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CZECH, D. A., J. C. SCHMIDT AND J. M. STONE. Effect of tetraethyl lead on food and water intake in the rat. 
PHARMAC. BIOCHEM. BEHAV. 5(4) 387-389,  1976. - The effect of tetraethyl lead (TEL) on food and water intake in 
adult male albino rats was studied. Animals received 1, 4, 7, 10, or 13 mg/kg body weight of TEL in peanut oil, or a peanut 
oil placebo, via either intragastric (tG) intubation or intraperitoneal (IP) injection. For food intake, route of administration 
was a significant factor and, compared to baseline levels, food intake was significantly depressed at dosage levels of 7, 10, 
and 13 mg/kg for both IP and IG administration. Further, the time course of food intake differed significantly across route 
of administration. Water intake was also significantly depressed at 7, 10, and 13 mg/kg, but route of administration was 
not a critical factor. Results were discussed in relation to clinical and experimental data on lead intoxication, and were 
viewed as severely limiting the utility of employing food and/or water as motivational variables in assessment of behavioral 
effects linked to TEL poisoning. 
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LEAD i n t o x i c a t i o n  has  long b e e n  recognized  as a m a j o r  
hea l th  p rob l em,  and  cons iderab le  a t t e n t i o n  has  been  
di rected toward  invest igat ing the  effects  of b o t h  organic [8, 
13, 16] and  inorganic  [6, 10, 12, 14, 20,  22] lead 
c o m p o u n d s  on  various organ systems.  In con t ras t ,  sys- 
t emat i c  inves t iga t ions  of effects  of  lead on  behav io r  have 
been relat ively few in n u m b e r  [2,  4, 5, 21 ] .  

In a recen t  s tudy ,  Avery et al. [2]  r epo r t ed  t h a t  
in t ragast r ic  admin i s t r a t i on  of 10 mg/kg  b o d y  weight  of  
t e t r a e t h y l  lead (TEL)  s ignif icant ly  depressed bar  press 
r e spond ing  u n d e r  a food  reward  c o n t i n g e n c y  in male  a lb ino  
rats. These  au tho r s  fu r the r  s ta ted,  however ,  t h a t  while  
severe ano rex ia  was not  ind ica ted  at  this  dosage level, some 
c o n f o u n d i n g  by  m o t i va t i ona l  variables r ema ined  a pos- 
sibility. Pre l iminary  research f rom our  l a b o r a t o r y  ind ica ted  
tha t  s ignif icant  decreases in b o t h  food  and  water  in t ake  
fol low in t ragas t r ic  a d m i n i s t r a t i o n  of I0  mg/kg  of  TEL  in 
b o t h  male and  female  a lb ino  rats. In l ight  of these  
observa t ions ,  it is a p p a r e n t  t ha t  more  i n f o r m a t i o n  on this  
crit ical ques t ion  is essential .  The  p resen t  s tudy  was con- 
duc ted  to f u r t he r  exam i ne  the  e x t e n t  to  which  TEL  affects  
food  and wate r  in take .  A range of dosage levels and two  
s tandard  routes  of a d m i n i s t r a t i o n  were employed .  

METHOD 

Animals 

Ninety-s ix  male  Sprague-Dawley rats  ( H o l t z m a n )  ranging 
in age f rom 1 0 6 - 1 0 9  days and weighing f rom 3 3 0 - 3 8 2  g 
at the  s tar t  of  the  e x p e r i m e n t  were used. They  were housed  
individual ly  in suspended  wire mesh  cages in a t e m p e r a t u r e  
con t ro l l ed  r o o m  m a i n t a i n e d  on a 12 hr  l ight-dark cycle. 
G r o u n d  food  (Pur ina  lab chow)  in nonspi l l  cups and  tap 
water  were available ad lib t h r o u g h o u t  the  expe r imen t .  
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Procedure 

U p o n  arrival at the  l abora to ry ,  animals  were placed in 
cages and  a l lowed an acc l imat ion  per iod  of  at  least  th ree  
days pr ior  to  data  col lect ion.  Fo l lowing  the  acc l imat ion  
period,  food  and  wate r  in take  to the  neares t  0.5 g and body  
weight to the  neares t  gram were r ecorded  daily t h r o u g h o u t  
the e x p e r i m e n t a l  period.  The ini t ial  four  days provided  
p re - t r ea tmen t  basel ine data .  On the  f i f th  day,  ra ts  were 
assigned to one  of  12 t r e a t m e n t  groups  on  the  basis of 
p r e - t r ea tmen t  food  in take ,  using a r a n d o m i z e d  b locking  
procedure .  

Groups  were f o r m e d  accord ing  to dosage level and rou te  
of admin i s t r a t i on  in the  fo l lowing manner .  Five groups of 
eight  rats  each received an i n t r ape r i t onea l  (IP) in jec t ion  of  1, 
4, 7, 10, or 13 mg /kg  body  weight  of  TEL dissolved in 
peanu t  oil, and  a s ixth group received a p lacebo  in jec t ion  of 
peanu t  oil as a con t ro l .  Six add i t iona l  groups  of 8 animals  
each received the  same dosage levels of TEL or a p lacebo  
con t ro l  via in t ragas t r ic  ( IG) i n tuba t i on .  Lead c o n c e n t r a t i o n  
was 2 m g / m l  of p e a n u t  oil (w/v).  Placebos were equ iva len t  
in vo lume  to loads received by animals  in the  10 and  13 
mg/kg  TEL groups.  In order  to  faci l i ta te  data co l lec t ion  
wi th  a relat ively large n u m b e r  of  subjects ,  an imals  were run  
in two squads,  spaced a p p r o x i m a t e l y  th ree  weeks apar t ,  
wi th  one-ha l f  of the  animals  f rom each group being run  in 
each squad.  Food  and wate r  in t ake  and  b o d y  weight  were 
recorded  for  an add i t iona l  n ine  days af ter  lead t r e a t m e n t ;  
however ,  data  f rom the  n i n t h  day was no t  inc luded  in any  
of the  analyses.  The  expe r imen t a l  pe r iod  was pa r t i t i oned  
in to  th ree  b locks  of four  days each,  des ignated respect ive ly  
as p r e t r e a t m e n t  per iod (PRE),  p o s t t r e a t m e n t  Days 1 - 4  
(POST- l ) ,  and p o s t t r e a t m e n t  Days 5 - 8  (POST-2).  Daily 
food  and wate r  in take  were conver t ed  to g /100  g of  body  
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weight,  and  b o t h  response  measures  were evaluated se- 
para te ly  wi th  repea ted  measures  analyses of variance 
( A N O V A )  a n d / o r  covar iance  ( A N O C O V )  procedures ,  and 
Duncan ' s  mul t ip le  range tests. 

R E S U L T S  AND DISCUSSION 

Mean food  in take ,  expressed as g /100  g of  b o d y  weight  
is p resen ted  in Fig. 1, each mean  represen t ing  a b lock  of 
four  days. The A N O V A  revealed s ignif icant  changes in food  
in take  as a f unc t i on  of dosage level, F ( 5 ,72 )  = 20•38, 
p < 0 . 0 0 1 ,  rou te  of admin i s t r a t ion ,  F (1 ,72 )  = 13•69, 
p < 0 . 0 0 1 ,  b locks  of  days, F (2 ,192 )  = 108•31, p < 0 . 0 0 1 ,  and 
squads,  F (1 ,72 )  = 5.02, p < 0 . 0 5 .  Firs t  o rder  i n t e rac t ions  of 
dosage level x rou te  of  admin i s t r a t ion ,  F (5 ,72)  = 3.55, 
p < 0 . 0 1 ,  dosage level × b locks  of  days, F ( 1 0 , 1 9 2 )  = 11.40, 
p < 0 . 0 0 1 ,  rou te  of  admin i s t r a t i on  x b locks  of  days, 
F (2 ,192)  = 18•50, p < 0 . 0 0 1 ,  and b locks  of  days × squads,  
F (2 ,192)  = 4.99,  p < 0 . 0 1 ,  were also signif icant .  The  two 
squads were d is t inc t ly  d i f fe ren t  on  p re in jec t ion  food 
in take ;  however ,  this  d i f ference  decreased across b locks  of  
days. Squads  was no t  a s ignif icant  fac to r  wi th  the  o the r  
t r e a t m e n t  variables.  

As shown in Fig. 1, mean  food  in take  was lower 
fol lowing TEL admin i s t r a t i on  t han  it was pr ior  to t reat-  
ment .  Dis t inc t ly  d i f fe rent  pa t t e rns ,  however ,  can be seen 
with d i f fe rent  rou tes  of admin i s t r a t i on ;  at dosage levels of  4 
mg/kg and higher ,  IG i n t u b a t i o n  resul ted in a more  
p r o n o u n c e d  ini t ial  depress ion (POST-1)  of food  in take  t han  
did IP in jec t ion  dur ing the POST-1 period,  bu t  was 
fo l lowed by some recovery  as evidenced by a lesser 
depress ion for IG groups dur ing  the  POST-2 period.  This 
part ial  recovery was no t  evident  in groups receiving the i r  
lead load IP, wi th  the  single excep t ion  of  a m i n o r  upward  
shif t  in the  4 mg/kg  IP group.  

Duncan ' s  mul t ip le  range tests  were emp loyed  to make  
individual  compar isons•  Tests show tha t  wi th  IG i n t u b a t i o n ,  
food  in take  d ropped  s ignif icant ly  for  dosage levels as low as 
7 mg/kg  [7, 10, and 13 mg/kg,  all p < 0 . 0 0 1 ) .  Fo r  the 7 
mg/kg IG group,  food  in take  re tu rned  to near  the  pre- 
t r e a t m e n t  level dur ing POST-2, as ref lected by a s ignif icant  
shift  be tween  POST-1 and  POST-2 ( p < 0 . 0 0 5 ) .  The reversals 
be tween  POST-1 and POST-2 for groups receiving the  larger 
doses, namely  10 and 13 mg/kg,  were not  significant .  For  
these two groups,  food  in take  dur ing the  POST-2 per iod 
remained  s ignif icant ly  lower t han  the  PRE per iod  ( b o t h  
p < 0 . 0 0 1 ) .  In cont ras t ,  IP in jec t ion  of lead resul ted in a 
s ignif icant  r educ t ion  in food  in take  dur ing the  POST-1 
period on ly  at a dosage level of  13 mg/kg  (p<0 .05 ) .  Even at 
13 mg/kg the drop  in in take  associated wi th  IP ad- 
min i s t ra t ion  is less t han  occur red  wi th  IG i n t u b a t i o n  as low 
as 7 mg/kg.  By the  POST-2 per iod,  however ,  mean  in take  
for the  7, 10, and  13 mg/kg  groups had  all decreased 
s ignif icant ly  as compared  to p r e t r e a t m e n t  levels ( p < 0 . 0 1 ,  
p < 0 . 0 5 ,  and  p < 0 . 0 0 1  respect ively) .  The  relat ively more  
severe init ial  effects  associated wi th  IG admin i s t r a t i on  are 
cons i s ten t  across all dosage levels 4 mg/kg  and higher.  It is 
clear tha t  this  effect  c a n n o t  be a t t r i bu t ed  s imply to factors  
associated wi th  in t ragast r ic  m a n i p u l a t i o n  in tha t  con t ro l  
animals  receiving a comparab le  a m o u n t  of p e a n u t  oil a lone 
(equiva lent  in vo lume to t ha t  received by  animals  in the  10 
and 13 mg/kg  groups)  did not  exh ib i t  th is  effect• It is 
in teres t ing  to no te  tha t  signs of gas t ro in tes t ina l  d i scomfor t  
are somet imes  associated wi th  acc identa l  lead i n tox i ca t i on  
[3,231.  

Avery e t  al. [2] r epo r t ed  tha t  unpub l i s hed  f indings  
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indicate  tha t  TEL admin i s te red  intragastr ical ly  has l i t t le  
effect  on  food  in take  for dosages up to 13 mg/kg;  present  
results, on  the o the r  hand ,  clearly show tha t  dosages as low 
as 7 mg/kg  can result  in s ignif icant  depress ion  of food 
in take  for at least several days. 

These f indings are general ly in accord  wi th  the clinical 
l i tera ture ,  which  of ten  repor t s  loss of  appe t i t e  as a 
character is t ic  s y m p t o m  of lead po isoning  in h u m a n s  [ 1,7 ]. 
Anorex ia  has also been  repor ted  in cases of  lead po isoning  
in domes t ic  animals  [9,11 ]. 

Figure 2 shows mean  water  in take ,  expressed as g /100  g 
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of b o d y  weight .  As wi th  food ,  each  m e a n  rep resen t s  a b lock  
of  four  days. The  A N O V A  yie lded s ignif icant  effects  for  
dosage level, F ( 5 , 7 2 )  = 2.89,  p < 0 . 0 5 ,  b locks  of  days,  
F (2 ,192 )  = 68 .99 ,  p < 0 . 0 0 1 ,  and squads,  F ( 1 , 7 2 )  = 15.24,  
p < 0 . 0 0 1 ,  while  the  main  ef fec t  of  rou t e  of  a d m i n i s t r a t i o n  
was no t  s ignif icant  (p=0 .059) .  Highly s ignif icant  first o rder  
i n t e rac t ions  were f o u n d  for  b locks  of days x dosage level, 
F ( 1 0 , 1 9 2 )  = 6 .51,  p < 0 . 0 0 1 ,  and  b locks  of  days x rou t e  of  
admin i s t r a t i on ,  F ( 2 , 1 4 4 )  = 10.3 1, p < 0 . 0 0 1 .  

Inspec t ion  of  Fig. 2 shows t ha t  the  p r e t r e a t m e n t  water  
in take  means  varied cons iderab ly  across b o t h  dosage level 
and  rou te  of  admin i s t r a t i on .  It is clear t h a t  the  ass ignment  
of an imals  to  t r e a t m e n t  groups  by  a r a n d o m  b lock ing  tech-  
n ique  based  on  p r e t r e a t m e n t  food  in take  resu l ted  in fai lure 
to  genera te  equ iva len t  groups  wi th  respect  to  f luid in take .  
In o rder  to  s ta t is t ical ly  con t ro l  for  p r e t r e a t m e n t  var iabi l i ty ,  
water  in take  data  were sub jec ted  to an A N O C O V  procedure  
wi th  repea ted  measures  on  b locks  of  days,  wi th  the  covari- 
ate fac to r  be ing  p r e t r e a t m e n t  f luid in take .  As wi th  the  
ANOVA,  the  A N O C O V  yie lded a s ignif icant  ef fec t  for  
dosage level, F (5 ,71 )  = 10.65, p < 0 . 0 0 1 .  Nei ther  squads nor  
route  of a d m i n i s t r a t i o n  were s ignif icant .  D u n c a n ' s  mul t ip le  
range tests  p o i n t e d  to s ignif icant  d i f ferences  b e t w e e n  the  
covariate  (PRE-per iod)  and var ia te  (pos t in j ec t ion  per iod)  
adjus ted  means  for  wa te r  in take  at  the  7, 10, and  13 mg/kg  
dosage levels (all p < 0 . 0 0 1  ). 

It is n o t e w o r t h y  t ha t  at  least  ha l f  of the  animals  in the  
10 and  13 mg /kg  groups  exh ib i t ed  one  or more  behaviors  
observed wi th  TEL i n t o x i c a t i o n  in animals  [8,  18, 19] .  
These inc lude  le thargic  behavior ,  t r embl ing ,  ataxia,  fecal 
soiling, gnawing  on  cage par ts ,  aggressiveness, sporadic  
v io lent  j u m p i n g ,  and  seizure-like convulsions.  Several 
animals  also exh ib i t ed  se l f -mut i la t ion  of the  feet  a n d / o r  
tail, a behav ior  previously  r epo r t ed  by  Schroeder  et  al. 
[19 ] .  Fu r the r ,  fecal soiling was observed on ly  in IP animals ,  
while se l f -mut i la t ion  was observed on ly  in an imals  receiving 
the i r  lead load IG. Some of  these  behav io r  pa t t e rns  
have also been  r epo r t ed  in cases of lead po isoning  in 
h u m a n s  [15,  17] .  The  full e x t e n t  of these behav io r  
pa t t e rns ,  however ,  is no t  k n o w n ,  since no  a t t e m p t  was 
made  at sys temat iz ing  such observa t ions .  

In general ,  t he  p resen t  s tudy  provides  add i t iona l  needed  
i n f o r m a t i o n  a b o u t  the  e x t e n t  to  which  TEL can af fec t  
aspects of  c o n s u m m a t o r y  behavior .  Hopeful ly ,  fu tu re  re- 
search will shed some light on  the  m e c h a n i s m s  involved,  as 
well as e x t e n d i n g  inves t igat ions  to  o the r  lead c o m p o u n d s .  It 
is also clear t h a t  use of  food  or water  as mo t iva t i ona l  
variables is con t r a ind i ca t ed  for  assessing effects  of  TEL on  
behavior  at dosage levels at least  as low as 4 mg/kg  owing to 
po ten t i a l  con found ing .  F u r t h e r  research is needed  to 
de te rmine  if lower  dosages can be effect ively emp loyed  in 
behav ior  studies.  
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