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Dimethylsulfoxide enhances the absorption of chemotherapeutic drug

instilled into the bladder
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Summary. We examined the effect of dimethylsulfoxide
(DMSO) on the absorption of a chemotherapeutic drug
instilled into the bladder. Female Wistar rats with bladder
tumors underwent intravesical instillation of normal
saline (S group) or 50% DMSO (D group) prior to the
administration of pirarubicin (tetrahydropyranyl-Adria-
mycin). The absorption of pirarubicin was estimated
histologically by observing its fluorescence. In the S
group, fluorescence of pirarubicin was observed only in
the epithelial layer of normal or hyperplastic regions and
in the cells of superficial layers of the tumor. In the D
group fluorescence was observed in the entire bladder wall
of normal or hyperplastic regions and extended to deeper
regions of the tumors than in the S group. These findings
indicate enhancement of the absorption of pirarubicin by
pretreatment with DMSO.
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Intravesical chemotherapy has been used in the manage-
ment of superficial bladder carcinoma, either as an
adjuvant to surgery or as definitive treatment. The
results of this treatment are not always satisfactory,
however, several methods of enhancing the antitumor
activities of chemotherapeutic drugs have been devised.
Attempts have been made to increase the efficacy of this
treatment by promoting the penetration of drugs into
urothelial cells by the addition of Tween 80 [6] or
urokinase [3].

Dimethylsulfoxide (DMSO) is an industrial solvent
that has been in use since the nineteenth century, and it is
known to have various pharmacological activities, such as
enhancement of membrane permeability [2]. The aim of
the present study was to determine whether pretreatment
with DMSO would modify the absorption of a chemothe-
rapeutic drug instilled into the bladder. Pirarubicin (tetra-
hydropyranyl-Adriamycin produced by Meiji Seika, To-
kyo, Japan) was used as the chemotherapeutic drug in this

study. The absorption of pirarubicin was estimated by
observing the fluorescence of this drug in the same way as
for Adriamycin [5].

Materials and methods

Fifteen female Wistar rats (4 weeks old) were given 0.05% N-butyl-
N-(4-hydroxybutylnitrosamine (BBN, produced by Tokyo Kaseli,
Tokyo, Japan) in the drinking water for 10 weeks, then given tap
water only for 15 weeks. The rats were anesthetized by i.p. injection
of pentobarbital (40 mg/kg) and underwent transurethral insertion
of catheter (3 F).

Prior to intravesical chemotherapy 1 ml normal saline (S group, 5
rats) or 50% DMSO (D group, 10 rats) was instilled into the bladder
over 1 h. Intravesical administration of pirarubicin (1 mg) in 1 ml
water was then performed for 30 min and the bladder was excised.
The bladders were fixed in 4% paraformaldehyde for 24 h,
embedded in paraffin according to the usual steps. Sections 5 pm
thick were made, mounted on glass slides, cleared with xylene and
covered with Malinol (Muto Kagaku, Tokyo, Japan). The specimens
were observed under a fluorescence microscope (Vanox-T produced
by Olympus, Tokyo, Japan) with an excitation filter of B. Four slides
per bladder were examined histologically.

Results
Normal epithelia and epithelial hyperplasia

In the S group, fluorescence of pirarubicin was observed
in cell nuclei of the whole epithelial layer, but little
fluorescence was observed in the submucosa or the muscle
layer (Fig. 1). In the D group fluorescence was observed in
the entire bladder wall, including the muscle layer (Fig. 2).
These findings were observed in all the specimens exam-
ined.

Papilloma and carcinoma

In the S group fluorescence was observed only in cells
taken from the superficial layers of the tumor (Fig. 3A, B).
In 20 S group specimens the limit of absorption was up to
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Fig. 1. Normal epithelia and epithelial hyperplasia in the bladder of
an S group rat (saline). Fluorescence of pirarubicin is observed in cell
nuclei of whole epithelial layer, but little fluorescence is observed in
submucosa and muscle layer

Fig. 2. Normal epithelia and epithelial hyperplasia in the bladder of a
D group rat (dimethylsulfoxide). Fluorescence of pirarubicin is
observed in the entire bladder wall, including the muscle layer

about 10 layers of tumor cells from the luminal surface. In
the D group fluorescence was always observed to extend
to deeper regions (over 10 layers of tumor cells), and in
relatively small tumors all epithelial cells had fluorescene
of pirarubicin (Fig. 4 A, B).

These findings indicate the enhancement of absorption
of pirarubicin by pretreatment with DMSQ; the enhance-
ment was seen regardless of any pathological change.

Discussion

The actions of DMSO in enhancing the absorption of
various drugs through the skin [8] or the bladder [1, 7] and
increasing the cytotoxicity of chemotherapeutic drugs[10,
11] are known. Borzelleca et al. [1] reported that DMSO
enhances the movement of sodium salicylate from the
bladder. They observed a significant increase in salicylate

movement with concentrations of 50% and 100% DMSO,
and maximal movement of salicylate occurred within 3 h
after instillation. Schoenfeld et al. [7] showed a threefold
increase of cisplatin uptake from the bladder in an animal
undergoing bladder instillation of cisplatin in 50% DMSO
over 1 h. For the present study, 50% concentration and 1-
h instillation time of DMSO were chosen on the basis of
the data published in these reports. A 50% concentration
of DMSO is also used clinically for the treatment of
interstitial cystitis [9] and bladder amyloidosis [12] by
intravesical instillation. A 30-min instillation time was
selected for pirarubicin, because a fluorescence micro-
scopic study on the absorption of Adriamycin through the
rat bladder showed maximal absorption with 30-min
instillation [5] and the molecular character of pirarubicin
is similar to that of Adriamycin. Studies with different
concentrations or instillation times of DMSO and piraru-
bicin have not been performed.

Fig. 3. a Papilloma and b carcinoma in the bladder of S group rats.
Fluorescence was observed only in the cells of superficial layers of
the tumor.



Fig. 4. a Papilloma and b carcinoma in the bladder of D group rats.
Fluorescence was observed throughout the tumor close to the
submucosal layer

The results of present study suggest that pretreatment
with DMSO is useful in augmenting the penetration of
pirarubicin into the bladder wall and the bladder tumor of
rat. These data indicate the possibility of increasing the
efficacy of intravesical chemotherapy by pretreatment
with DMSO.

The question of the DMSO effect before a chemothera-
peutic instillation into the bladder is of great interest. The
absorption of Adriamycin depends on passive transport
[4], and drug penetration into the bladder wall or bladder
tumor is expected to be modified by some barrier of
urothelium. The barrier of urothelium against drug
penetration is constructed by the cell membrane and the
junction of adjacent cells. It is suspected that DMSO
modifies these of barrier structures. Borzelleca et al. [1]
showed cytoplasmic granulation, shrunken appearance or
absence of epithelial cells following treatment with
DMSO. They reported that the enhanced transfer may
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result from an effect of DMSO on the integrity of the
bladder mucosa, presumably brought about by modifi-
cation of a barrier to drug movement. Turnbull [13]
indicated that the destruction of epithelial tight junction
by cyclophosphamide enhances the permeability of uroth-
elium. A study in which we observed the permeability of
lanthanum with the electron microscope also suggested
the destruction of tight junctions by treatment with
DMSO (data not shown). Walker et al. [14] reported that
chemotherapy combined with DMSO did not enhance
cytotoxicity in vitro, and denied any enhancement of drug
absorption by DMSO. This in vitro study may indicate
that DMSO does not play any role in modification of the
cell membrane; however, the concentration of DMSO in
this study (4%) is much lower than in our study.

In conclusion, we have shown that the permeability of
the rat bladder and of bladder tumors is altered by
exposure to DMSO, and we suspect that the mechanism of
DMSO’s action as a penetrant carrier is an effect on the
barrier of the urothelium, such as destruction of tight
junctions. Intravesical chemotherapy is usually used for
the prophylaxis and treatment of superficial bladder
carcinomas, but is not indicated for the treatment of
invasive ones. The marked enhancement of drug absorp-
tion by DMSO seen in the present study suggests that
intravesical chemotherapy combined with DMSO may be
available for the treatment of invasive bladder carcino-
mas.

References

—

. Borzelleca J, Harris T, Bernstein S (1968) The effect of dimethyl-
sulfoxide on the permeability of the urinary bladder. Invest Urol
6:43
2. Budavari S, O’Neil M, Smith A, Heckelman P (1989) The Merck
Index, 11th edn. Merck, Rahway, p 3247
.Lundbeck F, Mogensen P, Jeppesen N (1983) Intravesical
therapy of non-invasive bladder tumors (stage Ta) with doxoru-
bicin and urokinase. J Urol 130: 1087
4. Nagaoka S, Kawasaki S, Karino Y, Nakamura H, Nakanishi T,
Sasaki K (1986) Comparison of intracellular uptake, retention
and sensitivity of Adriamycin in HeLa S3, HMV-1, and NIH
3T3 cells in vitro. J Jpn Soc Cancer Ther 21:991

5. Nakagawa S, Kojima M, Nakao M, Watanabe H (1987) Fluor-
escence microscopic study on absorption of Adriamycin through
the rat bladder epithelium. Tohoku J Exp Med 153:227

6. Parris C, Masters J, Walker M, Newman B, Riddle P, English P
(1987) Intravesical chemotherapy: combination with Tween 80
increases cytotoxicity in vitro. Urol Res 15:17

7. Schoenfeld R, Belville W, Jacob W, Buck A, Dressner M,
Insalaco S, Ward G (1983) The effect of dimethyl sulfoxide on
the uptake of cisplatin from urinary bladder of dog: a pilot study.
J Am Osteopath Assoc 82:570

8. Spruance S, McKeough M, Cardinal J (1983) Dimethyl sulfoxide
as a vehicle for topical antiviral chemotherapy. Ann NY Acad Sci
411:28

9. Stewart B, Persky L, Kiser W (1967) The use of dimethyl
sulfoxide (DMSO) in the treatment of interstitial cystitis. J Urol
98:671

10. Thuning C, Fanshaw M, Waren J (1983) Mechanisms of

synergistic effect of oral dimethyl sulfoxide on antineoplastic

therapy. Ann NY Acad Sci 411:150

(98 )



236

11. Tofilon P, Vines C, Milas L (1985) Enhancement of in vitro
chemotherapeutic activity by dimethyl sulfoxide. Clin Exp
Metastasis 33:141

12. Tokunaka S, Osanai H, Morikawa M, Yachiku S (1986) Experi-
ence with dimethyl sulfoxide treatment for primary localized
amyloidosis of the bladder. J Urol 135:580

13. Turnbull G (1973) Ultrastructural basis of the permeability
barrier in urothelium. Invest Urol 11:198

14. Walker L, Walker M, Parris C, Masters J (1986) Intravesical
chemotherapy: combination with dimethyl sulfoxide does not
enhance cytotoxicity in vitro. Urol Res 16:329

Hiroshi Hashimoto

Department of Urology
Asahikawa Medical College
Nishikagura 5-5-3-11, Asahikawa
078 Japan



