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ABSTRACT The effects of the tricyclic antidepressant imipramine and the atypical antidepres- 
sant mirtazapine were compared on the performance of rats in three operant procedures: a dif- 
ferential reinforcement of low rates schedule (DRL), a delayed matching to position (DMTP), and 
simultaneous visual discrimination tasks. Both compounds improved performance in the DRL task 
in a similar dose-related manner. Imipramine, but not mirtazapine, disrupted performance in the 
visual discrimination task. lmipramine reduced accuracy and increased response latencies and 
missed trials. Neither compound effected accuracy in the DMTP; both compounds caused some 
slowness of responding and imipramine caused several animals to fail to respond in a manner 
similar to that observed in the visual discrimination task. These data suggest that although imip- 
ramine and mirtazapine are similarly effective in putative tests of antidepressant activity, imipra- 
mine has a greater tendency to disrupt other aspects of cognitive performance, as well as exert 
generally depressive effects on operant responding. o 1994 WiIey-~iss, Inc. 

Key Words: delayed matching to position, DRL, visual discrimination, imipramine, mirtazapine 

I NTROD U CTlO N 

The development of new antidepressant drugs 
to replace the older tricyclic antidepressants has pro- 
ceeded rapidly over the last 20 years. There is now 
considerable clinical experience with both the second 
generation antidepressants such as mianserin [Car- 
men et al., 19911 and the more recently introduced 
serotonin uptake inhibitors such as fluoxetine [Boyer 
and Feighner, 19911. Improvements in the safety of 
the newer antidepressants in terms of overall toxicity 
and in reduced anticholinergic activity have been dra- 
matic; improvements in the overall efficacy less so 
[see comparative tables in Boyer and Feighner, 
19911. Moreover, it has become apparent that the 
effects of antidepressants on other aspects of cognitive 
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performance such as learning, memory, and attention 
have not been satisfactorily addressed. 

It is clear that several clinically used compounds 
can exert profound negative effects on some aspects of 
cognitive performance. For example, amitriptyline 
has measurable effects on memory which have been, 
at least partly, attributed to its strong anticholinergic 
activity [Curran et al., 1988; Spring et al., 19921. 

~ ~~ 

Received December 28, 1993; final version accepted Feb- 
ruary 6, 1994. 

Address reprint requests to J.S. Andrews, Scientific Devel- 
opment Group, Organon International BV, P.O. Box 20, NL-5340 
BH Oss. The Netherlands. 



IMIPRAMINE AND MIRTAZAPINE ON RAT PERFORMANCE 59 

However, compounds with less striking effects on the 
cholinergic system have not been as systematically 
investigated. Therefore, it is important to determine 
whether the improvements in toxicological parame- 
ters have been mirrored by similar improvements in 
the cognitive side effect profile, whether this can be 
observed in the preclinical situation, and thereby be 
of predictive value to clinical performance. 

Mirtazapine (Remeronm’, ORG 3770) is cur- 
rently under investigation as an antidepressant with a 
much reduced side effect profile in comparison to 
classical tricyclics. Biochemical studies have demon- 
strated strong a, adrenergic, 5 hydroxytryptamine,. 
(SHT,,), and SHT,, antagonistic activity, but no sig- 
nificant dopaminergic-like effects [ Nickolson et al., 
1982; de Boer et a]., 19881. There is little activity on 
other transmitter systems, with the marked exception 
of histamine; the antihistaminergic activity might sug- 
gest sedation as an additional early behavioral effect of 
the compound. Pharmacological data have generally 
found good efficacy of the compound in tests predic- 
tive of antidepressant activity. Behaviorally, and in 
keeping with other atypical antidepressants, mirtaza- 
pine is active in some but by no means all behavioral 
models predictive of clinical activity. Mirtazapine is 
active in the olfactory bulb model [O’Connor and 
Leonard, 19861, and a typical antidepressant profile is 
seen in the pharmaco-electroencephalogram (phar- 
maco-EEG) analysis of sleep [Fink and Irwin, 19821. 
Clinical antidepressant and anxiolytic efficacy has 
been established in several studies [Claghorn et al., 
1987; Sorenson et al., 1985; Smith et al., 19901, and in 
comparison to other therapeutic agents there appears 
to be a reduced incidence of cognitive disruption 
[Mattila et al., 19891. 

The clinical efficacy and side effect profiles for 
both mirtazapine and imipramine have therefore 
been established. Mirtazapine has a clear advantage 
in toxicological and anticholinergic effects over the 
classic tricyclics. The purpose of the following exper- 
iments was to ascertain the effects of imipramine and 
mirtazapine on several aspects of operant perfor- 
mance in rats. Three different tests were used in or- 
der to look at the profile of the compound on cognitive 
performance as measured by the differential rein- 
forcement of low rates of responding (DRL 72 sec) 
schedule and operant tasks of short-term spatial mem- 
ory and visual discrimination/attention. 

Short-term spatial memory was tested using a 
variant on the Dunnett delayed matching to position 
(DMTP) task [Dunnett, 19851. This task has proved to 
be sensitive to many physical and chemical manipu- 
lations known to affect memory [Andrews et al., 1994; 
Cole et al., 1993; Dunnett, 1985; Sahgal et al., 19901. 

However, few antidepressant drugs have been tested 
in this procedure and it remains to be seen whether 
cognitive deficits recorded in the clinic with antide- 
pressants are also identified in this test. Effects on 
memory may also be induced, albeit indirectly, by 
changes in perceptual or attentional processes. To in- 
vestigate this possibility a simultaneous visual dis- 
crimination task was used. Similar procedures have 
been used to study several other drug classes [e.g., 
Andrews et al., 19921, but have been less frequently 
employed in the study of putative cognitive side ef- 
fects of antidepressants. 

In addition to the two cognitive models, the 
DRL was employed to look for typical antidepressant- 
like activity in this test. This model has been sug- 
gested to be predictive of antidepressant activity, and 
both classical and novel antidepressants are reported 
active [McGuire and Seiden, 1980; O’Donnell and 
Seiden, 1983; van Hest et al., 19921. The mechanism 
of action for this effect is unknown, and indeed the 
selectivity of the test has been disputed [Pollard and 
Howard, 19861. However, as both first generation an- 
tidepressants such as iinipramine and second genera- 
tion antidepressants such as mianserin are active in 
this test [O’Donnell and Seiden, 19831, it was of in- 
terest to establish the efficacy of mirtazapine in the 
same procedure. 

MATERIALS AND METHODS 
Subjects 

The subjects were 184 male Long-Evans rats 
(Harlan CPB, Zeist, The Netherlands) weighing 250- 
300 g at the start of the experiment. All rats were 
individually housed under a 12:12 h light/dark cycle 
and placed on a restricted diet (15-20 g chow per rat 
at the end of each day), but with water freely avail- 
able. All testing took place during the normal lights 
on cycle. All subjects from the visual discrimination 
and delayed matching groups had been used in other 
drug experiments. In no case did any of the drugs 
previously tested have any long-lasting effects on per- 
formance, and at least 1 week of drug-free testing 
occurred before these experiments were undertaken. 

Equipment 

DMTP, DRL 72 sec 
These experiments were undertaken in the De- 

partment of Neuropharmacology, Organon, Oss. Six- 
teen operant chambers (Coulbourn Instruments, 
Inc., Allentown, PA) fitted with two retractable le- 
vers, a pellet dispenser, food tray with light and pho- 
tocell across the opening, centrally placed house- 
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lights, and cue lights over each lever were connected 
to, and controlled by, an IBM PS2 computer and a 
Medlab interface (Medlab Associates, Inc., East Fair- 
field, VT). Programs were written and data collected 
using the OPN programming system [Spencer and 
Emmett-Oglesby, 19851. 

Visual discrimination 

This procedure was undertaken at the Depart- 
ment of Comparative and Physiological Psychology, 
University of Nijmegen. Eight operant chambers fit- 
ted with two retractable levers, a pellet dispenser, a 
centrally placed food tray with light, red houselight, 
and two cue light displays directly above each lever 
were connected to Skinner Box Controllers and con- 
trolled by an Apple Macintosh SE 30. Boxes, control- 
lers, and software were developed by the Electronic 
and Computer Engineering Department (Psycholog- 
ical Laboratory, University of Nijmegen). The cue 
light display consisted of 64 green LEDs (PD 1167, 
Seimens), together forming a 25.4 mm square. 

Procedure 

DRL 72 sec 

Rats were initially trained to lever press on an 
FR1 schedule of reinforcement using an autoshaping 
procedure. When lever pressing had been established 
the animals were left for 16 h overnight in the operant 
chamber with a DRL 72 sec schedule in operation. 
During this session no food was provided apart from 
what was earned; water was freely available in a water 
bottle placed at the rear of the chamber. This proce- 
dure was repeated twice. After this time the rats were 
trained for 1 h per day on the DRL 72 sec schedule for 
a further 7 sessions. Performance at this time was 
judged to be stable with only small fluctuations in 
daily response (total lever presses) and efficiency rates 
([number of reinforcements earned in a session/total 
responses in a session] x 100). A similarly intense 
training procedure has been used successfully in 
other labs (van Hest, Solvay/Duphar, personal com- 
munication). 

Visual discrimination 

The procedure used will be described in more 
detail elsewhere (Drinkenburg et al., submitted). 
Briefly, each trial began with the short illumination of 
one of the two cue displays for 0.3 sec, and the intro- 
duction of the two levers into the chamber. If the rat 
pressed the lever directly under where the light had 
appeared, the levers were withdrawn and a food pel- 

let was delivered to the magazine tray. The following 
trial began after a variable interval delay of 5 sec mean 
duration (range 3.5-6.5 sec). If the rat responded on 
the wrong lever, or failed to respond within 5 sec, the 
levers were withdrawn, the lights were extinguished, 
and no pellet was delivered. In this case, the next trial 
began after a time out of 10 sec mean duration (7.5- 
12.5 sec). Each session consisted of 100 trials, in 
which each stimulus (left or right) occurred with equal 
probability, but in random order; the order of stimuli 
presentation was given in a different random pattern 
each day. This procedure resulted in a stable perfor- 
mance level of approximately 75-80% correct trials 
on each test day. 

DMTP 

The procedure used was a modification of the 
DMTP procedure originally published by Dunnett 
[ 19851 and described in detail elsewhere [Andrews et 
al., 19941. Briefly, each trial hegan with the illuniina- 
tion of the houselight and the emergence of one of the 
two levers on a random, but for the session balanced 
schedule. This lever remained in the box until 
pressed. Once pressed the lever was withdrawn, the 
houselight extinguished, and the tray light illumi- 
nated. The rat had to enter its head into the tray in 
order to break a photobeam and to reobtain the le- 
vers. The photobeam interruptions were registered 
and controlled the appearance of the levers on a fixed 
interval basis. The first nosepoke after the timeout of 
the delay turned the houselight on, the tray light off’, 
and introduced both levers into the box. If the rat 
pressed the correct lever (i.e., previously presented 
or matched lever), the rat was rewarded with a food 
pellet, both levers were withdrawn, but both tray and 
houselights remained on for an intertrial interval of 5 
sec until the next trial began (with the emergence of 
one of the two levers). If the rat failed to press within 
5 sec or pressed the wrong lever (i.e., non-matched 
lever), the levers were withdrawn, the houselight was 
extinguished, and an intertrial interval of 10 sec was 
initiated before the onset of a new trial. Each daily 
session contained a maximum of 128 trials with 4 de- 
lays (0, 5, 15, and 45 sec). The appearance of each 
stimulus and each delay was balanced within each 
session but given in a different random order each 
day; effectively the delay appeared to the rat as a 
variable interval schedule. Several different perfor- 
mance parameters were recorded: percent correct re- 
sponding per delay (calculated as total correct re- 
sponses divided by total responses emitted); mean 
response time; number of completed trials per session 
(maximum session time 75 min); and total number of 
nosepoke entries into the central food tray. 
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Drugs 

Once stability had been achieved on all param- 
eters, rats were divided into separate drug groups. For 
the DMTP and visual discrimination experiments, rats 
were randomly assigned to one of the treatment con- 
ditions on each test day; for the DRL experiment, rats 
were run in a Latin square design. Thirty minutes 
before the session the rats were injected ip with either 
imipramine (DRL: placebo, 1.25, 5, or 20 mglkg, n = 
16; visual discrimination: placebo, 0.8, 4, or 20 mg/kg, 
n = 10 per group; DMTP: placebo, 1.25, 5, or 20 
mg/kg, n = 12) or mirtazapine (DRL: placebo, 1.25, 
5, or 20 mg/kg, n = 32; visual discrimination: placebo, 
3.125, 6.25, 12.5, or 25 mg/kg, n = 16 per group; 
DMTP: placebo, 1.25, 5, or 20 mg/kg, n = 12). Mir- 
tazapine (Remeronm, ORG 3770) was synthesized in 
the chemistry laboratories of Organon International 
BV and imipramine was obtained from Dolder Ltd. 
(Basel, Switzerland). 

Statistics 

An independent groups design was used for the 
visual discrimination experiment, i.e., each dose of 
each drug was administered once to an individual an- 
imal. Testing for each drug was completed in 1 day. 
Rats were run in groups of eight and each animal within 
each group was randomly assigned to one of the treat- 
ments. At least 1 week was allowed between tests with 
imipramine and mirtazapine. The visual discrimina- 
tion experiment was analyzed using a one-factor in- 
dependent groups analysis of variance (ANOVA) on 
percent correct responding, latency to respond, and 
missed trials. The DRL and DMTP experiments were 
run using a repeated measures design. Each rat re- 
ceived each dose of drug using a Latin square casting. 
Data for the DRL were analyzed using a one-factor 
repeated measures ANOVA. The DMTP performance 
parameters were analyzed using a two-factor ANOVA 
for percent correct accuracy over delay (factor one drug 
dose, factor two delay) and a one-factor repeated mea- 
sures ANOVA for mean latency to respond, mean nose- 
pokes per session, and trials completed per session. In 
all analyses, where overall significance was attained 
post hoc multiple comparisons were made using the 
Tukey honestly significant difference test. Many com- 
pounds cause dose-related failures to respond and very 
low response rates can distort the overall data and 
accompanying analysis. Therefore, in keeping with 
other studies, a criterion was established for the fixed 
trials procedures. In the DMTP a rat had to respond 
on a minimum of 32 trials (25% responses) to be in- 
cluded in the analysis; the same 25% (=  25 trials) 
criterion was used in the visual discrimination proce- 
dure. 

RESULTS 

The results of all the various ANOVAs are listed 
in Table 1. Specific differences between vehicle and 
drug treatments are shown in Table 2 and Figures 1 
and 2. 

DRL 

One rat failed to respond at the highest dose of 
mirtazapine and the data were excluded from the 
analysis; two rats failed to complete data for all doses 
of imipramine and were also excluded. The pattern of 
responding for these animals was the same as for the 
others at the doses tested. Both imipramine and mir- 
tazapine improved efficiency, decreased response 
rates, and increased total reinforcements earned in 
this task. Imipramine significantly decreased re- 
sponding and increased the number of reinforcements 
obtained at 5 and 20 mg/kg; a significant improvement 
in efficiency was observed only at 20 mg/kg. Mirtaza- 
pine significantly improved efficiency at 5 and 20 
mg/kg and increased total reinforcements at all doses 
tested; a significant decrease in overall responding 
was observed at the highest dose tested (20 mg/kg). 
These data are illustrated in Table 1 and Figure 1. 

Visual Discrimination 

Imipramine reduced accuracy and increased 
both latencies and failures to respond at the highest 
dose tested (20 mg/kg). Mirtazapine had no significant 
effect on any of the parameters recorded at any dose 
of the drug. These data are illustrated in Table 1 and 
Figure 2. 

DMTP 

Results of the two-factor ANOVAs of accuracy 
over delay for both imipramine and mirtazapine re- 
vealed a significant delay effect only: as expected, ac- 
curacy decreased with increasing delay; neither imip- 
ramine nor mirtazapine significantly affected accuracy 
at any delay (data not shown) or in general. A reduc- 
tion in the number of trials completed per session for 
both compounds was evident at the highest dose 
tested (20 mg/kg). The disruption was more severe for 
imipramine: three animals failed to respond ade- 
quately and were removed from the repeated mea- 
sures analysis. Both imipramine and mirtazapine sig- 
nificantly lengthened response latencies and reduced 
nosepoke entries into the food tray at the highest dose 
tested (20 mglkg). These data are shown in Tables 1 
and 2. 

DISCUSSION 

The effects of the atypical antidepressant mir- 
tazapine and the tricyclic antidepressant imipramine 
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TABLE 1. Results of the ANOVAs Carried Out on the Data Collected for Each o f  the Performance Parameters Studied for lmipramine 
and Mirtazapine in the Different Procedures 

DMTP 

Yo Correct 
Latency to 

respond 
Trials 

completed 
Total 

nosepo kes 

lmiprarnine 
Dose F(3,24) = 1.88 F(3,24) = 15.93** F(3,24) = 2.25 F(3,24) = 5.74** 
Delay F(3,24) = 51.51** 
Dose x delay F(9,72) = 1.85 

Dose F(3,33) = 1.22 F(3,33) = 9.81** F(3,33) = 3.23* F(3,33) = 5.64** 
Delay F(3,33) = 43.88** 
Dose x delay F(9,99) = 0.57 

Mirtazapine 

Visual discrimination 

% Correct Latency to respond Missed trials 
lmiprarnine F(3,36) = 5.69** F(3,36) = 21.04** F(3,36) = 9.5** 
Mirtazapine F(4,75) = 0.68 F(4,75) = 0.39 F(4,75) = 0.45 

DRL 72 sec 

Efficiency Total responses Reinforcements 
lmipramine F(3,13) = 11.68** F(3,13) = 11.97** F(3,13) = 14.16** 
Mirtazapine F(3,30) = 11.75** F(3,30) = 5.26** F(3,30) = 18.26** 

* P  < 0.05, * * P  < 0.01 : significant difference from placebo control (Tukey test following ANOVA). For further details, see Materials and Methods 
and Results 

TABLE 2. Summary of the Effects of lmipramine and Mirtazapine on Overall Accuracy, Latency t o  Respond, Missed Trials, 
and Nosepokes Into the Food Tray in the DMTP Taskt 

Dose 

Mean Latency t o  
No. responding/ Overall trials Total respond 

no. tested % correct completed nosepo kes (sec) 

lmipramine 
Placebo 1211 2 

1.25 mg/kg 1211 2 
5 mglkg 1211 2 

20 mglkg 911 2 

79.6 (8.2) 128 2,456 (1,596) 0.75 (0.22) 
85.2 (2.6) 128 2,810 (2,065) 0.84 (0.16) 

0.85 (0.1 3) 86.2 (5.9) 128 2,587 (1,424) 
82.7 (7.7) 120 (16) 1,746 (838)* 1.08 (0.1 6)** 

M i  rtazapi ne 
Placebo 1211 2 86.1 (7.2) 128 2,581 (393) 0.75 (0.1 1) 

1.25 mg/kg 1211 2 88.4 (6.9) 128 2,658 (505) 0.73 (0.07) 
0.72 (0.06) 5 mgikg 1211 2 8.5.7 (8.4) 128 2,593 (451) 

20 mg/kg 1211 2 84.8 (8.9) 1 14 (26.5)* 1,969 (835)** 0.98 (0.28)** 

+lmipramine data = mean of 9 rats; mirtazapine data = mean of 12 rats. Numbers are mean and standard deviation (in parentheses). 
* p  < 0.05, * * P  < 0.01 : significant difference from placebo control (Tukey test following ANOVA). For further details, see Materials and Methods 
and Results. 

were assessed in three different operant procedures: 
the DRL 72 sec, simultaneous visual discrimination, 
and DMTP tasks. Imipramine and mirtazapine both 
improved performance in the DRL, however, imip- 
ramine, but not mirtazapine, disrupted performance 
in the visual discrimination task. These negative ef- 
fects of imipramine were observed at similar doses to 
those resulting in improved efficiency in the DRL. 
Neither compound significantly affected accuracy in 
the DMTP, although both compounds caused some 
slowness in responding and imipramine severely af- 
fected total responding in some animals. 

The effects of imipramine and mirtazapine in the 
DRL were similar, although imipramine tended to 
reduce responding to a greater degree than that ob- 
served following mirtazapine. This slightly greater ef- 
fect on responding enhanced the magnitude of the 
effect on efficiency; efficiency is the ratio of reinforce- 
ments to responses. On the other hand, mirtazapine 
was at least as effective as imipramine in increasing 
the number of reinforcements obtained. As the im- 
provements in DRL efficiency generally occurred at 
doses which significantly reduced overall response 
rates, improvements in the DRL could be ascribed to 
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IMIPRAMINE 
Total 

Responses 

I 175 

125 

75 

25 

T T  Y 

PLAC 1.25 5 20 

Total 
Reinforcement 

** 
* * T  

PLAC 1.25 5 20 

Efficiency 

PLAC 1.25 5 20 

MIRTAZAPI N E 
Total 

Responses 

225 r I T I ** 

PLAC 1.25 5 20 

Total 
Reinforcement 

15 

10 

5 

** ** 
** T T 

PLAC 1.25 5 20 

Efficiency 

25 

20 

15 

10 

5 

** ** - T  

PLAC 1.25 5 20 

Figure 1. The effects of imipramine or mirtazapine on the performance of rats trained on a DRL 
72 sec schedule of reinforcement. Top: Total responses per dose; middle: mean number of rein- 
forcements earned per dose; bottom: overall efficiency (reinforcementsltotal responses). All val- 
ues are mean and standard deviation. * P  < 0.05, **P < 0.01: significant difference from placebo 
control. 
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IMIPRAMINE 
Percentage 

Correct 

l oo  r 
9 0 1  T T T 

60 

PLAC 0.8 4.0 20.0 

Missed 
Trials 

40 t 
20 3 0 !  i 

PLAC 0.8 4.0 20.0 

Response 
Latency (s)  

3 1  - 

* 

T 

PLAC 0.8 4.0 20.0 

MIRTAZAPINE 

100 

90 

80 

70 

60 

Missed 
Trials 

T T - r T - r  

Percentage 
Correct 

PLAC 3.125 6.25 12.5 25.0 

50 

40 

30 

20 

10 T u 
PLAC 3.125 6.25 12.5 25.0 

PLAC 3.125 6.25 12.5 25.0 

Figure 2. The effects of imipramine or mirtazapine on the performance of rats in a simultaneous 
visual discrimination task. Top: Accuracy as measured by percent correct responding; middle: 
missed trials; bottom: latency to respond. All values are mean and standard deviation. * P  < 0.05: 
significant difference from placebo control. 

non-selective disruptive effects on performance [see 
also Pollard and Howard, 19861. Accordingly, it is 
interesting to note that even the newer serotonin up- 

take inhibitors, such as fluvoxamine, also only reliably 
improve efficiency at doses which significantly reduce 
overall responding [van Hest et al., 19921. In con- 
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trast, it appears that mirtazapine improves reinforce- 
ment at doses which do not significantly affect overall 
response rates. However, the advantage seen with 
mirtazapine in this respect may be partly due to dif- 
ferences in the group size. 

Both mirtazapine and imipramine have been re- 
ported to induce drowsiness in humans. For most 
classical antidepressants the sedative doses often 
overlap effective doses, and it would appear difficult 
to separate the sedative from other effects, including 
those on cognition [for further discussion see Curran 
et al., 19881. In this respect, the results from the 
other two experiments are particularly interesting. 
Although drowsiness and sedation have been re- 
ported in both rodents and humans following mirtaza- 
pine, they do not appear to be overly strong and do 
not generally interfere with performance on many 
tasks. For example, mirtazapine does not impair 
hand-eye coordination or choice reaction times in hu- 
man subjects [ Mattila et al., 19891. The results of the 
visual discrimination experiment would seem to agree 
with this observation. This experiment also exposes 
the greatest differences between mirtazapine and 
imipramine in that imipramine clearly impairs accu- 
racy and slows responding, whereas mirtazapine has 
no significant effect on any of the parameters re- 
corded. Moreover, the doses at which these effects 
are seen following imipramine are similar to those 
which improve efficiency in the DRL. This is clearly 
not the case with mirtazapine. These data would sug- 
gest some separation of generally disruptive or seda- 
tive effects and activity in the DRL. 

The results of the DMTP experiment were more 
mixed. Imipramine and mirtazapine caused respond- 
ing to slow at doses which were active in the DRL, 
although the disruptive effects of imipramine were 
generally greater than those observed following mir- 
tazapine (see Table 2). However, neither compound 
disrupted accuracy in this task. This difference may 
be explained by the nature of the two procedures. 
The visual discrimination task is a fast moving proce- 
dure in which an animal must be constantly attentive 
in order to identify the location of the stimulus. For 
the DMTP the stimulus is available for a much longer 
period and is much larger. This would suggest that 
the effects of imipramine are perhaps more disruptive 
on attentional processes rather than memory per se, 
and thus when the stimulus is of a sufficient magni- 
tude to overcome an attentional deficit, secondary ef- 
fects on memory should not be seen. Previous studies 
have indicated that speed-accuracy trade-offs are 
commonly found with psychoactive drugs in such pro- 
cedures [e.g., Andrews et al., 19921. 

These data indicate an advantage of mirtazapine 

over imipramine in that mirtazapine is able to improve 
performance in the DRL at doses which are less dis- 
ruptive to overall responding in any of the three tasks, 
or indeed show any negative effects on performance in 
procedures designed to measure recognizable cogni- 
tive parameters such as attention or memory. How- 
ever, some caution must be expressed in using these 
results as strong evidence for the validity of the DRL 
as a model for identifying antidepressants and for as- 
suming that mirtazapine has no negative effects on 
cognition. At the present time it is unclear whether 
mirtazapine will interfere with some aspect of cogni- 
tive performance not assessed in these two paradigms. 
However, these preliminary observations do suggest 
some agreement between the clinical and preclinical 
tests of antidepressant and cognitive activity. 

In general, the effects of antidepressants on 
learning, memory, and attention in depressed pa- 
tients are complex and difficult to assess. Cognitive 
function is typically disturbed in depressed patients, 
however, alleviating the depression may result in im- 
provements in some aspects of cognition while at the 
same time unmasking more negative aspects of the 
treatment. Studies have demonstrated that some an- 
tidepressants can impair memory in spite of success- 
fully treating the depression itself [ Spring et al., 
19921. Some but not all of these effects can be attrib- 
uted to the anticholinergic or histaminergic effects of 
the current antidepressants; future antidepressants 
are likely to possess much lower anticholinergic or 
histaminergic properties. The removal of strong anti- 
cholinergic properties from modern antidepressants 
does not appear to have impaired or improved efficacy 
in treating the symptoms of depression. Given this 
sobering prospect, it becomes of even greater impor- 
tance that more modern treatments should at the very 
least provide a significant advantage in their effects on 
other aspects of cognitive function. These data sug- 
gest that in this respect mirtazapine may have some 
advantages over many antidepressants in current use. 
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