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ABSTRACT

Focal hepatocellular lesions, induced in our infant mouse sys
tem (15-day-old B6C3F, mice) by a single carcinogenic dose of

diethylnitrosamine (2.5 or 5.0 ng/g body weight), were charac
terized histochemically using toluidine blue, periodic acid-Schiff,
glycogen phosphorylase, glycogen synthetase, glucose-6-phos-
phatase, glucose-6-phosphate dehydrogenase, glyceraldehyde-
3-phosphate dehydrogenase, ATPase, 7-glutamyl transpepti-

dase, and acid phosphatase. Animals were killed 5, 12, 18, and
24 weeks following diethylnitrosamine treatment. The first focal
lesions were observed in mice killed at 12 weeks. All foci showed
patchy cytoplasmic basophilia and a slight decrease in the gly
cogen content. The early foci (12 weeks) showed no change in
the levels of glycogen phosphorylase and glycogen synthetase,
a strong reduction of glucose-6-phosphatase, and a high in
crease in glucose-6-phosphate dehydrogenase. In addition, 56%

of foci in males and 86% of foci in females showed a slight rise
in glyceraldehyde-3-phosphate dehydrogenase, and 12% of foci

in males and 17% of foci in females had a lower acid phospha
tase. The level of cytoplasmic ATPase was slightly decreased in
22% of foci. By 24 weeks, a decrease in the activity of cyto
plasmic ATPase was observed in 84 and 100% of foci in males
and females, respectively. The increase in the membrane ATPase
was observed in 65% of foci in males and 7% of foci in females.
By that time, the decrease in acid phosphatase was observed in
78% of foci in males and 37% of foci in females. The 7-glutamyl

transpeptidase failed to show any increase in its activity, indicat
ing that this enzyme was not a "marker" of the hepatocellular

lesions developing under the experimental conditions. Strong
decrease in glucose-6-phosphatase in association with a mani
fest increase in glucose-6-phosphate dehydrogenase and glyc-
eraldehyde-3-phosphate dehydrogenase activities indicated a

shift from gluconeogenesis to glycolysis. Since this metabolic
shift occurred concurrently with an increase in the labeling indices
and focal size, it appears that these changes act in concert,
representing expression of the acquired functional and replicating
potential of the focal cell population.

INTRODUCTION

The process of hepatocarcinogenesis has been studied exten
sively in rats with the objective of identifying progenitors of the
sequentially emerging cell populations (1, 7, 9, 23, 33). In con
trast, studies, much more limited in scope, were carried out in
mice (3, 4, 6, 17, 18, 20, 25, 26, 28-30).

Our extensive and systematic studies regarding hepatocarci
nogenesis in infant mice following single administration of low
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doses of DEN3 (0.3 to 5.0 ^g/g body weight) showed that,

regardless of the dose used, there was a sequential emergence
of basophilic foci, hyperplastic nodules, hepatocellular adeno
mas, and hepatocellular carcinomas. The frequency and the
timing of the emerging lesions was dose-dependent, as has been
demonstrated recently (27). These studies pointed out that single
carcinogenic treatment resulted not only in the development of
tinctorial focal lesions but also in frank hepatocellular carcinomas.
This indicated the usefulness of this system to study histogenesis
of liver tumor development.

The objective of the present study was to investigate the
enzyme histochemical pattern of the focal lesions identified on
the H & E-stained sections within the first 24 weeks of treatment.

The study focused on the enzymes and metabolic products
related to carbohydrates. In addition, an evaluation has been
made regarding the phenotypic expression of several enzymes
which have been used extensively as potential markers of he
patocarcinogenesis. During the first 24 weeks, the number and
size of basophilic foci increase. Thus, the specific objective was
to evaluate qualitative and quantitative changes occurring during
the growth of focal lesions preceding the emergence of the
hepatocellular adenomas and carcinomas.

MATERIALS AND METHODS

There were two parallel series of experiments, one which served to
study the histochemistry of induced foci, and another which gave infor
mation on the quantitative aspect of the development of focal lesions in
both sexes and the labeling indices in male mice. The first series of
experiments used only small size liver samples in order to allow mounting
and concurrent histochemical processing of two sets of control and
treated tissues on the same microscopic slide. In the second series, in
which the tissues were stained by H & E, 10 to 15 larger areas could
have been mounted from a given animal on the microscopic slides,
allowing more reliable scoring of focal lesions.

Experimental Protocol and Animal Care. Young virgin C57BL/6
female and young C3H male mice were purchased from The Central
Institute for Animal Breeding Studies, Hannover, Federal Republic of
Germany. When 8 to 10 weeks of age, they were bred (3 females to 1
male). Pregnant females were housed singly in plastic cages. Delivery
dates were recorded twice daily, and the 15-day-old male and female

B6C3F, offspring were given single i.p. injections of DEN dissolved in
0.9% NaCI solution. Groups of mice were treated with 0.0 (controls) and
2.5 and 5.0 iÂ¡gof DEN/g body weight. In the first series, subgroups of
mice were killed at 5 (10 males), 12 (10 males and 10 females), 18 (5
males and 10 females), and 24 (5 males and 5 females) weeks after
treatment. A specified number of animals was killed for each of 3 dose
groups. In the second series, there were 10 animals killed at each dose,
sex, and time point, making a total of 160 animals. In addition, the male

3The abbreviations used are: DEN, diethylnitrosamine; PHO, glycogen phos
phorylase; SYN, glycogen synthetase; G6Pase. glucose-6-phosphatase; G6PDH,
glucose-6-phosphate dehydrogenase; GAPDH, glyceraldehyde-3-phosphate dehy
drogenase; 1-GT, i-glutamyl transpeptidase; ACPase, acid phosphatase; H & E,
hematoxylin and eosin.
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mice were given injections i.p. with 0.6 nCi/g of body weight of [methyl-
3H]thymidine (New England Nuclear, Boston, MA; specific activity, 7.6

Ci/nmol). Tritiated thymidine was given in 6 injections at 6-h intervals,

beginning 36 h before sacrifice (9:00 a.m.). The mice were fed Altromin
(Altromin Spezialfuttermittelfabrik, Lage, Federal Republic of Germany)
ad libitum. Animals were kept in a temperature- (22Â°C)and humidity-

(55%) controlled laboratory with a 12-h light-dark cycle (7:00 a.m. to

7:00 p.m.).
Histochemistry of Enzymes and Metabolic Products. The animals

were invariably sacrificed (without prior starvation) between 9:00 a.m.
and 10:00 a.m. in order to avoid diurnal variations of glycogen content
(21). During slight ether narcosis, the mouse liver was rapidly removed,
and slices of the left and median lobes were frozen immediately in
isopentane at -150Â°C. Liver samples were also taken for H & E staining

of the paraffin sections. Pieces from shock frozen liver tissue of normal
(one specimen) and carcinogen-treated (two specimens, one for each

dose) mice were frozen onto the same tissue holder, and serial sections
of all 3 pieces (0.15 sq cm each) were cut simultaneously in a Cryostat
(Jung, Federal Republic of Germany). Two sets were mounted onto the
same slide or membrane and incubated according to the respective
histochemical reaction. With this technique, it was possible not only to
produce sections of the same thickness but also to treat them simulta
neously under identical conditions for the specific histochemical assays.
The thickness of the sections was varied (6 to 14 ^m) in accordance
with the reaction intensity of the enzyme to be demonstrated. The
sections were treated for the demonstration of the following enzymes:
SYN, PHO, G6PDH, GAPDH, 7-GT, and ACPase, using the membrane

method (13, 16, 19). G6Pase and ATPase were demonstrated by the
lead salt technique (5). In addition, members of each section series were
stained with toluidine blue for basophilia and treated with the periodic
acid-Schiff or Lugol's iodine for glycogen as modified for frozen sections

by Hacker (14). In order to estimate cytoplasmic content of the RNA,
some of the sections were pretreated with RNase before toluidine blue
staining.

Quantitation of Focal Lesions Observed in H & E-stained Liver

Sections. In the second series, larger samples of liver tissue were
collected and digitized (1.5 to 2.1 sq cm) in order to secure a sufficient
number of observed foci for a more reliable estimation of the number of
lesions per liver and the average diameters and volumes for given dose,
sex, and time. A total of 6 samples, 2 from the median and 1 from each
of the other liver lobes, were taken along the longitudinal axis from each
animal. Specimens were fixed in buffered formalin and stained with H &
E. The quantitation of focal lesions in the 3-dimensional space was
estimated from the observations of the 2-dimensional planes according

to the modified Fullman (10) method, utilizing truncation and smoothing
procedures (24) to obtain the best estimates of the number of foci per
liver. Histological sections were projected through a Leitz microscope
(Neo-Promar) upon a 20- x 20-inch GTCO digitizer plate. Using circular
cursor, which is connected to an IMS-5000 computer, QUME QVT-
211gx graphic terminal and C. Icoh printer, all cross-sections of given

liver were digitized. Subsequently, focal lesions were identified, diag
nosed, and digitized. The developed program included the estimation of
appropriate parameters in 3 dimensions from 2-dimensional images.

Autoradiograms were prepared from paraffin sections of livers of male
mice killed at 12, 18, and 24 weeks. Labeling indices were determined
in focal hepatocellular lesions and in the background liver parenchyma.
All labeled and unlabeled cells were counted at x100 after superimposing
a 250- x 250-^m grid over the observed field.

RESULTS

The earliest time at which the animals were killed was 5 weeks
following DEN treatment. At this point in time, none of the
staining methods, including H & E-stained slides from the second

series, revealed the presence of focal trinctorial and/or histo

chemical changes. The number of tinctorial lesions per liver,
observed from the 12th week on, was dose-, sex-, and time-

dependent (Table 1). Male livers developed consistently more
foci per liver than did female livers. Males administered 2.5 n<3of
DEN/g body weight developed a similar number of foci per liver
as did females administered 5.0 u.g of DEN. The number of foci
increased with time, showing on a log-log time-response scale a

slope of 2. The focal diameters (in Â¿Â¿m),volumes (in cu mm)
(Table 2), and labeling indices (Table 3) of foci of male mice
increased with time, indicating rate of their emergence and
growth (proliferative) potential.

The first well-defined foci were observed at 12 weeks. They
were contrasted on the H & E-stained sections against surround

ing liver parenchyma by the cytoplasmic basophilia of the con
stituent cells. This basophilia was markedly reduced in toluidine
blue-stained sections which were pretreated with RNase, indi

cating that the observed basophilia was due to an increase in
RNA. The cytoplasm of these cells, however, was not homoge
neously basophilic but rather contained clear cytoplasmic areas
storing glycogen as revealed by periodic acid-Schiff reaction.

Thus, due to patchy cytoplasm basophilia, these foci should be
called more appropriately intermediate cell foci rather than ba
sophilic foci as referred to originally. The smallest foci of this
type were almost invariably located at the junction of the periph-

Table 1

Estimated number of focal lesions/liver 12, 18, and 24 weeks following treatment
with single doses of DEN

Specifieddosages were administered i.p. to B6C3F, mice at 15 days of age.

No. of lesions/liver in:

Males Females
Time(wk)

2.5nqlga12

55.2Â±13.1ÃŸ

18 110.0 Â±27.5
24 196.6 Â±43.05.0

/ig/g86.3

Â±26.5
193.4 + 37.5
287.3 Â±51 .72.5

M9/932.7

Â±12.8
58.7 Â±14.3

108.6 + 31.25.0

Mg/g60.3+
14.2

115.2 + 29.6
201.5 +47.7a

Mg/gof body weight.
" Mean Â±SE.

Table 2
Average diameters and volumes of induced lesions by diethylnitrosamine in

B6C3F, males

Time
(wk)a

2.5â€žg/g6
5.0 Â»*g/g

Diameter (/Â¡m) Volume (cu mm) Diameter (^m) Volume (cu mm)
12 192.1 Â±36.6C 0.004 + 0.0004 191.7 + 14.7 0.004 + 0.001

18 304.7 + 25.1 0.015 + 0.009 325.0 Â±22.3 0.018 Â±0.003
24 433.1 Â±39.6 0.042 Â±0.023 406.9 Â±35.6 0.035 + 0.024

a After DEN treatment.
b Dose administeredto 15-day-oldmice.
c Mean Â±SD.

Table 3
[3H]Thymidine labeling indices in foci and surrounding liver parenchyma in male

mice at 12, 18,and 24 weeks following single DENtreatment
Fifteen-day-oldB6C3F, mice received5 fig/9 of body weight.

Weeks after
DEN12

18

24Analyzed

areaFoci

Surrounding liver parenchyma
Foci
Surrounding liver parenchyma
Foci
Surrounding liver parenchymaLabeling

indices1.15
+ 0.18a

0.21 Â±0.031.71
Â±0.32

0.08 Â±0.03
2.10 Â±0.34
0.05 Â±0.01

Mean + SE.
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eral lobular zone with a high glycogen content and the more
central areas with a lower glycogen content. Compared to the
glycogen-rich peripheral zones, the glycogen content of the

intermediate cell foci was reduced. However, in comparison to
the central zone, it was frequently higher in many focal cells. The
foci were characterized further by enzyme histochemical meth
ods. Although, in most of the foci, SYN and PHO did not show
any change in their activity, it is worth mentioning that there has
been a tinctorial change in the glycogen produced by the phos-
phorylase reaction from red brown to a more violet color. G6Pase
showed a strong reduction in its activity in all observed foci. This
reduction was not of homogeneous intensity, since some of the
cells in certain foci showed only a partial retention of the en
zymes' activity. In addition, the following changes were ob

served: the cytoplasmic ATPase was reduced in 8 of 36 and 5
of 16 foci in males and females, respectively; G6PDH showed a
slight to very strong increase in its activity (30 of 36 foci in males
and 15 of 16 foci in females); GAPDH was slightly to strongly
increased (20 of 36 foci in males and 14 of 16 foci in females);
ACPase showed no change in its intensity or a slight reduction
in the enzyme activity (4 of 36 foci in males and 3 of 16 foci in
females); and 7-GT failed to show any increase in its activity.

The average diameter of these foci was approximately 200 urn.
At 18 weeks, the foci showed, in general, similar tinctorial and

enzyme histochemical changes to those observed at 12 weeks.
However, at this time, more foci showed a decrease in cyto
plasmic ATPase [24 of 28 (85.7%) versus 13 of 62 (25.0%)] and
ACPase [ 13 of 28 (46.4%) versus 7 of 52 (13.4%)] than at 12
weeks. The average focal diameter increased to 300 urn.

At 24 weeks, basically the same histochemical profile was
observed to that observed previously. The cytoplasmic basophi-

lia became more intense, being homogeneously distributed, while
the content of glycogen was reduced as compared to the gly
cogen-rich perpheral zones of the liver lobule. The average focal
diameter was 420 urn. By 24 weeks, a certain heterogeneity and
variation in the enzymatic activity between foci became apparent
(Table 4). Thus, in males, the activity of PHO was unaffected in
certain foci (17 of 36) while, in the others, it was either decreased
(14 of 36) or increased (5 of 36). The activity of G6Pase was

strongly reduced and even completely absent, while that of
GAPDH and G6PDH was further increased. Most of the foci
showed a decrease in cytoplasmic ATPase activity (30 of 36 in
males and 15 of 15 in females) and an increase in the membrane
ATPase activity (23 of 36 in males and 1 of 15 in females). The
ACPase was decreased in 28 of 36 males and in 6 of 15 females.
Thus, regardless of sex, decrease in cytoplasmic ATPase in
creased in its frequencies from 13 of 52 (17%) at 12 weeks to
24 of 28 (86%) and 45 of 51 (88%) at 18 and 24 weeks. Similar
increasing trend in decrease in the activity of ACPase ranged
from 13.4 to 46.1% and 66.6% for 12, 18, and 24 weeks,
respectively. The 7-GT, however, did not show any increase in

the activity in any of the foci. The staining characteristics of the
foci were not affected by the carcinogen dose.

Figs. 1 and 2 illustrate the histochemical profile of two focal
lesions. Fig. 1 represents the histochemical profile of a basophilic
focus showing intravascular (liver vein) "invasion." This focus

was approximately 500 firn in diameter and was observed 24
weeks following DEN treatment. Cytoplasmic (patchy) basophilia
was homogeneously involving intravascular cells (Fig. ÃŽA).Gly
cogen content in many focal cells was increased in comparison
to the surrounding liver tissue (Fig. 16). No change has been
observed in the levels of SYN (Fig. 1C) and PHO (Fig. 1D). While
the G6Pase was drastically reduced (Fig. 1Â£),the G6PDH activity
was strongly increased, especially in the intravascular hepato-

cytes (Fig. 1F). Similarly, there was an increase in GAPDH activity
in focus and intravascular hepatocytes (Fig. 1G). The latter cells
also showed an increase in the membrane ATPase activity (Fig.
1H). Fig. 2 shows serial sections with respective histochemical
stainings of a focal lesion observed 18 weeks following DEN
treatment. This lesion showed, in general, a similar histochemical
profile to that presented in Fig. 1. Its diameter is approximately
1150 um. Cytoplasmic basophilia is very prominent, especially
at the periphery of the focus (Fig. 2A). Most of the cells show an
increase in the glycogen content (Fig. 2B). There was no change
in the activities of SYN and PHO (Fig. 2, C and D, respectively).
It is of interest to point out that, although the major region of
this nodule showed a strong reduction in G6Pase, the rest of the
transection (middle band of cells) showed a somewhat positive

Table 4
Percent of foci showing increase, decrease, or no change in the level ol investigatedhistochemical "markers"

% of foci at:

Histochemical
"markers"TB"PASSYNPHOG6PaseATPasecytoplasmicmembraneG6PDHGAPDHy-GTACPase12

wkMales
(36)*100

|c82

i100NC100NC100122

|100NC84156

T100NC11

iFemales

(16)100

Ã®57
193

NC71100NC100131

i100NC94

Ã®87
Ã®100NC18118

wkMales

(12)IDO

TÃ8311100NC100NC100116317194

T83
Ã®100NC751Females

(16)100

Ã®100183

NC171100NC10011001100NC88t59

Ã®100NC19124

wkMales

(36)100

Ã®Ã®97
Hi95
NC2.5

Ã®2.5147

NC39114

Ã®1001184165

Ã®95
Ã®Ã®68

TÃ®100NC781Females

(15)100

Ã®Ã®1001100NC100NC100

u10017ÃŽ94

Ã®87
Ã®100NC371

" Numbers in parentheses,number of foci examined.
6 TB. toluidine blue; PAS, periodic acid-Schiff.
c Ã®,increase; J, decrease; NC. no change.
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reaction to this enzyme (Fig. 2E), indicating intrafocal cellular
heterogeneity. Note an increase in the activities of G6PDH (Fig.
2F) and GAPDH (Fig. 2G). In addition, many cells showed positive
membrane ATPase activity (Fig. 2H).

DISCUSSION

The histochemically demonstrated decrease in the activity of
GGPase in mouse liver focal lesions, observed by others (6, 8,
12,20,22), has been confirmed, even in the case of the smallest
observable foci. However, in addition to the change in this
enzyme's activity, the presented data showed a broad spectrum

of histochemical changes already occurring in the cells of the
intermediate (patchy basophilia) foci, which were originally des
ignated on H & E-stained sections as basophilic foci. The histo

chemical changes were noted in 8 of 11 investigated markers.
In general, 12-week-appearing foci showed similar enzymatic

profile as foci observed at 24 weeks. However, two differences
were observed. First, the level of PHO was not affected at 12
weeks but, at 24 weeks, it began to show a varied response in
males: a decrease in 39%, an increase in 14%, and no change
in 47% of the observed foci. Second, at 24 weeks, more foci
showed a decrease in the cytoplasmic and an increase in the
membrane ATPase; they also showed a decrease in ACPase.

Carbohydrate metabolism enzymes taken as a whole (G6Pase,
J; G6PDH, j; GAPDH, f) indicated a shift from gluconeogenesis
to glycolysis and the pentose phosphate pathway. These
changes in enzyme activity indicate an ordered shift in carbohy
drate metabolism characteristic of the transforming hepatocytes
being reminiscent of the biochemical changes observed in the
transplantable hepatomas (31, 32). This enzyme profile was
expressed already at the time that the first H & E toluidine blue-
stained foci were observed. Even the smallest G6Pase-deficient

foci showed patchy cytoplasmic basophilia, suggesting that a
shift in the carbohydrate metabolism was an integral part of the
intermediate focal cells. Focal lesions showed increased labeling
indices (Table 3) (12, 29) and an increase in focal diameters and
their volumes (Table 2). Since increased basophilia of focal
lesions was diminished by pretreatment of tissues with RNase,
it is apparent that RNA was increased within focal cells. Thus,
one can conclude that the focal lesions, which showed an
increase in labeling index and RNA, were also characterized by
a shift from gluconeogenesis to glycolysis and the pentose
metabolic pathway, a decrease in cytoplasmic ATPase and AC
Pase, and an increase in the membrane ATPase. It appears,
therefore, that all of these changes acted in concert, representing
expression of the newly acquired functional and replicating po
tential of the focal cell population.

Goldfarb ef al. (11) stated that their glycogen was absent from
the livers of the control and the experimental animals of the
same animal model. This observation may be explained by the
fixation of the material in the formalin which does not preserve
the glycogen. Lipsky ef al. (18) studied the histochemical profile
of hepatocellular lesions induced in BALB/c mice by the contin
uous administration of safrole (4000 ppm) in food. The response
of three of their histochemical markers, 7-GT, G6Pase, and

ATPase, should be compared to the present study. Thus, (a)
while the continuous administration of safrole increased 7-GT, a

single DEN treatment had no effect upon the level of this enzyme;
(b) the level of G6Pase decreased in both studies; and (c) while

the ATPase content was not affected by the continuous safrole
treatment, the DEN-induced foci showed a decrease in the

cytoplasmic and an increase in the membrane ATPase levels.
Thus, only a decrease in the GSPase was commonly observed
in these two studies. The observed differences in the response
of the above 3 enzymes may be due to the chemical nature of
the carcinogen used, the method of carcinogenic treatment, and/
or the mouse strain.

The change in the activity of ATPase observed in this study is
at variance with the observations made in the course of rat
hepatocarcinogenesis (1,2,15). Thus, while the rat livers showed
already early in the process a focal decrease in the membrane
bound ATPase, the present study showed a decrease in the
cytoplasmic and an increase in the membrane ATPase. In the
mouse at 12 weeks, none of the patchy basophilic foci showed
any change in the membrane ATPase levels. At 18 and 24 weeks,
progressively more basophilic foci showed an increase in this
enzyme. In addition, the number of foci showing a decrease in
the cytoplasmic ATPase increased with time. While the ATPase
focal changes in the rat preceded H & E tinctorial changes, they
occurred concurrently or even sequentially to the emergence of
tinctorial foci in the mouse. The mechanistic significance of this
difference, if any, is not clear at this time.

The focal lesions induced in rat and mouse livers in the process
of hepatocarcinogenesis show some differences, as well as
similarities in their carbohydrate metabolic profile. Thus, while
glycogen phosphorylase activity was usually decreased in rat
foci, no change to an increase in the level of this enzyme occurred
also in the mouse liver foci. Also, while most of the early foci in
the rat liver manifested glycogenosis, only a few foci in the
mouse liver showed an accumulation of the glycogen. In most
of the mouse liver foci, there was a decrease in glycogen. The
number and the intensity of that decrease increased with time.
While the focal cytoplasmic basophilia is homogeneous in the rat
livers, the basophilia is patchy in the mouse livers. In contrast to
the above-mentioned differences, both species manifested simi

lar striking changes in the activities of G6PDH and GAPDH (1,
2, 15).

The 7-GT is the most commonly manifest marker of rat he

patocarcinogenesis. Similarly, Lipsky eÃal. (18) and Jalanko and
Ruoslahti (17) observed an increase in this marker in hepatocar
cinogenesis induced by the continuous administration of safrole
(in BALB/c mice) and orthoaminotoluine (in C3H/A/BOM mice),
respectively. In contrast, no change in the level of this enzyme
was observed in the foci induced by a single DEN treatment in
the present study (B6C3F, mice) and in the liver tumors devel
oping spontaneously (C3H/A/BOM mice) (17). Because of the
similarity of negative 7-GT response during our experimental

conditions and in the course of the spontaneous process, it may
be speculated that the induction of hepatocarcinogenesis in mice
by a single carcinogenic treatment might be closer in nature to
the spontaneously ongoing carcinogenesis. This, however, does
not exclude the possibility that the different genetic background
and the other carcinogens might affect the expression of 7-GT

in mice. Thus, it is intriguing to speculate that, under varied
experimental conditions, the emergence and development of the
early focal lesions may be associated with different phenotypes.
Similar concept could be extended also to the later-occurring

hepatocellular carcinomas.
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HISTOCHEMICAL CHARACTERIZATION OF MOUSE LIVER FOCI
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Fig. 1. Serial sections through an intermediate focus showing intravascular (liver vein) "invasion" (5 /ig DEN/g body weight; 24 weeks after treatment; B6C3F, male);

bar, 100 iÂ±m.A, toluidine blue. Note strong basophilia of the cells forming the focus. Arrows point to the intravascular part of the focus. B, periodic acid-Schiff reaction.
In comparison to the surrounding tissue, many cells contain an increased glycogen content (see also text). C, observe strong SYN activity in the focus. D, note strong
PHO activity in the focus. E, drastic reduction of G6Pase activity in the focus. F, strong increase of G6PDH activity in the focus, especially in the intravascular part. G,
clear increase of GAPDH activity in the focus. H, note partially strong membrane-bound ATPase activity in the region where the focal cells are protruding to the lumen of
the liver vein.

CANCER RESEARCH VOL. 45 JUNE 1985

2779

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2422868/cr0450062774.pdf by guest on 19 M

ay 2023



2Hâ€¢Â»â€¢.-i
Fig. 2. Serial sections through a large hyperplastic nodule with expansive growth (2.5 ng DEN/g body weight; 18 weeks after treatment; B6C3F, male); oar, 100 ><m.

A, toluidine blue. Increased basophilia of the cells forming the nodule. 6, periodic acid-Schiff reaction. Most cells of the nodule contain increased amounts of glycogen.
C, note strong SYN activity in the nodule. D, observe strong PHO activity in the nodule. E, very strong reduction of G6Pase activity in the large part of the nodule while
the rest of the nodule still shows a somewhat positive enzyme reaction. F, high increase of G6PDH activity in the nodule. G, elevated GAPDH activity in the nodute. H,
decreased cytoplasmic ATPase activity in the nodule. Note, however, a strong membrane-bound ATPase activity in many cells of the nodule.
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