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Lack of Efficacy of the Adenosine Reuptake 
Inhibitor Dipyridamole in the Treatment of 
Anxiety Disorders 

Murray B. Stein, Bruce Black, Terry M. Brown and Thomas W. Uhde 

We administered dipyridamole, an adenosine reuptake inhibitor, to 12 outpatients with DSM- 
iU-R anxiety disorders" (2 patients with generalized anxiety disorder, 10 patients with panic 
disorder). Dipyridamole was administered at a flexible dose in a single-blinded fashion 
following a placebo washout phase and elimination of placebo responders. The mean duration 
of active treatment with dipyridamole was 46 days (range 21-88 days); the mean peak dose 
of dipyridamole was 202 +- 55 mglday (range 100-300 mg/day). Symptom ratings were 
completed at regular intervals by the patient and by a research nurse unaware of the treatment 
condition. Clinically significant improvement in att~iety symptoms was not demonstrated. The 
implications of  these findings for an adenosinergic dysfunction model of panic disorder are 
discussed. 
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Introduction 
Patients with anxiety disorders, particularly panic disorder, 
have been shown to be hypersensitive to the anxiogenie 
effects of caffeine (Boulenger et al 1984; Boulenger and 
Uhd¢ 1982; Charney et al 1985; Uhde 1990). The psy- 
chostimulant effects of caffeine are widely believed to be 
mediated via its action as an adenosine antagonist (Bou- 
lenger et al 1982; Fredholm and Persson 1982; Gould et 
al 1984; Snyder and Skim' 1984; Uhde 1990). Adenosine 
is a major neuromodulator that acts at two different re- 
ceptor subfamilies--the At receptor, which inhibits aden- 
ylate cyclase through Gi, and the A2 receptor, which stim- 
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ulates adenylate cyclase through Gs (Barraco et al 1991); 
Bruns 1990; Linden 1991; Snyder 1985). Antagonism of 
adenosine receptors with caffeine (which competitively 
inhibits both At and A2 subtypes) and related methylxan- 
thines has been demonstrated to result in increased anxiety- 
like behaviors in several experimental paradigms in ani- 
mals (Barraco et al 1983; Cboi et al 1988; Coffin and 
Spealman 1987; Snyder et al 1981). These convergent 
observations have led to the hypothesis that patients with 
panic disorder, who exhibit unprovoked attacks of atJxiety 
and marked caffeine sensitivity, may exhibit an abnor- 
mality in central nervous system (CNS) adanosinergic 
function (Boulenger et al 1987; Uhde 1990). This study 
was intended to expand on this theory by testing the cor- 
ollary hypothesis that enhancing adenosinergic neurotrans- 
mission would be beneficial in the treatment of panic (and 
possibly other anxiety) disorder(s). 

Dipyridamole is a vasodilator and antiplatelet agent that 
historically has found its major applications in the treat- 
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merit of chronic angina and in the prevention of throm- 
boembolic stroke. Dipyridamole is also an inhibitor of 
endothelial cell adenosine reuptake (Klabunde 1983). Its 
oral administra*.ion ,.'--. h,.,ma.-.s leads to increased serum 
levels of adenosine (Sollevi et al 1984). We hypothesized 
that the administration of dipyridamole in patients with 
anxiety disorders would result in a reduction in anxiety 
via ~.-. augme.-.ta'.,.'on of adenosinergic neurotransmission. 
There are no reports to date on the use of dipyridamole 
or other adenosinergically active compounds for the treat- 
ment of anxiety states. 

Methods 
All patient~ were evah~ated and treated as outpatients in 
an anxiety disorders research clinic. Patients were assessed 
prior to treatment using a modified version of the SADS- 
LA diagnostic interview (Fyer et al 1985). All patients 
meeting DSM-IiI-R criteria for panic disorder, panic dis- 
order with agoraphobia, or generalized anxiety disorder 
were considered for inclusion. Subjects with other current 
non-anxiety Axis 1 psychiatric disorders, including major 
depression, were excluded. All subjects had complete 
physical examinations, electrocardiograms, and standard 
blood and urine laboratory screening and were found to 
be free of medical illness. All subjects were instructed to 
be free of medications, caffeine, and alcohol for a mini- 
mum of 4 weeks prior to starting treatment. 

Nine subjects were treated with placebo (mean -+ SD 
36,7 ± 22.7 day~; range 8-77 days), followed by a period 
of active dipyridamole treatment, followed by abrupt 
discontinuation of dipyridamale and another period of 
placebo treatment (mean _+ SD 15. i ± 5.2 days; range 
7-24 days). Three additional subjects who had been med- 
ication free for at least 4 weeks did not receive placebo 
prior to treatment with dipyridamole, but they had been 
told that they might be treated with placebo and were 
unaware of ~heir medication status. These two groups of 
subjects were combined for this analysis, yielding 12 sub- 
jects, 10 with panic disorder or panic disorder with at;o- 
raphobia and 2 with generalized anxiety disorder, 

All subjects received placebo and dipyridamole in iden- 
tical pink capsules. Subjects were aware that they might 
be treated with placebo or dipyridamole but were otherwise 
unaware of the treatment design. Dtpyridamole treatment 
started at 20-40 mg/day and was increased as tolerated to 
a maximum of 300 rag/day. Although the research psy- 
chiatrist was given optimal flexibility in the rate and timing 
of dosage increases to minimize potential side effects, 
every effort was made to achieve the maximum dose within 
4 weeks of starting active medication. Overall, the mean 
-+ SD duration of active treatment with dipyridamole was 
46.2 -4- 21.2 days (range 21-88 days); the mean + SD 

peak dose of dipyridamole was 202 -+ 54.8 mg/day (range 
100-300 rag/day). 

Ratings were obtained every 2 weeks. Subjects com- 
pleted the following self-ratings: the Beck Depression In- 
ventory, the Spielberger State Anxiety Scale, and the Pa- 
tient-Rated Anxiety Scale (of Sheehan). An experienced 
research nurse who was unaware of the treatment design 
and the subject's treatment status completed the following 
ratings: the Hamilton Rating Scale for Depression (21 items), 
the Zung Clinician-Rated Anxiety Scale, and the National 
Institute of Mental Health (Bunney-Hamburg) Global 
Anxiety Rating. The research nurse also recorded the sub- 
ject's self-report of the number of panic attacks and lim- 
Red-symptom attacks in the previous week and the percent 
of ~ime (while awake) that the subject reported feeling 
anxious during the previous week. The same research nurse 
completed all clinician ratings for all subjects in this study. 

For all 12 subjects, we compared ratings made im- 
mediately prior to the initiation of active treatment with 
dipyridamole (pretteatment ratings) and at the end of active 
treatment (treatment ratings), just prior to the abrupt dis- 
continuation of dipyridamole, using paired t-tests, except 
in the case of panic attacks, where a nonparametric test 
(Wilcoxon rank-sum test) was used. For the nine subjects 
treated with placebo before and after ~atment  with di- 
pyridamole, we also compared pretreatment, treatment, 
and posttreatment ratings (made at the end of placebo 
treatment) using one-factor repeated measures analysis of 
variance. All tests were two tailed. 

Results 

Results are shown in "Fable 1. Other than a modest re- 
duction in the percent of time reported to be anxious, no 
statistically (or clinically) significant effects of dipyrida- 
mol~, could be demonstrated. Overall, only one of 12 pa- 
tients was judged by the (nonblinded) clinician to be glob- 
ally improved at the end of treatment with dipyridamole, 
a rate of improvement that is less favorable than reported 
for placebo response in most panic disorder studies (Bal- 
lenger et al 1988). At the end of active treatment, when 
placebo was abruptly substituted for dipyridamole, there 
was no evidence of" clinical deterioration. 

All subjects tolerated the treatment well. Complaints 
of side effects during active treatment were minimal (mild 
headache in two patients, nausea in three patients), and 
no. subjects dropped out of the study because of treatment- 
emergent side effects. 

Discussion 

Our findings do not support the clinical utility of dipyri- 
damole a:~ a treatment for panic or generalized anxiety 
disorder. Although the possibility of a type 1I error cannot 
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Table 1. Study Outcome Measures 

ANOVA ~ Paired t-test b 
Pretreatment Treatment Posttreatment 

(n = 9) (n = 12) 
ratings ratings ratings 

(mean +_ SD) (mean - SD) (mean ± SD) F p value t df p value 

Self-rated measures 
Beck Depression 

Inventory 
Spielberger State 

Anxiety Scale 
Patient-Rated Anxiety 

Scale 
Clinician-rated measures 

Hamilton Rating Scale 
for Depression 

Zung Clinician-Rated 
Anxiety Scale 

Global Anxiety Rating 

% Anxious feelings 
during previous week 

Panic attacks and 
limited symptom 
attacks in previous 
week 

8.0 "4" 5.4 7.5 _+ 5.5 0.85 10 0.42 
(7.9 +- 6.1)" (6.5 - 5.4) (5,6 _+ 3.6) (3.321) (0.07) 
45.1 ± 8.1 43.9 ± 9.9 1.03 10 0.33 

(46,7 ± 7.5) (45.4 ± 10.4) (44,5 _+ 6.16) (2.126) (0.16) 
30.1 - 18.6 26.2 .4- 25.9 1,30 10 0.22 

(31.8 -+ 19.7) (29.0 -+ 29.7) (29.9 - 24.8) (I.46) (0.27) 

11.0 "*" 5.6 12,5 ± 5.0 1.47 II 0.15 
(12.0 - 6.2) (12,6 -,- 5.9) (11.1 _ 5.4) (0,387) (0,69) 
44.1 -+ 8,9 44.8 -+ 11.5 0.35 II 0,73 

(44.9 -4_ 9.8) (44.7 -4-_ 12.9) (42.4 ± 10.9) (0,279) (0,76) 

5.3 - 1.7 4,8 -- 1,8 0,70 I1 0.50 
(5.1 • 1.8) (4.8 ± 1,9) (5,0 .4- 1.9) (0,094) (0,91) 

49 ± 31 35 -+ 27 2,39 II 0.04 
(50 ± 31) (34 ± 26) (41 - 24) (1.874) (0.19) 

2 ± 2 2 ± I (2 ± I) (0.095) (0.91) 

(2 - I) (I ± I) Wilcoxon, n = 12. 

not significant 

oOne-factor repeated measures analysis of variance (ANOVA), within subjects, across treatment conditions, comparing pretreatment, treatment, and posttreatmem 
ratings, ozdy f~r gubset of nine subjects treated with placebo before and after dipyridamole treatment. All numbers in parentheses refer to this subset of nine subjects. 

bPaired t-tests compared pretreatment and treatment ratings for all 12 subjects. 

be excluded owing to our small sample size, we believe 
that this is highly unlikely, given the consistently negative 
findings across several different rating scales. Further- 
more, although well tolerated, not a single subject elected 
to continue tr:'~t.,nent with dipyridamole at the completion 
of the study. This is further testimony to the drug's lack 
of efficacy. 

Why was the drug not effective in these patients? There 
are several possible explanations. First is the question of 
dose. Lacking any prior data on the use of this drug as an 
antianxiety agent, we chose to administer the maximal 
dose that we knew, based on recommended doses for 
thromboembolic prophylaxis, could safely be administered 
to humans. It is entirely possible that much higher doses 
of dipyridamole might have been needed to result in the 
indirect agonist effect that we hoped to achieve in thi~. 
study. 

A more legitimate concern is that the drug may not 
have penetrated the CNS. The ability of dipyridamole to 
cross the blood-brain-barrier (BBB), as measured by its 
appearance in cerebrospinal fluid in healthy humans fol- 
lowing oral administration, is believed to be very poor 
(Boehringer-lngelheim, data on file, written communica- 
tion to the authors, 1986). Nevertheless, adenosine freely 
crosses the BBB, and it was hoped that adenosine reuptake, 
even if this were occurring outside the CNS, might still 

result in augmented adenosinergic neuro~.ransmission in the 
brain; however, this remains to be demonstrated in animal 
studies. We would further suggest that when orally ad- 
ministered adenosine agonist drugs with demonstrated CNS 
activity become available, these would still be promising 
candidates for the treatment of anxiety disorders. 

What do our findings say about an adenosinergic hy- 
pothesis of panic disorder.'? Clearly, the lack of efficacy 
of this drug does nothing to support a role for adenosinergic 
dysfunction as a central component of the pathophysiology 
of anxiety disorders; however, given the caveats with re- 
gard to dose and CNS penetrability discussed above, our 
findings may, unfortunately, not provide a valid test of 
this hypothesis. It is possible, for example, that agonist 
treatment may be unsuccessful because the adenosine re- 
ceptors downregulate in response to chronic agonist ex- 
posure (Porter et al 1988). it is also reasonable to consider 
that the current adenosinergic hypothesis of panic disorder 
must be redefined, taking into account our growing un- 
derstanding of the a4enosine At and A2 receptor subtypes 
(Bran~ ct al 1987). 

In summary, our observations clearly reject an imme- 
diate role for dipyridamole in the treatment of panic and 
related anxiety disorders. We do believe, however, that 
further adv.~,nces in our understanding of the role of ad- 
enosinergic neurotransmission in the pathophysiology of 
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panic disorder must await the availability of adenosine 
subtype-specific compounds that have demonstrated 
CNS activity and can be safely administered to human 
beings. 

The authors wish to thank Thomas A. Mellman, M.D., and Marilla 
Geraci, R.N., B.S.N., for their assistance in the conduct of this study. 
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