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NELSEN, J. M., K. PELLEY AND L. GOLDSTEIN. Protection by nicotine from behavioral disruption caused by reticular 
formation stimulation in the rat. PHARMAC. BIOCHEM. BEHAV. 3(5) 749-754, 1975. - Male Sprague-Dawley rats 
prepared with chronic electrodes in the mesencephalic reticular formation were trained to perform on a visual attention 
task. Short trains of electric current delivered to the reticular formation effectively blocked performance in a reversible and 
reproducible fashion. Subcutaneous administration of 100 gg/kg nicotine (as the base) served to attenuate the behavioral 
disruption caused by reticular stimulation. The suggestion that it is a nicotine-induced limbic system activation which 
antagonizes the behavioral disruption caused by electrically-induced reticular over-activation, is discussed. 
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ELECTROENCEPHALOGRAPHIC studies in our laborato- 
ry have indicated that chronic nicotine treatment results in 
changes in cortical-limbic-reticular formation relationships 
which might well modify an organism's funCtional state 
particularly in terms of the level and nature of arousal 
[2,12]. It has been demonstrated that electrical stimulation 
of  the mesencephalic reticular formation (mesencephalic 
reticular activating system) can produce cortical EEG 
activation and also, behavioral activation, for example, the 
awakening of a sleeping or sedated animal [8]. However, it 
would appear that the reticular formation (RF) is not 
unique in its capacity to induce and maintain arousal. First, 
the EEG state of  sleep which follows mid-collicular section 
is not necessarily permanent. Batsel [1] and Villablanca 
[16,17] have described patterns of spontaneous EEG 
arousal followed by alternating states of sleep and wakeful- 
ness, emerging 10 to 15 days after such surgical lesioning. 
Further, studies have shown that electrical stimulation of  
portions of the limbic system, particularly the amygdaloid 
nucleus and hippocampus can produce cortical EEG activa- 
tion even in "cerveau isol6" preparations [3].  This implies 
that arousal may be mediated by structures other than the 
reticular activating system, specifically limbic structures. 

It has been suggested that the arousal mediated by the 
RF is nonspecific or generalized in nature while that 

mediated by the limbic system allows for more selectively 
motivated or goal-directed behaviors and, further, that the 
RF and limbic systems are mutually inhibitory [14]. The 
EEG studies conducted in our laboratory have indicated 
that chronic nicotine treatment induces a state of heighten- 
ed limbic arousal or relatively greater limbic influence and 
lesser RF influence in the production of cortical activation 
[2,12]. From this finding, it was predicted that such a 
chronic nicotine state would be beneficial for performance 
of  behaviors requiring focused attention or arousal and 
discrete goal-directed responses. Direct behavioral testing of  
this prediction confirmed that chronic nicotine treatment 
did improve performance of a visual attention task by rats 
[10,111. 

At appropriate current levels, delivery of short trains of 
electrical current to the RF disrupts on-going conditioned 
behavior [7] presumably because the induced state is one 
of  generalized over-arousal. If the RF and limbic system are 
mutually inhibitory, then one could hypothesize that the 
over-arousal or hyperstimulated state resulting from increas- 
ed RF activation could be counteracted by increased limbic 
activation. The current study represents the preliminary 
investigation of  nicotine's efficacy (via its proposed actions 
on limbic structures) as an antagonist of the behavioral 
disruption resulting from RF stimulation. 
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M E T H O D  

Animals and Surgery 

The exper imenta l  animals were male, adult Hol tzman 
(Sprague-Dawley) rats. They had been prepared surgically 
with chronic bipolar electrodes including one placed in the 
mesencephalic  reticular format ion (8.0 mm poster ior  from 
Bregma, 2.0 mm lateral of  midline, and 7.0 mm down from 
top of  skull, placed with the animal 's  head oriented such 
that the top of the skull was parellel to the hor izonta l  
plane). The surgical procedure was essentially the same as 
has been described previously [ 12] with the except ion  that  
Winchester connectors  were used and the electrodes were 
manufactured  from twisted 30 ga, double formvar coated 
stainless steel wire. The rats earlier had undergone a course 
of  chronic nicotine t rea tment  but  had not  received any 
drug administrat ions for a mon th  preceding the training and 
testing related to the present study. 

Tra in in g 

The rats were trained to per form on a visual a t tent ion  
task which has been described previously [111. Briefly, 
food deprived animals were taught to press a lever for a 
food-pellet  re inforcement  following the presentat ion of  a 
white cue light in a standard operant  condi t ioning chamber.  
In the task's final form, the condi t ional  stimulus (CS) 
which had a 0.2 sec duration,  signaled the start of an 
available response t ime (ART)  of  5.0 sec during which the 
first and only the first lever press was reinforced and 
terminated  the ART.  Failure to respond within the 5.0 sec 
allowed was scored as an omission error (OE). The ART,  
whether  it was terminated by a correct response or at the 
end of  5.0 sec (an OE), was fol lowed by a variable intertrial  
interval (ITI) whose mean length was 10.0 sec. A lever press 
during the ITI  was scored as a commission error (CE) and 
was punished by a 30.0 sec dark period. Presses during the 
dark period were also scored as CE's and resulted in the 
restarting of the 30.0 sec punishment  period. Thus, 
effective performance of this task required the animal to 
learn both to make correct  responses and inhibit  incorrect  
responses. The criteria for successful acquisit ion of  the task 
were CE and OE socres bo th  equal  to  or less than 30 
percent,  that is, no more than 30 OE's  per 100 reinforce- 
ments and no more than 30 CE's per 100 re inforcements .  
Sessions were terminated  when 100 re inforcements  had 
been obtained.  

Procedure 

After  several months  of  training when the task had been 
well learned, the rats were tested to determine for each 
animal the current level of  ret icular format ion st imulat ion 
(RFS)  necessary to b lock performance  on the task. Current  
was delivered 6.0 sec after the onset of  a CS independent  of  
whether  the rat had responded or failed to respond. By 
choosing this schedule for current  delivery, it was assured 
that RFS  would  not  occur  during an ART or simultane- 
ously with the next  CS, but  rather during an ITI. The 
s t imulat ion consisted of  500 msec trains of  symmetr ical ,  
biphasic constant  current  pulses which were produced by 
Grass st imulators (Models $4 and $6) yoked together  and 
used in conjunct ion with Grass photoelect r ic  st imulus 
isolation units (Model PSlU6).  The f requency was 100 
pulse pairs per sec and the pulse width was 0.2 msec with a 
1.0 msec delay between the two pulses of  a pair. 

The appropriate pulse height or current level for each 
individual was determined by testing while the rat was 
performing on the task. The initial RFS level was 10 uA. 
This level was increased by 5 or 10 uA increments  in 
successive daily sessions unti l  the intensi ty which arrested 
responding complete ly  was found. When the apparent 
effective level was determined,  the st imulation intensi ty 
was reduced to the next  lower step for a test session with 
the cont ingency that this level should not arrest responding 
complete ly  if the next  higher level was to be considered the 
appropriate one.  This current  level was then tested at least 
5 t imes over a two-week period to assure that the 
disruption of  responding was a stable one, reproducible 
over time. St imulat ion current levels were moni tored  
rout inely during all sessions with a differential input 
oscilloscope which measured the current flowing in the 
series loop formed between the current source and the 
st imulat ing electrode.  The reliability of this moni tor ing 
procedure was verified by measuring directly the voltage 
drop (at the terminal  end of  the electrode cable) across a 
resistance which approximated  the impedance of  the rat's 
brain at the RF electrode site. 

A session was divided into successive blocks of  10 
re inforcements  except  in the case where RFS was being 
delivered. In this instance, a block was terminated when an 
animal had made 10 consecutive OE's (and hence, had 
received 10 consecutive brain stimulations).  Thus, if  under 
certain condit ions RFS were to cause only a partial 
disruption of  performance and the rat responded intermit-  
tent ly ,  it would receive more than 10 brain st imulations per 
block,  but  the block was always terminated when the rat 
had received 10 consecutive RFS 's  wi thout  responding. 
RFS was delivered during Blocks 2, 4, 6 and 8 but  no 
st imulation was applied during Blocks 1, 3, 5, 7, 9, 10 and 
so on. A session was ended when 100 re inforcements  had 
been obtained or  after 90 minutes had elapsed. Readings of  
OE and CE scores were taken for each block. 

Four  critical types of  sessions were carried out. These 
were saline t rea tment  (SAL), nicotine t rea tment  (NIC), 
saline plus RFS (SAL + RFS) and nicotine plus RFS (NIC + 
RFS).  All injections were given subcutaneously between 
Blocks 3 and 4 of  each session. Nicot ine was administered 
at a dose of  100 ug/kg as the base in saline (400 ug/ml);  
saline was administered in equivalent  volumes. 

R E S U L T S  

The parameters of  s t imulat ion were the same across 
animals except  for current intensity.  The effective level for 
arrest of  responding varied between 40 and 90 ~A for the 5 
rats who comple ted  behavioral  training and testing with 
their e lectrode platforms intact.  An example  of  the pattern 
of  RFS  disrupt ion of  behavior on the at tent ion task is 
shown in Fig. 1. This pattern was typical  of  all animals; that 
is, at the appropriate current intensi ty responding was 
effect ively arrested by 0.5 msec trains of s t imulat ion 
delivered on the average only once every 10 sec. During the 
s t imulat ion blocks (2, 4, 6 and 8), rats were relatively 
immobile ,  sitting or standing in one location and emit t ing 
far fewer random behaviors than under normal,  nonst imula-  
t ion conditions.  The selected current for an individual 
remained effective as a disrupter of  performance across 
sessions. It is no t ewor thy  that there was posts t imulat ion 
impai rment  in blocks which immedia te ly  followed stimula- 
t ion blocks (3, 5, 7 and 9). As can be seen in the cumulat ive 
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FIG. 1. Cumulative recording of events and responses in a session during which RFS (90 #A) was delivered to Rat No. 3. A deflection on the 
horizontal line signals the presentation of a CS. A deflection on the rising line indicates a correct response to the CS. The slope of the rising 
line reflects total responses, both correct and incorrect. RFS was delivered during Blocks 2, 4, 6 and 8 as indicated by the symbol and it 
effectively arrested responding during these blocks. The carry-over effect into poststimulation Blocks 3, 5, 7 and 9 was characterized by a 

period of behavioral silence followed by reinitiation of performance which was generally less discrete than during control periods. 

record,  there  was a carry-over  of  behaviora l  s i lence a f t e r  
s t imu la t i on  had ceased. This  was the  case for  all animals.  
Fu r the r ,  RFS carry-over  ef fec ts  f r e q u e n t l y  man i f e s t ed  
themse lves  in uneven  p e r f o r m a n c e  wi th  ra ts  mak ing  more  
CE's t oge the r  wi th  more  OE's  a f te r  the  re- in i t ia t ion  of  
r e spond ing  in a p o s t s t i m u l a t i o n  block.  Blocks 11 t h r o u g h  
14 on  the  sample  record  i l lus t ra te  the  n o r m a l  p e r f o r m a n c e  
pa t t e rn ,  charac ter i s t ic  of  the  rat  u n d e r  no  t r e a t m e n t  
condi t ions .  

Because the  s t imu la t i on  and  p o s t s t i m u l a t i o n  b locks  of  
trials which  fo l lowed the  in jec t ions  are the  cri t ical  ones  for  
b e t w e e n  t r e a t m e n t  compar i s ions ,  Blocks 4 t h r o u g h  9 are 
the  focus  of  ma jo r  in teres t .  S h o w n  in the  left  po r t i on  o f  
Fig. 2 are the  means  and  s tandard  errors  of  OE scores for 
these  6 b locks  o f  trials u n d e r  the  4 cond i t ions .  An overall  
analysis of  var iance ( two-way  classif icat ion,  n = 1, m ixed  

mode l  wi th  cond i t i ons  t aken  as the  f ixed var iable  and  
subjects ,  the  r a n d o m  variable;  cf. [5] p. 254)  ind ica ted  t h a t  
the  cond i t i ons  did differ  s ignif icant ly ,  F (3 ,12 )  = 5.30, 
p < 0 . 0 5 .  Indeed ,  paired t tes ts  o f  saline versus each of  the  
t r e a t m e n t s  c o n f i r m e d  tha t  omiss ion  errors  were s ignif icant-  
ly h igher  u n d e r  the  3 t r e a t m e n t  cond i t i ons  c o m p a r e d  to  the  
saline level: SAL vs. NIC ( t  = 2 .110,  p~ .0 .05) ;  SAL vs. RFS 
( t  = 4.92,  p < 0 . 0 0 5 ) ;  SAL vs. NIC + RFS (t  = 3.36,  
p < 0 . 0 2 5 ) .  

The scores on  the  commiss ion  er ror  i ndex  for  the  4 
cond i t i ons  were tes ted  in the same manne r ,  bu t  the  analysis  
of  variance did no t  indica te  a s ignif icant ,  b e t w e e n  condi-  
t ions  difference.  I t  shou ld  be recalled t ha t  the  RFS level 
was chosen  to arrest  r e spond ing  and  thus ,  CE scores were 
very low t h r o u g h o u t  Blocks 4 t h r o u g h  9. (See r ight  p o r t i o n  
of  Fig. 2.) 

Of p r imary  e x p e r i m e n t a l  in te res t  was the  RFS vs. NIC + 
RFS compar i son .  When n ico t ine  t r e a t m e n t  was c o m b i n e d  
wi th  RFS,  rats  made  fewer  OE's  dur ing  the  s t imu la t i on  and  
p o s t s t i m u l a t i o n  b locks  (Blocks  4 t h r o u g h  9) t h a n  w h e n  
saline was admin i s t e r ed  pr ior  to  RFS.  Shown  in Fig. 3 are 
the  OE scores for  each  of  the  five rats  dur ing  the  SAL + 
RFS and  NIC + RFS condi t ions .  In every case, fewer  
omiss ions  were made in the  NIC + RFS condi t ions .  The  
group means  and  s tandard  errors  are also shown;  the  
r educ t i on  in OE's  was s ignif icant  at less than  the  0.05 level 
( two- ta i led  t test ,  t = 3.18).  

E x a m i n a t i o n  of  the  cumula t ive  records  (see, for  exam- 
ple, Fig. 1). suggested tha t  2 types  of  RFS effects  on  
behav io r  could  be separa ted  ou t  wi th in  the  cri t ical  Blocks 4 

. :t ~60- " 

~40- ~ 4 

FIG. 2. Means and standard errors of omission error scores (on the 
left) and commission error scores (on the ri~ht) for Blocks 4, 5, 6, 7, 
8 and 9. (S = saline; N = nicotine; S I  = saline plus reticular 
formation stimulation; N~ = nicotine plus reticular formation 

stimulation.) 

t h r o u g h  9. The  first was the  d i rec t  or  i m m e d i a t e  disrupt ive  
e f fec t  on behav io r  dur ing  the  per iods  of  s t imu la t i on  (Blocks  
4, 6 and  8). The  second  was the  carry-over  d i s rup t ion  in to  
p o s t s t i m u l a t i o n  b locks  (5, 7 and  9). Because this  pa t t e rn  o f  
response  emerged,  s tat is t ical  compar i sons  b e t w e e n  Blocks 
4, 6 and  8 and  Blocks 5, 7 and  9 wi th in  cond i t ions  were 
made.  The means  and  s tandard  errors  of  OE scores which  
en t e red  in to  the  wi th in  c o n d i t i o n  compar i sons  are repre- 
sen ted  in Fig. 4. As would  be expec ted ,  n o  s ignif icant  
d i f ference  was f o u n d  b e t w e e n  Blocks 4, 6 and  8 and  Blocks 
5, 7 and  9 in the  saline con t ro l  c o n d i t i o n  (no  s t imula t ion) .  
Dur ing the  n ico t ine  con t ro l  ( no  s t imu la t i on )  s ignif icant ly  
more  omiss ions  were made  dur ing  Blocks 4, 6 and  8 t han  
dur ing  Blocks 5, 7 and  9 ( t  = 2.62, p < 0 . 0 5 ) ,  because the  
p r e p o n d e r a n c e  of  OE's  occur red  i m m e d i a t e l y  af te r  n ico t ine  
in jec t ion ,  i.e., in Block 4. The  carry-over  d i s rup t ion  of  RFS 
was so marked  tha t  s ta t is t ical  tes t ing ind ica ted  no  signifi- 
cant  d i f ference  in the  OE scores f rom s t imu la t ion  blocks  (4, 
6 and  8) and  f rom pos t s t imu la t i on  b locks  (5, 7 and  9). 
However ,  when  n ico t ine  was admin i s t e r ed  ( t o g e t h e r  wi th  
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FIG. 3. Omission error scores for individual rats in SAL + RFS 
sessions (solid bars) and NIC + RFS sessions (striped bars) during 
Blocks 4, 5, 6, 7, 8 and 9. At the extreme right of the figure are the 
means and standard errors of OE scores for all rats under the two 
conditions. The asterisk denotes that the group difference was 

significant at less than the 0.05 level (two-tailed t test). 
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FIG. 4. Means and standard errors of omission error scores for 
Blocks 4, 6 and 8 (solid bars) and Blocks 5, 7 and 9 (striped bars) 
during the four treatment conditions. The asterisks indicated the 
statistically significant (0.05 level) differences for between sets of 
blocks, within treatment comparisons. Between treatment compari- 

sons are described in the text. 

RFS) ,  rats  made stat is t ical ly more  omiss ions  dur ing st imula-  
t ion  b locks  than  dur ing pos t s t imu la t ion  blocks  indica t ing  
tha t  n ico t ine  p ro t ec t ed  against  pos t s t imula t ion  deter iora-  
t ion  in pe r fo rmance  (t  = 5.02, p < 0 . 0 0 5 ) .  

Be tween  t r e a t m e n t  compar i sons  were also made for 
Blocks 4, 6 and 8 and  Blocks 5, 7 and 9, i ndependen t ly .  
The  overall  analyses of  variance for OE scores dur ing Blocks 
4, 6 and  8 and Blocks 5, 7 and 9 ind ica ted  signif icant  
d i f ferences  be tween  cond i t ions  for each set of  blocks, 
F (3 ,12)  = 3.70, p < 0 . 0 5  and F(3 ,12)  = 3.81, p < 0 . 0 5 ,  
respectively.  Paired t tests  ind ica ted  no  significant  differ- 
ences be tween  NIC, RFS and NIC + RFS dur ing  Blocks 4, 6 
and  8 bu t  OE pe r fo rmance  u n d e r  each of  these three  
cond i t ions  de te r io ra ted  compared  to the  saline cont ro l  level 
( t  = 2.30, 8.60 and 4.34 and p < 0 . 0 5 ,  0 .005 and 0.01,  
respect ively) .  

Dur ing Blocks 5, 7 and  9 ( t ha t  is, the  pos t s t imula t ion  
b locks  for cond i t ions  when  RFS was delivered),  perfor-  
mance  de te r io ra ted  u n d e r  the  NIC and RFS condi t ions  
compared  to saline (t  = 1.54 and  2.01, respect ively and 
0 . 0 5 < p < 0 . 1 0 )  bu t  the  NIC + RFS omiss ion  scores were not  
s ignif icant ly  d i f fe rent  f rom saline scores. More omissions 
were made  in the  RFS cond i t ion  t han  e i the r  the NIC or the 
NIC + RFS cond i t ion  ( t  = 2.90 and  2 .10;  p < 0 . 0 2 5  and  
0 . 0 5 < p <  0.10,  respect ively) .  

The  means  u p o n  which  the  above  be tween  t r ea tmen t s ,  
wi th in  sets of  b locks  compar i sons  were made,  are represent-  
ed in Fig. 4. 

Figure 5 summar ized  the  t r e a t m e n t  effects  in t e rms  of  
actual  cumula t ive  recordings  of  events  and responses  for 
one of  the  rats dur ing  the  four  crit ical sessions. These 
recordings  i l lustrate  the  pro tec t ive  ac t ion  or part ial  antago- 
n ism which  n ico t ine  exer ted  against  the  behaviora l  disrup- 
t ion  caused by  RFS. For  this  rat ,  no t  on ly  did n ico t ine  
an tagon ize  the carryover  effect  of  RFS (reducing the 
la tency  to  re in i t i a t ion  of  r e spond ing  fol lowing cessat ion of  
RFS blocks) ,  bu t  also it an tagon ized  the  direct  effect  of  
RFS. Note  tha t  in Block 8 of  the  NIC + RFS session when  
RFS was being delivered,  the  rat  m a i n t a i n e d  correct  
r e spond ing  t h r o u g h  the  period.  

DISCUSSION 

Nicot ine  was found  to provide part ial  p ro t ec t i on  against 
the  behaviora l  d i s rup t ion  caused by  electr ical  s t imula t ion  of  
the  re t icular  fo rmat ion .  This  p r o t e c t i o n  was charac ter ized  
by  an a t t e n u a t i o n  of  the  behaviora l  i m p a i r m e n t  dur ing the  
s t imula t ion  and pos t s t imu la t i on  recovery blocks  overall  
(Blocks  4 t h r o u g h  9), but ,  more  cons i s ten t ly  across animals,  
by the  a t t e n u a t i o n  of  the  pos t s t imu la t ion  carryover  disrup- 
t ion  (Blocks 5, 7 and  9). In fact,  pe r fo rmance  during these 
recovery blocks  in sessions where  n ico t ine  t r e a t m e n t  was 
c o m b i n e d  wi th  RF s t imula t ion ,  was no t  s ignif icant ly  
d i f fe rent  f rom pe r fo rmance  exh ib i t ed  dur ing the  same 
blocks  in saline con t ro l  (no  s t imula t ion)  sessions. Nicot ine ' s  
ac t ion  could be d i sc r imina ted  by visual compar i son  of  
cumula t ive  records  w i t h o u t  need  for s tat is t ical  analysis;  
most  easily observable  were the  ins tances  of  an tagonism of  
the  direct  effect  on RFS, tha t  is, where  n ico t ine- t rea ted  rats 
r e sponded  correc t ly  dur ing  specific b locks  of  re t icular  
s t imula t ion .  These ins tances  were no t  cons i s ten t  enough  
across animals  to be stat is t ical ly s ignif icant  (perhaps  be- 
cause o f  cer tain aspects of  the  design of  the  s tudy  which  
will be discussed),  bu t  the  observed occur rences  deserve 
cons idera t ion .  
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FIG. 5. Cumulative recordings of events and responses of Rat #1 during the four treatment conditions. See Figure i for the 
explanation of the meaning of the tracings. The symbol ~ denotes those blocks of a session during which RFS was 
delivered. Note that the rat's latency to reinitiation of responding after RFS was reduced when nicotine was administered 
(compared to the SAL + RFS condition) and, in fact, the animal responded correctly during Block 8 when RFS was being 

delivered. 

The fact that a single administration of nicotine elicits 
multiple behavioral and electrophysiological responses has 
been established [9, 11, 12] and is a crucial, although 
sometimes confounding, factor in the interpretation of 
experiments with the drug. In this study, the first response 
to nicotine was characterized by behavioral disruption 
occurring almost immediately after an injection and lasting 
only a few minutes. The protection against the RF 
stimulation-induced impairment upon which we have fo- 
cused, was manifested following the first few minutes of 
nicotine-related disruption and appeared to become more 
effective as the session continued. (See Fig. 5 in which it is 
illustrated that fully effective antagonism of impairment 

during RFS delivery occurred only during Block 8 of the 
session.) Rosecrans (13) has reported that peak brain 
concentrations occur 15 minutes after subcutaneous injec- 
tion of  400 ~g/kg of nicotine in the rat. Thus, in our 
experiments, it is likely that peak brain nicotine levels were 
only being approached during Block 8 of a session when the 
last series of reticular stimulations was being delivered. This 
is a probable explanation for the failure to demonstrate a 
statistically significant nicotine antagonism of impairment 
during RFS delivery. 

Responses elicited by acute doses of nicotine are often 
quite different from the responses elicited during a chronic 
treatment regime [ 11]. Because the experimental rats had 
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unde rgone  a course of  chron ic  n ico t ine  t r e a t m e n t  which  
was t e r m i n a t e d  several m o n t h s  before  the  cur ren t  s tudies  
were conduc ted ,  n i co t ine ' s  p ro tec t ive  ac t ion  may  no t  have 
been  typical  of  an acute admin i s t r a t i on  in the str ict  sense. 
Recen t  EEG findings in our  l abo ra to ry  and repor t s  of  o t h e r  
behaviora l  s tudies indica te  tha t  chron ic  n i co t in i za t ion  may  
produce  some changes in sensi t ivi ty to  n ico t ine  t ha t  persist  
long af te r  cessat ion of  chron ic  t r e a t m e n t .  For  example ,  
S to le rman  et  al. [15]  using measures  of  m o t o r  act ivi ty in 
rats, found  tha t  to le rance  to a chal lenge dose of  n ico t ine  
persisted even 90 days af ter  t e r m i n a t i o n  of  a chronic  
t r e a t m e n t  regime; i.e., rats  r e sponded  to the  challenge dose 
more  as they  did to chron ic  t r e a t m e n t  t han  they  did to the 
init ial  acute dose. Thus,  cer ta in  sus ta ined changes  in 
sensi t ivi ty to  n ico t ine  may  have played a role in de te rmin-  
ing the  responses  to the  acute doses admin i s t e r ed  in the  
present  s tudy.  It r emains  to evaluate  these  possible influ- 
ences and such s tudies  are on-going in our  l abora to ry .  
Present ly ,  we can conc lude  only  tha t  a single dose of  
n ico t ine  pro tec t s  against RFS effects  in animals  which  have 
unde rgone  previous chronic  n ico t ine  t r e a t m e n t .  

It would be diff icul t  to  explain  the mechan i sm by which  
n ico t ine  an tagon ized  the i m p a i r m e n t  of  a t t e n t i o n  perfor-  
mance  p roduced  by  RF s t imula t ion  in t e rms  of  a direct  
effect  on  the  re t icular  ac t ivat ing sys tem unless tha t  ac t ion  
were depressant .  Arguing against this  is the  work of  
D o m i n o  and  coworkers  [4] who  have repor ted  tha t  the  
direct  ac t ion  of  acute n ico t ine  on the  RF is s t imulan t .  The  

an tagon i sm of  the  effects  of  e lec t r ica l ly- induced hyperac t i -  
va t ion  of  the  RF,  the re fore ,  l ikely involves n ico t ine ' s  ac t ion  
on  a n o t h e r  bra in  subst ra te .  Our EEG studies of  the chron ic  
n ico t ine  s tate  indica te  tha t  n ico t ine  produces  decreases in 
h i p p o c a m p a l  ampl i tudes  and in the f r equency  of  occur-  
rence of  t he t a  waves [2 ,12]  ; i.e., act ivi ty is shi f ted toward  
desynch ron iza t i on .  Grastyfin et al. [6] have reasoned  t ha t  
the ta  act ivi ty reflects the  i nh ib i t ed  s tate  of  the  h i p p o c a m -  
pus and h i p p o c a m p a l  de synch ron iza t i on ,  its ac t ivated state.  
They  conc luded  tha t  in its ac t iva ted  state,  the  t f ippocampus  
acts to inh ib i t  the RF,  thus  provid ing  an i m p o r t a n t  
m e c h a n i s m  for  the  med ia t ion  of a t t en t ion .  In light of  this  
p ropos i t ion ,  our  previous EEG findings [2 ,12]  and  our  
d e m o n s t r a t i o n  of  the  n ico t ine- re la ted  e n h a n c e m e n t  of  
a t t e n t i o n  pe r fo rmance ,  the view tha t  n i co t ine  coun te rac t s  
the  effects  of  RF-med ia t ed  hyperac t iva t ion  indi rec t ly ,  by 
its ac t ion  on  the  l imbic sys tem,  specifically, the  h ippocam-  
pus, f inds suppor t .  

The ex tens ion  of  these findings to h u m a n  smoking  
behav io r  suggests a physiological  mechan i sm to accoun t  for 
n ico t ine  self  admin i s t r a t ion :  the  smoker  may be a t t e m p t i n g  
to man ipu la t e  his relative arousal  state.  It is no t  inconceiv-  
able tha t  one  of  the  mot iva t ions  under ly ing  smoking  
behav io r  is the  desire to reduce  an RF act ivat ion level 
which  is mani fes ted  in an hype r s t imu la t ed  or anxious  state 
i nappropr i a t e  for effect ive behav ior  and  to engender  what  
might  be cons idered  a s tate  of  useful behavioral  arousal.  
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