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Effect of D-Amphetamine on Rat Brain Noradrenaline and Serotonin. 
(2690) 

JOHN R. MCLEAN AND MARY MCCARTNEY (Introduced by A. C. Bratton Jr.) 
Department of Chemistry, Parke Davis and Co., Ann Arbor, Mich. 

Recent interest in the role of noradrena- 
line and serotonin as possible neurohumors 
has stimulated investigation of the influence 
of various treatments on the biochemistry of 
these metabolites. Experimental conditions 
having differential effects on tissue levels of 
noradrenaline and serotonin may be of parti- 
cular value in understanding the possible 
functions of these compounds in brain me- 
tabolism. The sedative reserpine, for exam- 
ple, depresses brain levels of both amines; 
however, further observations suggest that 
the effects of Rauwolfia alkalcids may 
be related to the changes in serotonin 
rather than noradrenaline. In rats and 
rabbits treated with a reserpine analogue, 
or cold stressed and treated with reser- 
pine, noradrenaline levels were markedly de- 
pressed with a much smaller change in sero- 
tonin, and sedation was not produced ( 1 ) . 
Iproniazid and other m o n m i n e  oxidase in- 
hibitors elevated both noradrenaline and sero- 
tonin in rat and rabbit brain and caused cen- 
tral excitation, whereas in cats and dogs only 
serotonin was markedly elevated and pro- 
nounced central excitation was not produced 
( 2 ) .  Vogt reported that in several species, 
drugs causing hypothalamic stimulation low- 
ered hypothalamic noradrenaline levels (3 ). 
During a study of the effects of a number of 
drugs on rat brain metabolism it was noted 
that repeated injections of amphetamine or 
ephedrine lowered noradrenaline levels. The 
results of a further study with D-ampheta- 
mine are given in this report. 

Materials and methods. Drugs were given 
twice daily at  8 a.m. and 4 p.m. by subcu- 
taneous injection to groups of 5-10 male 
Holtzmann rats weighing 170-200 g. The ani- 
mals were killed by decapitation, the whole 
brain removed and immediately frozen on dry 
ice. Except where otherwise noted the rats 
were killed 1 hour after last injection. The 
tissue was extracted as described by Shore 
and Olin (4) ,  and noradrenaline determined 

fluorometrically by the method of Von Euler 
and Floding( 5 )  using an Aminco-Bowman 
spectrophotofluorometer, with activation a t  
390 mp and fluorescence measurement at  490 
mp. Serotonin was also determined in the 
same acid extract by the fluorometric method 
of Bogdanski et al. (6). For noradrenaline, 
the average value obtained with 8 separate 
groups of control animals was .32(.19-SO) y 
per g wet weight. For serotonin, the average 
value obtained was .58(.45-.72) y per g wet 
weight. The variation in values obtained with 
samples of the same homogenate extracted 
and assayed together was ~t 8%. Where 
several treatments were compared the tissues 
were extracted and assayed together. Mono- 
amine oxidase was determined by Warburg 
assay using tyramine as substrate. 

Reszdts. Progressive doubling of the daily 
doses of D-amphetamine caused progressively 
greater decreases in brain noradrenaline lev- 
els and a slight increase in serotonin levels 
(Fig. 1 ) .  Fig. 2 shows the effects of from 
one to 11 injections of 17 mg/kg of D-am- 
phetamine. Noradrenaline levels reached a 
minimum after 5 injections, serotonin levels 
continued to rise slightly with repeated injec- 
tions. Lowering of brain noradrenaline and 
elevation of serotonin persisted for at least 
120 hours after last injection of D-ampheta- 
mine (Fig. 3).  Table I shows the effect of 
combined treatment with iproniazid and am- 
phetamine. Tbere was no detectable mono- 
amine oxidase activity in the brains of ani- 
mals treated with iproniazid, alone or with 
amphetamine. Iproniazid alone gave the ex- 
pected increase in both noradrenaline and 
serotonin. D-Amphetamine antagonized the 
elevation of noradrenaline by iproniazid, and 
moderately enhanced the elevation of sero- 
tonin. 

Discussion. I t  does not seem probable that 
the decrease in noradrenaline following D- 
amphetamine administration is due to any 
change in an exchange across the blood brain 
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FIG. 1. Brain noradrenaline 0-0 ,  aucl s w o t ( ,  
iiin X-X, in rats given D-amphetamine sulfate, 2 
subcut. injections a day for 2 days and 1 injectioli 
on the third day. 

FIG. 2. Braiii noradrenaline 0-0 ,  aiifl svroto 
i i i i i  X-X, in rats given twicci dilily suI)c*nt. i i i j ( q .  
tiotis of 17 nig/kg of n-anil)licit;tiiiiil1. sulfa t t b .  

1”. 3. Brain iioratlrcnaliiic 0-0,  a l i d  scwtc~ 
iiin X-X, in rats given D-amphetamine sulfatcl, 2 
subcut. injections a day for 2 days, 1 injectiori 011 

the third da.y, then killed at iiitrcw;ils thcrenfter. 

barrier. Although therti is no clirecl t.vi(lc.ncx~ 
oti losses o f  I m i n  nor~itlren~tliile to  the l)Ioo(l 
stream, injected noradrenaline is not taken 111’ 

from the blood at an appreciable rate(7). It.  
has been suggested that monoamine oxidase is 

i t  niajor pathway for degradation of nor- 
adrenaline in brain(8). The level of nor- 
adrenaline in animals treated with iproniazid 
Idus amphetamine is lower than the level in 
animals given iproniazid alone (Table I ) .  
Since monoamine oxidase is completely inhib- 
ited in these animal:., i t  does not appear that 
the effect of amphetamine in lowering nor- 
adrenaline levels is due to any effect on mono- 
amine oxidase. 

A further possibility is that the decrease in 
brain noradrenaline following treatment with 
amphetamine could be due to a decrease in 
synthesis. Tt has been suggested that am- 
phetamine mimic; the action of noradrenaline 
centrally(9). If this is true one might expect 
prolonged treatment with amphetamine to 
activate a feed back mechanism depressing 
the synthesis of noradrenaline. In any case, 
the differential effect of D-amphetamine on 
noradrenaline and serotonin may serve as an- 
other illustration of the existence of indepen- 
dent metabolic pathways for the 2 postulated 
neurohormones. 

Summary. The treatment of rats with D- 
amphetamine sulfate lowered brain noradren- 
:dine and slightly elevated brain serotonin. 
‘These effects lasted for several days after dis- 
continuing treatment. D-amphetamine sul- 
fate antagonized the elevation of brain nor- 
;ictrenaline levels hy iproniazid. 
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In  attempting to identify the proteolytic 
enzyme or enzymes in Clostridium histolyti- 
cum culture filtrates which were responsible 
for the ability of these preparations to de- 
bride third degree burn eschars, i t  was found 
that adequate methods of bioassay were lack- 
ing. Although in recent years a variety of 
enzymes have been proposed as agents for 
removal of burn slough, methods for compar- 
ing the biological potency of these enzymes 
have not been available. Mention has been 
made of the use of laboratory animals such 
as the guinea pig(l,2), dog(3,4) or rabbit 
( 5 , 6 )  but no attempt has been made to de- 
velop a quantitative procedure. 

The present paper describes a method for 
biological assay of proteolytic enzymes capa- 
ble of debriding third degree burn eschars. 
A suitable bandaging technic for maintaining 
the enzyme solution in contact with the 
burned surface was developed and a scale for 
assessing the effectiveness of debridement was 
chosen. In addition, 2 examples of the use 
of this assay are given; 1) evaluation of de- 
hiding activities of various enzyme prepara- 
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tions, and 2) determination of the effect on 
debriding activity of pre-treatment of the 
burn eschar with pHisoHex and with petro- 
latum. 

Materials and methods. Four proteolytic 
enzymes were used. Two of the enzyme 
preparations, designated as 0-2 2 % enzymes 
and 30-3576 enzymes, were obtained from C .  
histolyticum, H-4, filtrates by a modification 
of the procedure developed by deBellis et al. 
( 7 ) .  The mold proteinase from culture X- 
108 (Lot No. 7-1162D-12) was kindly sup- 
plied by Frank B. Ablondi, Biochemical Re- 
search Section, Research Division, American 
Cyanamid C a  Purified crystalline Trypin  
(approximately 50% MgS04, Lot TP11) was 
purchased from Worthington Biochemical 
Laboratory. All enzyme preparations were 
dissolved in 0.1 M tris (hydroxymethyl) 
aminomethane buffer, pH 7.5, containing 0.01 
M CaClz and 0.5% proteose peptone (Difco), 
except the mold enzyme which was dissolved 
in 5% proteose peptone, pH 7.5. In addition, 
1000 units of potassium penicillin G and 5 0 0  
pug of streptomycin were added for each ml 
of test solution to inhibit bacterial contamina- 
tion. 

Hartley strain guinea pigs (350-800 g) 
were anesthetized with sodium pentobarbital 
and the entire dorsal area was clipped as 
closely as possible. Four full thickness third 
degree burns with a diameter of approxi- 




