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Introduction

In our earlier experiments we have investigated by means of the light
microscope the changes occurring under the effect of neutral red in the duo-
denal epithelial cells of the parrot. Some hours after the administration of the
dye we found in the apical part of the epithelial cells granules with high RNA
content (Chlopin’s crinom granules), whose number and distribution cor-
responded to the number and arrangement of bodies containing hydrolitic
enzymes and PAS-positive lipids (lysosomes) as observed in the control. Under
the effect of the dye acid phosphatase and esterase activity of the lysosomes
decreased and the reaction assumed a diffuse character. At the same time the
content in PAS-positive substance of the crinom granules increased. Our ob-
servations confirm the result of electron-microscopic investigations by other
authors, who attribute a role to the lysosomes in accumulating foreign sub-
stances e.g. neutral red, that enter the cells (Byrne 1964, Koenig 1963,
Kovdcs —Péezely 1965 Tanaka 1962).

To clarify certain details of this process, it proved useful to investigate
the manner of dye uptake and cytoplasmic changes with the electron micro-
scope, and to compare the results with histochemical findings. The literature
refers first of all to erinom formation which takes place in the cells with high
ergastoplasm content of protein producing organs (seminal vesicle, pancreas,
liver, etc.) (Kovacs J. — Hafiek B. 1964, Kovéidcs — Péczely
1965, Schmidt 1958, 1962.) It was expected that the process which takes
place in the intestinal cells is different from that in the aforesaid organs.
Sechmidt (1962) has studied the effect of various basic dyes on the duodenal
epithelial cells of Daphnia pulex, Triton alpestris and Mus musculus, especially
after prolonged dye treatments. It seems likely, however, that it is the initial
stages that are of significance in the mechanism of this process. The aim of
our experiments we to describe the changes that take place in a short period of
time (some minutes, 1 to 2 hours) after the administration of the dye.
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Materials and Methods

For the experiments 75 mature female parrots (Melopsiltacus undulatus)
of 32—44 g weight were used.

55 animale were administered orally 1.5 ml of 0.49 neutral red in distilled-
water. The animals were decapitated 10, 20 and 30 minutes, and 1, 2, 4, 8, 12
and 24 hours after the administration of the dye.

One group of controls was given 1.5 ml distilled water orally, and deca-
pitated at the same intervals as the dye-treated animals. A few animals were
decapitated without treatment.

In preliminary studies we compared the structure of various portions of
the small intestine and/or the duodenum; since we found no substantial diffe-
rence in the structure of the epithelium — being of primary importance for our
observations — of the various intestinal portions, in the later experiments only
the central part of the duodenal loop were studied.

The pieces of duodenum were fixed in 1.09%, OsO, (pH 7.2) and embedded
in araldite. For the electron microscopic demonstration of phosphatase activity
in the lysosomes, we applied glutar-aldehyde fixation.

Sections were made with the Ardenne ultramicrotome and contrasted
with Reynolds’ lead-citrate (R ey nolds 1963). The preparations were studi-
ed with a KEM I and an ELMI D 2 electron-microscope.

Results

The light microscopic structure of the duodenum of the parrot has been
described (Kdrpdati A. 1966). In this paper we give a description of the
ultrastructure of the epithelium, and of the submicroscopic structures associat-
ed with the response induced by the action of neutral red; only the epithelial
cells covering the apical and the median part of the intestinal villi will be con-
sidered.

The free surfaces of the intestinal epithelial cells are covered with a large
number of microvilli. Under the light microscope the microvilli represent the
brush border; their alkaline phosphatase activity is high and they contain a
PAS-positive substance similar to that of the secretion product of goblet cells.
With the electron microscope the terminal web under the microvilli can clearly
be identified. The epithelial cells are closely connected. Junctional complexes,
as described by Farquhar and Palade in the intestinal mucosa of
the rat, appear between two adjacent cells, near the free surface of the cells,
in the longitudinal section (Farquhar, M. G. — Palade. (. . 1963).

In high power pictures (12 000X ) the tonofibrils directed towards the
desmosomes appear clearly. The lateral cell membranes often form interdigita-
tions.

The ovoid nucleolus of the epithelial cells appears in the lower third of the
cell. This is characteristic of bipolar cells. It is covered by a double nuclear
membrane, on which occasional pores are conspicuous. Some parts of the chro-
matin substance of a granular-filamentous structure adhere to the inner sur-
face of the nuclear membrane. The structure of the nucleolus is compact with
occasional electron dense parts in it.
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Mitochondria are found in a large number in these cells; they are gathered
mainly above the Golgi zone and in the basal cytoplasm. They are simplex as
a rule, but bifurcate sometimes. Part of their cristae are at right angles to the
longitudinal axis, part of them run paralell with it. In some cases, especially
immediately after feedings the mitochondria bend in a semi-lunar manner and
envelop the lipid droplets that appear in the cytoplasm in a large number.

The Golgi apparatus consists of a few lamellae and a group of vacuoles
located near them.

The ground substance of the cytoplasm is made up of typical ergastoplasm
only in the apical portion of the cells; the cisternae of the ergastoplasm are
found mainly about the mitochondria. Free ribosomes are found in a large
number at the basal part of the cells. It is assumed that their occurrence in
masses accounts for the high basophilia that can be observed with the light-
microscope in these parts of the cells.

In the apical cytoplasm, above the Golgi apparatus, electron dense bodies
are visible even with moderate magnification. According to their structure they
represent two types. One type includes circular or ovoid bodies with a matrix
consisting of relatively homogenous electron dense substance. They are sur-
rounded by a single membrane. Appearing in the same number and arrange-
ment as these bodies, granules of acid phosphatase and esterase activity can be
identified with the light microscope in the apical cytoplasm containing also
PAS-positive lipids. On the basis of these observations the above mentioned
bodies are considered to belong to the lysosomes. The other group of the electron
dense bodies have varying, irregular shapes; there is often no membrane round
them, or it is difficult to identify. By means of the Perls reaction we have de-
monstrated in the light microscope the presence of iron-containing granules
showing the same arrangement and localisation as the bodies above; these
granules are probably pigment granules formed from lysosomes. It is likely,
too, that their high density observed by means of the electron-microscope is
related to their iron content.

Under the effect of neutral red significant changes take place in the cyto-
plasm of the epithelial cells within a short time after the administration of the
dye. _

About 10 minutes after the administration of neutral red large numbers
of multivesicular bodies, consisting of small vacuoles, appear in the apical por-
tion of the cells. They are surrounded by a membrane which is uninterrupted
as a rule, but may sometimes show a hole towards the cytoplasm (Figs. 1, 2 and
3). In addition, we found some pinocytotic vacuoles at the basis of the microvil-
li. It is conceivable that the multivesicular bodies are formed through
pinocytosis, too; but they may come about also as a results of diffusion of
neutral red into the network of endoplasmic reticulum and causing there a
bubbling process which may in turn result in the separation of small vacuo-
les of the multiveiscular bodies, dense bodies of varying shape and composi-
tion are formed in the apical cytoplasm under the effect of the dye. They
are surrounded by membraneous elements. They are probabily areas of da-
maged ergastoplasm in different stages of sequestration (Fig. 4).

A gradual fusion of the multivesicular bodies and the lysosomes or pig-
ment granules is often observed after longer treatment (1, 2 or 4 hours). Con-
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sequently many large electron-dense bodies of heterogeneous structure are
formed and fill up the apical part of the epithelial cells almost completely.
The phases of the gradual fusion of the lysosomes and multivesicular bodies
can clearly be distinquished. The first phase of fusion is represented by the
bodies which are made up of two parts, with respect to their content, in accord-
ance with the structure of the initial components (Figs. 5 and 6). At a later
phase the membranes of the multivesicular bodies disappear and the vesicles are
scattered in the electron-dense bodies. By this time the vesicles contain various
fragments of injured ergastoplasm and occasionally mitochondria, too.

Later the content of the granules formed in this way is gradually de-
composed. At the end of the degradation the cytoplasm is full of large dense
bodies, containing vacuoles, myelin figures and amorphous osmiophilic sub-
stance. The myelin figures appear to be the dominant elements in the degrad-
ing bodies (Figs. 7, 8.)

A comparison of the light microscopic and small power electron-micro-
scopic pictures indicates that the dense granules are identical with the granules;
containing RNA and PAS-positive substance; that is they are the electron
microscopical equivalents of the crinom granules seen in the light microscope.
In the course of crinom formation the quantity of ergastoplasm within the cells
decreases. On the other hand, many free ribosomes and helically arranged poly-
ribosomes appear in the cells, having been separated from the membranes of
the ergastoplasm. In the other components of the cytoplasm, however, no sign
of injury can be demonstrated, at least not in the initial phase of the process.
The nucleus and most of the mitochondria remain intact, the mitochondrial
cristae show a regular arrangement.

Discussion

Several observations have been published concerning the changes which
take place in the course of neutral red uptake and accumulation. Experiments
made with a variety of objects e.g. liver (Chlopin, N. G. 1927), pancreas
(Byrne, J. M. 1964, Chlopin, N.G.1927), kidney (Chlopin, N.G.
1927, Schmidt, W. 1962), intestinal epithelium of the seminal vesicle
(Kovaes J. 1967, Kovdcs J. — Hafiek B. 1964, Kovacs J. —
Péczely P. 1965), of the oviduet (Chlopin, N. (i. 1927), nerve (K oe-
nig, H. 1963) and various connective tissue cells (Tanaka, [. 1962)
have yielded identical result. Under the effect of the dye highly basophilic gra-
nules appear in certain parts of the cells; these granules may form in different
ways, but on the basis of their ultrastructure they belong to the group of re-
sidual bodies whose characteristic elements are the myelin figures made up of
lipoprotein lamellae (Karpdati 1966, Kovdes — Péczely 1965,
Novikoff 1963, Tanaka 1962).

We are not aware of similar studies concerning digestive apparatus of birds.
It appears from our observations that the appearance of a large number of
multivesicular bodies and some pinocytotic vacuoles within some minutes after
the administration of the dye is the most conspicuous phenomenon in the epi-
thelial cells of this object. It is known that a number of substances enter the



Figs. 1 — 2. Multivesicular bodies in the epithelial cells of the duodenum 4 hours
after the administration of neutral red. x 23 100 —45 300

Fig. 3. Damaged parts of ergastoplasm and part of a lysosome in the epithelial
cells of the duodenum 4 hours after the administration of neutral red. x 35 600

Fig. 4. Part of the nucleus, a multivesicular body and helically arranged
polyribosomes 30 minutes after the administration of neutral red. x 21 000



FFig. 5. Multivesicular body and lysosomes fusing 2 hours after the administration
of neutral red. x 30 SO0
Fig. 6. Crinom granules (with multivesicular bodies) in the epithelial cells of the
duodenum 4 hours after the administration of neutral red. x 22 000
Fig. 7. Crinom granules with myelin figures 1 hour after the administration of
neutral red. x 22 000
FFig. 8. Part of the epithelial cells of the duodenum 4 hours after the administration

of neutral red. Note the large number of detached polyribosomes and crinom
granula. x 16 800
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cells by way of pinocytosis, so dye-accumulating vacuoles may form in this
way (Behnke 1963, Clark 1959, Novikoff 1961). The uptake of
neutral red by pinoeytosis has been observed in lymphocytes (Tanaka
1962). Neutral red may have entered the cells through pinocytosis in our ex-
periments as well; but it is likewise conseivable that the dye enters the endo-
plasmic reticulum by means of diffusion and that the vacuoles of the multive-
sicular bodies originate from its membranes by a bubbling process. Our ob-
servations show that the multivesicular bodies and the lysosome fuse, and that
within the electron dense bodies (crinom granules) enlarged in this way, other
cyt()plas‘mic components appear as well later on. Fusion of the lvsosomes and
the pinocytotic vacuoles has been observed also by other investicators (C'1 ar k
1959).

It appears from studies on the cells of seminal vesicle that under the effect
of dyve sequestered fragments of ergastoplasm are converted into degrading
bodies (Kovacs 1967, Kovacecs — Péczely 1965).

The initial phase of the process observed by us differ from the above fin-
dings substantially. One principal event of the mechanism of crinom forma-
tion is the fusion of the lysosomes with the multivesicular bodies that under
the effect of the dye acid phosphatase and esterase activity of the lysosomes
decreased and reaction assumes a diffuse character (Karpdati 1966, K o-
vaecs — Hafiek 1964, Kovdcs — Péczely 1965). Therefore it
seems likely that the radical change occurring in the cytoplasm of intestinal
cells after 1—2 hours of treatment are the consequence of leaking out of the
lysosomal enzymes. They may cause the separation of ribosomes from the er-
gastoplasm membranes. The free polyribosomes were spread over the entire
area of the cell after dye treatment. At the same time the number of ergasto-
plasmic cisternae decreased and they were gradually replaced by electron-
dense bodies (crinom granules).

At the final stages of this process all components of the crinom granules
(multivesicular bodies, fragments of ergastoplasm and occasionally mitochond-
ria) were d(*g raded and as a result of this process numerous mvclm figures
appeared in the cells. Our results are very similar to those of Behnke,
who observed degradation of damaged fr agments of ergastoplasm and mito-
chondria and formation of lysosome-like inclusions from these degrading bodies
in the duodenal epithelial cells of the rat embryo (Behnke 1963).

The circumstances of injury to cell or ganelles, of the fusion of injured plasm
elements and the lysosomes require further studies of the experimental object
(intestinal eplthelmm) used.

From a comparison of the literary data with our results of electron micro-
scopic investigations it is clear that the changes which occur upon treatment
with neutral red are based on different mechanisms. In cells with abundant

ergastoplasm the crinom granules are formed through the sequestration of da-
maged erg: 1st()plasm f"wm(,nts Our observations show that the process takes
a different course in the eplth(,hum of the intestine. Here the crinom granules
are the result of a fusion between the lysosomes and the multivesicular bodies
which have been produced by the treatment with neutral red; the damaged
parts of the ergastoplasm play a minor role in the formation of the crinom gra-
nules.
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DJIEKTPOHHO-MHKPOCKONMYECKOe Mccle0BaHue leHCTBUSA HeHTPalbHOr0 KPacHOr0 Ha dNMTEIHallb-
Hble KJIETKM jIBeHAAUATHNEepPCTHOH Kviky nonyrasi Melopsittacus undulatus

B anukanbHOil niasme ONMTCIHAJIBHLIX KJICTOK JIBCHAAUATHIICPCTHON KHUIKH SKHBOTHIX
Ha0MOJANCH JIM30COMBY, WICHTHOHIMPOBAHHbIE HA OCHORAHMM MX JH3UMaTHuYeCKoil (KHcaast
(pocharaza u acrepasa) aKTHBHOCTH.

10 MuH. nociie BBeAGHHST HEilTPajIbHOI0 KPACHOIO B alUKAJILHOI Mi1asse sniTeanaibHbX
IKJIETOK NOSIBASIOTCS ,, MVJILTHBESHKYJIAPHbIC TelbIA”, COCTOSHONE H3 MHOIOYMHCIEHHLIX MaJjleH-
KX Bakyoseil, NpOHCXOAIMUX IYTEM IIHHOIMTO3a MM TaK, YTO KPACKa, 10CTVIARUASE B CCTh
IPracToIIa3Mum, H30JMPYETC IPracToriasmMaTHyeckmi memopanam.,

VBeanyuuB Bpemst JIGHCTBHST HEliTPAIBHOIO KPACHOTO JIHZ0COMBI HAOYXAIOT 1 YaCTO CBS3LI-
BAIOTCsl € MVJIBTHBE3HKVJApHaMH Tejblami. Takum o0pasom BO3ZHHKAIOT OOJBILIIE T'PAHYIILI
(rpanysibl KPHHOMa) MaTepHsi KOTOPLIX JAErPAHPYeTest H B HUX MOSIBJISIOTCSI MHEIMHOBBIE CTPVK-
TVPbI.

B 9nuTeaHanbHLIX KJICTKAX KHIIKH T'PAH VAL KPHHOMA TPOHCXOIAT Il BHbIM 00Pa30M 1IYTEM
CIMSTHMST MVIBTHBESHIYJIAPHBIX TEJICIL I JIH30COM B OTHUHIT 0T (mpa'mnnnusl KPHHOMA B KJE€TKaX
MODKENVI0UHOM JKesedi H CeMEHHOT0 MY3bIPKa B KOTOPBLIX HAXOTCST 00HbHAS dpracrorsiasma
1 KOTOpast M SIBJASICTCS1 MCTOYHHMKOM 9THX T'PaHVII.

Summary

Cytoplasmic changes upon treatment of intestinal epithelial cells of parrot
with neutral red were studied.

In control animals many electron dense bodies (lysosomes) were found in
the apical part of the epithelial cells covering the intestinal villi. About 10 mi-
nutes after the administration of neutral red, a large number of multivesicular
bodies, made up of small vacuoles, appeared in the apical part of the cyto-
plasm. These were probably formed through pinocytosis. Another possibility
is that neutral red entered the endoplasmic reticulum by way of diffusion and
induced there the formation of vacuoles by bubbling of the ergastoplasmic
membranes. In some cases the isolation of damaged parts of cytoplasm
was found.

After prolonged treatment (2—4 hours) the lysosomes swelled and their
fusion with the multivesicular bodies was often observed. Large granules were
formed in this way; their substance was later degraded and mvehn figures
appeared as the end-products of decomposition. These bodies may be identified
with the erinom granules visible in the light microscope.

We have found that in our experimental material the changes produced
by the dyve come about in a different way than in cells with well developed
erg: l.st()pl(\sm where the crinom granules are made up of deoompmul ergasto-
])ldsm fragments. In the intestinal epithelium the formation of the crinom grs
nules rests principially on the fusion of the lysosomes with the multxvcsl('ul(u'
bodies that have been formed in the course of the uptdk(- of neutral red; the
damaged cytoplasmic components appear in the crinom granules secondarily.
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