
val, was also a control group for the re- 
activation group tested 15 days after the 
reminder (28 days after training). 

Figure 2B is a composite of retention 
ratios of all groups tested after 2 days of 
training only ("original memory" func- 
tion) or after 2 days of training plus a re- 
activation treatment ("priming") given 
either 13 (studies 1 and 3) or 27 (study 2) 
days after training ("reactivated memo- 
ry" function). A one-way analysis of 
variance over all data points except that 
of the study-2 reactivation group indi- 
cated that ratios differed reliably as a 
function of retention interval (P < .025) 
and provided the error term for individ- 
ual comparisons between means (Dun- 
can's multiple range test). The latter in- 
dicated that the apparent increase above 
1.00 in retention ratios in each function 
(Fig. 2B) was reliable; also, ratios of 
groups tested 8 (original memory func- 
tion) and 19 (reactivated memory func- 
tion) days after training did not differ 
from ratios of no-reactivation groups 
tested after retention intervals of 14 and 
28 days, respectively. Regression analy- 
ses indicated that retention was a linear 
decreasing function of time since either 
training (P < .005) or priming (P < .005). 
Although the linear model provided a 
relatively poor fit in each instance, the 
intercepts and slopes of the two func- 
tions did not differ (t's < 1). Thus, for- 
getting of a reactivated memory fol- 
lowed the same temporal course as for- 
getting of the original experience. 

Our findings confirm Campbell and 
Jaynes' (2) proposition that reinstate- 
ment is a potent mechanism through 
which experiences of early infancy can 
continue to influence behavior. An in- 
fant's reencounters with contextual as- 
pects of prior training or an earlier expe- 
rience can prime or recycle the remain- 
ing memory attributes and enhance 
access to them, alleviating forgetting 
which otherwise appeared complete 
weeks earlier. Moreover, a reencounter 
with the original context can maintain 
access to the target memory with the 
same efficacy as original training. Our 
findings also implicate reinstatement as 
the mechanism which, during infancy, 
facilitates the acquisition of the vast 
amount of learning characteristic of that 
period of development. 

More generally, our findings support a 
distinction between availability and ac- 
cessibility of information in memory and 
imply that failures to observe retention 
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views of infant memory (I ) and that 
conditioning procedures, which permit a 
direct assessment of retention in infants, 
offer a promising means by which to 
bridge the gap between human and ani- 
mal memory research. 
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ceptibility to the F, progeny. 

Experimental interventions during an 
animal's early development can result in 
modified behavior patterns, physiologic 
response characteristics, and suscepti- 
bility to disease that persist for long peri- 
ods. For example, it was found (1, 2) that 
premature separation of rat pups from 
their dams increases their subsequent 
susceptibility to restraint-induced gastric 
erosion (RGE) (3). We now report that 
this increased susceptibility to RGE is 
transmitted to the F1 progeny of female 
rats who are prematurely separated from 
their mothers in their own infancy. We 
also report that the increased RGE sus- 
ceptibility of prematurely separated rats 
is transmitted to their progeny pre- 
natally. To our knowledge, this is the 
first report of an altered susceptibility to 
a particular disease, acquired by an envi- 
ronmental manipulation during postnatal 
development in one generation, that is 
transmitted to offspring in the next. 

Gastric erosions can be induced in rats 
by a combination of food deprivation and 
restraint. If rats are separated from their 
mothers at the customary time (postnatal 
day 21), approximately 10 to 20 percent 
develop gastric erosions during restraint 
on day 30. However, after premature 
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separation on postnatal day 14, approxi- 
mately 80 to 90 percent develop gastric 
erosions during restraint on day 30 (2). 

To evaluate the RGE susceptibility of 
the offspring of female rats, we com- 
pared four groups of F1 progeny (Fig. 
IA). In the parent generation, ten litters 
were separated from their mothers on 
postnatal day 14 and ten on day 21. The 
females from each litter were then al- 
lowed to grow undisturbed to maturity. 
At about day 100, one female from each 
litter was randomly selected and bred to 
a stock Wistar male. Their offspring 
were separated from the mothers either 
prematurely (day 14) or at the usual time 
(day 21). 

On postnatal day 27 all four groups of 
F1 progeny were deprived of food for 26 
hours and then restrained for 28 hours at 
an ambient temperature of 22?C. After- 
wards the animals were killed and their 
stomachs examined for gastric erosions 
under a light microscope (x30). The ex- 
perimenter was unaware of the origin of 
the stomachs. 

The group of special interest was the 
normally separated progeny of mothers 
who had been prematurely separated in 
their own infancy. Sixty-four percent of 
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Vertical Transmission of Acquired Ulcer Susceptibility in the Rat 

Abstract. Premature separation of rat pups from their dams greatly increases their 
susceptibility to restraint-induced gastric erosions. When prematurely separated fe- 
male rats grow to adulthood and mate with stock males, their normally reared Fi 
progeny also have increased susceptibility to restraint-induced erosions. Cross-fos- 
tering studies show that prenatal rather than postnatal factors transmit this sus- 
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these F1 rats developed gastric erosi 
whereas in the control group (norn 
separated progeny of normally separ 
mothers), only 19 percent developed 
sions (X2 = 17.6; P < .001) (Fig. IB 
the F, rats were themselves prematu 
separated, they had a high incidi 
(- 80 percent) of gastric erosions 
gardless of the early experience of l 
mothers (Fig. IB). We conclude th 
prematurely separated rat mother tr 
mits her acquired RGE susceptit 
vertically to her normally separated 
spring. 

In a second experiment we cross 
tered the F, progeny to determine wh 
er the differences in RGE susceptit 
among F1 rats is acquired prenatall 
postnatally. This experiment also se 
as a partial replication of the first exl 
ment. The parent females were prodi 
by the same procedure as in the firs 
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A 
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(black) 

Separated on day 21 

(white) 

B 
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N/E E/E E/N N/N 

Weanling condition 

Fig. 1. Results of the first experiment. 
Representation of the experimental gr 
showing their postnatal separation treatn 
Abbreviations: E, separation on day 14 
separation on day 21 (E/N, for example 
notes the normally separated F1 progen 
prematurely separated mothers). (B) 
cidence of RGE. Figures in parentheses 
the number of F1 rats tested in each groi 
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ions, periment. When about 100 days of age, 
nally two estrous females, each from a dif- 
^ated ferent litter, were mated at the same time 
ero- with a single stock male. These mothers 
i). If delivered litters within 24 hours of each 
irely other. After delivery the mothers from 
ence each pair of litters were switched so that 
, re- all F1 progeny were reared by foster 
their mothers. On postnatal day 21 all proge- 
iat a ny were separated from their foster 
rans- mothers. On day 27 they were deprived 
)ility of food and then restrained. (The animals 
I off- were coded so that all rearing and testing 

was done without awareness of the ex- 
-fos- perimental group to which each rat be- 
ieth- longed.) 
)ility The incidence of RGE was 66 percent 
y or among F1 rats born to prematurely sepa- 
rved rated mothers but reared by normally 
peri- separated mothers (E x N in Fig. 2B). 
uced By contrast, the incidence of RGE in the 
t ex- rats born to normally separated mothers 

but raised by prematurely separated 
mothers was 24 percent (N x E in Fig. 
2B) (2 = 18.5, P < .001). Thus the RGE 
susceptibility of normally separated Fi 

E/N rats is influenced by the early experience 
of their biological mother, not their fos- 
ter mother. We infer that the increased 
RGE susceptibility associated with pre- 

E/E mature separation is transmitted to the 
F1 progeny of female rats by prenatal 
factors. 

In the course of conducting the cross- 
N/N fostering study, we also evaluated mater- 

nal behavior by inspecting home cages 
twice daily to obtain scores for nursing, 
pup grooming, pup retrieving, huddling 

N/E with pups, or avoidance of pups (4). 
Mothers who had been prematurely sep- 
arated in their own infancy spent signifi- 
cantly more time away from their foster 
F1 pups (X2= 16.8; P < .001) and less 
time nursing them (X2 = 13.0; P < .001) 
than normally reared mothers. However, 
the results of the cross-fostering study 
(Fig. 2) show that these differences in 
maternal behavior do not contribute to 
the differences in RGE susceptibility ob- 
served among the F, progeny. 

Among the experimental groups there 
are no immediately apparent differences 
that might explain the transmission of 
RGE susceptibility. Prematurely sepa- 
rated mothers are as fertile as normal 
mothers. Their litters are of the same 
size and weight at birth and survive 
equally well. Their progeny do not differ 

(A) in weight up to day 28 and throughout 
-oups the period of restraint. The individual 
nent. weight differences observed in the F1 
t;N, rats could be accounted for by their own 
, de- ages of separation and not by the separa- 

YInf tion experiences of their mothers. 

give There are analogous reports of an in- 
up. tervention before mating in female rats 

affecting both the animals and their prog- 
eny. Daily handling of unweaned rats is 
known to increase their activity and to 
decrease plasma corticosterone levels 
during open-field testing in their adult- 
hood (5). Daily handling of unweaned fe- 
males has also been reported to affect the 
open-field behavior (6) and plasma corti- 
costerone levels (7) in their unhandled 
progeny. The exposure of female rats to 
various drugs before impregnation has 
been shown to affect their progeny. For 
example, the treatment of young female 
rats with trifluoperazine produces learn- 
ing deficits in avoidance conditioning in 
both the treated rats and their untreated 
F1 progeny (8). And the administration of 
thyroxine to neonatal female rats delays 
the time of vaginal opening and of first 
estrus in them and their untreated F, and 
F2 progeny (9). 

We know of only one other example of 
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mother 

A _ 
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80 - 
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P< .001 
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P< .01 

(52) 

(5' 

ExN NxE ExE NxN 

Fostered condition 

Fig. 2. Results of the second (cross-fostering) 
experiment. (A) Representation of the experi- 
mental groups showing their postnatal separa- 
tion treatment. The left and middle columns 
indicate the separation treatment of the 
biological and foster mothers in their own 
postnatal periods. The right column indicates 
that all F1 progeny were separated from their 
foster mothers on postnatal day 21. E and N 
(see Fig. 1) refer to the mothers of the F1 test 
animals. (E x N, for example, denotes that 
pups born to a prematurely separated mother 
were fostered at birth to a normally separated 
mother.) (B) Incidence of RGE. 
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a vertical transmission of an acquired 
disease susceptibility. A single subdi- 
abetic dose of alloxan, administered to 
either a male or female rat before mating, 
has been associated with abnormal glu- 
cose tolerance in their untreated progeny 
(10). The degree of glucose intolerance 
was found to increase in successive (un- 
treated) generations, leading to elevated 
fasting blood glucose levels in the sev- 
enth generation. However, our experi- 
mental results may be the first example 
of transmission of susceptibility to a dis- 
ease in which the trait was acquired in 
the parent generation by an environmen- 
tal manipulation rather than by a drug 
treatment. We know of no satisfactory 
explanation of this phenomenon. 
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When a target appears in the peripher- 
al visual field, the eyes may make a rapid 
eye movement, or saccade, to bring its 
image onto the fovea. Most models (1) of 
the saccadic system assume that the ocu- 
lomotor system attempts to minimize 
retinal error, the location of the image of 
the target on the retina relative to the 
fovea. The retinal coordinates of the tar- 
get, computed by the visual system, 
could be used more or less directly by 
the oculomotor system to program a sac- 
cade with a particular amplitude and di- 
rection which will reduce retinal error. 
The saccade is thought to be ballistic, or 
programmed in advance for a certain di- 
rection and amplitude, since the move- 
ment cannot be modified or cancelled by 
visual information occurring later than 
about 50 msec before saccade onset (2). 
The superior colliculus, which has both 
retinocentrically organized visual and 
saccade-related neurons, has been sug- 
gested as a possible site for this sensory- 
motor interaction (3). 

A number of deficiencies of the reti- 
nocentric models have been noted (4). 
Saccades can be made to the source of a 
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sound in the dark or to a remembered 
target location in the dark (5). Clearly, a 
retinal error signal is not necessary to 
produce a saccade. Hallett and Light- 
stone (6) found that if a target is illumi- 
nated briefly during a saccade, the eyes 
will complete the saccade, and then look 
to the location of the target. Since eye 
movement occurred after target presen- 
tation, the correct localization of the tar- 
get in space could not be due to a retinal 
error signal alone. They suggested that 
targets for saccades can be localized by 
combining eye position information with 
retinal error, although it does not follow 
that this is the usual means of defining 
the target location. Finally, the hypothe- 
sis that the amplitude and direction of 
the saccade is predetermined has also 
been challenged. Zee et al. (7) reported 
that patients with abnormally slow sac- 
cades can interrupt saccades in midflight 
in response to a new visual stimulus. 

Robinson (4) and Zee et al. (7) have 
developed a spatial model of saccade 
generation based on these findings. In 
this model (i) targets for saccades are not 
localized relative to the fovea (that is, by 
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retinal error) but rather by combining 
eye position with retinal error to form a 
representation of the target in space (8); 
(ii) the command to the saccadic gener- 
ating system drives the eyes to a certain 
position in the orbit (9) and not just a cer- 
tain direction and amplitude; and (iii) 
saccades are not programmed in advance 
but are directed to a final position by 
continuous feedback of eye position in- 
formation. 

We have attempted to test the reti- 
nocentric and spatial models by examin- 
ing the interaction of visually elicited 
saccades and saccades produced by elec- 
trical stimulation of the monkey superior 
colliculus. Brief stimulation of the deep- 
er layers of this structure produces an 
apparently normal saccade of short la- 
tency with an amplitude and direction 
largely independent of starting eye posi- 
tion or stimulation variables (10). The 
retinocentric and spatial models predict 
different outcomes if electrical stimula- 
tion drives the eyes away from the fixa- 
tion point immediately before a saccade 
to a target. If, in preparation for a visual- 
ly elicited saccade, the signal to the sac- 
cadic generator is a command to move 
the eyes in a certain direction for a cer- 
tain distance, this movement should still 
be executed without modification just af- 
ter the stimulation-induced saccade. In 
this case, the gaze will miss the target lo- 
cation by a distance and direction nearly 
equal to the stimulation-induced sac- 
cade. If the command to the saccadic 
system is a signal to move the eyes to a 
certain position in the orbit (or in space), 
the stimulation-induced saccade should 
produce an automatic readjustment of 
the vector of the visually elicited saccade 
so as to direct the gaze to the target 
location. 

Two monkeys (a Macaca mulatta and 
a Macaca nemestrina) were trained to 
look at a visual target for a water reward. 
During training and stimulation sessions, 
the monkey's head was immobilized by a 
lightweight, permanently implanted head 
holder. The target was a small (0.1?) light 
spot on a short-persistence, large-screen 
oscilloscope (11) or a green light-emitting 
diode. Horizontal and vertical eye posi- 
tion was measured with a sensitivity of at 
least 0.25? through the use of an im- 
planted electromagnetic search coil (12). 
A computer (PDP-81) controlled the po- 
sition of the target spot, triggered the 
electrical stimulator, monitored eye po- 
sition, delivered reinforcement when 
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tracking criteria were met, and produced 
on-line graphic displays of data and stim- 
ulus conditions. A description of the 
training procedures and apparatus has 
been published (13). The monkeys were 
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Saccades Are Spatially, Not Retinocentrically, Coded 

Abstract. Most models of the saccadic eye movement system imply that saccades 
are programmed for a certain distance and direction. Electrical stimulation of the 
brain was used to move the eyes of monkeys just before saccades to visual targets. 
Despite the stimulation-induced perturbation, saccades brought gaze to the target 
locations. This compensation indicates that saccades are coded to direct the eyes to 
a certain position in the orbit (or in space). 
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