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ABSTRACT 

This paper describes "blebs" protruding from the surface of the nucleus into the 
cytoplasm. The "blebs" are separated from the cytoplasm by 2 membranes which 
are continuous with the outer and inner nuclear membranes. The "blebs" con- 
tain 3 structurally distinct substances. Two of these substances (13 and 7 sub- 
stances) are similar to extranucleolar karyoplasm and nucleolar material. The 
other substance (a substance) is present in every "bleb," but it cannot be readily 
compared to a recognizable nuclear structure. Cytoplasmic vesicles are described 
that  are apparently different from the Golgi vesicles or the vesicular component of 
the ergastoplasm. I t  is suggested that these vesicles may be of nuclear "bleb" 
origin. 

A dark karyoplasmic zone extending from the region of the nucleolus into the 
nuclear "bleb" is shown. This zone may be similar in some respects to the pre- 
formed pathway ("Leitbahn") described by Altmann (3) and Hertl (28) and 
could reflect movement of nuclear material from the nucleolar region into the cy- 
toplasm. 

The "blebs" are thought to be homologous to structures described by many 
light microscopists, but they are considerably larger than the nuclear "blebs" 
described previously by electron microscopists. 

The  t ransfer  of microscopically visible mater ial  
from the nucleus into the cytoplasm has been 
described from time to t ime for many  years and  has 
been suggested as one of the possible mechanisms 
whereby the interphase nucleus could bring its 
influence to bear  on cytoplasmic function. Observa- 
tions described in this paper  of vesicular structures,  
apparent ly  budding out  from the  nucleus into the 
cytoplasm, provide fur ther  evidence of possible 
transfer  of nuclear mater ial  into the cytoplasm. 
The  size and  morphology of these nuclear extru- 
sions indicate t ha t  they correspond to the s tructures 
described by  m a n y  l ight  microscopists (3-5, 7, 
8, 21, 27, 28, 30, 31, 33, 34, 39, 43, 51), bu t  the 
extrusions seem to be much larger than  those 
described previously by  electron microscopists 
(1, 2, 6, 17, 23, 24, 37, 53). 
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Materials and Methods 

Tissues from 14 female Wistar rats weighing between 
150 and 250 gm. were studied. Eight of the animals 
were fasted 24 to 48 hours before sacrifice and 6 were 
fed until the time of sacrifice. The animals were sacri- 
ficed by a blow on the head and small pieces of pancreas, 
generally no larger than 1 mm. in their greatest dimen- 
sion, were fixed in Palade's buffered osmium tetroxide 
(38). After fixation at about 4°C. for 3 to 4 hours the 
tissues were dehydrated in a graded series of methanols. 
Tissues were embedded in a partially polymerized 
mixture (12:1) of n-butyl methacrylate and methyl 
methacrylate. Polymerization was completed over- 
night, at 60°C. Usually there were 5 to 8 suitable blocks 
of tissue from each animal available for study. In all 
animals the time which lapsed between the blow on the 
head and the immersion of pancreatic tissue into the 
fixative did not exceed 1 minute. The heart was still 
beating in each animal when the tissue was removed 
and no more than 10 seconds elapsed from the time the 
tissue was severed from its blood supply until it was in 
the fixative. 
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When the nuclear "blebs" were first observed, all 
blocks of tissue from each of the animals were sectioned 
and an attempt was made to survey the nuclei in 
multiple sections of each block for the presence of 
nuclear "blebs." In order to determine the incidence of 
"blebbing," sections from several blocks prepared from 
12 animals were surveyed at a magnification of X 4,800. 
At least 1000 sections of nuclei were counted per animal 
and every "bleb" observed during the survey was 
photographed. Only those "blebs" that were attached 
to the nucleus and separated from the cytoplasm by a 
double membrane were counted. Counting of adjacent 
sections of nuclei was avoided in most instances so that 
1000 nuclear sections usually represented 1000 different 
nuclei. 

In the very thin sections that many investigators 
find ideal for electron microscope studies, the low con- 
trast on the fluorescent screen makes it difficult to see 
the nuclear "blebs" and it is much easier to see these 
structures in relatively thick sections. Our sections were 
mounted on 100 and 200 mesh, formvar-coated copper 
screens, with or without carbon support. Some sections 
were treated for 5 minutes with Pb(OH)4, according to 
Watson's method (49). An RCA-EMU-3C instrument 
was used. 

OBSERVATIONS 

The Nuclear "Bleb" Attached to The Nucleus . -  
In our observations a typical "bleb" of nuclear 
material is roughly circular in outline and is 
separated from the cytoplasm by two delicate 
membranes, which are obviously continuous with 
the outer and inner nuclear membranes (Figs. 
1 to 3). The inner nuclear and inner "bleb"  mem- 
branes occasionally appear to be doubled (Figs. 
1 and 3). The "bleb" membranes show areas of 
apposition that  are suggestive of "pore"  formation. 
Ordinarily, the contents of the "bleb"  are directly 
continuous with the main mass of karyoplasm. 
The narrow space between the outer and inner 
"bleb"  membranes is continuous with the peri- 
nuclear space and is usually quite "clear" in 
electron micrographs (Figs. 1 to 3). 

Within a typical "bleb"  3 structurally dis- 
tinguishable substances may be identified which 
will be referred to as ~,/~, and 7 substances. Such 
a designation is used only to facilitate discussion. 
The ~ substance is present in every "bleb" that  
has been photographed and it may be the only 
one of the 3 substances in a "bleb"  (Figs. 1 to 3). 
I t  is uniformly distributed throughout the "bleb"  
and in low power micrographs appears as a 
homogeneous, amorphous material that is of 
relatively low density when compared with the 

main body of the nucleus (Fig. 2). At higher 
magnifications it is usually found to be composed of 
small granules and delicate filaments having a 
fine lacy pattern (Figs. 1, 3, and 4). The /3 sub- 
stance consists of small granules and filaments that  
are denser than the a substance. The ~3 substance 
is indistinguishable from the extranucleolar karyo- 
plasm of the nucleus (Figs. 4 and 6). The 7 sub- 
stance is granular and is the densest of the 3 
substances. I t  is similar to nucleolar material 
(Figs. 4 and 6). 

The Detachment of the Nuclear "Bleb" and its 
Transference into the Cytoplasm.--The evidence 
that  the nuclear "bleb"  is detached from the 
nucleus and actually becomes "a par t"  of the 
cytoplasm is indirect and less convincing than 
the evidence for the formation of the primary 
"bleb."  I t  is not difficult to find large, free cyto- 
plasmic vesicles that  are structurally identical to 
the "blebs" attached to nuclei (Figs. 2 and 4). 
Many of these structures, however, are in close 
topographic relationship to nuclei and might be 
attached to a nucleus at  a level above or below 
the plane of section. Other vesicular structures 
that  have structural features suggestive of nu- 
clear "blebs" are quite often seen in the cyto- 
plasm of cells. These vesicles may be found in 
cells with or without attached nuclear "blebs" 
and may be single or multiple (Fig. 5). Usually 
they are between 0.5 and 0.75 # in diameter. 
Such vesicles are delimited by a membrane, which 
at times appears to be double and shows areas 
suggestive of "pore"  formation. The contents of 
the vesicles are similar to the contents of nuclear 
"blebs." Even if these large cytoplasmic vesicles 
do not represent detached "blebs," their contents 
and membranes apparently distinguish them from 
the "clear" Golgi vesicles and the vesicular com- 
ponent of the ergastoplasm. These vesicles could 
be similar to the granule-packed, membrane- 
enclosed areas in sea urchin eggs, but these, of 
course, may also be of nuclear origin (2). 

The Incidence of Nuclear "Blebbing."--Many 
of the animals forming the basis of this report 
were control animals from a study being con- 
ducted with Dr. Emmanuel  Farber on the effects 
of ethionine on the fine structure of cells. Con- 
sequently, the experiments were not designed to 
produce violent alterations in the metabolic 
state of the pancreas and the nuclear "blebbing" 
of this report cannot be correlated with cytoplasmic 
function. However, some of the animals were fed and 
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others were fasted for 24 to 48 hours. The incidence 
of "blebbing" in these two groups has been com- 
pared. In fed animals 7.0 "blebs" per 1000 nuclear 
sections have been observed, while in the fasted 
group we have seen 5.3 "blebs" per 1000 nuclear 
sections; an insignificant difference (Table 1). 
In both groups combined there is an average of 
6.2 "blebs" per 1000 nuclear sections. The early 
observations led to the opinion that "blebbing" 
was more common in fed than fasted animals. 
This is apparently due to the fact that an occasional 
pancreatic lobule in the fed animals of this study 
has shown several "blebbed" nuclei. As many as 
4 of 17 nuclei in one low power micrograph of a 
part of 1 lobule have shown "blebs." Some of our 
first observations were on such lobules giving the 
impression of a quite high incidence of "blebbing" 
in fed animals. This is not commonly observed, 
however, and one cannot conclude that this 
]obular distribution is correlated with the func- 
tional state of the pancreas. 

The Possibility of Nuclear "Blebs" being Arti- 
facts.--The observations reported here have not 
been reported by other authors, even though the 
mammalian pancreas has been extensively studied. 
This may be taken as an objection to the validity 
of these findings. In addition, good preservation 
of pancreatic tissue has not been achieved in all 
of our experiments and some of the "blebs" have 
been observed in cells of substandard quality. 
Opposed, however, to the possibility that the 
nuclear "blebs" are some peculiar artifact are 
the following observations. We have sectioned 
blocks at 7 levels and can see no relationship be- 

TABLE I 

Animal No. of I No. of nuclear 
sections Fasted or fed 

Number "blebs" counted 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I0 
11 
12 

4 
0 

13 
2 
9 
4 
2 

11 
5 
5 
8 

13 

1000 
1000 
1~6 
1016 
1~2 
1000 
1~8 
1000 
1000 
1000 
1000 
1000 

Fasted 
Fasted 
Fasted 
Fasted 
Fasted 
Fasted 
Fed 
Fed 
Fed 
Fed 
Fed 
Fed 

tween poor preservation and "blebbing." "Blebs" 
may be seen in poorly preserved cells, but are 
also seen in cells which are well preserved. We 
have found "blebs" in every animal where at 
least 1000 nuclear sections were examined. Even 
in the one animal where no "blebs" were observed 
when counting 1000 nuclear sections (Table I), 
studies of other blocks following the statistical 
survey revealed "blebs" in this animal. Though 
only 1 strain of 1 species has been studied, the 
"blebs" have been observed in 5 different experi- 
ments using animals shipped at 4 different times. 
All of the animals have shown a normal weight 
gain before the experiments and no disease 
processes were observed at the time of sacrifice. 

Alterations in the Karyoplasm Associated with 
Nuclear "Blebbing."--In some of the micrographs 
the karyoplasm lying between the nucleolus and 
the nuclear "bleb" appears somewhat denser than 
other parts of the nucleus. This dense irregular 
band extends from the region of the nucleolus 
into the nuclear "bleb" (Fig. 6). In some instances 
the dark band in the karyoplasm is associated with 
a nucleolus consisting only of dark granules (Fig. 
6). One gets the impression that the nucleolonema 
is absent; a hazardous interpretation in view of 
the strongly held concept that the nucleolonema is 
present in all stages of the cell cyde (19). The 
alterations in the karyoplasm and nueleolus have 
been seen only when a, fl, and T substances are 
present in the bleb. 

DISCUSSION 

Garnier, in 1899, studying a variety of glandular 
cells, suggested that modifications in nuclear size 
and shape indicate an active participation in the 
process of cellular secretion. He described move- 
ments of the "chromatic substance which seemed 
to originate in the nucleolus." The nuclear sub- 
stance was said even to trespass the limits of the 
nuclear membranes and "expand in the form of a 
cloud into the neighboring cytoplasm" (21). 
In 1959, Hsu and Lou studying Cloudman mela- 
noma cells and Wendt studying chick fibroblasts 
in tissue culture have beautifully illustrated 
nuclear extrusion by time lapse cinematography 
(30, 51). These are only 3 of a large number of 
papers which illustrate or suggest the transfer of 
nuclear material into the cytoplasm. There were 
such observations reported before Garnier's thesis 
(see Altmann (3), De Groot, La Gasse, and 
Sebruyns (17), Henry (27), Krabbe (31), and 
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Wilson (52) for some of the older literature) and 
many additional studies have been reported during 
the 60 year interval between the work of Gamier 
and Hsu and Lou and Wendt. Various aspects of 
the nudeocytoplasmic relationship have been 
covered in recent reviews (Baud (7), Bloch (10), 
Briggs and King (14), Gates (22), Hertl (28), 
Kurnick (32), Mazia (36), Stich (44), and Vincent 
(47)), and no attempt will be made here to review 
the subject. The admirable report of Hertl (28) 
carefully compares many of the opinions about the 
structure and function of the nucleolus (nucleolar 
apparatus) and discusses the transfer of nuclear 
and nucleolar material into the cytoplasm. 

Most morphological studies of nucleocytoplasmic 
interrelationships indicate that some substance, 
visible with the light microscope, is transferred 
from the nucleus to the cytoplasm. At least 3 
anatomic mechanisms of such extrusions have 
been described. (a) A nuclear vesicle ("bleb" 
or "pocket") is said to form at the nuclear mem- 
brane and the "bleb" then ruptures or is dispersed 
in some fashion into the cytoplasm (7, 30, 31, 51). 
(b) The nuclear membrane is described as opening 
temporarily ("Schleusenmechanismus" of Berg) 
and such openings are associated with transfer of 
nuclear material into the cytoplasm (3-5, 8). 
(c) Lastly, the nuclear material is said to diffuse 
across an intact nuclear membrane (28). According 
to Hertl the majority of investigators adhere to 
the latter concept. In addition, Lettr6 (34) and 
others have described the extrusion of whole 
nucleoli into the cytoplasm and this phenomenon 
has been frequently described during oSgenesis 
(see Brachet (11) for recent literature). 

Other investigators have presented opinions as 
to the functional significance of nuclear extrusion. 
Henry (27) and Pawlikowski (39) suggest that 
nuclear extrusion proceeds and even initiates 
cytoplasmic activity or secretion. Altmann (3) 
has presented structural forms of the nucleus said 
to represent a functional cycle ("Funktionsform- 
wechsel") of the nucleus of the exocrine cells of 
the mouse pancreas, which can be correlated with a 
"functional cycle" of the cytoplasm. Schiller 
thinks that the extrusion of nuclear material is 
the beginning of amitotic cell division (43). 

There have also been cytochemical and bio- 
chemical studies that suggest the transfer of 
nuclear material into the cytoplasm and in some 
respects these experiments tend to parallel the 
morphological studies (Brachet (12, 13), Caspers- 

son and Schultz (16), Ficq (20), and Marshak 
(35)). 

In spite of the wealth of electron microscope 
studies of many cells and tissues in recent years, 
the evidence in electron micrographs supporting 
the concept of extrusion of nuclear material into 
the cytoplasm has been meager. "Pores" that 
would permit passage of relatively large particles 
have been described by CaUan and Tomlin (15). 
Watson has studied nuclear pores extensively, 
has discussed the possible relationship between 
the double nuclear membranes and cytoplasmic 
membranes, and has reviewed the pertinent 
literature on this subject (48, 50). Similar "pores" 
have also been shown clearly by Horstmann and 
Knoop (29). De Robertis has discussed the passage 
of granules through pores of the nuclear mem- 
branes of neurons (18). However, the presence of 
"true pores" in the nuclear membrane has been 
questioned. Policard and Collet (40) and Haguenau 
and Bernhard (26) have suggested that the "pores" 
are usually dosed by a single delicate membrane. 
According to their view, persistent anatomic 
continuity between the cytoplasm and karyo- 
plasm through "true pores" would seem to be the 
exception rather than the rule. 

The studies of Afzelius (1, 2) and Rebhun 
(41, 42) of oScytes of the sea urchin, snail, and 
clam have indicated that "annulate" membranes 
of the cytoplasm are derived from nuclear mem- 
branes. Similar structures have also been described 
by Swift ("annulate lamellae") in amphibian 
pancreatic acinar cells and rat spermatids (45). 
Direct extrusion of Feulgen-negative nuclear ma- 
terial into the cytoplasm has been illustrated by 
Anderson and Beams in the ovarian nurse cells 
of the reduvid bug, Rhodnius prolixus (6). Gay 
(23, 24) and Moses (37) have shown "nuclear 
blebbing" in Drosophila salivary gland and cray- 
fish spermatocytes respectively. Wischnitzer has 
shown quite clearly "nuclear membrane evagina- 
tion" in amphibian o6cytes (53). The "blebs" 
described by these authors (6, 23, 24, 37, 53) 
appear to be delimited by a single rather than a 
double membrane. De Groot, La Gasse, and 
Sebruyns have described in electron micrographs 
nuclear vesicles said to go into the cytoplasm of the 
hepatic cells of the albino rat, but their published 
micrograph does not show the structures clearly 
(17). Much of the ultrastructura| evidence for 
transfer of nuclear material into the cytoplasm 
has been reviewed in the valuable papers of Bern- 
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hard (9), Haguenau (25), Briggs and King (14), 
and Swift (45). 

One is impressed by two points when comparing 
the light microscope with the electron microscope 
evidence that suggests the transfer of nuclear 
material into the cytoplasm. First, the nuclear 
"blebs," membranous structures, and extruded 
material of these electron microscope studies are 
almost beyond the limit of resolution of the light 
microscope; and secondly, the majority of these 
reports deal with non-mammalian tissue and 
frequently with germ cells. The "pores" described 
by Afzelius (1, 2), Rebhun (41, 42), and Swift 
(45) are certainly "submicroscopic." The "blebs" 
of Gay (23, 24), Moses (37), and Wischnitzer 
(53) barely exceed 0.5 # and are usually smaller. 
Even though Moses has published a light micro- 
graph of a Feulgen reaction of a nucleus that shows 
"blebbing," he used a magnification of X 3,700 to 
show the "blebs" and the picture would be dif- 
ficult to interpret without the accompanying, 
distinct electron micrograph. Gay, in her studies of 
the salivary gland of the larvae of Drosophila 
melanogaster, has demonstrated nuclear"blebs" that 
persist after a variety of fixatives; and has corre- 
lated their presence with the accumulation of 
intracellular secretion granules (23, 24). She has 
specifically suggested that the process could be of 
importance in the formation of secretion granules. 
Her observations are invaluable but she states 
that the "blebs" are only "discernible at the 
level of resolution afforded by the electron micro- 
scope." It  is, therefore, doubtful whether the 
structures thus far described by electron micros- 
copists are the counterparts of Garnier's "cloud 
of nuclear material" expanding into the cytoplasm; 
and it is equally doubtful whether they are likely 
to be equivalent to the nuclear extrusions demon- 
strated by Hsu and Lou (30), Lettr~ (34), Wendt 
(51), and others who have photographed structures 
several microns in diameter. 

In addition, the light microscopists have de- 
scribed nuclear extrusions in a wide variety of 
mammalian tissues and the pancreatic acinar cells 
have frequently been described as showing the 
phenomenon. Even though the mammalian pan- 
creas has been a favorite object of study by electron 
microscopists, there has as yet been no description, 
to my knowledge, of structures that can be readily 
compared to the nuclear extrusions observed with 
the light microscope. The "blebs" described in this 
paper seem to correspond fairly well with the 

nuclear structures observed by light microscopy. 
In fact, there is a striking similarity between our 
micrographs and the pictures published by Hsu and 
Lou (30), Lettr6 (34), and Wendt (51). The ob- 
servations of Hsu and Lou suggest that several 
small "secondary pockets" form on a "primary 
pocket" and rupture into the cytoplasm a few 
minutes after being formed. In view of their brief 
duration it is not to be expected that many such 
"secondary pockets" will be demonstrated by the 
methods of electron microscopy, but one, morpho- 
logically compatible with a "secondary pocket," 
was photographed in the course of this study. 

Altmann (3) and Hertl (28) have emphasized 
the presence of a preformed pathway ("Leitbahn") 
between the region of the nucleolus and the nuclear 
membrane which is traversed by Feulgen-positive 
granules passing from the region of the nucleolus 
to the nuclear membrane. The alterations in the 
karyoplasm thought to exist in some of the 
micrographs of this study could be comparable to 
the findings of these authors (Fig. 6). However, 
we have no evidence, by the methods of electron 
microscopy, for the existence of such a pathway in 
a nucleus that does not show "blebbing." 

Conclusions as to the chemical nature of the 
nuclear "blebs" are not justified from these studies. 
The /3 substance in the attached "bleb" is indis- 
tinguishable from the extranucleolar karyoplasm 
and the 3' substance is similar to nucleolar material. 
Consequently, it is difficult to refrain from sug- 
gesting that the/~ substance could be rich in DNA 
and the 3" substance rich in RNA. Even if these 
substances had been shown to be present in the 
"blebs," the static methods of this study by no 
means prove that the "blebs" are actually detached 
and become "a part"  of the cytoplasm. 

The nuclear "blebs" reported here could be a 
peculiar artifact, evidence of amitotic cell division, 
or could indicate the transfer of nuclear material 
into the cytoplasm. The latter interpretation 
is preferred, but is presented with some reserva- 
tions. Our studies do not suggest that nuclear 
"blebbing" can be correlated with cytoplasmic 
function. The observations of others, however, 
suggest a correlation between "blebbing" and 
cellular function. Before Hsu and Lou could 
consistently demonstrate "blebbing," it was neces- 
sary to put their cultures in fresh media (30). 
Laird et al. (33) have described a paranuclear 
vacuole in hepatic cells during refeeding, after a 
period of starvation, that could be homologous to 
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the "blebs"  discussed in this paper (46). The 
observations of Altmann, Gay, and others that  
suggest a correlation between nuclear "blebbing" 
and cellular function have been mentioned. All 
such evidence for a relationship between nuclear 
extrusion and cellular function is only suggestive, 
but the data which have accumulated are quantita- 
tively impressive. The observations reported here 
possibly indicate that  the phenomenon of nuclear 
"blebbing" occurs in the living pancreatic acinar 
cells of the rat; and suggest once more that  the 
periodic transfer of relatively large amounts of 
"formed" nuclear material into the cytoplasm 
may be a normal feature of cell activity. 
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352 NUCLEAR EXTRUSIONS IN PANCREATIC ACINAR CELLS 

EXPLANATION OF PLATES 

PLATE 178 

FtG. I. The central portion of the micrograph is occupied by a large "bleb." It is separated from the cytoplasm 
by a double membrane and these membranes are continuous with the inner and outer nuclear membranes. The 
inner nuclear and inner "bleb" membranes sometimes appear as if doubled. Except for a small fragment of/~ sub- 
stance at the base of the "bleb," it is entirely filled with ~ substance. Even at this magnification the "lacy" 
pat tern of the oL substance is apparent, n, nucleus, m, mitochondrion, o 6 o~ substance, ~, ~ substance. X 34,000. 
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PLATE 179 

FIG. 2. A binucleate cell, which presents two "blebs," is shown. The "bleb" at the left is attached to the nucleus, 
while the "bleb" at the right is not attached in the section p|ane of the micrograph. Both "b|ebs" contain only 
c~ substance. On the left it is easy to see that  the perinuclear space is continuous with the "peri-bleb" space, n, 
nucleus, b, "hleb," nu, nucleolus. X 14,000. 

FIG. 3. An enlargement of a part of Fig. 1. The "lacy" pattern of the o~ substance in the "bleb" is shown. The 
suggestion of doubling of the inner "bleb" membrane may be seen where the inner nuclear membrane turns out- 
ward to form the inner "bleb" membrane, n, nucleus, a ,  a substance, ibm, inner "bleb" membrane, into, inner 
nuclear membrane X 63,500. 
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PLATE 180 

Ftc. 4. A "detached bleb," near a nucleus, is shown. The "bleb" contains o~,/3, and %' substances. The section 
was treated with Pb(OH)4 for 5 minutes (49). n, nucleus, o~, o~ substance, 8, ~ substance, 7, "¥ suhstance, m, mito- 
chondrion. X 29,000. 

Fro. 5. The cytoplasmic vesicles shown at the arrows are suggestive of "bleb" origin. This cell did not show a 
"bleh" attached to the nucleus in this section plane, n, nucleus, £, Golgi zone, z, zymogen granule. X 24,.~00. 
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PLATE 181 

FI(~. 5. The micrograph shows a "bleb" containing c~, ~, and 7 substances. The overlay shows the outline of a 
darker karyoplasmic zone that  is thought to represent an alteration sometimes associated with "blebbing." The 
dark granular area (nu) is interpreted as the nucleolus. In this micrograph there is no suggestion of a nucleolo- 
Ilema. n, nucleus, b, bleb, m, mitochondrion. X 19,500. 
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