
the milk output to the senior litter does 
not peak until after another week (6). 
During this week dams, without increas- 
ing their food intake or catabolizing their 
tissue, can nurture the litter in utero and 
nurse the senior litter normally. Dams 
may be using their food with increased 
efficiency. In fact, the elevated pro- 
gesterone in mother rats (8) increases the 
efficiency of diet utilization (9). 

While mother rats can compensate for 
the separate strains either of food restric- 
tion (4) or of concurrent pregnancy and 
lactation, it seemed unlikely that they 
could deal adequately with both simulta- 
neously. It seemed more likely that ei- 
ther the senior litters would suffer from a 
decreased milk supply, or that the junior 
litters would be resorbed in utero, or 
both. In the next experiment, we deter- 
mined the effect of food restriction on 
pregnant, lactating mothers and on their 
litters. 

Sixteen mother rats were impregnated 
during their postpartum estrus. Eight 
dams were given free access to Purina 
Lab Chow (10) while the other eight 
were restricted to 25 g of the diet each 
day, an amount slightly more than virgin 
females normally eat. After 15 days post- 
partum, the restricted group was allowed 
to eat freely. Senior litters of eight pups 
were switched each day between a re- 
stricted and an unrestricted dam to en- 
sure the equality of pup stimuli for these 
two groups of mothers. These litters 
were weaned at  25 days of age. Junior 
litters were not switched. 

Diet restriction in pregnant, lactating 
dams proved to be a great strain. Al- 
though food-restricted dams lost a mean 
of 41.25 g during the first 15 days post- 
partum, compared to a gain of 44.29 g by 
unrestricted dams ( t  = 12.46; P < .005), 
the senior litters consistently gained less 
weight with the restricted dams (8 gain 
per day per pup = 0.48 g) than pups with 
dams unrestricted in diet [X gain per day 
per pup = 1.61 g, F ( l ,  14) = 16.64; 
P < .01]. Moreover, 50 percent of the 
junior litters were resorbed before par- 
turition, while all of the control dams 
gave birth. The 50 percent of food-re- 
stricted dams that did give birth had pups 
that weighed as much as those of unre- 
stricted dams ( t  = 0.68, P > .05), and 
the number of live pups born to restrict- 
ed dams (z = 10.5) was no different 
from the number born to unrestricted 
dams (L%? = 12.5; U = 11, P > .05). 

For those mothers that succeeded in 
delivering normal offspring, the length of 
time between impregnation and par- 
turition was prolonged (8 = 37.0 * 0.4 
days) relative to pregnancies of non- 
lactating dams (L%? = 22.75 ? 0.16 days) 
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Fig. 2. The percentage of mothers giving birth 
at different times after conception. 

or pregnant, lactating dams unrestricted 
in food (2 = 27.0 t 0.76 days; U < 0;  
P < .O1)  (Fig. 2). 

Milk production, as we have noted, 
peaks on day 15 postpartum (7), and 
it was by just that period that the post- 
partum pregnancy was extended under 
conditions of food restriction, although 
in our experiment this period also coin- 
cided with the period of food deprivation. 

It appears that rat dams may be using 
one of two mechanisms in this situation 
(i) The rate of growth of the litter in utero 
may be reduced, thus presumably neces- 
sitating less investment of limited re- 
sources in these offspring. (ii) Alterna- 
tively, implantation may be delayed in 
the food-restricted dams until after either 
the period of food deprivation ends or 
the period of peak milk production has 
passed. In either case, maximal com- 
petition for extremely limited energy re- 
sources between the dam and her two lit- 
ters would be avoided. 

The Norway rat, therefore, can use 
various mechanisms to ensure the suc- 
cess of reproduction: (i) an increase in 

food intake in response to increased 
suckling, (ii) the catabolism of maternal 
body tissue to increase available re- 
sources for milk production, (iii) possible 
increased efficiency in the use of food, 
and (iv) the facultative prolongation of 
postpartum pregnancies. 

MICHAEL LEON? 
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Hamilton, Ontario, Canada L8S 4KI 
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A Metric for Thought: A Comparison of P300 
Latency and Reaction Time 

Abstract. We confirm that the latency of the P300 component of the human event- 
related potential is determined by processes involved in stimulus evaluation and cat- 
egorization and is relatively independent of response selection and execution. Stimu- 
lus discriminability and stimulus-response compatibility were manipulated independ- 
ently in an "additive-factors" design. Choice reaction time and P300 latency were 
obtained simultaneously for each trial. Although reaction time was affected by both 
discriminability and stimulus-response compatibility, P300 latency was affected only 
by stimulus discriminability. 

In his autobiography, Charles Darwin 
described his fall from the parapet of an 
old fortification: ". . . the height was on- 
ly seven or eight feet. Nevertheless the 
number of thoughts which passed 
through my mind during this very short, 
but sudden and wholly unexpected fall, 
was astonishing, and seem hardly com- 
patible with what physiologists have, I 
believe, proved about each thought re- 

quiring quite an appreciable amount of 
time . . ." [italics added] (I). Darwin 
was presumably referring to the work of 
his "friend and contemporary" (2 ) ,  the 
Dutch physiologist F. C. Donders who, 
in 1868, described a technique he used to 
demonstrate that mental acts have mea- 
surable durations. Donders' method was 
based "on the idea that the time between 
stimulus and response is occupied by a 
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train of successive processes: each com- 
ponent process begins only when the 
preceding one has ended" (2). Donders 
devised a subtractive technique in which 
"new components of mental action" 
were interposed in a simple response 
task. The duration of the added mental 
component could be determined by sub- 
tracting the time required to make a 
simple response from the time required 
to make the same response with the addi- 
tional mental act. From this beginning 
has developed the study of mental 
chronometry which seeks to enumerate 

A No noise 
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Fig. 1. (A) Four matrices 
used in the experiments. 
One matrix was presented 
per trial. The target word 
RIGHT is present in row 2 of 
(a), the high discriminability 
matrix, and in row 1 of (c), 
the low discriminability ma- 
trix. Similar relationships 
are shown for the target 
word LEFT in (b) and (dl. 
The starting row, column, 
target word, and discrimina- 
bility condition were ran- 
domly and independently 
varied on each trial. (B) 
Event-related potentials elic- 
ited in the task. The record- 
ing epoch is 3050 msec, 
which included a 50-msec 
prestimulus baseline, a 1000- 
msec epoch between cue on- 
set and matrix onset (vertical 
line), and 2000 msec of activ- 
ity following matrix onset. 
The waveforms presented 
here represent averages 
across individual subjects 
and target words by each 
discriminability condition 
(no noise or noise), compati- 
bility condition (compatible 
or incompatible), and each 
midline electrode position 
(F,, C,, P,, and 0, over- 
lapped at the prestimulus 
baseline). 

B 
Compatible  

component mental processes and their 
characteristics, and to develop models 
that specify the manner in which these 
components combine. 

Traditional chronometric techniques 
base inferences about component mental 
processes on experimental decomposi- 
tion of the composite reaction time (RT). 
The analytic power of chronometric 
techniques would be enhanced if the du- 
ration of a subset of the component pro- 
cesses could be recorded concurrently 
with the composite measure RT. Kutas 
et al. (3) suggested that the latency of 

. . . . . . . . 
: :  . :  

Incompatible 

. . . . 
. . . . . :  . . . . . . . . . . . . . . 

Matr ix  
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P300, an event-related brain potential 
(ERP) recorded in humans, can serve as 
such a measure. 

There is much evidence that P300 is a 
manifestation of brain activity invoked 
during the processing of task-relevant, 
surprising events (4). The latency of 
P300 is often positively correlated with 
RT. However, the correlation between 
P300 latency and RT can be altered or 
eliminated by introducing or empha- 
sizing particular factors (3, 5). This pat- 
tern of correlation suggests that P300 la- 
tency is affected by only some of the 
component processes that contribute to 
RT. Our hypothesis is that processes 
concerned with the categorization of 
stimuli affect P300 latency and RT. Pro- 
cesses of response selection and execu- 
tion have no effect upon P300 latency. 
We report here a direct test, and con- 
firmation, of this hypothesis. 

We manipulated, in a choice RT ex- 
periment, two variables whose effects on 
RT have been shown to be additive. 
Thus, we could be reasonably certain 
that each of the variables was affecting a 
different processing stage (6). The dura- 
tion of one stage, which we label stimu- 
lus evaluation, was altered by varying 
the ease with which a target stimulus 
could be identified (that is, stimulus 
"discriminability "). Response selection 
was varied by changing the compatibility 
between the target stimulus and the re- 
sponse required of the subject. Because 
stimulus evaluation is necessary for the 
categorization of the target, P300 latency 
should reflect the changes in stimulus 
discriminability. Changes in stimulus-re- 
sponse compatibility should not affect 
P300 latency, because the response is se- 
lected after identification of the target 
(7). The subject was required to identify 
which of two target words (RIGHT or 
LEFT) was embedded in a matrix of 
characters exposed briefly on a cathode- 
ray tube. Four such matrices (8) are illus- 
trated in Fig. 1A. In "noise" (or low dis- 
criminability) trials, the background po- 
sitions of the matrix were filled with ran- 
domly chosen alphabetic characters. In 
the "no noise" (or high discriminability) 
trials, these positions were filled with the 
# symbol. 

Subjects indicated the identity of the 
target word by pressing one of the two 
response buttons on which the thumb of 
each hand rested. A cue word, presented 
in the center of the screen, preceded the 
exposure of each matrix. The cue SAME 
indicated that the right button (iight 
thumb) was the appropriate response for 
the target RIGHT, while the left button 
was correct for LEFT. The cue OPPO- 
SITE indicated a crossed mapping: the 
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right button (right thumb) was now ap- 
propriate for LEFT, and the left button 
for RIGHT. The stimulus-response map- 
ping, discriminability condition, target 
word, and position of the target within 
the matrix were selected randomly on 
each trial. Each possibility was equally 
probable, and each was chosen inde- 
pendently of the others. 

Stimulus discriminability and stimu- 
lus-response compatibility have been 
demonstrated to have additive effects on 
mean RT (9). In a preliminary experi- 
ment, we established that this relation- 
ship holds in the specific conditions of 
our laboratory. The effects of discrim- 
inability and stimulus-response compati- 
bility on mean RT and the percentage of 
correct responses were additive (lo). 

In the main experiment, RT and elec- 
trophysiological measures were obtained 
simultaneously (11). Stimulus discrimi- 
nability and stimulus-response compati- 
bility were again found to have additive 
effects on reaction time (12). The mean 
RT's for the "no noise" trials were 624 
msec for compatible responses and 716 
msec for incompatible responses. For 
the "noise" trials, the mean RT's were 
891 msec and 981 msec for the compat- 
ible and incompatible responses, respec- 
tively. Thus the difference between 
mean RT's due to discriminability was 
266 msec, and the difference due to com- 
patibility was 91 msec. 

The electroencephalogram (EEG) data 
for each artifact-free single trial were 
sorted on the basis of subject, electrode 
position, target word, discriminability 
condition, compatibility condition, and 
correctness of response. The EEG 
epochs within each sorting bin were av- 
eraged. Two sets of averages were ob- 
tained, those in which the epochs were 
aligned by matrix onset, and those in 
which the epochs were aligned by the 
subject's response (13). Figure 1B shows 
the ERP's averaged across subjects, and 
target words, for the midline electrode 
positions. The matrix elicits an ERP in 
which a large positive potential is promi- 
nent at the parietal electrode site. On the 
basis of its scalp distribution and latency, 
we identify this positive potential as the 
P300 (14). 

To quantify the latency of P300, we 
subjected each single trial waveform ob- 
tained from the parietal electrode site to 
low-pass filtration (- 3 dB at 3.52 Hz) to 
attenuate EEG activity outside of the 
bandwidth of P300. The latency of the 
largest positive peak between 200 and 
1500 msec after the onset of the matrix 
was measured for each trial and used as 
an estimate of P300 latency. Figure 2 de- 
picts the mean P300 latency estimates 

No noise Noise - Reaction time - --- Reaction time 
Latency to peak - --- Latency to peak 

of P300 of P300 

500 - - - 
No noise Noise Compatible Incompatible 1 2 3 4 

Discriminability S-R mapping Matrix row 

M 2  

Fig. 2. The mean reaction times (thick lines) and P300 latencies obtained from single-trial mea- 
surement (thin lines) for each experimental factor. The main effects of discriminability condition 
are shown in the left panel. The main effects of stimulus-response compatibility are shown in the 
middle panel. The interaction of discriminability and matrix row is depicted in the right panel. 

and the mean RT's plotted against the 
experimental variables. The mean P300 
latency for the "no noise" trials was 589 
msec for the compatible response and 
617 msec for the incompatible response. 
For the "noise" trials, these values were 
792 msec and 796 msec. The P300 la- 
tency difference of 191 msec due to the 
discriminability factor was statistically 
significant [F(l, 12) = 94.4, P < ,00011. 
The 16-msec difference associated with 
the stimulus-response compatibility fac- 
tor was not statistically significant [F(1, 
12) = 1.6, P < .228]. The variance of 
the P300 latency was not affected by any 
experimental variable. 

Additional support for our hypothesis 
is displayed in the right panel of Fig. 2. 
The position of the target word within 
the matrix had a large effect on mean RT. 
Targets in either the top or bottom rows 
were associated with much longer RT's 
than targets in the middle rows. This ef- 
fect, however, was restricted to the 
"noise" trials (15). According to the ad- 
ditive factors model, this interaction of 

stimulus discriminability and target posi- 
tion indicates that a common stage is af- 
fected by both variables. Therefore, 
P300 latency should also be affected by 
target position. This prediction is sup- 
ported (16) by the similarity of the pat- 
terns of RT and P300 latency in Fig. 2 
(1 7). 

These data confirm the proposition 
that P300 latency is sensitive to the dura- 
tion of stimulus evaluation processes and 
relatively insensitive to response selec- 
tion processes, whereas RT is strongly 
influenced by both. Thus, P300 latency 
can serve as a metric in the study of men- 
tal chronometry. We emphasize that our 
results do not bear on the nature of the 
process manifested by P300 [see (4)] ;  we 
only assert that this process is contingent 
on stimulus categorization. 
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Cyclophosphamide-Induced Spermatogenic Effects Detected 
in the F, Generation by Behavioral Testing 

Abstract. Fischer 344 male rats were treated with cyclophosphamide (10 milli- 
grams per kilogram of  body weight) for 5 weeks and subsequently mated to females 
previously treated with saline or cyclophosphamide. The F 1  progeny of the cyclo- 
phosphamide-treated males exhibited behavior dejicits when compared to controls. 
These data could indicate a chemically induced genetic effect manifested by behav- 
ioral alterations. 

Chemical mutagens induce a variety of 
sperm abnormalities. These may be de- 
tected at the chromosome level, for ex- 
ample, in Y chromosome nondisjunction 
(I), or at the cellular level, in which mor- 
phological aberrations of sperm heads (2) 
or aspermia may be observed (3). The 
genetic transmission of some of these ef- 
fects has been reported (4), but no at- 
tempt has been made to correlate these 
cytological findings with any behavioral 
anomalies in the F1 generation although 
Brady et a / .  noted a "gametotoxic" ef- 
fect in rats treated with lead (5). We re- 
port evidence of behavioral aberrations 
in the F, generation of cyclophospha- 
mide (CP)-treated male rats. These re- 
sults suggest that the behavioral test sys- 
tem devised provides a sensitive and 
new end point to evaluate the genetic ef- 
fects of mutagens in vivo. The use of this 
phenotypic end point in studying muta- 
genic agents may closely parallel the re- 
sults one would expect to find in the hu- 
man population after exposure to a muta- 
gen. 

A total of 30 female and 20 male adult 
Fischer 344 rats (6) were injected intra- 
peritoneally with either 10 mg of CP per 
kilogram of body weight or a 0.9 percent 
saline solution. The animals were inject- 
ed daily for 5 days, allowed to rest for 
the next 2 days, and then treated again 
for a total period of 5 weeks (7). Begin- 
ning 3 days after the last injection, the 
animals were housed in cages with a ra- 
tio of two females to one male per cage 

for about 2 weeks. The males were then 
switched to another cage according to 
the same breeding scheme for two addi- 
tional weeks. The crosses used in the 
breeding scheme were as follows: saline- 
treated males and females (saline x sa- 
line, controls), saline-treated males with 
CP-treated females (saline x CP), CP- 
treated males with saline-treated females 
(CP x saline), and CP-treated males and 
females (CP x CP). 

During breeding the animals were 
weighed at weekly intervals, and the 
dates of birth of all litters were recorded. 
Twelve live pups (three litters) were 
born from the CP x CP matings; 41 pups 
(nine litters) from the CP x saline group; 
82 pups (ten litters) from the saline x sa- 
line group (35 of these control pups were 
randomly chosen for study in this re- 
port); no pups were born from the sa- 
line x CP matings (8). Thirteen animals 
(three from the CP x CP group and ten 
from the CP x saline) died postpartum. 

One case of gross morphological ab- 
normality occurred in the offspring from 
CP-exposed parents. One male pup of a 
CP x CP mating was born with a single 
eye. This condition was associated with 
a low body weight, compared to the lit- 
termates, which persisted to adulthood. 
Because of the low number of pups sur- 
viving for 1 day in some of the CP x CP 
and CP x saline litters, pups from the 
different breeding groups were fostered 
to females so as to provide an average 
nursing litter size of eight pups. 
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