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A1 7 X ZA) (nerve cell body)®] 7]A]EA (initial seg-
ment)o| A JAAF FZA 9 (action potential)s Z2HE
7)(axon)& wte} Ag= o] A (end bulb)e]l HEA
gde)) olzy A YA (synaptic vesicle) o] 3
A1 A AZLEA (neurotransmitter) o] A E££]-§-Z3}A (exo-
cytosis) & B3 AN A oz Fu|HA dh=d o HA
MM AAddez Fgeo]d F4o| fubslch ¥4
¥ AARGEAL A3 (postsynaptic membrane)
€ 283 AT F oW AL E) Ha oH AL
AgAdddez FAFPALY AEFH oI
dopamin, noradrenalin, serotonin $-2& %-E4} F<%c}.
webA] o] AL 23] 2 AFHAA o] Nat
& H5go2 o] Fo]Act(Friedman 1981).

Acetylcholine®] 7%, H¥F4& 2¥I47 F g
Fu}o] acetylcholinesterase (AChE)el| 2J3] cholines}
acetate® H-3]F 1] ©]& cholined 24| E 3] Nat
I de4AAAE B3l AFLEo] acetyleholine3A ol
A L2} (Massarelli et al. 1974; Suszkiw$} Pilar
1976). wekA 2k A dwde] A3 oz 75317 ¢
A FHEHAY AAADEA ] AFeAA L T3
A Aoz olfFojof & Aoz YA Fu|d
ARHGEAY] A Fee S AFADTEANAM
Tt olEl ofRlA AAAZEANME FARE HAAE

E5d AFS @ Aoz 7AW we B AFE
294 AANLERY AF4 il EH v zsted of
W04 AAAGERY AFSARE AT ol A
F4AYAA Foleo] A Gge HAH) s
Seshee,
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1. AdA®

AYFET 20°C W52 AP EFAR S
EEE F93HEAM AMRE A|F 250¢ W 2)9] Sprague-
Dowley A 5-9] 43 A7 & AHg-3t+

2 AYE Az gl FAAHALNE @ et
£ 93 B o) FHolne Yol FIT A
44 Alse} A4 £EES A} O 2 atomic absorp-
tion spectrophotometer (AAS)E ©]-2-3}ed P2 Z{ o
5 AN A3 APdM e AEHA SR AL
el 0.1ppm A=2 3% &P AAsE A3} 1.5~
2.0 ng/day A =5ich AN AMLE Fe] T
0.4 mg/kg (H )9t} A<k o 2 Percoll, EDTA, serotonin,
Dithiothretol, Triton X-100, Trichloroacetic aciod, BSA
(bovine serum albumin) 52 SigmaA} A|3, [H]-sero-
tonin-& Amerscham Life ScienceA} A&, AcINT-
AXFTM (cocktail solution)-2- PackardA} A| &8 22 A
L Al FQl IEE AFE AHEEAE
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2. Synaptosome£-g]

In vitro AR Al3t7] A3t AL vz
o] 25 synaptosome2 +%2]3}¢it}. Synaptosomes)
¥2]+= Harrison et al. (1988)3} Dunkley et al. (1988)2]
WS W8 sle] ALL3E Lee(1995)9] vhHS A3
o 938 FRY-E Aekstel ANAT ¥ HFs Yl
o ¥E &3 T Zulx 27} homogenizing buffer
(sucrose, 0.32 M; EDTA, 1 mM; Dithiothretol, 0.25 M,
pH 7.4)0l] &7} W2HA17] £ HollA] 4] (cerebellum)S-
A 25t o} (cerebrum)$} ) 7} (brain stem)-S -¥-2]d}
et 23 g gk =7k 108) (W/V)S] 523 homo-
genizing buffer (sucrose, 0.32 M; EDTA, 1 mM; Dithio-
thretol, 0.25 M, pH 7.4)°] g3 Toflen—glass homogeni-
zer (International Comp.)& o©] &3} AM3} 73 & 23]
of shjal e B

o] s}fjol& oF 1,000g=2 1087k A1E2] (Hanil Co.
LTD, supra 21-K)& A3l 72 A& (S1 #2)& 7}
A3 Percoll discontinuous gradient centrifugationd}$]
t}. Homogenizing sucrose buffer (pH 7.4)o}] Percoll &
£@d3tq H$5 =t 3%, 10% ¥ 15%7F H=F TE

o] & AAlF el 77 6ml¥ s1Fwrt ol W
B7H @2 F /P ASERd S REE 6ml AE ¢
T 325002 5¥7CHEAIZT A ST @
Al-22] (Beckman, J2-MC)3}e] 3% Percoll % o]3}o]
A 2 peApolel $2lE BHB 15% skl AR
B3& BE% weo} Krebs sol. (sodium bicarbonate, 4.6
mM; magnesium sulfate, 1.2 mM; photasium phosphate
monobasic, 1.2 mM; calcium chloride, 1.3 mM; photasium
chloride, 4.8 mM; sodium chloride, 119 mM; pargyline,
0.05 mM; pH 7.4)°l] el & 15,000g2 1587 €A
2ejsled A 2AP $AE 2o} 33 WAao] 4
3 F Krebs sol.o]l 3ulj (W/V) 3|4 3}e] HFEsigin.
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4 WA @50g Wel 2Avde) Tl
Sl o] microsyringe® |43t FFI3} A
ZAF-FAtel & Belde] 722t 37} (epidural space)o
25 ughked FolAT AETS AUAYS UG
SelBsich Tl % Ao Aol et BRI Y]
synaptosome2- -5-2]3}93t}.
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4. Synaptosomed] £]3} [3H]-serotonin®] 3F-$
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17.8 Ci/mmole)®] &5 Thorne $(1991)2] ¥} & W
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Fig. 1. Double reciprocal plot of [3H]-serotonin uptake to
synaptosomes. Each value is the means of 4 deter-
minants.

sted Al Lee (1995)9] g 2833t A
Krebs sol.]] [3H]-serotonin2 2 0.1 uM (0.1 uCi)7} =
A @31 37°Cell A <F 10 ¥2F wkx]3le] A3 ¥ P,
8& 50 7kehe] 2087 Wpx|EAT. o] HE-g- 9]
2 ZHI) = 500 plel] 2} FHFuHS 208-0] A3}
& ZulE AFHYEZE o] L3le] Whattman glass fiber
filter paper (GF/F)& E3}e o3A)7|1 ¢ 20~25ml
2] Z}7}2- Krebs sol.2 M|A3} & filter paperE 1%
Triton X-100¢] H7}g 0.1N HCl 1 mle] A4 scin-
tillation counting vialdl] @11 12A)17F o]A} [BHIE &
g} ¥ scintillation cocktail (ScINT-AXFTM)& 29}
0§ ok 3647 ol4bo] Assed §943} filter} %13
3]x 71& #<Ql3t & scintillation beta-counter (Back-
man Comp., LS-6500)2. [3H]2} <}& =& 3} o)s}
Zre vl o v Hr)sl= [3H]-serotonin®] %% 0.1
uCi, ¥k-g-ool] H7}3lE Po-&e] k& 50ul, [*H]-sero-
tonins} P, £-8)2] WHE-AZHE 20802 BA s

[®H]-serotonin®] *7}8k=z} synaptosomedl] &3t F-4=
ZF& AAE 43 di¥E Km=0.5 uM, 3712 Km=0.1
uMz ¥zl A o] FpA2}E o] kvt (Fig. ).
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NaCl#} KCle] o &

Synaptosome©] [3H]-serotoning J53l= A oA
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Nat o] &o] ol® gL u|X: & FIs7] s
Krebs sol. (sodium bicarbonate, 4.6 mM; magnesium sul-
fate, 1.2 mM; potassium phosphate monobasic, 1.2 mM;,
calcium chloride, 1.3 mM; potassium chloride, 4.8 mM;
sodium chloride, 119 mM; pargyline, 0.05 mM; pH 7.4)9]]
NaCl 4]l sucroseE #H7}sle] FUF AFFEtolA
NaCle] 3sx®3}o] 2|5t [3H]-serotonin &} &F43 I
235l t}. Krebs sol.®] &§AE & NaClg 119, 100,
80,50,20 W 0mM= Y}3n] 94 sucrosed HEE 0,
80, 120, 180, 240 & 299 mM= Z7}A|7|HA] Hl-SH &
wtE & zhzbe] wl-g-olue) [3H]-serotonin 0.1 M (0.1
Ci)E AH7lsle] 1087t ¥}23t % (preincubation) syna-
ptosome 50 ulE 7}3le] 208-7F 42171 o} What-
mann glass filter paper (GF/F)oll «§3}A|# 0.7 um o] A}
2] synaptosomeqt-& do] F4% [FHIY & A5
o} =3 T4 e Kt o] ouabain®] =
sl

6. 3 (Pb)3} synaptosomeo] 2]3} [3H]-serotoning)
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1) Synaptosome®l] 2]3&} [3H]-serotonin -4 ¢j)
SAE el 9%

'} (lead acetate)©] synaptosomeel] <23+ [3H]-sero-
tonin®] F5oll w3 L WX =IFE UelrT] 9
g 2APEE 0,0.01uM, 1M, ImMe] ¥z Hl-Saq)
of A7}sk & zhzhe] ub-g-lo) [3H]-serotonin 0.1 uM
(0.1pCi)E A7}t 1087 v}*]38 X synaptosome 50
ulE 7Fste] 2087 471 o4 Whatmann glass
filter paper (GF/F)ol] «3}A]# 0.7 um ©]AFe] synapto-
someThSE do} T3 [PH]9} k& scintillation beta-
counterg °]-§3te] S 3yt

2) ¥ (Pb)2] AA F<f
W 2A ez QA Feid A
2 [3H]-serotonin®] F-4ofALS #5179
of ¥ 19,39, 64, 1290] AT * U
%} synaptosomed E2]3}e] [BH]9) <f&-

7. AR

Synaptosome®] whilal Aake Lowry 5 (19519 u}
HE o]f3lyleor] EF Am =2+ Sigmarl?] bovine
serum albuming o] &3} c} =3 =48]+ Stud-
ent’s t-testE o] &3} W= AP HFZNA
2] Aol & wjmslglch
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Fig. 2. The uptake of [*H]-serotonin to the synaptosomes
and the concentrations (mM) of NaCl and KCI.
Open symbol: KCl, closed symbol: NaCl. Asterisks
show statistically significant difference at p<0.05

(n=6).
o
1. NaCl3} KClo] [3H]-serotonin®] F49| n]x]&=
FR

Synaptosome©| serotoning 43} FHA o)A} Na+
2| Jsks st A e} ¥zt A £2]38 synap-
tosome B0l Natol] 2]&3 o]l

FFEL HZelA dixel vls) ¥sioh ) A
NaCl ¥% 80 mM7}X]& 4.9+2.1 (pmole/mg protein) 3
w7 A9 glgla 80~119 mMellA] 7.8+4.3 (pmole/
mg protein) 2 F7}81 o). ¥ Ttell A= 80 mMol| A HE]
frolg 78 Bl uetA HzhelM 9] Frkge] o
o B9 guv (Fig. 2). o] A& AAHEEA | carrier
o s MET gto g Zoj o FHAA MEa) 9
2] Nat g=7t ot nel A3 F571 dojndet
= A% Jehick

Kt Nate] 799} vt e] AE Jepligict d
o} w7t} ¥-2]d synaptosomed| A Kt o]-2o] ¢+
Aol EoiA %> 7397t [PH]-serotonin®] FF
o] 7t ¥derm K+ ¥y=rt S/ME4E F R4
synaptosomeol| A 25 FAH oz f23A = kot
FraFol sl AskE B} (Fig 2). K+ Natsg}
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Fig. 3. The uptake of [3H]-serotonin to synaptosomes and
concentrations of ouabain (Na*-K+t ATPase inhi-
bitor). Asterisks show statistically significant at
p<0.05 (n=6).

bR 2 A 2] A4t PAdel Fedshe Az H
9] =7l 21845 A v AU i
A FHol i3 AEx FAsA fot webr synap-
tosomeol] )8} [3H]-serotonin®] JF47} 714 He=z
Bo}l Algamte)ie] Kol mpez g7 AW dAT
529 AL Ahste] YEIo] BaTT
3 9o G serotoning] FHA o K+ ool
92AY Fhrdel Yee A,

Nat~K+ ATPase &4 9| (ouabain)”} synapto-
someel] 2}3} [3H]-serotonin F53}A o] ¢J3FE n|X|=
AE AT A7 dxe} H7F 2F|A ouabaing] A
7P =7t 27184% [®H]-serotonin®] F5#-2 ozt
¥ Ztaste Aoz Jehdd. ulelr synaptosomeo]
93} serotonin®] &4l Nat-K+ ATPase® #H§-&
& 4 UK (Fig. 3). '

3. ¥3} synaptosomesd] ¢]&} [3H]-serotonin®] F4=

1) Synaptosome®l] 2]} [3H]-serotonin®] JF4=)
vz gl 4%

Synaptosomeo] 2] [®H]-serotonin®] F5u}A]
A e g (Pb)e] <d3-E TS A g9 HzeA
228 synaptosome EFo|A] H71&H F(lead acetate)
9] =57} 271842 [PHl-serotonin®] F4ak2 ZHa
S Aoz vehae (Fig. 4).
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Fig. 4. The uptake of [*H]-serotonin to synaptosomes and

concentrations of lead acetate. Asterisks show sta-
tistically significant at p<0.05 (n=6).
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contro} lead

Fig. 5. The effect of verapamil on the influx of lead to the
inside of the synaptic membrane. The concentra-
tion of verapamil was 10 mM. Each value is mean
+8.D. cont: control group, vp: verapamil, Asterisks
show statistically significant at p<0.05 (n=6).

2) Synaptosome W& 93¢ 4 A=

Pbr} Alzvz H48E A== Cat9 o573 24
calcium channel & B2EHo= o]4d Hoz Hgyo]
incubation buffersl] 33} &7 calcium channel X}%HA)
Q] verapamil® AH7}sle] #AZ A=} =] synapto-
some3} ¥ 7+¢] synaptosomeol|d o} FAFE Eoh
W) 3¢ Fub el AL verapamilt 2]
A Zo e izl vs <ozt A b g3
verapamil& EAlo] 3t APFE F5do] o A
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Fig. 6. The uptake of [3H]-serotonin to synaptosomes
from cerebrum and brain stem after lead injection
in vivo. The dosage of lead was 10 ul of 1% lead
acetate. Each value is mean+S.D. Asterisks show
statistically significant at p<0.05 (n=6).

3}ed calcium channel 23 &37} ¢g&g By a8
v ¥Z7]eA E2)3 synaptosome?] H$¢-= & F
A& 1ok 3 2] sAY verapamilst A3 A¥
29 F5ee dzTo vl Zasigd. a8y g
verapamil& FAlo] g AYPZY FLEL vera-
pamiltt X AP vee sdgreut &t A
Al 2B} =0} verapamilell 23} calcium channel

Aart lslch (Fig. 5).
4. ¢ (Pn)e] A F4

F& ZAbd (lead acetate)3 e 2 3 Fo] F3t &
=8} = 7kellA] Ee]3 synaptosomeo] &3t [3H]-
serotonin®] FHES& BFAF A dioy Eed
synatosome®] FFE2 Ajzlo] AAFLF FFidhe
oz e, Hzkl A £2]gt synaptosome?} 73-¢-
E F5go] 1¥e] A F g7 Ut ol F
7 3 npRsiA 2 7t4sts e el (Fig. 6).

) &

d¥bg o2 amine A% AAHXHLEAQ serotonin
o] ™ & synaptosome?] FHEAL 72 AL dopa-
mine®]\} noradrenalin®] &4 EA1F} $ASE Ho] @
€ Aoz Yz} noradrenalin®] 7A-¢ e} 7t
| Z+7t E2]8 synaptosomeol| 23 AAAZEAA]
2o Az 2el ux A synaptosomed] ]38k
A E5FHA o] 37+ synaptosome Er} Nat & &Eo]z}
3 3 o) (Longan¥ Donovan 1980). =3t o] 7S

< Nat &3¢ F4542 Aoz WAs) de
Nat+-K+ ATPase®] 2}-8-9) ¢9)3lc}31 8}¢dr}. serotonin
o] F4EAE BAT B AN ouabaing FEHEE
F3t A FF=rt $71845[*H]-serotonin®]
T4kl A 7oz Hel serotonin® F45A
= Natd] &]&# ]9 o™ noradrenalin®} FA}3t o}

=3 cholineAl ] AAATEAY AFFAA A
Nat &J&Hojgt= AAe] w3A glef (Massarelli 5
1974; Suszkiw3} Pilar 1976) ©]&] &} Na+t 2]&A) 2 sero-
tonin®] F4HA = HEFHch e #AdE 4 A
o} (Fig. 2).

249 AAADEAY z2ge] FAFHE P
acetylcholinesterase®] =}l 23] cholines} acetate
2 BEe Zue uid Masde oA A7A
GEA2A AlG2AGDd A Eu|EHe APYaFute
DRI F BAFHA g AlgaAddges AEFS
HE22 cholineshe &2 F4A4AE AAA 2o T4
349 AEFLAH L M2 O EAE M F5F
o F3 AgA ¥ o|Foixgx ¥ (Murrin
1980; Ross 1980). Murrin (1980)¢l] ¢j3ld F HEA S
shbe A ADA o o] AEA L] Km F-2 05~
10 uMeo]® =38 o] F4AAHE Nat oE8Hey F=
ol ERHY AP AHe] Yok 2 AGAE A
g ALEA 9 Km Zte] 50~200 uME Ro|™ Nat
vjej@&Aql Aoz oHFHY AMFAFAE RA7L
Aoz g A2EdY Aee AYadad gEFA
7l ¥ Esjgo] glo] TutE ApJaAdgdez A EF4
Hid olw E31A9 Fd3 uhoz AsHE oo}
2 A3} dxelx 23 synaptosome®] 7 0.5
pM, ¥ 7t A E2]3t synaptosome2 0.1 pM= | 7he]
7471 o A% el A vebdh o] serotonergic
neuron®] RE7} dixdl| vla] kM o] FRIGE
A& A w9} H7t ZFA serotonind T3
3HQ F4FdE vED FAlel Nat &<l
A o] st

33 serotonin®] W& Kol o3t i3l 23 &
== o] HHL Cattoll 2JEHe]gtx g} (Mounsey
= 1982). u}gkr] K+& serotonin®] ®HFE # oljgt &
Solz o8ke mA Aoz HAdkEe] AP 2 A
Kt9 ¥=7 Z7}& 4= [*Hl-serotonin® F4aF2
Aadte Zoz vehed o HAUiske Kol B
=7} 27142 Az AYAE o3| it
E}AQ] BT Yog|x] X3P WlE oz AR
gty SRIE o= AaTe] AAxe K
9] log Ztell viEiEHA Hed B Ao JAI A
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718t K+ 5 52] log 3koll @& [3Hl-serotonin®] I
AL Aade Ao wldste] 7agts g
a4 Sldet olepte] Kt yx w3t mte}r synapto-
some®]] 2]&t [3H]-serotonin®] F-4of] Q3 m|Fch=
A3k A7 2od ok 9 99sls Ade 8
o}, =3t Nat-K*+ ATPase 2] A A4l ouabain)
Aelash= dxe} H7+e] synaptosomeol| M EF X2
Fxo whet Fhashs Aoz vephgs HzielM o 7
A3} w} (Fig. 3). v}2bA] synaptosomeol] 2]&F seroto-
nin®] F5 Nato} Ktol] & o)glon o] F o]
o] Na*t-Kt ATPaseE v/} & synaptosome?}-2 E3}
&3¢l o]F o] serotoning] WEL EE FHdw F
o% q%e ¥ Aoz Ygas

NARGEL HEH Fool ol A% A
Z1HE $A AT wg FAow Yrel 9
FApolo] 7] o] 2Ee] HEE Wslsle Zles ¥y
=31 ¢l.e™ (Audeirk 1985; Alkondon 5 1990), 719} &
o] ZHBRE B AT RE {FUsH AzHiy
o2 Aed W3g do ssAE AAElR gt
(Simons$} Pocock 1987; Simons 1986). ulelr] £ Alg
ol 4] incubation buffere] calcium channelx}ghA) ¢l
verapamil &3}o} o|w Fe] oJgS wlm AFF A,
2] synaptosomed] lolME YR FSHEL
22.4+1. 49&_1_ gt 22)g &2 17.2+1.0, verapamil
T A P+ 1841172 Jeh} djR2gd] vls) =
¥ AaE -‘?_93-1— @3 verapamilitE& A2l AP+
9.7+1.18] F58S B Fo] o] AL Ao 1}
et o]A-2 verapamile] 2J# calcium channel?)
zjeto 2 ‘o] synaptosome® 2 UlR-2 0] §-9)o] x|
H47] dioez wddd. 28y HzheA ¥
synaptosome®] 7-$-F Wi H= B FAR(E
el Kid. H bl A 229 F482 19.811.647,
gk 2 2]t A E-S 14.7+42.3, verapamiliHg X €]
g AT 1951189 F4ES B dixgdd v
ZFastd 2 ¢t verapamil e FA)e] xe]d 22 181
+1.79] F4EE o 273 verapamil?he &gk
AR FEoE ozt Zhadle] ot dake A2d Zxrd)
T F9&ol g3} webA verapamilel 945} g in
aito 2 Qs o] B2 E 5 FY YRl dov}
2l skt w¥nt dubq o2 verapamild F=
L-3 Z4 %2 (voltage—gated calcium channel)& A€l
Moz AAdsles Ayt glene B Agdre Az
2 b3l 7Fe] synaptosomee] L-3 ZgE=27} of
Mo vla] A o] ¥ Aoz dAghdy)

AEgH o= F& synaptosome?}g EFF Natd K+

—

tq-

T3

59 ole 5ge WSk SAALE vehie =7
calcium channel 5& %3l synaptosomel]2 2 #5
of el e A2 WHE PrHE Foz 54
2He-2 el =2 J2 synaptosomet (M £7hHE =
Aoz <t yholA SAAEE Yehie Hoz Al
.
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Effects of Lead Acetate on the Uptake of [2H]-serotonin
by the Synaptosomes Separated from the Cerebrum and
Brain Stem of the Rat

Kyu-Seok Lee and Soon-Chul Park!

(Department of Anatomy, Kwandong University College of Medicine, Kangnung, Korea
1School of Life Science, Choong Ang University, Seoul, Korea)

Abstract - This study was carried out to investigate the physiological changes induced acutely
with the low doses of lead acetate in the synaptosomes from the cerebrum and brain stem of the
rat. The general uptake patterns of [3H]-serotonin were observed in synaptosomes, as a model of
presynaptic nerve terminal, from the cerebrum and brain stem. And the effects of the low doses of
lead acetate on the uptake process were investigated in vitro and in vivo. The Km value of the
uptake of the [3H]-serotonin by the synaptosomes was 0.5 uM in the cerebrum and 0.1 uM in the
brain stem. These low values reveal that the synaptosomes from the cerebrum and the brain stem
have a high affinity to [¥H]-serotonin, especially in brain stem. The uptake of [3H]-serotonin was
dependant on the sodium and potassium ions. When being treated with ouabain, the Nat-K+
ATPase inhibitor, the uptake of [*H]-serotonin was reduced. This supports strongly that the
uptake of [¥H]-serotonin was sensitive to the changes of the concentrations of the sodium and
potassium ions. When the calcium channel blocker, verapamil, was treated, the uptake of [3H]-
serotonin was changed only in synaptosomes from the brain stem. The uptake of [*H]-serotonin
was reduced by the lead treatment in the synaptosomes from the cerebrum and brain stem in
vitro and in vivo. [lead acetate, synaptosomes, *H-serotonin, rat]



