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1. Introduction.

TuE discovery of fatty and albuminous yolk arising in relation with the
Golgi apparatus in Clibanarius! together with the occurrence of a seasonal
variation in the cytoplasmic inclusions led the author to suggest that these
may explain the diversity of results obtained by various workers on the
cytoplasmic phenomena during oogenesis. The cause of the disagreement
as to the function of the Golgi bodies appears to be enhanced by the lack of
a clear definition of the term ‘fatty yolk’; for under this term seem to be
included two different inclusions, namely, fat and fatty yolk. The behaviour
of the Golgi grains after fertilisation in Acentrogobius neills (Gobius merlls.
Day)? suggested that fat, fatty yolk, or volk formation is but one of the
functions of the Golgi as soon after, its activities may be directed in an
entirely different direction.

Cytologists like Bowen (1922, 1924, 19264, b, c, d) and Nassonov (1923,
19244, b) who tried to elucidate the function of the Golgi apparatus seem
apparently to have paid scant consideration to its possible general
function in all cells and the views of the few like Gatenby (1919, 1921),
Ludford (1922, 1925) and Brambell (1923) who attempted an explanation,
have not been given the attention they deserve. Oogenesis workers
of all schools of thought have failed to consider the general function
of Golgi bodies in all cells even though they have seen these elements
in eggs where apparently no deutoplasmic bodies occur. If these bodies
can have a particular function in specialised cells, it is onlv reasonable to

T QOogenesis of Clibanarius olivaceus (Henderson) with special veference to a
seagonal variation in the various cytoplasmic inclasions.”” A note was published in
Curr. Sci., December 1933. Paper in course of publication. ,

“ Cytoplasmic Inclusions in Acentrogobius neilli (Gobius neilli. Day).” Curr. Sci.,
December 1983. Paper in course of publication. .

2 ¢ Effect of Fertilisation on the Golgi bodies in Acentrogobius neilli (Gobius neilli.
Day).” Unpublished,
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expect that they should have some function in non-specialised cells also.
The author finds no justification to consider oogenesis as a special pheno-
menon in any way different from secretion or spermatogenesis.

An attempt has been made in this paper to evaluate the “various
theories and a suggestion is made as to the function of the Golgi apparatus.

2. Material and Methods.

Salmacis bicolor is a very common form occurring in the Madras
harbour. Fully mature specimens are available throughout the year and
fixations were carried out immediately the animals were brought to the
Laboratory. The standard techniques like Champy-Kull, Flemming without
acetic, Da Fano, Nassonov, Mann Kopsch, Bouin and Corrosive acetic were
employed and in addition fresh eggs were treated with 2% Osmic acid and
solutions of Neutral Red and Janus Green B. Sudan III and Scharlach R
tests were also employed with or without previous fixation in formalin.
The eggs of Salmacis were not very suitable for the study of fresh eggs
intra-vitam. The stains generally used were Acid Fuchsin, Aurantia,
Thionin, Toluidin Blue, Mann’s Methyl Blue Fosin, Iron Alum Hematoxylin,
Orange G. and Pyronin Methyl Green.

3. Previous Work.

The behaviour of the cytoplasmic inclusions during oogenesis in
Echinoderms has been studied by Hibbard {1922) and Harvey (1931) and
a cytological and biochemical study of the ovaries of Echinomeira
lucunter by Gardiner, Smith and Tennent (1931).

The conclusions of Hibbard are the following :—

(1) Fat drops occur in the unfertilised egg. These drops are
emulsified and the fine droplets of fat thus formed gradually become
used up or transformed during the early cleavage stages.

(2) Small spherical mitochondria are found scattered throughout
the cytoplasm and there is evidence to show that they are the direct
products of the fine fat droplets.

(3) 'The cytoplasm is packed with plates of nutritive material
which have some fatty component in their make up. They are probably
yolk. They are in some cases closely associated with the mitochondria
and it is probable that they are instrumental in their synthesis. The
plates become gradually fewer in number and in the blastula the cytoplasm
is quite spongy and full of vacuoles once occupied by the plates.

As some of the conclusions are contrary to what has been observed
by other workers it would be worth while to consider the results of
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Hibbard in a critical manner. The author does mnot seem to have
succeeded in the Golgi techmiques but at the same time does not
make any allowance in the conclusions about the possible errors that
may creep in due to such a defect.

The continued splitting of the large fat drops into minute droplets
and the dispersal of the latter through the cytoplasm is illustrated by
the author in Figs. 2 and 3. As Figs. 2 and 3 are those of eggs 25
minutes and 1 hour and 40 minutes after insemination the splitting
of the large drops into minute droplets continues or is taking place
even after fertilisation. Hibbard further observed a decrease in' the
amount of the blackened material during cleavage and final disappearance
in the two-celled stage. This is taken as an indication of a change
occurring. She has not specified the type of change and as in the
summary it is mentioned that the fine droplets of fat either gradually
become used up or transformed in the early cleavage stages we have
only to surmise that the change is one of transformation into mitochondria.
The argument in favour of such a change is that there is a continuous
variation in colour from the small fat droplets which are brown after
osmic impregnation, through similar granules which are less and less brown
to pink granules. The figure which is supposed to represent such a
stage is that of an unfertilised egg. The description of splitting is
after fertilisation but the formation of mitochondria is described in
an unfertilised egg. If actually we have to accept the change postulated,
the formation of mitochondria has to be taken as occurring even after
fertilisation. This, taken together with the transformation of the
mitochondria into yolk which is stated to take place after fertilisation,
gives one the impression of a peculiar phenomenon happening in
Echinarchnius parma. From what is already known about these inclusions
(Gatenby, 1919) it is inconceivable that such a double change of fat into
mitochondria and mitochondria into yolk could take place after
fertilisation. Regarding the change of fat into mitochondria there is
also the objection that the ‘less and less brown’ granules which she
identifies with intermediate stages between fat and mitochondria may be
the Golgi. Whether all these changes occur after fertilisation is a
doubtful point and hence much reliance cannot be placed on the conclusions
of the author,

Turning now to Gardiner, Smith and Tennent’s paper (1931) we find
certain sweeping statements unsupported by actual results. A complete
criticism being out of place it would be well to point out a few
discrepancies. One of the most important conclusions is that the Golgi
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bodies are nothing but fatty acid crystals. They state that in a
concentrated ethereal solution of mixed fatty acids, crystals of needle-
like form were abundant (p.25). A droplet of this solution on heing
shaken in a test tube of water resulted in an emulsion. These crystals,
according to them, are also hygroscopic. Nowhere have these authors
figured or described Golgi batonettes in Echinomeira oocytes and yet
they state,  These results suggest that the Golgi batonettes may be
fatty acid crystals having separated out of solution of fatty acids or
a mixture of neutral fats and fatty acids.”’ Though they themselves
declare in a later part of the paper that few, if any, of these substances
are present in the pure form in the tissues they are ready to suggest
that the Golgi batonettes may be fatty acid crystals forgetting for
the moment that fatty acids do not occur in ethereal solutions in eggs !
Further, even if fatty acids occur as crystals there is every probability
of their forming an emulsion with the sea water in view of the free
interchange between the body fluids and the surrounding medium in
marine animals—a fact which these authors have overlooked. If they
had suggested fatty acids as one of the probable components of Golgi
material it may have been acceptable.

Harvey (1931) describes yolk droplets arising under the influence
of the Golgi apparatus: “ On the concave sides of the scales, and
inside the cups formed by two or more scales, appear minute granules,
colourless in the living, pale green or brown after Bensley-Cowdry, black
after iron hematoxylin. They enlarge to a certain extent stll in
assoctation with the Golgi bodies, and finally migrate away from them
and form little clumps of upto 20 or 30 granules in the peripheral
cytoplasm of the egg”* (p. 423). The developing yolk droplets sever
their connection with the Golgi when they are a third in size of the fully
formed yolk spherules.  Further enlargement ‘according to Harvey is
by accretion. After all this he states, ‘It will be noticed that there
is an extraordinary resemblance to some of the figures published of
secretion production in various gland cells, the most striking difference
being that in no case do the yolk spherules ever appear in contact with
the scales, whereas the secretion droplets often arise closely applied on
the strands of the Golgi network in gland cells.”* A perusal of Bowen’s
paper (1926 d) reveals that not in all cases have the intimate relation
between the Golgi and the secretory product been well demonstrated.
There also seems no justification for the statement that there is a striking

* Ttalics mine.
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difference between what is actually seen in secretory cells and what
Harvey describes and figures. Even the severance of connection between
the Golgi and yolk is not against a comparison with what is occurring
in secretory cells, since in the developing spermatid the acrosome is
capable of remarkable changes subsequent to its separation from the
Golgi apparatus.

4. The Ovary.

The walls of the ovarian tubules are composed of three layers (Figs. 5
and 6) : (a) an outer layer of coelomic epithelium (coel. ep.) which gets torn up
when the tubules are packed with ripe ova; (b) a middle layer of muscles
(mus. 1.) and connective tissue; and (¢) an inner layer of germinal cells which
gives rise to oocytes as well as albuminous and lipoidal nutritive spheres.
The germinal layer cells are irregular and oocytes of different stages of
growth are found side by side. Only oocytes more than 70u in size lie loose
in the cavity of the ovarian tubule.

5. The Golgi Apparatus.

Hibbard (1922) remarks that the silver nitrate techniques were a
failare in Echinarchnius parma and Harvey (1931) also records a similar
experience. In Salmacis, a modified form of Da Fano, gave very
confirmatory results, these being checked by the Mann-Kopsch Altmann
method. Harvey's papers on Lumbricus (1925 and 1931) seem to show that
the Da Fano technique often distorts the Golgi and that there is a possibility
of difference in appearance between fixed and living Golgi. The author’s
experience with this technique has been entirely different. The Golgi grains,
scarcely distinguishable in the fresh oogonia of Salmacis, hecome clearly
visible after osmication for six hours. In Dasychone, the elements have
been observed to have the batonette form in fresh eggs as well as in Da
Fano material. ‘

" The eggs of Salmacis are very small and very young oocytes were
visible only after 2000 magnification. Treatment of such early oocytes
with 29, osmic acid proved a failure and hence reliance had to be placed on
fixed material. In the early oocytes where the Golgi apparatus has been
noticed to occur as an irregular mass (Fig. 1; g.a.) the nucleus occupies
almost two-thirds of the cell. With the growth in size of the cell the main
mass (Fig. 2; g.a.) begins to cut off small pieces, the mass itself disintegrating
into granules only after the first-formed elements (g.g.) have begun to
migrate to other parts of the cytoplasm. No particular arrangement of
these grains has been observed for they appear irregularly scattered
throughout the cytoplasm (Fig. 3 ; g.g.). Concurrent with this process there is
also an increase in the area of the cytoplasm (Figs. 2 and 3) and during this
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period the Golgi become scattered uniformly. This stage is soon followed by
a migration of all the bodies towards the nuclear membrane. When this
process is progressing the Golgi begin to divide into finer grains which closely

Fics. 1, 2 & 3.

1. Youngest oocyte showing the Golgi
apparatus. Da Fano. X 3,000.

2. Breaking up of the Golgi apparatus. Fie. 4'_
Mann-Kopsch Altmannp, X 3,000, : Figure showing the Golgi

3. Spreading of the divided Golgl ele- elements forming a circum-
ments prior to the formation of a concen- nuclear concentration. Da
tration round the nucleus. ‘Da Fano. Alum Fano. X 1,500.

Carmine. X% 3,000.

embrace the nuclear membrane and form a concentration (Fig. 4; g.c.n.c.).
The complex phase does not last long and the granules once again begin to
scatter throughout the cytoplasm. The division of the grains begun
earlier seems to continue but a few of the hodies persist as such. ‘These
big grains migrate to the periphery and become arranged as shown in Fig. 11
(p.g.g). A similar migration of Golgi has been observed by the author in
Acentrogobius meills where they were seen along with the grains formed by
the breaking up of the rims of fatty yolk vacuoles to be the agents respons-
ible for the transformation of the zona radiata into a mucilaginous envelope.
In Salmacis no formation of such a structure has been noticed, and it is
believed that the bigger grains may be instrumental in giving rise to the
fertilisation membrane which, according to Mortensen, is lipoidal in compo-
sition. Just before the commencement of yolk formation the Golgi, though
scattered, appear in well-marked patches among the mitochondria.

6. The Nutritive Bodies.

In a previous paper* the author has traced out the cytological
changes during the transformation of a cell of the germinal layer into a
nutritive body. These spheres have also been found to be of two types,
lipoidal and albuminous, and they lie scattered throughout the ovarian
tubule. Their attachment to the oocytes is haphazard for some of the

* “ A Cytological Study of the Structure and Formation of Nutritive Bodies
in Salmacis bicolor.” (In course of publication.)
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growing oocytes have only lipoidal while others have ounly albuminous
nutritive spheres attached to them. A considerable number of the oocytes
have no nutritive bodies attached throughout their development. Curiously
enough some germ cells transforming into albuminous type of deutoplasmic
spheres have other spheres, lipoidal as well as albuminous in close
association.

The stage at which the nutritive bodies are absorbed seems also to
vary. The spheres appear to persist for. a considerable period in some
oocytes while in others they seem to be ahsorbed immediately. In both the
types of bodies, it is degeneration of the Golgi rim (Fig. 9; ¢.».) that
precedes the absorption of the material in the spheres. This is not uniform,
for batonettes are left sticking (Fig. 8; g.b.) to the sides of the bodies owing
to the degeneration of the intermediate portions. The actual process of
absorption is shown in Figs. 8 and 9.
Tennent, Gardiner and Smith consider
the absorption of the nutritive bodies
as similar to digestion. If such is the
case, we have to expect the digestion
to be well marked in the area near the
place of attachment to the oocyte.
The author’s observation in Salmacis
is otherwise.  Absorption has been
observed to begin at a place farthest

Fias. 8 & 9. situated from the place of attachment
Stages in the absorption of the nutritive to the oocyte. In addition, there
bodies. - appears to be no striking difference

8. Manun-Kopsch Altmann. X 1,200.

between the degeneration of a nutritive
body in the ovarian tubule out of
contact with any oocyte, to that of one in close association with a
growing egg. ‘The fact that in nutritive bodies the Golgi rim exists
without a nucleus leads to the question, can a Golgi hody-remain as
such without the aid of a nucleus? Brambell (1925) notes in the case
of the oviducal glands of the Fowl that the extruded Golgi retain their
form even outside the cell and Bowen (1926d) remarks that logically it
follows that if a piece of non-nucleated cytoplasm can persist for a short
time the Golgi which form the living inclusion in the cytoplasm has
necessarily to live even after it has been separated from the nucleus. The
only difference according to him is that whereas a non-nucleated piece
dies after a short time, the nucleated piece regenerates because it contains
the nucleus. Judging by this standard in the nutritive bodies also the
B4 ‘ F
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9. Da Fano. Alum Carmine. X 1,200.
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Golgi may persist till they are absorbed into the cytoplasm of the oocyte or
degenerate in the ovarian tubule. Just like a piece of non-nucleated
cytoplasm the nutritive body persists only for a short time. The author’s
belief is that the process of solution of the nutritive body is started by the
Golgi rim, for till a late stage of absorption of the nutritive bodies, bato-
nettes could be seen sticking to the unabsorbed portions of the nutritive
spheres. But this is only a suggestion which explains the beginning of the
process of solution and it is hoped that further work, which is being done in
this direction, will throw light on this problem.

7. The Nucleolus.

The nucleolus occurs in the youngest oocytes (Fig. 5; nu.) as a lightly
staining body occupying the centre of the nucleus. It is darkened by osmic
fixatives and is not well stained by alum carmine after Da Fano. In
corrosive acetic followed by Mann’s Methyl Blue Fosin, it is light pink. In
the eatliest oocyte observed the nucleolus measured 0-55 u and the nucleus
1-1 u. In the very early stages the growth of the nucleolus keeps pace with
that of the nucleus as the appended table will show.
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When the nucleolus attains a size of 1-65 u extrusion may be said to
begin. In many oocytes extrusion occurs at this stage and may persist till
the nucleolus measures 2-2 u. Now, its growth instead of being proportional
to that of the nucleus is comparatively negligible. If it is not extruded
at this stage it enters another phase of slow growth and when it measures
6-6 u extrusion may be said to take place as evidenced by the presence
of extruded nucleoli in many oocytes. If, however, it is not thrown out .
now, it grows to a maximum size of 13-2 u apparently remaining station-
ary until the nuclear membrane breaks down letting it out.

An attempt has been made to study the cause of the occurrence of the
three periods of extrusion. One of the factors which seems to delay the
process of extrusion is probably the attachment of the nutritive bodies to
the oocytes. FEarly attachment of nutritive hodies retards the extrusion,
but in a few even after such an attachment extrusion was observed. But
these were in Champy and F. w. a. slides. Hence when next attention was
focussed on the composition of the nutritive bodies the primary cause for
the postponement of extrusion appeared to be the attachment of albuminous
nutritive spheres. As has been noted in an earlier paper in material fixed
in corrosive acetic, the albuminous spheres are well preserved while the
lipoidal ones are distorted. Aun intensive study of corrosive acetic prepara-
tions revealed the fact that where extrusion takes place in early stages no
albuminous nutritive bodies were found in relation with such oocytes.
Thus nutritive bodies and the nucleolus seem to share among themselves the
function of supplying the oocyte with raw materials for the growth -of the
mitochondria in the first place and formation of yolk next. -

Another interesting phenomenon was observed. In nucleoli in corrosive
acetic slides, measuring more than 4-4 u, less deeply staining vacuoles
were found arising. The vacuoles were generally found in the centre and
they never exhibited any basophil reaction. The number of such  vacuoles
also varied. In some nucleoli there was one large vacuole while in others
there were as many as four small ones. No explanation for this phenomenqn
could be offered with the material at present available, but it appears
possible that this may have something to do with the attachment of the
nutritive bodies and a slow diffusion of material from the nucleolus into the
cytoplasm. , ~

The mode of extrusion is by the rupture of the nuclear membrane.
The coelomic fluid of Salmacis has a pH near that of sea water. As in marine
animals there is a free exchange between body fluids and the surrounding
nedium. Hence the coelomic fluid was employed instead of normal saline
for the study of fresh oocytes. In many, extruded nucleoli wete found just
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outside the nuclear membrane and experiments followed by fixation in
corrosive acetic such as (1) raising the pH to 9-4 by addition of Na,yCQOj,
(2) lowering the pH to 6 by the addition of dilute HCI, (3) increasing the
salinity to 40, and (4) finally reducing the salinity to that of normal saline
only confirmed the belief that in Salmacis the extrusion is a real phenome-
non. Neither did these experiments suggest that the vacuoles inside the
nucleolus were artefacts due to the action of the fixatives.

The nucleolus once extruded into the cytoplasm (Fig. 12 ; nu.) dissolves
quickly near the nuclear membrane.

8. Mitochondria.

The mitochondria occur as a few grains scattered in the cytoplasm
(Fig. 5; m.). The cell at this stage measures 9-9-13-2p. These grains

mos. .

Fic. 5.

Youngest oocyte attached
to the wall of the ovarian
tubule. Flemming without
acetic. X 2,000. anb.

Fic. 6.

Ilustrates the mitochondrial con-
centration round the nucleus. Flem-
ming without acetic. Iron Heema-
toxylin. X 2,000.

divide and give rise to a number of mito-
chondrial granules. Unlike the Golgi at
the same stage, the mitochondria begin
to migrate towards the nucleus (Fig. 6 ; m.)
instead of being distributed throughout the
cytoplasm, and form a concentration round
it. Fig. 6 (m.) will show that even when
a concentration is formed by the mito-
chondria granules, the middle area of the
cytoplasm contains scattered mitochondria.
Fre. 7. Such a condition persists for some time

The mitochondria just before and this is followed by a stage of spreading

they fill up the cytoplasm of the a divisi i i
growing oocyte. ~Champy. Iron nd division which occurs simultaneously

Hem. x 1,200. with that of the Golgi (Fig. 7; m.). During
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the process of spreading well-marked concentrations are seen proceeding from
the circum-nuclear concentration to portions of cytoplasm farthest situated
from the nucleus. Once the process begins, the spreading throughout the
cytoplasm is completed quickly. 7The mitochondria from the commence-
ment of the migration begin to grow in size. The materials brought by the
nucleolus or by the absorption of the nutritive bodies are evidently utilised
in this process since either absorption or extrusion is usually well marked
during this period. Growth continues till the mitochondria occupy the
whole area of the cytoplasm.

9. Yolk Formation.

Yolk formation begins when the oocyte measures 75-9—85-6u. The
mitochondria which are in the process of spreading come into relation with
the Golgi bodies (Tfigs. 10, 11 and 12; y.s.) which are also in a similar stage

Fia. 10. Fie. 11.

Beginning of yolk formation. The Portion of a fully grown oocyte showing
enlarged peripherally lying Golgi bodies the yolk spherules with their attached
could also be seen, Da Fano. Alum Golgi bodies. Da Fano. Alum Carmine.
Carmine., X 2,000. x 3,000.

at this time. Fach mitochondrium seems to be plastered over with 2—5
Golgi bodies (Fig. 14; m. and g.g.). The Golgi bodies are numerous and not
all of them have heen observed at the final stage in relation with all the
mitochondria (Fig. 11; g.g.) for in the oogonium, in addition to yolk, free
mitochondria and free Golgi have been observed (Fig. 13 ; m.). Yolk is formed
by the transformation of material in the mitochondria and probable addition
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Fia. 12,

A growing oocyte showing trans-
formation of mitochondria into yolk,
The nucleolus is' also seen in the
process of being extruded. Nas-

sonov. Iron Hem. X 800.

Fia. 13, .
A fully grown oocyte showing the yolk
spherules and the mitochondria. Champy
Kull. x 3,000.

of other material derived from the nucleolus and the nutritive bodies. By
the time the Goloq come into relation with the mitochondria the growth of

Fic. 14.

A diagrammatic representation
of the attachment' of the Golgi
bodies to a mitochondrium prior to
its transformation into a yolk
spherule. Reconstructed from ma-
terial fixed by the wvarious tech-
niques.

the latter seems to have come to an end.
Transformation of mitochondria into yolk
is not followed by an increase in size. The
reduction in size due to shrinkage during
transformation cannot be observed, as
evidently there is a simultaneous addition
of albuminous material condensed by the
Golgi.

The formation of yolk begins near the
periphery and seems to proceed inwards
(Figs. 10 and 12; y.s.). The mitochondria
which stain blue after Champy and Flem-
ming without acetic begin to take Orange
G from the commencement of their trans-

formation.  In Mann-Kopsch and Nassonov: slides yolk is but slightly
fuchsinophile. In Da Fano, where the mitochondria are distorted,
the yolk spherules are well preserved and stain light brown. In
corrosive acetic preparations the discs were preserved and took on eosin
readily;, whereas the mitochondria were distorted beyond recognition.
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710. Discussion.

1. Theories regarding the function of Golgi bodies.—Cowdry (1924)
summarising the function of Golgi bodies comes to the conclusion that
“Its activities may be bent in one direction in spermatogenesis and along
entirely different lines in cells specialised to perform other ‘duties. ”
MacBride and Hewer (1931) observe « From data such as these has grown up
the general théory of the function of the Golgi apparatus.” Nassonov first
put it forward, but Bowen has been instrumental in obtaining its general
acceptance, in these terms :—The Golgi apparatus is a centre of synthetic
processes. It is engaged primarily in the production of secretory granules.
These may be excretory in nature. These products are of a temporary
character such as mucous, serous, lipoid granules, yolk, acrosome, Nissle
granules, etc. ‘The apparatus undergoes hypertropy during the process and
is not transformed into the various products. This feature is constant in all
the foregoing examples and is the fundamental postulate for the so-called
““ Process theory of action”’. The above theory does not take into considera-
tion the general function of the apparatus in all cells. Gatenby "(1919 and
1921), Brambell (1923), Ludford (1922 and 1925) and Rau and Ludford (1925) -
attribute to it a metabolic function with or without the production of visible
substances. Brambell (1923) from his work on neurones comes to the
conclusion that possibly they are concerned with the production of protein
substances. But in Patella (1924) he finds substances of a fatty nature
arising in relation with the apparatus. Similatly Ludford (1922) concluded
from his work on Dytiscus marginalis that the apparatus would play by no
means an unimportant part in lipoid metabolism. But his further work
(1925) has brought out the fact that the apparatus has a number of other
functions also. Anyway the fundamental fact remains that they are
concerned in some way or other with cell metabolism. The first definite
suggestion regarding its gemeral function in all cells seems to be that of
Gatenby (1919). “ It may be considered that this spreading out is to enable
the activities of the Golgi rods to be felt in every corner of the cytoplasm,
or that the spreading out of the apparatus is only in preparation for
subsequent segmentation of the egg. I think that both interpretations are
true, and there seems little doubt that the two categories of cytoplasmic
inclusions while spreading out are taking some part in the building up of the :
oocyte” (pp. 473-474). The products of metabolism may be visible or
invisible. The three fundamental conditions laid down by Bowen (1926 d) are
not strictly applicable to all these cases, especially the last, if the intra-
cellular enzymes are not demonstrated by the usual techniques. A critical
demonstration of the relation between the Golgi apparatus and the secretory
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product, the final condition of Bowen, is according to him, not fully

satisfactory and universal even in secretory cells. Regarding the question -

whether the relation between the Golgi and the secretory product should
continue till maturity appears to be doubtful as evidence in spermato-
genesis shows remarkable changes of the acrosome after separation from the
apparatus. _

Coming now to the actual method by which the Golgi apparatus
performs its function, one finds the greatest difficulty. Gatenby’s, Ludford’s
and Brambell's suggestion that the Golgi apparatus is concerned with
metabolism is but a bare statement of fact. How this is done still remains
to be answered. Similarly the actual process of formation of secretory
products is also unexplained. Bowen (1926 d) rejects Nassonov’s theory that
the Golgi material forms a surface of separation between the granule and the
surrounding plasma, which is responsible for the differentiation of the
granule as the acrosome does not necessarily occupy a position within the
Golgi material. He suggests that the surface membrane is really provided
by the wall of the clear vesicle within which the secretory granule appears
to be differentiated. ‘ Thus materials for the secretory granules would he
elaborated primarily in the Golgi apparatus, and thence transferred to
the granules.” Nassonov's explanation that they form a separating
membrane does not clearly explain how the materials which the membrane
separates are absorbed or are brought within the focus of activity of the
apparatus. Neither does Bowen’s explanation that the materials for the
synthetic processes of the Golgi are derived from the nucleolus, mitochondria,
cytoplasm, etc., demonstrate how these materials are made available to the
apparatus which synthesises them into the various metabolic products.
Even his observation that the materials for the secretory granules are first
synthesised in the Golgi apparatus and then transferred to the granules
implies a sort of transference which requires the aid of a medium.
Similarly Gatenby’s and Ludford’s view that the scattering of the apparatus
is to enable the activities of the apparatus to be felt in every corner of the
cytoplasm wants also the aid of an agent by means of which the effect is
made to be felt on the cytoplasm. Finally Cramer and Ludford’s (1925) work
on intestinal fat absorption where glycerine and fatty acids absorbed are
reconverted into neutral fat is only explicable on the assumption of an agent
bringing it within the focus of the activity of the apparatus. In addition,
how the same apparatus synthesises products of various chemical composi-
tions such as mucous, serous and lipoid droplets brings in the question
whether the first products of synthesis are the visible products or whether
the visible products are only secondary in their origin.

e
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It was from difficulties such as these that the explanation of the
production of an intra-cellular enzyme was first postulated by the author,
in the case of the transformation of the zona radiata into a mucilaginous
envelope and in the formation of two kinds of nutritive bodies in Salmacis
bicolor. ‘The formation of two kinds of nutritive bodies, 7.e., lipoidal and
albuminous, in relation with the Golgi apparatus reminds one of the fatty
and albuminous yolk arising in relation with the apparatus in the oogenesis
of Clibanarius and hence attention may be directed to the views of workers
in oogemnesis.

2. Theortes regavding the function of Golgi bodies in Oogenesis.—It would
be well worth while to analyse the conclusions of Nath and his collaborators,
especially in view of Nath’s strong views regarding the shape and function of
the apparatus. It is by no means easy to arrive at a definite conclusion
regarding his views. Hence the papers are analysed under the following
headings :

(a) Golgi vesicles becoming fatty even in the early stages of oogemnesis,

but in which there is no fatty yolk. _ ]

(6) Golgi bodies becoming fatty even in the early stages, but in which

there is fatty yolk.

(¢) Golgi bodies remaining as a rim to the fatty yolk globules even
after the completion of the cogenesis.

(@) Golgi bodies becoming converted into fat in the final stages.

(@) Golgr bodies becoming fatty even in the early stages of oogemests,
but in which there is no fatty yolk.—Under this- heading comes the oocyte
of the earthworm (Nath, 1930) and the mosquito (Nath, 1929). He is
of opinion that in these two cases even though the Golgi vesicles do not
swell up, yvet they are fatty (p. 502, 1930). I conclude from his descriptions
that they are not strictly comparable. The fatty content of the Golgi
vactoles of Pheretima has not been substantiated by his recent work with
the vital dyes (Nath, 1933). The reasons adduced by Nath for considering
the Golgi elements as fatty are: (1) in whole ovaries mounted after fixation
in Champy for 24 hours, the Golgi vacuoles appear colourless or at most as
slightly grayish bodies after the lapse of one month; (2) when the ribbons
containing Champy fixed material are exposed to the action of xylol to
remove the paraffin, the Golgi which appear as blackened elements in the
ribbons appear colourless or slightly grayish (p. 492, 1930). Naturally,
one expected the facts to react to Scharlach R and Sudan III but strangely
enough Nath (1933) says, * Nothing whatsoever in the oogonia or in the
oocytes of any stage is tinged even slightly by these dyes ” (p. 138, 1933).
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He further continues that ¢ In Pheretima, Culex, Dysdercus, Crossopriza,
Plexxippus and the Rabbit, the substance, described by him as Golgi
bodies and which blackens after short periods of immersion in 2 per cent.
osmic acid has to be considered as highly unsaturated or little oxidised
lipoid as it remains absolutely uncoloured after treatment with Scharlach
R and Sudan IIL.”

Now let us turn to the question whether the fatty Golgi vesicles of
Culex and Pheretima are strictly comparable. In Pheretima the Golgi bodies
appear as granules in Bouin preparations which according to him answer to
the description of the ¢yolk droplets’ of Harvey (p. 497, 1930); further
the Golgi vesicles of Pheretima appear as solid granules in Da Fano. Even
the statement about the appearance of these bodies after treatment with
Bouin and Da Fano gives one the clue that what he claims to be fat
inside the Golgi vacuole is after all not fat. He himself criticises King’s
observation thus: ““Now it is well known that the Da Fano method fails
to show fat in finished slides, while the Golgi apparatus is preserved”’
(p. 404, 1929). '

In Culex his reasons for concluding that the vesicle contains fat
are: (1) in the oocyte the microspheres appear black after about 48 hours
immersion in F. w. a.; (2) they are completely decolourised if the slide is
kept in either turpentine or xylol for about 20 minutes after which they
could not be made out in the preparations (p. 662, 1929); (3) in centri-
fuged decolourised Mann-Kopsch preparations the migrospheres are vacuolar
and occupy the upper pole; and (4) in centrifuged eggs fixed in Da Fano
they appear as distorted vacuoles (p. 664). :

He is really not justified in this conclusion that the Golgi in Pheretima
and Culex have a similar composition. In Culex what he describes 1s a
transformation—of course into an unsaturated lipoid if we have to accept
his latest interpretation, whereas in Pheretima the elements do not contain
fat and at the same time do not also transform. The question now
arises how the Golgi bodies having the same composition in Culex and
Pheretima give different reactions? The microspheres in Culex appear
as vacuoles in Mann-Kopsch followed by turpentine and Da Fano, while
in Pheretima the Golgi appear as solid black granules in Da Fano and
are preserved even after Bouin.

(B) Golge bodies becomang fatty even in the early stages, but in which there
1s fatty yolk.—This leads us to the oogenesis of Luciola (Nath and Mehta,
1930) which is still more difficult to understand. Hence Nath’s own descrip-

tion is put in and analysed. He informs the reader (p. 12), “ Text-Fig. 16

represents the greater portion of the sack containing the primordial
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germ: cells. The nuclei of these germ cells appear distinctly, but the
cell boundaries cannot be made out.  In spaces between the nuclei one
can see distinct vacuoles with a rim gome black due to osmication and a
clear central substance. These are the Golgi vacuoles. If, however, the
ovary is kept in 2 per cent. osmic acid for more than half an hour, these
vacuoles are blackened consideradbly and then appear solid. Such quick black-
ening in osmic acid unmistakably shows that their contents ave fatty. ‘The
number of these vacuoles is about three or four in each cell, as can be
determined more accurately by the study of fixed preparations, and they
are not closely aggregated in each cell. In Chrome-osmiwm and Mann-
Kopsch preparations they appear solid and black, but they can be easily
decolourised with xylol, or turpentine, after which they appear as clear
vacuoles.”’* In this explanation of his results it is not at all clear how the
rim- present in Golgi vacuoles after ten minutes of immersion in 2 per cént.
osmic acid could be easily decolourised in Chrome-osmium and Mann-
Kopsch preparations with turpentine or xylol. FEither the rim should be
an artefact, as entire reliance could not be placed on treatment of tissues
with 2 per cent. osmic acid, or he is dealing with inclusions which are
not Golgi hodies. My justification for the latter assertion is that if the
rim is fatty even in primordial germ cells and continues to be so, how is
it converted into the typical lipo-protein Golgi apparatus of the somatic
cells. The little work that has been done on dictyokinesis (Gatenby and
Ludford, 1921, T,udford, 1922 and Hirschler, 1918) and early developmental
stages at least demonstrate that the apparatus has its typical composition in
dividing cells 'as well as in segmenting stages. As such an interpretation
strikes at the root of our knowledge about the composition of the Golgi,
no worker on cytoplasmic inclusions having ever attributed to it a fatty
composition, it is difficult to understand the assertion of Nath. Because of
the presence of fat in the Golgi vesicles Nath considers Luciola a very
valuable material for the demonstration of the origin of fatty yolk
vacuoles - from - the Golgi vacuoles. It would be relevant here to
consider (1) how in Luciola these Golgi vacuoles give rise to fatty yolk
vacuoles, and (2) whether the Golgi element has anything to do with its
formation. In Text-Fig. 14 he represents a developing oocyte and
remarks that the Golgi vacuoles which are uniformly distributed have
increased in number and show a very distinct black rim and a clear
interior. In the highly developed oocyte the Golgi vacuoles are blackened.
But this is” all in oocytes which he studied after treatment with 2 per

* Ttalics mine,
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cent. osmic acid. In fixed preparations in Text-Fig. 5 he shows an ad-
vanced oocyte in which ““many of the Golgi elements have swollen up .
Their appearance seems to be solid and he further mentions that xylol
decolourises some of them (pp. 15, 16 and 17; Figs. on pages 20 and 11).
No mention of the decolourisation of the chromophobic part alone is men-
tioned and the reader is left in a dilemma whether to rely on the Mann-
Kopsch dnd other standard fixatives or on treatment of fresh eggs with
osmic acid. Anyway as Nath deduces the fatty nature from fixed
preparations it need only be understood that the rim as well as the
interior becomes fatty, rejecting of course his conclusions on fresh eggs
treated with 2 per cent. osmic acid.

Nath himself is doubtful as to when such Golgi vacuoles may be
called fatty yolk wvacuoles and to avoid such a confusion uses the term
Golgi vacuoles throughout. His final conclusion regarding the mode
of fatty yolk formation is that ‘the Golgi vacuoles simply grow in size
and give rise to fatty yolk vacuoles’.

Analysing these conclusions to elucidate the function of the Golgi
bodies, it will be seen that Nath has nothing new to offer. If the Golgi
vacuoles are fatty and simply grow in size one would like to know what the
Golgi has to do with the growth of the vacuole. It is merely like the growth
of a crystal or to put it more clearly, origin of fat from the cytoplasm. It
can be nothing but that, for there is no secretion and no transformation.

(¢) Golgi bodies remaining as a rim to the fatty yolk vacuoles even after
the completion of oogenesis—In Scolopendra (Nath and Hussain, 1929),
spider (Nath, 1929), Dysdercus (Bhandari and Nath, 1930) and Periplancia
(Nath and Mohan, 1929) the Golgi hodies contain a watery non-fatty fluid.
Fven in these he describes two different processes. It would be convenient
to consider first the case of Dysdercus cingulatus where the Golgi seem
to exist as such in the fully developed egg as Nath and collaborator
mention that even after Bouin fixation ‘‘the Golgi vesicles appear as

clear vacuoles surrounded by a corroded rim, especially in the advanced

oocytes where they have grown in size (Fig. 23)”’. The process described
by Nath is one of secretion of fatty yolk by the Golgi but he says
(p. 620), ““ It is impossible to have stronger evidence than that furnished
by the red cotton bug in favour of the theory of Nath that in the eggs
of the spider, Scolopendra and the cockroach the vacuolay non-fatty Golgs
vesicles of the youngest oocyte divectly give vise to wvacuolar fatty vyolk, tn
as much as in Dysdercus the Golgi vesicles are fatty even in the earliest
oogowia.”* As will be seen he makes no mention of secretion but on

* Jtalics mine,
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the other hand tries to correlate these results with those he obtained
in spider, Scolopendra and cockroach.

(d) Golgi bodies becoming comverted into Jfat in the final stages.—
Attention may now be directed to the process of fatty yolk formation
in the spider (1929). The Golgi elements are described as vacuoles with
a very sharp chromophilic rim and a central chromophobic substance
and their contents are supposed to be watery and non-fatty. The fatty
yolk vacuoles do not show any rim and according to him appear dull,
black and solid. When the Mann-Kopsch slides were treated with
turpentine the fatty yolk vacuoles appeared as clear vacuoles and he
refers the reader to Fig. 8. In describing Text-Iig. 11 also he remarks that
the decolourised fatty yolk appeared as clear vacuoles giving a frothy
appearance to the egg. In the case of Scolopendra he mentions (pp. 408,
409 and 411) that acid fuchsin tends to decolourise osmicated fatty
bodies and that in Mann-Kopsch slides stained with acid fuchsin the
fatty yolk vacuoles ‘“appear as colourless vacuoles without a sharp
black chromophilic rim of the Golgi vacuole ”. What apparently
happens in the two cases is that the Golgi itself is transformed.

Yet in his paper on the cockroach (1929) he observed : ““ In the spider,
Scolopendra and Luciola the Golgi vesicles enlarge considerably when
the egg grows, with the result that the membrane of the vesicle becomes
more and more attenuated. Pari passu with their growth, free fat, not
miscible with the general cytoplasm is deposited in the interior of these
vesicles.” As shown above, Nath’s accounts of fatty vyolk formation
in spider and Scolopendra clearly indicate a transformation and one
cannot understand how he can describe an attenuated rim in these cases.
In the cockroach also (Nath and Mohan, 1929) his description of the process
of fatty yolk formation is.one of transformation. The circum-nuclear ring
of Golgi vesicles—in his account of the oogenesis of the cockroach-—break
away from the nuclear membrane and the majority of these continue
to grow in size becoming more and more fatty till they assume huge
dimensions. In this process the rim, it appears, becomes attenuated.
In Kolatschev preparations treated with turpentine he records their
appearance as clear vacuoles of different sizes (pp. 267, 268 and 269).
Even here, his description is one of transformation as treatment of
Kolatschev material with turpentine suggests, and it is really difficult
to conceive of an attenuated rim existing in these before treatment with
turpentine. What Nath describes is apparently an optical illusion.

Further analysis of Nath’s work seems unnecessary, for he has mixed
up a number of processes to be included under his theory of fatty yolk
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formation. The above analysis of his papers will show that there is no
such thing as Nath’s theory which could be tested at least in some'cases.
An evidence for such a conclusion will be found in his conception of *fatty
yolk’ (p. 501, 1930). The term according to him is misleading because it
is not the case of a metamorphosis of a substance A into B ‘“ but a case of
a small vesicle simply eunlarging and storing up fat inside it’”’. One would
like to know whether the formation of fatty -volk from Golgi bodies in the
spider and Scolopendra is not the metamorphosis of a substance A into B.

Let us now turn our attention to another school of cytologists which
believes in the possibility of albuminous yolk arising in relation with the
apparatus. It would be well to consider Hogben’s theory (1921) before
entering into a discussion about the views of Harvey (1925, 1927, 1929, 1931a,
19315, 1931c) who may be taken as a representative of the school. The
reason for this course of procedure is dueé to the fact that Harvey has
accepted Hogben's hypothesis and tries to explain away all pheriomena in
that light. In justice to Hogben it should be admitted that he is only
concerned with = nuclear and nucleolar phenomena. His conclusions
regarding the mode of yolk formation are based on the work of other
writers like Gatenby, Hirschler and Hilarowicz.. The theory as postulated

by Hogben—‘ a very intricate inter-action of the metabolic functions of the

plasmosome, mitochondria and the Golgi apparatus, a hypothesis, which

while unifying the data, is perfectly compatible with the observed

transformation - of deutosomes (nuclear emissions), chondrioscmes and
dictyosomes in individual cases” —is based on the observations of
transformations and not on secretory or synthetic activity. Moreover,
Hogben and later Harvey consider only one aspect of the activity of the
Golgi, namely, yolk formation. Both the workers do not seem to have

taken into consideration the metabolic function suggested by Gatenby.

even before the publication of Hoghen’s paper. The theory does not also
include the observed transformations of mitochondria into . fat, nucleoli into
fat and the Golgi into fat. The theory as it stands represents only one
side of the question. Harvey finds the Golgi having no apparent function

in Tumbricus (1925-and 19314) and Hogben mentions similar experience.

of Gatenby and Hilarowicz. If, as Harvey admits, the apparatus is

concerned with the production of yolk spherules in Carcinus (1929) -and

Antedon (19318) surely in the earthworms which he has examined it should

have some function. The absence of any visible products need not in-

any way deter one from considering it as not active,

Reverting to Harvey’s elaboration of Hogben’s theory the ﬁrst refer-
ence to 1t is made in his paper on Carcinus moenas. . He observed yolk

et
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being deposited in the chromophobe part of the Golgi apparatus and con-
sidered the proteid yolk formation as a condensation into droplet form
by the Golgi of material synthesised by the mitochondria, the plasmosome
and the ground cytoplasm. This theory has been elaborated further in his
papers on Antedon and Asterias (19315 and 1931c) where he mentions that
in its widest application it will be found to fit practically. all cases.

_ Fat like yolk is of common occurrence in a large number of eggs and

Golgi bodies in cells of the germinal layer which transform into deutoplasmic
spheres do not have a composition different from that of the one in the
oocyte. Harvey seems to have overlooked the work of Cramer and Ludford
(1925) when he makes the statement “ The possibility that fat might arise in
some eggs in connection with the Golgi apparatus and not in others has
always appeared doubtful to me on theoretical grounds”; but when he
finds fat arising in relation with the Golgi in degenerating germinal cells
(19310) he considers the process a paradox and argues that there is no
conversion of the latter into fat until the cell has become so degenerate
as to have no cellular structure.

Bowen’s theory is not far different from that of Hogben or Harvey’s
except that he considers the Golgi as the synthetic centre. But both these
theories do not seem to have paid enough attention to the function of
Golgi bodies in ordinary cells as well as in eggs in which there is no depo-
sition of fat or yolk. Surely, the apparatus should have some definite
function in all cells and from the evidence available it is perfectly reasonable
to consider them as controllers of metabolism. In addition it appears
justifiable to conclude that in specialised cells they will have in addition
specialised functions.

Returning now to its function in oogenesis the author is fully convinced
that the primary function of the apparatus is the production of intra-
cellular enzymes and that yolk and fat are only secondary products result-
ing from the action of these enzymes. Such a hypothesis would explain
the cases where intimate contact is not ensured and also cases where the
products undergo further growth in other parts of the cytoplasm not
necessarily in relation with the apparatus. If it is admitted that the first
result of the activity of the Golgi is the production of intra-cellular enzymes
it becomes all the more reasonable why the first origin of these products
should be in contact with or in the immediate vicinity of the apparatus
owing to the fact that initiation of condensation is easier in the fountain-
head of these enzymes, whereas further growth may take place in other
regions. Such a hypothesis will also explain how these bodies exert their
influence in all parts of the cytoplasm. ‘
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One may enquire how this will throw light on the transformation of

Golgi into fat or yolk. The author would just refer to the phenomena
occurring in gland cells, especially the extrusion of a large porticn of the
apparatus at the end of secretion. In eggs such a process is replaced by
the conversion of the superfluous elements into fat or yolk but a conception
like that lays down clearly that nof all the Golgi elements are transformed.
Transformation, at least of part, and absorption have been noticed during
spermatogenesis (Gatenby and Wigoder, 1929) and there is no reason why in
an egg where there are numerous Golgi elements, a good number may not
be transformed as a measure of cellular economy. If in gland cells secre-
tions of various types could occur one may reasonably enquire why such a
process could not take place in oogenesis.

Finally is it not pfobable that neutral red vacuoles (Douglas, Duthie
and Gatenby, 1933) instead of being products of reaction of the cell to
neutral red may really be the visible expression of enzymes secreted by
the Golgi? (Vera Koehring, 1930 and 1931).

3. Mitochondria and Yolk Formation.—It has been mentioned that in
Clibanarius the mitochondria do not trausform into albuminous yolk but
remain as such, and that transformation of mitochondria into yolk should
be followed by histochemical changes. The majority of the mitochondria
of Salmacis transform into yolk and such a phenomenon is followed by
different reactions of these sphertles to fixatives and stains. I would like
to suggest from the evidence of the transformation of mitochondria
unaccompanied by any increase in size, that the mitochondria after all
are not the synthetic centres of yolk formation. The Golgi elements
plastered on to the mitochondria and persisting in a similar condition in
the yolk spherules seem to be the real agents responsible for such a
change. It does not appear to the author quite necessary to consider the
size as an important factor. The fact that the yolk spherules are not
bigge; than the mitochondria does not form a serious objection as the
composition of the spherules are more important than their size.

7. Summary.

1. Cytoplasmic phenomena during the oogeresis of Salmacis have been
worked out.

2. The mitochondria first become uniformly distributed throughout
the cytoplasm.

3. The nucleolus exhibits three definite periods of growth when it may
be extruded. Extrusion seems to be retarded by the attachment of
albuminous nutritive bodies. ‘

o
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4. The Golgi bodies while in the process of spreading come into rela-

tion with the mitochondria. Volk appears to be formed by a conversion of

the material of the mitochondria with further secretion by the ‘Golgi of
material derived from nucleolus and nutritive bodies.

5. Theories regarding the function of the Golgi apparatus in various
cells are discussed.

6. It is suggested that the primary function of the Golg1 bodies is
secretion of various intra-cellular enzymes visible or invisible and that the
secretory products like fat, yolk, acrosome, mucous, serous.and lipoid
granules are only secondary products resulting from the action of these
enzymes.

It is a great pleasure to acknowledge my indebtedness to Professor
R. Gopala Aiyar for his very active interest and help throughout this work.
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Oogenests of Salmacis Bicolor (A gasszs)

KEY TO LETTERING OF TEXT-FIGURES.

Albuminous nutritive spheres.

Outer epithelium of the gonadic tubule.
Dissolved portion of the nutritive spheres.
Golgi apparatus.

Golgi batonette,

(rolgi circum-nuclear concentration.

Golgi grains.

Golgi rim of the nutritive bodies,

Lipoidal nutritive spheres.

Mitochondria.

Nucleolus.

Oocyte wall.

Enlarged peripherally situated Golgi grains.
Yolk spherules.
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