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The genesis of co nnective  tissue fibres is a m uch debated , a n d  as y e t 
unclarified, problem . A ccord ing  to  one the  w idely accepted  theories, fib res are 
form ed from  cells, while som e au tho rs suggest th a t  they  orig inate  from  th e  
ground substance. The ad v o ca tes  of th e  ectop lasm  doctrine, in th e ir  e ffo rt a t 
finding a com m on d en o m in a to r of th e  tw o theories, suggest th a t  th e  g ro u n d  
substance  w ould take its  o rig in  from  the  ectoplasm  produced by  cells, w h ile  th e  
fibres are d ifferen tia ted  from  th is  ground substance . Huzella [21 ] h a s  p u t  fo r
w ard  a pecu liar theory  suggesting  th a t  th e  g round  substance is a ce llu la r  secre
tion  p ro d u c t rem aining in  th e  organism , being n e ith e r  elim inated b y  th e  glands 
no r passed in to  the c ircu la tio n . H e concluded from  his studies o f  a rg y ro p h il 
fibres th a t  these  o rig inate  from  th e  in terce llu lar substance along th e  lines of 
bearing  force. He agreed w ith  th e  view  th a t cells do partic ip a te  in th e  fo rm atio n  
o f th e  fibre netw ork. F o r d e ta iled  in form ation , th e  papers by  K rom pecher [5], 
W assermann  [15], Haas [4 ], Studnicka  [14] an d  b y  Revutskaya  [13] sh o u ld  be 
consulted.

The causal-analy tica l th e o ry  of the  d iffe ren tia tion  of living m a tte r  considers 
histogenesis as a d ep en d en t d iffe ren tia tio n . W ith o u t going in to  th eo re tica l 
details, from  th e  functional s tru c tu re  of connective tissue fo rm ations i t  appears 
m ost p robab le  th a t  in  th e  genesis of connective tissue fibres m echan ica l 
factors p lay  an  im p o rta n t rô le . As to  the  genesis o f elastic fibres, i t  h a s  been 
claim ed th a t  th e  factor responsib le  for the  d iffe ren tia tion  of such fib res w ould 
be a periodically  rep ea ted  con trac tio n  and  re lax a tio n , viz. a so-called  in te r 
m itte n t tra c tio n  (e. g. p u lsa tio n ). In  support o f th is  view are th e  re su lts  of 
em bryological, and som e exp erim en ta l stud ies. So, according to  L in se r  [8 ], 
in  th e  lung elastic  fibres w ould  be form ed only a fte r  b irth , i. e. a f te r  re sp ira 
tio n  has s ta r te d . M arcus [9 ], on th e  o ther h a n d , has d em o n stra ted  elastic  
fibres in  th e  lung of an  em b ry o  abou t 3 and  a h a lf  m onths old. T h is , how e
ver, does n o t exclude th e  rô le of th e  m echanical factors, i t  being w ell-know n 
th a t  re sp ira to ry  m ovem ents ac tu a lly  tak e  place d u rin g  in trau te rin e  life . K rom pe
cher [5 ], d em onstra ting  th e  first appearance o f e lastic  elem ents on th e  su rface  of 
e lastob lasts in  the  caro tid  a r te ry  of a 24 m m . sheep em bryo, an d  p resen tin g
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c o lo u red  m ic ro pho tog raphs of this finding, w ro te  th a t  «in accordance w ith 
v a sc u la r  tension — w h ich  increases on each  h e a r t  contrac tion  — th e  elastic 
e lem en ts  take up th e  fo rm  o f a uniform c ircu la r m em brane» . E lastic  fibres, on 
th e  o th e r hand, are  fo rm e d  from  the p rim itiv e  pericellu lar m em branes which 
a re  th ickened  a t sites co rrespond ing  to  th e  lines o f  force of co n trac tio n . T hus, 
Krom pecher recognized as early  as 1928 th e  in flu en ce  of m echanical factors 
on th e  form ation of th e  e la s tic  substance, b u t  fa iled  th en  to  estab lish  a correla
tio n  betw een in te rm itte n t  trac tio n  and th e  d ev e lo p m en t of elastic  elem ents. 
B loom  [3] observed th e  developm ent of elastic  fib res in pulsating  h e a r t cu ltures. 
H e  th o u g h t, however, t h a t  contractile  forces w ere  n o t absolutely necessary  to  
th e  developm ent of e la s tic  fibres, as new fo rm ation  o f elastic elem ents occurs in 
a o r ta  cultures too a l th o u g h  he did n o t fa il to  observe th a t  developm ent is 
m o s t m arked where th e re  is pulsation. Bloom  fo u n d  th a t  the  elastic fibres deve
lo p in g  in  tissue cu ltu re s  w ere  always e x tra c e llu la r , b u t p resen ted  no definite 
v iew  as to  the origin o f th e s e  fibres. Porta [12 ] c la im ed  on the  basis o f e x p la n ta 
t io n  experim ents th a t  m ech an ica l factors h av e  no  p a r t  w hatsoever in  th e  genesis 
o f  c las tic  fibres. He, to o , fo u n d  the fibres ex trace llu la rly , b u t po in ted  ou t th a t 
th e y  w ere invariab ly  in  a  v e ry  close connection w ith  th e  cells. Odiette [10, 11] 
o b se rv ed  form ation of e la s tic  elem ents in h e a r t, a o r ta  and  skin cu ltu res. A ccord
in g  to  th is au thor, th e  e le m e n ta ry  elastic fibres a p p e a r  first in the ec top lasm  of 
e la s to b las ts , then  a fte r  p e n e tra tin g  into th e  ce llu la r processes, anastom oze w ith 
th e  fibrils of ad jacen t ce lls. H e  also found th a t  th e  form ation  of elastic  fibres is 
a c c e le ra ted  on add ition  to  th e  culture of c e r ta in  am ino acids (glycine, t ry p to 
p h a n e , b e ta -pheny la lan ine , g lutam ic acid) a n d  concluded  th a t  changes in  the 
ch em ica l com position o f  th e  m edium  affect th e  developm ent of elastic  fibres in 
th e  sam e way as do m e c h a n ic a l factors. In  his w ork  pub lished  in 1940, Krompecher 
[6 ] w ro te  the following a b o u t the conditions req u ired  for the  fo rm ation  of 

e la s tic  elem ents : «B ei d e r  A rterie  scheint die p u lsie rende  W irkung, eine in te r 
m ittie re n d e  dehnende K r a f t  die auslösende U rsach e  zu  sein, w odurch die w and
b ild e n d e  M esenchvm zellen — zuerst z irku lär an g eo rd n e t — ih rer längsachse 
en tsp rech en d  gedehnt u n d  n ach h er etwa a u f  die ursprüngliche L änge nachge
la ssen  werden. Dieses Z e rre n , Anziehen schein t h ie r  fü r die E lasticab ildung  der 
specifische Reiz zu se in» . T hese conclusions w ere  draw n from  com parative  
h is to g en e tica l studies o f  v a rio u s  portions of th e  v a scu la r wall, b u t  a t  th e  same 
tim e  i t  was em phasized t h a t  these assum ptions w ou ld  have to  be su b s ta n tia te d  
ex p erim en ta lly .

O ur purpose in  s tu d y in g  the  genesis o f e la s tic  fibres was to  gain in fo rm a
tio n  abou t fibre d iffe re n tia tio n  and to  clarify  th e  role of m echanical factors 
u n d e r  various biological conditions. The p re se n t p ap er, rep resen ting  th e  first 
p a r t  o f a series of e x p e rim e n ts  on a large scale, w ill discuss the genesis in  vitro 
o f  e la s tic  fibres.
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Materials and Methods

Cultures were made of the hearts of 3 to 7 days old chick embryos, according to M axim ov's 
method, in about 30 culture series, with 12 to 20 exp lan ta tes in each series. The m edium was 
chicken plasma -f~ Tyrode -}- chicken embryo extract, m ixed 1 : 1 : 1. As in a medium contain ing 
such a large am ount of embryonic extract the intensity of pulsation of heart cultures dim inishes 
rapidly and cannot be observed after 3 to 7 days, in one series no embryonic extract was added 
to the medium, or its am oun t was reduced to a m inim um  (1 : 1 : approximately 0,1). In  th is 
way pulsation was continued for several weeks. The cultures were bathed at 48 hour in te rva ls 
in a Tyrode solution containing embryonic extract. D uration  of pulsation was carefully recorded 
several times a day and after pulsation had ceased, the cultures were allowed to grow for d iffe ren t 
lengths of time. The cultures were fixed in Susa’s fluid, em bedded in paraffine and cu t serially. 
Staining was w ith resorcin-fuchsine-alumcarmine-erythrosine.

Aorta cultures were made from material taken from  em bryos of the same age group. A fter 
these were allowed to proliferate for different periods of tim e, the material was worked up  in  a 
similar way as were the heart cultures.

In  one series elastase ( Baló — Banga, 2) was added to the medium in a concentration of 0,05 
mg/ml. Since it has been reported ( A lin  and Helander, 1) th a t  paraaminosalicylic acid is electively 
absorbed by elastic fibres, in a few experiments the pulsating  heart cultures were trea ted  w ith 
sodium paraam inosalicylate and examined in the living s ta te  under a luminescence microscope.

Results

a) Heart cultures

Irrespective  of the  ac tu a l age of the  ch ick  em bryo , in pu lsating  h e a r t  
cu ltures m ade w ith  m a te ria l taken  betw een th e  3d  and  7th  days of h a tc h in g  
newly form ed elastic  elem ents could be found in  ev e ry  case. Although in c o n tro l 
sections m ade of th e  ex p lan ted  hearts  no e lastic  fibres could be de tec ted , on ly  
the  elastic e lem ents in th e  proliferation  zone w ere considered when e v a lu a tin g  
the findings. W e could n o t dem onstrate  any  re la tio n sh ip  between the  d u ra tio n  
of pu lsation  an d  th e  q u a n tity  of elastic e lem en ts form ed. In  some cases m ore  
elastic elem ents were detec ted  in cultures p u lsa tin g  fo r shorter periods th a n  in 
those w ith  p ro longed  pu lsa tion . N or was th e re  a dem onstrab le  co rre la tion  b e 
tween th e  age of th e  chick em bryo and th e  q u a n t i ty  of newly form ed e la s tic  
elem ents. In  cu ltu res no t pu lsating  at all a f te r  e x p la n ta tio n  no neo fo rm ation  o f 
elastic m a te ria l could be detected .

The close connection betw een elastic e lem en ts  and cells was e v id e n t in 
every case. T he elastic  elem ents appeared e ith e r  as fine pericellular fibres o r a 
pericellu lar m em b ran e  sta in ing  w ith resorcin-fuchsine. This mem brane w as sp lit 
up in to  fibres in  som e areas (Fig. 1). E lastic fibres resu lting  from m erged e la s tin  
granulae could be d e tec ted  in no case. Older fibres d e tach  themselves from  th e  
cells and  take  up  an  in terce llu lar position (F ig . 2). N o signs indicative o f endo- 
cellular fibre fo rm atio n  were seen, nor could we d e te c t any kind of e lastic  fibre 
form ation  in  areas n o t contain ing  cells.

C ultures m ade w ith o u t, or w ith  very sm all am o u n ts  of, em bryonic e x tra c t  
pu lsa ted  energetically  for prolonged periods o f tim e  (3 to  4 weeks), b u t  p ro life 
ration  was u n u su a lly  scarce. In  such cultures e la s tic  elem ents were e ither to ta l ly
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Fig. 1. Culture from the hea rt of a 7-day old chick em bryo. Pulsated for 6 days, a.: pericellular 
elastic mem brane split up  into fibres. Staining resorcin-fuchgine-alum carm ine-erythrosine.

Leitz Periplan 10 X eyepiece; L eitz H . I. 100 X lens 
Fig. 2. Culture from the hea rt of a 7-day old çhick em bryo. Pulsated for 3 days. E lastic  fibres 
in  th e  zone of proliferation in connection with cells (a) and  independent of cells (b). L eitz Periplan 

10X eyepiece; Zeiss apo. 4 0 X lens. Staining as in Fig. 1 
Fig. 3. A orta from chick em bryo hatched for 6 days. S tain ing as in Figs 1 and 2. L eitz Periplan

10 X eyepiece; Leitz H . I . 100 X lens
Fig. 4. A orta from chick embryo hatched for 7 days. Magnification and staining as in  Fig. 3 
Fig. 5. A orta from 7-day old chick embryo after 3 days of growth in culture, a.: elastic fibres 

showing granular disintegration. M agnification and staining as in Fig. 3 
Fig. 6. A section from the  proliferation zone in  Fig. 5. a.: elastin granules adsorbed onto  cell 

surfaces. Magnification and stain ing as in Fig. 3
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ab sen t or could be detec ted  by  th e  above described m ethod only in  v e ry  sm all 
am ounts.

C ultures tre a te d  w ith Baló— Banga  e lastase showed no su b s ta n tia l d iffer
ences. This is th o u g h t to  be explicable in  tw o w ays : either the a m o u n t of 
enzym e used was insuffic ien t, or its  effect was inh ib ited  by some a g en t p resen t 
in  th e  m edium .

Lum iniscence m icroscopy failed to  b ring  evaluable results. All th a t  could be 
found  w as th a t  th e  cu ltures tre a te d  w ith  paraam inosalicylic  acid show ed a pale, 
diffuse fluorescence.

b) Aorta cultures

In  Figs 3 and  4 are shown sections from  th e  ao rta  sta ined  w ith  resorcin- 
fuchsine ; the  one is from  a 6-day  old and  th e  o th e r from  a 7 -day  old chick 
em bryo . In  bo th  pho tog raphs th e  elastic  elem ents sta in ing  very  in te n se ly  can 
be excellen tly  visualized as th ey  ap p ea r am oung th e  densely a r ra n g e d  cells. 
E la s tin  granules are  absen t. The po in tlike  s tru c tu res  sta in ing  w ith  resorcin- 
fuchsine sca tte red  over th e  p rep a ra tio n  are transversa l sections o f fibres, as 
in d ica ted  b y  the  « P ünk tchenw anderung»  phenom enon. Figs 5 a n d  6 show 
3-day  a o rta  cu ltures, b o th  from  7-day  old em bryos. As com pared to  th e  noncul- 
tu re d  a o rta  (Figs. 3 and  4), here th e  elastic  fibres have d isin tegrated  in to  g ranu lae 
d u ring  grow th . A t sites, d is in teg ra ted  elastic elem ents are seen adso rbed  onto  
cell surfaces.

A piece of a o rta  left to  grow in connection  w ith  a pu lsating  h e a r t  cu ltu re  
p resen ts a d ifferen t p a tte rn . As seen in Fig. 7, th e  elastic tissue o f th e  a o rta  
rem ains in ta c t, no sign of d isin teg ra tion  can be observed. On th e  c o n tra ry , a t  th e  
p ro life ra ting  end of th e  ao rtic  tissue new form ation  of elastic elem ents is d e tec 
tab le  (F ig . 8), in  th e  form  of pericellu lar elastic  m em branes and elastic  fibres.

Discussion

Studies of th e  developm ent in  vitro of e lastica has, to  our know ledge, been 
s tud ied  b y  Bloom  [3 ], Porta [12], an d  Odiette [10, 11]. Bloom  does n o t th in k  
th a t  pu lsa tio n  would be an abso lu te  necessity  in  th e  form ation of e lastic  elem ents 
and  does n o t m ake m ention  of th e  connection  betw een  elastic fibres an d  cells. 
Porta refuses to  accep t th a t  m echanical fac to rs p lay  a role in th e  genesis of 
elastic  fibres. W e have found new ly form ed elem ents only in  p u lsa tin g  cu ltu res, 
b u t  n o t in  ao rta  cu ltu res or in  non -pu lsa ting  h e a r t cultures. On th e  co n tra ry , 
in  a o rta  cu ltu res g ran u la r d isin teg ra tion  of elastic  fibres could be d em o n stra ted .

A n o th er observation  was th a t  elastic  fibres could be detec ted  on ly  in  th e  
presence of cells, e ith er in  the  form  of pericellu lar m em branes, or as developed
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e lastic  fib res. (In  th is  we re fe r to  th e  reports and  figures published b y  Krompecher 
in  1928 and  in 1940). In  areas containing no  cells th e re  is no elastogenesis. Two 
possib ilities should be  ta k e n  in to  account. I t  m a y  be assum ed th a t  th e  elastin

?

Fig. 7. A orta from 7-day old chick embryo cultured in connection w ith pulsating heart culture. 
(P u lsa ted  for 7 days.) The elastic fibres in the aorta rem ained in tac t. Magnification and staining

as in Fig. 3
Fig. 8. The proliferating end of th e  above culture, a)  JXewly formed elastic elements. M agnifica

tion  and staining as in  Fig. 3

p re se n t in  the  in te rce llu la r substance is adsorbed  o n to  the surface of cells, or 
w h a t we deal w ith are such  cells of m esenchym al origin as are capable of form ing 
e la s tic  elem ents e ith e r b y  fo rm ative  or b y  en zy m atic  action , according to  the  
a c tu a l environm enta l conditions. The fact th a t  no elastic elem ents occur in
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epithe lia l or nerve tissue, in  sp ite  of th e  conditions for surface a d so rp tio n  being 
given, d iscred it the  th eo ry  o f e lastin  adso rp tio n  onto  the  surface o f cells .W e have 
therefore  arrived  to the  conclusion th a t  th e  cells of m esenchym al o rig in  p la y  an 
o u ts tan d in g  role in the  genesis of elastic fibres. In  support of th is  v iew  a re  some 
m ore recen t results of ex p erim en ta l stud ies on fibre form ation. So, fo r instance, 
R evutskaya  [13] suggests t h a t  w hen an ex u d a te  is m ade to  se ttle , th e  ectoplasm  
of th e  se ttled  fibroblasts form s a sy n cy tiu m  an d  10 to  30 m inu tes a f te r  sed im en ta
tio n  preargyroph il fibres d iffe ren tia te  from  th e  ectoplasm . W e o bserved  the 
elastic  m em branes to  form  on cell surfaces an d  therefore believe th a t  cells should 
be a ttr ib u te d  some role in  th e  genesis of fibres. As regards th e  m echan ism  of 
fibre fo rm ation  and th e  fo rm ative , enzym atic , or o ther func tions p resum ab ly  
a ttr ib u ta b le  to  cells, we are  unab le  to  m ake an y  s ta tem en ts a t p resen t . E x tensive  
h istogenetica l and h istochem ical stud ies m ust he carried o u t befo re  any th in g  
rév é lan t an d  reliable could be estab lished  in  th is  respect.

M ention should be m ade of th e  tissue cultures in m edia  co n ta in in g  no 
em bryonic ex trac t. In  sp ite  of th e  fac t th a t  th e y  had  been p u lsa tin g  fo r several 
weeks, in such cultures, as m en tioned  above, no newly form ed e lastic  elem ents 
could be d em onstra ted . T h e  above cited  resu lts  of Odiette [11] a p p e a r  to  ind i
ca te  th a t  a change in th e  chem ical com position of the  m edium  m a y  a ffec t the 
developm ent of fibrous s tru c tu re s . The phenom enon m igh t be exp la ined  as 
follows. In  cultures con ta in ing  sufficient q u an tities  of em bryon ic  e x tra c t  the 
ded iffe ren tia ted  m yoblasts undergo  in consequence of th e  p u lsa tio n  such a 
d iffe ren tia tio n  which M ould give rise to  th e  form ation  of elastic  e lem en ts  even 
a fte r  pu lsa tio n  has ceased. T he absence of elastogenesis in  cu ltu res  contain ing  
m in u te  am ounts, or no em bryonic  e x tra c t m ight be explained b y  assum ing 
th a t  in these  cultures th e  cells rem ain  in th e  m yoblast stage an d  as such are 
unsu itab le  for elastogenesis. The possib ility  th a t  d ed iffe ren tia ted  m yoblasts 
m ay  be involved in fibrogenesis has been po in ted  out by  Levi [7 ], on  th e  basis of 
O livo’s w ork.

In  the  light of the ex perim en ts rep o rted  upon in th is paper we a re  unab le  to 
su p p o rt th e  view of those  au th o rs  ( Gardner [16], K ervily  [17], Törő  [19], 
Szépe [20]) who consider elastic  fibres as s tru c tu res  resu lting  fro m  confluent 
e lastin  granules. E lastin  granu les, or, m ore precisely, de tritu s  of e la s tic  m ateria l 
could be detec ted  only associated  w ith  degeneration , in acco rdance  w ith  the 
observation  by  Porta [12] th a t  in  ao rta  cu ltu res of chick em bryo  d igestion  of 
elastic elem ents takes place. In  co n trast w ith  th is, the  observation  th a t  in  the 
piece of a o rta  grown in connection  w ith  a pu lsa ting  h ea rt cu ltu re  th e  elastic 
fibres rem ain  in tac t or even show new fo rm ation , indicates th a t  p u lsa tio n  not 
only p lays a predom inan t role in  elastogenesis, b u t is also th e  s tim u lu s  required  
for th e  m ain tenance of e lastic  elem ents.

On th e  basis of the re su lts  o b ta ined  i t  m ay  be sta ted  th a t  e lastogenesis takes 
place in connection w ith  cellu lar function  and  under the influence o f  m echanical
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fa c to rs  (pulsation). T he ro le  o f  pulsation is, h ow ever, b y  no m eans exclusive. 
In te rm it te n t  con trac tion  is considered, along w ith  o th e r, as y e t unknow n, b io 
log ica l influences, one o f th e  eliciting factors u n d e r  th e  experim en tal cond itions 
em p lo y ed .

Summary

T he behaviour of elastic e lem ents, as well as the appearance of newly formed elastic elements 
h ave  been studied in cultures o f em bryonic chicken heart and  aorta . In  pulsating heart cultures 
(chicken embryo hearts from chick embryos of various ages cultured  according to Maximov in a 
m edium  consisting of hen p lasm a +  Tyrode +  chick em bryo ex trac t, 1 : 1 : 1 )  elastic fibres 
developed in the proliferation zone. No correlation could be established between duration of 
p u lsa tion  and amount of elastic elem ents formed. In cultures no t pulsating a t all after explanation 
no new ly formed elastic elem ents could be detected, nor were such formed in media containing 
no em bryonic extract, although in  such cases (along w ith  slight proliferation) pulsation could 
be prolonged for several weeks.

In  aorta cultures no new form ation of elastic elements occurred and the elastic fibres of the 
ex p lan ta te  underwent granular disintegration. In pieces of ao rta  grown in connection w ith  a 
p u lsa tin g  heart culture the elastic elem ents did not disintegrate ; on the contrary, new ones were 
being formed.

Newly formed elastic e lem ents appeared always in th e  presence of cells. In  the opinion of 
th e  au tho rs the genesis of elastic elem ents is bound to m esenchym al cell function, which, depending 
on th e  actually prevailing environm ental conditions, form elastic elements either by form ative 
or b y  enzymatic action.

No exclusive role in elastogenesis is attributed to pu lsation  which is thought to be one of 
th e  eliciting factors along w ith  a num ber of unknown factors. On th e  basis of experiments w ith 
a o rta  cultures it  is suggested th a t  pulsation  should be considered as an adequate stimulus for the  
m ain tenance of elastic elements.
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ОБРАЗОВАНИЕ ЭЛАСТИЧЕСКИХ ЭЛЕМЕНТОВ В ТКАНЕВЫХ КУЛЬТУРАХ

ДЬ. Л Е Л Ь К Е Ш  и Л. КАРМ АЖИН

Авторы исследовали в культурах зародышевого сердца цыплят и аорты поведение 
эластических элементов, также как и появление новообразованных эластических эле
ментов. Они наблюдали в пульсирующих сердцевых культурах (сердца зародышей 
цыплят различного возраста, культура по методу Максимова, питательная среда : кури
ная плазма+раствор Тироде+сок зародыша цыплят 1:1 :1) в зоне разрастания появление 
эластических волокон. Авторы не находили связи между продолжительностью пульси
рования и количеством возникших эластических волокон. В культурах, которые после 
высаживания совершенно не пульсировали, авторы не наблюдали новообразований элас
тических элементов. Эластические элементы не образовались также и тогда, когда в пита
тельной среде не было зародышевого экстракта, хотя в таких случаях (при незначи
тельном разрастании) возможно было достигнуть пульсации на протяжении несколь
ких недель.

Новообразований эластических элементов в культурах аорты не наблюдалось, 
эластические элементы высаженного кусочка распадались зернисто. В кусочке аорты, 
культивированном в связи с пульсирующей культурой сердца, эластические элементы 
сохраняются и явления новообразований также можно наблюдать.

Новообразование эластических элементов наблюдалось всегда только в присутствии 
клеток. По мнению авторов возникновение эластических элементов связано с деятель
ностью мезенхимальных клеток, которые образуют, соответственно данным условиям 
окружающей среды, эластические элементы путем формативной или ферментативной 
функции.

Авторы не приписиваюг пульсации исключительной роли при образовании эласти
ческих элементов, они рассматрывают ее, при условиях данной экспериментальной 
установки, одной из разрешающих причин, наряду с другими, до сих пор неизвестными 
факторами. На основании вышеупомянутых исследований, проведенных над культурами 
аорты, пульсацию необходимо рассматрывать как адэкватное раздражение сохранения 
эластических элементов.

G yörgy Lelkes, D ebrecen, 12. A n ató m ia , H u ngary  
László K arm azsin , D ebrecen, 12. A n ató m ia , H ungary
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