
mimic) after 46 days. In another test, 
eggs of the confused flour beetle (20 
per cup) were placed in -5s-ounce (18.5 
ml) jelly cups each containing 5 g of 
80-mesh bleached flour. With as little 
as 0.1 ppm of JH-25 in the flour, no 
adults were observed; with 0.02 ppm, 
two adults were noted after 47 days, 
but they produced no eggs. In similar 
tests with pupae and adults, 50 ppm of 
JH-25 did not prevent reproduction. 
'Thus, the chemical will be most effec- 
tive when administered before the in- 
sects reach the pupal stage. 

We speculate that the high activity 
of JH-25 may stem Irom the inability 
of the insect to destroy the Jt1 mimic 
at the appropriate stage of its develop- 
ment; the insect is thus prevented from 

maturing normally. 
The compounds were prepared by 

alkoxymercuration of the phenyl ter- 
penoid ether in the appropriate alcohol, 
followed by demercuration with sodium 

borohydride (12). The crude product 
was purified by chromatography on a 
Florisil (13) column developed first 
with hexane and then with 2 percent 
ether in hexane when the desired prod- 
uct emerged. Each fraction from the 
column was analyzed by gas chroma- 

tography (14), and those containing 
the desired compound were combined. 
Infrared and nuclear magnetic reso- 
nance data were consistent with the 
structures presented (15). Compound 
JH-25 appears to be potentially inex- 

pensive judged by the method of syn- 
thesis and the intermediates used. The 

configuration of the double bond in 
several preparations of JH-25 was 75 
to 80 percent (E). Bioassays of the 
individual isomers prepared by other 
routes (16) showed the (E) isomer 
to be ten times more active than its (Z) 
analog. 

The stability of JH-25 was com- 
pared with that of its 6,7-epoxy analog 
(9) by exposing 40 mg of each com- 
pound coated on glass plates (5 by 20 
cm, two per treatment) to sunlight for 8 
hours; the chemicals were rinsed off the 
plates with aceicne, and the amounts 
remaining were determined by gas chro- 
matography (14). Losses from treat- 
ment were less than 1 percent for JH-25 
and 13 percent for the epoxide. An- 
other set of plates coated with JH-25 
was left in water for 24 hours; 88 per- 
cent of the chemical was recovered, 
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Retrograde Amnesia Gradients: Effects of Direct Cortical 
Stimulation 

Abstract. Electrical stilmulation was delivered bilaterally to either the anterior 
or posterior cortex in rats from 0.1 second to 4 hours after a single training trial 
on an inhibitory avoidance task. As indicated by a retention test given 24 hours 
later, the length of the retrograde amnesia gradients ranged from 5 seconds to 
240 mlinutes, depending on the brain region stimulated and the intensity of the 
stimulating current. The stimulation intensity that was threshold for amnesia 
varied directly with the length of the interval between training and treatment. 
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Electroconvulsive shock (ECS) ad- 
ministered shortly after a training ex- 
perience produces a retention deficit, 
usually taken as evidence for retro- 
grade amnesia (RA). As the interval 
between training and ECS increases, 
the degree of amnesia decreases. This 
phenomenon is termed a RA gradient 
(1). It has generally been assumed that 
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the RA gradient directly reflects the 
time course of memory consolidation. 
Estimates of the memory consolidation 
period have ranged from 10 seconds 
to several hours (2, 3). Although the 
fact of the RA gradient has been widely 
demonstrated, variations in the length 
of the RA gradients found in different 
studies have made it difficult to draw 
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any firm conclusions concerning the 
"true" time course of memory con- 
solidation. In large part the difficulty 
is due to a misstatement of the em- 
pirical findings. The effective interval 
between training and treatment is not 
necessarily a direct reflection of mem- 
ory consolidation processes. The RA 
gradient is only a direct demonstration 
of changes in the susceptibility of mem- 
ory processes to disruption (4). 

In previous examinations of RA 
gradients, ECS was generally adminis- 
tered through earclip or corneal elec- 
trodes. Direct brain stimulation-used 
in the present study-allows the assess- 
ment of differentiation of function of 
brain structures. The study reported 
here demonstrates that different am- 
nesia gradients are produced by equal- 
intensity stimulation of frontal and 
posterior cortex, and that for both 
cortical regions the length of the am- 
nesia gradient varies directly with the 
stimulation intensity. 

Male Sprague-Dawley rats (Simon- 
sen Laboratories), 55 to 65 days old at 
the time of training, were used. While 
animals were anesthetized with Nem- 
butal, skull screw electrodes were im- 
planted bilaterally in 200 rats over 
frontal and posterior cortex (2 mm an- 
terior and 7 mm posterior to breg- 
ma, 2 mm lateral to the midline). These 
electrodes were attached to Amphenol 
miniature connector strips and cemented 
to the skull. The animals were allowed 
to recover for 7 to 10 days before 
training. Ten animals were unoperated 
controls. 

Inhibitory (passive) avoidance train- 
ing was conducted in a rectangular ap- 
paratus with a white safe compartment 
(24 by 14 by 12 cm) separated by a 
sliding door from a black foot-shock 
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Posterior cortex istered 24 hours later. On the test trial, 
1 ma the animals were placed in the ap- 

paratus as before, and the door was 
opened. Step-through latencies were 

/) - / used as the measure of retention. The 
step-through latency is the time be- 
tween the opening of the door and the 

/2ma /4 na moment that all four paws cross into 
the black compartment. The latency 
on day 2 minus that on day 1 was de- 

.1 io io 100 looo 0.o0o termined, and 300 seconds was used 

o.1 5 
" 

30 5 30W 240 as the maximum cutoff for latency dif- 
seconds minutes ference scores. 

Eighty percent of the FS-control ani- 
mals had 300-second retention scores. 

minus day 1) for crossing into shock The retention deficits varied with the 
seconds (dotted line) are significantly training-treatment interval, the brain 
shock only (median 300 seconds) . . - 

region stimulated, and the intensity of 
the stimulation (Fig. 1). For any one 
stimulation intensity, the maximum 

) compartment (37 by 14 by 12 training-treatment interval for which 
(5). On day 1, each animal was significant retention deficits could be 

ed in the white compartment and produced was longer for stimulation of 
sliding door was opened. When the posterior cortex than for the same in- 
nal crossed into the black com- tensity administered to frontal cortex. 
ment, it received a 2-ma, 2-second However, this difference could be re- 
At various intervals after the FS duced or even reversed by changing the 
. 1), constant-current stimulation stimulation intensities. 
2, 4, or 8 ma; 0.5 second; 60 hertz) No retention deficit was observed 
delivered bilaterally to either frontal in the groups that received 1-ma stimu- 
posterior cortex through the skull lation of either the frontal or posterior 
w electrodes. Immediately after the cortex immediately after the training 
n stimulation, the electrode leads FS. Animals that received 2-ma frontal 
. switched to a four-channel Grass cortex stimulation showed a retention 
lel 7 polygraph which recorded deficit only if the treatment was ad- 
tal-frontal, posterior-posterior, and ministered within 5 seconds of the 
ateral frontal-posterior cortical ac- training; 4-ma frontal cortex stimula- 
y (3 to 75 hertz) for 2 minutes. tion was effective for those intervals less 
nty animals (ten with implanted than 15 minutes; 8-ma frontal cortex 
trodes and ten without them) re- stimulation was effective at 15 min- 
ed FS without subsequent brain utes. In contrast, animals that received 
ulation. 2-ma posterior cortex stimulation had 
one-trial retention test was admin- a retention deficit if the treatment was 

administered within 15 minutes of 
training; animals that received 4-ma 
stimulation of the posterior cortex 

FrontaX cortex Frontal corex showed retention deficits if the treat- 
ment was administered at intervals up 
to 60 minutes. 

Thus, RA gradients in this experi- 
/ cortex ment ranged from 5 seconds to 240 

/ Posterior cortex 
minutes, depending on site and in- 
tensity of the stimulation. These results 
are consistent with evidence that RA 
gradients are influenced by the severity 
of the amnesic treatment (2, 6, 7). The 
length of the gradient appears to re- 

X _i.-- ...---=--roo~ oo flect a time-dependent change in the 
minimal amount of disruption sufficient 

Training-treatment interval (seconds) to produce RA (Fig. 2) In this inter- 
2. Variation of retrograde amnesia pretation, a particular RA gradient rep- 
) thresholds with the training-treat- resents the period of time during which 

interval (semilogarithmic graph). a disruptive treatment is suprathreshold relations between threshold intensity 
the training-treatment interval are for producing RA. Weak treatments 

ent for frontal and posterior cortex. will consequently be effective for rela- 
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tively short periods of time after train- 
ing, but more intense amnesic treat- 
ments will be effective for longer peri- 
ods of time after training. We do not 
know the asymptote of the effective 
training-treatment interval, nor do we 
know whether there is an asymptote. 
Is it possible-at least in theory-to 
disrupt memory at any time after train- 
ing if a treatment of sufficient amnesic 
intensity is administered? Such think- 
ing raises the possibility of continuity 
between ECS-produced RA gradients 
(up to several houLrs) and some drug 
treatments that may be disruptive if 
administered a day or more after train- 
ing (7). 

The clectrocorticographic recordings 
made after the stimulation revealed 
that whereas no animals had brain 
seizures following 1-ma stimulation of 
either frontal or posterior cortex, all 
animals that received 2-ma or more 
stimulation of either brain site had 
brain seizures. The precise brain sei- 
zure pattern varied with intensity and 
locus of stimulation; however, the sei- 
zure patterns for any one type of 
stimulation did not vary significantly 
at different training-treatment intervals. 

Thus, although the brain seizure 
thresholds and patterns did not vary 
significantly with different training- 
treatment intervals, the RA threshold 
increased with time after training. Un- 
der the conditions of the present ex- 

periment, brain seizures represent a 
necessary but not always sufficient con- 
dition for RA (8). 

Experimental results have suggested 
several biological correlates for RA 
produced by ECS and brain stimula- 
tion; among these correlates are brain 
seizures, postictal depression, long-term 
changes in brain electrical activity, 
ncurochenmical changes, and behavioral 
convulsions (6, 9, 10). It now seems 
clear that there will indeed be many 
correlates of RA as a direct conse- 
quence of the increase in the RA thresh- 
old with time after training. Since both 
RA thresholds and RA gradients are 
influenced by a host of factors-includ- 
ing prior experience, the measure of 
retention, many task variables, and the 
method of ECS administration (2. 3, 
10)-reports of many different neural 
correlates of memory disruption can be 
anticipated. 
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pulses were sent through one MFB 
electrode, and T pulses were sent 
through the contralateral homologous 
MFB electrode. The self-stimulation 
behavior of rats was maximal for pulse 
pairs with a 0.1-msec C-T interval and 
was considerably greater in magnitude 
than for C pulses alone. As the C-T 
interval was increased, the self-stimula- 
tion performance decreased. Thus, these 
behavioral data suggest that impulses 
from opposite sides of the brain con- 
verge upon a common neuronal system 
whose output mediates the rewarding 
effects of MFB electrical self-stimula- 
tion. The MIFB pathways are repre- 
sented bilaterally in the brain, contain 
both ascending and descending fibers, 
and converge in a number of areas 
(4, 5). For example, some ascending 
fibers converge in the forebrain (for in- 
stance, septal area) and some descend- 
ing fibers converge in the midbrain (for 
instance, ventral tegmental area). Be- 
cause electrodes in the above study (2) 
were bilaterally placed in homologous 
MFB sites and self-stimulation per- 
formance increased as the length of the 
C-T interval was decreased, the site of 
convergence seemed to be equidistant 
from the two stimulating electrodes. 
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Directionality of Rewarding Impulses within the Medial 
Forebrain Bundle Self-Stimulation System of the Rat 

Abstract. Self-stiniiulation performance of rats was tested with conditioning 
puises. to the anterior pfreoptic area of the medial fo ill ore brain bundle followed at 
vlariolus intervals by test pulses to the contralateral posterior hypothalamic area of 
this bundle. Alternatively, conditioning piulses were deliivered throutgh the posterior 
electrode and test plttses were sent throutgh the anterior electrodel e. The animals' 
performtance in these two test sequences was indicative of (i) syn,aptic facilitation 
and (ii) a posterior con0vergence site of "self-stimulation impulses" in the iedial 
forebrain bundle. 
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