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Summary.  There is evidence that d imethyl  sulfoxide 
(DMSO) can increase the anticancer activity of  chemo- 
therapeutic drugs. As DMSO is instilled into the bladder 
for interstit ial cystitis, it  could be readily adopted in clinical 
practice if  it  was found to enhance the effectiveness o f  the 
drugs used for intravesical chemotherapy.  The purpose o f  
this s tudy was to investigate, using a human bladder cancer 
cell line, the hypothesis that DMSO enhances the activity 
o f  these agents. However, the addit ion o f  4% DMSO to the 
four drugs most frequently used for intravesical chemo- 
therapy (adriamycin, epodyl,  mitomycin-c,  thiotepa) did 
not  increase tumour cell kill in vitro. 

Key words: Cytotoxic  drugs - Dimethyl  sulfoxide - Intra- 
vesical chemotherapy - Transitional cell carcinoma 

Introduction 

Between 75 and 85% of  bladder cancers are confined to the 
superficial layers o f  the bladder  on first diagnosis [1 ]. After 
conventional surgical t reatment,  either transurethral resec- 

tion or diathermy, up to 82% of  patients have a recurrence 
within one year [20]. Chemotherapeutic agents, instilled 
directly into the bladder,  can delay tumour recurrence and 
invasion into muscle [8]. However, approximately  one-third 
o f  the patients do not  gain any benefit  from this form of  
t reatment  [19], and more effective intravesical chemo- 
therapy is needed. 

Dimethyl  sulfoxide (DMSO) is a dipolar solvent. In com- 
bination with chemotherapeutic  drugs it increases anti- 
tumour activity in vivo in rats [22] and in vitro against 
mouse hepatocarcinoma cells [18]. With topical  prepara- 
tions, DMSO enhances uptake of  acyclovir into the skin 
[15], and of  salicylates [3] and cisplatin [14] through the 
bladder. The solvent is already used clinically as a bladder 
instillation for the t reatment  of  interstit ial cystitis [16]. We 
therefore studied in vitro the effect of  DMSO on the cyto- 

toxici ty of the four intravesical chemotherapeutic agents 
that are most frequently used. 

Materials and Methods 

Drugs 

Standard pharmaceutical preparations of Adriamycin (doxorubicin 
HC1, Farmitalia Carlo Erba, St Albans, England), Epodyl (etho- 
glucid, Imperial Chemical Industries, Macclesfield, England) Mito- 
mycin-C (Kyowa Hakko Kogyo Co Ltd, Tokyo, Japan), and 
Thiotepa (triethylene thiophosphoramide, Lederle Laboratories, 
Gosport, England) were dissolved in sterile water (water for injec- 
tion, BP, Beecham, Brentford, England) as stock solutions, and 
stored at -20  °C until use. The drugs were dissolved in tissue cul- 
ture medium and used at concentrations which reduced colony- 
forming ability by approximately 50%: 400 ng/ml adriamycin, 
50 /~g/ml epodyl, 400 ng/ml mitomycin-c, and 15 #g/ml thiotepa. 

Cell Line 

RTl12 is a continuous cell line, established in this laboratory in 
1970. The line was derived from a moderately-differentiated human 
transitional cell carcinoma of the bladder [16]. The cells on xeno- 
transplantation produce tumours histologically similar to the orig- 
inal biopsy [6, 9]. 

Cell Culture 

RTl12 cells were maintained as monolayer cultures in 25 cm 2 
flasks (Nunc, Gibco, Paisley, Scotland) in RPMI 1640 medium 
(Gibco) supplemented with 5% heat-inactivated foetal bovine serum 
(Flow, Irvine, Scotland) and 1% L-glutamine (Gibco) in a humidi- 
fied atmosphere of 5% CO 2 in air. The cells were used over a re- 
stricted range of 10 passages, to minimise any changes resulting 
from long-term culture. For subculture, the cells were detached 
by 3 to 5 minutes' incubation in an aqueous solution of 0.05% 
trypsin (Difco 1:250, London, England) and 0.016% Versene 
(disodium salt of ethylene-diarnine tetra-acetic acid; BDH Chemicals, 
Poole, England) and seeded in fresh flasks at a split ratio between 
1:5 and 1:10. 
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Clonogenic Assay 

Five hundred RTl12 cells, with a plating efficiency of approxi- 
mately 40%, were plated in 5 cm vented plastic petfi dishes (Nune, 
Gibeo, Paisley, Scotland) and incubated for 48 hours at 36.5 °C in 
a humidified atmosphere of 5% CO 2 in air. The culture fluid was 
then replaced with fresh medium alone or containing either 4% 
DMSO, drug alone or in combination with 4% DMSO, in triplicate 
dishes. After exposure lasting one hour, the medium was removed 
and the cells washed three times with 5 ml aliquots of medium. 
Fresh medium was then added, and the ceils incubated for 14 days 
at 36.5 °C in a humidified atmosphere of 5% CO 2 in air to permit 
colony growth. The colonies were fixed in methanol (BDH) and 
stained with 10% Giemsa (BDH). Colonies consisting of 50 or more 
cells were counted using a binocular dissecting microscope. The 
mean colony-forming ability was expressed as a percentage of the 
controls. The data are derived from a minimum of three separate 
experiments for each drug. 

To control for the influence of pH on clonogenic cell survival, 
the pH of medium alone and containing 4% DMSO were compared 
after incubation for 24 hours in identical conditions. Measurements 
were made with a Dow Coming pH meter and a KC1 electrode 
(Dow Corning, Halstead, England) at 36.5 °C. 

Results 

The dose-response o f  RT112 cells exposed for 1 hour to a 
range of  concentrations o f  DMSO is shown in Table 1. DMSO 
had a minimal effect on colony forming ability at concen- 
trations o f  less than 5%. The addit ion o f  DMSO to medium 
produced an increase in the mean value o f  the pH by 0.16 
units at 36.5 °C. 

The mean percentage clonogenic cell survival o f  RT112 
cells exposed to the four drugs in the presence and absence 
of  DMSO is shown in Table 2. The cytotoxic i ty  of  mito- 
mycin-c was reduced by 4% DMSO, although the data were 
not  statistically significant. However, no enhancement of  
tumour cell kill by the addition of  DMSO was observed. 

Discussion 

As a potential  adjuvant to intravesical t reatment,  DMSO 
has the advantage that a 50% solution is already used in the 

Table 1. Percentage elonogenic cell survival as a function of concen- 
tration of dimethyl sulfoxide concentration (vol/vol) 

DMSO concentration Mean % Clonogenic Standard Error 
Cell Survival 

1% 91.7 3.58 
2% 88.6 12.7 
3% 96.1 7.87 
4% 93.4 5.30 
5% 90.7 3.70 
6% 82.0 1.71 
8% 69.2 7.12 

10% 59.1 3.03 
20% 44.2 10.0 

bladder for the t reatment  of  interstitial cystitis [16] and 
positive findings could be applied directly in clinical studies. 
Previous findings in animals [17, 22] and in mouse tumour  
cell fines [18] prompted  the hypothesis that  DMSO might 

increase drug cytotoxic i ty  in human cell lines. Clonogenic 
assay o f  human bladder and testicular cancer cells in mono- 
layer culture provided data consistent with the clinical pat- 
tern of  response to radiation and drug t reatment  o f  these 

tumours in patients [11, 21]_. Previous observations in vitro 

on the enhancement of  drug effect by  combinat ion with 
another solvent, Tween 80 [12], are supported by  clinical 
studies o f  adriamycin combined with Tween 80 in the treat- 
ment  of  superficial bladder cancer [4]. However, in these 
studies, DMSO did not  increase the effect of  the intravesical 
agents tested. 

In view of  the range o f  chemical structures o f  the anti- 
cancer agents studied and their lack o f  effect, it was thought 
unlikely that  DMSO had changed the structure or degree 
o f  ionisation o f  the drugs. The alteration of  the pH o f  the 
solution resulting from the presence of  DMSO is small, and 
would have different effects on the activities o f  these drugs 

[5 ]. Although the effect o f  mitomycin.c  was reduced by  the 
addit ion o f  DMSO, consistent with the rise in pH, the small 
increase in acidity would not  account for the reduced cell 

Table 2. Mean percentage elonogenic cell survival after a one-hour exposure of RTl12 cells to each of four drugs, either alone or combined 
with 4% dimethyl sulfoxide 

Cell Treatment Mean % Clonogenic Standard Error t-value Probability 
Cell Survival 

4% DMSO alone 94.5 2.94 

Adriamycin 46.5 5.21 
Adriamycin + DMSO 49.3 8.13 0.2839 0.785 

Mitomycin-C 44.9 1.97 
Mitomycin-C + DMSO 62.2 6.58 2.151 0.065 

Epodyl 74.7 5.80 
Epodyl + DMSO 68.1 4.72 0.8849 0.397 

Thiotepa 60.0 8.02 
Thiotepa + DMSO 59.9 6.80 0.0095 0.993 



kill. No comparable reduction of effect was seen when 

DMSO was combined with thiotepa which, like mitomycin-c, 

is more active in a low pH environment. 

The enhanced cytotoxicity observed with DMSO in the 

animal models and in vitro may represent a different 
phenomenon from that seen with Tween 80. The latter 

solvent is thought to act by increasing membrane perme- 
ability to drugs [4, 12]. This effect was most pronounced 

with relatively impermeable, ionised drugs, such as adria- 
mycin. This finding confirmed in vitro data from other 

laboratories [13], and supported the view that Tween 80 
enhanced clonogenic cell kill by facilitating the passage of 

ionised drugs through the cell membrane. Although it was a 
tenable hypothesis that DMSO might have a similar effect, 

the present data do not support this view, and enhancement 

by DMSO of the effects of anticancer agents observed in 
other model systems requires a different explanation. 

In addition to its solvent properties, DMSO has been 

found to induce differentiation in tumour  cell lines [2, 7, 10]. 
Enhancement of cytotoxic drug effect in murine hepatocar- 

cinoma ceils [ 18] occurred after the DMSO had been present 

in the medium for 48 hours prior to treatment, and was not 
seen on simultaneous exposure to drug and DMSO. In the 

animal studies described by Thuning et al. [17], the animals 
were given DMSO in their drinking water for 6 days before 

treatment with diverse chemotherapeutic drugs. Thus, it is 
possible that the effect of intravesical drugs on the human 

cell lines would be increased after a period of pre-treatment 
with DMSO, but  this approach is unlikely to be acceptable 

to patients because of the characteristic smell produced by 

even small amounts of DMSO. 
Our data indicate that the addition of DMSO to drug 

solutions for intravesical chemotherapy at the time of treat- 
ment  is unlikely to enhance the cytotoxic effect of  the 

common intravesical chemotherapeutic agents studied. 
Drug enhancement by DMSO in other models may be pro- 
duced by its effects on differentiation before administra- 

t ion of the anticancer agent. 
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