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D u r i n g  t he  f i rs t  2 weeks of s ampl ing  a n d  recordings ,  
t he  in su l in - re s i s t an t  dog showed a v e r y  un i f o r m  recur-  
rence  of the  MMC a t  regular  in t e rva l s  (90 :k 3 min).  
Exogenous  insul in  was followed b y  a p o s t p r a n d i a l  p a t t e r n  
of less t h a n  3 h vs. 6 h in  t he  con t ro l  and  feeding dis- 
r u p t e d  the  MMC for on ly  0.5 to  3 h. The  p l a s m a  I R I  level  
before (30.3 # U . m l  -~) a n d  a f t e r  (2JIRI 8,190) feeding was 
h igher  t h a n  in t he  con t ro l  dog (10.9 • 8.1 #U.m1-1 and  
2JIRI 1,042 • 456. SEM). A decrease  in t he  in i t i a l  insu l in  
res i s t ance  of the  dog m i g h t  be  suspec ted  since t he  las t  

Days Insulin resistant 
I i - i  
2 

5 
6 

12 

,_c t3 -c 

15 
17 
19 
20 
21 
22 

Days 
~:~ 1 [ 

3 t 
4 

6 r 
7 

0 

I "1  

m 

I I 

I 

I 

I 

Control 
I 

Z ~ 3  
- -1 

I 
-I 

2 4 6 8 10h 

Time 

week of record ing  i ts  n a t u r a l  b u l e m y  s l igh t ly  decreased  
and  t he  X I R I  va lue  feI1 to  870. Desp i t e  a r educed  food 
i n t a k e  (300 vs. 400 g), t he  d u r a t i o n  of t he  p o s t p r a n d i a l  
p a t t e r n  was increased  (Figure  2) a n d  in  t h e  las t  week  of 
t ime  t he  MMC also recur red  more  i r regu la r ly  d u r i n g  the  
in te rd iges t ive  periods,  r e sembl ing  t h a t  of t he  con t ro l  dog. 

Discussion. A di rec t  ac t ion  of insu l in  on i n t e s t i n a l  
s m o o t h  muscle  in v i t ro  was descr ibed  as ear ly  as 1932K 
A low level  of insu l in  m a y  h a v e  a pe rmiss ive  role in  v ivo  
in t he  recur rence  of the  basic  MMC p a t t e r n ,  t he  post -  
p r a n d i a l  h y p e r i n s u l i n e m i a  be ing  respons ib le  for t h e  dis- 
r u p t i o n  of t he  MMC. An  i m b a l a n c e  b e t w e e n  hyper insu l i -  
n e m i a  a n d  insu l in  pe r iphe ra l  res i s tance  seems to exis t  in 
b o t h  gene t ica l ly  obese r a t s  and  the  bu lemic  dog. A re- 
l a t ive ly  g rea te r  increase  in p l a s m a  I R I  level  t h a n  in in- 
t e s t i na l  insu l in  res i s t ance  would exp la in  t he  i r regula r  
MMC p a t t e r n  in obese r a t s  du r ing  day- t ime .  On t h e  o the r  
hand ,  a h igher  insu l in  res i s tance  as s h o w n  b y  t he  d imin-  
ished response  to  exogenous  insu l in  m a y  exp la in  the  
b r e v i t y  of the  d i s rup t ion  of t he  MMC p a t t e r n  af te r  feeding 
in t he  bu lemic  dog as well  as the  r e g u l a r i t y  of th i s  p a t t e r n  
d u r i n g  the  in t e rd iges t ive  periods.  

I n su l i n  m a y  n o t  be  t he  on ly  h o r m o n e  regu la t ing  gas t ro-  
i n t e s t ina l  e lectr ical  ac t iv i ty .  O t h e r  i n t e s t ina l  ho rmones ,  
such  as en te rog lucagon ,  mot i l in  and  gas t r ic  i n h i b i t o r y  
po lypep t i de  m a y  be  invo lved :  r ecen t  obse rva t i ons  of hy-  
pe rp las ia  of gu t  endocr ine  cells in gene t ica l ly  obese mice 
sugges t  t h a t  changes  in these  h o r m o n e s  m a y  also be 
s ign i f ican t  in t he  Zucker  rat% However ,  t he  p r e sen t  re- 
sui ts  give fu r t he r  s u p p o r t  to  a m a j o r  role of insul in  in  t he  
con t ro l  of gu t  e lectr ical  sp ik ing ac t iv i ty .  

Fig. 2. D u r a t i o n  of the  p o s t p r a n d i a l  p a t t e r n  of e lectr ical  a c t i v i t y  
a f t e r  a da i ly  mea l  (400 g) or i. v. in jec t ion  of insul in  (3 IU/kg)  in 
a n  insu l in res i s tan t  dog  r eco rded  over  22 days  c o m p a r e d  wi th  a 
cont ro l  dog  over  7 days .  
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Summary. Twelve  male  sub jec t s  h a d  the i r  r e sp i ra t ion  r a t e  (RR) m e a s u r e d  a t  3 m in  in te rva l s  for 6 h. A l t h o u g h  the re  
were s u b s t a n t i a l  i nd iv idua l  differences,  m o s t  sub jec t s  d e m o n s t r a t e d  a 90 :k 15 min  r h y t h m  of RR,  w i t h  severa l  sub-  
jec ts  also showing  60 i 10 m i n  a n d  30 4- 3 m i n  r h y t h m s .  

The  p h e n o m e n o n  of R E M  cycl ing t h r o u g h o u t  sleep ha s  
p roduced  t he  proposal1  t h a t  t he re  is a bas ic  res t  a c t i v i t y  
cycle (BRAC) wh ich  is a f u n d a m e n t a l  90 m i n  r h y t h m  in 
sleep a n d  wakefulness .  O the r s  ~,a are less specific a b o u t  
such  a r h y t h m  a n d  consider  t h a t  the re  m a y  be  desyn-  
chron ized  u l t r a d i a n  r h y t h m s  (URs) in m a n y  b o d y  func-  
t ions ,  w i t h  a d u r a t i o n  of a b o u t  80-120 rain.  W h i l s t  t he re  
are m a n y  equ ivoca l  f indings  wi th  t he  presence  of U R s  in 
wakefulness ,  p e r h a p s  a more  def in i te  U R  is w i t h  o ra l i ty  4, 5 
and  gas t r ic  mot i l i ty% The  equ ivoca l i t y  m a y  be due  to 
such  fac tors  as;  1. insens i t ive  measures ,  2. U R s  do n o t  
ex is t  in  m a n y  b o d y  funct ions ,  3. U R s  are v u l n e r a b l e  to  
i n t e r v e n i n g  var iables ,  e.g. l i gh t  and  da rknes s  a, and  
c i rcad ian  r h y t h m  modu la t i on .  Since t he  p u t a t i v e  B R A C  
is associa ted w i th  changes  in levels of a c t i v i t y  and  wake-  
fulness,  measures  of wakefu lness  m a y  be  p a r t i c u l a r l y  
sensi t ive.  There  is some ev idence  ~ of a U R  in wak ing  

E E G  ac t iv i ty .  I t  h a s  been  p roposed  8 t h a t  r e sp i r a t ion  is a 
v e r y  sens i t ive  measu re  of levels of wakefulness ,  w i t h  t he  
p r o x i m i t y  of t h e  b u l b o - p o n t i n e  r e s p i r a t o r y  p a c e m a k e r  
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to t he  re t i cu la r  f o r m a t i o n  be ing  the  key  factor .  T h e  effect  
of c h a n g e s  in t h e  level of r e l axa t i on  are k n o w n  9 to  in- 
f luence  resp i ra t ion .  I n  a s t u d y  1~ u n r e l a t e d  to U R s ,  1-2 h 
osci l la t ions  of o x y g e n  c o n s u m p t i o n  in r e s t ing  m a n  h a v e  
been  repor ted .  The  p r e s e n t  s t u d y  i n v e s t i g a t e d  t he  possi-  
b i l i ty  of a U R  in r e sp i ra t ion  ra te  (RR).  

Method. 12 ma le  sub jec t s ,  18-25 years ,  n o n - s m o k e r s  
a n d  med ica l ly  f i t  t ook  par t .  R R  was  m e a s u r e d  b y  a na sa l  
t h e r m i s t o r  co n n ec t ed  to a s t r a in  gauge  coupler  and  pape r  
o u t p u t  po lyg raph .  Sub jec t s  were m e a s u r e d  i nd iv idua l l y  
a n d  were conf ined  to a sound-p roo fed  room cont ro l led  a t  
20~ for 6 h b e tween  t he  t ime  l imi t s  of 1200-2000 h. All 
t i m e  cues  were r e m o v e d  and  sub jec t s  were u n a w a r e  of t he  
p h e n o m e n o n  u n d e r  inves t iga t ion .  T h r o u g h o u t  each  r u n  
s ub j ec t s  r e m a i n e d  c o m f o r t a b l y  sea t ed  a t  a desk, and  were 
a l lowed to read  books  of the i r  choice and  to write.  To 
avo id  in te r fe rence  w i th  ac tua l  m e a s u r e m e n t  a n d  wi th  
arousal ,  s u b j ec t s  were no t  al lowed to ea t  or d r i nk  du r ing  
t he  run .  T h e y  were i n s t r u c t e d  to ensu re  t h a t  t h e y  a te  a n d  
d r a n k  su f f i c ien t ly  be fo rehand .  E a c h  pape r  record was  di- 
v ided  in to  3 m i n  epochs,  to ta l l ing  120 epochs,  and  t he  IRR 
was  assessed  for each epoch.  The  digi ta l  d a t a  were fourier  
a n a l y z e d  w i t h  a p r o g r a m  of low reso lu t ion  in t he  r ange  
0.1-0.008 H z  (10-120 m i n  period).  A H e w l e t t  P a c k a r d  Fou-  
r ier  Ana lyse r ,  mode l  H P  5451A was  used  for th i s  purpose .  
T h e  low reso lu t ion  was  more  able to cope w i th  f r e q u e n c y  
m o d u l a t i o n s  (FMs). The  m o s t  d o m i n a n t  f requenc ies  were 
assessed  for s igni f icance  b y  t he  fol lowing cri teria.  E p o c h  
d a t a  for each  su b j ec t  were r a n d o m i z e d  100 t i m e s  a nd  
four ier  an a ly zed  e a c h  t ime.  These  100 ana ly se s  were 

Top five most donfinant periodicities with significance levels, for all 
subjects 

Subject Length (nlin) of dominant periods 
No. 

1 2 3 4 5 

1 84 ~ 39 ~ 69 27 33 
2 27 �9 78 �9 69 33 93 
3 54 24 111 36 45 
4 78" 48 �9 96 a 30 46 
5 90 b 63 a 42 �9 57 ~ 33 ~ 
6 60 ~ 90 42 15 36 
7 35 b 90" 114 45 54 
8 90 b 57 a 45 a 39 21 
9 27 a 78 21 63 42 

10 27 ~ 54 93 39 63 
11 65 b 27 b 38 ~ 19 ~ 24 ~ 
12 102 ~ 77 b 43" 31 ~ 25 ~ 

�9 Significant at 0.05 level, bSignifieant at 0.001 level. 

compi led  a n d  used  for c o m p a r i s o n  w i th  t he  original  da ta .  
T h u s  the  e n e r g y  va lue  for a n y  d o m i n a n t  f r e q u e n c y  f rom 
the  or iginal  a na ly s i s  could  be c o m p a r e d  w i th  t he  o the r  
100 va lues  for t h a t  pa r t i c u l a r  f r equency .  If an  or ig inal  
va lue  was  ne ve r  exceeded  b y  t he  100 va lues  t h e n  i t  was  
cons idered  to  be s ign i f i can t  a t  a p ~0 .001  level, if i t  was  
exceeded  b e t w e e n  1 a n d  5 t i m e s  i t  was  cons idered  to be 
s ign i f i can t  a t  a p ~<0.05 level. The  f r e q u e n c y  va lues  were 
c onve r t e d  to per iods  in a la ter  p a r t  of t he  analys is .  

Results. F r o m  the  Tab le  of t he  five m o s t  d o m i n a n t  
per iods  it  can  be seen t h a t  7 sub j e c t s  d e m o n s t r a t e d  a 
s ign i f ican t  per iod  w i th in  a U R  range  of 90 i 15 min ,  
w i th  3 s u b j e c t s  showing  h i g h l y  s ign i f i can t  (p~<0.001) 
levels. W i t h  t h e  a ve r a g ing  of t he  or iginal  fourier  a na ly se s  
for t he  g roup  of sub jec t s  it  can  be seen f rom F igure  1 
t h a t  t he re  are a t  leas t  2 o the r  per iod r anges  of p rominence .  
One a p p a r e n t l y  a t  30 4- 5 m i n  a nd  the  o ther  a t  60 • 
10 min .  The  Tab le  shows  t h a t  7 sub jec t s  h a v e  s ign i f i can t  
per iods  w i t h i n  30 • 5 m i n  a nd  4 sub jec t s  wi th  a signifi-  
c a n t  60 & 10 m i n  period.  The re  are clear  i nd iv idua l  dif- 
ferences  in t h e  d i s t r i bu t ion  of these  s ign i f ican t  per iods  
across t he  sub jec t s ,  r a n g i n g  f rom sub j e c t  3 w i t h  no 
s ign i f i can t  per iods  a t  all, to sub j e c t  5 wi th  all t he  3 m a i n  
per iods  p lus  one a t  42 min .  

Discussion. The  cr i ter ia  for w h e t h e r  a period is signifi-  
c a n t  or no t  were objec t ive  b u t  a rb i t r a ry .  If t he  top  3 
d o m i n a n t  per iods  are t a k e n  regard less  of s ignif icance 
values ,  t h e n  10 sub jec t s  h a v e  a per iod in t he  90 • 15 m i n  
range ,  5 in t he  30 • 5 m i n  r ange  a nd  8 in t he  60 4- 10 m i n  
range.  W i t h  30, 60 a nd  90 be ing  mul t ip l e s  of each  o the r  
it  is l ikely t h a t  leas t  one is a h a r m o n i c .  B u t  a n y  h a r m o n i c  
ana lys i s  is d i f f icul t  to d e t e r m i n e  because  1. r a n k i n g  of t he  
d o m i n a n c e  per iods  w i th in  sub j e c t s  shows no c o n s i s t e n t  
t rend ,  2. four ier  analys is ,  like m o s t  f r e que nc y  ana lys i s  
t e c h n i q u e s  a s s u m e s  t h a t  a w a v e f o r m  is l inear,  b u t  wi th  
t he  p r e se n t  d a t a  FM was  present ,  and  even  t h o u g h  a low 
reso lu t ion  ana lys i s  was  e m p l o y e d  FM would  ha ve  r educed  
t he  eff ic iency of the  ana lys is .  W i t h  on ly  6 h of d a t a  col- 
lect ion possible  t he  presence  of a n y  per iods  longer  t h a n  
120 m i n  would  become inc reas ing ly  no i sy  owing to fewer 
comple te  per iods  for analys is .  I n t e r e s t ing ly ,  sub jec t s  4 
a nd  12 each  show 2 s ign i f i can t  per iods  w i th in  90 & 15 
min .  F r o m  the  raw d a t a  of sub j e c t  4 in F igure  2 it  c a n  be 
Seen f rom the  t r o u g h s  m a r k e d  �9 the re  is a b o u t  a 78 rain 
per iodici ty ,  a n d  f rom the  t r o u g h s  m a r k e d  �9 there  is a b o u t  
a 96 m i n  period.  These  per iods  a ppe a r  to be inde-  
p e n d e n t ,  s u g g e s t i n g  t h a t  t he re  m a y  be more  t h a n  one 
U R  fac tor  in f luenc ing  R R .  A l t h o u g h  gas t r ic  a c t i v i t y  was  

9 j.  MEAD, J .  appl. Physiol. 15, 325 (1960). 
10 D. BAILEY, D. HARRY, R. E. JOHNSON and I. }{UPPRATZ, J. 

appl. Physiol. 3d, 467 (1973). 
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Fig. 1. Average power spectrum for all subjects (n = 12). 
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no t  m easu red ,  it  is possible  t h a t  a n y  gas t r ic  or oral  
U R  ~-~ m a y  h a v e  some  inf luence  on R R  ou t s ide  t he  
cen t ra l  n e r v o u s  s y s t e m  (CNS). 

T he  ra t iona le  b e h i n d  the  p r e sen t  s t u d y  was  or ien ted  
t o w a r d s  CNS a rousa l  fac tors  in R R  cont ro l  and  no t  neces-  
sar i ly  t o w a r d s  c h a n g e s  in me tabo l i c  ra te  per  se. B u t  if 
t he re  is a r e s t ing  U R  of d a y t i m e  me tabo l i c  rate ,  wh ich  
m a y  be ref lected in t he  changes  in o x y g e n  c o n s u m p t i o n  
r epor t ed  earl ier  ~0, t h e n  these  sma l l  c h a n g e s  in o x y g e n  re- 

q u i r e m e n t s  m a y  be m a d e  a t  t he  expense  of t ida l  v o l u m e  
and  n o t  necessa r i ly  in RR~L T h u s  a f u r t h e r  s t u d y  m i g h t  
assess  c h a n g e s  in r e sp i ra t ion  flow ra te  ~2. 

ii F. J. CLARK and C. VON EULER, J. Physiol., Loud. 222, 267 (1972). 
i2 Acknowledgment. We would like to tt/ank Dr RAY IV[El)DIS of this 
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Summary. 2 ,4-d in i t rophenol  e n h a n c e d  root  f o r m a t i o n  on d a r k - g r o w n  h y p o c o t y l  c u t t i n g s  of Bhaseolus mungo. Thi s  
effect  is p r o b a b l y  re la ted  to u n c o u p l i n g  of ox ida t ive  p h o s p h o r y l a t i o n  a nd  n o t  t h r o u g h  I A A - m e t a b o l i s m  as is e v i d e n t  
f rom s tud ies  w i th  r e sp i r a to ry  inh ib i to rs  (Cd z+) and  non -pheno l i c  uncoupIe r s  of ox ida t ive  p h o s p h o r y I a t i o n  (arsenate) .  

Whi l e  e x a m i n i n g  t he  effect  of some  phenol ic  com-  
p o u n d s  on h y p o c o t y l  c u t t i n g s  of Phaseolus mungo, in- 
c reased  root  f o r m a t i o n  was obse rved  w i th  2,4-dini t ro-  
pheno l  (DNP).  W o r k  was  there fore  u n d e r t a k e n  to in-  
v e s t i g a t e  th i s  u n u s u a l  p h e n o m e n o n  of increased  roo t ing  
w i th  an  u n co u p l e r  of ox ida t ive  p h o s p h o r y l a t i o n  2, 3. 

H e a l t h y ,  u n i f o r m  seeds of Phaseolus mungo were 
g e r m i n a t e d  in s ter i l ized Pe t r i -d i shes  (15 cm diam.)  l ined 
w i th  co t t o n  pads ,  m a i n t a i n e d  a t  28 • 2~ in t he  dark .  
U n i f o r m  seedl ings  were m a d e  in to  c u t t i n g s  w i th  3.5 c m 
h y p o c o t y l  a n d  6.5 cm epicotyl  b y  excis ing  t he  co ty ledons ,  
t he  u p p e r  ep ico ty la r  and  lower h y p o c o t y l a r  por t ions .  
These  were p l a n t e d  in  holes on t in-foi ls  s t r e t ched  over  
s pec im en  t u b e s  (3 • 7.5 cm),  each  con t a in ing  20 ml  of t h e  
requis i te  t e s t  so lu t ion .  Cul tu res  were m a i n t a i n e d  in t he  
da rk  an d  the  t e s t  so lu t ions  were c h a n g e d  af te r  e v e r y  
24 h. O b s e r v a t i o n s  on the  n u m b e r  of c u t t i n g s  roo ted  a n d  
the  n u m b e r  of roots  were recorded af te r  7 days .  The  ex- 
p e r i m e n t  was  r epea t ed  3 t in les  wi th  s imi la r  t r e n d s  of 
resul ts .  

Th e  resul ts ,  t o g e t h e r  wi th  t he  t r e a t m e n t s  p r e sen t e d  in 
t he  Table,  show t h a t  all c u t t i n g s  rooted  in water ,  as well 
as in 1 ~g /ml  IAA.  1% sucrose  alone or w i th  IAA,  en- 
h a n c e d  root ing,  sh o wing  t h e r e b y  t h a t  t he  o p t i m a l  pro-  
duc t i o n  of a d v e n t i t i o u s  roots  was  l imi ted  b y  the  level of 
e n d o g e n o u s  n u t r i t i o n  and  t h a t  a p roper  ba lance  b e t w e e n  
a u x i n  an d  n u t r i t i o n  was  nece s sa ry  for t h e  process  ~-7. 

D N P  alone, w i th  I A A  ( l~g/ml) ,  sucrose  (1%) or I A A  + 
sucrose  e n h a n c e d  roo t ing  (Table). A u x i n  a c t i v i t y  of t he  
s u b s t i t u t e d  pheno l s  is lost  w h e n  t he  pos i t ion  pars to 
h y d r o x y l  g roup  is s u b s t i t u t e d  b y  s t rong  e lect ron a t t r a c t -  
ing g roups  s,9. However ,  t h e  p r e s e n t  i nve s t i ga t i on  re- 
veals  t h a t  in t h e  case of D N P ,  a pars s u b s t i t u t i o n  resu l t s  
in a n  ac t ive  molecule.  I t  was  decided to i nves t i ga t e  w h y  
a para s u b s t i t u t e d  phe no l  w h i c h  ac t s  as  a n  unc oup l e r  
of ox ida t i ve  p h o s p h o r y l a t i o n  also shou ld  e n h a n c e  root ing.  

Phenol ic  c o m p o u n d s  are k n o w n  to  e n h a n c e  ce r ta in  
a u x i n - c a u s e d  responses  ~0-12. D N P  migh t ,  therefore,  e xe r t  
i ts  in f luence  v ia  i n t e r ac t i on  w i t h  some  h o r m o n a l  m e c h a -  
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Effect of DNP, DNP + Cd ++ and arsenate alone and in combination with IAA, sucrose and IAA + sucrose, on the number of dark-grown 
Phaseolus mungo hypocotyl cuttings with exeized apex and cotyIedons that rooted out of 10 and the number of roots produced per rooted 
cutting (Figures within parentheses) 

Treatment Combination with 

Water IAA (1 g.g/ml) Sucrose (1%) IAA (1 Dg/inl) + 
sucrose (1%) 

Water 10 (4.0 i 0.3) 
DNP (5.0 ~zg/inl) 9 (9.3 • 0.9) 
DNP (5.0 ~zglml} + Cd ++ (2 • 10 6 M) 10 (4.8 i 0.4) 
Arsenate (10 .6 M) 9 (4.4 i 0.2) 

10 (4.3:~0.1) 10 (6.0:~0.4) 9 (7.0• 
10(11.7i0.9)  10 (10.3-t=0.9) 10(19 • 
5 (4.1:t_0.4) • 9 (3.1-t=0.2) 

i0 (6.0+_0.2) I0 (8.2• I0(11.5• 

•  Standard error. • Cuttings decayed. 


