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PELLOW, S. AND S. E. FILE. Is tofisopam an atypical anxiolytic? NEUROSCI BIOBEHAV REV 10(2) 221-227, 
1986.--This review describes the behavioural and biochemical profile of tofisopam, a 3,4-benzodiazepine that differs 
considerably in its effects and mechanisms of action from classical 1,4-benzodiazepines. In man tofisopam appears to 
possess anxiolytic activity without appreciable sedative and muscle relaxant side effects; in animals, however, tofisopam 
totally lacks anxiolytic and anticonvulsant properties in tests sensitive to the effects of 1,4-benzodiazepines. Tofisopam 
also has mixed dopamine agonist and antagonist-like properties in several in vivo and in vitro tests in animals. The possible 
relevance of the latter effects to the unusual behavioural profile of tofisopam are discussed, and its effects compared with 
those of buspirone, a novel anxiolytic that has similar activity at benzodiazepine and dopamine systems. It is proposed that 
these two drugs may represent a novel class of compounds that reduce anxiety by i~ncreasing the ability of patients to cope 
with daily tasks, rather than classical anxiolytics, that reduce anxiety by tranquilisation. 

Benzodiazepines Tofisopam Anxiety Learning and memory Dopamine 

TOFISOPAM is a compound that differs from classical 1,4- 
benzodiazepines (BDZs) by a nitrogen in the third, instead of 
the first, position, i.e., it is a 3,4-BDZ. Because of its ben- 
zodiazepine structure tofisopam was tested clinically as an 
anxiolytic and appeared to be effective. However,  the seem- 
ingly minor modification in its structure confers upon to- 
fisopam a series of  pharmacological actions quite different 
from those of classical BDZs. The purpose of this review is 
to describe the effects of tofisopam in animals and man; to 
discuss to what extent tofisopam and the 3,4-BDZ series 
differ from classical anxiolytics, and to what extent their 
effects may necessitate changes in current concepts of the 
neural factors underlying anxiolytic action. 

BEHAVIOURAL EFFECTS OF TOFISOPAM IN ANIMALS 

Depressant Effects 

Tofisopam, at high doses, has depressant effects (i.e., 
reduced spontaneous activity) in several different animal test 
procedures.  The EDs0 of  tofisopam to reduce spontaneous 
locomotor activity in the mouse, measured in an activity 
meter, was 50 mg/kg PO compared with 1.25 mg/kg for 
diazepam [53]. We have found that the minimal effective 
dose to reduce the locomotor activity scores of mice in a 
holeboard is 50 mg/kg IP (Pellow and File, in preparation). In 
rats, depressant  effects on exploratory and locomotor activ- 
ity in the holeboard were present from 25 mg/kg IP [33]. The 
rotarod and traction tests have indicated that relatively high 
doses of tofisopam are necessary to produce muscle relaxant 
or ataxic effects (ED~0= 120 and 105 mg/kg, PO respectively,  
compared with 7.9 and 6.8 of  diazepam [53]. In animals, 
sedative effects can be assessed either by a reduction in 
spontaneous behaviour, as discussed above, or by an ability 
to potentiate the sleep-time induced by compounds such as 
barbiturates. The doses of tofisopam necessary to potentiate 
the length of  the sleep time induced by chloral hydrate or 

mebubarbital  in mice were higher than those of diazepam 
(100 mg/kg PO, compared with 1.7 mg/kg) [53]. Petocz and 
Kosoczky [34] found that tofisopam had a measurable 'seda- 
tive'  effect (this term is not defined in the paper) in cats, from 
doses of 12 mg/kg PO, and in dogs, from doses of 50-75 
mg/kg PO; tofisopam also significantly potentiated hexobar- 
bitone, pentobarbitone and alcohol-induced narcosis. 

Tests of  Seizure Activity 

Tofisopam, unlike classical 1,4-BDZs, has no significant 
anticonvulsant effect, after either intraperitoneal or oral 
administration, against seizures induced by pentylenetet-  
razole, bicuculline, picrotoxin, nicotine, strychnine, har- 
mane, harmaline or maximal electroshock (1-4). The only 
convulsant compound against which tofisopam (50 mg/kg IP) 
has been found to have significant activity is the atypical 
BDZ Ro 5-4864 [33]. However ,  tofisopam (50 mg/kg PO) 
enhanced the anticonvulsant effect of  diazepam against sei- 
zures induced by pentylenetetrazole,  picrotoxin, isoniazid 
and maximal electroshock, but not against bicuculline, 
strychnine or nicotine [5]. In contrast  to these results, to- 
fisopam (10-50 mg/kg IP or after administration via gastric 
tubing) has also been found to have proconvulsant activity 
under certain circumstances,  i.e., it enhances the efficacy of  
convulsant agents. Such effects have been observed with 
picrotoxin, pentylenetetrazole,  harmaline and maximal elec- 
troshock [33, 34, 37]. This mixture of pro- and anti- 
convulsant effects is not unique to tofisopam and has been 
found with other compounds acting at the GABA-BDZ re- 
ceptor complex, for example the triazolopyridazine, CL 
218,872. In the case of this compound we have suggested 
that this represents two distinct sites of  action on the 
GABA-BDZ receptor  complex [13]. Mennini et al. ([23] and 
[53]) have evidence that tofisopam binds to two distinct sites 
in the CNS (see later section) and it is therefore possible that 
these two sites mediate the two distinct effects on convulsions. 
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FIG. 1. Diagrammatic representation of the testing procedure for 
evaluating spatial perception and memory using a plus-maze. Each 
box represents the plus-maze surrounded by thick black curtains, 
and dimly lit. A series of cues were provided so that the rat could 
locate itself within its environment (black aromatic marker pen, fan, 
light bulb, large white cardboard square, pair of rats hanging in a 
cage). A constant spatial relationship was maintained among the 
cues and the goal (G), but the cues were rotated by 90 ° or multiples 
of 90 ° from trial to trial. The rat (R) therefore was required to make 
different body turns to reach the goal on different trials. The goal 
consisted of food pellets; rats were deprived of food and maintained 
at 80% original body weight. During a perception trial, the rat was 
placed on one arm of the maze that had been pulled out. The arm 
was then pushed in and the rat allowed to select an arm. For the 
memory trials, the rat was placed in the start arm, the cues removed, 
and after a 60-sec delay, the arm pushed in and the rat allowed to 
choose. Rats were trained to a criterion of 9/10 consecutive correct 
choices before testing with the drug. 

Tests of Anxiety 

Tofisopam (10-100 mg/kg orally or intraperitoneally) is 
inactive in several tests that have either been extensively 
validated for drug effects on anxiety (the social interaction 
test [33]; exploratory activity in an elevated plus-maze [32]) 
or that have been found to be reliable in identifying anxioly- 
tic drugs (the Geller-Seifter conflict test [46]; the Vogel pun- 
ished drinking test [41]). Similarly to its ability to enhance 
the anticonvulsant effects of  diazepam, tofisopam (50 mg/kg 
PO) can also enhance the activity of  this drug in the Geller- 
Seifter test [46]. Conflicting results have been obtained with 
tofisopam in tests of correlates of stress. File and Pellow [ 12] 
found that tofisopam (25-50 mg/kg IP) had no significant 
effects on the elevation of  plasma corticosterone concentra- 
tions induced by novelty-stress in the rat. However,  
Yamaguchi et al. [52] found that tofisopam reduced several 
indices of  stress in rats and rabbits, including ulceration and 
enhanced intestinal propulsion induced by water-immersion 
stress. 

Memory and Learning 

Our studies in the social interaction test of anxiety, that 
manipulates the factors of  novelty and light level, suggested 
that rats receiving tofisopam may not have benefitted from 
familiarisation with the test arena, i.e., the scores of  treated 
animals, unlike those of controls, did not increase with in- 
creasing familiarity [33]. This suggested that tofisopam may 
impair the perception of, or memory for, spatial information. 
To test this hypothesis, we used a test of  spatial perception 
and memory in the rat, in a +-maze, developed by O'Keefe  

TABLE 1 

PERCENTAGE OF CORRECT CHOICES, SUMMED OVER 
FOUR RATS, AFTER INJECTION WITH (A) LORAZEPAM 

OR (B) TOFISOPAM 

(a) Vehicle 0. 125 mg/kg 0.5 mg/kg 0.75 mg/kg 
100% 8 0 . ~  64.3%* 44.4~5} * 

(b) Vehicle 10 mg/kg 50 mg/kg 
100% 92.3% 89.3% 

Trials began at 5-min after injection and continued at 10-min inter- 
vals until 65 min post-injection. 

*p<0.01, Significantly different from vehicle control group; 
Fisher exact probability test on number of correct choices. 

TABLE 2 

PERCENTAGE OF CORRECT CHOICES ON THE PERCEPTUAL 
TRIALS (I.E., CUES STILL IN POSITION), SUMMED OVER 
FOUR RATS, AFTER INJECTION WITH (A) LORAZEPAM 

OR (B) TOFISOPAM 

(a) Vehicle 0.125 mg/kg 0.5 mg/kg 0.75 mg/kg 
100% 100% 91.3% 75.9%* 

(b) Vehicle 10 mg/kg 50 mg/kg 
100% 100%, 100% 

Trials were inserted amongst the learning trials as shown in Table 1. 
*p<0.05, Significantly different from vehicle control group; 

Fisher exact probability test on number of choices. 

and Conway [27]. The effects of tofisopam, in doses based 
on the data from the social interaction test and the holeboard 
test, were compared with those of lorazepam, a BDZ whose 
ability to cause profound amnesia in humans is well- 
documented (see [20] for review). Since tofisopam has so 
few effects in animal tests it is difficult to determine equiv- 
alent doses, but so far as was possible the doses of 
lorazepam were selected for equivalent effects in the 
holeboard test. The layout of the test situation and a dia- 
grammatic representation of  the test is shown in Fig. 1 ; for 
detailed explanation of the test, see [27]. Essentially, the test 
measures the ability of  rats to select the arm of the +-maze 
on which food reward is available, dependent on the ability 
of the rat to remember the positions of 6 cues that it could 
use to locate itself in its environment, after these cues had 
been removed. Because of the necessity for training proce- 
dures lasting several days (the rats took approximately 30 
trials to reach criterion), drug effects were investigated only 
on memory, and not on acquisition of the task. In order to 
determine the extent to which any impairment is specific to 
memory, trials testing for perceptual impairments, in which 
the cues were still in place, were interspersed between the 
memory trials. Such an interpretation would only be in- 
validated if a drug produced a profound retrograde amnesia 
that extended back for more than a week, which is most 
unlikely. 

Retrograde amnesia, even for short periods, has not been 
reported for benzodiazepines. Table 1 shows that all rats 
performed the task correctly after injection of the drug vehi- 
cle. Lorazepam (0.125-0.75 mg/kg IP) increased the number 
of  errors made during the memory trials; at the highest dose 
of lorazepam, perceptual impairments were also noted (see 
Table 2). In contrast, there were no significant impairments 
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with tofisopam (10 or 50 mg/kg IP). It is possible, therefore, 
that the failure of the tofisopam-treated rats to show higher 
social interaction scores in the familiar test arena than in the 
unfamiliar one is because the scores in the unfamiliar arena 
were not reduced because of the anxiety generated by un- 
familiarity. In other words the anxiolytic action of tofisopam 
resulted in equal amounts of social interaction regardless of 
the familiarity of the test arena. We would then have to 
propose some other independent factor acting to decrease 
the overall level of social interaction, compared with the 
controls. Such an action may be linked to the proconvulsant 
action of tofisopam. 

Dopamine Agonist/Antagonist-Like Effects o f  Tofisopam 

In contrast to the behavioural depressant actions of to- 
fisopam, as described above, under some circumstances to- 
fisopam can have stimulant properties. When administered 
acutely at very low doses (2.5 mg/kg IP), tofisopam signifi- 
cantly stimulates exploratory and locomotor activity in mice 
tested in the holeboard (Pellow and File, in preparation). 
After chronic treatment with tofisopam (30-300 mg/kg PO for 
three days), Chopin et al. [6] observed hyperactivity in mice 
24 hr after the last dose, during a 40-rain test in an activity 
meter. Although tofisopam when given alone had no signifi- 
cant effects in tests generally used to identify compounds 
having agonist activity at dopamine receptors, Chopin et al. 
[6,7] found that pretreatment with tofisopam (50 mg/kg PO) 
significantly potentiated the effects of amphetamine-induced 
stereotypy, rotation and jumping, apomorphine-induced 
stereotypy, climbing, rearing, rotation and hypothermia, 
piribedil-induced stereotypy, amineptine-induced jumping. 
Chopin et al. [7] found that lithium prevented the tofisopam- 
induced enhancement of the effects of these stimulants, 
while having no significant effect against the latter com- 
pounds alone. At higher doses, however, tofisopam has ef- 
fects that are closer to those of neuroleptics than those of 
dopamine agonist: tofisopam has been found to induce 
catalepsy in mice and rats (ED~0s respectively: 301 mg/kg 
[341; 160 mg/kg PO [53]), and Chopin et al. [7] found that 
(10-100 mg/kg PO) it significantly potentiated the catalepsy 
induced by the dopamine antagonist spiperone. This effect 
was also blocked by lithium. Tofisopam can also antagonise 
the hyperactivity produced by amphetamine and the 
stereotypy produced by apomorphine (EDs0 84 mg/kg, and 
100 mg/kg, PO, respectively [53]). These actions are similar 
to those of neuroleptics, although actions on other neuro- 
transmitter systems, e.g., serotonin and GABA, cannot be 
excluded. However, the biochemical evidence available so 
far would favour an interpretation in terms of dopaminergic 
pathways. 

B E H A V I O U R A L  EFFECTS OF TOFISOPAM IN MAN 

Clinical Studies o f  Anxiolytic Activity 

In this section tofisopam was administered orally in all 
cases. A large number of clinical studies have suggested that 
tofisopam is an effective anxiolytic in man. Csillag et al. [8] 
found that tofisopam (150-300 mg/day for 3-4 weeks) was 
effective in controlling menopausal symptoms, particularly 
nervous tension, irritability and impatience. Disturbed sleep 
patterns and day-time sleepiness were also improved. Varady 
et al. [51] report a larger multicentre open study utilising 325 
patients, in which tofisopam (150-1300 rag/day for 3 weeks) 
was also found to be an effective anxiolytic, without the 

sedative side effects that are usually observed with BDZs. In 
fact, there were reports of stimulatory effects. Molcan et al. 
[25] carried out an open evaluation in 30 patients with mixed 
anxiety-depression syndrome, and found that tofisopam (av- 
erage 158 mg/day) was effective, with minimal side effects. 
Filip et al. [14] studied the effects of tofisopam after 4 weeks 
treatment in 50 outpatients with anxiety disorders. Side ef- 
fects were minimal, but drowsiness and fatigue were often 
noted. An analysis of items from the Hamilton anxiety scale 
showed a marked effect on the 'fears' factor, which could be 
predictive of antiphobic effects. To our knowledge, the ef- 
fects of tofisopam have not yet been studied in such disor- 
ders. Goidberg and Finnerty [16] carried out a double-blind 
study with tofisopam (doses not provided), and reported that 
after 4 weeks treatment it was superior to placebo in 57 
outpatients with symptoms of anxiety and depression. Its ef- 
ficacy was particularly notable in patients with somatic diffi- 
culties. Sladka et al. [44] also reported the efficacy of to- 
fisopam (150--300 mg/day) in a double-blind study. Several 
studies have investigated the potential utility of tofisopam as 
a preoperative anxiolytic. Pakkanen et al. [29] reported that 
tofisopam (100 mg) had a significant anxiolytic effect when 
given preoperatively, that this effect was superior to that of 
nitrazepam, and that it was considerably less sedative than 
nitrazepam. Kangas et al. [ 17] reported similar findings, after 
two doses of 100 mg tofisopam. Kanto et al. [18] reported 
that under similar conditions, repeated oral doses of to- 
fisopam (100 mg/kg) produced anxiolysis without sedation, 
but with a tendency to stimulation. Unlike other BDZs, it 
had no protective properties against cardiovascular and au- 
tonomic reactions, either before or during surgery. It was 
inactive after a single dose, which suggested to them that it 
might not be appropriate to use for premedication. Consis- 
tent with the above reports showing that tofisopam lacks the 
side effects of the BDZs in man, Szobor [48] reported that 
tofisopam (150--300 mg/day for 7-28 days) had no deleterious 
effects in myasthena gravis patients, whereas tranquilisers 
with muscle relaxant properties can worsen the effects of the 
disease. 

Effects o f  Tofisopam on Human Performance 

The above studies of the clinical anxiolytic efficacy of 
tofisopam suggest that it is an effective anxiolytic compound 
that lacks the sedative and muscle relaxant side effects of the 
BDZs. In fact, several studies have reported stimulant ef- 
fects of tofisopam. To what extent do tests specifically de- 
signed to identify drug-induced impairments in performance 
support these conclusions about tofisopam? Gerevich et al. 
[15] administered tofisopam (150 mg/day for 10 days) to lorry 
drivers, in a double-blind crossover study, and reported that 
there were no deficits in their performance. In fact, better 
'behavioural functions' and concentration ability were re- 
ported. Seppala et al. [41] also reported that, unlike 
diazepam (10 rag), single and multiple doses of tofisopam 
(100 mg) produced no performance deficits (coordination, 
choice reaction time, flicker fusion, attention, memory and 
learning) in healthy volunteers. Similarly, tofisopam did not 
enhance the ethanol-induced memory impairment. Lammin- 
tausta et al. [19] showed that tofisopam (75-150 rag), in con- 
trast to diazepam (10 mg) and lorazepam (2.5 mg), did not 
impair psychomotor function (sedation, dizziness, mood- 
enhancing effects, muscle relaxation or fatigue) in volun- 
teers. Demange and Poirier [9] carried out a double-blind 
study in which they assessed the effects of tofisopam on 
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vigilance, consisting of a psychomotor test (visual pursuit) 
and a reaction time test (recognition of  luminous signals in 
peripheral vision). Tofisopam had no effect, and nor did it 
potentiate the effects of  alcohol. Bond and Lader [2] found 
that, in 12 normal volunteers, diazepam (10 mg) produced 
changes in the EEG, sedation, and impaired psychological 
performance (reaction time, finger-tapping, digit-symbol 
substitution, symbol copying tests). Tofisopam (100 or 200 
mg acutely) in no way resembled the effects of diazepam. 
Very mild stimulant effects were noted 3-5 hr after adminis- 
tration. Since the effects of diazepam were maximal 1 hr 
postdrug, they concluded that tofsopam must either have a 
slow absorption rate or an active metabolite. In faster sub- 
jects the maximum serum concentration of tofisopam was 
reached in the second hour after oral administration and the 
biological half-life was 6 hours [35]. Although a metabolite 
was mentioned, no information has been published about 
whether this is active. With chronic administration, steady 
state plasma concentrations were reached by day 3 and there 
was no evidence of subsequent drug accumulation. Maier et 
al. [21] showed that tofisopam (150 mg/day for 10 days) im- 
proved cognitive performance in anxious patients, without 
causing a psychomotor impairment. It especially improved 
logical memory and verbal reasoning. Sleep disturbances 
were noted when tofisopam was administered in the evening. 
Vigilance was increased. 

In conclusion, both clinical studies using tofisopam for 
the treatment of anxiety disorders, and studies specifcally 
designed to assess the effects of tofisopam on psychomotor 
performance, suggest that this compound, unlike typical 
1,4-BDZs (see [20] for review) produces neither sedative side 
effects nor performance impairments. In fact, several studies 
have noted that in some circumstances tofisopam can im- 
prove performance or have mild stimulant activity. 

BIOCHEMICAL EFFECTS OF TOFISOPAM 

Interactions with the GABA-Benzodiazepine  Sys tem 

Classical 1,4-BDZs are believed to produce their effects 
at specific, high-affinity binding sites in the CNS [24,45]. 
These binding sites are coupled allosterically to two further 
sites: a receptor for the neurotransmitter GABA, and a bind- 
ing site for several convulsant (picrotoxin, pentylenetet- 
razole) and anticonvulsant compounds (barbiturates, 
pyrazolopyridines). The latter site is closely linked to the 
chloride ionophore by means of which the output from this 
system is believed to be mediated (see [28]). Tofisopam, in 
contrast to clinically effective 1,4-BDZs, does not displace 
the binding of  [3H]-BDZs from their receptors in vitro or in 
vivo after administration via gastric tubing [39]; neither does 
it displace the binding of/3-carbolines [36], that have been 
classified as inverse agonists at this receptor [3]. Saano and 
Urtti [39] and Mennini et al. [23] found that, in contrast, 
tofisopam enhances the binding of BDZs to their receptors, 
both in vivo (PO or intragastrically) and in vitro, after both 
acute and chronic (6 days) [39] treatment. In this it resem- 
bles the effects of the barbiturates and other anxiolytic com- 
pounds such as the pyrazolopyridines (see [28]). Saano and 
Urtti [39] reported that this effect is characterised by an 
increase in the affinity of  the receptor for the BDZs and not 
by an elevation in the number of receptors. However, Men- 
nini et al. ([23] and [53], found that the parameter affected by 
tofisopam depended on the concentration of the drug. At low 
concentrations (100 riM) tofisopam elevated the B-max, and 
not the affinity, of BDZ binding sites for [3H]-flunitrazepam 

by 30%; at higher concentrations, however (1-10 /xM) to- 
fisopam caused a decrease in the affinity of the receptors for 
flunitrazepam, i.e., it displaced its binding. Saano [36] found 
that, in contrast to the studies using [3H]-flunitrazepam as a 
ligand, tofisopam (0.1 nM-10 /xM in vitro; 300 mg/kg 
intragastrically in vivo) did not enhance the binding of/3- 
carboline-3-carboxylic acid ethyl ester (/3-CCE) to BDZ re- 
ceptors; their hypothesis to explain this differential 
enhancement of ligands for the BDZ receptors was that to- 
fisopam is inactive at a subpopulation of BDZ receptors in 
the cerebellum at which /3-CCE has been shown to have 
preferentially high affinity. However, the functional rele- 
vance of the discovery of biochemicaily distinguishable sub- 
populations of BDZ receptors has yet to be elucidated [22]. 

Saano [37] found that tofisopam (1/~M in vitro; 300 mg/kg 
intragastrically in vivo), like classical 1,4-BDZs, enhances 
the binding of ['~H]-muscimol, a GABA receptor agonist, to 
GABA receptors. They could not distinguish between a 
change in affinity or receptor number; however, Mennini ct 
al. [23] found that tofisopam did not increase the B-max of 
GABA receptors for ['~H]-GABA. It appears that the ability 
of tofisopam to enhance the binding of BDZs and of GABA is 
not due to pharmacokinetic factors, since Mennini et al. [53] 
found that brain levels of diazepam and its metabolite des- 
methyldiazepam were unmodified by tofisopam (oral ad- 
ministration), as were concentrations of GABA in the hip- 
pocampus and cerebellum. The work of Mennini et al, [53] 
has suggested that tofisopam may bind to at least two distinct 
CNS sites. The Ki of tofisopam at the site at which it in- 
creased the binding of flunitrazepam was not affected by 
GABA. However, the low affinity binding of tofisopam to 
the BDZ receptors was, like that of the 1,4-BDZs, enhanced 
by GABA. It thus seems likely that tofisopam aGts at a site 
other than the BDZ receptor to enhance the binding of 
BDZs. Data showing that tofisopam did not potentiate the 
effects of GABA on flunitrazepam binding suggest that it 
does not act at GABA receptors; the antagonism of its ef- 
fects by the GABA antagonist bicuculline and by picrotoxin, 
and the dependence of the effect on the presence of chloride 
ions suggests that tofisopam may be acting at the picrotoxin 
site. Barbiturates also are thought to enhance the binding of 
BDZs by an action at this site (see [28]). However, the only 
study to date that has investigated the effects of tofisopam in 
displacing the binding of ligands to the picrotoxin site, has 
shown that it was only at very high concentrations (IC~0= 160 
p~M) that tofisopam was able to inhibit the binding of TBPT 
([s'~S]t-butyl bieyclophosphorothionate) to these sites [50]. 
These effects were also antagonised by the atypical BDZ Ro 
5-4864, which, in addition to high-affinity binding at 
peripheral-type BDZ sites [4,40] may also have activity at 
the picrotoxin sites [30,31]. 

In 1977, Braestrup and Squires [4] discovered two differ- 
ent classes of BDZ binding sites: one corresponding to that 
described above in the CNS; another found in peripheral 
tissues, e.g., kidney, heart, lung. The latter sites could be 
characterised by the high-affinity binding of the atypical 
1,4-BDZ [3H]-Ro 5-4864, which has very little affinity for the 
CNS type of BDZ receptor. The peripheral-type BDZ site 
has now been found in the CNS [30] as well as in a wide 
range of peripheral tissues (see [30,31] for reviews). It was 
found [43] that tofisopam displaced BDZ binding to human 
serum albumin, in contrast to its inability to displace BDZ 
binding in the CNS. It is likely that these are peripheral-type 
BDZ binding sites. It would therefore be of interest to de- 
termine whether tofisopam can displace [3H]-Ro 5-4864 in 



IS TOFISOPAM AN ATYPICAL ANXIOLYTIC? 225 

peripheral and brain tissues. Although the functional rele- 
vance of these sites is unclear [30,31] it is possible that some 
of the pharmacological characteristics of tofisopam may be 
explicable by an action at these sites. 

Interactions With Dopamine Systems 

Studies investigating the interactions of tofisopam with 
brain dopamine systems have been few, but have provided 
some indication of a biochemical basis for the behavioural 
interactions of this compound with dopamine agonists and 
antagonists, that were noted in a previous section. These 
studies can be classified in terms of whether dopamine 
agonist- or antagonist-like effects were observed. Only one 
study has shown clear agonist-like effects of tofisopam: at a 
concentration of 10/zM in vitro, tofisopam caused a clear 
inhibition of high-affinity glutamate and GABA uptake in the 
striatum comparable to that obtained by activation of 
dopamine receptors. These effects were antagonised by hal- 
operidol [53]. These effects could parallel the dopamine 
agonist-like effects of tofisopam at low doses in behavioural 
tests. Many more studies have shown dopamine antagonist- 
like effects of tofisopam. Although in vitro tofisopam had no 
effects on the binding of [3H]-spiroperidol to striatal 
dopamine receptors (up to 100 /xM), in vivo (PO), in the 
mouse tofisopam dose-dependently enhanced the binding of 
this antagonist. In vivo in the rat, at high doses (30-300 mg/kg 
PO) tofisopam caused a neuroleptic-like activation of 
tyrosine hydroxylase (the dopamine synthesising enzyme) in 
the striatum, an effect such as would be produced by block- 
ade of dopamine receptors [53]. At 5-30 mg/kg PO tofisopam 
had neuroleptic-like effects on dopamine turnover, i.e., it 
activated turnover, assessed by the ratio of dopamine to 
DOPAC levels in the striatum [53]. These results therefore 
parallel the dopamine antagonist-like behavioural properties 
of tofisopam at high doses. 

These effects of tofisopam on dopamine systems con- 
trasts with those of 1,4-BDZs. The latter compounds tend to 
act simply as inhibitors of brain dopaminergic systems (e.g., 
[1,47]) and do not possess the low-dose agonist-like effects of 
tofisopam. What is the mechanism of action of tofisopam on 
dopamine systems? Chopin et al. [6,7] have proposed that 
tofisopam induces a rapid supersensitisation of dopamine re- 
ceptors, comparable to that observed after chronic treatment 
with haloperidol. This conclusion was supported by the abil- 
ity of lithium to prevent the enhancement by tofisopam of the 
behavioural effects of dopamine receptor ligands without af- 
fecting the activity of the latter drugs when given alone, 
since lithium is able to block receptor supersensitivity in- 
duced by neuroleptics. However, this explanation cannot 
account for the biphasic effect of tofisopam, and its ability at 
higher doses to enhance the effects of dopamine antagonists. 
Chopin et al. proposed that at the same time as inducing 
dopamine receptor supersensitivity (reflected by an increase 
in receptor number) tofisopam might also increase the affin- 
ity of the receptors for antagonists. Further studies are 
clearly necessary to clarify this question. 

DISCUSSION 

Tofisopam has been shown, in several studies in man, to 
be an effective anxiolytic compound, in various kinds of anx- 
iety disorders. In contrast to classical 1,4-BDZs, however, 
tofisopam does not appear to possess subjective sedative or 
muscle relaxant side effects. Some studies have even re- 

ported mild stimulatory effects and improvements in per- 
formance. Psychopharmacological tests in animals have also 
quite clearly demonstrated that tofisopam does not possess 
pharmacological characteristics typical of other anxiolytic 
compounds, displaying no clear activity in animal tests of 
anxiety or anticonvulsant activity, whilst being capable of 
enhancing the effects of diazepam in these situations. In con- 
trast, tofisopam possesses proconvulsant activity. To- 
fisopam also interacts with brain dopamine systems in quite 
different ways from 1,4-BDZs, possessing mild dopamine 
agonist-like properties at low doses as well as antagonist-like 
properties at higher doses. 

To what extent are the behavioural properties of to- 
fisopam predictable from its biochemical effects? An obvi- 
ous site of action for an anxiolytic compound is the GABA- 
BDZ receptor complex in the CNS. As discussed in detail 
above, the effects of tofisopam at this site are complex. At 
least at low concentrations, direct activity at BDZ or GABA 
receptors can be excluded. A possible hypothesis, supported 
by several of the biochemical studies, is that tofisopam 
enhances the effects of BDZs by an action at the picrotoxin 
site similar in nature to that of barbiturates and of 
pyrazolopyridines like tracazolate. However, barbiturates 
have intrinsic anxiolytic and anticonvulsant efficacy in 
animals, when given alone, which tofisopam lacks. A further 
potential site of action is the BDZ peripheral-type binding 
site; however, the functional significance of these sites is at 
present unclear, and so it is not possible to indicate to what 
extent such an action could account for the behavioural 
profile of tofisopam. A question of considerable interest is to 
what extent the other behavioural actions of tofisopam, par- 
ticularly clinically, can be correlated with its activity at 
dopamine systems. For example, the stimulatory and 
mood-elevating effects and the improved performance 
sometimes observed parallel those seen after treatment with 
dopamine agonists like amphetamine. 

At this stage, an interesting parallel can be drawn be- 
tween the behavioural and biochemical properties of to- 
fisopam and those of a new putative anxiolytic compound, 
buspirone. Buspirone has also been reported to possess clin- 
ical anxiolytic activity without sedative side effects (see 
[49]). Similarly, buspirone lacks efficacy in several animal 
tests of anxiety [11,32] and has proconvulsant properties 
[10]. Buspirone also enhances the binding of BDZs to their 
receptors [26], an effect believed to be mediated through a 
picrotoxin-sensitive site (see [10]). Like tofisopam, bus- 
pirone has certain neuroleptic-like properties (elevation of 
DOPAC levels, antagonism of apomorphine-induced stereo- 
typy) and also certain dopamine agonist-like properties (see 
[49]). One proposal about the mechanism of action of bus- 
pirone is that it may act as a presynaptic dopamine receptor 
antagonsit, affecting autoregulation of the receptors; such a 
hypothesis has also been proposed to account for the effects 
of tofisopam [42]. 

The parallels between the behavioural and biochemical 
effects of tofisopam and buspirone suggest that these com- 
pounds may be members of a class of anxiolytic compounds 
quite different in nature from classical anxiolytics like the 
1,4-BDZs. The anxiety relief produced by these compounds 
would appear to be unassociated with sedative or muscle 
relaxant effects, and to be accompanied by mild stimulator3, 
or mood enhancing effects. These latter effects raise the in- 
teresting possibility that compounds like tofisopam and 
buspirone reduce anxiety by improving the ability of patients 
to cope with daily tasks, in contrast to classical ben- 
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zod iazep ines ,  the  effects  of  wh ich  are  t ranqui l is ing.  Al- 
t hough  it is no t  poss ib le  at  p r e sen t  to d raw c lear  paral lels  
b e t w e e n  the  behav ioura l  ef fects  of  these  c o m p o u n d s  and  
the i r  b iochemica l  effects ,  it would  seem f rom the  prof i les  of  
bo th  to f i sopam and  b u s p i r o n e  tha t  act ivi ty  at  bo th  B D Z  and  
d o p a m i n e  sys t ems  is a charac te r i s t i c  par t  of  this  nove l  
anxiolyt ic  profile.  The  inabil i ty  of  cu r r en t  p s y c h o p h a r -  
macologica l  tes t  p r o c e d u r e s  in an imals  to ident i fy  the  

anxioly t ic  effects  of  these  drugs  suggests  tha t  there  may be a 
means  of  reduc ing  anxie ty  in man to which  our  an imal  tests  
of  anx ie ty  are insens i t ive .  
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