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cyclic guanosine  monophospha t e ,  to the  t r ans fo rma t ion  
sys tem were examined  to de te rmine  the i r  abi l i ty  to en- 
hance  t r ans fo rmat ion .  

Materials and methods. The procedure  for the  p repara -  
t ion and  isolat ion of a s t r ep tomyc in - r e s i s t an t  m u t a n t  
(STR) was similar to t h a t  of o ther  inves t iga tors  6, 7. The 
actual  procedure  for the  S T R  t r ans fo rma t ion  expe r imen t  
has been  descr ibed elsewhere ~, a. The minimal  inh ib i to ry  
concen t ra t ion  of nalidixic acid was de te rmined  according 
to the  m e thods  of GROOVE and  RANDALL s. Compe ten t  
cells were exposed to va ry ing  concen t ra t ions  of th is  com- 
pound  (100, 500 and 1000 #g) for 30 min dur ing  the  la t t e r  
s egmen t  of t he  log phase.  F r o m  this  point ,  the  t r ans for -  
ma t ion  was comple ted  as descr ibed elsewhere a. Cyclic 
adenosine  m o n o p h o s p h a t e  (cAMP) and cyclic guanosine  
m o n o p h o s p h a t e  (cGMP), a t  concen t ra t ions  of 10 /~g and 
100 #g per  ml, were added  to  the  t r ans fo rma t iona l  sys t em 
in the  same m a n n e r  as the  nalidixic acid. 

Results and discussion. The results  of 3 i n d e p e n d e n t  
s tudies  showed a ve ry  sl ight  reduc t ion  in the  t r ans fo rma-  
t ionaI f requency  as compared  wi th  the  controls  when  
nalidixic acid a t  the  500 #g level was added  to the  log 
phase  culture.  No loss of v iabi l i ty  a t  th is  concen t ra t ion  
was observed.  Grea ter  concen t ra t ions  d e m o n s t r a t e d  de- 
t r imen ta l  effects. These resul ts  indicate  t h a t  D N A  inhi-  
bi t ion caused by  nalidixic acid does not  interfere  wi th  the  
t r ans fo rma t ion  of B. catarrhalis, thus  suggest ing t h a t  
nuclear  repl icat ion m a y  no t  be a prerequis i te  for th is  
model.  These results  are similar  to observa t ions  in o ther  
systems,  such as Neisseria meningitidis 9, Bacillus sub- 
tilts 1~ and Streptococcus pneumoniae n. ARCHER and 
LANDMAN 12 have  shown t h a t  donor  D N A  can en te r  a 
c o m p e t e n t  celI regardless of the  location of repl icat ive 
poin ts  of the  recipient  D N A  on the  membrane .  This  
would indicate  t h a t  D N A  can en te r  a t  any  poin t  on the  
m e m b r a n e  where receptors  are located,  and no t  jus t  a t  
points  where DNA synthes is  is occurring. 

The exposure  of c o m p e t e n t  cells to cAMP and cGMP 
prior to  t he  addi t ion  of D N A  did no t  al ter  in any  way  the  
t r ans fo rma t iona l  f requency  in th is  model  sys tem.  In-  
h ibi tors  of energy  me tabo l i sm have  been shown to block 
DNA up take  in the  pneumococc i  la, 14; in Hemophilus in- 
/luenzae15; in B. subtilis1% in N. meningitidis 9 and in 
B. catarrhalis3. I t  seems reasonable  t h a t  if energy is re- 
quired for DNA uptake ,  supply ing  a popula t ion  of com- 

p e t e n t  cells wi th  a source of p re formed  energy  molecules 
would be s t imula to ry  to t r ans fo rmat ion .  Al though  the  
role of these  two chemicals  in the  cell is no t  comple te ly  
unders tood ,  it  appears  t h a t  cAMP in par t icu lar  m a y  
serve as an ac t iva to r  of synthes is  of m a n y  catabol ic  en- 
z y m e s l L  WISE,  POWERS and ALEXANDER 18 have  found 
t h a t  cAMP added  to  exponent ia l  cul tures  of H. in/luenzae 
raises the  t r ans fo rmab i l i t y  of cells as m u c h  as 10,000 fold 
af ter  one genera t ion  t ime in g rowth  medium.  E i the r  these 
energy  precursors  have  no s t imula to ry  effect  on this  
model,  or the  cells do no t  possess a t r a n s p o r t  sys tem for 
them.  Ano the r  a l t e rna t ive  is t h a t  the  cells mus t  ac t ively  
engage in energy  me tabo l i sm to achieve uptake .  This  is 
suppor t ed  by  the  work  of LACKS and GREENBERG 19 who 
have  shown t h a t  an exogeneous source of A T P  canno t  
subs t i tu t e  for sugar  in the  med ium for D N A  up take  in 
St. pneumoniae. 
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Insulin Res i s tance  and Related Electrical  Act iv i ty  of the Smal l  Intest ine 
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Summary.  Pos tp rand ia l  d i s rup t ion  of the  migra t ing  myoelect r ic  complex  is of longer dura t ion  in obese hyper insu lemic  
Zucker ra t s  t h a n  in control  rats.  No pos tp rand ia l  d i s rupt ion  was seen in an insulin res i s t an t  dog. This gives fu r the r  
suppor t  to  a ma jor  role for insulin in control  of gut  ac t iv i ty .  

A cyclic recurr ing sequence  of regular  spiking ac t iv i ty  
(RSA) in which  spike burs t s  are super imposed  on all slow 
waves  is charac ter i s t ic  of the  small  in tes t ine  in m a n y  
species, e.g. ra t s  or dogs fas ted  for 24 h ~. E a c h  phase  
of R S A  is p receded  by  a per iod of irregular spiking ac- 
t i v i t y  (ISA) and followed by  a quiescent  phase.  This 
cyclic p a t t e r n  has been called the  migra t ing  myoelec t r ic  
complex  (MMC), because of its slow p ropaga t ion  along 
the  smal l  in tes t ine .  The  MMC recurs  a t  in tervals  of abou t  

15 min in rats  and  80-110 min in dogs 3. The MMCs dis- 
appear  af ter  feeding being replaced by  a pos tp rand ia l  
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p a t t e r n  of con t inuous  spiking ac t iv i ty  charac ter ized  by  
r a n d o m l y  occurr ing spike bursts .  This ac t iv i ty  occurs 
t h r o u g h o u t  the  n igh t  in ra t s  fed ad l ib i tum and for 7 to 8 
h following one dai ly  meal  in dogs, even af ter  v a g o t o m y  
and/or  sp lanchn icec tomy.  

The mechan i sms  control l ing th is  electrical ac t iv i ty  are 
less well unders tood.  Gastr in  release by  food nu t r i en t s  has  
been suggested as a possible mediator ,  bu t  the  effect  of 
exogenous pen t agas t r i n  was shor t - l ived in dogs 4. In  con- 
t ras t ,  the  in jec t ion  of insulin secretagogues mimicked  the  
pos tp rand ia l  pa t t e rn .  The dura t ion  of pos tp rand ia l  hyper -  
insul inemia was also corre la ted wi th  the  per iod of MMC 
disrupt ion,  thus  suggest ing t h a t  endogenous  insulin m a y  
be a control l ing factor  of in tes t ina l  motil i ty~. 

The p resen t  s t u d y  a t t e m p t e d  to subs t an t i a t e  th is  
hypo thes i s  using Zucker obese ra ts  (/a//a), which are 
charac ter ized  by  hyper insu l inemia  and per iphera l  insulin 
res is tance 6. Addi t iona l  observa t ions  were made  on a dog 
which  was hyperphag ic  (bulemy) and exhib i ted  var iable  
resis tance to exogenous insulin injection.  
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Fig. 1. Electrical spiking activity of the proximal jejunum (13 cm 
from the pylorus) integrated at 20-see intervals in the rat; The 
number of MMC is about 3/h in the lean rat versus 1.7 in the obese 
rat. Maximum amplitude corresponds to the phase of RSA, preceded 
by that of ISA. The MMCs are separated by periods of relative 
auieseence. 

2klethods. 10 male Zucker  ra t s  (16 weeks of age), 5 obese 
(/a//a) weighing abou t  500 g and 5 lean (Fa-) weighing 
abou t  300 g were housed  singly in w i re -bo t tomed  cages 
and allowed lab chow and wa te r  ad l ib i tum at  n igh t  
(18.00 to 08.00 h) over  an exper imenta l  session of 6 weeks. 
Food was wi thhe ld  dur ing  day- t ime  bu t  water  was con- 
t inuous ly  available.  Elec t rodes  were imp lan t ed  in the  
in tes t ina l  wall  under  e ther  anaes thes ia  3. 3 pairs  of elec- 
t rodes  2 m m  apa r t  were posi t ioned at  5, 13 and  18 cm 
from the  pylorus.  The free ends of the  electrodes were 
placed subcu taneous ly  on the  back  of the  neck. S ta r t ing  
10 days  af ter  surgery,  the  e l ec t romyogram was registered 
wi th  an E E G  machine  (Reega VI I I ,  Alvar) for 10 con- 
secut ive h each day.  The electrical ac t iv i ty  was con- 
t inuous ly  p lo t t ed  a t  20-sec in tervals  using a double  linear 
in tegra tor  circuit  connec ted  to a po ten t iomet r i c  recorder.  

A m o n g  several  rout ine  p repara t ions  of mongrel  dogs 
used for cont inuous  recording of the  myoelectr ical  ac- 
t i v i t y  of the  small  intest ine,  1 an imal  (female, 6 mo n t hs  
old, 17 kg) showed a cons is ten t  MMC p a t t e rn  which was 
only br ief ly d i s rup ted  af ter  a dai ly meal  of 400 g of canned 
food. The p lasma insulin level (IRI) in this  animal  was 
de t e rmined  by  rad io immunoassay~  on jugular  blood 
samples  t aken  at  30-min in tervals  before and af ter  feeding 
on 3 occasions. Resul t s  are expressed as the  in tegra ted  
response (2; insulin, ffU.min.m1-1) = area subscr ibed by  
the  insulin response  curve dur ing 180 min  af ter  feeding). 
The dura t ion  of d i s rupt ion  of the  MMC p a t t e r n  by  the  
i.v. inject ion of insulin (3 IU/kg) following a 24-h fast  
was also de t e rmined  in 3 instances.  A control  dog was 
subjec ted  to the  same protocolL 

Results. Both  lean and obese ra t s  exhib i ted  the  MMC 
p a t t e rn  f rom 08.00 to 18.00 h and the  pos tp rand ia l  p a t t e rn  
previously  descr ibed in the  Wis ta r  breed 2, 3 f rom 18.00 
to 08.00 h. As soon as food was wi thdrawn ,  the  electrical 
spiking ac t iv i ty  became  regular ly  in terspersed at  15-min 
in tervals  wi th  periods of quiescence in the  lean rats.  In  
obese rats,  the  in terva ls  be tween  MMCs were general ly 
longer and remained  very  irregular  (Figure 1). The phases  
of R S A  lasted abou t  4 min in bo th  lean and obese rats,  
bu t  the  phases  of ISA varied cons iderably  in the  obese 
rats,  the  mean  dura t ion  being more  t h a n  doubled.  On 
occasion, a phase  of ISA pers is ted over  30 min. The mean 
n u m b e r  of MMC per  hour  on the  proximal  pa r t  of the  
small  in tes t ine  averaged 2.6 to 3.4 in the  lean ra ts  and 
only 1.2 to 1.6 in the  obese ra ts  (Table). 
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Recurrence of the MMC at two electrode sites on the small intestine in 5 lean and 5 obese Zucker rats (mean values i SD for 3 recordings from 
08.00 to 18.00 per animal) 

Rats 

Lean (Fa) Obese (/a//a) 

Electrode distance from the pylorus (era) 5 
MMC (per h) 2.6 • 0.9 
Duration of RSA (rain) 4.3 ~ 0.6 
Intervals between MMC (min) 8.6 -L 3.9 
Plasma IRI �9 (FU/ml) 37.3 :Jz 6.3 

18 5 18 
3.4 ~ 1.1 1.2 =c 0.6 b 1.6 ~ 0.7 b 
4.0 ~ 0.9 3.9 _L 0.3 3.9 :]_ 0.6 
8.4 i 1.7 18.4 q- 7.7 b 17.4 ~ 7.1 b 

270.7::[::72.8 

From STERN et al. s. b p < 0.01. 
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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  
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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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Ultradian and Other R h y t h m s  in H u m a n  Respirat ion  Rate 
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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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