Foll 4 53] Ca®* 9}o] A&zg o7 Aol s Ca’* 3 M=)
Aoz BAste] Ca®t o Aeld 285 Wadtrhe 7o dig ) 233 ’571'—‘01 UTKSIl-
bergeld et al., 1974; Atchison ef al., 1984; Cooper et al., 1984). o]+= o] W& Ca’t 9
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S (cell death)d] FZZ viAgte I8 1 2AS T3 9t

ghd AAA E ] o] glojA], ZF AAM R AR 2 O el E A= 7o BIAE
oA Erssl vyl 2o AAoly, MEW Ca*t e 57t 2R B IS drs Mo)
freEdtAl #7151 9JtiKater and Mattson, 1989). = Ca’* 9] M XU §9-& A5t o
oFE o] Zkzhe] A X YoM ANBA R S 2HIYE FASZRE AAESY
el HA e MEY Ca* 7t A& Aojgk= 7Hdo] A=l drHKater et al., 1988).
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selberg et al., 1991).
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Ao AXEY FYE dAFgezH AXY Ca* 9 Fx7) At Aoz Agdrnh

A, SFAAAY 7] dEHH oA ANBM L o]FL NAHUAES] UHF A}
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