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ItAS lINt;S, l . ,  (;. P. ('OOPI':R. R. L. F~ORNS('HI':IN AND I. A. MICHAI-LSON. Beharioral<tJect~ o thaw level nc¢~nutul 
lead e.vpo.~ure. PHARMAC. BIO('IIt':M. BEHAV. 7(1) 37 - 4 2 ,  1977. - Rats exposed to lead via maternal milk were tested 
at various stages of development on a number of behavioral tasks. Beginning at paturition, the dams were given 
either lap water. 0.02';, or 0.1[)'.; lead acetate in the drinking water. Pups from all three groups were weaned to normal 
chow and tap water a~ 21 days of age. The mean lead concentration of the dam's blood and of neonatal ~20 days of age) 
brain and blood were all below 50 u.,e/1Ot) ml. No significant differences were found between tim high lead--exposed group 
and controls m general as measured by wheel running over a 21 day period beginning at 30 days of age. However, there was 
a significant difference in wheel running behavior during the first three hr of testing. Both lead-.exposed groups were found 
to display significantly less aggressive behavior as measured by the shock--elicited aggression test. Low level lead exposure 
had no discernable effec! on the acquisition and subseqtzent reversal of a successive brighmess discrimination task. l.cad 
exposure under lhe~,e collditions appears to affl.'cl sollqc aspects of cnloTional behavior, while ]laving li[lle effect on general 
acliVil.v o r  coenili','c Iunciion. 

Lead acetate lead and activity l,ead and aggression l.cad and learning 

IN R F ( I : N T  years there  has been much concern  about  the 
exis tence of  possible subclmical effects  m chi ldren resulting 
front low level lead exposure .  Al though the evidence is by 
no means substant ial ,  an extensive array of  behavioral 
d is turbances ,  including hyperac t iv i ty ,  impulsiveness,  and 
aggressiveness [I ,121 has been imputed  to low level lead 
exposure .  In addi t ion ,  varying degrees of  intellectual  
impai rment  have also been repor ted  to be associated with 
earl,,' exposures  to low levels of lead [9] .  

lnvesl igat ions of  the effects  of lead exposure  on be- 
havior using adult rats have yielded very little positive data 
[8 .25] ,  presumably  because the ( N S  of  adult rats is much 
less prone to result due to decreased absorp t ion  of  lead 
from the gut [15] as well as the reduced sensitivity wllich 
accompanies  neural matura t ion  [13] .  "l"herefore, emphasis  
has shif led towards  early exposure  of  neona tes  to lead. 
usually ei ther  via datn's  milk or directly via inject ions or 
in tubat ion .  While in earlier exper imenfs  the exposure  levels 
were quite high and p roduced  sympton l s  of  lead encephalo-  
pa thy [ 18,1 ~-~l. more recent research has been character ized 
by exposure  levels which produce  blood lead le`"els more  
comparable  Io those found m the pediatric popula t ion .  

One  of the lilt)s{ of ten men t ioned  al lerat ions  in behavior  
purpor ted  to result from earl}' lead exposure  is hyper-  
activity, which has been repor ted  in chi ldren [ 12] as well as 
rats and mice {21,22] .  On the o ther  hand,  there are studies 
which faded to produce  any evidence of increased m o t o r  
activity in rodents  exposed  to lead I241 and several repor ts  
of hypoact iv i ty  [14 ,20I .  Low level lead exposure  also has 
been repor ted  to impair t )er tormance on a variety of  ()tiler 
behavioral tasks. In one s tudy [ I1 ]  in which lambs ,,,,'ere 
e x p o s e d  perinatally to lead. acquisi t ion of  a visual dis- 
. . . . . . . .  
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cr iminat ion task was impaired in lambs with blood lead 
levels two weeks after  birth as low as 2 5 u g / l O 0  ml. In 
ano the r  s tudy [23] .  rats exposed  postnatal ly  to lead by 
in tubat ion  and having a subsequent  blood lead concent ra-  
tion of  approxmla te ly  23,ug/ lO0 ml at l ) a y 3 5 ,  showed 
both  altered responsiveness  to an~phetamines as well as a 
pe r fo rmance  deficit in a two-way shut t le  task. In a similar 
s tudy in which the exposure  period lasted only the first I0 
days after  birth [7] .  learning deficils  were repor ted  for rats 
in the acquisi t ion of  a l ight--dark discr iminat ion task. This 
pro tocol  p roduced  rats having elevated blood-lead levels at 
Day I1 ( 4 6 u g / l O O m l )  bul were normal  in terms of  both  
body and organ weights by Day 21. Finally, in a recent  
s tudy [14] it was repor led  thal rats exposed  con t inuous ly  
to lead acetate solut ions ( 2 0 0 0 p p m  P b ) s h o w e d  impaired 
pe r fo rmance  on tile initial acquisi t ion of a visual discrimina- 
lion problem,  but not on a reversal procedure .  Activity in 
the open field ',','as also reduced compared  to controls ,  but 
the lead-exposed rats showed improved pe r fo rmance  on a 
shut t le  avoidance problem.  Blood or brain lead levels were 
not given, but lead concen t r a t ion  m both kidney and liver 
were significantly elevated. 

"lhat earl}. low level lead exposure  does exer t  some 
ef fec t  on rodent  behavior is fairly well d o c u m e n t e d  [7, 14, 
20, 23. 24] .  However,  because of the wide variety of  both  
exposure  pro tocols  anti behavioral tests en lp loyed ,  the 
exact nature  ~,nd significance of these effects  remain obscure.  
Due to the wide variation in actt,al exposure  that occurs 
when different  routes  of adminis t ra t ion are used,  in 
con junc t ion  with di f ferences  in absorp t ion  at different  ages. 
it is imperative that some index of body burden th roughout  
tile animal 's  life be de te rmined  if an evaltlalion of  lhe effect  

077(lAMI, i{S-o175911,llland [,S 026144R1 B). 

37 



38 IIASTIN(;S I,:'7' A/,. 

of lead on behavior is to be ineaningful.  
In the exper imen t s  repor led  here we invesligaled l h ¢  

effects  of early low level lead exposure  and lhe resuliing 
body burden on the behavior of developing rals. I-he 
exposure  paradigm in whicl'i rat pups receive lead via the 
n3aternal inilk supply [61 was used in order  to reduce the 
effects  of nla lnulr i l ion and growth  re tardal ion  usually 
associated with o ther  exposure  paradigms (e.g., 14.2411. An 
the rats i l lalured, they were lested for level of general 
activity,  aggressive behavior,  and finally reversal learning 
using a visual discr iminal ion task. 

MI': l l i t ) I t  

A ni,ial.s 

A total of 4~, male Long Fvans l ( 'har les  Riverl rats ~ei-e 
used in the study.  They were randomly selected from a 
larger popula t ion  composed  of  the offspr ing of  9 Charles 
River t imed-pregnanl  females. The litters of the 9 females 
were all reduced to 6 nlale pups each on I)ay 7. t h e  aninlals 
were ear punched  sit 30 days of age aild given food and 
water ad lib unlil Day tH). 

Treatme~l t  

( h e  rat pups ,*ere exposed  to lead via the dam's  milk. 
Beginning on the day of bir lh,  the dains v~cie assigned to 
one of three groups and given ei ther  la) lap water 
1 . 0 . 0 5  ppm P b )  Ib) 0 . 0 2 (  Pb I.,\cL (10 t) ppni Pb~: or (c) 
0.1 ' ;  Ph I.,%cI~ 1545 pplil I'b). l,cad acctale was dissolved in 
boiling distilled water.  Waler bot t les  were posi l ioned so :in 
to be inaccessible to the pups. This exposure  paradigm was 
con l inued  for 21 days. at which time all pups were weaned 
Io tap water  and |lUlina [ ,aboratory Rat ( h o w .  cTotle 
nuinber  5001 ~Pb con l en t ,  approxi imite ly  0.5 p p m i  ad lib. 
Body wcights were recorded daily for the iirst tour  weeks 
of life. 

L e a d  Delernli t lati~m.~ 

The anlount  e l  lead in milk frofn each dam. as well as 
the level in the blood was deter in incd for the three groups.  
Milk and blood samples were col lected on l)ay 20 and 
analyzed for lead con ten t  using atonlic absorpi ion  tech- 
ilique. A comple te  dcscr ipl ion of  the procedures  has been 
pulqished e lscwheic  1261, Blood-lead and brain-lead of  the 
offspr /ng were de tern i incd  for the various groups on 
l)ays 20, 60, and 270. 

.,| cl iri  t.l' 

Duc 1o l imita t ions  in the nun /be t  el ins t ruments  
avai lable, on ly  12 rats f rom the con t ro l  group and 12 rals 
t rom ( ; roup  3 10.1'; P b t A c l ~ )  were placed in Wahnlann 
running wheels (Model No. L(" 34) ;.it .t(] days of age. The 
individual wheels were not  isolaled fronl one another ,  but 
x~.ere localecl in all allilllttl rooln renloved frolll the nornlal 
f low of  l abora to ry  traf f ic.  Purina l.ab ( ' how and tap water  
were avai lable ad l ib;  foot l  and water  intake as wel l  :is body 
weight were recorded weekly .  In order  to determine if there 
were an,, d i f ferences  betw'een the groups  in response to a 
novel s i tuat ion,  activity (nunlber  of wheel turns) was 
recorded every hour ,  begirlnmg sit 2 p . m . .  for the first three 
hours.  Recordings were made daily al 0 a.m. and 5 p.m. for 
the renaainder of the exper i inent ,  rile cages were cleaned 
and lo()tt and water  weighed once a w'eek. .&clivi ly front 

t) 5 was not recorded for these eta.',,,...\ 12-hr light dark 
cycle Ig a.m. g p.nl . I  ,,,,'an in force throLlghout the study 
anti the rOt)ill leillpcralLlre kept ;.11 _~+ , 1 ('. 

,.tggre.ssion Te.stin£ 

Pairs of anhnals ,  approxinla te ly  60 days old and housed 
toge ther  since birlh (e×cepl for lhree x~eeks of isolalion h3 
lilt" running wheclsl  v,eie tested for shock-elici ted aggres- 
sion. The individual pairs (salile t rea tment  groups) were 
placed in a 25 × 30 ~', 38 cnl chamber  having a ',tdinless 
slcel grid floor. Fi l ly lrials of  sc iamblcd , . \(  shock 12 rnA, 
0.5 sec in dmati<ml and with an interlrial inerval I I l l t  
averaging 20~,ec were i-tin. l h c  resulling behavior be t \ seen  
the pairs Ol aniIIItllS Was ~+,COl'cd accordillg it) a >,'.,~,I,,.'III that is 
bolh concise and em, ily scored [4{. Brietl.,,. behavior ,aas 
placed lnh) ()lie of  lhe Iolloxsing categories: la) bolh  
aninlals fighliilg, lun,aing, striking, or biting: (131 only one 
aninlal t ighling, lunging, striking, or hiling: i t )  one tiililliUI 
or ho lh  ail i l l l , l ls standing anti facing Ibox ingJ :  (d) tie 
response o i l ie r  thzin r t i n n i n g . . i t i n l p i n g  t)r vocal i , 'a l ion.  
l )ur ing c, I1 lest sessions lhe scorer ',,,as tlna',~..are el lhc 
an i inals" ex perinie n I al con d it ion. 

I"l i#wh-. l l t , ip  Tcsti#ig 

Since changes in shockicl ic i ted aggression could bc 
lC]:.llCd to changes ill responsi,+enes>, Io shock,  anthil ls  w¢le 
also cxanluied in a flirlch-.iunlp pain threshold deter- 
minat ion I() ascerlain whe the r  changes in shock-elicited 
aggression ~.eic iladependent of pain sensilivily. 1o  dt'ler- 
iniiae pain lhresholds,  the rat,~ ~,ere placed individually into 
1lie cage and stlbjectcd It) all ascending series of ,4locks. 
Scrtllil tiled .,\(" '<hock I rOlll tl ( 'ot l lbollrn [nsI rlll/len| 
No. F I3 16 shocker  was adminis lered to lhe ral beginilirlg 
al 0.0~ llli\, lhcll 0.1 in. A. ancl con t inued  in increnient,,  of  
().1 mA. Shock durat ion con t inued  for It +) sec ,,vilh a 20 sec 
111. l h e  shock intensity at which tile rats lirsl flinchcc[ lind 
first i t lnlped in respollse t<,) tile shock was recortlecl. 

I'i.sttal D i s c r i , i i n a t i , ,  Tes t ing  

l welve 111ale rats fr()IVI each oI lhe lhree expOsUre grOUps 
were s tar ted on the visual discri lnination l;.tsk at approxi-  
nlalely 90 days e l  age. l h e  rats were run in tour ( 'ou lbourn  
test cages which were housed m sound atlei3tlatetl cuhicles. 
t'.ach cage v¢;.ls equipped  with two relract;ible bars. a liquid 
dipper  ~().1 cc re ln torcenlen t )  and a housel ight .  All pro- 
gramniing ,was control led  13',. (oulbour ia  logic modules.  

f i l e  rats were first shaped lo bar press on a single b,ir for 
liquid remforce inen i :  I1:1 condensed  inilk and w a t e r l . l v ~ o  
retractable bars were then in t roduced one at a time and tile 
rats ',+ere given equal practice on each har. 

l h e  cues for the successive discrimiilat ion task consisted 
of onset  of  the houselight  opera ted  al tile full 28 Wit(' 
(bright)  or with a 460 .~! resistor in series (dim). ()nset of 
the light in the bright nlodc required lhe ral to press the 
left bar for re inforcen)enl .  A correct ion procedure  was not 
used. i.e.. tile trial te rminated  w h e n  an incorrecl response 
was made and tile bars re l racted.  R¢intorcel i ient  consisted 
e l  0.1 cc of  condensed  milk ~ i th  a t w e n t y  secotltl interval 
fol lowing re inforcement  or te rminat ion  of the trial. 

The rats ~,eie run lil ly tri l ls a day. 0 days a week. Body 
weight wan mainhi ined al 85' ;  e l  baseline vahte. When :i rat 
reached criterion (45 ee l  o f  ~0 COFI'CCI l 'esponscs lot  three 
days ii3 a row) a reversal procedure  was init ialed, les t ing e l  
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C o n c e n t r a t i o n  o f  Dam's  B l o o d  Dam's M i l k  
Lead A c e t a t e  in  Lead tug%) Lead (u9%) 

Dam's W a t e r  

TaD W a t e r  9 + 3 *  < i  

0 . 0 2 ~  24+5 21+2 

0.I0% 41+7 87+7 

*,\ll value,,rcprcsenl the mean - .<,l: of 3 5 delerrninations. 

TABI t! 2 

1.1,:,,\1) ( ( ) N ( ' I . : N I I . ~ A I I ( ) N  IN I'HI.: Bl.()()l) ANI )  BIC,\IN ()l," 
()I.t.SI'RIN(; AI  20. 60, AN I )  270 I )AYS ( )1  A(;t.. I~,..VI'S 
S. \ ( 'R IH( ' t , : I )  A1 DAYS 20 AN I )  60 WI.:RI': L IT I I . :RMAFt . :S  ()1. 
IH( )S I (  l l - :SII . : I ) ;  VAI. Iq.S AT DAY 270 WF:RI.: I.R()M RA' IS 

I I,:S] I,:1) 

Tap Water 

0.02% 

0.10% 

BLOOD LEAD CONCENTRATION (pg%) 

20 60 270 
It+4* 4+1 9+0.3 

29+5 5+0 9+0.7 

42+4 9+3 9+I.0 

BRAIN LEAD CONCENTRATION (pg%) 

Tap Water 12+2 14+0 12+l 

0.02% 29+7 8+0 14+0.3 

0,]0% 47+10 14+0 20+4 = = Control 

P b A c  z 

tile rats ended  after U6 sessions regardless of  whethe r  
cri terion had been reel in the reversal p rocedure .  

I*, I.:S t / t. TS 

Lead De t e rmina t i ons  

Both milk and b l o o d  lead concen t ra t ions  for tile dams 
are shown in ] a b l e  I. The impor tance  of  verifying tile level 
of actual exposure  is demons t r a t ed  by the lact that while 
tile blood lead concen t ra t ion  of the dams in the 0 .1 ' ;  group 
was only approx imale ly  twice as great as thal o f  those in 
the 0 .02 ' ;  group,  exposure  to the pups via tile milk was at a 
level anlosl four  times as high as the 0.02(~ group.  Table 2 
conta ins  a sunlmary of tile , .oncent ra t ion  of  lead in both  
blood and brain for the offspr ing of  tile three groups at 
Days 20. 60, and 270. It is quite  evident  that there exists 
essentially no difference in the 20-day old rats be tween  
blood anti brain lead concen t ra t ion  at these exposure  levels. 
Apparent ly ,  no barrier exists to prevent  the equi l ibr ium of  
lead between whole blood and brain during the first 20 
days of life. By Day 60, however ,  lhe concen t ra t ion  of  lead 
in both blood and brain was essentially equal for all three 
groups. ( ' onsequen t ly ,  learning studies and aggression test- 
ing in this s tudy was done on animals having normal  
concen t ra t ions  of  lead in blood and brain at tile time o f  
tesling. 

G r o w t h  

There were no significant d i f ferences  in g rowth  among 
the three groups.  Mean body weight , S|'~ at Day 21 was: 
C o n t r o l =  52.1 ± 1.6 g: low lead = 5 5 . 8 -  0 . 6 g ,  and high 
lead--  55.3 ' 1.3g.  

,4 c t i r i t y  

Since tile activity nleasurenlents  were based on nunrber 
of  events per unit l ime, which results in a Poisson 
dis t r ibut ion,  a square root  t ransformat i (m was used to 
normalize the data. Results of  an analysis of  variance of  the 
first three hr showed no significanl nlain effect  of treat- 
ment ,  F ( I , 1 0 ) =  0.41, p ' , 0 . 0 5 ,  but there was a significant 
nlain el'feet of  hours,  F( 2.28 ) = 5.41, p< 0.01, reflecting the 
decrease in activity seen during habi tua t ion .  Since the 
t r e a t m e n t  X hr  i n t e r a c t i o n  was also significant.  
1"(2.38)= 4.79,  i, ,<0.02, a test for simple mare effects  on 
hours  for tile cont ro l  group was perfornled  and found 
significant,  F ( 2 , 4 0 ) =  12.21, p , ' 0 . 0 1 ,  while a similar test 
with the lead exposed  group was not significant.  F(2,36) = 
0.23, p: .() .05.  I h u s  the cont ro l  group showed a 
significant decline in activity over the first three hours  
while the lead-exposed group, start ing at a lower level than 
the controls ,  showed no significant change (see l:ig. I). 
Analysis of  lhe activily levels over the total tesl period 
revealed that there were no significanl d i f lerences  be tween 
the groups in tolal activity over the three weeks or for 
activity during the night period only. Food and water  
intake as well as body weight also showed no significant 
dif ferences  between t h e  groups.  

:':AlIxaluc~ reprcscnl tile mean ' S] el 3- 5 delcrnHnalions. 

I 0 -  

8 -  

\ 6 -  

4 

2 -  

I I 1 I 

0 I 2 3 4 

H O U R S  
Il(;.  I. First 3 hr (H" ",,,'heel running activity in 3() day old rats after 

initially being placed in running wheels. 
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NON -AGGRESSIVE 
BEHAVIOR 

I:IG. 2. t:requency o" shock-e cited aggression in adult 9 week rats 
following neonatal lead exposure. 
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I.I(_;. 3. P, at¢¢d acquisition ~d" a successive xisual discrimination task 
hy lead-cxpoxed rats. 

Aggression Testing 

From the reports  in the clinical l i terature,  and o ther  
sources [ 1 0 , t 2 [  il was hypo thes i zed  lllal Ph-exposed rt.ts 
would he more  aggressive than controls .  Results of tile 
shock-el ici ted aggression lest fail to supporl  this. l h e  
number  of  trials on which an animal assumed tile It-lOXil/g 
l-,osition was taken as the i ndependen t  measure since this 
behavior  was unambiguous  and easily scored.  Analysis of 
this data showed thal both  lead-exposed groups  displayed 
significantly less aggressive behavior  than the contro l  group.  
but did not  differ  from each other ,  F( 2,21 ) = 4.53,  p- 0.05: 
see F ig  2. l h e  same ,-clationship existed when lilt" trials in 
which nonaggressive behavior  was displayed,  were anal) zeal, 
F(2,21)  = 3.54. p. 0 . 0 5  hut lhe only di f ference  he tween 
the high lead-exposed group and cont ro ls  reached sig- 
nificance. 

17linch-Jump Testing 

There were no significant d i f ferences  anlong file groups 
with respect to e i ther  flinch threshold ,  1:(2,45)=0.157, 
p >- 0.05, or the j ump  threshold ,  F( 2,45 ) = 0.201,  p 0.05. 
The actual fl inch R~reshoht may have been slightly lower 
than the values ob ta ined  (x  cont ro l  = 0.059 nlA; Xlow Pb = 
0.056 nlA" k high Pb = 0.056 mA) since a large 
nunlher  of  animals responded  even at the lowest intensi ty 
used. I towever.  this seenls to be a realistic value, since 
0.041 nlA has been cited [171 as the aversion threnhoht 
when a cons tan t  current  A(" shock source is tined. Al though 
it cannot  he slated unequivocally that tile s l i m u h l s u s e d  in 
the shock-el ici ted aggression lest was equally aversive for all 
groups,  tile fact that the groups were equal at I~ot]l flinch 
and .lump threshold  st lpporl  this conclusJoll.  

Discrimination Testing 

Acquisi t ion of  the successive visual discr iminat ion h, sk 
by three groups is shown m Fig. 3. Figure 3 represents  
acquisi t ion data for tile original prohlenl p lo l ted  as tile 

~00 

~ ao 

6O 

5O 

N 4O 

~-. 3O 

• 002% Pb(/k)~ (n:ll) 
• 010% Pb(Ac)at (n:I2) 

I 1 { I I I 

IO 20 30 40 50 60 
TIME (DAYS) 

I 

7O 

FIG. 4. Rate of reversal of a succesxi',c dJs~:rinljnalJon lask I',y 
lead--exposed ral~. 

cunlulativc f requency over tinle ol  the perLentage of  
animals acquiring the task. Figure 4 shows the resnhs  oI the 
reversal lank p lo t ted  m the sanle manner .  Since tile ntunber  
of days to cri terion was used an the index of  learning speed, 
and thin al nlos[ represents  only all ordinal nleastlrell/enl,  
tile dala wan analyzed using a Kruskal l  Wallin analysis of 

variance. 
Resulls of the analysis indicate no significant dj lferencen 

among the three groups on acquisit ion of  e i ther  lhe original 
p roblem,  ll(21 = 0.25. p .0.05.  or the reversal prot~lem. 
11(2 l=3 .47 .  p.,O.O5. Nor  does dlere sccm UJ he an~ 
in(licalJon (1I a dose response relatiOllsllip. Fhat  tile task 
was sufficierHly diffict | l t  to a~low evahlation e l  l |le associa- 
tive or learning capacily ¢1t the rats is suppor ted  hy several 
factors:  (1) mean latency for responding h.ad slahilized al 
approxm/a le ly  3 4 sec by trial 200 and {2) lhe average 
llunlber of trials required lor acquJsJlJon of lilt' original 
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problenl  was a p p r o x i m a t e l y  1400 and for tile reversal 2000. 
Since performance l,lad stabilized rather early in the testing. 
the ; .cquisi l ion phase s]lould thus ref/ec't ] low well  the rats 
were learning the cont ingenc ie s  o f  lhe d iscr iminat ion lask. 
It is realized, however ,  that due to the lengthy test per iod,  
variations in o ther  factors,  such as mot iva t ion ,  may have 
exer ted  some influence.  

I)tSCI.I,<,.":,ION AND C()N('I,I, JSt()NN 

In contrasl  with mosl o ther  s tudies,  an animal model  
was used in lhis s tudy which p roduced  none of  the usual 
overl effects  of  high dose lead p<.)isonill~,, such as body 
weighl loss. or s tun ted  growth.  In addi t ion ,  since tile 
exposure  was via lhe danl's nlilk, the ral pups were not  
sub.jetted to any postnatal  traunlatic exper iences ,  such as 
i l l tubalion or  injection procedures ,  wl,tich tnight in thenl- 
selves reduce behavioral changes later in life. Wl,len con- 
founding factors such as restricted nutr i t ional  s la tus  or 
o lher  early stresses are inherent  ill the exper iment : , l  design, 
[]lC conc]tlSit)n der ived  fronl  s tudies of {his nalure arc 
severely cotnpronl ised.  

We have previousl, '  r epot led  a lechnique  for es lhna t ing  
the daily lead exposure  level for ral pups receiving lead via 
d a m n  milk [5 / .  IIsing tills procedure ,  we es t imated  that 
r, rior l,::, ,starting our cont ro l ,  low dose and higl,i dose pups 
are being exposed  to external  doses of  approximatel3. 
0.004 nlg/kg. 0.1 mg/kg and 0.5 ms /k s ,  respectively.  ( 'on-  
lrol pups compare  favorably wilh file recouln3ended daily 
permissible inlake for young chi ldren which is(l,.O00 nlg/kg 
13J. l 'hesc  external  exposure  levels are considerably lower 
than the 5 to 5 0 m s / k s  doses being adminis te red  hy o ther  
invesligalors repor l ing  behavioral changes [7, ;g. 23, 24] .  

It should be emphas ized  thal nei ther  b lood  no r  brain 
levels of  rals used m lhese s l ud i e seve r  exceeded  47 / Jg / l ( )0  
Ill[ during cxposure  and were comparable  [(-) non-exposed  
anmlals at time el testing. AI the exposure  levels used there 
is no evidcnce lhal lead produces  hyperacl iv i ly  under  
cond i l ions  where file rats are mainta ined con t inuous ly  in 
activity nleastHing devices such as activity wheels. I)ue It) 
d i f ferences  i11 instrunlenU.lti()n, age at testing and dura t ion  
of ltle measurement  period,  there arc no o ther  s ludics  with 
which this reporl can be compared  d~reclly. l ,he presenl 
findings, however ,  arc more ill agreement  with lhose studies 
reporl ing an absence of increased activity 119,201 than 
lhose repor l ing hyperacl iv i ly  /21,221.  ( ' onscqucn l ly .  the 
results of this stud v do not support  tile earlier findings of  
lead-induced hyperact ivi ty  and indicate instead that if early 
lead exposure  protluces hyperac t iv i ty ,  the effecl  nlay be 
lllininlal or cvancscenl  ill nature.  A ,,'loser exalnina[ ion e l  
bolh the animal models  and techniques  used m various 
studies Illigl,II provide seine il l |ornlatiorl  as to Wl,ly con- 
f l i t t ing results l,lave been obta ined .  First. early nutr i t ional  
s t a tu s  ]1;.is been sllown to be an inlpor tant  factor  in 
de l e rn lmmg title activity levels of  rats later m life [ 2 ] . T h e  

level and durat ion of  exposure  repor ted  m previous studies 
[14.24] are suff ic ient ly  large to cause significant changes in 
growth,  especially in earlier deve lopmenta l  periods.  A 
recent s ludy conduc ted  in this laboralory provides strong 
support  for the hypothes i s  If,Ill tile observed ]lyperactivity 
may be due to nlalnulr i t ion usually accompany ing  high lead 
exposure  [16] .  

A second iruportant  factor,  tile type of activity mea- 
sured,  must also he taken into cons idera t ion .  Most repor ts  
purpor t ing  to have examined  hyperact iv i ty  have looked 
only at very sl,lort intervals of activity. ( ' onsequen t ly ,  the 
measuremerHs probably  reflect title animal 's  responsiveness 
or reactivity to a novel env i ronment  more than activity per 
st" and migl'lt he responsil',le for the depressed level of  
activity of  lead-trealed rats during the tir;:t hour  of  testing 
in this exper iment .  Ill a previous s tudy revolving activily 
n leasurements  in an open fiehl, a similar (.Icpression in 
activity was repor ted  for lead-exposed rats 1141. A valid 
es t imate  of  the general activity level of  ,m animal shouM 
include l(.mg ternl per iods of n leasurement  to cont ro l  these 
factors.  

While early lead exposure  does not appear  to alter 
general activity levels, tilt' f inding that tile lead-exposed rats 
,,',,ere less aggressive than c o n t r o l s  suggests the possibility 
thal early lead exposure  can produce  a pernlanent  altera- 
lion in behavior ,,v!hicl,i would not be indicated hy exanlim,- 
lion of blood lead levels later in life when blood levels 
nlight be essenlially normal ,  as they were in this s tudy.  
Presumal)ly, Ihe initial high levels of lead short ly  afler birll,1 
produce  SOllle degree o f  central  nervous syslell l  dysftlnc' t ion 
which persists in lilt.' adult animals. ( ' onsequen t ly ,  ano ther  
measure of  total lead expost,  re. such .:is tlrillary lead 
folh)wing a c'hcla[ion challenge, mighl t~e a more  valid index 
of  possible risk. 

The failure Io fred any signific:lnt d i f ferences  among the 
groups on the visual discrinl ina/ ion la,;k wi[]I reversal was 
quite unexpec led .  The diff icul ty e l  the present  task when 
conlpared to lasks used by olhers  [7, 14. 24] should have 
provided tile sensitivily Io detect  any sublle d i f ferences  
thai might have existed.  One major  d i f ference  is that mosl 
of  tile o lher  sttldies ,.,,'el,_" rtln ill nlazes, while this ()lie was 
conduc led  in operant  chanlbers.  While there are t ,ndoubled-  
ly SOllle dil t 'erences be tween tile two [es[ procedllrcs ,  tilt' 
basic paradigms are generally the same. with the operanl  
chanlber  allowing greater uni lornl i ty  ill tesl condi l ions  and 
mmmfiz ing lhe expcrimet l ler-suhjec!  inleracl ion.  

.,*n al ternale possibility is lhat lhe presenl lask measured 
an aspect of behavior (successive d iscr innnat ion  learning) 
l!hat is nol affected by carl,..' /cad exposurt ' .  / [owever.  
lead-exposed rals hi lvc previously bee l'l s h o w n  [() be 

impaired in the acquisit ion of  a successive d iscr iminal ion 
task ]7] .  ( ' onsequen t ly ,  ~.hile il does appear  thal early 
exposure  lo lead does rcstl]l in al terat ions ill behavior ]ateF 
in life. lhe exacl nature of  file behavioral inlpairnlenl and 
cor responding  locus of  effecl  still remains It) he define(.l. 
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