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This study is based on the hypothesis of a paraventricular cerebral noradrenaline deficit in alcoholic Korsakoff’s syndrome. In a

randomized open study the effects of a 4-week treatment with the selective noradrenaline reuptake inhibitor reboxetine on (1) the

salivary concentration of the noradrenaline metabolite MHPG and (2) changes in cognitive performance measured by the Mini Mental

Status Test were examined. The study group consisted of 105 patients diagnosed with alcohol-related Korsakoff’s syndrome (ICD-10:

F10.6). Korsakoff’s patients showed a reduced concentration of salivary MHPG compared to healthy controls; this reduction did not

correlate with the results of the Mini Mental Status Test. An increase in salivary MHPG was found together with an improvement in the

Mini Mental Status Test both in the verum group treated with reboxetine and in the control group upon completion of the 4-week study.

However, a subgroup with a shorter duration of disease (o1 year) was found to profit significantly from reboxetine treatment, as shown

by improvements in cognitive performance.
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INTRODUCTION

The alcohol-conditioned amnestic syndrome (ICD-10: F
10.6), also known as Korsakoff’s psychosis, is not considered
as merely a cerebral nutritional disorder related to thiamine
deficiency; it is also thought to be an expression of a local
noradrenaline deficit occurring as a result of a substance-
induced damage to neuronal projections (Mrazek et al, 1999;
Poeck, 1998; Pfeiffer, 1985; Preu� and Soyka, 1997; Thier,
1993). The function of cognitive tasks such as memory,
learning and selective attentiveness is regulated in the
prefrontal cortex and the locus coeruleus in particular by
ascending pathways of the noradrenergic nervous system
(Coull, 1994). Participation of the serotonergic system has
been reported on in great detail, as it has a beneficial effect of
fluvoxamine on memory disturbances, albeit in a very small
sample of patients (Stapleton et al, 1988; Martin et al, 1995).
Neuropathological atrophic modifications have been

found in the mamillary body, the aqueduct, subependymal
structures of the 3rd and 4th ventricle, and parts of the
hypothalamus and thalamus (Butters and Granholm, 1984;

Pfeiffer, 1985; McEntee and Mair, 1984). Significant
improvements in memory function were found by McEntee
and Mair (1980 and Mc Entee et al (1981, 1987)) in patients
with Korsakoff’s syndrome following treatment with the a-2
receptor agonist clonidine; improvements in memory were
correlated with an increase in CSF MHPG levels. Memory
improvements were also shown among Korsakoff’s patients
treated with 3,4dihydroxyphenylserine (DOPS), a nonphy-
siological noradrenaline precursor, in a double-blind study
performed by Langlais et al (1987).
On the basis of these findings, the aim of this study was to

investigate whether the centrally selective noradrenaline
reuptake inhibitor reboxitine leads also to clinically
perceptible improvements in cognitive deficits and to
modifications in the MHPG concentration. An effective
and practical therapy for (chronic) Korsakoff’s syndrome is
not yet known, and treatments employed in clinical practice
have been highly inconsistent according to our own
experience and communications published in the literature
(Preu� and Soyka, 1997).

MATERIALS AND METHODS

Subjects

A total of 105 patients with Korsakoff’s syndrome from 14
clinics and/or nursing homes (all the previously mentioned
studies worked with considerably smaller patient numbers)
could be included in the study.
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The patients had to fulfil the following inclusion criteria:

� clinically certain diagnosis according to ICD 10 (F 10.6),
� voluntary participation after informed consent, if neces-
sary consent from a guardian,

� age between 18 and 69 years,
� no complicating diseases,
� no additional psychiatric diagnosis, particularly depres-
sion,

� no pregnancy,
� constant medical care,
� no simultaneous antidepressant medication.

Of the examined patients, 23.8% were women and 76.2%
were men. The average age of all patients was 49.8 years,
of which the women were 48.6 years and the men 51.1 years
of age on average. Results were evaluated considering
the independent variables sex, age, duration of disease
before study onset, and severity of disease at study
onset.
For the most part, the patients in the nursing homes had

already been diagnosed with Korsakoff’s syndrome several
years previously; all had suffered for at least 1 year. The
duration of disease before study onset was considerably
shorter among the hospital patients, that is, between 3
weeks and at most 1 year (mean of 3 months).
Patients of the verum and control groups were matched

with respect to the following variables:

(a) male/female,
(b) test results in the Mini Mental Status Testo19 points or

X19 points,1

(c) time after diagnosis o6 weeks/46 weeks.

Drug Administration and Investigation Procedure

The patients of the verum group received 8mg reboxetine
daily (2� 4mg doses) over 4 weeks per os. Those of the
control group received no reboxetine; six male patients
(three each in the verum and control groups) also received
between 50 and 300mg parenteral thiamine daily following
a previous programme of medication. Moreover, no other
psychoactive drugs (antidepressants, neuroleptics, seda-
tives, and hypnotics) were administered in both groups. No
patient consumed any alcohol when they were receiving
treatment. Psychological dehabilitation therapy was not
undertaken during the experimental period because of the
mental status of the patients. The measuring time points
were days 0 and 28. On these days, the patients underwent a
Mini Mental Status Test for reliably measuring cognitive
functions (Folstein et al, 1975). In deciding for the relatively
unspecific, but simple MMST, compliance rather than
theoretic aspects was instrumental. The examiner was
always the same. A saliva sample was also taken from each
patient at both measuring points; the sample was deep
frozen at �701C within 6 h.
For the indirect determination of cerebral noradrenaline,

the concentration of its metabolite MHPG was measured.
We refrained from performing a lumbar puncture on most

of the patients in our care for ethical and legal reasons, but
in another study we were able to show that a highly
significant correlation exists between MHPG in saliva and
the CSF (r¼ 0.76, po0.001, n¼ 21) (Reuster et al, 2002).
For this reason, we determined MHPG from a small salivary
sample, which was obtained using a Sarstedt Salivettes.
Measurement of salivary MHPG concentration was

performed using a procedure modified from that of Ko et
al (1997); this involved sample purification using a solid-
phase extraction followed by separation on HPLC and
electrochemical detection.

Statistics

For multivariate testing of the influence of the factors sex,
duration of illness, reboxetine, and the covariable age, a
general repeated measurement model was calculated using
the SPSS statistical programme. Since the sizes of the
samples for this model were sometimes relatively small (57
sample pairs could be evaluated for the MHPG measure-
ment), univariate analyses were also performed using
variance analysis, t-tests, Mann–Whitney U-tests, and
Wilcoxon tests. Results were deemed significant at po0.05
for a two-tailed test. The connection between MHPG and
MMST was calculated using Spearman’s rank correlation.

RESULTS

The most important results are presented in Figures 1 and 2.
Of the 105 cases, 98 could be evaluated in full by the mini
mental test (23 female, 75 male). A total of 57 value pairs
could be employed for evaluating changes in the MHPG
concentration, and four patients had to terminate their
participation because of side effects, particularly excessive
unrest. Several samples could not be analyzed because of
technical problems encountered in the laboratory.

MHPG

The completely evaluated cases revealed in the univariate
analysis a significant reduction of initial MHPG concentra-
tion in the saliva of patients with Korsakoff’s syndrome in
comparison with healthy controls (t41¼ 2.023, p¼ 0.050).
Patient gender exerted no significant influence but women
showed a higher MHPG mean value as a starting value and a
weaker increase in MHPG at the end of the study compared
to men (Figure 1). A reference value for salivary MHPG was
formed from a random sample of 21 healthy probands
(employees from our unit, 10 female, 11 male, average age
42.6 years) and was found to be 12.85 ng/ml (range 1.46–
32.13, SD 9.25). Detection of MHPG was performed by the
same laboratory.
The multivariate analysis revealed that a significant

difference between the first and the second measurement
was evident (F1,48¼ 5.32, p¼ 0.025). This was found to be
dependent only on age: The younger the patient, the more
marked was the increase (F1,48¼ 4.49, p¼ 0.039).

MMST

In the univariate calculation, the results in the Mini Mental
Status Test at the end of the 4-week study did not reveal any

1This value was reported as the representative average of the Mini Mental

Status Test from 19 Korsakoff patients in an unpublished study (Reuster
and Buntrock, 1999).

Influence of reboxetine on salivary MHPG concentration
T Reuster et al

975

Neuropsychopharmacology



relevant differences between the verum and control groups
(t82¼ 0.78; p¼ 0.437). However, when comparing the
subgroups of ‘nursing home patients’ with a chronic
syndrome and ‘hospital patients’ with a relatively short-
existing syndrome (maximum of 1 year, 3 months on
average), nursing home patients revealed lower initial and
final values than the hospital patients (Figure 2).
Among patients with a shorter duration of disease

(hospital patients) a group difference was apparent to the
benefit of the treatment group; in this group, reboxetine
dosing was correlated with a significantly better clinical
outcome (t19¼ 2.26, p¼ 0.036) as shown in Figure 2.

However, the clinic control group also showed (nonsigni-
ficantly) improved values.
The multivariate analysis also revealed two significant

interactions: (1) The increase in the MMST score was
stronger in all patients with a short duration of illness
(hospital) than it was in patients who suffered more
chronically (domiciled) (F1,89¼ 8.85, p¼ 0.004). (2) among
women (23.5% of the sample), MMST values also increased
in the clinic, but among the domiciled women it decreased
(F1,89¼ 7.31, p¼ 0.008). Accordingly, gender correlated with
the increase in the MMST score.
Overall, patients with a shorter duration of disease, and

who were treated in hospital with reboxetine, showed a
significant improvement in cognitive symptoms and this
effect appeared to be more marked among women. It should
also be pointed out that when certain memory-related items
of the MMST are selected on their own, no significant
deviations from the global test results can be found.

Correlation Between MHPG and Cognitive Performance

As expected, our patients revealed a reduction of the MHPG
baseline, which both in the therapy and control groups
increased by about the same amount (2.93 and 1.95 ng/ml
compared to the mean, respectively). In both groups,
MHPG values did not correlate with MMST scores either
at the beginning or at the end of the study (p¼ 0.39,
r¼ 0.096; p¼ 0.49, r¼ 0.088, respectively).

DISCUSSION

The hypothesis stating that an indirect noradrenergic
stimulation of damaged neuronal projections results in a
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functional improvement of cognitive and mnestic perfor-
mance among patients with an alcohol-toxic Korsakoff’s
syndrome is partially supported by our study that involved
a 4-week treatment with the selective noradrenaline
reuptake inhibitor reboxetine.
A significant improvement in cognition was found in

hospital patients treated with reboxetine who had only
suffered a short duration of about 3 months on average. A
slight improvement was documented for the hospital
patients control group, whereas no difference was found
for patients (verum and control) with a longer disease
duration. In contrast, the patients with a chronic disease
process who were already living in nursing homes revealed
no improvements neither with nor without reboxetine
treatment (Figure 2).
These results conflict with the findings of McEntee and

Mair (1978, 1980, 1981), and Mair and McEntee (1983), who
in their Korsakoff’s patients found memory deficits
correlating with CSF-MHPG values. These deficits signifi-
cantly improved in response to clonidine (n¼ 8) in line with
simultaneously increasing CSF MHPG values. However,
O’Carroll et al (1993) as well as Moffoot et al (1994) were
not able to replicate these findings.
Since in our study all hospital patients (with a shorter

duration of disease) improved in the MMST, this allows us
to conclude that the effect was due either to the efficacy of
the hospital setting, a better spontaneous prognosis for
early cases (Victor and Laurenco, 1978; Marneros, 1980), or
a combination of both factors. However, since only the
verum group achieved a significant increase in the MMST
scores, an additional positive influence of the medication
also seems highly probable.
It is also worthy of note that treatment with the selective

noradrenaline reuptake inhibitor reboxetine is not reflected
by a change in salivary MHPG content; one would normally
expect an increase in centrally available noradrenaline in
the synaptic cleft following such treatment.
However, regarding reboxetine, no appropriate studies

have as yet been performed in man. Concerning alterations
in MHPG, there was no correlation with reboxetine dosing,
and regarding McEntees and Mairs’ (1978, 1980, 1981), and
Mair and McEntee (1983) findings there was also no
correlation with the results of the Mini Mental Status Test.
Measurement of MHPG in the saliva after 4 weeks revealed a
nonsignificant rise in both groups, which was much more
marked in the control group (Figure 1). We could not
therefore determine an influence of the 4-week reboxetine
treatment on MHPG concentration.
However, in our sample we also found lowered initial

MHPG values, an observation consistent with the earlier
findings of others (McEntee and Mair, 1978, 1984; McEntee
et al, 1987). Nevertheless, our MHPG values did not
correlate intraindividually with the initial MMST score
and did not climb during the course of treatment in either
group, irrespective of the increasing MMST score. This
finding is in stark contrast to that of McEntee and Mair, and
supports the contradiction published by Martin et al (1984,
1995).
It should be noted that measuring MHPG in saliva

includes sources of MHPG produced centrally, peripherally,
and locally (Schwab et al, 1992). Even with an overall highly
significant relation between CSF and salivary MHPG,

quantitative assessments must be related to central nora-
drenaline turnover on an individual basis. However, with
this reservation, the method did appear to be adequately
reliable to us as a semiquantitative procedure and with
sample sizes 420 (Reuster et al, 2002). Our results allow us
to conclude that among patients with a still relatively recent
onset of Korsakoff’s syndrome, reboxetine dosing can
contribute to improvements in cognitive performance.
These results seem inconsistent with the antidepressive
effects of medications on an accompanying depression,
since we only included patients without any clinically
evident depression according to ICD-10. However, in future
studies, subclinical antidepressive effects should be con-
trolled by objective tests. In order to check the reboxetine
effect, one should focus especially on patients with a short
duration of illness, and the patients should be differentiated
according to the extent of cognitive–mnestic defects.
Although the role of the noradrenergic system in cognitive
defects within alcohol-related Korsakoff’s syndrome needs
to be described better, this therapeutic option may provide
an alternative or supplement to fluvoxamine application.
Adequate knowledge of the differential pathophysiology
that might justify rational therapeutic differential indica-
tions still remains to be acquired.
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