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CT Characteristics of a Transplantable Canine 
Glioma Model: Preliminary Kinetic Analysis 
Michael Salcman,1 Krishna C. V. G. Rao , Eric W . Scott, Edwin H. Bellis , and Otis R. Blaumanis 

Experimental brain tumors can be produced in dogs through 
the intracerebral injection of 3 X 106 live tumor cells in either 
neonates or adult animals. Tumors are visible by computed 
tomography on day 8 postinjection. Most tumors appear as ring 
lesions with centrallucencies and shaggy borders. By postinjec
tion day 12, tumor volumes increase more than 10 times; the 
cell cycling time is about 1-3 days. The initial doubling time is 
about 1-2 days and corresponds to the in vitro doubling time of 
about 24 hr. The use of computed tomography to perform non
invasive kinetic analysis deserves further study. The transplant
able canine glioma model would appear to be ideal for this 
purpose. 

Experimental brain tumors can be produced in dogs through the 
intracerebral inject ion of either live avian sarcoma virus or a sus
pension of live tumor cells harvested from other animals. In both 
neonatal and adu lt dogs suc h tumors have been successfull y im
aged through the use of computed tomography (CT) [1 , 2]. In 
add ition to the relatively large size of th e animal preparation , the 
transplantable canine glioma model has the advantage of rapid and 
reliable induction so that the expectation of visible tumor on CT is 
usually fulfilled by a specific postinjection interval. In large animal 
models, surgical manipulation and pharmacologic investigations are 
facilitated . Sequential CT scanning can be used to stud y th e effects 
of therapeutic intervention in a manner similar to th at employed in 
c linica l trials [3]. In addition to purely morpholog ic information, 
there is the distin ct possibility that sequen tial CT scann ing wi ll yield 
noninvasive information concerning the growth characteri stics and 
kinetic properties of tumors. Yamashita [4] has provided formulas 
by which suc h estimations can be carried ou t and has described 
preliminary results based on an analysis of human tumors. We 
recently adapted the transplantable canine glioma model to ti ssue 
culture. Purified suspensions of such cells cause rapid growth of 
tumors in adult dogs. It would seem logical that a reliable large 
animal model with well-defined in vitro growth characteristics wou ld 
provide the ideal means by which to study th e feasibility of nonin
vasive kinetic analys is. This report represents our preliminary at
tempt to correlate the behavior of th e transplantable canine g lioma 
by CT with results obtained by other methods. 

Materials and Methods 

Frozen tumor brei harvested from previously injected neonatal 
mongrels was grown in ti ssue culture using RPMI 1640 with 10% 
fetal calf serum in 75 cm 2 ti ssue c ulture fl asks . The cells were 

incubated at 3rC in an atmosphere with 5% CO2 . Before conflu
ence was reached cells were disaggregated with trypsin-ETDA, 
washed with Hanks balanced salt solution, and spun down into 
injection volumes of 0.1 ml. Before inoculation , tumor ce ll viability 
was determined with trypan blue exclusion and cell counts were 
made by hemocytometer. Inoculation doses ranged from 3 X 106 

to 10 X 106 cell s and viability was at least 90%- 95% in all cases. 
Full details of the in vitro characterization of th e transplantable 
canine glioma model will be presented in another publication (Bellis 
et aI. , in preparation) . Two puppies were hand-injected on day 1 of 
life according to our previously described tech nique [2]. Three 
adult mongrel dogs weighing 15-25 kg were anesthetized with 50 
mg / kg of ketamine and injected with tumor through a twist drill hole 
over the left frontoparietal reg ion. 

Animals were scan ned on either a model 0450 Pfizer body 
scanner or on a GE 8800 . Neonatal dogs were sedated with 
intraperitoneal pentobarbital and placed in a spec ially designed 
plexiglass scanning chamber [2]. Adult dogs were premedicated 
with chlorpromazine and atropine sulfate and sedated with intra
muscular ketamine and intravenous sodium pentobarbital. They 
were placed in the prone position with th e head extended onto a 
plastic head rest and laterally immobilized by foam rubber blocks. 
After a lateral scout film , 5-mm-thick coronal scans were obtained 
w ith 3 mm overlap between contiguous cuts. All animals were 
enhanced with 4 ml / kg of intravenous diatrizoate meglumine (60%). 
After scanning, some animals were injected with Evans blue and 
then sac rifi ced with barbiturate; oth ers were perfused through the 
heart for either light or electron microscopy [2]. 

Sequential vo lumetric measurements were made on the basis of 
a simple spherical or ellipsoidal approximation of the tumor shape. 
As we were interested on ly in an order-of-magnitude determinat ion , 
it was not considered necessary to use more prec ise approxima
tions, such as the Simpson rule [5] . 

Results 

All tumors detected by CT were confirmed at autopsy. There was 
a strong correlation between the radiographic appearance and th at 
observed on cut section, especially in regard to the size and shape 
of the tumor as well as the presence of areas of hemorrhage and 
necrosis. Areas of contrast enhancement corresponded to regions 
of Evans blue dye penetration at postmortem. Electron microscopic 
abnormalities of the tumor vessels were also observed [2]. Tumors 
became visible by CT as early as postinjection day 8 and usually 
produced sign ificant neurolog ic deficits by postinjection day 12. 
Adult an imals demonstrated hemiparesis, hemianopsia, and sei-
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Fig. 1.-Contrast-enhanced coronal CT scans of adu lt dog , postinjection 
day 12. 

zures. Tumors often appeared as irregular ring lesions with lucent 
centers and shaggy margins (fig. 1). Peritumoral edema was ob
vious, and displacement of the falx and the ventric les was easily 
detected. Tumor growth in the subdural and subgaleal spaces was 
also demonstrated by CT, and presumably occurred as a result of 
reflux along the injection track . There was no correlation between 
the final vo lume of the tumor and the number of cells initially 
injected . One adult animal that fai led to grow tumors was negative 
by CT scan on two separate occasions. 

At seven points in time it was possible to measure the major and 
minor axes of the tumor as they appeared on the CT slice of greatest 
cross-sect ional area. Estimates of the volume of the tumor were 
then made by assuming either a spherical or an ellipsoidal geometry 
for the lesions. In the case of the latter, a range of values was 
obtained by using either the major or the minor axis twice, that is, 
V = % (abc), and the remaining axis once. Such values for the 
volume of the tumor were intermediate in magnitude when compared 
with spherical approximations utilizing only the major or minor axis. 
On postinjection days 9 and 10, est imates of the tumor volume in 
the two puppies were in the range of 1.34-2.14 cm 3

. In the three 
adults, on postinjection days 12 and 13 the volume estimates were 
in the range of 2.92-7.42 cm'. In all animals, therefore, the original 
injection volume of 0 .1 cm 3 had increased by more than x 1 0 but 
less than a factor of 100. 

As indicated by Yamash ita, it is possible to est imate the cell cyc le 
time of a tumor employing the formula : 

log(1 + GF) 
Te = x t , 

10g(Vb/ Va) 

where. Te is the cell cycle time in days, GF is the growth fract ion , 
Vb / Va is the ratio of two est imates of the tumor volume, and t is the 
interval in days between the two est imates. Figure 2 presents the 
results of a parametric analysis in which Te is plotted over the entire 
range of possible values for GF (i.e ., 0.05-1 .0) . Assuming only that 
the interval between the two measurements of V is 12 days, it is 
apparent that the true value of Te must lie between the two curves 
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Fig. 2. - Computed cell cyc le times (T, ) for X 10 inc rease (Vb/ V, = 10) 
and x 1 00 inc rease (Vb/ V. = 100) in tumor volume plotted aga inst all 
possible growth fractions (GF). As all observed Vb/V. have fallen between 
these values. it is assumed T, for any given GF fall s between these two 
curves. 

for any volumetric change greater than 10 and less than 100. This 
value is on th e order of 1 -3 days. 

The rapid growth of the tumor is graphically illustrated in fi gures 
3 and 4 , where growth curves are presented for both the spherica l 
(S) and ellipsoidal (E) estimates of th e sequential tumor volume in 
a single an imal. Over the short interval of 4 days, sequential 
scann ing yie lded est imates for Te of 1.4-2.2 days at a GF of 0 .2 , 
and of 4.5-7 days at a GF of 0 .8 . These calcu lations indicate the 
extreme sensitivity of kinetic estimates in regard to the time of 
observation and its relation to the total growth history of th e tumor. 
Therefore, our ca lculat ions, based on a limited number of obser
vations, must be regarded as preliminary in nature. 

It shou ld be noted , however, that seq uential CT scanning can 
also be used to provide estimates of the tumor doubling time (Td ) 

and that such estimates require no assumptions concerning th e 
growth fract ion at the time of observat ion. The appropriate formu la 
is: 

log 2 
Td = X t , 

10g(Vb/ V. ) 

where Td is in days and the other parameters are as before . In the 
example illustrated in figure 4, Td is on the orde r of 5-8 days at 8-
12 days after injection. Clear ly, the growth of the tumor before day 
8 is much more rapid , and Td is on the order of 1.6-1.9 days. 

Discussion 

Although an experimental brain tumor has been successfu lly 
imaged in the rat [6], the relatively small size of the animal precludes 
many surgica l and pharmacolog ic manipulations as well as suc
cessful kin etic estimation based on sharpl y demarcated images of 
the tumor. The tran splantable canine glioma model shares several 
hi sto logic and rad iog raphic features with human brain tumors, and 
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Fig . 3. -Contrast-enhanced coronal CT scans of adult dog, postinjection 
days 8 (A) and 12 (B). Note increase in tumor size from first study to second , 
and deformation of left lateral ventric le in both. 
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Fig . 4.-Using measurements from CT scans on days 8 and 12, tumor 
volumes in sing le an imal were ca lcu lated using spheri ca l (5) and ellipsoidal 
(E) approx imations. Initial tumor volume was 0.1 cm' . 

it can be produced in both neonatal and adult dogs [2]. A CT atlas 
of the canine brain has been prepared and quantitative evaluation 
of densitometry has already been carried out in this species 
[7 , 8]. Techniques for CT-guided stereotaxy in the dog are being 
developed in several laboratories [9]. Although similar studies can 
be carried out in primates, tumor induction is unreliable , the animals 
are expensive , and the technique involves the use of live virus 
[10]. In contrast, more than 90% of neonatal mongrels injected with 

rewarmed tumor brei go on to develop brain tumors, and an equal 
percentage of adult animals injected with cultured tumor cells also 
develop intracerebral neoplasms [2]. In both young and old animals, 
tumors are usually detected by CT as early as postinjection day 8 
and frequently develop into typical ring lesions. The animals can be 
sequentially scanned, either to determine the response of the tumor 
to therapy or to test hypotheses concerning the growth character
istics of the lesion [3 , 4]. 

In this paper, we have illustrated the ability to use sequential 
scanning in an attempt to estimate the cell cycle and tumor doubling 
times of a model brain tumor. The results obtained clearly indicate 
that a purified and highly viable suspension of tumor cells can 
produce in vivo growth rates that are similar to those obtained in 
tissue culture. The in vitro tumor doubling time of the canine glioma 
model is about 24 hr. This agrees well with the value of 1 .6-1 .9 
days obtained by CT scanning in the live animal. Nevertheless, 
these data are preliminary in nature and much more will need to be 
done before noninvasive kinetic analysis becomes a useful tool in 
the clinical and laboratory study of glial tumors. 
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