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INTRODUCTION

It is well known that the mitotic rate of the epithelial cells of digestive tract
is fairly constant under normal conditions and hence it is possible to speak of the
mitotic homeostasis of the organs.31719  On the other hand, it is easily affected
by the change of external and internal environmental conditions with considerable
reversibility (general nutritional state, 14315 30> hormone, 9 1829 radiation, 40
karyoklastic agents,37 and physiological variation such as diurnal rhythm,3>6>39
for example).

There is little information on the mitotic activity of digestive tract in pathological
conditions, especially on the possible competition for growth between tumor tissue
and actively growing tissue in an otherwise normal organism. Suzuki3435 observed
that gastric and buccal mucosa cells, which normally undergo a rapid renewal,
showed a significant depression in mitotic frequency in cancer patients. A question
arises whether the depression of mitotic activity of body tissues in cancer-bearing
individuals has already existed in the precancerous stage.

In an attempt to learn the effect of the presence of neoplastic cells on the
mitotic activity of oral epithelia in rats and mice, the present investigation was
undertaken from two points of view; in one group of experiments the effect of
a liver carcinogen DAB on the mitotic activity of buccal mucosa in rats was
studied at various stages of carcinogenesis, in another the mice were transplanted
with Ehrlich ascites tumor intraperitoneally and subsequent effects on the mitotic
activity of tongue surface were observed. Furthermore, the effect of an anabolic
steroid hormone on mitotic activity of oral mucosa and growth of tumor tissues
. was also examined.

MATERIALS AND METHODS

The experiment was carried out in the following two groups.
Expeiment A :
Male and female rats of Wister strain weighing 140 to 240 gm. were used in
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this investigation. The animals were fed a diet containing the potent carcinogen,
p-dimethyl-aminoazobenzen (DAB), for 150 days from May to September. The
diet used was composed of 75 per cent rice powder, 10 per cent casein, 4 per
cent salt mixture, 1 per cent vitamin mixture, 1 per cent plant oil and 0.09 per
cent DAB.25 The animals were given free access to this diet and fresh water.
Cages housing the animals were kept at natural temperature without access to
direct sunlight.

Thirty rats were given 0.35mg./100gm. body wt. of anabolic steroid hormone
(Durabolin Sankyo) into the thigh muscles once a week. Forty rats without it
were also examined as a control.

Beforehand, as preliminary experiment, it has been proved that anabolic steroid
hormone stimulates the mitotic activity of the epithelium of buccal mucosa and
superior aspect of the tongue (Fig. 1 and 2).
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Fig. 1. Changes of mitotic counts of the buccal mucosa in male rats after
administration of anabolic steroid hormone (ASH)
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Fig. 2. Changes of mitotic counts of tongue surface in male mice after
administration of anabolic steroid hormone (ASH)
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To obtain high mitotic values, the colchicine method was used. Colchicine
arrests the mitotic process at metaphase stage.+36> The rats were given 0.15mg./
100 gm. body wt. of colchicine subcutaneously at 10:00 A. M. and the specimens
of buccal mucosa were taken at 4:00 P.M.. It is said that a frequency peak
of colchicine mitoses appears approximately six hours after colchicine injection.

The specimens of buccal mucosa were taken before, and once every 30 day
after giving the toxic diet. After 150 days, all animals were killed with ether
and their livers were observed.

The specimens obtained from buccal mucosa were fixed in 10 per cent Formalin
and blocked in paraffin. The specimens were cut into sections, 5 . in thickness,
and stained with Hematoxylin and Eosin.

In the estimation of the mitotic activity, all figures observed under a magnification
of 600 were counted in the basal layer of the section where the mucosa was cut
veriically to the base and any area obliquely cut was omitted. At least 2000
nuclei of resting and dividing cells were counted in each specimen.

Expeiment B :

Adult male of dd strain mice weighing 18 to 22 gm. at the beginning of the
experimental period, were used in this investigation. The animals were maintained
on Oriental Chow with free access to food and water during the experimental
period.

The strain of Ehrlich ascites tumor cells was originally obtained from the lst
Pathological Dept. of Yamaguchi University School of Medicine, and maintained
for 12 days in our laboratory. The mice were transplanted 2 million cells of
Ehrlich ascites tumor intraperitoneally. The mice were injected 0.1mg./20 gm.
body wt. of anabolic steroid hormone into the thigh muscles twice a week. Each
animal was injected 0.2mg./100gm. body wt. of colchicine subcutaneously at 10:00
A.M. and the specimens of tongue and ascites tumor cells were taken at 4:00
P.M. under deep anesthesia with ether 4, 7, 12 and 16 days after the transplantation
of Ehrlich ascites tumor. The specimens were prepared in the same manner as
described above. The ascites tumor cells taken from the abdominal cavity were
smeared on the object-glasses and after fixation in Methanol they were stained
with Giemsa’s method.

RESULTS

Mortality was lower in the male rats given the anabolic steroid hormone than
in the control. But it was higher in the female rats given anabolic steroid hormone
than in the control. As a whole, male rats showed higher mortality than female
rats during the course of carcinogenesis (Fig. 3).

The incidence of hepatoma was strictly lower in the male rats given anabolic
steroid hormone than in the control rats (Fig. 3). The hepatoma was not seen
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Table 1. Mitotic rate in the epithelial cells of buccal mucosa in male
rats during the course of carcinogenesis
(percentage + standard deviation)
Days before | 30 6 | % 120 | 150
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Fig. 4. Mitotic rate in the epithelial cells of buccal mucosa in male

rats during the course of carcinogenesis
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The results of mitotic count are summarized in Table 1 and Fig. 4. In the
control group, the hepatoma-bearing rats showed lower mitotic values than the
rats without tumors placed on administration of DAB for 90 days. In the group

treated with anabolic steroid hormone, the values showed nearly the same as in
the control group (Table 2, and Fig. 5).

Table 2. Mitotic rate of the buccal mucosa in male rats treated with
anabolic steroid hormone (ASH)

(percentage -+ standard deviation)

Days ; before 30 ; 60 } 90 ‘ 120 ’ 150
Hopaloma-bearitg | | animal | 3.2 | 2.6 | 20 | 16 | 16 | L5
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Fig. 5. Mitotic rate of the buccal mucosa in male rats treated with
anabolic steroid hormone (ASH)

In the female rats, though hepatic cancer was not seen, the mitotic rate began
to -decrease gradually approximately 30 days after DAB feeding (Table 3, and
Fig. 6). As a whole, the rate in the cancer group appeared lower than that in
the non-cancer group, and each of them was strictly divided by a borderline of
2.0 per cent level..

As shown in Table 4 and Fig. 7, in the mice transplanted with Ehrlich ascites
carcinoma, the mitotic rate in the superior aspect of tongue increased slightly on
the 7th day and then decreased gradually. On the 16th day it fell to 56 per
cent in control value. On the other hand, in the mice treated with anabolic
steroid hormone, the high mitotic values were obtained; 172 per cent of control
value on the 7th day and almost the same as control on the 16th day.
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Table 3. Mitotic rate of the buccal mucosa in female rats
(percentage + standard deviation)

Days | before 30 60 | 90 120 | 150

ASH non-treated | 17
group animals

| | .
| 3.1¢o.35i 2.6+0.46 2.3i0.39‘ 2.240.41 2.210.50{ 2.340.46

ASH treated group{ Znimals ‘ 3.140.26 2.810.28’ 2.310.32“ 2.340.46 2.410.40“ 2.440.47
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2
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Fig. 6. Mitotic rate of the buccal mucosa in female rats

The mitotic rate of Ehrlich ascites tumor cells was summarized in Table 5 and
Fig. 8.

DISCUSSON

Many effects of tumors on the physiology of the tumor-bearing host have been
reported. 28 1D1H26  One of these reported changes is an increase in the mitotic
activity of the liver in mice and rats with spontaneous and transplanted tumors, 22
The same phenomenon has been demonstrated also in non-tumor-bearing mice
treated with a presumably cell-free supernatant fraction of tumor tissue.22> From
these results, Malmgren et al.23) suggested that a circulating factor, liver mitotic
stimulant, was released from the tumor. On the other hand, Suzuki3435) observed
a decrease in the mitotic activity of the digestive tract in cancer patients, and
speculated that a mitotic inhibitor might be released from the cancer tissue.
Furthermore, Holmberg12> observed that a polypeptide obtained from human ascites
tumor fluid inhibited normal cell growth by interfering with the DNA synthesis
or with processes closely linked to this. And also he speculated that the diffusible
polypeptide, if presented as a large amount of free substance in body fluids, might
affect tissues distant from the tumor site. ’
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Table 4. Mitotic rate of the tongue surface of mice after transplantation
of Ehrlich ascites tumor

(percentage + standard deviation)

Days 4 | R 16
ASH non-treated group ‘ 5 animals ‘ 3.3%+0.35 ‘ 3.9+40.47 ‘ 3.04+0.49 | 2.040.58
ASH treated group ‘ S animals ‘ 5.840.66 ‘ 6.240.89 ‘ 4.3+0.65| 3.540.57
Control ‘ 10 animals l 3.6+0.57
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Fig. 7. Mitotic rate of the tongue surface of mice after transplantation
of Ehrlich ascites tumor

Table 5. Mitotic rate in Ehrlich ascites tumor cells of mice

(percentage + standard deviation)

Days 4 | (N R A N

ASH non-treated group ‘ 5 animals \ 7.7::0.80 | 4.4i0.58} 2.120.57 | 1.1:0.44

ASH treated group ] 5 animals | 7.2i0.53| 3.1i0.44‘ 1.510.51\ 0.64-0.28
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g. 8. Mitotic rate in Ehrlich ascites tumor cells of mice
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To observe the effect of the presence of neoplastic cells on the mitotic activity
of body tissues, buccal mucosa and superior surface of the tongue which are
located at the uppermost part of the digestive tract were used as a material
because of their easy accessibility.

Mitotic rate of epithelial cells of buccal mucosa of rats decreased gradually
during the first 60 days of DAB administration. In this stage, there is no significant
difference in mitotic rate between hepatoma-rats and DAB admimistered rats
without liver tumors. In the rats fed more 90 days, however, the rate was
significantly different between these two groups ; the rate in hepatoma-bearing rats
was less than that in non-hepatoma-bearing rats, and each of them was divided
by a borderline of 2.0 per cent level.

Liver carcinogens have ability to damage the chromosomes and induce
proliferation. 20038 Furthermore, the developement of unresponsiveness to growth
regulations can be a third factor involved in the process of carcinogenesis. 2> Each
of the three phenomena, chromosome damage, proliferation and unresponsiveness
appears to be insufficient individually to lead to the formation of neoplastic cells. 21

To observe the effect of mitosis stimulating agent on the mitotic activity of oral
mucosa cells and incidence of hepatoma in rats during the course of carcinogenesis,
an anabolic steroid hormone (ASH) was used. As shown in Fig. 1 and 2, the
ASH has a little mitogenic effect in normal rats and mice. The buccal mucosa
cells of rats fed DAB for long period ceased to respond to this mitosis stimulating
agent. No increase in mitotic rate after ASH injection was found in either early
or later stage of hepatomas produced by DAB feeding. On the other hand, only
slight decrease was found in the DAB administered rats without tumors.

From these results, it is reasonable to presume that the liver carcinogen DAB
induces mitotic irregularities not only in hepatic tissue but in general body tissues,
and it leads to unresponsiveness to growth stimulating substance. In this connection,
Maini and Stich’s observation2! is interesting ; the rats fed the liver carcinogen
3’Me-DAB ceased to respond to the mitotic stimulus of partial hepatectomy and
injection of serum from partially hepatectomized rats, which stimulated mitosis in
the regenerating liver lobe of normal rats, in the course of carcinogenesis. This
unresponsiveness is reversible in the precancerous liver, and apparently depends
on the presence of the carcinogen. While, that of hepatoma is irreversible and
independent of the presence of the carcinogen and persists over many cell gene-
rations. From this observation, they have postulated that the parenchymal cells
developed an unresponsiveness during the course of carcinogenesis and the mitosis
stimulating factor in the injected serum became inactive before reaching the hepatic
tissue.

For many years it has been known that, after partial hepatectomy in animals,
the remaining liver cells multiply and rapidly restore the amount of tissue removed.
Using a parabiotic animals, Bucher et al.5> reported that a humoral agent was
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liberated by the regenerating liver which stimulated growth of the intact liver.
Paschkis et al. 27228 has speculated that the action of this humoral growth-promoting
agent is not limited to the liver, inasmuch as it also enhances the growth of
certain malignant tumors. As described previously, however, this humoral growth-
promoting agent may be inactivated in animals fed DAB for long period.

To study the effect of the presence of transplantable neoplastic cells on the
mitotic activity of tongue surface epithelia of mice, Ehrlich ascites tumor was
transplanted in mice. The effect of ASH on the mitotic activity of tongue epithelial
cells and that of Ehrlich ascites tumor cells was also examined. In mice trans-
planted with Ehrlich ascites carcinoma, the mitotic rate of tongue surface was
slightly increased for the first 7 days (109 per cent) after transplantation, and it
decreased gradually. On the 16th day it was fallen to 56 per cent of the control
level. According to Kitamura,!6> the mitotic rate of the tongue surface was
decreased gradually after transplantation of Ehrlich ascites carcinoma, and it became
to 55 per cent of the control level on the 12th day.

In the group treated with ASH, the mitotic activity of the tongue surface
epithelia showed a peak on the 7th day and fell to control level on the 16th day
after transplantation of Ehrlich ascites tumor. In this group, it showed clearly
higher mitotic activity than in the non-treated group. Conversely, the mitotic rate
of Ehrlich ascites tumor cells was inhibited in the mice treated with ASH.

Paschkis et al.26> and Trotter3® studied the effect of partial hepatectomy on
transplantable tumors in rats and mice, and found that some tumors grew more
rapidly in partially hepatectomized rats than in intact rats. Some hepatomas in
their early transplanted generations were considered responsive. They also found
that, after partial hepatectomy the growth of the regenerating livers of rats bearing
these tumors, was greater than the growth of regenerating livers of rats without
tumors. 270 While, in present investigation, the mitotic rate of Ehrlich ascites tumor
cells was inhibited by administration of ASH. This discrepancy can be explained
in the following reason; Ehrlich ascites carcinoma is an undifferentiated tumor
originated spontaneously as a carcinoma of the mammary gland of a stock mouse.3D
Anabolic. steroid hormone may peculiarly control the Ehrlich ascites tumor by
reason that it is a conductor of androgen.

In any way, from the result of present investigation, it is speculated that the
tongue surface cells in cancer-bearing mice are responsible to ASH. While, Ehrlich
ascites tumor cells are unresponsible. Furthermore, ASH has an ability to exhibit
the mitotic activity of body tissues in rats during the course of DAB adminis-
tration, and to inhibit the incidence of DAB hepatomas.

Finally, one may also speculate that the activation of mitotic inhibitors or
inactivation of mitotic stimulators would occur in rats fed DAB for long period,
and in mice transplanted with Ehrlich ascites tumor. While, ASH may inactivate
the mitotic inhibitors or activate the mitotic stimulators. These two factors have
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been said to be controlling the rate of growth of mammalian tissues. 10732

SUMMARY

Using the rats fed DAB diet and the mice transplanted with Ehrlich ascites
tumor, the relation between mitotic activity of the epithelium of the oral cavity
and the presence of neoplastic cells was observed with colchicine technique. The
effect of anabolic steroid hormone was also examined.

In the male rats received the ASH, the incidence of hepatoma was strictly lower
than that of control rats 150 days after administration of DAB.

Mitotic rate of epithelial cells of buccal mucosa from hepatoma-bearing rats was
inhibited more than that from non-hepatoma-bearing rats, and each of them was
divided by a borderline of 2.0 per cent level.

The tongue surface of mice transplanted with Ehrlich ascites tumor showed
clearly higher mitotic activity in the group treated with ASH than in the non-
treated group. Conversely, mitotic rate of Ehrlich ascites tumor cells was inhibited
in the mice treated with ASH.

From these results, it was discussed on mitosis stimulating agent in the process
of carcinogenesis.

Acknowledgements. The author is indebted to Ex-prof. Dr. S. Tokuoka and
Dr. K. Suzuki for their constant interest and guidance in this investigation.
Appreciation is also expressed to the members of the Ist Department of Pathology,
Yamaguchi University School of Medicine, for the supply of Ehrlich ascites tumor.

REFERENCES

1) Annau, E., Manginelli, A. and Roth, A.: Increased weight and mitotic activity in the liver
of Tumor-bearing rats and mice., Cancer Res., 11: 304-306, 1951.

2) Begg, R. W. and Dickinson, T. E.: Systemic effects of tumors in force-fed rats., Cancer
Res., 11: 409-412, 1951.

3) Bertalanffy, F. D.: Mitotic rates and renewal times of the digestive tract epithelia in the rat.,
Acta Anat., 40 : 130-148, 1960.

4) Bertalanffy, F. D.: Tritiated thymidine versus colchicine technique in the study of cell
population cytodynamics., Laboratory Investigation, 13: 871-886. 1964.

5) Bucher, N. L. R., Scott, J. F. and Aub, J. C.: Regeneration of the liver in parabiotic rats.,
Cancer Res., 11: 457-465, 1951.

6) Bullough, W. S. and Esia, E. A.: The diurnal variation in the tissue glycogen content and
the relation to mitotic activity in the adult male mouse., J. Exp. Biol., 21: 257-263, 1950.

7) Dalton, A. J.: Histologic changes in adrenal glands of tumor-bearing mice., J. Nat. Cancer
Inst., 5: 99-109, 1944,

8) Furth, J. and Moshman, J.: On the specificity of hypervolemia and congestive changes in
tnmor-bearing mice., Cancer Res., 1: 543-551, 1951.

9) Ghadially, F. N. and Green, H. N, : Effect of adrenal hormones and adrenalectomy on
mitotic activity., Brit. J. Exp. Pathol., 36: 100-110, 1957,



10)

11)

12)

13)

14)
15)
16)
17)
18)
19)
20)

21)

22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)

33)

Effect of Carcinogenesis on Mitotic Activity in Rats and Mice 63

Glinos, A. D. and Ann, N. Y.: Environmental fudback control of cell division. Acad.
Science, 90 : 592-602., 1960.

Greenstein, J. P. and Andervont, H. B.: Liver catalase activity of tumor-bearing mice and
the effect of spontaneous regression and of removal of certain tumors. J. Nat. Cancer Inst.,
2: 345-355, 1942,

Holmberg, B. E. G.: Studies on a Polypeptide Inhibiting Cell Growth obtained from Human
Ascites Tumor Fluid., Snabb-Offset AB, 1968.

Homburger, F.: Studies on hypoproteinemia. ITI. Lymphoid hyperplasia and redistribution of
nitrogen caused in mice by transplanted tumors (Sarcoma 180 and breast adenocarcinoma
EO 771). Science, 107 : 648-649, 1948.

Hooper, C.E. and Blair, M.: The effect starvation of epithelial renewal in the rat duodenum. :
Exp. Cell Res:, 14: 175-181, 1958.

Hunt, T. E.: Mitotic activity in the gastric mucosa of the rat after fasting and refeeding.
Anat. Rec., 127: 539-550. 1957.

Kitamura, K. : The effects of antitumor substances on the mitotic activity of linguinal epithelial
cells in normal and tumorbearing mice. Yamaguchi Igaku, 17: 59-66, 1968.

Leblond, C.P. and Stevens, C.E.: The constant renewal of the intestinal epithelium in the
albino rat. Anat. Rec., 100: 357-377, 1948.

Leblond, C. P. and Carriere, R.: The effect of growth hormone and Thyroxine on the mitotic
rate of the intestinal mucosa of the rat. Endocrinology, 56 : 261-266, 1956.

Leblond, C.P. and Walker, B.E.: Renewal of cell population. Physiol. Rev., 36: 255-276,
1956.

Maini, M. M. and Stich, H.F.: Chromosomes of tumor cells. II. Effect of various liver
carcinogens on mitosis of hepatic cells. J. Nat. Cancer Inst., 26 : 1413-1427, 1961.

Maini, M.M. and Stich, H. F.: Chromosomes of tumor cells. III. Unresposniveness of
precancerous hepatic tissues and hepatomas to a mitotic stimulus. J. Nat. Cancer Inst.,
28 : 753-762, 1962.

Malmgren, R. A.: Observations on a liver mitotic stimulant present in tumor tissue. Cancer
Res., 16: 232-236, 1956.

Malmgren, R. A. and Mills, W.: Studies of properties of the liver mitotic stimulant (LMS)
in mouse tumor tissue. J. Nat. Cancer Inst., 26: 532-535, 1961.

Mider, G, B., Sherman, C.D. and Morton, J.J.: The effect of Walker carcinoma 256 on the
total lipid content of rats. Cancer Res., 9: 222-224, 1949.

Morita, K.: Morphological studies on hepatic vascular system. III. 1) Vascular pattern of
experimental DAB hepatic cancer. Yamaguchi Igaku, 7: 413-417, 1958.

Paschkis, K.E., Cantarow. A., Stasney, J. and Hobbs, J.H.: Tumor growth in partially
hepatectmized rats. Cancer Res., 15: 579-582, 1955.

Paschkis, K. E., Cantarow, A. and Goddard, J. W.: Growth-stimulating actions of liver
preparation. Fed. Proc., 16: 98, 1957,

Paschkis, K. E.: Growth-promoting factors in tissues : A review. Cancer Res., 19: 981-991,
1958.

Rasinen, T. and Teir, H.: Adrenocorticotrophin and mitotic activity. Growth, 25: 139-149.
1961.

Siota, I.: Studies on cell proliferation of epithelial cells. I. Proliferation of the epithelial cells
of the mucous membrane of the digestive tract. Yamaguchi Igaku, 10: 477-482. 1961.
Stewart, H.L., Snell, K.C., Dunham, L.J. and Schlyen, S.M. : Transplantable and Transmissible
Tumors of Animals, Armed Forces Inst. of Pathol., F 40: 317-323.

Stich, H. F. and Florian, M.L.: The presence of a mitosis inhibitor in the serum and liver
of adult rats. Canada J. Biochem. and Physiol., 36 : 855-859, 1958.

Stich, H.F.: The DNA content of tumor cells, II. Alterations during the formation of hepa-
tomas in rats. J. Nat. Cancer Inst., 24: 1283-1297, 1960.



64

34)

35)

36)
37)
38)
39)

40)

Kiyoshi MATSUKI

Suzuki, K.: Mitotic activity and renewal rate of the epithelial cells of digestive tract in cancer
patients. I. Observation on the stomach and duodenum in the patients with gastric cancer or
peptic ulcer. Gann, 57: 453-466, 1966.

Suzuki, K.: Mitotic activity and renewal rate of the epithelial cells of digestive tract in cancer
patients. II. Mitotic rate of the epithelial cells of buccal mucosa in the patients with cancer
of varjous organs. Gann, 57 :467-475, 1966.

Taylor, E. W.: The mechanism of colchicine inhibition of mitosis. I. Kinetics of inhibition
and the binding of H3-colchicine. J. Cell Biol., 25: 145-160, 1965.

Teir, H., Schauman, A. and Sundell, B.: Mitotic ratio and colchicine sensitivity of the stomach
epithelium of the white rat. Acta Anat., 16: 233-244, 1952,

Trotter, N.L.: The effect of partial hepatectomy on subcutaneously transplanted hepatomas
in mice. Cancer Res., 21: 778-782, 1961. .

Voutilainen, A.: Uber die 24-Stunden-Rhytmik der Mitosenfrequenz in malignen Tumoren.
Acta Pathol. Microbiol. Scand., 99: 1-104, 1953.

Voutilainen, A., Hopsu V.K. and Teir. H.: The direct and indirect effect of short-distance
X-irradiation on the mitotic activity of the rat epidermis and hair follicles. Growth, 21: 103-
113, 1957.



Effect of Carcinogenesis on Mitotic Activity in Rats and Mice 65

Photo. 1. A case of hepatoma of rat fed DAB diet for 150 days.
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Photo. 3. A case of hepatoma of rat fed DAB diet for 90 days.
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Photo. 4. Mitotic figure in buccai mucosa from a non-hepatoma-
bearing rat fed DAB diet for 150 days.
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Photo. 5. Decreased mitotic activity in buccal mucosa from a hepatoma-
bearing rat.

Photo. 6. Numerous mitoses in tongue surface of a mouse treated with
ASH 7 days after Ehrlich ascites tumor transplantation.
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Photo. 7. Decreased mitotic activity in tongue surface from a mouse 16
days after transplantation of Ehrlich ascites tumor.
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Photo. 8. Numerous mitoses in Ehrlich ascites tumor cells of a mouse
4 days after transplantation.
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Photo. 9. Decreased mitoses in Ehrlich ascites tumor cells of a mouse
16 days after transplantation.
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