
948 Specialia 

The Arrangement of sarcoplasmic  Ret iculum in 

The  occurrence  of a wel l -deve loped  saccutar  s y s t e m  of 
sa rcop lasmic  r e t i cu lum ly ing  i m m e d i a t e l y  u n d e r n e a t h  t h e  
cell m e m b r a n e  and  a r o u n d  t he  eaveolae  in t r ace l lu la res  of 
s m o o t h  muscle  cells has  r ecen t ly  been  r epo r t ed  i, 2. These  
obse rva t i ons  were  m a d e  on  t h e  l ong i t ud ina l  a n d  c i rcular  
muscle  layers  of gu inea-p ig  i leum. I n  th i s  as in  o the r  
s m o o t h  muscles  i t  was  p rev ious ly  t h o u g h t  t h a t  sarcoplas-  
mic  r e t i c u l u m  was poor ly  r epo r t ed  3, ~. Th i s  p a p e r  r epor t s  
t he  obse rva t ions  car r ied  ou t  on o the r  s m o o t h  muscles,  in  
order  to  i nves t i ga t e  t h e  occurrence  a n d  the  a r r a n g e m e n t  
of sa rcop lasmic  r e t i cn lum.  A n o t h e r  r e p o r t  on  t he  sarco- 
p l a smic  r e t i c n l u m  in Smooth  muscles  of t h e  t u r t l e  h a s  
been  p u b l i s h e d  a 

S m o o t h  m u s c u l a t u r e  f rom s tomach ,  j e j u n u m ,  i leum, 
colon, r ec tum,  u terus ,  a n d  va s  deferens  was o b t a i n e d  f rom 
a d u l t  guinea-pigs.  Blood  vessels supp ly ing  those  v iscera  
were also examined .  I n t e s t i n a l  m u s c u l a t u r e  was also 
s tud ied  in la te  e m b r y o s  a n d  n e w b o r n  guinea-pigs .  Tissues  
were f ixed in  g l u t a r a l d e h y d e  4 - 6 %  in  N a  cacody la te  
0 . 1 M  a t  p H  7.3, pos t - f ixed  in u n b u f f e r e d  o s m i u m  
t e t rox ide  2%, d e h y d r a t e d  in e t h a n o l  a n d  e m b e d d e d  in 
Araldi te .  Sections,  s t a ined  w i t h  u r a n y l  a ce t a t e  1% in 70 % 
e t h a n o l  a n d  lead c i t ra te ,  were obse rved  in a S iemens  
E l m i s k o p  1A a n d  a Ph i l ips  EM 300 e lec t ron  microscope.  

Caveolae  are obse rved  in all  s m o o t h  muscles  e x a m i n e d  ; 
as i t  is k n o w n  f rom t h e  l i t e r a t u r e  3, 4, t h e y  are  a c h a r a c t e r -  
is t ic  f ea tu re  of all  s m o o t h  muscle  cells. T h e y  are bo t t l e -  
shaped,  and  fa i r ly  regu la r  in  shape  and  size in  d i f fe ren t  
organs.  They  are g rouped  in rows para l le l  to  t h e  m a i n  
axis  of t he  cell a n d  are l ack ing  in t he  po r t i ons  of t h e  cell 
surface where  t h e  p l a s m a  m e m b r a n e  shows dense  bodies  
and  a t t a c h m e n t  p laques  6. Caveolae  are a l r eady  p r e sen t  in  
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t h e  m u s c u l a t u r e  of t h e  i l eum of 50 m m  (CR) e m b r y o s ;  a t  
th i s  s tage  s tage s m o o t h  muscle  cells are a l r eady  comple t e ly  
s u r r o u n d e d  b y  a basemen4z lamina .  

I n  all  s m o o t h  muscles  e x a m i n e d  a wel l -deve loped  
sa rcoplasmic  r e t i c u l u m  is found  (Figure).  I t  is fo rmed  b y  
f l a t  sacs ly ing  para l le l  a n d  i m m e d i a t e l y  u n d e r n e a t h  t h e  
p l a s m a  m e m b r a n e  or u n d e r n e a t h  t h e  caveolae.  Rec t i -  
l i nea r  t u b u l e s  sk i r t i ng  rows of caveolae  are observed ,  as 
well  as more  complex,  l a b y r i n t h i n e  saccula r  n e t w o r k s  
a m o n g  t h e  caveolae.  F r e q u e n t l y  sacs of sa rcop lasmic  
r e t i c u l u m  fo rm a k i n d  of a g u t t e r  for a row of caveo lae :  
t h e  sac gets  close to  t h e  cell m e m b r a n e  w i t h  b o t h  edges 
a n d  encloses t h e  caveolae ,  wh ich  are t h e n  s e p a r a t e d  f rom 
myof i l amen t s .  T h e  closer d i s t ance  b e t w e e n  sa rcop lasmic  
r e t i c u l u m  a n d  cell m e m b r a n e  or caveo lae  is 8-12 nm.  

M i t o c h o n d r i a  are ve ry  f r e q u e n t l y  associa ted  w i t h  sacs of 
sa rcop lasmic  r e t i cu lnm.  T h e  a b o v e  descr ibed  superf ic ia l  
sa rcop lasmic  r e t i cu lum is s m o o t h  b u t  on  occas ion i t  m a y  
h a v e  r ibosomes  a t t a c h e d .  A l t h o u g h  differences  in t h e  
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a) Longitudinal muscle of the vas deferens. 4 muscle cells, cross sectioned and surrounded by a basal lamina, show caveolae, sacs of sarcoplas- 
inie reticulum and mitoehondria. Among them collagen fibres are oberved. • 29,000. b) Circular muscle of the ileum. 2 muscle ceils with several 
caveolae and sar~oplasmic reticulum. Note the close relationship with the mitochondrion. Dense patches in the cell membrane are observed. 
• 117,000, e} Arteriole of the oesophagus. The smooth muscle cell shows several caveolae and large sacs of sareoplasmic reticulmn. X 32,000. 
d) Embryo of 80 mm CR. Circular muscle of the ileum. 2 muscle cells, Iongitudinally sectioned, show a number of eaveolae; sacs of sarcoplas- 
mic reticulum lie underneath the caveolae and the plasma membrane. • 67,500. 

a m o u n t  of sarcoplasmic  re t icuIum among  var ious  muscles  
are obse rved  (it is, for example ,  more  p r o m i n e n t  in i leum 
and  vas  deferens  t h a n  in blood vessels  and  uterus)  no 
a t t e m p t  has been  m a d e  a t  quan t iae ive  es t imat ions .  Other  
sacs of sm oo th  and  tough  sarcoplasmic  re t icu lum and  of 
Golgi complex  are found  in the  cy top lasmic  areas near  
t he  poles of the  nucleus. F r o m  the i r  f i r s t  appea rance  in 
embryon ic  life caveolae are associa ted  wi th  sacs of sarco- 
p lasmic  re t iculum.  

In  conclusion,  sacs of sa rcoplasmic  re t i cu lum in t h e  
superficial  regions of t he  cells appea r  to  be a general  fea ture  
of s m o o t h  muscle  ceils. Being s i t ua t ed  be tween  ext ra-  
cellular space,  cell m e m b r a n e  and  caveolae on one side and  
mi tochondr i a  and  f i l aments  on the  o ther  side, th is  sarco- 
p lasmic  re t i cu lum m a y  be re la ted  to  tile exc i ta t ion-  
con t rac t ion  coupl ing mechanism.  Given the  s imi la r i ty  in 
t he  contrac t i le  mechan i sms  in s t r iped  and  smoo th  muscles,  
i t  m a y  have  a s imilar  func t ion  in b o t h  t issues.  In  th i s  
sense i t  has  previous ly  been  sugges ted  t h a t  sa rcoplasmic  
re t icu lum could func t ion  as an  in t racel lu lar  c o m p a r t m e n t  
for ion, no t ab ly  calcium, s torage  i A l t e rna t ive  mechan i sms  
for ion s torage have  previous ly  been  pu t  forward,  ma in ly  
because  of early repor t s  of a s can ty  sarcoplasmic  
re t icn lum in sm oo th  muscle.  The  Inorphological  evidence 
suggests  t h a t  m i tochondr i a  m a y  also be impl i ca ted  in 
t he  process.  

The  func t ion  of caveolae is stil l  unknown,  They  com- 
mun ica t e  w i t h  t h e  ext racel lu lar  space  since t h e y  are pene-  
t r a t e d  by  ext race l lu lar -space  t racers  such as l a n t h a n u m .  
However ,  no physiological  ev idence  is avai lable  on how 
easily molecules and  ions diffuse f rom the  caveolae to  the  
main  bulk  of the  ext racel lu lar  space and vice versa. The 
v e r y  shape  of caveolae seems unfavourab le  for a quick 

exchange  wi th  t he  extracel lu lar  space. Thus  the  space 
de l imi ted  by  t h e  caveolae,  a l though  ext racei lu lar  (i.e., 
outs ide  the  cell membrane )  m a y  be cons idered  a re la t ive ly  
isolated p a r t  of t he  ex t race l lu lar  space. I t  is possible  t h a t  
caveolae p rov ide  the  s mo o t h  nmscle  ceil wi th  a sor t  of 
mic roenv i ronmen t ,  whose chemical  compos i t ion  is more  
readi ly  cont ro l led  by  the  cell itself. 

Some s imi la r i ty  be tween  caveolae in s mo o t h  muscle  and  
T tubu les  in skeletal  muscle  as superficial  cellular co mp a r t -  
m e n t s  has  been  previous ly  discussed 2. In  th is  c o n t e x t  i t  is 
w o r t h  men t ion ing  t h a t  in  t he  r a t  hea r t  t he  n u m b e r  of 
caveolae  is inversely  re la ted  to t he  d e v e l o p m e n t  of t he  T 
s y s t e m L  In  the  ven t r icu la r  muscle  of l izard, where  T 
tubules  are absent ,  m a n y  caveolae are observed  s. 

Riassunto. Nella musco la tu ra  liscia di var i  visceri  e vast  
viene osservato  un notevole  sv i luppo del ret icolo endo~ 
p lasmat ico .  Esso  6 cos t i tu i to  da c is terne  d i r e t t a m e n t e  
s o t t o s t a n t i  la m e m b r a n a  p l a sma t i ca  e le caveolae in t ra -  
cellulares. 
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