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N-methyl D-aspartate (NMDA)-antagonists decrease
neurotoxicity by inhibiting Ca**influx which is of interest
for the treatment of acute cerebrovascular insults and
chronic neurodegenerative disorders. Currently, there is no
surrogate marker for quantification of NMDA-receptor—
mediated drug effects, which hampers dose-finding clinical
studies. As prolactin and cortisol liberation is in part
influenced through NMDA-receptors we investigated
whether the elevation of prolactin or cortisol plasma levels is
a class effect of NMDA-antagonists and might be an
appropriate marker for studying NMDA-antagonistic
potency. Fifteen healthy male volunteers participated in this

placebo-controlled, randomized, three-way crossover trial.
Ketamine (0.5mg/kg), memantine (0.16 mg/kg; i.e., a well
tollerated standard dose) or placebo were infused over 60
min. Ketamine increased serum prolactin and cortisol levels
(p < 0.001), whereas memantine and placebo did not affect
hormone levels. Further studies are needed to define
whether higher doses of memantine or other NMDA
antagonists can induce hormone release.
[Neuropsychopharmacology 24:590-593, 2001]
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Overstimulation of the N-methyl-D-aspartate (NMDA)
receptor, a subtype of glutamate receptors, leads to ex-
cessive entry of calcium ions into neurons causing sub-
sequent cell damage. This mechanism of neurotoxicity
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is associated with acute and chronic neurodegenerative
disorders (Danysz and Parsons 1998) and schizophre-
nia (Abi-Saab et al. 1998), so that NMDA receptors are
potential pharmacological targets.

There are currently no biologic markers available to
quantify the potency of NMDA antagonists. Yet,
NMDA receptors are involved in the physiologic pulsa-
tile regulation of hormone release from the hypo-
thalamo-pituitary-axis (Arslan et al. 1992; Bhat et al.
1995, Jezova et al. 1991). Measurement of prolactin and
cortisol levels may thus reveal a drug’s possible NMDA
receptor antagonistic potency. Additionally, hormone
levels would be readily accessible parameters for dose
finding studies and for establishing minimally effective
concentrations of certain NMDA antagonists.

In this study we investigated whether the rise in pro-
lactin and/or cortisol serum levels could be a class ef-
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fect of NMDA-antagonists. We thus compared the ef-
fects of two well known NMDA-antagonists, ketamine
and memantine, on prolactin and cortisol release,
though they show different interactions with the gly-
cin-binding sites (Danysz and Parsons 1998), different
degrees of trapping in the ion channel and differences
in their binding affinities and receptor blocking actions
(Mealing et al. 1999).

METHODS
Subjects

The sample size of 15 subjects was based on a previ-
ous study investigating the endocrine effects of ket-
amine (Krystal et al. 1994). The study protocol and in-
formed consent form were approved by the local Ethics
Committee, and all subjects undersigned the nine pages
of the informed consent in the presence of a physician
and a witness. All subjects underwent a battery of labo-
ratory and physical screening tests as described previ-
ously (Jilma et al. 1996). Inclusion criteria were healthy,
as defined by the absence of disease, male sex, age 19-35
years, drug free. Subjects had a body mass index of 22.8 +
0.5 kg/m? (mean * SD). A psychiatric examination
(open questions concerning familial and medical his-
tory, International Personality Disorders Examination
and Structured Clinical Interview for DMS) was per-
formed because NMDA-antagonists can dose-depen-
dently provoke psychotomimetic effects (Krystal et al.
1994, 1999; Newcomer et al. 1999). Any evidence of
prior or active psychiatric disorder or family history of
such was defined as exclusion criterion.

Study Design

The study was placebo-controlled, balanced-random-
ized (by randomization tables), three-way crossover
with a wash-out period of at least six days between
study-days.

Experimental Procedures and Medications

Volunteers reported at 07:45, a.m. on each trial day to
the study ward. An indwelling catheter (21 gauge) was
inserted and after a 1 hr resting-period ketamine (Keta-
1ar® 0.5 mg/kg, Parke Davis), memantine (Akatinol Me-
mantine Injektionslosung® 0.16 mg/kg, Merz & Co) or
placebo (physiologic saline solution) were infused over
60 min. Blood was sampled twice at 10 min. intervals
before infusion of any drug and for 2h after the start of
infusion (Figure 1). Blood pressure was measured at 5
min intervals, a real time ECG was monitored continu-
ously and pulse rate was recorded from a finger pulse-
oxymeter on a HP-CMS monitor system (Hewlett Pack-
ard, Palo Alto, CA).
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Methods

Cortisol and prolactin serum levels were measured by
enzyme immunoassay (Enzymun-Test™Cortisol and
Prolactin, Boehringer Mannheim Immundiagnostica,
limit of sensitivity: 27.6nmol/L and 1ng/mL, respec-
tively). Intra-assay coefficients of variation (CV) were
<2% and inter-assay CV were <7%.

Data Analysis

Treatment effects on hormone levels and cardiovas-
cular parameters are described as means+SEM. We
used a two-way ANCOVA for analysis of treatment ef-
fects (treatment = indepedent factor, subject = covari-
ate, outcome variable = dependent factor in a repeated
measures design). A p-value of 0.05 was considered sig-
nificant. F-values are provided for main effects.

RESULTS

Basal serum cortisol and prolactin levels were not sig-
nificantly different between periods.
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Figure1. Mean serum prolactin (top layer) and cortisol (bot-
tom layer) levels after ketamine, memantine and placebo infu-
sion (indicated by the arrows). Data is mean * SEM (n = 15).
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Prolactin

Prolactin levels steadily declined during placebo and
memantine infusion with nadir levels seen at 120min.
In contrast, ketamine increased prolactin serum levels
after 40 min of infusion, which differed significantly
from the decrease observed after memantine and pla-
cebo infusion (F = 3.66, [df = 12], p < .001; Figure 1)

Cortisol

Cortisol levels steadily declined during placebo and
memantine infusion with nadir levels at 80 min. In con-
trast ketamine increased cortisol serum levels at 60 min
after infusion, which differed significantly from the de-
crease observed after memantine or placebo infusion (F =
7.68, [df = 12]; p < .001; Figure 1).

Effects on Blood Pressure and Pulse Rate

Ketamine, but not placebo or memantine, infusion
increased systolic (F = 5.56) and diastolic blood pres-
sure (F = 2.16) and heart rate (F = 3.00) on average by
10-15% ([df = 16] and p < .001 in all cases; Figure 2).

Drug-tolerability

The ketamine infusion was discontinued in two sub-
jects after minor adverse events. Sweating, dizziness,
and paresthesia in the finger tips and around the mouth
were reported; all data were included in an intention to
treat analysis and the last observation was carried for-
ward. No adverse events were reported during meman-
tine infusion.

DISCUSSION

Ketamine increased prolactin and cortisol levels,
which is in good agreement with data obtained by
Krystal et al. (1994). In contrast, no significant differ-
ences were observed between the memantine and pla-
cebo period (p < .827). The fall in plasma prolactin and
cortisol levels in the memantine and placebo groups
represents well-known circadian changes (Miyatake et
al. 1980).

This study demonstrates that tolerable doses of two
non-competitive open ion channel blocking NMDA-
antagonists can provoke different hormonal release re-
actions in healthy volunteers (Figure 1).

First, it is a clear limitation of our study that we ex-
amined only one well-tolerated dose of memantine
(0.16mg/kg), which is a standard dose according to the
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Austrian Summary of Products Characteristics, but
may be much too low to affect prolactin or cortisol con-
centrations, because there is evidence that high-dose
memantine (20mg/kg) increases at least cortisol levels
in rats (Zhou et al. 1998). Second, it is possible that the
release of both hormones is triggered by a sympathomi-
metic effect of ketamine, because only ketamine af-
fected cardiovascular parameters (Figure 2), and epi-
nephrine and exercise are both well known stimuli for
hormone release (Willems et al. 2000; Deuster et al.
2000). Third, memantine and ketamine have different
effects on dopamine (Smith et al. 1998; Bregonzio et al.
1998; Puri et al. 1981) release, which controls prolactin
release. Finally, ketamine infusion could also release
prolactin by a direct effect on prolactin secreting cells
(Wickings and Nieschlag 1980).

In conclusion, ketamine, in contrast to low dose me-
mantine (0.16mg/kg), elevates serum prolactin and cor-
tisol levels in healthy men.
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Figure 2. Mean values of systolic and diastolic blood pres-
sure (mmHg) and heart rate (m™!) after ketamine, meman-
tine and placebo infusion (indicated by the arrow). Data is
mean = SEM (n = 15).
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