
Departm ent of Forensic M edicine, U niversity M edical School, B udapest 
(D irector: Prof. S. Ökrös)

THE ULTRASTRUCTURE OF MYOCARDIAL 
CAPILLARIES ON THE BASIS OF 

ELECTRONMICROSCOPIC HISTOLOGICAL STUDIES*

L .  T a k á c s y

(R eceived  Decem ber 17, 1959)

In  recen t years  th e re  h av e  been  num erous re p o rts  on th e  electronm icro - 
scopic h isto logy  o f cap illa ries. F o r  exam ple, E k h o l m  [3] has d esc rib ed  th e  
cap illa ries o f th e  th y ro id , G r o o d t , L a g a s s e , L e b r u y n s  [4] th o se  o f  th e  o v a 
ries, an d  M o r a t o , F e r e i r a  [8] th o se  o f vario u s v iscera .

T he cap illaries of th e  m a m m alian  an d  h u m a n  h e a r t  h av e  b een  discussed 
in  d e ta il b y  K is c h  [6], w ho in  ag reem en t w ith  M o o r e , R u s k a  [9],  E d w a r d s  
[2] em phasizes th a t  a lth o u g h  re se a rc h  has answ ered  m a n y  p ro b lem s, th e re  
s till rem a in  num erous unso lved  q u estio n s as reg a rd s  th e  u l tra s t ru c tu re  o f  h ea rt 
cap illa ries.

T h e ir d a ta  in  th e  l i te ra tu re  h a v e  induced  us to  s tu d y  th e  e lec tronm icro - 
scopic h isto logy  o f  th e  cap illa ries o f  th e  h ea rt.

Methods

Mature albino rats specim ens were im m ediately excised from  their heart and were 
killed by decapitation . The specim ens were fixed  in 1 per cen t, buffered, pH  7.2 , isotonic  
osm ium  tetroxide solution , em bedded in  bu tyl-m ethyl-m ethacrylate, cut by m eans of a glass 
knife in a Jung ultram icrotom e, and th e  pictures were photographed on Agfa p lates in an 
electrom agnetic electronm icroscope of the 1957 W F (W erk für Fernm eldwesen) type.

R esults

Several cap illaries w ere d e te c te d  in  th e  m uscle lay e r u n d er th e  ex te rn a l 
m em b ran e  of th e  le f t v en tric le  o f  th e  r a t ’s h e a r t .

In  th e  elcc tronm icroscop ic  p ic tu re  th e  cap illa ries ap p ea red  as ro u n d , or 
m ore o r less e longated  loop-like s tru c tu re s  (F igs. 1, 2, 3, 4).

T he shape o f  th e  cap illa ries  is know n to  d ep en d  on  m a n y  fa c to rs , f irs t 
of all up o n  th e  follow ing ones.

a)  D epend ing  on th e ir  b lo o d  co n te n t, th e  cap illa ries a p p e a r  as ro und , 
oval or e longated  loop-like s tru c tu re s . W hen  e m p ty , d e ta iled  analy sis  is

* Read at the Congress o f H ungarian P athologists, 1959.
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r e q u ir e d  to  show th a t  th e  m a n y  con tinuous m em b ran es  are  a c tu a lly  p a r ts  of a 
c o lla p se d  capillary . T h is  v iew  is shared  also b y  K is c h  [6]. To id e n tify  th e  
s t r u c tu r e s ,  the  various la y e rs  m u s t  be follow ed a c c u ra te ly  w ith  a carefu l sc ru 
t in y  o f  th e  cy toplasm .

b)  The shape o f th e  cap illa rie s  depends also on th e  angle o f sec tion . The 
n e a r e r  i t  is to  the t ra n s v e rs a l ,  th e  m ore ro u n d  o r oval th e  cap illa ry  w ill ap p ear. 
I f  th e  c u t  is tran sv e rsa l a n d  th e  cap illa ry  was filled  w ith  u su a lly  an  endo thelia l 
cell b u lg in g  in to  th e  lu m e n  (F igs. 5, 6). S om etim es a p e rith e lia l cell cap m ay 
a lso  o ccu r on the c a p illa ry  w all (F ig. 8).

T h e  space re la tio n  o f  cap illa ries and  m uscle  fib res  h ad  been a co n tro 
v e rs ia l  issue in h is to logy . B efo re  th e  a d v en t o f e lec tro n m ic ro sco p y  num erous 
a u th o r s  th o u g h t th a t  c a p illa r ie s  were p e n e tra tin g  in to  th e  m uscle fib res, in  
b e tw e e n  th e  m yofibrils. E lec tro n m ic ro sco p y  h as  f in a lly  decided  th e  question . 
I n  a g re e m e n t w ith  o th e r  a u th o rs  [6, 9], I , to o , fo u n d  c lea r-cu t ev idence th a t  
th e  c a p illa ry  never passes  th ro u g h  th e  sa rco lem m a o f th e  m uscle fib re , nor 
d oes i t  p en e tra te  in  b e tw e e n  th e  m yofibrils; th e re  is in v a ria b ly  som e c learly  
o u t l in e d  sarcolem m a b e tw e e n  th e  cap illa ry  a n d  th e  m uscle  f ib re  (F igs. 1, 2, 3,
4 , 5 , 8).

E n d o th e lia l cells c o n s t i tu te  th e  m ost im p o r ta n t  co m p o n en t o f th e  cap il
la r ie s .  I t  is know n th a t  th e  c a p illa ry  wall is fo rm ed  b y  closely p ack ed , sp ira lly  
d i s t r ib u te d  [1, 7] e n d o th e lia l cells and  b y  th e  p e rith e lia l cells a ro u n d  th em , 
to g e th e r  w ith  th e ir  c y to p la sm . T h e  finer s tru c tu re  of th e  cap illa ry  w all is com 
p o se d  o f  th e  nucleus a n d  c y to p la sm  of th e  en d o th e lia l cell, a n d  th e  various 
s t r u c tu r e s  in  the  cy to p la sm .

T h e  nucleus of th e  e p ith e lia l  cell is b ig , bu lges in to  th e  cap illa ry  lum en  
a n d  c o n ta in s  osm ophile g ra n u la . A t th e  b o rd e r o f th e  n u c leus th e  double 
c o n to u rs  o f the  n uc lear m e m b ra n e  com posed o f p a ra lle l lay e rs  is c learly  visible. 
A c c o rd in g  to  H am  [5] th e  d is ta n c e  betw een  th e  tw o  lay e rs  is 200 A  an d  th e  
m e m b ra n e  as a whole is 4 0 0  Â  th ick . Irre g u la rly  d is tr ib u te d  pores are  visible 
in  th e  n u c lea r m em brane (F ig . 6).

A ro u n d  the  n u c lea r  m e m b ra n e  th e  cy to p la sm  is b ask e t- or cistern-w ise 
w id e n e d  [6], w ith  u su a lly  m a n y  plasm osom es in  th e  b a sk e t (F igs. 6, 7). This is 
so m u c h  th e  rule th a t  su c h  a w idening  of th e  c y to p la sm  will te ll  th e  ex p ert 
(e v e n  th o u g h  no nucleus m a y  b e  visible) th a t  th e  c u t h as  b een  m ad e  n ea r th e  
n u c le u s . A ccording to  K i s c h  [6] th e  en d o th e lia l cell has a h igh  m etabo lism ; 
th is  is m ade m ost p ro b a b le  b y  th e  size o f th e  nu c leu s, its  m ark ed  osm ophile 
g r a n u la t io n  and the  n u m e ro u s  plasm osom es a ro u n d  it .

T h e  cy toplasm  o f th e  en d o th e lia l cell is u su a lly  d e lin ea ted  b y  a s tra ig h t, 
s h a rp ,  d o ub le -con tou red  e x te rn a l  m em brane (F igs. 5, 6, 7, 8). A ccord ing  to  
d a ta  in  th e  lite ra tu re  [9, 5, 6 ] th e  th ickness o f th is  cell m em b ran e  varies from  
70 to  300  Â. I t  is v e ry  th in  in  th e  lungs, th ick e r in  th e  h e a r t  an d  s till th ick e r 
in  t h e  k id n e y . The changes in  th ick n ess  from  o rg an  to  organ  h av e  b een  ascribed
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Fig. 1. Typical oval capillary (C). T he nucleus (N) of an endothelial cell and in th e  capillary  
lum en (CL), part o f an erythrocyte (E ) and plasma coagulates (PC) are v isible. R ight to the 
capillary the marked sarcoleinma o f th e  muscle fibre (SL) is seen in its entire len gth . M agnifi

cation X6000

Fig. 2. Another part o f the capillary (C) (shown in Fig. 1). In the lumen (CL) tw o parts of 
erythrocytes (E ), one above and one below , surrounded by m any plasm a coagula (PC) are 
visible. Below on the right, the m arked sarcolemma is v isible next to the cap illary  (SL).

M agnification X 6000

Fig. 3. Capillary w ith a roundish lum en (C). In the lum en part o f an ery th rocyte  (E ), the 
nucleus of an endothelial cell (N ) and a percyte (Pe). In the v icin ity  o f the cap illary  many 

sarcosomes (SS) can be seen. M agnification X 6000

Fig. 4. Round capillary (C). In the lum en (CL) many blood plasm a coagulates (PC) and cross- 
sections of villi (V). The structure m arked X  may he considered to be another part o f the con
torted capillary. SL: sarcolemma, MC: m yocardial tissue, SS: sarcosom es. M agnification X 6000
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F ig .  5. P art of a capillary (C) o f  elongated shape. The ultrastructure of the nucleus (N ) of the 
en d o th elia l cell, o f the ery th ro cy te  (E) and of the cy to p la sm  (CP), m itochondria (M) and 
vesic les  (V E ) are visible, bu t a greater  m agnification w ould  be needed to v isualize finer details. 
In  th e  cytoplasm  (CP) on th e  le ft  severa l marked lam ellae (L ); these are sim ilar to the membrana 
in tern a  (MI) and externa (M E ), a n d  apparently co n stitu te  parts o f the cytpolasm  o f an endo

thelial cell adhering to  the capillary wall. M agnification X 20 000

to  d ifferences in  ac tiv e  p h y sio lo g ica l cap illa ry  fu n c tio n . F o r ex am p le , th e  com 
p a ra t iv e ly  great th ick n ess  o f  th e  m em brane in  th e  k id n e y  w ould  in d ic a te  th a t  
in  th is  o rgan  th e  m e m b ra n e s  are  su itab le  n o t o n ly  fo r ca rry in g  o u t physico 
c h e m ic a l functions, b u t  to g e th e r  w ith  th e  c y to p la sm  th e y  w ould  also perfo rm
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Fig.  6 . Same as Fig. 5, at a m agnification o f  25 000. The nucleus of the endothelial cell (N)» 
the nuclear membrane (L N ), the pore (P ) in it (ind istinct), and the marked osm ophile granula
tion  are better visualized. C: capillary. E: erythrocyte taking the shape of the capillary, showing  
characteristic structure and containing neither nucleus nor plasmosome. PC: blood plasm a  
coagulates. Y: villi. CP: cytoplasm . ME: m em brana externa. MI: membrana in tern a . M:

m itochondria. VE: vesicles.

a c tiv e  selection  a n d  tra n s p o r ta tio n . T h is app lies in  som e m easure to  th e  c a p il
la rie s  o f the  h e a r t m uscle, too.

T he cy to p lasm  is sep a ra ted  fro m  th e  lu m en  b y  a n o tched  in te rn a l  m em 
b ra n e , usually  100 to  150 Â th ic k . T he in d e n te d , w avy  in te rn a l m e m b ra n e  is 
c le a rly  visible in  F igs. 5, 6, 7 a n d  8. In  a g re e m e n t w ith  o th e r a u th o rs  [6, 9] 
I ,  to o , h a v e  fo u n d  th e  villi-like processes o f  th e  in te rn a l m e m b ra n e  (F igs



Fig. 7. Nucleus of an endothelial cell (N). OG: osm ophilic granulation. LN: nuclear m embrane. P: pore. MI: 
m em brana interna. ME: membrana externa. CP: cytoplasm . УЕ: vesicles. TC: cross sections of tubules. PG: 
Palade granulation not characteristic in the cytoplasm ic basket (CP) under the nucleus, on the left and n ext to 
the membrana interna. CL: capillary lum en. É: part of an erythrocyte, surrounded by blood plasm a coagulates

(PC). M agnification X 50 000
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Fig. в.  C ytoplasm  (CP). ME: membrana externa. Pe: pericyte, with a m itochondrium  (M) i.i 
its cytoplasm  and near it the vague shape of a nucleus (JN)

The cytop lasm  of the pericyte (PCP) ensheathes the endothelial cell. In the right wall o f the 
capillary (C) the com ponents of the cytoplasm  separated sharply by double lam ellae h u t closely  
packed can he followed. In the cytoplasm a m itochondrium  (M), cross sections o f several cavi
ties and vesicles (V E ), while in the lumen part o f an erythrocyte (E) and several blood plasm a  
coagulates (PC) are visible. F marks the site o f a m ural window. Sections of v illi in the capillary  
lum en (CL). MI: membrana interna. V: villi. SL: sarcolcm m a. MC: myocardium. M agnification

X 25 000

4, 6, 8). K is c h  [6] and  K r ogii  [7] have  su g g ested  the  a ttra c t iv e  h y p o th e s is  
th a t  th e  w avy  course of th e  in te rn a l m em b ran e  w ould serve to  in c rea se  th e  size 
o f th e  in n e r su rface  and th a t  th e  processes p ro tru d in g  in to  th e  b lo o d  s tre a m
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Fig. 9. Sarcosom e (SS) w ith  parallel or slightly concentrical osm ophile lam ellae o f  charac
teristic  shape and distribution. M agnification  X 50 000

m a y  h a v e  som e role in  th e  m echanism  o f b lood  c lo ttin g  slowing dow n th e  ra te  
o f  b lo o d  flow  n e a r th e  v a sc u la r  wrall.

T h e  cy to p lasm  b e tw e e n  th e  inner an d  o u te r  la y e rs  m ay be 3 or 4 m icrons 
to  300 o r 400 Â w ide. M an y  s tru c tu re s  can  be  fo u n d  in  th is  considerab le  m ass, 
e sp ec ia lly  p e rin u c lea rly  o r in  th e  pouch n e a r  th e  nucleus, b u t also in  o th e r  
a re a s . N um erous m ito c h o n d ria , vesicles o f  v a r io u s  sizes, tu b u la r  cav itie s  m a y  
b e  seen  (F igs. 5, 6, 7, 8). K is c h  [6] considers th e m  to  be endoplasm ic re t ic u 
lu m , signs o f ac tiv e  c y to p la sm ic  function . M o o r e , R u s k a  [9], P a l a d e  [10] 
su g g es t th a t  these  v e s ic u la r  s tru c tu re s  o f v a rio u s  sizes, b u t  especially  th e  t r a n s 
v e rsa l sections o f th e  tu b u la r  cavities w ith  P a la d e  g ran u la tio n  on th e ir  o u te r  
su rfa c e  are  th e  h is to lo g ica l signs of ac tive  cell fu n c tio n . T hey  th in k  th a t  th e se  
sm all vesicles w ould  b e  fo rm ed  f irs t on th e  cy to p la sm ic  m em branes, th e n , 
p e n e tra t in g  deeper a n d  d eep e r th e y  w ould  m erge  to  form  bigger a n d  b igger 
vesic les an d  w ould  tr a n s f e r  th e ir  co n ten ts to  th e  p e rin u c lea r c is te rn  or to  th e  
n u c le u s . A ccord ingly , th e  tu b u la r  s tru c tu re s  w o u ld  serve tra n s p o r ta tio n . Sec
tio n s  o f  such  cav ities a re  c learly  visible in  th e  c is te rn  a round  th e  n u c leu s in  
F ig . 7; som e of th e m , n e a r  th e  ou te r m arg in , sho w  P alade  g ra n u la tio n , n o t
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v e ry  d is tin c tly  u n fo rtu n a te ly . T he oval s tru c tu re  m arked  b y  X  in  F ig . 6 is 
th o u g h t to  be a com pressed  cross sec tio n  o f such  a cav ity , a s t ru c tu re  I  h av e  
n ev e r seen d e m o n s tra te d .

T he lam ellae  in  th e  cy to p lasm  sh o u ld  also  be d ea lt w ith . A cco rd in g  to  
K is c h  [6],  th e y  are  cy to p lasm ic  m em b ran es p ressed  aga in st each  o th e r  due  to  
th e  sp ira l d is tr ib u tio n  o f en d o th e lia l cells. I f  we see m any  lam ellae side  b y  side, 
th e  p resence  of a p e ric y te  shou ld  alw ays be su sp ec ted . This is th e  case in  F ig . 8, 
in  w hich  th e  several p a ra lle l lam ellae  a re  co m p o n en ts  of th e  c a p illa ry  w all an d  
th e  p e ric y te  on it. S im ilar lam ellae a re  v isib le  in  F ig . 5, in  th e  c y to p la sm  u n d e r 
th e  nuc leu s. T hese m ay  be lam ellae  of th e  c y to p la sm  o f an a d ja c e n t en d o th e lia l 
cell, or, w h ich  is less p ro b ab le , p a r t  of a p e r ic y te . Such  a side-by-side occu rren ce  
o f th e  lam ellae  re p re se n tin g  th e  cell b o rd ers  h a s  b een  m entioned  also b y  M o o r e  
an d  R u s k a  [9]. A  tra n sv e rse , or zigzag d ev e lo p m en t o f lam ellae is v isib le  in  
th e  cy to p lasm , in  th e  a rea  o f th e  so-called  m u ra l spaces or w indow s. B e tw een  
th e  cell m em branes ly in g  close to  one a n o th e r  an d  th ro u g h  th e se  spaces th e  
v a sc u la r  lu m en  com m u n ica tes  free ly  w ith  th e  pericap illa ry  sp ace . Such  a 
w indow  can  be seen in  F ig . 8. In  ag reem en t w ith  K is c h  [6] we th in k  t h a t  th ese  
spaces serve  as g a tew ay s, d u c ts  for th e  cells a n d  flu id s passing  in  a n d  o u t o f 
th e  lu m en . T h u s, in  th e  case o f d iapedesis  th e  e ry th ro cy tes  a n d  leu co cy tes  
w ould  leav e  th e  c ap illa ry  n o t th ro u g h  th e  c a p illa ry  wall, b u t b y  w ay  o f th ese  
d u c ts . S uch  d u c ts  h av e  b een  described  also b y  M o o r e  and  R u s k a  [9].

In  p ro p o rtio n  to  th e ir  blood c o n te n t, th e  cap illa ry  lum ens c o n ta in  co r
p u scu la r b lood  e lem ents (F igs. 5, 6, 7), c o a g u la ted  blood p lasm a (F ig s . 5, 6, 
7, 8), as w ell as p a r ts  o f th e  in n e r m em b ran e  v illi (F ig . 8). T he cells in  th e  
lu m en  (F ig . 8) are d e fin ite ly  e ry th ro c y te s ; th e y  are  ty p ica l in  a p p e a ra n c e , an d  
possess n e ith e r  a nucleus n o r p lasm osom es. T he c ircu m stan ce  th a t  th e  e ry th ro 
cy tes assum e th e  shape  of th e  cap illa ry  suggests  th a t  th e  in n er m e m b ra n e  of 
th e  c a p illa ry  m ay closely em brace  th e m . — T h ere  is, how ever, a w ide in te rsp a c e  
be tw een  th e  e ry th ro c y te  an d  th e  cap illa ry  w all in  th e  p ic tu res. T h is m ig h t be 
an  a r te fa c t re su ltin g  from  sh rinkage , in e v ita b le  w ith  fix a tio n . T h e  close con
n ex io n  b e tw een  th e  e ry th ro c y te  m em b ran e  an d  th e  cap illa ry  w all m a y  p la y  an  
im p o r ta n t ro le i r  g iv ing  o ff oxygen .

F in a lly , Fig. 9 show s sarcosom es a longside  th e  cap illa ry , w ith in  th e  
d is tin c tly  v isib le  sa rco lem m a. T hey  possess long  v e rtic a l rows o f  o v a l, p a ra lle l, 
an d  a t  s ites s lig h tly  con cen tric , osm ophile lam ellae . A ccording to  th e  ex ten s iv e  
s tu d ies  o f  K is c h  [6], sarcosom es occur in  g re a t n u m b ers , in  long row s in  th e  
h e a r t  m uscle fib res, in  th e  in te rsp ace  b e tw een  sarco lem m a an d  m y o fib rils . 
T h ey  co n ta in  m e tab o lis tic  enzym es im p o r ta n t  in  h e a r t  function . T h e ir  p resence  
in  g re a t n u m b ers  m ay  be  exp la ined  b y  th e  c o n s ta n t, ex trem e p h y sio log ica l 
a c t iv i ty  o f  th e  h e a r t;  th e re  a re  less o f th e m  in th e  skele ta l m uscles. C hanges in  
th e  n u m b e r o f lam ellae an d  in  th e  in te n s ity  o f  g ra n u la tio n  w ould s ig n ify  d iffe r
e n t phases o f enzym e fu n c tio n .

2 Acta Morphologioa XI/1
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D iscussion

I h av e  u n d e rta k e n  to  describe th e  u l t r a s t ru c tu re  of m am m alian  cap il
la r ie s  in  o rd er to  co m p are  no rm al an d  p a th o lo g ic a l conditions in  su b seq u en t 
s tu d ie s .

M an y  capillaries are  found  in  th e  m uscle la y e r  o f  th e  left v en tric le , u n d e r 
th e  p e rica rd iu m .

B y  th e  m eth o d  described  e lec tronm icroscop ic  p ic tu res of a d e q u a te  th in 
ness a n d  giving sa tis fa c to ry  c o n tra s t h av e  b een  o b ta in ed , in  w hich th e  fine  
u l tr a s tru c tu re  of h e a r t  cap illa ries could be s tu d ie d  a n d  illu s tra te d , in  acco rd 
an ce  w ith  d a ta  in  th e  l i te ra tu re .

T h e  evidence o b ta in e d  su p p o rts  th e  o p in io n  o f num erous a u th o rs  [6, 9, 
3, 10] in  th a t  th e  cap illa ries  of th e  h e a r t c a n n o t be considered to  be a sy s tem  
o f sem ip erm eab le  m em b ran es  d epend ing  on physico -chem ical effects, b u t  we 
sh o u ld  th in k  of th e  c a p illa ry  w all an d  its  s tru c tu re s  as c o n s titu tin g  a liv in g  
c y to p la sm ic  system  o f co m p lex  s tru c tu re  a n d  o f  m o stly  u nknow n  fu n c tio n , 
th e  a c tu a l  cond ition  o f  w h ich  has alw ays a decisive in fluence  up o n  th e  fu n c tio n  
a n d  m etab o lism  o f th e  cap illa ries an d  th ro u g h  th e m  on th e  o rg an ism  as a 
w ho le . T h is view  is b o rn e  o u t b y  th e  e lec tro n m ic ro sco p ic  find ings in  p a th o 
lo g ica l cond itions o f  th e  cap illa ries.

Summary

T he electronm icroscopic ultrastructure of the capillaries of the normal m am m alian  
(rat) heart has been studied.

M any capillaries were found to be present in  the subpericardial muscle layer of the left 
ventric le .

D epending on their b lood content and the plane of section , the capillaries are round or 
ova l in  shape. Capillaries were never found to penetrate through the sarcolemma of the m uscle 
fibre and never extended in betw een m yofibrils.

T he m ost im portant buildstones o f the capillaries are the peculiar m acronuclear endo
th e lia l cells showing strong osm ophile granulation and possessing a characteristic cell m em brane  
w ith  a double contour. M any vesicles, sections of cav ities are v isible in their cytoplasm . On the  
outer surface of the cytop lasm  there is the double line o f the external membrane and at the  
surface facing the lum en there is the notched internal m em brane. The finer ultrastructure of  
the capillary  is com posed of the cytoplasm , w ith  the endoplasm ic reticulum in it ,  as w ell as the  
inner and outer m em branes, w ith  the windows and m ural interspaces.

A djacent to the capillaries and inside the sarcolem m a m any sarcosomes can be found  
in  th e  heart muscle.

Like those of other organs, the capillaries o f the heart are a living cytoplasm ic system  
of co m p lex  structure, th e  actual condition of which has an active effect on the m etabolism  of 
the capillary  and the organism  as a whole. This in fluence is not m erely one of physico-chem ical 
nature.
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УЛЬТРАСТРУКТУРА КАПИЛЛЯРОВ СЕРДЕЧНОЙ МЫШЦЫ НА ОСНОВЕ 
ЭЛЕКТРОННО-МИКРОСКОПИЧЕСКОГО ГИСТОЛОГИЧЕСКОГО ИССЛЕДОВАНИЯ

Л .Т А К А Ч И

Настоящая статья посвящена электронномикроскопическому исследованию ульт
раструктуры капилляров сердечной мышцы здоровых млекопитающих (крыс).

В мышечном слое под наружной оболочкой левого желудочка можно обнаружить 
много капилляров.

Форма капилляров оказалась в зависимости от их наполнения кровью или же от 
плоскости среза круглой, или более или менее овальной. Капилляры никогда не про
никали через сарколемму мышечного волокна и не распространялись среди миофнбрилл.

Самые важные основные элементы капилляров представляют своеобразные круп
ноядерные эндотелиальные клетки, обладающие, показывающей сильную осмофильную 
грануляцию, ядерной оболочкой с характерным двойным очертанием, и в цитоплазме 
которых видно много пузырьков, пересеченных полостей. На наружной поверхности 
цитоплазмы наблюдается наружная оболочка с двойной линией, и на поверхности в сто
рону просвета волнистая внутренная оболочко. Цитоплазма, находящаяся в ней эндо
плазматическая сетчатка, далее внутренняя и наружная оболочка плазмы вместе с ок
нами и щелями стенки образуют тонкую ультраструктуру капилляров.

Наряду с капиллярами в сердечной мышце наблюдается внутри сарколеммы 
много саркосом.

Капилляры сердца, подобно капиллярам прочих органов, представляют из себя 
живую протоплазматическую систему сложной структуры, состояние которой всегда 
активно проявляется в обмене веществ капилляров и всего организма даже сверх физико
химических действий.

Ü B E R  D IE  E L E K T R O N E N M IK R O SK O PISC H E  U L T R A ST R U K T U R  
D E R  M Y O K A R D K A P IL L A R E N

L. TAKÁCSY

Die Ultrastruktur der M yokardkapillaren gesunder R atten wurde elektronenm ikrosko
pisch untersucht.

In der M uskelschicht unter der Außenhülle der linken H erzkam m er b efin d en  sich zahl
reiche Kapillaren. Ihre Form  ist  in Abhängigkeit von dem  B lutgehalt, bzw. der Schnittfläche  
rund, oder mehr oder weniger elliptisch. Sie durchdringen nie das Sarkolem m a und gelangen 
nicht zwischen die M yofibrillen.

D ie w ichtigsten G rundelem ente der K apillaren bilden bizarre, großkernige E ndothel
zellen , die eine starke osm iophile Granulation zeigende charakteristische doppelkonturiertc

2 *
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K ernm em bran aufweisen, und in deren Zytoplasm a zahlreiche B läschen , H öhlendurchschnitte  
zu seh en  sind . Auf der äußeren O berfläche des Zytoplasm as k an n  die verdoppelte M em brana  
ex tern a  u n d  gegen den Lum en die w ellige Membrana interna beobachtet werden. D as Z yto
p la sm a , das endoplasm atische R etik u lu m , ferner die innere un d  äußere P lasm am em brane  
bild en  zusam m en mit den F enstern  un d  W andspalten die feineren D etails der U ltrastruktur  
der K apillaren .

N e b e n  den Kapillaren b efin d en  sich innerhalb des Sarkolem m as zahlreiche Sarkosom e  
im  H erzm u sk el.

D ie  M yokardkapillaren ste llen  — ähnlich den K apillaren der anderen Organe — ein 
k o m p liz ier tes lebendes P rotop lasm asystem  dar, desen jew eiliger Zustand im  Stoffw echsel der 
K ap ilaren  und des ge-am ten O rganism us auch über physisch-chem ische W irkungen hinaus 
a k tiv  in  Erscheinung tritt.

D r. László T a k á c s y , B u d a p e s t ,  IX . Ü llői ú t  93 .  H u n g a ry .
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