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Anxiogenic Effects of m-CPP in Patients with 
Panic Disorder: Comparison to Caffeine's 
Anxiogenic Effects 

Ehud Klein, Joseph Zohar, Maxilla F. Geraci, 

Dennis L. M,arphy, and Thomas W. Uhde 

The behavioral and neuroendocrine effects of meta-chlorophenylpiperazine ( m-CPP), a 
serotonergic agonist, were compared with the effects of caffeine, an adenosine antagonist, 
in panic disorder patients. Patients with panic disorder were given single oral doses of O.5 
mg/kg m-CPP, 480 mg caffeine, and placebo on separate days under double-blind condi- 
tions. Both m-CPP and caffeine had significantly greater anxiogenic and panic-inducing 
effects than placebo, although caffeine produced nonsignificantly greater increases on all 
anxiety rating scales than m-CFP. Both m-CPP and caffeine produced significant equiva- 
lent increases in plasma cortisol concemrations, but only m-CPP produced plasma prolac- 
tin increases. These findings provide further evidence implicating both the serotonergic and 
adenosinergic receptor systems ia the neurobiology of panic disorder. 

Introduction 
The involvement of serotonergic pathways in anxiety behaviors has been suggested by sev- 
eral authors (Geller and Blum 1970; Wi~ et al 1972; Stein et al 1973; Schoenfeld 1976; 
Stein et al 1977; Simon and Soubde 1979; Tye et a! 1979; Thiebot et al 1982; Glaser and 
Traber 1983; Engel et al 1984; Traber et al 1984; Brady and Barrett 1985a, 1985b). Chem- 
ical depletion of serotonin, surgical lesions of serotonin pathways, and serotonin receptor 
blockade have been shown to have anficonflict activity sLmi!ar to that of the benz~c~_iaze- 
pines (Stein et al 1973; Schoenfeld 1976; Brady and Barrett 1985a, 1985b). In contrast, 
increased serotonergic activity via electrophysiological or pharmacological activation has 
anxiogenic effects, as reflected by increases in the inhibitory effects of punisbanent in ani- 
mals (Geller and Blum 1970; Schoenfeld 1976; Tye et al 1979; Brady and Barrett 1985a, 
1985b). Some of the recently developed nonbenzodiazepine anxiolytic drags are selective 
agonists at the 5HT~^ binding site and this effect has been related to their anxiolytic prop- 
erties (Glaser and Traber 1983; Engel et al 1984; Traber et al 1984). Clinical reports indi- 
cating antipanic and anti-anxiety efficacy of serotonin reuptake blockers like clomipramine, 
fluvoxamine, and fluoxetine, and the serotonin precmsor, L-5-hydroxytryIgophan, also suggest 
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a possible role for sertonin dysfunction in some forms of human anxiety (Gloger et al 1981; 
Kahn and Westenberg 1985). 

Recently, several reports have appeared indicating that meta-chloro-phenylpiperzine 
(m-CPP), a novel serotonergic agonist, has anxiogenic effects. The preclinical pharma- 
cology and biochemistry of this drug has been extensively studied (Samanin et al 1979; 
Fuller et al 1980; Caccia et al 1981, 1982; Hamik m~d Peroutka 1989). 

Mueller et al (i985) first reported a modest, but statistically significant, increase in 
self-rated anxiety in normal volunteers given m-CPP (0.5 mg/kg) orally. Charney et ai 
(1987) reported that m-CPP (0.1 mg/kg) given intravenously induced more marked anxiety 
and elicited panic attacks in both healthy volunteers and patients with panic disorder. 
More recently, Kahn et al (1988a, 1988b), using a smaller dose of m-CPP (0.25 mg/kg) 
given orally found that only panic disorder patients, and not depressed patients or normal 
controls, became significantly more anxious with m-CPP than placebo, with 60% of the 
panic patients developing panic attacks. Obsessive-compulsive disorder patients also 
become significantly more anxious than normal controls when given 0.5 mg/kg m-CPP 
orally (Zohar et al 1987). 

In the present study, the effects of m-CPP were directly contrasted with those of 
caffeine, which was found to have potent anxiogenic effects in panic disorder patients 
(Uhde 1990), and placebo in a carefully selected group of panic disorder patients. We 
compared the anxiogenic properties of the two drugs both quantitatively and qualitatively 
in the same patients and assessed the neuroendocrine response to these drugs and its 
relationship to the behavioral response 

Materials and Methods  

Panic Disorder Patients 

Ten panic disorder patients, 7 women and 3 men, who were consecutively referred by 
local psychiatrists to the Section on Anxiety and Affective Disorders of the National 
Institute of Mental Health (NIMH), were screened by 2 clinicians. After it was determined 
that the patients met DSM-III criteria for panic disorder with or without agoraphobia 
(DSM-III 1980), they were invited to participate in the study. 

Of the 10 referrals, 3 subjects were unable to receive caffeine and thus 7 patients were 
give~ the three challenges (m-CPP, caffeine, and placebo). The mean age of the 7 patients 
who received both m-CPP and caffeine was 42.0 ___ 9.6 years (5 women, 2 men, range 
30--57 years). According to previously established life-charting criteria (Uhde et al 1985) 
the mean duration of illness from the onset of their first panic attack was determined to 
be 12 +_ 7.1 years (range 4-22 years). All but 1 had agoraphobia, or at least multiple 
phobias with significant avoidance behaviors. None of the patients was depressed during 
the study period. All patients had normal physical and neurological examinations, and 
laboratory indices of renal, liver, hematological, and thyroid function were within normal 
limits. All patients gave written informed consent for their participation in the study and 
were medication free for at least 2 weeks prior to the study. 

Procedures 

Oral single-dose drug or placebo was used in all studies under double-blind conditions 
on separate days with at least 72 hr between procedures. Subjects arrived at the clinic at 
approximately 8 AM after an overnight diet limited to clear fluids. Sleep and eating were 
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not allowed throughout the 5-hr study period, during which the subjects remained at 
bedrest. 

An indwelling intravenous (IV) catheter was placed in a forearm vein a ~nimum of 
1 hr before drug administration. After at least 30 min of complete bedrest, b a s e l  
behavioral and endocrine measures were obtained. Between 9 and 10:30 AM, each s u b ~ t  
received identical unmarked capsules of placebo, m-CPP, or caffeine. The m-CPP dose 
was 0.5 mg/kg (mean __. SD dose = 36.5 +_. 4.1 rag). The theoretical rationale for using 
this dose and route of m-CPP administration have been- discussed in d e ~ l  elsew~re 
(Mueller et al 1985). Caffeine was given in a fixed dose of 480 mg according to a 
previously described protocol (Boulenger et al 1987; Uhde et al 1984). This dose has 
been shown in our laboratory to reliably discriminate between- panic disorder patients mad 
normal controls in that panic disorder patients have a differentially greater increase in 
anxiety and plasma levels of cortisol and lactate (Uhde and Boulenger 1989; Uhde 1990) 
than normal controls. To avoid any biasing effect on the m-CPP or placebo responses 
resulting from caffeine's anxiogenic effects, caffeine was always given as the last study 
drug, whereas m-CPP and placebo were randomly assigned. Though some criticism on 
this design may be justified, we thought that caffeine's robust anxiogenic effect ~ g h t  
condition patients to respond with increased anxiety to the other challenges and thus bias 
their net effect. 

Baseline blood samples were collected from the IV cannula into EDTA-treated robes 
15 minutes before and at +90, + 120, + 150, + 180, and +210 mm after drug a d ~ - .  
istration. Blood samples were placed immediately on ice and centrifuged within half an 
hour of collection. The resulting plasma was separated and stored at - 70°C until assay. 
Blood pressure and pulse were measured at 5-rain intervals using an automated momtor 
(Dinamapp). 

Behavioral ratings and ratings of side effects were obtained at baseline and at hourly 
intervals throughout the study. The scales that were used included Zung Anxiety rating 
scale (Zung 1971), Hamilton Depression rating scale (Hamilton 1960), NIMH panic 
attack inventory, and NIMH rating scales for anxiety, depression, and global impairment 
(range 1-15). Two rating scales have been described before (Zohar et al 1987; Uhde 
1990). A semiquantitative se!forat~l scale (range 1-5) was used to assess the s ~ a d t y  
of the drug-induced anxiety state to the patient's own natural panic attacks. A rating of 
1 indicated that the chemically induced panic attack was "totally different" and a 5 
indicated_ t_h_at t_he a_ru_g-mducea panic a_rt_ack was "ident_icai to Lh_e subject's spontaneous 
panic attack. Panic attacks were also assessed on the panic attack inventory according to 
DSM-III criteria. All ratings were performed by the same blind rater (MFG) prior to and 
at _-_ 90, _.+ 180, and ---210 min following drug or placebo administration. 

Biochemical Methods 

Plasma prolactin was measured using double antibody radioimmunoassay (RIA) kits 
purchased from Amersham (Arlington Heights, IL) with minor modifications of the 
procedure to optimize determinations of prolactin concentrations within the lower normal 
range. The sensitivity of the assay was 1.3 ng/ml. Plasma cortisoi was measured using 
a double antibody RIA kit obtained from New England Nuclear (Boston, MA). The 
sensitivity of the assay was 0.3 iJ, g/100 ml. The mean interassay correlation coefficient 
for those subjects for whom multiple assays were performed was 0.80 for cortisol and 
prolactin. All samples from an individual subject were measured in duplicate in a single 
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assay run, and were accepted for the analysis only if their h~terassay coefficient of variation 
was less than 10%. 

Data Analysis 
To assess the effects of ,n-CPP, caffeine, and placebo on behavioral ratings and on plasma 
concentrations of prolactin and cortisol, a two-way analysis of variance (ANOVA) with 
repeated measures was employed. In this analysis, the statistical significance of the main 
effects of drug (placebo versus m-CPP versus caffeine) and time (changes over several 
time points), and the drug x time interaction, were evaluated. In a separate analysis, 
one-way ANOVA with repeated measures was performed to assess the statistical signif- 
icance of peak change from baseline. Significant results from the A.NOVA were examined 
post hoc by Bonferroni t-tests. 

Results 

Effects of m-CPP ~ Caffeine on the Frequency of Panic Attacks 

None of the patients experienced panic attacks following the administration of placebo. 
Following the administration of m-CPP, 5 of the 7 patients (70%) had panic attacks. Five 
patients also had panic attacks following caffeine ingestion. Thus, both m-CPP and 
caffeine showed similar potency in their ability to induce panic attacks, which was robustly 
different from that of placebo. Four patients had panic attacks following both challenges, 
1 had a panic attack oLdy after m-CPP, and 1 only after caffeine. All 4 of the patients 
who had panic attacks after both challenges reported them to be more severe at the time 
they had received caffeine. The patients described the attacks as remarkably similar in 
quality to their naturally occurring panic attacks. 

Effects of m-CPP and Caffeine on Generalized Anxiety and Mood 

The behavioral responses to m-CPP, caffeine, and placebo are summarized in Figure 1. 
The statistical analysis of the various rating instruments revealed significant drug × time 
i~te~action~ on !'" t,,~ Z~ng Anxiety. (F[6,~ol = 4.55, p < 0.007); Hamilton Depression 
(Ftt]ao ] = 4.21, < 0.003); NIMH Anxiety (F(6~3o] = 5.3s.P < 0.006); and NIMH Global 
Impairment (Ft~3o ] = 5.2, < 0.004) scales. The one-way ANGYA, wi,~i, cx~,~uaca 
peak changes from baseline in the three drug conditions (determined by the difference 
between time 0 and time 90 or 150 values) (Figure 2), was ai,~o significant for all 
aforementioned rating scales (F(~2~2] = 12.8, p = 0.001; F[~2~2] = 4.95, p = 0.03; 
Ft~2]~2 ] = 15.8, p = 0.0006; Ft~2~2 ) = ! !.9, p = 0.002, respectively). Post hoc analysis 
revealed that on the Zung, NIMH Anxiety, and NIMH Impairment ratings, both m-CPP 
and caffeine responses differed significantly from placebo (p < 0.02, in all cases). 
Caffeine (p < 0.03) and m-CPP (p < 0.05) also produced significant increases in Hamilton 
Depression ratings. No significant differences between m-CPP and caffeine were observed, 
although there were persistently higher ratings following caffeine on all rating scales. 
Subjectively, 4 patients described the overall experience with caffeine as worse than with 
m-CPP, 2 described them as similar, and 1 had a more robust response to m-CPP. 
Interestingly, this patient's response to caffeine was similar to his placebo response. A 
deviation from the overall similar behavioral response pattern to m-CPP and caffeine was 
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Figure 1. Mean _+ SEM changes in Zung Anxiety, Hamilton Depression, Global Anxiety, and 
Global Impairment after oral placebo, m-CPP (0.5 mg/kg) and caffeine (480 rag) in patients with 
panic disorder. 

observed on a score of activation derived from an NIMH Self-rating scale, where caffeine 
produced a significantly higher degree of activation than both m-CPP and placebo (data 
not shown). 

Aside from these etlects on anx]ety and mood, both drugs were weii toiera~i physic, qy 
by all patients. Patients could leave the clinic soon after the completion of the proeea~ :s. 
One patient reported a late onset headache (10-12 hr) following m-CPP; this patient had 
previously suffered from migraine. 

Effects of  m-CPP and Caffeine on Plasma Prolactin and Cortisol 

The prolactin response over time and as peak changes from baseline in the three drug 
conditions are presented in Figure 3. The two-way ANOVA with repeated measures 
(factors: drug and time) revealed significant main effects for both factors and a significant 
drug x time interaction (Ftm/4o ] = 4.74, p = 0.01). The ANOVA for the peak changes 
from baseline was also significant (Ft~2 ] = 20.28, p = 0.001). Post hoe analysis revealed 
that this significance was accounted for by a significantly greater increase in prolactin 
following m-CPP (p < 0.005) whereas caffeine's effect on the change in prolactin levels 
did not differ significantly from placebo. 
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Figure 2. Panic disorder patients demonstrate a significantly greater anxiogenic response to oral 
m-CPP and caffeine compared with placebo. There were no statistically significant differences 
between the behavioral responses to m-CPP and caffeine, although there tended to be a consistent 
pattern of increased anxiogenic responses to caffeine. Error bars reflect SEM. 

The cortisol response over time and peak changes from baseline in the different drug 
conditio~ts are illustrated in Figure 4. The two-way ANOVA with repeated measures 
(factors: drug and time) revealed a significant main effect for drug and a significant drug 
x time interaction (Ftlo/~ j = 2.44, p = 0.004). The ANOVA for the peak changes 
from baseline was significant (Fez, l: i = O OS, p = a ru~), as ,~a,,,+,a by °;" :a . . . .  . . . . . . . . . . . . . .  • Ls .  ,~.n i ~l,~ i i l t i ,  i l . l . i  / ~ l ~n l i l t , ~g i l l i  

increases in cortisol after both m-CPP (p < 0.03 post hoc), and caffeine (p < 0.01 post 
hoc) compared with placebo. 

Discussion 

Oral administration of m-CPP to panic disorder patients induced panic attacks and in- 
creased ratings of anxiety compared with placebo. These effects were found to be moa'kedly 
similar to those of caffeine, which was used as a "reference challenge" in this study. 
Along with its behavioral effects, m-CPP caused a robust and significant increase in 
prolactin levels, unlike caffeine or placebo. However, both active drugs produced sig- 
nificant and a similar increases in cortisol levels compared with placebo. These results 
suggest that activation of the serotonergic system via m-CPP is associated wit~ induction 
of panic attacks and increased anxiety in patients with panic disorder. 
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Figure 3. m-CPP produced a significantly greater increase in plasma prolactin levers compared 
with caffeine and placebo. The prolactin response to caffeine did not differ from placebo. Error 
bars reflect SEM. 

The lack of a normal control group limits the conclusions that can be drawn from this 
study. One might raise the question as to whether controls would develop p ~ c  attacks 
in response to the same m-CPP challenge. This would appear extremely unlikely, as we 
have previously demonstrated that under identical conditions, oral doses of 0.5 mg/kg 
m-CPP administered to normal controls yielded only minimal behavioral effects. That is, 
none of our previously studied normal controls developed panic attacks and only ~ o r ,  
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in panic disorder patients. Erroi bars reflect SEM. 
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clinically insignificant increases in anxiety were observed (Mueller et al 1985). Further- 
more, the response to caffeine, which has been extensively studied in patients with panic 
disorder and in normal controls (Uhde et al 1984; Chamey et al 1985; Boulenger et al 
1987; Uhde 1990), is highly characteristic of these patients who display marked sensitivity 
to the anxiogenic effects of this compound. In this study it has been shown that the orally 
administered m-CPP, like caffeine, was anxiogenic in patients with panic disorder. 

The similarities in the response pattern of our patients to m-CPP and caffeine are of 
interest. Four of the 5 patients who had panic attacks on each challenge developed them 
after both m-CPP and caffeine, and anxiety-related ratings were significantly increased 
following both m-CPP and caffeine compared with placebo. However, Hamilton Depres- 
sion ratings were significantly increased compared with placebo only following caffeine. 
A marked depressive response to caffeine in panic disorder patients was seen also in 
earlier studies (Uhde, unpublished observations). 

The mechanism by which these two drugs elicit panic attacks and increased anxiety 
might involve different pathways. Caffeine is known to be a potent adenosine blocker 
(Boulenger et al 1984). Adenosine, which is abundant in brain tissue, is known to be an 
inhibitory neuromodulator (Boulenger et al 1986). Caffeine's anxiogenic effects are thus 
believed to be mediated via its adenosine antagonistic activity. 

The anxiogenic effects of m-CPP are most likely mediated via its selective serotonin 
agonistic activity, possibly via 5HTIc receptors, as has been suggested by Kenneth and 
~urzon (1988). The involvement of serotonergic pathways in the mediation and mani- 
festation of anxiety behaviors is also suggested from animal studies, which indicate that 
increased serotonergic activity is associated with increases in behaviors like the depressant 
effects of punishment (Geller and Blum 1970; Schoenfeld 1976; Tye et al 1979; Brady 
and Barrett 1985a, 1985b). 

Though markedly similar in their behavioral effects, the two chugs elicit a different 
endocrine response as far as prolactin is concerned. The ability of serotonin and serotonin 
agonists to cause increased prolactin secretion from the pituitary is well documented 
(Fuller 1981) and m-CPP's ability to increase prolactin levels in our patients is thus 
consistent with its serotonin agonistic activity. Caffeine, on the other hand, despite its 
robust anxiogenic effects, did not cause a significant increase in prolactin secretion. Thus, 
it can be concluded, despite similar behavioral effects, that the two drugs differ in the 
prolacfin response they elicit and that the increase in prolactin levels is not a result of 
the increase in anxiety. 

Both drugs caused increases in cortisol levels. Increased cortisol levels following both 
m-CPP and caffeine have also been reported in normal controls (Mueller et al 1985, 1986; 
Uhde and Boulenger 1989; Kahn et al 1988a, 1988b), and given the small number of 
patients, it cannot be concluded whether this response pattern might correlate with the 
anxiety state. Other investigations, however, have reported that lactate-induced panic 
attacks (Liebowitz et al 1984, 1985; Hollander et al 1989) and exposure-induced situational 
panic attacks (Curtis et al 1976; Woods et al 1987) are associated with unimpressive 
changes in plasma cortisol concentrations. Thus, increases in cortisol might be. related 
to some anxiety states, but not necessarily to all cases of increased anxiety. 

It has been reported by Charney et al (1987) that m-CPP administered intravenously 
provoked panic attacks and increased anxiety in 52% (12 of 23) of patients with panic 
disorder and 32% (6 of 19) of normal controls. Intravenous administration of m-CPP (2.1 
mg/kg) in normal controls induces markedly exaggerated behavioral responses compared 
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with oral administration (0.5 mg/kg), with significantly greater anxiety, dyspba~ria, 
impairment ratings (Murphy et al 1989). These differences in normal controls may help 
to explain the apparent discrepancy between the findings reported by Charney et al (1987) 
to those of the earlier NIMH study using oral m-CPP (Mueller et al 1986). This difference 
may be the result of higher blood levels achieved by the IV administration of m-CPP, 
which may suggest that the difference between panic disorder patients and normal controls 
in their response to m-CPP is a threshold phenomenon. This concept of threshold spec- 
ificity is supported by the recent work of Kahn et al (1988a, 1988b) who found that panic 
disorder patients had a greater anxiogenic response than normal controls to an oral dose 
(0.25 mg/kg) of m-CPP that was half our oral dose. This type of "threshold specifici~" 
has also been demonstrated with caffeine, where high doses (720 mg) are associated with 
increased anxiety and panic attacks in normal controls (Uhde and Tancer, 1988; Uhde 
and Boulenger 1989; Uhde 1990) whereas at lower doses (480 mg) there are marked 
increases in anxiety and panic attacks in panic disorder patients but not normal controls 
(Uhde and Boulenger 1989; Uhde 1990). 

The marked behavioral response to m-CPP is not unique to panic disorder patients. 
Zohar et al (1988) demonstrated that patients with obsessive-compulsive disorder respond 
to m-CPP with marked exacerbation of obsessive-compulsive symptomatology and in- 
creased anxiety. The behavioral response profile to m-CPP is unique in that other chal- 
lenges that induce panic attacks in panic disorder patients [e.g., yohimbine ( ~ e y  et 
al 1984; Uhde et al 1984; Uhde and Tancer 1988; Gurguis and Uhde 1990), caffeine 
(Chamey et al 1985; Uhde and Tancer 1988; Uhde 1990), and lactate (Liebowitz et al 
1984, 1985)] are not associated with increased anxiety or exacerbation of obsessive- 
compulsive symptomatology in obsessive-compulsive disorder patients (Gorman et al 
1985; Rasmussen et al 1987). m-CPP is the only pharmacological challenge so far tha( 
induces increased anxiety and exacerbation of core symptomatology in both p ~ c  disorder 
and in ebsessive-compulsive symptoms in obsessive-compulsive disorder patients. These 
findings might suggest some common serotonergic involvement in these two disorders 
and might provide a biochemical basis for the symptomatic overlap between these two 
disorders (Mellman and Uhde 1987). 

In conclusion, we have demonstrated in this study that patients with panic disorder 
responded to m-CPP and caffeine with increased anxiety and panic attacks. The bio- 
chemical events mediating the effects of these two drugs probably involve different 
neurochemical pathways (e.g., serotonergic and purinergic) and support the possib~ty 
of more than a single neurochernical system being involved in pathological anxiety states. 

The authors thank Melanie Dubin, Harriet Brightman, and Lauren Brown for their assistance in the preparation 
of the manuscript, and Robert Post for his ongoing support of the research program of the Se:tior, on Anxiety 
and Affeetive Disorders. 
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