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formulated, furnished or in any way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise, as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto.

Please do not request copies of this report from the Naval Medical Research Institute. Additional
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National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with the Defense Technical
Information Center should direct requests for copies of this report to:

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22304-6145
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INTRODUCTION

Recent research indicates that exposure to acute cold stress
results in short-term or working memory deficits in both humans
and rats (1, 2). It is hypothesized that acute stress may impair
memory by depleting central nervous system (CNS)
neurotransmitters in areas responsible for memory, such as the
hippocampus, amygdala (3), and prefrontal cortex (4).

For example, under conditions in which organisms are exposed
to stressors such as cold or electric shock, norepinephrine (NE)
turnover increases and levels become depleted in the CNS (e.q.,
5). Depletion of NE has been related to decreased motor activity
in rats (6) and decreased cognitive ability in non-human primates
(7, 8).

Research has indicated that the administration of the amino
acid tyrosine, a precursor to the neurotransmitters dopamine (DA)
and NE, may reverse behavioral and cognitive deficits caused by
acute stress exposure (6, 9).

The present experiment examines tyrosine's ability to
minimize the effect of cold stress on rats' working memory by use
of a delayed matching-to-sample (DMTS) procedure.

METHOD
Procedure: Three male Long-Evans rats served as subjects. Rats
were placed into an operant chamber, located in a temperature-
controlled environment, 30 min before the session started. The
session began with the illumination of the houselight and the

sample stimulus light above one of the front wall levers (right




or left). The rat was required to press the lever under the
illuminated sample stimulus light, which extinguished the light
and initiated a delay interval. Delay intervals were randomly

selected and were either 1, 2, 4, 8, or 16 sec in duration. At

the end of the delay interval, both lights above the levers were
illuminated. The rat was then required to respond to the lever
under the light used as the sample stimulus. Each session
consisted of 180 trials or 75 min, whichever came first.

Drug Administration and Temperature Manipulations.

L-tyrosine methyl ester hydrochloride was dissolved in 0.9%
saline, and saline was used for vehicle injections. All
injections were administered intraperitoneally in a volume of 1.0
ml/kg bwt.

On Tuesdays and Fridays rats were administered either 50,
100, or 200 mg/kg of l-tyrosine or saline 15 min prior to being
placed in the temperature-controlled chamber set at either 2°C or
22°c. Each rat experienced all eight combinations of drug
administration and temperature conditions three times in a mixed
order. The remaining days of the week (M, W, TH) served as
recovery days during which the chamber was set at 22°C, and no
tyrosine or saline was administered.

RESULTS

The mean (+ SEM) overall percent correct on the DMTS task as
a function of saline and tyrosine dose, during both 2°C and 22°C
air exposure for each rat, and the mean of the three rats is

shown in Figure 1. Tyrosine administered prior to 22°C air




exposure had no effect on overall matching accuracy. For all
rats, cold exposure combined with saline administration resulted
in a large reduction in overall matching accuracy. Tyrosine
improved matching accuracy in the cold; however, the most
effective dose varied among rats. For rat 31, doses of 50, 100,
and 200 mg/kg tyrosine were most effective in enhancing
performance in the cold relative to saline. For rat 32, 50 mg/kg
and possibly 200 mg/kg tyrosine improved performance in the cold
relative to the other doses. For rat 33, 100 and 200 mg/kg
improved performance in the cold relative to saline and 50 mg/kg
tyrosine.

Figures 2 through 4 present the percent change in matching
accuracy, relative to the 22°C saline control condition as a
function of saline and tyrosine doses, at each delay interval,
for rats 31, 32, and 33. For rat 31 (Fig. 2), the greatest
deficit in matching accuracy occurred at the 2-, 4-, 8-, and 16-
sec delay intervals during the 2°C air exposure following saline
administration. Tyrosine, regardless of dose, improved
performance at these delay intervals during 2°C air exposure.
Tyrosine administered during 22°C air exposure did not impair
performance at any delay interval and, in fact, 100 mg/kg and 200
mg/kg tyrosine actually improved matching accuracy at the 16-sec
delay interval.

For rat 32 (Fig. 3), 2°Cc air exposure caused the greatest
deficit in matching accuracy at the 8- and 16-sec delay intervals

and a slight deficit in matching accuracy at the 1- and 2-sec




delay intervals. All doses of tyrosine attenuated the deficit in
accuracy during 2°C air exposure at the 1- and 2-sec delay. The
50 mg/kg tyrosine dose attenuated the matching accuracy deficit
at the 8- and 16-sec delays, while 200 mg/kg tyrosine attenuated
the matching accuracy deficit at the 16-sec delay during 2°C air
exposure. With the possible exception of 100 and 200 mg/kg
tyrosine at the 8- and 16-sec delay intervals, tyrosine,
regardless of dose, did not affect performance during 22°C air
exposure.

For rat 33 (Fig. 4), the greatest deficit in matching
accuracy occurred at the longer delay intervals under the 2°c
condition following saline administration. Tyrosine improved
matching accuracy, at these longer delay intervals, in a dose-
dependent manner, during 2°C air exposure. During 22°C air
exposure, 200 mg/kg tyrosine improved matching accuracy at the
l6-sec delay interval. Otherwise, tyrosine had little effect on
matching accuracy at any delay interval at this temperature.

DISCUSSION

These results are consistent with the hypothesis that
exposure to acute cold stress causes a reduction in NE levels in
the CNS (5), leading to impaired memory. These results also
suggest that the administration of the catecholamine precursor
tyrosine partially restores depleted levels of NE, and possibly

DA, resulting in improved performance on a DMTS task.
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FIGURE CAPTIONS
Figure 1. Overail percent correct on the delayed matching-
to-sample task for each rat and the mean of all three rats,
during 2°C and 22°C exposure, as a function of saline and
tyrosine doses.

Figure 2. The percent change in matching accuracy, relative
to the 22°C saline control condition, for rat 31 at each delay
interval, during 2°C and 22°C air exposure, following saline or
tyrosine administration.

Figure 3. The percent change in matching accuracy, relative
to the 22°C saline control condition, for rat 32 at each delay
interval, during 2°C and 22°C air exposure, fcllowing saline or
tyrosine administration.

Figure 4. The percent change in matching accuracy, relative
to the 22°C saline control condition, for rat 33 at each delay
interval, during 2°C and 22°C air exposure, following saline or

tyrosine administration.
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FIGURE 2

PERCENT CHANGE FROM 22C SALINE
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FIGURE 4

PERCENT CHANGE FROM 22C SALINE

25 ¢

15

5

-5

-15 ¢

-25
25 ¢

i5¢1

5

-5

-15

-25

25

15|

5 b

-5

15}

-25

25 r

15

5

-5

-15

-25

25 ¢

15

s

S5r

-15

-25

4" Delay

SALINE |  s0 100 200

TYROSINE
DOSE (mg/kg)

11




