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-21~ m e a n  VO s was 4.2. t imes  g rea t e r  a n d  r eached  
58.7 :t= 1.61 ml .  kg  -~ m i n  -1. 
W i t h  t h e  smal le r  dose of ep inephr ine  (0.1 [zg- kg  -1. min-1) ,  
( table  1), in  dogs r e s t i ng  a t  n e u t r a l  a m b i e n t  t e m p e r a t u r e ,  
t he re  was j u s t  a s l igh t  ( + 8 % ) ,  b u t  s ign i f ican t  (p < 0.05), 
increase  in t he  glucose t o t a l  d i s a p p e a r a n c e  r a t e  (Rdt) .  
This  increase,  was  n o t  due  to a n  increase  in i r revers ib le  
loss (Rdi),  wh ich  r e m a i n e d  u n c h a n g e d ,  b u t  i t  can  be  
en t i r e ly  a c c o u n t e d  for  b y  a n  increase  in glucose recycl ing  
(-k 39%,  p < 0.001). I n  t he  cold a m b i e n t  t e m p e r a t u r e ,  
R d t  r e m a i n e d  u n c h a n g e d ,  because  of a ba l ance  b e t w e e n  
Rdi ,  w h i c h  was s ign i f i can t ly  (-11~ p < 0.01) decreased,  
and  recycl ing,  w h i c h  was s ign i f i can t ly  ( -t- 42~ p < 0.001) 
increased.  Therefore ,  t h i s  smal le r  dose oi  ep inephr ine  al- 
ways  increased  recycl ing,  b u t  specia l ly  in cold i t  de- 
c reased  t he  i r revers ib le  u t i l i za t ion .  
W i t h  t he  la rger  dose of ep i neph r i ne  (0.5 ~g.  kg -1. min-1) ,  
( table  2), in  dogs r e s t i ng  a t  n e u t r a l  a m b i e n t  t e m p e r a t u r e ,  
t h e r e  was a large increase  (-[- 50~ p < 0.001) in R d t .  
Th i s  increase  was  m a i n l y  due  to  a n  increase  in recycl ing  
(q- 115%,  p < 0 . 0 0 1 ) w h i c h  a c c o u n t e d  for a b o u t  2/s of t he  
increase  in R d t .  I r r eve r s ib l e  loss was  less, b u t  s ign i f i can t ly  
( q- 22%,  p < 0.01), increased  b y  t he  h o r m o n a l  infusion.  
I n  dogs exposed  to  cold~ a s imi la r  s i t ua t i on  was observed ,  
w i t h  a s ign i f i can t  increase  ( ~  40~ p < 0.001) in  R d t ,  
wh ich  was m a i n l y  (s/s) due  to a large  ( -k 128%,  p < 0.001) 
increase  in recycl ing.  Therefore ,  th i s  la rger  dose of epi- 
n e p h r i n e  induced  a n  increase  in i r revers ib le  glucose loss, 
b u t  t h i s  increase  was smal le r  t h a n  t h a t  obse rved  for re- 
cycling.  
Discussion. The  c a t e c h o l a m i n e  sec re to ry  response  to  cold 
exposure  is g r ea t l y  decreased  in A D M X  dogs s0, s~, whi le  
ba sa l  c o n c e n t r a t i o n s  of p l a s m a  cort isol ,  as well  as t he  
ad renoco r t i c a l  r esponse  to  cold stress,  were n o t  impa i red :  

The  doses of ep ineph r ine  used in t he  a b o v e  e x p e r i m e n t  
were chosen  on  t h e  bas is  of d a t a  col lec ted  b y  K lepp ing  
e t  al. *~, who observed ,  b y  c a t h e t e r i z a t i o n  of t he  ad r e na l  
ve ins  in dogs, t h a t  t he  o u t p u t  of c a t echo l amines  increased  
to 0.3 tzg. kg -1. ra in  -~ d u r i n g  cold exposure .  
I r r eve r s ib le  loss of glucose inc ludes  t r a n s f o r m a t i o n s  such  
as o x i d a t i o n  to COs, a long  w i t h  convers ions  in to  m e t a b -  
ol i tes  wh ich  are i n c o r p o r a t e d  in molecules  w i t h  r e l a t ive ly  
long t u r n o v e r  t i m e s  w i t h  r ega rd  to  t he  d u r a t i o n  of the  
e x p e r i m e n t a l  per iod.  U n f o r t u n a t e l y ,  in  t he  a b o v e  ex- 
pe r imen t ,  precise  m e a s u r e m e n t  of t he  ox ida t i on  r a t e  is 
h i n d e r e d  b y  t h e  decrease  in t he  b i c a r b o n a t e  pool, which,  
in  t u r n ,  is due  to  t he  e p i n e p h r i n e - i n d u c e d  h y p e r l a c t a t e -  
mia.  On t he  o t h e r  h a n d ,  revers ib le  loss consis ts  of t r a n s -  
f o r m a t i o n s  wh ich  occur  t h r o u g h  ut i le  a n d  fut i le  cycles ss 
The  a b o v e  expe r imen t ,  c o n d u c t e d  in dogs, a t  a n  ene rgy  
e x p e n d i t u r e  level  close to  t he  BMR,  shows t h a t  m o s t  of 
t he  e x t r a  glucose mobi l ized  b y  ep ineph r ine  is recycled,  
r a t h e r  t h a n  ac tua l l y  ut i l ized.  More surpr ins ing ly ,  a s imi lar  
s i t u a t i o n  occur red  in co ld-exposed  dogs, even  t h o u g h  
c a r b o h y d r a t e  needs  for t h e r m o r e g u l a t i o n  increase  in cold 
a m b i e n t  t e m p e r a t u r e  s4. These  needs  are  p r o b a b l y  p a r t i a l l y  
covered  b y  i n t r a m u s c u l a r  g lycogenolys is  which  is also 
e n h a n c e d  b y  ep inephr ine .  
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Summary. On d i f fe ren t  days  fol lowing coitus,  i.e., d u r i n g  t h e  f i rs t  s tages  of p r egnancy ,  a d u l t  f emale  r a b b i t s  were 
t r e a t e d  w i t h  a n t i b l a s t o k i n i n  o b t a i n e d  f rom a chicken.  A h i g h  p r e n a t a l  m o r t a l i t y  was  obse rved  a n d  a r educ t i on  of  t he  
we igh t  in  t h e  s t i l l bo rn  of t he  r a b b i t s  t r ea ted .  The  a n t i b l a s t o k i n i n  p roduces  e v i d e n t  biological  effect  a b o u t  t he  4 th  day  
fol lowing coitus,  d u r i n g  t h e  per iod  of m a x i m u m  p r o d u c t i o n  of b l a s t o k i n i n  b y  t he  e n d o m e t r i u m  in vivo.  

B l a s t o k i n i n  (BKN)  is a p r o t e i n  i so la ted  b y  t he  u t e r ine  
secre t ion  of va r ious  m a m m a l s  d u r i n g  t h e  es t rus  or t h e  
ea r ly  days  of p r e g n a n c y  or p s e u d o p r e g n a n c y l - %  I n  t he  
r a b b i t  i t  is p r e s e n t  b e t w e e n  days  3-9  fol lowing copula t ion ,  
r e ach ing  m a x i m u m  a b o u t  t h e  5 th  d a y  and  i t  appea r s  to  
f a v o u r  t h e  d e v e l o p m e n t  a n d  i m p l a n t a t i o n  of fer t i l ized 
o v u m  3-9. K r i s h n a n  x~ a n d  Dan ie l  Xl h a v e  d e m o n s t r a t e d  
in t h e  r a b b i t  a n d  t h e  pig  t h a t  t h e  a d m i n i s t r a t i o n  of 
a n t i b l a s t o k i n i n  ( a n t i - B K N )  in t he  f i r s t  s tages  of e m b r y -  
onic d e v e l o p m e n t ,  in  p a r t i c u l a r  d u r i n g  t he  per iod  of 
p r e i m p l a n t a t i o n  of t h e  b las tocys t s ,  in te r fe res  w i t h  t he  
n u m b e r  of foetus  b o r n  ~~ ~, d u r a t i o n  of ges t a t ion  a n d  
a p p e a r a n c e  of successive e s t rus  n .  The  a i m  of our  r e sea rch  
is to  e s t ab l i sh  t he  biological  effect  of a n t i - B K N  found  
b y  us in  t h e  ch i cken  TM a n d  t o  e s t ab l i sh  a t  w h a t  t i m e  t h e  
course  of a d m i n i s t r a t i o n  of a n t i - B K N  d e t e r m i n e s  e v i d e n t  
b iological  effect.  

* This work has been partially supported by C.N.R., grant 
No. 77.00341.85. 
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Mater ials  and methods. For  our  exper iments ,  we used a 
specific a n t i - B K N  ob ta ined  by  immuniz ing  a chicken 
wi th  pur i f ied  r abb i t  b las tok in in  12. The chicken ' s  v-globu- 
lin was p rec ip i t a t ed  wi th  a m m o n i u m  su lpha te  is and  the  
p ro te in  con t en t  was measured  by  the  Lowry  m e t h o d  14. 
2 series of expe r imen t s  have  been carr ied out.  In  the  
f i rs t  series, 15 adul t  whi te  r abb i t s  (New Zealand) were 
m a t e d  and  div ided in to  5 groups  of 3 animals  each. Then  
60 mg of lyophi l ized chicken 7-globulin conta in ing  ant i -  
B K N ,  dissolved in 1 ml  of physiological  solut ion and  
mixed  wi th  1 ml  of comple te  F r e u n d ' s . a d j u v a n t ,  were 
inocula ted  i .p . :  a) to  t he  1st group on the  2nd day  
following coitus,  b) to t he  2rid group on the  4 t h  day  
following coitus,  c) to  t he  3rd group on the  6th d a y  

Effect of anti-BKN administration on rabbits prenatal mortality 

A 13 C 

Number of young . 58 44 18 
Number of young born dead 38 3 2 

% 67 7 11 

A Rabbits treated with anti-BKN; B Same rabbits considered in A, 
mated 3 months after anti-BKN treatment; C Control rabbits. 
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Fig. 1. Incidence of fetal mortality for each group of treatment. 
A Rabbits treated with anti-BKN; B Same rabbits considered in A, 
mated 3 months after anti-BKN treatment. Total of youngs (clear) 
and total of young born dead (marked) are reported. 
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Fig. 2. Comparison between the mean of the weights of the young 
born dead after anti-BKN treatment (marked) and the mean of the 
weights of the young from the same rabbits mated 3 months after 
anti-BKN treatment (clear). 

following coitus.  The 4 th  group of animals  was inocula ted  
i .p.  w i th  3 successive in jec t ion  OlX the  2rid, 4th and 6th 
days  following coitus w i th  20 mg of chicken F-globulin 
conta in ing  a n t i - B K N ,  dissolved in 1 ml of physiological  
solution, incorpora ted  in 1 m l  of comp!ete  F r e u n d ' s  
ad juvan t .  The 5th group (control) was t r ea ted  in t he  
same way  as t he  4th group wi th  a p repa ra t ion  of normal  
chicken F-globulin incorpora ted  in 1 ml  of physiological  
solut ion and  1 ml  of comple te  F r eu n d ' s  ad juvan t .  All 
the  rabb i t s  were checked at  the  m o m e n t  of delivery.  In  
the  2rid series, the  same rabb i t s  of the  1st 4 groups were 
m a t e d  3 m o n t h s  af ter  a n t i - B K N  t r e a t m e n t  and checked 
at  the  m o m e n t  of the  successive del ivery.  
Results.  In  the  table,  the  da t a  are registered.  Apa r t  f rom 
the  day  of t r e a t m e n t ,  t he  d a t a  of the  following groups  
are considered toge the r :  in A all the  young of the  12 
animals  t r e a t e d  wi th  a n t i - B K N ;  in B all the  young of 
the  same animals ,  m a t e d  3 m o n t h s  af ter  a n t i - B K N  t rea t -  
m e n t ;  in C the  youg of t he  cont ro l  rabbi ts .  In  group A a 
mor t a l i t y  of 67~o is ev ident ,  as agains t  a spon taneous  
mor t a l i t y  of abou t  10% in groups B and C. The d a t a  
p resen ted  in t he  table  are showed in figure 1 analyt ical ly .  
The to t a l  of young  born,  and  the  to ta l  of young  born  
dead, for each and  every  group of t r e a t m e n t  are repor ted ,  
b o t h  in the  p r egnancy  successive to the  ant i - ]3KN ad- 
min i s t ra t ion  (A) and in the  p regnancy  followed by  a t ime  
span  of 3 m o n t h s  (B). 
The n u m b e r  of young is h ighly  reduced in the  group of 
r abb i t s  t r e a t ed  wi th  a n t i - B K N  on the  2nd and 6th day  
following coitus.  In  effect,  of 3 rabb i t s  in the  1st group,  
one did no t  give b i r th ;  while of the  3 rabb i t s  in the  3rd 
group, only  one gave b i r t h  to 4 foetuses,  of which 1 was 
st i l lborn.  On the  cont ra ry ,  the  same rabb i t s  p resen t  the  
h ighes t  prol i f icacy a t  3 m o n t h s  af ter  the  t r e a t m e n t  
(figure 1, a, c). The m o r t a l i t y  is par t i cu la r ly  high in the  
r abb i t s  t r e a t ed  on the  4 th  say  or on days  2, 4 and 6; and  
less in the  o the r  groups.  Mor ta l i ty  of the  young was near ly  
absen t  in the  cont ro l  and  in t he  same rabb i t s  3 m o n t h s  
later.  The reduced  b i r th  ill groups  b and d (figure 1) is 
also impu tab l e  to  the  occasional  dea th  of a r ab b i t  in 
each group.  Fu r the rmore ,  in group d, 1 r abb i t  did no t  
give bi r th ,  p ro b ab l y  because it was no t  fertilized. 
The compar i son  be tween  the  weigh t  of the  dead young  
af ter  a n t i - B K N  t r e a t m e n t  and t h a t  of the  live young  
f rom the  same rabb i t s  a f ter  3 m o n t h s  is shows in figure 2. 
A reduc t ion  in the  we igh t  of the  s t i l lborn is ev ident ,  
especial ly for t he  young  of tile r abb i t s  t r ea t ed  on the  4th 
day  and  on t h e  2nd, 4 th  and  6th  day  following coitus.  
Discussion.  The d a t a  d e m o n s t r a t e  t h a t  the  admin i s t r a t ion  
of a n t i - B K N  in the  f i rs t  s tages  of p regnancy  in ter feres  
wi th  t he  no rma l  course of the  ges ta t ion  in the  rabbi t ,  
in accordance  w i t h  the  d a t a  r epor ted  by  Kr i shnan  and  
Daniel1~ n.  This  is an indi rec t  conf i rmat ion  of the  im- 
p o r t a n t  biological role of b las tok in in  in the  deve lopmen t  
and i m p l a n t a t i o n  of t he  b las tocys t .  
In  fact,  t he  p rena t a l  m o r t a l i t y  of the  t r ea ted  animals  
(67%) appear s  h ighly  s ignif icant  if conf ron ted  bo th  wi th  
the  spon taneous  m o r t a l i t y  of the  control  (11%) and  t h a t  
of t he  same r abb i t s  m a t e d  3 m o n t h s  af ter  a n t i - B K N  
t r e a t m e n t  (7%) (see the  table).  This excludes the  possi- 
b i l i ty  t h a t  t he  foetus  m o r t a l i t y  could b e  due to  the  
admin i s t r a t i on  of chicken F-globulin or a charac te r  pres-  
en t  in t he  an imals  used for the  exper iments .  The n u m b e r  
of young  does no t  seem to be affected in a s ignif icant  

13 P. Stelos, in: Handbook of Experimental Immunology, chapt.I. 
Ed. D. M. Weir. F. A. Davis Company, Philadelphia, 1967. 
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m a n n e r  by  the  a n t i - B K N  (see figure 1). Never theless ,  
3 r abb i t s  t r e a t ed  (1 in group  1 and  2 in group 3) did no t  
give bi r th .  This  could be caused by :  absence  of fertil iza- 
t ion ;  defec t ive  imp lan t a t i on  of b las tocys t ;  or reabsorb-  
m e n t  of embryos  a l ready  n ida ted .  These  last  2 hypo theses  
are  conf i rmed by  t h e  exper ience  of Kr i shnan  1~ and  
Daniel  11, respect ively.  In  ana lyz ing  the  p rena t a l  mor-  
t a l i t y  in the  d i f fe rent  groups  of t r e a t m e n t ,  i t  is obvious 
t h a t  t he  ma jo r  incidence occurs in t he  rabb i t s  t r e a t ed  
in groups  2 and  4. 
The mean  of the  weigh t  of the  s t i l lborn in compar i son  
wi th  t he  weigh t  of the  live young  f rom the  same rabb i t s  
a f te r  3 months ,  is c o n s t a n t l y  lower (see figure 2). This  
p h e n o m e n o n  is more  ev iden t  in groups  2 and 4, and i t  
could be re la ted  to the  a r res t  of g rowth  resul t ing in 
u te r ine  d e a t h  of the  foetus.  Above  all the  appea rance  of 
the  s t i l lborn leads one to  believe t h a t  d e a t h  occurred 
recen t ly  before bi r th .  Therefore  the  reduc t ion  in weight  
could be due to the  u n d e r - d e v e l o p m e n t  of the  foetus.  
Moreover,  t he  s t i l lborn young  unde r  the  macroscopic  ex- 
amina t ion ,  seemed to  be no rma l  and  p roper ly  formed;  

i t  therefore  seems to exclude a te ra togenic  ac t iv i ty  of 
t he  a n t i - B K N  ' in  vivo ' .  Our resul ts  did no t  show con- 
f i rmat ion  of defect ive  imp lan t a t i on  or r eabsorp t ion  of the  
embryos  p roduced  f rom the  a n t i - B K N  admin i s t r a t ion ;  
but ,  on the  o the r  hand ,  the  effect  on the  p r en a t a l  mor-  
t a l i t y  and on the  weigh t  of the  young  a t  b i r th  was evident .  
I t  has  been  d e m o n s t r a t e d  t h a t  the  per iod of g rea tes t  
biological effect  of a n t i - B K N  cor responds  wi th  t he  per iod 
of m a x i m u m  produc t ion  of b las tok in in  by  the  endo-  
me t r ium,  i .e. ,  abou t  the  4 t h - 5 t h  d a y  following coitus 15. 
This conf i rms the  hypo thes i s  of the  impor t ance  of the  
p roduc t ion  and  the  presence  of t h e  b las tok in in  in the  
u te rus  a t  the  m o m e n t  of b las tocys t  n idat ion.  Never the -  
less, i t  is no t  clear how the  ac t iv i ty  of the  a n t i - B K N  can 
produce  a h igh p rena t a l  mor ta l i ty .  We  way  p resume  t h a t  
i t  can  neutra l ise  t he  b tas tok in in  in i ts  biological  role, 
connec t ing  it, in vivo, wi th  the  d e v e l o p m e n t  of the  
p lacenta .  

15 N. Garcea, A. Caruso, S. Campo, L. Milano and A. Bompiani, 
Fert. Steril. 27, 442 (1976). 

The  effect of s leep deprivat ion  upon variat ions  in heart  rate and respirat ion rate 
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Summary. Varia t ions  in h e a r t  ra te  and  respi ra t ion  ra te  were found  to  be responsive to to ta l  sleep depr iva t ion ,  par t i -  
cular ly  unde r  expe r imen ta l  condi t ions  more  realist ic to  e v e r y d a y  life. 

F r o m  recen t  reviews 2-4 and  s tudies  s-~ on the  effects of 
t o t a l  sleep depr iva t ion  (TSD) in man,  the  major  f indings  
appea r  to  be amongs t  behavioura l ,  pe r fo rmance  and  E E G  
p a r a m e t e r s  r a the r  t h a n  wi th  physiological  measures  of 
somat ic  funct ioning.  A l though  this  suggests  t h a t  h u m a n  
sleep m a y  be more  or ien ted  towards  the  bra in  t h a n  to  
t he  body,  there  are methodologica l  factors  to consider.  
F i rs t ly ,  because of expe r imen ta l  control ,  subjec ts  are 
usual ly  confined to a labora tory ,  and  apa r t  f rom the  
TSD,  lead a res t r ic ted  regime unl ike a normal  e v e r y d a y  
exis tence.  I f  h u m a n  sleep aids r e s t i tu t ion  f rom wakeful-  
ness, t h e n  th is  regime m a y  have  a reduced  effect  t h a n  
o therwise  m i g h t  be expected ,  pa r t i cu la r ly  as i t  has  been  
hypo thes i sed  8,2 t h a t  a h igh wak ing  visual  load migh t  
p o t e n t i a t e  TSD effects.  Secondly,  cer ta in  physiological  
measures  m a y  no t  be sensi t ive  enough  to  TSD. Measures 
t a k e n  dur ing  any  physiological  inves t iga t ion  ideally need 
to  have  conceptua l  va l id i ty  to the  p h e n o m e n o n  under  
examina t ion .  Resp i ra t ion  is a p p a r e n t l y  1~ very  sensi- 
t ive  to  changes  in consciousness.  This factor  toge the r  
w i th :  a) the  a p p a r e n t  12-14 in t e rp lay  be tween  cardiac 
regula r i ty  mechanisms ,  cardiac  o u t p u t  and  levels of 
a t t en t ion ,  b) repor t s  ~-1~ t h a t  a t t en t i on  levels affect  
s inus  a r r h y t h m i a ,  w i th  resp i ra t ion  p lay ing  a major  
i n t e r m e d i a r y  role, all suggest  t h a t  a l though  mean  levels 
of hea r t  ra te  (HR) and  respi ra t ion  ra te  (RR) are no t  
sensi t ive  to  TSD 2-7, H R  var ia t ion  (HIRv) and  R R  varia-  
t ion  (RRv) m a y  be so. The only  s t u d y  TM to  assess H R v  
found signif icant ,  b u t  undeta i led ,  changes.  R R v  has no t  
been  used in TSD studies.  
Method. 6 hea l t hy  young  males  were  pa id  to s t a y  awake 
for 62 h, on 2 occasions. B o t h  occasions were l abora to ry  
cen t red ,  w i t h  1 hav ing  a h igh  visual  pe rcep tua l  load and  
tile o the r  being a contro l  condi t ion  conta in ing  a low load, 
more  typ ica l  of o the r  TSD studies.  These condi t ions  are 

deta i led  elsewhere s. Subjects  were T S D ' d  in 2 groups  of 
3 w i t h  one group undergoing  high load-low load, and the  
o the r  group the  reverse order.  2 weeks elapsed be tween  
condi t ions .  3 basel ine days  p receded  each T S D  and 2 
r ecovery  days  followed. Subjec ts  s lept  in a sleep labora-  
t o r y  on these  5 n igh ts  to ensure no addi t iona l  sleep loss. 
Us ing  E K G  ches t  electrodes and nasa l  the rmis to r ,  H R  
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