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ABSTRACT

The cytological changes induced in rat liver cells by the aminoazo dye 2-Me-DAB have been
examined by light and electron microscopy. It is observed that this non-carcinogenic com-
pound duplicates most of the morphological alterations produced by other hepatotoxins,
some of which, such as the closely related aminoazo dye 3/-Me-DAB, are potent carcinogens.
These non-specific effects involve both the granular and agranular forms of the endoplasmic
reticulum as well as the glycogen content of hepatic cells. The arrays of cisternal profiles
of the granular reticulum in normal hepatic cells become disorganized and the dispersed
cisternae often appear fragmented and irregular. Large cytoplasmic inclusions, consisting
of loosely organized tubules and vesicles, are also observed which result from a hypertrophy
of the agranular reticulum. The glycogen in the cells progressively decreases in amount.
The most specific effect of 2-Me-DAB is to induce an increase in the number of mito-
chondria per cell. Many of these organelles are characterized by the presence of a median
double membrane continuous with the inner limiting membrane of the mitochondrial
envelope. Evidence is presented in favor of the view that this partition is directly related
to the phenomenon of mitochondrial division. It was noted also in the course of the experi-
ment that an increasing number of cells appear which stain quite intensely with meth-
ylene blue and appear denser than normal under electron microscopy. The significance of
these cells is not known.

INTRODUCTION

Price et al. (1) and Potter et al. (2) have shown that
larger amounts of mitochondrial material are ob-
tained from homogenates of the liver of rats fed the
aminoazo dye 2-Me-DAB than from homogenates
of either normal livers or livers of animals fed the
carcinogen 3’-Me-DAB. Allard ef al. (3) and Strie-
bich et al. (4) subsequently demonstrated that
2-Me-DAB actually induces a significant increase
in the number of mitochondria per cell. The last
group of authors also reported that 2-Me-DAB

does not disturb the normal histological architec-
ture of rat liver as does the carcinogen 3'-Me-DAB
(5, 6).

The observations of Porter and Bruni (7) on the
ultrastructural changes induced in liver cells by
3’-Me-DAB have now been followed by a number
of studies of various other hepatic carcinogens
(8-15). Concurrently, several reports (16-21) have
appeared describing the effects of other toxic but
non-carcinogenic substances on the fine structure
of the hepatic cells.
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Key to Symbols

aer, agranular endoplasinic reticulum hz, hyaline inclusion
b, body 1, lipid inclusion

be, bile canaliculus ly, lysosome

bz, basophilic zone m, mitochondrion
cy, cytosome Pt, partition

ge, Golgi complex r, ribosome

ger, granular endoplasmic reticulum v, vacuole

gr, granule ve, vesicle

gu, glycogen unit
g%, glycogen zone

Ficure 1 Normal hepatic cell illustrating the distribution of the mitochondria (m) and
of the basophilic zones (bz). Most mitochondria are either at the periphery of these zones
or actually embedded within them. The lighter cytoplasmic areas correspond to zones of
glycogen. The section, 0.25 u thick, was stained with basic fuchsin, counterstained with
methylene blue, and photographed under phase contrast. X 2400.

Ficure 2 Liver cell of control animal; .e., animal fed a low protein-high carbohydrate
basal diet for 10 days. The section, 0.5 u thick, was stained with the PAS procedure and
counterstained with methylene blue. Mitochondria (m) appear as negative images after
such staining and are seen to be mostly grouped in the immediate neighbourhood of the
basophilic zones (b%) of the cytoplasm. Glycogen is present in appreciable quantity and
permeates all cytoplasmic areas not occupied by formed structures. A roundish refractile
body (b), probably lipidic in nature, is noted within a zone of glycogen. X 2400.

Figure 8 Liver cell from the same block that was used for preparation of section illus-
trated in Fig. 2. The section, 0.5 p thick, was stained with the PAS technique only. In
this preparation, contrary to that shown in Fig. 2, the basophilic areas of the cytoplasm
do not show up and, as a result, individual mitochondria are not so clearly delineated.
Instead, only groups of mitochondria (m) are detected, due to the low concentration or
ahsence of glycogen amongst these organelles. Note that the concentration and distribu-
tion of glycogen in this cell corresponds closely to the situation observed in normal hepatic
cells (Fig. 1). X 2800.

Ficure 4 Liver cell of experimental animal; ¢.e., animal receiving 0.06 per cent 2-Me-
DAB for a period of 10 days. The section, 0.25 u thick, was stained with methylene blue
and photographed under phase contrast microscopy. The cell illustrated is of the light
type and is surrounded by dark cells which stain much more intensely with methylene
blue. Note in this light cell the presence of conspicuous hyaline inclusions (i) which form a
coarse network throughout the cytoplasm. Some mitochondria (m) are still located within
the dispersed basophilic zones (bz), but now many are also found scattered within other
areas of the cytoplasm. A number of smaller, more refractile bodies (b) are also observed
within various areas of the cytoplasm. X 2400.

Ficure 5 Liver cell of experimental animal of the 10-day period. The section, 0.5 u
thick, was stained for glycogen only. Besides the dense cytoplasmic areas corresponding
to zones of high glycogen content (gz), lighter zones may now also be detected which are
pinkish in colour after the PAS procedure. These correspond to the hyaline inclusions (%)
illustrated in Fig. 4. Note that at this time glycogen is still present in appreciable amounts.
X 3200.

Ficure 6 Liver cell from a rat that had been fed for 9 weeks on a diet containing 0.06
per cent 2-Me-DAB. The section, 1 u thick, was stained with methylene blue. The num-
ber of mitochondria has increased quite markedly as compared with that observed at
the 10-day period (Fig. 4). These organelles now occupy a large proportion of the cyto-
plasm. Smaller, very dense particles are also observed scattered amongst the mitochondria.
Besides the large crescent-shaped hyaline inclusion (h2) covering part of the nucleus, a
number of similar but much smaller zones may also be observed which in many cyto-
plasmic areas (arrows) surround the mitochondria. X 1500.
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The present electron microscope study was ini-
tially undertaken with the main purpose of ex-
amining in more detail than previously possible
(3, 4) the effects of the non-carcinogenic (22, 23)
aminoazo dye 2-Me-DAB on the mitochondrial
population of the hepatic cell. However, as this
work progressed, the realisation that 2-Me-DAB
induces a number of changes in other cytoplasmic
structures similar to those observed after feeding
the potent carcinogen 3-Me-DAB (7) prompted
us to extend the scope of our observations. It was
felt that such a study might possibly help to clarify
which of the several morphological changes
brought about by ingestion of hepatocarcinogens
(7-15) are actually specific for the early stages of
carcinogenesis.

MATERIAL AND METHODS

Wistar rats averaging 200 to 250 grams were divided
into two groups. One group, the control animals, were
fed a low protein—high carbohydrate basal diet and
water ad libitum; the other group received the same
diet to which 0.06 per cent 2-Me-DAB was added for
periods up to 16 weeks. Every two weeks or so a
number of rats were sacrificed by being stunned and
decapitated. The liver was rapidly excised and
portions of the left lobe fixed for 90 minutes in an ice-
cold 1 per cent solution of osmium tetroxide adjusted
to pH 7.3 and to which sucrose had been added (24).
After dehydration in a graded series of ethanol, the
tissue blocks were embedded in a 19:1 mixture of
n-butyl and methyl methacrylates. More recently,
pieces of liver from normal rats were also fixed in a

Ficure 7 Hepatic cell from the same animal used
for Fig. 6. The section, 0.5 p thick, was stained with
methylene blue and photographed under phase
contrast microscopy. This figure depicts a low density
hyaline zone (hi) as well as a number of mitochondria
(arrows) larger than normal. Numerous particles
smaller and denser than the mitochondria are also
found amongst these organelles. X 1400,

Ficure 8 Hepatic cell from same section that is
shown in Fig. 7, illustrating a number of large mito-
chondria (arrows). This cell, judging from the re-
maining light cytoplasmic areas, most likely still
contains appreciable amounts of glycogen. X 2000.

Figcure 9 Hepatic cell from same section that is
shown in Figs. 7 and 8. This figure illustrates several
small groups of cisternae of the granular endoplasmic
reticulum (arrows), two light hyaline zones (ki), as
well as many dense particles of various sizes. Phase
contrast. X 1800.
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1 per cent solution of osmium tetroxide in phosphate
buffer (25) and embedded in Epon (26). This latter
material was examined under light microscopy only.

In the course of this study we have depended
heavily on the light microscopic examination of
0.25 to lu sections prepared from the same blocks
that were used for electron microscopy. Although
such sections were usually only | mm? in area, they
nevertheless greatly facilitated the interpretation of
our electron micrographs and permitted a much more
adequate sampling of the material than would have
been possible with the electron microscope. These
sections were generally stained with either the
periodic acid—Schiff reaction (PAS) (27), 1 per cent
borated methylene blue, or 1 per cent basic fuchsin.
Combinations of these stains were frequently used
also. Where more contrast was needed, the thinnest
sections were examined under phase contrast micros-
copy.

For electron microscopy the sections were stained
with lead hydroxide (28) and sandwiched between
thin films of Formvar and carbon (29). These
preparations were examined in a Siemens Elmiskop
I using the double condenser, 80 kv, and 50 u ob-
jective apertures.

OBSERVATIONS

Our description of the morphology of hepatic cells
from experimental animals will be mostly limited
to the major differences in these cells as compared
with hepatocytes of control animals. No attempt
will be made, therefore, to cover the numerous
modulations in structural details which may be re-
corded from cell to cell with the electron micro-
scope.

In order to facilitate comparison of the early ef-
fects on hepatic cells of the non-carcinogen 2-Me-
DAB and the closely related but highly potent sub-
stance 3’-Me-DAB, our findings at the end of the
10-day period are reported in some detail. The
period extending from the 3rd to 16th week is then
discussed and, wherever possible, the sequence of
the morphological alterations observed is de-
scribed.

Basophilic Zones and the Granular Endo-
plasmic Reticulum

CoNTROL ANIMALS

The zones which in the normal hepatic cell (Fig.
1) correspond to arrays of closely and regularly dis-
posed cisternae of the granular endoplasmic retic-
ulum are also observed in 0.3 to 0.7 u sections of
cells from control animals. A number of such baso-
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philic zones remain quite conspicuous during the
period investigated but others become partially
disorganized. Indeed, examination of 0.5 u sec-
tions under phase contrast reveals amongst the
mitochondria the presence of narrow linear struc-
tures which most likely correspond to small groups
of cisternae of the endoplasmic reticulum.

The most common situation recorded under
electron microscopy, especially during the later
weeks of the experiment, is that of sinuous cisternal
profiles dispersed individually (Fig. 10) or in small
groups within the cytoplasm (Figs. 10 and 11).

EXPERIMENTAL ANIMALS

Under light microscopy, the basophilic zones are
less easily detected in most hepatic cells of animals
fed 2-Me-DAB for a period of 10 days than in cells
of normal or control animals. The electron micro-

scope shows that these cells still contain cisternal

profiles of the granular reticulum (Figs. 12 and 13)
but the impression is definitely gained, however,
that on the whole many cells contain fewer such
structures. At the end of the 10-day period there
already has occurred some degree of fragmentation
(Fig. 12) and redistribution of these cisternae in
most cells. Profiles of these are now often found
scattered individually (Fig. 12) or in small groups
amongst the mitochondria or in parts of the cyto-
plasm not occupied by zones of either glycogen or
tubules of smooth endoplasmic reticulum. These
cisternal profiles of granular reticulum are also
now sinuous in contour, forming loops and bends
and sometimes curling partly around mitochondria
(Fig. 13). Many ribosomes are found free among
these profiles.

Fragmentation (Fig. 12) of the cisternal profiles
and disorganization (Fig. 13) of their arrays, proc-
esses that are already quite evident in the early
stages of the experiment, become more pronounced
during the following weeks. By the 6th week, and
even more so during the 12th to 16th week period,
many cells show only short, sinuous, individual
profiles (Figs. 14 and 15) mostly located amongst
the mitochondria. Occasionally during these last
weeks, cells are encountered which still show arrays
of long, membranous profiles (Fig. 17) of granular
reticulum similar to the irregular groups of cis-
ternae observed at the end of the 10 day period
(Fig. 13).

The appearance of the granular endoplasmic
reticulum in the “dark” cells will be described in a
later section.
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Hyaline Inclusions and the Agranular

Reticulum

The liver cells of control animals show no evi-
dence of hyaline inclusions during the period stud-
ied.

Such inclusions, however, represent the most
striking cytological change observed in the liver of
animals fed for 10 days on a diet supplemented
with 0.06 per cent 2-Me-DAB. They are generally
sinuous in outline and form coarse networks ex-
tending throughout portions of the cytoplasm
(Fig. 4). After PAS staining, all cells show irregu-
lar dark-red zones corresponding to those observed
in normal hepatic cells. However, in most cells
other zones appear which are pinkish or lighter red
in color (Fig. 5) and are adjacent and usually con-
tinuous with the typical glycogen areas just
referred to. These pinkish zones are often heter-
ogeneous in staining intensity and are, then, char-
acterized by small dark-red spots of glycogen scat-
tered within their mass. In size and distribution,
these pinkish areas appear to correspond to the
hyaline inclusions seen after methylene blue stain-
ing (Fig. 4). Evidence in support of this conclusion
will be presented later in this paper.

During the 3 to 16 week period, the distribution
and importance of the hyaline inclusions vary
markedly from cell to cell. Large, often crescent-
shaped inclusions are found at one side of the nu-
cleus (Fig. 6), and other smaller inclusions are
scattered amongst the mitochondria. Due to the
increasing mitochondrial population, the numer-
ous narrow and sinuous hyaline zones become pro-
gressively more difficult to detect under light mi-
Croscopy.

Around the 9th week period many cells show,
besides or instead of the dense hyaline zones just
described, cytoplasmic areas which appear dis-
tinctly different in their internal structure. They
are characterized by a loose organization (Fig. 7),

the nature of which cannot be conjectured under
light microscopy.

The hyaline inclusions (Figs. 4 and 5) are seen
under electron microscopy to consist of a network
of membranous elements (Fig. 12) which, at high
magnification, appear as vesicles and sinuous tu-
bules of varying diameter. These tubules may be
loosely or closely packed and thus give rise to in-
clusions which in different cells show correspond-
ingly either a loose or a dense organization. The
continuity of many of these membranous elements
with cisternal profiles of the granular endoplasmic
reticulum indicates that the inclusions originate as
a result of hypertrophy in the smooth reticulum.

Electron microscopy also sheds light on the pres-
ence of both dark-red and pink cytoplasmic areas
observed after PAS staining. Our electron micro-
graphs reveal that glycogen units are grouped into
large zones (Figs. 12 and 13), containing also a few
scattered mitochondria and elements of both the
granular and agranular reticulum, and because
these zones have a high content of glycogen units
they stain densely with the PAS procedure (Fig.
5). The zones which contain fewer glycogen units
scattered amongst a large amount of vesicles and
tubules of the agranular reticulum, however, stain
a pinkish color (Fig. 5). The fact that zones of both
types are always contiguous (Fig. 12) accounts for
the light micrographic observation that red and
pink areas are generally adjacent (Fig. 5).

Glycogen
CONTROL ANIMALS

After PAS staining, no detectable difference in
the amount and distribution of glycogen in hepatic
cells could be noted between control animals of the
10-day period (Fig. 3) and normal animals. Dur-
ing the following period, up to the 16th week,
large uniform zones of glycogen become progres-
sively less frequent and the glycogen is found dis-

Figure 10 Electron micrograph of portion of hepatic cell from control animal of the 9-
week period. The mitochondria show short cristae as in normal hepatic cells. Three eyto-
somes (cy) with dense nucleoids are also recognized amongst the mitochondria. Part of a
Golgi complex (ge) is noted close to the nucleus. The granular endoplasmic reticulum (ger)
in this cell consists of a fairly regular array of cisternae cut obliquely, as well as of a num-
ber of short, sinuous double membranes (arrows) found predominantly amongst the mito-
chondria and often curling partly around some of them. The glycogen units (gu) are
located mostly within one large cytoplasmic zone but may also be found in small groups
among the mitochondria. A number of small, smooth vesicles may be detected within
these various glycogen zones. X 17,000.
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tributed in the form of a network throughout the
cytoplasm. This phenomenon is especially striking
during the 9th to 16th week period and may result
partly from the concomitant dispersion of the mi-
tochondria.

EXPERIMENTAL ANIMALS

As already noted, the liver cells of experimental
animals of the 10-day period show large, PAS-
positive zones corresponding closely to those ob-
served in normal cells. During the following weeks
the glycogen in the hepatic cells of these animals
gradually disappears. Observation at low magnifi-
cation of sections I mm? in area reveals a patchy
distribution of glycogen. Scanning of the same
preparations under oil immersion reveals that gly-
cogen is absent from many cells, some of which are
adjacent, accounting for its uneven distribution.
The decrease in the amount of glycogen is still
more noticeable by the 5th week, and by the 9th
week most hepatic cells show only small, scattered
areas of glycogen or none at all. Occasionally, how-
ever, one sizeable zone of glycogen may still be ob-
served within a cell. As a result of dispersion and
eventual disappearance of the glycogen in these
cells, the contours of the cell, as well as those of the
nucleus and mitochondria, which were previously
delineated by PAS-staining material, are no longer
visible in such preparations.

In the course of our electron microscopic obser-
vations it has become apparent that some relation-
ship exists between the evolution of the zones of
hypertrophied agranular reticulum and the glyco-
gen content of hepatic cells. The hyaline inclusions
of the 10-day period consist of rather loosely
packed tubular and vesicular elements (Fig. 12).
A number of glycogen units are found within the
membranous network thus formed, but most of the
glycogen is still aggregated within large cytoplas-
mic areas adjacent to the zones of hypertrophied
agranular reticulum. The electron microscope re-
veals that during the period of progressive glyco-
gen depletion that occurs during the following

weeks the glycogen units become restricted almost
exclusively to zones of membranes of the agranular
reticulum. Moreover, the organization and glyco-
gen content of these zones vary considerably from
cell to cell. Cells which show a loosely organized
network of tubular elements invariably still con-
tain glycogen units within such zones (Figs. 14 and
15). A number of the glycogen units stain as
densely with lead hydroxyde as they do at the end
of the 10 day period, but a large proportion is now
much lighter (Figs. 14 and 14) and, therefore, ap-
pears as ghosts. The lighter units are usually some-
what larger than the denser particles. On the
other hand, cells which are characterized by zones
of tightly packed tubular elements show only a few
(Fig. 16) very small glycogen units amongst these
tubules or none at all.

Mztochondria
CONTROL ANIMALS

At the end of the 10-day period, the mitochon-
dria are as numerous as in normal hepatic cells and
likewise mostly grouped within the basophilic areas
of the cytoplasm (Fig. 2). During the following
weeks the mitochondria remain in normal number,
but in the lighter cells a certain proportion of them
are dispersed in non-basophilic zones of the cyto-
plasm. The impression is gained, however, that in
the dark cells the mitochondria are more con-
sistently restricted to the basophilic zones.

EXPERIMENTAL ANIMALS

Starting with the 3rd to 4th week period, it is
observed that the number of mitochondria per cell
gradually increases, and that a few weeks later the
cytoplasm is crowded with them (Figs. 6 and 7).
A number of cells are then characterized by large,
lightly stained mitochondria, the diameter of which
is up to three times that of the remaining mito-
chondria (Figs. 7, 8, and 9). Many such mitochon-
dria show under light microscopy a series of dense

Ficure 11  Micrograph of portion of hepatic cell from same period as Fig. 10 but de-
picting in more detail the ultrastructure of the mitochondria (m) and organization of the
granular endoplasmie reticulum (ger). The cisternal profiles of the granular reticulum are
short, fragmented and very irregularly disposed. Also, a fairly large number of free ribo-
somes are found among these profiles. Tubular and vesicular elements of the agranular
reticulum (aer) may be recognized at the lower right together with a few glycogen units

(gu). X 40,000.
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streaks which, as will become evident later, cor-
respond to arrays of closely packed cristae.

Besides this gradual increase in the number of
mitochondria per cell which is noted in 0.5 u sec-
tions under the light microscope, the electron mi-
croscope reveals concomitant changes in their in-
ternal structure. It is observed that more and more
mitochondria show arrays of long double mem-
branes (Figs. 14, 17 to 21, and 24). These mem-
branes are usually rather straight and extend only
partly within the mitochondrial body (Figs. 14,
18, 21, and 24), but in a number of mitochondria
they are variously curved (Fig. 17) and in some
cases may be concentric with the mitochondrial
envelope. In most of our electron micrographs,
the origin of these arrays of double membranes is
not easily assessed, presumably due to the plane
of sectioning. In a number of cases, nevertheless,
at least one, and sometimes two or three, out of a
group of seven to ten double membranes, are con-
tinuous with the inner leaflet of the mitochondrial
envelope (Fig. 18). No attempt was made to deter-
mine by means of serial sectioning whether all the
membranes of such arrays show a similar continu-
ity or whether repeated folding of some of them
is involved instead.

A second and certainly more significant type of
morphological change observed in many mito-
chondria during later stages of the experiment is
the occurrence of a double membrane structure
extending across their body and fusing with the
internal membrane of their envelope (Figs. 19 and
20). In the most convincing instances, this struc-
ture is located about halfway along the length of
the mitochondrial body which is usually notice-
ably longer than the neighboring mitochondria.
Such mitochondria also often show evidence of
pinching at the level of this transverse double
membrane. This membrane is usually quite regu-
lar and straight (Fig. 19) and is characterized by

an interleaflet space corresponding in width with
the space between the two membranes of the mito-
chondrial envelope. Occasionally, the transverse
double membrane is corrugated (Figs. 20 and 21),
so that the interleaflet space becomes irregular and
in places (Fig. 21) several times wider than it usu-
ally is. A further characteristic of such partitioned
mitochondria is the invariable presence of several
long cristae frequently organized into arrays (Figs.
20 and 21). Such arrays are more often observed
only on one side of the median double membrane
but they may also be present on both sides.
Finally, a large percentage of the mitochondria
in both light and dark cells from livers of experi-
mental animals and, occasionally, also from control
animals, is characterized by the presence of cristae
which in cross-section appear triangular or some-
times quadrangular (Figs. 14, 17, 22, and 24).
Large mitochondrion-like cytoplasmic particles
(Figs. 7 to 9), which are observed sometimes in
liver cells of the 9 to 16 week period, possess the
ultrastructural features of mitochondria (Fig. 23).
They are limited by a double-layered envelope and
show a number of cristae some of which are con-
tinuous with the internal membrane of the enve-
lope. Besides these cristae, the total width of which
is normal, other membranous elements have in-
variably been noted in the large mitochondria.
These elements appear as isolated vesicles or net-
works of flattened and irregular sac-like structures.
The matrix of such mitochondria is often lighter
than that of the smaller neighbouring organelles
but may almost match their density in other in-
stances.
Lysosomes,

Lipid  Inclusions, Cytosomes

and the Golgi Complex

Phase contrast observation of 0.25 to 0.5 u sec-
tions of liver from experimental animals reveals

Freure 12 Micrograph of a cell from animal fed for a period of 10 days on a diet con-
taining 0.06 per cent 2-Me-DAB. This figure illustrates the fine structure of a zone of
agranular endoplasmic reticulum (aer). The cytoplasm in this area consists of a loose net-
work of irregular membranous tubules and vesicles. A number of glycogen units of various
sizes are located within the mesh of this network. Similar units are grouped into a large
cytoplasmic area which is adjacent to the mass of tubules and corresponds to a glycogen

zone (gz).

Isolated cisternal profiles of granular endoplasmic reticulum (ger) are found amongst
the mitochondria. One of these (arrow) cisternae seems to bifurcate. The mitochondria (m)
appear unaffected at this time. The cell also contains a number of cytosomes (ey) and
vacuole-like (v) structures which appear to represent swollen vesicles of the agranular

reticulum. X 25,000.
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that the cytoplasm of the hepatic cells contains,
besides mitochondria of various sizes and density,
an appreciable number of roundish, darkly
stained, and highly refractile particles (Figs. 7 to
9). Many such particles are only slightly smaller
than mitochondria, but the majority are noticeably
so. No clear-cut preferential distribution of these
particles could be noted in our preparations: most
are found intermingled with mitochondria, but
some are located at the periphery of both the dense
and light hyaline inclusions or sometimes within
the latter.

Under electron microscopy it is observed that
different types of bodies fit the above description.
The first group of such bodies is observed mostly
during the 9th to 16th week period. They are
amorphous in texture, show no limiting mem-
brane, and have irregular, serrated contours. These
lipid-like inclusions (Figs. 15 and 16) are found
amongst the mitochondria as well as at the periph-
ery of (Fig. 15) or within (Fig. 16) the zones of
tubules and vesicles of the hypertrophied agranu-
lar reticulum.

The second type of body has the characteristic
features of lysosomes (30). These lysosomes are
variously distributed within the cytoplasm, but
the majority are found at the cell periphery (Figs.
14 and 17). In some instances groups of up to
twenty of these have been found near bile cana-
liculi.

Most if not all hepatic cells also show a number
of roundish, membrane-bounded bodies of the type
identified as microbodies (31) or cytosomes (7,
32) (Figs. 12, 17, and 23). These organelles con-
tain a dense nucleoid which at high magnification
shows evidence of a latticed substructure. Micro-
bodies are most frequently found amongst the
mitochondria and, like the latter, may sometimes
be embedded within zones of agranular reticulum.

A third type of cytoplasmic body is found
typically within or immediately near the Golgi
complex. It should be noted at this point that
two, three, and up to five Golgi zones are fre-

quently present in hepatic cells during the later
weeks of the experiment. In most micrographs
these Golgi complexes appear hypertrophied and
characteristically contain a number of vesicles of
various sizes and shapes (Figs. 24 and 25). Many
of these vesicles are located at the extremities of
crescent-shaped arrays of smooth double mem-
branes from which conceivably, they are being
pinched off. After lead staining, all of these vesicles
show a dense matrix, and many contain still
denser granules (Figs. 24 and 25) similar to those
noted earlier by Karrer (33). Most of the dense
vesicles are only 0.1 u in diameter or even smaller.
However, some of them are several times that
size and may possibly account for a small propor-
tion of the tiniest cytoplasmic particles observed
under phase contrast microscopy.

Dark Cells
CONTROL ANIMALS

Although under light microscopy the hepatic
cells from control animals do not vary appreciably
in their morphology during the course of the ex-
periment, two groups of cells may nevertheless be
distinguished during the last ten weeks or so, on
the basis of the intensity of their staining with
methylene blue. During this later period an in-
creasing number of cells stain much more in-
tensely with this dye, so that sections of tissue
now look like mosaics of varying staining inten-
sity. Since both the nucleus and cytoplasm of these
dark cells stain quite densely with methylene
blue, it was necessary to examine 0.25 u sections
under phase contrast to detect the mitochondria
and other cytoplasmic structures. Examination of
such preparations has failed to indicate clearly
how these dark cells differ morphologically from
the lighter ones, except to show that in the latter
cells there is some degree of dispersion of the
mitochondria. However, by the 12th week, and

Figure 13  Portion of cell from experimental animal of the 10-day period showing a cyto-
plasmic area occupied by a group of convoluted cisternal profiles of granular endoplasmic
reticulum (ger). Some of these are partly curled (arrows) around mitochondria or are
squeezed (arrows) between them. Many free ribosomes are noted within this zone, At the
lower right is part of a glycogen zone (gz). Glycogen units, some of them quite small, are
also scattered within the zone of agranular reticulum (aer) as well as amongst the particle-

studded membranes. X 32,000.
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more so later on, a large number of cells are of the
dark type.

EXPERIMENTAL ANIMALS

In sections of liver tissue from experimental
animals of the 10-day period most of the cells stain
lightly with methylene blue but a number of others
already stain much more intensely. These dark
cells do not seem to have any particular distribu-
tion: they are found here and there, singly or in
groups of two or more. Their density is such that
mitochondria are visualized with difficulty, even
in 0.5 p sections examined under phase contrast
microscopy.

In the ensuing weeks a larger proportion of the
cells is of the dark type. These cells, as well as the
lighter ones, now show an appreciable increase in
their mitochondrial population. Under electron
microscopy, both the nucleus and cytoplasm of the
dark cells are noticeably denser than those of the
light ones. Our micrographs furnish little clue
to the origin of this electron opaqueness. It would
appear that some amorphous substance permeates
these cells and gives rise to their observed density.

Arrays of cisternal profiles of the granular endo-
plasmic reticulum are seldom encountered in the
dark hepatic cells, as is also the case for the light
cells of the same period. Whenever present, they
consist of irregular membranes which fold back
on themselves and form very sinuous patterns. In
those cells where no such agglomeration of par-
ticle-studded membranes is present, the granular
reticulum takes the form of short profiles most of
which are squeezed between the mitochondria
and usually curl partly around them. Because these
short profiles are frequently closely associated
with the surface of the mitochondria, many of
them are inconspicuous at first sight.

In accord with the light and patchy PAS stain-

ing of these dark cells, very little glycogen is
detected in them under electron microscopy (Fig.
25). Areas of the cell which consist predominantly
of smooth tubular or vesicular elements are seen
to contain isolated glycogen units or small groups
of units. The very small size of the glycogen zones
together with their scattered distribution accounts
for the patchy PAS staining of these cells.

The most significant feature of the dark cells
is undoubtedly the large percentage of their nu-
merous mitochondria which shows a double mem-
brane partition of the type described earlier
(Figs. 16 and 19) as well as groups of long cristae
in parallel disposition. Cells are often encountered
in which a quarter to a third of the mitochondria
have a transverse partition and in which at least
two out of three of these organelles contain arrays
of closely disposed double membranes or cristae.

DISCUSSION

The aminoazo dye 2-Me-DAB initially provoked
the interest of a number of workers because of its
apparent specific action on the mitochondria of
hepatic cells. The observation that rats given a
diet containing this compound did not develop
liver tumors (22, 23) and that the general histo-
logical architecture of this organ was maintained
(4) has commonly led to the conclusion that this
compound, unlike a closely related aminoazo
dye such as 3’-Me-DAB (34), is not carcinogenic.
From the present study it is apparent, however,
that 2-Me-DAB duplicates most of the morphologi-
cal changes induced in hepatic cells by highly
carcinogenic substances (7-15) as well as by a
number of other substances which are toxic but
non-carcinogenic (16-21). Since, among cyto-
plasmic components, the endoplasmic reticulum,
mitochondria, and glycogen show a pronounced
response to the action of 2-Me-DAB, the discussion

Figure 14 Portion of a liver cell from animal fed for a period of 9 weeks on a diet con-
taining 0.06 per cent 2-Me-DAB. A number of mitochondria (m) are characterized by long
lamellae sometimes organized into arrays. Some of the cross-sections of cristae are tri-
angular (single arrows). The cisternal profiles of the granular reticulum are fragmented
and scattered mostly amongst the mitochondria. Several free ribosomes (r) are also found

near these cisternae.

The agranular reticulum (ger) is hypertrophied in this cell and consists of a very loose
network of irregular tubular elements. Glycogen units (gu), some stained intensely, oth-
ers only faintly (double arrows) are located within the mesh of this network. Most of
these glycogen units are constituted of a number of smaller elements. The great major-
ity of the lightly stained ghost-like units (double arrows) are somewhat larger than the
denser ones. A lysosome(ly) is located close to a bile canaliculus (bc). X 30,000.
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that follows will be limited mainly to these com-
ponents.

The Granular Reticulum

Our light microscope observations on relatively
thin sections of normal hepatic cells show that
cytoplasmic areas can be recognized which, on
account of their distribution and size, presumably
correspond to arrays of cisternae of the granular
endoplasmic reticulum. One of the earliest effects
of 2-Me-DAB feeding noted under light micros-
copy is the disappearance of such conspicuous
zones in many cells. This phenomenon was shown
to be the result of a more or less pronounced
dispersal of the component cisternae of these
zones amongst the mitochondria and other areas
of the cytoplasm. The cisternae in question may
remain closely associated in a certain proportion
of the cells, but in these instances they appear
fragmented and irregularly organized.

These observations are in accord with those of a
number of workers who have studied the morphol-
ogy of hepatic cells under different experimental
conditions. Berg (35) and Lagerstedt (36) noted
that fasting, for instance, affects the cytoplasmic
basophilia of the hepatic cells, and Bernhard
et al. (37) reported similar observations with the
electron microscope. Fawcett (38), in a more
detailed study, first related this decreased baso-
philia with a dispersal of the membranes of the
granular endoplasmic reticulum. Later investi-
gations of more acute morphological disturbances
in hepatic cells brought about by non-carcinogenic
but highly toxic substances, such as carbon tetra-
chloride (16), phosphorus (18), and a-naphthyl-
isothiocyanate (21), have led to similar conclu-
sions. Oberling and Rouiller (16) report that
during the early stages of carbon tetrachloride
poisoning the decreased basophilia of the centro-
lobular cells is accompanied by a corresponding
progressive diminution in the number of cisternal
profiles of the granular reticulum and their

eventual disappearance. According to Jézéquel
(18), Smuckler ef al. (20), and Steiner and Baglio
(21), the disorganization of these membranes
also leads to a dispersal in the ground cytoplasm
of some of the ribosomes.

A similar phenomenon occurs after feeding the
potent hepatic carcinogen 3’-Me-DAB (7) and,
apparently to some extent at least, also after
ingestion of dimethylnitrosamine (8) and thio-
acetamide (13, 14). In their well documented
study, Porter and Bruni (7) show that already
at the 2-day period of feeding 3’-Me-DAB the
arrays of parallel cisternal profiles of the granular
endoplasmic reticulum become disorganized and
that individual double-membraned elements are
scattered amongst the mitochondria. They esti-
mate, moreover, that a diminution of RNP parti-
cles takes place at that time. These authors report
that both types of morphological disturbances of
the granular reticulum are accentuated during
the two following weeks.

From these studies of various toxic and car-
cinogenic substances, and from our own studies
with 2-Me-DAB, it is clear therefore that the
loss of basophilia accompanied by a dispersion of
the arrays of linear lamellae of granular endo-
plasmic reticulum, and in some cases a detach-
ment of their ribosomes, are not morphological
changes induced exclusively by carcinogenic
substances. A comparison of the effects of the two
related azo dyes, 2-Me-DAB and 3’-Me-DAB (7),
definitely indicates, however, that the process of
fragmentation and dispersion of these cisternae is
much more rapid following ingestion of the
carcinogen.

The Agranular Reticulum and Glycogen

Since Fawcett’s (38) original observation that
masses of tubular and vesicular elements appear
in liver cells of rats fasted and refed, the apparent
relationship of such zones to glycogen has roused
much interest and speculation (7, 39—41). It has

Ficure 15 Electron micrograph of part of a cell from experimental animal of the 11-week
period. The area illustrated shows a large zone of tubules of the agranular endoplasmic
reticulum (aer). This network of tubules is rather loose, as in Fig. 15, but here most of the
glycogen units stain very lightly with lead hydroxyde. These ghost-like units (arrows)
are all definitely larger than the denser ones (gu). Two of the mitochondria (my and mg)
show arrays of lamellae cut tangentially.

A few short profiles of particle-associated cisternae (ger) may be seen near some mito-
chondria. One lipid inclusion (J) is illustrated. Its homogenous inner portion is limited
by a somewhat denser thin layer. X 86,000.
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been shown (7, 42) that in hepatic cells of rats
fed a diet containing 3-Me-DAB these extensive
masses of tubules of the agranular reticulum cor-
respond to the hyaline inclusions seen under light
microscopy and already well known in a number
of pathological conditions. Such membranous
zones develop in glycogen areas of the hepatic
cell (7). In the course of later studies, Porter and
his associates (39, 40) have presented evidence
that feeding an animal after prolonged fasting
induces an increase in the number of smooth
vesicular profiles along with an accumulation of
glycogen in the glycogen zones of the hepatic
cell. A few hours later, when glycogen storage
has reached a maximum these smooth vesicles
have more or less completely disappeared. This
last observation concurs with the report that in
hepatic glycogenosis where cells are literally
loaded with glycogen no smooth membranes of
the reticulum have been noted (43).

On the basis of the observations mentioned
above and others on animals treated with glucagon
and epinephrine (40), it has been postulated that
the smooth surfaced reticulum of the hepatic
cell is somehow involved with synthesis and storage
of glycogen. The findings, however, also lend
themselves to different interpretations, and some
of these have recently been discussed (40). For
instance, Fawcett has questioned the role of the
agranular reticulum in the synthesis and degrada-
tion of glycogen (41) and cited a number of
examples of tissues where the presence of large
zones of this component of the reticulum is un-
questionably related to other cellular functions.

The present study has shown that ingestion of
2-Me-DAB induces in hepatic cells the formation
of conspicuous hyaline inclusions which after 10
days are already quite large. At this early stage
of the experiment, a noticeable decrease in the
size of the zones of glycogen is observed. Electron
microscopy has revealed that during the following
period up to the 12th week, the remaining glyco-
gen units are restricted to zones of tubules which
correspond to the hyaline inclusions seen under

light microscopy. Although, on the whole, the
feeding of 2-Me-DAB tends to gradually de-
plete the cells of most of their glycogen, many of
the cells still show variable amounts of glycogen
within zones of hypertrophied agranular reticu-
lum. These observations are best interpreted at
present as indicating some relationship between
the disappearance of the glycogen zones and the
concurrent hypertrophy of the agranular reticu-
lum. Moreover, our images suggest that the close-
meshed networks of tubules characterize cells
with a high degree of glycogen depletion whereas
zones consisting of less densely packed, irregular
tubules and vesicles are found in cells which still
contain a certain amount of glycogen.

Steiner and Baglio (21) have also noted a close
relationship between the hypertrophy of the
agranular reticulum and glycogen depletion.
They report that this hypertrophy takes place at a
time when glycogen is still abundant, as noted in
the present study. They further report in accord
with our observations, that the masses of tubules
of the agranular reticulum are more compact in
cells which reach almost complete depletion of
their glycogen.

We can offer little explanation for the observa-
tion that the glycogen units located within the
mesh of loosely organized zones of agranular
reticulum do not all stain with equal intensity
with lead hydroxyde and that, furthermore, the
light, ghost-like units are usually appreciably
larger than the dense ones. Since previous studies
(7, 21, 39, 40), as well as the present one, clearly
suggest a dynamic relationship in hepatic cells
between zones of agranular reticulum and glyco-
gen, it is not unreasonable to assume that the
observed variation in staining intensity of neigh-
boring glycogen units reflects an evolution in the
biochemical or physicochemical state of these
various particles.

Mitochondria

Early studies with histological preparations
and homogenates (3, 4) have indicated that the

Fioure 16 Portion of a cell from the same animal used for Fig. 15. Here the zone of agran-
ular reticulum (aer) is constituted of closely packed tubules and a few membrane-bounded
vesicles (v). The residual glycogen material (gu) consists of very small dense particles some
200 to 250 A in diameter. The zone illustrated contains two lipid inclusions (f). Two cyto-
somes may also be recognized: both are wrapped by one (cy1) or several (cy2) smooth
membranes which are most likely related to those forming the neighboring zone of tubules.

X 44,000,
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most specific effect of the non-carcinogenic azo
dye 2-Me-DAB on the hepatic cell is to induce a
remarkable increase in the mitochondrial popu-
lation. The present observations have wholly
confirmed these findings and shown, moreover,
that this increase in the number of mitochondria
per cell is accompanied by changes in their ultra-
structure. Most of these changes are similar to the
morphological variations characteristic of mito-
chondria in liver and other tissues or to variations
occurring under experimental conditions other
than those prevailing in the present study. Mito-
chondria with cristae which are angular in cross-
section have, for instance, been recorded in a
variety of normal tissues (44), and they may also
be recognized in hepatic cells of rats subjected to
fasting (reference 40, Fig. 5). A second ultra-
structural alteration of mitochondria, the appear-
ance of arrays of long crista-like lamellae, is also
a frequent feature. Such arrays have been ob-
served in liver epithelioma by Jézéquel (45) who
also noted continuity of some of these double
membranes with the inner leaflet of the mito-
chondrial envelope. Similar membranous arrays
are present in mitochondria of cells of cholestatic
livers (46) and in liver cells following ammonium
carbonate poisoning (47), dietary deficiencies
(48), and extrahepatic biliary obstruction (49).
The many variations in the internal morphology
of mitochondria in liver and various other tis-
sues have recently been reviewed (50, 51).
Since the morphological changes discussed
above are observed in a variety of situations where
no indication exists of a significant increase in the
number of mitochondria, it is, therefore, doubtful
whether in the present study such ultrastructural
alterations of the mitochondria are in any way
related to their apparent duplication. A third
ultrastructural change, the presence of a trans-
verse double membrane continuous at both ends
with the inner layer of the mitochondrial envelope,

is more suggestive in this respect, however, and
certainly represents the most significant type of
modification induced in rat liver mitochondria
by the ingestion of 2-Me-DAB. Such transverse
membranes were first noted by Fawcett (38)
in the mitochondria of hepatic cells of rats during
both fasting and refeeding, and the possibility
was considered that these mitochondria might be
in the process of division. A preliminary report
(52) has appeared describing an increased number
of mitochondria in hepatic cells of guinea pigs
subjected to fasting or to a scorbutic diet. In-
dications were apparently obtained suggesting
that fission of the mitochondria occurs under such
experimental conditions, but the internal mor-
phology of these organelles is not described.
Previous observations (3, 4), as well as those
reported here, to the effect that 2-Me-DAB in-
duces an appreciable increase in the number of
mitochondria per cell raise the question of the
origin of these organelles. Are they formed de
novo or rather do they originate from preexisting
bodies by division of these bodies? Qur electron
micrographs provide evidence strongly suggesting
the latter mode of formation. First, no cytoplasmic
organelles are observed in our material which
would qualify as premitochondrial bodies such as
those recently described (53) in both regenerating
and embryonic rat livers. We feel, moreover, that
the presence of a transverse membrane in many
mitochondria is highly indicative that such or-
ganelles are in the process of dividing. The objec-
tion could be raised that, due to their packing
within the cytoplasm, many mitochondria are in
close enough contact to fuse, thus, transitionally
at least, giving rise to the double partition ob-
served. This line of reasoning, undoubtedly, would
find support in the often quoted cinematographic
observations of Frederic and Chévremont (54)
that mitochondria of tissue culture cells readily
fuse as well as divide. Although this may well be

Freure 17 Portion of a cell from experimental animal fed for 9 weeks on a diet containing
0.06 per cent 2-Me-DAB. Many of the mitochondria illustrated are characterized by
arrays (arrows) of curved double membranes cut obliquely. Two cytosomes (cy) and sev-

eral lysosomes (ly) are shown.

Some of the cisternal profiles of the granular reticulum (ger) are grouped into one irreg-
ular array in the lower part of the figure but several much shorter particle-studded ones
are scattered individually amongst the mitochondria. Small zones of closely packed smooth
tubules (zer) containing tiny glycogen units are located in various areas of the cytoplasm.
A bile canaliculus (b¢) runs obliquely on each side of the lower portion of the figure.

X 14,000.
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the case, the ultrastructure of such fusing mito-
chondria, unfortunately, is not known at present.
Certainly mitochondria are quite often seen touch-
ing one another and sometimes even pushing into
each other to the point of deforming their normally
regular contours, but in such cases, however, the
boundary between them is always four-layered
(see Fig. 24).

A point that remains to be discussed is that the
transverse double membrane most likely represents
a partition between two separate compartments
and is not merely a long tubular crista which
happens to have extended completely across a
mitochondrion. Without serial sectioning it is
impossible to prove the first possibility categori-
cally, and therefore the following observations are
offered instead in support of it. First, in all sec-
tions of such mitochondria longitudinally cut, as
established by the double character of their outer
envelope, the transverse membrane is likewise
clearly double and, moreover, is always located
medially or closely so. The former of these two
characteristics is suggestive of the presence of a
partition orientated perpendicular to the long
axis of the mitochondria. Secondly, the transverse
membrane always extends across the mitochon-
drial cavity and fuses at both ends with the inner
leaflet of the envelope; moreover, it is always

found to be perpendicular to that envelope or
closely so. Now it should be recalled that the long
cristae, which also characterize such mitochondria
are randomly orientated, instead, with respect to
the long axis of these organelles. Finally, in all
cases recorded these long cristac may be either
straight or curved but the spacing between their
two limiting membranes is always quite regular
and of a constant value. The transverse double
membrane, on the other hand, is often wavy,
and in such cases the spacing between the two
leaflets varies greatly. Significantly enough, a
slight to appreciable amount of pinching of the
mitochondrion is invariably present at the level of
these wavy transverse membranes, but such is
not always the case when the transverse mem-
branes are straight.

We propose that the group of observations just
summarized is best interpreted by assuming that
the transverse mitochondrial membrane is quite
distinct from the long cristae and arrays of mem-
branes observed after feeding 2-Me-DAB and
corresponds, in fact, to a partition. It seems not too
unreasonable to postulate, then, that this partition
is directly related to the division of the mito-
chondria. Finally, it is suggested that a slight
pinching of the mitochondrial body takes place
at the onset of division and that concomitantly

Fieure 18  Mitochondrion from hepatic cell of experimental animal of the 11-week period.
This micrograph depicts an array of long double membranes three of which (single arrows)
are continuous with the inner layer of the mitochondrial envelope. Note that some of these
double membranes are definitely closed (double arrows) at their extremity. X 80,000.

Ficure 19 Micrograph of a mitochondrion from hepatic cell of experimental animal
of the 11-week period. This mitochondrion is characterized by a number of long, crista-
like double membranes (arrows) and by a partition (pf) both membranes of which are
continuous with the inner leaflet of the mitochondrial envelope. The total thickness of
this transverse double membrane corresponds closely to that of the mitochondrial en-

velope itself. X 75,000.

Fioure 20 Mitochondrion from hepatic cell of animal fed for 9 weeks on a diet contain-
ing 0.06 per cent 2-Me-DAB. Groups of long crista-like double membranes (arrows)
have been sectioned obliquely and do not show up clearly. The median partition (pf)
in this mitochondrion is irregular and its inter-leaflet space is a few times wider than
that of the mitochondrial envelope. It should be noted that the outer membrane of this
envelope is still intact at the level of the median constriction of the mitochondrion. X

47,500,

Frcure 21 Mitochondrion from same preparation used for Fig. 20. A group of long
double membranes is observed on each side of the median partition (pf). The two com-
ponent membranes of the partition show a wider separation than in Fig. 20. Nevertheless,
the two halves of the mitochondrion are still united, at the level of this partition, by the
outer membrane of the mitochondrial envelope. X 52,000.
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the

Fieure 22 Higher magnification micrograph of portion of Fig. 17 illustrating the fine structure of
certain mitochondria in experimental animals. This figure shows that in cross-section certain cristae
are quite angular {arrows). Some are rather irregular in contour whereas others are nearly triangular or
quadrangular. X 90,000.

Ficure 23 Portion of cytoplasm of hepatic cell from animal of the 11-week period. This micrograph
illustrates two cytosomes (cy) and several mitochondria. The smaller mitochondria are of normal size
and show a number of long cristae. The large mitochondrion (m) is limited by a two-layered envelope and
is further characterized by cristae of different length. Several sac-like structures (arrows) appear to have
been sectioned tangentially. X 19,000.

two wavy leaflets of the partition begin to  of the repartition of newly incorporated choline in

separate. mitochondria during the logarithmic growth of
Our observations and conclusions are consistent  Newrospora crassa. His data exclude de novo forma-
with Luck’s (55) recent autoradiographic study tion of the mitochondria, in this organism at least,
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Ficure 24 Portion of a hepatic cell from animal of the 11-week period. The granular
endoplasmic reticulum (ger) is represented by a group of long cisternae close to the nucleus
as well as by several shorter membranes scattered amongst the mitochondria. A large
portion of the area illustrated consists of smooth tubules and vesicles organized into a
loose network (aer). A few dense glycogen units (gu) are clearly seen in the mesh of this
network, but several much lighter ones may also be detected (arrows). The Golgi complex
(gc) contains crescent-shaped membranes together with numerous vesicles (v¢) of various
sizes. Most of the latter show a number of much smaller structures similar to the tiniest
vesicles found within the Golgi zone. A dense granule (gr), located close to the Golgi com-
plex, is characterized by a heterogeneous matrix. X 40,000,
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Ficure 25 Cytoplasmic area of hepatic cell of animal from the 9-week period depicting a Golgi zone.
The latter consists of groups of smooth double membranes and vesicles (ve) of various sizes. Some of these
vesicles (ve;) are roundish in outline, rather small, and characterized by a light matrix. Other such Golgi
vesicles (ve;) are more irregular in outline, larger, and contain one or more dense granules. The micro-
graph also shows parts of two mitochondria (m), a lysosome (ly), and a bile canaliculus (b¢). A dense, mem-
brane-bounded granule (gr) is located in the lower part of the figure. It is quite similar to but some-
what larger than the dense Golgi vesicles just described. X 42,000.

and strongly favour the view that the observed
increase in their number results from division of
these organelles.

It is evident that the azo dye 2-Me-DAB is well
suited to induce duplication of mitochondria in
rat hepatic cells. In view of the incompleteness of
some of our observations, and of the interest of
the problem at hand, the present investigation is
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being continued to obtain more direct and con-
clusive evidence in support of our proposed mecha-
nism for the duplication of mitochondria.

' Nature of the Dark Cell

The presence of dark and light cells within the
normal liver has been known for some time. In a
recent preliminary report Aterman (56) dis-
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tinguishes these two cell types on the basis of the
distribution of their basophilic material. Accord-
ing to this author, cytoplasmic basophilia is a
dynamic characteristic of liver cells and follows
the variation of their glycogen content. Groups
of cells which stain quite intensely with methylene
blue may also be observed in 0.5 u sections of
normal liver fixed in phosphate-buffered osmium
tetroxide and embedded in Epon (57). To our
knowledge, this feature of the normal hepatic
cells has not yet been reported at the ultra-
structural level. At the present time it is difficult,
therefore, to estimate to what extent the presence
of dark cells in our preparations of both control
and experimental animals reflects uniquely the
experimental conditions used in the course of this
study. One fact, however, that remains clear is
that a larger proportion of dark cells is observed
in rat liver when 2-Me-DAB is added to the basal
diet than when the basal diet alone is fed to the
animals. Moreover, during the later stages of the
experiment, the mitochondria in the dark cells
are consistently more crowded and a larger propor-
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