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Oxygen Uptake Rhythms in a Cockroach 
Gauged by Variance Spectra 

Phys io log ica l  r h y t h m s  w i t h  severa l  d i f f e ren t  f requenc ies  
o f t en  cha rac te r i ze  t h e  s ame  se t  of m e a s u r e m e n t s  m a d e  as a 
f u n c t i o n  of t ime .  Vv'ith suf f ic ien t  d a t a  ava i lab le ,  such  fre- 
quenc ies  c an  be  c o n c o m i t a n t l y  a n d  o b j e c t i v e l y  e v a l u a t e d  
b y  va r i ance  spec t r a  ~-~. B y  t h e  s ame  procedure ,  t h e  s t a t i s -  
t ical  s ignif icance of c o m p o n e n t s  t h u s  d e t e c t e d  can  also b e  
e s t ima ted .  H e r e i n  we i l l u s t r a t e  w i t h  a pooled  v a r i a n c e  
s p e c t r u m  (Figure) ,  r h y t h m s  in o x y g e n  c o n s u m p t i o n  de-  
t e r m i n e d  b y  s t a n d a r d  XVarburg m a n o m e t r y  on  unse l ec t ed  
a d u l t  ma le  A m e r i c a n  cockroaches ,  Periplaneta americana 
(L.). 

Th i s  work  was p r o m p t e d  b y  g round- s tud i e s  of ])UTKY, 
SULLIVAN, SCHECHTER e t  al. a imed  a t  a b iosa te l l i t e  exper i -  
m e n t  i n v o l v i n g  t he  t e l e m e t e r i n g  of c i r cad ian  ( abou t  24h)  
r h y t h m s  in  m o t o r  a c t i v i t y  a n d  in muscle  p o t e n t i a l s  f rom 
a n o t h e r  species of cockroach ,  n a m e l y  Leucophaea maderae 
(F.) ~. C i r cad ian  r h y t h m s  s tood  o u t  c lear ly  in  t h e i r  i l lus t ra -  
t i ve  d a t a  b u t  t h e  a d d e d  ques t ion  arose  as to  spec t r a l  com-  
p o n e n t s  w i t h  h ighe r  f r e q u e n c y  in t i m e  series f rom cock- 
roaches  a n d  i t  s eemed  to  dese rve  s t u d y  pr io r  to  t he  use of 
t h i s  species as a b iosensor  in  e x t r a t e r r e s t r i a l  space. 

The re  is m u c h  ear l ie r  i n f o r m a t i o n  on  c i r cad i an  r h y t h m s  
in cockroaches  a-xx, a n d  as  b a c k g r o u n d  to t h e  p r e s e n t  
work  a s t u d y  b y  JASDA a n d  M~cIAx can  be  c i ted ~. These  
a u t h o r s  n o t e d  in  1957 t h a t  t h e  a c t i v i t y  r h y t h m  is p a r a l -  
leled b y  changes  in  o x y g e n  c o n s u m p t i o n  in cockroaches ,  
in  keep ing  w i t h  r e p o r t s  on t h e  s ame  t w o  r h y t h m s  in  
r o d e n t s  ~a-14 

T h e  p r e s e n t  work  was  done  a t  t h r e e  e n v i r o n m e n t a l  t e m -  
p e r a t u r e s  (18, 24 or  30°C) on  cockroaches  exposed  to  con-  
s t a n t  l i gh t  as  well  as  to  a r eg i m en  of 12 h of l i gh t  a l t e r n a t -  
ing w i t h  12 h of da rkness .  I t  was  dec ided  a p~iovi t h a t  
i r r espec t ive  of t h e  ' r egu l a r i t y '  of t h e  da t a ,  al l  series com-  
p a r a b l e  in t e r m s  of t e m p e r a t u r e  a n d  l igh t ing  be  poo led  
for  t h e  ana lys i s  of r h y t h m s  in o x y g e n  c o n s u m p t i o n .  
R h y t h m s  were  exp lo red  b y  pe r i odog r am s  l~ as well  as 
v a r i a n c e  spec t r a  in  a b r o a d  d o m a i n  r a n g i n g  f rom c i r cad i an  
to m u c h  h ighe r  f requencies .  T h e  d o m a i n  a n a l y z e d  in t h e  
F igure  e x t e n d s  f rom 40 m i n  (0.67 h) to  ove r  48 h.  

I n  spec t ra l  analysis ,  r e so lu t ion  depends  u p o n  t he  n u m -  
be r  of lags a t  wh ich  the  f i rs t  ( au tocor re la t ion)  t r a n s f o r m a -  
t i on  of t h e  d a t a  is s topped ,  t h i s  n u m b e r  be ing  d e s i g n a t e d  
b y  m ~,~. As m is inc reased  g r ea t e r  r e so lu t ion  is gained,  
t h o u g h  a t  t h e  expense  of s t a t i s t i c a l  s t a b i l i t y  ~-4. T he  spec- 
t r a  in  t h e  lef t  ha l f  of t he  Figure ,  w i t h  m =  36, r evea l  a 
c o m p o n e n t  w i t h  a per iod  of a b o u t  3.4 h. Th i s  c o m p o n e n t  
c a n  be  said to  be  less p r o m i n e n t  t h a n  t he  c i r cad i an  one. 
T h e  e s t i m a t e  of t h e  l a t t e r  is c o n f o u n d e d  b y  t r ends ,  be ing  
loca ted  as t h e  second p o i n t  f rom t h e  low f r e q u e n c y  (long 
per iod)  end  of t h e  s p e c t r u m .  

T h e  spec t r a  a t  t h e  b o t t o m  of t he  F igu re  h a v e  a loga- 
r i t h m i c  o rd ina te ,  in  l ieu of t h e  l inea r  scale in  t h e  p lo t s  on  
top.  I n  t h e  spec t r a  on  t op  of t h e  F igure ,  b u t  n o t  a t  t he  
b o t t o m ,  t h e  a reas  u n d e r  a cu rve  ( d r a w n  to  c o n n e c t  t h e  
tops  of a d j a c e n t  co lumns  of X ' s )  e s t i m a t e  t he  v a r i a n c e  
pe r  u n i t  f r equency .  I n  t h e  p lo t s  a t  t h e  b o t t o m ,  spec t r a l  
e s t i m a t e s  are r ep r e sen t ed  b y  as t e r i sks ;  t h e  l eng t h s  of t h e  
X ' d  co lumns  a b o v e  a n d  be low each  as t e r i sk  d e n o t e  t he  
95% a n d  5% conf idence  l imits .  I t  c an  be  seen t h a t  a so- 
called u l t r a d i a n  c o m p o n e n t  ~, of a b o u t  3.4 h, s t a n d s  o u t  
s ign i f i can t ly  above  t h e  genera l  level  of t he  spec t rum,  as 
does  p e r h a p s  also a n o t h e r  c o m p o n e n t  w i t h  a per iod  of 
a b o u t  0.86 h. 

T h e  impress ion  f rom s pec t r a  c o m p u t e d  w i t h  m ~ 36, on  
t he  lef t  of t he  Figure,  is s u p p o r t e d  b y  a n  ana lys i s  of t he  

s ame  d a t a  w i t h  h i g h e r  r e so lu t i on  (m = 72). The  c i r cad ian  
c o m p o n e n t  in  t he  l a t t e r  spec t ra ,  on  t h e  r i g h t  in  t he  F igure ,  
is now t h e  t h i r d  p o i n t  f rom t h e  low f r e q u e n c y  end.  T h i s  
r e so lu t ion  does  n o t  suffice to  d iscuss  t he  q u e s t i o n  w h e t h e r  
t h e  c i r cad i an  c o m p o n e n t  h a d  a n  a v e r a g e  per iod  of e x a c t l y  
24 h or, as wou ld  a p p e a r  f r o m  t h e  i n s p e c t i o n  of  p lo ts ,  a 
so-cal led f r ee - runn ing ,  n o n - 2 4 - h  pe r iod  ~.  Howeve r ,  spec-  
t r a  such  as  t hose  in  t h e  F i g u r e  suffice to  sugges t  t h a t  
r h y t h m s  w i t h  a f r e q u e n c y  h i g h e r  t h a n  c i r c a d i a n  also 
cha r ac t e r i z e  t h e  o x y g e n  c o n s u m p t i o n  of t h e  cockroaches  
s tud ied .  U l t r a d i a n  r h y t h m s  w i t h  pe r iods  of a b o u t  3.5 h 
a c t u a l l y  r e p r e s e n t  w o b b l i n g  f requenc ies  a n d  s t a n d  o u t  as 
b r o a d  b a n d s  in  t h e  s p e c t r u m .  S u c h  r e l a t i v e l y  h igh- f re -  
q u e n c y  changes  h a v e  long b e e n  k n o w n  f rom t h e  i n s p e c t i o n  
of va r ious  phys io logic  records  (e.g. of gross m o t o r  a c t i v i t y  
in  roden ts )  b u t  t h e y  are  d i f f icul t  to  q u a n t i f y  b y  the  n a k e d  
eye. Pooled  v a r i a n c e  spec t r a  h a v e  r evea l ed  these  b r o a d  
b a n d s  in t i m e  series on  severa l  func t ions ,  r a n g i n g  f rom 
t e l e m e t e r e d  i n t e r s c a p u l a r  r o d e n t  t e m p e r a t u r e s  to  s t e ro id  
levels  in  p e r i p h e r a l  h u m a n  blood or  in c a n i n e  a d r e n a l  
v e n o u s  e f f luen t  ~. 

The  so-called u l t r a d i a n  b a n d  x" w i th  per iods  in t h e  ne igh-  
bo rhood  of 3 or 4 h, a n d  also a b a n d  w i t h  a per iod  of a b o u t  
0.8 or  0.9 h, were de t ec t ed  n o t  only  in t h e  d a t a  s u m -  
mar i zed  b y  t he  F igu re  on  cockroaches  s t u d i e d  a t  30°C in 
c o n s t a n t  l i gh t  b u t  also in spec t r a  of cockroaches  k e p t  a t  
t e m p e r a t u r e s  of 24 or  18°C. I n t e r p r e t a t i o n  of t he  b a n d  
n e a r  t h e  h i g h - f r e q u e n c y  e n d  of  t h e  s p e c t r u m  is c o m p l i -  
ca ted ,  however ,  b y  al ias ing,  as  d iscussed  e l sewhere  ~. 

B a n d s  in  t h e  v a r i a n c e  s p e c t r u m  i n d i c a t i v e  of r h y t h m s  
h a v e  severa l  impl i ca t ions .  Changes  w i t h  a f r e q u e n c y  cor-  
r e s p o n d i n g  to  a g iven  b a n d  can  n o w  b e  a n t i c i p a t e d  a n d  
shou ld  be  cont ro l led .  Otherwise ,  e x p e r i m e n t a l  resu l t s  m a y  
b e  d i f f icul t  t o  i n t e r p r e t  in  a n y  s t u d y  of insec t  o x y g e n  con-  
s u m p t i o n  w h e t h e r  or  n o t  one ' s  a i m  inc ludes  t h e  s t u d y  of 
r h y t h m s .  
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/~ooled variaztee spectra, summarizing in several ways a total of 657 measurements of oxygen consumption (made at 20 min intervals on 
fOUr mature maIe cockroaches, Periplaneta americana (L.), kept at 30°C in contiuuous light (about 10 lux) without food or water). 
Abscissae are linear in frequency but  are labelcd as reciprocals of frequency, i.e. as period. Ordinates represent variance per unit fre- 
quency, plotted linearly on top and logarithmically at bottom. Resolution is lower in plots on the left (m = 36), higher in plots on the 
right (m = 77). Vertical bands in the spectrum suggest rhythms with corresponding periods (see text). (For computational details see 

HALBZ~RG and PAtqOFS~:'¢, Exp. Med. Surg. 19, 284 (1961)). 



42 B~ves communications - Kurze Mitteilungen EXPERIENTIA XX[1 

Fur the rmore ,  s tuden ts  of physiological  r h y t h m s  need 
n o t  res t r ic t  the i r  a t t en t ion  to the  c i rcadian  c o m p o n e n t  by  
v iewing  on ly  its presence or  absence in the  r aw  data .  I n  a 
va r iance  spec t rum componen t s  which are qui te  i r regular  
on inspect ion of the  raw d a t a  can also be ob jec t ive ly  quan-  
t i f ied and bands in the  h igher - than-c i rcad ian  domain  of 
frequencies  are ac tua l ly  of in te res t  to a more  comple te  
analysis of c i rcadian sys tem physiology.  Fac to r s  under-  
lying shifts of va r i ance  f rom the  c i rcadian c o m p o n e n t  in to  
the  doma in  of a d j a c e n t  frequencies  seem to be  of par t ic -  
u lar  in teres t  ~-~L 

Zusammen/assung. Der  Sauers to f fverbrauch  yon  Peri- 
planeta americana (L.) wurde  im Dauer l ich t  und im 24- 
s t i indigen L ich t -Dunke lwechse l  bet  30, 24 oder  18°C alle 
20 rain bes t immt .  I m  Var i anzspek t rum dieser Beobach-  
tungsre ihen  lassen sich neben  der  ungefAhren Tages-  
per iodik  (Circadian-Periodik)  auch  hSherf requente ,  un- 

regelm~ssigere und  weniger  p r o m i n e n t e  R h y t h m e n  nach-  
weisen. 
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Vasopressin Analogues with Selective 
Pressor Activity 

I t  is general ly  recognized t h a t  the  basic i ty  of the  amino 
acid res idue in posi t ion 8 of the  molecule,  i.e. in the  pen- 
u l t ima te  posi t ion of the  pep t ide  side-chain,  is of consider-  
able impor tance  for the  specific biological  proper t ies  of 
t he  vasopressins.  This  has  been  poin ted  ou t  for bo th  the  
pressor  x and  the  an t id iu re t i c  2 effect.  I n  con t inua t ion  of 
our  s tudies  on the  inf luence of smal l  s t ruc tu ra l  modif ica-  
t ions on the  pharmacologica l  proper t ies  of the  neuro-  
hypophys iM hormones  a,4, some new analogues modif ied 
in the  posi t ion 8 h a v e  been synthesised and inves t iga ted  
biologically.  Of these compounds ,  orni thineS-vasopressin,  
phenyla lan ine  2-ornithine 8-vasopressin, orn i th ine  S-oxyto - 
c in  and phenyla lan ine  ~-ornithine 8-oxytocin p roved  to  be 
pa r t i cu la r ly  interest ing.  The  p resen t  pape r  gives a shor t  
accoun t  of the i r  synthesis  5 and ma in  pharmacolog ica l  
propert ies .  

N~-CBO-N&tosyl -L-orn i th ine  was condensed wi th  
e thy l  g lyc ina te  by  the  d icyclo-hexylcarbodi imide  meth-  
od to yield e thy l  Ne-CBO-N~-tosyl -L-orni thyl -g lyc ina te .  
Af t e r  r emova l  of the  CBO pro tec t ing  group,  th is  d ipep t ide  
was condensed wi th  N-CBO-L-prol ine by  the  same method .  
The  product ,  e thy l  N-CBO-L-pro ly l -N&tosy l -c -orn i thy l -  
glycinate ,  was conver ted  by  amidi f ica t ion  to the  cor- 
responding amide,  R e m o v a l  of the  CBO pro tec t ing  group 
and condensat ion  wi th  N-CBO-L-glutaminyl -L-aspara-  
ginyl-  S-benzyl-L-cysteinyl-azide e afforded N-CBO-L-glut-  
aminyl -L-asparag inyl -  S -benzyl  -L-cysteinyl-L-prolyl  - N6- 
tosyl-L-orni thyl-gtycinamide.  Af te r  r emova l  of t he  CBO 
pro tec t ing  g roup  this  hexapep t ide  was condensed  wi th  p-  
n i t ropheny t  N - C B O -  S - b e n z y l -  L- cys te iny l -  L- tyrosyl -  L- 
pheny la lan ina te  7 to  N-CBO-S-benzyl -L-cys te inyl -L- tyro-  
syl-L-phenylalanyl-L- glutaminyl-L-asparaginyl-S-benzyl-L- 
cys te inyl -L-proly l -N&tosyl -L-orni thyl -g lyc inamide ,  wi th  
p - n i t r o p h e n y l  N-  CBO-  S - b e n z y l -  L- cys te inyl -  L -pheny l -  
a lanyl -L-phenyla lanate  ~ to N-Cl30-S-benzyl -L-cys te inyl -  
L - p h e n y l a l a n y l - L - p h e n y l a l a n y l - L - g l u t a m i n y l - L - a s p a r a -  
ginyl-  S-benzyl -L-cys te iny l -L-pro ly l -  N6- tosy l -L-orn i thy l -  
g lycinamide,  w i th  p - n i t r o p h e n y l  N - t o s y l -  S - b e n z y l - L -  
cysteinyl-L-tyrosyl-L-isoleucinate  8 to N-tosyl-S-benzyl-L-  
cys t e iny l -L - ty rosy t -L - i so l eucy l -  L - g l u t a m i n y l - L - a s p a r a -  
ginyl-  S -benzy l -L-cys te iny l -L-pro ly l -N3- tosy l -L-orn i thy l -  
g lyc inamide  and wi th  p -n i t ropheny l  N-CBO-S-benzyl-L-  

cys t e iny l -L -pheny ta l any l -L - i so l euc ina t e  ~ to  N - C B O - S -  
benzyl -L-cys te inyl -L-phenyla tanyl -L- iso teucyl -L-glu tami-  
nyl-L-asparaginyl-  S-benzyl-L-cysteinyl-L-prolyl-N3-tosyl-  
L-orni thyl-glycinamide.  

R e m o v a l  of the  p ro tec t ing  groups of the  four  above-  
men t ioned  nonapep t ides  by  t r e a t m e n t  w i th  sodium in 
l iquid ammonia ,  followed by  ox ida t ion  w i t h  po ta s s ium 
ferr icyanide,  pur i f ica t ion  by  coun te r -cu r ren t  d i s t r ibu t ion  
in t he  sys tem sec-butanol /wate r / t r i f luoroace t ic  acid  
(120:160:I ) ,  convers ion to the  ace ta te  and lyophi l izat ion,  
y ie lded OrnS-vasopressin,  Phe~-OrnS-vasopressin,  Orn s- 
oxy toc in  and Phe  ~-Orn S-oxytocin respect ively .  These four  
pept ides  were p roved  to be pure  by  dif ferent  ch romato-  
graphic  and e lec t rophore t ic  me thods  and t h e y  gave  cor- 
rect  e l emen ta ry  analysis  and amino  acid composi t ion on 
hydrolysis .  

The  ma in  pharmacologicM effects of  these  pept ides  
were  de te rmined  by  compar ing  t h e m  wi th  t he  Th i rd  
In t e rna t iona l  S t anda rd  for Oxytocic ,  Vasopressor  and  
Ant id iure t ic  Substances% B o t h  the  pressor  and the  ant i -  
d iuret ic  potencies  were assayed in ra ts  : t he  former  on the  
blood pressure of animals  in u re thane  anaes thes ia  a f te r  
p r e t r e a t m e n t  w i th  an  adrenergic  blocking agen t  x0, ~, t h e  
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