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In vitro Activity of the Benzotriazene Dioxide SR 
4233 Against Human Tumour Colony-forming 

Units 
Axel-R. Hanauske, Michael Ross, Donna Degen, Susan G. Hilsenbeck 

and Daniel D. Von Hoff 

SR 4233 (3-amino-1,2,4&enzotriazine l&dioxide) is a novel bioreductive agent selectively toxic to hypoxic cells. 
It is active as a radiation sensitiser in vitro. Using a human tumour cloning system we have studied the effects of 
SR 4233 against freshly explanted human tumour specimens under hypoxic and non-hypoxic culture conditions. 
For hypoxic conditions, final concentrations of SR 4233 of 10.&500 pmol/l were used in short-term (1 h) exposure 
experiments. Final concentrations in non-hypoxic experiments ranged from 10 to 1350 pmol/l. 25 tumour 
specimens were tested under each culture condition. Of those, 14 (56%) were evaluable. The most common 
tumour types recruited included ovarian, non-small cell lung, and breast cancer. A moderate concentration- 
dependent increase in the frequency of inhibited tumour specimens under non-hypoxic conditions was observed 
with zero out of 10 sensitive specimens at 10 pmoVl as compared with five out of 14 (36%) sensitive specimens at 
500 pmol/l (P < 0.02). However, when hypoxic conditions were used SR 4233 had a profound antitumour activity, 
(two out of 14 specimens sensitive at 10 pmoM compared with 10 out of 10 specimens sensitive at 500 p.mol/l, P 
< 0.00005). We conclude that SR 4233 is active against tumour colony-forming units in vitro and that its 
antitumour activity is greatly increased against hypoxic tumour cells. 
EurJ Cancer, Vol. 29A, No. 3, pp. 423-425,1993. 

INTRODUCTION 
THE BENZOTRIAZINE dioxide SR 4233 (3-amino- 1,2,4-benzotria- 
zine 1,4-dioxide) is a novel bioreductive compound that has 
been developed as a radiation sensitiser [l-3]. Unlike earlier 
generations of radiation sensitisers, this agent had an intrinsic 
antitumour activity particularly against hypoxic cells in vitro 
[l, 4-71. Under hypoxic conditions, a free radical l-electron 
reduction product is generated and appears to be responsible 
for DNA single and double strand breaks [4, &lo]. In vitro 

experiments suggest that the extent of cytotoxicity of SR 4233 

may be influenced by metabolic inactivation and the ability to 
repair DNA breaks [ 11, 121. SR 4233 has been shown to 
effectively augment the radiation-induced damage to tumour 
cells in vitro [4, 10, 131. It has also been reported to be beneficial 
as part of a triple modality tumour therapy including radiation, 
hyperthermia, and radiation sensitisation [ 141. 

In the present study we have utilised a human tumour cloning 
system to determine and compare the direct antitumour effects 
of SR 4233 under hypoxic and non-hypoxic culture conditions 
against a variety of freshly explanted human tumour specimens 
in vitro. 
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Human tumour cloning system 
After obtaining informed consent in accordance with federal 

and institutional guidelines, tumour specimens were collected by 
sterile standard procedures as part of routine clinical measures. 
Biopsies of solid tumours were stored in McCoy’s 5A medium 
containing 10% v:v newborn calf serum, 10 mmoY1 Hepes, 90 
U/ml penicillin and 90 &ml streptomycin (all from Gibco, 
Grand Island, NY) for transport to the laboratory. Preservative- 
free heparin (10 U/ml, O’Neill, Johns and Feldman, St. Louis, 
Missouri) was added immediately after collection of fluids to 
prevent coagulation. Solid specimens were minced and repeat- 
edly passed through metal meshes with mesh widths of 40 Frn 
(E.C. Apparatus, St. Petersburg, Florida) to obtain a single cell 
suspension. Effusions were centrifuged at 150 g for 5-7 min and 
passed through 25 gauge needles when necessary to obtain single 
cell suspensions. All specimens were suspended in McCoy’s 5A 
medium containing 5% v:v horse serum (HS), 10% v:v fetal calf 
serum (FCS) (both Hyclone, Logan, Utah), 2 mmoY1 sodium 
pyruvate, 2 mmoY1 glutamine, 90 U/ml penicillin, 90 pglml 
streptomycin and 35 pg/ml L-serine (all from Gibco). 

The single cell suspension was mixed with the specified 
concentrations of SR 4233 in 15-ml polystyrene conicals 
(Corning) and transferred to air-tight rubber-sealed 20-ml glass 
serum bottles (Wheaton). For hypoxic conditions, the serum 
bottles were flushed with Nz five times using a Bactec 460 
machine (Johnston Laboratories, Becton Dickinson). Each flush 
consisted of 180 ml 100% nitrogen giving a total of 30 volume 
exchanges. For non-hypoxic conditions, the bottles were flushed 
with 5% v:v CO2 in air five times. The bottles were incubated at 
37°C in a shaking water bath for 1 h. The cell-drug mixture 
was then transferred to 15-ml conical tubes. The drug was 
removed by repeated washings with medium and centrifugation 
at 150 g. 

The human tumour cloning assay (HTCA) was performed 
using the two-layer system described by Hamburger and Salmon 
with several modifications [15]. Base layers contained 0.5% w:v 
agar (DIFCO, Detroit, Michigan) in a mixture of McCoy’s 5A 
medium as described above, 0.6% w:v soy broth (Difco), and 
100 yg/ml asparagine (Gibco). Cells were plated at a density of 
5 x 105/dish in 35-mm Petri dishes (Corning) in a mixture of 
0.3% w:v agar in CMRL medium 1066 (Irvine Scientific) 
containing 15% v:v HS, 2% v:v FCS, 50 mg/l vitamin C (Gibco), 
90 U/ml penicillin, 90 p&l streptomycin, 0.1 mmoY1 non- 
essential amino acids, 2 mmol/l glutamine (all from Gibco), 2 
U/ml insulin (Iletin IR, Eli Lilly). Immediately prior to plating, 
Hepes (Gibco, 10 mmoY1 final concentration), asparagine (100 
p,g/ml final concentration), and glutamine (2 mmol/l final 
concentration) were added. All determinations were done in 
triplicate. Each experiment included a set of solvent controls 
(water) and a set of plates containing the highly cytotoxic 
compound orthosodium vanadate ( 10d3 mol/l, Sigma) to assure 
the presence of a good single cell suspension [ 161. Plates were 
incubated at 37”C, 5% v:v CO*, 100% humidity. After 14 
days, colonies were counted with an inverted microscope. An 
experiment was considered evaluable when the water control 
had 2 20 colonies/plate and the positive control showed CC 30% 
colony formation compared with the solvent control. A decrease 
in tumour colony formation was considered significant if survival 
of colonies was 5 0.5-fold compared to the control. 

Statistical analysis 
Data were expressed as means and standard deviations of 

triplicate determinations. The average number of tumour colony 
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Fig. 1. Representative concentration-response effects of SR 4233 
on clonogenic growth from freshly explanted human tumours. Two 
ovarian cancer specimens are shown. SR 4233 strongly inhibited 
clonal proliferation of cells incubated with the agent using hypoxic 
conditions, but had little effect on cells exposed to the agent using 
non-hypoxic conditions. Solid symbols: hypoxic cultore conditions; 

open symbols: non-hypoxic culture conditions. 

forming units from SR 4233-treated cells was expressed in 
relation to the average number of tumour colony forming units 
from untreated controls. Statistical analyses were performed 
using the x*-test for association and the $-test for linear trend. 

RESULTS 
The effects of SR 4233 on in vitro tumour colony formation 

were studied using hypoxic and non-hypoxic culture conditions 
in a total of 25 tumour specimens each. For both experimental 
settings cells were exposed to the agent for 1 h. The types of 
tumours studied are su mmarised in Table 1. For both settings, 
14 (56%) tumour specimens were evaluable. Final concen- 
trations of SR 4233 during hypoxic exposure were 10, 33, 100 
and 500 pmol/l. For non-hypoxic exposure, final concentrations 
were the same and also included 1350 pmol/l. As shown in Table 
2, SR 4233 was moderately active against tumour colony forming 
units under non-hypoxic conditions. At 500 p,mol/l, five out 
of 14 (36%) evaluable tumour specimens were significantly 
inhibited (colony survival 5 0.5 X control, P = 0.02). However, 
a more profound concentration-dependent increase in the fre- 
quency of significant growth inhibition was notable when tumour 
cells were exposed to SR 4233 under hypoxic conditions (Table 

Table 1. Tumour types studied with SR 4233. For 
hypoxic and non-hypoxic experiments, tk number of 

evaluable and attempted specimens were identical 

Tumour type 

ovary 
Lung, non-small cell 
Breast 
Other tumour types 

Total 

No. evaluablel 
no. attempted (%) 

S/9 (89) 
3/6 (50) 
2/5 (40) 
l/S (20) 

14/25 (56) 
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Table 2. Concentratiun-dependent inhibition of cokmy fmtion by 
SR 4233 (l-h eqosure) using non-hypoxic culture conditions 

No. specimens with inhibition*/no. 
specimens evaluable 

(PmoPl) 
Tumour type 10 33 100 500 1350 

Ovary 
Lung, non-small cell 
Breast 
Other 

Total 

o/7 017 l/8 2/8 O/l 
- - 013 l/3 213 

o/2 o/2 l/2 l/2 - 
O/l l/l l/l l/l - 

0110 l/10 3114 5114 214 
(0%) (10%) (21%) (36%) (50%) 

hypoxic conditions although this effect is rather moderate. As 
observed by other investigators using in vitro experiments with 
tumour cell lines, we noted the cytotoxic activity of SR 4233 
was significantly increased when tumour cells were kept hypoxic 
[ 1, 4, 51. This effect, however, was only statistically significant 
at concentrations of 2 100 ~r~nol/l. The reasons for this concen- 
tration dependency (e.g. increased activity at only the higher 
concentration) are not clear but may involve the small sample 
size studied. While the increased activity of SR 4233 was clearly 
seen in ovarian cancer specimens, too few specimens of lung 
cancer or breast cancer were studied to permit further con- 
clusions. 

*Colony survival 5 0.5 X control. 

Table 3. Concentration-depndent inhibition of colony formation by 

In summary, we have extended the earlier reports on animal 
and human tumour cell lines that SR 4233 is intrinsically active 
against in vitro tumour colony-forming units. This activity is 
significantly increased in hypoxic tumour cells. SR 4233 may 
thus be a promising agent for further clinical studies either alone 
or as a radiation sensitiser. 

SR 4233 (l-h exposure) using hypoxic culture conditions 

No. specimens with inhibition*/no. 
specimens evaluable 

(PmoPl) 

1. 

Tumour type 10 33 100 500 2. 

Ovary 
Lung, non-small cell 
Breast 
Other 

Total 

218 418 718 717 
o/3 o/3 l/3 - 
o/2 212 212 212 
O/l O/l l/l l/l 

2114 6114 11/14 lO/lO 
(14%) (43%) (79%) (100%) 

3. 

4. 

5. 

*Colony survival 5 0.5 X control. 
6. 

3). While two out of 14 specimens were sensitive at 10 pmol/l, 
colony formation of 10 out of 10 specimens was significantly 
decreased at 500 p,mol/l (P < 0.00005). In head-to-head compari- 
sons of each concentration, no significant difference in antitu- 
mour activity between hypoxic and non-hypoxic exposure con- 
ditions was detectable for 10 and 33 pmol/l (P = 0.6 and 0.2, 
respectively). However, at 100 and 500 pmol/l, hypoxic tumour 
cells were significantly more sensitive to SR 4233 than non- 
hypoxic cells (P = 0.008 and 0.005, respectively). Chart 1 
summarises representative effects of SR 4233 on two ovarian 
cancer specimens. A steep concentration-response relationship 
was noted for hypoxic cells. The agent had only minor activity 
under non-hypoxic culture conditions. The difference between 
hypoxic and non-hypoxic cells was most pronounced at concen- 
trations 2 100 p,mol/l. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 
DISCUSSION 

SR 4233 is a novel radiation sensitiser with intrinsic antitu- 
mour activity in vitro. It has been reported to have significantly 
higher activity against hypoxic tumour cells [ 11. Its mechanism 
of action is believed to be due to the generation of a free radical 
l-electron product that damages pyrimidine residues and leads 
to DNA strand scission [4, lo]. We have studied the effects of 
SR 4233 against tumour colony forming units from freshly 
explanted human tumours in virro and have compared exposure 
to this compound under hypoxic and non-hypoxic conditions. 
Our data indicate that SR 4233 does have cytotoxic activity 
against human tumour colony forming units even under non- 
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