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Summary. The cytotoxic activity of a new nitrosourea, 
TCNU, was compared with that of BCNU in five human 
small cell lung cancer cell lines in vitro. TCNU was found 
to be equivalent or inferior to BCNU when compared on a 
microgram to microgram basis. If the potential of in vitro 
phase II trials for selection of new drugs can be validated, 
it can be concluded that TCNU is not superior to other ni- 
trosoureas for the treatment of SCCL. 

Introduction 

Since the introduction of the nitrosourea compounds into 
clinical oncology in the late 1960s, both BCNU (1.3- bis 
(2-chloroethyl)-l-nitrosourea) and CCNU (1-(2-chloro- 
ethyl)-3-cyclohexyl-l-nitrosourea) have proved to be ac- 
tive cytostatic agents useful in a variety of malignancies. 
Both are characterized by delayed hematologic toxicity, 
making it difficult to use these agents in combination 
chemotherapy. Consequently, a great deal of effort has 
been invested in the development of new nitrosoureas with 
a different pattern of toxicity and antineoplastic activity. 

The aminosulfonicacide taurine, a degradation pro- 
duct of cysteine, has become the basis of one such new ni- 
trosourea, TCNU [1-(2-chloroethyl)-3/2-(dimethylamino- 
sulfonyl] ethyl/-1-nitrosourea). A higher therapeutic index 
has been found in Walker 256 carcinosarcoma in rats for 
this more hydrophilic compound than for BCNU and 
CCNU [10]. 

Validation of in vitro methods for assessing the activity 
of new drugs against a given type of tumor might conceiv- 
ably diminish the need for drug testing in patients [9]. 
Since the potential of a panel of human small cell lung 
cancer cell lines (SCCL) for comparison of drug analogues 
has been described elsewhere [7, 8], this panel was used to 
compare the activity of TCNU and BCNU against SCCL. 

Materials and methods 

The cell lines used and their source, maintenance, and 
monitoring have been described elsewhere [8]. The cell 
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lines used were NCI-H69, NCI-N592, OC-TOL, OC- 
NYH, and OC-ROL, all of which were maintained in Ros- 
well Park Memorial Institute medium 1640 with 10% fetal 
calf serum and in a 7.5% CO 2 humidified atmosphere. The 
cell lines were free of mycoplasm contamination, and 
flow-cytometric DNA analysis showed that they had stable 
DNA content. 

Drugs. BCNU (Bristol Laboratories) was dissolved in etha- 
nol and subsequently diluted with tissue culture medium. 
The cells were exposed to a maximum of 0.03% ethanol in 
the experiments, a concentration yielding no cell kill. 

TCNU (Aktiebolaget Leo, Sweden) was dissolved in 
dimethylsulfoxide (DMSO) and subsequently diluted with 
tissue culture medium. Since the maximum DMSO con- 
centration (0.1%) had a slight cytotoxic effect, 0.1% DMSO 
in tissue culture medium was used as the control solution 
for the TCNU experiments. All solutions were freshly 
made just before use. 

Clonogenic assay. Cell survival was assessed by colony for- 
mation in soft agar as described previously [8]. A single- 
cell suspension was exposed to one of the drugs for 1 h, 
washed twice and plated in soft agar on top of a bottom 
layer. After solidification of the agar 1 ml medium was 
added to prevent drying. Each concentration was set up in 
triplicate. The plates were incubated at 37 °C in a 7.5% 
CO 2 humidified atmosphere. After 3 weeks, the colonies 
were_counted using a dissecting microscope, and the sur- 
viving fractions were calculated by dividing the number of 
colonies on the treated plates by the number of colonies on 
the control plates. As the number of plated cells and the 
number of colonies were not in proportion, the surviving 
fractions should ideally be corrected with simultaneously 
performed dilution experiments [8]. However, since the 
present investigation compared analogues in simultane- 
ously performed experiments, the correction would affect 
the dose-response curves for both analogues in an ident- 
ical manner and has therefore not been done [8]. 

Since previous experiments showed that the sensitivity 
patterns are dependent on the bottom layer used [8], the 
present experiments were performed with two different 
bottom layers, one containing both sheep red blood cells 
(SRBC) and mercaptoethanol and one without. 

Determination of drug-induced cell-cycle perturbations by 
flow-cytometric DNA analysis. The cell lines were exposed 
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Fig. 2A, B. Flow cytometric DNA histograms obtained after exposure of NCI-H69 (A) and OC-TOL (B) to the indicated BCNU or 
TCNU concentrations for 24 h. The first two peaks in B represent internal references (chicken and trout erythrocytes) used to calculate 
the DNA index. The internal reference has been omitted in A since the trout peak merge into the G~ peak 

to the drugs for 24 h in tissue culture flasks. After centrifu- 
gat ion the cells were resuspended in citrate buffer, frozen 
on ethanol  with dry ice, and stored at - 8 0  °C until analy- 
sis [12]. The samples were p repared  and stained with pro-  
pidiurn iodide  as descr ibed elsewhere [13] before analysis 
in a FACS I I I  (Becton Dickinson,  Sunnyvale,  Calif). The 
percentage of cells in the cell-cycle phases were deter- 
mined  by statistical analysis of  the D N A  distr ibut ion [2]. 

Results 

The in vitro sensitivity of  each of  the five SCCL cell lines 
tested s imultaneously with B C N U  and T C N U  is shown in 
Fig. 1. The sensitivity pat terns  were obta ined  on bo t tom 
layers with and without SRBC in most cases (Fig. 1). OC- 
ROL was only tested on SRBC, since it does not  form co- 
lonies when grown without  [8]. The cells were seen to be 
more resistant to the drugs on bo t tom layers with SRBC 
than on bot tom layers without. Despite these differences, 
the relative sensitivity was identical  in the two growth con- 
ditions. 

It appears  that  three cell lines were highly resistant to 
BCNU (OC-TOL, OC-ROL,  and OC-NYH).  For  the three 
most resistant cell lines, the sensitivity to T C N U  was lower 
than the sensitivity to B C N U  on a microgram to micro- 
gram basis. 

The two drugs p roduced  almost  identical  dose - re- 
sponse curves in the two more sensitive cell lines (NCI-  
N592 and NCI-H69).  

Figure 2 shows the D N A  histograms obta ined  by flow 
cytometry after exposing a sensitive (NCI-H69,  Fig. 2a)  
and  a resistant cell line (OC-TOL, Fig. 2b) to BCNU and 
T C N U  for 24 h. The cell-cycle per turbat ions  induced by 
the two drugs appeared  to be identical.  The per turbat ions  
took the form of  an accumulat ion  of  cells in S-phase and a 
concomitant  decrease of  the fraction of  cells in G~. With 
increasing dose, an increasing fraction of  cells accumulat-  
ed in the S-phase; in the test condit ions used the accumu- 
lated cells were detected earlier in the S-phase with higher 
doses (Fig. 2). Fur thermore ,  the per turbat ions  were more 
pronounced,  especial ly at low concentrat ions,  in the sensi- 
tive than in the resistant cell line. 
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Discussion 

This investigation has shown that the cytostat ic activity of  
T C N U  against  SCCL cell lines in vitro is equivalent  or in- 
ferior to that of  B C N U  when compared  on a microgram to 
microgram basis. The infer ior i ty  of  T C N U  is not  account-  
ed for by the use of  D M S O  in the control  plates, since cal- 
culat ion of  the surviving fractions by dividing by the num- 
ber  of  colonies on the control  plates exposed to tissue cul- 
ture medium (data  not  shown) would change the results 
only  insignificantly.  

Nei ther  can differences in in vitro stabil i ty o f  the two 
drugs account  for the reduced cell kill obta ined  by T C N U ,  
because the half-life of  B C N U  in Ringer ' s  solut ion at pH 
7.4 and 37 °C is 51.4 rain [6] and  that of  T C N U  in aqueous 
med ia  at 37 °C and p H  7.5 is 48 rain (unpubl ished da ta  
from AB Leo). 

B C N U  interferes with the synthesis of  D N A  as an al- 
kyla t ing agent [1]. This is consistent  with the changes in the 
cell-cycle dis tr ibut ion demonst ra ted  by flow cytometr ic  
D N A  analysis (Fig. 2). The induct ion o f  ident ical  changes 
by T C N U  suggests a s imilar  act ion of  this drug. 

The potent ial  of  flow cytometr ic  D N A  analysis in sen- 
sitivity testing has previously  been descr ibed for doxorubi-  
cin [4], melpha lan  [5] and  ep ipodophy l lo tox in  derivatives 
[7]. The appl icabi l i ty  of  the method  in sensitivity testing of 
ni t rosoureas  is indicated by the demons t ra t ion  of  dose-re-  
la ted cell-cycle per turbat ions  and by the agreement  in the 
differential  effect among the cell lines ob ta ined  in the 
c lonogenic  assays. 

The results of  the present  invest igat ion suggest a low 
activi ty of  T C N U  against  SCCL. However ,  if  the maxi- 
mum T C N U  concentra t ion that  can be achieved in the tu- 
mors  greatly exceeds the max imum tumor  concentra t ion 
of  B C N U  at tainable,  T C N U  could still be a super ior  ni- 
t rosourea  in the t reatment  of  SCCL. However ,  such a con- 
centrat ion advantage  of  T C N U  would  require radica l ly  al- 
tered pharmacokinet ics ,  since the max imum tolerable  dose 
(MTD)  of  B C N U  exceeds that  of  T C N U  (250 m g / m 2 v  
150 m g / m  2) [3, 11]. In format ion  on the in vivo activity of  
T C N U  on SCCL can be obta ined  by treating the tumor  
lines after xenograf t ing into nude mice with equitoxic 
doses of  the two analogues,  

Al though the final conclusion must await  clinical  tri- 
als, the combined  results of  the in vitro and precl inical  in 
vivo investigations will p rovide  a sound basis for evalua- 
t ion of  the potent ial  usefulness of  T C N U  as against  
B C N U  in the t reatment  of  SCCL. Fur thermore ,  as da ta  ac- 
cumulate  on the correlat ion between the results of  in vitro 
and of  clinical phase  II  trials, it will become apparen t  to 
what  extent in vitro trials have predict ive value. 
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