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INTRODUCTION.

In 1931 Nath and Nangia demonstrated the vacuolar system and the Golgi apparatus
as independent cytoplasmic components in the fresh eggs of the Teleostean fishes, Ophio-
cephalus punctatus and Rita rita. They reported the complete absence of nucleolar
extrusions in their material. 1In both Ophiocephalus and Rita there is a single nucleolus
in the earliest oocytes. In the course of oogenesis a large number of nucleoli appear,
but no nucleolar buds are extruded into the cvtoplasm; nor does the nuclear mnembranc
show any irregularity at any stage in cogenesis.

This conclusion of Nath and Nangia was in harmony with that of Cunningham (1897).
This author, who occupies the foremost place amongst the older workers on the subject,
considers the nucleolar extrusions described by Scharff (1887) and others as artifacts.

Wallace (1903), working on Teleostean and Elasmobranch fishes, supports Cunningham
and denies the formation of either oil globules or yolk spherules from nucleoli as claimed
earlier by Calderwood (1891) and Scharft (1887).

Wheeler (1924), working on the egg of the dab, failed to find any evidence of the liber-
ation of nuclear pockets, each containing a nucleolus as described earlier by Scharff
(1887). Occasionally, however, the single nucleolus of the earlier stages may be thrown
out into the cytoplasm. ‘Probably, however, fixing has some connexion with this
phenomenon, for in sections of tissue fixed with osmic mixtures the nucleolus is usually
within the nucleus.” (Pp. 651 and 652.)

Hibbard and Parat (1927 and 1928), working on the eggs of Perca and Pygosteus,
did not describe any nucleolar extrusions.

Eggert (1929), working on Salarias flavoumbrinus, says that the nuclear membrane
throws out protuberances, each of which contains a nucleolus. Some of these protu-
berances are liberated into the cytoplasm, where after some time they become invisible.

Narain (1930) did not notice any nucleolar extrusions in Ophiocephalus; but the same
author (1937) described them in Saccobranchus (= Heteropneustes) without determining
their definite réle in vitellogenesis.

Lastly Singh and Boyle (1938) described an altogether unique type of nucleolar
extrusions—unique not only in the fish egg but, so far as we are aware, in any egg. They
described nucleolar extrusions in the egg of the fish Gasterosteus (stickleback) in the form
of threads consisting of granules emerging from the nucleoli applied to the inner surface
of the nuclear membrane.

In view of the novel claims of Singh and Boyle one of us (V.N.) asked Bharpur Singh
and Abu Bakr to undertake cytological studies on the eggs of a large number of Teleostean
species. Bharpur Singh carried out investigations on the oogenesis of Saccobranchus
fossilis and Cirrhina mrigala with special reference to the so-called nucleolar extrusions
and the origin of yolk, employing modern cytological methods for the mitochondria and
the Golgi apparatus. This work was continued by Abu Bakr who has examined the eggs
of fourteen species fixed in Bouin’s fluid, and stained with -5%, haematoxylin. These
species are the following:—Gadusia chapra, Cirrhina reba, Amblypharyngodon mola,
Barbus (Puntius) sophore, Barbus (Puntius) sarana, Rohiee cotio, Chela gora, M ystus aor,
Mystus vittatus, Xenentodon cancila, Ambassis nama, Nandus nandus, Colisa Sasciata
and Mastacembelus armatus.
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OBSERVATIONS.

Cunningham (1897) called attention to two kinds of artifacts in the fish egg, viz.
the migration of nucleoli into the cytoplasm of the egg on account of mechanical distur-
bances and the formation of nuclear lobes. We have observed both these phenomena.

In all the species studied by us we have never observed any nuclear irregularity in
comparatively young oocytes in which the protein yolk has not yet appeared at the peri-
phery of the egg. The nuclear membrane in these early stages is always perfectly even:
it is neither wavy nor lobed, whatever the fixative used (Text-fig. 1). However, the

TexT-ric, 1. Young oocytes of fish. «. Nandus nundus, X 315. b, Ambussis nama, X 315.
c. Barbus (Puntius) sophore, X 315. d and e. Saccobranchus fossilis, X825. f. Chela gora, x 315,
a, b, c and f from material fixed in Bouin’s fluid and stained with 59, iron-heematoxylin. d from
Champy iron-haematoxylin material. e from Kolatchew material, Explanation of lettering.—G.=
Golgi elements; L.=Nuclear lobe; M.=Mitochondria; N.=Nucleus; n.=Nucleclus; V.=Vacuols ;
Y.=Yolk.

displacement of nucleoli into the cytoplasm on account of mechanical disturbances is
much more common in these early oocytes than in the advanced ones showing lobed
nuclei and yolk at the periphery (Text-figs. 1 and 2; Plate XT, fig. 8; and Plate X1T, fig. 11).
Generally speaking, the nucleoli are not displaced very far from the nuclear membrane,
although in a few cases they may be removed to the periphery of the cytoplasm as shown
in Plate XI, fig. 8, in which the nucleolus lies on the surface of a yolk body. Sometimes
it may be possible to see & track made by the nucleolus in the cytoplasm during its mecha-
nical removal (Text-fig. 2a), but more commonly there is no evidence of such a damage
caused in the cytoplasm.

When the oocyte grows and the yolk bodies are characteristically placed at the peri-
phery of the cytoplasm, the nuclear membrane seems to have become very sensitive to
the action of fixatives, as it shows in most species studied by us prominent lobes or diver-
ticula. This sensitiveness to the action of fixatives varies greatly in different species.
At one extreme we have Colisa fasciata (Plate VIII, figs. 1-3), in which the lobes are most
prominent, and at the other Mystus vittatus, in which the nuclear membrane appears
perfectly even. These nuclear lobes may or may not contain nucleoli (Plate IX, figs. 4
and 5; Plate X, fig. 6; Plate XI, figs. 8 and 10; and Plate XII, figs. 11, 13 and 14). The
lobes may be cut in all directions. When they are cut transversely they may appear as
small nests in the neighbourhood of the nucleus having no connexion with it. Such a
nest may or may not contain nucleoli (Plate VIII, figs. 2 and 3; Plate X, fig. 7; and Plate
XTII, fig. 12). Such nests are beautifully illustrated in sections passing through the surface
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of the nuclei (Plate VIII, fig. 1 and Plate X1I, fig. 9). In transverse sections of Very narrow
nuclear lobes, the nucleoplasm surrounding the nucleolus may be very attenuated or

L

Text-F16. 2. 0. Part of oocyte of Saccobranchus fossilis (Bouin iron-haematoxylin), b, Part of
oocyte of Cirrhina mrigala (Champy iron-haematoxylin). X 540.

may not appear at all. Such appearances are very misleading, as the nucleoli seem to
lie in the cytoplasm and have actually been interpreted as nucleolar extrusions by some
authors (Plate VIII, fig. 2; Plate X, fig. 7; Plate X1, fig. 10; and Plate X1IT, figs. 13 and 14).

We have repeatedly examined the fresh oocytes of Barbus (Puntius) sophore in normal
saline, and we have found that the nuclear membrane has always an even contour, and
at no stage in the growth of the oocyte have we observed, in perfectly fresh material, any
lobes or projections of the membrane into the cytoplasm. But the nuclear membrane
seems to be so delicate, both in the comparatively young oocytes and older ones in which
yolk has appeared at the periphery, that post mortem changes set in very rapidly. Con-
sequently the nuclear membrane first becomes wavy and then throws out prominent lobes,
and soon after the entire nucleus breaks down and disintegrates. We may also note that
the mere pressure of the cover-slip damages the oocytes and hastens post mortemn changes,
as eggs lying in normal saline in a dish for more than an hour have retained the rounded
form of their nuclei.

DiscussioN.
Nucleolar Extrusions.

While reviewing the earlier literature on fish oogenesis Singh and Boyle (1938) refer
to the work of Scharff (1887), Calderwood (1892), Eggert (1929) and Narain (1937) who
described ‘nucleolar extrusions’ in the fish egg. But it is significant that they have omitted
any reference to the work of Cunningham (1897) and Wallace (1903), who clearly demon-
strated that the nucleolar extrusions are artifacts.

Cunningham calls attention to two phenomena, which were misinterpreted by
Scharff and others. The first of these phenomena is the displacement of nucleoli into the
cytoplasm on account of mechanical disturbance inevitable in the process of section-
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cutting. Thus referring to the earlier work of Scharff Cunningham says: ‘Occasionally
in these, as in other sections, a nucleolus is seen outside the nuclear membrane, but when-
ever I have seen this I have seen evidence that the external nucleoli had been removed
from their proper position mechanically in the process of preparation’ (p. 124). We
have also observed this phenomenon as described by us earlier and illustrated by Text-
fige. 1 and 2; Plate XI, fig. 8; and Plate XTI, fig. 11. A reference to these figures will show
that only a very few nucleoli are displaced mechanically into the cytoplasm. Wheeler
(1924) also noticed that occasionally the single nucleolus of the earlier stages may be
thrown out into the cytoplasm, and he ascribed this probably to the action of fixatives.
Such a mechanical displacement of the entire nucleolus into the cytoplasm was also
described by Nath (1925) in & few oocytes of Euscorpius and Buthus, although this displace-
ment was interpreted differently. It may be noted that this mechanical displacement
of a few nucleoli into the cytoplasm is generally confined to comparatively young oocytes,
and, as a rule, does not take place in older oocytes which put out nuclear lobes as the
result of the action of fixatives (vide infra). This seems to be probably due to most of
the peripheral nucleoli lying in narrow lobes, from within which they cannot be easily
displaced.

The second phenomenon referred to by Cunningham is the formation of pockets or
diverticula of the nuclear membrane, which generally contain nucleoli. In the following
quotation, Cunningham describes the changes in the germinal vesicle, when the period
of yolk-formation sets in, gives an explanation of the nuclear ‘buds’ of Scharff and denies
the formation of yolk from nucleolar matter.

¢ The membrane becomes thinner and less distinct, and loses its regular contour. In sections it is
seen to be more or less wrinkled, folds of it projecting inwards between the nucleoli. This is not a
condition produced entirely by the action of the fixing reagents. I have often observed in perfectly
fresh material that the surface of the vesicle instead of being smooth consisted of numerous bulbous
projections, as seen in fig. 25. In econsequence of this condition it frequently happens that a nucleolus
appesrs in & section to be outside the vesicle, when examination of consecutive sections shows that it
is really contained in a pocket or diverticulum of the vesicular membrane. This is, I believe, one of
the circumstances that have led observers to describe the migration of nucleoli from the vesicle into
the external cytoplasm’ (pp. 144 and 145).

We almost completely agree with Cunningham. Our observations on living and
fixed oocytes have convinced us that the nuclear membrane of the fish egg is very delicate.
As we have already pointed out the nuclear membrane is perfectly even in fresh material
mounted in normal saline, the ‘bulbous projections’ figured by Cunningham in fig. 25
being so very small that they clearly seem to have been formed by the pressure of
numerous nucleoli plastered on the inner surface of the nuclear membrane. But post
mortem changes set in very quickly, and the nuclear membrane rapidly becomes irregular
and even lobed. Soon after the nucleus completely breaks down.

The very delicate nature of the nuclear membrane of the fish egg is in sharp contrast
with the firmness of the nuclear membrane of many other ova, for example, the cock-
roach. In this insect the nuclear membrane remains perfectly even long after the egg
has been crushed by pressure on the cover-slip. It is, therefore, not surprising that the
pucleus of the ultra-centrifuged egg of the fish Gasterosteus completely broke down (Singh
and Boyle 1938, Text-fig. 1), whereas that of the Lumbricus egg similarly treated remained
perfectly intact (Norminton 1937).

Delicate throughout oogenesis the nuclear membrane of the fish egg becomes suscep-
tible to the action of fixatives at the time the yolk bodies place themselves at the periphery
(Cf. Chubb, 1906). The degree of this susceptibility, of course, varies in different species.
At one extreme we have Colisa fasciata (Plate VIII, figs. 1-3), in which nuclear irregularity
is most pronounced, and at the other Mystus vittatus, and Ophiocephalus punctatus (Nath
and Nangia, 1931; Narain, 1930), in which the nuclear membrane appears smooth
throughout oogenesis, whatever the fixative used.

That the nucleolar extrusions described by some of the earlier workers on fish oocytes
are really transverse sections of nuclear lobes, which have been produced artificially by the
action of the fixatives, is clear from the study of their figures. Fig. 9 of Scharff, fig. 4
of Eggert and fig. 10 of Narain tell the whole tale. In all these figures the so-called
nucleolar extrusions lie very close to the nuclear membrane and obviously represent trans-

7B
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verse sections of nuclear lobes containing nucleoli as pointed out correctly by Cunningham
(1897)—a conclusion which we have fully confirmed. It has also to be noted that although
Narain (1937) states that the extruded nucleoli travel towards the periphery he has figured
them lying very close to the nuclear membrane.

It is greatly to be regretted that, so far as we have been able to make out, none of
the previous workers, who have described the extrusion of nucleoli into the cytoplasm,
took care to confirm their conclusions by the study of fresh material as was done by
Cunningham (1897), and by Nath and Nangia (1931). If suck large and refractile bodies
as the nucleoli are extruded into the cytoplasm, it should be the easiest thing to demonstrate
them in fresh oocytes.

Nor did Singh and Boyle (1938), who have described an admittedly unique method
of nucleolar extrusion in the oocytes of the stickleback, produce any evidence of having
observed in fresh oocytes the remarkable threads consisting of granules, emerging from
the nucleoli plastered on the inner surface of the nuclear membrane into the cytoplasm.,
On the contrary, the three figures they have produced (Plate XII, figs. 14, 15 and 16) to
illustrate the threads clearly show that they have misinterpreted their preparations.!
Figs. 14 and 15 are from Champy preparations stained with acid fuchsin and methyl
green, and fig. 16 from Bouin preparation stained with iron alum haematoxylin. And
yvet the threads are conspicuous by their absence in fig. 16, which is from material
fixed in Bouin—a fixative which shows nucleolar extrusions par excellence, destroying, as
it does, the lipoidal Golgi and mitochondrial material. Tt is strange that it did not occur
to these authors that these granules which are arranged in the form of threads radiating
outward from the nuclear membrane are mitochondrial in nature. If these threads in
figs. 14 and 15 are nucleolar in origin we are tempted to ask: Where arc the mitochon-
dria in these oocytes which have been fixed in Champy—a universally recognised mito-
chondrial fixative? We might even go further and ask: Where are the Golgi elements ?
For Singh and Boyle state that ‘sometimes the Golgi apparatus appeared stained after
Champy, F. W. A,, or Regaud fixation followed by staining in iron alum haematoxylin
or acid fuchsin’ (pp. 84 and 85).

A study of Text-fig. 1d which we have drawn from Champy material stained with
‘5%, haematoxylin clearly shows that mitochondria have been misinterpreted by Singh
and Boyle for nucleolar material.

Vacuolar System and the Origin of Proteid Yolk.

According to Singh and Boyle (1938) the granules derived from the nucleoli move
away from the nucleus and pass out in a band towards the periphery of the cell, where
they swell up, become surrounded by a vacuole, and transform into yolk,

We are compelled to disagree entirely. In the first place they have misinterpreted
the mitochondria as nucleolar granules; secondly they have not produced a single diagram
to illustrate the outward migration of the so-called nucleolar granules; and thirdly they
have completely ignored the findings of Nath and Nangia (1931), who described prominent
watery vacuoles even in the very young fresh oocytes of Ophiocephalus punctatus without
the aid of neutral red. These vacuoles are the most prominent inclusions and appear as
whitish droplets distributed at random in the cytoplasm. They are stainable with neutral
red and they were identified as the vacuome of Parat and Hibbard. In fixed preparations
of young oocytes these droplets appear in the form of clear circular spaces, many of which
show a coagulum inside them. In Bouin iron-haematoxylin preparations the coagulum
is most prominent and stains gray to blue-black. The contents of these vacuoles are
non-lipoidal and non-fatty. Nath and Nangia further showed that these watery vacuoles
grow in size in the course of oogenesis and their contents become denser as the result of
the deposition of albuminous material inside their interior.

The above conclusion of Nath and Nangia was in complete harmony with the findings
of Hibbard (1928), and Hibbard and Parat (1927 and 1928), who had worked on Disco-
glossus, and Perca and Pygosteus respectively.

1 Incidentally it may be mentioned that Singh and Boyle do not give any magnifications of their
figures,
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SuMMARY.

1. The oogenesis of Saccobranchus fossilis and Cirrkina mrigala has been worked
out with the modern cytological technique. The oocytes of fourteen other species of fish
have been examined with Bouin and '5%, haematoxylin technique.

2. As correctly pointed out by Cunningham (1897) and Wallace (1903}, the nucleolar
extrusions described by Scharff (1887), Calderwood (1891), Eggert (1929) and Narain
(1937) are artifacts.

3. In fresh material the nuclear membrane is perfectly smooth: it is neither irregular
nor lobed. But post mortem changes set in very quickly and the nuclear membrane
rapidly becoming irregular puts out prominent lobes. Soon after, the entire nucleus
breaks down.

4. The very delicate nature of the nuclear membrane of the fish oocyte is in sharp
contrast with the firmness of the membrane of many ova, such as the cockroach.

5. In comparatively young oocytes a few nucleoli may be displaced into the cyto-
plasm on account of the mechanical disturbance inevitable in the process of section-
cutting. The nuclear membrane of such oocytes is always smooth in fixed preparations.

6. But in older oocytes in which the yolk bodies are arranged at the periphery
of the cytoplasm the nuclear membrane puts out prominent lobes as a reaction to the
fixative. This susceptibility to the action of fixatives varies widely in different species.

7. Transverse sections of narrow nuclear lobes containing nucleoli have been wrongly
interpreted as nucleolar extrusions.

8. The threads consisting of granules and alleged to be emerging froin the nucleoli
plastered on the inner surface of the nuclear membrane into the cytoplasm (Singh and
Boyle, 1938) are undoubtedly chains of mitochondrial granules radiating outward from the
nuclear membrane.

9. There is a system of prominent watery vacuoles, which can be seen intra vitam

with the utmost ease, in the interior of which proteid yolk is condensed.

EXPLANATION OF PLATES.

All figures included in the Plates have been drawn from material fixed in Bouin’s fluid and stained
with 59, iron-haematoxylin. Magnifications: Plates VIII, IX and XII, x 504 ; Plates X and XI, X 630.
LETTERING.

@, Golgi elements. L, Nuclear lobe. M, Mitochondria. N, Nucleus. 0, Nucleolus. ¥, Vacuole.
Y, Yolk.
PraTe VIII.

Fig. 1.—Colisa fasciata. Section passing through the surface of the nucleus, showing nuclear lobes.
Figs. 2 and 3.—Colisa fasciata.

Prate IX.
Figs, 4 and 5.—Barbus (Puntius) sophore.

Prate X.
Fig. 6.—Cirrhina reba.
Fig. 7.~—Rohtee cotio.

Prate XI1.

Fig. 8.—Xenentodon cancila.
Figs. 9 and 10.—Mastacembelus armatus—In fig. 9 section passes through the surface of the nucleus,
showing nuclear lobes.

: Prate XII.
Fig. 11.-—Ambassis nama.
Fig. 12.—Amblypharyngodon mola.
Fig. 13.—Nandus nandus.
Fig. 14.—Ambassis nama.
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