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SCHMIDT, J. C. AND D. A. CZECH. Effect o f  tetraethyl lead and restricted food intake on locomotor activity in the rat. 
PHARMAC. BIOCHEM. BEHAV. 7(6) 489-492, 1977. - The effect of tetraethyl lead (TEL) and restricted food intake 
on spontaneous locomotor activity in male albino rats was investigated. Forty animals were injected intraperitoneally with 
4, 7, 10 or 13 mg/kg body weight of TEL in peanut oil, or a peanut oil placebo. Forty additional animals were food yoked 
to lead treated animals as a control procedure to hold food intake constant between lead treated and lead free animals. A 
comparison of pre- and posttreatment measures revealed significant decreases in food intake and increases in activity levels 
at dosages of 7, 10 and 13 mg/kg of TEL. In addition, food intake and activity were significantly correlated in both lead 
treated and yoked groups. The issue of factors associated with reduced food intake playing a role in observed activity level 
increases was raised. 
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B E H A V I O R  pat terns f requent ly  described in conjunc t ion  
with excessive exposure  to lead include lethargy,  ataxia, 
seizure-like convulsions,  aggressiveness, increased react ivi ty  
to stimuli ,  and changes in l o c o m o t o r  activity [1, 7, 8, 10, 
15].  The last of  these behaviors has generated part icular  
interest ,  due in part to concern with a possible link be tween  
a high body lead burden and the widespread chi ldhood 
behavior  disorder referred to as hyperac t iv i ty ,  a term used 
to describe a rather complex  syndrome character ized in 
part by high levels of  mo to r  act ivi ty [5] .  Several systemat ic  
studies have repor ted  heightened act ivi ty in conjunc t ion  
with both  exper imenta l ly  induced [9, 11, 12] and acciden- 
tal [1,6] lead poisoning with inorganic lead compounds .  
Studies involving systemat ic  measures of  l o c o m o t o r  activity 
fol lowing exposure  to organolead compounds  are, on the 
o ther  hand,  conspicuously absent  f rom the l i terature,  
a l though hyperact iv i ty  has been noted  [3, 7, 13].  Prelimi- 
nary data f rom our  labora tory  also suggest that  adult male 
rats are more  active fol lowing exposure  to an organolead 
compound ,  te t rae thyl  lead (TEL).  

In a related area of  inquiry,  Czech et al. [4] repor ted  
that  in t raper i toneal  and intragastric adminis t ra t ion of  T E L  
to rats at dosage levels of  7, 10 and 13 mg/kg of  body 
weight is fo l lowed by a significant reduc t ion  of  bo th  food 
and water  consumpt ion .  Fur ther ,  l o c o m o t o r  act ivi ty in the 
rat has been repor ted  to increase fol lowing food deprivat ion 
[2 ,14] .  Conjoint ly ,  these two findings poin t  out  the 
necessity of  considering food intake behavior  in investiga- 
tions in to  the possible effects of  lead on l o c o m o t o r  activity.  

The present exper iment  was under taken  to examine  the 
possible effect  of  TEL on l o c o m o t o r  activity in the rat, 

using a yoking procedure to control  for potent ia l  con- 
founding by changes in food intake. 

METHOD 

Animals 

Eighty male Sprague-Dawley rats (Hol tzman)  were used, 
ranging in age f rom 5 2 - 5 8  days upon arrival at the 
labora tory  and weighing 2 0 3 - 2 4 5  g. They were housed 
individually in suspended wire mesh cages and maintained 
on a 1 2 h r  light-dark cycle ( 0 6 0 0 - 1 8 0 0 h r )  in an air 
condi t ioned  room. Ground food (Purina lab chow) in 
nonspill  cups and tap water  were available ad lib, except  
that amoun t  of  food was regulated for the animals in yoked  
groups during testing. 

Apparatus 

L o c o m o t o r  activity was measured with a s tabi l imeter  
pla t form (Lafayet te  Ins t rument  Co., Model 86010)  at a 
gain sett ing o f  5 in a separate air condi t ioned  room with 
approximate ly  78 db of  white noise (Grason-Stadler,  Model 
901 A) present during testing. 

Procedure 

Upon arrival at the laboratory,  all animals were placed in 
cages and al lowed 3 days for accl imat ion;  no measures were 
taken during this time. Fol lowing this accl imat ion period, 
food intake to the nearest 0.5 g and body weight to the 
nearest gram were recorded daily. Act ivi ty  counts for each 
rat were recorded daily during a single 5-rain test session in 
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the s tabi l imeter  th roughout  the exper imenta l  period. Run- 
ning order  of  animals was randomized  to avoid possible 
confounding  by daily activity patterns.  

A pre t rea tment  exper imenta l  period,  fol lowing acclima- 
t ion,  spanned 6 days and was par t i t ioned as fol lows.  
Days 1 3 were designated as an habi tuat ion period (HAB) 
during which the animals were accl imated to the stabili- 
meter  in a daily 5-min session. Act ivi ty  counts  obta ined on 
Days 4 - 6  provided a p re t rea tment  baseline measure (PRE) 
and were used for assignment of  animals, using a random-  
ized blocking procedure,  to 10 t rea tment  groups of  8 
animals each. 

Animals in four  of  the 10 t r ea tment  groups were given 
an intraper i toneal  inject ion of  4, 7, 10 or 13 mg/kg  body  
weight of  TEL in peanut  oil. Lead concent ra t ion  was 
2 mg/ml  of  peanut  oil (w/v).  Animals  in a f if th group 
received a placebo inject ion of  1 ml of peanut  oil. Collec- 
tively, these five groups were designated the lead treated 
groups. The remaining five t r ea tment  groups cons t i tu ted  
the yoked groups, and were t reated in the fol lowing 
manner.  One of  the yoked  groups received 1 ml of  peanut  
oil and the remaining four  groups were  given inject ions of  
peanut  oil equivalent  in volume to the quant i ty  given to the 
lead treated groups. Animals  in the five yoked  groups were 
then individually food yoked  to animals in the five lead 
treated groups. Food  intake,  in g/100 g of  body  weight,  of  
a lead treated rat on any given day was used to determine  
the por t ion  of  food (also relative to body weight)  to be 
given to its yoked  counterpar t .  Thus, food consumpt ion  of 
the yoked  member  of  a pair was l imited to that  of  its lead 
treated mate,  with the yoked groups lagging the lead 
t reated groups by one day. The pos t t rea tment  period was 
divided into two blocks of  3 days each (Days 7 - 9  and 
1 0 - 1 2  for the lead treated groups, and Days 8 10 and 
11 13 for the yoked groups) which were designated as 
POST 1 and POST 2, respectively.  Mean act ivi ty counts  
and food  intake (g food /100  g body weight) were obtained 
for each rat over the successive blocks of  days, thereby 
providing means for the HAB, PRE,  POST 1 and POST-2 
periods. 

In order  to facili tate data col lect ion with a relatively 
large number  of  subjects, two replications of  40 animals 
each were run in succession, spaced approximate ly  2 weeks 
apart, with one-half  of  the animals from each group being 
run in each replication.  

R E S U L T S  AND DISCUSSION 

Mean food intake,  expressed as g/100 g of  body weight,  
for the lead treated groups, is shown in Fig. 1, each mean 
represent ing a block of  three days. A repeated measures 
analysis of  variance revealed significant changes in food 
intake as a func t ion  of  dosage level, F(4 ,30)  = 5.25, 
p<0 .003 ,  blocks of  days, F(3 ,90)  = 110.05, p<0 .001 ,  and 
replications,  F(1 ,30)  = 18.61, p<0 .001 .  Significant first 
order interact ions were obta ined for dosage x blocks of  
days, F(12,90)  = 7.29, p<0 .001 ,  and repl icat ions x blocks 
of days, F(3 ,90)  = 4.05,  p<0 .01 .  Al though  the two 
replicat ions were dist inctly different  in amounts  of  food 
intake, and the difference be tween replicat ions increased 
across blocks of  days, the repl icat ion factor  did not  interact  
significantly with the dosage factor ;  it was, therefore,  not  
considered fur ther  in analysis and in terpre ta t ion  of  the 
data. 

Inspect ion of  Fig. 1 reveals large decrements  in food 
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FIG. 1. Mean food intake across pre- and posttreatment periods for 
control and lead treated groups. Each mean represents a block of 3 

days. 

intake for the lead treated groups across the PRE,  P O S T - l ,  
and POST--2 periods, especially at the higher dosage levels. 
To make individual comparisons  among means,  Duncan 's  
mult iple range tests were used. Significant differences were 
noted be tween  the PRE and P O S T - 2  periods at dosage 
levels of  7, 10 and 13 mg/kg (all p<0 .001) ,  be tween PRE 
and P O S T - 1  periods at 7 and 13 mg/kg (both p<0 .05 ) ,  and 
between POST 1 and P O S T - 2  periods at 7 and 13 mg/kg 
(p<0.05 and p<  0.01, respectively).  These results are consis- 
tent  with the finding of  Czech e t  al. [4] that  TEL exposure 
leads to reduct ion  of ad lib food intake in the male rat at 
dosages of  7, 10 and 13 mg/kg of  body weight. Mean body 
weight and food intake for lead treated groups are also 
presented separately in Table 1. 

Lead treated vs. yoked  ( L T - Y )  was included as a factor 
in the analysis of  activity scores, which necessitated using a 
separate label, s t ratum, to designate a given t rea tment  level. 
In order  to retain an ident i f icat ion with dosage levels of  the 
lead treated groups, the levels of  strat if ication were 
designated as 0 (control) ,  4, 7, 10 and 13. 

The analysis of  variance revealed significant changes in 
activity as a funct ion of  blocks of  days, F(3 ,160)  = 29.76, 
p<0 .001 ,  and strata x blocks of days, F ( 1 2 , 1 6 0 ) =  2.73, 
p<0 .003 .  The factors of LT Y, LT Y x strata, LT-~Y x 
blocks of  days, and L T - Y  x blocks of days x strata were 
not  significant. Thus, there was no evidence to indicate that 
the lead treated groups behaved different ly  from the yoked 
groups in amount  of  l ocomoto r  activity. 

Mean activity counts  across blocks of  days for each 
stratum for lead treated and yoked groups, both  separately 
and combined,  are shown in Fig. 2. Duncan 's  mult iple  range 
tests applied to the combined LT--Y means indicated that 
activity increased significantly between PRE and POST 2 
at strata 4, 7, 10 and 13 (p<0.05 at strata 4, all others 
p<0 .001) .  In addit ion,  comparisons made between POST 
1 and POST 2 showed significant increases in activity at 
strata 7, 10 and 13 (all p<0 .001) .  
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T A B L E  1 

MEAN BODY WEIGHTS (UPPER) AND FOOD INTAKES (LOWER) IN 
GRAMS FOR LEAD TREATED GROUPS* 

Experimental Period 
Dosage Hab Pre Post- 1 Post-2 
mg/kg 

Control 253 266 285 297 
(29.8) (17.4) (22.9) (28.1) 

4 243 264 273 274 
(13.6) (13.8) (24.1) (32.0) 

7 245 267 277 254 
(13.7) (15.1) (21.4) (27.4) 

10 245 269 280 269 
(15.3) (18.3) (24.1) (40.1) 

13 239 262 270 243 
(13.3) (14.0) (17.8) (28.6) 

Control 23.5 26.0 25.5 25.5 
(5.6) (10.2) (3.2) (5.6) 

4 23.0 25.0 22.0 20.5 
(2.9) (3.0) (5.4) (5.6) 

7 23.5 26.5 20.5 11.0 
(2.8) (4.2) (7.1) (6.1) 

10 26.0 26.0 22.0 15.5 
(5.2) (3.5) (6.8) (10.8) 

13 24.0 25.0 18.5 9.0 
(2.7) (2.8) (7.0) (7.2) 

*SE in parenthesis. 
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FIG. 2. Mean activity counts across pre- and posttreatment periods 
for the lead treated and yoked groups separately, and for the 
combined lead treated-yoked groups. Each mean represents a block 

of 3 days. 

To d e t e r m i n e  the  m a g n i t u d e  of  the  r e l a t ionsh ip  b e t w e e n  
act iv i ty  and  food  in take  for  y o k e d  animals ,  a Pearson  r was 
ca lcula ted  for  the  PRE,  P O S T - 1  and  P O S T - 2  per iods  
( r (13)  = - 0 . 9 0 ,  p <  0.001 ). In tu rn ,  a regression e q u a t i o n  was 
calcula ted,  and  used to  p red ic t  ac t iv i ty  scores f rom m e a n  
food  in take  for  the  lead t r ea t ed  groups.  The  ra t io  of  the  
var iance  for  the  p red ic ted  to observed  act iv i ty  scores 
( ra t io  = 0 .78)  gave add i t iona l  ev idence  of  the  s t rong  rela- 
t i onsh ip  b e t w e e n  food  in take  and  act iv i ty  level. As ex- 
pec ted ,  food  in take  was f o u n d  to be s igni f icant ly  cor re la ted  
wi th  act iv i ty  in the  lead t r ea ted  groups  as well 
( r (13)  = - 0 . 8 8 ,  p < 0 . 0 0 1 ) .  

In view of  these  f indings,  it is t e m p t i n g  to specula te  t ha t  
the  h e i g h t e n e d  act iv i ty  observed  migh t  have been  med ia t ed ,  
at  least  in par t ,  by  fac to rs  associated w i th  r educed  food  
in take .  For  example ,  T e g h t s o o n i a n  and  Campbe l l  [14]  
o f fe red  ev idence  t ha t  increased ac t iv i ty  dur ing  food  depri-  

va t ion  in rats  resul ted  f rom lowered response  th re sho ld  to 
e n v i r o n m e n t a l  s t imulus  change.  However ,  there  is no  
evidence,  to  our  knowledge ,  to  ind ica te  how forced  food  
depr iva t ion  and  lead- induced  h y p o p h a g i a  might  be re la ted  
as cond i t ions  of  depr iva t ion .  

In s u m m a r y ,  the  present  s tudy  d e m o n s t r a t e s  tha t  expo-  
sure to  an o rgano lead  c o m p o u n d ,  TEL,  can lead to 
h e i g h t e n e d  l o c o m o t o r  ac t iv i ty  in mate rats. In add i t ion ,  it 
raises the  ques t ion  of  w h e t h e r  changes  in c o n s u m m a t o r y  
behav io r  migh t  par t ia l ly  a c c o u n t  for  this  effect .  It would  be 
of  in te res t  to  k n o w  if shif ts  in act ivi ty levels fo l lowing lead 
exposure  in animals  could be modi f i ed  by  direct  exper imen-  
tal  m a n i p u l a t i o n  of  the  in t ragast r ic  e n v i r o n m e n t  as, for  
example ,  by  forced  feeding of  lead t r ea ted  animals .  F r o m  
a n o t h e r  po in t  of  reference ,  the  m a n i p u l a t i o n  of  environ-  
m e n t a l  s t imul i  could reveal an a l tered degree of  react iv i ty  in 
TEL  in tox i ca t ed  rats. 
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