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Abstract As has been well established, during exposure to
stressful conditions, there is an increase in the release of

The effect of supplementation of the amino acid peripheral as well as brain NE"'5, and it has been shown
L-tyrosine on cognitive task performance was assessed that the transmission of nor-adrenergic neurons is in-
during a highly demanding two-week combat training creased during stress3' 6. Noradrenergic projections from
course. A tyrosine group (10 subjects) received daily doses the locus coeruleus, providing the main innervation to the
of a protein-rich drink (containing 2 g tyrosine), while a frontal cortex and demonstrating increased electrical activ-
placebo group (11 subjects) received the same doses of a ity during stress 7,8, play an important role in attention,
carbohydrate rich drink (containing no proteins). Cognitive alertness, motor activity and the regulation of emotional
task performance was evaluated immediately preceding the processes 9. Accordingly, it has been found that the deple-
course, as well as at the end of the first week of the course. tion of brain NE that results from the enhanced release
Although there were no group differences in task perforn- during exposure to stressful conditions, may have a nega-
ance prior to the course, the tyrosine group clearly per- tive behavioral and cognitive impact. NE depletion has
formed better than the placebo group on several cognitive been observed to reduce explorative behavior and motor
performance tasks during the course. Overall, up to 40% of activity, and to induce behavioral depression in animals'0'
the cognitive performance decrement that was due to the 11. In humans, clonidine-induced inhibition of NE release
impact of stress and fatigue, was counteracted by the sup- resulted in an increase in the number of lapses of attention,
plementation of tyrosine. The findings suggest that tyro- which could be reversed by the antagonist idazoxan 2.
sine supplementation can be effective in preventing cogni- Conversely, there is suggestive evidence that the
tive degradation in highly demanding military operational detrimental effects of NE depletion may be counteracted
environments that include sustained operations, as well as by administration of tyrosine. In rats receiving a tyrosine-
physical and psychological stressors. rich diet, neither NE depletion nor behavioral impainents

were found after stress industion'' 13. In humans, similar
Introduction results were obtained. Supplementation of 100 mg/kg tyro-

sine caused a reduction of the number psychomotor im-
It is a well documented fact that the psychological pairments and stress symptoms during exposure to cold

stress, as well as the fatigue that are implicated in sus- and hypoxia, compared to a placebo 14. Similarly, adnini-
tained operations, may affect various aspects of cognitive stration of 150 mg/kg tyrosine prevented the cold-induced
functioning" .2 This may cause a deterioration of the per- impainent of short-tern memory that was observed in a
formance of information-processing and psychomotor placebo group15. Furthermore, cognitive task performance
tasks, which may, in turn, reduce operational effectiveness during exposure to 90 dB noise was found to be superior in
and compromise safety. A wide variety of measures have a group of subjects that was supplemented with 100 mug/kg
been employed to counteract the cognitive degradation, tyrosine than in a placebo group 6 . The available evidence,
including stimulating and depressing drugs, as well as therefore, strongly suggests that supplementation with
resource management, sleep and work/rest management, tyrosine may serve to reduce the detrimental cognitive and
and physical fitness training. The present study focuses on behavioral effects of exposure to stress.
a relatively new approach: the prevention of cognitive The feasibility of dietary tyrosine supplementa-
performance degradation through supplementary nutrition. tion is suggested by the fact that protein-containing diets
The approach is based on observation that the amino acid have been found to increase the plasma tyrosine/large neu-
L-tyrosine, which is a precursor of norepinephrine (NE), tral amino acids (LNAA) ratio and brain tyrosine levels.
may enhance NE synthesis in the brain3, and may thus Plasma tyrosine concentration, expressed relative to the
prevent stress- and fatigue-induced NE depletion. plasma concentrations of the same transport competitive

Paper presented at the RTO HFM Workshop on "Individual Differences in the Adaptability to Irregular
Rest-Work Rhythms/Status of the Use of Drugs in Sleep-Wakefulness Management",

held in Venice, Italy, 3-4 June 1999, and published in RTO MP-31.
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amino acid (tyrosine/LNAA) reflects the amount of tyro- a tracking task (TT), (3) a continuous memory task (CMT),
sine available to the brain for catecholamine synthesis. In and (4) a double task (DT).
rats, the acute consumption of a high-protein meal has The MCT evaluates the speed and accuracy of
been observed to almost double the serum tyrosine level short-term memory comparisons. During the MCT, stimu-
and the tyrosine/LNAA ratio" 18. In humans, plasma tyro- lus trials (an arrangement of 1, 2 or 4 letters), were pre-
sine levels and the plasma tyrosine ratio were shown to sented successively on the computer display. The Ss were
increase significantly when a protein-rich diet was con- required to monitor the stimuli for the occurrence of one
sumed 19. In another study, oral protein (albumin) was out of four prespecified target letters, and to respond as
found to increase the plasma tyrosine/LNAA ratio in fast as possible by pressing a "yes" button if a target letter
healthy fasting females by 20-60%2o. Finally, a protein- was present, or a "no" button if this was not the case. After
rich breakfast was found to cause a significant increase in an incorrect response, the word "incorrect" was displayed.
cerebrospinal fluid tyrosine in patients suffering from The interval between the response and the next trial was
normal pressure hydrocephalus21. 500 ms. If a 1,000 ms deadline had elapsed without a re-

The aim of the present study was to assess sponse, the next trial was presented and a response omis-
whether supplementation of L-tyrosine would be effective sion recorded. The duration of the MCT was 8 min. The
in reducing the effects of stress and fatigue on cognitive performance measures were the number of correct and
functioning during sustained military operations. In addi- incorrect responses.
tion to cognitive task performance, mood states were The TT evaluates perceptual-motor skills. During
evaluated, in order to assess whether the tyrosine supple- the TT, a track moved upward in a variable direction on
mentation would also reduce the subjective effects of stress the display. The Ss had to horizontally move a gateway
and fatigue. using the joystick, in order to keep the track in the middle

The study was carried out among a group of ca- of the gateway. The Ss could anticipate the direction of the
dets from the Netherlands Royal Military Academy who movements of the track with a 'preview time' of 2,300 ms.
had to complete a combat training course (CTC) as part of The duration of the TT presentation was 7 min. (14 inter-
their training program. The CTC encompassed a range of vals of 30 sec.). The performance measure was the root
psychologically, as well as physically highly demanding mean square (RMS) of the distance between the track and
conditions, including sustained operations and sleep loss. the middle of the gateway. This measure was computed

separately for each 30 s interval, as well as for the entire
Method task period.

The CMT evaluates the accuracy of short-term
Subjects memory rehearsal. During the CMT, stimulus trials con-

Thirty-two cadets of the Royal Military Academy taining arrangements of 1,2 or 4 letters were successively
(Koninklijke Militaire Academie; KMA) volunteered to presented on the display. As was the case in the MCT, the
participate in the study. Sixteen subjects (Ss) were ran- Ss were required to press a 'yes' button when one out of
domly assigned to a tyrosine group, and the remaining four prespecified target letters was present (no 'no' button
sixteen Ss were assigned to a placebo group. In the course was employed in this task). In contrast with the MCT how-
of the CTC, eleven Ss dropped out due to injuries, etc., ever, the Ss had to additionally count the number of times
leaving a total of twenty-one Ss for analysis (tyrosine each of the four target letters was presented in the 7-min.
group: ten Ss; placebo group: eleven Ss). The tyrosine task period, and to type in these numnbers on the keyboard
group included one female and 9 males aged between 19 after completion of the task. Performance measures were
and 26 years, with a mean age of (± SD) 22.8 (± 2.7). The the number of correct responses, and the number of incor-
placebo group consisted only of males, aged between 18 rect counts.
and 27 years, with a mean age of(± SD) 21.4 (± 2.8) years. During the DT. the TI and the CMT were pre-

Each participant received $ 30.00 at the end of the sented simultaneously. The DT was presented for 7 min
study. The study protocol was approved by the Medical (14 intervals of 30 s each). The performance measures
Ethical Committee of the Free University Hospital, and all included the TT, as well as the CMT performance.
Ss gave their written consent to participate. During the performance of the tasks, the Ss fre-

quently suffered from lapses of attention, resulting in tem-
Apparatus porary interruptions in the execution of the tasks. In the TT

Cognitive performance tasks. The cognitive per- (as well as in the DT), this caused them to occasionally
formance tasks were presented via eight PC systems, leave the joystick in a fixed position. As a consequence,
equipped with a timer/response card (TNO), an A/D con- the variability of the RMS values in these tasks was not
version card (Data Translation DT 2808), a response panel always associated with real variability in the task perform-
and a joystick. Four tasks from the Taskomat Battery 22  ance, but rather with variations in the distance of the track
were employed: (1) a memory comparison task (MCT), (2) with respect to the (fixed) gateway. Hence, the RMS did

not always accurately reflect task performance. This prob-
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lem was resolved by employing another performance CTC, the limits of physical endurance were reached. Stress
measure: task-interruption time (TIT). The TIT reflects the was not only induced by the severity of the demands, but
percentage of time on task the joystick was not moved, also by their unpredictability. The diet of the Ss was re-
TIT was determined for each subject by counting the num- stricted and controlled throughout the CTC. The last meal
ber of 30-s periods that the RMS exceeded a cut-off value before the post-test session was provided between 1900
of 50. The choice of this cut-off value was based on the and 2000 h (i.e., about 10-12 h before the last test and 6-8
observation that a failure to move the ioystick almost in- h before the last experimental drink).
variably yields mean RMS values > 502.

Mood questionnaire. The Profile of Mood States Supplementation
(POMS) is a questionnaire that is designed to evaluate L-tyrosine was supplied in a 500-ml drink, con-
mood states24' S that includes the following subscales: sisting of orange juice in which 70 g of the diet powder
Depression, Anger, Fatigue, Vigor and Tension. In this PROTIFAR® (Nutricia, Zoetermeer, The Netherlands) was
study, the shortened Dutch version of the POMS was em- dissolved. This amount of PROTIFAR contains 42 g of
ployed 26. Responses are made by choosing from five re- proteins, including 2 g of tyrosine. In addition to tyrosine,
sponse alternatives. 70 g PROTIFAR contains: alaline (1.5 g). arginine (1.5 g),

aspartic acid (3.4 g), cysteine (0.4 g), glutamic acid (9.5 g),
Procedure glycine (0.8 g), htistidine (1.3 g), isoleucine (4.3 g), leucine

Prior to the study, all cadets participating in the (4.3 g), lysine (3.7 g), methionine (1.1 g), phenylalanine
CTC had been had been informed about the goal and pro- (2.1 g), proline (4.2 g), serine (2.6 g), threonine (1.9 g),
cedure of the study. Following this, volunteers were in- tryptophan (0.6 g) and valine (2.7 g). The placebo group
vited to participate in the study. received a 500-ml mixture of orange juice, in which 67 g

Two weeks prior to the commencement of the of FANTOMALT® (Nutricia) was dissolved.
CTC, all Ss practised the cognitive performance tasks. The FANTOMALT is a diet powder consisting of 95% carbo-
practice session, during which shortened versions of all hydrates, and contains no protein. Both drinks contained
tasks were presented, was held in a classroom of the KMA. the same amount of calories (255 kcal). The Ss were re-
At the end of the practice session, the mood questionnaire quired to take one drink daily for a five-day period.
was distributed and instructions were given concerning its The group commander handed out the containers
completion. The Ss were requested to send the completed with the drinks. The containers were marked with a green
questionnaires to the second author, using a stamped and of yellow spot: which colour each subject had to receive
addressed envelope, before the start of the training course, was marked on a list given to the group commander. Nei-

The pre-test session, which was also held in a ther the group commanders, nor the Ss were aware which
classroom of the KMA, took place one week prior to the colour corresponded to which treatment a.

CTC. The pre-test session had a duration of 45 min. The
cognitive performance tests were presented in the follow- Data analysis
ing order: MCT (8 min), TT (7 min), CMT (7 min), and With respect to the MCT, the numbers of correct
DT (7 min). In addition to the computer tests, blood pres- and incorrect responses (excluding omissions) were aver-
sure was determined, urine samples were taken, and a aged across all trials, resulting in a correct and an incorrect
mood questionnaire was completed (not reported here). score for each subject. Average RMS tracking scores dur-

On days 2-5 of the CTC, the drinks containing the ing the TT and the DT were determined by averaging the
tyrosine and placebo compounds were ingested between squared 30-s interval values, and by subsequently com-
0700 and 0800 h. On day 6 of the CTC (when the post-test puting the root of the average. Average RMS scores were
session took place), the drinks were ingested between 0200
and 0300 h. All drinks were supplied by the group com- a

manders, which made it possible to control compliance. This unusual mode of administration was dictated byThe post-test session took place on day 6 of the dose and dosage forni restrictions iniposed by the RNLA
The osttes sesio tok paceon ay ofthe medical supena,isor, who allowed only administration of

CTC, between 0500 and 0800 h. A classroom in the bar- m ea sur allowed n dminsti of
racks, close to the training ground, served as the testing tvrosine as naturally occurring in food Hence, the L-
room. The protocol was similar to that used in the pre-test tyrosine was not supplemented in pure form in this study,
session. but in protein-rich powder (PROTIFAR) which contains, in

addition to tvrosine, other amino acids, However, it should

Combat training course (CTC) be stressed that none of these are known to be precursors
The aim of the CTC was to enhance stress toler- of NE. Likewise, the placebo was not a pure placebo ad-

ance and to increase operational effectiveness. During the ministration. However, it should be emphasised that
two-week CTC, the Ss had to cope with a range of physi- FINTO M4LT does not contain any amino acids and may

cally demanding and psychologically stressful conditions, therefore be assumed not to influence NE synthesis. A sec-

including sleep deprivation and food rationing. During the ond restriction was that the investigators were not allowed
to determine plasma amino acid levels.
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computed for each of the 14 30-s intervals, as well as for On the other hand, tie difference in the number of
the entire 7-m task period (with the exception of the first MCT errors of both groups did not reach significance (see
and the last interval). CMT performance could not be as- Figure 2).
sessed. This was due to the fact that, probably due to ex-
cessive fatigue, a majority of the Ss bad forgotten the tar- 60
get letters during the task performance, thereby making
any assessment of the counts useless. 50

Differences in the treatment effects between the
tyrosine group and the placebo group were evaluated by P Elpaeeo
one-way Analyses of Covariance (ANCOVA), with Group ? 30
as the independent factor, and the pre-test score as tie Ityrosine

covariate. The RMS tracking scores during the successive 20 -

14 intervals were analysed via repeated-measures 10
ANCOVA's with Group as the independent factor and
Interval as the repeated measurement factor. Owing to the o
absence of any variation in TIT values during the pre-test pre-test post-test
session, only the TIT values of the post-test session were
analysed, using one-way Analyses of Variance. Because Figure 2. Memory Comparison Task: mean
several earlier studies had found tyrosine supplementation tyrosine groups during pre-test and post-
to improve cognitive performance during stress exposure,4  test.
15, 16, it was hypothesised that similar effects would be

found in the present study. Accordingly, statistical tests
were one-tailed, except for the 14 RMS scores. Because no
specific hypotheses had been formulated with regard to the
POMS scores, two-tailed statistical tests were employed
for these variables.

Results
During the post-test, the tyrosine group also had a better

Cognitive task performance RMS tracking score on the TT than the placebo group
During post-test, the cognitive task performance (F(l,18) = 6.14,p < 0.05; see Figure 3).

of the tyrosine group appeared to have been less affected
by the fatigue and stress induced by the CTC than that of 120
the placebo group. On the MCT, the number of correct
responses was higher in the tyrosine group than in tie pla- 100

80

I[6 placeboISO- 0.
E ty rosine

ISO- : 40

140- 20

0 Elplacebo 0
Ityrosine pre-test post-test

0)z120-

10Figure 3. Tracking Task: mean root mean
square (RMS) tracking scores for the

100 - placebo and tyrosine groups during pre-test
pre-test post-test and post-test.

Figure 1. Memory comparison task: mean
number of correct responses for the placebo The mean RMS values for the 14 successive 30-s intervals
(n = 11) and tyrosine (n = 10) groups of the TI are presented in Figure 4. The ANCOVA yielded
during pre-test and post-test. a marginally significant interaction between Groups and

Intervals (F(13,234) = 1.64, p = 0.08). This suggests that,
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as the Tr progressed, the tyrosine group performed in- With respect to the DT, no significant difference
creasingly better than the placebo group. emerged between the RMS tracking scores of both groups

during the post-test (see Figure 6).
:--- placebo (pre-test) -<>--- placebo (pe st-test)

- tyrosine (pre-test) - tyrosine (pest-test) 120

140 100 

120 
0180

100 lplacebo

so A
..... Etyrosine

& 40-820

40
600 20 ,

20 pre-test pos-test

Figure 6. Double task: mean root mean
3-se eriods square (RMS) tracking scores for the

placebo and tyrosine groups during pre-
Figure 4. Tracking task: mean root square test and post-test.
(RMS) tracking scores for each 30-s period
for the placebo and tyrosine groups during
pre-test and post-test.

The results concerning the percentage of task interruption In contrast, the ANCOVA on the 14 separate in-
time (TIT) in the Tr are presented in Figure 5. The post- terval values yielded a significant interaction between
test TIT for the tyrosine group was lower than that for the Groups and Intervals (F(13,234) = 2.16, p < 0.05; see Fig-
placebo group (F(1,18) = 5.10, p < 0.05), suggesting that ure 7), indicating that, compared to the post-test perform-
the tyrosine group suffered less from lapses of attention ance of the placebo group, the post-test performance of the
than the placebo group. tyrosine group improved over time.

80 -placebo (pre-test - - placebo (post-test)
70 ---- tyrosne (pre-test) -- tyrosine (post-test)

..... 140

.p.acebo 120
40i:iii::i -

Etyrosine 10

~20 - ' 80

10- 660

0-

pre-test post-test 40

20

Figure 5. Tracking task: mean percentage o
of task interruption time (TIT) for the 3 perio.s

placebo and tyrosine groups during pre-test 30-sec periods
and post-test.

Figure 7. Double task: mean root mean square
(RMS) tracking scores for each 30-s period for
the placebo and the tyrosine groups during pre-
test and post-test.
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The DT task-interruption values of both groups 7.82, p < 0.001). On the other hand, the Vigor score was
are presented in Figure 8. There emerged a marginally lower during post-test (pre-test: 12.5 ± 4.6; post-test: 8.1 :L
significant Groups effect (F(1,19) = 2.78, p = 0.06), indi- 4.7; t(12) = 4.34, p = 0.001). In addition, the post-test
cating that the placebo group tended to suffer more from Tension score was higher than the pre-test value (pre-test:
attentional lapses during post-test than the tyrosine group. 2.6 ± 2.9; post-test: 5.1 ± 2.1; t(12) = -2.65, p = 0.02).

80 Discussion

70

P 6 0  The aim of this study was to examine whether
"6 50. daily supplementation of a tyrosine-rich drink during a

4Oplacebo highly demanding combat training course (CTC) would;40
intyrosine reduce the effects of stress and fatigue on cognitive task

130 performance and mood.
20 During the post-test session, which took place six

10lO days after the start of the CTC, and five days after the tyro-
sine supplementation began, the tyrosine group was foundto perform not only better on a cognitive task (the memorypre-test post-test comparison task (MCT)), but also on a perceptual-motor
motor task (the tracking task (TT)). Only on the doubleFigure 8. Double task: mean percentage of

task interruption time (TIT) for the placebo task (DT), no significant difference between the overall
and tyrosine groups during pre-test and post- RMS tracking scores of the two groups emerged (although
test. the difference between the means of both groups was in the

expected direction). However, as is suggested by the sig-
nificant finding concerning the RMS values for the sepa-
rate 30-s periods, there was a difference in the performance

Questionnaire of both groups on the post-test DT, although this appar-
The mean scores for both groups during pre-test ently emerged only gradually in the course of the task. The

and post-test, as well as the results of the ANCOVA's, are absence of a difference in the overall RMS tracking scores
presented in Table 1 b

. During the post-test, there were no can probably be explained by increased error variances that
significant differences between the groups on any of the were due to a reduced motivation associated with the time
scales. However, t-tests revealed that there were several of presentation of the DT (it was the last task that was
differences in the pre-test and post-test POMS values, sug- presented).
gesting effects that were due to the demands of the CTC. These findings seem to be supportive of the hy-
During post-test, the Fatigue score was higher than during pothesis that supplementation of tyrosine might serve to
pre-test (pre-test: 3.9 ± 3.0; post-test: 14.3 ± 5.2; t(12) - reduce the detrimental effects of stress and fatigue on cog-

nitive performance during higlly demanding sustained
TABLE 1 operations. During post-test, the performance on the MCT

QUESTIONNAIRE SCORES OF THE PLACEBO and the TT was better in the tyrosine group than in the
(n = 7) AND TYROSINE (n = 6) GROUPS placebo group. Moreover, there were indications that the
DURING PRE-TEST AND POST-TEST performance difference between the groups increased as

the tasks continued. Furthernore, the percentage of time
POMS Group Pre- Post- ANCOVA the Ss were unable to perform the TT was larger in the

Subscale ........... test. test .................................... placebo group than in the tyrosine group. There was a ten-
Depression Placebo 0.28 2.14 n.s. dency in the same direction in the DT. This strongly sug-
Fatigue Placebo 3.71 14.00 gests the supplementation of tyrosine may be effective inFaigeeos 4.1 14.67 n.s. preventing attentional lapses due to fatigue.Tyrosine 4.17 14.67
Vigor Placebo 14.43 8.71 These findings can be accounted for by the action

Tyrosine 10.33 7.33 as. of tyrosine which, as a precursor of NE, serves to prevent
Anger Placebo 2.71 6.00 n.s. the depletion of NE in the brain 4' 15, 16. However, this in-

Tyrosine 5.67 6.67 terpretation is complicated by a number of methodological
Tension Placebo 2.42 5.71 n.s. complications that were due to the restrictions imposed by

Tyrosine 2.83 4.50 the RNLA medical supervisor. First, the possible influence

of tyrosine on noradrenergic brain activity could not be
directly evaluated by assessing plasma amino acid levels.

b Only 13 questionnaires (placebo group: 7; tyrosine Second, the dose of tyrosine that was adninistered in thisgroup: 6) were returned by the Ss. study (2 g) was considerably lower than the standard dose

gru:6)wr returnedIby the Ss.
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of 100-150 mg/kg (i.e., ± 6-12 g)14, 15,16. Probably of more fortunately, hardly be regarded as representative. The only
importance is the fact that the tyrosine was not adminis- firm conclusion that can be drawn from these data would
tered in a pure form, but in a protein-rich mixture. As a seem to be that the CTC did indeed, as expected, cause a
consequence, several large neutral amino acids (LNAA's) substantial increase in fatigue and tension, as well as a
were present in high quantities in the mixture, in particular decrease in vigor. As such, the subjective data may serve
(iso)leucine, phenylalanine and valine. There is no doubt to underpin the fact that the CTC indeed posed consider-
that these LNAA's have competed with the tyrosine to able demands on the cadets.
cross the blood-brain barrier, and it can not be ruled out Although the possibility that other amino acids
that they had an additional influence on brain functioning. than tyrosine might have contributed to the observed ef-
However, it should be emphasised that stress- and fatigue- fects cannot entirely be ruled out, the present findings do
induced depletion of NE can only effectively be prevented seem to support the hypothesis that supplementation of
by a precursor of NE, i.e., by L-tyrosine. Hence, it seems tyrosine may serve to reduce cognitive impairment due to
highly likely that the tyrosine, and not the LNAA's, was psychoenvironmental stress and fatigue. As such, they
the most crucial factor in the observed reduction of the confirm earlier findings, obtained in laboratory studies.
negative effects of stress and fatigue on cognitive perform- Moreover, they also strongly suggest that tyrosine supple-
ance. mentation can be effective in preventing cognitive degra-

Another issue that needs to be addressed is the dation in highly demanding military operational environ-
possibility that the placebo drink had an adverse effect on ments that include sustained operations, as well as physical
cognitive functioning. Because the protein-rich drink had a and psychological stressors. In particular, the results seem
high calorie value, it was decided to employ a placebo to indicate that not only the efficiency and speed of short-
drink consisting of carbohydrates containing an equivalent term memory operations can, to some degree, be protected
amount of calories. Although this was not a real, and cer- against deterioration due to factors like stress and fatigue,
tainly not an ideal placebo, it was assumed that this drink, but also, and maybe more importantly, that the degree to
which could not affect NE synthesis, would have no effect which these factors cause lapses of attention, can be con-
on cognitive functioning. However, it has been suggested siderably reduced. Overall, the cognitive impairment that
that carbohydrate consumption may result in a relative was caused by the CTC in the placebo group appeared to
increase in LNAA TRP, which may be followed by an be reduced by the supplementation of tyrosine by up to
increased serotonin synthesis and release, and which may 40%.
adversely affect cognitive functioning3 . However, the Finally, it should be emphasised that, due to sev-
studies that have examined the relationship between brain eral methodological constraints, this study had a prelimi-
serotonin and carbohydrate meals have only employed rats, nary character. Hence, the present findings need replication
no humans27 . Indeed, it is well established that carbohy- in order to be draw definite conclusions concerning the
drate meals raise brain tryptophan and serotonin in rats efficacy of tyrosine supplementation in operational envi-
with empty stomachs. However, a recent review on animal ronments. First, it is necessary to evaluate the effects of
and human studies concludes that any effects of carbohy- tyrosine supplementation without the dose and dosage
drate meals on hmnan brain serotonin are likely to be neg- form restrictions that were imposed on the present study.
ligeble27. Furthermore, regarding dietary effects on be- Furthennore, it should be noted that the tasks that were
havioral measures, several studies28' 29, 30 did not find any employed addressed only quite basic aspects of cognitive
effect of carbohydrate meals on mood and performance. functioning. Subsequent studies should therefore also in-
Hence, these studies do not seem to support the suggestion clude tasks that involve higher-order cognitive functions,
that the placebo drink did impair cognitive functioning. including decision-making processes.
The present study provided no evidence that supplementa-
tion of tyrosine was effective in reducing the effects of the
stress and fatigue on subjective well-being. However, ACKNOWLEDGEMENT
when evaluating this apparent discrepancy between the This study was carried out by assignment of the Department of
objective and subjective findings, it should be emphasised Behavioral Sciences of the RNL Army.

that only 13 out of the 21 Ss returned the questionnaires.
Hence, the subjective data that were obtained could. un-

J.P. (Eds.), Handbook of Perception and Human Perform-
References ance, Volume II. New York: John Wiley and Sons.

2 Driskell, J.E. & Salas, E. (Eds.) (1996). Stress and Hu-
Hockey, G.R.J. (1986). Changes in Operator Efficiency man Performance. Mahwah: Lawrence Erlbaumn.

as a Function of Environmental Stress, Fatigue, and Cir- ' Lelnert, H. & Wurtman, R.J. (1993). Amino Acid Con-
cadian Rhythms. In: Boff, K.R.. Kaufman, L. & Thomas, trol of Neurotransmittor Synthesis and Release: Physio-



7-8

logical and Clinical Implications. Psychotherapy and Py- 19 Melamed, E., Glaser, B., Growdon, J.H. & Wurtman,
chosomatics, 60, 18-32. R.J. (1980). Plasma Tyrosine in Normal Humans: Effects
"Dimsdale, J.E. & Moss, J. (1980). Plasma catecholamines of Oral Tyrosine, and Protein-containing Meals. Journal of
in stress and exercise. JAMA, 243, 340-342. Neural Transmission, 47, 299-306.
5 Odink, J., Wientjes, C.J.E., Thissen, J.T.N.M., Beek, E.J. 20 Moller, S.E. (1985). Effect of Various Oral Protein
van der & Kramer, F.M. (1987). Type A Behavior, Bor- Doses on Plasma Neutral Amino Acid Levels. Journal of
derline Hyperventilation, and Psychological, Psychoso- Neural Transmission, 61, 183-191.
matic and Neuroendocrine Responses to Mental Task 2' Teff, K.L., Young, S.N., Marchand, L. & Botez, M.I.
Load. Biological Psychology, 25, 101-118. (1989). Acute Effect of Protein or Carbohydrate Breakfasts
6 Glavin, G.B. (1985). Stress and Brain Noradrenaline: a on Human Cerebrospinal Fluid Monoamine Precursor and
Review. Behavioral Neuroscience Review, 9, 233. Metabolite Levels. Journal of Neurochemistry, 52, 235-
' Abercrombie, E.D. & Jacobs, B.L. (1987). Single-unit 241.
Response of Noradrenergic Neurons in the Locus Coeru- 22 Boer, L.C., Gaillard, A.W.K. & Jorna, P.G.A.M. (1987).
lens of Freely-moving Cats: Acutely Presented Stressful De Taskomat - Een Batterii van Informatieverwerking-
and Nonstressful Stimuli. Journal of Neuroscience. 7, staken. Report IZF 1987-2. Soesterberg, The Netherlands:
2837. TNO Human Factors Research Institute.
8 Rossetti, Z.L., Portas, C., Pani, L., Carboni, S. & Gessa, 23 Bles, W., Graaf, B. de, Keuning, J.A., Ooms, J., Vries,
G.L. (1990). Stress Increases Noradrenaline Release in the M.H. de & Wientjes, C.J.E. (1991). Experiments on Mo-
Rat Frontal Cortex: Prevention by Diazepam. EuroWa tion Sickness on aboard the M.V. "Zeefakkel". Report IZF
Journal of Pharmacology, 176, 229-231. 1991 A-24. Soesterberg, The Netherlands: TNO Human
9 Murphy, D.L. & Redmond, D.E. (1975). The Catechol- Factors Research Institute.
amines: Possible Role in Affect, Mood and Emotional 24 McNair, D.M., Lorr, M. & Droppleman, L.F. (1981).
Behavior in Man and Animals. In: Freidhoff, A.J. (Ed.), Manual of Profile of Mood States. San Diego: Educational
Catecholamines and Behavior. New York: Plenum Press. and Industrial Testing Service.
10 Lehnert, H. Reinstein, D.K., Stowbridge, B.W. & Wurt- 25 Shacham, S. (1983). A Shortened Version of the Profile
man, R.J. (1984). Neurochemical and Behavioral Conse- of Mood States. Journal of Personality Assessment, 47,
quences of Acute Uncontrollable Stress: Effects of Dietary 305-306.
Tyrosine. Brain Research, 303, 215-223. 26 Wald, F.D.M. & Mellenbergh, G.J. (1990). De Verkorte
" Weiss, J.M. (1991). Stress-Induced Depression: Critical Versie van de Nederlandse Vertaling van de Profile of
Electrical and Electrophysiological Changes. In: Madden, Mood States (POMS). Nederlands Tiidschrift voor PsU-
J. (Ed.), Neurobiology of Learning, Emotion and Affect, chologie, 45, 86-90.
Vol. IV. New York: Raven Press. 27 Young, S.N. (1991). Some Effects of Dietary Compo-
12 Smith, A. & Nutt, D. (1996). Noradrenaline and Atten- nents (Amino Acids, Carbohydrate, Folic Acid) on Brain
tion Lapses. Nature, 380, 291. Serotonin Synthesis, Mood, and Behavior. Canadian Jour-
13 Brady, K., Brown, J.W. & Thurmond, J.B. (1980). Be- nal of Physiological Pharmacology, 69, 893-903.
havioral and Neurochemical Effects of Dietary Tyrosine in 28 Cluistensen, L. & Redig, C. (1993). Effect of Meal
Young and Aged Mice Following Cold-swim Stress. Composition on Mood. Behavioral Neuroscience, 107,
Pharmacology, Biochemistry, and Behavior, 12, 667-674. 346-353.
14 Banderet, L.E. & Lieberman, H.R. (1989). Treatment 29 Deijen, J.B., Heemstra, M.L. &n Orlebeke, J.F. (1989)
with Tyrosine, a Neurotransmittor Precursor, Reduces Dietary Effects on Mood and Performance. Journal of Psy-
Environmental Stress in Humans. Brain Research Bulletin, chiatric Research, 23, 275-283.
22, 759-762. 30 Spring, B., Maller, 0., Wurtman, J., Digman, L. & Co-
5 Shurfleff, D., Thomas, JR., Schrot, J., Kowalski, K. & zolino, L. (1983). Effects of Protein and Carbohydrate

Harford, R. (1994). Tyrosine Reverses a Cold-induced Meals on Mood and Performance: Interactions with Sex
Working Memory Deficit in Humans. Pharmacology, Bio- and Age. Journal of Psychiatric Research, 17, 155-167.
chemistry, and Behavior, 47, 935-941.
16 Deijen, J.B. & Orlebeke, J.F. (1994). Effect of Tyrosine
on Cognitive Function and Blood Pressure under Stress.
Brain Research Bulletin, 33, 3 19-323.
17 Gibson, C.J. (1986). Dietary Control of Retinal Dopa-
mine Synthesis. Brain Research, 382, 195-198.
18 Gibson, C.J. (1988). Alterations in Retinal Tyrosine and
Dopamine Levels in Rats Consuming Protein or Tyrosine-
supplemented Diets. Journal of Neurochemistrv, 50, 1769-
1774.


