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Table 1. Retention performance of mice as affected by saline, phenoxybenzamine (PBZ) (2 mg 
per kilogram of body weight), cycloheximide (CXM) (160 mg/kg), or a combination of PBZ and 
CXM. For passive avoidance training, the first drug was given 30 minutes before training and 
the second immediately after training. Discrimination training was the same except that the 
second drug was given 10 minutes before training. The number of mice per group is indicated in 
the headings. Mann-Whitney U tests were used to evaluate passive avoidance differences; t- 
tests were used for discrimination data (a = .05). 

Passive avoidance latency 
(median sec) Correct 

discriminations 

Group Retention Retention (X ? S.E.M.) 
on day 1 on day 7 (N = 18) 
(N = 45) (N = 48) 

1. Saline-saline 283* 215* 11.2 ? 0.8* 
2. Saline-CXM 104t 56.5t 9.1 + 0.6t 
3. PBZ-saline 364* 156* 11.8 + 0.7* 
4. PBZ-CXM 245* 78.5t 8.9 + 0.6t 

*Significantly different from group 2. tSignificantly different from group 1. 
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injection of pentylenetetrazol, diethyl- 
dithiocarbamate, or an inhibitor of brain 
protein synthesis cycloheximide (CXM). 
They suggested that formation of memo- 
ry may depend in part on brain cate- 
cholamine concentrations and that am- 
nesia in many if not all cases is related to 
effects on Qatecholamines. 

This conclusion seems difficult to rec- 
oncile with previous research on am- 
nesia and the biology of memory. In par- 
ticular, a large body of evidence has sug- 
gested that brain protein synthesis dur- 
ing or shortly after training is required 
for the formation of long-term memory 
(2). If protein synthesis is required for 
the development of long-term memory, it 
is difficult to understand why an adrener- 
gic blocking agent should reverse the 
amnesic effects of protein synthesis inhi- 
bition. Accordingly, we have reevalu- 
ated the report that PBZ can attenuate 
the amnesia produced by CXM. 

In the original study (1), memory was 
assessed with the passive avoidance 
task-that is, retention was measured by 
the time taken to enter an area where 
footshock had previously been deliv- 
ered. In this task, drugs can change re- 
sponse latencies for many reasons (3). 
Thus, if combined treatment of PBZ and 
CXM made animals ill, then response la- 
tencies at retest might be high for ani- 
mals given both drugs. This result would 
give the appearance of improved reten- 
tion but could more appropriately be ex- 
plained as sickness. We have replicated 
the original findings of Gold and Stern- 
berg, who tested mice 1 day after train- 
ing (Table 1). We also tested mice 7 days 
after training, after the general health of 
the mice had had time to recover. In this 
case, however, the impairment in reten- 
tion produced by CXM was not "attenu- 
ated" by PBZ (Table 1). Finally, we 
trained mice for 20 trials in the Deutsch 
carousel, an automated discrimination 
training apparatus in which the response 
measure (a choice between two objects) 
need not be confounded by changes in 
locomotor activity or by illness (4). 
When 20 retention trials were given the 
next day, we found that PBZ did not at- 
tenuate the amnesic effect of CXM 
(Table 1). 

Accordingly, the effects of PBZ on 
CXM-produced amnesia seem best inter- 
preted as illness or some other tempo- 
rary effect caused by the injection of 
both PBZ and CXM. A variety of known 
side effects of inhibitors of brain protein 
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CXM-produced amnesia seem best inter- 
preted as illness or some other tempo- 
rary effect caused by the injection of 
both PBZ and CXM. A variety of known 
side effects of inhibitors of brain protein 
synthesis have been evaluated and have 
been dissociated from their amnesic ef- 
fects (2). In particular, the possibility 
that CXM impairs memory by disrupting 
catecholamine metabolism has been re- 
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peatedly evaluated and can be dis- 
counted (5). Accordingly, the available 
evidence remains consistent with a re- 
quirement for protein synthesis in long- 
term memory storage. This view does 
not, of course, exclude an important role 
for catecholamines in some aspects of 
learning and memory. 
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We were pleased that Squire et al. 
were able to replicate our findings. We 
also noted that CXM-treated mice ap- 
pear ill for several days after an injec- 
tion, although mice pretreated with PBZ 
were not noticeably more ill. We believe 
the fact that CXM produces illness lends 
support to the hypothesis that CXM, like 
other amnestic treatments, elicits physi- 
ological stress responses that impair 
memory storage. The PBZ also attenu- 
ates amnesias produced by many other 
treatments in the absence of obvious ill- 
ness. 

With regard to the specific data Squire 
et al. provide, all groups show decreased 
retention performance at the day 7 test 

o 120- 

60- 

Before training Saline- PBZ- Saline- PBZ- 
After training saline saline CXM CXM 

Treatment 

Fig. 1. Retention latencies of rats trained in a 
one-trial inhibitory avoidance task (3-mA, 2- 
second footshock) and tested 1 week later. 
Rats received an injection of saline or PBZ (2 
mg per kilogram of body weight) 30 minutes 
before training and an injection of saline or 
CXM (2.8 mg/kg) immediately after training. 
The injection of CXM after the trial produced 
significant amnesia (P < .05, two-tailed 
Mann-Whitney U test), and PBZ treatment 
before training attenuated the amnesia. 

interval. Just as amnesia is seldom, if ev- 
er, complete (that is, retention latencies 
of amnesia groups are above those of 
nonshocked controls: approximately 20 
seconds), attenuation of amnesia may al- 
so be incomplete. The day 7 results may 
simply reflect different rates of forget- 
ting, a finding that would be interesting 
but that would not alter our general con- 
clusion. In direct response to their find- 
ings, we examined retention perform- 
ance after 1 week in an analogous experi- 
ment with rats. Under these conditions, 
PBZ still attenuated CXM-produced am- 
nesia (Fig. 1). 

In addition, we now have more evi- 
dence about the generality of our find- 
ings. Several other peripherally adminis- 
tered adrenergic antagonists block the 
amnesias produced by electrical stimula- 
tion of frontal cortex and the amygdala 
for both inhibitory (passive) avoidance 
training and for Y-maze discriminated- 
avoidance training (a task similar to that 
used by Squire et al.) (1). Thus, the find- 
ings seem general to both rats and mice, 
to several adrenergic antagonists, to at 

least two behavioral situations and, un- 
der some conditions, at test intervals as 
long as 1 week after training. It seems 
unlikely that the attenuation of amnesia 
seen under these various combinations 
of conditions can be attributed to illness. 

Finally, we wish to emphasize that our 
data do not directly bear on the issue of 
whether protein synthesis is involved in 
memory storage processing; protein syn- 
thesis must at least provide the constitu- 
ents necessary for memory processing. 
Our results do, however, cause us to 
question the attribution of antibiotic ef- 
fects on memory to inhibition of protein 
synthesis. Whether CXM acts on memo- 
ry because of inhibition of protein syn- 
thesis that is specifically involved in 
memory processing or whether inhibi- 
tion of protein synthesis is a stressor that 
elicits physiological responses that im- 
pair memory is still open to question (2). 
An examination of physiological stress 
responses [such as a transient decrease 
in brain norepinephrine content that is 
highly correlated with other amnesias 
(3)] after CXM injections may help to re- 
solve this issue. 
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Recombinant DNA 
A broad survey of new results from recombinant DNA research will be presented in a special issue of Science dated 

19 September. Leaders in the field from the United States and abroad have contributed 21 articles. The power of the re- 
combinant DNA techniques is such that important discoveries are being made with unprecedented speed. In conse- 
quence, many observers believe that we are in the midst of a revolution in biology. The issue will provide a view of this 
turbulent activity. 
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