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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 .  
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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  

1 Present address : Department of Human Sciences, Loughborough 
University, Loughborough, Leicestershire LEll  3TU, England. 

2 R.T.  Wilkinson, in: Physiology of Human Survival, p. 399. 
Ed. O. G. Edholm and A. L. Baeharach. Academic Press, London 
1966. 

3 P. Naitoh, in: Research in Psychophysiology, p. 153. Ed. P. H. 
Venahles and M. J. Christie. Wiley, London 1975. 

4 J .A.  Home, Physiol. Psychol., in press (1977). 
5 L.C. Johnson, in: Research in Psyehophysiology, p. 125. Ed. 

P. H. Venables and M. J. Christie. Wiley, London 1975. 
6 P. Naitoh, R. O. Pasnau and E. J. Kollar, Biol. Psychiat. 3, 309 

(1971). 
7 V. Fioriea, E. A. Higgins, P. F. Iampeitro, M. T. Lategola and 

A. W. Davis, J. appl. Physiol. 2d, 167 (1968). 
8 J .A.  Horne, Biol. Psychol. d, 107 (1976): 
9 J.A. Horne and B. Walmsley, Psyeh0physiology 13, 115 (1976). 
10 K. Biilow, Aeta physiol, scand. 59, 1 (1963). 
11 J .A.  Horne and M. Whitehead, EXperientia 32, 1165 (1976). 
12 M. Bonvallet, P. Dell and G. Hiebel, Eleetroenceph. olin. Neuro- 

physiol. 15, 63 (1954). 
13 W. Baust, H. Niemeysk and J. Veith, Electroenceph. clin. Neu- 

physiol. 75, 63 (1963). 
14 J. Lacey, in: Psychological Stress, p. 14. Ed. IVL H. Appley and 

R. Trumbull. Appleton Century Crofts, New York 1967. 
15 J . W . H .  Kalsbeek, in: Measurement of Man at Work, p. 101. 

Ed. W. T. Singleton, J. G. Fox and D. Whitfield. Taylor Francis, 
London 1970. 

16 B.W. Hyndman and J. R. Gregory, Ergonomics 78, 195 (1975). 
17 B. McA. Sayers, Ergonomics 76, 17 (1973). 
18 A. Ax and E. D. Luby, Archs gen. Psychiat. 4, 55 {1961). 



1176 Specialia EXPERIENTIA 33/9 

Summary of analysis of variance findings (1 tail significance levels) 

Sleep deprivation Recovery days 
HR HRv RR RRv HR HRv RR RRv 

Between-days NS 0.001 NS 0.01 NS NS NS NS 

Between-times NS NS NS NS NS NS NS NS 

Between-conditions NS 0.05 NS NS NS NS NS NS 

Days- X -times 
interaction NS 0.001 NS NS NS NS NS NS 

Days- X -conditions 
interaction NS 0.0i NS 0.01 NS NS NS NS 

Times- X -conditions 
interaction NS 0.01 NS NS NS NS NS NS 

HR, heart rate; HRv, heart rate variation; RR, respiration rate; 
RRv, respiration rate variation; NS, not significant. 

and  1RR were recorded  on a FM tape - r eco rde r  for 5-min  
epochs  a t :  04.00, 10.00, 16.00 and  22.00 h t h r o u g h o u t  
TSD,  a n d  a t  t hese  t i m e s  where  r e l evan t  d u r i n g  base l ine  
and  r eco v e ry  days .  The  04.00 h base l ine  d a t a  were col- 
lec ted sepa ra t e ly ,  w i th  s u b j e c t s  awake,  on  2 occas ions  
fol lowing t h e  co m ple t i on  of t h e  2 T S D  condi t ions .  Th i s  
avo ided  a n y  sleep d i s t u r b a n c e  and  ca r ry -ove r  effects  
d u r i n g  t h e  condi t ions .  Sub jec t s  were sea ted  b u t  were no t  
pa s s iv e  d u r i n g  m e a s u r e m e n t  as  t h e y  p e r f o r m e d  20 m i n  
of s imple  t r a c k i n g  t a sks ,  wh ich  ac ted  as m e a s u r e m e n t  
control .  U n k n o w n  to the  sub jec t s ,  t he  H R  and  R R  d a t a  

were col lected f rom rain 14-18 inclus ive .  The  l a b o r a t o r y  
was  m a i n t a i n e d  a t  a c o n s t a n t  a n d  c omfo r t a b l e  t e m p e r a -  
t u r e  a n d  h u m i d i t y .  Sub j e c t s  a te  a b a l a n c e d  d ie t  2 h a f te r  
each  m e a s u r e m e n t .  Calorific i n t a ke  w a s  2600 Cal/24 h. 
B e t w e e n  m e a s u r e m e n t ,  sub jec t s  were exposed  to e i ther  
h i g h  or low v i sua l  loads a. Exerc ise  w a s  ba l a nc e d  for bo th  
condi t ions .  Sub j e c t s  were c o n t i n u o u s l y  obse rved  d u r i n g  
T S D  to  ensu re  no n a p s  were t a ke n .  
B e a t  to be a t  i n t e rva l s  for H R v  a n d  insp i r a t ion  to  insp i ra -  
t i on  i n t e rva l s  for R R v  were d ig i t ized  v ia  a S c h m i d t  
t r igger .  For  each  s u b j e c t  epoch  t h e  m e a n  a nd  s t a n d a r d  
dev ia t i on  of t he  f i rs t  500 H R  in t e rva l s  a nd  t he  f i rs t  
50 R R  in t e rva l s  were c o m p u t e d .  The se  re su l t s  were  con-  
v e r t e d  in to  ra tes .  T h e  s t a n d a r d  d e v i a t i o n  was  t a k e n  as 
t he  i nde x  of var iab i l i ty .  For  each  sub jec t ,  a v e r a g e d  d a t a  
for each  of t he  base l ine  t i m e s  were s u b t r a c t e d  respec-  
t i ve ly  f rom each  of t he  T S D  a nd  r ecove ry  d a y  scores.  
3 -way  a n a l y s e s  of va r i a nc e  were p e r f o r m e d  on g roup  d a t a  
as s h o w n  in t he  table .  

R esu l t s .  F r o m  f igures  1 a n d  2 a nd  t he  t ab le  i t  can  be seen 
t h a t  t he r e  were no s ign i f i can t  c h a n g e s  wi th :  a) R R  and  
H R  m e a n s ,  b) H R v  a n d  R R v  for r ecove ry  days .  For  
T S D  the r e  were s ign i f i can t  b e t w e e n - d a y  effects  for  H R v  
a n d  R R v  a n d  a b e t w e e n - c o n d i t i o n  ef fec t  for H R v .  T h e  
s ign i f i can t  da ys -  • - t imes  i n t e r ac t i on  for H R v  can  be  seen 
in f igure  1 wi th  t he  di f ferences  in t i m e  effect  b e c o m i n g  
larger  wi th  p rogress ive  T S D  d u r i n g  b o t h  condi t ions .  T h e  
s ign i f i can t  d a y s - •  i n t e r a c t i o n  for b o t h  R R v  
a n d  H R v  can  be seen in f igures  1 a n d  2, wi th  a progres-  
s ive ly  g rea te r  p a r t i n g  of t he  2 cond i t i ons  over  TSD .  An  
i n t e r e s t i ng  t i m e s - X - c o n d i t i o n s  i n t e r a c t i on  for H R v  is 
ref lec ted  in a larger  increase  in H R v  du r ing  h i g h  load 
T S D  t h a n  for low load. 
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Discussion. F r o m  the  resul ts  i t  appears  t h a t  a l though  
mean  R R  and  H R  showed no s ignif icant  changes  H R v  
and R R v  are sensit ive,  wi th  H R v  being more  responsive  
and also showing a be tween-cond i t ions  effect.  Seemingly,  
the  h igh  visual  load condi t ion  did po t en t i a t e  the  effects  
of TSD,  ind ica t ing  t h a t  expe r imen ta l  condi t ions  of TSD 
do p lay  a ma jo r  role. Correlat ing H R v  and R R v  scores 
for each sub jec t  over  bo th  TSD condi t ions  p roduced  an 
overal l  average  p roduc t  m o m e n t  correla t ion of 0.78. This  
61% c o m m o n  var iance  indica ted  t h a t  the  2 var iables  are 
s ignif icant ly  correla ted.  Because resp i ra to ry  sinus ar- 
r h y t h m i a  (RSA) is a non-l inear ,  r esp i ra to ry  d e p t h  and  
f r equency  d e p e n d e n t  p h e n o m e n o n  19, 20 vary ing  in phase  
and  magn i tude ,  and  as R R  was allowed to  vary,  a more  
deta i led  par t ia l l ing  ou t  of a R S A  c o m p o n e n t  f rom the  
H R v  d a t a  was no t  possible.  
Circadian r h y t h m s  in t he  da t a  were no t  s ta t i s t ica l ly  
evident .  However ,  as there  were only  4 measures  per  day,  

wi th  pooling of da ta ,  and  a possible c i rcadian r h y t h m  
d is rup t ion  owing to  TSD,  such an effect  migh t  no t  be 
obvious.  
More sophis t i ca ted  15,1~ H R v  and  R R v  indices could have  
been employed  b u t  the  p resen t  me thod ,  a l though  simple, 
was a p a p r e n t l y  effective.  F r o m  observing b o t h  subjec ts  
and  raw d a t a  i t  appears  t h a t  t he  R R v  increases  were 
of ten due to increases in yawning  and  sighing, etc. 
The exac t  role of CNS fat igue and  any  CNS i m p a i r m e n t  
to  H R  and  R R  contro l  canno t  be es tab l i shed  here,  how- 
ever  these  subjec ts  did show increasing amo u n t s  of 
behav ioura l  fatigue, especial ly dur ing  the  high load con- 
di t ion.  These effects are deta i led  elsewhere ~1. 

19 A. Angelone and N. A. Coulter, J. appl. Physiol. 19, 479 (1964). 
20 ]L. A. Srouffe, Psychophysiology 8, 648 (1971). 
21 J .A.  Horne, Biol. Psychol. 3, 309 (1975). 
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Summary. Resul t s  of uni la tera l  Achilles t e n o t o m y  on male  rats,  a f te r  2-6 weeks, showed conclusively t h a t  the  Z-lines 
of t e n o t o m i z e d  muscles  are s ignif icant ly  wider  t h a n  those  of control ,  n o n t en o t o mi zed  muscles.  

The Z-line of ve r t eb ra t e  skeletal  muscle  is known  to  be-  
come morphologica l ly  a l tered (rod or nemal ine  bodies,  
s t reams,  etc.) in a va r i e t y  of pa thologica l  condi t ions  8, 4 as 
well as under  condi t ions  of hyper t rophy~ ,  5 and  teno-  
tomy~,  5. Figure  1 shows the  typ ica l  s t reams  and  rod 
bodies  following t eno tomy .  Also Fu j i sawa  9 found s t r eams  
in o therwise  no rma l  aged rats .  He  no ted  t h a t  the  Z-lines 
in those  af fec ted  fibres appear  wider  (up to 120 nm) t h a n  
in non - s t r eaming  fibres (up to 92 nm).  Al though  the  exac t  
func t ion  and  chemical  na tu re  of the  Z-discs are no t  known,  
i t  has  been  sugges ted  t h a t  the  s t ruc tu ra l  prol i fera t ion  
observed  is t he  f i rs t  s tep  in t he  no rma l  d e v e l o p m e n t  of 
new sarcomeres  5,10,11. 
In  the  specific case of t eno tomy ,  if one assumes t h a t  the  
s t imulus ,  pe rhaps  a sudden  release of res t ing  muscle  
tension,  induces  a 'prol i fera t ive '  response  in all the  Z-lines 
of t he  af fec ted  muscle,  t h e n  th is  should be de tec tab le  by  
m e a s u r e m e n t  of Z-line wid th  in areas of the  muscle  which 
do no t  exh ib i t  the  more  obvious  and  familiar  Z-line ab-  
normal i t ies .  The following s tudy ,  therefore ,  was designed 
to  answer  the  simple ques t ion :  Are the  Z-lines of t eno to -  
mized muscle,  a p a r t  f rom those  showing rod fo rma t ion  or 
s t reaming ,  th icker  as compared  to the  Z-lines of a com-  
parable ,  b u t  non - t eno tomized  muscle ? 
Materials and methods. Fol lowing the  m e t h o d  descr ibed 
b y  Shaf iq  e t  al.L Achilles t eno tomy ,  including remova l  of 
a 2-3 m m  segmen t  of t endon ,  was pe r fo rmed  on 1 leg of 
150-300 g male  albino rats,  w i th  the  unope ra t ed  egl 
serving as t he  control .  Fol lowing a per iod of 2-6 weeks, 
the  an imals  were sacrif iced by  decap i t a t ion  and the  soleus 
muscles  excised and  placed in ice cold buffer  (0.1 M KC1, 
1 mM MgC12, 5 mM EGTA,  5 mM sodium py rophospha t e ,  
p H  6.8). U n d e r  t he  d issect ing microscope,  f ibres were 
d issec ted  free, t ied  to  3 cm f r agmen t s  of wooden  appli-  
ca tor  s t icks a t  a p p r o x i m a t e l y  res t  length,  and  t h e n  
p laced  a t  4 ~ in 4 % g lu ta ra ldehyde  in buffer  (7.5 • 10 -2 M 
KC1, 7.5 • 10 -4 M MgCI,, 7.5 •  -a iV[ Na,HPO4,  

7.5 • 10 -z M KH2PO4, p H  7.0). The samples  were t h e n  
pos t - f ixed  in 1% OsO 4 for 1 h, d e h y d r a t e d  in a graded 
series of e thano l  and  e m b e d d e d  in DDSA/ara ld i t e .  
Long i tud ina l  t h i n  sect ions were cut  a t  60-70 n m  on a 
P o r t e r - B l u m  MT 2 micro tome,  and  m o u n t e d  on 200 mesh  
copper  grids. The sect ions were  then  s ta ined  wi th  1% 
PTA, 10% urany l  aceta te ,  and  Reyno ld ' s  lead c i t ra te  and  
examined  wi th  a Phi l ips  300 e lec t ron microscope.  E lec t ron  
micrographs  were t a k e n  a t  the  same magni f ica t ion  of b o t h  
the  contro l  and  expe r imen ta l  soleus muscles,  care being 
t aken  to avoid areas in the  t eno tomized  muscle  t h a t  
ab o u n d ed  wi th  the  rod shaped  and  s t r eaming  Z-struc- 
tures.  
Direct  m e a s u r e m e n t  were t aken  ( independent ly ,  by  each 
author)  f rom 8 •  inch en la rgemen t s  of the  var ious  
pla tes  using a met r ic  ruler  for sarcomere  and  A-band  
length,  and  a desk- top  magnif ier  con ta in ing  a reticle wi th  
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