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MICHEAU, J., T. P. DURKIN, C. DESTRADE, Y. ROLLAND AND R. JAFFARD. Chronic administration ofsul- 
butiamine improves long term memory formation in mice: possible cholinergic mediation. PHARMACOL BIOCHEM 
BEHAV 23(2) 195-198, 1985.--Thiamine deficiency in both man and animals is known to produce memory dysfunction and 
cognitive disorders which have been related to an impairment of cholinergic activity. The present experiment was aimed at 
testing whether, inversely, chronic administration of large doses of sulbutiamine would have a facilitative effect on memory 
and would induce changes in central cholinergic activity. Accordingly mice received 300 mg/kg of sulbutiamine daily for 10 
days. They were then submitted to an appetitive operant level press conditioning test. When compared to control subjects, 
sulbutiamine treated mice learned the task at the same rate in a single session but showed greatly improved performance 
when tested 24 hr after partial acquisition of the same task. Parallel neurochemical investigations showed that the treatment 
induced a slight (+ 10%) but significant increase in hippocampal sodium-dependant high affinity choline uptake. The present 
findings and previous results suggest that sulbutiamine improves memory formation and that this behavioral effect could be 
mediated by an increase in hippocampal cholinergic activity. 

Mouse Sulbutiamine Learning and memory Hippocampal cholinergic activity 

AS pointed out by several authors much evidence suggests 
that brain function is dependent on nutritional status, which 
may lead to alterations in brain neurotransmission. Thiamine 
deficiency in both man and experimental animals is known to 
result in Wernicke encephalopathy with characteristic 
neuropathological manifestations (see [16]) accompanied by 
regionally selective changes in neurotransmitter function [6] 
and lesions of a variety of brain structures [26]. Memory 
dysfunction and cognitive disorders have been described in 
patients with Wernicke encephalopathy and the well known 
amnesic Korsakoff syndrome is thought to be caused 
primarily by thiamine deficiency [30]. Similarly, learning and 
memory deficits have been reported following thiamine dep- 
rivation in animals [17,33] and several observations support 
the view that impairment of cholinergic function in the cen- 
tral nervous system may be important in the production of 
neurological symptoms associated with thiamine deficiency. 
Firstly, symptoms which are reversed by thiamine therapy 
can also be reversed by administration of cholinomimetics 
[3-4, 16]. These results, which seem to indicate that 
metabolic rather than structural changes may be responsible 
for some of the neurological symptoms, agree with the fact 
that thiamine plays a key role in the regulation of coenzyme 
availability for the synthesis of acetylcholine (see [ 16]). Evi- 
dence suggesting an important role of the central cholinergic 
system in memory mainly comes from pharmacological in- 

vestigations showing that cholinergic antagonists induced 
amnesia while cholinergic agonists administered alone or in 
combination enhanced memory both in normal and deficient 
subjects (see [5,15]). This hypothesis is also supported by 
biochemical evaluations showing that changes in cholinergic 
activity such as reduction in cholineacetyltransferase activ- 
ity, high affinity choline uptake or muscarinic receptor bind- 
ing paralleled memory dysfunction in man (see [5]) and 
animals [18,25]. The possible forementioned relations be- 
tween thiamine metabolism and cholinergic activity 
prompted us to study the effects of chronic administration of 
a thiamine derivative, suibutiamine (Arcalion®-Laboratoires 
Servier) on learning and memory in mice and to examine 
whether any observed effects could be explained by changes 
in hippocampal cholinergic activity. For this purpose in the 
present study we chose to use long term retention of a lever 
press conditioning which was shown in previous experi- 
ments, to depend on hippocampal cholinergic activity at the 
time of training [18,19] and when impaired, could be restored 
by IV injections of physostigmine [22]. 

METHOD 

Animals 

The subjects were 52 male mice of the BALB/c strain 
14-16 weeks old at the time of the experiments. At 10 weeks 
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FIG. 1. Effects of sulbutiamine treatment on performance observed 
during a 30-rain continuous acquisition session of CRF conditioning. 
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FIG. 2. Effects of sulbutiamine treatment on scores obtained during 
the 24 hr-delayed retention after partial acquisition of CRF condi- 
tioning. Statistical comparisons: *p<0.05; **p<0.01. 

of age they were housed individually with ad lib access to 
food and water in a room which was maintained at a constant 
temperature (21°C) and a light-dark cycle (12 hr-12 hr). 

Drug Administration 

Sulbutiamine was administered orally by intragastric in- 
tubation. Each animal of the experimental group received 0.2 
ml of a gum arabic emulsion (15% v/w) containing the drug at 
a dose of 300 mg/kg daily. The treatment was administered 
for 10 days and stopped the day before either behavioral or 
neurochemical investigations. Mice receiving only gum 
arabic (0.2 ml) or no treatment except handling served as 
controls. 

Behavioral Testing 

The apparatus, previously described elsewhere [9] was a 
Skinner box in which the lever and the food cup were sepa- 
rated by a small partition. All lever-presses were reinforced 
by a 6 mg pellet (continuous reinforcement) and registered 
on a pen-recorder. The procedure used was the same as that 
described in previous papers [10,21]. A deprivation schedule 
was initiated 4 days before testing so that throughout the 
course of conditioning all subjects were maintained at 
81-84% of their ad lib body weights. Mice belonging to each 
of the three groups (Sulbutiamine: N=  18; gum arabic: N=  17 
and no treatment: N= 19) were randomly divided into two 
subgroups assigned to two experimental test procedures. 
The first test procedure was aimed at testing the influence of 
treatments on the speed of acquisition in a single session of 
30 min (see Fig. 1). The second test procedure consisted of a 
15 mm acquisition session followed by a retention session of 
30 rain 24 hr later (see Fig. 2). These two procedures allowed 
us to distinguish between a possible effect of the drug on 
learning rate and on long term memory (see [20]). 

Neurochemical Analysis 

Neurochemical analyses were conducted on 6 subjects of 
each group treated in exactly the same way as mice used for 
behavioral testing, animals being sacrificed in place of being 
trained in the Skinner box. Sodium-dependent high affinity 
choline uptake (SDHACU) kinetics were measured in 
aliquots of resuspended crude synaptosomai (P2) pellets of 
hippocampi from the different groups of animals. The proce- 
dure, based on that of ATWEH et al. [2] consists of measur- 
ing the difference in the amount of methyl-ZH-choline (0.25 
/zM) taken up by the synaptosomal aliquots over a 4 rain 
period in parallel incubations in sodium-free and normal 
sodium Krebs ringer and has been described previously [ 13]. 

RESULTS 

Behavioral 

As can be seen in Fig. 1, there was no between groups 
differences in the performance registered during the 30 min 
of the uninterrupted session, F(2,22)=0.64, n.s.; the speed of 
acquisition was not different among the three groups (trend 
analysis = F(10,110)=0.83, n.s.) which reached comparable 
levels of performance at the end of the session. By contrast, 
results summarized in Fig. 2 show that the 24 hr interval 
interposed between the 1st (partial acquisition) and 2nd (re- 
tention) session induced significant between group differ- 
ences. Thus, as for the uninterrupted 30 min session, no 
differences were observed during the 15 min of partial ac- 
quisition, F(2,26)=0.10, n.s., but performance on the whole 
retention session significantly differed among the three 
groups, F(2,26)-3.89, p<0.05, notably at the start (first 5 
min) of the session, F(2,26)=11.26, p<0.001. Between 
groups comparisons during this first 5 min block show that 
gum arabic treatment induced an impairment, F(1,17) = 5,28, 
p<0.05,  while sulbutiamine dramatically improved retention 
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TABLE 1 

EFFECT OF SULBUTIAMINE TREATMENT ON HIGH AFFINITY 
SODIUM DEPENDENT CHOLINE (Ch) UPTAKE IN HIPPOCAMPUS 

No treatment Gum arabic Sulbutiamine 

SDHACU 
p.moles Ch/ 18.72 18.31 *20.16 
4 min/mg protein 0.32 0.63 0.23 

S.D. 

*See text for statistical comparisons. 

performance, F(1,17)= 15.11, p<0.01, even when compared 
to that of the untreated group, F(1,18)=8.84, p<0.01. 

N e u r o c h e m i c a l  

Results are summarized in Table 1. An analysis of vari- 
ance showed that treatments significantly modified the rate 
of SDHACU in dorsal hippocampus, F(2,15)=4.70, 
p=0.025. Daily gum arabic administration had no effect 
( -2 .2%, n.s.) while sulbutiamine induced a slight (+ 10.1%) 
but significant increase in the rate of SDHACU, 
F(1,10)=7.68, p <0.025. 

DISCUSSION 

Our results showed that daily administration of a high 
dose of sulbutiamine (300 mg/kg) for 10 days induced subtle 
but highly significant behavioral and neurochemical effects. 
Behavioral analysis demonstrates that sulbutiamine treat- 
ment improves 24 hr delayed retention of a partially learned 
operant lever press conditioning on continuous reinforce- 
ment. This improvement seems to be specific of long-term 
memory formation since no effects were observed when 
learning was uninterrupted. Moreover, additional behavioral 
testing reported elsewhere [23] showed that the treatment 
had no effect on either motivation for food, locomotor and 
exploratory activity (hole-board test) or emotionality 
(open-field). The same observations remain valid for sub- 
jects treated with placebo (gum arabic solution) which did 
not exhibit any behavioral differences to untreated mice ex- 

cept for performance on retention which was impaired (see 
Fig. 2). We have at present no explanation for this deficit 
which however most likely results from the repeated stress 
associated with daily gastric intubation than from gum arabic 
ingestion. 

The neurochemical evaluation shows that in parallel with 
its facilitative effect on memory sulbutiamine significantly 
increased hippocampal sodium dependent high affinity 
choline uptake (SDHACU). However, the mechanisms un- 
derlying such biochemical changes and the possible causal 
relationship between these changes and memory facilitation 
remains to be established. Two non exclusive hypotheses 
could account for the observed increased choline uptake by 
cholinergic neurons. Thus on one hand, thiamine is involved 
in the production of acetyl-CoA providing the acetyl radical 
for acetylcholine (ACh) synthesis; though less than 1% of 
acetyI-CoA is convected into ACh, ACh synthesis is highly 
sensitive to conditions which decrease cerebral metabolism 
and is reduced in all models of thiamine deficiency [29, 31- 
32]. On the other hand, it has been shown that thiamine acts 
on cholinergic synaptic transmission [12,14] and it has been 
suggested that thiamine-deficient animals cannot increase 
acetylcholine release under conditions of increased physi- 
ological demand [27,28]. Finally, the presently observed in- 
crease in choline uptake by hippocampal neurons could be 
the result of an increase in synthesis and release of acetyl- 
choline by septohippocampal neurons. The fact that several 
acute treatments which increased hippocampal choline up- 
take also improves tong-term retention in the same learning 
situation (Galey et al., unpublished results) argues in favor of 
a link between sulbutiamine administration, cholinergic 
mechanisms and memory formation. It has recently been 
shown that treatments aimed at enhancing cholinergic activ- 
ity by pharmacological intervention at the receptor site were 
much more efficient when combined with treatments aimed 
at increasing presynaptic transmitter synthesis than when 
administered alone [15]. In line with this finding the question 
arises of whether the chronic administration of a choline- 
sulbutiamine mixture would be more efficient and at much 
lower doses than either choline (see [11]) or sulbutiamine 
administered alone. Such a possibility and the underlying 
cholinergic hypothesis are presently under investigation in 
normal and experimental memory deficient animals. 
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