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DRUCKER-COLIN, R. R., L. B. JAQUES AND T. A. CUNNINGHAM. Anemia from sleep deprivation with anticoagulants 
in rats with enhancement by PCPA. PHARMAC. BIOCHEM. BEHAV. 2(6) 817-826,  1974. - Profound anemia was 
observed to occur in 5 to 8 days in rats fed the anticoagulants phenylindanedione and dicumarol, when fast wave sleep 
(FWS) was prevented by the inverted flower pot technique. No anemia occurred in groups of rats deprived of FWS or 
receiving anticoagulants only. Anemia was accelerated by parachlorophenylalanine (PCPA). Anemia was slight when limited 
FWS was allowed by use of a larger platform or a continuous feeding period. Red blood cell, hemoglobin and hematocrit 
values all fell dramatically. There was little evidence of hemorrhage grossly, such as occurs in anticoagulant-treated rats 
with stress. Histologic study failed to display bleeding or stress involution of lymphoid tissue but did show diminished 
splenic iron depots and diminished haemopoietic activity in the splenic red pulp. Electroencephalography showed with 
sleep deprivation, a greater amount of brain waves of the type normally associated with slow wave sleep. This effect was 
partially blocked by serotonin depletion through PCPA injections. It is suggested that the development of anemia is due to 
the combined effects of several mechanisms. The results support the view that FWS-deprivation is not a stress. 

Anemia Anticoagulants Sleep-deprivation PCPA 

IN inves t iga t ions  for  the  past  t w e n t y  years ,  J aques  and co- 
workers  [5 ,6]  have s h o w n  t h a t  w h e n  an t i coagu lan t  drugs 
are admin i s t e red  in c o n j u n c t i o n  w i th  stress cond i t ions ,  the  
h e m o s t a t i c  p roper t i e s  of  the  c i rcu la tory  sys tem can be 
,;everely a l tered to the  po in t  of  causing d e a t h  f rom acute  
h e m m o r r h a g e .  A great  var ie ty  o f  stress c o n d i t i o n s  have 
been  tes ted  in c o n j u n c t i o n  wi th  an t i coagu lan t  drugs and 
these  cons i s t en t ly  lead to  the  same effect ,  the  s p o n t a n e o u s  
h e m o r r h a g e  synd rome .  This  refers  to  the  f ind ing  of  ex ten-  
sive in te rna l  h e m o r r h a g e  in the  animals .  If  the  stress condi-  
l ion  is severe, t he  h e m o r r h a g e  may  be  so great  as to  cause 
lhe  d e a t h  of the  an imal  in shock .  With  less severe stress, 
cons iderab le  ex t ravascu la r  b lood  is seen on  au topsy .  In 
add i t i on  to such stressors as i n t r ape r i t onea l  10% sod ium 
chlor ide ,  insul in  convuls ions ,  F o r m a l i n  s u b c u t a n e o u s l y ,  
e l ec t roshock ,  electr ic  shock to the  cage floor,  r e s t ra in t ,  
l imi t a t ion  of  m o v e m e n t ,  etc., the  p h e n o m e n o n  is p roduced  
by  an t i coagu lan t s  in ad r ena l ec t om i zed  rats  and by  ant i -  
coagulan ts  given wi th  ACTH and wi th  ce r ta in  steroids.  One 
e x p e r i m e n t a l  c o n d i t i o n  wh ich  has  no t  been  tes ted  in rela- 
t ion  to s p o n t a n e o u s  h e m o r r h a g e  is sleep depr iva t ion .  
E x p e r i m e n t s  were des igned to d e t e r m i n e  w h e t h e r  depriva-  

t i on  of  pa radox ica l  sleep (Fas t  Wave Sleep or  FWS) w h e n  
c o m b i n e d  wi th  an t i coagu lan t  drugs  would  p roduce  the  
same s p o n t a n e o u s  h e m m o r r h a g i c  ef fec ts  as did the  stressors 
previously  used in our  l abo ra to ry .  While d e t e r m i n i n g  the  
adequacy  of  t he  p rocedure  the  first p i lo t  e x p e r i m e n t s  
d e m o n s t r a t e d  a new and d i f f e ren t  p h e n o m e n o n  [3 ] .  The  
rats  in which  FWS was l imi ted  for  a per iod  of  8 days while  
receiving an  ind i rec t  an t i coagu lan t ,  deve loped  an ex t r eme ly  
severe anemia  wi th  ha rd ly  any  visible signs of  ex te rna l  or 
in t e rna l  hemor rhage .  The  resul ts  of  the  inves t iga t ion  of  this  
u n e x p e c t e d  and  novel  f ind ing  provide  the  subjec t  of  th is  
c o m m u n i c a t i o n .  The  fo l lowing ques t ions  were examined  - 
t he  onse t  and  na tu re  o f  the  anemia  p roduced ,  its unde r ly ing  
pa tho logy ,  the  re la t ion  o f  the  p h e n o m e n o n  to s p o n t a n e o u s  
h e m o r r h a g e  p roduced  in an t i coagu la ted  an imals  by  stress, 
t he  na tu re  and  effect  o f  changes  in the  sleep depr iva t ion  in 
p r o d u c t i o n  of  the  anemia .  

METHOD 

Animals 

Wistar s t rain,  male  ra ts  were used. In caring for  t h e m  the  

~Complete data and experimental details have been reported by Drucker-Colfn [2] together with discussion of suggestions in the 
lJiterature relating to the phenomenon. 

2 Present Address: Instituto de Biologia, Universidad Nacional Aut6noma de M~xico, M~xico, D.F., M~xico. 
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principles of the Canadian Federation of Biological Soci- 
eties were observed. When received, the animals weighed 
between 2 2 0 - 2 8 0  g and were allowed 15 days of acclimati- 
zation. Upon arrival the rats were randomly placed in 
individual cages housed in isolated airconditioned rooms at 
70 ° to 72 ° F, with fluorescent lighting and with controlled 
12 hr day-n igh t  cycles. During the acclimatization period, 
rats were fed powdered food ad lib and water containing 
100p.p.m. oxytetracycline. During an experiment, the 
animals were allowed to eat and drink a total of 8 hr a day, 
divided into three equal periods of 2 hr, 40 min in the 
morning, afternoon and evening. 

Body weights before and after the experiments were 
determined. At the end of the experiments, the rats were 
administered a lethal dose of Nembutal. Two samples of 
1.8 cc of blood each were drawn by cardiac puncture with 
disposable plastic syringes containing 0.2 cc of 3.8% sodium 
citrate. Organs and body cavities were examined carefully 
for signs of gross hemorrhage. Degree of hemorrhage was 
scored 0,1,2,3, or 4 as described previously [5,6] and the 
mean score calculated for each group of animals. 

Fast Wave Sleep Deprivation 

The sleep deprivation procedure consisted of placing the 
animals on a small platform (dia. 4.5 cm) surrounded by 
water inside a plastic container. This appeared to prevent 
total relaxation of the body musculature normally associ- 
ated with fast wave sleep (FWS) but did not prevent slow 
wave sleep (SWS). In a corollary experiment, the platform 
size was changed to 11 cm in diameter, which allowed the 
animals to relax. 

Drugs 

Two anticoagulants were used, 2-phenylindanedione 
(phenindione, danilone (Frosst))and 3:3'-methylenebis-(4- 
h y d r o x y c o u m a r i n )  (dicoumarol, dicumarol (Abbott)). 
These were individually mixed with the powdered food, in 
the proportions of 800 p.p.m, and 200 p.p.m, respectively. 
The animals were fed this mixture during their 8 hours of 
feeding time. Water was available at all times. The amount 
of food eaten each day was determined in some groups of 
animals. 

Para-ch lorophenyla lan ine  (PCPA) from Nutritional 
Biochemical Corporation, Cleveland, Ohio (316 rag) was 
suspended in 10 cc of  saline and a few drops of Tween 80 
and 316 mg/kg given i.p. Animals whose sleep deprivation 
periods extended beyond this received further injections at 
72 hr intervals. Injections of 0.9% saline were used as con- 
trols for the effects of  PCPA. 

Blood Tests 

Blood samples from each rat were measured by the 
hematology section of the University Hospital with the aid 
of a model S Coulter Counter, for WBC, RBC, hemoglobin 
(HGB), hematocrit (Hct), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC). Prothrombin time was 
measured in duplicate by the Quick modified one-stage 
method, using commercial thromboplastins (Baltimore 
Biological Lab.) and Fibroplastin (Beckton and Dickinson 
Co.). Times were measured to 200 sec which is about 20 
times the normal values. Values are recorded as geometric 
means, standard deviation, standard error. 

Histology 

Pancreas, adrenals, kidneys, spleen, liver, testes, small 
intestine, large intestine, lung and heart from at least two 
rats from each experiment were removed immediately after 
the blood samples were taken and fixed in Susa for 16 hr 
following which the fixative was drained off and replaced 
with 80% alcohol. The tissues were processed in an auto- 
matic tissue processor and embedded in paraplast com- 
pound (Fisher Scientific Co.). Random sections of 8 u 
thickness were cut and stained. Four staining procedures 
were used: hematoxylin and eosin (H & E), H.P.S. tri- 
chrome, polychrome, Prussian blue. 

EEG Recording 

U n d e r  s e m i - a s e p t i c  conditions and pentobarbital 
anesthesia (50 mg/kg) with the stereotaxic technique, 
stainless steel jeweler's screws were implanted over the 
cortical surface of the rat's skull 2 mm lateral to the 
midline, 2 mm posterior and 2 mm anterior to the bregma. 
The electrodes were joined to a 9 pin miniature Cannon 
Connector and the entire assembly was fixed to the skull 
with dental acrylic (Nu-Weld). After a minimum 15 days of 
postoperative recovery in their home cage the rats were 
placed inside the sleep deprivation containers in a radio 
frequency shielded room and EEG recordings made with a 
Grass Model 5 D, 4 Channel Polygraph with one of the 
channels integrated with a Grass Model UI-1 Unit Inte- 
grator. The animals were recorded for a period of 4 hr daily 
between 8:00 p.m. and midnight. Recordings from all rats 
and integrations were made with the same sensitivity 
settings. The EEG was analyzed by visual inspection and 
the occurrence of slow waves over time was calculated. 

RESULTS 

Anemia Produced by FWS - Deprivation With Anti- 
coagulants 

Independent groups of 10 rats were FWS-deprived from 
between 1 to 8 days with and without anticoagulants, while 
at the same time separate groups of rats were either treated 
with anticoagulant only, or given no treatment at all. On 
the final day of treatment, the rats were killed for deter- 
mination of hematological values. The values as mean and 
standard deviation for all normal animals and animals with 
single treatments are shown in Table 1. Tests for signifi- 
cance (t-tests) showed no difference in these values for the 
normal and single treatment groups (with the exception of 
values for prothrombin time). There is great uniformity in 
values as shown by the small values for the standard devia- 
tion, indicating uniformity in the rat population even with 
these treatments. 

In the lower part of Table 1 are shown the values for 
individual rats FWS-deprived and receiving dicumarol for 8 
days. In this group of 10 rats, 3 showed hematocrit values 
below 10%, 2 more below 20%. Hematologic values for one 
of these were RBC - 0.71 x 106/mm 3, hemoglobin, 
1.7 g %, hematocrit - 4.4%. In spite of these very low 
values, values for mean corpuscular volume, mean corpuscu- 
lar hemoglobin and mean corpuscular hemoglobin concen- 
tration of these animals were still in the range of normal. 
This shows that a normocytic anemia was produced. Three 
rats gave values within the normal range and one (Nr. 8-7) 
was close to normal. In spite of the dilution effect of these 
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TABLE 1 

HEMATOLOGIC VALUES AND HEMORRHAGE SCORE FOR RATS RECEIVING ANTICOAGULANTS WITH AND WITHOUT 
SLEEP-DEPRIVATION 

Rat WBC × RBC × Hgb Hct MCV MCH MCHC Proth. T. Hem. 
No. 103/mm 3 106/mm 3 gm% % /~ 3 #ug % (sec) Score 

Mean Values for 79 Control Rats (No Treatment) 

Mean 5.99 6.60 13.50 37.36 52.95 19.82 36.58 18.86 

S.D. 2.84 0.51 1.00 2.95 2.85 1.03 1.62 0.11 

Mean Values for 70 Rats on Sleep-Deprivation 

Mean 7.48 6.60 14.36 38.32 55.20 21.66 37.61 18.43 

S.D. 1.18 0.29 0.56 1.29 2.65 0.90 0.75 0.10 

Mean 10.59 6.51 

S.D. 2.59 0.44 

Mean 5.94 6.60 

S.D. 2.71 0.47 

~ 0 1.7 2.90 

8-1 4.1 3.43 

8 -2  3.2 6.04 

8-3  3.8 6.03 

8-4  4.8 5.95 

8-5  29.8 i .76 

8 -6  27.5 1.08 

8-7  6.5 5.34 

8 -8  3.2 0.71 

8-9  7.0 0.83 

Mean 9.16 3.40 

S.D. 10.40 2.26 

Mean Values for 80 Rats Treated with Dicoumarol 

12.40 35.29 53.1 19.08 34.95 

0.55 2.06 1.59 0.59 0.64 

Mean Values for 80 Rats Treated with Phenindione 

13.38 35.98 53.56 19.79 35.97 

0.80 2.42 2.93 1.02 3.62 

Individual Values for 10 Rats on Day 8 of Combined Treatment 
(Dicoumarol and Sleep-Deprivation) 

5.9 16.7 51. 17.8 36.6 200 1 

6.9 20.8 54. 17.8 34.7 200 1 

13.1 37.3 55. 19.2 36.7 125 1 

12.5 35.5 52. 18.3 36.8 104 0 

13.1 36.6 54. 19.4 37.5 172 0 

4.6 14.0 71. 23.2 34.3 151 0 

2.9 8.7 71. 23.2 33.8 200 1 

11.6 32.3 53. 19.2 37.7 200 0 

1.7 4.4 56. 21.2 38.6 163 1 

2.2 5.6 61. 23.1 38.7 182 3 

7.4 21.19 57.8 20.24 36.54 166.2 

4.69 13.24 7.46 2.24 1.73 1.25 

0.5 

0.1 

0.4 

0.8 

normal  values, mean  values for  the  group were in the 
a n e m i c  r a n g e .  Ident ical  results were obta ined wi th  
phen ind ione  and wi th  dicumarol .  Mean values for RBC 
count ,  hema toc r i t  and hemog lob in  for each group of  10 
rats at daily intervals are shown in Fig. 1 for  animals sub- 
jec ted  to FWS-deprivat ion while receiving phen ind ione .  All 
three  values were  in the anemic range on the  sixth and 
seventh day and were hal f  o f  normal  mean values on the  
eighth day. On Day 6, one,  Day 7, three ,  and Day 8, seven 
rats showed severe anemia (50% reduc t ion  in hemoglobin) .  

Both  the  individual and mean values showed a parallel 
r educ t ion  in values for  RBC's, hemoglob in ,  hematocr i t ,  
again indicat ing a n o r m o c y t i c  anemia.  P r o t h r o m b i n  t imes 
increased wi th  the  ant icoagulants  f rom the four th  day. 
Compar i son  o f  the  values for  hemoglob in ,  hematocr i t  and 
RBC's of  con t inued  con t ro l  groups versus combined  treat-  
ment  groups for  each day were made with t-tests. Values of  
p for Days 6, 7 and 8 in all cases were <0 .001.  

Figure 2a shows the  appearance  of  a normal  contro l  rat 
and Fig. 2b, a sleep-deprived ant icoagulated rat af ter  8 
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FIG, 1. Hematological values for steep-deprived rats with 
phenylindanedione. Mean hematocrit, hemoglobin concentration, 
RBC count and prothrombin time for each day of treatment. 
Each point represents mean values for 10 rats with S.E. [ ] -  El 
Hemoglobin (Hgb.) A _ A Hematocrit value. 0 - 0 Red blood cell 

count. • - • Prothrombin time. 

days. It is evident  t ha t  the  anemia  developed in these  
animals  could even be seen on  gross exam i na t i on .  The 
an imal  in Fig. 2b has very l i t t le  b lood  as judged  by  the  
paleness  of  the  t issues such as liver, k idneys ,  skin and lungs, 
when  compared  to the  co lour  of  t issues of  the  con t ro l  
animal.  At  t imes  it was even possible  to  detec~ an anemic  
rat  b y  ex te rna l  examina t ion .  The  ears were very pale, the  
eyes were bare ly  pink,  and  the i r  feet  seemed to have lost  
b lood  c i rcula t ion.  Hence,  the  severi ty of  the  anemia  was 
obv ious  on  gross inspec t ion  by  Day 8 and could be 
observed as early as Day 5. 

On visual inspec t ion  of  each an imal ' s  in te rna l  organs, 
there  was no b lood  or  on ly  a slight ind ica t ion  of  free b lood  
in the  cavities or of  hemor rhag ic  pa tches  in the  organs. In 
the  few excep t ions  where  some h e m o r r h a g e  was present  it 
was felt t ha t  the  degree of  anemia  did not  co r respond  wi th  
the  degree of  hemorrhage .  This, as we will see later,  was 
c o r r o b o r a t e d  by  the  his tological  material .  The h e m o r r h a g e  
scores on  Day 8 for  s leep-deprived rats  receiving d icumaro l  
are also repor ted  in Table  1. The mean  score was 0.8, close 
to  t ha t  for  d i c o u m a r o l  alone,  0.5.  In expe r i m en t s  on  rats  
subjec ted  to  severe stress and  t hen  receiving an t i coagu lan t s  
the  mean  h e m o r r h a g e  score on  Days 6 to 10 is a b o u t  3.5 
[5 ,6 ] .  The  mean  h e m o r r h a g e  score did no t  even reach  the  
score of  1 and was no t  re lated to t ha t  degree of  anemia.  
Thus  the  same degree of  h e m o r r h a g e  was observed in Rat  

8-8 (Table  l )  w i th  severe anemia  as in Rat  8-2 wi th  essen- 
tially no rma l  hemato log ica l  values. Thus,  w h e n  animals  
showed  signs of  h e m o r r h a g e  on  gross examina t i on ,  these  
signs were m i n o r  in compar i son  to the  magn i tude  of  the  
anemia.  

Histological  mater ia l  was s tudied for  possible  in forma-  
t ion  as to  the  cause of  the  anemia.  Microscopical ly,  no 
evidence of  h e m o r r h a g e  was found .  The  spleen gave the  
greatest  a m o u n t  of  i n fo rma t ion .  The red pulp  of  the  con- 
t ro l  animals  ( shown  in Fig. 2c) con t a ined  active e ry th ro id  
c o l o n i e s  and easily ident i f iab le  megakaryocy tes .  The 
n u m b e r s  of  b o t h  of  these  were marked ly  reduced in the  
sleep-deprived animals  receiving an t i coagu lan t  (Fig. 2d). In 
cont ras t ,  the  l ympho id  appa ra tus  of  these  spleens showed 
no evidence of  stress invo lu t ion  (Fig. 2d). The  con t ro l  
an imal  spleens con t a ined  easily visible iron stores (Fig. 2e). 
In the  animals  which  were anemic  th is  was cons iderab ly  
reduced  (Fig. 2f). A few examples  of  e r y t h r o p h a g o c y t o s i s  
were found  in the  h is t iocytes  of  the  red pulp in the  anemic  
animals.  

t~yJbct o f  PCPA on Production o f  Anemia by FWS- 
deprivation with Anticoagulant 

I n d e p e n d e n t  groups  of  10 rats  were sleep-deprived and 
admin i s t e red  p h e n i n d i o n e  f rom b e t w e e n  1 to 8 days. In 
add i t i on  they  were given i.p. in jec t ions  of  316 mg/kg  of 
PCPA 24 hr  pr ior  to  the  beg inn ing  of  the  sleep depr iva t ion  
wi th  p h e n i n d i o n e ,  and repeated  every 72 hr. Ten cc/kg of  
i so tonic  saline was in jected in t r ape r i t onea l ly  on  the  same 
days to rats o f  con t ro l  groups.  It was observed t ha t  PCPA 
added to FWS-depr iva t ion  and  p h e n i n d i o n e  has an acceler- 
a t ing effect  on  the  anemic  process.  This  is d e m o n s t r a t e d  in 
Table  2 in which  values are compared  for  Days 3, 4 and 5. 
Compared  to the  values for  RBC coun t s  for FWS-deprived + 
dan i lone  w i t h o u t  PCPA, the  decrease  in n u m b e r  of  red cells 
w h e n  PCPA had been  admin i s t e red  was highly s ignif icant  
on  Day 4 ( p < 0 . 0 0 1 )  and Day 5 ( p < 0 . 0 0 1 ) .  The effect  of  
PCPA was even more  s t r ik ing f rom the  original  records.  One 
rat  a f te r  one  day of  t r e a t m e n t s  had  a h e m o g l o b i n  value of  
5.6 g, two rats on  Day 3, 5.8 and 8.7. Normal  h e m o g l o b i n  
values were found  in on ly  1 rat on  Day 5, 2 on  Day 6 and 2 
on  Day 8, ind ica t ing  t ha t  PCPA had  increased the  inc idence  
of  rats developing  anemia.  Compar ing  the  inc idence  of  
anemia  on  Days 5, 6 and 8 wi th  and  w i t h o u t  PCPA, the  
p robab i l i ty  (p)  of  f inding the  increased inc idence  by chance  
a lone  was < 0 . 0 0 1 .  The  o t h e r  hemato log ica l  pa ramete r s  for  
each rat  changed parallel  wi th  the  h e m o g l o b i n  value. 

Weight Loss and Production o f  Anemia 

All animals  were weighed at the  beg inn ing  and at the  end  
of  the i r  respect ive expe r imen t a l  p rogram.  It was no t iced  
t ha t  mos t  animals  were losing weight.  A close look at this  
loss of  weight,  however  ind ica ted  t ha t  the  anemia  could not  
be a t t r i b u t e d  to loss of  weight.  A twoway  h i s togram 
(Fig. 3) clearly shows t ha t  the  n o n a n e m i c  FWS-deprived 
group lost a lmost  the  same percent  of  weight  as did the  
anemic  animals  (FWS-deprived wi th  phen ind ione ) .  None  
the  less, h e m o g l o b i n  values r emained  pract ica l ly  the  same 
for  the  fo rmer  and decreased for  the  lat ter .  F u r t h e r m o r e ,  
the  animals  were ea t ing the i r  food since all an t icoagulan t -  
t r ea ted  rats were h y p o p r o t h r o m b i n e m i c  and daily records  
of  food in take  shows all ra ts  ate a p p r o x i m a t e l y  the  same 
a m o u n t  of  food.  Hence,  decreased food in take  c a n n o t  be 
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b 

FIG. 2. Photographs of  anemia in rats produced by sleep-deprivation with anticoagulants, a. Control rat. b. Anemic rat after 8 days of 
combined treatment by sleep-deprivation and phenindione. (Note paleness of tissue and absence of  hemorrhage), c. and d. - Photomicrographs 
o:r spleen, stained with H & E. Magnificantion = 265.6 ×. c = Control animal, d = Anemic, sleep-deprived rat receiving phenindione. Note 
normoblast colonies inside circles in red pulp of  control animal and lack of  it in d. Also normal lymphoid follicle, L, in d, demonstrating lack 
oJ ~ stress effect in the experimental animal; e. and f. - Photomicrographs of spleens from anemic rats stained with Prussian blue/Neutral 
red. Magnification = 252 ×, photographed with orange filter, Zeiss No. 54. e = Control; f = sleep-deprived treated with phenindione. Note 

diminished number of metallophil cells with treatment. 
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T A B L E  2 

EFFECT OF PCPA ON THE DEVELOPMENT OF ANEMIA WITH FWS-DEPR1VATION AND 
INDIRECT ANTICOAGULANT 

RBC count  × 106 /mm 3. Mean -+ s.e.m. (n = 10) 

Trea tment  Day 3 Day 4 Day 5 

FWS-deprived + danilone 

Above + Saline 

Above + PCPA 

6.60 + 0.07 (0) 

6.45 ~ 0.19 (0) 

5.65 -+ 0.47 (1) 

6.67 -+ 0.14 (0) 

6.99 + 0.11 (1) 

4.99 + 0.39 (7) 

6.47 + 0.07 (4) 

7.35 + 0.11 (0) 

2.70-~ 0.64 (8) 

( ) indicates number  of  rats with Hemoglobin <50% of normal  (i.e. very anemic). 
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FIG. 3. Hemoglobin and weight loss o f  sleep-deprived rats. Twoway histogram showing mean hemoglobin and percent weight loss 
for sleep-deprived phenindione-treated groups (SD + Pid) and sleep-deprived (SD only) groups. On extreme right-hand side, 
comparison is made of  values for 8th day between: A - rats fed (with rest) eight hours  cont inuous  and B - those fed for 2 hr 40 

min three t imes a day. Rats in Group A showed normal  mean hemoglobin values and the same weight change. 

r e s p o n s i b l e  fo r  t h e  a n e m i a .  T h e  s leep  d e p r i v a t i o n  + p h e n i n -  
d i o n e  + P C P A  g r o u p  s h o w e d  t h e  g r e a t e s t  w e i g h t  loss ,  as 
wel l  as t h e  m o s t  c o n s i s t e n t  r ise in ave rage  h e m o r r h a g e  s co re  
b u t  t h e  m a x i m u m  v a l u e s  r e m a i n e d  w i t h i n  c lose  l imi t s  o f  t h e  
m a x i m u m  v a l u e s  s h o w n  b y  o t h e r  g r o u p s .  

A l so  s h o w n  in Fig. 3 are  t h e  r e s u l t s  w i t h  a g r o u p  o f  10 
ra t s  s l e e p - d e p r i v e d  fo r  8 d a y s  whi le  r e ce i v i ng  p h e n i n d i o n e  
b u t  fed  in t h e i r  h o m e  cages  fo r  8 c o n t i n u o u s  h o u r s  as 

o p p o s e d  to  t h o s e  o f  t h e  p r e v i o u s  g r o u p s  w h i c h  were  also 
fed  fo r  8 h o u r s ,  b u t  o n  a s c h e d u l e  o f  2 h r  40  m i n  3 t i m e s  a 
day .  T h e  d i f f e r e n c e  b e t w e e n  t h e s e  g r o u p s  was  t h a t  t h e  
a n i m a l s  in t h e  c o n t i n u o u s l y  fed  g r o u p  cou ld  n o t  o n l y  ea t ,  
b u t  were  o b s e r v e d  to  s l eep  a c e r t a i n  a m o u n t  o f  t h i s  t i m e .  
T h e  w e i g h t  loss  was  s imi lar .  T h e  a n i m a l s  a l l o w e d  8 c o n s e c u -  
t ive h r  in t he i r  cages  s h o w e d  h e m a t o l o g i c a l  va lue s  w i t h i n  
n o r m a l  l im i t s  ( R B C ,  5 .90  +- 0 . 2 1 / m i n  3, Hgb,  12 .4  -+ 0 .4 /g ,  
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h e m a t o c r i t  35.2 + 1.4%, MCV, 56 .1 /u  3 , MCH, 20.3 + 0.35 
~ug, MCHC 36.1 +- 0 .56%, p r o t h r o m b i n  t ime,  92.6 + 1.18 
sec, h e m m o r r h a g e  score,  0.1). 

Environment and Development  o f  Anemia 

To tes t  t he  in f luence  of  the  p l a t f o r m  on  the  develop-  
m e n t  of  anemia ,  10 rats  were placed for  8 days  in the  
con ta ine r s  wi th  large p l a t f o r m s  (11 cm in dia.)  and  fed 
p h e n i n d i o n e  in the  usual  schedule .  This  size of  p l a t f o r m  
al lowed ra ts  to  sleep inside the  con ta ine rs ,  yet  the  si tua- 
t iona l  su r round ings  were exac t ly  the  same. At  the  end of  
the  e x p e r i m e n t ,  h e m o r r h a g e  score was r ecorded  and b lood  
r emoved  and  ana lyzed .  Mean values (wi th  s t andard  er ror )  
for  the  10 rats  were:  ini t ia l  weight  319 .4  g, f inal  weight  
3 0 0 . 6 g ,  RBC's  7 .03 + 0.14,  h e m o g l o b i n  14.12 + 0.33,  
h e m a t o c r i t  37.21 + 0.86,  p r o t h r o m b i n  t ine ,  101.3 + 1.25. 
The  b lood  pa rame te r s  in the  g roup  on  the  larger p l a t f o r m  
were c o m p l e t e l y  normal .  There  was slight h e m o r r h a g e  in 
on ly  one  of  t he  an imals  a r o u n d  the  tes t icu lar  area. 

Nature o f  Sleep Deprivation in These Experiments 

The  inver ted  f lower  po t  t e c h n i q u e  of  s leep-depr iva t ion  
dissociates  the  two  s ta te  of  sleep, so t ha t  an imals  u n d e r  
these  cond i t i ons  c a n n o t  fall i n to  FWS, bu t  on ly  in to  SWS 
[ 1 3 ] .  In this  m a n n e r  and u n d e r  these  cond i t ions ,  any  sleep 
t ha t  occurs  in the  an imal  is perforce ,  SWS. To examine  the  
sleep p a t t e r n s  of  the  an imals  u n d e r  the  cond i t ions  used,  a 
separate  series of  rats  were s tudied  by  e lec t roencepha log-  
raphy.  

F o u r  groups  of  12 rats  were used in these  expe r imen t s .  
They  cons is ted  of: 1 - con t ro l  group,  2 - sleep depr ived  
group,  3 -- sleep depr ived  + PCPA group,  4 - sleep depr ived  
+ saline group.  Each rat  w i th in  its respect ive  group  was 
recorded  for  a pe r iod  of  8 days. Prior  to  the  sleep depriva-  
t ion  e x p e r i m e n t s  2 rats  were recorded  c o n t i n u o u s l y  for  18 
hr  dur ing  wakefulness ,  slow wave sleep. These  record ings  
c o n f i r m e d  the  adequacy  of  ou r  EEG record ing  set up and 
agreed wi th  k n o w n  e lec t rophys io log ica l  charac te r i s t ics  of  
wakefu lness  and  sleep. When  sleep and  wakefu lness  were 
b r o k e n  d o w n  in to  pe rcen tage  of  to t a l  r ecord ing  t ime,  we 
ob t a ined  53% wakefulness ,  34% SWS and 13% FWS. E E G ' s  
were t h e n  r eco rded  f rom rats  in the  s leep-depr iva t ion  
chamber s  for  4 hr  a day.  The  resul ts  of  the  e x a m i n a t i o n  of  
the  EEG records  are r e p o r t e d  in Fig. 4 as the  pe r cen t  of  
t ime  in SW sleep. There  is no  d o u b t  f rom behaviora l  obser-  
va t ion  o f  the  rats  t h a t  t hey  would  a t t e m p t  to  sleep and  at 
t imes  even beg in  to  go in to  FWS, th is  be ing  p r even t ed  
i m m e d i a t e l y  b y  the  fall o f  an ima l ' s  head  or b o d y  in to  the  
water .  The  figure shows the re  was a m a r k e d  increase  in the  
~.mount of  SWS in the  an imals  subjec ted  to s leep-depr ivat ion.  
In jec t ions  of  saline had  no  ef fec t  on  th is  bu t  in j ec t ion  of  
PCPA reduced  the  a m o u n t  of  SWS bu t  no t  ent i re ly .  The  
resul ts  of  analysis  o f  these  records  t h r o u g h  an  in tegra ted  
EEG have been  r epo r t ed  by  Drucker -Col in ,  et al. [3 ] .  

DISCUSSION 

The  presen t  inves t iga t ions  were carried ou t  as a resul t  of  
the  obse rva t ion  t ha t  a very severe anemia  deve loped  w i th  
the  a d m i n i s t r a t i o n  o f  an t i coagu lan t  drugs  dur ing  sleep 
depr iva t ion  of  rats.  As th is  p h e n o m e n o n  has no t  b e e n  
descr ibed previously ,  it requires  inves t iga t ion  as a new 
p h e n o m e n o n  wi th  drugs  and  one  of  possible  clinical signifi- 
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FIG. 4. Relative periods of wakefulness and slow wave sleep in rats. 
Mean percent of time (minutes) spent in slow wave sleep (SWS) by 
ECoG recording during test period for groups of 12 rats on Days 1 
to 8. Control, SD = Sleep-deprived, SD + Saline = Sleep-deprived 
and injected with saline, SD + PCPA = Sleep-deprived and injected 
with PCPA 24 hr before beginning sleep deprivation and then at 72 

hr intervals. 

cance.  Inves t iga t ion  is requi red  of  the  na tu re  of  the  anemia ,  
i ts  e t io logy and  of  the  c o n d i t i o n s  which  in c o m b i n a t i o n  
p roduce  it. 

The  severi ty  o f  t he  anemia  p r o d u c e d  was mos t  s t r ik ing 
in every series o f  ra ts  invest igated.  Many readers  will 
w o n d e r  h o w  the  3 ra ts  in Table  1 w i th  a h e m a t o c r i t  value 
less t h a n  10% could survive. This  in i tself  ind ica tes  t ha t  in 
the  d e v e l o p m e n t  of  t he  anemia ,  the re  was t ime  for  circu- 
l a to ry  ad jus tmen t s .  Fu r the r ,  as the  tab le  indicates ,  develop-  
m e n t  o f  anemia  appeared  to  be  an a l l -or -noth ing  p h e n o m e -  



824 DRUCKER-COLIN,  J A Q U E S  AND CUNNINGHAM 

non. In each group of  l0  rats, about  5 rats developed 
anemia and 5 rats maintained normal  blood values. 

A severe anemia developing after 6 days of  t rea tment  
wi thout  signs of  external  blood loss might be due to inter- 
nal hemorrhage,  occult  blood in urine and feces, or 
hemolysis,  and would be accelerated by suppression of  
hemopoiesis.  In an initial investigation, it has not  been 
possible to examine  all these various possibilities but  there 
are suggestions f rom the results obtained that  the anemia is 
produced by a combina t ion  o f  these developments .  The 
ident i f icat ion of  the anemia as normocy t i c  is in agreement  
with this conclusion.  

Internal  hemorrhage was present to a slight degree in the 
animals as can be seen from Table 1. A small but  con- 
sistent elevation of  the degree of  hemorrhage occurred in 
those groups having combined treatments .  However ,  the 
picture was quite  different  f rom that  seen when stressed 
rats are given anticoagulants  [5,6] .  In these, considerable 
free blood in body cavities and/or  extensive hema toma ta  
are found and in those animals which develop anemia with 
little evidence of  gross bleeding, histological examinat ion  
demonstra tes  widespread microscopic  bleeding. As these 
symptoms  were not  found in FWS-deprived rats on anti- 
coagulants, we must conclude that  internal  hemorrhage was 
not  an obvious cont r ibutor  to the deve lopment  of  anemia 
and that  the hemorrhage that did occur  was not  produced 
by stress affect ing the vascular componen t  of  hemostasis. 
The latter conclusion indicates that  the small amount  of 
hemorrhage observed was due to o ther  defects  in hemo-  
stasis. Such a defect  could be a decreased effectiveness of  
platelets in hemostasis. Jaques and Fisher [7] showed that 
the adminis t ra t ion of  a serotonin deple tor  will disturb 
hemostasis through its effect  on platelet  funct ion.  In 
thrombasthenia  with a lower level of  platelet  ATP, hemor-  
rhages are observed. Ninety  percent  of  adenine nucleot ides  
in platelets originate from the red cell [9] .  Luby e t  al. [ 13] 
reported that  in man, the effort  to stay awake st imulated 
high energy turnover  in the red blood cell, deplet ing levels 
of  adenine phosphates,  after only 48 to 96 hr of  sleep 
deprivation.  It is possible that  in our  exper imenta l  animal a 
decrease in ADP from red cells resulted in a failure of  plate- 
lets to aggregate. That the anemia resulted f rom an 
addit ional  effect  on hemostasis at the level of  platelets and 
vessel wall is further  suggested by the fact that  the anemia 
accompanied by small hemorrhages developed faster in 
those animals which were depleted of  serotonin by PCPA. 
The observat ion that slight hemorrhage appeared in all 
animals at approximate ly  the same t ime as the anemia, 
favors the view that  the hemorrhage resulted from lowered 
levels of  adenine nucleot ides  in the red cell. 

Evaluat ion of  blood loss through occult  blood in urine 
and feces requires sophisticated iron balance studies not  
practical in an initial investigation. Daily fecal examinat ion  
of sleep-deprived rats receiving dicumarol  (after the main 
study was completed)  showed some occult  blood in feces of  
three o f  ten rats on the sixth day only, so that this was not  
a p rominen t  feature in the symptomato logy .  

Hemolysis of red cells might be expected following 
sleep-deprivation. The decrease in ATP observed by Luby e t  
al. [ 13] will cause sphering of  red cells and this will lead to 
their rupture  in capillaries. This series of  events occurring in 
the rats in our  exper iments  could result in hemolysis.  No 
direct tests were made of  red cell fragility. Evidence for a 
hemolyt ic  process was the occurrence of  slight erythrophag-  

ocytosis in the spleens of  the anemic animals. This was 
accompanied by the paradoxical  disappearance of  depot  
iron since much greater amounts  of  this were observed in 
the control  animals. Disturbance of  iron metabol ism has 
been reported with total  sleep deprivat ion in man by Kuhn 
e t a / .  [ 11 ] who observed a marked drop in plasma iron with 
decrease in the daily rhy thm.  One would expect  an increase 
in plasma iron with decreased iron storage so that  changes 
in iron metabol ism may not  be comparable  in these experi- 
ments with those of  Kuhn e t  al. [ 11 ] with quite  different  
sleep-deprivation. It is not  clear why the splenic hemo- 
pioetic activity was diminished. One possibility is through 
the diet, since dietary protein deficiency in rats decreases 
hemoglobin  produc t ion  within a few days through de- 
creased format ion  of  ery thropoie t in .  It will be not iced f rom 
our  results that all animals except  in the untreated control  
group lost a great deal of  weight. This was particularly 
not iceable  in the FWS-deprived animals. As food intake was 
similar for all groups (Fig. 3), then protein deficiency as a 
factor in increased erythropoiesis  can probably be discarded 
except  for one obvious fact. The maintenance of  a pro- 
longed period of  wakefulness seems to require a great deal 
of  energy (Luby e t  al. [ 13] ).This is accompanied by signifi- 
cant changes in carbohydrate  and fat metabol ism (Kuhn e t  
al. [12]) .  It is therefore  possible that even though FWS- 
deprived animals eat the same quanti t ies  of  food as control  
animals, their  energy requirements  are much greater and 
they need to ingest greater amounts  of  food to maintain an 
adequate  intake of  dietary proteins. Another  possibility is 
that indirect anticoagulants  have some effect  on splenic 
erythropoiesis.  However,  no such pharmacologic  effects as a 
general rule have been reported.  

F rom various clinical observations it is possible to specu- 
late that there may be relationships be tween  sleep rhythms,  
growth hormone  and erythropoiesis  either direct ly or 
through effects on erythropoie t in .  Therefore  we suggest 
that the anemia is produced by a combina t ion  of  minor 
hemorrhages due to platelet  defects in the presence of anti- 
coagulant,  diminished haemopoiesis  and perhaps haemoly-  
sis. The suggestions for the relation of  FWS-deprivation to 
these events indicate that FWS-deprivation would seem to 
affect blood in a very roundabout  way, by having some 
very severe metabol ic  and/or  physiological effects  on all 
systems of  the organism, which become obvious only when 
such systems are further  tampered with pharmacological ly.  

Examina t ion  of  the condi t ions  which produced this new 
phenomenon  refers part icularly to the anticoagulants  and 
to the FWS-deprivation.  The ant icoagulant  effect  was mea- 
sured by de te rmina t ion  of  p ro th rombin  times. The mean 
p ro th rombin  t ime response of  groups of  animals are 
reported in Fig. 1. This increased over the eight days of  
t reatment .  While differences were observed in the pro- 
th rombin  t ime response for phenindione  and phenindione-  
FWS-deprived animals, this was not  seen in the dicumarol  
series and this did not  seem to be related to the develop- 
ment  of  anemia. 

The cont r ibut ion  of  the sleep-deprivation procedures to 
the deve lopment  of  anemia was examined by altering the 
pla t form size, by changing the schedule and by the parallel 
study of  electrocort icograms.  Drucker-Col in  e t  aL [3] have 
already reported that  behavioural  studies and the electro- 
cor t icogram records indicated suppression of  FWS. This is 
supported by Fig. 4 which reports  the relative periods in 
slow wave sleep (SWS). PCPA which reduced the percent  in 
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SWS, as s h o w n  in Table  2 acce le ra ted  the  onse t  and 
increased  the  inc idence  of  anemia .  This  again po in t s  to  an  
a 'ssociation b e t w e e n  sleep dep r i va t i on  ( in th i s  case a depres-  
s ion of  slow-wave sleep) and  t he  d e v e l o p m e n t  of  anemia  in 
the  p resence  of  an t i coagu la t ion .  It  was seen by  d i rec t  obser-  
wation t ha t  increas ing  the  p l a t f o r m  size a l lowed more  
n o r m a l  sleep. As these  ra ts  did no t  deve lop  anemia ,  th is  also 
suppor t s  the  conc lus ion  t h a t  the  p r o d u c t i o n  of  anemia  is 
re la ted to the  i n t e r f e r ence  of  sleep in the  p r o c e d u r e  used. 

It is l ikely t ha t  the  anemia  is p r o d u c e d  on ly  by  a reduc-  
t ion  in FWS to a cri t ical  level judg ing  b y  t he  resul ts  of  
claanging the  feeding schedule .  With the  to ta l  feeding t ime  
in the  h o m e  cages the  same, anemia  was no t  observed  w h e n  
this  t ime  was c o n t i n u o u s  so t h a t  the  an imal  used par t  of  it 
for  s leeping as well as eating.  

An  i m p o r t a n t  ques t ion  is t he  r e l a t ion  of  the  p rocedure s  
used to stress. As po i n t ed  ou t  above ,  the  origin of  the  
inves t iga t ion  was the  obse rva t ion  t h a t  FWS-depr ived rats  
receiving an  an t i coagu lan t  did no t  exh ib i t  t he  s y m p t o m s  
( , ;pon taneous  h e m o r r h a g e )  seen w h e n  rats  exposed  to vari- 
ous  well es tab l i shed  stressors  were given an t i coagu lan t s  bu t  
showed  a d i f fe ren t  p h e n o m e n o n  (anemia) .  The  c r i te r ion  
tha t  a par t i cu la r  s y m p t o m  is due  to stress is t h a t  th i s  
s y m p t o m  is no t  specific to  t he  t r e a t m e n t  and  converse ly  
tha t  the  s y m p t o m  can be  elicited b y  o t h e r  nonspec i f i c  
t r e a tmen t s .  In t he  words  o f  He iner  et  al. [ 4 ] ,  " i t  is 
i m p o r t a n t  to  d i s t inguish  the  d i rec t  e f fec ts  of  pa radox ica l  
sleep dep r iva t ion  f rom o t h e r  changes  no t  d i rec t ly  re la ted  to  
s leep."  Di f fe rences  in the  t e c h n i q u e  used for  p r o d u c i n g  
FWS-depr iva t ion  may  i n t r o d u c e  stress as an a c c o m p a n i m e n t  
of  the  s leep-depr iva t ion .  It  m ay  be t ha t  the  c o n d i t i o n s  of  
feeding (fed in t he  t a n k )  used b y  Stern  and H a r t m a n n  [ 18] 
to  d e m o n s t r a t e  adrena l  gland h y p e r t r o p h y  and t h y m u s  
gland a t r o p h y  wi th  FWS-depr iva t ion  i n t r o d u c e d  a stress 
which  was no t  p resen t  in our  e x p e r i m e n t  where  the  an imals  
were fed in the i r  cages. S tern  et  al. [ 19] conc luded  t ha t  the  
enhanced  biogenic  amine  synthes i s  observed u n d e r  the i r  
cond i t i ons  was due  to nonspec i f i c  stress r a the r  t h a n  to  loss 
of  FW-sleep per  se. Direct  h is to logical  e x a m i n a t i o n  of  the  
animals  in this  s t udy  (see Fig. 2d)  d e m o n s t r a t e d  n o r m a l  
l y m p h o i d  t issue wi th  no  ev idence  o f  stress effects.  The  
c h a n g e s  in  the  spleens of  the  s leep-deprived-PCPA- 
p h e n i n d i o n e - t r e a t e d  animals  wh ich  were anemic  were 

similar  to  those  o f  the  o t h e r  anemic  an imals  wi th  no  evi- 
dence  o f  stress changes.  

Our  conc lus ion  is t h a t  the  appea rance  of  p r o f o u n d  
anemia  in an t i coagu la ted  rats  w h e n  depr ived  of  FWS is due 
to c o m p l e x  effects  of  these  t r e a t m e n t s  in c o m b i n a t i o n  on  
h e m o s t a t i c  and  h e m o p i o e t i c  mechan isms .  As previous ly  
seen wi th  the  s p o n t a n e o u s  h e m o r r h a g e  s y n d r o m e  [ 5 , 6 ] ,  
s y m p t o m s  resul t  on ly  w h e n  e x h a u s t i o n  of  several physio-  
logical m e c h a n i s m s  has occurred .  The s y m p t o m s  p r o d u c e d  

wi th  FWS-depr iva t ion  are d i f fe ren t  f rom those  p roduced  
wi th  stressors,  ind ica t ing  t ha t  stress effects  p roduced  by  
FWS-depr iva t ion  are m i n o r  c o m p a r e d  to the  direct  e f fec ts  of  
FWS-depr iva t ion .  This  conc lus ion  is similar to  tha t  of  S te rn  
[ 17] f rom a behav ioura l  s t udy  of  FWS-depr iva t ion  in rats. 
The  e x p e r i m e n t  wi th  PCPA which  shows t ha t  t ha t  add i t i on  of  
SWS-depr iva t ion  does  no t  change the  s y m p t o m a t o l o g y  
means  t ha t  th is  conc lus ion  can be e x t e n d e d  to SWS- 
depr iva t ion .  The  similar obse rva t ions  of  K u h n  et  al. [12]  
on  m e t a b o l i c  changes  on  to ta l  s leep-depr ivat ion,  the  obser-  
va t ion  of  no  change in 17 -hyd roxyco r t i co s t e ro id s  [1, 10, 
20]  or  a slight increase  [15]  in man  and of  a lack of  sig- 
n i f ican t  change in p lasma co r t i cos t e rone  in an imals  [14]  
wi th  to ta l  s leep-depr ivat ion,  f u r t h e r  ex t ends  this  conc lus ion  
to  to t a l  s leep-depr ivat ion.  Since "s t ress  may  be def ined  as 
the  sum of  all nonspec i f ic  changes  caused by  f u n c t i o n  or  
damage"  [ 1 6 ] ,  while  the  changes  observed wi th  sleep- 
depr iva t ion  are largely specific,  s leep-depr iva t ion  does  no t  
qual i fy  as a s t ressor  by  Selye 's  classical de f in i t ion  of  stress. 
The  causes of  its marked  effects  on  physio logica l  mecha-  
n isms mus t  be  sough t  a long o t h e r  lines [8 ] .  
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