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Lead ha
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long been known as a neurotoxicant and, in
recent years, nas been shown to have behavioral effects
at concentrations much lower than the safety levels set

by the government. ZEehavioral toxicology is a sensitive

method using behavioral measures to determine the effects

of toxins an toxicants at these low level concentrations.
Through these methods, one of the effects that has been

observed 1is tnat necnatal exposure to lead increaces
resistance to extinction(Taylor et al., 1982). This could
be due to changes in brain anatomy or to neurcchemical

H

disturbances. or example, lesions of the hippocampus
can cause an, inability to inhibit responses whereas
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disturbances in gamma-amino butyric acid(an innibitory

neurotransmitter) activity cean cause an increase in

emotionality. The obtjectives of this study were to deter-
mine if this effect of increased resistance to extinction

occurs in adults exposed to lead and, if so, to determine
the causal factors implicated in this effect,
this information, rats were run in a straight alley meze
after exposure to inorganic
were manipulated in order to elucidate the causel
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INTRCDUCTION

Behavioral toxicology is a rapidly rising field within

the area of public health.
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charnges that occur in response “o low levels ~I envi
mental toxicants before gross tissue damage or death is
apparent. Behavioral toxicology perhaps was originally
introduced in the United States in June of 13972 by a group
toxicologists in Rochester, New York and it wasn't until
1979 that journals were created to repcrt the findings in

this area. Those initial journals were Neurctcxicology ancd

Neurobehavioral Toxicology and Teratology.

Behavioral toxicclogy is the result of the conisuence
of four major disciplines: toxicology, benavioral pharm-
acology, industrial hygiene, and experimental psychology
(Weiss, 1983). As a discrete discipline, behavioral toxic-
ology is particularly indebted to Ivan Pavlov, a highly
esteemed physiologist in the USSR, inazsmuch 28 ais wor: in
classical conditioning made central nervous system function
an important consideration in Soviet hazard assessment.

N

This has given behavicral srz_ysis creciniiity 1in =ne

ountri

area of toxicity assessment in

(@]

Soviet Union.

The government sets threshold limit values for toxi-
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cants called maximum zllowable concentrations(MAC's), ™n
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rne past, these VMAC's were cetermined vy traditional

toxicologists and were based solely orn Tlesue e

“+ s S A1 Ave
This manuscript is written in the siyle oi Behavioral
Neuroscience.

ts purpcse 1s to detect tehavior
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death. In recent years, tehavicral ccrcerns have Tegun to
e 1 e o : JEH o T o ST .
aifect the determinations. 1 many zreas, 1t 18 nNow

considered important to look at functicnal disturtances,

and death or tissue damage are nct the only Ifeasitle endpoiln
of research. The Toxic Substances Control Act(TSCA) of

1976 specifies behavior as one of the criteria for judging
the safety of new chemicals. For example, many scientists
and physicians were concerned about the impairment cof
psychological development by lead, and this concern helged
to diminish its role as a fuel additive Also, the carvon
monoxide standard prescrib 0y the Environmental Frotection

s

em~rtional resronse and conditioned =voidance are sensitive

ct

at low level exposure concentrations is an obvicus advantage.

Another advantage is that tenavior is noninvasive, that is,

animals don't have to die or nave other cvert siznes o damage
3 £ ~ = 1a L 5 3 = e o] - 3 X S e, e AT ~
cefcre tThe tTeoxicity can te cetected. Yet, tnz ma cr zdvantag

is that *he results reflect the animal's total functiocnal

capacity, not just one part of it.

Sehavioral Toxicity of Heavy Metals

Human exposure tc hazardous chemicals in the workplace
has long bteen of concern. It has been estimated that more
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than 20 million people work with rela
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a lesser extent DY

and many millions more are
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virtue of geograpny(Goldfrank, 1982). wmong crniemicael cont
inante trobably 211 non-escserntial neavv metals and
+anits, pProoelly adil INON=-€5S€Livial [ld EBlarSy &l Ll |
icular lead A ar it o ~dninae + St me++er VAad ern
rchlar lLeada, are OST nazercous 7TO U ingz atter. rioaern

minerals to biologically availatle forms. Metallic compo
used as pesticicdes, catalysts, or in energy production nay

~

accumulate in food, water, and air. IZxcessive concentraticns

of metals may occur in water, air, or soil as a resu
natural deposits(Cehme, 1978).

Chronic exposure of humans to heavy metals may result
in slowly developing pathology that may go undetected for
many years and which may result from exposure levels belo

present MAC's. Indeed, this has teen st
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studies using experimental psychology paradigms concurrent

s

with traditional technigues of enalytical chemistry and
toxicology(Hayes, 1982). The fact that such low levels
may occasion neurotoxicity with no readily otservaovle
symptoms underscores the importance of developing exper-
imental analogs to detect early and subtle behaviocral
perturbations,. which may be linked to.underlying neuro-
toxic disturbances. Operant and classical conditioning
are ideally suited for the detection of subtle benavioral

alterations associated with the cumulative neurotoxic
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likely, no metal has heen more extensively st
from a toxicolegic point ¢f view than lesd. And no metal
has presented a broader range of problems. ILead pcisoning
is a public health problem that has a history dating back
to the time of the Roman Empire. Many historians believe

that most of the Roman aristocracy probatly suff -red from

¢’ ronic lead p:iisoning as e —esult of thiir gluttonous
consumption of contaminated food and wine. CZcme nave ever

speculated this may have contributed to the cecline of the
empire(Cenme, 1678)! Historically, exposure came from the
use of lead in plumbing, cooking utensils, and cider rresse
Lead was also used to "sweeten" wine in the 18th century.
Lead ©poisoning was quite common in colonial America

Goldfrank, 1982).

O

Despite increased attention in recent years, leac
pcisoning remains a serious problem. That lead poisoning

is a disease associated with poverty is confirmed by

studies which show that the incidence of lead contamination

1970 census there were %0 million dwelling
United States that were built before World W

millio

n
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1 01 These were conslcdered runcown, ©I wnlcn

v

e y 1 3 -~ N S Y anAa S Al e o
GC percent contained hazardous amounts of lead, mainly in
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the paint(Goldfrank, 1982)

T~

A 1970 study by the U,S. FPublic Health Service

estimated that 2C0C,000 children had elevated vlocd-lead
levels, and in 16,000 blcod-lead levels were high enough
to require treatment. Although reported incidence of
encerhalopathy and death due to lead poisoning has

decreaced in ‘the past few yesrs, the Indidence oi citrcnic

low level exposure aprears to be increasins(Goldfrank, 1882).

although it is by no means confined tc the young. Adult

poisoning has been reported in those who drink "moonshine"
skey or use earthenware and ceramic food containers

finished with lead-containing glazes(Cenhme, 1378).

"Moonshine" 1is typically prepared in autcmobile radiators,

pipes, and barrels soldered with lead. In adults, lead

poisoning is seen as an occupational or environmental illness.

The highest level of lead exposure among adults occurs

principally among pecple working in lead smelters(Cantarow

(o}
[4)]

and Trumper, 1944). Workers in battery recycling plants,
demolition, and auto body painting are often at increased
risk of exposure. Cases have &alsoc been reported in families

located near factories utilizing lead.

Major routes of absorption include the gastrointestinal
tract and the lungs, with dermal atsorption being relatively
insignificant, except in the case of skin abrasions or
lesions(Cantarow and Trumpe 1544). lead appears as a
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trace metal in virtually &ll foods and beverages, althoug:

3 3 -~ ~ +3 a7 5 3 3 AT, + 4+ o ~ o+ £
it is not essential to nutrition. out ten perc nt ol
ingested lead is abscrted in adults whereas crliidren

intestinal absorption mainly occurs from the small intestire,
to a lesser extent from the colon, and not at all from the

stomach. Respiratory tract absorption of lead dust is

commonly the cause of industrial poisoning. Lead is

absorbed from all portions of the respiratory tract,
including nasal passages, and indeed this absorption is more

complete and rapid than by any other routs(Cehme, 1978).
Successive to absorption, lead is distributed in
blood, soft tissue, and bone. The metal is drawn to areas
of the skeleton that is growing most rapidly. Therefore,
after an initial phase of distribution,
concentration is not directly proportional to blood-lead
concentration as more and more lead becomes fixed to bone
For the same reason, the clinical severity of intoxication

is not directly proporticnal to total body burden since
symptoms are related to the concentration of lead in tlood
and soft tissue. Finally, once lead is absorbed, it is

excreted very slowly, mainly in the feces and urine.

Neurobehavioral Toxicity of Lead

o A the lic+ ~e N
A s el 4 il LA S0 Ok IS Ccomm g =
55 N1t el Aana N e atdn - 5
re conviislions, incoorcination, entea retar T 7 TEn .= X



A n = £ =3 £ o
wealkne 2nd anorexia. Regardlng tne speclilc ellecT 01 leaq
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exposure on the central nervcus system, 1t has been notead théat
G Bon e e S e - fifically aAivpocamral lesions S nter-
1T causes leslons, speclilcCally aippocampal leslcons, anG 1l

Cf the numerous nazards associated with exposure tn lead,

behavioral consequences are often the most insidious and thne

have been more extencively studied ther those oI any otner
metal ed probably more than those of any cther environ-
mental toxicant(Cory-31 ec“ue et al., 1983). Despite these
efforts, the results have been disappcinting in th

behavioral assay often produces conflicting results in dif-

ferent investigations. TFor example, the scientific literature
dealing with the effects of lead on motcor activity consists

)

of an almost equivalent number of reports o
decreases, and no change in tvehavior(Bornschein e

\ - o o ‘ S5 5 . ey
1880a). Studies of chronic low level lead exposure in children

are also besieged with inconsistent results in measures of
learning and intelligence(Bornschein et al., 198Cb). This
disparity of results derives from problems ranging Irom

nstable benavioral criteria to inadequate biological measures

to confounding dietary and nutriticnal variables.
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developing and adult rats. TFor example, studies using

o
developing rats srow significantly imrpeired learning etriliity
whern compared to controls or a closec-fielc maze learning

1

. L .
task(Geist and

)]

neonatal exposure, significant learning deficits are observed

"Differential Reinforcement of High Rates"(Gross-Selbeck and
Gross-Selbeck, 1981). Increased activity levels were cseen

in offspring of lead-treated rats in several studies

C oy 1 e 1G7 AR PR 4N
(Sauerhoff, 1973; Silbergeld, 1974).
- : s : ‘ - _ e
In regard to studies on adult rats, learning deficite

have again been observed. It was Iound that lead-treated

animals nad reduced rates of spontaneous alternation and

o

ifficulty in changing behavior wnen the cues signaling

J

H

reward and nonreward were reversed(lLangthorn and Isaacsorn
1978). Another example of lead-induced learning deficits

in adults is that treated animels snow significantly lower

C

operant response rates(lever presses) than controls
(Nation et al., 1983).

The main impetus for this study was an article published
about lead-induced increased resistance to extinction in rat
he experimental

pups(Taylor et al., 1981)., The mothers of

pups were exposed to lead acetate fronm

breeding until the pups were weaned The pups were run in
a straight alley meze on a partizl reinfrcrcement scrnedule.
Tre positive reiniorcement was y" suck.irs fur 1T seconds.
Tl.e findings f=ilec to snov significant diilsrence vet. cer
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criterion,

The objectives of this study were to determine if lead
exposure would cause an increased resistance to extinction
(persistence) in the adult rat, and to identify the causal
factors of this effect by manipulating reinforcement
cschedules.

Information that will be utili

8]

ed in evaluating the
results of this study comes from Amsel's Frustration Theory
(Amsel, 1967,1972). This theory involves a four-stage
analysis of acquisition that explains the mechanisms tenind

the differ
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reinforcement

during acgquisition and extinction. Cf specific interest

oy

1 3 o= += lrrn ; - o N A Do LI
here zre the schedule related effects known zs tne rartial

\)]

Reinforcement Acquisition Effect(PRAE) and the Fartial
Reinforcement Extinction Effect(FREE). Continuously rein-
forced animals acouire a task much more gquickly than part-

-

ially reinforced(PRAE) and yet extinguish at a more rarpid

)

i3

: 5= Con ; G )
rate than artizlly reiniorced anlma;s(PRM« .

J

lio)

In regard to PRF subjects during acguisition, durin

the first stage of Amsel's analysis, availsab
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with nonreinforcement. During the second stage, exp
of reward becomes important. Cn reward trials
respond as in stage one; that is, the primary goal

occurs. rHowever, on nonreward trials a new responss
observed. lNonreinforcement, in the presence of eXPsctancy
of reward, results in primary frustration. This hasg

disrupting effect by mediating avoidance. During st

three of acquisition training, frustration becomes an+ici-

wn

-+~ - <+~ 7, 1 “+ ~ - 7 <
patory. tage three is a stage of conflict in which gnti-
K, : ~ - a <+ 4+ 3 3 1T 4+ ~T T A A~ e o e
cipatory frustration elicits avoidance, and anticipatcr-
I T
3 7143 A4 y imall T . £,
rewarc elicits approach. TFinally, in stage four, counter-

U

conditioning t=zkes plzace; that is, a nev conditionecs respons

7~

CR) i

[0)]

conditioned to the o0ld conditioned stimulus(:s)
Therefore, the anticipatory frustration-vreduced stimuli
now evoke an approach response. This counterconditicn
process is the mechanism for persistence effects shown by
the subjects who have experienced partial reinforcement
acquisition training. Continuously reinforced sub
never experience nonreward and, therefore, never nave tnh
opportunity to countercondition frustration cues tc approach
responses. Indeed, frustration cues elicit avoidance

when subjects enter extinction and CRF subjects will
extinguish quite readily.

The subjects' performance during extinction will

yield evidence as to which theory of causation of the
3 ~ 3 a3 et A + < N 3 i ~ =leue
increased resistance to extincticn(persistence) is ccrrect.



Two theories of causation were formulated, an anatcmica
theory and a neurochemical theory.

The anatomical theory has for its tase the fact that
lead causes hippocampal lesions. The hippocampus is zan

inhibitory portion of the brain and lesions in the area

)
]
®

strongly suspected to cause a reduced ability to express
behavioral inhibition. A reduced ability to inhibit
responding would certainly result in increased persis
ence, TYet 1t is plausible that the increased persistence
is not due to an inhibitory deficit but, instead, is s

result of a neurochemical disturtance.

theory 1s vased on the fact that lead is known to cause a

}
(&)
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disturbance in GABA-ergic activity. GABA(
butyric acid) is the major inhibitory neurotransmitter
in mammals(sarlson, 1981). It is involved in the control

of nervous transmissi

[0}
® )

n responsivlie for the regulaticn and
coordination of voluntary muscle function. It is also
involved in suppressing emotionality(Carlson, 1881),
As mentioned in the discussion of Amsel's
Theory, emotionality(frustration) is implicated in perform-
ance during extinction.

Performance during extinction will depend on which
of the afore stated theories is correct. If anatomical

5

insults are responsitle

Pal h] -] -~ 3 L
for the increased rTersistence

effects, then exposed subjects should show increases
s & A S i . —r -\ . - N
regardless of schedule conditicns(PFR™ or CRF). Ain inability
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to inhibit responding would affect both treated groups

(ERF and CRF) equally; therefore, the Pb-treated IRF

subjects would be expected to show an increase in persis

.

ence relative to their controls, and the Fo-treated CRF

jects would also show an increase relative *r their

mn
<
(@5
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ontrols. Conversely, if Pb-induced increases in rpersistence

(@]

are due to neurochemically re
rb-treated PRF subjects should show increased persistence
relative to non-treated controls but Fb-treated CRF subjects
would be expected to show less persistence than their
controls. According to Amsel's Frustration Theory, increased
emotionality works in favor of PRF subjects in regard to
resistance to extinction because during acquisition frust-
ration cues were counterconditioned to approach responding.
Therefore, stronger frustration as experiencec by the treated

animals should

m

trengthen ap
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tion. This same model suggests that heightened emoticnality
works against persistence in the case of CR
tion will mediate an even stronger avoidance response than

would the lesser frustration experienced by tre non-treated

)]

animals. In summary, the performance of the subjects,

according to reinforcement schedules, during extincti 'n

should assist in the isolation of the causal factors of I%-
induced increased persistence that putatively exists in tne
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Thirty-two experimentally naive male zalbino rats were
used as subjects. The rats were approximately S0 days old

at the start of fthe experiment and were of the Sprague-

Tawley strain. Subjects were randomly assigned(N=8/grourp)
L = &3 § 3

—1

to four groups(lead treated, partial reinforcement=Fb-FR

-
N

.
’

lead treated, continuous reinforcement=Pb-CRF; control

-

N
o'

oratcry rats were placed on

J

3 b 4 a bl
'pon arrlival at tae 1

urina chow and remained on this diet for 60 days.

HdJ

ad 1it

Two weeks prior to behavioral testing, the subjects were

m

witched to a diet of 1C mg food/day. This diet was main-
tained throughout the rest of the study. Body weignts

were monitored and no animal was allowed to fall below

200 grams. Any animal that aprroached the 200 gram minimum
was given a small increase(approximately 2 grams) in diet
each day. Sixteen rats were exposed to 5CC ppm lead acetate
(producing approximately 50 mg Pb/¥g body weight) via

their drinking water which was dispensed from calibrated

s ooz C e~ o S O 4o o + P < 3 S B9
tubes. Since 1t was possible that Taste zversion t¢ the
lead solutions mignt develop, fluld intakes were recordec
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Apparatus
A straight alley maze served as the apparatus for the
experiment. Overall runway dimensions were 132.88 cm long,

20.25 cm high, and 20.25 cm wide. The alley was constructed

of stainless steel with a grid floor, and had a startbox

30.48 cm long, a runway section 121.92 cm long, and a goal
section 30.48 cm long. The start and goal timers began

when the startbox door was raised. The start

photobeam 8,50 cm inside the goalbox. £ teaspoon mounted
dle of the far end of the goalbox served as

the foodcup. OStart and goal times were converted to

reciprocals for analysis.




rroceaure

Acouisition trairing. Treatment(Pb) and control group
- o AN esd Al 4 AT | g sy + (CER) or
were divided in half and given either continucus (Viy) O

—_— = Lo + s m1 . 5 o €1
rartial(PRF) reinforcement training. The result was four
groups: Fb-CRF, Fb-PRF, Control-CRF, Control-rRr(N=8/

group). ZEach animal was subjected to four trials per day.

The four trials were run consecu‘ively

each rat experienced a tota
On each trial the rat was placed in the startbox and
approximately three seconds later the startbox door was

~

raised and the rat was allowed to traverse the alley. On

T
=

(T
L

reinforced trials, sutjecis were rewarded with six 4
Noyes food pellets and taken out of the goalbox immediately.
For the PRF subjects, on nonreinforced trials there was no
food present in the goaltox and the rat was taken out after
20 seconds. A repeating four day schedule was used for ILRF
training (NRNR, RNNR, NNRR, RNRN; R=reinforced trial, N=
nonreinforced trial). Rats that took longer than 300
seconds to traverse the alley received a direct placement

in the goaltoXe.

Ex%tinction training. Th= extinctio: phase was con ucted




rellets were available in the goalbox. Cther than food not
being present in the goalbox, procedures used in extinction
were exactly as described for acguisition training. A
criterion of two consecutive trials of greater than 100
second latencies was used to determine termination of
extinction training. For purposes of analysis, subjects
reaching this criterion were assigned latency values of

100 seconds for the remainder of their scheduled extinction

trials.
Tissue Analysis. At the end of the extinction phace,
the rats were sacrificed and blcocod and brain tissue samples

el
in

were taken in order toc evaluate lead concentration

n

those samples by open flame atomic absorption spectro-

N

photometry.
REBPLITT ME

nLolulos

For both acquisition and extinction the pattern of

H
t

results fo he start measure was similar to that for the
total speed(1/latency) measure so only the total speed
measure is reported here. Cne subject in the Control-

CRF group died during the experiment, therefore was
= k )

omitted from the analysis.

~ 1..7 (DT ~NT T ~r o~ ~ o /i ~ =N
A 2 Schedules(PRF, CRF) X 2 Groups(Lead, Ccairol)
I
A NAanxr ~ 4 ah ~ 3 ~ -~ ~r 5 - 3
14 Days(1-14) repeated measures analysis of varisrncs
I ¥ .
. —~ <+ - .. T 5 P = e i Fa e
==t was used & n 4
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Figure 2. Group performances during accuisition.

Extinction
Since there were differences among groups at the end

of accuisiticn training, the data

differences in rate of extinction. The effect of this

transformation is the establishment of a common reference
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point for all groups at the end of acguisition. The advant-
age gained in using this statistical manipulation is thet

it eliminates the occurrence of those performence ciffer-
entials in extinction that reflect terminal acquisition
confounds(Nation et al., 1980).
A 2 Schedules(FRF, CRF) X 2 Groups(lLead, Control)
X 8 Days(1-8) repeated measures analysis of variance test
was used to document the statistical effects during extinction.
Group extinction rates over days(blocks of fou
are graphically depicted in Figure 3
the Groups X Days interaction showed a marginally signifi-
cant effect(F(7, 189)=1.87, p<.08). Further, the partie

niorec
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e ment subjects were nmore resistant to extincti
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or treatment status(F(7, 189)=2,14, p<.05). The afore-
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Figure 3. Group performances during extinction,
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subjects(PRF and CRF) exhibited a marginally significant
increased resistance to extinction relative to their
controls. Although there was only a marginally significant

difference seen during extinction, useful information weas

obtained from this study. These data suggests that leaa
exposure might have an effect on aaults, altaough the

effect on adult animals is perhaps less than on develorping
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1980), and is suspected to cause a reduced ability to express
behavioral inhibition. It is this inability, therefore,
that would seem to be responsiple for lead-induced increzased
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a very sensitive indicator of lead toxicity(Singhal and

Thomas, 198C). The alley maze w

oY

s used in this study
because it was previously employed in the study on tersis
ence(Taylor, 1982), and keeping as many variables constant
as possible was important for comparison of the two studies.
Taylor was able to detect significant effects on rat pups
using the alley maze; this suggests, since the alley maze
pverformance is not a very sensitive indicator of lead
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toxicity, that the effects Taylor observed were inceed
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a recently published study(Gray and Mclaugnt -, 1983) hes

=

shown that increased persistence as = result of hirpocampa
lesions disappears when short intertrial intervals are
used. As mentioned, the animals in the study experienced
four trials per day which were run consecutively with

short intertrial intervals of approximately 3C seconcs

&l T my, ol Al NE AT o 3 ~~m A 3
(ITI=%0 sec). The Gray and McNaughton information was not
available at the beginning of the study. Ferhaps, since

determinant of lead-induced persistence phencmena, care

should be tazken in the future to control for ITI effects
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