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LONDON, E D , S B WALLER, F J VOCCI AND G G BUTERBAUGH Age-dependent reduttlon m martmum 
ele~tlo~ho(~ (onvul~:~e threshold as~o(mted ~tth decreased (oncentratton~ oJ bram monoamme~ PHARMAC 
BIOCHEM BEHAV 16(3) 441-447, 1982--This study mvesugated modification of the tomc convulsive threshold to 
maximum electroshock m 15- and 30 day old rats treated w~th drugs whmh reduce steady-state concentrations of 
monoammes On postnatal day 15, reduction of central catecholamme concentrations by 6-hydroxydopamme or of central 
serotonm concentrations by 5,7-dlhydroxytryptamme or p-chloroamphetamme did not alter the tomc convulsive threshold 
However s~multaneous depletion of catecholammes and serotonln by tetrabenazme was assocmted with a sIgmficant 
decrease m the tomc threshold This effect could be reversed partmlly by simultaneous admlmstratmn of the catecholamme 
and serotonm precursors, L-dlhydroxyphenylalamne and 5-hydroxytryptophan, respectively On postnatal day 30, 
reduction of brain serotonm concentratmn but not catecholamlne concentratmns, was assocmted w~th a sigmficant 
decrease of the tomc convulsive threshold In a previous study, m whmh 7-8 day old rats were used, a tetrabena- 
zinc-reduced decrease m the tomc convulsive threshold was prevented by L-dlhydroxyphenylalanme but not 
5-hydroxytryptophan Furthermore, mtraclsternal 6-hydroxydopamme, but not 5,7-dihydroxyhyptamme, decreased the 
threshold on postnatal day 8 Therefore, the results of the present study mvolvmg 15- and 30 day old rats, together with the 
earlier findings in 7-8 day old rats, [28] suggest an apparent developmental transxtlon from catecholamlnergm to serotoner- 
g~c dominance m regulatmn of the tomc convulsive threshold dunng the first postnatal month 

Monoammes Electroshock Convulsmns Development Catecholammes Serotonln 

S I N C E  1954, when Chen et al [7] reported that reserpine 
decreased  the thresholds  for e lec t roshock-  and pentyl- 
ene te t razol - induced convulsmns  in m~ce, numerous  in- 
vest igat ions have  addressed the ques t ion of  monoammerg lc  
invo lvement  in convuls ive  phenomena  [1, 4, 11, 12, 19, 22, 
23, 24, 34, 42] The results of  these studms lndmate that 
pharmacologic  reduct ion of  brain monoamine  concent ra t ions  
m general ,  or  specific deplet ton of  ca techolamlnes  or  
serotonm,  decreases  convuls ive  thresholds  and/or  intensifies 
convuls ive  patterns in adult rodents  

S~mdarly, reduct ion o f  brain ca techo lamme and serotonln 
concen t ra tmns  by reserpine or  te t rabenazlne  (TBZ) de- 

c reases  maximal  e lec t roshock  convuls ive  thresholds in 
neonatal  (7-8 day old) rats [28] The TBZ- lnduced  decrease  
in the threshold is prevented  by the ca techolamlne  precur-  
sor, L-dihydroxyphenyla lanlne  (L-dopa),  but  not  the 
serotonln precursor ,  5-hydroxytryptophan (5-HTP) Fur-  
thermore ,  lntraclsternal 6-hydroxydopamlne  (6-OHDA),  
which select ively reduces  brain ca teeho lamme concentra-  
t ions [2], decreases  the tomc threshold on postnatal  day 8, 
5 ,7-d ihydroxyt ryptamme (5,7-DHT), which select ively re- 
duces  brain serotonln concent ra tmns  I9], does  not  decrease  
the threshold [28] These  results suggest that in early 
postnatal  deve lopment  ca techolamlnergic  systems are more 
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T A B L E  1 

EFFECTS OF p-CHLOROAMPHETAMINE, 6-HYDROXYDOPAMINE (6-OHDA) AND 
5,7-DIHYDROXYTRYPTAMINE (5,7-DHT) ON WHOLE BRAIN MONOAMINE 

CONCENTRATIONS IN 15 DAY OLD RATS* 

Monoamlne Concentrations (ng/mg tlssue)v 

Treatments Norepmephrme Dopamme Serotonm 

Intrapentoneal 
Control~ 0 16_+ 002(6)  037___ 001 (5) 0 4 0 +  003(a )  
PCA 0 15 + 001 (3) 037_+ 004  (4) 029_+ 004(7)¶  

Intrac~sternal 
Control~ 024_+ 001(8)  038 + 002 (8) 032_+ 001(8)  
6-OHDA 0 13_+ 001 (5)# 026_+ 001 (5)# 033_+ 001(5)  
5,7-DHT 0 25 _+ 0 01 (4) 0 36 _+ 0 01 (14) 0 16 -+ 0 01 (4)# 

*PCA was administered lntraperltoneally (7 5 mg/kg) on days 13 and 14 
6-OHDA was administered mtraclsternally on days 12 (100 ~g) and 13 (50/xg), 
5,7-DHT was administered mtraclsternally on day 12 (50 p.g) one hour after deslp- 
ramme (25 mg/kg, IP) 

?Each value Is reported as the mean + S E M for the number of rats indicated 
m parentheses 

STwo separate groups ot rats served as controls for the PCA treatment ( 1 ml/kg 
body weight of sahne 24 and 48 hours before sacrifice) and the tetrabenazme 
treatment (Table 2) ( 1 mg/kg body weight of distilled water at 4 hours and at 45 mm 
before sacnfice) Because monoamlne values for these groups were not different 
they were combined 

§Two separate groups of rats served as controls for the 6-OHDA and 5,7-DHT 
treatments Because brain monoamlne values in these two groups were almost 
~dent~cal, data from the two groups were combined 

¶Stgmficantly different from mtrapentoneal control, p < 0  05 
#Slgmficantly different from mtraclsternal control, p ~ 0  05 

i m p o r t a n t  t han  se ro tonerg lc  s y s t em s  m a t t enua t i ng  elec- 
t r o s h o c k  r e s p o n s e s  

The  p r e s e n t  s tudy  was  des igned  to ob ta in  in fo rma t ion  
a b o u t  the  re la t ive  t m p o r t a n c e  o f  c a t e c h o l a m m e r g l c  and  
se ro tonerg lc  sys t ems  to se izure  suscep t lbd t ty  d u n n g  la ter  
pos tna t a l  d e v e l o p m e n t  The  ef fec ts  of  the  6 - O H D A ,  5,7- 
D H T  and  p - c h l o r o a m p h e t a m m e  (PCA) on  t omc  c o n v u l s i v e  
t h r e s h o l d s  In 15- and  30 day  old ra ts  were  d e t e r m i n e d  PCA 
acts  to se lecuve ly  r educe  bra in  se ro ton ln  levels  [25,35] 
L - d o p a  or  5 -HTP were  a d m l m s t e r e d  to T B Z - t r e a t e d  rats  to 
eva lua t e  the  effects  o f  c a t e c h o l a m m e  or  s e r o t o n m  reple t ion ,  
r e spec t ive ly ,  on  tonic  c o n v u l s i v e  t h r e s h o l d s  

METHOD 

Ammal~ and Ammal Care 

Pregnan t ,  Sp rague -Dawley  ra ts  were  h o u s e d  in large,  in- 
d iv idual  p las t ic  cages  in an  e n v i r o n m e n t  o f  con t ro l l ed  tem-  
pe ra tu r e  (25-27°C) and  a l te rna t ing  12 h o u r  hgh t  (0600-1800 
hours )  and  da rk  cyc les  f rom day  13 or  14 of  ges ta t ion  L i t t e r  
s izes  were  ad jus ted  wi th in  th ree  days  af te r  b i r th  to  ten  or  
f ewer  pups  Pups  r e m a m e d  wi th  the i r  m o t h e r s  un td  24 days  
a f te r  bir th ,  w h e n  they  we re  w e a n e d  and  p laced  m groups  of  
five to six ra t s  pe r  cage  D a m s  and  pups  were  a l lowed free 
acces s  to food  and  w a t e r  at  all t imes  

Electroshocl, Procedures 

Anima l s  were  t e s t ed  b e t w e e n  0800 and  1500 hr  Elec-  
t r o s h o c k  was  no t  a d m i m s t e r e d  to one  t r e a t m e n t  g roup  at  a 
t ime Ins t ead ,  individual  ra ts  were  tes ted ,  m turn ,  f rom each  

t r e a t m e n t  g roup  u n d e r  inves t iga t ion  wi th  an an imal  f rom an 
appropr i a t e  cont ro l  group This  was  done  to r educe  the  
poss ib le  ef fec ts  o f  d iurnal  va r ia t ion  in se izure  t h r e sho ld  
Single shocks  of  60 Hz  a l te rna t ing  cur ren t ,  200 msec  dura-  
t ion,  were  d e h v e r e d  t h rough  an  e l e c t r o s h o c k  appa ra tu s  
(Wahlqu i s t  I n s t r u m e n t s )  us ing  cornea l  e l ec t rodes  I so ton ic  
sal ine was  a p p h e d  to the eyes  o f  e ach  rat  before  e lec t rode  
p l a c e m e n t  to insure  good c o n t a c t  Ra ts  were  r e s t r a ined  by 
g loved  h a n d  and  re leased  immedia te ly  af ter  s t imula t ion  to 
pe rmi t  o b s e r v a t i o n  o f  the convu l s ion  t h r o u g h o u t  Its en t i re  
cou r se  

To d e t e r m i n e  tonic c o n v u l s i v e  th resho lds ,  four  to seven  
cu r r en t  in tens i t ies  of  e l e c t r o s h o c k  were  admin i s t e red ,  with  6 
to 14 a m m a l s  pe r  cu r r en t  in tens i ty  Fo r  each  mtens l ty ,  ap- 
p rox ima te ly  equal  n u m b e r s  o f  male  and  female  ra ts  were  
t aken  f rom at leas t  th ree  similarly t r ea ted  h t t e r s  The  tomc  
c o n v u l s i v e  th re sho ld  (medmn convu l s ive  cu r ren t ,  CC~0), was  
def ined  as the  cu r ren t  in tens i ty  r eqmred  to p roduce  a tomc  
f o r e h m b  ex tens ion  in 50 pe r cen t  of  the  a m m a l s  t es ted  

Drug Treatments 

T e t r a b e n a z i n e  m e t h a n e s u l f o n a t e  (TBZ,  Hof fman-  
L a R o c h e ,  Inc ), L -dopa  and  5 -HTP (Sigma Chemica l  Co ) 
were  d i s so lved  in dist i l led w a t e r  p - C h l o r o a m p h e t a m i n e - H C l  
(PCA,  Sigma Chemica l  Co ) and  des lp ramme-HC1 (Merrel l  
Na t iona l  Labora to r i e s )  were  d i sso lved  in 0 9% NaC1 T B Z  
(25 mg/kg),  L -dopa  (150 mg/kg),  5 -HTP  (150 mg/kg),  desip-  
r a m m e  (25 mg/kg) and  PCA (7 5 mg/kg) were  admin i s t e r ed  
by  in t raper I tonea l  in ject ion,  e a c h  in a vo lume  o f  1 ml pe r  kg 
body  weight  C o r r e s p o n d i n g  cont ro l  an imals  were  re jected 
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with equal volumes of the respective carrier at the same 
times that drugs were administered 

PCA was administered on two successive days of age (13 
and 14 or 28 and 29) TBZ was reJected on postnatal day 15, 4 
hr prior to electroshock testing Effects of L-dopa and 
5-HTP on monoamine levels and the tonic convulsive 
threshold m TBZ-treated rats were assessed by injecting 
L-dopa, 5-HTP, or the combination of L-dopa and 5-HTP 45 
mm before electroshock testing 

6-hydroxydopamme-HBr (6-OHDA) and 5,7-dihydrox- 
ytryptamine-creatinme sulfate (5,7-DHT, Sigma Chem- 
ical Co)  were dissolved m 0 ~ NaCI contmning 0 4 
mg/ml ascorbic aod as an antioxidant The drugs were ad- 
mlmstered mtraosternally under hght ether anesthesm 
Animals recelwng 6-OHDA were treated on two successive 
days of age (either postnatal days 12 and 13 or 27 and 28) On 
the first day, they received 100/~g of 6-OHDA (free base) 
followed 24 hr later by another 50/~g 5,7-DHT (50/xg, free 
base) was gwen as a single reJection on postnatal day 12 or 
27, one hour after deslpramlne (25 mg/kg, IP), which was 
administered to protect catecholamlnerglc terminals from 
the neurotoxin [9] In all cases, control ammals recewed 
equal volume (10 ~1) intraclsternal reJections of vehicle using 
similar schedules These 6-OHDA and 5,7-DHT treatment 
regimens did not significantly alter brain weights or body 
weights on days 15 or 30 

Monoamme Analysts 

Unshocked ammals were decapitated between 0800 and 
1300 hr, their brains were rapidly removed, frozen m hquid 
nitrogen and stored m liquid mtrogen for a maximum of 10 
days before determination of norepmephnne,  dopamme and 
serotomn concentrations In experiments which utilized 
PCA or TBZ as a monoamine reducing agent, norepineph- 
rme and dopamine m brain homogenates were assayed 
radloenzymatically, according to the method of Coyle and 
Henry [8], and serotonm content was estimated f luonmetn- 
cally after solvent extraction by the method of Snyder et 
al [36] In later experiments using 6-OHDA or 5,7-DHT as 
the monoamine reducing agents, monoamInes were analyzed 
fluorometncally by the method of Jacobowltz and 
Richardson [16] Whole brain control monoamine concen- 
trations obtained using these different methods did not differ 
sigmficantly 

Stan~tl~ al Analy~e~ 

CC~o values with 95% confidence intervals were calcu- 
lated by probIt analysis including tests for parallehsm and 
heterogeneity [27] A difference between CC~0 values in 
drug-treated and control groups was considered slgmficant if 
the potency ratios with 95% confidence limits did not include 
unity Statistical significance (p<0 05) of differences be- 
tween monoamine concentrations among drug-treated and 
control groups was assessed by one-way analysis of varmnce 
[37] and Duncan's  new multiple range test [14] 

R E S U L T S  

Postnatal Day 15 

6-OHDA significantly reduced the whole brain concen- 
trations of noreplnephrine and dopamlne to 54% and 68% of 
control, respectively, with no significant effect on serotonin 
levels (Table 1) or the tonic convulsive threshold (Fig l) In 
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FIG I Effects of 6-hydroxydopamme (6-OHDA), 5,7-dlhydroxy- 
tryptamme (5,7-DHq), and p-chloroamphetamme (PCA) on the 
tomc convulsive threshold in 15 day old rats 6-OHDA was admlms- 
tered mtraclsternally on days 12 (100/z) and 13 (50/xg), 5,7-DHT was 
administered lntraclsternally on day 12 (50/xg) one hr after deslp- 
famine (25 mg/kg, IP), PCA was administered mtrapentoneally (7 5 
mg/kg) on days 13 and 14 Tomc convulswe thresholds obtained on 
day 15 are expressed as percentages of the control thresholds with 
95% confidence intervals (vertical brackets) On day 15, the 
threshold was 113 (96-130) mAm controls for the PCA treatment 
The threshold was 115 (102-119) mA in controls for the 6-OHDA and 
5,7-DHT treatments 

5,7-DHT-treated rats, noreplnephnne and dopamlne levels 
were not significantly affected, but the serotonln concentra- 
tion was reduced to 50% of control (Table l) Similarly, PCA 
did not alter noreplnephrlne or dopamme levels but signtfi- 
cantly reduced serotonln levels to 72% of control (Table 1) 
Neither 5,7-DHT nor PCA significantly altered the tomc 
threshold (Fig 1) Thus, reductions of up to about 50% in 
concentrations of brain catecholammes or serotonln alone 
were not associated with slgnLficant decreases in the tomc 
convulsive threshold on postnatal day 15 

Effects of TBZ (25 mg/kg, 4 hr prior to tonic convulsive 
threshold determination) are shown in Fig 2 TBZ signtfi- 
cantly reduced brain concentrations of norepmephnne and 
dopamine and serotomn to 25%, 14% and 81)% of control, 
respectively (Table 2) The tonic convulsive threshold was 
decreased to 22% of control Adminlstrauon of L-dopa (150 
mg/kg) to TBZ-treated rats 45 minutes prior to electroshock 
did not affect noreplnephnne or serotonin, but increased 
concentrations of dopamlne to 86% of control 5-HTP (150 
mg/kg) m TBZ-treated rats did not significantly affect norep- 
mephrlne or dopamine, but increased the concentration of 
serotonin to 202% of control Neither treatment alone af- 
fected the TBZ-lnduced decrease in the convulsive 
threshold However, combined administration of L-dopa and 
5-HTP to TBZ-treated rats elevated levels of norepinephrme 
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FIG 3 Effect of 6-hydroxydopamlne (6-OHDA) 5 7-dlhydroxy- 
tryptamlne (5,7-DHT) and p-chloroamphetamlne (PCA) on the tonic 
convulsive threshold in 30 day old rats 6-OHDA was administered 
lntraclsternally on days 27 (100 /zg) and 28 {50 /z) 5,7-DHT was 
administered lntraclsternally on day 27 (50/zg) one hour after deslp- TBZ + 

L-DOPA 
+ 

5-HTP 
FIG 2 Effects of L-dopa and 5-hydroxytryptophan (5-HTP) on te- 
trabenazlne (TBZ)-mduced reduction in the tonic convulsive 
threshold TBZ (25 mg/kg, IP) was administered to 15 day old rats 
Tonic convulsive thresholds were obtained 4 hours later 45 minutes 
after IP admimstratmn of 150 mg/kg L-dopa or 5-HTP or 150 mg/kg 
L-dopa plus 150 mg/kg 5-HTP Tonic convulsive thresholds obtained 
on day 15 are expressed as percentages of the control threshold with 
95% confidence intervals (vertical brackets) On day 15, the control 
threshold was 113 (96-130) mA *indicates significant difference 
from control (p<005) ,  ?indicates significant difference from 
threshold in TBZ-treated rats (p<0 05) 

to 44%, d o p a m m e  to 362c~ and  s e r o t o n m  to 277c~ of  con t ro l ,  
and  s lgmficant ly  r e v e r s e d  the  T B Z  d e c r e a s e  in the  t omc  
c o n v u l s i v e  t h r e sho ld  f rom 20% to 60%, of  con t ro l  The  
s e r o t o n m  c o n c e n t r a t m n  In ra ts  t r ea ted  w~th T B Z  and  
L - D O P A  + 5 -HTP did no t  differ  s lgmficant ly  f rom the  con-  
c e n t r a t l o n  in ra ts  t r ea t ed  wi th  T B Z  + 5 -HTP 

Postnatal Day 30 

In con t ro l  ra ts ,  who le  b ra in  c o n c e n t r a t i o n s  of  norepi-  
n e p h r m e ,  d o p a m m e  and  se ro ton ln  were  h igher  on  day  30 
t han  on  day 15 m con t ro l s  for  the  PC A  and  mt rac l s t e rna l  
t r e a t m e n t s  (Table  3) T o m c  convu l s ive  t h r e sho lds  on  
pos tna t a l  day  30 are p r e s e n t e d  in Fig 3 as p e r c e n t a g e s  of  
the  con t ro l  t h r e s h o l d  The  tomc  th r e sho ld  m rats  w h i c h  
se rved  at con t ro l s  for  the  PCA  t r e a t m e n t  was  37 (36 5-39)  
mA,  and  was d e c r e a s e d  by  67% f rom the  con t ro l  t h re sho ld  
on  day  15 Similar ly,  the  tonic th re sho ld  in ra ts  which  se rved  

ramme (2'~ mg/kg IP) PCA (7 5 mg/kg, IP) was administered on 
days 28 and 29 Tonic convulsive thresholds were obtained on day 
30, and are expressed as percentage~ of the control threshold with 
95% confidence Intervals (vertical brackets) On day ~0 the 
threshold m controls for the PCA treatment was 37 6 (36 5-39) mA 
The threshold was 35 2 (33-38) mA in controls for the 6-OHDA ,rod 
5 7-DHT treatments 

as con t ro l s  for  the  6 - O H D A  and  5 ,7 -DHT t r e a t m e n t s  was 35 
(33-38) mA,  and  was d e c r e a s e d  by 7(F~ f rom day 15 
6 - O H D A  did not  s lgmficant ly  dec rea se  the  tonic convu l s ive  
t h r e sho ld  or  cen t ra l  s e r o t o n m  levels ,  bu t  s ignif icant ly re- 
duced  n o r e p m e p h r l n e  and  d o p a m m e  levels  to 53e/c and  68% 
of  cont ro l ,  r e s p e c t w e l y  In 5 ,7 -DHT- t rea ted  rats .  ca techol -  
a m m e  levels  were  not  s ignif icant ly  affected,  but  the seroto-  
nm c o n c e n t r a t m n  was s~gmficantly reduced  to 60% of  con-  
trol Similar ly ,  PCA did not  s ignif icant ly  affect  no rep lneph -  
rme and  d o p a m m e ,  but  s ignif icant ly  r educed  the c o n c e n t r a -  
tmn  of  s e ro ton ln  to 43% of  cont ro l  Bo th  5 ,7 -DHT and  PCA 
s lgmficant ly  dec rea sed  tonic  convu l s ive  th re sho lds  (83% and 
81% of  cont ro l ,  respec t ive ly)  

DISCUSSION 

The  p resen t  resul ts  d e m o n s t r a t e  a d e v e l o p m e n t a l  decl ine 
m the  m a x i m u m  e l ec t ro shock  convu l s ive  th re sho ld ,  wh ich  is 
c o n s i s t e n t  wi th  p r ev ious  o b s e r v a U o n s  [28,40] Concomi t an t -  
ly, the re  are  m c r e a s e s  m whole  b ra in  c o n c e n t r a t m n s  of  nor-  
ep inephr ine ,  d o p a m m e  and  s e r o t o n m  ref lect ing ma tu ra t i on  
o f  m o n a m m e r g l c  sys tems  

P rev ious  f indings indicate  tha t  c a t e c h o l a m m e s  have  
g rea te r  func t iona l  impor t ance  than  s e ro tonm m seizure  proc-  
esses  dur ing  ear ly  pos tna ta l  d e v e l o p m e n t  (days 7-8) [28] 
H o w e v e r .  whe rea s  some studies  in adul t  roden t s  p resen t  
e v i d e n c e  for  g rea te r  i m p o r t a n c e  of  c a t e c h o l a m m e s  m at- 
t enua t ing  e l ec t ro shock  in tens i ty  I3, 18, 19, 38] o the r s  
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T A B L E  2 
EFFECTS OF L-DIHYDROXYPHENYLALANINE (L-DOPA), 5-HYDROXYTRYPTOPHAN (5-HTP) 

AND TETRABENAZINE (TBZ) ON WHOLE BRAIN MONOAMINE CONCENTRATIONS IN 
15 DAY OLD RATS* 

Treatments 

Monoamme Concentrations (ng/mg ussue)* 

Noreplnephnne Dopamme Serotonm 

Controls 0 16 _+ 0 02 (6) 0 37 +_ 0 01 (5) 0 40 + 0 03 (9) 
TBZ + vehicle 0 04 _+ 0 02 (4)~ 0 05 _+ 0 01 (4)~ 0 32 _+_ 0 03 (5)~ 
TBZ + L-dopa 0 04 _+ 0 01 (4)~ 0 32 _+ 0 06 (5)¶ 0 31 + 0 02 (3) 
TBZ + 5-HTP 0 02 _+ 0 02 (3)~ 0 09 _+ 0 02 (5)§ 0 81 -+ 0 25 (3)¶ 
TBZ + L-dopa + 5-HTP 0 07 + 0 02 (6)~ 1 34 _+ 0 17 (4)¶ 1 11 _+ 0 64 (3)¶ 

*Vehicle (dlstdled water), L-dopa (150 mg/kg), 5-HTP (150 mg/kg) or L-dopa (150 mg/kg) plus 
5-HTP (150 mg/kg) was administered mtrapentoneally 45 minutes before TBZ (25 mg/kg, IP), 
which was administered 4 hours before sacrifice 

tEach  value is reported as the mean ~ S E M for the number of rats indicated m par- 
entheses 

~See Legend, Table 1 
~Slgmficantly different from control, p < 0  05 
¶Slgmficantly h~gher than TBZ, p < 0  05 

T A B L E  3 

EFFECTS OF p-CHLOROAMPHETAMINE (PCA), 6-HYDROXYDOPAMINE (6-OHDA) 
AND 57-DIHYDROXYTRYPTAMINE (5,7-DHT) ON WHOLE BRAIN MONOAMINE 

CONCENTRATIONS IN 30 DAY OLD RATS* 

Monoamme Concentrations (ng/mg tlssue)? 

Treatments Norepmephrme Dopamme Serotonm 

Intraperltoneal 
Control 023_+ 003(4)  067_+ 004 (3) 061 +_ 005 (6) 
PCA 021 -+ 003(3)  059_+ 009 (3) 026_+ 006 (6)$ 

Intrac~sternal 
Control 030_+ 0 II (8) 068_+ 001 (8) 052 _+ 001 (8) 
6-OHDA 016_+ 001(4)~ 046+_ 001 (4)~ 054_+ 001 (4) 
5 7-DHT 0 31 _+ 0 01 (4) 0 66 +_ 0 004 (4) 0 31 _+ 0 004 (4)~ 

*PCA (7 5 mg/kg) was administered mtrapentoneally on days 28 and 29 
6-OHDA was administered mtraclsternally on days 27 {100/xg) and 28 (50/xg) 
5 7-DHT was admlmstered mtraclsternally on day 27 (50/zg) one hour after deslp- 
ramlne (25 mg/kg, IP) 

SEach value is reported as the mean _+ S E M for the number of rats indicated 
m parentheses 

$Slgmficantly different from mtraperltoneal control, p < 0  05 
~Slgmficantly different from lntraosternal control, p < 0  05 

sugges t  a more  s ignif icant  serotonerg~c i n v o l v e m e n t  [5 .6 ,  22, 
23] 

In the  p re sen t  s tudy,  r educ t ions  of  up to 50% in whole  
b ra in  c o n c e n t r a t i o n s  o f  e i the r  c a t e c h o l a m l n e s  or  s e r o t o m n ,  
by  6 - O H D A  or 5 ,7-DHT,  respec t ive ly ,  did not  a l te r  the  tonic 
c o n v u l s i v e  t h r e sho ld  on  pos tna t a l  day  15 In addi t ion ,  pre-  
h m l n a r y  s tud ies  us ing h igher  doses  o f  6 - O H D A  or  5 ,7 -DHT 
to p roduce  dras t ic  (up to 90%) dep le t ions  of  e i the r  ca techo i -  
a m i n e s  or  s e ro ton in  did  no t  a l te r  the  t omc  t h r e s h o l d  These  
larger  n e u r o t o x l n  dosages  s ignif icant ly  r educed  bra in  weight  
and  body  we igh t  o n  pos tna t a l  day  15 (Wal ler  and  Buter-  
baugh ,  unpub l i shed )  Whi le  6 - O H D A - i n d u c e d  r educ t ions  m 
c a t e c h o l a m m e  c o n c e n t r a t i o n s  o f  up to 50% were  not  assocl-  

a ted wi th  th re sho ld  d e c r e a s e s  on  day  15, g rea te r  r educ t ions  
m c a t e c h o l a m i n e  c o n c e n t r a t i o n s  a long wi th  a 2(~c reduc t ion  
In the c o n c e n t r a t i o n  of  se ro ton ln  by  T B Z  a c c o m p a n i e d  sig- 
n i f icant  t h re sho ld  dec rea se s  Rep le t ion  of  e i the r  d o p a m m e  or 
se ro ton ln  to cont ro l  levels  by  L-dopa  or  5-HTP,  respec-  
t ively,  did not  s ignif icantly e leva te  the  tonic  t h r e sho ld  above  
than  in ra ts  t r ea ted  w~th T B Z  a lone  These  resu l t s  sugges t  
tha t  on  day 15, ne i the r  c a t e c h o l a m i n e s  no r  se ro ton ln  a lone  
regulate  se izure  suscep t lbd l ty ,  bu t  tha t  c a t echo l amlnes  m 
c o m b i n a t i o n  wi th  se ro ton ln  may  have  func t iona l  r e l evance  in 
this  regard  

A d m l m s t r a t l o n  of  L -dopa  wi th  5 -HTP to T B Z - t r e a t e d  rats  
on  day 15 part ial ly rep le ted  no rep lneph r lne  to 44% of  cont ro l  
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and e levated  dopamine  and serotonln to ex t remely  high 
levels  (362% and 277% of  control ,  respechve ly)  This com- 
bined precursor  t rea tment  partially reversed  the TBZ-  
induced reduct ion In the tonic convuls ive  threshold It seems 
that the reversal  o f  the threshold could have  resulted from 
the high, non-physiological  concent ra t ions  of  dopamine  and 
serotonin,  possibly having no relat ionship to the normal ,  
physiological  funct ion o f  the amines Al ternat ive ly  the return 
o f  the convuls ive  threshold toward the control  level  may  
reflect  e levat ion  o f  ca techo lammes  and serotonin toward or  
above  levels  which allow their  normal  part icipat ion in reg- 
ulating the convuls ive  threshold The Incomplete  r ecove ry  of  
the tonic convu l s ive  threshold by p recursor  t rea tment  may  
have resulted f rom the fact  that n o r e p m e p h n n e  (44% of  con- 
trol) was still not repleted to a physiological  level  Al terna-  
t ively,  this may reflect  the part icipation o f  non- 
catecholamInerg~c, nonserotonerglc  neuro t ransmi t te r  sys- 
tems o ther  than ca techolammerg ic  and serotonerg~c may be 
important  in regulating the tonic threshold at that t ime TBZ 
reduces  brain levels  o f  y -ammobutyr ic  acid (GABA)  as well 
as ca techolamines  and serotonln [25, 26, 28, 32. 33] Fur- 
the rmore ,  an influence o f  developing G A B A e r g l c  sys tems m 
convu l swe  phenomena  is suggested by the linear increase m 
the CDs0 for the G A B A  antagonist  pIcrotoxin during the first 
postnatal  month  In rats [41] Therefore .  the ~mportance o f  
GABAerg~c t ransmission to the tonic e lec t roshock  convul-  
sive threshold in 15 day old rats may warrant  fur ther  study 

In 30-day old rats,  40-57% reduct ions  in serotonln con- 
centrat ion were  assocmted with decreased  thresholds,  
whereas  decreases  in ca techolamine  concent ra t ions  (45% 
decrease  in N E ,  17% decrease  in dopamlne)  were  not  ac- 
companied  by threshold decreases  Therefore ,  it seems that 
serotonerglc  invo lvement  in regulating the tomc convuls ive  

threshold at 30 days is more  Important than catechola-  
minergtc invo lvement  Thus,  the results of  the present  study 
revolving 15- and 30 day old rats, together  with the earher  
findings In 7-8 day old rats [28], suggest a transition from 
early ca techolammerglc  to later serotonergic  dominance  m 
regulation o f  the tonic convu l swe  threshold It appears  that 
the transition Is comple te  by day 30 

Our  findings regarding the functional part icipation o f  cat- 
echolamlnergic  and serotonerglc  systems m the maximum 
e lec t roshock  convuls ive  threshold are m agreement  with m- 
formation on maturat ion o f  these neurotransm~tter  systems 
m the rat brain In this regard. Kel logg and Lundborg  [20,21 ] 
demons t ra ted  functional ca techolammergic  synapses and re- 
ceptors  m the newborn  rat Addit ionally.  catecholamIne 
agonlsts such as L-dopa  and amphetamine ,  which depend on 
functional  presynapt lc  ca techolammergic  neurons for their  
pharmacological  effects,  produce character is t ic  behaworal  
responses  m the newborn  rat [13, 15, 30] In contrast ,  central 
serotonerg~c systems apparent ly do not become  functional 
untd the third postnatal week  [29,39] Although most  of  the 
serotonerglc  cell bodies are present  at b~rth, [10, 31, 39] sev- 
eral parameters  o f  serotonerglc  neuronal function such as 
serotonin content ,  hlgh-affimty synaptosomal  uptake and 
enzyme  inactwat~on mechamsms  are at less than one-third of  
thew respect ive  adult values but reach approximately  three- 
fourths of  thew adult values by the thwd postnatal week 
[31,39] More  ~mportantly, it ~s after postnatal day 14 that the 
character is t ic  se ro tonm-medmted  behavioral  responses  of  an 
adult rat can be first produced by drug t reatments  [17] 
Fur ther  study of  the apparent  deve lopmenta l  transition de- 
scribed here may p rowde  information concerning the devel-  
opment  of  neurotransm~tter  interactions or  balances ~mpor- 
tant for seizure control  
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