
Buspirone, but not sumatriptan, induces 
miosis in humans: Relevance for a 
serotoninergic pupil control 

Ba&mtd ad objective: Drugs that act on the serotoninergic system have been shown to influence the 
pupil size. However, the 5hydroxytryptamine (5HT) receptor type or subtype that af%xts pupil diam- 
eter has not been defined in humans. With a placebo-controlled, double-blind randomized design, we 
investigated in healthy volunteers the effect on pupil size of buspirone and sumatriptan, which mainly 
act on 5-HT1*- and the 5-HT,-like receptors, respectively. 
Met&odr: The pupil area was measured by means of a videopupillometer before and after a single oral 
administration of placebo or of three different doses of active drugs. Heart rate and arterial blood pres- 
sure were recorded after pupil area measurement. 
Rtzults: Buspirone (5, 10, and 20 mg) caused a dose-dependent miosis. Sumatriptan (50, 100, and 200 
mg) did not atfect the pupil size. Twenty milligrams of buspirone reduced the mydriasis induced by pre- 
treatment with homatropine eyedrops. A 20 mg dose of buspirone reduced blood pressure without 
change in heart rate, whereas buspirone, at doses lower than 20 mg, and sumatriptan did not affect heart 
rate and blood pressure. 
Conclwimos: This study suggests that buspirone, but not sumatriptan, the selective agonist of 5-HTr-like 
receptors, causes miosis in humans by activation of 5-HT,, receptors, possibly located in the central ner- 
vous system where they inhibit iris sympathetic pathways. Measurement of pupil size seems to provide a 
valuable and sensitive index of 5-HT,, receptor function in humans. (CLIN Pm COL THER 
1995;57:349-55.) 
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The size of the pupil is determined by a functional 
balance of the innervation between the autonomically 
supplied sphincter and the radially arranged dilator 
muscles of the iris: the constrictor muscle is under the 
parasympathetic control, whereas the dilator muscle is 
governed by the adrenergic nerve supply. 

There is evidence in humans that drugs that affect 
5-hydroxytryptamine (5-I-R) function induce pupillary 
changes. For instance, fenfluramine, which releases 
5HT from synapses, and the 5-HT reuptake inhibitor 
indalpine cause mydriasis.iS2 Drugs that act on 5-HT 
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receptors have also been shown to affect pupil size. 
5-HT, receptor antagonists, such as mianserin,3*4 ICI 
169,369, and ICI 170,809,5*6 cause a dose-related re- 
duction of pupillary diameter in healthy volunteers. 
There is no evidence for 5-HT, receptors involvement 
in the regulation of pupil size in humans. 5-HT, re- 
ceptors have been divided in different subtypes, which 
subserve various responses in different tissues. The 
definition of which subtype of 5-I-R, receptor plays a 
role in a given response in humans is hampered by the 
heterogeneity of 5-HT, receptor subtypes and by the 
fact that selective drugs for 5-HT, receptor subtypes 
have not been available for clinical studies. 

Recently, drugs that exhibit selectivity for 5-HT, 
receptor subtypes have been used in human therapy. 
Buspirone, a drug that reaches the central nervous sys- 
tem and exerts anxiolytic activity,7*8 has been charac- 
terized as a partial agonist for 5-HT,, receptors.‘,” 
The selective agonist of the 5-HTi-like receptor suma- 
triptan,” which mediates constriction of the cranial 
blood vessels’* and inhibits neurogenic inflammatory 
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Table I. Demographic parameters of the study subjects 
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Men Women Age range (yr) Mean age (yr) Weight (kg) 

Group 1 4 3 18-40 28.2 + 4.1 67.5 k 4.6 
Group 2 4 3 20-38 27.5 f 4.2 68.8 r 4.5 
Group 3 3 3 25-42 31.3 ” 3.8 65.4 2 4.1 

Data are mean values r SEM. ANOVA and Bonferroni test, all painvise comparisons. 

responses in pial vessels,13 is being used for the treat- 
ment of the attack of migraine and cluster head- 
ache.14*15 In this study we explored the ability of bu- 
spirone and sumatriptan to affect pupil size in healthy 
volunteers. Because buspirone, but not sumatriptan, 
induced a dose-dependent miosis, an attempt to deter- 
mine the involvement of the parasympathetic system 
in the buspirone-induced miosis was also performed. 

METHODS 
Subjects. The study was performed in 20 healthy 

volunteers in accordance with the principles of the 
Declaration of Helsinki. Study subjects had no abnor- 
malities shown by routine history and physical exami- 
nation. Subjects had taken no medications for at least 
2 weeks before the study. They were randomly di- 
vided into three groups, and the groups were very 
similar in age, sex, and weight distribution (Table I). 
The study was approved by the Ethics Committee of 
our Institute, and subjects gave their written informed 
consent before entry to the study. 

Experimental procedure. All testing started at 
9 AM. The subjects were allowed to have a light break- 
fast at least 2 hours before the onset of the investiga- 
tion. Pupil areas were measured by use of an elec- 
tronic , monocular infrared pupillometer consisting of 
a camera head (lriscorder ~301, Hamamatsu City, Ja- 
pan) that included television camera, infrared light, 
eye-fix lamp, and chin and forehead rest table; a con- 
trol unit (Iriscorder ~301); and television monitor 
(model PM-125 A, Ikegami, Tokyo, Japan). The mea- 
surement of the pupil areas was performed according 
the method previously reported. l6 Measurements were 
done in a soundproof room after 5 minutes of pupil 
adaptation to obtain the standard light conditions. 
Subjects were seated in front of the television camera 
with the head and chin supported by the rest table in a 
comfortable position. They were asked to fix the eye 
on the green-light produced by the eye-fix lamp, 
which appeared in the lens of the television camera 
and acted as a fixation target. The distance between 
the eye under observation and the lens was 11 cm. 
The pupillometer used a closed-circuit television sys- 

tern and a low-intensity, completely invisible infrared 
light source that illuminates the eye without any in- 
convenience to the subject. The television monitor 
display allowed easy setting for image pick-up and 
fully automatic processing in the pupil area measure- 
ment . 

Immediately after pupil measurements, subjects 
were placed in the supine position, heart rate deter- 
mined from a single precordial derivation ECG, and 
systolic and diastolic blood pressures measured by use 
of a mercury sphygmomanometer were recorded. Sub- 
jects were asked to indicate if they had any symptom 
during the study. 

Experimental design. The study had a placebo- 
controlled, double-blind randomized design. The pupil 
area of one eye, chosen at random, was evaluated in 
each subject immediately before and every 30 minutes 
for a period of 150 minutes after the single oral intake 
of placebo or drugs. In four sessions separated by 4 to 
7 days, group 1 received placebo (four half-tablets of 
placebo), 5 mg buspirone (three half-tablets of pla- 
cebo and one half-tablet of the active drug), 10 mg 
buspirone (two half-tablets of placebo and two half- 
tablets of the active drug), or 20 mg buspirone (four 
half-tablets of active drug). Group 2 was treated with 
placebo or sumatriptan (50, 100, and 200 mg) accord- 
ing to the same modalities described above for bu- 
spirone . 

After the measurement of the baseline pupil area, 
subjects of group 3 were instilled in one eye, chosen 
at random, with 50 p,l of an aqueous solution contain- 
ing 1% homatropine hydrobromide, a dose capable of 
abolishing the pupillary light reflex.” Thirty minutes 
after instillation of homatropine the pupil reflex to the 
light was no longer present, and the pupil size of the 
treated eye was measured again, which was consid- 
ered the baseline value (time 0). Immediately after 
that, subjects received 20 mg buspirone (two tablets) 
or placebo (two tablets) in a randomized and double- 
blind manner, and the pupil size was measured there- 
after every 30 minutes for 150 minutes. At least 4 
days were allowed to elapse between buspirone or pla- 
cebo administration. 
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Fig. 1. Left panel, Effect of orally administered buspirone (5 mg, solid circles; 10 mg, solid 
squares; and 20 mg, solid triangles) or placebo (open circles) on pupil area in seven healthy sub- 
jects. Buspirone or placebo was given immediately after the measurement of baseline value (time 
0). *p C 0.05 versus placebo; ANOVA and Bonferroni test. Right panel, Dose-response curve of 
the miotic action of buspirone on seven healthy volunteers. The values are mean +- SEM of the 
maximal miotic responses expressed as percentage differences of basal values. *p < 0.05 versus 
5 mg buspirone; tp < 0.05 versus 10 mg buspirone; ANOVA and Bonferroni test. 

Statistical analysis. All values are mean 2 SEM. 
ANOVA and the Bonferroni test were used to estab- 
lish whether significant differences were present be- 
tween the values of placebo and of the three doses of 
the drug at each time point. Comparisons between the 
effect of buspirone and placebo in eyes treated with 
homatropine were performed with the Student t test 
for paired data. Changes were considered to be signif- 
icant when p < 0.05. 

Drugs. The drugs used for this study were bu- 
spirone chloridrate (10 mg tablet; Axoren, Glaxo 
SpA, Verona, Italy), sumatriptan succinate (100 mg 
tablet; Imigran, Glaxo SPA), and homatropine hydro- 
bromide eyedrops (Omatropine, Allergan, Pomezia, 
Italy). Placebo tablets for buspirone and sumatriptan 
were prepared at the Pharmacy of the University Hos- 
pital (Florence, Italy) and contained all the com- 
pounds present in the tablets of buspirone and suma- 
triptan, respectively, with the exception of the active 
drugs. Tablets were administered to the patients envel- 
oped in a wafer. 

RESULTS 
Drug effects. No difference was observed between 

baseline values of pupil areas measured before the ad- 

ministration of buspirone and placebo. Administration 
of buspirone was associated with a dose-dependent de- 
crease in the pupil size (Fig. 1). A significant decrease 
of the pupil area in comparison with values obtained 
after the administration of placebo was observed at 30 
through 120 minutes after the intake of 20 mg bu- 
spirone. After the administration of 10 mg buspirone a 
significant decrease of the pupil area was found at 30, 
60, and 90 minutes after drug administration. The pu- 
pil area was significantly reduced in subjects treated 
with 5 mg buspirone only 60 minutes after the drug 
intake (Fig. 1, lef panel). When maximal miotic ef- 
fects produced by each dose of buspirone (calculated 
as percentage differences of basal values) were con- 
sidered, a clear cut dose-response curve was shown 
(Fig. 1, right panel). No difference was observed be- 
tween baseline pupillary values before sumatriptan 
and placebo. The values of the pupil area in subjects 
treated with 50, 100, or 200 mg sumatriptan were not 
statistically different from the values obtained in sub- 
jects treated with placebo at any time of observation 
(Table II). 

Buspirone at 5 mg and 10 mg and sumatriptan at all 
the dose levels tested did not affect baseline blood 
pressure and heart rate (data not shown). Reduction in 
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Table II. Effect of orally administered sumatriptan or placebo on pupil area (in square millimeters) in seven 
healthy subjects 

Time (min) Effect after placebo 50 mg 
Effect afer sumatriptan 

100 mg 200 mg 

0 27.2 k 2.5 26.5 k 3.1 26.3 f 3.1 28.9 f 2.3 
30 21.1 2 2.4 27.8 k 3.4 25.8 ” 3.7 23.4 ? 3.8 
60 26.2 + 2.5 25.4 2 2.9 24.5 2 2.8 24.5 k 2.1 
90 25.3 2 3.1 26.7 k 3.2 21.4 2 2.5 23.9 2 3.5 

120 21.4 k 2.4 24.8 k 2.9 27.8 2 3.0 26.6 2 3.5 
150 28.2 +- 2.8 25.3 2 2.1 26.0 ? 2.3 26.1 If: 2.9 

Smnatriptan or placebo were given immediately after the measurement of baseline value (time 0). ANOVA and Bonferroni test, comparisons against placebo at 
each time point. 

systolic and diastolic blood pressure, without changes 
in heart rate, was observed 60 and 90 minutes after 
the administration of 20 mg buspirone (data not 
shown). The maximal decrease was observed at 60 
minutes: systolic and diastolic blood pressures were 
128 + 3.5 mm Hg and 79 + 3 mm Hg, respectively, 
after placebo and 108 + 2.1 mm Hg (p < 0.05) and 
68 + 1 mm Hg (p < 0.05), respectively, after bu- 
spirone. Dizziness and weakness were reported by two 
of the seven subjects treated with 10 mg buspirone 
and by all subjects after 20 mg buspirone. Three of 
the seven subjects treated with 200 mg sumatriptan re- 
ported nausea and dizziness. 

Effect of buspirone on homatropine-induced my 
driusis. The mean baseline pupil areas before homat- 
ropine and before the administration of placebo or 
buspirone were not statistically different (Fig. 2). As 
expected, 30 minutes after homatropine instillation, a 
marked dilation of the pupil size was observed (Fig. 
2) and the physiologic miosis in response to the light 
was lost in all the subjects, thus indicating complete 
blockade of the cholinergic muscarinic receptors in the 
treated eye. In this condition 20 mg buspirone caused 
a significant reduction of the pupil area at 30 through 
90 minutes after the oral intake of the drug in the 
homatropine-treated eye (Fig. 2). In the homatropine 
study, five of the six subjects treated with 20 mg bu- 
spirone reported dizziness and weakness. 

DISCUSSION 
In this study we measured pupil size for 150 min- 

utes after oral administration of buspirone and suma- 
triptan in humans. We found that during this period of 
observation, which is sufficient for both drugs to reach 
their peak plasma levels,18,‘9 buspirone, but not 
sumatriptan, reduced pupil size. Plasma level of bu- 
spirone and sumatriptan were not measured in the 
present study. In the absence of pharmacokinetic data, 

we can not exclude that the lack of effect of sumatrip- 
tan may reflect incomplete absorption of the drug. 
However, it is likely that sumatriptan absoption was 
substantially unaltered in our normal volunteers. It is 
possible that the pupillary effect induced by buspirone 
and the lack of effect of sumatriptan reflects their dif- 
ferent pharmacologic profiles of action. 

Sumatriptan has weak activity on 5-HT,, recep- 
tors20V21 and poorly penetrates into the brain,22V23 
where 5-HT,, receptors are predominantly located.’ 
Therefore, activation of 5-HTrA receptors seems to be 
of little relevance to the clinical action of sumatriptan. 
There is evidence that the primary site of action of 
sumatriptan is at the level of the blood vessel wall be- 
cause this drug has marked agonistic activity on 
5-HT,-like receptors, which contract cranial vessels12 
and inhibit neuropeptide release from perivascular 
endings of primary sensory fibers. I3 The high affinity 
of sumatriptan for 5-HT,, binding sites observed in 
vitro in brain tissue homogenates suggests that 5-HT,- 
like receptors are functionally the same as the brain 
5-HT,, receptors.24,25 The 5-HT,-like receptors that 
cause inhibition of neurotransmitter release have also 
been identified on sympathetic nerve terminals.26 The 
observation that sumatriptan did not cause miosis or 
cardiovascular effects seems to exclude the existence 
of 5-HT,-like or 5-HT,, receptors, which inhibit nor- 
epinephrine release from the iris and cardiovascular 
sympathetic nerve terminals in humans. Our results 
are consistent with previous study that showed no 
clinically significant effect of 8 and 16 mg subcutane- 
ous sumatriptan on pupil diameter, measured with 
photographs, heart rate, and blood pressure.27 

The principal finding of this study is that buspirone 
provokes a dose-dependent miotic effect. Miosis in- 
duced by buspirone, at the highest dose tested, was 
evident as early as 30 minutes after the drug intake 
and reached a maximum within 60 minutes. Pharma- 
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Fig. 2. Effect of orally administered buspirone (20 mg, solid circles) or placebo (open circles) on 
mydriasis induced by homatropine (l%, 50 ~1) eyedrops in six healthy volunteers. Buspirone or 
placebo was given immediately after the measurement of pupil areas (time 0) recorded 30 minutes 
after homatropine instillation. *p < 0.05 versus placebo; Student t test. 

cokinetic data in humans show that oral buspirone is 
rapidly absorbed, reaching a maximal concentration 
within an hour after dosing and with a plasma elimina- 
tion half-life of 2% to 3Yz hours. l8 Therefore the time 
course of the effect of buspirone on pupil size is in 
good agreement with the pharmacokinetic parameters 
of this drug. 

Buspirone is extensively and rapidly metabolized to 
l-pyrimidinylpiperazine, l8 which is a potent antago- 
nist of ol,-adrenergic receptors.*’ a,-Adrenergic re- 
ceptor .agonists such as clonidine cause miosis in hu- 
mansz9 However, there is no evidence that 02- 
adrenergic receptor antagonists decrease pupil size, 
and it is unlikely that the miotic effect of buspirone is 
caused by the a,-adrenergic receptor antagonist activ- 
ity of its metabolite. Buspirone exhibits some affinity 
for dopamine D,-receptors . However, buspirone affin- 
ity for 5-HTiA receptors is 16-fold higher than that for 
dopamine D,-receptors,8 and there is no evidence for 
an action of dopaminergic agents on pupil size. Bu- 
spirone is a partial agonist for 5-HTiA receptors. Be- 
cause buspirone is a highly liposoluble molecule and 
rapidly accumulates in the brain, its clinical anxiolytic 
value is attributed to activation of SHT,, receptors in 

the brain.8Y18*30 The present findings suggest that the 
ability of buspirone to cause miosis in humans is at- 
tributable to its agonistic activity on SHT,, recep- 
tors. 

Regarding the mechanism by which activation of 
5-HTi, receptors‘by buspirone reduces pupil size, it 
must be also noted that the miotic response to bu- 
spirone was unaffected by pretreatment of the eye 
with homatropine, which blocked the miotic response 
to the light. Therefore the miotic effect of buspirone, 
a drug essentially inactive on muscarinic cholinergic 
receptors,8 cannot be attributed to a cholinergic mech- 
anism. Hence, the most likely hypothesis is that bu- 
spirone induces miosis by inhibiting the sympathetic 
discharge to the iris dilator smooth muscle. There is 
growing evidence, in experimental animals, that drugs 
that act on 5-HTi, receptors located in the medullary 
region of the brain induce inhibition of sympathetic 
outflow and thus a decrease in sympathetic tone to the 
vasculature.31V32 These effects are reverted by 5-HT,, 
antagonists.33 Administration of the selective 5-HT,, 
receptor agonist flesinoxan to hypertensive patients 
and normotensive volunteers was found to decrease 
blood pressure without reflex tachycardia.” In our 
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study a low dose of buspirone was already able to in- 
duce miosis without any cardiovascular change, 
whereas when a higher dose of buspirone was used, 
the miosis was associated to hypotension. The obser- 
vation that buspirone caused miosis and hypotension 
is fully consistent with the ability of buspirone to in- 
hibit sympathetic discharge centrally. 

In conclusion, the results can be taken to indicate 
that measurement of the miotic effect of buspirone 
seems to be a particularly sensitive method to deter- 
mine the pharmacologic activity of this drug. We pro- 
pose that a serotoninergic mechanism mediated by 
central SHT,, receptors plays a role in the control of 
pupil size by inhibition of sympathetic outflow. In 
agreement with this hypothesis, the monitoring of the 
pupil size seems to represent a good model for the 
study of central SHT,, receptors in a clinical setting. 
However, definitive proof for the role of 5-HT,, re- 
ceptor activation on buspirone-induced miosis could 
be obtained only by the use of selective antagonists 
for this subtype of SHT, receptors, which, however, 
are not currently available for clinical use. 
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