
I~tzarma('oh~gy Biocherni.~tt3" & Behavior. Vol. 13. pp. 193-197. Printed in the U.S.A. 

Effect of Cycloheximide and d-Amphetamine 
on Brain Catecholamines in 

Two Mouse Strains' 

L A U R E N C E  A. C A R R  A N D  S U S A N  M. W E H R Y  ~ 

D e p a r t m e n t  o f  l~harmacolo~o" a n d  7"o.ricology. Un ivers i t y  of Lotdsv i l l e  H e a l t h  S c i e n c e s  Cen ter ,  
Louisv i l l e ,  K Y 40292 

R e c e i v e d  21 January  1980 

CARR. I.. A. AND S. M. WEHRY. t-(/b¢t ,!l ¢.~¢l,,hr.~imid¢ wtd d-amphetamine ,m brain ¢atcc h,d,mim,~ m tw,, m,,u~" 
.~tr, in~. PHARMAC. BIOCHEM. BEHAV. 13(2) 193-197, 1980.--The ability ofcyclohcximidc to inhibit brain catcchola- 
mine synthesis in C57BL;6J and DBA;2J mice was studied to determine w~hethcr differences exist in these two strains with 
regard to this action and whether such el'feet,, correlate with previously reported difference,, in sensitivity to the amnesic 
effects. Administration of cycloheximidc c[!.ttsed a dose-dependent inhibition of norcpinephrine and dopamine synthesis in 
both strains. There was a significant effect due to strain on dopamine synthesis in drug-treated animals, d-Amphetamine 
partially prevented the decrease in the rate of synthesis of norepinephrine, dopamine and normetanephrinc caused by 
cycloheximide in the C57 strain but enhanced the inhibition of synthesis of lhcse compounds in the DBA strain. The results 
suggest that the reported differences in sensitivit,, to the behavioral effects of cycloheximide may be associated with the 
degree of inhibition of catecholamine synthesis in these two mouse strains. 

Cycloheximide Norepinephrine Dopamine d-Amphetamine Mouse strains Memory 

SEVERAl .  antiobiotics, including cycloheximide and 
acetoxycycloheximide, have been used extensively in the 
study of mechanisms involved in the formation of long-term 
memory 16]. Since these agents are potent inhibitors of cere- 
bral protein synthesis, it has been proposed that the disrup- 
tive effects of these drugs on long-term memory formation 
result from a deficiency of specific proteins which are in- 
volved in the formation of memory traces 1261. However,  
evidence from several recent studies suggest that additional 
mechanisms, such as disruption of neurotransmitter func- 
tion, may underlie the impairment of memory consolidation 
or retention. For example, cycloheximide has been shown to 
inhibit the accumulation of newly synthesized catechola- 
mines 13,101. Furthermore, noradrenergic agonists, such as 
norepinephrine, clonidine and isoprotcrenol 113,19], and 
drugs which are believed to enhance central catecholamine 
neuron activity, such as d-amphetamine 118,201, prevent or 
reverse the amnesic effects of cycloheximide. This latter ac- 
lion appeared to correlate with an attenuation of the 
cycloheximide-induced decrease in catecholamine synthesis 
rather than alteration of protein synthesis inhibition 131. 

Various mouse strains exhibit diffcrenccs in behavior, in 
their ability to learn specific tasks and in their sensitivity to 
the amnesic effects of cycloheximide. The C57BL/6J strain, 
which is characterized by high levels of spontaneous motor 
activity 1151 and low levels of avoidance learning [41, in much 
less resistant to the amnesic effects of cycloheximide [221 
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when compared with the DBA,'2J strain. This difference in 
strain sensitivity has been attributed to possible differences 
in the duration or degree of inhibition of protein synthesis 
[11,22] or in the pharmacokinetics of the drug [28]. 

The aim of the present study was to examine the effects of 
cycloheximide on the synthesis of brain norepinephrine and 
dopamine in these two strains and to determine whether 
these effects correlate with the reported differences in be- 
havioral sensitivity to this drug. It was also of interest to 
determine whether d-amphetamine interacted with c.vclohex- 
imide in a different fashion in these two strains with respect 
to catecholamine synthesis and metabolism. 

METH()I )  

Male mice of two strains. C57BL,,6J and DBA,2J (Jackson 
I,abs), between 10 and 14 weeks old and weighing 15-25 g 
were used in this study. They were housed in small groups of 
5-6 animals and provided with water and Purina Rat Chow 
ad lib. One hour prior to treatment, between 10 a.m. and 12 
p.m., the mice were moved to the laboratory and placed in 
individual cages. 

In Experiment 1, various doses of cycloheximide (Sigma) 
were administered subcutaneously on the back of the neck to 
mice of both strains one hour before sacrifice. Fifteen min- 
utes prior to sacrifice by cervical dislocation, 100# Ci of 3,5 
:~H-tyrosine (40-60 mCi,'mmole, New England Nuclear) in 
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(I.2 ml phosphate buffered saline (0.14 M NaCI, 0.01 M 
NaPO~, pH 7.0) were injected intravenously via the dorsal 
tail vein. Following decapitation, the brain was removed and 
after dissecting away the cerebellum, olfactory bulbs and 
lower brain stem, the remaining tissue was weighed and 
homogenized in 3 ml ice cold 0.4 N HCIO,. After centrifuga- 
tion and rehomogenization 117] the tissue supernate was fro- 
zen until assayed. Endogenous tyrosine was measured 
fluorometrically by the method of Waalkes and Udenfriend 
[291. The concentrations of :~H-tyrosine, :¢H-norepinephrine, 
and :~H-dopamine were measured in the brain homogenatcs 
by methods previously reported 131, The approximate re- 
coveries for these compounds were 90. 40 and 30 percent, 
respectively. The concentration o f  al l  labeled compounds 
was corrected for recovery. The relative rates of catechola- 
mine synthesis were calculated by dividing the brain concen- 
tration of :'H-catecholamine by the specific activity of 
tyrosine 1251. The incorporation of :~H-tyrosine into brain 
protein was determined from the radioactivity in the tissue 
pellet and supernate derived from the centrifugations above. 
After washing the pellet and digesting in 0.2 NaOH for 2 days 
I3] the tyrosine incorporation ratio was calculated by divid- 
ing the radioactivity in the pellet by the radioactivity in the 
supernate. 

In Experiment 2, mice of both strains received one of 
four drug treatments: (1) saline tsaline, (2) saline+d-am- 
phetamine sulfate (Smith, Kline, and French). (3) cyclo- 
heximide~ saline, (4) cycloheximide :- d-amphetamine sulfate 
according to the schedule given in Table 1. 100/xCi of :'H- 
tyrosine were administered intravenously 15 min before sac- 
rifice. The brains fi'om these animals were assayed for :~H- 
catecholamines and their rates of accumulation were deter- 
mined as described above. In addition, the rates of formation 
of their 0-methylated metabolites, normetanephrine (NM) 
and 3-methoxytyn~mine (3-MT) were also determined ac- 
cording to the following procedure. After shaking the tissue 
supernate with alumina [3], the supernate was removed and 
adjusted to pH 6.5 with 3 M Tris buffer and added to an 
Amberlite CG-50 column (200--400 mesh. 4 cm) which had 
been washed previously with 15 ml sodium phosphate buffer, 
pH 6.5. containing 15:; EDTA. After washing the column 
with 20 ml H~O, the 0-methylated metabolites were eluted 
with 5 ml of I N HCI. The eluate was adjusted to pH 6.5 with 
2 N NaOH and added to a Dowex 50W'~ 4 column (200-400 
mesh. N a  form, 4 cm). After washing the column with 10 ml 
H_,O and 6 ml of 2 N HCI. :~H-NM was eluted with 10 ml of 2 
N HCI. The next 3 ml ot"2 N HCI were discarded and :~H 
3-MT was eluted with 12 ml 3 N HCI. The eluates were dried 
and counted by liquid scintillation. The rate of accumulation 
was corrected for the specific activity of tyrosine in each 
animal. 

The data were analyzed by one- and two-way ANOVA 
and Dunnett 's t test [30]. 

RESU I,IS 

I-.ff~eriment I 

Simultaneous analysis of drug and strain effects on norep- 
inephrine synthesis showed that cycloheximide significantly 
inhibited norepinephrine synthesis, F(3,44)=9.87, p<O.001, 
whereas mouse strain had no effect. Subsequent analysis 
within each strain showed that all doses of cycloheximide 
significantly inhibited norepinephrine synthesis in the C57 
strain (t >3.30,p <0.01 in each case), whereas only the highest 

TABI.E 1 
DRUG TREATMEN'I SCHEDUI,E FOR EXPERIMI.INT 2 

Group 60 rain 30 min 

I Saline Saline 
2 Saline d-AMP 
3 CXM Saline 
4 CXM d-AMP 

Saline or cycloheximide (CXM, 100 mg/kg) was administered sub- 
cutaneously 60 rain prior to sacrifice. Saline or d-amphetamine (d- 
AMP, 5 mg.kg) was administered intraperitoneally 30 rain prior to 
sacrifice. 

TABLE 2 

IFI:EC'I OF ('YCI.OHEXIMIDE ON BRAIN CATECHOI.AMINE 
SYNTHESIS IN TWO MOUSE STRAINS 

Dose 
{mg.Jkg) 

Norepinephrine 

C57BL:6J DBA/2J 

Dopamine 

C57BL:6J DBA.2J 

0 32 ± 5 18} 37 ± 8 ~7) 88 +_ 18 19~ 82 : 19t7} 
50 16 , 2;{8) 19 ± 7 (5} 48 +_ 7~-18} 75 z 1415) 
75 9 : l: (7) 15 +_ 5 t5} 43 +_ 7,t t7) 54 - 10~6) 

100 9 • 2~[6) 13 - 3: (5) 28 - 7,(6) 37 _~ 9(5) 

Animals were administered various doses of cycloheximide and 
sacrificed 60 rain later. Numbers in parentheses refer to number of 
animals. 

*ng;g,.15 rain - 1 SE. 
tSignificantly different from control (p.~ 0.05). 

dose had a significant effect in the DBA strain (t >2.3,p <0.05; 
Table 21. Analysis of the effects of drug and strain on dopa- 
mine synthesis indicated that cycloheximide significantly 
inhibited dopamine synthesis, F(3,45)=5.46,p<O.Ol and that 
there was a significant strain effect when drug-treated animals 
were compared, F( 1,31 )=4.79, p <0.05. Within strains, cyclo- 
heximide inhibited dopamine synthesis with each dose in the 
C57 strain it >2.3, p <0.05) whereas none of the doses signifi- 
cantly affected synthesis in the DBA strain ('Fable 2). These 
drug- and strain-dependent effects could not be attributed to 
differences in the specific activity of tyrosine in the brain. As 
shown in Table 3, except for a significant increase with the 
75 mgikg dose in C57 mice (t =3.06, p<0.01), there were no 
significant differences in tyrosine specific activity among 
doses within each strain. In drug-treated mice, there were no 
strain differences with each dose level. To determine 
whether cycloheximide produces similar effects on cerebral 
protein synthesis, the degree of incorporation of :~H-tyrosine 
into acid-insoluble protein was estimated. Each dose of cy- 
cloheximide caused a significant inhibition of tyrosine incor- 
poration {t>4.2, p<0.001) (Table 3). The percent inhibition 
of incorporation hinged from 87.0 (50 mg/kg) to 91.9 (100 
mg/kg) in the C57 strain and from 88.2 (50 mg/kg) to 90.0 ( 100 
mg/kg) in the DBA strain. There were no significant differ- 
ences between strains at any dose level. 

ILvperimetzt 2 

As had been shown in Experiment I, cycloheximide. [00 
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T A B I . E  3 

EFFECT OF CYCL()HEXIMIDE ON SPECIFIC ACTIVITY OF TYROSINE AND 
INCORPORATI()N OF 'H TYROSINE INTO CEREBRAL PROTEIN 

IN IWO MOUSE STRAINS 

Dose 
(mg,'kg) 

Tyrosine specific activity* Tyrosine incorporation ratio+ 

C57BL:6J I)BA,'2J C57BL,6J DBA.2J 

0 28.6 ' 2.9 (9) 43.6 ÷ 5.7 (7) 0.98 z .07 19~ 1.08 ± .19 (7) 

50 35.8 . 2.4 (8) 36.7 _+ 4 2  (5) 0.13 -_ .0l': (8) 0.13 ._ .01:!: (51 
75 42.8 t 3.5~(6) 39.3 _+ 51 (6) 0.10 . .01:!: (61 0.11 . .01:i:(6l 

I(X) 34.7 + 4.7 (6) 36.0 "_ 4.2 (5) (I.(18 - .01:1: (6) 0.11 +_ .02~ (5) 

Animals were administered various doses of cycloheximide and sacrificed 60 
min later. Numbers  in parentheses refer to number of animals. 

*nCi,'/xg z 1 SE. 
+The incorporation ratio was calculated by dividing the DPMs of radioactivity 

in the perchloric acid precipitate by the DPMs in the tissue supernate. 
:~Significantly different from control (p- 0.05L 

T A B I , E  4 

EFFECT OF CYCLOHEXIMIDE AND d-AMPHETAMINE ON RA'IE ()l t: 
FORMATION OF CATECHOI.AMINES AND 0-METI-IYI.ATI'D 

METABOLITES IN C57BI.,'6J MICE 

Treatment N E DA NM 3-MT 

Control 38 '_ 4* (5) 52 _- 8 18) 30 - 5 (8) 37 z 6 (8) 
d -AMP 40 "_ 8 (6) 54 _- 10 (8) 51 • 17 (8) 48 -- 10 (8) 
CXM 22 -- 3+(6) 28 "_ 4 + (8} 30 _+ 5(8) 43 • 6(8) 

C X M - d - A M P  29 - 6 (5) 43 "_ II (9) 51 _+ 10(8) 52 • 6(8) 

Animals received drug injections according to the protocol given 
in Table I. The rates of accumulation of :'H norepinephrine (NE). 
dopamine (DA), normetanephrine (NM) and 3-methoxytyramine 
I3-MT) were determined as described in Materials and Methods.  
Numbers  in parentheses refer to number of animals. 

~ng,'g,'15 min _~ 1 SE. 
+Significantly different from control (p-:0.05L 

mg/kg ,  s ign i f i can t ly  d e c r e a s e d  the  s y n t h e s i s  o f  n o r e p i n e p h -  
r ine  (t =2 .57 ,  p ~'-0.05) and  d o p a m i n e  it =2 .81 ,  p <0 .02 )  in C57 
mice  (Table  4). T h e  d rug  had  no  s ign i f ican t  e f f e c t s  on  the  ra te  
o f  f o r m a t i o n  o f  the  t w o  m e t a b o l i t e s .  A d m i n i s t r a t i o n  o f  
d - a m p h e t a m i n e  a l o n e  i n c r e a s e d  the  c o n c e n t r a t i o n  o f  l abe l led  
m e t a b o l i t e s  but  th is  w a s  not  s t a t i s t i ca l ly  s ign i f ican t ,  W h e n  

d - a m p h e t a m i n e  w a s  a d m i n i s t e r e d  to mice  p r e t r e a t e d  wi th  
c y c l o h e x i m i d e ,  t h e r e  w a s  a par t ia l  r eve r sa l  o r  a t t e n u a t i o n  o f  
the  inh ib i t ion  o f  n o r e p i n e p h r i n e  and  d o p a m i n e  s y n t h e s i s  
c a u s e d  by c y c l o h e x i m i d e .  T h e r e  w e r e  no s ign i f ican t  d i f fer -  
e n c e s  in n o r e p i n e p h r i n e  and  d o p a m i n e  s y n t h e s i s  r a t es  be-  
t w e e n  c o n t r o l  a n i m a l s  and  t h o s e  r e c e i v i n g  b o t h  d rugs .  Con-  
f i rming  the  r e su l t s  o b t a i n e d  in E x p e r i m e n t  1, th is  d o s e  o f  
c y c l o h e x i m i d e  a lso  d e c r e a s e d  bra in  c a t e c h o l a m i n e  s y n t h e s i s  
in t he  D B A  s t ra in  a h h o u g h  the  d i f f e r e n c e s  w e r e  not  s ta t i s t i -  
cal ly  s ign i f ican t  (Table  5). H o w e v e r ,  in c o n t r a s t  to the  r e su l t s  
o b t a i n e d  wi th  C57 mice ,  a d m i n i s t r a t i o n  o f  d - a m p h e t a m i n e  to 
c y c l o h e x i m i d e - p r e t r e a t e d  mice  p r o d u c e d  a m a r k e d ,  signifi-  
can t  d e c r e a s e  in the  rate  o f  a c c u m u l a t i o n  o f  l abe l led  no rep i -  
n e p h r i n e  t t = 3 . 9 2 ,  p - -0 .005 ) ,  d o p a m i n e  ( t ~ 2 . 5 8 ,  p-'O.05), 
and  n o r m e t a n e p h r i n e  ( t - -2 .21 ,  p < 0 . 0 5 ) ,  w h e n  c o m p a r e d  to 
c o n t r o l  an ima l s .  A n a l y s i s  o f  d rug  and  s t ra in  e f f e c t s  in mice  
r e c e i v i n g  c y c l o h e x i m i d e  and  c y c l o h e x i m i d e + d - a m p h e t  - 
a m i n e  r e v e a l e d  a s ign i f ican t  d r u g - s t r a i n  i n t e r a c t i o n  for  nor-  
m e t a n e p h r i n e ,  F (1 ,27 )=5 .15 ,  p,:O.05, and  a nea r ly  signifi-  
c a n t  d r u g - s t r a i n  i n t e r a c t i o n  for  n o r e p i n e p h r i n e ,  F ( I . 2 1 ) =  
4.13.  p < 0 . 0 6  and  d o p a m i n e ,  F ( I . 2 7 J ~ 4 . 0 8 ,  p<O.(Vo. This  
s u g g e s t s  that  t he  a d m i n i s t r a t i o n  o l d - a m p h e t a m i n e  to cyc lo -  
h e x i m i d e - p r e t r e a t e d  mice  a f f e c t e d  the  t w o  s t r a ins  d i f fer -  
en t ly .  

T A B I , E  5 
EFFECTS OF CYCI,OHEXIMII)F AND d-AMPHETAMINt" ON RATE OF FORMA- 
TION OF CATECHOI,AMINES AND 0-METHYI,ATED METABOI,ITES IN I)BA.2J 

MICE 

Treatment N E DA N M 3-MT 

Control 55 --. 9* (8) 10S ÷ 27 17) 51 - 10 181 56 + 15(7) 
d-AMP 39 :':- 8 (8J 73 + 11 (8) 45 - 7 (8) 71 ~ 19(81 

CXM 32 - 7 18) 55 -+- 11 (8) 42 - 10 IS) 59 - 15 (7) 
CXM ~-d-AMP 15 -- I + (6) 28 ". 5+ (6) 27 • 4"~" ~7) 42 ' 12 (8) 

Refer to legend of Table 3. 
*ng, g/15 rain ~ 1 SE. 
-Significantly different from contrc, I q~. 0.05). 
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DISCUSSION 

Cycloheximide  has been shown to inhibit the synthesis  of  
brain ca techolamines  [3,10] and the results of  the present 
study suggest that the drug exerts  this effect in varying de- 
grees in the C57 and DBA strains, at least in regard to 
dopamine  synthesis.  

One important implication of  this strain difference con- 
cerns the reported differences in these two strains of the 
amnesic  effect of  cyc lohex imide  [22,281. Possible cxplana- 
lions of  this difference which have been suggested include 
differences in the time course  of  protein synthesis  inhibition 
[16,22l or  degree  of  inhibition of  protein synthesis  [11]. 
Howeve r ,  l)ay and coworkers  17] did not find a correlat ion 
be tween rates of  recovery  of  cerebral  protein synthesis  and 
differences in learning behavior  after t reatment  with cyclo- 
heximide.  Although a dose-dependent  effect of  cyclohexi-  
mide on amnesia  has been observed  in the DBA strain, this 
was not associated with a dose-related effect on the degree of 
protein synthesis  inhibition [22]. This was further supported 
by the present study' which indicated that 60 rain after the 
injection of cyc loheximide ,  which approximates  the time 
interwt[ used in most training studies,  there were no signifi- 
cant differences in the inhibition of  protein synthesis  be- 
tween the two strains. 

The difference in the sensitivity of  these two mouse 
strains to the inhibition of  catechohtmine synthesis  caused 
by cyc loheximide  suggest an al ternat ive mechanism which 
could be responsible for the difference in sensitivity to the 
amnesic  effects,  in that brain dopamine synthesis  is impaired 
to a greater  extent  in the C57 strain one hour after the drug 
injection,  i .e.,  during the time period when long-term mem- 
ory is bel ieved to be formed. 

There  is considerable  ev idence  that brain ca techolamines  
may have an important role in mechanisms which reguhtle 
the formation or  retention of  long-term memory .  For  exam- 
pie, inhibitors of  catechohtmine synthesis such as FI,A-63, 
d ie thyldi th iocarbamate  and ~-methyl tyros ine  have been 
shown to disrupt memory  processes  [9,12]. Central  adminis- 
tration of ca techolamines  [14,27], on the other  hand, have 
been shown to enhance such processes .  

Since several drugs which enhance central ca techolamine  
neuron activity are capable of  blocking or reversing the be- 
havioral effects of  cyc loheximide  [18-20J, it might be ex- 
pected that differences in biochemical  effects might occur  in 
these two strains following treatment  with cycloheximide  
and d-amphetamine .  Although the dose of  c vcloheximide 
used in this exper iment  tended to decrease  the synthesis of  
norepinephrine and dopamine in both strains, the adminis- 
tration of  d-amphetamine  to mice pretreated with cyclohex-  
imide produced strikingly different effects.  As has been re- 
ported previously [3] d -amphetamine  partially prevented the 
decrease  in norepinephrine and dopamine synthesis  caused 
by cyc loheximide  in the C57 strain in the present study. 
However ,  in the DBA strain, thc synthesis of  catechola-  
mines was lower after t reatment  with both drugs than after 
cyc loheximide  alone. This strain difference was also appar- 
ent in the rate of  formation of  normetanephr ine ,  which may 
reflect the rate of  release of  norepinephrinc 151. Whereas  
amphetamine  tended to increase the formation of  nor- 
metanephr ine  in C57 mice pretreated with cycloheximide,  
the reverse  was true in the DBA strain. It is possible that 
cyc loheximide  may have affected the uptake of  d- 
amphetamine  Il l  and select ively altered the brain concen- 
tration of  the drug in these two strains. A dose-dependent  
effect of  d -amphetamine  on ca techolamine  synthesis has 
been shown in mice [231. Such an effect could account for 
the observed  strain differences.  

Most of  the studies which have shown that cy- 
c loheximide- induced amnesia  can be reversed by d-am- 
phetamine have utilized mice of  the C57BI,,'6J ll8.20] or 
Swiss [21 strains. Although there have been no published 
studies indicating whether  this interaction occurs  in DBA/2J 
mice,  the results of  the present study' suggest that 
d -amphetamine  may not be as effect ive in this strain. 
Moreover ,  it is of  interest that d -amphetamine  did not alter 
the amnesic  effects of  reserpine in the DBA,"2J strain [8]. 

ACK NOWI.I.~D(H.~M ENT 

The author', are grateful to Ms. Yie-Jane Wt, for her expert 
technical assistance in performing these experiments. 

R E F E R E N C E S  

I. Angel, C. and B. S. Burkett. Effects of hydrocortisonc and 
c.,,cloheximide on blood-brain barrier function in the rat. l)i.~. 
,k'crr. Sv~. 32: 53-58, 1971. 

2. Barondes. S. H. and H. D. Cohen. Arousal and the conversion 
of  +'short-term'" to "+long-term'" memory, t ' r , ,+. IIHIII+ A(i ld. 
3, i. I. ' .5.A. 61: 923-929, 1968. 

3. Bloom, A. S., E. E. Quinlon and l,. A. Cart. t-fleets ofcyclo- 
heximide, diethyldithiocarbamate ; rod D-amphetamine on 
protein and catecholamine biosynthesis in motr, e brain. 
,k'cur,phmma~,lo.~,'.v 16: 411-418. 1977. 

4. Borer, I)., F. Bovet-Nini and A. ()liverio. Genetic aspects of 
learning and memory in mice..~,~ icm-c 163:139-149. 1969. 

5. Carr. L. A. and K. E. Moore. Norepinephrinc: release fi'om 
brain by d-amphetamine in vivo. % icm c 164: 322-323, 1969. 

6. Cohen. H. D. and S. H. Barondes. Cycloheximide impairs 
memory, of  an appetitive task. ('onlltlllll~ /?U]IOV. Bi, d. l: 337- 
340. [968. 

7. Day. T. A., l). It. ()verstreel and G. D. Schiller. C'enmdly 
administered cycloheximide in rats: behavioural concomitants 
and modulation of amnesic effects of biogenic amines. /'ltar- 
nixie, l t i~chcm. B c h , v .  6: 557-565. [977. 

8. Dismukes, R. K. and A. V. Rake. Involvement of biogenic 
amines in memory formation. I'~y(/lOlHltlrmo( oh,'..,ia 23: 17-25. 
1972. 

9. I:lexner, J. B. and I.. B. Flexner. l-fleet of  two inhihitor~, of  
dopamine13-hydroxylase on maturation of memory in mice. 
t 'harnmc.  Ii i , ,clwm. B c h m .  5: 117-121, 1976. 

10. Elexner. 1.. B. and R. H. Goodman. Studies on memoD: in- 
hibitors o f  protein synthe,,i', also inhibit catecholamine ~,ynthe- 
sis. t 'roc, hath. A~ ad. Sci. L:..g.A. 72: 4660-4663. 1975. 

I I. Flood, J. E.. E. I.. Bennett. M. T. Rosenzweig and A. E. Orme. 
Influence of training strength on amnesia induced by pretraining 
injections of c,,.cloheximide. I'hv.~i,d. l lchav. 9: 589-600, 1972. 

12. Fulginiti, S., V. A. Molina and (). A. t)rsingher. Inhibition of 
catecholam:,ne biosynthesis and memory processes. I'~v,h,,- 
pharma~',,/,~.t.,y 51 : 65-69. 1976. 

13. Gibbs. M. E. Modulation ofcycloh¢×imide-resi,,tant memory by 
sympathomimetic agents. I 'harm+, ' .  Bi,,+ hem. Bchav. 4: 703- 
7(17, 1976. 

14. Haycock, J. W., R. Van Buskirk, J. R. Ryan and J. I.. 
McGaugh. Enhancement of retention with centrally, adminis- 
tered catecholamine~,. FxpI ,'x'cur,I. 54: 199-201";, 1977. 

15. Kcmpf. I'L, J. Greilsamer, (i. Mack and P. Mandel. ('orrehuion 
of  behavioral differences in three strain,~ of  mice with differ- 
ences in brain amines. ;k"atm'c 247: 483-485. 1974. 

16. Kramarcy. N. R. and E. E. Quinton. Genetic differences in 
cycloheximide-induced memory impairment and protein syn- 
thesis inhibition. 5,,+. :\cur+,s< i. ,.their. 3: 236. 1977. 



C Y C I ~ O H E X I M I D E  A N D  BRAIN C A T E C H O L A M I N E S  197 

17. l,undgren, P. and L. A. Carr. Effects of anisomycin and CNS 
stimulants on brain catecholamine synthesis. Phdrn~dt. 
Bio~'hem. Behav. 9: 559-561, 1978. 

18. Quartermain, D. and C. Y. Botwinick. Role of the biogenic 
amines in the reversal of cycloheximide-induced amnesia../ .  
c~mtp, physiol. P,~v~.hol. 88: 386-401, 1975. 

19. Quartermain, D., I,. S. Freedman, C. Y. Botwinick and B. M. 
Gutwein. Reversal of cycloheximide-induced amnesia by ad- 
renergic receptor stimulation. Phdrmdc. Blochotel. B~,hdv. 7: 
259-267, 1977. 

20. Quinton, E. E. and A. S. Bloom. Effects of d-amphetamine and 
strychnine on cycloheximide- and diethyldithiocarbamate- 
induced amnesia in mice. ,/. c,m~p, physiol. Psych~l. 91: 1390- 
1397, 1977. 

21. Quinton, E. E. and N. R. Kramarcy. Memory impairment corre- 
lates closely with cycloheximide dose and degree of inhibition of 
protein synthesis. Brdin R~',~. 131: 184-190, 1977. 

22. Randt, C. T., B. M. Barnett, B. S. McEwen and D. Quarter- 
main. Amnesic effects of cycloheximide on two strains of mice 
with different memory characteristics. Expl Neurol. 30: 467- 
474. 1971. 

23. Riffee, W. H. and M. C. Gerald. l)etermination of endogenous 
concentrations of norepinephrine and dopamine and their rates 
of synthesis in a single mouse brain: biphasic effects of (~- J- 
amphetamine. ,-tr('hx rot. I~hdrtnd('odytt. 77~('r. 219: 70--78, 1976. 

24. Routtenberg, A. Participation of brain stimulation reward sub- 
strates in memory: anatomical and biochemical evidence. I"edn 
Pro~'. 38: 2446-2453, 1979. 

25. Sedvall, G. C.. U. K. Weise and 1. J. Kopin. The rate of norepi- 
nephrine synthesis measured itt vi~o during short intervals: in- 
fluence of adrenergic nerve impulse activity..I. I'hdrmd~'. c.rp. 
Ther. 159: 274-282. 1968. 

26. Squire. I,. R. and S. H. Barondes. Memory impairment during 
prolonged training in mice given inhibitors of cerebral protein 
synthesis. Brain Rc.s. 56: 215-225, 1973. 

27. Stein. L., J. D. Belluzi and C. I). Wise. Memory enhancement 
by central administration of norepinephrine. Brdin Rd.s. 84: 
329-335. 1975. 

28. Van Abeelen, J., J. l)aems and G. Douma. Memory storage in 
three inbred mouse strains after injection of cycloheximide. 
Plo~i~d. Behdv. 10:751-753, 1973. 

29. Waalkes, T. P. and S. Udenfriend. Fluorometric method for 
estimation of tyrosine in plasma and tissues..I.l .dh. ~lin. M~'d. 
511: 733-736. 1957. 

30. Winer, B. J. Stdti~ti<'dl Prim ipld~ iPt E.vp~'rimdl~tdl l)c'~i.t,,l~. New 
York: McGraw-Hill. 1971. 


