
sumed on aggregates, the residence time 
of some fecally bound materials may be 
longer than suggested by sinking rates of 
individual pellets. Moreover, fecal mate- 
rial, which is a large and useful energy 
source for some grazers (13), may be- 
come more available after incorporation 
into larger-sized aggregates and with in- 
creased retention time in near-surface 
waters. 

The apparent youth of marine snow 
and its abundance (4) suggests active 
turnover. Possible fates could be dis- 
ruption in turbulent surface waters (not 
observed by us), sinking into deeper wa- 
ters, or consumption by grazers. Al- 
though grazers of larger particulates are 
known (1, 2), we did not observe consist- 
ently any potential consumers near the 
aggregates. The enrichment of aggre- 
gates in phytoplankton, microzooplank- 
ton, and fecal pellets, however, indicates 
these are rich, localized food resources. 
Moreover, the aggregates provide a 
mechanism for converting small (on the 
order of micrometers) items into larger 
(millimeter- to centimeter-sized) parti- 
cles for grazers that use the larger-size 
classes [see also (2)]. For example, the 
anchovy-like fish of the neritic and up- 
welling areas, which are major contrib- 
utors to world fisheries, consume parti- 
cles in the aggregate-size class (14). The 
importance of prey size to consumers is 
well known, and enlargement of plants 
through colony formation is assumed to 
be the basis for the shortening of food 
chains in upwelling areas (15). The large 
size and abundance of marine snow (4) 
and its concentrated communities of mi- 
croplankton suggest a potentially rich 
food resource for organisms capable of 
using these particle sizes in neritic wa- 
ters of the pelagic zone. 
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ed around the aggregates or fall through open 
areas in them, we have underestimated ages by 
the inverse of the trapping efficiency. We calcu- 
lated ages on the basis of assumptions of no ver- 
tical motion of the aggregates (that is, pellet 
sinking rates 70 m/day relative to aggregates). 
Although the snow appears essentially motion- 
less to the diver, we also calculate ages for slow- 
ly sinking aggregates (sinking at half the fecal 
pellet rate). The latter calculation simply pro- 
vides an arbitrary measure of the effect of rela- 
tive motion by the aggregate. For stationary ag- 
gregates, the average age is 1.5 hour [standard 
error (S.E.) =0.2, N = 9] for 100 percent trap- 
ping efficiency; if aggregates are only 10 percent 
or 1 percent efficient at trapping fecal pellets, the 
ages are 10 or 100 times greater than this. If the 
aggregates are sinking at half the fecal pellet 
rate, they are 2.9 hours old (S.E. = 0.1, N = 9), 

where N is the average number of aggregates per 
liter and V is the volume in I ml of an aggregate 
at that depth and date (4). 

6. T. Smayda, Limnol. Oceanogr. 14, 621 (1969). 
7. Aggregate age = (number of fecal pellets per 

projected surface area of the aggregate)/(number 
of fecal pellets per surrounding water volume)/ 
(fecal pellet sinking rate). Aggregate dimensions 
are known from (4) and fecal pellet sinking rates 
are calculated from a fecal pellet size-sinking 
rate relationship (6), with fecal pellet sizes from 
aggregates studied here (median size 70 ,m and 
length-width ratio approximately 2). Fecal pel- 
lets from aggregate and water samples were of 
similar sizes. We assumed a constant number of 
fecal pellets in the surrounding water and a con- 
stant size for the aggregates during the time the 
aggregates are trapping pellets. We calculated 
ages from several estimates of trapping efficien- 
cy for the aggregates: if fecal pellets are deflect- 
ed around the aggregates or fall through open 
areas in them, we have underestimated ages by 
the inverse of the trapping efficiency. We calcu- 
lated ages on the basis of assumptions of no ver- 
tical motion of the aggregates (that is, pellet 
sinking rates 70 m/day relative to aggregates). 
Although the snow appears essentially motion- 
less to the diver, we also calculate ages for slow- 
ly sinking aggregates (sinking at half the fecal 
pellet rate). The latter calculation simply pro- 
vides an arbitrary measure of the effect of rela- 
tive motion by the aggregate. For stationary ag- 
gregates, the average age is 1.5 hour [standard 
error (S.E.) =0.2, N = 9] for 100 percent trap- 
ping efficiency; if aggregates are only 10 percent 
or 1 percent efficient at trapping fecal pellets, the 
ages are 10 or 100 times greater than this. If the 
aggregates are sinking at half the fecal pellet 
rate, they are 2.9 hours old (S.E. = 0.1, N = 9), 

either gastric erosion or insomnia. 

We reported previously (1) that the 
age at which the young rat is separated 
from its mother markedly influences its 
later susceptibility to gastric erosions 
when subjected to food deprivation and 
physical restraint. For example, when 
tested at postnatal day 30, rats that were 
separated from their mothers on day 15 
develop gastric erosions with a probabili- 
ty of 95 percent. At the same test age, 
rats that were separated from their 
mothers on day 21 or later develop gas- 
tric erosions with a probability of only 10 
percent. 

Early maternal separation in rats evi- 
dently amplifies pathogenetic factors in 
comparison to normally reared rats. A 
comparison of the effects of restraint on 
rats separated early and rats reared nor- 
mally should reveal pathogenetic vari- 
ables in greater relief than the more cus- 
tomary strategy of comparing subjects 
within one relatively homogeneous 
group. Such a study should also indicate 
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how early maternal separation exerts 
such profound effects on vulnerability to 
gastric erosions. 

Body temperature regulation is one 
factor that may be related to the gastric 
erosions elicited during restraint. The 
probability of erosion formation is in- 
versely related to ambient temperature 
during restraint (2). Some investigators 
have shown specifically that the proba- 
bility of erosion formation is inversely 
related to body temperature during re- 
straint, even when the ambient temper- 
ature is 22?C (3). Other investigators 
have not confirmed these observations 
on body temperature (4). Since physical 
restraint is well known to impair ther- 
moregulation in the rat (5), the hypothe- 
sis that this impairment contributes to 
the development of gastric erosions in 
restrained rats remains an attractive one. 

Alternatively, it has been proposed 
that the rat's behavioral response to re- 
straint may be related to the production 
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Rats by Producing a Latent Thermoregulatory Disturbance 

Abstract. Rat pups that are separated early from their mothers, at postnatal day 
15, become hypothermic when subjected to physical restraint on postnatal day 30. 
Restraint of separated pups also elicits an unusually high incidence of gastric ero- 
sions, as well as insomnia and an increase in quiet wakefulness. If hypothermia 
during restraint is prevented, neither the erosions nor the behavioral responses oc- 
cur. Rat pups separated at the customary age (postnatal day 22) do not become 
hypothermic during restraint, and the restraint of such pups is not associated with 
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of restraint-induced gastric erosions. 
Rats selected for high levels of spontane- 
ous or experimentally induced activity 
are more susceptible to restraint ero- 
sions than rats with lower levels of activ- 
ity (6). Rats bred for susceptibility to re- 
straint erosions also show higher sponta- 
neous activity than rats that are less 
susceptible to erosions (7). When re- 
straint is limited to the active (dark) or 
inactive (light) portions of the diurnal ac- 
tivity cycle, erosions occur only in rats 
restrained during the active portion (8). 

On the other hand, hind-leg movements 
measured during restraint do not predict 
gastric erosion formation (9). 

We first tested the hypothesis that the 
rat's behavioral response to restraint is 
related to the probability of gastric ero- 
sion formation. We assumed that, if this 
hypothesis is true, the highly susceptible 
rats that were separated early from their 
mothers would differ markedly in their 
behavioral responses from the minimally 
susceptible, normally reared group. We 
predicted that during restraint, highly 

susceptible animals would show evi- 
dence of greater "arousal." For these 
experiments we defined arousal by spe- 
cific behaviors: increased motor activity 
or struggling, diminished sleep, and a 
greater persistence of these behaviors 
over time-that is, an inability to habit- 
uate to the restraint apparatus. In fact, 
we did not find a difference in motor ac- 
tivity or struggling between the two 
groups. But we did find that the suscep- 
tible rats responded to restraint with 
markedly increased quiet wakefulness 
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Fig. 1. Rats separated from mothers on postnatal day 15 (15-S) com- 
pared with rats separated on day 22 (22-S). Animals were tested on 
day 30 by subjecting them to 24 hours of food deprivation followed by 
24 hours of food deprivation and physical restraint. The data show 
effects on wakefulness and sleep. Brackets under the abscissa indicate 
lights on. (A) The activity of 15-S and 22-S rats did not differ statisti- 
cally. Unexpectedly, both groups showed a prompt decrease in activi- 
ty in response to restraint. (B) The 15-S rats showed a signficantly 
greater rate of increase in quiet wakefulness during restraint. (C) The 
15-S rats showed significantly less slow-wave sleep and paradoxical 
sleep during restraint than the 22-S rats. 
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and diminished sleep, consistent with an 
arousal hypothesis. 

We next tested the hypothesis that 
body temperature regulation is related to 
restraint erosion pathogenics. We pre- 
dicted that erosion-resistant rats would 
maintain normal body temperature dur- 
ing restraint but that the early separated, 
erosion-susceptible rats would fail to 
maintain normal body temperature. Our 
results supported this hypothesis. More- 
over, we found that erosions could be 
prevented in the susceptible group by 
preventing a fall in body temperature and 
could be produced in the resistant group 
by inducing a fall in body temperature. 
Finally, we found that the behavioral 
characteristics of rats that are separated 
early are a consequence of a failure in 
their thermoregulatory mechanisms. 

Five days prior to testing the rats at 
postnatal day 30, we implanted cortical 
electroencephalographic (EEG) and pos- 
terior cervical electromyographic (EMG) 
electrodes in each animal (10). Immedi- 
ately prior to being tested, each rat was 
lightly anesthetized with ether for 3 to 5 
minutes. During this time a thermo- 
couple was implanted intraperitoneally 
to record the animal's body temperature. 
During the test period, the rats were 
placed individually on an activity plat- 
form highly sensitive to body move- 
ments (11). For recording the EEG, 
EMG, and activity platform data we 
used a Beckman 12-channel polygraph 
(Type R Dynograph). Body temperature 
was recorded on an Esterline-Angus 
Mini-graph. The rats were housed and 
tested under a 12-hour reverse light cycle. 

Six rats separated on postnatal day 15 
(15-S) and six separated on day 22 (22-S) 
were tested over a 48-hour period during 
which they were subjected to 24 hours of 
food deprivation followed by 24 hours of 
restraint. Six additional 15-S rats and six 
more 22-S rats were tested over a 48- 
hour period during which they had free 
access to food and experienced no re- 
straint. For each 48-hour test period we 
calculated the percentage of time the rat 
was awake and active, awake and quiet, 
asleep in slow-wave sleep, and asleep in 
paradoxical sleep during nine 2-hour re- 
cording periods (12). Core body temper- 
ature was recorded continuously during 
testing (13). 

At the end of 48 hours, each animal 
was killed and its gastric mucosa exam- 
ined for erosions (1). All of the erosions 
noted occurred in the glandular portion 
of the stomach. Behavioral data were 
compared by analysis of variance cor- 
rected for repeated measures. 

When the rats had free access to food 
during the recording period, we found no 
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Fig. 2. The core body 
temperature of 15-S 
and 22-S rats sub- 
jected to food depri- 
vation and restraint 
beginning on post- 
natal day 30. The 15-S 
rats had a progressive 
decline in body tem- 
perature during the 
restraint period. The 
22-S rats maintained 
normal body temper- 
ature over the entire 
48-hour test period. 
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statistically significant differences be- 
tween the 15-S and 22-S groups on any of 
the behaviors we measured. Body tem- 
perature remained normal for all animals 
(36.0 + 0.5?C). None of the animals de- 
veloped gastric erosions. Thus, there 
were no group differences in behavior or 
in body temperature regulation prior to 
food deprivation and restraint, and no 
differences were elicited merely by isola- 
tion in the unfamiliar recording area. 

However, during restraint, the 15-S 
rats behaved differently from the 22-S 
rats on, all behavioral measures except 
activity (Fig. 1). Activity (struggling) 
during restraint failed to differentiate be- 
tween the 15-S and 22-S groups (P > .1) 
and thus failed to support part of our pre- 
diction. In fact, both groups of rats unex- 
pectedly showed a marked and persis- 
tent decrease in activity during the re- 
straint period. 

Quiet wakefulness (Fig. lB) sharply 
distinguished between the two groups 
(P < .01). During the 24 hours of re- 
straint, the 15-S rats showed a signifi- 
cantly greater rate of increase in the 
amount of time in this state, until by the 
end of the restraint period they remained 
in it most of the time. (During the 24 
hours of food deprivation preceding re- 
straint, the two groups of rats were simi- 
lar to each other in the percentage of 
time spent in quiet wakefulness.) 

There was a complementary decrease 
in the amount of time 15-S rats spent in 
sleep during restraint (Fig. 1C). These 
animals showed a progressive decrease 
in sleep during the second half of the re- 
straint period. And they slept significant- 
ly less than restrained 22-S rats (total 
sleep: P < .01), who were able to stay 
asleep about 50 percent of the time. 

All of the restrained 15-S rats, but 
none of the 22-S rats, developed gastric 
erosions. Thus, with regard to the behav- 
ioral hypothesis, increased quiet wake- 
fulness and decreased sleep distin- 
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guished the lesion-susceptible group dur- 
ing restraint and correlated with gastric 
erosion formation. 

During the restraint period the 15-S 
animals showed a marked fall in body 
temperature (Fig. 2) that corresponded 
in time to the increase in quiet wakeful- 
ness. By contrast, the 22-S animals were 
able to maintain normal body temper- 
ature during restraint. 

In a separate series of experiments we 
found that when we restrained 15-S rats 
for 24 hours at an ambient temperature 
of 30?C (after 24 hours of food depriva- 
tion) we prevented hypothermia. Under 
these conditions only 1 out of 21 rats de- 
veloped gastric erosions. By contrast, in 
a group of 15-S rats food-deprived and 
restrained at 22?C, 13 out of 20 devel- 
oped both hypothermia and gastric ero- 
sions (X2 = 16.5, d.f. = 1, P < .001). 
When we restrained 22-S rats at 17?C for 
24 hours (after food deprivation) we in- 
duced hypothermia in some of them. Of 
the 46 rats tested, both hypothermia and 
gastric erosions developed in 31. In a 
group of 22-S rats food-deprived and re- 
strained at 22?C, only 3 out of 30 de- 
veloped gastric erosions (x2= 24.19, 
d.f. = 1, P < .001). 

It is possible that the fall in body tem- 
perature in the 15-S rats itself produced 
their increase in quiet wakefulness and 
decrease in sleep. To study this question 
we recorded the same electrophysiologic 
and behavioral measures on six addition- 
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Thus, both the incidence of restraint 
erosions and the change in behavioral 
arousal during restraint appear to be 
strongly influenced by the rats' body 
temperature. On the other hand, it is 
possible that these behavioral character- 
istics are secondary to the presence of 
painful gastric erosions rather than to hy- 
pothermia, per se. 

To further evaluate the relation be- 
tween erosion pathogenesis and body 
temperature we determined whether the 
extent of the fall in body temperature 
was correlated with the amount of mu- 
cosa eroded during restraint. Specifical- 
ly, we predicted that, for each rat, body 
temperature at the end of the restraint 
period would correlate inversely with the 
total length (in millimeters) of its gastric 
erosions. We reviewed lesion length and 
temperature data on 322 restrained rats 
studied in various experiments in our 
laboratory. We found a correlation of 
r = - .795 (P < .001). This finding fur- 
ther supports the proposition that ther- 
moregulatory failure is a critical variable 
in restrain erosion pathogenesis. 

Although our data show that a specific 
set of behavioral responses (increased 
"arousal" during restraint) characterizes 
rats that are susceptible to gastric ero- 
sions, they fail to show that these behav- 
iors affect the probability of erosion pro- 
duction. Instead, the findings demon- 
strate a relation between impaired 
thermoregulation and erosion produc- 
tion, and suggest that the behavioral 
changes during restraint are also, but in- 
dependently, a consequence of these 
body temperature changes. 

Our data provide a model for the study 
of how specific risk factors relate to 
pathophysiologic changes. The data 
show that a risk factor-early maternal 
separation-affects a system that is im- 
portant in gastric erosion pathogenesis- 
body temperature regulation. However, 
the effect on the thermoregulatory sys- 
tem was elicited only under a special 
condition, namely restraint. 
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Prostaglandin Restoration of the Interferon Response 
of Hyporeactive Animals 

Abstract. Virus-infected animals and those bearing various types of malignancies 
progressively lose their ability to respond to interferon inducers. The interferon re- 
sponse of virus-infected animals could be restored to normal levels when inducers 
were administered with certain prostaglandins. This suggests that prostaglandins 
may enhance the therapeutic efficacy of interferon inducers as antiviral and anti- 
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Interferon is an antiviral substance 
produced by animal cells in response to 
an invading virus or other suitable stimu- 
lus. The interferon produced then dif- 
fuses to other cells, organs, and tissues 
and establishes an intracellular state that 
inhibits virus replication. Since its dis- 
covery in 1957 (1) considerable effort has 
been directed toward developing meth- 
ods of using the interferon system as a 
means of treating viral and neoplastic 
diseases. Recent clinical trials suggest 
that interferon may have a beneficial ef- 
fect on a number of viral infections and 
neoplastic processes (2). One approach 
being taken toward the utilization of this 
substance has been the development of 
agents capable of stimulating the host's 
own cells to produce interferon. A varie- 
ty of compounds are now known to be 
effective interferon inducers, and several 
are currently being evaluated in man. 
However, one obstacle to the develop- 
ment of these agents has been that ani- 
mals progressively lose their ability to 
respond to inducers as a consequence of 
certain viral infections and various neo- 
plastic processes (3). This reduced abili- 
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ty to respond could limit the therapeutic 
effectiveness of such compounds. 

It was reported (4) that mice infected 
with encephalomyocarditis (EMC) virus 
developed a suppressed ability to re- 
spond to interferon inducers and that 
peritoneal cells collected from these ani- 
mals and induced in vitro were also 
hyporeactive. Both systems were there- 
fore available for evaluating the effect of 
various substances on both the develop- 
ment and maintenance of hyporeactivity. 
Since prostaglandins have been impli- 
cated in regulation of various cellular 
processes the effect of this group of 
agents on the ability of normal and hypo- 
reactive cells and animals to produce in- 
terferon in response to inducers was in- 
vestigated. 

In initial studies mice were injected in- 
traperitoneally with a 100 percent lethal 
inoculum of EMC virus [1000 plaque 
forming units (PFU)]. Ninety-six hours 
later peritoneal cells were collected from 
normal and EMC virus-infected mice. 
Cells were suspended at 1 x 106 cells per 
milliliter in minimum essential medium 
(MEM, Microbiological Associates) con- 
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