tein uptake into the oocytes, as has
recently been demonstrated in a cock-
roach (9). Thus, vitellogenin synthesis
which is dependent on juvenile. hor-
mone appears as an integrated part of
insect oogenesis, and the lack of hor-
monal control exhibited by certain
Lepidoptera may be regarded as an
adaptive exception to the more general
pattern.
M. L. PaN

G. R. WyarT
Department of Biology,
Yale University,
New Haven, Connecticut 06520
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Anemia in Sleep-Deprived Rats Receiving Anticoagulants

Abstract. Independent groups of rats were deprived of sleep and treated with
the anticoagulant drugs phenylindanedione or dicoumarol for 1 to 8 days. These
animals developed an extremely severe anemia which was accelerated by p-chloro-
phenylalanine. The red cell count and amount of hemoglobin decreased to half
of normal values. No decrease occurred in animals subjected to any.one single
treatment. Histological examination indicated hemolysis, hypoplasia of hemo-
poietic organs, slight hemorrhage, but no evidence of stress. The severity of the
anemia was inversely related to the amount of sleep permitted during sleep
deprivation. This new syndrome demonstrates marked effects of sleep deprivation
on both maturation and destruction of red blood cells. Depletion of serotonin by
injection of parachlorophenylalanine blocked the increase in amount of brain waves
of the type commonly seen in slow wave sleep but did not eliminate the produc-
tion of these waves. This result is at variance with the theory that serotonin is the
neurochemical responsible for the “priming” of slow wave sleep.

Prolonged wakefulness produces
widespread effects, but very few other
than those on brain and behavior have
. been studied. In experiments designed
to test the effect of sleep deprivation
combined with anticoagulant drugs, it
was discovered that rats receiving anti-
coagulants of the indirect type, when
deprived of sleep for 8 days, devel-
oped an extremely severe anemia. A
number of rats were then subjected to
these treatments for various lengths of
time (7). On each day, ten animals for
each treatment were killed, and blood
and tissue samples were obtained (2).
Some rats received the anticoagulants
phenindione or dicoumarol for this
period, som: were deprived of slezp,
and others were deprived of sleep and
treated with anticoagulant. Others re-
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ceived no treatment and served as con-
trol animals. There was no. change in
the mean amount of hemoglobin (Fig.
1) in animals given single treatments or
in control animals. However, there was
a marked decrease in the mean amount
of hemoglobin in those groups receiv-
ing combined treatments on days 7 and
8, with the decrease beginning on day
6. These values were significantly low,

relative to the values for the groups

that received a single or no treatment
[P = .001(3)]. Since the chemical struc-
ture and side effects of dicoumarol and
phenindione are quite different, the fact
that anemia develops similarly in ani-
mals deprived of sleep and treated with
these drugs suggests that the contribu-
tion of these drugs to the phenomenon
must be due to their anticoagulant

properties. Additional groups of rats
received an intraperitoneal injection of
p-chlorophenylalanine (PCPA, 316 mg/
kg) every 72 hours. The first injection
was given 24 hours before the start of
sleep deprivation and treatment with
anticoagulant. Treatment with PCPA
in addition to sleep deprivation and
treatment with anticoagulant had an
accelerating effect on the development
of anemia; the anemia began to de-
velop by day 3 (Fig. 1).

Th= anemia developed in these ani-
mals was very severe and could easily
be seen on gross examination. The tis-
sues such as the liver, kidneys, skin,
and lungs were extremely pale. At
times it was even possible to detect an
anemic rat before its internal organs
were inspected. The ears were very
pale, the eyes were barely pink, and
their feet seemed to have lost circula-
tion. Symptoms of hemorrhage such as
those observed in other studies (4)
were minimal. Hence, the anemia could
not be accounted for in terms of hemor-
rhagic disturbance. The hematologic ex-
amination revealed a decline in hemo-
globin to 50 percent of normal values
(Fig. 1), with a proportionate decline
in red cell count and hematocrit values,
indicating a normocytic anemia.

All animals were weighed just before
the beginning and again at the end of
their respective experimental program.
Most animals had lost weight. How-
ever, the anemia could not be attributed
to loss of weight, since weight loss was
similar in anemic and nonanemic rats.
Weighing of food showed that the ani-
mals were eating the same amount of
food regardless of treatment group.
Prothrombin times demonstrated that
all rats fed anticoagulant were hypo-
prothrombinemic.

To determine the contribution of
sleep to the appearance of anemia, we
altered conditions to increase sleeping
time. Ten rats deprived of sleep and
treated with phenindione were fed in
their home cages for eight continuous
hours instead of three times a day for
2 hours, 40 minutes each time. This
group, which could sleep a certain
amount of time, had hemoglobin values
almost within normal limits. Ten rats
were placed for 8 days in the same con-
tainers with a larger platform (11 cm
diameter) and fed phenindione in the
usual schedule. The blood tests in this
group were totally normal. One anij-
mal had slight hemorrhage around the
testicular area. These experiments sup-
port the conclusion that the deprivation
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Fig. 1. Mean amount of hemoglobin from 1 to 8 days of treatment; SD, deprived of
sleep; Pid, treated with phenylindanedione; PCPA, treated with parachlorophenylalanine.

of sleep is an essential for the appear-
ance of the anemia. Further, they in-
dicate that the procedures used did not
produce the hemorrhagic lesions ob-
served in previous studies when rats
treated with anticoagulants were ex-
posed to standard stress procedures
«).

Portions of liver, heart, testicles, in-
testine, adrenals, and skin from rats
receiving different treatments were pre-
pared for histological study. Microscopic
examination indicated very little if any
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hemorrhage in the tissues. Of all the
tissues examined the spleen gave the
greatest amount of information. In the
spleens of rats deprived of sleep and
treated with anticoagulant, normoblastic
activity was reduced or absent. This
finding suggests that erythropoietic ac-
tivity had been reduced. Iron deposits
were also observed, indicating hemo-
lytic activity had increased.

The results indicate that the pro-
found anemia observed is related to
the particular mechanisms affected by

sleep deprivation in the presence of
the hypoprothrombinemia produced by
these anticoagulants. Behavioral ob-
servations and electroencephalograms
suggested that the rats attempted to
sleep and at times approached fast-
wave sleep (FWS), this being prevented
immediately by the animal’s head or
body falling into the water. The effect
of sleep deprivation was examined in
some animals with implanted -elec-
trodes. Figure 2A shows typical elec-
troencephalogram records and the in-
tegrated pattern (5) for control animals
and those deprived of sleep for 2 or
8 days. The changes in amplitude re-
flect an increase in slow waves associ-
ated with slow-wave sleep (SWS). These
have been calculated from the integrator
reset frequency, and the resulting means
of the mean integrator reset frequency
with standard deviations are graphically
represented in Fig. 2B. We can detect
a statistically significant change in mean
integrator reset frequency of animals
deprived of sleep as compared to con-
trols. The latter show little change over
the 8 days, whereas, for the former,
values increase over the whole 8 days.
Although the mean integrator reset re-
flects only change in amplitude, it may
be assumed from this that the animals
deprived of sleep had an increased
“pressure” for sleep. Behavioral and
electroencephalographic ~ observations
demonstrated that it was impossible
for the rats to attain FWS. Hence, the
increased “pressure” to sleep results in
more SWS, (Fig. 2), with the mean
integrator resets and the amount of
slow waves apparently increasing as the
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Fig. 2. Electrocorticograms and integrated pattern of electrocorticograms for rats deprived of sleep. (A) Characteristic electrocorti-
cogram and integrated pattern for control rats and rats deprived of sleep for 2 days or for 8 days. (B) Mean and standard deviation
of integrated electrocorticograms daily for control rats and rats deprived of sleep (SD), deprived of sleep and given saline
(SD +-saline), and deprived of sleep and given parachlorophenylalanine (SD -+ PCPA) for from 1 to 8 days. In each group,

N=4.
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length of time for deprivation of sleep
increases.

When rats are deprived of FWS,
there is an accumulation of serotonin
(6). If SWS is triggered by serotonin,
this increased “pressure” for SWS dur-
ing total FWS deprivation could be the
result of the increased accumulation of
serotonin. In Fig. 2B are shown the
mean integrator resets for the animals
which were treated with PCPA when
deprived of sleep. Treatment with this
compound in the dosage used results in
depletion of brain serotonin (7). It
can be seen that the rise in mean in-
tegrator resets over the 8 days of de-
privation of sleep did not occur, al-
though animals injected with saline
showed the same rise. While PCPA
thus prevented the increase in number
of mean integrator resets and thus the
increase in SWS, it did not suppress
SWS completely. The resulting mean
integrator reset values were not sta-
tistically different from those for the
control groups. Hence, a long-term de-
pletion of serotonin by continuous ad-
ministration of PCPA was not capable
of totally eliminating the slow waves
from the electroencephalogram. This
finding therefore raises the question of
whether serofonin is alone responsible
for SWS.

The histological analysis suggested
that the development of anemia was
due to (i) the development of a cer-
tain degree of hemolysis of red cells
(iron deposits were quite obvious in
sections of the spleen) and (ii) the
arrest of red cell maturation (normo-
blastic activity in the spleen seemed to
be markedly diminished in the anemic
animals). The mechanisms whereby
hypoplasia occurred are unknown, but
we might assume that sleep deprivation
affects the kidney (erythropoietin sys-
tem). A possible basis for hemolysis of
red cells is suggested by the work of
Luby et al. (8), who studied the effects
of sleep deprivation on the energy
transfer system of the red blood cell in
man and reported that the effort to
stay awake stimulated high energy turn-
over in the red blood cell while de-
pleting amounts of adenine phosphates.
Since we know that the decrease in
adenosine triphosphate in red cells
causes sphering (9) and we assume that
in our rats amounts of erythrocyte
adenosine triphosphate were decreased,
then we can assume that a certain de-
gree of spherocytosis occurred in the
anemic rats, making them more liable
to hemolysis. The development of the
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anemia was also probably related to an
additional effect on the platelets and
vessel wall. This is suggested by the
fact that, in those animals depleted of
serotonin by parachlorphenylalanine,
the anemia developed faster and the
hemorrhages (albeit small ones) in-
creased at about the same time that
the anemia developed. Serotonin is a
potent vasoactive compound that is
liberated at the time of hemorrhage
and augments vasoconstriction at the
site of injury, thus helping to prevent
loss of blood (10). It seems reasonable
to assume that the faster developing
anemic process with PCPA is due as
much to the removal of the action of
serotonin on the vessel wall as to re-
duction of brain serotonin and resulting
effect on sleep.
R. R. DRUCKER-COLIN *
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Polyadenylic Acid Sequences: Role in Conversion of

Nuclear RNA into Messenger RNA

Abstract. Polyadenylic acid [poly(A)] segments containing 150 to 250 nucleo-
tides appear to be covalently linked to heterogeneous nuclear RNA (HnRNA) and
messenger RNA (mRNA) in eucaryotic cells. The poly(A) is synthesized in the
nucleus, and is probably linked initially to HnRNA that is ultimately transported
as mRNA to the cytoplasm. Studies with inhibitors of RNA or poly(A) synthesis
indicate that synthesis of poly(A) segments is independent of transcription. The
poly(A) marker may prove useful to elucidate mRNA modification and transport

in eucaryotic cells.

Rapidly labeled nuclear RNA from
mammalian cells can be divided into
two major classes (/). In the nucleolus
there are large ribosomal precursor
RNA molecules of two uniform sizes
(458 and 32§ which undergo specific

cleavage to yield the RNA eventually
found in cytoplasmic ribosomes (2, 3).
The second type of nuclear RNA,
found outside the nucleolus, consists of
molecules ranging in size up to 20,000
nucleotides. The base composition of
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