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Electr ica l  s l o w  w a v e s  in ov iducta l  s m o o t h  m u s c l e  of the gu inea~p ig ,  
m o u s e  and the i m m a t u r e  b a b o o n  ~ 

A. T a l o  a n d  B.  J .  H o d g s o n *  

Department o] Zoology, University Turku, SF-20500 Turku 50 (Finland), and Department of Obstetrics and Gynecology, 
The University of Texas Health Science Center at San Antonio, Center [or Research and Training in Reproductive Biology 
and Voluntary Regulation of Fertility, 7703 Floyd Curl Drive, San Antonio (Texas 78284, USA), 29 June 1977 

Summary. O v i d u c t s  of  t h e  g u i n e a - p i g ,  m o u s e  a n d  i m m a t u r e  b a b o o n  s h o w  p r o m i n e n t  e l e c t r i c a l  s l ow  w a v e s .  I n  t h e  
g u i n e a - p i g  o v i d u c t  t h e y  a r e  4 0 - 5 0  m V  in  a m p l i t u d e  a n d  h a v e  a d u r a t i o n  of  1.5 sec  in  t h e  i s t h m u s .  S low w a v e s  in  t h e s e  
t i s s u e s  p r o p a g a t e  a t  a s p e e d  of  1 - 1 3  m m / s e c .  

R h y t h m i c a l  o s c i l l a t i o n s  of  t h e  m e m b r a n e  p o t e n t i a l  (s low 
w a v e s )  of  t h e  s m o o t h  m u s c l e  of  t h e  i n t e s t i n e s  h a v e  b e e n  
s t u d i e d  e x t e n s i v e l y  3. S l ow  w a v e s  of  t h e  s m o o t h  m u s c l e  of  
m f i l l e r i a n  o r g a n s  s u c h  as  t h e  u t e r u s  a n d  o v i d u c t  h a v e  b e e n  
less  wel l  c h a r a c t e r i z e d .  A n d e r s o n  3 d e s c r i b e d  s low p a c e -  
m a k e r  p o t e n t i a l s  of  s e v e r a l  m V  in  a m p l i t u d e  a n d  w h i c h  
a r e  v e r y  r e g u l a r  in  t h e  e s t r o g e n - d o m i n a t e d  r a t  u t e r u s .  
O s a  a n d  K a t a s e  4 h a v e  s h o w n  t h a t  t h e  c i r c u l a r  m u s c l e  of  
t h e  p r e g n a n t  r a t  m y o m e t r i u m  is  d o m i n a t e d  b y  s l ow  po -  
t e n t i a l  c h a n g e s  of  2 0 - 3 0  m V  in  a m p l i t u d e .  T h e r e  a r e  o n l y  
2 p u b l i s h e d  r e p o r t s  of  s l ow  w a v e s  in  o v i d u c t a l  t i s s u e .  T o -  
m i r a  a n d  W a t a n a b e  5 r e c o r d e d  s l ow  w a v e s  f r o m  t h e  gu i -  
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Fig. 1. Slow waves recorded from guinea-pig oviduct. All voltage scales are 2 mV unless specified and time scales (horizontal) are all 2 sec. 
A Recordings from mieroeleetrode (upper trace) and suction electrode (lower trace); electrodes are 3.5 mm apart;  B longitudinal tension from 
short segment of oviduct (upper trace) and electrical activity (suction electrode, low trace) ; C and D recordings from is thmus and E recording 
from ampulla; all from suction electrodes. 
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Fig. 2. Waveforms recorded fronl 
mouse oviduct with suction elec- 
trodes. A and C proximal is thmus,  
estrus; B Proximal is thmus,  
proestrus; D ampullary-isthmie 
junction, estrus; E distal i s thmus 
estrus. Vertical scale is 0.2 mV 
except for A, where scale is 0.5 mV. 
Horizontal (time) scale is 2 sec for 
A, B and C, 4 sec for D and 6 sec 
for E. 
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n e a - p i g  o v i d u c t  u s i n g  t h e  s u c r o s e - g a p  t e c h n i q u e  b u t  d i d  
n o t  s t a t e  t h e  l o c a t i o n  a l o n g  t h e  o v i d u c t  or  t h e  h o r m o n a l  
c o n d i t i o n  of  t h e  a n i m a l .  N e l s e n  ~ r e c o r d e d  s low w a v e s  
f r o m  r a b b i t  o v i d u c t  u s i n g  e x t r a c e l l u l a r  n e e d l e  e l e c t r o d e s  
b u t  t h e  r e l a t i o n s h i p  of  t h e s e  s l ow  w a v e s  to  a c t i v i t y  re -  
Corded  u s i n g  s u c t i o n  e l e c t r o d e s  in w h i c h  n o  p r o m i n e n t  
s l ow  w a v e s  h a v e  b e e n  o b s e r v e d  7 is u n c l e a r .  W e  r e p o r t  ob-  
s e r v a t i o n s  o f  s l ow  w a v e s  in  t h e  p o s t o v u l a t o r y  g u i n e a - p i g  
o v i d u c t  r e c o r d e d  u s i n g  i n t r a c e l l u l a r  m i c r o e l e c t r o d e s  a n d  
s u c t i o n  e l e c t r o d e s  a n d  in  t h e  m o u s e  a n d  i m m a t u r e  b a b o o n  
O v i d u c t  u s i n g  s u c t i o n  e l e c t r o d e s .  
Methods. 4 c y c l i n g  H a r t l e y  W h i t e  f e m a l e  g u i n e a - p i g s  were  
k i l l ed  b y  c e r v i c a l  d i s l o c a t i o n  1 8 - 2 0  h a f t e r  r u p t u r e  of  t h e  
v a g i n a l  m e m b r a n e ;  3 of  t h e  a n i m a l s  h a d  o v u l a t e d  as  evi -  
d e n c e d  b y  o v a r i a n  o v u l a t o r y  s t i g m a t a  a n d  s u b s e q u e n t  

r e c o v e r y  of  o v a  f r o m  t h e  o v i d u c t s .  6 c y c l i n g  m i c e  (4 in  
e s t r u s  a n d  2 in p r o e s t r u s  ) we re  k i l led  b y  ce rv i ca l  d i s -  
l oca t i on .  3 i m m a t u r e  (3 -yea r -o ld )  b a b o o n s  w e r e  a n e s t h e -  
t i zed  w i t h  k e t a m i n e  a n d  t h e  u t e r u s  a n d  o v i d u c t s  we re  re -  
m o v e d .  O v i d u c t s  were  p l a c e d  in  a 10 m l o r g a n  b a t h  t h r o u g h  
w h i c h  o x y g e n a t e d  (95~ O ,  + 5 %  CO,)  T y r o d e ' s  s o l u t i o n  
a t  3 7 ~  f l o w e d  a t  a r a t e  of  a p p r o x i m a t e l y  1 m l / m i n .  G l a s s  
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Fig. 3. Spread of slow wave and 
spike component in the proximal 
is thmus of proestrus mouse ovi- 
duct. Interelectrode distance are 
2.5 ran, and time constant is 0.15 
see for electrodes 1 and 3 and DC 
recording in 2. 
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Fig. 4. Slow waves recorded from 
immature baboon oviduct. Elec- 
trode locations (1 5) and separa- 
tion in mm shown at left. Vertical 
scale is 0.2 mV and horizontal scale 
is 2 see. 
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microe lec t rodes  were fi l led w i th  3M KC1 and  h a d  a re- 
s i s tance  of 30-50 MQ. Suc t ion  e lec t rodes  were m a d e  of 
p o l y e t h y l e n e  t u b i n g  d r a w n  u n d e r  h e a t  to  300-400 txm t ip  
d i a m e t e r ;  a s i lver  wire  passed  to the  t ip  of the  electrode.  
A s i lver-s i lver-chlor ide  e lec t rode  p laced  close to t he  t i ssue  
se rved  as t he  reference electrode.  DC elect r ica l  s ignals  
were recorded  us ing  W P - I n s t r u m e n t s  e l ec t rome te r s  con-  
n e c t e d  to a B e c k m a n  D y n o g r a p h  or a Grass  7P P o l y g r a p h  
w i t h  DC amplif iers .  Us ing  th i s  sys teml  t he  suc t ion  elec- 
t rodes  recorded  m o n o p h a s i c  slow waves  (5-10 mV) and  
ac t ion  p o t e n t i a l s  (10-15 mV) f rom r a b b i t  j e j u n u m .  
Results. Slow waves  recorded  f rom t he  i s t h m u s  of t he  
p o s t - o v u l a t o r y  gu inea-p ig  ov i duc t  w i t h  microe lec t rodes  
(figure 1A) were 40-50 m V  in ampl i t ude ,  1.5 sec in dura -  
t ion ,  h a d  a r a t e  of rise of a p p r o x i m a t e l y  0.2 V/sec a n d  h a d  
a f r equency  of a b o u t  15/min.  Slow waves  recorded  w i t h  
suc t ion  e lec t rodes  (2-4 mV) were e i t he r  n o t c h e d  on  t he  
r i s ing phase  (figure 1A, 1B) or h a d  a s ingle spike on  ti le 
r i s ing phase  (figure 1C, 1D). Slow waves  coincided w i t h  
increase  in l ong i t ud i na l  t ens ion  (1B) a n d  p r o p a g a t e d  a t  
a b o u t  7 mm/sec ,  usua l ly  in t he  f imbr ia l  d i rect ion.  I n  t he  
a m p u l l a  slow waves  were less f r equen t  and  decayed  more  
r ap id ly  (1E). 
Slow waves  r ecorded  f rom t he  p roes t rus  a n d  es t rus  mouse  
ov iduc t  w i t h  suc t ion  e lec t rodes  (0.2-1.5 mV) r e sembled  
those  of the  gu inea-p ig  ov iduc t .  T h e y  sp read  w i t h  a speed 
of 1-5  mm/sec .  The  f r equency  was h ighe r  in t h e  i s t h m u s  
(7-13 /min)  t h a n  in t he  ampu l l a .  I n  t he  i s t h m u s  a spike 
c o m p o n e n t  could  of ten  b y  d i s t ingu i shed  on  t h e  r i s ing 
phase  of t he  slow wave  (figures 2A, B, 3B) or on  t he  t op  of 
t he  s low wave  (figure 3A). The  d u r a t i o n  of the  spike was 
0.5 sec or more  and  since i ts  a m p l i t u d e  in r e l a t ion  to t h a t  
of t he  slow wave  var ied ,  as d id  the  d u r a t i o n  of the  slow 
wave  (figure 2E), t he  c o m p o n e n t s  of t he  resu l t ing  wave  
fo rm were o f t en  di f f icul t  to  i n t e r p r e t  (figures 2C, D). Slow 
waves  and  spikes p r o p a g a t e d  in b o t h  di rect ions .  In  some 
cases t he  spike appea red  to sp read  i n d e p e n d e n t l y  of t he  
slow wave  (figure 3) and  in t he  oppos i te  d i rect ion.  I n  such  
cases the  spike  appea red  du r ing  the  la te  phase  of t he  slow 
wave.  Slow waves  of the  i m m a t u r e  b a b o o n  ov i duc t  were 

m o r e  di f f icul t  to r ecord  ( ampl i tude  0.1-0.5 mV), h a d  a re- 
l a t i ve ly  h i g h  f r equency  (mean  f r equency  in 5 ov iduc t s  was  
46.4 • 3.9/min) and  p r o p a g a t e d  f rom the  a m p u l l a r y -  
i s thmic  j u n c t i o n  in b o t h  d i rec t ions  a t  10-13 m m / s e c  
(figure 4). On ly  1 ov iduc t  showed  local s p o n t a n e o u s  con-  
t r a c t i o n s  (observed  w i t h  a d issec t ing  microscope)  a n d  
c o n t r a c t i o n s  coincided w i t h  single spikes in an  e lec t rode  
which  d id  n o t  show slow wave  ac t iv i ty .  
Discussion. T o m i t a  a n d  W a t a n a b e  ~ sugges ted  t h a t  t he  
n o t c h  on  t he  r i s ing phase  of the  slow wave  of  t he  guinea-  
pig  ov iduc t  was  due  to 2 s epa ra t e  c o m p o n e n t s  of t he  slow 
wave.  However ,  our  d a t a  sugges t  t h a t  n o t c h i n g  m a y  be  
due  to  a c t i v i t y  of the  2 layers  of muscle  in t he  i s t hmus ,  
since n o t c h i n g  was no t  obse rved  in t he  ampul la ,  where  
t he re  is no i nne r  l ong i tud ina l  muscle  layer,  nor  in i n t r a -  
cel lular  recordings .  Spikes  and  no t ches  appea red  to be  re- 
l a ted  to  v i sua l ly  obse rved  con t rac t ions ,  b u t  i t  is u n c e r t a i n  
w h e t h e r  spikes o r ig ina te  in  the  i nne r  l ong i tud ina l  muscle  
or t he  t h i c k e r  c i rcular  muscle  layers.  
Slow waves  of t he  mouse  ov iduc t  were s imi lar  to  those  re- 
corded  f rom t h e  gu inea -p ig  ov iduc t ,  b u t  in  some cases 
spikes a n d  slow waves  can  be dissociated.  This  pheno-  
m e n o n  ha s  been  r epo r t ed  to occur  in ca t  intest ineS.  Slow 
waves  of t he  i m m a t u r e  b a b o o n  ov iduc t  p r o p a g a t e d  a t  a 
ve loc i ty  s imi la r  to  t h a t  obse rved  for spikes in h u m a n  ovi-  
duc t s  9. Slow waves  o r ig ina t ed  f rom the  a m p u l l a r y -  
i s thmic  j u n c t i o n  (AIJ) ,  a n d  if such  d i r ec t iona l i t y  occurs  
in  t he  m a t u r e  a n i m a l  m a y  a c c o u n t  for t he  o b s e r v a t i o n  
t h a t  t he  A I J  r ep resen t s  t he  m a j o r  site of de lay  in o v u m  
t r a n s p o r t  in th i s  species 10. Slow waves  of the  guinea-pig,  
mouse  a n d  b a b o o n  ov iduc t s  p r o b a b l y  regu la te  the  per iod  
of spikes a n d  hence  c o n t r a c t i o n s  as t h e y  do in o t h e r  
s m o o t h  muscles .  The i r  ionic m e c h a n i s m  and  r egu la t i on  
b y  h o r m o n e s  requi res  f u r t h e r  inves t iga t ion .  
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Summary. A q u a n t i t a t i v e  res t r i c t ion  of food i n t a k e  for 7 days  r educed  t h e  a m p l i t u d e  of s p o n t a n e o u s  m i n i a t u r e  end-  
p la t e  p o t e n t i a l s  b y  a b o u t  1/2 in r a t s  aged 30 days  b u t  n o t  in r a t s  aged 110 days.  

The  a m p l i t u d e  of s p o n t a n e o u s  m i n i a t u r e  e n d p l a t e  po ten -  
t ia ls  (m.e.p.p.s) in r a t  ph ren ic  n e r v e - d i a p h r a g m  p repa ra -  
t ions  decreases  b y  more  t h a n  1/2 as t he  an ima l s  increase  
in b . w t  f rom 60 g to 300 g (i.e. f rom 23 to 56 days  of age) 2. 
In  t he  p r e sen t  i nves t i ga t i on  a q u a n t i t a t i v e  r e s t r i c t ion  of 
t he  food i n t a k e  has  also been  found  to  reduce  m.e.p.p.  
amp l i t ude .  
Materials and methods. P h r e n i c  n e r v e - d i a p h r a g m  pre-  
p a r a t i o n s  were r e m o v e d  u n d e r  e the r  a n a e s t h e s i a  f rom 
male  a lb ino  ra ts ,  s t r a in  C F H B ,  of k n o w n  age a n d  b .wt .  
C o n v e n t i o n a l  glass cap i l l a ry  microe lec t rode  record ing  
t e c h n i q u e s  were used to  record  focal m,e .p .p .s  f rom pre-  
p a r a t i o n s  b a t h e d  in o x y g e n a t e d  L i l e y  sal ine a t  a t e m -  
p e r a t u r e  of 32~ *,a. The  a m p l i t u d e s  of m.e .p .p .s  were 
cor rec ted  for n o n l i n e a r - s u m m a t i o n  4 a n d  to a s t a n d a r d  
re s t ing  m e m b r a n e  p o t e n t i a l  (RMP) of -- 71 m V  to fac i l i t a te  
compar i son  of m e a n  m.e .p .p ,  a m p l i t u d e s  b e t w e e n  groups  
of ra ts .  The  da i ly  r e s t r i c t ed  d ie t  was  a lways  1/2 of t h e  
we igh t  of food ea t en  b y  con t ro l  r a t s  of t h e  same  age. 

Results and discussion. Anima l s  p laced  on  the  res t r i c ted  
d ie t  showed a decrease  in b . w t  for the  f i rs t  3 days,  a f t e r  
wh ich  t he re  was  an  increase  in b . w t  b u t  a t  a s lower  r a t e  
t h a n  con t ro l  an imals .  Because  of th i s  loss of w e i g h t  in 
c o m p a r i s o n  w i t h  con t ro l  an ima l s  m a t c h e d  accord ing  to  
age, t he  w e i g h t  of food pe r  g b .wt .  e a t e n  b y  t he  exper i -  
m e n t a l  an ima l s  increased  so t h a t  i t  a p p r o x i m a t e d  to  
con t ro l  va lues  b y  the  end  of t h e  f i rs t  week  of d i e t a r y  
res t r ic t ion .  A s u m m a r y  of t he  resu l t s  o b t a i n e d  f rom 
con t ro l  r a t s  and  f rom r a t s  p laced  on  t he  r e s t r i c t ed  d ie t  
for 1 or  3 weeks  is g iven  in the  tab le .  
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