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SUMMARY
The purpose of this investigation was to find out the responses of Golgi's net in the
neurones of vertebrates to various dyes and histochemical reagents, and to compare
these responses with those given by the 'dictyosomes' of the cells of invertebrates.
Dictyosomes are regarded by many cytologists as the homologue of Golgi's net. The
young oocyte of Limnaea stagnalis was chosen as a cell that possesses typical dictyosomes, which have recently been examined by histochemical methods.
The object that presents the characteristic Golgi pictures in the neurones of verte- I
brates is essentially different, not only in ultrastructure but also in its chemical com- \
position, from those that represent in life the 'dictyosomes' of invertebrates. The
dictyosomes of the oocyte react positively to tests for phospholipid and cerebroside,
whereas Golgi's net is negative to these tests. Tests for arginine and for ribonucleic
acid are positive for Golgi's net, but not for the dictyosomes of the oocyte. The
dictyosomes are intensely stained by Rawitz's inversion staining technique and also
by acid fuchsine (Metzner) and by iron haematoxylin, but these techniques do not
show the net in the neurones of vertebrates. Golgi's net is resistant to embedding in
paraffin after fixation in Clarke's (Carnoy's) fluid, but the dictyosomes are not.
Neutral red is taken up during life by the object representing the dictyosomes, but
not by the net of Golgi.
INTRODUCTION

I

T is well known that when 'Golgi' impregnation methods (silver nitrate or
osmium tetroxide) are applied to the neurones of vertebrates, a black network is seen; this is commonly called the 'Golgi apparatus' after its discoverer
(Golgi, 1898). In many other kinds of cells the Golgi techniques do not produce a network; but instead small, separate rods and crescents, usually
associated with a chromophobe substance, are seen. This is regarded by many
zoologists as the typical form of the Golgi apparatus in most cells of invertebrates. These rods and crescents ('dictyosomes') are believed by many workers
to represent, in a somewhat distorted form, the spherical or subspherical
bodies that colour in life with neutral red (Parat, 1928; Young, 1953, 1956;
Chou, 1957a; Baker, 1959; Malhotra & Meek, 1961). These neutral red
bodies often show a differentiation into a surface layer of lipid nature and a
non-lipid interior (Baker, 1959; Malhotra, ^9606). It is this lipid surface that
selectively reduces osmium tetroxide or silver nitrate in Golgi methods. The
blackening of the surface layer of the dictyosomes has led many zoologists to
homologize these bodies with the network seen in the neurones of vertebrates,
and indeed the word dictyosome (net-body) begs the question by asserting this
homology. As a result, many cytologists consider that a homologue of Golgi's
net occurs in all animal cells.
[Quarterly Journal of Microscopical Science, Vol. 102, part 1, pp. 83-87, 1961.]
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It is the purpose of this paper to consider whether the 'dictyosomes' of the
cells of invertebrates are in fact similar in their reactions to Golgi's net. It is
thought best to select a particular cell that contains typical dictyosomes, and
to compare their reactions to various dyes and histochemical reagents with
those given by the object that is blackened to produce Golgi's net in the
neurones of vertebrates. The cell selected for this comparison is the young
oocyte of the pond-snail, Limnaea stagnalis. The structure and chemical composition of the 'dictyosomes' in this cell have recently been investigated in
some detail (Malhotra, 1960c).
RESULTS

The neurones of the dorsal root ganglia of the mouse show a typical net
(apparatus) of Golgi.
The object that other authors (Gatenby, 1919; Bretschneider & Raven,
1951; Raven, 1958) have called the Golgi apparatus ('dictyosomes') in the
early oocyte of the pond-snail, L. stagnalis, consists of small, separate objects
dispersed in the cytoplasm. In Golgi preparations they mostly appear in the
form of rods and crescents, in association with chromophobe substance.
Attention has been concentrated on early oocytes in which the yolk has not
yet appeared.
If the tissue is fixed in Helly's (1903) fluid and postchromed, the dictyosomes
of the oocyte can be intensely stained by acid fuchsine in Metzner's technique
for mitochondria (1928), or by iron haematoxylin. These techniques, however,
do not show the apparatus in the neurones of most vertebrates (Malhotra,
1959; Casselman & Baker, 1955). The dictyosomes are also strongly stained
by basic fuchsine, used after mordanting in tannic acid and potassium antimonyl tartrate according to Rawitz's 'inversion staining' method (Przel^cka,
1959). The apparatus of the neurone is not generally shown by this method
(Baker, 1959); it may occasionally be very feebly coloured.
The dictyosomes are coloured by Sudan black (Baker, 1949). They react
positively to the acid haematein (AH) test, which becomes negative after
extraction with pyridine (Baker, 1946); the results thus indicate the presence
of phospholipid. Though one would expect the presence of lipid in an object
that has a remarkable affinity for silver or osmium, the apparatus of the neurone
is not coloured by Sudan black nor by the AH test (Casselman & Baker,
1955; Malhotra, 1959). Even when a powerful unmasking agent, such as
cadmium chloride or mercuric chloride (Clayton, 1959), was used as a fixative '.
in place of formaldehyde/calcium in the standard AH test, the apparatus did >
not show; it was coloured only very feebly with Sudan black. It is difficult to j
demonstrate lipid in this object by in situ histochemical methods.
The dictyosomes react positively to the periodic acid/Schiff (PAS) test
of McManus (1948); the reaction is strong whether the test is applied to
paraffin sections of tissue fixed in Zenker (1894) or gelatine sections of ovotestis
fixed in formaldehyde/saline (Baker, 1949). The PAS reaction becomes
weaker after digestion in saliva. The PAS test is also positive after extraction
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with cold or hot acetone (Casselman & Baker, 1955), though it becomes
weaker when hot acetone is used. Sudan black also colours the dictyosomes
more intensely after fixation in cold acetone than in hot. The apparatus of the
neurone also responds positively to the PAS test, but the reaction is much
weaker than in the dictyosomes of the oocyte. The reaction is also positive,
though very weak, after saliva treatment. No positive reaction is seen in the
apparatus of the neurone when the PAS test is applied to tissue fixed in
acetone, hot or cold; Sudan black also does not colour the apparatus after this
fixation.
The dictyosomes are blued by the Nile-blue test (Cain, 1947), while the
apparatus of the neurone is not coloured at all.
The dictyosomes resist embedding in paraffin after fixation in Zenker; this
suggests the presence of protein. However, when the oocyte is subjected to
tests for amino-acids, namely, Sakaguchi (Baker, 1947) for arginine and Hg/
nitrate (Baker, 1956) for tyrosine, a positive reaction is seen throughout the
cytoplasm, but the dictyosomes cannot be differentiated. The apparatus of
the neurone, on the contrary, is positive, though weakly, to the Sakaguchi
test, but not to the Hg/nitrite test.
The apparatus of the neurone is intensely coloured by basic dyes (Malhotra, 1959, 1960a). The basiphil material can be extracted by ribonuclease
(Bradbury, 1956) or trichloroacetic acid (Pearse, 1954). In contrast to this,
the dictyosomes are not stained by basic dyes.
If Clarke's fluid (Clarke, 1851; Carnoy, 1886) is used as fixative and the
I ovotestis embedded in paraffin, the dictyosomes of the oocyte are not revealed
in the sections. On the contrary, the apparatus of the neurone is resistant to
such a treatment and can be demonstrated by colouring with basic dyes.
Neutral red is taken up by the dictyosomes of living cells from salt solutions.
When this vital dye is used on the neurone of vertebrates, it appears in the
small spherical bodies dispersed throughout the cytoplasm (Baker, 1944;
Thomas, 1948; Malhotra, 1959), but the apparatus is not dyed.
DISCUSSION

These results indicate that the objects commonly described as Golgi
apparatus (dictyosomes) in the oocyte of the pond-snail are very different in
their chemical composition from the structure that bears this name in the
neurones of vertebrates. The objects representing in life the dictyosomes of
the oocyte are similar in their form and chemical composition to the lipid
globules of the neurones of vertebrates (Casselman & Baker, 1955). The
lipid globules of these neurones are quite different from the structure that is
blackened by Golgi methods to produce Golgi's net (Malhotra, 1959). In the
neurones of invertebrates, however, the objects that produce the appearances
of dictyosomes are the lipid globules that colour in life by neutral red (Parat,
1928; Young, 1953, 1956; Shafiq, 1954; Chou, 1957a; Chou & Meek, 1958;
Malhotra & Meek, 1961). These are also histochemically similar to the
dictyosomes of the oocyte of the pond-snail (Shafiq & Casselman, 1954;
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Chou, 19576; Malhotra, 19606, though there may be slight differences in the
chemical composition of the lipid globules in different cells.
The Golgi apparatus of the neurone of vertebrates differs from those of
other cells not only in chemical composition, but also in its ultrastructure
(Malhotra & Meek, i960). Many electron microscopists consider that the
Golgi apparatus of all kinds of cells is represented in micrographs by a system
of closely packed, smooth-surfaced membranes, arranged in pairs (y-cytomembranes of Sjostrand, 1956), often seen in relation with vacuoles or vesicles
(see Palay, 1958; Oberling, 1959, for references). Though elements of this
system have been described in electron micrographs of the neurones of
vertebrates (Palay & Palade, 1955; Hess, 1955; Malhotra & Meek, i960),
it remains to be proved that they form a reticulum corresponding to what is
seen in this cell by routine Golgi techniques for light microscopy. This system
is very sparse in electron micrographs and not nearly abundant enough to
produce the massive net of Golgi (1898). Recently it has been suggested that
this net is more likely to be formed by a deposit of silver on the membranes
of the endoplasmic reticulum (Malhotra & Meek, i960). The small
ribonucleo protein particles (Palade & Siekevitz, 1956) present on and in
between the membranous cisternae of the endoplasmic reticulum are presumably responsible for the basiphil nature of the Golgi apparatus in these
neurones (Malhotra, 1959; David & others, i960).
It would thus appear that the structures that are commonly called Golgi
apparatus in the neurones of vertebrates and in the oocyte of L. stagnalis
have nothing in common, except that they reduce osmium tetroxide or silver
nitrate in arbitrarily devised techniques that are devoid of histochemical
validity.
I am grateful to Dr. J. R. Baker, F.R.S., for the help and valuable advice
given during the course of this work. Professor Sir A. C. Hardy, F.R.S., has
been very kind in providing laboratory facilities.
REFERENCES
BAKER, J. R., 1944. 'The structure and chemical composition of the Golgi element.' Quart. J.
micr. Sci., 85, 1.
1946. 'The histochemical recognition of lipine.' Ibid., 87, 441.
1947- 'The histochemical recognition of certain guanidine derivatives.' Ibid., 88, 115.
1949- 'Further remarks on the Golgi element.' Ibid., 90, 293.
1956- 'The histochemical recognition of phenols, especially tyrosine.' Ibid., 97, 161.
1959- 'Towards a solution of the Golgi problem: recent developments in cytochemistry
and electron microscopy.' J. Roy. micr. Soc, 77, 116.
BRADBURY, S., 1956. 'Human saliva as a convenient source of ribonuclease.' Quart J. micr.
Sci., 97, 323.
BRETSCHNEIDER, L. H., & RAVEN, C. P., 1951. 'Structural and topochemical changes in the
egg cells of Limnaea stagnalis L. during oogenesis.' Arch. N^erl. Zool., 10, 1.
CAIN, A. J., 1947. 'The use of Nile blue in the examination of lipoids.' Quart. J. micr. Sci.,
88, 383.
CARNOY, J. B., 1886. 'La cytodierese de l'oeuf.' Cellule, 3, 1.
CASSELMAN, W. G. B., & BAKER, J. R., 1955. 'The cytoplasmic inclusions of a mammalian
sympathetic neurone: a histochemical study.' Quart. J. micr. Sci., 96, 49.

Study of 'Golgi Apparatus'

87

CHOU, J. T. Y., 1957a. 'The cytoplasmic inclusions of the neurones of Helix aspersa and
Limnaea stagnalis.' Quart. J. micr. Sci., 98, 47.
19576. 'The chemical composition of lipid globules in the neurones of Helix aspersa.'
Ibid., 59.
& MEEK, G. A., 1958. 'The ultra-fine structure of the lipid globules in the neurones of
•
Helix aspersa.' Ibid., 99, 279.
CLARKE, J. L., 1851. 'Researches into the structure of the spinal cord.' Phil. Trans., 141,607.
CLAYTON, B.-P., 1959. 'The action of fixatives on the unmasking of lipid.' Quart. J. micr.
Sci., ioo, 269.
DAVID, G. B., MALLION, K. B., & BROWN, S. W., 1960. 'A method of silvering the 'Golgi
apparatus' (Nissl network) in paraffin sections of the central nervous system.' Ibid.,
101, 207.
GATENDY, J. B., 1919. 'The cytoplasmic inclusions of the germ cells. V. The gametogenesis
and early development of Limnaea stagnalis L. with special reference to the Golgi
apparatus and the mitochondria.' Ibid., 63, 445.
& DEVINE, R. L., i960. 'The structure and ageing of sympathetic neurones.' J. Roy.
micr. Soc, 79, 1.
GOLOI, C , 1898. 'Sur la structure des cellules nerveuses.' Arch. ital. Biol., 30, 60.
HELLY, K., 1903. 'Eine Modification der Zenker'schen Fixierungsfliissigkeit.' Zeit. wiss.
Mikr., 20, 413.
HESS, A., 1955. 'The fine structure of young and old spinal ganglia.' Anat. Rec, 123, 399.
MALHOTRA, S. K., 1959. 'What is the "Golgi apparatus" in its classical site within the
neurones of vertebrates?' Quart. J. micr. Sci., 100, 339.
1960a 'The Nissl-Golgi complex in the Purkinje cells of the tawny owl, Strix aluco.'
Ibid., 101, 69.
1960&. 'The cytoplasmic inclusions of the neurones of Crustacea.' Ibid., 75.
1960c. 'The "Golgi apparatus" during the development of the pond-snail, Limnaea
stagnalis.' Cellule, in the press.
& MEEK, G. A., i960. 'The electron microscopy of the "Golgi apparatus" of the
Purkinje cells of owls.' Quart. J. micr. Soc, 101, in the press.
1961. 'An electron microscope study of some of the cytoplasmic inclusions of the
neurones of the prawn, Leander serratus.' J. roy. micr. Soc, in the press.
MCMANUS, J. F. A., 1948. 'Histological and histochemical uses of periodic acid.' Stain Tech.,
23i 99METZNER, R., & KRAUSE, R., 1928. Abderhalden's Handbuch der biologischen Arbeitsmethoden,
Abt. V, Teil 2, Halfte 1,325.
OBERLING, C., 1959. 'The structure of cytoplasm'. Intemat. Rev. Cytol., 8, 1.
PALADE, G. E., & SIEKEVITZ, P., 1956. 'Liver microsomes. An integrated morphological
and biochemical study.' J. biophys. biochem. Cytol., 2, 171.
PALAY, S. L., 1958. Frontiers in cytology. New Haven (Yale University Press).
and PALADE, G. E., 1955. 'The fine structure of neurons.' J. biophys. biochem. Cytol.,
i, 69.
PARAT, M., 1928. 'Contribution a l'£tude morphologique et physiologique du cytoplasme.'
Arch. Anat. Micr., 24, 73.
PEARSE, A. G. E., 1954. Histochemistry, theoretical and applied. London (Churchill).
PRZELECKA, A., 1959. 'A study of Rawitz's "inversion staining".' Quart. J. micr. Sci., 100,231.
RAVEN. Morphogenesis: the analysis of molluscan development. London (Pergamon Press).
SHAFIQ, S. A., 1954. 'Cytological studies of the neurones of Locusta migratoria.' Quart. J.
micr. Sci., 95, 305.
& CASSELMAN, W. G. B., 1954. 'Cytological studies of the neurones of Locusta
migratoria.' Ibid,, 315.
SJOSTRAND, F. S., 1956. 'The ultrastructure of cells as revealed by the electron microscope.'
Internat. Rev. Cytol., 5, 455.
THOMAS, O. L., 1948. 'A study of the spheroid system of sympathetic neurones with special
reference to the problem of neurosecretion.' Quart. J. micr. Sci., 89, 333.
YOUNG, J. Z., 1953. 'Intracellular membranes.' Ibid., 94, 399.
1956. 'The organization within nerve cells.' Endeavour, 15, 5.
ZENKER, K., 1894. 'Chromkali-sublimate-Eisessig als Fixirungsmittel.' Munch, med. Woch.,
4 1 . 532.

