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BALDWIN, H. A. AND S. E. FILE. Caffeine-induced anxiogenesis: The roh, of adenosine, benzodiazepine and norad- 
renergic receptors. PHARMACOL BIOCHEM BEHAV 32(1) 181-186, 1989.--The purpose of this study was to determine 
the mechanism by which caffeine increases anxiety. Rats were tested in the social interaction test of anxiety after 
administration of caffeine (20 or 40 mg/kg) alone or in combination with various compounds. In order to investigate the role 
ofadenosine receptors, caffeine was given in combination with 2-chloroadenosine (0. I and 1 mg/kg). To investigate the role 
of benzodiazepine receptors, chlordiazepoxide (5 mg/kg), a benzodiazepine antagonist, flumazenil (RO 15-1788, 1 and 10 
mg/kg) and a triazolobenzodiazepine U-43,465 (32 mg/kg) were used. Finally, an az-receptor agonist, clonidine (0.1 and 
0.025 mg/kg) and a/3-adrenoceptor antagonist, DL-propranolol (5 mg/kg), were used to study the role of noradrenergic 
systems in the effects of caffeine. Caffeine (20 and 40 mg/kg) reduced the time spent in social interaction and this effect was 
antagonized by chlordiazepoxide, U-43,465 and DL-propranolol, but not by flumazenil, 2-chloroadenosine or clonidine. It 
was therefore concluded that the anxiogenic effect of caffeine was unlikely to be due to its effects at adenosine or 
benzodiazepine receptors. It is suggested that the reversal of caffeine's effects by chordiazepoxide may have been "func- 
tional," i.e., merely a cancellation of two opposite effects. It is discussed whether the reversal of caffeine's effects by 
propranolol and U-43,465 are functional, or reflect a noradrenergic site of action. 

Caffeine Anxiety Adenosine Benzodiazepine Noradrenergic 

IN healthy volunteers the methylxanthine caffeine increases 
anxiety, nervousness and tenseness (4, 23, 30), decreases 
fine motor coordination (23), but improves performance in 
various learning and cognitive function tests (13). Uhde et al. 
(30) found that 240-720 mg of caffeine significantly increased 
anxiety in normal healthy adults and at the highest dose 
produced panic attacks in some volunteers. Caffeine 
produced significantly greater increases in anxiety in pa- 
tients suffering from panic disorder compared with healthy 
volunteers (7) and an unusually high number of patients suf- 
fering from panic disorder were found to have discontinued 
coffee consumption due to its unpleasant psychological ef- 
fects (30). Caffeine has also been shown to be anxiogenic in 
rats (i ,  11, 12, 25). 

There is evidence that caffeine acts at several different 
sites in the central nervous system (20). In vitro caffeine 
binds to central adenosine receptors (Ki 50 tzM) (3) and there 
is also evidence that it binds to benzodiazepine (BDZ) recep- 
tors (Ki 270 IzM) (26, 27, 31). In addition, caffeine increases 
brain synthesis and release of noradrenaline (8). 

In this study we have investigated the effect of caffeine in 
the rat, using the social interaction test of anxiety (10). In 
this test, benzodiazepines (BDZs) increase social interaction 
whilst anxiogenic compounds such as the /3-carboline FG 

7142, pentylenetetrazol (FFZ) and yohimbine reduce social 
interaction. The BDZ, chiordiazepoxide (CDP), antagonized 
the effect of FG 7142 (17) and PTZ (14) in this test, but was 
unable to antagonize the effect of yohimbine (24). The ben- 
zodiazepine antagonist, flumazenil (Ro 15-1788), only antag- 
onized the effect of FG 7142 (16,17). It is thought that FG 
7142 acts via BDZ binding sites whilst PTZ acts via the pic- 
rotoxin site on the GABA/BDZ receptor complex. The re- 
duction of social interaction by yohimbine is reversed by 
clonidine (24), suggesting that its anxiogenic effects are 
mediated via a2-receptors. Recently, a new class of BDZs, 
the triazolobenzodiazepines, have been developed. Two of 
these compounds, adinazolam and U-43,465, are able to an- 
tagonize the effects of FG 7142, PTZ and yohimbine in the 
social interaction test (19). 

It has previously been demonstrated that caffeine 
produces an anxiogenic-like response in the social interac- 
tion test, i.e., it reduces the time spent in social interaction 
(1, 11, 12). The following experiments were designed to de- 
termine the neurochemical site by which caffeine mediates 
its anxiogenic effects. In order to see if these effects of caf- 
feine are mediated by its actions at adenosine receptors we 
have attempted to reverse them with 2-chloroadenosine 
(2-CA) (0.1 and 1 mg/kg), an adenosine receptor agonist. 
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T A B L E  1 

MOTOR ACTIVITY (MEAN _+ SEM) FOR PAIRS OF RATS IN THE 
SOCIAL INTERACTION TEST (n=NUMBER OF PAIRS OF RATS) 

Drug Treatment n Motor Activity 

2 x control 8 970.9 _+ 55.2 
caffeine (40 mg/kg) and control 8 909.6 _+ 39.1 
2-CA (0.1 mg/kg) and control 7 974.1 -+ 32.7 
2-CA (1 mg/kg) and control 8 672.6 _+ 42.7* 
caffeine (40 mg/kg) and 7 916.4 +_ 32.0 

2-CA (0.1 mg/kg) 
caffeine (40 mg/kg) and 8 877.1 ± 57.8 

2-CA (1 mg/kg) 

2 x control 8 466.9 ± 45.9 
caffeine (20 mg/kg) 8 535.0 _+ 20.6 
caffeine (40 mg/kg) and control 8 487.2 ± 20.3 
CDP (5 mg/kg) and control 7 332.6 ± 34.8* 
caffeine (20 mg/kg) and 8 418.0 ± 55.5 

CDP (5 mg/kg) 
caffeine (40 mg/kg) and 7 430.4 ± 31.3 

CDP (5 mg/kg) 

2 x control 9 972.0 ± 16.6 
caffeine (40 mg/kg) and control 8 1006.6 _+ 21.4 
flumazenil (1 mg/kg) and control 8 945.3 ± 31.6 
flumazenil (10 mg/kg) and 8 917.8 _+ 36.8 

control 
caffeine (40 mg/kg) and 8 931.4 :t- 45.4 

flumazenil (1 mg/kg) 
caffeine (40 mg/kg) and 8 987.6 ± 54.9 

flumazenil (10 mg/kg) 

2 × control 15 482.4 _~ 21.1 
caffeine (40 mg/kg) and control 15 478.3 .~. 24.6 
U-43,465 (32 mg/kg) and control 6 259.3 ~- 31.8 + 
caffeine (40 mg/kg) and 8 399.4 + 32.2 

U-43,465 (32 mg/kg) 

2 x control 7 728.0 _+ 44.6 
caffeine (20 mg/kg) and control 8 744.5 +- 26.2 
clonidine (0.01 mg/kg) and 8 425.8 +- 31.1+ 

control 
clonidine (0.025 mg/kg) and 8 275.4 ~_ 32.9+ 

control 
clonidine (0.01 mg/kg) and 7 501.3 '- 23.9t 

caffeine (20 mg/kg) 
clonidine (0.025 mg/kg) and 8 334.4 -~ 26.8t 

caffeine (20 mg/kg) 

2 x control 9 555.9 ± 30.1 
caffeine (40 mg/kg) and control 9 510.3 ± 30.7 
propranolol (5 mg/kg) and 7 610.6 ± 53.0 

control 
propranolol (10 mg/kg) and 7 620.6 ± 27.2 

control 
caffeine (40 mg/kg) and 7 612.6 ± 21.7 

propranolol (5 mg/kg) 
caffeine (40 mg/kg) and 7 638.7 + 28.2 

propranolol (10 mg/kg) 

Significantly different from controls: *p<0.05: -p<0.01. 
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FIG. 1. Mean time (sec) spent in active social interaction by pairs of 
rats after administration of caffeine (40 mg/kg) and 2-chloroadeno- 
sine (0.1 and 1 mg/kg). Means have been adjusted after ANCOVA, 
see text for statistical details. 

These  doses  were  c h o s e n  on  the basis  of  a p rev ious  s tudy 
where  caffe ine an tagon ized  the effects  of  2-CA on m o t o r  
act ivi ty and play f ighting in juven i le  ra ts  (21). To inves t iga te  
the role of  benzod iazep ine  recep tors ,  we have  used chlor-  
d iazepoxide  (CDP) (5 mg/kg), a benzod i azep ine  an tagonis t ,  
f lumazeni l  (1 and  10 mg/kg) and  the t r i azo ioBDZ,  U-43,465 
(32 mg/kg) in comb ina t i on  wi th  caffeine.  Finally,  we have  
examined  the role o f  noradrenerg ic  sys t ems  by s tudying  the 
effect  of  caffe ine in comb ina t i on  wi th  an  c~z-receptor agonis t ,  
c lonidine  (0.01 and 0.025 mg/kg) and  a /3-adreno- 
cep to r  an tagon is t ,  DL-proprano lo l  (5 and 10 mg/kg). 

METHOD 

Animals 

Male hooded  Lis ter  rats  (Olac Ltd. ,  Bices ter .  U .K. )  
weighing 180-300 g were  housed  in a room with  an l l - h r  
l ight:13-hr dark  cycle  and a l lowed free access  to food and  
water ,  

Drug Treatment 

The  drug t r e a t m e n t s  are shown in Table  1. All in ject ions  
were  appl ied in t raper i tonea l ly  (IP) in a vo lume of  2 ml/kg. 
Each  rat  rece ived  two inject ions ,  and  all drugs  were  g iven  30 
minu tes  before  tes t ing  excep t  for f lumazeni l  which  was g iven  
20 rain before  the test .  

Caffeine (Sigma),  2 -ch lo roadenos ine  (Sigma),  CDP  
(Roche  Produc ts  Ltd.) ,  c lonidine  (Sigma),  DL-proprano lo l  
(Sigma) and  U-43,465 [8-ch loro- l - (2- (d imethylamino)e thyl ) -  
6 -phenyl -4H-s- t r iazo lo(4 ,3-a) (1 ,4)benzodiazepine  (UpJohn) ]  
were  all d i sso lved  in disti l led water .  F lumazen i l  (RO 15- 
1788) ( H o f f m a n n - L a  Roche)  was suspended  in disti l led wa te r  
using two drops  of  T w e e n  20 fol lowed by sonica t ion  in an 
u l t rasonic  wa te r  ba th  for  10 rain. Con t ro l s  rece ived  vehicle  
only.  

Apparatus 

The tes t  a r ena  was dimly-li t  (56.5 rad iomet r ic  lux) 
w o o d e n  box ,  6 0 x 6 0 x 3 5  cm. Moto r  act ivi ty  was measu red  
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FIG. 2. Mean time (sec) spent in active social interaction by pairs of rats 'after administration of caffeine (20 or 40 mg/kg) in combination with drugs 
acting at the BDZ receptors: Left--CDP (5 mg/kg): middle--flumazenil (1 and 10 mg/kg); right--U-43,465 (32 mg/kg). For the CDP and 
U-43,465 experiments, means have been adjusted for ANCOVA. For the flumazenil experiment values are actual means (_+SEM). See text for 
statistical details. 

by the breaking of infrared photobeams positioned 4.5 cm 
from the floor. A camera was mounted vertically over the 
box and the rats were observed on a monitor in an adjacent 
room. A video recording of each trial was made to permit 
rescoring. The time spent in social interaction was scored using 
keyboards linked to a Control Universal microcomputer. 

Procedure 

The rats were allocated to pairs on the basis of weight 
(---I0 g). Both members of a pair always received the same 
drug treatment. Two days before testing, pairs of rats were 
placed into the test arena for 7.5 min, and the day before 
testing rats spent 7.5 rain in the arena alone. Thus, the rats 
were familiar with both the apparatus and their partner. 

On the test day, pairs of rats were placed into the arena 
for 7.5 min. The duration of the following behaviours were 
scored by an independent observer who was blind to the 
drug treatment: sniffing, following, grooming, mounting, 
boxing, wrestling, kicking or pushing the partner. Passive 
body contact (when the rats were sitting or lying in contact 
with each other, but without interacting) was scored sepa- 
rately. At the end of each trial the box was thoroughly wiped 
clean with a damp cloth. Rats were tested in an order ran- 
domized for drug treatment between 08.00 and 13.00 hr. 

In this test anxiolytic drugs increase, and anxiogenic 
drugs decrease, the time spent in social interaction inde- 
pendent of any effect on motor activity (9,10). 

Statistical Analyses 

For the social interaction test, time spent in social inter- 
action and motor activity was analyzed using analysis of 
variance (ANOVA). If there was a significant change in 
motor activity, analysis of covariance (ANCOVA) was used, 
with social interaction as the dependent variable and motor 
activity as the covariate, to see whether any change in social 
interaction was independent of the change in motor activity. 

These were followed, where appropriate, by Duncan's Mul- 
tiple Range post hoc tests. 

RESULTS 

Ly]'ects o f  Caffi, ine Ahme 

In all 6 experiments caffeine significantly decreased time 
spent in active social interaction shown by a significant caf- 
feine factor (ANCOVA p<0.05). Since, in the first experi- 
ment (with CDP), both doses of caffeine (20 and 40 mg/kg) 
were equally effective (see Fig. 1), only one dose of caffeine 
was used for the rest of the study. 

In 5 of the experiments caffeine (20 or 40 mg/kg) had no 
significant effect on the motor activity of the pairs of rats. In 
the U-43,465 experiment there was a significant caffeine fac- 
tor [ANOVA, F(1,40)=5.6, p<0.05], however post hoc 
analysis showed that caffeine (40 mg/kg) had not significantly 
reduced motor activity compared with controls. 

2-Chloroadenosine 

2-CA (0.1 and 1 mg/kg) had no significant effect on social 
interaction and nor did it reverse the effects of caffeine, i.e., 
there was no significant caffeine × 2-CA interaction (see 
Fig. 1). 

2-CA (1 mg/kg) significantly reduced motor activity 
[ANOVA, F(2,40)=9.1, p<0.001, followed by Duncan's  
tests: p<0.01]. There was a significant interaction factor for 
caffeine and 2-CA [ANOVA, F(2,40)=5.6,p<0.01], showing 
that caffeine (40 mg/kg) had significantly antagonized the 
decrease in motor activity produced by 2-CA (1 mg/kg) (see 
Table 1). 

CI)P 

CDP (5 mg/kg) produced a significant increase in time 
spent in active social interaction [ANCOVA, F(I,39)=8.7, 
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FIG. 3. Mean time (sec) spent in active social interaction by pairs of rats after administration of 
caffeine (40 mg/kg) in combination with drugs acting at noradrenergic receptors: Left clonidine 
(0.01 and 0.025 mg/kg); right--DL-propranolol (5 and 10 mg/kg). Means have been adjusted after 
ANCOVA, see text for statistical details. 

p<0.01]. CDP (5 mg/kg) significantly reversed the decrease 
in social interaction produced by the low dose of  caffeine (20 
mg/kg) (Duncan's tests: p<0.05) (see Fig. 2). However,  there 
was no significant caffeine x CDP interaction suggesting that 
the effects of caffeine and CDP were simply additive. 

CDP (5 mg/kg) produced a significant decrease in motor 
activity compared with controls [ANOVA, F(1,40)=11.3, 
p<0.01,  followed by Duncan's  tests: p<0.05] (see Table 1). 
There was no caffeine × CDP interaction for motor activity. 

Flumazenil 

Flumazenil had no significant effect on time spent in so- 
cial interaction or motor activity. The caffeine x RO 15-1788 
interactions were not significant (see Fig. 2 and Table I). 

U-43,465 

U-43,465 (32 mg/kg) had no significant effect on social 
interaction. However there was a significant caffeine × 
U-43,465 interaction [ANCOVA, F(1,39)=4.9, p<0.05],  
showing that U-43,465 was able to significantly reverse the 
decrease in social interaction caused by caffeine (40 mg/kg) 
(see Fig. 2). 

U-43,465 (32 mg/kg) produced a significant decrease in 
motor activity compared with controls [ANOVA, 
F(1,40)=27.7, p<0.0001, followed by Duncan's tests: 
p<0.01].  There was a significant caffeine × U-43,465 in- 
teraction [ANOVA, F(1,40)=6.3, p <0.05] showing that caf- 
feine (40 mg/kg) significantly antagonized the decrease in 
motor activity produced by U-43,465 (see Table 1). 

Clonidine 

Clonidine (0.1 and 0.025 mg/kg) significantly reduced so- 
cial interaction compared with controls [ANCOVA, 
F(2,39)=3.5, p<0.05,  followed by Duncan's  tests: p<0.01 
for both doses]. There was no caffeine x clonidine interaction. 

Clonidine (0.01 and 0.025 mg/kg) significantly decreased 
motor activity compared with controls [ANOVA, F(2,40)= 

97.2, p<0.0001, followed by Duncan's tests: p<0.01 for both 
doses]. There was no caffeine × clonidine interaction for 
motor activity. 

l)L-Propranoh)l 

The higher dose of propranolol (10 mg/kg) significantly 
increased social interaction compared with controls (Dun- 
can's: p<0.05),  whilst the lower dose (5 mg/kg) had no ef- 
fect. The decrease in social interaction produced by caffeine 
(40 mg/kg) was antagonized by the lower dose of propranolol 
(5 mg/kg), indicated by a significant caffeine x propranolol 
interaction [ANCOVA, F(2,39)=4.4, p <0.05]. However,  the 
higher dose of propranolol (10 mg/kg) did not antagonize this 
effect (see Fig. 3). 

Propranolol (5 and 10 mg/kg) had a significant effect on 
motor activity [ANOVA, F(2,40)=4.7, p <0.05], but post hoc 
comparisons showed that the motor activity scores for 
groups treated with propranolol were not significantly differ- 
ent from controls (see Table 1). 

D I S C U S S I O N  

In this study, we have further investigated the effects of 
caffeine in the social interaction test of  anxiety. In accord- 
ance with previous findings, caffeine consistently decreased 
the time spent in active social interaction in this test inde- 
pendently of  any effect on motor activity (1, 11, 12). In this 
test, drugs that increase anxiety in man, such as FG 7142, 
PTZ and yohimbine, produce decreases in social interaction 
(16, 17, 19, 24). Thus, caffeine exhibits an anxiogenic profile 
in the social interaction test. This is consistent with several 
reports that caffeine increases levels of  anxiety in man (4, 23, 
31). The aim of  this study was to attempt to determine the 
critical site(s) of action responsible for this anxiogenesis. In 
order to do this, pairs of  rats were tested after administration 
of  caffeine in combination with various other centrally acting 
compounds. 

Caffeine is known to bind to central adenosine receptors 
(3) and it has been suggested that caffeine's stimulant prop- 
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erties are mediated by its antagonist activity at adenosine 
receptors (29). In order to see whether caffeine's anxiogenic 
properties are due to an interaction with these receptors,  we 
investigated the effect of  an adenosine receptor agonist, 
2-chloroadenosine (2-CA). 2-CA (0.1 and 1 mg/kg) had no 
effect on social interaction alone and did not antagonize the 
decrease in social interaction produced by caffeine (40 
mg/kg). However,  2-chloroadenosine (1 mg/kg) significantly 
reduced motor activity in this test and this was completely 
reversed by caffeine (40 mg/kg). Thus, although there is no 
direct evidence that 2-CA has central effects, caffeine antag- 
onized its effects on motor activity and has previously been 
demonstrated to reverse its effects on play fighting in 
juvenile rats (21). These interactions suggest that 2-CA 
achieves sufficient quantities in the brain to compete with 
caffeine for adenosine receptors. Thus, our results on social 
interaction suggest that the anxiogenic properties of  caffeine 
are not mediated at adenosine receptors. 

Caffeine is known to have some affinity for BDZ recep- 
tors and it is posible that its ability to increase anxiety may 
be linked to this. We therefore investigated the effect of  
administration of  the BDZ, chlordiazepoxide, in combina- 
tion with caffeine. CDP (5 mg/kg) significantly reversed the 
decrease in social interaction produced by the lower dose of 
caffeine (20 mg/kg), whilst only partially reversing the effects 
of  the higher dose of  caffeine (40 mg/kg). However CDP (5 
mg/kg), alone, significantly increased social interaction, 
therefore the reversal could have been merely "funct ional ,"  
i.e., a cancellation by two drugs with opposing behavioural 
effects. Therefore, to further investigate the role of  the BDZ 
receptor we investigated the effect of the BDZ antagonist, 
flumazenil, during caffeine-induced anxiogenesis. Surpris- 
ingly, flumazenil (1 and 10 mg/kg) had no effect on social 
interaction alone, although it has previously been found to be 
anxiogenic at the higher dose (15). Neither dose of 
flumazenil was able to reverse the anxiogenic effect 
produced by caffeine (40 mg/kg). This finding suggests that 
the increased anxiety produced by caffeine is not produced 
by its ability to bind BDZ receptors,  and therefore CDP's  
partial reversal of  this effect may have merely been a "func- 
t ional" reversal. 

The triazoloBDZ, U-43,465 (32 mg/kg), had no effect on 
social interaction alone but significantly antagonized the re- 
duction in social interaction produced by caffeine (40 mg/kg). 
As well as antagonizing the anxiogenic effects of compounds 
acting at the GABA/BDZ receptor complex, U-43,465 has 
been shown to antagonize the anxiogenic effects of the a2- 
adrenoceptor  antagonist yohimbine (19). Although U-43,465 
had no effect on social interaction alone in this experiment,  a 
lower dose (16 mg/kg) has been shown to be anxiolytic in the 
social interaction test (18). Therefore, it is possible that the 
ability of U-43,465 to antagonize the anxiogenic effects of  
caffeine and yohimbine is due to its anxiolytic properties,  
i.e., these were only "funct ional"  reversals. Yohimbine 

markedly increases noradrenaline release and it has been 
suggested that this is the mechanism by which yohimbine 
increases anxiety in humans (5,6). There is some evidence 
that caffeine increases brain synthesis and release of norad- 
renaline (8). There is evidence that alprazolam, another 
triazolobenzodiazepine, has o~-adrenergic receptor agonist 
activity (9) and has some effects at fl-adrenergic receptors 
(28), in addition to their actions at BDZ receptors. This may 
also be the case for other triazolobenzodiazepines such as 
U-43,465. Thus, the ability of U-43,465 to antagonize caf- 
feine may be due to these effects of  noradrenergic receptors. 

To further investigate the possibility that caffeine in- 
creases anxiety by an effect on noradrenergic function, the 
a2 agonist, clonidine and the /3-blocker, DL-propranolol 
were used. Whilst reducing social interaction alone, 
clonidine (0.01 and 0.025 mg/kg) did not reverse the 
anxiogenic effect of caffeine. However,  we recently showed 
that the a2-biocker yohimbine could reverse the effects of 
caffeine in this test (2). The results obtained with the two 
doses of propranolol (5 and 10 mg/kg) were conflicting. The 
lower dose of  propranolol (5 mg/kg) had no effect in this test 
alone, but antagonized the decrease in social interaction 
produced by caffeine (40 mg/kg). However,  the higher dose 
of propranolol (10 mg/kg) significantly increased social inter- 
action and did not reverse the decrease produced by caf- 
feine. Previous experiments showed that propranolol had no 
effect in the social interaction test (I 1). Thus, the anxiolytic 
effect of  the higher dose of  propranolol (10 mg/kg) is difficult 
to interpret. However,  the fact that the lower dose of pro- 
pranolol (5 mg/kg) did not increase social interaction alone, 
suggests that this was not merely a "funct ional"  reversal. 
Thus, the results with the lower dose of  propranoiol and our 
previous findings with yohimbine (2) suggest a role for 
noradrenergic systems in caffeine's ability to increase anx- 
iety. Interestingly, the discriminative stimulus produced by 
caffeine can be antagonized with propranoiol and yohimbine 
but not with clonidine (22). 

In conclusion, the results with 2-CA and flumazenil 
suggest that the anxiogenic effects of  caffeine are not 
mediated by its actions at adenosine or BDZ receptors. Pro- 
pranolol and U-43,465 were able to antagonize the effects of 
caffeine to some extent. The possibility that these were 
merely "funct ional"  reversals cannot be ruled out com- 
pletely. However,  in conjunction with the ability of yohim- 
bine to reverse caffeine, these data suggest a role for norad- 
renergic systems in caffeine-induced anxiogenesis. 

ACKNOWLEDGEMENTS 

S.E.F. is a Wellcome Trust Senior Lecturer and H.A.B. is sup- 
ported by an SERC CASE award. We would like to thank Peter 
Mabbutt, Jackie Walker and Peter Curry for their expert technical 
assistance. 

REFERENCES 

I. Baldwin, H. A.; File, S. E.; Johnston, A. L.; Wilks, L. J. An 
investigation of the acute, chronic and withdrawal effects of 
caffeine on anxiety, exploration and convulsions in the rat. Soc. 
Neurosci. Abstr. 12:906; 1986. 

2. Baldwin, H. A.; Johnston, A. L.; File, S. E. Differential effects 
of caffeine and yohimbine in 3 animal tests of anxiety. Eur. J. 
Pharmacol. 159:211-216; 1989. 

3. Boulenger, J. P.; Patel, J.; Post, R. M.; Parma, A. M.; Maran- 
gos, P. J. Chronic caffeine consumption increases the number of 
brain adenosine receptors. Life Sci. 32:1135--I 142; 1983. 

4. Charney, D. S.; Galloway, M. P.; Heninger, G. R. The effects 
of caffeine on plasma MHPG, subjective anxiety, autonomic 
symptoms and blood pressure in healthy humans. Life Sci. 
35: 135-144; 1984. 



186 B A L D W I N  A N D  F I L E  

5. Charney, D. S.; Heninger, G. R.: Breier, A. Noradrenergic 
function in panic anxiety: effects of yohimbine in healthy sub- 
jects and patients with agoraphobia and panic disorder. Arch. 
Gen. Psychiatry 41:751-763; 1984. 

6. Charney, D. S.; Heninger, G. R.; Redmond, D. E. Yohimbine 
induced anxiety and increased noradrenergic function in hu- 
mans: effects of diazepam and clonidine. Life Sci. 33:19-29 
1983. 

7. Charney, D. S.; Heninger, G. R.; Jatlow, P. I. Increased 
anxiogenic effects of caffeine in panic disorders. Arch. Gen. 
Psychiatry 42:233-243; 1985. 

8. Corrodi, H.; Fuxe, K.; Johnsson, G. Effects of caffeine on cen- 
tral monoamine neurons. J. Pharm. Pharmacol. 24:155-158: 
1972. 

9. Eriksson, E.; Carlsson, M.; Nilsson, C.; Soderpalm, B. Does 
alprazolam, in contrast to diazepam, activate a~-adrenoceptors 
involved in the regulation of rat growth hormone secretion? Life 
Sci. 38:1491-1498; 1986. 

10. File, S. E. The use of social interaction as a method for detect- 
ing anxiolytic activity of chlordiazepoxide-like drugs. J. 
Neurosci. Methods 2:219-238; 1980. 

11. File, S. E.; Hyde, J. R. G. A test of anxiety that distinguishes 
between the actions of benzodiazepines and those of other 
minor tranquilisers and of stimulants. Pharmacol. Biochem. Be- 
hav. 11:65--69; 1979. 

12. File, S. E.; Baldwin, H. A.; Johnston, A. L.; Wilks, L. J. Be- 
havioral effects of acute and chronic administration of caffeine 
in the rat. Pharmacol. Biochem. Behav. 30:809-815; 1988. 

13. File, S. E.; Bond, A. J.; Lister, R. J. Interaction between effects 
of caffeine and lorazepam in perlbrmance tests and self-ratings. 
J. Clin. Psychopharmacol. 2:102-106; 1982. 

14. File, S. E.; Lister, R. G. Do the reductions in social interaction 
produced by picrotoxin and pentylenetetrazole indicate 
anxiogenic actions? Neuropharmacology 23:793-796; 1984. 

15. File, S. E.; Lister, R. G.; Nutt, D. J. Intrinsic actions of ben- 
zodiazepine antagonists. Neurosci. Lett. 32:165-168; 1982. 

16. File, S. E.; Pellow, S. Does the benzodiazepine antagonist RO 
15-1788 reverse the actions of picrotoxin and pentylenetetrazole 
on social and exploratory behaviour? Arch. Int. Pharmacodyn. 
277:272-279; 1985. 

17. File, S. E.; Pellow, S. The anxiogenic action of I'G 7142 in the 
social interaction test is reversed by chlordiazepoxide and RO 
15-1788 but not by CGS 8216. Arch. Int. Pharmacodyn. 
271:198-204; 1984. 

18. File, S. E.; Pellow, S. "lhe effects of triazolobenzodiazepines in 
two animal tests of anxiety and in the holeboard. Br. J. Phar- 
macol. 86:729-735; 1985. 

19. File, S. E.; Pellow, S. Triazolobenzodiazepines antagonize the 
effects of anxiogenic drugs mediated at three different central 
nervous system sites. Neurosci. Lett. 61:115-119: 1985. 

20. Gould, R. J.; Murphy, K. M. M.; Katims, J. J.; Snyder, S. H. 
Caffeine actions and adenosine. Psychopharmacol. Bull. 
20:436--440; 1984. 

21. Holloway, W. R.; Thor, D. H. Interactive effects of caffeine, 
2-chloroadenosine and haloperidol on activity, social investiga- 
tion and play fighting of juvenile rats. Pharmacol. Biochem. 
Behav. 22:421--426; 1985. 

22. Holtzman, S. G. Discriminative stimulus properties of caffeine 
in the rat: noradrenergic mediation. J. Pharmacol. Exp. Ther. 
239:706-714; 1986. 

23. Loke, W. H.; Hinrichs, J. V.; Ghonheim, M. M. Caffeine and 
diazepam: Separate and combined effects on mood, memory, 
and psychomotor performance. Psychopharmacology (Berlin) 
87:344-350; 1985. 

24. Pellow. S.; Chopin, P.; File, S. E. Are the anxiogenic effects of 
yohimbine mediated by its action at benzodiazepine receptors? 
Neurosci. Lett. 55:5-9; 1985. 

25. Pellow. S.; Chopin, P .  File. S. E.; Briley, M. Validation of 
open: closed arm entries in an elevated plus-maze as a measure 
of anxiety in the rat. J. Neurosci. Methods 14:149-167; 1985. 

26. Pole, P.; Bonetti, E. P.; Pieri, L.; Cumin, R.; Angioi, R. M.: 
Mohler, H.; Haefely. W. H. Caffeine antagonizes several cen- 
tral etl'ects of diazepam. Life Sci. 28:2265--2275; 1981. 

27. Saano, V.; Airaksinen, M. M. Binding of/3-carbolines and caf- 
feine on benzodiazepine receptors: Correlations to convulsions 
and tremor. Acta Pharmacol. Toxicol. 51:300-308; 1982. 

28. Sethy, V. H.: Harris, D. W. Role ofbeta-adrenergic receptors in 
the mechanism of action of second-generation antidepressants. 
Drug Dev. Res. 2:403--406; 1982. 

29. Snyder, S. H.; Katims, J. J.; Annau, Z.; Bruns. R. F .  Daly. J. 
W. Adenosine receptors and behavioral actions of methylxan- 
thines. Proc. Natl. Acad. Sci. USA 78:3260-3264; 1981. 

30. Uhde, T. W.; Boulenger, J. P.: Jimerson. D. C." Post. R. M. 
Caffeine and behaviour: Relation to psychopathology and un- 
derlying mechanisms. Psychopharmacol. Bull. 20:426-430; 
1984. 

31. Weir, R. I..; Hruska, R. J. Interaction between methylxanthines 
and the benzodiazepine receptor. Arch. Int. Pharmacodyn. 
lher .  265:42--48: 1983. 


