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From the histochemical observations of enzymes in carbohydrate

metabolism in tumor cells using rat ascites hepatomas containing free cells,

it was revealed that there are some differences in metabolic pattern between

ascites hepatoma AH 13 and AH 39.

AH 13 cells apparently had an usual anerobic glycolytic pathway showing

the intense histochemical reactions for glucosephosphate isomerase, aldolase

and lactate dehydrogenase, being accompanied by glycogen metabolism with

predominant glycogenesis showing a histochemical reaction for UDPG-glyc-
ogen glucosyltransferase and with less predominant glycogenolysis showing

the considerably intense reaction for phosphorylase. Phosphoglucomutase

was also histochemically demonstrated intensely in AH 13 cells. Thereby,

glycogen deposits appeared moderately in tumor cell bodies in AH 13.
On the other hand, AH 39 cells had more predominantly the same anerobic

pathway, but they were not accompanied by the same glycogen metabolism.
Poor glycogenesis and moderately weak reaction for phosphorylase were

demonstrated in the cells. Phosphoglucomutase was weakly demonstrated.

Thereby, no glycogen was deposited in the cell bodies, with exception of the

later stage after the inoculation.

In the long-term cultivation of these two strains, the enzymatic properties

of tumor cells were changeable in carbohydrate metabolism. Increase of

glycogen storage occurred in AH 13 tumor cells being accompanied by an

increase of the phosphoglucomutase activity and decreases of both the

glucosephosphate isomerase and aldolase activities. It was due furthermore
to the somewhat reduction of the phosphorylase activity. Slight increase of

glycogen storage in AH 39 cells also occurred in the cell bodies, in spite of

increasing phosphorylase activity. The glycogenesis presumably was inten-

sified by the cultivation. It was also related to the reduction of the

glucosephosphate isomerase activities.

There have been many investigations concerning the carbohydrate metabolism
of tumor cells from an enzyme histochemical point of view. Takeuchi and his
coworkers (20, 28, 29 and 30) had successfully made use of enzymo-histochemical
methods for demonstrating characteristics of tumor cells and then they (17, 18,
19, 21, 22, 23, 24, 25, 31, 32, 33, 35 and 43) stated that generally speaking of cancer
cells, the activity of enzymes related to the proliferation has a tendency to be
preserved or increased, while that related to the proper physiological functions of
tissues seems to be preserved, decreased or to disappear in their tumor cells.

Hirata (1964) (5) stated from the histochemical observation that AH 13 cells
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contain abundant glycogen granules with rich phosphorylase activity and AH 39
cells have little glycogen being accompanied by the phosphorylase activity.
Takeuchi et al. (1965-66) (26, 27, 34) and Ieiri (1967) (6) recognized from the
autoradiographic and histochemical observations of AH 13 that there is a close
relationship between glycogen deposition, enzymatic activities for glycogen metab-
olism and cell mitotic cycle. In AH 13, glycogen deposition in the cytoplasm
occurred in the interphase of G1 stage by activation of the uridine diphosphoglucose-
glycogen glucosyltransferase (UDPGGT), deoxyribonucleic acid begun to be
synthesized in glycogen-deposited cells, and glycogen gradually decreased during
the S-stage and mitosis by the intense activation of phosphorylase. The glycogen
metabolism as the liver cell changed in the energy metabolism for proliferation of
tumor cells in AH 13. Otsuka (1969) (16) concluded from the biological and histo-
chemical investigations that the glycogen metabolism of AH 13 was influenced by
the long-term cultivation and thereby glycogen deposition was increased. Fujimoto

(1966) (4) found already from his study that esterase and lipid metabolism has no
relation to the energy metabolism in cell proliferation of AH 13.

It has been known by many investigations from the chemical aspect that there
is a close relationship between glycogen metabolism and glycolysis and that anerobic

glycolysis with lactic acid formation predominantly occur in tumor cells. Recently
Yano (1968(39), 1969 (40)) and Meijer (1967 (12), 1969 (13)) have independently
found and improved the histochemical techniques for demonstration of phospho-

glucomutase (PGM) and glucosephosphate isomerase (GPI).
In this paper, a histochemical observation of general carbohydrate metabolism

including glycogen metabolism, glycolysis and TCA cycle in tumor cells was
performed under the condition of cell level by using new methods demonstrating
glycogen, UDPGGT, phosphorylase, PGM, glucose-6-phosphatase (G-6-Pase),
glucose-6-phosphate dehydrogenase (G-6-P DH), aldolase, lactate DH, succinate
DH and NADPH dehydrogenase (NADPH DH) in AH 13 as well as AH 39.
Furthermore, the relationship of carbohydrate metabolism between AH 13 and
AH 39 was observed and the metabolism in individual strain was investigated by
use of in vitro cells which have been cultivated in long-term by our own techniques
in Takeuchi laboratory (16, 27).

MATERIAL AND METHOD

For observation of carbohydrate metabolism of tumor cells under condition of

cell level, ascites hepatoma composed of free cells in ascites were picked up from

various kinds of experimental hepatoma, and AH 13 selected by Takeuchi (23) as

a strain containing rich glycogen deposits as well as AH 39 selected for the same

purpose as a strain having little glycogen deposition were effectively used.

AH 13 and AH 39 were maintained by intraperitoneal injection of 106 cells

into young albino rats (about 100g.). The ascites fluid was taken with glass

capillary 4 days after transplantation of AH 13 and 10 days after that of AH 39

respectively. They were smeared on clean object glass at 20•Ž, dried under cooler

wind for about 20 minutes and stored in the freezer at 20•Ž .

On the other hand, AH 13 and AH 39 which have successfully been cultivated

in vitro for a few years in our laboratory by Otsuka (16) and Yano (41) were utilized .
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During these cultivations, transplantability and tumor character have been still
kept, but the biological properties of the enzyme activity have been gradually trans-
formed (Otsuka (16)). In vitro cells from culture media of AH 13 and AH 39 were
obtained from light centrifugation, smeared on clean object glass and treated by
the same manner as above mentioned.

For the histochemical observations, various enzymes related to carbohydrate
metabolism were examined by possible techniques. The UDPGGT activity was
demonstrated by Takeuchi's modified technique of Takeuchi-Glenner method (28,
34). The phosphorylase activity was demonstrated by iodine technique after
Takeuchi-Kuriaki (29, 30). The PGM activity was demonstrated by Yano's
modified method (39). Glucose-6-phosphatase was detected by modification of
Wachstein-Meisel's method (36). G-6-P DH was shown by the histochemical
demonstration technique after Nachlas et al. (15). GPI was demonstrated by
Yano's own method (40). Aldolase was detected by the modification technique
after Maeda and Shimizu (11, 41). LDH and SDH were demonstrated by
Wachstein-Meisel methods (36). Burstone method was applied for NADPH
dehydrogenase (2). Glycogen was stained by Lillie periodic acid Schiff reagent

(10).
For estimation of the activity of these enzymes, the counting method and

expression of the index were applied. Intensely, moderately and poorly positive
reactions for the histochemical demonstration of enzymes were expressed as the
marks + +, + and + respectively, and counted. The negative reaction was
also counted. These counts judged by number and degree of appearance of positive
reactions were modified by Kaplow's method used in blood cells in hematology (7).
The index in this paper was calculated according to the following formula.

Index=

* No represents cell number with positive reactions.

RESULTS

1. Histochemical Observations
The histochemical reactions for enzymes in tumor cells were demonstrated

under the light microscopic level as shown in Figs. 1-30. They were classified
into four groups (-),(+),(++), and (+++), being judged by the number and
degree of positive granules and reaction products in the cytoplasm as shown in Figs.
31 and 32.

Glycogen: In AH 13, intracellular glycogen demonstrated by periodic acid
Schiff reaction (PAS.) appeared in general in shapes of various sizes of granules
in cytoplasms of tumor cells with larger enlargement of granules to the ectoplasmal
area. The intracellular glycogen in cultured tumor cells in vitro was also demon-
strated in granular form not only in ectoplasmal areas but also in endoplasmal
cytoplasms near around the nuclei, and these granules had a tendency of increasing
more in number and size in vitro than in vivo. In AH 39, no or little glycogen

granules were demonstrated in the in vivo cells, but they appeared to be increased
in the in vitro cells, although they were less than AH 13 (Figs. 1-4).

UDPGGT: The UDPGGT activity was weakly or moderately demonstrated
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Fig. 1 No PAS-positive granules are seen in AH 39 in vivo cells.
Fig. 2 The PAS reaction of AH 39 in vitro cells is shown. Although there are no PAS positive

granules in mitotic cells, another cell has a tendency to have deposits of glycogen in the
cytoplasm.

Fig. 3 The AH 13 in vivo cells contain abundant glycogen granules, but no glycogen granules
are shown in tumor cell in the mitotic phase.

Fig. 4 In AH 13 in vitro cells, the glycogen deposition also occurs intensely in the whole area
of the cytoplasm, particularly more abundantly in the ectoplasmal areas.

Fig. 5 The histochemical reaction for the phosphorylase activity (iodine method) in AH 39 in
vitro cells. The positive reaction in a mitotic cell in which no glycogen granules in general
are contained is noted, in spite of the positive reaction of the other tumor cells.

Fig. 6 The in vivo cells of AH 13 demonstrating the higher phosphorylase activity are indicated.
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Fig. 7 In the in vitro cells of AH 13, the phosphorylase activity are intensely demonstrated as

well as in vivo. It is predominantly high in a mitotic cell.

Fig. 8 The phosphoglucomutase activity is not or poorly demonstrated in the cytoplasm of

AH 39 in vivo cells.

Fig. 9 The activity of phosphoglucomutase is more intensified in AH 39 in vitro cells.

Fig. 10 The phosphoglucomutase activity of AH 13 in vivo cells is shown here. It is intensely and

moderately demonstrated and it is more intensely in AH 13 than AH 39.

Figs. 11 and 12 The activity of glucose-6-phosphate dehydrogenase is shown. It is more activated

in AH 13 than AH 39. In vivo and in vitro cells of AH 39 are shown in Figs. 11 and 12,

respectively.
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Fig. 13 Glucose-6-phosphate dehydrogenase activity in AH 13 in vivo cells is shown here.

Fig. 14 The activity of glucosephosphate isomerase in AH 39 in vivo cells is strikingly demon-

strated.

Fig. 15 The glucosephosphate isomerase activity of AH 39 in vitro cells is also demonstrated

considerably, but it is less demonstrable than in vivo.

Fig. 16 The glucosephosphate isomerase activity of AH 13 in vivo cells is intensely or moderately

demonstrated.

Fig. 17 In AH 13 in vitro cells, the glucosephosphate isomerase activity is moderately demon-

strated, but it is less demonstrable than in vivo

Fig. 18 The aldolase activity of AH 39 in vivo cells is intensely or moderately demonstrated.
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Fig. 19 The AH 39 in vitro cells show the moderate activity of aldolase. It is less demonstrable
than in vivo.

Fig. 20 The aldolase activity of AH 13 in vivo cells is moderately demostrated, and it is less
demonstrable than AH 39 cells.

Figs. 21 and 22 The activity of lactate dehydrogenase of AH 39 cells is intensely demonstrab-
le in vivo as well as in vitro. (In vivo cells in Fig. 21 and in vitro cells in Fig. 22).

Fig. 23 The lactate dehydrogenase activity of AH 13 in vivo cells is poorly demonstrated, and
it it less demonstrable than AH 39.

Fig. 24 The succinate dehydrogenase activity of AH 39 in vivo cells is considerably demonstrated.
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Fig. 25 The succinate dehydrogenase activity of AH 39 in vitro cells is moderately demonstrated,
and less demonstrable than in vivo.

Fig. 26 In AH 13 cells, the succinate dehydrogenase activity is less high than in AH 39 cells.
Here it is shown in AH 13 in vivo cells.

Fig. 27 The succinate dehydrogenase activity of AH 13 in vitro cells is weaker demonstrated than
in vivo.

Figs. 28 and 29 The NADPH dehydrogenase activity of AH 39 cells is poorly or moderately
demonstrated in vivo as well as in vitro. (In vivo cells in Fig. 28 and in vitro cells in Fig. 29).

Fig. 30 The NADPH dehydrogenase activity of AH 13 in vitro cells is moderately demonstrated
and it is more abundantly demonstrable than AH 39.
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granular or spotty in the area of cytoplasms in AH 13 tumor cells of in vivo cells
as well as in vitro cells. It was also very weakly demonstrated as finer granules in

AH 39 tumor cells not only in vivo but also in vitro. However, the reaction product
was not unfrequently very difficult to be differentiated from native glycogen

granules. Thereby, the index of its activity was not counted. The native glycogen
granules depositing in the cytoplasms were rather a result from synthesis by the
UDPGGT activity. The index of glycogen particles was presumed to have a
biological significance for the synthesizing mechanism.

Phosphorylase: The phosphorylase activity was demonstrated by stain with
iodine from blue to red-purple, in shape of granules diffusely or homogeneously

Fig. 31. Comparison of histochemical reactions for enzymes

of AH 13 tumor cells between in vivo and in vitro

Fig. 32. Comparison of histochemical reactions for enzymes of

AH 39 tumor cells between in vivo and in vitro
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in the cytoplasm of tumor cells. The reaction occurred more intensely in AH 13
than in AH 39. The same tendency was observed in the in vivo cells as well as in
the in vitro cells. The activity was rather intensified in vitro than in vivo (Figs. 5-7).

Phosphoglucomutase: This enzyme activity was demonstrated in general
in the form of granules stained dark blue and found diffusely in the cytoplasm of
tumor cells without nuclei. These granules were deposited more abundantly in
AH 13 than in AH 39, and also in vitro than in vivo, but this enzyme reaction occurred
in general not very intensely (Figs. 8-10), in spite of positive reaction in a great

part of tumor cells (Fig. 32).
Glucose-6-phosphatase: No activity of glucose-6-phosphatase was demon-

strable in the tumor cells of both strains of tumor cells in vivo and in vitro, in spite of

positive reaction of free hepatocyte obtained from normal liver by Anderson's
technique as control (1).

Glucose-6-phosphate dehydrogenase: This enzyme was poorly or moderately
demonstrated in the form of rough granules stained dark blue in the cytoplasm of
tumor cells. Poorly positive reaction occurred generally in tumor cells as shown
in Figs. 31 and 32. However, the activity was little more intensely shown in AH
13 than AH 39. There is no difference in appearance of reaction products between
in vivo and in vitro (Figs. 11-13).

Glucosephosphate isomerase: The reaction products, stained dark blue in
the granular form of diformazan, appeared diffusely crowded in the cytoplasm of
tumor cells. They indicated the site of glucosephosphate isomerase activity, while
there was no reaction product in control reaction, in spite of using DH-diazonium
technique. This activity was moderately or more intensely demonstrated in AH 39
cells than in AH 13 cells and had a tendency of decrease in the whole area of the
cytoplasm in vitro than in vivo (Figs. 14-17).

Aldolase Final products, dark blue granules of diformazan, were diffusely
deposited in the cytoplasm of tumor cells. This enzyme was strikingly demonstrated
in general. The activity in AH 39 cells was more intensive than that in AH 13
cells, and the tumor cells of both strains in vitro had a tendency to show less intense
activity than in vivo (Figs. 18-20).

Lactate dehydrogenase: Lactate dehydrogenase was mainly demonstrated
in the granular form stained dark blue, in the cytoplasm of tumor cells. The
activity in AH 39 was more intensive than in AH 13, and there was no great
difference in evidence of the reaction between in vivo and in vitro, with exception of
the fact that the in vitro cells had a tendency of increasing more rough granules in
the cytoplasm than the in vivo cells (Figs. 21-23).

Succinate dehydrogenase: This enzyme activity was also demonstrated dark
blue in the form of rough granules of diformazan, presumably corresponding with
mitochondria in the cytoplasm. The active granules in AH 39 was more abundant
than in AH 13, while the in vitro cells had a tendency to decrease considerably in
activity (Figs. 24-27).

NADPH dehydrogenase: The enzyme activity was demonstrated relatively
intensively. There was no great difference in the reaction products in the cytoplasm
of tumor cells of both strains in vivo and in vitro, since the activity of this enzyme was
reasonably accompanied by the second process of the histochemical mechanism in
the technique demonstrating phosphoglucomutase (Meijer 1967 (12), Yano 1968
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(39)) and glucosephosphate isomerase (Yano 1969 (40)) (Figs. 28-30).

2. Index for enzyme activities in both types of hepatoma cells

Table I shows the index of the positive reaction for each enzyme in the tumor
cells of AH 13 and AH 39 in vivo and in vitro. In both strains of ascites hepatoma,
the glycogen deposition and phosphoglucomutase activity had a tendency to increase
in vitro more than in vivo, while the activity of glucosephosphate isomerase, aldolase,
lactate dehydrogenase and succinate dehydrogenase has a tendency to decrease little
more in vitro than in vivo. For understanding these relationships the index of each
reaction in vivo and in vitro was expressed by the bar graphs as shown in Figs. 33
and 34.

TABLE I

Index for enzyme activities in different types of hepatoma cells (AH 13 and AH 39)

3. The carbohydrate metabolism of the in vivo tumor cells.

In the in vivo tumor cells, AH 13 had glycolysis with glycogen metabolism in-

Fig. 33. Carbohydrate metabolism of tumor cells in vivo from

histochemical point of view



158 YANO

cluding glycogenesis and glycogenolysis which revealed higher activity of UDPGGT,

phosphorylase and PGM. On the other hand, AH 39 had a more accelerated
metabolism of glycolysis with higher TCA cycle, and little glycogen metabolism

was kept, showing less activity of phosphorylase. There were some differences in
metabolism for obtaining energy of cell proliferation between AH 13 and AH 39.

In AH 39, the distinct activity of PGM was noted, in spite of lower glycogen
metabolism. The higher activity of GPI was also noticed in AH 39 as well as in AH
13.

4. The carbohydrate metabolism of the in vitro tumor cells.

In vitro, the property of metabolic pathway of tumor cells was observed to

change during long-term cultivation of these in AH 13 as well as in AH 39. The
data shown here was a result obtained from observations on the materials in the
120th generation of AH 13 and in the 285th generation of AH 39 cultured.

In AH 13, the glycogen granules increased more distinctly in vitro than in vivo,
showing slightly lower activity of phosphorylase than in vivo. In AH 39, on the

other hand, the glycogen appeared to be more strikingly deposited in the cytoplasms
of tumor cells in vitro than in vivo, in spite of increasing the activity of phosphorylase.
GPI, aldolase and LDH were a little more reduced in the in vitro cells of AH 13 than
in the in vivo cells. The similar tendency was observed in AH 39. The metabolic

mode of glycolysis and TCA cycle in the in vitro cells of AH 39 had a similar tendency
as that in the in vivo cells of AH 13. However, it was found by the bar graphs that
there were still some differences in the metabolism of carbohydrate between AH
13 and AH 39 in vivo as well as in vitro.

Fig. 34. Carbohydrate metabolism of tumor cells in vitro from

histochemical point of view

DISCUSSION

As described above, a histochemical study of phosphoglucomutase and

glucosephosphate isomerase was first performed in the field of investigation of tumor
cells, adding to the observations of other enzymes related to carbohydrate metabo-
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Fig. 35. Carbohydrate metabolism

lism in which UDPGGT, phosphorylase, G-6-Pase, aldolase, LDH, SDH and
NADPH DH were demonstrated (Fig. 35).

Although there is still a problem whether the histochemical reaction for enzymes
has the same biological significance as the biochemical assay, it presumably may
add new knowledges to the previous works by the facts that only individual cell
may be reactive for the enzyme activities of the proliferating tumor cells, with
exception of other factors influenced by the non-tumor cells and surrounding tissues
or fluids. The index for the activity of enzymes obtained by the histochemical
procedures presumably may show the right finding of metabolic process proceeding
in tumor cells.

At present, Warburg's hypothesis (37, 38) in which production of lactic acid
may be accelerated under the anerobic condition of glycolysis in the tumor tissue
should be improved by the new findings reported by Bush (3) and Morris et al. (14).
Bush stated from the results of glucose-1-C14 utilization in glycolysis of tumor tissues
in vivo that the chemical data obtained provides no support for the concept that much

glucose is metabolized. Rather, the production of lactic acid was high, and this
would appear to result from the inability of the tumor to further metabolize the
lactic acid produced. The content in tissues of a wide variety of intermediates of
glycolysis was also determined by LePage(9), but it was found by him that neo-
plastic tissues contained essentially the same concentrations of glycolytic intermediates
as the non-tumor tissues studied, except higher content of lactic acid and glucose-
1-phosphate. Recently, Lea, Sasovetz and Morris (1969 (8)) reported from their
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study on carbohydrate metabolism in hepatic tissues of different growth rate that
nicotinamide has a greater effect on lactate production by homogenates of normal
and regenerating liver than with tumor homogenates, and that the effect of
nicotinamide is correlated with the NAD glycohydrolase activity of homogenates
and supernatant fractions of the different tissues. It was suggested that changes in
carbohydrate metabolism in regenerating liver show some resemblance to those
observed in hepatomas of similar growth rate but more marked changes may be
seen in the tumor tissues.

These biochemical data did not always explain the facts occurring in tumor
cells by means of the histochemical investigation. The histochemical data showed
differences between AH 13 and AH 39, and also between in vivo and in vitro. The

presence of strain-difference in glycolytic metabolism was histochemically proved
in this paper. It was again found here that AH 13 in vivo is a glycogen-rich strain
and AH 39 in vivo is a glycogen-poor strain. However, AH 39 in vitro changed to
the strain containing moderate glycogen metabolism. The activation of UDPGGT
and phosphorylase of AH 39 in vitro resulted in this metabolism. The same tendency
was slightly observed in AH 13 in vitro, but there was not any distinct evidence.

Glycolytic activity shown by GPI, aldolase and lactate dehydrogenase was
higher in AH 39 than in AH 13 in vivo as well as in vitro. This fact was closely related
to the finding which the glycogen granules were deposited more abundantly in AH
13 than in AH 39. A little reduction of glycolytic activities in AH 39 in vitro

presumably gave rise to the activation of glycogen metabolism.
There were no differences between metabolism of TCA cycle of either AH

13 and AH 39 in vivo or in vitro, in spite of the finding that mitochondria morpho-
logically increased slightly in number in vitro.

Otsuka (16) previously stated that glycogen deposition in tumor cells in vitro
presumably resulted from the unsuitable condition of circumstance in the artificial
medium. Takeuchi (23, 27) pointed out the degenerative glycogen deposition
which may occur under the inhibition of phosphorylase activity . As the cultivation
in vitro may form an unsuitable condition for growth of tumor cells, it may be con-
sidered that the inhibitory effect in culture medium could perhaps cause the
glycogen degeneration in tumor cells. According to Takeuchi (27), the storage of
glycogen in the cytoplasm in glycogen degeneration must be distinguished from
the glycogen deposition for active glycogen metabolism . The reduction of the
phosphorylase activity was found in the degenerative process of glycogen degenera-
tion, but active deposition by glycogen metabolism was not accompanied by
inhibition of the phosphorylase activity . As this activity in AH 39 in vitro was
sufficiently demonstrated, the glycogen granules was not considered to be the result
from the unsuitable condition of cultivation . An inhibition of glycogenolysis and
no activity of glucose-6-phosphatase, in spite of synthesizing glycogen, might play
an important role for glycogen deposition in the cultured tumor cells. Moreover,
itmay be resulted from the unsuitable regulation of the enzyme activities related

to carbohydrate metabolism.
It should be further studied whether change of glycogen metabolism in AH 39

in vitro is a transformation of the tumor or not .
Finally, mention must be made with regard to histochemical methodology for

glucosephosphate isomerase (42). The system of the histochemical procedures for
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Fig. 36. Histochemical system of phosphoglucomutase and

glucosephosphate isomerase

phosphoglucomutase and glucosephosphate isomerase was shown in Figure 36.
Glucosephosphate isomerase was more intensely detected in AH 39 cells and in
AH 13 cells than phosphoglucomutase which is demonstrated by the same procedures
with the same mechanism for demonstrating enzymes. In spite of the histochemical
difference between both enzymes, glucose-6-phosphate dehydrogenase activity in
both strains was similarly demonstrated. NADPH dehydrogenase was also simi-
larly detected moderately in both strains. These facts probably prove that the
histochemical reaction for each enzyme reveals the specificity of the enzyme
activity. Thereby it was distinctly recognized that the histochemical techniques for
phosphoglucomutase and glucosephosphate isomerase found by Yano (39, 40) may
be useful and specific.

ACKNOWLEDGMENT

This work has been supported by a grant of Special Research of Cancer (No.
9202; Takeuchi 1968) from the Japan Ministry of Education. The author
gratefully acknowledges the guidance and advice of Prof. Dr. Tadao Takeuchi.
The author also wishes to thank Dr. Yoichiro Otsuka for helpful discussion.

REFERENCES

1. Akasaka, M.: Histochemical study of enzymes in dispersed rat liver cells. J. Kumamoto Med.
Soc. 41(7), 667-680, 1967 (Japanese).

2. Burstone, M. S.: in 'Enzyme Histochemistry' Academic Press 1962.
3. Busch, H., Fujiwara, E. and Keer, L. M.: Metabolic patterns for glucose-1-C14 in tissues of

tumor-bearing rats. Cancer Research 20(1), 50-57, 1960.
4. Fujimoto, K.: Histochemical study of esterase in tumor cells. J. Kumamoto Med. Soc. 40(5),

563-607, 1966 (Japanese).
5. Hirata, Y.: Histochemical and electron microscopic studies of glycogen metabolism in tumor

cells. J. Kumamoto Med. Soc. 38(12), 817-851, 1964 (Japanese).
6. Ieiri, Y.: Histochemical studies on intracellular glycogen metabolism in AH 13 ascites tumor

cells. J. Kumamoto Med. Soc. 41(12), 1071-1110, 1967 (Japanese).



162 YANO

7. Kaplow, L.S.: A histochemical procedure for localizing and evaluating leucocyte alkaline

phosphatase activity in smears of blood and marrow. Blood, 10, 1023, 1955.
8. Lea, M.A., Sasovetz, D. and Morris, H.P.: Some factors affecting carbohydrate metabolism

in hepatic tissues of different growth rates. Int. J. Cancer 4(4), 487-494, 1969.
9. LePage, G.A. Glycolysis in tumor homogenates. J. Biol. Chem. 176, 1009-1020, 1948.

10. Lillie, R.D.: Reticulum staining with Schiff reagent after oxidation by acidified sodium

periodate. J. Lab. & Clin, Med. 32, 910, 1947.
11. Maeda, T. and Shimizu, N.: in 'Enzyme Histochemistry' 377, 1967 (Asakura Publ. Editors:

Takeuchi et al) (Japanese).
12. Meijer, A.E.F.H.: Histochemical method for the demonstration of the activity of phospho-

glucomutase. Histochemie 8, 248, 1967.
13. Meijer, A.E.F.H. and Bloem, J.H.: Histochemical method for the demonstration of the

activity of glucosephosphate isomerase. Acta histochem. Bd. 32, s. 110-116, 1969.
14. Morris, H.P., Sidransky, H., Wagner, B.P. and Dyer, H.M. Some characteristics of trans-

plantable rat hepatoma No. 5123 induced by ingestion of N-(2-fluorenyl)-phthalamic acid.
Cancer Res. 20, 1252-1254, 1960.

15. Nachlas, M.M., Tsou, K.C., DeSouza, E., Cheng, C.S. and Seligman, A.M.: Cytochemical
demonstration of succinic dehydrogenase by the use of a new p-nitrophenyl substituted ditetra-
zole. J. Histochem. Cytochem. 5, 420-436, 1957.

16. Otsuka, Y.: Histochemical study in changes of phenotype of cancer cells-biological properties
and enzyme histochemical findings of AH 13 in vivo and in vitro-J. Kumamoto Med. Soc. 43(4),
297-331, 1969 (Japanese).

17. Sakai, K.: Histochemical studies of tissue lipase and esterase in human embryos. J. Kumamoto
Med. Soc. 33 (11), 2922-2944, 1959 (Japanese).

18. Takeuchi T.: Histochemistry of glycogen metabolism (I). Glycogen synthesis in tissue cells.
Igaku-no-ayumi 39 (4), 209-218, 1961 (Japanese).

19. Takeuchi, T.: Histochemistry of glycogen metabolism (II). Morphology in glycogen synthesis
in the pathological fields. Igaku-no-ayumi 39(5), 275-286, 1961 (Japanese).

20. Takeuchi, T.: Histochemistry of intracellular polysaccharide synthesis. Ann. Histochem. 7,
61-80, 1962.

21. Takeuchi, T.: Diagnosis of cancer cell from histochemical point of view. J. Kumamoto Med.
Soc. 36(12), 869-876, 1962 (Japanese).

22. Takeuchi, T.: Histochemical study on enzymes in carcinogenesis by chemicals. Fundamental
studies of cancer 45-52, 1963 (Japanese).

23. Takeuchi, T.: Specificity of the malignant tumor from an enzymo-histochemical view point,

particularly on carbohydrate metabolism. Acta path. jap. 13(4), 238-240, 1963.
24. Takeuchi, T.: The enzymatic function of the reticuloendothelial system in various organs

considered from the histochemical aspect. Proc. Intern. Symp. on RES 4, 41-51, 1964.
25. Takeuchi, T.: Biological significance of phosphorylase from view point of proliferation and

differentiation of tissue cells. Symposia cell chem. 14, 137-148, 1964 (Japanese).
26. Takeuchi, T.: Observations on change and characteristic property of neoplastic metabolism

from a histochemical view point. Jap. J. Cancer Clinics. 12(7), 421-427, 1966 (Japanese).
27. Takeuchi, T.: Morphological study on glycogen metabolism from an enzymo-histochemical

view point. Tr. Soc. Path. Jap. 55, 35-65, 1966 (Japanese).
28. Takeuchi, T. and Glenner, G.G.: Histochemical demonstration of uridine diphosphate

glucose-glycogen transferase in animal tissues. J. Histochem. Cytochem. 9(3), 304-316, 1961.
29. Takeuchi, T. and Kuriaki, H.: Histochemical method for demonstration of phosphorylase.

Tokyo Iji Shinshi 71, 519-529, 1954 (Japanese).
30. Takeuchi, T. and Kuriaki, H.: Histochemical demonstration of phosphorylase in animal tissues.

J. Histochem. Cytochem. 3 (3), 153-160, 1955.
31. Takeuchi, T., Kinoshita, K. and Kobayakawa, S.: Histochemical demonstration of phosphory-

lase (IX) phosphorylase reaction in neoplastic tissues. Tokyo Iji Shinshi 73(5), 282-284, 1956
(Japanese).



CARBOHYDRATE METABOLISM OF ASCITES HEPATOMA 163

32. Takeuchi, T., Maeda, T. and Tsutsumi, I.: Histochemical study on enzymes of cancer cells
in ascites. Gann 46, 209-210, 1958.

33. Takeuchi, T. and Ohama, H.: On polyglucose synthesis by phosphorylase in cancer ascites
and cells. Gann 49, 240-241, 1958.

34. Takeuchi, T., Shiraishi, Y., Uchida, M., Sano, T. and Otsuka , Y.: An improved method for
histochemical demonstration of uridine diphosphate glucose-glycogen glucosyltransferase. J.
Kumamoto Med. Soc. 41(7), 690-707, 1967 (Japanese).

35. Tsutsumi, I.: Histochemical study on enzymes in ascites hepatoma cells. Medicine and Biology
34 (6), 265-268, 1955 (Japanese).

36. Wachstein, M. and Meisel, E.: Histochemistry of the hepatic phosphatase at a physiologic

pH with special reference to the demonstration of bile canaliculi. Amer. J. Clin. Path. 27(1),
13-23, 1957.

37. Warburg, O.: The metabolism of tumors. Canstable and Co. London, 1930.
38. Warburg, O.: On the origin of cancer cells. Science 123, 309-314, 1956.
39. Yano, Y.: Improved method for histochemical demonstration of phosphoglucomutase Acta

histochem. cytochem. 1(3), 186-196, 1968.
40. Yano, Y.: A method for histochemical demonstration of the activity of glucosephosphate isomer-

ase. J. Kumamoto Med. Soc. 43 (8), 729-736, 1969 (Japanese).
41. Yano, Y., Otsuka, Y. and Takeuchi, T.: Change of the metabolic pathway of cancer cells (IV)

Histochemical observation on aldolase and related enzymes of in vivo and in vitro cells in

glycogen-rich strain AH 13 and glycogen-poor strain AH 39 ascites hepatoma. Proc. Jap. Cancer.
Assoc. 27, 173, 1968 (Japanese).

42. Yano, Y. and Takeuchi, T.: On the specificity of histochemical demonstration for glucose-
phosphate isomerase. The 10th congress of Japan Society of Histochemistry and Cytochemistry 1969
November.

43. Yoshimura, K.: Histochemical study on lipase. J. Kumamoto Med. Soc. 29 (4), 618-644, 1955

(Japanese).


