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Protein Synthesis and Amnesia: 
Studies with Emetine and Pactamycin 
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DUNN, A. J., H. E. GRAY AND P. M. IUVONE. Protein synthesis inhibitors and amnesia: studies with emetine and 
pactamycin. PHARMAC. BIOCHEM. BEHAV. 6(1) 1-4 ,  1977. - Two antibiotic inhibitors of protein synthesis, 
emetine and pactamycin, have been tested for their effects on cerebral and peripheral protein synthesis and amnesia. 
Peripherally administered emetine but not pactamycin inhibited cerebral protein synthesis, although this inhibition was 
lower than that observed with cycloheximide or anisomycin. Pactamycin had a lesser effect on adrenal protein synthesis 
than emetine. This was reflected in the ability of emetine but not pactamycin to block ACTH-induced corticosteroido- 
genesis. Anisomycin and cycloheximide caused amnesia in a _passive avoidance task, whereas pactamycin and emetine did 
not. These results are inconsistent with the amnesia being due to inhibition of protein synthesis in a peripheral organ. They 
are also inconsistent with the amnesia being due to the suppression of an adrenocortical response as previously suggested. 
No obvious correlation between amnesia and the mechanism of protein synthesis was observed. The most parsimonious 
explanation is that inhibition of cerebral protein synthesis is necessary for amnesia. 
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A L A R G E  n u m b e r  of r epor t s  have ind ica ted  t ha t  inh ib i to r s  
of p ro t e in  syn thes i s  can be amnes t i c  in a var ie ty  of  
behaviora l  tasks [ 1, 2, 3 ] .  In o rder  to  p r oduce  amnes ia  the  
inh ib i t i on  of  cerebra l  p r o t e i n  synthes i s  m u s t  be  very high,  
general ly  8 0 - 9 0  pe r cen t  or  more  [ 2 ] .  A t  the  doses 
requi red  to p roduce  such  i nh i b i t i ons  no  drug is l ikely to be  
abso lu te ly  specific,  t hus  the  on ly  way to s t r e n g t h e n  the  
h y p o t h e s i s  t ha t  cerebra l  p r o t e i n  synthes is  is essential  to the  
f o r m a t i o n  of  long- te rm m e m o r y ,  is to  tes t  o t h e r  p ro t e in  
synthes i s  inh ib i to rs .  

To date ,  mos t  s tudies  have b e e n  p e r f o r m e d  using 
p u r o m y c i n ,  cyc lohex imide  or a c e t o x y c y c l o h e x i m i d e .  More 
recent ly ,  several s tudies  have used an i somyc in ,  a drug 
similar  to  c y c l o h e x i m i d e  bu t  having fewer  side effects  [ 11, 
12, 2 0 ] .  One  p re l imina ry  r epo r t  also used eme t ine  and 
s t r ep tov i t ac in  A [4 ] .  We have s tud ied  the  effects  of  
eme t ine  and of  a n o t h e r  drug, p a c t a m y c i n ,  on  b o t h  the  
p r o d u c t i o n  of  amnes ia  and on  the  i nh ib i t i on  of  p ro t e in  
synthes is  in the  b ra in  and  o t h e r  tissues. B o t h  drugs have 
previously  been  s h o w n  to inh ib i t  p r o t e i n  synthes i s  in rat  
liver [7, 16, 18] .  

A p rob l em wi th  m a n y  p r o t e i n  synthes i s  inh ib i to r s  is 
the i r  inabi l i ty  to  inh ib i t  b ra in  p r o t e i n  synthes is  fo l lowing 
per iphera l  admin i s t r a t i on ,  p r e s u m a b l y  because  they  do no t  
pass the  b lood-b ra in  barrier .  U n f o r t u n a t e l y ,  d i rec t  intra-  
cerebral  a d m i n i s t r a t i o n  of  the  drugs is undes i rab le  since 
in t racran ia l  in jec t ions  can themselves  be  amnes t i c  [ 6 ] .  
However ,  the  use of i nh ib i to r s  t ha t  do  no t  pene t r a t e  the  

bra in ,  of  which  p a c t a m y c i n  is an example ,  has pe rmi t t ed  us 
to  examine  w h e t h e r  the  amnes t i c  ac t ion  of  p ro t e in  synthe-  
sis inh ib i to r s  is on  the  bra in  or on  some per iphera l  tissue. In 
par t icular ,  Naka j ima  [17]  has  argued t ha t  the  amnes t ic  
ac t ion  of  cyc lohex imide  is ad renocor t i ca l ly  med ia t ed ,  since 
the  amnes ia  can be reversed by  co r t i cos t e rone  adminis t ra-  
t ion.  Thus  we have measured  adrena l  p ro t e in  synthes is  and 
the  abi l i ty  of  the  adrena l  cor tex  to r e spond  to ACTH 
fol lowing a d m i n i s t r a t i o n  of the  p ro t e in  synthes is  inhib i tors .  

The resul ts  of  these  s tudies  suggest t ha t  i nh ib i t i on  of  
cerebral  p ro t e in  synthes is  is necessary  for  amnes ia  and  t ha t  
ad renocor t i ca l  ef fects  are no t  respons ib le  for  the  amnesia .  

METHOD 

Male ICR mice were ob t a ined  f rom Flow Labora tor ies ,  
Dubl in ,  Va. Eme t ine  and cyc lohex imide  were ob ta ined  
f rom Sigma Chemica l  Co., St. Louis,  Missouri;  an i somyc in  
was a gift  f rom Mr. N. Belcher ,  Pfizer,  Inc. ,  G r o t o n ,  
Connec t i cu t ;  p a c t a m y c i n  was a gift  f rom Dr. G. Whitf ie ld,  
U p j o h n  Co., Ka lamazoo ,  Michigan;  and syn the t i c  ACTH 
1-24 was a gift f rom Organon  Inc.,  New Jersey.  
L - [4 ,5 -3H]Lys ine  was ob ta ined  f rom Amersham-Sear le ,  
Inc. ,  Ar l ing ton  Heights,  Illinois. All drugs were in jec ted  
subcu t aneous ly  at the  back  of the  neck  in physiological  
saline at the  s ta ted  doses and t imes.  

P ro te in  synthes is  was assayed by  the  i n c o r p o r a t i o n  of 
[3 H] lysine in to  p ro t e in  fo l lowing a s u b c u t a n e o u s  in jec t ion  
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of 30 pCi. Mice were sacrificed 30 min later and the brains, 
and where stated the adrenal glands and a sample of the 
liver, rapidly excised and weighed. Af ter  rinsing in cold 
saline the brain and liver were rapidly homogen ized  in 5 ml 
of 0.05 M bora te  buffer .  The radioact ivi ty in free and 
prote in-bound lysine was assayed as previously described 
[19] .  The adrenal glands were cleansed of  adhering fat 
tissue, rinsed and homogenized  in 1 ml  of  bora te  buffer ,  
and transferred to a centrifuge tube. The homogenizer  
pestle and tube were washed with a fur ther  1 ml of  buffer ,  
and the washings were combined  with the homogenate .  
Proteins were precipi ta ted by the addi t ion of 0.2 ml of 50% 
tr ichloroacet ic  acid (TCA) and the precipi tates  col lected by 
fi l tration on Whatman glass-fiber filters (GF/C) .  The filter 
was washed with 5% TCA and the radioact ivi ty in the 
residue and filtrate de termined [8] .  Results on prote in  
synthesis are expressed as the relative radioact ivi ty (RR = 
protein radioact iv i ty / f ree  lysine radioact ivi ty) ,  which cor- 
rects for  al terat ions of amino acid uptake  (see Ref. [19] ) .  

To examine  the response to ACTH, mice were injected 
with 1 uni t  (10 ~g) of ACTH 1-24 30 min after the prote in  
synthesis inhibi tor  or saline. Mice were sacrificed by 
decapi ta t ion 15 min after  the inject ion of  ACTH and blood 
was col lected in a heparinized tube. Plasma cor t icos terone  
was assayed f luorometr ica l ly  [ 14].  

The amnest ic  activity of  the drugs was tested in a 
s tep-through task as previously described [5 ,15] .  To 
initiate training or testing the  mice were placed on a small 
brightly lit p la t form connected  with  a dark enclosed box.  
When the mice entered the box in the training trial, a 
footshock of 0 .3mA was automat ica l ly  activated and 
remained on unti l  the animal re t reated from the box.  The 
latency to s tep-through (STL) into the box was recorded on 
both  training and testing. Mice that  did not  step through 
into the dark compar tmen t  within 100 sec upon  training 
were discarded from the study. Testing occurred 24 hr  after 
training and animals were al lowed to remain on the 
p la t form for 300 seconds longer than their initial step- 
through latency or unti l  they stepped through,  whichever  
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FIG. 1. Emetine inhibition of mouse brain and adrenal protein 
synthesis. Male ICR mice (4 per group) were injected sub- 
cutaneously with emetine or saline and protein synthesis assayed 
using a 30 rain pulse of [3H]lysine. Results are expressed as the 
mean +- s.e.m, of the relative radioactivity (protein dpm/free lysine 
dpm) as a percentage of saline-control. A. 30 mg/kg of emetine was 
injected 2, 30, 60, 240 or 720 min before [3H]lysine. B. 3, 7.5, 30 
or 60 mg/kg of emetine was injected 30 rain before [3H]lysine. 
Circles - brain; triangles - adrenal glands. All inhibitions were 

statistically significant by Student's t-test (p < 0.05). 

PACTAMYCIN 

m° l A B 

d 

all f. 
a.  

i i i 1~ lb 20 
TIME (hours) DOSE (mg/kg) 

FIG. 2. Pactamycin inhibition of mouse brain, liver and adrenal 
protein synthesis. Male 1CR mice (4 per group) were injected 
subcutaneously with pactamycin or saline and protein synthesis 
assayed using a 30 min pulse of [3HI lysine. Results expressed as in 
Fig. 1. A. 2 mg/kg of pactamycin was infected 2, 30, 60,240 or 720 
min before [3H]lysine. B. 1, 10 or 20 mg/kg of pactamycin was 
injected 15 min before [ "~ HI lysine. Circles - brain; squares - liver; 
triangles - adrenal glands. All inhibitions were statistically signifi- 
cant (p < 0.05, Student's t-test) except for the brain at 4h and the 

adrenals at 12h (A), and the brain at 1 mg/kg (B). 

occurred first. Re ten t ion  is expressed as the change in STL 
(testing minus training); a low A STL reflects poor  re ten t ion  
and a high A STL good retent ion.  Differences be tween  
groups were analyzed using a Mann-Whitney U-test. 

R E S U L T S  

Emet ine  inhibited cerebral and adrenal protein synthesis 
in a dose-dependent  manner  (Fig. IB). At a dose of  30 
mg/kg the onset  of  the inhibi t ion was very rapid and 
remained relatively constant  in the brain at about  50% 
throughout  a 12 hr  period (Fig. 1A). In the adrenals the 
inhibi t ion was initially much  greater, but  steadily declined 
to about  50% by 12 hr after the drug administrat ion.  

In contrast  to emetine,  pac tamycin  (Fig. 2) had very 
little effect  on cerebral protein synthesis; however,  the 
inhibit ions at the two higher doses (10 and 20 mg/kg) were 
statistically significant. In the liver the inhibi t ion was much 
more dramatic  and severe at the lowest dose tested ( l  
mg/kg). At  a relatively low dose (2 mg/kg),  protein 
synthesis by the liver recovered slowly th roughout  the 12 
hr period studied. These results in the liver are similar to 
those observed by others [7] .  Cerebral protein synthesis 
was only slightly depressed, but  this depression was 
statistically significant at all except  for the 4 hr t ime points. 
Adrenal prote in  synthesis was only partly impaired,  and 
slow recovery occurred as in the liver (Fig. 2B). 

Inhibi t ion of adrenocort ical  protein synthesis has been 
shown to block the s teroidogenic response to ACTH [13] ,  
and the lack of  this response has been claimed to be the 
mechanism of the amnestic  effect  of cyc loheximide  [17] .  
Thus we tested various antibiot ics  for their  ability to block 
steroidogenesis fol lowing ACTH. These results are shown in 
Table 1. Saline inject ion alone significantly elevated plasma 
cor t icosterone levels presumably due to secret ion of  endo- 
genous ACTH. Inject ion of ACTH produced a dramatic  
increase of  cor t icos terone relative to saline. Inject ion of 
cyc loheximide  or anisomycin prior to the ACTH not  only 
prevented the cor t icos terone response to ACTH but also 
decreased plasma cor t icos terone  below quie t -contro l  levels. 
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TABLE 1 

Plasma c o r t i c o s t e r o n e  f o l l o w i n g  p r o t e i n  synthes i s  i n h i b i t o r s  and ACTH 

F i r s t  i n j e c t i o n  Second injection Plasma corticosterone 
(Mean ± s . e . m . )  

~g/100 ml 

None None 26.6 ± 2.7 

S a l i n e  S a l i n e  58.7 ± 4.4 a 

S a l i n e  ACTH 59.0 ± 5 .8  b 

Cycloheximide (120 mg/kg) ACTH 9.5 ± 0 .9  d 

Knisomycin (25 mg/kg) ACTH 13.2 ± 1.9 d 

Pactamycin (2 mg/kg) ACTH 55.5 ± 4 .2  

Emetine (30 mg/kg) ACTH 36.8 ± 3.8 c 

a s i g n i f i e a n t l y  d i f f e r e n t  from q u i e t  p < 0.025 

b s i g n i f i c a n t l y  d i f f e r e n t  from S a l i n e - S a l i n e  p < 0.001 

C s i g n i f i c a n t l y  d i f f e r e n t  from Saline-ACTH p < 0.01 

d S i g n i f i c a n t l y  d i f f e r e n t  from Saline-ACTH p < 0.001 

Male ICR ~ iee  were e i t h e r  u n i n j e c t e d  or  i n j e c t e d  w i t h  s a l i n e  or  d rug .  50 

min,  l a t e r  t h e y  were i n j e c t e d  wi th  s a l i n e  or  ACTH (I  u n i t  per mouse). Mice were 

s a c T i f i c e ~  and plasma c o T t i c o s t e ~ o n e  determined IS  ~ i n ,  l a t e r .  

This suggests that steroidogenesis due to both endogenous 
and exogenous ACTH was effectively inhibited. Emetine 
significantly decreased the response to ACTH, although this 
effect was not as dramatic as that due to anisomycin or 
cycloheximide. Pactamycin did not significantly decrease 
plasma corticosterone in response to ACTH treatment. This 
result is consistent with the low inhibition of adrenal 
protein synthesis observed with pactamycin as compared to 
emetine (Figs. 1 and 2). 

Finally we tested the effects of the inhibitors on the 
retention of passive avoidance behavior. Drugs were in- 
jected 3 rain (pactamycin) or 30 rain (emetine) prior to 
training and mice were tested 24 hr later. The results are 
shown in Fig. 3 in which the bars represent median values 
of the change in step-through latency (ZxSTL). All mice 
exhibiting an initial STL of greater than 100 sec were 
rejected and of those thus selected there were no significant 
differences in initial STL between the groups. However, in 
the emetine-treated group, 14 out of 27 mice failed to 
reach the initial STL criterion, and for this reason immedi- 
ate posttrial injection of this drug was also tested. 

Both anisomycin (ANI) and cycloheximide (CXM) sig- 
nificantly decreased the z~STL, indicating amnesia. Neither 
pactamycin (PACT) nor emetine (EME) either pre- or 
post-training (EME*) significantly altered the z~STL. Pre- 
training treatment with emetine did result in appreciable 
numbers of mice showing low ASTL's. Since, as mentioned 
above, emetine-treated animals frequently did not step 
through on Day 1, there may be a performance deficit. 
However, posttraining treatment caused no appreciable 
amnesia. It is notable that in the cycloheximide group 
significant numbers of mice showed high retention, and we 
have observed this in other unpublished experiments. We 
also recently observed that pentylenetetrazol (Metrazol) 
produced a bimodal distribution in C57B1/6J mice, with 
animals generally showing either very high or very low 

STL's [ 15]. The significance of these results is unclear. 
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FIG. 3. Retention of passive avoidance behavior following cyclo- 
heximide, anisomycin, emetine or pactamycin. Bars are the median 
increment in step-through latency (ASTL) between training and 
testing. All individual values are presented as points. SAL-saline, 
CXM-cycloheximide (120 mg/kg), ANI-anisomycin (25 mg/kg) 
injected subcutaneously 30 rain prior to training. EME*-emetine (30 
mg/kg) injected immediately post-training. Right hand columns: 
SAL-saline, PACT-paetamycin (2 mg/kg) injected 3 min before 
training. Mean initial step-through latencies (sec): SAL, 30; CXM, 
20; ANI, 26; EME, 24; EME*, 31; SAL, 26; PACT, 28. None of 
these initial STL's was significantly different from saline. The 
left-hand columns are the combined results of experiments per- 

formed on five separate days within a one month period. 

DISCUSSION 

Neither pactamycin nor emetine were particularly effec- 
tive inhibitors of cerebral protein synthesis. The result with 
emetine is consistent with that previously found by Bennett 
e t  al. [4] in rats. In previous studies we have observed 
much more profound inhibitions of cerebral protein synthe- 
sis with cycloheximide (ca. 90% at 30 or 150 mg/kg, Ref. 
[9] ) or anisomycin (92% at 25 mg/kg, Zornetzer, Appleton 
and Dunn, manuscript submitted). The effects on adrenal 
protein synthesis of emetine and pactamycin were 
markedly different, the former drug being much more 
effective than the latter. These results correlate with their 
efficacy in suppressing adrenal corticosteroidogenesis, 
which is unaffected by pactamycin but impaired by 
emetine. Nevertheless, neither drug suppressed basal corti- 
costerone secretion as judged by plasma corticosterone as 
effectively as cycloheximide or anisomycin. 

The effects on the retention of passive avoidance are 
fairly clear; whereas cycloheximide and anisomycin were 
amnestic, pactamycin and emetine were not. At the 
simplest level this result correlates with the effectiveness of 
the drugs in inhibiting cerebral protein synthesis. However, 
in our hands, anisomycin was very effective in el±citing 
amnesia, whereas cycloheximide was less so, with signifi- 
cant numbers of mice exhibiting good retention. This 
correlated with the observation that even cycloheximide- 
treated mice that stepped through on testing often showed 
fear responses such as defecation and tail-rattling. The 
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results with emetine could be regarded as superficially 
similar to those with cycloheximide. This could be related 
to the 50% inhibition of cerebral protein synthesis by eme- 
tine or to the blockade of adrenal steroidogenesis. However, 
close inspection of the passive avoidance data shows that 
the distribution of ASTL’S was quite different for CXM and 
EME; a very few animals treated with emetine showed 
complete amnesia, most having intermediate ASTL’s. Thus 
emetine is not producing the same behavioral effects as 
cycloheximide. This is consistent with an earlier report in 
abstract form [4]. 

previous results that aminoglutethimide, which blocks 
adrenal corticosteroidogenesis, dexamethasone. which 
blocks pituitary ACTH release, and cortexolone, which 
blocks corticosterone receptors, are not amnestic in a 
passive avoidance task [IO]. It seems most likely then that 
the amnesia produced by cycloheximide, anisomycin and 
puromycin is caused by inhibition of cerebral protein 
synthesis. 

The major conclusion is that peripherally administered 
pactamycin or emetine produces a relatively low inhibition 
of cerebral protein synthesis and is not amnestic. However, 
both drugs inhibit protein synthesis in the periphery, and 
emetine blocks the adrenocortical response to ACTH. The 
inhibition of peripheral protein synthesis is comparable to 
that produced by cycloheximide in mouse tissues [ 2 11. We 
may conclude that the amnestic effects of cycloheximide 
and anisomycin are unlikely to be due to inhibition of 
protein synthesis in any peripheral organ, since otherwise 
emetine and pactamycin should have been amnestic. Fur- 
thermore, the results with emetine suggest that inhibition 
of adrenocortical steroidogenesis is not amnestic. This is 
inconsistent with Nakajima’s hypothesis that such a block is 
responsible for the amnesia [ 171. It is consistent with our 

There seens to be no obvious relationship between the 
,mechanism of inhibition of protein synthesis and the 
amnesia. Pactamycin and cycloheximide both inhibit the 
binding of initiating tRNA’s to ribosomes; emetine and 
cycloheximide inhibit ribosome movement along the 
mRNA; anisomycin prevents aminoacyl-tRNA binding to 
the transpeptidase; cycloheximide inhibits peptide bond 
formation and puromycin causes premature release of 
synthesized peptides [ 181. Thus the amnesia most probably 
reflects inhibition of protein synthesis, regardless of mecha- 
nism . 
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