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M orphology  an d  fu n c tio n  of th e  s t r ia te d  m uscles have  ev er since the  
b eg inn ing  o f re sea rch  in to  th e ir  n a tu re  b een  in v a ria b ly  in  th e  fo reg ro u n d  of 
sc ien tific  in te re s t. A lthough  a g rea t n u m b e r o f problem s has been solved in 
th is  fie ld , a h ost o f new  questions is in cessan tly  arising  [4]. W hile it  seem s safe 
to  reg ard  p rob lem s concern ing  th e  m orpho logy  an d  fu nc tion  of th e  co n trac tile  
com p o n en ts  of th e  m uscle cells, i. e. th e  m uscle  fib rils, as m ore or less se ttled , 
th e re  s till ex ists m a n y  a d e ta il w hich aw a its  e lu c id a tio n  in co n n ec tio n  writh  
th e  o th e r p rin c ip a l co m p o n en t of m uscle cells, i. e. th e  sarco lem m a.

M eat re sea rch  in s titu te s  are  know n to  be h igh ly  in te re s te d  in  the  in tr ic a te  
b iochem ical and  b io p hysica l p ro p ertie s  o f th e  s tr ia te d  m u scu la tu re . S tudies 
of th is  k ind  concern  n o t only th e  ou tw ard  ap p e a ra n ce  (w hite an d  red  m uscles), 
p a la ta b ili ty  (so ftness etc .) and  biological v a lu e  (p ro te in  com position) of the 
m e a t b u t  also c e r ta in  aspects  o f th e  tech n o lo g y  o f m an u fac tu rin g  (e. g. d iffusion 
d u rin g  p ick ling). W e have discussed the  q u a n t i ta t iv e  and q u a lita tiv e  problem s 
concern ing  th e  co nnec tive  tissue  of m ea t an d  m ea t p ro d u c ts  a t  th e  1958 confe
rence of th e  European  Meat Research Workers  [6], and s tu d ied  th e  in te rco n n ec
tions betw een  th e  th ickness o f th e  s tr ia te d  m uscle cells and th e  q u a lity  of 
m eat [7].

W hile stvxdying th e  tw o p rin c ip a l tissu e -e lem en ts  o f m ea t, i. e. th e  m uscle 
tissu e  an d  th e  con n ec tiv e  tissu e , we h av e  en d eav o u red  to  an a ly se  th e  tw o 
m orpho log ica lly  d is tin g u ish ab le  p a r ts  o f th e  m uscle cell, th e  sa rcop lasm  (to 
g e th e r w ith  th e  fib rils) and th e  sa rco lem m a. T h e  s tru c tu re  (th ick n ess , e tc .) of 
th e  sarco lem m a p re su m ab ly  v aries acco rd in g  to  species and  age and  th e  p a r t 
o f th e  body  in w h ich  it  is s itu a te d . We have  a t te m p te d  to  e s tab lish  connections 
betw een  th e  v a r ia b le  s tru c tu re  and  the  p h y sica l, chem ical an d  organo lep tic  
ch a rac te ris tic s  o f th e  m ea t. H av in g  d ea lt w ith  th e  open p rob lem s concern ing  
the  s tru c tu re  of sarco lem m a in a recen t p a p e r  [8] we do n o t p ropose to  e x p a tia te  
up o n  th em  a t  p re se n t and  c o n te n t ourselves w ith  no tin g  th a t  m ost of the  
a u th o rs  regard  th e  sarco lem m a as com posed  o f tw o lay ers , a s tru c tu re le ss  
hom ogeneous (lip o p ro te in  ?) m em b ran e , i. e. th e  sarco lem m a p ro p er, and  
—  around  it  —  a f ib r illa r  la y e r. Som e a u th o rs  hold th a t  th is  second lay e r does
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n o t  r e a l ly  belong to  th e  sa rc o le m m a  b u t form s p a r t  o f  th e  co nnec tive  tissu e  
a ro u n d  th e  muscle cells, i. e. th e  endom ysium .

M ethod  and  resu lts

S am p les  from  th e  th ig h  m u sc le  of a d u lt oxen w ere o b ta in ed  a b o u t 15 m in 
u te s  a f te r  killing th e  a n im a ls . A fter h av in g  freed  th e  specim ens fro m  all 
v is ib le  f a t t y  elem ents an d  th e  coarse  co nnective  tissu e , th e  3 to  5 m m  th ic k  
sa m p le s  w ere hom ogenized w ith  physio logical saline in  a W aring  b len d e r. 
U n d e r  b o th  the  phase c o n tra s t  a n d  th e  lig h t m icroscope, th e  m uscle f rag m en ts  
re v e a le d  a strongly  re f ra c tiv e  c ircu la r s tru c tu re  w h ich , com posed o f  fib res , 
a p p e a re d  as a spiral rim  a ro u n d  th e  cells. W hile th is  “ w in d in g ” , m ad e  u p  of 
c o n n e c tiv e  tissue, was s till m o re  or less in ta c t  here  an d  th e re  (Fig. 1), i t  was 
loose  a t  o th e r  points (F ig . 2) o r , else, th e  ru p tu re d  c ircu la r fib res seem ed  to  
h a v e  s lip p e d  tow ards one a n o th e r  (Fig. 3). A t som e p o in ts , th e  ru p tu re d  fib ril 
b u n d le s  w ere observed to  h a v e  becom e free from  th e  t ig h t  g rasp  of th e  c o n n e c 
t iv e  t is s u e  fibres (Fig. 4). A t s ti l l  o th e r  p o in ts , th e  o rig inally  dense and  sp ira lly  
a r r a n g e d  fib res appeared  as th e  circ le ts  o f a d is ru p te d  sp rin g  (Fig. 5), t h a t  w ere 
s t i l l  t r y in g  to  hold to g e th e r  th e  m asses of fib rils  (well visib le in th e  p ic tu re )  
c o n ta in e d  in  the  cells w hich h a d  e v id e n tly  been d ep riv ed  o f th e ir  ce ll-m em brane. 
T h e  n a tu r e  of all these ch an g es dep en d ed  on th e  e x te n t  o f th e  in ju ry  cau sed  a t 
h o m o g en iza tio n .

C arefu l search re v e a le d  in  th e  hom o g en ate  co m p ara tiv e ly  in ta c t  f ra g 
m e n ts  o f  tissue w hich b o re  a resem blance  o f so m ew h at im p a ired  d e lica te  
sp r in g s  (F ig . 6). These fin e  s tru c tu re s  w hich u n d o u b te d ly  form ed p a r t  o f th e  
cells w ere  —  so to  speak  —  e m p ty , since th e  ap p lied  m echan ical force h ad  
d r iv e n  o u t  all cellular c o n te n ts . T h a t  th e  spring-like c ircu la r s tru c tu re s  rea lly  
b e lo n g  to  th e  muscle cells is i r r e fu ta b ly  p roved  b y  F ig . 7, w hich show s a m ore 
or less u n ru p tu re d  bund le  o f  cells w here th e  f ib r illa r  s tru c tu re  in  q u e s tio n  is 
w ell o b se rv ab le  on th e  s till c o h e rin g  m uscle cells.

A ccep tin g  the th e o ry  t h a t  th e  cell m em b ran e  in  s tr ia te d  m uscle tissu es  
h a s  tw o  lay ers , viz. a fin e , s tru c tu re le ss  lip o p ro te in  m em b ran e  an d , ab o v e  it ,  
a se c o n d  lay e r com posed o f  co llagenous fib res , we suggest th a t  th e  c ircu la r 
f ib ro u s  s tru c tu re  observed  b y  us is id en tica l w ith  th is  second la y e r. T his 
a s s u m p tio n  m eans a s tep  to w a rd  a reconcilia tion  of th e  con troversies ex is tin g  
b e tw e e n  th e  different a u th o rs . F o r exam ple , J o n e s  an d  B a r e r  [5 ], fu r th e r  
Co n t e  a n d  R ie se r  [2] re je c t th e  th e o ry  th a t  th e  sa rco lem m a has a co llagenous 
f ib ro u s  s tru c tu re  and reg a rd  i t  as a sim ple fine p ro te in  m em b ran e , w hile W ang  
a n d  o th e r  investiga to rs reco g n ize  —  a p a rt from  th e  hom ogeneous m em b ran e  — 
th e  e x is te n c e  of a fib rous e n v e lo p e . R ózsa e t al. [9], w hile unab le  to  confirm  
t h a t  th e  sarco lem m a co n ta in e d  f in e  collagenous or re tic u la r  fib res, d e m o n s tra te d
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b y  e lec tro n -m icro sco p y  th a t it Mas co v ered  b y  granules M'hich t h e y  regarded  
e ith er  as co n n ec tiv e -t issu e  fibres or as th e  p o in ts  o f  a ttach m en t for m y o fib rils .

Our ex p er im en ts  h ave d efin ite ly  c o n v in ce d  us th a t —  at le a s t  as regards 
c a tt le  —  there is n o  occasion  for furth er co n tro v ersie s: there e x is ts  a sep ara te  
fib rou s stru ctu re  w h ich  en velop s th e  stru c tu r e le ss  sarcolem m a p ro p er . T here  
rem ain s th e  q u e stio n  w h eth er R ózsa e t al. [9] are right in b e lie v in g  th a t  the

F ig . 1. T he well p re se rv e d  c ircu la r, dense co llag en o u s-fib ro u s “ w inding”  of th e  sa rco lem m a 
is c le a rly  v isib le  on th e  frag m e n t o f  s t r ia te d  m uscle cell. X 400

F ig . 2. T he c ircu la r sarco lem m ic  fib res are  loose a n d  show  an ob lique course a ro u n d  th e  m uscle
cell. X 400

fib res (tvhose p o in ts  o f  a tta ch m en t th e y  c la im ed  to  h ave found) b e lo n g  to  th e  
en d o m y siu m  and n o t to  th e  m uscle cells th e m se lv e s , or w heth er th o se  are righ t  
w h o  regard th e  circu lar fibrous “ w in d in g s”  —  M'hich becom e e a s ily  d eta ch ed  
from  th e  ce ll m em b ran e under th e  effec t o f  m echan ica l force —  as form in g  
an in teg ra l part o f  th e  m uscle cells. W e are m ore in clined  to accep t th e  v ie w  o f  
Rózsa  e t  al.

I t  w ould  a lso  seem  possib le th a t th e  s tru ctu re  at issue is ju s t  a p h e n o m e
n on  o f  sarcop lasm ic d egen eration  fo llo w in g  th e  d eath  o f  the ce ll, th e  lik e  o f  
w h ich  w as ob served  b y  G e l e i and J e n d r a s s ik  [3] on the frog’s th ig h  m u sc les ;

2  Acta Morphologic« XII/1.
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on t r e a tm e n t  -with calc ium , th e  sarcop lasm  d is in te g ra te d  in to  discs o f a d e li
c a te ly  g ra n u la r  s tru c tu re  and  le ft th e  sarco lem m a in ta c t  so th a t  th e  p h o to m ic ro 
g rap h  sh ow ed  a p a t te rn  of c irc id a r s tr ia tio n . W e m ad e  m icroscopic p re p a ra tio n s  
acco rd in g  to  th e  te ch n iq u e  of G e l e i  and J e n d r a s s i k  b u t failed to  observe  th e  
p h e n o m e n o n  d esc rib ed  b y  th e m ; th e  m icroscopic  p ic tu re  we saw  was e sse n tia lly

Fig. 3. T h e  c irc u la r  f ib re s  o f th e  sarco lem m a, a f te r  h a v in g  slipped  tow ards one a n o th e r , seem  
to  be a c c u m u la te d  a t  a single p o in t o f  th e  cell su rface . T h e  a rran g em en t o f th e  f ib re s  is still 

re g u la r ly  c ircu la r in th e  cell f rag m e n t v is ib le  a t  th e  periphery . X 300

F ig. 4 . T h e  c irc u la r  co llagenous f ib res  a p p ea r to  be  r u p tu r e d  on th e  cell su rface; m asses o f  
m y o fib rils , freed  from  th e  pressu re  o f th e  collagenous f ib re s , can  be seen to  p ro tru d e  b ey o n d  

th e  o rig ina l c ircum ference o f  th e  m u sc le  cell. X 300

d iffe re n t fro m  th e irs . The fin d in g s o f the  said  a u th o rs  should neverthe less w arn  
us t h a t  m a n y  p rob lem s concern ing  the  c o m p a ra tiv e  biology and  m o rp h o lo g y  
o f th e  s t r ia te d  m uscles of d iffe ren t species are  s ti l l  u n elucidated .

In  ea rlie r  ex p erim en ts  [8] we have s tu d ie d  w h e th e r the  fib res in  q u e s tio n  
w ere co llag en o u s or e lastic . H ydro lysis  b y  m e a n s  o f alkali and  ta r ta r ic  acid
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seem ed to  prove th a t  we a re  dealing  w ith  collagenous fib res . T he e lucidation  
o f th is  questio n  w as c o n tin u e d  in th e  p re se n t ex p erim en ts . K n o w in g  th a t  the  
p e p tid e  linkages of co llagen  are less read ily  dissolved b y  try p s in  th a n  by 
p ep sin , we p erfo rm ed  d ig es tio n  w ith  b o th  th ese  p ro teo ly tic  en zy m es. T h a t the  
sa id  linkages are  m ore re s is ta n t  to  try p s in  w as show n b y  B o y e r  e t  al. [1], and

F ig . 5. D isru p ted  c ircu lar co llagenous f ib res  can  be seen a t  som e p o in ts  as co h e re n t or ju s t 
sep a ra tin g  c irc le ts, w ith  m asses o f  loose m y ofib rils  w ith in  th e m . X 1000

Fig. 6. Am ong th e  m uscle-cell f ra g m e n ts  th e re  is a p o rtio n  o f a s till c o h e re n t collagenous 
f ib re  (in d ica ted  by  arrow ) w hich  has slipped o ff  th e  cell and  resem bles a p iece o f  steel spring.

X 160

i t  was ju s t  th is  p ro p e rty  o f  th e  collagen w hich S c h ö n b er g  an d  L ochm ann  
[10] u tilized  for th e  d e te rm in a tio n  o f th e  co n nec tive-tissue  c o n te n ts  o f m eats.

By using 0.5 g o f d e h y d ra te d  pepsin  dissolved in  100 m l o f  2 per cent 
h yd roch lo ric  acid , it  w as possib le to  d issolve the fib ro u s e lem en ts  of the  
m uscle frag m en ts  a t  37° C w ith in  15 to  20 m inu tes. T he sa rco p la sm  re ta in ed  
th e  ou tlines of th e  m uscle cell as a g ra n u la r  and  s tru c tu re le ss  su b s ta n c e  (Fig. 
9). An ex ac t re ite ra tio n  o f th is  ex p erim en t w ith  0.3 g o f d ry  try p s in  dissolved
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F ig . 7. M uscle cell bundle  a t  o b liq u e  an g le , w ith strong ly  re fra c tiv e  c ircu la r collagenous f ib re s  
o n  th e  su rface  of the  cells. T he o r ig in a l  p a tte rn  o f th e  f ib re s  seem s to  have  been deran g ed  

a t  c e r ta in  p o in ts  during  h o m o g en iza tio n . X 200

F ig . 8. F ra g m e n t of m uscle cell a f t e r  15-m inute try p sin  t r e a tm e n t  a t  37° C. T he “ w in d in g ” 
o f co llag en o u s  fib res is u n d ig es te d . X 300

F ig . 9. F ra g m e n t o f m uscle cell a f te r  15-m inute pepsin  t r e a tm e n t  a t  37° C. T he s tru c tu re  o f 
c irc u la r  collagenous fib res  is n o t  v is ib le ; the  ou tlines o f  th e  m uscle  cell are show n b y  th e  

d ig es ted  a m o rp h o u s  g ran u la r su b s ta n c e . X 300

in  100 m l o f sodium  c a rb o n a te  fa iled  to  d igest th e  fib re s  (F ig . 8). The longer th e  
p ro cess  o f digestion, th e  less becam e the  d iffe rence  be tw een  pepsin- and  
t r y p s in - t r e a te d  p re p a ra tio n s , so th a t ,  a fte r a few  h o u rs , d isso lu tion  of tissu e  
e le m e n ts  of the  m uscle f ra g m e n ts  was com plete .
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A ltho u g h  th e  s ta in in g  of our p re p a ra tio n s  p re sen ted  m anifo ld  tech n ica l 
d ifficu ltie s  u n d e r  th e  given cond itions, we h a v e  app lied  severa l dyes (V an 
G ieson’s, M allo ry ’s tr ip le  d y e , re so rc in -fuchsin ) in o rd e r to  a sc e rta in  th e  
collagenous or c la s tic  n a tu re  of the  observed  fib res , b u t  none o f th e  em ployed  
m eth o d s en su red  re liab le  d iffe ren tia tio n .

O ur n e x t in v e s tig a tio n s  will be concerned  w ith  th e  fu r th e r  e lu c id a tio n  of 
th is p rob lem , as also w ith  th e  b eh av io u r of th e  observed  fib rous s tru c tu re  
a t  d iffe ren t tim es a f te r  th e  d e a th  of the  an im a ls ; we w ish , m oreover, to  s tu d y  
th e  s tru c tu re  o f m uscle cells in d iffe ren t species an d  d iffe ren t age groups.

Sum m ary

Ox m uscle 15 m in u te s  a f te r  k illing th e  a n im a l w as hom ogenized in physio log ical saline. 
A c ircu la r fib ro u s s tru c tu re , loosely connected  w ith  th e  sarco lem m a, was o bserved  on the  
lac e ra ted  cells. I t  w as fo u n d  to  be o f collagenous o rig in  a n d  seem ed to envelop th e  s tru c tu re le ss  
sarco lem m a p ro p e r as a second layer. This envelope p re su m ab ly  form s p a r t  o f th e  connective  
tissue  su rro u n d in g  th e  m uscle cells, and its  co n n ec tio n  w ith  th e  sarco lem m a is r a th e r  loose. 
L ike th e  sarco lem m a itse lf, th is second layer follows th e  c o n tra c tio n  or re lax a tio n  o f th e  m uscle 
cells, a phen o m en o n  w hich  c an n o t be clearly  p e rce ived  in th e  u su a l h isto log ical p re p a ra tio n s . 
I t  w as th e  fac t t h a t  we hom ogenized the  m uscles im m e d ia te ly  a f te r  d e a th  w hich has m ade  i t  
possib le to  d iscover th e  pecu lia r s tru c tu re  a t  issue w h ich  d isap p ears  or becom es less consp i
cuous w hen rigor m o rtis  se ts in , an d  especially  in th e  course  o f th e  su b seq u en t collo id-chem ical 
processes. I t  is o u r in te n tio n  to s tu d y  th e  fib ro u s s tru c tu re  a t  longer in te rv a ls  a f te r  d e a th , 
fu r th e r  in  d iffe ren t species an d  in an im als o f d iffe re n t ages.

T he  a u th o rs  are in d eb ted  to  Miss I lona T ím ár  for va luab le  assistance in m ak in g  the 
p rep ara t io n s .
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U N T E R S U C H U N G E N  AN M U S K E L Z E L L E N : SA R K O L E M M A

F. LŐRINCZ und G. BIRÓ

In  bezug a u f  die zw ei, m orphologisch  u n d  fu n k tio n e ll g u t d iffe ren z ie rb a ren  T eilen  des 
q u e rg estre iften  M uskels, den  M yofibrillen  und  d em  S ark o lem in a , b estehen  u n g ek lä rte  
F ra g e n  besonders h in s ich tlic h  des le tz te ren .

In  frischen , no ch  leb en sw arm en  M uskelzellen v o m  erw achsenen  R ind w u rd e  eine 
b isher noch  n ich t b esch rieb en e  regelm äßige z irk u läre  F a se rn s tru k tu r  b e o b ac h te t d ie, obw ohl
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sie en g  z u  d e n  Zellen gehört, a n sc h e in e n d  d en n o ch  n u r  schw ach m it ih n en  v e rb u n d e n  is t .  
F a lls  d ie  zw eite ilig e  S tru k tu r des S a rk o lem m a  d en  T a tsa c h e n  e n tsp r ic h t, so s te ll t  d ie neu  
b e o b a c h te te  F a se rn s tru k tu r  ein  a u f  d e r ä u ß e re n  O b erfläch e  der lip o p ro te in en  Z ellm em b ran  
v o rh a n d e n e s  u n d  auch von an d eren  A u to re n  e rw äh n te s  S tü tzg ew eb ee lem en t dar. D ie T a tsa ch e , 
d aß  d ie se  b indegew ebige z irk u lä re  F a s e rn s t ru k tu r  a u f  m echanische E in w irk u n g  m it  der 
Z e llm e m b ra n  n u r  lose v e rbunden  zu  se in  sch e in t, b e s tä t ig t  den  endom ysia len  U rsp ru n g  d ieser 
F a se rn .

E s  w u rd e  un ternom m en , d ie  N a tu r  d ieser F a se rn  m it H ilfe v o n  D iffe ren z ia lfä rb u n g  
sowie d u r c h  en zym atischen  u n d  h y d ro ly tisc h e n  A b b au  zu k lären . M it a lk a lisch er H y d ro ly se  
u n d  in sb e so n d e re  m it Pepsin- u n d  T ry p s in v e rd a u u n g  ließ  sich nachw eisen , d aß  es sich  um  
F a se rn  k o lla g é n é n  U rsprungs h a n d e l t ,  d a  sie bei vö llig  gleicher V e rsu ch san o rd n u n g  u n d  
g le ich er E in w irk u n g sze it in sau rer w a rm e r  P ep sin lö su n g  in ten siv e r a b g eb a u t w u rd e n , als in 
T ry p s in lö s u n g . Dies en tsp rich t den  F e s ts te llu n g e n , la u t  w elchen P ep sin  die P e p tid b in d u n g e n  
des K o lla g e n s  schneller löst bzw . d a ß  d iese B in d u n g en  T ry p sin  gegenüber re s is te n te r  s in d .

И С С Л Е Д О В А Н И Е  М Ы Ш Е Ч Н Ы Х  К Л Е Т О К : С А РК О Л Е М М А

Ф .  Л Ё Р И Н Ц  и Г. Б И Р О

Было установлено, что из двух частей поперечнополосатой мышцы хорошо отде
ляемых, как с морфологической, так и с функциональной точек зрения, миофибриллы и 
сарколеммы, в отношении последней имеется больше невыясненных вопросов.

В ходе исследований мышечных клеток авторы на свежих, еще теплых мышечных 
клетках взрослого крупного рогатого скота обнаружили до сих пор неизвестную равно
мерную циркулярную волокнистую структуру. Эта структура хотя и принадлежит к 
клеткам, но она повидимому только слабо связана с ними. Поскольку можно согласиться 
с разделенной на две части структурой сарколеммы, то описанная авторами волокнистая 
структура представляет собой упомянутый уже другими авторами элемент опорной 
ткани, располагающийся на наружной поверхности собственной клеточной оболочки 
липопротеинового характера (sa rco lem m a proper). Ввиду того, что эта соединительноткан
ная циркулярная волокнистая обмотка по исследованиям авторов при механическом 
воздействии по-видимому только слабо связана с клеточной оболочкой, то они придер
живаются того мнения, что эти волокна предположительно происходят из эндомизия.

Авторы старались выяснить природу волокон при помощи дифференциального 
окрашивания, ферментативного и гидролитического расщепления. Щелочный гидролиз, 
и, в частности, опыты по пепсиновому и трипсиновому перевариванию показали, что 
речь идет о волокнах коллагенного происхождения, так как они расщеплялись в кислом, 
теплом растворе пепсина — при идентичных экспериментальных условиях — одинако
вой продолжительности воздействия — более выраженно чем в растворе трипсина. Это 
соответствует установлениям, согласно которым пепсин быстрее разлагает пептидную 
связь коллагена, или что эта связь устойчивее в отношении к трипсину.

P ro f .  F erenc L ő r in c z , B u d a p e s t IL  H e rm a n n  O. u t  15. H u n g a ry  
D r . G éza BÍRÓ, B u d a p e s t V I I .  L a n d le r  J .  u. 2.
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