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The virus-infected larvae frequently 
show clear symptoms of disease, and, 
although surviving for several weeks, 
they are unable to grow at normal 
rates. The virus seems to induce a 
higher metabolic activity, resulting 
mainly in an increase in the size of 
the chromosomes. As revealed by auto- 
radiography, synthesis of DNA in the 
chromosomes is greatly enhanced after 
the infection. The presence of easily 
breakable points in some of the chro- 
mosomes is an indication that the mul- 
tiplication of virus inside the cell inter- 
feres with synthesis of some chromoso- 
mal constituent. This is a point of in- 
terest, since in R. angelae the size and 
structure of chromosomes permit us to 
do some detailed work on the rela- 
tion of the virus to the chromosome. 
This perhaps will help us to under- 
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Fig. 3. The polytene chromosomes (A, 
B, C, and X) of a virus-infected cell from 
the gastric caecum (composite photo- 
micrograph). AR and AL represent re- 
spectively the right and the left arms of 
chromosome A. The short arrows indi- 
cate the heterochromatic portions at 
the centromeric region of the chromo- 
somes. At the base of the X chromosome, 
the nucleolus-organizing region is dis- 
persed, a branched structure inside a dis- 
persed nucleolus not visible in this picture 
being formed. The long arrows near the 
centromeric region of chromosome A in- 
dicate three easily breakable points fre- 
quently seen in chromosomes from cells 
infected by tho virus. Inset: a normal cell 
of the same gastric caecum, at the same 
scale to show the increase in size of the 
chromosomes of infected cells. 
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stand the deleterious effects of many 
viruses on mitotic chromosomes de- 
scribed in several papers dealing main- 
ly with mammalian chromosomes (8). 
Paton et al., and others as well (9), 
have described interesting cases of 
changes in morphology and behavior 
of chromosomes induced by myco- 
plasma in tissue cultures of human 
cells. Some of these results may be 
related to the virus-induced changes 
observed in the chromosomes of R. 
angelae. 

Rhynchiosciara angelae was previ- 
ously one of the most favorable or- 
ganisms for study of the activity of 
chromosomes and specific chromoso- 
mal regions in differentiation (2, 3). 
The present findings demonstrate that 
R. angelae is also uniquely suitable for 
studies on the response of chromosomes 
and genes to infective agents. It is 
the only known organism in which 
gene activities can be studied morpho- 
logically in at least eight different tis- 
sues. Probably many of the reactions 
of the chromosomes and genes of R. 
angelae to those two microorganisms 
are good indications of what occurs 
in many infections in other organisms. 
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Dreaming Sleep in Man: Changes in 

Urine Volume and Osmolality 

Abstract. Epochs of dreaming sleep, 
as measured by rapid eye movements, 
consistently correlated with biphasic 
change in urine volume and osmolality 
in catheterized human subjects. Marked 
decrease in volume and increase in 
osmolality were followed by a hypo- 
tonic diuresis. 

Recent studies (1) demonstrating 
autonomic and respiratory changes as- 
sociated with the rapid eye movement 
(REM) state during sleep prompted us 
to attempt to elucidate neuroendocrine 
correlates associated with this state, be- 
cause subcortical systems influencing 
peripheral physiological events have 
been shown to act through the pitui- 
tary-adrenal axis (2); we studied uri- 
nine volume, osmolality, creatinine con- 
centration, and steroid and catechol 
amine metabolites serially collected dur- 
ing all-night sleep in man. We now 
report a consistent urinary-volume cor- 
relate of the REM state and some 
findings that suggest the mechanism 
involved. 

Seven male urology patients aged 45 
to 74, whose renal function was nor- 
mal and who were habituated to uri- 
nary catheters for several days, were 
studied for a total of 11 nights by 
means of conventional electroencepha- 
lographic, electromyographic, and elec- 
trooculographic recordings in a sound- 
attenuated, darkened room (3). The 
urinary catheters were led from the 
room into a volume-regulated fraction 
collector which permitted continuous 
collection of urine samples of uniform 
volume, the volumes being measured 
accurately after collection. The electri- 
cal recordings were scored for REM 
state without knowledge of the data 
from the urine studies, by use of De- 
ment's criteria (4). The time of onset 
and duration of the REM periods were 
carefully determined. The filling of 
each tube in the fraction collector was 
time-locked to the electrophysiologic 
data by an event recorder fed into an 
amplifier of one channel of the electro- 
encephalograph. Urinary creatinine was 
determined by the method of Jaffe (5). 
The osmolality of the urine samples 
was measured by freezing-point depres- 
sion, by use of an Advanced osmom- 
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All 41 REM-state epochs recorded 
during the 11 nights were associated 
with urine-volume responses of varying 
magnitude (Figs. 1 and 2). With some 
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Fig. 1. Simultaneous plot of urine volume, 
osmolarity (osmolality), creatinine con- 
centration, and REM-state epochs during 
a typical night's sleep. The hypotonic 
diuresis associated with the first hour or 
so of recumbency and sleep has been 
omitted. 

variability in latency, but usually with- 
in 2 minutes of the onset of the REM 
state, there was a marked decrease in 
the drop rate of urine from the cathe- 
ter into the fraction collector. This de- 
crease was followed by an increase 
of even greater magnitude after the 
end of the REM state. These changes 
are smoothed-out somewhat in Figs. 1 
and 2 because of the overlap of anti- 
diuretic and diuretic effects in the 
serial, constant-volume samples. 
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One possible explanation of this 
change was a mechanical factor, such 
as alteration of bladder tone or com- 

pression of the catheter lumen by 
penile erections that have been shown 
to accompany the REM state (6). 
However, reciprocal changes in urine 
osmolality and creatinine were associ- 
ated with the volumetric shifts (Figs. 
1 and 2); mechanical storage or block- 
age effects in the urinary collecting 
system would not have altered the com- 
position of the urine in such a fashion. 
This association suggested that the 
change in urine flow associated with 
the REM state was a change in renal 
function. Pitts (7) concluded that, 
except for renal disease states or ex- 
tremely marked volemic changes lead- 
ing to circulatory collapse, changes in 
urine flow in man are for the most 
part effected by changes in water re- 
absorption, not by changes in filtration 
rate. Two neuroendocrine mechanisms 
affecting water and solute reabsorption 
by the kidney tubule, which could be 
triggered by shifts in central nervous 
system events, are the releases of aldo- 
sterone from the adrenal (with a re- 
sulting increase in sodium reabsorption 
and an isosmotic decrease in volume) 
and of antidiuretic hormone-like sub- 
stances from the posterior 
with a hypertonic volume 
Our data show a consistc 
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Fig. 2. Comparison of the changes in some urine variables during a REX 
a middle-of-the-night arousal period; note the similarity of the directions 
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change in urine osmolality with change 
in volume, which indicates an alteration 
primarily in the water rather than in the 
sodium reabsorptive mechanism. How- 
ever, before concluding that the urine- 
volume changes were secondary to re- 
lease of antidiuretic hormone, some 
indication of the constancy of glomer- 
ular filtration rate is necessary. Since 
these studies were done during sleep 
and were of repeated measurements, 
the more accurate reflection of glomer- 
ular filtration rate, inulin clearance, 
could not be used. Although endoge- 
nous creatinine clearance in man has 
great individual variability and, in ad- 
dition to being filtered, creatinine is 
partially secreted by the tubule (where- 
fore its clearance exaggerates the glo- 
merular filtration rate), clearance is used 
by some groups (8) as a rough meas- 
ure of glomerular filtration rate. Since 
the creatinine concentrations in plasma 
did not change significantly between 
morning and evening in our subjects, 
the expression for the change in creati- 
nine clearance 

(Uv' Uc'/Pc') - ( U Uc/Pc) 

becomes 

Uv' Uc' - Uv Uc 

r pituitary, Uv is urine volume per minute, Uc is 
reduction. creatinine concentration in urine in mil- 

ent inverse ligrams per milliliter, and Pc is creati- 
nine concentration in plasma in 
milligrams per milliliter. Since Uv 

1.40 varies inversely with Uc (see Figs. 1 
and 2), Uv Uc - k and Uv' Uc' - 
Uv Uc 0 O. Therefore, although this 

1.20 is a rough approximation because of 
brief collection periods that included 
both low and high output of urine, it 

- t.00 < appears that the changes in volume and 
u osmolality were independent of changes 
S in glomerular filtration; this could be 

-0.80 N expected in view of the reported sta- 
s bility of the glomerular filtration rate 

in healthy man (9). 

-0.60 Lw The antidiuretic hormone-like initial 
2 effect possibly may have been second- 
j ary to cardiorespiratory irregularities 

0 (1) associated with the REM state and 
consequent release of antidiuretic hor- 
mone triggered by brain-stem vaso- 
motor reflexes (10). Changes of pres- 

0.20 sure in both the left atrium and the 
carotid baroreceptors have been re- 
ported to influence release of anti- 

0.00 diuretic hormone as part of the blood- 
volume regulatory system. However, 
the quite-short latency and regularity 

I state and of appearance of the hypertonic de- 
of change. crease in urine flow during the first 2 
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minutes of the REM state, combined 
with the irregular time of appearance 
of cardiovascular irregularities (11), 
make this explanation unlikely. 

The volume and osmolality changes 
were more likely concomitants of 
central nervous system changes associ- 
ated with the REM state. The evidence 
is (12) that the REM state may be a 
special kind of "arousal," with many 
of its central and peripheral manifesta- 
tions resembling more an awake than 
a sleeping state. We have recently re- 
viewed several studies indicating that 
various kinds of emotional-arousal 
states in man are associated with de- 
creases in urine volume (13), probably 
secondary to release of antidiuretic hor- 
mone. Our results demonstrate that 
short periods of lying awake in the 
middle of the night (not the early di- 
uretic phenomena associated with lying 
down and going to sleep) were associ- 
ated with the same biphasic response 
of urine volume and osmolality that is 
seen in the REM state (Fig. 2). Brain- 
stem and limbic "activation' associated 
with the REM state (1) may have 
been transmitted to the hypothalamic 
nuclei, concerned with control of anti- 
diuretic hormone, by way of established 
pathways (2). 
A. J. MANDELL, B. CHAFFEY, P. BRILL 
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Parturient Mice: Effect of Environment on Labor 

Abstract. More first-born pulps and greater numbers of pups were born in a 
familiar cage having a covered nesting box than in a glass bowl, when pregnant 
mice at termn were alternated between contrasting environments. Current theories 
emphasize the influence on labor of mechanical and hormonal factors; these 
data suggest that environmental factors also may play a role. 
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Current physiologic theories and med- 
ical and veterinary therapeutic prac- 
tices concentrate almost exclusively on 
the endocrine and mechanical factors 
involved in the onset and progress 
of labor (1). Ecologic and clinical ob- 
servations (2) suggest, however, that 
environmental factors also may influ- 
ence labor to some extent. 

This experiment was designed to 
test the hypothesis that environmental 
factors play a role in labor. White mice 
of the CF1 strain were used because 
previous work had shown them to be 
placid (3) and otherwise suited to the 
design of the experiment. Dated preg- 
nancies were produced by adding male 
mice to a colony of nulliparous female 
mice for approximately 13 hours from 
8 p.m. to 9 a.m.; the lighting was 
normal. Eighteen days later, females 
judged to be probably pregnant were 
placed individually in cages with opaque 
sides and nesting boxes-replicas of 
the cages that had housed the mice 
before removal from the colony. Each 
cage contained a wooden nesting box 
(22.5 by 15 by 9.4 cm) having a hole 
in the side to permit entry of the 
mouse and containing soft rayon bed- 
ding; a wooden top, completely cover- 
ing the box and sheltering the mouse 
from view, was removable to permit 
complete inspection of the box dur- 
ing the experiment. 
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The preference of nulliparous preg- 
nant mice at term for the covered nest- 
ing box is statistically indicated by the 
fact that they were found inside the 
box in 47 of 60 observations of 21 in- 
dividuals at 2- and 4-hour intervals. 
There is no record of the sites of de- 
livery; observation was not continuous, 
but delivery regularly seemed to occur 
within the covered nesting box. 

All pregnant mice were left over- 
night in their individual cages contain- 
ing nesting boxes. Next day, between 
1 and 2 p.m., all cages were moved to 
a large observation room, and another 
type of cage that was to serve as an 
unfamiliar, unsheltered environment 
was placed beside each cage. 

This second type of cage consisted 
of a standard glass fish bowl about 
17.5 cm high; the bottom contained 
two cups of coarse gravel, with a 
quarter cup of uriniferous bedding from 
cat cages to imbue the bowl with a 
strange odor. Wire mesh atop the bowl 
retained the mouse. Both types of 
cage contained food pellets. Since water 
is difficult to administer in a glass 
bowl, both experimental environments 
contained only apples instead of water 
for moisture; apples had proved suf- 
ficient to maintain a parturient mouse 
of this strain during both labor and 
the first week of lactation. 

Mice were randomly divided into 
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Table 1. Birth sequence distribution: numbers of pups born in the two environments. 
F, Familiar cage with covered nesting box; U, unfamiliar glass bowl. 

Mothers moved every 2 hours Mothers moved hourly (1-hour intervals) (2-hour intervals) 

F U F U F F U F U F U F U 

2 4 1 2 5 3* 
2 1 4 4 
1 6 13 4 
1 6 4 3 1 1 1 1 

10 1 8 1 
1 1 6 1 6 5 
7 5 7 
6 3 1 2 2 
1 6 5 3 3 
5 8 3 3 8 

3 8 4 9 
1 5 1 1 9 

4 

* Killed at end of experiment, 26 hours after these births; two pups found at autopsy. 
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