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SUMMARY

A transplantable ascites variant, designated AS-30D, has
been established from a 3'-methyl-4-dimethylamino-

azobenzene-induced rat hepatoma. The ascites cells appear
epithelial in origin and grow in clusters. This system produces
a high yield of tumor cells which can be obtained essentially
free of nontumor cells and connective tissue.

INTRODUCTION

Ascites tumors derived from azo dye-induced rat hepatomas
include the Yoshida ascites hepatomas (6) and the Novikoff
ascites tumor (5). These tumor systems have been utilized
extensively in pathological, biological, and biochemical investi
gations concerning the neoplastic cell. Since the Yoshida and
Novikoff hepatoma systems have been maintained by serial
transplantation over many years, it is possible that changes
associated with tumor progression now characterize these
tumor systems. In order to undertake biochemical studies on a
tumor system more closely related to the primary tumor, the
AS-30D tumor was developed.

MATERIALS AND METHODS

Induction of Tumor. Sprague-Dawley strain rats were ob
tained from A. R. Schmidt Co., Madison, Wis., and were main
tained on Wayne Lab Blox from Allied Mills, Inc., Chicago, 111.
and water ad libitum. Primary hepatomas were induced in
male rats by feeding a synthetic diet (3) containing 0.06%
3'-methyl-4-dimethylaminoazobenzene for 12 weeks.

A primary tumor nodule was excised from the liver and
macerated. The tumor gruel was injected into an air pouch on
the back of male rats which had been conditioned by i.m.
injections of cortisone according to the procedure of Changer
al. (2). The transplanted tumor cells proliferated as a sheet of
solid tumor on the walls of the air pouch. This tumor was
designated hepatoma 30D. In addition to solid tumor forma-
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tion, a fluid containing free cells accumulated inside the
pouch.

Fluid from the air pouch of the 1st transplant generation of
hepatoma 30D provided the initial inoculum used in devel
oping the ascites variant. The fluid was injected i.p. into
8-week-old females and designated ascites hepatoma AS-30D.
When sufficient ascites fluid had developed to distend the
abdominal wall noticeably, the rats were sacrificed by decapi
tation and the ascites fluid was withdrawn. For transplan
tation, an inoculum of 3 to 5 ml of the hemorrhagic, tumorous
ascites fluid was injected per rat. In this manner, the tumor
was maintained through 5 transplant generations in 6- to
9-week-old females. Rats that showed no visible signs of tumor
growth 2 months after transplantation were considered to have
rejected the tumor.

The 5th passage of the AS-30D tumor was utilized to inject
into both males and females. The males were 8 weeks old at
the time of transplantation; for successive transplantations 6-
to 9-week-old rats were utilized. The tumor has been main
tained as 2 sublines since the 6th passage: AS-30D ?, carried in
females; and AS-30D d, carried in males.

Transplantation Procedure. Associated with an increase in
the concentration of tumor cells in the ascites fluid following
the 11th transplant generation was a tendency for the tumor
cells to agglutinate upon withdrawal of the tumorous ascites.
This was prevented by i.p. injection of 36 to 48 ml of sterile,
0.9% NaCl solution, chilled to 4Â°,prior to withdrawal of the

fluid. The diluted ascites fluid was centrifuged at room tem
perature for 2 to 5 min at 2 X g in 30-ml graduated Kolmer
centrifuge tubes (Corning No. 8380). These centrifugation
conditions yielded a loosely packed pellet of undamaged cells.
After the 17th passage, the transplant inoculum was stand
ardized to contain 0.4 ml of cells in 3.0 ml.

The number of cells present in 1 ml of packed cells (250 X
g, 10 min) was estimated by dispersing the cell clusters by
incubation with papain (twice crystallized, 350 to 600 units/
ml, Worthington Biochemical Corp., Freehold, N. J.) and per
forming cell counts on the cell suspensions. One ml of packed
cells (250 X g, 10 min) contained 4.1 to 5.0 X IO8 cells, while

0.4 nil of loosely packed cells (2 X g, 1 to 5 min) contained
approximately IO8 cells.

Preparation of Cells for Morphological Examination. Sam
ples of the AS-30D tumor cells were washed in 0.9% NaCl
solution to remove red blood cells and other ascites compo
nents. The cells were then pelleted and fixed for 12 hr in 2%
glutaraldehyde in 0.04 M phosphate buffer, pH 7.4. The pel-
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lets were then minced, postfixed for 90 min in 1% Os04 in 0.1
M phosphate buffer (pH 7.4), rapidly dehydrated through
alcohol, and embedded in Epon. Thick sections (1 M) were
stained with Azure II and mÃ©thylÃ¨neblue (8) for light micro
scopic examination.

RESULTS

Morphology of the Tumor. Hepatoma 30-D, from which the
ascites tumor AS-30D was derived, was classified as an hepato-

carcinoma. Ultrastructural (1) and histological features (2) of
an azo dye-induced hepatocarcinoma have been described. The
AS-30D tumor grows primarily as clusters or islands of cells in
the ascites fluid with single cells, doublets, and triplets making
up only a minor component of the tumorous ascites. The
single cells measure 11 to 15 ju in diameter, although cells as
large as 23 fi have been observed. The tumor cells grow in
cords forming spherical to ellipsoid-shaped clusters. The aver
age diameter of the spherical islands is approximately 50 n; the
ellipsoid-shaped clusters average approximately 50 p wide and
50-100 fi long. No noticeable variation in the size of the single
cells or cell clusters has been observed from the 1Oth to the
70th passages.

The histological structure of the AS-30D ascites tumor cells
is shown in Figs. 1 and 2. Morphological features of these cells
indicate that they are of epithelial origin. These cells have the
general appearance of the hepatocytes, although the shape of
the nuclei varies. Similar to the liver cells, the tumor clusters
consist of mixed dark and light cells. Frequently, empty
lumens resembling bile ducts or canaliculi are observed in the
clusters.

Although the cell islands vary in shape and size, the islands
do not represent a nonspecific aggregation of cells. Morpho
logical investigations of this tumor with electron microscopy
(R. K. Young and J. P. Chang, unpublished data) revealed the
presence of specializations of intercellular contact; e.g., des-
mosomes, interdigitation, tight junctions, and related struc
tures.

Biology of the Host and the Transplanted Tumor. The
AS-30D ascites hepatoma has been successfully maintained
through 75 transplant generations in both male and female
rats. In the early transplant generations (passages 1 to 6), large
solid tumors were found on the viscera, omenta, and mesen
teries. After the 6th passage in both sublines, there was a
significant decrease in the amount of solid tumor formation
with a concomitant increase in the concentration of ascites
tumor cells. In earlier passages, longer time was required for
noticeable growth of the transplant. After standardization of
the transplant inoculum, optimal yield of tumor cells was
obtained at 5 to 8 days after transplantation. The tumor was
routinely harvested and transplanted at 7-day intervals. If the
tumor were permitted to grow for periods longer than 8 to 10
days, the fluid volume increased but the yield of tumor cells
decreased. The ascites fluid became increasingly hemorrhagic
after the 5th day of tumor growth.

Among the various biological characteristics of malignant
tumors, data of host survival time and transplantability have
been considered as the most fundamental criteria which reflect
the susceptibility of hosts and/or virulence of tumor cells (9).

Table 1
Tumor virulence and host susceptibility ofAS-30D tumor in male

and female Sprague-Dawley rats
Transplant inoculum contained approximately 10" cells.

AS-30D 9 AS-30D d

Medianhost0 Medianhost0
Transplant survivaltime Transplant- survivaltime Transplant-
generation (days) ability (days) ability

17-2021-3031-4041-501214141426/2757/5958/6055/571414131424/2452/5550/5451/60

0 Number of days at which 50% of hosts with positive transplants had
died.

Table 1 shows the host median survival time in days and trans
plantability of the AS-30D 9 and AS-30D a ascites hepatomas.
Host survival studies indicated that about 73% of the rats with
positive transplants died within Â±3 days of the median host
survival time. After some variation in the percentage of suc
cessful transplantation during early development of the tumor
(passages 1 to 10), approximately 90% of all animals that
received i.p. injections of AS-30D cells developed tumors.

DISCUSSION

The establishment of rat ascites hepatomas characterized by
island formation has been previously reported (4, 6,7). These
ascites tumors were developed in Japanese strains of rats, while
the AS-30D 9 and AS-30D Ã´ascites tumors were established
from a primary hepatoma in a male Sprague-Dawley rat and
are being maintained in female and male rats of the same
strain.

Isaka et al. (4) have developed 3 strains of ascites rat hepa
tomas derived from primary tumor ascites and separate
primary hepatoma nodules induced in a single Donryu rat by
feeding 3 -methyl-4-dimethylaminoazobenzene. Of the 3
strains developed, 2 (AH41A and AH-41B) exist in island
form. After 70 passages of AS-30D, about 90% of the trans
plantations were successful. This is comparable to 96% for
AH-41A and 97% for AH-41B after 70 passages. The survival
time of AS-30D tumor-bearing animals is also similar to that
reported for rats carrying the tumor lines AH-41A and
AH-41B (4); however, the inoculum for transplantation of
strains AH-41A and AH-41B was IO7 tumor cells, whereas the
inoculum for transplantation of the AS-30D tumor was ap
proximately 10* tumor cells. Investigations of morphology,

host survival, and transplantability have revealed no differ
ences between the 2 sublines, AS-30D 9 and AS-30D a.

The AS-30D transplantable ascites tumor has been desig
nated "hepatoma" mainly because the primary tumor was

obtained from the liver. This nomenclature has been used by
other authors (2, 5) for the same reason. The characteristic
cluster formation of the AS-30D ascites hepatoma has re
mained constant since the first transplant generation in the
ascites form.
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Only limited data regarding yield of tumor cells from the
ascites hepatomas established by Yoshida and coworkers
[Isaka et al. (4); Odashima (6)] are available, but presumably
the yields were less than 1 ml of packed cells/rat. The AS-30D
hepatoma system produces 3 to 6 ml of packed cells (250 X g,
10 min)/rat, which compares favorably to the Novikoff ascites
hepatoma (5), which produces 6 to 10 ml of packed cells/rat.
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Fig. 1. Cell clusters of the ascites hepatoma (AS-30D 9, transplant generation 57) showing general morphological features. Note the dark and
light cells, various stages of mitosis, and the ductal arrangement at the middle lower margin. Epon embedding, l-/j section. Azure II and mÃ©thylÃ¨ne
blue staining (8), X 1070.

Fig. 2. Another area from the same block showing resting cells. Note the shape of the nuclei, the arrangement of the cells, and the formation of
duct-like structures. Epon embedding, I-Msection, Azure II and mÃ©thylÃ¨neblue staining (8), X 1070.

SEPTEMBER 1970 2309

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2387283/cr0300092306.pdf by guest on 19 M

ay 2023


