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Aflatoxin B1 has been shown to produce a slowly developing periportal
parenchymal cell necrosis following the administration of a single dose.'
Extractable aflatoxin, however, rapidly disappears from the liver.2 A
maximum is reached at about i hour after oral administration, follow-
ing which there is a rapid disappearance, so that by 6 hours most has
gone. By 24 hours when histologic changes are readily identifiable, only
a trace is discernible.

In a series of experiments investigating the early biochemical lesion
induced by aflatoxin, an inhibition of the liver protein synthetic mecha-
nisms has been described.3 The disturbance of the protein synthetic
mechanisms and that of RNA metabolism were shown to occur rapidly
within the first few hours after administration of the toxin. It is the
purpose of this paper to describe the early cytologic changes induced
by aflatoxin and to attempt to correlate these with the biochemical
changes which occur during the same period. The subsequent develop-
ment of the lesion after 6 hours will be the subject of a further report.

METHODS
Male Wistar rats, ISo gin, were given single administrations of i mg aflatoxin

B1. The crystalline toxin (Unilever Ltd., Vlaardingen, The Netherlands) was dis-
solved in dimethylformamide (DMF) (io mg aflatoxin B1 in I ml DMF) and given
by stomach tube. The animals were not anesthetized for intubation. Control rats
were given a similar volume of DMF alone. All animals were treated between 9 A.M.
and IO A.M. and killed I, 3 and 6 hours later by a blow to the head, 6 dosed and 3
control animals being killed at each time interval. Prior to dosage the rats had free
access to M.R.C. diet 4ib and water, and after dosage to water alone.

Tissue, taken from the median lobe of the liver, was fixed in I per cent OS04 in
veronal buffer,4 pH 7.4 for 2 hours at 40 C, dehydrated in graded alcohols and em-
bedded in Epon 8I2.5 Ultrathin sections were cut with glass knives on a Huxley
Cambridge microtome and stained with 2 per cent uranyl acetate 6 and also in some
cases with lead hydroxide.7 The sections were examined either with an A.E.I. EM6
or a RCA EMU3 microscope. Adjacent thicker sections were stained with either
Nile blue sulphate 8 or toluidine blue 9 and examined with the light microscope for
orientation.
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Part of the remaining tissue was fixed in io per cent formol saline; paraffin sec-
tions prepared in the usual fashion were stained with Ehrlich's hematoxylin and
eosin.

RESULTS

Controls. The cytoplasmic organelles were essentially similar to those
described by other workers.'0"11 Mitochondria were elongated or oval
with an even, finely granular matrix and a few electron dense granules.
The rough endoplasmic reticulum (RER) appeared as orderly stacks
of cisternae or as fewer cisternae passing between mitochondria (Fig. i).
Most ribosomes were attached to the membranes, while some, single or in
clusters, lay adjacent to the membranes. In the 3- and 6-hour groups,
there was some irregularity of the cisternae with local areas of dilatation.
During the course of the experiment, the glycogen areas in the paren-
chymal cells became less abundant. The Golgi appeared as a series of
flattened vesicles. Within the lumen of these cisternae, osmiophilic
granules could be seen. Similar granules were observed in the space of
Disse.
The parenchymal nuclei were similar in each group and compared with

those which have been described.""2 The form of nucleolus with the
granules arranged as strands (Fig. 2) was more common than that which
had a more homogeneous appearance with a prominent perinucleolar
rim of chromatin (Fig. 3).

Experimental-I Hour. Parenchymal cells in the centrilobular zone
were normal. In the periportal region some cells showed dilatation of the
cisternae of RER with a few dislocated ribosomes (Fig. 4). This was
the only change seen at this time. The other cytoplasmic organelles and
nuclei within the altered cell exhibited a normal appearance. The re-
mainder of the periportal cells were similar to those in the controls.

3 Hours. The change in the periportal cells at i hour was now much
more evident, with all the cells in the zone being affected. The stacks of
RER showed greater dilation and cisternal irregularity (Fig. 5). In
some areas, ribosomes were distributed at random in the inter-cisternal
space and comparatively long segments of membrane were free of ribo-
somes. Within the dilated cisternal spaces were round granules of vary-
ing density. The Golgi was also dilated and contained similar granules
within the lumens. The SER showed no significant change. The mito-
chondria maintained regular outlines with even distribution of matrix
and electron dense granules.
The centrilobular cells at this stage showed no change from the con-

trols (Fig. 6). The stacks of RER were regular and there was no dilata-
tion of the cisternae. The ribosomes were associated with membranes of
the ER and the SER and cytoplasmic organelles were normal.
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Nuclear alterations did not exhibit the zonal distribution characteriz-
ing the cytoplasmic changes. In the control material and at i hour after
treatment the nucleolar configuration with prominent perinucleolar
chromatin (Fig. 3) was less evident than that illustrated in Figure 2.
At 3 hours, however, nucleoli with prominent perinucleolar chromatin
and indistinct nucleolemma were abundant. Some of the nucleoli (Fig. 9)
appeared to be shrunken and dense and exhibited zoning of the
nucleolar substance. A varying number of zones could be distinguished
but usually two were readily apparent. Zone A appeared as a coarsely
granular area containing ribosome-like particles and zone B exhibited a
more homogeneous appearance. This type of nuclear change was noted
in cells with grossly abnormal cytoplasm in the periportal zone, as well
as in the centrilobular area in which there was minimal or no change in
the RER.

6 Hours. The periportal zone now exhibited complete disruption of
the stacks of RER with the formation of irregular vesicles (Fig. 7). Many
free ribosomes were scattered throughout the cytoplasm either singly or
in clusters. The Golgi now showed greater irregularity and dilatation
of its cisternae. Within the intracisternal spaces in both the Golgi and
the remnants of RER dense granules were encountered as in the earlier
groups and the controls. The SER at this stage consisted of irregular
vesicles (Fig. 7) and was not readily distinguished from the disrupted
RER.
The mitochondria now exhibited irregular profiles. Blebs and infold-

ings of the membranes consisted of either the outer or the inner mem-
brane, or comprised a double membrane. In some instances, there
appeared to be a discontinuity of the inner membrane (Fig. 8). The gran-
ular matrix was rather patchy and only occasional electron dense granules
were noted within the mitochondria. At this stage cytoplasmic organelles
appeared unchanged. A few small fat droplets could be seen (Fig. 8) but
at no stage up to 6 hours was the accumulation of fat a prominent feature.
Some centrilobular cells were beginning to show alterations (Fig. io).

Although regular stacks of RER, with associated ribosomes, remained
in some areas, there was dilatation of cisternae and dislocation of ribo-
somes. The mitochondria showed some loss of matrix but did not have
the irregular outline seen in the periportal zone.

Changes within the nucleolus seen at 3 hours were still present in this
group but appeared to be neither more abundant nor with more of a zonal
distribution.

In no instance at any stage was there any abnormality of the cell
membrane, either abutting upon the adjacent parenchymal cells or the
space of Disse.
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DISCUSSION
DMF has been selected as a suitable solvent since, at the dose used,

no evidence of pathologic alterations was seen in the original experiments
describing the acute toxicity of aflatoxin B1.1 This was confirmed by
biochemical studies 3 and in the present investigation no ultrastructural
change appeared in the controls which could be attributed to DMF. The
only difference from the control groups was a slight dilatation of the RER
cisternae at 3 and 6 hours. Similar changes have been reported by other
workers.13-15
The earliest change seen in this study was in the RER. As early as

i hour, a few periportal parenchymal cells showed dilatation of RER
cisternae and dislocation of ribosomes. This was progressive so that
by 3 hours, all the cells in the periportal zone were affected and the degree
of disruption was greater. At 6 hours, the change was even more marked
with complete disruption of the stacks of RER and free ribosomes
scattered throughout the cytoplasm. At this stage, alteration of mito-
chondrial and nucleolar structure was also noted and centrilobular cells
exhibited some dislocation of ribosomes and dilatation of cisternae.
As mentioned previously, aflatoxin B1 induces a periportal zone of

necrosis. This can be recognized by 20 to 24 hours in paraffin embedded
tissue stained with hematoxylin and eosin and has been described in
detail in a previous paper.' It was also shown that with the dosage used
no histologic evidence of necrosis was detected in centrilobular cells.
This correlated well with the present observation that the most severely
affected cells were those in the periportal region. It is not possible to say,
however, whether the cytoplasmic disruption in these cells was sufficient
in itself to lead to necrosis. In the centrilobular area, there was some
change in the RER by 6 hours but necrosis did not develop subsequently.
It is not known how far the dilatation of RER cisternae and dislocation
of ribosomes might progress in the centrilobular zone.

It has been demonstrated that in normal liver parenchymal cells, pro-
tein synthetic mechanisms are associated with the RER.18'17 It has been
suggested that the electron dense granules of the RER and Golgi
cisternae are secretory granules of protein or lipid.11'18

Within i hour of administration of carbon tetrachloride (CC14), dilata-
tion of the RER cisternae has been demonstrated.19 By 3 hours, dis-
location of ribosomes has been described 15 and the liver subsequently
becomes fatty. A failure of C14 amino acids to incorporate into proteins
has also been shown to exist at these times.15 Triglyceride is transported
in the form of lipoprotein, thus a failure to form the protein moiety
might be expected to result in a failure of triglyceride transport. Similarly
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following dosage with dimethylnitrosamine (DMN), there is a correla-
tion between the disaggregation of the RER, fat accumulation and the
inhibition of protein synthesis.14'20'21 Both of these toxins produce a
centrilobular lesion.

Aflatoxin B1 has been shown to inhibit incorporation of C14 amino
acids into proteins and to inhibit induction of new enzymes as early as
i hour after administration.3'22'23 The early structural changes induced
by aflatoxin, although periportal in distribution, are similar to those
seen with both DMN and CC14, except that there is no significant fatty
change. This may reflect either the zonal nature of the lesion, or intimate
that lipoprotein synthesis is not affected to such a degree. The latter sug-
gestion is further supported by the observation that the intracisternal
electron dense granules can be still seen at 3 and 6 hours after aflatoxin
administration. In spite of the fact that the earliest changes occurred
at the same time as those induced by DMN or CC14, necrosis develops
much later, so that a well developed zonal necrosis is not seen until 48
hours.

Another feature of note was the nucleolar alteration observed at 3
and 6 hours. The zoning of the nucleoli was similar to the development
of nucleolar caps reported in tissue cultures treated with either actinomy-
cin D or mitomycin C.24'25

Actinomycin D has been shown to inhibit the synthesis of DNA de-
pendent RNA and to have an effect on protein synthesis.2>28 Smuckler
and Benditt27 have described altered nucleoli in the rat liver after the
administration of actinomycin D but failed to find any alteration of the
RER. Similarly Jezequel and Bernhard28 have described the formation
of nucleolar caps in the rat pancreas but failed to find any alterations of
the RER or zymogen granules. Aflatoxin has also been shown to inhibit
RNA synthesis 29'30 and when given after partial hepatectomy Bernhard,
Frayssinet, Lafarge and LeBreton 31 demonstrated nucleolar alterations
but no cytoplasmic change. In the present study in which profound
cytoplasmic changes occurred, there appeared to be no correlation be-
tween the nucleolar and cytoplasmic alterations. This would suggest
that the cytoplasmic change was independent of the nucleolar alterations.

SUMMARY

Sequential ultrastructural changes were induced in rat liver paren-
chymal cells by the oral administration of aflatoxin B1. These were
described at intervals of i, 3 and 6 hours.
At i hour some dilatation of the RER cisternae and dislocation of

ribosomes appeared in periportal cells. By 3 hours disruption of the
RER was more evident; centrilobular cells remained normal. At 6
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hours when the periportal cells exhibited further disruption with altera-
tion in mitochondria, centrilobular parenchymal cells revealed dilatation
of RER cisternae and dislocation of ribosomes. At 3 and 6 hours the
formation of nucleolar caps was a feature.
There appears to be a correlation between inhibition of the protein

synthetic mechanism and the disruption of the RER but this does not
appear to be related to the nucleolar alterations.
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LEGENDS FOR FIGURES
Unless otherwise indicated, micrographs were prepared from sections stained

with uranyl acetate.
FIG. I. Part of a liver parenchymal cell, 3-hour control. Stacks of RER with as-

sociated ribosomes. X 24,000.
FIG. 2. Nucleolus of a liver parenchymal cell, 3-hour control. The nucleolus con-

sists mainly of dense ribosome-like particles and a loose network of the
nucleolenema. X 22,600.

FIG. 3. Nucleolus of a liver parenchymal cell, 3-hour control rat. A uniformly
dense finely granular material exhibits areas of low density and a prominent
perinucleolar rim of chromatin. X 22,800.
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FIG. 4. Part of the nucleus (N) and the cytoplasm of a periportal parenchymal
cell, i hour after administration of aflatoxin B1. The RER shows some dilatation
of cisternae (arrow) and dislocation or ribosomes. X 22,700.

FIG. 5. Part of a nucleus (N) and the cytoplasm of a periportal parenchymal cell,
3 hours after administration of aflatoxin B1. The RER cisternae are irregularly
dilated with the formation of vesicles (arrow). Free ribosomes are present
in the intercisternal spaces. Dense granules can be seen within the dilated Golgi
(g) and within vesicles of RER (r). X I7,I00.
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FIG. 6. A centrilobular parenchymal cell from the rat liver illustrated in Figure
5. The stacks of RER maintain a normal arrangement. Central vein (CV).
X 8,500.
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FIG. 7. Part of a periportal parenchymal cell, rat killed 6 hours after treatment
with aflatoxin. The RER consists of irregular vesicles (arrows); the SER
has a similar appearance (SER). Mitochondria (M) have irregular profiles.
The Golgi (g) is dilated and contains dense secretory granules. Lipid (L).
Uranyl acetate and lead hydroxide stain. X IO,500.
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FIG. 8. The same field shown in Figure 7. Irregular vesicles of RER and dilated
Golgi (g) with dense secretory granules are evident. Mitochondria exhibit a
loss of matrix and irregular profiles of membranes. Clusters of ribosomes are
scattered throughout the field. Uranyl acetate and lead hydroxide stain. X 40,000.

FIG. 9. Nucleolus of a parenchymal cell, rat killed 6 hours after treatment with
aflatoxin. The nucleolar material exhibits zoning. Zone A consists of ribosome-
like particles, zone B is more homogeneous. X 29,200.
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FIG. i0. A centrilobular parenchymal cell, rat killed 6 hours after treatment with
aflatoxin. An irregular dilatation of RER cisternae is accompanied by free
ribosomes (arrow). Other areas show orderly stacks of RER. Mitochondria
(M) are swollen and exhibit some loss of matrix. X 28,00
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