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KELSEY, J. E. AND S. P. GROSSMAN. Influence of central cholinergic pathways on performance on free-operant 
avoidance and DRL schedules. PHARMAC. BIOCHEM. BEHAV. 3(6) 1043-1050, 1975. - Lesions in the medial septum, 
as well as systemic injections of the muscarinic cholinergic blocker, scopolamine, increased responding maintained by 
free-operant avoidance or DRL contingencies. Systemic injections of the anticholinesterase, eserine, suppressed responding 
in both paradigms. The medial septal lesions eliminated the effects of these cholinergic drugs in the DRL paradigm but did 
not reduce the effects of these drugs on free-operant avoidance. These results indicate that cholinergic drugs may affect 
behavior in the DRL paradigm primarily by acting on muscarinic cholinergic neurons that pass through the septum but 
affect free-operant avoidance mainly by acting on different cholinergic pathways that do not pass through the medial 
septum. 
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MANY exper imenta l  findings indicate that  central  cholin- 
ergic pathways  are involved in the mediat ion of  avoidance 
behavior  and the inhibi tory  effects  of  nonreward.  Blockade 
of  the muscarinic componen t s  of  these pathways by 
systemic inject ions of  muscarinic receptor  blockers such as 
scopolamine  or  a tropine facilitates two-way active avoid- 
ance acquisi t ion,  retards one-way active and passive avoid° 
a:nce, and disinhibits or increases the rate of  unrewarded  
responding on fixed interval (FI)  and differential  reinforce- 
merit of  low rate (DRL)  schedules as well as during 
habi tua t ion  and ext inc t ion  [2] .  

Remarkably  similar behavioral  effects  are produced by 
damage to the septal area of  the l imbic system [4] .  This 
suggests that  many of  the behavioral  effects  of  systemic 
inject ions of  cholinergic blockers (and of  septal lesions) 
may be media ted  by the disrupt ion o f  muscarinic cholin- 
ergic pathways  which originate in, te rminate  in, or  pass 
through the septal area. That  the effects  of  these t rea tments  
on active avoidance acquisi t ion may be media ted  by the 
disruption o f  a cholinergic pa thway that  synapses in the 
septum, is suggested by our earlier observation that 
intraseptal  inject ions of  scopolamine or a t ropine in both  

rats and cats reproduce the effects  of  systemic inject ions o f  
scopolamine and septal lesions in several avoidance 
paradigms [ 6,9 ]. 

The present investigation was under taken to further  
examine  the behavioral  funct ions of  cholinergic compo-  
nents  o f  the septum by observing the effects o f  systemic 
inject ions of  scopolamine and the anticholinesterase,  eserine, 
on responding by normal  rats and rats with septal lesions in 
two paradigms known to be sensitive to the disinhibi tory 
effects  o f  septal lesions - a modified DRL schedule and a 
free-operant  avoidance schedule [ I 0 ] .  The effects of  
intraseptal  injections of  these drugs were also observed in 
these paradigms. 

G E N E R A L  METHOD 

Animals 

Exper imenta l ly  naive, male Sprague-Dawley rats weigh- 
ing 3 7 5 - 4 2 5  g at the beginning of  exper imenta t ion  were 
used. They were housed in a cont inuously  lighted, air 
condi t ioned  room and had ad lib access to food and water,  
except  where noted.  
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Surgical Procedure 

To reduce respi ra tory  difficult ies,  the  rats were given 
i e t r ape r i t onea l  (IP) in jec t ions  of  0 .20 cc of  an a t rop ine  
me thy l  n i t ra te  so lu t ion  (50 rag/co) 10 rain before  IP 
in ject ions  of  Nembuta l  (50 mg/kg) .  Stainless-steel double-  
walled cannulas ,  consis t ing of  a 23 ga ou te r  guide and a 27 
ga inner  cannula  as descr ibed by Grossman  [5] were 
s tereotaxica l ly  imp lan t ed  in to  the  s ep tum of  some rats. 
S te reo tax ic  lesions were made in the  s e p t u m  of  o the r  rats  
by passing 2 mA of  anoda l  cu r ren t  for  20 sec be tween  an 
ind i f fe ren t  e lec t rode  a t t ached  to the  skin opened  by  the  
scalp incision and  a stainless-steel  No. 1 insect  pin tha t  was 
comple te ly  insula ted excep t  for the  f l a t t ened  cross-section 
of  the  tip. The e lec t rodes  and cannulas  were inser ted  at an 
11 ° lateral  angle to avoid damage  to the  midsagi t ta l  sinus. 
Con t ro l  opera t ions  were pe r fo rmed  in o the r  rats by  
fo l lowing a similar surgical p rocedure  excep t  tha t  the 
e lec t rode  was no t  lowered.  All ope ra t ions  occur red  at least 
2 weeks pr ior  to behaviora l  test ing.  

M/ection Procedure 

Systemic injections. A muscar in ic  chol inergic  b locker ,  
scopo lamine  h y d r o b r o m i d e  (0.1 and 0.5 mg/kg) ,  and an 
an t ichol ines te rase ,  eserine sulfate (0 .025 and  0.1 mg/kg)  
were used. Bo th  drugs were dissolved in i so ton ic  saline and  
were in jec ted  subcu t aneous ly  (SC) along the  midt ine  of  the  
back in a vo lume of  1.0 ml/kg.  Af ter  at least 14 sessions of  
acquis i t ion  t ra ining,  all rats received daily SC in jec t ions  of  
i sotonic  saline 30 rain before  each 30 rain session. On the  
day af ter  pe r fo rmance  had  s tabl ized (2 consecut ive  saline 
sessions in which  response  and shock  or r e i n f o r c e m e n t  rate 
did no t  vary more than  10 percent ) ,  each rat  was in jected 
wi th  one of  the drugs and was tes ted  30 rain later.  Saline 
in jec t ions  were given prior  to  each subsequen t  session unt i l  
pe r fo rmance  again s tabi l ized at which  t ime each rat 
received an in jec t ion  of  a n o t h e r  drug or dosage. This  
p rocedure  was c o n t i n u e d  unt i l  most  rats  received each 
dosage of  each drug at least once.  The sequence  of  drug 
admin i s t r a t i on  differed for each rat.  

lntraseptal injections. The drugs used were crystal l ine 
forms of the  chol inergic  agonist ,  arecol ine  h y d r o b r o m i d e  
( 5 . 0  10.0 ug); the  an t ichol ines te rase ,  eserine sulfate 
(2.0 8.0 ug);  and the muscar in ic  chol inergic  b locker ,  
scopolamine  h y d r o b r o m i d e  ( 5 . 0 - 1 0 . 0  ug). The p rocedure  
was the same as tha t  used for sys temic  in jec t ions  excep t  for 
the  fol lowing changes.  To admin i s t e r  a drug, the  inne r  
cannula  was removed,  cleaned,  t a m p e d  in to  a un i fo rm  layer 
of  the crystal l ine drug a specif ied n u m b e r  of  t imes 
and  then  replaced in to  the  ou te r  cannu la  5 to  7 rain pr ior  
to each 20 rain session. Extensive  exper ience  wi th  this  
p rocedure  in our  l abora to ry  has shown tha t  it permi ts  an 
e s t ima t ion  of  dosage within the  range ind ica ted  above.  Prior 
to con t ro l  sessions, the inner  cannu la  was r emoved  and 
replaced empty .  

Histology 

Fol lowing comple t i on  of  behaviora l  test ing,  the rats wi th  
lesions or cannulas  were killed wi th  an overdose of  
N e m b u t a l  and per fused  in t racardia l ly  wi th  i so tonic  saline 
fol lowed by a 10 percen t  formol-sat ine solut ion.  Every 
fou r th  50 u th ick  frozen sect ion in the area of  the  lesion or 
cannula  t ip was s ta ined wi th  cresyl violet.  

Statistical Analyses 

The data f rom the  sys temic  in jec t ion  tests  were ana lyzed  
accord ing  to a group (Cont ro l s  and Septals)  by drug 
(Pre-Drug and  Drug) repea ted  measures  A N O V A  design 
[ 1 6 ] .  The data f rom the in t rasepta l  in jec t ion  tests  were 
ana lyzed  by means  of  corre la ted  t-tests. The Drug : 
Pre-Drug compar i sons  for b o t h  types  of  in jec t ions  consis ted  
of  a compar i son  of  the  data ob ta ined  dur ing each drug 
session with the  average of  the data  ob ta ined  dur ing the  
two  con t ro l  sessions occurr ing  immed ia t e ly  pr ior  to  each 
drug session. The raw data for rats receiving more than  one 
in jec t ion  of  a given dosage were ob ta ined  by calcula t ing the  
average pe r fo rmance  of  tha t  rat  for t ha t  dosage. 

E X P E R I M E N T  l :  D I F F E R E N T I A L  R E I N F O R C E M E N T  
OF LOW RATES (DRL)  

METHOD 

Animals 

Nine rats received lesions of  the medial  sep tum and  9 
rats received sham opera t ions .  Cannulas  were i m p l a n t e d  
in to  the  medial  sep tum of 14 rats. All rats  were housed  
individual ly  and were ma in t a ined  at 85 pe rcen t  of  the i r  
pos topera t ive  b o d y  weight  by res t r ic ted  feeding t h r o u g h o u t  
the  expe r imen t .  Water  was available ad lib. 

Apparatus 

An opaque  whi te  Plexiglas alley, 9 t . 4  × 12.7 × 27.9 cm 
wi th  30.5 × 15.2 cm goal boxes  at  each end  was used. The 
f loor  of  the  appa ra tus  was made  of  stainless-steel rods,  0.47 
cm in dia. placed 1.9 cm apart .  The  back panel  of  each goal 
box  could be i l lumina ted  f rom behind .  A circular Plexiglas 
c o m b i n a t i o n  of  lever-food receptacle ,  4.4 cm in dia. wi th  a 
0 .64 cm rim was m o u n t e d  on a submin i a tu r e  swi tch  in the  
cen te r  of  the  back panel  of  each goal box  a b o u t  2.5 cm 
above the  grid floor. A small  Plexiglas tube  led ver t ical ly  
f rom a feeder  m o u n t e d  above the  back  panel  to the 
lever-food receptacle .  Photocel l s  and infrared light sources  
were m o u n t e d  in the  alley, 3.8 cm above the  grid f loor  and 
18.4 cm f rom the en t rance  of  each goal box.  Depress ing the 
lever-food receptacle  ac t ivated  a u t o m a t i c  record ing  and 
p rog ramming  devices which  scheduled  r e in fo rcemen t s  and  
recorded  the  f requency  of  lever presses. To prevent  
acc identa l  lever presses made while the rat  was removing  
the pellets f rom the  food receptacle  f rom being  coun ted ,  
responses  occurr ing more  f r equen t ly  t han  1/see were no t  
recorded  and  had  no  effect .  

Pro ce du re 

Each day,  the  rat was placed in to  the  goal box  which  
was i l lumina ted  by lamps beh ind  the back panel.  When the 
rat  pressed the  lever-food receptacle  in tha t  goal box,  2 
Noyes  food  pellets (45 mg each)  were d ropped  in to  the  
receptacle  and the  lamps were tu rned  off. To ob ta in  the  
nex t  r e in fo rcemen t ,  the  rat was requi red  to press the  
lever-food receptacle  in the  goal box  at the  oppos i te  end  of  
the  alley. If the  rat c o n t i n u e d  to press the  lever in the  dark 
goal box  in which  it was just  rewarded,  no  fu r the r  
r e in fo rcemen t s  were delivered. Each such response  reset the 
30 sec t imer  which  t imed  the  delay before  a response  to the  
lever in the  oppos i te  goal box  could be re inforced.  

When  the  rat left  the  dark goal box  in which  it had just  
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been reinforced and crossed the first photocell in the alley, 
tile goal box at the opposite end of the alley was 
illuminated. When this occurred, subsequent responses in 
tile previously correct goal box (still dark) were not 
recorded and did not reset the delay timer. If the rat 
pressed the lever-food receptacle in the lighted goal box 
before 30 sec had elapsed since the last recorded response, 
reinforcement was not delivered, the delay-timer was reset 
and the light remained on. Each such response was recorded 
a,; an anticipatory error. The first lever press in the 
illuminated goal box which occurred 30 sec or more after 
tile last recorded response resulted in the delivery of 2 
Noyes pellets, turned off the lights and also reset the delay 
timer. The rat now had to run to the opposite goal box to 
obtain the next reinforcement, etc. The supplementary 
food necessary to maintain body weight at 85 percent was 
given in the home cage 20 to 30 rain after each session. 

When performance on this schedule had stabilized, the 
effects of systemic injections were studied on the sham- 
operated rats and rats with septal lesions and the effects of 
intraseptal injections were studied on the rats with cannulas 
as', described in the General Method. 

RESULTS 

Histo logical 

Microscopic analysis indicated that the septal lesions 
extended from AP = 9.0 to AP = 7.0 with the maximal 
damage occurring at AP = 7.9 (using coordinates from the 
Pellegrino and Cushman [12] atlas of  the rat brain). These 
lesions destroyed most of the medial septal nucleus and 
produced slight asymmetrical damage to the lateral septal 
nuclei (Fig. 1). 

7.0 

7.1i 

L2  

FIG. 1, Reconstruction of the septal lesions. 

FIG. 2. Photomicrograph of a representative cannula placement in 
the septum. 

The cannulas were placed so that their tips rested in the 
anterior medial septal nucleus at the dorsal aspect of the 
diagonal band of Broca. Most tips were located at AP = 8.6 
(range: 8.3 to 9.0), H -- - 0 . 4  (range: +0.3 to -- 0.8) and L = 
0.0 (range: 0.7 to 0.0) (Fig. 2). 

Effects of Medial Septal Lesions 

Rats with medial septal lesions performed very ineffi- 
ciently on the DRL schedule. They emitted more responses 
(p<0.05), made more anticipatory errors/reinforcement 
(p<0.01) and received fewer reinforcements (p<0.001) 
than sham-operated controls (Table 1). This pattern of 
effects replicates in detail our previous observation of the 
effects of  septal lesions in this situation [ 10]. 

Systemic Drug Effects 

Injections of 0.I mg/kg or 0.5 mg/kg of scopolamine 
also reliably increased the rate of responding, increased the 
number of  anticipatory errors/reinforcement and decreased 
the rate of reinforcement of the sham-operated controls 
(Table 1). Injections of both 0.025 mg/kg or 0.1 mg/kg of 
eserine reliably decreased the response rate of the sham- 
operated control rats and the larger dose also decreased the 
number of reinforcements received (Table 1). 

These drugs did not produce comparable effects on the 
behavior of rats with septal lesions. Neither dose of 
scopolamine nor of  eserine affected rate of responding or 
the frequency of  anticipatory errors, and only the smaller 
close of  scopolamine decreased their rate of reinforcement 
(Table 1 ). 

Intraseptal Drug Effects 

Injections of eserine (4 .0 -8 .0  ug) into the medial 
septum increased the rate of reinforcement, but intraseptal 
injections of arecoline and scopolamine did not reliably 
modify responding on this schedule (Table 2). 

DISCUSSION 

Both medial septal lesions and systemic injections of 
scopolamine disinhibited responding on this modified DRL 
schedule, as expected, by increasing the rate of responding, 
and consequently, reducing the rate of reinforcement. The 
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T A B L E  1 

EFFECTS OF SYSTEMIC INJECTIONS ON DRL PERFORMANCE 

Mean 
Drug N Responses 

Controls Septals 

Mean Mean 
Anticipatory Anticipatory 

Mean Errors/ Mean Mean Errors/ 
Reinforcements Reinforcement N Responses Reinforcements Reinforcement 

Pre-Drug 91.3 
9 

Scopolamine 111.6" 
(0.1 mg/kg) 

37.4 0.76 117.1 20.8 6.70 
7 

20.1 $ 2.46 :[: 104.9 13.0" 6.85 

Pre-Drug 91.1 
7 

Scopolamine 133.6t 
(0.5 mg/kg) 

34.4 0.86 115.0 17.8 6.19 
6 

19.75 3.195 110.8 16.1 3.93 

Pre-Drug 88.9 
9 

Eserine 85.4* 
(0.025 mg/kg) 

37.2 0.76 119.3 16.8 8.60 
7 

36.6 0.73 118.9 t5.6 8.76 

Pre-Drug 87.3 
7 

Eserine 64.1 * 
(0.1 mg/kg) 

38.0 0.68 108.8 21.8 4.31 
6 " 

29.2* 0.44 104.8 18.6 4.02 

*p<0.05 tp<0.01 Sp<0.001 

f inding tha t  the  effects  of  sys temical ly  in jec ted  chol inergic  
drugs were e l imina ted  by these lesions is cons i s t en t  wi th  the  
suggest ion tha t  some of the  d i s inh ib i to ry  effects  of  
septal  lesions and  of  sys temic  scopo lamine  are med ia ted  by 
the  d is rupt ion  of  a muscar in ic  chol inergic  sys tem t h a t  
or iginates  in, synapses  in, or passes t h r o u g h  the  medial  
sep tum.  The observa t ion  tha t  in t rasep ta t  in jec t ions  of  
chol inergic  drugs did no t  cons i s ten t ly  modi fy  behav io r  on  
this schedule  indica tes  t ha t  chol inergic  fibers which  termi-  
nate  in the  medial  s ep tum may no t  be i m p o r t a n t  in 
med ia t ing  this  behavior .  

It is unl ikely  tha t  the  d i s inh ib i to ry  effects  of  septa l  
lesions and  scopo lamine  on this  schedule  can be a t t r i b u t e d  
to an e n h a n c e m e n t  o f  the  re in forc ing  or incent ive  proper-  
ties of  the  food  pellets. A l though  similar  septal  lesions can 
enhance  the  c o n s u m p t i o n  of  sweetened  milk so lu t ions  [ 8 ] ,  
knife cuts  which  severe the vent ra t  c o n n e c t i o n s  of  the  
s e p t u m  also enhance  sweet milk in take  but  do no t  
d is inhibi t  behav io r  in this  DRL parad igm [ 1 3 ] .  Moreover ,  
b o t h  sys temic  and  in t rasepta l  in jec t ions  of  scopo lamine  
s ignif icant ly  reduce pellet  in take  u n d e r  cond i t ions  similar 
to those  of  this  e x p e r i m e n t  ( [ 8 ] ;  Kelsey, u n p u b l i s h e d  
observa t ions)  and,  in the  present  expe r imen t ,  f r equen t ly  
e l iminated  t he  c o n s u m p t i o n  of  the  pel lets  the  rats re- 
sponded  so rapidly to  obta in .  Our  results  are thus  con- 
s is tent  wi th  the  hypo thes i s  t ha t  m a n y  of  the  d i s inh ib i to ry  

effects  of  septal  lesions and scopo lamine  ref lect  a reduced  
abi l i ty  to w i thho ld  responses  t ha t  are no rma l ly  u n d e r  the  
i n h i b i t o r y  con t ro l  of  n o n r e w a r d  [3 ] .  

E X P E R I M E N T  2: S IGNALED AND U N S I G N A L E D  FREE-  
O P E R A N T  A V O I D A N C E  

METHOD 

Animals 

Six rats wi th  medial  septal  lesions and  8 sham-opera t ed  
cont ro ls  were housed  two to a cage t h r o u g h o u t  this  
expe r imen t .  T w e n t y  rats were chronica l ly  i m p l a n t e d  in the  
s ep tum with  a cannula  and  were housed  individual ly .  

Apparatus 

Two sound- i so la ted  shut t le -boxes ,  53.3 x 20.3 x 33 cm 
were used. They  were made of clear Plexiglas excep t  for the 
2 end  panels made of  black Plexiglas. A black Plexiglas 
panel  wi th  a 1 0.2 x 7.6 cm hole in the  center  tha t  was flush 
wi th  the  f loor  divided each box  in to  two c o m p a r t m e n t s  of 
equal  size. The  f loor  was made of  0 .64 cm dia. stainless- 
steel rods separa ted  by 1.9 cm. A 6 W light bu lb  was 
m o u n t e d  in each  of  two  small  enclosures  7.6 cm above a 
7.6 x 12.7 cm open ing  in the  ceiling located so tha t  each 



ROLE O F  C H O L I N E R G I C  PATHWAYS IN THE SEPTUM 1047 

T A B L E  2 

EFFECTS OF INTRASEPTAL INJECTIONS ON DRL PERFORMANCE 

Mean Mean 
Drug N Responses Reinforcements 

Mean 
Anticipatory 

Errors/ 
Reinforcement 

Pre-Drug 71.0 16.3 2.86 
9 

Scopolamine 67.2 I4.4 2.07 
(5.0-10.0 #g) 

Pre-Drug 59.8 20.6 1.53 
6 

Eserine 61.0 21.2 1.55 
(2.0-6.0 gg) 

Pre-Drug 69.4 15.6 3.16 
12 

Eserine 67.7 17.1 * 2.43 
(4.0-8.0 ~g) 

Pre-Drug 65.7 18.2 2.03 
5 

Arecoline 64.1 17.7 1.70 
(5.0-10.0 #g) 

*p<0.05 

bulb i l luminated only one compar tmen t .  Photocells  and 
infrared light sources were moun ted  in the center  o f  each 
wall and 10.2 cm to ei ther  side, 5.1 cm above the floor.  
Programming and recording were control led  by au tomated  
equipment .  The grid shock was obtained from constant-  
current  sources [ l ] and was pulsed at the rate of  1/sec with 
an on t ime of  0.5 sec. 

Procedure 

All rats were initially trained to avoid and escape shock 
in a modif ied,  signaled free-operant  avoidance paradigm in 
which each response pos tponed onset  of  the nex t  shock for 
28 sec (R-S interval equals 28 sec). The avoidance (and 
escape) response required was crossing from one compart-  
ment  of  the shut t le-box to the other.  Seven sec prior to 
shock onset,  a light was turned on in the compar tmen t  
occupied by the rat. If  the rat failed to avoid and the shock 
was delivered, the rat was required to make an escape 
response which terminated  both  the light and shock. The 
nex t  shock was scheduled to occur  in 28 sec unless the rat 
made a response at any t ime within that  response-shock 
interval. Each such avoidance response also ini t iated a 
shock-free response-shock interval  of  28 sec, and, if  made 
during the 7 sec interval be tween light onset and shock 
onset,  resulted in immedia te  terminat ion o f  the light. When 
per formance  on this schedule had stabilized, the effects  of  
systemic drug inject ions were examined  on the performance  

of  the sham-operated cont ro l  rats and rats with septal 
lesions. 

The warning light which signaled shock onset was then 
deact ivated so that the only predictor  of  shock was the 
t ime elapsed since the last response. When performance  on 
this schedule had stabilized, the effects  o f  systemic injec- 
tions of  0.025 mg/kg of  eserine or 0.1 mg/kg of  scopola- 
mine were examined  in both  sham-operated control  rats 
and rats with septal lesions. The effects of  intraseptal 
inject ions of  cholinergic compounds  were also examined at 
this time. 

RESULTS 

Histological 

The septal lesions and cannula implants were similar to 
those o f  Exper iment  1 (Figs. 1 and 2). 

Effects o f  Medial Septal Lesions 

Rats with medial septal lesions avoided significantly 
more shocks (p<0 .001)  than sham-operated controls  in 
both  the signaled and the unsignaled paradigms by respond- 
ing more frequent ly (p<0 .001 ;  Tables 3 and 4). in the 
signaled paradigm, the rats with septal lesions also avoided 
more reliably in response to the warning signal (p<0 .001;  
Table 3). Omission of  the warning signal increased the 
difference between the behavior of  the operated and 
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TABLE 3 

EFFECTS OF SYSTEMIC INJECTIONS ON SIGNALED FREE-OPERANT AVOIDANCE PERFORMANCE 

Drug 

Controls Septals 

Mean Mean CS Mean Mean Mean CS Mean 
N Responses  Occurrences Shocks N Responses  Occurrences Shocks 

Pre-Drug 

Scopolamine 
(0.1 mg/kg) 

83.8 50.9 14.6 101.5 40.3 0.8 
7 6 

119.05 31.0" 8.1 146.95 21.5" 0.7 

Pre-Drug 

Scopolamine 
(0.5 mg/kg) 

84.3 51.2 15.7 118.4 25.8 2.2 
7 6 

125.57 29.0 t 13.2 l 61.9t  l 7.8 2.1 

Pre-Drug 

Eserine 
(0.025 mg/kg) 

76.0 57.4 20.8 99.3 41.7 0.9 
7 6 

73.3 55.5 29.25 97.2 43.4 1.7 

Pre-Drug 

Eserine 
(0.1 mg/kg) 

77.4 53.8 22.0 105.8 42.4 0.6 
7 5 

64.9* 56.4 43.2t 76.8* 59.45 22.4t 

*p<0.05 tp<0.01 Sp<0.001 

sham-operated animals. The sham-operated rats did not 
compensate for the absence of the warning signal by 
increasing their rate of responding and consequently receiv- 
ed about twice as many shocks as in the signaled paradigm. 
The rats with medial septal lesions, on the other hand, 
avoided as many shocks as in the signaled paradigm by 
greatly increasing the rate of responses emitted within 7 to 
14 sec of the preceding response. 

Systemic Drug ~ffects 

Scopolamine significantly increased the rate of avoid- 
ance responding of the sham-operated control rats in both 
the signaled and unsignaled paradigms and decreased the 
number of shocks received in the unsignaled paradigm 
(Tables 3 and 4). The larger dose (0.1 mg/kg) of eserine 
reliably decreased the rate of responding of the control rats 
in the signaled paradigm (Table 3). Both doses of eserine 
reliably increased the number of shocks received in both 
paradigms (Tables 3 and 4). 

Rats with septal lesions reacted to the systemic drug 
injections in much the same way as the control animals. 
Scopolamine increased the rate of responding in these rats, 
and eserine decreased the rate of responding and increased 
the number of shocks received in both paradigms (Tables 3 
and 4). 

In trasep tal Drug Effects 

Intraseptal injections of cholinergic drugs tended to 

produce effects on responding in the unsignaled avoidance 
paradigm that were similar to, although smaller than, the 
effects seen after systemic injections (Table 5). 

DISCUSSION 

Both medial septal lesions and systemic injections of 
scopolamine improved avoidance behavior on these free- 
operant avoidance schedules, as expected, by greatly 
increasing the rate of responding. The finding that intra- 
septal injections of the anticholinesterase, eserine, and of 
the cholinomimetic, arecoline, depressed avoidance in these 
paradigms supports our earlier suggestion that some of the 
effects of septal lesions and systemically administered 
cholinergic drugs on avoidance performance may be medi- 
ated by their effects on a cholinergic system which appears 
to have muscarinic synapses in the septum [6,9]. However, 
our observation that medial septal lesions did not signifi- 
cantly reduce the effects of systemically administered 
cholinergic compounds on responding in both free-operant 
paradigms indicates that these drugs primarily affect avoid- 
ance behavior by acting on cholinergic neurons that do not 
pass through the medial septum. 

GENERAL DISCUSSION 

The principal finding of these experiments is that medial 
septal lesions eliminated both the rate-increasing or disin- 
hibitory effects of systemic injections of scopolamine and 
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TABLE 4 

EFFECTS OF SYSTEMIC INJECTIONS ON UNSIGNALED FREE-OPERANT AVOIDANCE PERFORMANCE 
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Controls Septals 

Mean Mean Mean Mean 
N Responses Shocks N Responses Shocks 

Pre-Drug 

Scopolamine 
(0.1 mg/kg) 

74.5 36.3 135.0 1.6 
7 5 

112.7t 13.27 174.8 t 0.8 

Pre-Drug 

Eserine 
(0.025 mg/kg) 

81.6 31.6 135.2 3.0 
8 5 

76.9 36.2* 122.4' 8.4* 

*p<0.05 tp<0.001 

TABLE 5 

EFFECTS OF INTRASEPTAL INJECTIONS ON UNSIGNALED 
FREE-OPERANT AVOIDANCE PERFORMANCE 

Mean Mean 
N Responses Shocks 

Pre-Drug 77.5 15.4 
13 

Scopolamine 79.9 12.9 
(5.0-10.0 ug) 

Pre-Drug 63.9 15.4 
6 

Eserine 61.3 18.6" 
(2.0-6.0 ug) 

Pre-Drug 81.8 10.0 
10 

Eserine 69.6" 16.5" 
(4.0-8.0 ug) 

Pre-Drug 77.9 16.0 
9 

Arecoline 75.5 17.8* 
(5.0-10.0 ug) 

the rate-suppressing effects of  injections of  eserine on 
responding in tile DRL paradigm but did no t  reduce the 
similar effects of  these drugs on free-operant  avoidance. 
Our finding that  the effects  of  systemically administered 
scopolamine  on responding in the DRL paradigm were 
e l iminated by medial septal lesions is consistent with the 
hypothesis  that these t rea tments  disinhibit  nonrewarded 
behavior  by disrupting a cholinergic system that originates 
in the ventral  t egmentum and projects to and through the 
medial septum to the h ippocampus  via the dorsal fornix 
and fimbria [1 1,15]. 

Our finding that  the effects  of  systemic inject ions of  
scopolamine and eserine on free-operant  avoidance were 
not  reduced by medial septal lesions indicates that  these 
drugs affect avoidance behavior primarily by acting on 
neurons located outside this septo-hippocampal  project ion 
system. Moreover,  the findings that  small septal lesions 
which presumably spare these septo-hippocampal  projec- 
t ions also facilitate avoidance behavior [ 7,14] indicate that 
septal lesions may also affect avoidance behavior by 
in terrupt ing different  neural systems whose ana tomy  and 
precise funct ion are presently unknown.  That  this cholin- 
ergic septo-hippocampal  system nonetheless  may play some 
role in mediat ing avoidance behavior is suggested by our 
observations that  intraseptal  injections of  chotinergic drugs 
and surgical transection of  the dorsal fornix [ 13] do affect  
free-operant  avoidance behavior.  

*p<0.05 
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