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Summary. We have compared the in vitro activity of N- 
trifluoroacetyladriamycin-14-valerate (AD-32) and doxor- 
ubicin hydrochloride (ADR) on the clonal growth of hu- 
man bladder tumor cell lines (HBTCL). In order to deter- 
mine the relative toxicity of ADR and AD-32 on hemato- 
poietic stem cells, CFU-GM assays were set up using 10 
normal human bone marrow samples. The mean lethal 
dose for 50% of the colonies (LD-50) for ADR was 
1.6+ 1.4 ~tM and that for AD-32, 3.9_+4.9 ~tM (P<0.55), 
suggesting that these agents have similar bone marrow tox- 
icity. Both drugs produced enhanced inhibition of clonal 
growth of HBTCL with increasing C x Ts. The spectrum 
of activity of the two drugs was similar against a panel of 
seven HBTCL. The activity of ADR was inhibited at 4 °C 
while the activity of AD-32 was unaffected by temperature. 
ADR was more effective against HBTCL in the log growth 
phase than the plateau phase while the reverse was found 
using AD-32. Verapamil was found to enhance the activity 
of both ADR and AD-32 against a HBTCL (T24), found to 
be resistant to both agents. The lipophilic properties of 
AD-32, along with its enhanced activity when used over 
prolonged periods of time and its activity against tumor 
cells in the plateau phase, suggest that AD-32 could be use- 
ful in the management of patients with superficial bladder 
cancer. 

Introduction 

Doxorubicin, administered systemically, has been shown 
to have limited activity in metastatic carcinoma of the 
bladder. The objective response rate in advanced disease is 
reported to be between 10%-25% (20, 27, 33, 35]. From 
70%-80% of individuals with bladder cancer, however, 
have their initial tumor confined to the mucosa or lamina 
propria; at least one-half of them will develop a true recur- 
rence or new occurrence despite resection of their initial 
tumor. Anticancer agents have been instilled directly into 
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the bladder in an attempt to inhibit further growth of the 
tumor, reduce the requirement for repeated resections, and 
decrease the chance of subsequent invasive bladder can- 
cer. ADR has been shown to be active intravesically in the 
treatment of superficial bladder cancer with response rates 
of 50%-70% [4, 22]. The high molecular weight of ADR 
and its polar character result in minimal systemic absorp- 
tion and little systemic toxicity [8]. 

N-Trifluoroacetyladriamycin-14-valerate (AD-32) is a 
semisynthetic analogue of doxorubicin (ADR), differing 
from its parent compound in having a five-carbon straight- 
chain ester function at the 14-carbinol position and a tri- 
fluoroacetyl substituent on the amino group of the glyco- 
side [12]. AD-32 was found to be superior to ADR in the 
L1210 and P388 leukemia models, both in terms of increa- 
sing the lifespan and in percentage of animals achieving 
long-term survival [12, 26]. AD-32 was also found to have 
superior activity to ADR in an ADR-resistant P388 sub- 
line. AD-32 has been shown to be active in the Ridgway 
osteogenic sarcoma, Lewis lung carcinoma, and BI6 melan- 
ocarcinoma solid tumor models [13, 26, 32], thereby de- 
monstrating the effectiveness of drug when administered 
at sites distant from the tumor mass. Certain mechanistic 
properties of this drug are markedly different from those 
of ADR. AD-32, for example, does not bind to double hel- 
ical DNA [28] and shows drug-associated fluorescence in 
the cytoplasm, as opposed to the nuclear fluorescence seen 
with ADR [15]. Other properties, such as its ability to inhi- 
bit DNA and RNA synthesis [16] and to produce DNA le- 
sions [17], are similar to those of ADR. 

In early clinical trials, i.v. infusion of AD-32 showed 
activity against bladder cancer [7]. The high antitumor ac- 
tivity of this compound, and its lipophilic nature, which 
allows for easy tumor mass penetration, suggest that 
AD-32 may be of value as an intravesicular agent. In order 
to evaluate the potential usefulness of AD-32 in bladder 
cancer, we have compared its activity with ADR in vitro 
using a panel of human bladder tumor cell lines (HBTCL). 

Material and methods 

H B T C L .  The following HBTCL were used for the in vitro 
studies: CUB-2 [6], CUB-3 [6], RT-4 [29], SCaBER [23], J82 
[24], T24 [2], and 486P [5]. All cell lines were obtained from 
the laboratory of Dr. Jorgen Fogh (Stoan-Kettering Insti- 
tute for Cancer Research, Rye, NY). These cell lines have 
been characterized by ultrastructural morphology, karyo- 
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type, in vitro growth characteristics and tumorgenicity in 
animals; in addition they have been shown to be free of 
contamination by microorganisms or other cell lines [6]. 

Monolayer culture of HBTCL. All cell lines were main- 
tained in monolayer culture in RPMI 1640 (GIBCO, 
Grand Island, NY) with 10% fetal calf serum (Flow Labo- 
ratories, Newbury Park, Calif) in 100-mm plastic petri 
dishes incubated at 37 °C in 6% CO2 and 100% humidified 
atmosphere. 

Tumor cells were harvested from monolayer culture by 
incubation for 10 min at 37 °C in 0.25% trypsin in Hank's 
balanced salt solution (HBSS). The resulting cell suspen- 
sions were counted in a hemocytometer; viability, as deter- 
mined by trypan blue exclusion, was usually greater than 
90%. Tumor cell suspensions produced in this manner 
were either drug tested immediately or subcultuured at a 
1/I0 dilution to monolayer culture for subsequent study. 

Soft agar assay. After trypsinization, tumor cells were 
plated into the upper layer of a two-layer agar culture sys- 
tem. The underlayer consisted of McCoy's medium (Gib- 
co, Grand Island, NY) with 15% fetal calf serum (FCS) 
and 0.5% agar. The overlayer consisted of CMRL 1066 me- 
dium (Gibco, Grand Island, NY) with 15% horse serum, 
2 Ixg/ml insulin, 5 lxg/ml transferrin, and 0.3% agar along 
with the tumor cells. Cultures were incubated at 37 °C in 
6% CO 2 and 100% humidified atmosphere. Plates were ex- 
amined with an Olympus CK inverted microscope. Final 
colony counts were made from 10-14 days after plating. 
Aggregates of 50 or more cells were scored as colonies. 

CFU-GM assay. Bone marrow samples were aspirated into 
preservative-free heparinized syringes from patients with 
solid tumors and normal marrows. Marrow cells were 
passed through a 22 gauge needle, diluted 1:2 in HBSS 
and layered onto a Ficoll-Hypaque gradient (Sigma Diag- 
nostics, Histopaque-l.077). Mononuclear cells were re- 
covered from the interface, washed three times in HBSS 
and suspended in Iscove's Modified Dulbecco's medium 
(Gibco, Grand Islands, NY) containing 20% FCS. 
Quadruplicate cultures of 2 x 105 cells were plated into the 
upper layer of a two-layer agar system. The underlayer 
consisted of 1 ml of Iscove's medium supplemented with 
30% FCS, 0.5% agar, and 20% human placental condi- 
tioned medium as a source of colony stimulating factor [3]. 
The upperlayer contained bone marrow cells in 1 ml Is- 
cove's medium supplemented with 30% FCS, 0.3% agar, 
100 Units penicillin, 200 lxg streptomycin, and 2 mM of 
glutamine. Culture plates were incubated in a 6% CO 2 hu- 
midified incubator at 37 °C CFU-GM colonies (>  40 cells) 
were scored after 7 -8  days of culture. 

Drug preparation. The chemotherapeutic drugs used in 
these experiments were ADR (doxorubicin hydrochlo- 
ride), obtained from Adria Laboratories, Dublin, Ohio, 
and AD-32 (N-trifluoroacetyladriamycin-14-valerate), ob- 
tained from the Division of Cancer Treatment, NCI. ADR 
was diluted to the desired concentration in 0.9% NAC1. 
AD-32 was put into solution with 1% DMSO and 15% FCS 
with plating medium. The drug was then further diluted to 
the desired concentration in 0.9% NaC1. Both drugs were 
aliquoted in 1.5-ml plastic Falcon centrifuge tubes and 
stored at - 8 0  °C. Prior to use, drugs were thawed in a 

37 °C water bath. Equimolar concentrations of drugs were 
used for all experiments, ranging from 0.01-20 IxM. Ver- 
apamil hydrochloride (Searle Pharmaceuticals) was pre- 
pared in the appropriate diluent just prior to each experi- 
ment and solutions of 1, 6 and 20 lxM were prepared for 
use in culture. 

In vitro drug testing. For most experiments tumor cells 
were incubated in the presence of drug, along with a con- 
trol tube, for 1 h in a shaking water bath at 37 °C. Cells 
were then centrifuged at 150 g for 10 min, washed twice in 
RPMI 1640 without horse serum and plated in culture. 
Control and treated cells were plated with four plates at 
each drug level and scored at 10-14 days. Continuous 
drug exposure was performed by plating the tumor cells 
with drug in agar without washing the drug off prior to in- 
cubation. 

In separate experiments, 1-h drug incubations were 
carried out in a 37 °C water bath and simultaneously at 
4 °C in a refrigerator. To insure equivalent drug mixing 
during drug incubation, the tubes were shaken by hand at 
10-min intervals. 

Log verses plateau phase drug studies. Tumor cells were 
harvested in the log growth phase (2-3 days) and during 
the plateau growth phase (6-7 days) and exposed to each 
drug for 1 h prior to plating. The proliferative state of cells 
in both the log and plateau phase of growth were evaluat- 
ed by DNA labeling with tritiated [methyl-3H] thymidine 
(2 Ci/mm sp. act., Research Products International, Mt. 
Prospect, Ill). HBTCL in monolayer culture were trypsi- 
nized, counted using trypan blue exclusion as a marker for 
viability and cultured in quadruplicate in microtiter wells 
(Linbro Chemical Co., Hamden, Cann) at 1 × l0 s cells/ 
well. Culture medium consisted of RPMI 1640 supple- 
mented with 100 units/ml penicillin, 100 lxg/ml streptomy- 
cin, 2 mM L-glutamine, 2.5 mM Hepes buffer, and 10% 
newborn calf serum. Immediately after placing the cells in 
the microtiter wells, they were pulsed with 1 lxCi of thymi- 
dine. Cells were harvested onto glass filter paper at various 
time intervals after pulsing using a 24-well semi-automated 
harvester (Microbiological Associates, Walkersville, Md). 
The paper disks were counted in Packard liquid scintilla- 
tion counter. 

Results 

In order to determine the relative toxicity of ADR and 
AD-32 on hematopoietic stem cells, CFU-GM cultures 
were set up using bone marrow samples from 10 solid tu- 
mor patients with normal bone marrows. Figure 1 repres- 
ents a colony survival curve formed by using the mean le- 
vel of colony survival at each drug concentration from the 
ten CFU-GM assays. The mean LDs0 of all ten CFU-GM 
assays for ADR was 1.6 _+ 1.4 l~M, while the LD-50 of AD- 
32 was 3.9_ 4.9 ~M. The difference between LD-50 levels 
was not statistically significant (P<0.17). The LD-70 for 
each drug was 3.6 _+ 4.5 I~M for ADR and 4.9 _+ 4.6 ]~M for 
AD-32 (P< 0.55). 

We next compared the activity of the two drugs against 
a panel of HBTCL in a clonogenic assay using a drug ex- 
posure time of 1 h. Simultaneous assays were performed 
using continuous drug exposure to determine the effect of 
increasing the time of drug exposure on the clonal growth 
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Fig. 1. Results of CFU-GM assays performed using bone marrow 
cells from patients with non small-cell lung cancer with no evi- 
dence of tumor in the marrow. The colony survival curve is 
formed by using the mean level of colony survival at each drug 
concentration from the 10 CFU-GM assays. Simultaneous drug 
assays were done using ADR and AD-32 at concentrations of 
0.01-20 p.M. Points represent means and bars, SE in each study 
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Fig. 2. Results of clonogenic drug assays using CUB-2. ADR and 
AD-32 were exposed to the bladder tumor cells for 1 h and con- 
tinuously at concentrations of 0.01-20 p.M. Increasing the time of 
drug exposure enhanced the activity of both drugs 

of HBTCL. A 1-h vs cont inuous drug incubat ion study us- 
ing CUB-2 is depicted in Fig. 2. The LD-70 of each 1-h and 
cont inuous drug study is shown in Table 1. Using a 1-h 
drug exposure ADR was most active against two HBTCL 
(SCaBER, CUB-2) while AD-32 was most active against 
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Fig. 3. Drug assays were performed on T24 with ADR and AD-32 
using a l-h drug exposure at 4 °C and 37 °C prior to plating. 
ADR was inactive at 4 °C while AD-32 was active at both 4 °C 
and 37 °C 

CUB-2. The average shift in the LD-70 between a 1-h and 
cont inuous drug exposure was 6.2 txM with ADR and 
10.8 p~M with AD-32. Table 2 gives the comparison of the 
activity of A D R  and AD-32 on HBTCL using a ratio of 
the LD-70 of C F U - T / C F U - G M  to determine the relative 
activity of each drug for the tumor compared to bone mar- 
row CFU-GM cells. The activity of both drugs against the 
tumor was equal to or greater than the activity against 
C F U - G M  cells in SCaBER and CUB-2 using ADR, and 
CUB-2 using AD-32. 

In order to determine whether drug activity was influ- 
enced by temperature, we exposed CUB-2 to ADR and 
AD-32 for 1 h at 37 °C and simultaneously at 4 °C. ADR 
was ineffective in inhibit ing clonal growth at 4 °C but was 
active at 37 °C. The activity of AD-32 was not temperature 
dependent.  The results of a representative temperature-de- 
pendent  drug study using RT-4 is depicted in Fig. 3. 

We evaluated whether the activity of A D R and AD-32 
was dependent  on the proliferative state of the tumor cells. 
CUB-2, was harvested from culture and two simultaneous 
monolayer  cultures were set up with high- and low-density 
seedings. At 3 days the plates with high density seeding 
were confluent while the plates with low density seeding 
were less than two-thirds confluent. Tumor  cells were then 
removed from monolayer  culture, counted, drug tested in 
the clonogenic assay, and simultaneously labeled with tri- 
tiated thymidine. The results of a typical labeling experi- 
ment  are shown in Table 3. During the first 1 h of labeling, 
log phase cells incorporated three times the amount  of tri- 
tiated thymidine as did the plateau phase cells. Figure 4 re- 

Table 1. Results of drug assays using seven HBTCL in a clonogen- 
ic assay. The LD_70 of each study has been calculated from the 
colony survival curves produced using ADR and AD-32 for 1 h 
and after continuous drug exposure. The range of in vitro drug 
dosages examined was 0.01-20 ~tM 

HBTCL ADR AD-32 

1 h Continuous 1 h Continuous 
(~M) (~tM) (p.M) (p.M) 

.1-82 12.5 1.8 > 20.0 1.5 
RT4 7.5 0.9 11.3 1.4 
CUB-3 12.0 5.4 > 20.0 11.0 
486P >20.0 11.3 >20.0 11.2 
SCaBER 2.0 1.6 11.6 1.6 
CUB-2 1.8 0.1 3.0 0.05 
T24 14.2 5.4 > 20.0 3.2 

Table 2. Ratios a of the LD_v0 of drug assays using a clonogenic 
assay (CFU-T) with ADR and AD-32 tested against 7 HBTCL 
compared with the mean LD_70 of 10 CFU-GM assays using bone 
marrow samples from patients with solid tumors 

HBTCL ADR AD-32 

LD_7o Ratio LD_7o Ratio 
(CFU-T/CFU-GM (CFU-T/CFU-GM 

J-82 12.5/3.6 3.5 20.0/4.9 4.1 
RT4 7.5/3.6 2.1 11.3/4.9 2.3 
CUB-3 12.0/3.6 3.3 20.0/4.9 4.1 
486P 20.0/3.6 5.5 20.0/4.9 4.1 
SCaBER 2.0/3.6 0.6 11.6/4.9 2.4 
CUB-2 1.8/3.6 0.5 3.0/4.9 0.6 
T24 14.2/3.6 3.9 20.0/4.9 4.1 

A HBTCL is considered to be sensitive with a ratio of 1.0 or less 
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Table 3. Results of DNA-labeling experiments performed with 
CUB-2 either in the log or plateau growth phase 

Time post Growth phase Log/plateau ratio 
pulse of thymidine 

Plateau Log incorporation 
(cpm) (cpm) 

1 h 1162.3 3236.5 2.8 
2 h 1603.7 3144.0 1.9 
3 h 1502.3 2708.5 1.8 
4 h 1429.7 4262.0 2.9 

Each value represents mean counts per minute (cpm) of seven 
experiments 

presents  the colony survival  curves from drug assays per- 
fo rmed  s imul taneously  in the c lonogenic  assay using a 1-h 
drug exposure  pr ior  to plating. A D R  was more  active 
against  log phase cells with an LD-70 of  0.6 IxM compared  
with an LD-70 of  2.6 lxMusing cells in the p la teau phase.  In 
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Fig. 4. This graph depicts the colony survival curves resulting 
from a 1-h drug exposure to CUB-2 tumor cells in the log and pla- 
teau growth phases. ADR was found to inhibit clonal growth to a 
greater degree in cells in the log growth phase than in those in the 
plateau growth phase. The same differential activity depending on 
the proliferative state of the cells was not found with AD-32 
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Fig. 5. These graphs depicts the results of clonogenic assays per- 
formed with ADR and AD-32 in the presence of increasing con- 
centrations of verapamil. The resistant cell line T24 was exposed 
to drugs for 1 h prior to plating. The resulting colony survival 
curves show that the activity of ADR and AD-32 was progressive- 
ly enhanced in the presence of 1-20 gM of verapamil. Colony 
survival was not influenced by the presence of verapamil alone at 
concentrations of 1-20 gM 

contrast ,  AD-32 was more  active against  cells in the pla-  
teau phase with an LD-70 of  2.5 ~ M  compared  to an LD-70 
o f  12.1 ~ M  for cells in the log growth phase. 

We also examined the effect of  the calcium channel  
blocker ,  verapamil ,  on the activity o f  A D R  and AD-32 
against  a relatively resistant cell line and a sensitive cell 
line. No  enhancement  in activity was seen with either drug 
using CUB-2, which was the most sensitive cell line to both 
drugs. The activity o f  A D R  and AD-32 was enhanced with 
verapami l  against  the resistant cell line, T24. Figure 5 de- 
picts the results of  exper iments  with T24. Increasing con- 
centrat ions o f  verpaami l  from 1 -20  ~tM resulted in en- 
hanced activity of  A D R  with a shift of  the LD-70 from 
> 2 0  p~M to 14 lxM. The enhanced activity of  AD-32 was 
more  p ronounced  with a shift of  the LD-70 from > 2 0  to 
6 ~tM. Verapamil  a lone was not  found to inhibi t  colony 
format ion  of  the HBTCL in the range of  1 -20  p~M. 

Discussion 

AD-32 has been p roposed  for use as an intravesical  anti- 
cancer  agent for patients with superficial  b l adder  cancer. 
This drug has the at tractive proper ty  of  being l ipophflic,  
resulting in the potent ia l  for deeper  tumor  penetrat ion.  
This same l ipophi l ic  p roper ty  could also result in more 
drug being absorbed  into the systemic circulation.  The ad- 
minis t ra t ion of  th io -TEPA results in a significant amount  
o f  systemic toxici ty compared  to A D R  which penetrates  
normal  and neoplas t ic  t ransi t ional  cell epi thel ium to a 
lesser degree [1, 8, 10, 14]. Due to the potent ia l  for greater 
systemic absorpt ion  we examined the effect of  AD-32 
compared  to A D R  on C F U - G M  cells. The major  l imiting 
effect to dose escalat ion with most ant icancer  drugs is the 
myelosuppress ive  effect of  the agents on the bone  marrow. 
Al though much work has been done defining the inhibito-  
ry effects on the clonal  growth of  tumor  cells, only recent- 
ly have investigators a t tempted  to define the in vitro ef- 
fects of  drugs on normal  tissues as an indica tor  of  host  tox- 
icity. Lohrmann  et al. [18] have repor ted  that  the in vitro 
inhibi t ion of  g ranulocyte -macrophage  colony format ion  
predic ted  the in vivo myelosuppress ion  of  pat ients  receiv- 
ing chemotherapy  for breast  cancer. Park et al. [25] used 
the C F U - G M  assay as a method  of  s tandardiz ing the in 
vitro drug levels used for in vitro drug testing. He found 
that  the ratio of  drug effect on the bone marrow progeni tor  
cells, as measured in the C F U - G M  assay, compared  to the 
activity of  the same drugs against  human  leukemia  stem 
cells strongly corre la ted with the abil i ty of  pat ients  with 
acute leukemia  to obta in  a complete  remission.  Subse- 
quently,  a number  of  investigators have begun to explore 
the use of  a C F U - G M  assay for de te rmina t ion  of  opt imal  
in vitro drug levels for human  tumor  drug testing. Hug et 
al. [11] have repor ted  that a compar ison  of  the C F U - G M  
assay and C F U - T  assay for breast  cancer  predic ted  re- 
sponse to A D R  clinically. Taetle et al. [30] repor ted  that  
such an in vitro compar ison  predic ted  the activity of  A D R  
in human tumors  drug tested in a nude  mouse. Using a si- 
mi lar  C F U - T / C F U - G M  compar ison  we found CUB-2 to 
be sensitive to the in vitro ant icancer  effect of  both  A D R  
and  AD-32, while SCaBER was only sensitive to AD-32. 
Using these HBTCL we were unable  to identify a signifi- 
cant  difference in the spectrum of  activity between the two 
drugs. We have noted that  AD-32 is comparab le  to A D R  
in its inhibi t ion of  clonal  growth of  bone  mar row CFU-  
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G M  cells and therefore would  be predic ted  to be no more 
myelosuppressive than its parent  compound ,  if  significant 
systemic absorpt ion  did occur from intravesical  chemo- 
therapy.  

Several investigators have shown that the concentra-  
t ion x t ime of  drug exposure (C × T) is impor tan t  when 
evaluat ing the inhibi t ion of  clonal  growth of  animal  and 
human  tumors  by various ant icancer  drugs. Hill et al. [9] 
demonst ra ted  that the inhibi t ion of  clonal  growth of  
M N B / P  L murine neuroblas toma cells by A D R  was en- 
hanced by increasing the exposure t ime from 1 to 24 h. 
Likewise, Wu et al. [34] demons t ra ted  that  the inhibi t ion of  
c lonal  growth of  the Raji  cell line of  Burkitt 's  l ymphoma  
by A D R  was enhanced by cont inuous  exposure to the drug 
as apposed  to a 1-h drug exposure.  We have previously de- 
monst ra ted  [21] an enhanced activity of  A D R  against  a 
variety of  murine b ladder  tumor  cell lines with increasing 
C × Ts. In the present  study the activity of  both  A D R  and 
AD-32 against  the clonal  growth of  HBTCL was enhanced 
with pro longed  drug exposure. This enhanced activity of  
AD-32 could have a direct bear ing on its use in superficial  
b l adder  cancer,  since much higher C x Ts are usual ly 
achieved with the intravesical  adminis t ra t ion  of  ant icancer  
drugs than with systemic adminis t ra t ion.  

The mechanisms of  uptake between A D R  and AD-32 
appear  to be different. Kr ishan et al. [15] have shown that 
the uptake of  A D R  into C C R F - C E M  human lymphoblas ts  
and in a WI-38 human f ibroblast  cell line is slow and tem- 
pera ture-dependent .  In t racel lu lar  drug appears  to be local- 
ized to the nucleus. AD-32 is total ly  takeff up after a 1-min 
exposure and all the drug-associated fluorescence localizes 
to the cytoplasm. Meriwether  et al. [19] also have shown 
that  the uptake of  A D R  is tempera ture-dependent .  They 
demonst ra ted  that the uptake of  A D R  into L1210 cells was 
almost  total ly inhibi ted at 4 °C. It had been previously de- 
monst ra ted  that the activity of  AD-32 in human lympho-  
blasts or f ibroblast  cell lines was not inflenced by tempera-  
ture. We have found that  the uptake of  A D R  and AD-32 
by  HBTCL is different at 4 ° C. The activity of  A D R  is al- 
most  total ly inhibited at 4 ° C while the activity of  AD-32 is 
unal tered by lower temperatures.  This difference suggests 
that  A D R  may require an energy-dependent  process for 
uptake  while AD-32 almost  certainly enters the cell by sim- 
ple d i f fus ion  

We have found that  A D R  and AD-32 differ in their  ac- 
t ivity depending on the prol i ferat ive state of  the cell. It has 
been previously shown that A D R  is more  active against  
rap id ly  prol i ferat ing cells than against  cells in the plateau 
growth phase. Kr ishan  et al. [16] showed that  C C R F - C E M  
cells exposed to A D R  in monolayer  culture kil led more 
cells in the log growth phase than in the p la teau phase;  a 
s imilar  difference was not  apparen t  with AD-32. We have 
found that A D R  is more effective against  the clonal  
growth of  HBTCL cells in the log growth phase while AD- 
32 is more effective against  pla teau than log phase cells. 
The activity of  AD-32 against  slow growing cells could be 
an advantage  for the t reatment  o f  b ladder  cancer, which is 
a slow-growing tumor.  

Most  patients with b ladder  cancer have tumors  that are 
resistant to the ant icancer  drug effect of  ADR.  The me- 
chanisms of  drug resistance to A D R  are not  completely 
unders tood.  It has been shown that  in some P388 /ADR-  
resistant sublines that the accumulat ion  of  A D R  is actively 
t ranspor ted  outside the cell resulting in low intracel lular  

drug levels and therefore low cytotoxicity.  Tsuruo et al. 
[31] repor ted that  the calcium channel  blocker ,  verapamil ,  
augmented  the cytotoxic effect of  A D R  on ADR-res is tant  
P388 cell lines by enhancing the intracel lular  accumulat ion 
o f  A D R  in ADR-res is tan t  cell lines. We have found that 
the activity of  both  A D R  and AD-32 are enhanced in a re- 
sistant HBTCL by s imultaneous exposure to verapamil .  

In summary we have found that  AD-32 differs from its 
parent  compound  in its effects on the clonal  fraction of  
cells in HBTCL. The l ipophi l ic  propert ies  of  AD-32, along 
with the enhanced activity of  this compound  when used 
over  pro longed  per iods  of  t ime and its activity against  
cells in the pla teau phase,  suggest that AD-32 could be use- 
ful in the management  of  patients with superficial  b ladder  
cancer. 
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