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Effects of Anisomycin and CNS Stimulants on 
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PHARMAC. BIOCHEM. BEHAV. 9~4~ 55%561, 1978.--Mice were injected with anisomycin, an inhibitor of cerebnd 
protein synthesis; d-amphetamine, strychnine, or caffeine was administered 30 rain later. Fifteen rain before sacrifice at I 
or 2 hr after injection of anisomycin, :~H-tyrosine was injected intravenously, and catecholamine synthesis rates were 
estimated by measurement of the specific activity of ::H-tyrosine and the accumulation of 'H-norepinephrine and ~H- 
dopamine. Anisomycin decreased synthesis rates of catecholamines, but this effect was not significantly affected by any of 
the CNS stimulants. "[hese results suggest that the recently reported reversal of anisomycin-induced amnesia by these 
stimulants is not due to an attenuation of brain catecholamine synthesis inhibition. 

Anisomycin Memory Catecholamines CNS stimulants 
. . .  

IN STUDIES attempting to identify the neurochemical sys- 
tems involved in storage and retrieval of memory, much at- 
tention has been focused on the effects of inhibitors of pro- 
tein synthesis, particularly cycloheximide, acetoxycyc- 
Ioheximide, and anisomycin (ANt). It has been shown that 
these drugs produce amnesia for a specific learning task 
when given shortly before or after training, and it is generally 
believed that this action is due to inhibition of cerebral pro- 
tein synthesis. However,  it has recently become apparent 
that these drugs have effects on central catecholamine- 
containing neurons which may account for the disruption of 
long-term memory. For example, inhibitors of protein syn- 
thesis have been found to inhibit tyrosine hydroxylase 131 
and to inhibit catecholamine synthesis 12,61. Furthermore, 
the amnesic effect of these agents may be prevented by drugs 
which would be expected to enhance catecholamine neuron 
function 18, 9. 10, 13]. Although these studies clearly show 
that treatments affecting catecholamine neuron function may 
prevent the amnesic effect of protein synthesis inhibitors, 
this may not necessarily be a conclusive argument that im- 
pairment of adrenergic function is the primary effect re- 
sponsible for the amnesia produced by these drugs, since 
similar effects have been reported alter administration of 
CNS stimulants which may not act solely on catecholamine 
neurons. Flood and co-workers 151 have shown that 
strychnine, caffeine, nicotine, picrotoxin, and 
d-amphetamine protect against amnesia induced by AN1, 

whereas chloral hydrate and sodium phenobarbital enhanced 
the amnesia. Since these treatments would not be expected 
to affect any single neurotransmitter system in particular, it 
was concluded that modulation of CNS arousal by these 
drugs is the mechanism by which they affect memory. 

The purpose of the experiments reported here was to 
study the effects of anisomycin on catecholamine synthesis 
and to determine whether these effects are modified by a 
number of CNS stimulants. 

METHODS 

Animals used were male C57/BI,6 mice (Jackson [,abs) 
between 9 and 14 weeks old and weighing 18-29 g. ' | 'hey 
were housed in small groups of 5-6 animals and provided 
with water and Purina Rat Chow ad lib. All drugs were dis- 
solved in 0.14 M NaCI buffered to pH 7 with 0.01 M sodium 
phosphate. Anisomycin (2-p-methoxyphenyl-3-acetoxy-4- 
hydroxypyrrolidine) was a gift from Dr. Nathan Belcl-er of 
Pfizer Pharmaceuticals and was injected subeutaneousl.\. I_'~ 
mg/kg) on the back of the neck. Thirty min after ANI was 
administered, saline, strychnine sulfate (0.3 mg/kg, Merck), 
caffeine (anhydrous, 100 m,g/kg, Sigma Chemical Co.I, or 
d-amphetamine sulfate (5 mg/kg, Smith, Kline, and French, 
Inc.) was injected intraperitoneally. The injection volume for 
all drugs was 0.01 ml/g body weight. :~H-tyrosine (3,5-:'H- 
tyrosine, specific activity 40-60 Ci/mmole, New England 
Nuclear) was evaporated to dryness t.,nder nitrogen and re- 

'Supported by a grant (NS-12129) from the National Institute of Neurological and Communicative Disorders and Stroke. 

Copyr igh t  ' 1978 A N K H O  Interna t ional  lnc.--(X~91-3057/78/100559-0350(Lg0/0 



56O 

1 A B L E  I 

t'~It"FEC'I'S OF ANISOMYCIN AND STIMUI.ANTS ON ENIX)GENOUS 
TYROSINE CONCENTRA'IION 

I h o u r  2 hour', 

Saline 33.1 ' 0 . 8 (4 ) *  28.4 : 1.7(4) 
ANI.Sal ine 54.7 , 1.9(4) 4. 50.6 • 2.1(4)+ 
ANt{D-AMP 54.4 , 4.1(4)+ 50.8 * 3.5(5)t 
ANI4("AFF 56.2 * 1.1(4) + 47.6 .+_ 1.4(4) + 
ANI~-,~'I'R 48.5 ~- 4.5(4) + 60.6 * 8.2(4) + 

*p,g t y ro s ine /g  brain t i s sue  -" S E M .  N u m b e r  of  a n i m a l s  i t  shown  
in pa ren these '<  S t i m u l a n t s  were in jec ted  30 min a r i e l  A N I .  and  ani- 
mails w e r e  sacr i f iced  at 1 or 2 hr af ter  ANI .  Drug d o s e s  w e r e  as 
tb l lows:  A N I - 2 5  mg,'kg, D-AMP- 5 mg.'kg. S T R - 0 . 3  mg/kg .  C A F F -  
I(R) mg.kg.  

~ S ign i~can l l y  g r ea t e r  than  cont ro l  p.  0.01 

T A B L E  2 

I:,FI:I{("IS ()t :  ANISOMYCIN AND STIMUI,ANTS ON 
NOREPINEPHRINE SY Nrl.t ESIS 

1 hour 2 hours 

Sa l i ne  0 . 0 3 0  -'- 0 . ( IO5(4)*  0 .034  - 0.007141 

A N  I • Sa l i rm  0 .017  - O.(R)3(4F{ 0 .012  • ().(R)214):i: 

ANI 4 I)-AMP t ) .OlO _-t 0 .001(4) ! :  O.(X)6 " ().(R)l(5):i: 

A N I  - C A F F  ( I .014 ':- 0.002(4F!.  0.011 • 0.(RH(4):!: 

ANI.  S'FR 0 .018  , 0 .004(4 )~  0 .010 - -0 . (X )2 (41 : ! :  

Refer to legend of lahlc  I for details. 
:~: ,u,g,'g bra in  t i ssue ,15  rain • S E M .  
: Significantly decreased from control 
:i: Significan0y decreased from control 

p.  0 .05  
p .  0.01 

dissolved in phosphate  buffered saline to a concentra t ion  of  
5(X) /zCi/ml. Each mouse received {).2 ml (100 /.tCi) of  this 
solution intravenously via the latend tail vein ei ther 45 or 105 
rain after the injection of  ANI and sacrificed 15 rain later by 
cervical  dislocation.  

Immediately after sacrifice, each mouse was decapi tated,  
the bndn was removed ,  and the cerebel lum,  olfactory 
bulbs, and lower  brain stem were  dissected off. The remain- 
ing tissue was weighed and homogenized in 3 ml of  ice-cold 
0.4 N HC10, ,  and the homogenate  was centr ifuged for 5 rain 
at IO,0{R) X g. The supernalant  was then decanted and the 
pellet rehomogenized and centrifuged as before,  and the 2 
supernatants  were combined and frozen until assayed. 

Endogenous  tyrosine was measured f luorometrical ly by 
the method of  Waalkes and Udenfr iend [I 7]. The concentra-  
lions of  :H-tyrosine ,  : :H-norepinephrine, and :~H-dopamine 
were measured in the brain homogenates  by methods pre- 
viously reported [ 16]. The rates of  ca techolamine  synthesis  
were calculated by dividing the brain concentra t ion  of  :{H- 
ca techolamine  by the specific activity of tyrosine [20]. 

Data were analyzed by' a one-way A N O V A  across each 
time level,  and where compar ison  of individual means to one 
another  was desired,  this was done by the l)uncan Studen- 
tized range test [19]. 

RES;UI.TS 

Administrat ion of  ANI alone increased the bndn concen-  
tration of  endogenous  tyrosine at I and 2 hr lTable I). The 

L U N D G R E N  A N D C A R R  

T A B I . E  3 
E F F E C T S  Or: ANISOMYCIN AND S'I 'IMUI,ANTS C'N DOPAMINE 

SYNTHESIS 

I hour  2 hours  

Saline 0 . 0 2 6  * 0.0, t l4(4)*  0 . 0 4 0  ~ 0 .007 (4 )  

ANI-Saline 0.012  • 0 .002(4 )+  0.(113 . 0 . 0 0 2 1 4 P  

A N I . D - A M P  0 . 0 1 0  , 0.( IO2(4)+ 0 . O I I  , 0 .001(4)+  

A N I - C A F F  0 .013  • 0 . 0 0 3 ( 4 ) t  0 .013  • 0.(X)2(4)  + 

A N I - S T R  0 .012  * 0.(X)2(4)+ 0 .013  "_ 0. (X)2(4 l  + 

Refer to legend of Table I for detaib,. 
* /zg/g brain tissue:15 rain .-_ SEM. 
~ Significantly decrea,,ed from cor~trol p. 0.t)l 

addition of  st imulanls did not aller the effect of  AN! on 
tyrosine.  The specific aclivily of  :~H-tyrosine was increased 
by all drug t realments  at 2 hr due to a greater  relative in- 
crease in :~H-tyrosine concentra t ion than in endogenous  
levels of  tyrosine. 

ANI decreased the synthesis rates of  norepinephrine and 
dopamine at both t ime intervals studied (Tables 2 and 3). 
ANI and d-amphetamine  seemed to have a greater  effect on 
norepinephrine synthesis  than AN! alone, hut statistical 
analysis of  these 2 t reatments  did not reveal a significant 
difference.  None of the stimulants used in this study signifi- 
cantly modified lhe inhibition of  ca lecholamine  synthesis by 
ANI.  

~ L ~ C u s ~ i o ~  

The effects of  ANI  on endogenous tyrosinc levels in the 
brain :ire in agreemenl  with o lher  studies [21 and are prob- 
ably due Io a reduction of  tyrosine incorporat ion inlo pro- 
tein. In preliminary studies, i~ was tbund that lhe dose of  
AN I u~ed in the pre~ent report inhibited protein synthesN by 
~ ; ~  al ~/z hr, 8~:~ at 1 hr, and 85(~ at 2 hr. Spanis and Squire 
114] have shown thal lhe increase in endogenous  tyrosine 
levels alone cannot accounl  for the amnesia  resulting from 
administrat ion of  protein synthesis  inhibitors. It is also ap- 
parent from the presenl results that I re  reported protect ive 
effects of  CNS stimulanls on amnesia induced by ANI [4,5] 
are not due to an alteralion of  endogenous  tyrosine levels. 

AN1 inhibiled catecholamine synthesis for at least 2 hr, a~ 
was also reporled by Flcxner  and Goodman [2 ~. Considering 
the reports implicating brain ca techolamine  neuron systems 
in memory  formation [ I, 8, I I l, it is likely that inhibition of  
ca techolamine  synthesis  may be at leasl pa~ly  responsible 
for the amnesia caused by ANI.  A conlrasl ing view has been 
proposed by Squire el a / . .  ] 15], who reporled lhal a dose of 
a-methyl-p- tyrosine IAMFF)  thal inhibited tyrosine hy- 
droxylase to the same degree as AN! had no amnesic eft~ct. 
Since ~hese authors ~11 thal it was unlikely that inhibition of  
ca techolamine synthesi~ by ANI was responsible for its am- 
nesic effect,  this action was a tmbu ted  to inhibition of  protein 
synthesis.  However ,  o ther  sludies argue against this mech- 
anism since drugs which prevem or at tenuate the amnesia  do 
nol aller lhc degree of  protein ~ynlhesis inhibition [51. It is 
also possible that the inhibition of  ca techolamine  synthesis 
by ANI is an indirect result of  an action on some olher  
dynamic aspecl  of  ca lecholamine  neuron function. For 
example ,  if ANI interferes with neuronal release of  
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ca t echo l amines ,  as sugges ted  by F lexne r  and  G o o d m a n  12], 
t hen  reduc t ion  of  c a t e c h o l a m i n e  syn thes i s  ra tes  by ANI  may 
be due to f eedback  inhibi t ion of  ty ros ine  hyd r oxy l a se  by 
inc reased  i n t r aneu rona l  levels  of  c a t e c h o l a m i n e s  1181. If this  
is the case ,  then  the  effects  of  A M P T  on c a t e c h o l a m i n e  
neuron  sys t ems  would not be ana logous  to those  of  ANI ,  so 
the conc lus ion  r eached  by Squi re  et  a l . .  may be in doubt .  
This  p roposed  f eedback  m e c h a n i s m  is a lso suppo r t ed  by the  
obse rva t ion  in the p resen t  s tudy that  the inhibi t ion of  
c a t e c h o l a m i n e  syn thes i s  by A N I  seems  to be po ten t i a t ed  by 
d - a m p h e t a m i n e .  This  dose  of  d - a m p h e t a m i n e  has  been  re- 
por ted  to inhibi t  c a t e c h o l a m i n e  syn thes i s  [12h p r e s u m a b l y  
due to f eedback  inhibi t ion of  ty ros ine  hyd r oxy l a s e  as a resul t  
of  dec reased  in t r aneurona l  b inding of  ca t echo lamines .  If 
ANI  causes  a dec rea sed  re lease  of  c a t e c h o l a m i n e s ,  then  the  
inhibi t ion of  c a t e c h o l a m i n e  syn thes i s  ~ffter ANI  may be 
po ten t i a t ed  af te r  d - a m p h e t a m i n e  by a fu r the r  increase  in 
in t r aneurona l  c a t e c h o l a m i n e  levels.  

The  s t imulan ts  used in this  s tudy  did not p reven t  the in- 
h ibi t ion of  c a t e c h o l a m i n e  syn thes i s  by ANI.  There fore ,  re- 
versal  of  A N l - i n d u c e d  amnes i a  by these  drugs  is appa ren t ly  
not  due to a direct  effect  on c a t e c h o l a m i n e  syn thes i s .  How- 
ever ,  this  f inding does  not necessar i ly  weaken  the hypo thes i s  
that  p roduc t ion  of  amnes i a  by ANI  is due ,  in part ,  to effects  
on c a t e c h o l a m i n e  neuron  sys tems .  It is possible  that  the 
s t imulan t s  used in this  s tudy  c o m p e n s a t e  for impa i rmen t  of  
adrenerg ic  func t ion  by ac t ions  on o the r  neurona l  sys tems .  
Flood et , I . .  141 have  p resen ted  ev idence  thai  res tora t ion  of  
normal  m e m o r y  func t ion  by admin i s t r a t ion  of  s t imulan ts  
a f te r  ANI  is due to increased  CNS arousal .  In normal  ani- 
mals ,  c a t echo l amine  neuron  sys t ems  may modula te  levels of  
arousal  as part  of  the m e m o r y  s torage  p rocess  171, so pe rhaps  
the general  C N S  s t imulan ts  found to p reven t  amnes i a  com- 
pensa te  for lowered levels  of  a rousal  caused  by impa i rment  
of  adrenerg ic  sys tems  by inhibi lors  of  prote in  synthes is .  
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