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Effect of an Inhibitor of Lipid Peroxidation, 
U78517F, on C6 Astrocytoma Growth 
Rolando F. Del Maestro, Christine R. Farrell, Eric Stroude and Warren McDonald 

ABSTRACT: A potent in vitro inhibitor of lipid peroxidation, U78517F, has been employed to assess its influence on 
C6 astrocytoma growth in monolayer culture and tumor growth and protein extravasation in the rat C6 astrocytoma 
spheroid implantation model. Results demonstrate that 1 U.M concentration of U78517F inhibits cell division, but is not 
tumoricidal to C6 astrocytoma cells in monolayer culture. Concentrations of 5 U.M and above significantly decreased 
astrocytoma cell viability. Following spheroid implantation, rats were treated with one of these U785I7F regimes: 12 
mg/kg/day for 13 days post-implantation, 4 mg/kg/day for 13 days post-implantation or 12 mg/kg/day commencing 
seven days post-implantation until 13 days post-implantation. Tumor wet and dry weights were lower in all treatment 
groups, but these decreases were not statistically significant. Protein extravasation as measured by Evans blue extrava­
sation was not significantly reduced by any treatment regime used. It is concluded that U78517F inhibits C6 astrocytoma 
growth in monolayer culture at and above 5 (iM concentrations, but the treatment regimes utilized did not significantly 
decrease tumor growth or permeability in the C6 astrocytoma spheroid implantation model. 

RESUME: Effet d'un inhibiteur de la peroxydation lipidique, le U78517F, sur la croissance de I'astrocytome C6 
Nous avons utilise un inhibiteur puissant de la peroxydation lipidique in vitro, le U78517F, pour evaluer son effet sur la 
croissance de I'astrocytome C6 en culture en couche monocellulaire ainsi que la croissance tumorale et l'extravasation 
prot6ique dans le modele realise par implantation spheroide de I'astrocytome C6 chez le rat. Les resultats d£montrent 
qu'une concentration de 1 \LM de U78517F inhibe la division cellulaire, mais n'est pas lethale pour les cellules d'astro-
cytome C6 en culture en couche monocellulaire. Des concentrations de 5^M et plus diminuaient de facon significative 
la viabilite" des cellules d'astrocytome. Apres implantation spheroide, les rats ont ete traites au U78517F selon un des 
regimes suivants: 12 mg/kg/jour pendant 13 jours post-implant; 4 mg/kg/jours pendant 13 jours post-implant; ou 12 
mg/kg/jours du 7 e au 13e jour post-implant. Bien que le poids total et a l'etat sec de la tumeur etait plus faible dans 
tous les groupes traites, la diminution n'€tait cependant pas significative. L'extravasation des proteines telle que 
mesur6e par l'extravasation du bleu Evans n'etait significativement diminuee par aucun des modes de traitement util­
ises. Nous concluons que le U78517F inhibe la croissance de I'astrocytome C6 en culture en couche monocellulaire a 
des concentrations de 5 (iM et plus, mais les plans de traitement utilises n'ont pas diminue significativement la crois­
sance ou la permeabilite de la tumeur dans le modele realise par implantation spheroide de I'astrocytome C6. 
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The continued growth of brain tumors is associated with the 
development of tumor-associated edema which is an important 
determinant of patient morbidity and mortality. In both human 
brain tumors and animal brain tumor models, the mechanisms 
underlying the generation of tumor-associated edema remain 
undefined.1'2 In glioblastoma multiforme, increased protein flux 
appears to be related to endothelial cell changes both in tumor 
microvessels3 and peritumoral tissue.4 

The C6 astrocytoma spheroid implantation model is a glioma 
model in the rat which has many of the pathological and growth 
characteristics of human malignant gliomas.5-7 Non-steroidal 
anti-inflammatory drugs (NSAIDS) and corticosteroids decrease 
protein extravasation as measured by a decrease in the flux of 

serum protein-bound Evans blue (EB) dye8 and ibuprofen, an 
NSAID decreased tumor growth in this model.9 

Inflammatory processes may play a role in the development of 
tumor-associated edema.2'10 A number of mechanisms associated 
with inflammation alter microvessel permeability. Inflammatory 
cells such as polymorphonuclear leukocytes, macrophages and 
monocytes are known to release oxygen derived free radicals 
which may alter vessel permeability. 11.12.13 Eicosanoids also are 
released by these cells and these compounds may play a role in 
altering microvascular permeability14 and in tumor growth.15 

Scavengers of free radical species alter the effectiveness of the 
tumor promoter, phorbol myristate acetate15 suggesting that 
tumor growth may be modulated by free radical scavengers. 
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Studies have demonstrated that a group of novel 21-amino 
steroids, "lazaroids", are potent inhibitors of iron-dependent free 
radical mediated lipid peroxidation.16 One of these compounds, 
U74006F, modulates ischemic,17'18 traumatic19'20 and subarach­
noid hemorrhage induced blood-brain barrier damage21 in the 
central nervous system. This compound was not found to signif­
icantly decrease tumor growth or permeability in the C6 astro­
cytoma spheroid implantation model.22 

A second generation of these compounds have been devel­
oped.23 One of these compounds, U78517F, is a 2-methyl amino 
chroman and is a more effective inhibitor of in vitro iron-cat­
alyzed lipid peroxidation than either U74006F or a-alpha toco­
pherol.23 This compound is also effective in some of the trau­
matic and ischemic model systems used to assess U74006F.23 

The purpose of these experiments was to examine the influ­
ence of U78517F on C6 astrocytoma growth in vitro and tumor 
growth and protein extravasation in the C6 astrocytoma spheroid 
implantation glioma model. 

METHODS 

In Vitro Studies 

The effect of U78517F on C6 astrocytoma cells during the 
exponential growth phase in culture was assessed by examining 
the growth characteristics, plating efficiency and the morpho­
logical appearance of cells. Astrocytoma cells were grown to 
subconfluency in minimum essential medium (MEM) supple­
mented with 15% fetal bovine serum (FBS), penicillin and 
streptomycin. All tissue culture supplies were obtained from 
Grand Island Biological Company, Mississauga, Canada. 
Nuncolon tissue culture dishes (60 mm) were inoculated with 
approximately 25-30,000 cells/dish. The cells were incubated at 
37°C in a humidified incubator (97% air, 3% C02) for 1-2 hours 
to achieve cell attachment. The medium was then removed and 
replaced with fresh medium containing 0 (control), 1.0, 5.0, 
10.0, 15.0 or 20.0 \iM concentrations of the drug. The dishes 
were then returned to the incubator and cultured for varying 
time periods. The cells were examined at 24, 48, 72 or 96 hours 
after the addition of the drug. For each time period, 2 dishes 
from each drug treatment concentration plus a control dish were 
removed and used for assessment. 

The cells from one of the dishes from the different concentra­
tions used were removed by trypsinization, diluted and counted 
to determine cell number as previously described.24'25 Cells 
from the second culture dish from each group were trypsinized, 
diluted and a known number of these cells were seeded into 
fresh culture dishes and re-incubated. Within ten days, colony 
formation occurred and these were stained and counted to deter­
mine the plating efficiency (PE) of cells after treatment with dif­
ferent concentrations of the drug.24-25 

The above treatment protocol for the cultured C6 astrocytoma 
cells were repeated three times and, throughout the duration of 
the experiments, the cells were examined by light microscopy to 
determine whether drug treatment altered the morphology of the 
astrocytoma cells. 

In Vivo Studies 

To determine the effect of U78517F on C6 astrocytoma cells 
grown in vivo, the C6 astrocytoma spheroid implantation model 
in rats was used. 

Tumor Production — Male Sprague-Dawley rats were 
implanted with C6 astrocytoma spheroids grown in spinner flask 
culture. This model of tumor production has been well-charac­
terized and is described in detail elsewhere.6 Briefly, spheroids 
measuring 300-400 [iM in diameter were individually implanted 
into a suction defect in the parieto-occipitai cerebral cortex of 
rats accessed through a burr hole craniectomy. Following the 
implantation procedure, the craniectomy was sealed with bone 
wax and the overlying skin was sutured. The animals were 
allowed to survive for 13 days after the day of implantation dur­
ing which time they were treated with one of the treatment pro­
tocols. Rats were allowed free access to food and water for the 
duration of the experiment and were weighed before and during 
the experiment to monitor their general health. 

Experimental Design — Rats were randomly allotted to one 
of the following drug treatment groups: high dose - long term 
(HDLT), low dose - long term (LDLT), high dose - short term 
(HDST) and saline injected controls which received an injection 
of saline equivalent in volume to the volume of solution used for 
the high dose treated rats. All injections were given intraperi-
toneally every 12 hours during the specified treatment period. 
High dose treated rats received 6 mg/kg of U78517F (mixed 
10 mg/ml in saline) every 12 hours, while low dose treated rats 
received 2 mg/kg. Both long term drug treatment groups (HDLT, 
LDLT) began treatment just before spheroid implantation. Drug 
treatment of either dose continued throughout the 13 day period 
allowed for tumor growth. The short term treatment group 
(HDST) initially received the drug on day 6 post-implantation, 
continuing to day 13 of the experiment. On day 13, rats were 
sacrificed and tumor growth and tissue uptake of tracer were 
assessed in animals in each of the four groups. 

Tumor Growth and Tracer Uptake — Rats were anes­
thetized with 100 mg/ml of ketamine hydrochloride (Rogarsetic, 
Rogar/STB Inc., Montreal, Canada) plus 0.5 ml of Rompun 
(Haver/Chemargro Ltd., Etobicoke, Canada) and given an intra­
venous injection of 2 mg/kg of 2% Evans blue mixed in saline. 
The tracer was allowed to circulate for 1 hour before rats were 
perfused transcardially with 100 ml of saline to clear the vascu­
lature of any tracer remaining within the blood. The animals 
were then decapitated and their brains removed. Tumors were 
dissected free of the cortical tumor bed, weighed and divided in 
half and used to measure tumor wet and dry weights and tissue 
uptake of Evans blue into the tissue. Samples of peritumoral and 
contralateral cortex were also taken for measurement of Evans 
blue uptake. 

Measurement Techniques — To determine dry weights of 
the samples, a weighed portion of the tissues were placed in a 
vacuum oven at 45°C for 4 days and then reweighed. Whole dry 
weights were calculated from the ratio of dry weight to wet 
weight of each sample. For measurement of Evans blue uptake, 
samples were placed into 1 ml of formamide and extracted for 
three days. The amount of Evans blue in the extract was quanti-
tated by spectrophotometry at 620 nm using formamide as a ref­
erence.6 

Histology — A number of rats sacrificed on day 13 were 
used for histopathological studies. These animals were decapi­
tated and the brains containing tumors were immersion fixed in 
5% formalin. Tissue samples were dehydrated through a graded 
series of ethanols and xylene and then embedded in paraffin. 
The blocks were sectioned on a microtome, stained with hematoxylin 
and eosin and examined under the light microscope. 
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Statistical Analysis — All results are reported as means ± 
standard error of the mean. For each of the parameters measured 
in both the in vitro and in vivo studies, a one-way analysis of vari­
ance was used to determine whether there were any significant 
differences among the means. When a significant difference was 
observed, Dunnet's t-testing was performed to compare the respec­
tive control groups to the experimental groups to determine 
where the differences lay. For all statistical tests, the signifi­
cance level was set at p < 0.05. 

RESULTS 

Effect of U78517F on C6 Cells in Vitro 

The growth rates of C6 astrocytoma cells in culture after 
treatment with varying concentrations of drug are shown in 
Figure 1. Over a 96-hour period, the growth in control cultures 
of astrocytoma cells occurred at an exponential rate. Addition of 
1.0 u.M of the drug did not significantly affect growth rate; how­
ever, after 72 and 96 hours, the growth after treatment with this 
dose of the drug was reduced compared to the controls. The 
growth rate of cells was significantly inhibited when cultures 
were treated with 5.0, 10.0, 15.0 and 20.0 U.M. At the highest 
drug concentration (20.0 (iM), there was a reduction in cell 
number after 48 hours with very few cells surviving beyond this 
time period. 
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Figure I — Effect of U78517F on C6 astrocytoma cells in vitro. Values 
represent means ± SEM for three separate experiments. Addition of 
1.0 UJW of the drug did not significantly affect growth rate when 
compared to controls. The growth rate of cells was significantly 
inhibited (p < 0.05) at all time points studied when cultures were 
treated with 5, 10, 15 and 20 \LM concentrations of U785I7F. At 
20 \lM concentration, very few cells survived beyond 48 hours. 

Plating efficiency (%) in control cultures of C6 astrocytoma 
cells in culture was 66.7 ± 3.3%. A slight decrease was observed 
after treatment with 1.0 |J.M at the time periods studied, but this 
was not statistically significant (Figure 2). Treatment with 
5.0 u.M of the drug caused a significant reduction in plating effi­
ciency after 48 hours and this reduction was greater as the incu­
bation period increased. After 96 hours, the plating efficiency 
was reduced to approximately 13%. Almost no cells were able 
to plate out after treatment with 10.0, 15.0 or 20.0 u.M concen­
trations of the drug. 

Morphologically, the cells retained a normal appearance for 
all treatment groups for at least up to the first 24 hours after 
treatment. After this time, cells incubated with the high drug 
concentrations were observed to lift off the surface of the cul­
ture plate and round up in appearance. These results indicate 
that treatment with 5.0 nM and greater concentrations of 
U78517F dramatically inhibits the growth of C6 astrocytoma 
cells in culture. 

The Effect of U78517F on Tumors in Vivo 

Pathology 

Of the 54 rats used for the study, 44 are included in the statis­
tical analysis. The remaining rats were used for pathological 
assessment or did not have visually discernable tumors. Gross 
examination of the tumors at the time of removal demonstrated 
that they were uniformly spheroidal in shape and were stained 
with EB. The peritumoral area was only minimally stained with 
tracer. Histologically, there was a distinct border between the 
tumor and the surrounding cortical tissue as has been described 
previously.6 The tumors from the control and experimental 
groups were similar being composed of densely packed tumor 
cells. Mitotic figures were frequent, but endothelial proliferation 
was not prominent. 

Figure 2 — Effects of U785I7F on C6 astrocytoma plating efficiency. 
Values represent means ± SEM for three separate experiments and 
initial plating efficiency was calculated before any drug addition 
(66.7 ± 3.3%). Treatment with I \iM U785I7F did not significantly 
effect plating efficiency. Treatment with 5.0 (i/W concentration sig­
nificantly reduced plating efficiency (*signifies p < 0.05). Almost 
no cells plated after treatments with 10, 15 and 20 uA/ U785I7F. 
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Experimental Results 

All three groups of rats receiving drug treatment had signifi­
cantly smaller weight gain compared to rats in the control group 
(Figure 3). 

Tumor wet and dry weights are shown in Figure 4. Control 
wet weight was 48.8 ± 15.1 mg, HDLT group wet weight was 
27.0 ± 7.3 mg, LDLT group wet weight was 24.0 ± 5.2 mg and 
HDST group wet weight was 30.1 ± 15.0 mg. Treatment with 
drug was associated with small tumors; however, this was not 
statistically significant. Tumor dry weights were 13.0 ± 6.4 mg, 
5.0 ± 1.0 mg, 5.4 ± 1.0 mg and 5.9 ± 1.9 mg for the control, 
HDLT, LDLT and HDST groups, respectively. The same overall 
pattern of non-significant decreased tumor size in the treated 
groups was seen. Drug treatment did not significantly influence 
contralateral cortex wet or dry weights (data not shown). 

The amount of EB extravasated into the tumor (Figure 5) and 
peritumoral region (Figure 6), and contralateral cortex (data not 
shown) was not significantly different between control and 
experimental groups. 

DISCUSSION 

Treatment of C6 astrocytoma cells growing in monolayer 
culture with 1 |iM U78517F results in a decrease in cell growth, 
but no significant changes in plating efficiency. These results 
suggest that U78517F at this concentration may inhibit cell divi­
sion, but is not tumoricidal to C6 astrocytoma cells growing in 
monolayer culture. When U78517F is used at concentrations of 
5 |iM, both growth and plating efficiency decrease markedly after 
24 hours. The use of 10, 15 and 20 \iM concentrations is associ­
ated with marked alterations in C6 astrocytoma cell viability. Mor­
phologically, the cells appeared relatively normal for 24 hours 
and then detached from the culture plate. The use of high con­
centrations of U74006F, another inhibitor of lipid peroxidation, 
is associated with the intracellular appearance of lipid like struc­
tures (unpublished results), but this was not seen using U78517F. 
The mechanisms of toxicity of U78517F are unclear, but appear 
to deserve further study. 

The wet and dry weights of in vivo tumors were consistently 
smaller in all treatment groups when compared to the control 
group. The decreased size seen did not reach statistical signifi­
cance in any drug treatment group assessed. All three regimes of 
drug treatment resulted in a significant decrease in expected ani­
mal weight gain. The cause of this decreased weight gain is 
unclear and was not seen when U74006F was used22 in a similar 
dosing regime suggesting that the two compounds may have dif­
ferent systemic effects. The handling and intraperitoneal injections 
cannot account for the decreased weight gain seen since the con­
trols were treated in a similar manner. Although the role that 
animal nutrition plays in the growth of C6 astrocytoma is not 
known, it could be speculated that some of the nonsignificant 
variability of tumor size seen in this study could be related to 
poor animal nutrition in the treatment groups. The concentration 
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Figure 4 —Mean values + SEM of tumor wet and dry weights in con­
trol and treated groups. Number in parenthesis indicate the num­
ber of animals in each group. Treatment with U785I7F did not sig­
nificantly decrease tumor wet or dry weights when compared to 
controls. 
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Figure 3 — Mean values ± SEM of body weight gain in control and 
treated groups. Numbers in parenthesis indicate the number of ani­
mals in each group and (*) is used to indicate significant differ­
ences from controls (p < 0.05). 
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Figure 6 — Mean values ± SEM of EB dye per mg wet peritumoral 
tissue and EB dye per mg dry peritumoral tissue in control and 
treated groups. Number in parenthesis indicates the number of 
animals in each group. Treatment with U785I7F did not signifi­
cantly decrease EB dyelmg of peritumoral tissue when compared 
to controls. 

of U78517F that the C6 astrocytoma cells, contained in the 
implanted spheroid, were exposed to is unknown. However, this 
concentration may not have been high enough to exert a signifi­
cant tumoricidal effect in the in vivo microenvironment. 

The data reported in this communication demonstrate that 
treatment with U78517F at the concentrations tested does not 
significantly decrease protein flux into tumor or peritumoral tis­
sue as measured by EB extravasation in rats implanted with C6 
astrocytoma spheroids. 

A number of mechanisms may be functional during the devel­
opment and growth of a specific cerebral tumor which con­
tribute to the types and amount of endothelial cell dysfunction 
seen and the resultant tumor-associated edema.2 The results of 
this study using U78517F and the results of a previous study 
using U74006F,22 both potent inhibitors of lipid peroxidation in 
vitro, suggest that lipid peroxidation may not play a predomi­
nate role in the endothelial alterations associated with cerebral 
tumors and expressed as tumor-associated edema. These com­
pounds do appear to be effective in modulating tissue injury 
associated with experimental models of cerebral infarction and 
cerebral trauma. Our results would support the concept that 
although a number of disease processes may be associated with 
endothelial abnormalities, tumor-associated edema may be 
somewhat distinct in its response to steroids and its non-
response to inhibitors of lipid peroxidation. The possibility that 
these compounds at high concentrations may have a role in 
decreasing cerebral glial tumor growth appears to warrant inves­
tigation. 
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