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VIVEIROS, D. M. AND L. M. TONDAT. Effects o f  sodium nitrite on DRL performance in the rat. PHARMAC. BIOCHEM. 
BEHAV. 8(2)  1 2 5 - 1 2 7 ,  1978 .  - Fifteen Sprague-Dawley rats were administered sodium nitrite 0.10% or 0.15% so lut ions  
in their drinking water from the age of 45 days to the end of the study. Six control rats received only tap water. At 80 
days of age, rats were trained to bar press for food pellets on a CRF schedule. After reaching criterion performance the rats 
were switched to a DRL-20 for a period of 6 days to test for response inhibition, which was measured as a ratio of 
responses to reinforcements. Results indicated no significant differences between groups for response inhibition. All groups 
showed significant increases in learning as reflected by a decrease in ratios and an increase in total reinforcements over 
days. However, sodium nitrite rats compared to controls obtained significantly fewer reinforcements over sessions and a 
greater number of no responding periods (time-outs). One interpretation discussed was the possibility that sodium nitrite 
produced an increase in responding to distractible (non-task related) cues. 

Sodium nitrite Learning DRL performance 

SODIUM ni t r i te  is added  to processed  foods  (e.g., ham,  ho t  
dogs) as a preservat ive  to prevent  the  g rowth  of  Clostridium 
Botulinum [41,  and  as a f lavor and  color  e n h a n c e r  [ 8 ] .  
Ni t r i tes  are also na tu ra l ly  r educed  f rom n i t ra tes  f o u n d  in 
vegetables  and  wate r  [ 1 2 ] .  Recen t ly ,  a n u m b e r  of  s tudies  
have r epo r t ed  d e t r i m e n t a l  physiological  and behaviora l  
e f f e c t s [ I , 3 ,  10, 131. 

Physiological ly ,  sod ium ni t r i t e  is an agent  in the  forma-  
t ion  of  n i t r o s a m i n e s  which  have been  found  to cause 
cance rous  t u m o r s  in ra ts  and  n u m e r o u s  o t h e r  species [ 11 ]. 
Sod ium ni t r i te  has also been  shown  to react  wi th  i ron in 
h e m o g l o b i n  to fo rm m e t h e m o g l o b i n ,  t h e r e b y  p reven t ing  
oxygen  t r a n s p o r t  to b o d y  tissues. Levels of  7 0 - 8 0 %  
m e t h e m o g l o b i n  are fatal  [ 1 1 ] ,  and  th is  s ta te  has been  
suspec ted  to be the  cause of  infant i le  cyanos is  [ 7 ] .  F u r t h e r ,  
Shuval  and  Gruene r  [ 14] s ta te  t ha t  n i t r i t es  passing t h r o u g h  
the  p lacenta  are respons ib le  for  the  appea rance  of  me the -  
moglob in  in fetal  rats.  Behrooz i  and  his associates  [3] 
f o u n d  t ha t  the  increase in m e t h e m o g l o b i n  levels in rats  
given sod ium ni t r i t e  for  two m o n t h s  was a c c o m p a n i e d  by  
p e r m a n e n t  changes  in EEG p a t t e r n i n g  and  a sluggish 
appea rance  as c o m p a r e d  to cont ro ls .  In a s t udy  by  Sh imizu  
[ 1 3 ] ,  the  ef fec t  of  sod ium ni t r i t e  on  rat  bra in  t issue was 
r epo r t ed  to b o t h  ac t iva te  and  inh ib i t  m o n o a m i n e  oxidase  
ac t iv i ty ,  d e p e n d i n g  on  the  subs t r a t e  used.  

Behavioral ly ,  sod ium ni t r i t e  has  p r o d u c e d  reversible  
increases in aggression [ 10] and  decreases  in m o t o r  ac t iv i ty  
in mice [2 ] .  To date  no  o t h e r  behaviora l  changes  a t t r i b u t e d  
to sod ium ni t r i t e  have been  repor ted .  This  research was 

des igned to tes t  learning p e r f o r m a n c e  in rats  t r ea ted  wi th  
sod ium ni t r i te .  The  DRL schedule  was selected to test  no t  
only  learning abi l i ty ,  bu t  also to assess the  possible  ef fec t  of  
sod ium ni t r i t e  on  the  i nh ib i t i on  of  act ive goal seeking 
responses  ( response  i nh ib i t i on )  [5,  6, 9 ] .  

METHOD 

Animals 

T w e n t y - o n e  40  day old Sprague-Dawley rats  of  CD 
s t ra in  were o b t a i n e d  f rom the  Charles  River Labora to ry .  All 
an imals  were given free access to  Pur ina  L a b o r a t o r y  Chow 
and  tap water ,  mod i f i ca t i ons  for  t r e a t m e n t  g roups  are 
ind ica ted  below.  Rats  were h o u s e d  separa te ly  in cages in a 
r o o m  wi th  c o n s t a n t  t e m p e r a t u r e  and  l ight ing cond i t ions .  

Apparatus 

Animals  were t ra ined  in a Ra lph  G e r b r a n d s  ope ran t  
c o n d i t i o n i n g  appa ra tu s  (20.5 x 21.8 x 23.0  cm, single 
lever) enc losed  in an e n v i r o n m e n t a l  chamber .  The  appa ra tu s  
was modi f ied  wi th  an interval  t imer  and  coun te r s  to  
i m p l e m e n t  a DRL schedule  and  m e a s u r e m e n t  of  per- 
f o rmance .  

Procedure 

Fol lowing  5 days of  m o n i t o r i n g  b o d y  weights  and  wate r  
in takes ,  an imals  were m a t c h e d  accord ing  to b o d y  weight ,  
and  t hen  assigned to 3 groups.  G r o u p s  1 and 2 (exper i -  

1 This research was partially funded by S.M.U. Psychology Department and Research Trust Fund. We thank Bernard Dutra for equipment 
modification. Portions of this paper were presented at the meeting of a Psychonomics Society, Washington, D.C., Nov., 1977. 
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FIG. 1. (Top) Mean ratios of responses to reinforcements for all 
groups across days. (Bottom) Mean total number of reinforcements 

for all groups across days. 

mental  groups, n = 8,7) were maintained on 0.1% and 
0.15% sodium nitr i te  solutions,  respectively,  in their  drink- 
ing water .  Group 3 (control ,  n = 6) was maintained on 
regular tap water.  At 70 days of  age all rats were adapted to 
a 23 hr food deprivat ion schedule for approx imate ly  10 
days. Animals  were then trained to bar press for 45 mg 
food pellets in 15 rain daily sessions. A cont inuous  
re inforcement  schedule was maintained until subjects had 
reached the cri terion of  120 presses per session for 2 
consecutive days. Rats were then switched to a DRL-20 
schedule 15 min daily for 6 days. The ratio of  responses to 
re inforcements  as well as total  re inforcements  per session 
were recorded for each rat. Body weights and water  intakes 
cont inued to be moni to red  daily th roughout  the study. 
Behavioral observat ions were also noted  th roughout  test 
sessions. 

R E S U L T S  

Separate one-way analyses of  variance (3 levels, unequal  

n) [15] conduc ted  on final CRF performance,  and wate r  
intakes and body weights (prior to deprivat ion and at end 
of  s tudy)  revealed no significant differences be tween 
t rea tment  groups (ps> 0.05). 

Figure 1 ( top) depicts mean ratios of  responses to 
re inforcements  for the t rea tment  groups. A 3 x 6 (Groups  
x Days, unequal  n) analysis of  variance on these data 
indicated no differences between groups for the ratio of  
responses to re inforcements  (ps>0.25) .  Ratios were found 
to decrease significantly over days (p<0 .01) ,  with a post 
hoc analysis [ 15 ] revealing the differences to exist between 
Day 1 and Day 2 (p<0 .05)  and to have stabilized by Day 5 
and Day 6 (p>0 .25) .  The Day by Group interact ion was 
not significant (p>0 .25) .  

Figure 1 (bo t t om)  shows mean total  re inforcements  for 
t rea tment  groups over days. Here differences fol lowing an 
analysis of  variance (same analysis as above) were found 
between groups for total  number  of  re inforcements  
(p<0.05) .  A post  hoc analysis indicated that  0.1% sodium 
nitrite rats (X -- 12.3) obtained significantly fewer  rein- 
forcements  than control  rats (X = 14.7; p<0.05)_ and no 
differences existed be tween the 0.1% and 0.15% (X = 11.3) 
sodium nitri te groups (p>0 .25) .  A significant Day effect  
was found (p<0 .05)  demonst ra t ing  an increase in rtumber 
of  re inforcements  obtained over days for all groups. No 
Group by Day interact ion was found (p>0.25) .  

Recorded observat ion of  behavior during DRL testing 
sessions suggested that  sodium nitrite rats made more of  the 
nonre inforced responses immedia te ly  af ter  receiving a 
re inforcement .  In general, nitrite rats persisted in pressing 
five or six t imes fol lowing re inforcement ,  left the bar and 
did not  return until  long after  the appropr ia te  IRT had 
passed. During this t ime away from the bar general 
exp lora tory  behavior was noted (i.e., general activity was 
maintained).  By contrast ,  it was observed that the controls  
made more of  the unreinforced responses toward the end of  
the appropriate  IRT, i.e., pressing after 18 or  19 seconds 
had passed. These. general differences in observed behavioral  
patterns were reflected by a statistical difference in the 
total  number  of  t ime-outs  (i.e., minute  durat ions of  no 
responding) over the 6 day session (control  total  = 8; 0.10% 
nitrite = 18; 0.15% nitrite = 38; x 2 = 21.9, df  = 2, 
,o<0.005). 

D I S C U S S I O N  

The results of  this s tudy indicated no differences in 
response inhibi t ion between rats receiving sodium nitri te in 
their  drinking water,  as measured by the ratio of  responses 
to re inforcements .  The results also revealed that increases in 
learning were not  affected by sodium nitri te on this 
schedule. All rats became more proficient  with the schedule 
as shown by decreases in ratios of  responses to reinforce- 
ments and increases in total  re inforcements  obtained over 
days. However,  there was a significant difference be tween 
groups for total number  of  re inforcements ,  indicating that  
sodium nitri te rats received fewer re inforcements  compared  
to controls.  

This latter f inding suggests that nitrite rats were less 
persistant at the task than control  rats. Other  studies have 
repor ted  decreases in moto r  activity fol lowing sodium 
nitrite adminis t ra t ions [2 ,3] .  However ,  it is not  believed 
that a decrease in moto r  act ivi ty  for nitrite rats would 
explain the differences in the number  of  re inforcements  
obta ined during the DRL task, because of  their  C R F  
performance.  During C R F  training no differences in per- 
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fo rmance  were found ,  i.e., bo th  ni t r i te  rats and con t ro l s  
reached cr i ter ion with similar pe r fo rmance  rates. Perhaps  a 
be t t e r  exp lana t ion  for  these data is that  sod ium nitr i te  rats 
had a lower  th reshold  for  responding  to  o the r  environ-  
mental  or non  task-related cues. This is suppor t ed  by the  

significantly greater  n u m b e r  of  t ime-out  per iods  for ni tr i te  
rats during which these rats cont inual ly  reexplored  the  
operan t  chamber .  Fur the r  research specifically designed to 
test  sodium ni t r i te ' s  e f fec t  on distract ibi l i ty  is necessary to  
subs tant ia te  this view. 
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