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Prolactin response to buspirone was evaluated in
patients with schizophrenia, with and without
tardive dyskinesia (TD). Prolactin response in pa-
tients with schizophrenia without TD was signifi-
cantly decreased, compared to healthy comparison
subjects (F�6.36, df�5, p�0.0001). Further-
more, prolactin levels after administration of bus-
pirone were not significantly increased from base-
line. In contrast, there was no prolactin response
difference between patients with schizophrenia
and TD and healthy subjects. This finding sug-
gests that decreased dopamine (D2) receptor sensi-
tivity may result in lower risk of developing TD
and may lead to a fuller understanding of the
variable expression of D2-receptor mediated side
effects.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2005; 17:221–226)

Tardive dyskinesia (TD) is a movement disorder that
affects approximately 20%–60% of people continu-

ally treated with conventional antipsychotics.1,2 It has an
unknown pathophysiological basis. Dopamine (D2) re-
ceptor supersensitivity, gamma aminobutyric acid
(GABA)-ergic hypofunction, excitotoxicity, and oxida-
tive stress have all been implicated in the pathophysi-
ology of TD.3–5 However, the D2 hypothesis has been
widely accepted as a major contributing factor to this
movement disorder. Long-term administration of con-
ventional antipsychotics increases D2 receptor sensitiv-
ity and D2 turnover. These changes are believed to be
associated with the development of TD.6 However, this
is not consistently reported, and some investigators
have found no significant association between the D2

system and TD.7–11 Methodological issues have contrib-
uted to these reported differences. First, medication ef-
fects relating to the evaluation of TD are a primary con-
sideration. Because most people with schizophrenia
need to take antipsychotics throughout their entire life,
one must consider the influence of antipsychotics on the
severity and clinical course of TD, including covert or
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withdrawal TD. Second, TD is a dynamic disorder as-
sociated with changes in both severity and pattern over
time, possibly unrelated to medication treatment. To
have confidence in the TD diagnosis, the evaluation
should be conducted consecutively.12 Third, because an-
tipsychotics may induce other motor side effects and
other neurological disorders are frequently combined
with TD, false positive diagnoses are common.

Buspirone is an azaspirodecanedione derivative that
has affinity for both 5-HT1A as a partial agonist and D2

receptors as an antagonist.13 Buspirone evokes the re-
lease of prolactin through both mechanisms.14–17 Prolac-
tin provocation to buspirone has been considered useful
in evaluating serotonin and D2 receptor function. We
evaluated D2 and 5HT1A receptor sensitivity in people
with stringently evaluated TD, using prolactin re-
sponses to buspirone in order to assess the underlying
physiology of vulnerability to TD. Prolactin response to
buspirone varies in many psychiatric disorders, and
buspirone challenge studies are uncomplicated. Differ-
ences in response to buspirone, if present, may also lead
to a useful predictive test of vulnerability to dyskinesia.
Second generation antipsychotics have lowered but not
eliminated the risk of dyskinesia, particularly in sensi-
tive populations such as the elderly.18 Therefore, accu-
rate assessments of risk and greater understanding of
pathophysiology in this area are still critically needed.

METHOD

Subjects
In this study, 87 Korean male subjects participated: 22
subjects with schizophrenia and TD; 28 subjects with
schizophrenia but without TD; and 37 healthy compar-
ison subjects. All patients were recruited through Dong-
suh Hospital Inpatient Unit. Women were not included
in this study, and we wanted to avoid the confounding
effect of the difference of baseline prolactin level on the
prolactin response to buspirone because prolactin levels
in women can be influenced by their menstrual cycle.
All patients met DSM-IV criteria for a schizophrenia di-
agnosis, and all were considered clinically stable. No
subjects met DSM-IV criteria for any other axis I or II
disorder, as determined by means of psychiatric inter-
view and the Structured Clinical Interview for DSM-IV,
which were conducted by a psychiatrist. Subjects who
had a history of neurological and endocrine disorders,

recent dental problems or artificial teeth were excluded.
Comparison subjects were healthy volunteers, with no
history of major psychiatric disorder and no family his-
tory of major psychiatric disorder in first-degree rela-
tives.

Clinical Ratings
To avoid the compounding effect of extrapyramidal
symptoms, subjects who showed overt parkinsonian
symptoms (rated more than two points on Simpson-An-
gus Rating Scale26) were excluded. Diagnosis for TD was
based on DSM-IV and Schooler and Kane criteria for
TD.19 Two experienced psychiatrists performed the re-
search ratings independently, and interrater reliability
was greater than r�0.90 (p�0.001), with standard vid-
eotape ratings. To confirm the presence of TD, three con-
secutive evaluations were performed for each subject: at
baseline, 3-month follow-up, and after the drug wash-
out period. Subjects who met the criteria for TD on all
three occasions were classified as having TD. Stringent
characterization of the non-TD subjects included a total
score of less than 2 points on the Abnormal Involuntary
Movement Scale (AIMS) 27and less than 1-point on each
individual AIMS item on three consecutive evaluations.
The physical health of each subject was confirmed by
medical examination, standard laboratory tests, a chest
X-ray, electrocardiogram (ECG), and electroencephalo-
gram (EEG) prior to participation. The Institutional Re-
view Board approved the study, and all subjects gave
informed consent prior to study participation.

Neuroendocrine Testing
All subjects had been taking conventional antipsychot-
ics (haloperidol, chlorpromazine, thioridazine, trifluo-
perazine, fluphenazine) and were withdrawn from their
medication 1 week prior to study. Five people without
TD were withdrawn from the study after drug washout
because of newly onset dyskinetic movements and re-
fusal of cannular insertion for blood drawing. No sub-
jects showed aggravated psychotic symptoms during
the washout. Thus, data were analyzed for 82 Korean,
male subjects: 22 with schizophrenia and TD; 25 with
schizophrenia but without TD; and 37 healthy compar-
ison subjects. At baseline, subjects were required to at-
tend the laboratory at 7:00 a.m. after an overnight fast.
Between 7:30 a.m. and 8:00 a.m., an indwelling venous
cannular was inserted into the superficial forearm vein.
For the duration of the test, subjects rested and remained
fasting except for water. To measure serum prolactin
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concentrations, blood was drawn at 0, 30, 60, 90, 120 and
150 minutes after oral administration of 30 mg buspi-
rone hydrochloride, which was administered at 9:00
a.m. Serum was stored at �20�C until assayed. Serum
concentrations of prolactin were determined by Electro-
chemiluminoscence assay, using a commercial kit (Boeh-
ringer Mannheim). Inter- and intraassay coefficients of
variation were 4.8% and 2.8%, respectively.

Statistical Analysis
Two-tailed student’s t test and analysis of variance (AN-
OVA) were used to characterize differences between
demographic and clinical variables. Prolactin levels in
healthy comparison subjects were compared with sub-
jects with and without TD separately. Repeated mea-
sures ANOVA was used to evaluate the effect of time
and time-by-group interaction between groups. Analy-
sis of covariance (ANCOVA) was used to determine the
significance of difference between groups in prolactin
levels at each time point following buspirone adminis-
tration. Analysis of variance was used to compare the
peak levels among the groups. An alpha level of 0.05
was considered statistically significant, and all tests
were two-tailed.

RESULTS

Subjects’ Characteristics
The mean age was not significantly different among
schizophrenia subjects with and without TD and the
healthy comparison subjects (mean�41.1 years,
SD�4.7; mean�39.8 years, SD�6.4; mean�42.4 years,
SD�5.4) (F�1.72, df�2, p�0.19). There were no sig-
nificant differences in clinical characteristics, except in
the AIMS total score (t�22.4, df�21, p�0.0001), be-
tween schizophrenia subjects with and without TD at
baseline (Table 1).

Prolactin Response to Buspirone
Baseline prolactin levels were not significantly different
among all three groups (F�0.11, df�2, p�0.89). Pro-
lactin levels in subjects with TD, as compared to healthy
comparison subjects, demonstrated a significant effect
over time on repeated measures ANOVA (F�28.38,
df�5, p�0.0001) but not a significant effect of time-by-
group interaction (F�0.34, df�5, p�0.74). Analysis of
covariance showed no significant differences at each
time point between two groups, controlling for baseline

group difference. Prolactin levels in the schizophrenia
subjects without TD, as compared to healthy compari-
son subjects, revealed both a significant time effect
(F�16.45, df�5, p�0.0001) and time-by-group interac-
tion on repeated measures ANOVA (F�6.36, df�5,
p�0.0001), indicating that two groups have different re-
sponse profiles. When controlling for baseline differ-
ences, ANCOVA showed significant differences in pro-
lactin levels from 60 minutes through 150 minutes
between schizophrenia subjects without TD and com-
parison subjects (60 minutes: F�8.10, df�1, p�0.0006,
90 minutes: F�13.24, df�1, p�0.0006, 120 minutes:
F�10.58, df�1, p�0.0020, 150 minutes: 10.32, df�1,
p�0.0022) (Figure 1). The peak levels of prolactin in
subjects without TD were significantly lower than pro-
lactin levels for subjects with TD and healthy compari-
son subjects (F�6.76, df�3, p�0.0004) (Figure 2).

DISCUSSION

The principal findings of this study indicate that schizo-
phrenia subjects without TD showed a significantly de-
creased prolactin response, reflecting D2 receptor down-
regulation and/or serotonergic system insensitivity.
However, schizophrenia subjects with TD showed no
significant difference in prolactin responses, when
matched up against healthy comparison subjects.

Although D2 receptor sensitivity is a leading hypoth-
esis of the pathogenesis of TD, our results do not match
the D2 receptor supersensitivity theory. Although the D2

supersensitivity hypothesis has been widely accepted as
the leading theory of TD, it still has not been confirmed.
Moreover, it should be noted that D2 supersensitivity
does not always follow long-term administration of an-
tipsychotic drugs.7–11,20

The effects of previous antipsychotic drug treatment
in subjects with schizophrenia may be a confounding
factor and limitation to the study. Although all drugs
were withdrawn at least 1 week prior to the study, this
may have not been enough time to exclude persisting
effects of antipsychotics on the brain. However, if effects
of previous drug treatment were markedly persistent,
baseline prolactin levels in the schizophrenia group
should have been different from the healthy comparison
subjects. This was not the case, however. Additionally,
differences in the clinical characteristics of our subjects
and those of patients in previous studies might produce
different results, as dopaminergic transmission, D2 syn-
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Figure 1. Prolactin Responses to Buspirone in Schizophrenia
Patients With (N�22) and Without TD (N�25), and
Normal Comparison Subjects (N�37)a
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aThe prolactin concentrations are shown as mean and standard
deviation.
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TABLE 1. Demographic and Clinical Data for the Patients With Schizophrenia

Schizophrenia With
Tardive Dyskinesia

(N�22)

Schizophrenia
Without Tardive

Dyskinesia (N�25) Analysis

Variable Mean SD Mean SD t (df�45) p

Duration of taking antipsychotics
(months) 122.0 60.7 130.4 79.4 0.40 0.69

Chlorpromazine equivalent dose
(mg/day) 238.4 105.7 222.6 129.0 �0.27 0.79

Abnormal Involuntary
Movement Scale total score 6.3 1.3 0 �23.91 �0.0001

Brief Psychiatric Rating Scale
total score 31.4 6.3 28.8 4.4 �1.68 0.11

Simpson-Angus Rating Scale
total score 0.5 0.5 0.5 0.6 �0.12 0.90

SD�standard deviation

aptic concentration, and D2 receptor occupancy by D2

may differ, according to the severity and course of
schizophrenic illness.21 However, illness characteristics
did not vary between our TD and non-TD group, which
is probably an unlikely explanation of our findings. It is
difficult to explain explicitly why schizophrenia subjects
with TD showed no significant difference in prolactin
responses, compared with healthy subjects.

It is interesting to note that subjects without TD in our
study demonstrated blunted prolactin responses to bus-
pirone, which may mean there was decreased D2 recep-
tor sensitivity in these subjects. It is well known that the
prevalence of TD occurs in approximately 20%–60% of
subjects treated continually with antipsychotic medica-
tion. This means that 40%–80% are relatively resistant
to developing TD. There are few explanations as to why
some patients remain free from TD, even though they
have been taking antipsychotics for long periods. Pre-
vious studies indicate that decreased or absent D2 recep-
tor supersensitivity could be related to a reduction of
TD risk. In animal studies, acute administration of sul-
piride and clozapine, known not to produce TD, appear
to act at D2 receptor sites, but continuous chronic ad-
ministration of these compounds does not result in the
development of striatal D2 receptor hypersensitivity.22

Chronic administration of haloperidol increases striatal
D2 receptor hypersensitivity. For example, it enhances 3-
hour spiroperidol binding in the striatum and in me-
solimbic loci.23 Other evidence demonstrates that certain
drugs, such as carbamazepine, may improve haloperi-
dol induced dyskinetic movement by reducing D2 su-
persensitivity24 or decreasing blood levels25 and, as a
result, brain exposure to haloperidol. Although these re-
sults cannot provide direct evidence to show that de-
creased D2 receptor sensitivity is related to the low in-
cidence of TD, they suggest that decreased D2 receptor
sensitivity may play an important role in reducing the
development of TD. Therefore, we can propose that de-
creased D2 receptor sensitivity may play a role in re-
ducing the development of TD in some patients.

We do not know the mechanism by which people
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Figure 2. Scattergram of Baseline and Peak Levels of Prolactin After Administration of Buspirone in Schizophrenia Patients With
(N�22), Without TD (N�25), and Normal Comparison Subjects (N�37)
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without TD in our study showed a decrease in D2 sen-
sitivity. This may have been a result of individual vari-
able compensation to the chronic administration of an-
tipsychotics, reactions which could be influenced by
genetic variability.

Our results, however, should be interpreted with cau-
tion due to other limitations. First, the effect of buspi-
rone on prolactin response may not directly reflect the
changes in central dopaminergic or serotonergic func-
tion but some combination of both. This nonspecificity
challenges our result regarding the D2 receptor sensitiv-
ity-TD relationship. This work should be followed by a
study of buspirone challenge with and without pin-
dolol, a 5-HT1A agonist, which would help differentiate
the dopaminergic versus serotonergic components of
the response. Second, long-term administration of anti-
psychotics may change the D2 receptor sensitivity. How-
ever, it is not yet clear how well prolactin response to
buspirone can reflect the functional state of D2 receptors.
Third, medication-related effects, such as differences in

the past history of antipsychotic medication and the po-
tential role of drug metabolism, should be considered in
interpreting our results, although there were no obvious
differences between the TD and non-TD groups. All sub-
jects were men and fairly young, limiting the general-
izability of our results. Additionally, there was no pla-
cebo-control, although a stringent criterion was utilized
for diagnosing TD. However, the inclusion of a healthy
comparison group partially mitigates such a problem.
These findings may yield more needed research in this
area. This result may lead to a fuller understanding of
the variable expression of D2-receptor mediated side ef-
fects in patients treated with antipsychotics.
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