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INTRODUCTION.

Harvey (1925) published a paper on the relation of the Mitochondria and Golgi
Apparatus to yolk-formation in the egg-cells of the common Earthworm, Lumbricus
terrestris. Gatenby and Nath (1926) published a paper on the oogenesis of certain Inver-
tebrata, with special reference to Lumbricus. These workers had been independently
studying the eggs of Lumbricus, the former at Dublin and the latter at Cambridge. Early
in the surmnmer of 1925 they met at Dublin and after an exchange of views decided to
publish a joint paper. Nath left for his home in June, and the figures and script were
prepared subsequently by Gatenby. Gatenby found ‘that the entire oogenesis of
Lumbricus is best worked out with unstained whole ovaries mounted in a little salt solution,
to which some 2 per cent OSO, has been added. Not only do the mitochondria show
clearly, but the Golgi element may be followed from its juxta-nuclear position until it
has divided into the numerous large granwules (italics ours) found in the adult oocyte
ready to drop off’ (p. 378). Again, ‘the adult oocyte, lying in the ovarian tag, ready
to drop off, contains many Golgi spherules (italics ours) and mitochondria, but no true
yolk-granules’ (p. 378). No nira vitam, or wet method, showed the presence of either
neutral fat or yolk. ‘The Golgi elements, however, are slightly osmiophile but do not
go black, nor do they go red in scarlet red or brown in Sudan II1’ (p. 387).

Nath (1930), working on the egg of Pheretima posthuma, recorded his extensive
observations on the fresh eggs of this common Indian species. Observations made on
the living ova revealed that the mitochondria ave granular in form.

Nath called attention to the excellent work of Foot and Strobell (1901), who had
"described, in the fresh egg of Allolobophora only two types of granules, namely, the ‘deuto-
plasmic’ or ‘osmiophile’ granules and the ‘archoplasmic’ or ‘yolk-nucleus’ granules, and
he homologised them with the Golgi elements and the mitochondria respectively.

The Golgi elements, according to Nath, did not at all stain with neutral red; nor did
this vital dye show any vacuolar system. .

Further, Nath emphasised the importance of observations made on fresh ovaries
treated with osmic acid and described the Golgi element as a vesicle with a definite osmio-
philic rim and osmiophobic interior. Experiments with the centrifuge revealed the
existence of only two types of inclusions, namely, the Golgi elements and the mito-
chondria. There is neither yolk nor any other type of inclusion. Fixed preparations
confirm these conclusions. .

O’Brien and Gatenby (1930), after having gone over the earthworm oogenesis again,
agreed ‘with practically everything’ Nath (1930) had written. However they found a
‘vacuolar system’ as well, although it did not seem possible ‘entirely to dismiss the
idea that these globules might be segregation vacuoles and not pre-existing structures’.
These vacuoles filled with neutral red dye are not related in any way with either the
Golgi elements or the mitochondria. The mitochondria, the neutral red globules, and the
Golgi elements can be seen side by side separately. It is to be noted that O’Brien and
Gatenby figure the Golgi elements as perfectly spherical bodies in the living cell. .

Weiner (1930), working on Allolobophora "calliginosa and Eisenia rosea, describes
(1) mitochondria in the form of threads, the granular form being an artifact, (2) Golgi
elements, (3) spherules of weak fat, and (4) neutral red-staining vacuoles.
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In 1931 Harvey returned to the subject of the Lumbricus egg and published a re-
statement. In this re-statement he revised his former results and admitted that the
mitochondria were granular, but they were filamentous also. He stated, in direct con-
tradiction to his earlier statement, that the Golgi bodies are in the form of curved rodlets
tapering towards each end and having a patch of sphere material on the concave side.
The rodlet only was visible in living cells, Harvey admitted ‘that, as Gatenby and Nath
(1926) have claimed, there is no true yolk in the eggs of earthworms’ (page 246). The
yolk-droplets which were reported by Harvey in 1925 to have been preserved in Carnoy
are now stated to consist of very weak fat, which arises de novo in the cytoplasm. This
fat gives a negative reaction to one fat test (Nile blue sulphate), a weak one to another
(Sudan I1I), and a positive one to another (Scharlach R). Lastly, Harvey described
neutral red-staining vacuome, which, however, ‘is a function of the cell’s reactions to
neutral red, and is not present in the unstained egg’. The vacuome ‘arises in close relation
to the Golgi apparatus, but in later phases of staining wanders away from it’ (page 254).

In 1933 Nath published a paper entitled ‘Microchemical Tests for Fats, Lipoids
and Vacuoles with special reference to Oogenesis’. In this paper he recorded his obser-
vations on the eggs of a large variety of animals including annelids (Pheretima). Fresh
ovaries of Pherettma were transferred directly into alcoholic solutions of Sudan III and
Scharlach R and kept there for varying periods. Nothing whatsoever in the oogonia
or in the oocytes of any stage is tinged even slightly by these dyes. The Golgi spherules
are slightly corroded, but they still appear as dark greyish vesicles as in the fresh material.
After fixation in formalin and treatment with Sudan IIT and Scharlach R for varying
periods exactly the same result was obtained, except that the Golgi spherules were not
corroded. The period of immersion in Scharlach R was extended to a fortnight, but
the Golgi spherules remained absolutely unaffected by the stain.

The most recent paper is by Norminton (1937), who ultra-centrifuged the eggs of
Lumbricus terrestris. She arrived at the following conclusions:—

The ultra-centrifuged cell becomes stratified into four layers: fat, cytoplasm containing the nucleus
and Golgi bodies, mitochondria, and a clear substance. The fairly large spherical, greyish bodies
seen in the living oocytes of Lumbricus are fat, not Golgi bodies. This fat contains cholesterol. The
Golgi bodies are slightly curved, or straight rods, found, in the ultra-centrifuged cell, in a layer placed

centrifugally to the nucleus. The neutral-red granules are artifacts. The mitochondria are granular
and may get aligned into chains. The heaviest substance in the cell is probably a fluid.

A perusal of the literature on the cytology of the earthworm egg quoted above will
certainly leave the reader in a confused state of mind. In view of the wide divergence
in conclusions arrived at by different workers, one of us (C. L. Bhatia) in 1938 undertook a’
prolonged and exhaustive study of the earthworm egg with the object of removing the
existing confusion. Eggs of Pheretima posthuma were centrifuged with an electric centri-
fuge at full speed at the rate of 3,000 revolutions per minute for about one hour. This
gave nearly the same stratification as obtained by Norminton (1937) with the ultra-
centrifuge.

All preparations made by one of us (C.L.B.) were studied jointly by both of us. The
figures were drawn by Bhatia. The work has been carried out at intervals for nearly
five years; and, if we now release it for the press, we do so with the conviction that it will
clear away the existing confusion.

TECHNIQUE.

In addition to extensive observations on the fresh oocytes, the following technique
was employed :—

1. Kolatchew method.—After initial fixation in Champy’s fluid for 24 hours, the
material was washed in running water for the same period, and then transferred to glass
stoppered capsules containing 29, Osmic acid at 35°C. or 36°C. for a period varying between
3 days and 20 hours to 4 days. The material was then washed in running water for
about 4 hours, dehydrated, cleared in Cedarwood oil and embedded. The sections were
cut at 5p and mounted in Canada balsam.

2. Da Fano’s Cobalt Nitrate Modification.—The material was fixed for 6 hours,
washed quickly in distilled water and then transferred to 1:59, Silver Nitrate for 46 to
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48 hours in the dark. After quick washing in distilled water the material was placed
in Cajal’s Hydroquinone formalin mixture for 20 to 24 hours, washed in distilled water,
upgraded, cleared and embedded.

3. Champy and -5%, Iron Haematorylin.—The material was fixed in Champy's
fluid for 24 hours, washed in running water for 24 hours, and then upgraded, cleared and
embedded. The sections were stained in -59, Fe-Haematoxylin. Some sections, however,
were mounted unstained. Besides this some ovaries, after fixation in Champy’s fluid,
were directly mounted in either glycerine or Canada balsam.

4. Bouin-Haematoxylin.—The ovaries were fixed in Bouin’s fluid for } hour to 2}
hours and the sections were stained in -59, Fe-Haematoxylin.

5. Sudan 1V (B.D.H.) was employed according to the method recommended by Kay
and Whitehead (1935).

OBSERVATIONS.

It is convenient and profitable to record our observations under different techniques
we have employed.

Fresh oocytes.

At the very outset we wish to stress the importance of studying fresh ovaries in a
dark room in artificial light. The ovary is mounted in & drop of normal saline, and as
the cells gradually flatten out, the visibility of the cell granulations greatly improves.

Text-fig. 1 represents a fresh oocyte. The cytoplasm contains a large number of
highly refractile spherules of a dark-greyish colour spread out more or less uniformly

Texr-ric. 1. Fresh Oocyte. x 1320.

Explanation of lettering for this and subsequent figures:—G=Golgi' element; G’=Modified
Golgi element; H=Heavy substance; M=Mitochondria; N=Nucleus; n=Nucleolus; X =" Rods
formed by the alignment of Golgi granules. Further explanation of figures will be found in the text,

6
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throughout the cell. The use of oil immersion objective very clearly reveals that, in size,
these spherules range from a minute granule to a spherule as large as 5 micra in diameter.
All these spherules are the Golgi elements (G), although the larger ones differ markedly
from the smaller ones hoth in their chemistry and physical state (vide snfra). The mito-
chondria are not easy to see, unless they are collected in patches, as they are in younger
oocytes. They occur in the form of very small, whitish granules with a refractive index
mduch lower than that of the Golgi elements.

The very much smaller size of the mitochondrial granules, their lower refractive
index, and their whitish appearance as compared with the dark-greyish colour of the
Golgi spherules, are factors which preclude any possibility of confusion between these
two kinds of cytoplasmic inclusions.

We wish to record what we consider a very important observation, viz.; that small
round highly refractile Golgi elements of a dark-greyish colour, exactly similar to those
found in oocytes, can be observed with the utmost ease in the follicular epithelium sur-
rounding the oocytes.

Centrifuged ovarees.

When ovaries are centrifuged at the rate of 3,000 revolutions per minute for about
one hour, we invariably obtaincd three well-defined strata. A heavy cytoplasmic
substance devoid of any structure is thrown towards the centrifugal pole, as indicated by

TexT-F16. 2. Microphotographs of fresh oocytes. @ and & photographed with Leitz 6L
objective and ocular 10 X; “camera extension eight inches. ¢ is part of a fresh oocyte photographed
with Leitz 1/12 oil immersion objective and ocular 10 X ; camera extension eight inches. All the
photographs are absolutely untouched.

the position of the nucleolus. Towards the opposite centripetal pole are aggregated the
larger Golgi spherules. The middle area is occupied by the smaller Golgi granules and the
mitochondria along with the nucleus, which invariably touches the centripetally arranged
larger Golgi spherules.

6B
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Champy unstained Preparations.

When centrifuged ovaries fixed in Champy are mounted whole in glycerine (Text-
fig. 3a), the heavy substance (H) appears towards the centrifugal pole. The mitochondria
(M) appear as yellowish granules occupying the middle area. The larger Golgi spherules
occupy the centripetal pole and the smaller ones the middle area. All the Golgi elements
(G and G') are blackened; and, it is important to note, that the smaller Golgi elements
of the middle area are continuous into the large ones of the centripetal pole.

h~__

Texr-ri¢. 3. Chammpy Unstained Preparations. o, X 11005 b, X 1100; ¢, x 480,

When sections of Champy-fixed ovaries are mounted in Canada halsam, a totally
different picture is obtained, so far as the Golgi elements are concerned. Those occupying
the centripetal pole (G') are decolorised by xylol and appear as vacuoles, each vacuole
showing a membrane surrounding it. But the Golgi elements of the middle area (G)
still remain as dark granules, which are very clearly seen against the yellowish back-
ground provided by the mitochondria (text-fig. 3b). ' _

Text-fig. 36 has been drawn four years after the slide was prepared and the Golgg
granules occupying the middle area are still dark. Indeed this blackening of the Golgi
elements in Champy may not be removed even after the lapse of 15 years (text-fig. 3c).
This figure has been drawn from a slide prepared by one of us (V.N.) 15 years ago.

m H

Text-ria. 4. Centrifuged oocyte stained with Sudan IV (B.D.H.). x1320.
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Sudan IV Method.

Centrifuged oocytes are stained with Sudan IV (B.D.H.) according to the method
recommended by Kay and Whitehead (1935). This method has been employed by Nor-
minton (1937) in the case of Lumbricus oocytes, which, it is important to note, were not
centrifuged. Text-fig. 4 represents a centrifuged oocyte stained with Sudan IV. The
larger Golgi spherules at the centripetal pole stain red with Sudan IV. At the opposite
centrifugal pole, as indicated by the position of the nucleolus, is the clear structureless
heavy substance. The intermediate area consists of very minute mitochondrial granules
and bigger dark-greyish granules, which are the unmodified Golgi elements.

Da Fano’s Silver Nitrate Method.

Da Fano’s silver nitrate technique has given us excellent pictures of the Golgi elements.
Text-fig. 5 represents oocytes in different stages of development fixed according to this
technique. At H is the heavy substance, which, as a rule, is structureless. In a few
cases, however, the heavy substance may show, in certain parts at least, a honey-combed
structure (text-fig. 5¢). At the centripetal pole are to be found the larger Golgi spherules
in the form of vacuoles, The middle area consists of minute, granular mitochondria (M),
which appear golden, and the unmodified Golgi elements (G). These last appear either
in the form of perfectly round jet-black granules, or vesicles, each vesicle showing a strongly
argentophilic rim and a central argentophobic area.

Texr-r1e. 5. Centrifuged oocytes fixed according to Da Fano's Silver Nitrate Method. x 1140.

In this technique the Golgi elements have never appeared in the form of rods in our
preparations. We may also record that oogonia and very young oocytes are generally
not well fixed in this technique.

It may also be noted that in some oocytes (text-fig. 5b) a few vacuoles may lie in the
middle stratum.

Kolatchew Preparations.

The earthworm ovary is well known to be a very refractory material so far as fixation
is concerned, and Kolatchew’s method, involving as it does, prolonged osmication at a
temperature higher than that of the atmosphere, makes this material brittle. Consequently
artifacts frequently appear in sections prepared by this method. Nevertheless it is
possible to obtain correct pictures of the Golgi elements in many oocytes.

Text-fig. 6(zy, az and ag) represents three very young oocytes fixed according to the
Kolatchew technique. In 6a, the Golgi elements are seen in the form of perfectly round
granules, which have gone jet-black in osmic acid. In 6a, there is a larger number of
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Golgi elements, but most of them seem to have undergone a change in their chemistry
and physical state as shown by their rapid decolorisation by xylol, thus appearing as
vacuoles. In 6ag the Colgi elements appear as vesicles, each vesicle showing an osmio-
philic rinll, and an osmiophobic central substance, the modified Golgi elements appearing
as vacuoles,

TexT-¥16. 6. Oocytes as seen in Kolatchew Preparations. x 1520.

a. Three very young oocytes; b. Three young oocytes; c¢. and d. Large oocytes.

Text-fig. 6(by, b and bs) represents three young oocytes, in which the Golgi elements
appear either as granules or as vesicles. The modified Golgi elements appear as vacuoles,
as in text-fig. 6(a¢; and a3).

It may be noted that the young oocytes drawn in text-fig. 6(a; to ag and b; to bs)
are from centrifuged ovaries, but no stratification is observed in either.

Stratification, however, is marked in larger cocytes (text-fig. 6(c and d)). In both
these figures the heavy substance is definitely honey-combed, the modified Golgi spherules
arranged mostly at the centripetal pole appear as vacuoles, and the intermediate area
is occupied by the yellowish mitochondria and the unmodified Golgi elements. These
last appear either as jet-black granules or as vesicles, each vesicle showing an osmiophilic
rim and a central osmiophobic substance. It may be noted that a few vacuoles may also
lie in the intermediate area.

Champy Preparations Stained with *5%, Haematoxylin.

Text-fig. 7 represents two oogonia (@, and a,) and one very young oocyte (ag). The
Golgi elements appear as black-blue granules, but the modified Golgi elements appear as
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vacuoles as in Da Fano and Kolatchew preparations described above. It may be noted

that text-fig. 7 is drawn from the centrifuged material, but no stratification is observed.

3

G

TexT-F1¢. 7. Oogonia and oocytes in various stages of development as seen in Champy
Preparations stained with 59 haematoxylin. x 1520,

a. Two oogonia and one very young oocyte; b. Middle-sized oocyte ; c¢. Large oocyte.

Text-fig. 7b represents a middle-sized oocyte, in which the usual stratification has
taken place. The Golgi elements appear generally as black-blue granules, hut sometimes

G

G

TEXT-FIG. 8. Oocytes in various stages of development as seen in Bouin’s Preparations stained
with '5% haematuayiin. X 1900.
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they appear as vesicles, each vesicle showing a chromophilic rim and a central chromo-
phobic area.

Text-fig. 7c represents a larger oocyte. A part only of the heavy substance is cut,
and the nucleolus is pulled out of the nucleus.

Bouin Preparations Stained with *5%, Haematoxylin.

Strange as it would appear, the unmodified Golgi elements stain most brilliantly
in sections of ovaries fixed in Bouin’s fluid and stained with ‘5%, haematoxylin, the
modified ones appearing as vacuoles. In all Bouin preparations (text-fie. 8) the Golgi
elements appear as brilliantly stained black and perfectly round granules, showing no
traces whatsoever of any mutilation or distortion. The heavy substance may appear
struetureless or honeyv-combed (text-fig. 86). Lastly, it may be noted that in this technique
the Golgi elements never show a duplex structure, as the granules are intensely stained.

DISCUSSION.

To sum up: The cytoplasm of the oocytes of Pheretima contains (1) a heavy, structure-
less substance, which is thrown towards the centrifugal pole, (2) granular mitochondria,
which occupy the intermediate layer, (3) Golgi granules which also occupy the intermediate
layer, and (4) large Sudan TV staining Golgi spherules, which are arranged at the centripetal
pole. These last differ markedly from the initial Golgi granules of the intermediate layer
both in their chemistry and physical state.

Norminton (1837), working with the ultra-centrifuge, likewise describes four substances
in the cytoplasm of the oocytes of Lumbricis terrestris, but they are arranged in four
strata instead of three (see Tntrodnction).

Heavy Substance.

We agree with Norminton that the heaviest substance in the egg of the earthworm
is probably a fluid, which, therefore, occupies the centrifugal pole. This fluid substance
is structureless, but it may appear honey-combed in certain preparations (sce Ohserva-
tions), Norminton segregated this substance towards the centrifugal pole of the egg
by means of the ultra-centrifnge. hut the ultra-centrifuge, as we have already shown,
is certainly not indispensable for this purpose.

Mitochondria.

Harvey (1925) described the mitochondria in the egg of Lumbricus as heing thread-
like. Nath (1930), on the contrary, described the mitochondria in Pherefima as definitely
granular, both in the oogonia and the oocytes, thus confirming the observations of Gatenby
and Nath (1926) on Lumbricus. Nath further homologised the mitochondrial granules
with the ‘yolk-nucleus’ granules and the ‘archoplasmic’ granules of Calkins (1895) and
Foot and Strobell (1901) respectively; and he suggested that Harvey’s mitochondrial
‘threads’ were formed by the artificial alignment of granules. In his revised work on
the Lumbricus egg Harvey (1931) admitted that the mitochondria were granular, but he
insisted that some were filamentous in form. :

Norminton (1937) supports Nath and describes mitochondria as granules in the living,
unstained egg of Lumbricus. She agrees with Nath that mitochondrial threads are
abnormal, and they are really formed by the alignment of granules in certain preparations.

Golgi Elements.

Norminton (1937) describes the Golgi elements as slightly curved, or straight rods,
found, in the ultra-centrifuged cell, in a layer placed centrifugally to the Sudan IV staining
spherules, which occupy the centripetal pole. These latter she considers as droplets of
“very weak’ fat, containing cholesterol and having no connection with the Golgi bodies.
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We agree with Norminton that there are in the egg of the earthworm Sudan IV staining
spherules, but we disagree in every other respect. We are convinced that the Golgi
elements are in the form of granules, some of which grow into the larger Sudan TV staining
spherules. In this process of growth they retain their rounded form in spite of marked
changes in their chemistry and physical state.

Luckily the earthworm ovary is an ideal object for studying the Golgi elements in
the living state. This was emphasised by Gatenby and Nath (1926). Referring to
Lumbricus Gatenby states: ‘This ovary is ideal material for observing the unchanged
mitochondria and Golgi elements infra vitam, and can be recommended for classes of
medical students’ (page 388). Further Gatenby describes the Golgi elements in this
material as ‘granules’ and ‘spherules’ (page 378). Nath (1930) confirmed Gatenby
and described the Golgi elements in Pheretima posthuma as ‘highly refractile spherules
of & dark-greyish colour’. Harvey (1925) likewise described the Golgi elements of
Lumbricus egg as ‘spheroids’ and not as rods. But in his revised paper in 1931 Harvey
describes them as rods and not as spheroids; and so does Norminton (1937), who worked
with the ultra-centrifuge under the supervision of Professor Gatenby at Dublin,

Prolonged and intensive study of the fresh oocytes in a dark room under the oil
immersion objective has convinced us that the Golgi elements of the earthworm egg are
not rods. They are in the form of small granules which grow into the Sudan 1V staining
spherules. The Golgi granules can be very easily seen as refractile bodies of a dark-
greyish colour spread more or less uniformly throughout the cytoplasm. They grow
into the Sudan 1V staining spherules, the biggest sometimes measuring as many as 5 micra
in diameter. Between the largest Sudan IV staining spherule and the smallest Golgi
granule there are spherules of all sizes. They all look alike and they stand out prominently
in the fresh oocyles as refractile dark-greyish bodies. Indeed in living oocytes there is no
way to tell a Golgi granule from the Sudan IV staining spherule.

However, when post-mortem changes have set in, the small Golgi granules may
align themselves and form rods, but a critical examination at once shows that the ‘rods’
are formed by the alighment of granules (Text-fig. 1). It is these ‘rods’, we are convinced,
which have been photographed by Harvey (1931). Similar alignment of mitochondrial
granules has misled Harvey to regard the mitochondria as filamentous. In micro-
photography aligned granules will often appear as ‘rods’ in the finished photograph.
Our belief that Harvey describes artifacts as ‘rods’ is further strengthened by (1) the
complete absence of ‘rods’ in his darkground microphotograph (Plate I1, fig. 4), in which
neither the mitochondrial granules nor the Golgi granules have appeared, and (2) the
only microphotograph (Plate I, fig. 1) showing a few ‘rods’ (only three) clearly is of an
admittedly dead cell in which the cytoplasmic inclusions have begun to move about and
run into each other. A glance at the latter microphotograph of Harvey will make our
meaning clear and show how ‘rods’ have been formed.

An examination of our own microphotographs of fresh oocytes will make our meaning
still clearer. In all the three oocytes which we have photographed (Text-fig. 2) ‘rods’
and ‘crescents’ have appeared at several places marked X. But a-critical examination
of some of these ‘rods’ as shown at X’ makes it at once clear that these structures have
been formed by the alignment of small Golgi granules.

Harvey (1931) admits that he has ‘found it extremely difficult to be certain of the
Golgi apparatus in the very earliest oocytes and the oogonia’. Indeed this is natural
because the Golgi granules are so few in these cells that their alignment is not possible to
produce ‘rods’ artificially.

We, therefore, repeat that the Golgi elements of the earthworm egg are granular
and not rod-like. These tiny vesicles can be seen even in the follicular epithelial cells
investing the oocyte as refractile dark-greyish bodies exactly similar to those found in
the living oocytes and similarly reacting to various fixatives and stains we have employed.
They are intensely blackened in Da Fano and Kolatchew like the classical Golgi apparatus,
and it is impossible to interpret them, for these and other reasons, as droplets of fat.
Nor do they stain with Sudan IV or indeed with any fat stain. Lastly, on theoretical
grounds also we should not expect fat, which is an admittedly deutoplasmic substance,
in the follicular epithelial cells, We consider these observations of the highest importance, *
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and we cannot but interpret the Golgi ‘rods’ photographed by Harvey as aligned granules
in admittedly dead oocytes.

For similar reasons, indeed for reasons which are even stronger, we must interpret
the Golgi ‘rods’ of Norminton (1937) as aligned granules. Norminton, who worked with
the ultra-centrifuge, found that to collect the Golgi bodies ‘a greater pressure was needed
than that required to separate out the other inclusions’. By employing a pressure of 10 Ib.
per square inch, calculated to give a centrifugal force of about 40,000 times gravity she
separated the Golgi bodies into a narrow stratum placed centrifugally to the Sudan IV
staining bodies collected at the centripetal pole. At this terrific speed, it is easy to
understand, the closely packed Golgi granules will aligh themselves and will certainly
appear like ‘rods’ in Da Fano and Kolatchew techniques, which involve heavy precipita-
tion of metallic silver and osmium respectively on the surface of the granules.

The ultra-centrifuge is certainly a useful instrument for separating the cytoplasmic
inclusions into different strata according to their specific gravity, but in some other
respects it is utterly worthless. It damages the cell so atrociously that the cytoplasmic
inclusions and the nucleus lose their normal form. Witness the work of Singh and Boyle
(1938) on the vitellogenesis of the stickleback Gasterosteus aculeatus investigated by the
ultra-centrifuge! A glance at their text-fig. 1 will convince the most casual reader that
the Golgi ‘rods’ have been formed by the alignment of granules. Not only the Sudan
IV staining fat but even the albuminous yolk bodies, which always have a firm consistency,
have lost their rounded form. Lastly, the nucleus has completely broken down and the
nucleoli are mixed up with other inclusions !

It is impossible to lay too much emphasis on the fact that silver and osmium tech-
nigues frequently produce artifacts, which have misled many a worker. The senior author
has always looked with scepticism on accounts describing the Golgi element as a dictyosome
or a rod; and some excellent preparations by Gian Chand of the spermatocytes and sper-
matids of Cavia made with F.W.A. and -59, haematoxylin in this laboratory have clearly
demonstrated that the large dictyosomes figured by Gatenby and Woodger (1921) at the
periphery of the idiosome are indeed artifacts. The real form of the Golgi elements in
this material is granular, but the granules are so much over-crowded at the periphery of
the idiosomic body that they appear as dictyosomes in the Cajal and Mann-Kopsch tech-
niques employed by Gatenby and Woodger. Indeed Meves (1899) in his classical work on
this material actually figures granules (and not rods) in the idiosomic body. Similarly,
Bell (1929), working on the spermatid of the dog with a new technique, demonstrated
small osmiophile granules embedded in the idiosome, which are ‘undoubtedly the homologue
of the Golgi apparatus described for the guinea-pig by Gatenby and Woodger ('21), but at
no time do they assume a crescentic shape like those of Cavia’.

In our fixed preparations also we see the Golgi elements as granules; and if rarely we
have come across ‘rods’ there is clear evidence that they are formed by the alignment
of granules. In our Da Fano, Champy (both unstained and stained with -59%, haematoxy-
lin), Bouin and the majority of Kolatchew preparations we have never seen ‘rods’. Ina
few Kolatchew preparations ‘rods’ may appear, and when they do there is evidence that
they are formed by the alignment of granules. It is impossible that, apart from the
complete absence of Golgi ‘rods’ in the fresh oocytes, every technique that we have
employed should so distort the rod as to make it appear invariably as a perfectly round

ranule.
¢ And then witness the classical work of Foot and Strobell (1901) on the egg of Allolo-
bophora foetida ! They have described in this egg two types of granules, viz., the archo-
plasmic granules, corresponding to the yolk-nucleus granules of Calkins (1895) and the
osmiophile granules, Gatenby and Nath (1926) and Nath (1930) homologised the former
type of granules with the mitochondria and the latter with the Golgi. )

Foot and Strobell have published a very large number of photographs, showing
osmiophile granules in the ovarian eggs—from the smallest cells near the proximal end of
the ovary to the large oocytes at the distal end of the ovary. When using a fixative not
containing osmic acid, the ovaries after fixation were always put in this acid for a few
minutes in order to blacken the osmiophile granules. These granules are sharply differen-
tiated in the unstained preparations, as no other structure in the cell shows this reaction
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to the osmic. As most of the fixatives used by Foot and Strobell contained acetic acid
or some other fat solvent, fat could not have been preserved in their preparations—the
irresistible conclusion being that they never saw fat, and further the osmiophile granules des-
cribed by them are the Golgi elements. Even when Foot and Strobell used fixatives like
formalin followed by osmic acid, the osmicated fat was completely decolorised by the
subsequent action of xylol and appeared as vacuoles, as after fixatives containing fat
solvents. These tiny, delicate, colourless vacuoles, giving a negative picture of fat, were
completely missed in sections of uncentrifuged oocytes by Foot and Strobell (1901),
Harvey (1925), Gatenby and Nath (1926) and Nath (1930). Attention was called for the
first time to these vacuoles by Weiner (1930) and subsequently they were referred to by
Harvey (1931) and very clearly demonstrated by Norminton (1937) by means of the
ultra-centrifuge.

Foot and Strobell also show the osmiophile granules in the large and capillary spaces
between the oocytes, which have been traced to the degenerating oocytes, in the membrane
or capillary space within the membrane surrounding the eggs, and in the follicular epithe-
lial cells around the ovary. The osmiophile granules in the last-named cannot represent
fat, even if fat can be expected to exist in such cells, as fat must appear in the form of
vacuoles in these cells as in oocytes, the obvious conclusion being that they are the Golgi
elements.

Tt is remarkable that the Golgi elements of the egg of earthworm are not washed out
by acetic acid, alcohol or other lipoid solvents as demonstrated by Foot and Strobell
more than forty years ago. Indeed in our Bouin preparations (fixation § to 21 hours)
of centrifuged oocytes they are seen as perfectly round granules which have stained sharply
 with iron-haematoxylin; and it is greatly to be regretted that Norminton (1937) never
made such control preparations in spite of the statement of Nath (1930) that the Golgi
elements are not washed out in fixatives containing acetic acid. If Norminton had
prepared these control preparations she would have reached different conclusions with
regard to the chemistry and form of the Golgi elements.

Add to this the description of Harvey (1925) of what he called ‘yolk-droplets’.
According to Harvey ‘a fair amount of yolk is present in the developing eggs of Lum-
bricus as quite large droplets. Although not universally present in the oogonial and young
oocyte stages, yet these droplets are to he found in all the stages, and it is significant
that they are present in the yvoung cogonium hefore the mitochondrial cap can be detected
with certainty’ (pp. 299 and 300). Again, ‘they do not go red in Champy-Kull or Bensley-
Cowdry, they are yellowish or brownish in most chrome-osmium preparations, are easily
decolorised by turpentine after Mann-Kopsch, do not disappear after Carnoy fixation,
ete.” (p. 297, italics ours). Having thus described ‘yolk-droplets’, which as pointed out
by Nath (1930) are really the Golgi elements, it is strange that in his revised paper Harvey
(1931) interprets them as fat droplets. To quote him: ‘T am now prepared to admit that,
as Gatenby and Nath (1926) have claimed, there is no true yolk in the eggs of earth-
worms. The material which, for want of a better word, 1 had desighated as yolk proves
to be a very weak fat, as shown by Weiner (1930) (p. 246). Keeping in view the des-
cription of ‘volk-droplets’ given by Harvey (1925) according to which they do not disappear
even after Carnoy fixation he cannot interpret them as fat, as fat according to Harvey
himself (1931), Weiner (1930) and Norminton (1937) appears as delicate, colourless vacuoles
in all the fixatives employed by Harvey in 1925.

It is, therefore, plain that the ‘yolk-droplets’ described by Harvey in his preparations
in 1925 are really the Golgi elements; and it is to be noted that they have been figured
as perfectly round bodies by him and not as ‘rods’. Harvey’s original description, there-
fore, of the Golgi elements as ‘little platelets or spheroids’ was absolutely correct.

Harvey (1931) makes contradictory statements in the same paper, and it is difficult
to follow him. On page 240 he says: ‘That there is material of special properties, “sphere
substance”, associated with the Golgi bodies can only be demonstrated after fixing and
staining with iron haematoxylin, when the Golgi elements appear as dark blue rodlets each
with a patch of grey material on the concave side (Texi-fig. 5). This appearance can be
obtained after any of the recognized chrome-osmium fixatives (Champy, Flemming-without-
acetic, efc.) . . . . (italies ours), And yet on page 248 he says: ‘In the fixed cell the
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Golgi bodies are easily seen both after silver and osmic impregnation methods and in
chrome osmium and iron haematoxylin preparations as ring- or plate-like bodies of dual struc-
ture . . . .. > (italics ours). We are convinced that the Golgi ‘rodlet’ with its ‘sphere
substance’ merely represents the optical section of a vesicle with a thick chromophilic
cortex and a chromophobic core, as pointed out by Nath (1930). Indeed Harvey (1927)
himself described hollow spherical Golgi elements in the eggs of Ciona intestinalis and
interpreted the Golgi rings or half rings described earlier by Hirschler (1917) as optical
sections of spherules, etc.

In a colloid the suspended particles—particularly of fatty substances not miscible
with water, of which the Golgi apparatus and the mitochondria are universally helieved to
consist of—must tend to have a spherical form; and it is incredible that ‘long crescent-
shaped bodies, thicker in the centre, and tapering towards each end’ (which is the des-
cription of the Golgi bodies given by Normiuton in 1937) conld be found suspended in
the medium of dispersion.

Sudan IV Staining Bodies.

It has already been pointed that when fresh cocyvtes towards the distal end of the
ovary are studied in a dark room in artificial light with oil immersion objective, there
are seen a large number of highly refractile dark-grevish spherules spread nniformly
throughout the cytoplasm (Text-fig. 1). In size these spherules range from the smallest
granule to bodies as large as 5 micra in diameter. Gatenhy and Nath (1926) and
Nath (1930) labelled all these spherules as the Golgi elements. Gatenby had emploved
scarlet red and Sudan IIT and had discovered that they do not go red or hrown in these
fat stains, which were then in vogue.

In the living oocytes all these spherules look alike, standing out prominently as
highly refractile dark-greyish bodies. Similarly, in Champy unstained preparations of
centrifuged oocytes mounted in glycerine they are all blackened and look exactly alike as
perfectly round bodies, the small ones occupying the intermediate layer being continuous
into the larger ones at the centripetal pole (Text-fig. 3a). Nevertheless these spherules,
small and big, do not look alike in certain preparations mounted in Canada balsam (see
Observations).

Norminton (1937) succeeded in staining these larger spherules at the centripetal
pole red with Sudan IV, which had been recently recommended by Kay and Whitehead
(1935). We have confirmed this observation of Norminton, who concludes that these
spherules consist of ‘very weak’ fat containing cholesterol,

Norminton (1937) erroneously states that Nath (1930) did not employ any fat tests
except osmic acid (page 481). She may refer to Nath’s paper published in 1933 in which
he recorded his experiments with Sudan IIT and Scharlach R, which he had employed
in a large number of eggs including those of Pheretima. Nath records his complete failure
to stain these spherules with Sudan III and Scharlach R even slightly in spite of his
repeated efforts—a conclusion which is in complete harmony with that of Gatenby, who
used these fat stains in the case of Lumbricus. Indeed these experiments of Nath were
inspired by Harvey’s paper on Lumbricus published in 1931 (see Introduction).

One of us (C.L.B.) has repeated these experiments with Scharlach R and Sudan I11
on the egg of Pheretima with completely negative results, thus confirming Gatenby and
Nath (1926) and Nath (1933). We are unable, therefore, to accept Harvey’s statement
(1931) that these spherules are deep scarlet after Scharlach R.

Tt is greatly to be regretted that Norminton (1937) did not use Sudan IIT and Scharlach
R, although she says that ‘treatment of the ovaries with Nile Blue Sulphate stained the
globules so weakly that the test was not considered to be significant’ (page 478).

By employing Schultz cholesterol test Norminton (1937) has made a useful contribu-
tion to cytology in discovering cholesterol in the Sudan IV staining globules, which,
according to her, consist of ‘very weak’ fat. But in her anxiety to prove the de novo
origin of fat, which is diametrically opposite to the Golgi origin of fat preached by Nath
and the Gatenby School for nearly 20 years, Norminton seems to have forgotten that
cholesterol is a lipide belonging to the sterolipide or steroid group.
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The plain fact is that our microchemical technique is hopelessly inadequate to
ascertain the chemistry of fatty substances, and we can at best skim over the surface of
the problem. ‘Fat in the restricted sense denotes glyceryl esters of fatty acids, com-
pounds referred to also as neutral fats or true fats. Lipoid in the restricted sense may denote
either (1) fatty substances exclusive of neutral fats or (2) fatty substances containing
nitrogen’ (Kay and Whitehead, 1937). But ‘in the tissues the various groups of fatty
substances are mixed, so that one globule may contain two or three different substances. The
various substances may then form a special kind of colloidal solution, which modifies
their physical state and alters their staining reaction completely’ (Cramer and Gatenby,
1928). For example, Cholesterin by itself does not stain with Sudan, but Cholesterin-
fatty acid mixtures react positively to this dye. Lastly, we must remember that staining
of fat with Sudan, Scharlach R, etc. is a purely physical process and does not involve
any chemical reaction. And, since lipoids resemble true fats in their physical properties,
it should be possible to stain some lipoids or mixtures of lipoids and true fats with these
stains. Indeed it is already known that cholesterin esters react positively to Sudan,
and Whitehead (1935) reports that the lipoid in the cortex of the suprarenal of the
rabbit stains strong red.

Keeping in view all the facts mentioned above it is easy to understand the statement
of Kay and Whitehead (1937) that ‘it is impossible by any stain to establish chemical
distinctions between various kinds of fatty substances; the only methods that can now
be recognised as differential are not stains but chemical tests, and those that are generally
accepted are exclusively for sterols and their esters’.

In the earthworm egg our observations.seem to warrant the following conclusions.
To begin with the Golgi granule seems to be made up of a thick cortical part consisting of
phospholipides linked with proteins and a very small core consisting of fats or lipoids or
both. On account of these proteins in the thick cortical part, the Golgi granule resists
solubility in acetic acid and alcohol, and does not stain with Sudan IV. With the growth
of the oocyte the Golgi granules also grow, and during their growth they get shorn of
their protein constituents. Consequently, the cortex of the Golgi vesicle is greatly attenu-
ated. The large spherule thus formed differs markedly from the initial Golgi granule
as shown by its stainability with Sudan IV and its almost complete solubility in acetic
acid.

It has already been stated that the Sudan IV staining spherules of the earthworm egg
completely fail to stain in Nile blue sulphate, Sudan IIT and Scharlach R. They cannot
therefore be considered as spherules consisting of free unsaturated fats only like the
fatty yolk of Rita, Ophiocephalus, Rana, Emyda, Gallus, Luciola, Periplaneta, Palaemon
and Paratelphusa, which stains brilliantly in Sudan IIT and Scharlach R (Nath, 1933).
On the contrary, these spherules of the earthworm egg seem to contain fat, which forms
the medium of dispersion, in which the molecules of lipoidal substances such as cholesterol
and phospholipides are also dispersed. Hence their reaction to Nile blue sulphate, Sudan
IIT and Scharlach R is completely negative; and they can be stained only with Sudan IV,
which is said to be a more satisfactory ‘fat’ stain. This, we believe, is the correct and
scientific explanation of the rather vague statement of Weiner (1930), Harvey (1931)
and Norminton (1937) that the fat is very weak. We are, therefore, justified in considering
the Sudan IV staining spherules of the alecithal egg of the earthworm as simply a stage
in the formation of neutral fat from the Golgi elements.

With the imperfect methods at our disposal it is not easy to demonstrate intermediate
stages between the initial Golgi granule and the final Sudan IV staining spherule. Never-
theless we claim that such stages do exist and they can be demonstrated. When Kolat-
chew preparations are studied after they have been mounted in Canada balsam, the
spherules at the centripetal pole, having been completely decolorised by xylol, appear
as empty vacuoles. In the intermediate layer lie a large number of intensely blackened
Golgi granules. But not all these granules remain jet-black permanently. Examination
of the same slide at intervals very clearly reveals that some granules are decolorised, say,
after one week, others after two weeks, and still others after a month and so on, whereas
many granules remain black permanently. These latter are the initial unmodified Golgi
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elements; and it is clear that the longer a granule takes to get completely decolorised, the
nearer it is in its chemistry and physical state to the initial Golgi granule.

SUMMARY.

1. The oocytes of Pheretima posthuma have been centrifuged at the rate of 3,000
revolutions per minute, The stratification thus obtained is nearly the same as obtained
by Norminton (1937) with the ultra-centrifuge in the case of Lumbricus.

2. A heavy structureless substance is thrown towards the centrifugal pole. The
middle area is occupied by the mitochondria and the Golgi elements. These last are
continuous into Sudan IV staining spherules, which collect mostly at the centripetal pole.
The nucleus is placed centrifugally to the centripetal pole, invariably touching the middle
stratum.

3. Prolonged and intensive study of the fresh oocytes in a dark room under the oil
immersion objective has convinced us that the Golgi elements of the earthworm egg are
not rods. They are in the form of granules or vesicles which grow into the Sudan IV
staining spherules, the biggest sometimes measuring as many as 5 micra in diameter.
Between the largest Sudan IV staining spherule and the smallest Golgi granule there are
spherules of all sizes. They all look alike, standing out prominently in the fresh oocytes
as refractile dark-greyish spherical bodies. Indeed in living oocytes there is no way to
tell a Golgi granule from the Sudan IV staining spherule.

4. The Golgi ‘rods’ described by Harvey (1931) and Norminton (1937) are artifacts,
formed by the alignment of minute Golgi granules. Microphotographs of fresh oocytes
have been produced to illustrate this. ‘

5. Tiny granular Golgi elements can be seen even in the follicular epithelial cells
investing the oocytes as refractile dark-greyish bodies similar to those found in the living
oocytes and similarly reacting to various fixatives and stains we have employed.

6. In our Da Fano, Champy (both unstained and stained with ‘5%, haematoxylin),
Bouin and the majority of Kolatchew preparations we have never seen ‘rods’. In a few
Kolatchew preparations rods may appear, and when they do there is evidence that they are
formed by the alignment of granules.

7. The granules described by us as Golgi are strictly comparable with the osmio-
phile granules described by Foot and Strobell (1901) in the oocytes, in the large and capil-
lary spaces between the oocytes, in the membrane or capillary space within the membrane
surrounding the eggs, and in the cells around the ovary.

8. The ‘yolk-droplets’ described by Harvey (1925) are in reality the Golgi elements
and not fat as interpreted by him in 1931.

9. In the earthworm egg our observations seem to warrant the following conclusions.
To begin with the Golgi granule seems to be made up of a thick cortical part consisting
of phospholipides linked with proteins and a very small core consisting of fats or lipoids
or both. On account of these proteins in the thick cortical part, the Golgi granule resists
solubility in acetic acid and aleohol, and does not stain with Sudan IV. With the growth
of the oocyte the Golgi granules also grow and during their growth they get shorn of
their protein constituents. The large spherule thus formed differs markedly from the
initial Golgi granule as shown by its stainability with Sudan IV and its almost complete
solubility in acetic acid and alcohol.

10. The Sudan IV staining spherules do not consist of neutral fat as shown by their
complete failure to stain with Nile blue sulphate, Sudan III and Scharlach R. They are
probably mixtures of fats and lipoids.

11. Attention is called to the artifacts which are introduced in the cell by the ultra-
centrifuge.
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