


Brain Tumor Chemotherapy: Experimental Model

below, Ependymoblastoma A was considered a mutant subline
of ependymoblastoma.

Animals. The mice used in these experiments were C57BL/6
males. They weighed from 18 to 24 g when used. The animals
were maintained on routine diets and were housed in cages
with hardwood chip bedding of a type known not to induce
microsomal drug-metabolizing enzymes (24).

Technique of Tumor Implantation. The tumors were main
tained for use in the experiments by s.c. passage to the flanks
of mice every 14 days. Four to 5 tumor-bearing animals were
sacrificed at the time of transplantation. The tumors were
removed aseptically and placed in a sterile Petri dish con
taining sterile Locke's solution or Eagle's balanced salt solu

tion at room temperature (14). The necrotic material and
connective tissue capsules were separated from the tumors,
and the remainder of the tumor tissue was cut into 1-cu mm
pieces. One such fragment was then placed in the bevel at the
tip of a no. 19 3-inch spinal needle and the stylet was with
drawn, sucking the tumor into the barrel lumen. In this
manner, the needle was loaded with a piece of tumor ready for
implantation. An animal was anesthetized with diethyl ether,
the right frontoparietal scalp was washed with 70% alcohol,
and the needle was inserted through the skull. The stylet was
advanced so that it became flush with the needle hub, thus
discharging the tumor fragment into the brain of the animal.
For assurance that the needle entered each brain to a constant
depth, a guard was placed on the outside of the barrel 1.5 mm
from the top of the bevel (Fig. 1). This distance was calculated
to place the discharged fragment in the cortical-subcortical
region. Animals observed to have improper tumor implanta
tion were discarded. A few minutes after the implantation, the
animals recovered from anesthesia and resumed their usual
activities. Usually, about 80 animals could be successfully
given tumor implants in 1.5 hr.

As a result of the diethyl ether anesthesia and tumor
implantation, about 2 to 3% of the animals died immediately.
An additional 3 to 4% were discarded because of extrusion of
the tumor fragment from the implantation site after with
drawal of the needle or because of hemorrhage from the
craniotomy site. Thus, as a result of the operative procedure, a
maximum of 7% of the animals failed to survive or were dis
carded. No death attributable to the operative procedure oc
curred beyond 24 hr after tumor implantation.

In a similar manner, a tumor fragment could be placed in
the s.c. tissue of the flank of a mouse for tumor propagation;
however, a no. 13 trochar containing larger tumor fragments
was used for implantation in this site.

Histology and Pathogenesis of Tumor Growth. Over 100
generations of each tumor were transplanted. Samples of each
tumor were fixed at regular intervals, stained with hemo-
toxylin and eosin, and examined to check for histolÃ³gica!
stability.

In a series of experiments, 2 or 3 animals were also sacri
ficed at 3-day intervals after implantation to determine the
course of tumor growth in the intracerebral site.

Clinical Course and Animal Weights. In several experiments,
animals in the control group which received only an intra
cerebral tumor implant were weighed immediately prior to and

daily after implantation to establish the course of the average
animal weight change from inoculation to death. In order to
permit a comparison of animal weights at equivalent times in
the life-span, animal weights on the day prior to death to 16
days prior to death were averaged and plotted.

The clinical source of tumor growth was followed daily by
observing the animals for signs of altered behavior, and the
time of such appearance was noted.

Sham Tumor Inoculation. In a study of the effects of
anesthesia and intracerebral needle insertion on animal mor
tality, 50 mice were subjected to the usual anesthesia and
intracerebral tumor implantation procedure, but no tumor
fragment was introduced into the brain. The animals were
followed for 60 days, and their survival or mortality was
recorded.

Determination of Animal Survival Times. In drug studies to
be reported (21), 125 animals were used in each drug evalua
tion experiment. Several experiments were necessary to deter
mine the efficacy of each drug. In each experiment, the
animals were divided into 3 groups: a control group of 25
untreated tumor-bearing mice; a drug-treated, tumor-bearing
group; and a nontumor-bearing drug control group used to
evaluate drug toxicity. The median day of death of tumor-
bearing control animals was recorded in each of the experi
ments, performed with the 4 gliomas. The mean and standard
deviation of the medians was calculated. The number and per
centage of mice surviving beyond 60 days was also noted.

RESULTS

Histology and Pathogenesis of Tumor Growth. The 4
tumors were histologically the same (Fig. 2), consisting of
small uniform polygonal cells with oval, darkly staining
nuclear chromatin and scanty cytoplasm; the cells were
arranged in sheets with little connective tissue stroma. Pseudo-
rosettes were present, and mitotic figures occurred pre
dominantly at the periphery of the tumor. The appearance was
typical of an ependymoblastoma. Glioma 26 tended to be
more vascular than ependymoblastoma or Glioma 261 and not
infrequently contained gross hemorrhage. Areas of micro
scopic necrosis were evident in all tumors following intra
cerebral growth. Gliomas 26 and 261 remained histologically
stable for over 100 generations in our laboratory. Ependymo
blastoma, after repeated transplantations, grew histologically
as the same tumor but developed 2 distinct biological growth
rates, as noted below.

The growth of ependymoblastoma in the brain was followed
serially. Tumor cells were initially seen in the brain tissue at
the base of a large needle tract with some associated hemor
rhage. The cells proliferated and developed as a mass in the
brain and eventually grew over the surface of the hemisphere
between the skull and the brain as a thick sheet of cells.
Tumor cells also grew out through the cranial defect as a
narrow stalk of cells which then produce a dome-shaped s.c.
tumor nodule. The tumor could replace almost the entire right
hemisphere with growth into the left hemisphere and yet be
compatible with life (Fig. 3). Occasionally, tumor growth
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In the s.c. tissue, the tumor was surrounded by a connective
tissue capsule which was invaded by inflammatory cells; the
latter were not present around intracerebral tumors. Sub
cutaneous tumors grew as 1 nodule or as multiple nodules in a
line apparently along the site of inoculation.

Animal Weights after Tumor Inoculation. The weight of
animals in the control groups declined following implantation
of the tumor; after a 2-day period, the weight resumed an
incremental rate which paralleled that of the nontumor-
bearing control animals. As shown in Chart 1, the average of
the weight of the animal fell as members of the group became
ill and approached death. Animal weight losses of up to 33%
of the initial weight were often seen prior to death. In general,
animal weight loss began about 11 days prior to death.

Table 2
Glioma 261: control group median survival,

range, and >60-day survivors

Chart 1. Effect of intracerebral murine gliomas on animal weight.
Each point is the mean Â±1 S.E. of the weight of 25 animals. The days
of death have been normalized to maintain the full number of animals.

Table 1
Ependymoblastoma: control group median survival,

range, and >60-day survivors

Experi
ment1234567891011121314151617181920212223242526Total

26No.

of
animals2526202125252525252525252525252525252525252525252525642Median

day
ofdeath28.53627283131262835273330322930.529313129332826232826.527JPÂ±S.D.

=29
Â±3.0Range

of
days of
death19-4918-4120-3122-3720-4411-4120-3422-3723-19-5524-3519-24-3716-4122-3822-3422-5221-3422-18-4020-3420-4016-3217-3718-4016-Survivors> 60days000000001002000000100000015

(0.8%)

Experi
ment1234567891011121314Total

14No.

of
animals2122252525252525252525252525343Median

day
ofdeath2022.526272423242423272423.52526JT+S.D.

=24
Â±1.9Range

of
days of
death12-2716-317-16-15-4117-4821-3318-4016-22-3116-2720-2818-3916-Survivors> 60days002100000000003

(0.9%)

Table 3
Glioma 26: control group median survival,

range, and >60-day survivors

involved only the brain stem. At other times, tumor growing
along the ventricular surfaces produced hydrocephalus. Serial
growth of Gliomas 26 and 261 was not evaluated. With all of
the tumors, an increase in the size of the skull was seen in
many animals as tumor growth proceeded.

Experi
ment12345678910111213Total

13No.

of
animals20202525252525252525252525315Median

day
ofdeath22.522.52025252025262925272527JTÂ±S.D.

=24
Â±3.0Range

of
days of
death16-3911-2513-2817-3418-4514-2619-3319-3122-16-2718-3618-5915-Survivors> 60days00000000000000

(0.0%)
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Table 4
Ependymoblastoma A : control group median survival,

range, and >60-day survivors

Experi
ment1

2
3
4
5
6
7
8No.

of
animals25

25
25
25
25
25
25
25Median

day
of death17

19
19
20
21
18
19
19Range

of
days of
death14-21

15-22
15-51
18-26
15-35
16-32
14-20
15-22Survivors

> 60 days0

1
1
0
0
1
01

Total 8 200 19Â±1.2 4 (2%)

Clinical Course of the Tumor-bearing Animals. Following
tumor implantation, the animals recovered from the anesthesia
and generally resumed their previous activity in the cage. Some
animals had a transient ataxia and others remained lethargic
for a brief period; however, all eventually returned to normal
activities. No physical signs of disease following tumor im
plantation were seen until approximately the 15th posttrans
plantation day. At that time, s.c. tumor nodules became
palpable over the frontoparietal skull. Greater than 90% of the
animals developed such s.c. nodules before death. Approxi
mately 5 days prior to death, the animals demonstrated
clinical signs of illness, when malaise was first seen, with the
animals assuming a hunchback posture and exhibiting a dull,
ruffled coat. This was followed by signs of diminished activity,
including lethargy, gait disturbance, spinning, and/or focal
neurological deficits with upper or lower limb paresis. All of
these signs were not necessarily present prior to death. The
head size also increased in most of the animals, indicating
increased intracranial pressure.

Sham Intracerebral Injections. In the 50 animals which had
a sham intracerebral injection without tumor implantation, the
anesthetic and operative mortality were the same as that in
tumor-inoculated animals, but no deaths occurred in the
60-day period of observation which followed. Thus, the
implantation procedure did not contribute to the animal
mortality.

Animal Mortality. In Tables 1 to 4, the median survival
times of brain tumor control groups bearing each of the 4
gliomas are listed. Also included are the ranges of individual
days of death and the number of animals surviving longer than
60 days.

For the 642 animals bearing ependymoblastoma, the
average of the median days of death of the 26 control groups
was 29 Â±3 days (Table 1). Only 0.8% of the animals survived
longer than 60 days and were considered as animals in which
the tumor failed to grow, or "no-takes." The average of the

median days of death of 340 animals bearing Glioma 261 was
24 Â±1.9 days (Table 2). Only 0.9% no-takes were found. In
the animals with Glioma 26, the average of the median days of
death of the 13 groups of animals was 24 Â±3 days (Table 3).
All of the animals with intracerebral implantation of this

tumor died before the 60-day observation period terminated.
The 8 groups of animals bearing Ependymoblastoma A had an
average median survival of 19 Â±1.2 days with 2% of the
animals surviving longer than 60 days (Table 4).

DISCUSSION

Shapiro and Ausman (19) in their review listed 16 experi
mental intracerebral animal tumor models which were "in use
or of potential value" in research. The need for a small animal

model which could be maintained inexpensively and which
could be used in large numbers for drug screening eliminated
from consideration tumors propagated in large animals such as
the human choriocarcinoma (4), the hepatocarcinoma in the
monkey (7), and the Rous sarcoma virus tumor in the dog
(15). The need for a model with intracerebrally propagated
glial tumor further eliminated the L1210 (5, 22), Sarcoma 180
(17), Ehrlich carcinoma (17), uterine epithelioma (17), mam
mary carcinoma (10). and melanoma (9) animal systems. The
tendency for the mouse glioblastoma (8) to be histologically
unstable made it unsuitable for use in this model. The incon
sistent location, histology, and number of tumors developing
from the Rous sarcoma virus injection in hamsters (16) made
this system unattractive for large scale testing. The human
oligodendroglioma was maintained in tissue culture with some
difficulty and was not practical to use (26). Judging from the
reports of the investigators (6, 13), the ependymoma of Perese
appeared to be 2 different tumors with respect to biological
growth. In contrast to all of these, the carcinogen-induced
ependymoblastomas of Zimmerman and Arnold (27), Selig-
man and Shear (18), and Sugiura (23) best fulfilled the criteria
for a model tumor.

Although they were histologically similar, the 4 ependymo
blastomas did not all produce the same mortality time when
implanted intracerebrally. To see if such differences extended
to sensitivity to drugs, all of the tumors were used in chemo
therapy trials. Such experiments confirmed quantitative differ
ences in tumor sensitivity to individual chemotherapeutic
agents (21).

The occurrence of the new tumor line, Ependymoblastoma
A, which produced earlier animal deaths raised the problem of
stability of ependymoblastoma. In fact, ependymoblastoma
was very stable during the 2 years of experience in our hands.
The standard deviation of the average median day of death of
ependymoblastoma-bearing animals was 3 days. The difference
between 29 days and 19 days in the median survival time
represents >2 S.D. variation, the chances for which would be
less than 1 in 20. Since the Ependymoblastoma A line con
tinued true and stable, was histologically an ependymo
blastoma, and responded to one test drug [ 1,3-bis(2-chloro-
ethyl)-l-nitrosourea] in the same way as the original tumor
(21), we considered Ependymoblastoma A to be a true
mutation.

The use of the intracerebral ependymoblastoma as a brain
tumor model is subject to several criticisms. First, the tumor is
traumatically implanted in the animal brain and disruption of
the blood-brain barrier may be produced, making the model
unlike a primary brain tumor. However, the exact nature of
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the blood-brain barrier in any human brain tumor is unknown
in any quantitative aspect (19). Using quantitative steady-state
physiological techniques, Ausman and Levin (1) found that
the permeability of the intracerebral murine ependymo-
blastoma is significantly greater than that of samples of brain
distant from the tumor. If a human brain tumor is proved to
have a restricted permeability approaching that of normal
brain, then it can be conceded that the permeabilities of the
tumor model system and the human tumor differ. Such a
difference must be correlated further with a variation in
response to chemotherapeutic agents before the model may be
rejected as not representative of that particular tumor. Experi
ments with monkeys with intracerebrally implanted chorio-
carcinoma suggested that such procedures do not necessarily
alter the permeability of the brain (J. I. Ausman, V. A. Levin,
and W. E. Brown, Jr., unpublished observations). Brain im
mediately adjacent to the implanted choriocarcinoma had the
permeability characteristics of normal brain. Therefore, the
criticism that the model is not analogous to human tumors
must await substantiation by correlation between man and
animal of comparable physiological and chemotherapeutic
data. The results obtained with the models, however, apply
only to the model system, and any extrapolation to clinical
situations must await the appropriate correlating clinical
studies.

Secondly, the implantation procedure can be described as
imprecise and nonquantitative. The discovery of the tumor in
areas of the brain beyond the site of implantation is consistent
with the blind method by which the tumor fragment is
inserted. Rupture of the tumor into the ventricles on implanta
tion or with growth could permit spread through the ventricu
lar system with obstruction resulting in hydrocephalus. The
angles and needle placement on tumor implantation and the
structures disrupted may not be consistent from animal to
animal. Although the needle has a protective guard to ensure
uniform depth of placement, variation in the thickness of the
skull and scalp of the mouse or slight extrusion of fragment
could alter the final placement of the tumor fragment. In spite
of the variability in technique, greater than 99% of the animals
so inoculated died within a consistent time and range, a fact
which permitted the system to be utilized for large-scale
testing. Wilson et al. (26) achieved a narrow range of mortality
with stereotaxic implantation of a quantitatively determined
cell suspension from culture, but the technique is not practical
for large-scale screening.

The growth of the tumor in the scalp can result from prolif
eration of cells left in the s.c. site at the time of implantation
or from extension of the intracranial growth through the
cranial defect remaining after needle placement. In a few
experiments, wax was placed over the defect in an effort to
prevent the extracranial extension of tumor, but s.c. tumor
still appeared, and it was not certain whether the bone wax
had remained in position. A concern in the chemotherapy
experiments was that the blood supply to the intracranial
tumor might come from the s.c. nodule. However, chemo
therapy was usually instituted on the 2nd day after implanta
tion before any s.c. growth was present, and drug could reach
the tumor only through the intracerebral circulation. Finally,
even with therapy begun on the 14th day after implantation,

at the time when s.c. nodules were present, no significant
difference in the response of the tumor as compared to earlier
drug therapy was noted (21).

The presence of multiple tumor nodules after s.c. trans
plantation was probably the result of the growth of tumor
cells which were deposited along the needle tract during inocu
lation. These tumors have not been noted to metastasize (12).
The multiple s.c. growth pattern presents a severe limitation in
the use of the s.c. tumor as an indicator of response to chemo
therapy. It is difficult to evaluate the inhibition of multiple
small nodules. We did not use the s.c. tumor as a model for
chemotherapy because (a) the size of the tumor nodules s.c.
changed little even in the presence of considerable necrosis, (b)
the measurement of tumor size was not consistent in our
hands, and (c) great variation in tumor "take" and growth was

seen with the s.c. implants.
The average of the median survival times of animals with

Gliomas 26 and 261 were the same, but both were less than
that found with the ependymoblastoma and greater than that
of Ependymoblastoma A. Gliomas 26 and 261 differed in that
the former tumor was more hemorrhagic and necrotic than the
latter. Thus, although all the tumors were histologically the
same, they differed in their growth characteristics.

The range of days of death found with all 4 tumors can be
explained by the variability inherent in the transplantation
technique, by the quantity of tumor implanted, by the loca
tion of the tumor, by the expansion of the skull, and by the
decompression of the tumor through the trephine hole. Also,
the neurological deficit produced and the coincident alteration
in the functional state of the animals, such as feeding,
drinking, and ambulating activities, may influence the time of
death. In spite of these variables, the consistency of the
median day of death from group to group was remarkable. The
sham inoculation experiment showed that the trauma of the
implantation procedure did not influence the mortality times
of the animals.

Although no autopsies were performed on the animals at
death, the presence of tumor growth in the scalp above the
implantation site, the development of focal neurological signs,
the confirmation of the presence of tumor in sacrificed
animals, the failure of sham-inoculated controls to die within
60 days, and the survival of only 2% or less of the tumor-
inoculated controls beyond 60 days all indicated that death
occurred in these animals from tumor growth.
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1C tumor

Distant brain Adjacent brain

Fig. 1. Photograph of an intracerebral implanting needle showing the stylet. The guard, placed 3 mm from the tip of the needle, permits
implantation of the tumor fragment into the cortical-subcortical region.

Fig. 2. Microscopic appearance of ependymoblastoma.
Fig. 3. Coronal section of head of mouse with ependymoblastoma, demonstrating an intravitally trypan blue-stained tumor in s.c. tissue above

the skull and the brain.
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