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ALBERT, L. H., M. EMMETT-OGLESBY AND L. S. SELDEN. Effects of schedules of reinforcement on brain 
catecholamine metabolism in the rat. PHARMAC. BIOCHEM. BEHAV. 6(5) 481-486, 1977. Rats were trained on a 
fixed ratio 5 (FR 5) for 0.01 ml water reinforcer, a fixed ratio 20 (FR 20) for 0.01 ml water reinforcer, a fixed ratio 20 
(FR 20) for 0.04 ml water reinforcer, a variable time 15 sec (VT 15 sec) for 0.01 ml water reinforcer, a variable time 30 sec 
(VT 30 sec) for 0.01 ml water, variable time 60 sec (VT 60 sec) for 0.01 ml water, or a variable time 60 sec (VT 60 sec) for 
0.10 ml water. In all these schedules, the rate of NE metabolism varied with the number of water presentations but not 
with the number of responses or the volume of water. The rate of metabolism of DA was increased over control values in 
rats on the VT schedules but no significant differences could be found in DA metabolism among the rats performing on the 
various VT schedules or receiving various volumes. 
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THERE IS evidence implicat ing a re lat ionship be tween  
norep inephr ine  (NE) and operan t  behavior  [2, 8, 16] and a 
re lat ionship be tween  the schedule of r e in fo rcemen t  and 
activity of  central  noradrenergic  neurons .  Schoenfe ld  and 
Selden [ 15] have found  that  the same doses of  a -methy l -  
p- tyros ine  (AMPT), a po t en t  ty ros ine-hydroxylase  inhib i tor  
[11] resul ted in lower  brain NE and DA levels in rats 
responding  on a VI 30 sec schedule  of r e in fo rcemen t  than 
in nonrespond ing  cont ro l  rats. This was in te rpre ted  as 
indicat ing an increase in noradrenergic  neuronal  activity. 
These results were conf i rmed  by Lewy and Seiden [12] 
using radioact ive tracer labelling of  the NE in brain. Rats 
responding  on a VI 30 sec for water  re inforcers  were found  
to have a lower  specific activity of t r i t ia ted NE than cont ro l  
rats. This was in te rp re ted  as being secondary  to an increase 
of  noradrenergic  neuronal  activity in the per forming  rats. 

In bo th  these papers,  water  was used as the re inforcer .  
Slangen and Miller [ 1 8 ] ,  Courey [4] and Setler [17] have 
all shown that  intracranial  inject ion of NE leads to drinking 
behavior.  The ques t ion  arises, therefore ,  whe the r  the 
changes in no rep inephr ine  and its metabol i sm seen by 
Schoenfe ld  and Seiden [ 15] and Lewy and Seiden [ 12] are 
secondary  to the presen ta t ion  of  water  or to lever pressing 
behavior.  

In the present  exper iments ,  no rep inephr ine  turnover  in 
b ra ins tem-d iencepha lon  was compared  in rats receiving the 
same amoun t  of  a re inforcer  for  d i f fe rent  number s  of lever 
press responses  and in rats receiving d i f ferent  amoun t s  of  

re inforcer  for the same amoun t  of  lever press responding.  A 
correla t ion was found  be tween  NE turnover  and number  of 
r e in fo rcements  but  no t  be tween  NE turnover  and quant i ty  
of re inforcer  or n u mb er  of responses.  In ano the r  ex- 
per iment ,  deprived rats received water  noncon t ingen t ly  and 
CA synthesis  was inhibi ted  with AMPT. It was found  that  
the deple t ion  of  NE in bra ins tem was corre la ted to the 
number  of presenta t ions ,  but  no t  to the quan t i ty  of water  
presented .  Fur the r ,  DA, a l though deple ted  more  than in 
nonre in fo rced  controls ,  did no t  correlate to e i ther  the 
n u mb er  of reinforcers  or the quan t i ty  of water  presented .  

METHOD 

The rate of NE metabol i sm was es t imated  ei ther  by the 
inject ion of tracer doses of 3 H-NE (Intraventr icular ly)  or 
the inject ion of c~-methyl-p-tyrosine (IP). Male Sprague- 
Dawley rats (Hol tzman)  involved in radioactive tracer  
studies had indwell ing cannula implanted  in the right 
ventricle by the m e t h o d  of  Hayden etal. [9] .  Coordina tes  
for p lacement  of the cannula are given by Lewy and Seiden 
[12] .  Rats were cannula ted  at 120 days of age. Rats were 
injected with 1.0uCi of  a H-NE (New England Nuclear) in 
10.0ul Merlis solut ion [7] via the cannula at the beginning 
of the exper imenta l  session. At the end of this session, rats 
were decapi ta ted  and brains dissected for cerebral cort ices 
and bra ins tem-diencepha lon  by the m e t h o d  of  Iversen and 
Glowinski  [ 10]. The cort ices were individually weighed and 
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homogen ized  in 82% (v/v) cold e thanol  and total  radio- 
activity was de t e rmined  for each sample.  A ratio of  counts  
per minute  of  r ight to left cor tex was calculated.  A ratio of  
less than 4.0 was cons idered  indicative of  an intra- 
ventr icular  inject ion while a ratio of 4.0 or greater  was 
considered to indicate  an in ject ion into the cerebral cor tex  
ra ther  than the ventricle.  

The b ra ins tem-d iencepha lons  were individually weighed 
and their  c o n t e n t  of  s H-NE and NE de te rmined  by the 
m e t h o d  of  Pujol [14] with the modi f i ca t ion  of  using Tri ton 
X100 rather  than Bray's solut ion as the scinti l lat ion 
cocktail .  

In those expe r imen t s  using AMPT, 60 day old male 
Sprague-Dawley rats were injected with 125 mg/kg dl- 
AMPT or vehicle in t raper i toneal ly  one hr prior  to the 
exper imenta l  sessions. Exper imenta l  sessions lasted two hr. 
At the end of  the session, the rats were decapi ta ted  and 
pons-medul la  and caudate  were dissected.  The caudate  
nuclei were removed  by coronal  sect ion at the level of  the 
optic  chiasm and at the level of the rostral border  of the 
o l fac tory  bulb. The caudate  nuclei were then dissected 
away from the cor tex corpus  callosum and str iatum 
surrounding  them. The pons-medul la  was ob ta ined  by 
peeling away the cerebel lum,  ref lect ing the t e lencepha lon  
forward and then sect ioning the b ra ins tem-d iencepha lon  at 
the level of the mammila ry  bodies.  Dopamine  IDA) 
concen t r a t ions  were de t e rmined  by the m e t h o d  of  Carlsson 
and Waldeck [31. NE concen t ra t ions  were de te rmined  by 
the m e t h o d  of  Bertler et aL [ 11. 

RESULTS 

Exper iment  l 

Sixty day old Sprague-Dawley male rats (Hol tzman)  
were trained on FR 5 or FR 20 schedules  using ei ther  
0.01 ml or 0.04 ml of water  as re inforcer .  The turnover  of  
NE in the pons-medul la  was de te rmined  using radioactive 
tracer m e t h o d s  and it was found  that  the metabol i sm of  NE 

was inf luenced by ei ther  the schedule of re in forcement ,  the 
n u m b e r  of  reinforcers ,  or bo th ,  but not  by the total volume 
of  water  p resen ted  as re in forcement .  

Rats were randomly  assigned to one of four groups,  a 
cont ro l  and 3 exper imenta l  groups.  Rats were housed  in 
pairs in 25 cm × 36 c m x  19 cm cages with ad lib food 
(Rockland) .  Rats were water  deprived for 48 hr prior to 
beginning the exper iment .  Exper imenta l  rats were trained 
to lever press on a fixed ratio (FR 5) for 0.01 ml water  
reinforcer ,  f ixed ratio (FR 20) for 0.01 ml water reinforcer ,  
or FR 20 for 0 . 0 4 m l  water  re inforcer  in operant  con- 
di t ioning chambers  (Lehigh Valley Model 1316) pro- 
g rammed with solid state logic modules  (Massey l) ickinson 
Col.  The pro tocol  for condi t ion ing  is given in Table 1. 
Sessions lasted I/2 hr. During training sessions, rats in tile 
cont ro l  group were placed in individual holding cages for 
the dura t ion of the session. At the end of the session :ill ruts 
were re turned  to their  h o m e  cages. Fif teen rain later rats 
were given ad lib water  in individual watering cages, kenglh 
of  access to a d l i b  water was de te rmined  by mainla ining 
average daily body weight to 3 0 0 g  . 5g(80!)¢ normal  body 
weight).  In the last week of  the expe r imen t ,  it was 
necessary on empirical  grounds  to give sessions every o ther  
day and allow a d l i b  water for 6 rain on al ternate days to 
maintain body  weights. Rats were considered trained when 
their daily response ou tpu t  for 3 successive sessions was 
105:; the average of  the three sessions. Rats w e r e c a n n u l a t e d  
on the 62nd day of the protocol .  No deficit  in responding 
appeared post  cannulat ion.  When rats were tully trained 
they were injected with 1.0 u ('i ~tt-NI! intravenlr icular ly 
immedia te ly  before the exper imenta l  session. After  the 
session, rats were decapi ta ted  and the pons-medul la-  
d iencepha lon  assayed for ~ H-NE and NE as described in tlle 
METHOD section.  

The specific activity of the ~tt-NE in the brainstem-- 
d iencepha lon  in the FR 5 group was significantly lower Ip = 
0.05) than cont ro l ,  ER 20 0.01 ml and the ER 
20 0.04 ml groups (Table 2). As can be seen from Table 2, 
ne i ther  the 3H_NE con ten t  nor the NE conten t  of  these 

T A B L E 1  

TRAINING PROTOCOL FOR MEASURING NE METABOLISM IN THE BRAINS OF ANIMALS PERFORMING ON FIXED RATIO SCHEDUI,ES 

Day 
Group 1 2 3 4 5 6 7-60 61 62 63 64 65 66 67 68 69 

Control - -  Ad lib water C - -  A - -  A - -  A 1 - -  
N o  test sess ion A D D D N 

0 N J 
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FRI FR1 FR5 FR5 FR5 FR5 FR5 U FR5 1 FR5 1 FR5 I C FR5 
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A 1 
T W W W O 

FRI FRI FR5 FRI0 FR15 FR20 FR20 1 FR20 A FR20 A FR20 A N FR20 
O T T T 
N E E E O 
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FR 5 0.01 ml 

FR 20 0.01 ml 
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T A B L E  2 

NE METABOLISM IN THE BRAINS OF RATS THAT HAD PERFORMED UNDER FR SCHEDULES OF REINFORCEMENT 

NE 
Specific Activity 3 H-NE ~,g/gm tissue Brain wt. 

Group nCi//xg NE ± SEM nCi + SEM ± SEM gm ± SEM N 

Control 198.1 _+ 17.9 40.4 ± 3.8 .364 ± 0.26 .621 ± .038 18 
FR 5 155.2 ± 11.5" 35.4 ± 4.3 .404 ± .043 .611 ± .033 17 
FR 20 - .01 ml 190.6 ± 19.4 36.6 ± 4.9 .327 ± .062 .710 ± 0.65 10 
FR 20 - 0.04 ml 214.6 ± 27.6 37.7 ± 5.6 .348 ± .023 .533 ± .008 9 

*Significantly different from all other groups, (p = 0.05) (Welch's t-test). 

four  groups was significantly d i f ferent .  This is because these 
total  levels depend  on the recovery of the assay. Variabili ty 
in the recovery is ref lec ted  as variability in the total  co n t en t  
3H-NE and NE. This variability masks significant dif- 
ferences.  The specific activity,  however ,  being a rat io,  is 
i ndependen t  of assay recovery,  and thus reflects  the 
significant d i f ferences  in rates of metabol i sm of NE among 
the four  groups.  

In compar ing  the schedule related variables (Figs. 1 - 3 )  
to the biochemical  variables (Table 2), it is apparen t  that  
only the total  n u m b e r  of r e in fo rcemen t s  and the schedule  
of r e in fo rcemen t  i tself parallel the d i f fe rences  found  in the 
specific activity of  3 H-NE among  the four  groups.  

Experiment 2 

These results were verified using a d i f fe rent  t echn ique  in 
the fo l lowup exper imen t .  Sixty day old male Sprague- 
Dawley rats (Ho l t zman)  exposed  to various variable-t ime 
(VT) schedules showed  reduc t ions  in NE levels in pons-  
medulla  which corre la ted  with the square root  of the 
number  of p resen ta t ions  of a water  re inforcer  (Fig. 5). 
Dopamine  levels in the caudate  on the o the r  hand ,  were 
non-specif ical ly lowered on the various VT schedules  
(Fig. 6). 

Rats were exposed  to daily 2 hr sessions for 5 days on 
one of the fol lowing variable t ime (VT) schedules:  VT 
15 sec, VT 30 sec or VT 60 sec. Each schedule  p resen ted  
0.01 ml of water  af ter  the interval had elapsed. One hr  
before  the session on Days 4 and 5, rats were injected with 
2.0 ml of  vehicle IP. One hr before  the exper imenta l  session 
on the 6th day, rats in the exper imenta l  group were 
injected with 125 mg/kg AMPT. At the end of  the 2-hr 
session (3 hr  after in ject ion)  the rats were killed by 
decapi ta t ion ,  dissected and assayed as descr ibed above. 

Rats receiving water  on any of  a VI 15, VI 30 or 
VI 60 sec schedule  of r e in fo rcemen t  had lower  levels of  NE 
in the pons-medul la  than AMPT treated cont ro ls  no t  
receiving water  a l though the d i f ference  was no t  significant 
(Fig. 4). However ,  the pons-medul la  NE was negatively 
corre la ted  with the square roo t  of the f requency  of water  
presenta t ion  (r = .74; 3 9 d r ;  p < 0 . 0 1 ,  Fig. 5). Caudate 
dopamine ,  on the o ther  hand ,  was equally lowered by all 
three schedules  of  r e in fo rcemen t  (Fig. 6). 

Experiment 3 

On the three VT schedules  of this expe r imen t ,  rats were 

: 5 5 -  

N 
o 
m 

X 

Lt, I 

Z 
0 
Q. 

l.g 
n- 

..J 

I-.- 

3 0  

2 5  

2 0 -  

1 5 -  

1 0 -  

. 9 -  

O 

+ + i 

A B C 
FIG. 1. The total number of responses during a one-half hr session. 
Values are group means ± SEM. Panel A is the total number of 
responses made by animals responding on a FR 5 schedule. Panel B 
is the total number of responses made in the experimental session 
by rats responding on an FR 20 schedule for 0.04 ml of water. Panel 
C represents the total number of responses e SEM given by animals 

responding on an FR 20 schedule for 0.01 ml of water. 

p resented  with unequal  numbers  and quant i ty  of rein- 
fo rcement .  Rats on theVT 15 sec schedule were presen ted  
with an average of 4.8 ml of water  during the session. Rats 
on the VT 30 sec schedule were presen ted  with an average 
of  2.4 ml of  water  and rats on the VT 60 sec schedule were 
presented  with an average of 1.2 ml of water  during the 
session. To rule out  dif ferences  in ca techolamine  metab-  
olism due to di f ferences  in quant i ty  of r e in fo rcement ,  the 
fol lowing expe r imen t  was pe r fo rmed .  Rats were trained as 
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FIG. 2. The total number of reinforcements presented during the 
one-half hour experimental session in Experiment 1. Values are 
expressed as group means + SEN. Panel A represents the total 
number of reinforcements presented to rats responding on an FR 5 
schedule. Panel B represents the total number of reinforcements 
presented to rats responding on an FR 20 schedule for 0.04 ml 
water. Panel C represents the total number of reinforcements 
presented to rats responding on an FR 20 schedule for 0.01 ml 
water. *The value given by Panel A is significantly higher (/)<0.05) 

than the other two groups' values (Welch's t-test). 
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FIG. 3. Total volume of water reinforcement during one-half hr 
experimental session of Experiment 1. Values are group means , 
SEM. Panel A represents the total volume of water presented to rats 
responding on an FR 5 schedule for 0.01 ml water per rein- 
forcement. Panel B presents the total volume of water presented to 
rats responding on an FR 20 schedule for 0.04 ml water per 
reinforcement. Panel C represents the total volume of water 
presented to rats performing on an FR 20 schedule for 0.01 ml 
water per reinforcement. Panel C is significantly (p<0.05) lower 

than the other two groups (Welcb's f-test). 

above on a VT 60 sec schedule  excep t  tha t  one g roup  IOC 
received 0.01 ml water  per  r e i n f o r c e m e n t ,  a n o t h e r  g roup  
0 . 0 4 m l  water ,  and a n o t h e r  0 . 1 0 m l  water  per rein- ~ 

the  schedule  was the  same for all three  m f o r c e m e n t .  Since 8 0  

groups ,  the  n u m b e r  of  r e i n f o r c e m e n t s  wou ld  be equal .  < [ ~  
Because of  the  d i f fe rences  in d ipper  size, however, the  total  
q u a n t i t y  of  water  p r e sen t ed  would  be unequa l ,  and 6 0  tm 
there fore ,  any  inequa l i ty  in c a t e c h o l a m i n e  m e t a b o l i s m  in N m 
these  three  g roups  could  be a t t r i bu t ed  to d i f fe rences  in "~, c) 

COT 
total  v o l u m e  of water  p resen ted .  Converse ly ,  no  d i f fe rences  Z u3 4 0  

O >  a m o n g  the three  e x p e r i m e n t a l  g roups  of  this  e x p e r i m e n t  a . ~  
would  rule ou t  any  e f fec t  of  total  v o l u m e  of r e i n f o r c e m e n t  v 
on CA m e t a b o l i s m .  20  

Both  p o n s - m e d u l l a  NE and cauda t e  DA were lower  in 
g roup s  receiving water  than  in AMPT- t rea ted  cont ro ls .  
There  was, however ,  no  cor re la t ion  be tween  d ipper  size and 0 
e i ther  p o n s - m e d u l l a  NE or cauda te  DA (Figs. 7,8). 

DISCUSSION 

The  changes  in NE m e t a b o l i s m  seen in the p re sen t  

• ~ M T  CONTROL 
• VT  60  sec 
A VT 30sec 
o VT 15 sec 

L I I 

O 120 2 4 0  4 8 0  

H20 PRESENTATIONS / 2 HRS 

FIG. 4. Pons-medulla NE as a function of water presentation in rats 
receiving 0.01 ml water on a VT 15 sec, VT 30 sec, or VT 60 sec 

schedule. 
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FIG. 5. Relation of pons-medulla NE to square root of number of 
reinforcers in rats receiving 0.01 ml water on VT 15 set, VT 30 set, 

or VT 60 set schedule. 
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FIG. 6. Caudate DA as a function of water presentation for rats QUANTITY OF WATER (mls) 
receiving 0.01 ml water on VT 15 set, VT 30 set, or VT 60 set FIG. 8. Pons-medulla NE after AMPT pretreatment in rats receiving 

schedule. 0.01 ml, 0.04 ml, or 0.10 ml water on a VT 60 set schedule. 

experiments may be due to the schedule of reinforcement. 
This would agree with Dew’s findings [ 5,6] that the effects 
of drugs vary according to the schedule of reinforcement. 
Since in the FR studies the number of reinforcers was in 
part determined by the schedule of reinforcement, and in 
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FIG. 7. Caudate DA as a function of volume reinforcer after AMPT 
pretreatment in rats receiving 0.01 ml water on a VT 60 set 

schedule. 
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the VT studies, the number of presentations was deter- 
mined by the schedule, it is impossible to say whether it 
was the schedule of reinforcement or the number of 
reinforcers, or both, which had an effect on the rate of NE 
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metabol i sm.  If indeed it was the n u m b e r  of  re inforcers  that  
af fec ted  the NE metabo l i sm,  it is possible that  e i ther  the 
p resen ta t ion  or the c o n s u m p t i o n  of  the re inforcer  was 
primarily responsible  for altering the rate of  NE metab-  
olism. 

Emmet t -Oglesby  e t a l .  (in p repara t ion)  a t t e m p t e d  to 
answer  this ques t ion  by measuring the rate of  NE metab-  
olism in rats receiving water  not  con t ingen t  on their  
behavior.  They found  that  NE metabol i sm is a f fec ted  by 
st imuli  previously paired with r e in fo rcemen t  ra ther  than 
ei ther  p resen ta t ion  of  a re inforcer  per se or c o n s u m p t i o n  of  
reinforcer.  These b iochemica l  results compare  well with 
anatomical  and e lec t rophysio logica l  data indicat ing that  the 

reticular activating system (RAS) is largely noradrenergic  
[19] and that  pairing of  a neutral  s t imulus with a 
re inforcing event will lead to activity of the RAS on 
presenta t ion  of the initially neutral  s t imulus [131. The 
hypo thes i s  that  the rate of NE metabol ism is inf luenced by 
condi t ion ing  ra ther  than positive r e in fo rcemen t  per se 
provides ano the r  possible explanat ion  for the data of Wise 
and Stein [201. The changes they see in noradrenergic  
activity in intracranial  self s t imulat ion studies may be due 
not  to self s t imula t ion  per se but to the previous pairing of  
re inforcing s t imulat ion with initially neutral envi ronmenta l  
stimuli and events.  
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