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There are numerous data dealing with the morphology of the adrenal
gland, and among others, with the »dynamic morphology« of cortical cells.
According to the latter theory, during life the cells of the cortex become exhaus-
ted, destroyed and replaced by new cells by means of regenerative processes
in the cortex. (Hoerr [12] ; Salmon and Zwemer [18] ; and others.)

Authors accepting the possibility of cell migration and replacement uni-
formly agree that the site of cell destruction is the reticular zone. The facts
supporting the assumption that destruction of reticular cells occurs are the
general morphological pattern (Zwemer, Wolton, Norkus) [21]; the presence
of degeneration pigment (Lewis) [16] ; the reticular fibre pattern (Bachmann)
11 ]; the diffuse discoloration of cells stained vitally with trypan blue
(Baxter) [3], etc. Detailed information to this point may be found in Bachmann s
monograph (1941).

If the theory of cell destruction is adopted, the first question to arise is
the origin of the cells required for reparation. In this respect opinions are by
far not so unanimous as concerning the site of degeneration.

There are several theories as to the regeneration, or, more broadly speaking,
replacement of cortical cells.

According to earlier views, some part of the cortex is responsible for
this function. The role of a germinative layer had been attributed to the glome-
rulous zone, by others to the fasciculate zone, or to the cells at their border,
or to the two zones together. (For detailed information see Bachmann [1].)

More recently, from 1937 on, the adrenal capsule has been considered
by most authors as the germinative layer of cortical regeneration. In this respect
two theories have been brought forward. One originates from Bachmann, who
found a syncytium-like layer on the cortical aspect of the capsule, with large,
oval or round nuclei containing small amounts of chromatin. Bachmann consid-
ered this layer as closely related to the mesenchymal tissue, attributed germinal
capacity to it, and proposed the term »subcapsular blastema«. In his opinion,
cortical cells originate from this layer. The other theory, supported first of all
by Zwemer [21] and also by Baker and Bailiff [2], Wotton and Norkus [21],
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as well as Salmon [18], suggests that capsular cells through intermediary forms
containing lipoid, would be converted into cortical cells. The fibroblast-like
cells of the capsule are regarded as the primary ones.

Williams [20] is of the opinion that both the capsule and the glomerular
zone are mutually responsible for the process of regeneration.

More recently, however, the possibility of adrenocortical cell, migration
has been subject to some scepticism, for instance on the basis of Giraud, Martinet
and Belton’s [10] studies about the action of ascorbic acid on the adrenal
glands of the horse, or of the recent reports by Tonuti [19], Baxter [3], van
Dorp [5] and others.

The primary aim of the present investigations was to determine the site
of origin of cellular replacement.

Materials and Methods

A total of 79 white rats, both male and female ranging in weight from 150 g to 250 g
were used. Environmental conditions and diet were the same both before and during the expe-
riment.

The cortex was injured in ether anaesthesia, under aseptic conditions. An incision was
made on the shaven skin of the left renal area, the back muscle was cut, the adrenal gland
carefully extracted from the peritoneal fatty tissue and a section of the adrenal cortex was cut
off with iris scissors. After closing the wound by layers, primary healing ensued in all cases.
There were no deaths.

Subsequently, the animals were sacrificed by bleeding after various intervals and the
injured adrenal glands to be studied were divided into three groups.

Group A (48 rats). Injured adrenal glands of animals killed on each of the first 12 post-
operative days, and those of animals killed after 20, 30, 40 and 50 days, respectively, made up
the test material. For each test, 3 animals were used in both A and B groups. The material was
fixed according to Susa, Zenker, or Maximov, and embedded in paraffin. Sections 5 micron
thick were cut and stained with haematoxylin-eosin, or iron haematoxylin, or according to Mal-
lory and Giemsa.

Group B (21 rats). The material consisted of the lesioned adrenals of animals killed 4, 8,
12, 20, 30, 40 and 50 days after the operation. After fixation in formaldehyde, the preparations
were frozen and treated with fat stains (Scarlet R., Nile blue).

Group C consisted of 10 control rats.

Observations

The state after operation was studied on the adrenal cortex of animals
killed next day. On the sections two parts were discernible, typical adrenal
tissue, and the haemorrhage at the surface ofthe wound. This mass is surrounded
by fatty tissue that, adhering to the surroundings, encapsulates the clot. On the
surface of the wound fine formations similar to connective tissue fibres and
probably consisting of fibrin or precollagen can be seen.

They stain reddish-blue with Mallory’s triple dye in contrast with the
steel-blue colour of definite collagenous fibres of the capsule. A degeneration
zone is present under the wound surface. Comparing this zone with intact cortical
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areas, its cells appear pale with indefinite outlines and the nuclei show signs
of chromatolysis and pyknosis. The sinuses are markedly distended and contain
a large number of leucocytes, many of them outside the vessels. Sections cut
at different heights prove that cells in the immediate neighbourhood of the
marrow show normal structure. From these two observations it may be concluded
that the blood vessels supplying the described area had been severed when
inflicting the lesion. As to the normal marginal cells, it is assumed that these
are supplied with blood vessels from the marrow. Another observation appears
to confirm this assumption. On examining a circumscribed area of degeneration
in the cortex, the capsule overlying this area was found to be distorted, broken
and a small subcapsular blood vessel was also ruptured. The vascular lesion
occurred probably during operation, when the adrenal gland was extracted.

On both sides ofthe wound the trancised capsular margin with the lesioned
adjacent cortical tissue and numerous extravasal leucocytes can be clearly seen.

The observations of the following days reflect mainly the completion of
degeneration. Up to the fifth day there was no sign of regeneration. The fibres
at the surface of the wound stain differently than on the first day and appear
to be intermediary forms between the former and the definite capsular fibres.
At the border between the proliferating haemorrhagic tissue and the fat layer,
large cells containing hemosiderin can he found. In the central part of the cortex
and in the marrow hyperaemia is present.

From the fifth day on, a change occurs in the histological picture, signs
of regeneration making their first appearance. Preparations from this period
present the following aspect. The section still contains two parts, characteristic
adrenal tissue and proliferative tissue at the surface of the lesion. The trancised
capsular margins are markedly thickened at the points corresponding to the
wound surface (Fig. ). Here cells abound the capsule, with numerous amitotic
forms among them. The two margins of the capsule are connected with a new
capsule made up of fresh collagenous fibres which cover the surface of the proli-
ferative tissue as well. In the proliferative tissue elongated cellular forms are
present. In the thickened parts of the capsule, the transitory cellular forms
described by Zwemer et al. can also be found (Figs. 1 and 2), appearing as
rounded cells of a considerable size, containing a central nucleus rich in chro-
matin surrounded by a granulated, resp. vacuolized cytoplasm staining reddish-
violet. The intermediary cellular forms just described appear from the fifth
day on.

Besides these cellular forms at some sites of capsular thickening, areas
resembling syncytium appear (Figs. 3 and 4). The cells show no definite outlines,
the nuclei are large, elongated in shape, and contain chromatin in fine,
dust-like distribution. It is thought that these areas correspond to Bachmann s
»subcapsular blastema«. This blastema was considerably less frequently encoun-
tered than the intermediary forms.
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Fig. 1. Eyepiece, Leitz Periplan 10x. Lens, Zeiss 4 mm. In the framed area Zwemer’s transitory
cellular forms can be seen. Fig. 2. Eyepiece, Leitz Periplan 10x. Lens, Leitz H. I. 100x.
High-power view of the framed area of Fig. 1. »a«: transitory cellular forms. Fig. 3.
Eyepiece, Periplan IOx. Lens, Zeiss 16 mm. The arrow labelled with »a« points to a thickening
of capsule following trancision. Fig. 4. Eyepiece, Leitz Periplan IOx. Lens Leitz H. I. 100x.
High-power view of Fig. 3. Area resembling syncytium. Fig. 5. Eyepiece, Leitz Periplan 10x.
Lens, Zeiss 16 mm. »a«, normal adrenal capsule; »b«, normal cortical tissue. Fig. 6. Eye-
piece, Leitz Periplan 10x. Lens, Zeiss 16 mm. Margin of capsule showing signs of regenera-
tion. »a«, thickening ; »b«, cortical tissue.
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During the following period regeneration progresses. In addition to the
aforementioned regenerative activity of the capsule, the glomerular zone too
exhibits signs of cellular reparation. On the 20th day, a group of cells resembling
cortical cells appears within the proliferation tissue (Fig. 7). These cannot be

Fig .7. Eyepiece, Leitz Periplan I0x. Lens, Zeiss 16 mm. Group of cells in granulation tissue
resembling in shape cortical cells (»a«).
Fig. 8. Eyepiece, Leitz Periplan 10x. Lens, Zeiss 16 mm. On the 50th day following operation.
The broken line indicates the original site of cortical margin ; the shadowed area labelled with
»a« represents the place of the cortical tissue removed at the operation ; the result line indicates
the regenerated cortical margin, »b«, capsule; »c«, newly formed glomerulous zone; »d« fasci-
culate zone.
Fig. 9. Eyepiece, Leitz Periplan 10x. Lens, Leitz H. I. High power view of the framed area of
Fig. 8. Signs as above.

considered to be remnants of the destroyed cortex. We think it likely that these
cells have developed from granulation tissue cells on some appropriate chemical
effect. The hyperaemia of the central part of the cortex and of the marrow has
subsided by this time. Newly formed cells can be found in large numbers. The
fibres of the new capsule are not much different in staining from the definite
fibres. The pace of regeneration is reduced.

4 Acta Morphologica 111/4 .
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W hen studying late phases, in one instance where the lesion involved only
a very small section of the cortex, complete restitution was seen. Recovery of
more extensive lesions, on the other hand, was not complete even by the 50th
day (Figs. & and 9). In one of the cases the fibres of the adrenal capsule already
enclosed the cortex as definite structures. At the site of the lesion an impression
was present on the surface and here the cortex was at least 20 to 30 rows of
cells thinner than at other sites. The reticular zone retained its normal width.
The tissue defect is located in the glomerular zone, follows the upper margin of
the fasciculate. Here a newly formed layer can be found (Fig. 9) all morpho-
logical features of which, except the somewhat different shape of the nuclei,
indicate that it represents a glomerular layer. All these facts make it obvious
that in the course of 50 days a restitution with the formation ofanew glomerulous
zone has resulted from the regenerative action of both the capsule and the
glomeiulosa cells. No evidence indicating an increase in, or segmentation of,
the fasciculate zone could be detected in the sections.

Discussion

The above specified technique of injuring the adrenal cortex and the result-
ing tissue conditions have rendered it possible to study the course of regenera-
tive activities. The primary aim of this work was to follow the process of
regeneration and it was not intended to study the migration of cells. Thus, no
contributions of major significance have been made regarding the latter point.

The absence of histochemical evidence confirming the results isundoubt-
edly a shortcoming of the present investigations. According to Feldman [9],
and other authors, no undisputably reliable test or test combination is known
that would render the ketosteroids visible. In spite of this fact, we are planning
to complete our investigations with that procedure.

First of all it must be pointed out that with the technique described only
a slight regenerative tendency was found in the cortex. Namely, when only
small areas of the cortex had been injured, tissue reparation was complete, hut
more extensive lesions involving the whole width of the cortex were not replaced
by newly formed tissue even in 50 days. Greep and Deane [11] reported a much
higher regenerative activity, but they performed bilateral enucleation and
retained the capsule only. The difference between the methods applied explains
the difference in results. Considering Ingle’s findings [13] it may be stated
that regeneration of the adrenal gland stand under the influence of the regula-
tive action of the adrenocorticotropic hormones of the cortex and the
anterior lobe of the pituitary gland, and, as put by D. I. Ingles »it runs paral-
lel with physiological need«. When one adrenal gland is extirpated and the
other enucleated, regeneration is rapid. Leaving one adrenal gland intact and
enucleating the other one, the pace of regeneration is much slower.
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As indicated by transplantation experiments (Williams, [20,] et al.)
and studies made after enucleation (Creep and Deane [11]), the adrenal capsule
with a small account of underlying cortical tissue is capable ofproducing fresh
cortical tissue. Thus, the site of cellular reparation must be sought also in the
capsule. On the cortical aspect of the capsule intermediary cellular forms, also
described by Zuemer et ah, could be observed. The rounded cells containing
fine vacuoles and representing a transitory form between capsular and cortical
cells could also be detected. Considering that these structures were present in
most of our cases, it is thought that even this mode of cellular reparation may
have played a part in our series. The question might arise whether these cells lo-
cated at the border of the granulation tissue were not identical with macro-
phages containing debris. This possibility may be excluded since these cells were
demonstrable even at sites where no cell destruction occurred in the sur-
rounding tissues.

This mode of regenerative action of the capsule, was, however, not the
only one that could be detected. At certain parts, particulary where the tran-
cised capsular margin was markedly thickened, areas resembling the »subcapsular
blastema« of Bachmann were also found. In these areas, as already mentioned,
syncytium-like tissue could be seen.

Beside the regenerative activity of the capsule, signs of cellular reparation
were present in the cortical tissue too. According to our results only the cells
of the granulous zone play a role in this respect. This is in agreement with
the data reported by Greep and Deane [11], Williams [20], and others. The
fasciculate zone is not thought to be capable of taking an appreciable part in
the regeneration process. We were unable to confirm Rotter’s assumption that
the reticular and glomerulous zones would be products due to the segmentation
of the peaks of the fasciculate columns. On the other hand, Rotter’s observations
were made on human material and this may be responsible for the difference in
the findings.

Another mode of cellular replacement should also be considered. The
cells of the indifferent granulation tissue formed at the site of the haemorrhage
are known for their pluripotency. Krompecher’s studies made on joints have
shown that under different environmental conditions these cells might differen-
tiate into a variety oftypes. In the former experiment a »morpliodifferentiation«
in a mechanocyte, physical direction occurred, due to physical action. Data
indicating the possibility of a chemically determined differentiation of these
pluripotent cells can also be found in the literature. Supporting this view are
the histiocyte experiments of Chevremont and Chevremont-Comhaire [4], as
well as the investigations into bone formation carried out by Levander [15],
Engstrom and Orell [7]. We feel that these possibilities could be equally applied
to our special case. It is assumed that under the influence ofthe cortical hormone,

4*
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as an adequate stimulus, the cells of the granulation tissue may be converted
into cortical cells. Certain signs supporting this point were observed in the course
of the experiment , but really convincing results cannot be obtained except
with histochemical methods. It should, however, be pointed out, that in this
area abounding with macrophages containing cortical cell debris, it would be
difficult to evaluate the results, since it is likely that the debris of the cortex
would react similarly to the dye. Asto the question of cellular division in the adre-
nal cortex, our observations support Bachmann” view, in contrast with nume-
rous other data. Similary to Bachmann, we have found only a very limited
number of mitotic forms in the adrenal cortex, in spite of the fact that the
process ofregeneration was rather extensive. Only a few typical mitotic forms
could be detected in the whole experimental series.Studyingthe postnatal develop-
ment ofthe adrenal cortex ofthe rat, Engstrom (s ] counted the number of mitoses
detectable in each of the layers and found the highest number of mitotic forms
in the period between the 10th to 40th days. Later on, the number of
indirect mitoses decreases. This may account for the absence of mitotic forms
in our material : in advanced age the rate of mitoses is presumably reduced.
The colchicine method appears to present serviceable means for the solution
of this problem. Still, it must be applied with some criticism, as according to the
data of Selye the drug excites the adrenal cortex, and thus, when arresting mito-
sis, it would simultaneously stimulate the fasciculate zone (Creep and Deane, 11).

In contrast with the rather low number of mitotic forms, sandglass-like
nuclei in the cells of the adrenal capsule were frequently observed. This nuclear
form is not a decisive sign of amitosis, or, at least, as suggested by Bachmann,
not every nucleus bearing a constriction can be considered to be a direct mito-
tic form [1]. Still, considering the scarcity of indirect mitoses and also the fact
that the findings were made on adult animals, these might be taken for forms
of mitosis.

Summary

Experiments were carried out on 79 adult rats, male and female. One of the adrenal
glands was injured and the morphology of the ensuing regeneration process was studied with
the usual histological technique. The following conclusions were drawn :

1. Under the conditions specified, the adrenal cortex showed a relatively low regenera-
tive activity. After an extensive cortical injury restitution was not completed even by the 50th
post-operative day.

2. The capsule and the glomerular zone are held responsible for the regeneration. It is
pointed out that both signs indicating a regenerative tendency of the capsule, i. e. the »transi-
tory cells« of Zwemer and the »subcapsular blastema« of Bachmann, could be demonstrated in
the material examined.

3. In contrast with other data, no regenerative activity of appreciable degree is attri-
buted to the fasciculate zone.

« 4. It issuggested that the pluripotent cellular elements of the granulation tissue may also
participate in the process of cellular replacement. These cells would be converted into cortical
cells under the influence of the cortical hormone.
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PEFEHEPALUWMNA KOPbl HAAMOYEYHUKA
Y. Xagxasu n J1. KapMmaxuH
Pesome

ABTOpbl NPOBOAWN 3KCMEPUMEHTalbHbIe UCCedoBaHUs Haj 79 B3pOC/bIMU KpblCaMu-
camMuaMn U Kpbicamu-camkamu. OfUH U3 HAf4MOYEeUYHMKOB 6bl/l HApyLUeH OnepaTUBHO, a 3aTeM
6blla UccnefoBaHa HacTynawwias pereHepauus ¢ MOpPGOIOrMyYecKoi ToUKM 3peHns. MNpumeHnas
06bIYHYI0 TUCTONOMMYECKYI0 METOAMKY MCCMefoBaHWs, OHM YCTAaHOBMAM, YTO Kopa Hajgnoueu-
HUKa NpU YCNoBUM YMOMSIHYTOrO Bbille crioco6a MOBpexAeHWs 061afaeT OTHOCUTENIbHO He-
60MbLION CNOCOGHOCTLIO K pereHepauumn. B cnydae 6o/ee 3HaYMTENLHOTO MOBPEXAeHUS, Aaxe
cnycTsi 50 gHeli He Ha6MOAANCA NOMHbLIA BO3BPAT K HOPMe. B CBA3W C 3TWM, aBTOpbl YKa3biBaloT
Ha ropMoHasibHble U HepBHble (DAKTOpbl, OKa3blBaloliMe BAWSIHWE Ha KOpYy HafmnouveuyHuka wu
urpawliue HeCOMHEHHO 3HAUUTENbHYK po/b B pereHepauuu. Mo MX MHEHWIO pereHepauus
NPOMCXOANUT 3a CYET Kancy/nbl TOMepynsipHOi 30HbI HagnoyeuyHuka. PacuuKynspHas 30Ha,
— N0 MHEHUI0 aBTOPOB — He y4yacTBYeT B MpoLecce pereHepauuu. OHW cUATAOT BO3SMOXHbIM,
YTO B 3aMelleHUM MOrUBLLIMX KeTOK Y4YacTBYHT W MJIOPUNOTEHTHLIE KNETOUHbIE 3/1EMEHTbI
rpaHynaLMOHHOMW TKaHW, BO3HUKLIE/ Ha MecTe MOBPEXAEHUs, a MMEHHO Takum o06pasom,
YyTo Nofj B/AWUAHMEM FOPMOHA KOPbl HAAMOYeYHWUKA, OHU MPEeBPALLAOTCS B KOPKOBble KNETKU.
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