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The genesis of connective tissue fibres is a much debated, and as yet
unclarified, problem. According to one the widely accepted theories, fibres are
formed from cells, while some authors suggest that they originate from the
ground substance. The advocates of the ectoplasm doctrine, in their effort at
finding a common denominator of the two theories, suggest that the ground
substance would take its origin from the ectoplasm produced by cells, while the
fibres are differentiated from this ground substance. Huzella [21] has put for-
ward a peculiar theory suggesting that the ground substance is a cellular secre-
tion product remaining in the organism, being neither eliminated by the glands
nor passed into the circulation. He concluded from his studies of argyrophil
fibres that these originate from the intercellular substance along the lines of
bearing force. He agreed with the view that cells do participate in the formation
of the fibre network. For detailed information, the papers by Krompecher [5],
Wassermann [15], Haas [4], Studnicka [14] and by Revutskaya [13] should be
consulted.

The causal-analytical theory of the differentiation of living matter considers
histogenesis as a dependent differentiation. Without going into theoretical
details, from the functional structure of connective tissue formations it appears
most probable that in the genesis of connective tissue fibres mechanical
factors play an important r6le. As to the genesis of elastic fibres, it has been
claimed that the factor responsible for the differentiation of such fibres would
be a periodically repeated contraction and relaxation, viz. a so-called inter-
mittent traction (e. g. pulsation). In support of this view are the results of
embryological, and some experimental studies. So, according to Linser [8],
in the lung elastic fibres would be formed only after birth, i. e. after respira-
tion has started. Marcus [9], on the other hand, has demonstrated elastic
fibres in the lung of an embryo about 3 and a half months old. This, howe-
ver, does not exclude the rbéle of the mechanical factors, it being well-known
that respiratory movements actually take place during intrauterine life. Krompe-
cher [5], demonstrating the first appearance of elastic elements on the surface of
elastoblasts in the carotid artery of a 24 mm. sheep embryo, and presenting
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coloured microphotographs of this finding, wrote that «in accordance with
vascular tension — which increases on each heart contraction — the elastic
elements take up the form of a uniform circular membrane». Elastic fibres, on
the other hand, are formed from the primitive pericellular membranes which
are thickened at sites corresponding to the lines of force of contraction. Thus,
Krompecher recognized as early as 1928 the influence of mechanical factors
on the formation of the elastic substance, but failed then to establish a correla-
tion between intermittent traction and the development of elastic elements.
Bloom [3] observed the development of elastic fibres in pulsating heart cultures.
He thought, however, that contractile forces were not absolutely necessary to
the development of elastic fibres, as newformation of elastic elements occurs in
aorta cultures too although he did not fail to observe that development is
most marked where there is pulsation. Bloom found that the elastic fibres deve-
loping in tissue cultures were always extracellular, but presented no definite
view as to the origin of these fibres. Porta [12] claimed on the basis of explanta-
tion experiments that mechanical factors have no part whatsoever in the genesis
of clastic fibres. He, too, found the fibres extracellularly, but pointed out that
they were invariably in a very close connection with the cells. Odiette [10, 11]
observed formation of elastic elements in heart, aorta and skin cultures. Accord-
ing to this author, the elementary elastic fibres appear first in the ectoplasm of
elastoblasts, then after penetrating into the cellular processes, anastomoze with
the fibrils of adjacent cells. He also found that the formation of elastic fibres is
accelerated on addition to the culture of certain amino acids (glycine, trypto-
phane, beta-phenylalanine, glutamic acid) and concluded that changes in the
chemical composition of the medium affect the development of elastic fibres in
the same way as do mechanical factors. In his work published in 1940, Krompecher
[6] wrote the following about the conditions required for the formation of
elastic elements: «Bei der Arterie scheint die pulsierende Wirkung, eine inter-
mittierende dehnende Kraft die auslosende Ursache zu sein, wodurch die wand-
bildende Mesenchvmzellen — zuerst zirkuldr angeordnet — ihrer ldngsachse
entsprechend gedehnt und nachher etwa auf die urspriingliche Ldnge nachge-
lassen werden. Dieses Zerren, Anziehen scheint hier fur die Elasticabildung der
specifische Reiz zu sein». These conclusions were drawn from comparative
histogenetical studies of various portions of the vascular wall, but at the same
time it was emphasized that these assumptions would have to be substantiated
experimentally.

Our purpose in studying the genesis of elastic fibres was to gain informa-
tion about fibre differentiation and to clarify the role of mechanical factors
under various biological conditions. The present paper, representing the first
part of a series of experiments on a large scale, will discuss the genesis in vitro
of elastic fibres.
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Materials and Methods

Cultures were made of the hearts of 3to 7 days old chick embryos, according to Maximov's
method, in about 30 culture series, with 12 to 20 explantates in each series. The medium was
chicken plasma -~ Tyrode -} chicken embryo extract, mixed 1:1:1 Asin a medium containing
such a large amount of embryonic extract the intensity of pulsation of heart cultures diminishes
rapidly and cannot be observed after 3to 7 days, in one series no embryonic extract was added
to the medium, or its amount was reduced to a minimum (1 : 1 :approximately 0,1). In this
way pulsation was continued for several weeks. The cultures were bathed at 48 hour intervals
in a Tyrode solution containing embryonic extract. Duration of pulsation was carefully recorded
several times a day and after pulsation had ceased, the cultures were allowed to grow for different
lengths of time. The cultures were fixed in Susa’s fluid, embedded in paraffine and cut serially.
Staining was with resorcin-fuchsine-alumcarmine-erythrosine.

Aorta cultures were made from material taken from embryos of the same age group. After
these were allowed to proliferate for different periods of time, the material was worked up in a
similar way as were the heart cultures.

In one series elastase ( Bal6—Banga, 2) was added to the medium in a concentration of 0,05
mg/ml. Since it has been reported (Alin and Helander, 1) that paraaminosalicylic acid is electively
absorbed by elastic fibres, in a few experiments the pulsating heart cultures were treated with
sodium paraaminosalicylate and examined in the living state under a luminescence microscope.

Results
a) Heart cultures

Irrespective of the actual age of the chick embryo, in pulsating heart
cultures made with material taken between the 3d and 7th days of hatching
newly formed elastic elements could be found in every case. Although in control
sections made of the explanted hearts no elastic fibres could be detected, only
the elastic elements in the proliferation zone were considered when evaluating
the findings. We could not demonstrate any relationship between the duration
of pulsation and the quantity of elastic elements formed. In some cases more
elastic elements were detected in cultures pulsating for shorter periods than in
those with prolonged pulsation. Nor was there a demonstrable correlation be-
tween the age of the chick embryo and the quantity of newly formed elastic
elements. In cultures not pulsating at all after explantation no neoformation of
elastic material could be detected.

The close connection between elastic elements and cells was evident in
every case. The elastic elements appeared either as fine pericellular fibres or a
pericellular membrane staining with resorcin-fuchsine. This membrane was split
up into fibres in some areas (Fig. 1). Elastic fibres resulting from merged elastin
granulae could be detected in no case. Older fibres detach themselves from the
cells and take up an intercellular position (Fig. 2). No signs indicative of endo-
cellular fibre formation were seen, nor could we detect any kind of elastic fibre
formation in areas not containing cells.

Cultures made without, or with very small amounts of, embryonic extract
pulsated energetically for prolonged periods of time (3 to 4 weeks), but prolife-
ration was unusually scarce. In such cultures elastic elements were either totally
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Fig. 1. Culture from the heart of a 7-day old chick embryo. Pulsated for 6 days, a.: pericellular
elastic membrane split up into fibres. Staining resorcin-fuchgine-alum carmine-erythrosine.
Leitz Periplan 10 X eyepiece; Leitz H. 1. 100X lens
Fig. 2. Culture from the heart of a 7-day old ¢hick embryo. Pulsated for 3 days. Elastic fibres
in the zone of proliferation in connection with cells (a) and independent of cells (b). Leitz Periplan
10X eyepiece; Zeiss apo. 40X lens. Staining as in Fig. 1
Fig. 3. Aorta from chick embryo hatched for 6 days. Staining asin Figs 1and 2. Leitz Periplan

10 X eyepiece; Leitz H. 1. 100 X lens
Fig. 4. Aorta from chick embryo hatched for 7 days. Magnification and staining as in Fig. 3
Fig. 5. Aorta from 7-day old chick embryo after 3 days of growth in culture, a.: elastic fibres
showing granular disintegration. Magnification 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 staining as in Fig. 3
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absent or could be detected by the above described method only in very small
amounts.

Cultures treated with Bal6— Banga elastase showed no substantial differ-
ences. This is thought to be explicable in two ways : either the amount of
enzyme used was insufficient, or its effect was inhibited by some agent present
in the medium.

Luminiscence microscopy failed to bring evaluable results. All that could be
found was that the cultures treated with paraaminosalicylic acid showed a pale,
diffuse fluorescence.

b) Aorta cultures

In Figs 3 and 4 are shown sections from the aorta stained with resorcin-
fuchsine ; the one is from a 6-day old and the other from a 7-day old chick
embryo. In both photographs the elastic elements staining very intensely can
be excellently visualized as they appear amoung the densely arranged cells.
Elastin granules are absent. The pointlike structures staining with resorcin-
fuchsine scattered over the preparation are transversal sections of fibres, as
indicated by the «Plnktchenwanderung» phenomenon. Figs 5 and 6 show
3-day aorta cultures, both from 7-day old embryos. As compared to the noncul-
tured aorta (Figs. 3and 4), here the elastic fibres have disintegrated into granulae
during growth. At sites, disintegrated elastic elements are seen adsorbed onto
cell surfaces.

A piece of aorta left to grow in connection with a pulsating heart culture
presents a different pattern. As seen in Fig. 7, the elastic tissue of the aorta
remains intact, no sign of disintegration can be observed. On the contrary, at the
proliferating end of the aortic tissue newformation of elastic elements is detec-
table (Fig. 8), in the form of pericellular elastic membranes and elastic fibres.

Discussion

Studies of the development in vitro of elastica has, to our knowledge, been
studied by Bloom [3], Porta [12], and Odiette [10, 11]. Bloom does not think
that pulsation would be an absolute necessity in the formation of elastic elements
and does not make mention of the connection between elastic fibres and cells.
Porta refuses to accept that mechanical factors play a role in the genesis of
elastic fibres. We have found newly formed elements only in pulsating cultures,
but not in aorta cultures or in non-pulsating heart cultures. On the contrary,
in aorta cultures granular disintegration of elastic fibres could be demonstrated.

Another observation was that elastic fibres could be detected only in the
presence of cells, either in the form of pericellular membranes, or as developed
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elastic fibres. (In this we refer to the reports and figures published by Krompecher
in 1928 and in 1940). In areas containing no cells there is no elastogenesis. Two
possibilities should be taken into account. It may be assumed that the elastin

Fig. 7. Aorta from 7-day old chick embryo cultured in connection with pulsating heart culture.
(Pulsated for 7 days.) The elastic fibres in the aorta remained intact. Magnification and staining
as in Fig. 3
Fig. 8. The proliferating end of the above culture, a) JXewly formed elastic elements. Magnifica-
tion and staining as in Fig. 3

present in the intercellular substance is adsorbed onto the surface of cells, or
what we deal with are such cells of mesenchymal origin as are capable of forming
elastic elements either by formative or by enzymatic action, according to the
actual environmental conditions. The fact that no elastic elements occur in
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epithelial or nerve tissue, in spite of the conditions for surface adsorption being
given, discredit the theory of elastin adsorption onto the surface of cells.We have
therefore arrived to the conclusion that the cells of mesenchymal origin play an
outstanding role in the genesis of elastic fibres. In support of this view are some
more recent results of experimental studies on fibre formation. So, for instance,
Revutskaya [13] suggests that when an exudate is made to settle, the ectoplasm
ofthe settled fibroblasts forms a syncytium and 10 to 30 minutes after sedimenta-
tion preargyrophil fibres differentiate from the ectoplasm. We observed the
elastic membranes to form on cell surfaces and therefore believe that cells should
be attributed some role in the genesis of fibres. As regards the mechanism of
fibre formation and the formative, enzymatic, or other functions presumably
attributable to cells, we are unable to make any statements at present. Extensive
histogenetical and histochemical studies must he carried out before anything
révélant and reliable could be established in this respect.

Mention should be made of the tissue cultures in media containing no
embryonic extract. In spite of the fact that they had been pulsating for several
weeks, in such cultures, as mentioned above, no newly formed elastic elements
could be demonstrated. The above cited results of Odiette [11] appear to indi-
cate that a change in the chemical composition of the medium may affect the
development of fibrous structures. The phenomenon might be explained as
follows. In cultures containing sufficient quantities of embryonic extract the
dedifferentiated myoblasts undergo in consequence of the pulsation such a
differentiation which Mould give rise to the formation of elastic elements even
after pulsation has ceased. The absence of elastogenesis in cultures containing
minute amounts, or no embryonic extract might be explained by assuming
that in these cultures the cells remain in the myoblast stage and as such are
unsuitable for elastogenesis. The possibility that dedifferentiated myoblasts
may be involved in fibrogenesis has been pointed out by Levi [7], on the basis of
Olivo’s work.

In the light of the experiments reported upon in this paper we are unable to
support the view of those authors (Gardner [16], Kervily [17], Toré [19],
Szépe [20]) who consider elastic fibres as structures resulting from confluent
elastin granules. Elastin granules, or, more precisely, detritus of elastic material
could be detected only associated with degeneration, in accordance with the
observation by Porta [12] that in aorta cultures of chick embryo digestion of
elastic elements takes place. In contrast with this, the observation that in the
piece of aorta grown in connection with a pulsating heart culture the elastic
fibres remain intact or even show new formation, indicates that pulsation not
only plays a predominant role in elastogenesis, but is also the stimulus required
for the maintenance of elastic elements.

On the basis of the results obtained it may be stated that elastogenesis takes
place in connection with cellular function and under the influence of mechanical
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factors (pulsation). The role of pulsation is, however, by no means exclusive.
Intermittent contraction is considered, along with other, as yet unknown, bio-
logical influences, one of the eliciting factors under the experimental conditions
employed.

Summary

The behaviour of elastic elements, as well asthe appearance of newly formed elastic elements
have been studied in cultures of embryonic chicken heart and aorta. In pulsating heart cultures
(chicken embryo hearts from chick embryos of various ages cultured according to Maximov in a
medium consisting of hen plasma + Tyrode + chick embryo extract, 1:1:1) elastic fibres
developed in the proliferation zone. No correlation could be established between duration of
pulsation and amount of elastic elements formed. In cultures not pulsating at all after explanation
no newly formed elastic elements could be detected, nor were such formed in media containing
no embryonic extract, although in such cases (along with slight proliferation) pulsation could
be prolonged for several weeks.

In aorta cultures no newformation of elastic elements occurred and the elastic fibres of the
explantate underwent granular disintegration. In pieces of aorta grown in connection with a
pulsating heart culture the elastic elements did not disintegrate ; on the contrary, new ones were
being formed.

Newly formed elastic elements appeared always in the presence of cells. In the opinion of
the authors the genesis of elastic elements is bound to mesenchymal cell function, which, depending
on the actually prevailing environmental conditions, form elastic elements either by formative
or by enzymatic action.

No exclusive role in elastogenesis is attributed to pulsation which is thought to be one of
the eliciting factors along with a number of unknown factors. On the basis of experiments with
aorta cultures it is suggested that pulsation should be considered as an adequate stimulus for the
maintenance of elastic elements.
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OBPA3OBAHUE OSNACTUYECKMX 3/IEMEHTOB B TKAHEBbIX KYJIbTYPAX

AOb. NENbKEW wn 1. KAPMAXWH

ABTOpbI UCCMeaoBaN B Ky/bTypax 3apofbllLeBOro cepiua UbInasT U aopTbl MNOBeAeHUe
3M1aCTMYECKUX 3MIEMEHTOB, TaKXe KaK W MosiB/ieHVe HOBOOOPA30BaHHbIX 3M1acTUYECKUX 3fe-
MeHTOB. OHU Habnoganu B MNyNbCUPYHOLLIUX CepALeBbIX KynbTypax (cepaua 3apojbliueid
LbINAAT pas/IMYHOro BO3pacTa, Ky/nbTypa no Metody MakcumoBa, nNuTaTeNlbHasi cpeja : Kypu-
Hasi nnasMa+pacTeop TUpPoJe+CcoK 3apoabilia LubinasaT 1:1 :1) B30He paspacTaHUsi MosiBeHMe
3/71aCTUYECKUX BOJIOKOH. ABTOPbI HE HaxOAWMN CBSI3N MeXAY MPOAO/IKUTENIbHOCTLIO My/bCU-
pOBaHMA U KOMMYECTBOM BO3HUKLUMX 3M1aCTUYECKMX BOJIOKOH. B KynbTypax, KOTOpble nocre
BbICaXKMBaHMWS1 COBEPLUEHHO He My/bCMPOBa/IX, aBTOPbI He HabMLanM HoBOOGpa3oBaHWiA anac-
TUYECKMX 3MIEMEHTOB. DniacTMUECKUe 3/IeMeHTbI He 06pa3oBannch Takke U Torda, Korjaa B nuta-
TeNbHOI cpefie He 6bI10 3apPOAbILLIEBOr0 3KCTPaKTa, XOTS B TakuxX cniyyasx (Mpy HesHauu-
TeIbHOM pa3pacTaHUK) BO3MOXHO 6blI0 JOCTUFHYTb My/bCaLUU Ha MPOTSHKEHUU HECKOSb-
KUX Hefenb.

HoBoo6pa3oBaHWii 3/1aCTUYECKMX 3/1IEMEHTOB B Ky/bTypax aopTbl He Habnwoganochb,
3MaCTUYECKUE 3/1EMEHTbI BbICAXXEHHOr0 Kyco4yKa pacnajanvcb 3epHUCTO. B Kycouke aopTbl,
Ky/bTMBMPOBAHHOM B CBSI3M C My/bCUMPYIOLLEld KyNnbTypoil cepAua, 3M1acTUYecKue 31eMeHTbl
COXPaHSTCSA U SIBNEHUS HOBOOOPa3oBaHMII TakKXe MOXHO HabnogaThb.

HoBoo6pa3oBaHwe 3/1aCTUYECKMX 31EMEHTOB Ha6/1H0an0Ck BCerja ToMbKO B NMPUCYTCTBUN
KNeTOK. [0 MHEHW0 aBTOPOB BO3HWUKHOBEHWE 3/1aCTUYECKMX 3/1EMEHTOB CBS3aHO C AesATeflb-
HOCTbI0 Me3eHXMMaslbHbIX KNETOK, KOTOpble 06pasytoT, COOTBETCTBEHHO [AHHbLIM YC/0BUSIM
OKpY>KatoLLein cpegbl, 3MacTUYECKUE 3M1EMEHTbI MyTeM (DOPMATMBHOW WM epMeHTaTUBHOW
hyHKUMN.

ABTOpbI He MPUNUCUBAIOT MY/IbCALUN UCKMIOUUTENBHOW ponv Npy 06pasoBaHUM 3n1acTu-
YeCKMX 3/1EMEHTOB, OHM paccMaTpbIBaloT ee, npy YCrnoBUAX AaHHOM 3KCMepuMMeHTaIbHOM
YCTAHOBKW,  OJHOM M3 paspeLuaroLLmxX NPUYnH, Hapsaay ¢ ApYrMMu, [0 CUX NOpP HeM3BECTHbIMU
thakTopamy. Ha OCHOBaHMMW BbILLEYNOMSIHYThIX UCCMNeA0BaHWI, NPOBeAEHHbIX Haf Ky/bTypamu
aopThbl, Nynbcaluio HeoGXOAMMO paccMaTpbiBaTb KaK afiakBaTHOE pasfipakeHue COXpaHeHUst
3M1aCTUYECKNX 3/1EMEHTOB.

Gyodrgy Lelkes, Debrecen, 12. Anatomia, Hungary
Laszl6 Karmazsin, Debrecen, 12. Anatémia, Hungary
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