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Effects of amphetamine and caffeine on jumping behavior and brain

NADH in rats
SHEN Zheng, LIN Shu-Zhi

ABSTRACT The effects of amphetamine (1.5
mg/kg ip) and caffeine (120 mg/kg ip) on jump-—
ing behavior induced by footshock in rats and
on the concentrations of the reduced nicotinamide
adenine dinucleotide (NADH) of brain were stud-
ied in 40 rats from the point of view about the
regional brain metabolism. Amphetamine poten-
tiated strongly the induced jumping behavior,
while it increased NADH concentrations in hip-
pocampus, cerebellum, frontal cortex, caudate
nucleus and diencephalon, Caffeine increased
NADH concentrations in the studied six brain
structures while it potentiated the jumps in the
first 3 min, but the effects of caffeine were
quickly reversed. Caffeine decreased NADH con-
centrations in ¢ brain structures and rat’s jumps
in the 5th min,
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The positron emission tomography has
already revealed the new facts about the
relationship between the psychological pro-
cesses and the regional brain metabolism of
glucose!!~*, Although there are a lot of
references about pharmacological mechanism
of amphetamine in respect to the central
transmitters, We are trying to investigate
the behavioral pharmacology of ampheta—
mine and caffeine from the point of view
about the regional brain metabolism of glu-
cose, we have found that the increased
NADH in brain from both extra and intra
sources are related to the enhanced jumps
in the rats‘®>, Amphetamine with I-dopa
increased the jumping behavior of micet®,
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Caffeine increased mouse activity(®. In the
experiment, we are going to compare the
differences between effects of amphtamine
and caffeine on the induced jumps of rats,
Furthermore, we are going to inquire into
the relationship between the regional brain
NADH acted by the drugs and the jumping
behavior,

METHODS

40 rats weighing 275 + SD 25 g were
divided randomly into 4 groups of 10.
Saline, amphetamine (d~amphetamine sulfate,
Sigma London), caffeine (Tianjin Med Corp)
were administrated to the rats (.5 ml, ip,
1.5 mg/kg, and 120 mg/kg respectively,
According to other finding®-”>, caffeine
150 mg/kg, amphetamine 1.5 mg/kg in
the rats elicited the maximum locomotor
responses in photocell, In this experiment,
we found that caffeine 120 mg/kg was the
optimum dose for the maximum jumping
behavior '

The experimental apparatus was the
same as it was used in our last experiment(*>,
The rats in the first three groups were
put in the tube for 5 min after 15 min
following administration of the drug, the
rats received 65 electroshock on the foot
for 5 min, The rats in the last group re-
ceived 39 electroshocks on the foot for 3
min after 15 min following the injection of
caffeine, The electroshock was a series of
rectangular waves of 50 Hz from an elec—
tronic stimulator. The intensity of electro-
shock was 25 V lasting 0,2 s. The different
height of jumps induced by footshock in the
tube were recorded by photoelectricaltech-
nique. The rat was quickly decapitated and
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the brain was dissected after the behavior
procedure., Frontal cortex, caudate nucleus,
hippocampus, diencephalon structure,
cerebellum and brain stem were separated
according to rat brain atlas®, The NADH
concentrations of each brain structure were
biochemically analyzed according to the
method previously described(*,

RESULTS

The results in the behavioral procedure
were shown in Fig 1. The number of jumps
of the rats injected amphetamine were great-
er than those of the rats injected saline,
The differences between saline group and
amphetamine group were significant for all
4 heights in the experimental tubes (p<C
0.001). The number of jumps in the rats
injected caffeine were just a little bit larger
than those of the saline group in all 4
heights but only the difference in the lowest
height between the caffeine group and the
saline group was significant (p<<0.05).
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Fig 1. Effects of amphetamine and caffeine on
the numbers of induced jumps. 10 rats/group,

X+SD, *p>0.05, **p<0.05, ***p<0.01
compared to saline group,

When we analyzed the dynamic process
of the induced jumps during the experi-
mental period of 5 min, we found that the
behavior response curves of amphetamine of
all 4 heights in the tube were alike in

appeatance, The numbers of rat’s jump at
the 3rd min were the highest.
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Fig 2. Response curves of the induced jump,
10 rats/group. The differences in all points
between amphetamine and saline are significant
(p<0.01); the points between the curves of
caffeine and saline are not significant, except
the point at the 3rd min of the lowest height
(P<0.05).

Contrary to amphetamine group, the
saline group had the different response
curves, The largest numbers of rat’s jump
at all 4 heights took place in the ]st min,
then decreased minute by minute, All the
number of jumps in amphetamine response
curves were significantly larger than the
correspondences in the saline behavior
curves, The number of jumps at the 3rd
min of the caffeine group at all 4 heights in
the tube were slightly larger than those of
the saline group. Only the difference at the
3rd min of the lowest height between caffeine
group and saline group was significant
(p<<0.05).

The results of biochemical analysis of
the discrete brain structures showed as Fig
3.

Amphetamine (1.5 mg/kg ip) increased
the NADH concentrations in frontal
cortex, caudate nucleus, hippocampus,
diencephalon and cerebellum, All of the
differences in NADH concentrations of the
mentioned correspondent brain strutures
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Fig 3. Concentrations of NADH in ¢ brain
structures. 10 rats/group. Fr=frontal cortex;
Ca =caudate nucleus; Hi=hippocampus; Di=
diencephalon; Ce = cerebellum; St = brain stem. The
differences in NADH concentrations between two
caffeine groups and saline group are significant
(p<0.01); the differences between amphetamine
group and saline group are significant(p<{0.01),
except the difference in brain stem(p>0.05).

between amphetamine group and saline group
were significant (p<{0.01). But the dif-
ference in NADH concentration of brain stem
between amphetamine group and saline group
was not significant, Contrary to amphet-
amine, caffeine (120 mg/kg ip) decreased the
concentrations of NADH in all ¢ brain
structures of the rats which were decapitated
at the 5th min electroshock; but the
NADH concentrations in discrete brain struc-
tures of the rats who were killed at the
3rd min increased as much as those in the
rats injected amphetamine and the differen—
ces in all of the corresponding brain
structures between caffeine group and saline
group reached significant levels (p<<(.01).

DISCUSSION

The brain NAD/NADH ratio decreased
slightly during alcohol treatment in the
micet®>, Low ethanol doses were accompanied
by increasing level of NADH in rats and
cats ¢*®, The distribution of d-amphet-
amine in discrete brain structures of rats were
different, the greatest retention of amphet-
amine accompanied by relative increase in
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glucose utilization!!>, The increased NADH
would cause a decrease of cerebral adenosine
triphosphate (ATP) requirement, tresulting
in an increase of (ATP)/[(ADP)x (HPO:")]
ratio and a decrease of oxygen consump-
tion*®12 1t is possible that amphetamine
during electroshock on the rat’s foot increas-
ed the levels of NADH concentrations in
majority of brain structures, resulting in a
decrease of NAD/NADH ratio, an increase
of (ATP)/[(ADP)x (HPO:-)] ratio as well
as an increase of utilization of glucose, It
is worth to test the supposition in future.

There was a linear increment of acti—
vity with caffeine doses ranging from 25 to
150 mg/kg in the micet®>., In our experi-
ment, jumps of 1ats with caffeine (120 mg/
kg ip) were increased for 3 min, but it
decreased from the 3rd min to the 5th min,
The NADH concentrations in the studied
brain structures were increased at the 3rd
min, but it were decreased at the 5th min,
The phase changed in NADH concentration
was discovered in the studies about microwave
effects on energy metabolism of rat¢34,
These meant that caffeine caused a phased
change in NADH concentration of rat brain,
it potentiated jumps in the experimental
tube for a short period (3 min),
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