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LEANDER, J. D. AND R. B. CARTER. t:ffects of nore'pinephrine and serotonin uptake inhibitors on the ,gchedule- 
~'ontrolh,d behavior ~/'the pige~n. PHARMACOL BIOCHEM BEHAV 20(3) 391-395, 1984.--The effects of norlriptyline, 
amitriptyline, desipraminc, chlorimipramine, protriptyline, doxepin, nisoxetine, fluoxetine and iprindole were determined 
on responding by pigeons under a multiple fixed-ratio 30-response. fixed-interval 10-minute schedule of grain presentation. 
Those drugs which have been shown to block uptake of norepinephrine decreased fixed-interval quarter-life values. Those 
which are considered most selective as norepinephrine uptake inhibitors also increased overall fixed-interval responding. 
These increases in fixed-interval responding, both on local and overall rates, in pigeons appear to be due to the actions of 
these drugs to inhibit uptake of norepinephrine rather than to other actions. 
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THE tricyclic antidepressant imipramine produces marked 
increases in responding under fixed-interval schedules of 
food presentation in pigeons [2, 15, 20--22]. Recently, 
McKearney [16] reported that several of the tricyclic 
antidepressants increased responding in some individual 
squirrel monkeys,  and that the relative potencies to increase 
responding corresponded closely to the anticholinergic 
potencies of these tricyclic antidepressants (imipramine, 
amitriptyline, nortriptyline, chlorimipramine and desip- 
ramine). This point was made by demonstrating that the 
same individual monkeys that exhibited rate-increasing ef- 
fects with the tricyclics also exhibited rate-increasing effects 
with common anticholinergic drugs, such as scopolamine 
and atropine [16]. In the pigeon, however,  anticholinergic 
drugs (benztropine, scopolamine and atropine) do not in- 
crease responding under fixed-interval schedules [141. Thus 
it is unlikely that the anticholinergic properties of the tricyc- 
lies are responsible for the rate-increasing effects in pigeons. 

The purposes of the present experiment were to deter- 
mine the generality of the rate-increasing effects of imip- 
ramine in the pigeon by studying the effects of a variety of 
the tricyclic antidepressants,  desipramine, chlorimipramine, 
protriptyline, doxepin, nortriptyline and amitriptyline. Since 
the N-dimethyl-substituted tricyclic compounds (amitrip- 
tyline, doxepin and chlorimipraminel are rapidly 
metabolized in vivo to the monodesmethyl  compounds (nor- 

triptyline, desmethyldoxepin and chlordesmethylimip- 
ramine) [10,26] with different uptake-inhibiting properties, 
each N-dimethyl-substituted compound was compared to a 
monodesmethyl compound. Thus amitriptyline was com- 
pared to nortriptyline; doxepin was compared to 
protriptyline, and chlorimipramine was compared to desip- 
ramine. In general, the monodesmethyl compounds pref- 
erentially block uptake of norepinephrine compared to 
serotonin, whereas the reverse is true for the dimethyl com- 
pounds [1 I, 18, 19]. However,  when a dimethyl-substituted 
compound is administered, the behavioral effects are due 
both to it and the monodesmethyl metabolite [10]. 
Fluoxetine, a specific serotonin uptake inhibitor [4,24], and 
nisoxetine, a specific norepinephrine uptake inhibitor [23,25] 
were also studied, lprindole, a tricyclic antidepressant lack- 
ing inhibitory effects on uptake, was also included for study 
[5,11]. The present results show that drugs which block the 
uptake of norepinephrine increase the low rates of respond- 
ing that occur at the beginning of fixed-interval compounds,  
and this can result in overall increases in fixed-interval rates. 

M E T H O D  

Male White Carneaux pigeons, maintained under stand- 
ard conditions, responded under a multiple fixed-ratio 30- 
response, fixed-interval 10-minute (mult FR, FI) schedule of 
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FIG. I. Mean effects of  the eight uptake inhibitors on the rates of  responding in the FR componen t  (top row) and in the FI componen t  (middle 
row) and on the F! quater-lifc value (bot tom row). Abscissae  show dose of  drug: ordinates  show rates o f  responding in FR and FI as percent of  
control rate and show FI quarter-life value as percent  of  FI. The points  and brackets  show mean_+S.E, for 4 birds, with each bird receiving 
each dose twice. Each compar ison  of  two drugs (nortriptyline and amitriptyline; protriptyline and doxepin:  desipramine and chlorimipraminel  
except  f luoxetine and nisoxetine occurred in the same group of  4 birds each.  Fluoxetine and nisoxetine were each studied in separate groups of 
3 and 4 birds, respectively.  The horizontal lines through each frame of  the figure show the ±S.E.  ( n = n u m b e r  of  birds, usually 4) for the 
distilled water  control injection data. 

grain presentation [12-14]. Two-hour sessions were con- 
ducted Monday through Friday, with drug injections ad- 
ministered usually on Tuesdays and Fridays. The drugs used 
and the forms in which the doses were calculated were nor- 
triptyline HCI, amitriptyline HC1, protriptyline HCI, doxepin 
HCI, desipramine HCI, chlorimipramine HCI, nisoxetine 
HCI (LY94939). fluoxetine HCI (LY110140) and iprindole 
HCI. All compounds were dissolved in distilled water. All 
injections were administered in a volume of I ml/kg body 
weight into the breast muscle 10 min before the onset of the 
test sessions. Injections of distilled water were administered 
on Thursdays, and the data obtained on Thursdays were 
used as non-drug control data against which to evaluate the 
drug data. Average rates of responding in each component of 
the multiple schedule were calculated for each bird, and then 
drug effects were calculated as a percent of each bird's con- 
trol values. The data are presented as the mean+-standard 
error for 4 birds. The distribution of responses within the FI 
component of the multiple schedule was obtained by dividing 
the interval into ten 30-see segments and recording the 
number of responses in each of the segments. These data 
were used to calculate the FI quarter-life value, a statistic 
which is independent of response rate and which is used to 
describe quantitatively the pattern of responding that occurs 
under the FI schedule. The quarter-life value is the propor- 
tion of the interval duration required for the bird to emit 25 
percent of the total responses in the FI [6]. Quarter-life val- 
ues around 50 percent of the FI indicate that the pattern of 

responding under the FI schedule was positively acceler- 
ated. with 75 percent of the total responding occurring in the 
last 50 percent of the interval. The data from the ten 30-see 
segments were used to quantify the effects of the drugs on 
the local rates of responding within the FI. This was done by 
expressing the mean absolute rate of responding after drug as 
a function of the absolute rate of responding after the water 
injection [7]. 

RESUI.TS 
Figure 1 shows the mean dose-effect data for the uptake 

inhibitors. In the far left column are the data obtained with 
nonriptyl ine and amitriptyline. Both produced negligible ef- 
fects on FR rates except to decrease rates after the highest 
dose (10 mg/kg) of each drug. The FI rates show a similar 
pattern except that the decreases produced by the 10 medkg 
doses were less than in the FR. The most reliable effect of 
these two drugs was to markedly decrease the quarter-life 
value as a function of increasing dose. 

Protriptyline and doxepin (second column from left) de- 
creased FR rates of responding as a function of increasing 
dose (>3 mg/kg). In the FI component, both protriptyline 
and doxepin increased rates of responding at intermediate 
doses (at i and 3 medkg, respectively) and then decreased FI 
rates at higher doses. Protriptyline appeared clearly more 
potent than doxepin in decreasing FI responding, but they 
were approximately equally potent in decreasing FR re- 
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FIG. 2. Effects of 3 and 10 mg/kg of nortriptyline and amitriptyline on the local rates of responding within the FI and on the FR rate plotted as 
a function of the rates after the associated water injection for each of 4 individual pigeons (number 3547. 7293, 5477 and 5535). Abscissae show 
rates of responding after the water injection as responses per second. Ordinates show rates of responding after drug. Points above and to the 
left of the dashed diagonal line indicate increases, whereas points below and to the fight indicate decreases in local rates of responding 
compared with non-drug control performance. The filled circles show the effects of nortriptyline, and the unfilled circles show the effects of 
amitriptyline. The points to the far fight in each frame are the FR rates. No point was plotted if either the control or drug rate for the 30-see 
segment was less than 0.01 response/sec. 

sponding. Both protriptyline and doxepin decreased 
quarter-life value as a function of increasing dose. 

As with the previous drugs compared, both desipramine 
and chlorimipramine (second column from the right) de- 
creased FR rates of  responding at the higher doses, and were 
approximately equally potent in producing this effect. How- 
ever, in the FI component, desipramine and chlorimipramine 
produced qualitatively different effects: increases in re- 
sponding after desipramine and decreases after the higher 
doses (10 and 17.5 mg/kg) of chlorimipramine. Like the other 
uptake inhibitors, both desipramine and chlorimipramine 
produced dose-related decreases in quarter-life value, with 
desipramine being about 3 times more potent than chlorimip- 
ramine. 

The effects of nisoxetine and fluoxetine are shown on the far 
right in Fig. i. Nisoxetine decreased FR responding after 3 and 
l0 mg/kg, whereas there was an increase in FI responding after 
3 mg/kg, and a marked suppression of  FI responding after l0 
mg/kg. The large variability at 3 mg/kg was due to the fact 
that two birds had FI response rates of 275 and 205 percent 
of control, whereas the other two had response rates of 64 
and 75 percent of  control. Of the two birds that exhibited 
decreases in FI responding after 3 mg/kg, one had an FI rate 
of  182 percent after 0.3 mg/kg, whereas the second bird 
never had an increase in FI responding after nisoxetine. The 

lack of FI increase in this bird might be due to a relatively 
high control rate (0.84 responses/sec) in the FI component. 
There was also a dose-related decrease in FI quarter-life 
value with clear decreases with nisoxetine doses as low as 
0.3 mg/kg. In contrast to the effects of  nisoxetine, there were 
few effects of fluoxetine with doses as high as l0 mg/kg. 

Iprindole was studied in two birds (data not shown) to 
determine if its effects would be similar to the uptake in- 
hibitors. A dose of 100 mg/kg decreased responding in both 
schedule components in both birds, whereas doses of  30 
mg/kg and less were without effect on any measure, includ- 
ing quarter-life value. 

As a further analysis of the effect of these compounds on 
the patterning of responding during the FI, Fig. 2 shows the 
effects of two doses (3 mg/kg, top, and l0 mg/kg, bottom) of 
nortriptyline and amitriptyline in the four individual birds on 
the local rates of responding within the F1 and on the FR rate 
plotted as a function of the non-drug control rate. After the 3 
mg/kg dose of both nortriptyline and amitriptyline, there 
were increases in the lower rates of responding that typically 
occurred at the beginning of the FI, without reliable de- 
creases in the higher rates from the terminal segments of the 
FI or the FR rates. After i0 mg/kg of both compounds, every 
animal exhibited essentially constant rates of  responding 
throughout the FI. This constant rate of  responding within 
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the FI is a product  of  increasing the low rates of  responding 
from early in the interval and decreasing the high rates from 
the terminal parts of  the FI,  and results in the quarter-life 
value approaching 25 percent  of  the FI. Thus the dose-  
related decreases  in FI quarter-life value for the drugs shown 
in Fig. 1 can be general ized as a tendency of  those drugs to 
increase low rates and decrease  high rates of  responding to 
approach a constant  rate of  responding within the FI. 

DISCUSSION 

The present  results show that all of  the tricyclic uptake 
inhibitors decrease  the posi t ively accelerated pat terning of  
responding under the FI schedule to produce marked dose-  
related decreases  in the quarter-l ife values.  Analysis of  the 
local rates o f  responding indicated that these decreases  in 
quarter-life values were a result  of  increases in the low rates 
of  responding at the beginning of  the FI and decreases  in the 
high rates at the terminal segments  of  the FI. With some of  
these compounds ,  these increases in low rates of  responding 
resulted in increases  in the overall  rates of  FI responding.  
Thus these data  extend the general i ty of  the results reported 
earl ier  for imipramine in the pigeon 12, 15, 20-221 to o ther  
imipramine-l ike,  tricyclic ant idepressants .  The present re- 
sults also show that nisoxetine,  a relatively select ive norepi- 
nephrine uptake inhibitor 123,25], decreases  quarter-life 
value and increases overall  FI rates,  whereas  f luoxetine,  a 
select ive serotonin uptake inhibitor 14,24], does not affect 
the schedule-control led  behavior .  Fluoxet ine  does block 
serotonin uptake at the doses  tested in this exper iment ,  as 
has been demonst ra ted  by giving f luoxetine along with a 
serotonin precursor  [I,9]. The similarities be tween  
nisoxetine and desipramine,  on the one hand, and f luoxetine 
and chlor imipramine,  on the other,  support  the hypothesis  

that the rate-increasing effects are due to norepinephrine up- 
take inhibition. Iprindole, an ant idepressant  which does  not 
block uptake of ei ther  norepinephrine or  serotonin,  did not 
affect FI patterning or  rates of  responding until very high 
doses  (100 mg/kg) were administered.  

The order  of  potency for decreasing the quarter-life val- 
ues (to 40 percent  of  FI and calculated from linear regression 
analysis) were as follows, from most potent to least: 
nisoxetine > prot ript yline = de sipramine >nortriptyline >amit  rip- 
t y l i n e > d o x e p i n ~ c h l o r i m i p r a m i n e > ~ i p r i n d o l e  and fluoxe- 
tine. This potency order  correla tes  well with the activity of  
these compounds  to block in ritro uptake of  norepinephrine 
in rat tissue [ 11 ] and not with their activity to block uptake of  
serotonin or  to block cholinergic receptors  13, 8, 11]. The 
potency order  for anticholinergic activity in human brain tis- 
sue is: amitriptyline = protriptyline >doxep in  >nortr ipty-  
l i n e ~ d e s i p r a m i n e > > f l u o x e t i n e ,  iprindole, nisoxetine 131. 
Thus,  in the pigeon, it appears  to be the activity to block 
uptake of  norepinephrine which produces  "s t imula tory-  
like'" effects  on FI schedule performance,  whereas  in squir- 
rel monkeys  it may be the anticholinergic actions which in- 
crease  FI responding 116]. Thus this is an interesting exam- 
ple where a class of  drugs produces  a similar pattern of  ef- 
fects across  two different species but by different mech- 
anisms. In contrast  with the results in pigeons, norepineph- 
fine uptake inhibitors do not increase low rates of  responding 
in rats 115,17]. 
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