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Antitumor effectiveness of bleomycin on SA-1 tumor after 

pretreatment with vinblastine 
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Background. In our previous study, vinblastine (VLB) was shown to increase the plasma membrane f luid

ity. This effect oj VLB might be exploited far better transport oj drugs through the plasma membrane. The 

aim oj the present study was to determine whether pretreatment with VLB can increase the cytotoxic effect 

oj BLM on intraperitoneal SA-1 tumors in mice. 

Materials and methods. BLM and VLB were used as single agents ar in various combinations, i.e. BLM 

injected 24 h before VLB ar vice-versa, VLB injected 24 h before BLM. Celi and animal survival together 

with DNA histograms were the end-points used to determine the effect oj these combined treatments. 

Results. Both drugs, either as single treatment ar in different combined therapy schedules reduced signifi

cantly the number oj cel/s in peritoneal lavage, compared to control, saline treated animals. The combina

tion of VLB, followed by BLM after 24 h reduced significantly the number oj cel/s in peritoneal lavage, com

pared to the treatnzent in which BLM was followed by VLB ar to the treatment with single drugs alone. 

Median survival tirne oj mice treated with VLB alone, BLM alone and combination oj both drugs was sig

nificantly prolonged compared to the control untreated nzice. When VLB and BLM were combined, both 

treatment cornbinations were more effective than monochemotherapies with VLB ar BLM. The best results 

were obtained when VLB was followed by BLM after 24 h. The DNA histogram oj cel/s treated with VLB 

showed a decreased number oj cel/s in S plrnse and an increased number oj cel/s with DNA values greater 

than in G2M compartment cornpared to the control untreated cel/s. BLM in the dosage used in these exper

iments did not affect the progression oj cel/s through celi cycle. Both combinations oj VLB and BLM pro

duced similar celi kinetic effect as VLB alone. 

Conclusion. Fram these results we can conclude that the underlying mechanisms far enhanced antitumor 

effectiveness oj BLM when VLB was given 24 h before BLM could be attributed predominantly to an 

increased membrane fluidity and possibly a cell kinetic effect oj VLB. 
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Introduction 

The design of presently used combined 

chemotherapeutic schedules is based on the 
data derived from preclinical studies, phase I 

and II clinical studies. However, little atten
tion is paid to timing of drugs or possible 
interaction of drugs in a particular combined 

schedule. Both these factors could be crucial 

for the clinical effect of chemotherapy. The 
increasing knowledge and understanding of 
molecular mechanisms of drug-induced cyto
toxicity form the basis for rational planning 

of clinical chemotherapy. In our previous 
work, we studied mechanisms of action of 

vinblastine (VLB), an antimitotic alkaloid.1-3 

VLB exerts cytotoxic activity against various 

tumors and is, at present, used mainly in 
combined chemotherapeutic schedules for 

treatment of testis tumors, Hodgkin's and 

non-Hodgkin's lymphomas, breast carcino
mas, gastric carcinomas, squamous cell carci
nomas, and many others.4-

8 In our previous 

study, we have demonstrated that, beside 

other effects, VLB also increases the plasma 
membrane fluidity and, consequently, its per

meability.1 

Our rationale for the use of VLB in com

bined chemotherapeutic schedules is that 
pretreatment with VLB could facilitate the 
transport into the cell of another chemothera
peutic drug with a hampered transport 
through the plasma membrane. One of such 

drugs is bleomycin (BLM); therefore, studies 
combining BLM and VLB could be very inter

esting. BLM is highly cytotoxic drug when 
present inside the cells.9

,
10 It was shown that 

as little as severa! thousand molecules of BLM 

present inside the cell induce cell death.10

BLM is a water soluble glycopeptidic antibio

tic with limited antitumor effectiveness, used 
only in combined chemotherapeutic sched

ules in cancer treatment. The major reason 

for its limited antitumor effectiveness is the 

hampered transport of BLM through the plas

ma membrane. However, once inside the cell, 
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BLM is highly cytotoxic inducing single and 
double strand breaks of DNA. Therefore, the 
cytotoxicity of BLM is dependent on its intra
cellular concentration and also upon the 
membrane permeability, which influences 

the uptake of the drug.9,
10 In our previous 

study, we already demonstrated that pre
treatment with VLB significantly prolonged 

the survival of mice bearing SA-1 tumors 

treated with BLM, compared to the control 
groups.11 We presumed that the observed 
antitumor effectiveness was due to the 

increased uptake of BLM and possibly also to 

the cell kinetic effects of both drugs. 

Therefore, in this study, we further elaborated 
the effect of pretreatment with VLB on i.p. 
SA-1 tumors treated with BLM. Cell and ani

mal survival together with DNA distribution 
pattern were the end-points used for deter
mining the effect of this combined treatment. 

Materials and methods 

Drug Jormulation 

VLB (Vinblastine sulphate, Lilly France S.A.) 

was dissolved in 0.9% NaCl solution at a con
centration 2.5 µglml. BLM (Bleomycin, Mack, 

Germany) was dissolved in 0.9 % NaCl solu
tion at a concentration 500 µglml. Each ani

mal was injected i.p. with 0.5 ml of the drug 
solution. According to Freireich et al., the cor
responding doses for VLB in humans would 
be 0.2 mglm2 (0.005 mg/kg) and for BLM 

37 mglm2 (1.0 mglkg).12 

Animals 

Inbred A/J mice were purchased from the 

Rudjer Boskovic Institute (Croatia). Mice were 
maintained at a constant room temperature 
(22 °C) and natural day/night light cycle in a 

conventional animal colony. Before experi

ments, mice were subjected to an adaptation 

period of at least 10 days. Female mice in 

good condition, weighing 20-22 g, without 
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signs of infection, 10-12 weeks old, were 

included in the experiments. 

Tumor model 

Intraperitoneal (i.p.) SA-1 fibrosarcoma syn

geneic to A/J mice was used in the study. The 

tumor was maintained i.p. as ascites by serial 

transplantation once a week. Far induction of 

i.p. tumors, tumor cells from the donor

mouse were harvested by peritoneal lavage

with 4 ml of 0.9 % NaCl solution, washed and

resuspended at a concentration of 6 x 105 

cells/ml. Tumors were induced by i.p. injec

tion of 3 x 105 viable SA-1 cells in 0.5 ml 0.9 %

NaCl solution. Celi viability, determined by

Trypan dye exclusion test, was over 95%.

Treatment protocol 

Three days after tumor induction animals 

were randomly allocated into following 

groups: control (intraperitoneally treated 

with saline), VLB alone, BLM alone, VLB fol

lowed by BLM and BLM followed by VLB. The 

tirne interval between i.p. injection of the first 

and second drug was 24 h. In the case of 

monochemotherapy, 0.9 % NaCl was injected 

24 h after the first drug. Each experimental 

group consisted of at least 6 mice and the 

data were pooled from 2-3 independent 

experiments. 

Cell survival and flow cytomeh·y 

Far the measurements, tumor cells were har

vested by peritoneal lavage with 0.9 % NaCl 

24 h after the completion of therapy i.e. 48 

hours after the beginning of therapy. Tumor 

cells harvested from individual animals by 

peritoneal lavage were used far the determi

nation of both, the celi survival and DNA dis

tribution pattern. The effect of different treat

ments on celi survival was determined by 

counting the viable cells (Trypan dye exclu

sion test) in the peritoneal lavage of animals 

by means of hemocytometer. The results of 

celi survival were presented as a percentage 

of cells compared to the number of cells in 

the control animals. Far flow cytometry mea

surements, cells were centrifuged, resuspend

ed in citrate buffer solution and stored at 

-20 °C. Samples were then prepared according

to the manufacturers protocol (CycleTEST

PLUS, Becton Dickinson) and analysed using

FACSCalibur flow cytometer (Becton Dic

kinson). The flow cytometer was operated at

488 nm and, after pulse shape analysis and

gating on a cytogram of orthogonal vs. for

ward light scatter, a histogram of celi number

against red (DNA-PI) fluorescence was

recorded. Four different celi population were

determined, cells in Gi, S, G2M phases of celi

cycle and celi with values of DNA greater

than in G2M compartment.

Animal survival assay 

To determine the effect of BLM on the sur

vival of mice pretreated with VLB, the mice 

were treated according to the treatment pro

tocol and monitored far the day of death. 

Statistical analysis 

Data are represented as arithmetic means 

± s.e.m„ The significance of the effect was 

determined using Student's t-test after one

way analysis of variance was performed; the 

levels of less than 0.05 were taken as indica

tive of significant differences. Survival curves 

were plotted by the Kaplan-Meier method. 

The differences between the survival curves 

were determined by Log Rank test. 

Results 

Celi survival 

Cytotoxic effects of VLB and BLM as single 

treatments and in the combined treatment 

schedules on i.p. SA-1 tumors were deter-
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Table 1. Comparison of the survival of mice with i.p. SA-1 tumors treated with combination of VLB and BLM 
and as a single drug treatment 

p compared to 

Group Control VLB BLM BLM-24h-VLB 

VLB <0.0001 

BLM <0.0001 0.0051 

BLM-24h-VLB1 <0.0001 <0.0001 0.016 

VLB-24h-BLM2 <0.0001 <0.0001 0.003 0.0035 

1 BLM injected 24h before VLB 
2 VLB injected 24h before BLM 

mined 24 h after the completion of therapy by 

counting the cells in the peritoneal lavage of 

the mice. 

Both drugs, either as single treatment or in 

different combined therapy schedules 

reduced the number of cells in the peritoneal 

lavage significantly compared to the control, 
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saline treated animals (Figure 1). VLB as sin

gle treatment was more effective compared to 

BLM; however, the difference in the mean 

value was not statistically significant. 

The best results were obtained with combi

nation of VLB followed by BLM after 24 h. 

The combination of pretreatment with VLB 

T 

T * 

VLB-24h-BLM BLM-24h-VLB 

Figure l. Number of cells in the peritoneal lavage of mice treated with VLB, BLM, VLB followed by BLM (VLB-24 
h- BLM) and BLM followed by VLB (BLM-24h-VLB) presented as a percentage of number of viable cells in the peri
toneal lavage of the control untreated mice. Bars are arithmetic means ± standard errors of the means. * p<0.05. 
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Figure 2. Survival of mice treated with VLB, BLM, VLB followed by BLM (VLB-24h-BLM) and BLM followed by VLB 

(BLM-24h-VLB). Survival curves were plotted by the Kaplan-Meier method. 

followed by BLM reduced significantly the 

number of cells in the peritoneal lavage com

pared to the treatment in which BLM was fol

lowed by VLB or to the treatment with single 

drugs (Figure 1). 

Animal survival 

The antitumor effectiveness of VLB and BLM 

as single treatments and in the combined 

treatment schedules on i.p. SA-1 tumors 

were also determined on the survival of mice 

(Table 1, Figure 2). All treatments, VLB alone, 

BLM alone and combination of both drugs 

significantly prolonged median survival tirne 

of mice compared to the control untreated 

mice. When VLB and BLM were combined, 

both treatment combinations were more 

effective than monochemotherapies with 

VLB or BLM. The best results were obtained 

when VLB was followed by BLM after 24h. 

This treatment schedule resulted in the 

longest survival which was significantly bet

ter than in all other treatments (Table 1, 

Figure 1). 

Flow cytometry 

DNA histograms of the same samples that 

were used for measuring the cell survival 

were recorded by using FACSCalibur flow 

cytometer (Figure 3). The DNA histogram of 

cells treated with VLB showed a decreased 

number of cells in S phase and an increased 

number of cells with DNA values greater than 

in G2M compartment groups compared to the 

control untreated cells. 

BLM in the dosage used in these experi

ments did not affect the progression of cells 

through cell cycle. DNA histogram of the cells 

treated with BLM was in the same range as 

DNA histogram of the control untreated cells. 
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Figure 3. Percentage of cells in different compartment of celi cycle after the treatment of mice with VLB, BLM, VLB 
followed by BLM (VLB-24h-BLM) and BLM followed by VLB (BLM-24h-VLB). Bars are arithmetic means ± standard 
errors of the means. *p<0.05 compared to control and BLM treated animals, ilp<0.05 compared to VLB treated ani
mals, + p<0.05 compared to VLB treated animals and mice treated with combinations of VLB and BLM. 

Both treatment combinations of VLB and 

BLM increased thge number of cells in G1 

phase, decreased the number of cells in S and 

G2M phases of the cell cycle. In addition, both 

treatment combinations increased the num

ber of cells with DNA values greater than in 

G2M compartment, which was in the same 

range as the number of cells treated with VLB 

alone (Figure 3). 

Discussion 

Our study showed that pretreatment with 

VLB injected 24h before BLM enhanced anti

tumor effectiveness of BLM as determined by 

cell and animal survival of SA-1 tumor bear

ing mice. In spite of being widely used in var

ious multidrug chemotherapy settings,4,8,13,14 

to our best knowledge, there is no studies 

exploring the role of timing of VLB and BLM. 

VLB and BLM have different mechanisms 

of action. VLB interferes with the polymeriza

tion of tubulin, a protein which is involved in 
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the formation of mitotic spindle microtubules 

and also an important component of cytos

keleton. In accordance with its effect on 

mitotic spindle microtubules, VLB blocks the 

cells in the metaphase of mitosis and thus 

acts as a cell synchronizing agent.15 In addi

tion, Madoc-Jones et a/. reported on lethal ac

tion of VLB in interphase with the concentra

tions higher than those producing mitotic 

arrest.17 The effect on cytoskeleton, however, 

might influence, beside the structures neces

sary for cell division, also the structures in 

the cell membrane. In our previous experi

ments using the same tumor model as in this 

study, we demonstrated that VLB increased 

plasma membrane fluidity as measured by 

electron paramagnetic resonance.1 The same 

phenomenon was demonstrated in patients 

with squamous cell carcinoma and soft tissue 

sarcoma.2,
3 The results of both, experimental 

and clinical studies, suggested that VLB 

might be used for the enhancement of drug 

transport into the tumor cells. To prove this 

hypothesis, we tested the effectiveness of 
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VLB and BLM alone and in different combi
nations on the same tumor model as in the 
previous study.11 The end-point used was ani
mal survival. The results of that study showed 
that the best survival was obtained in mice 
treated with VLB 24 h before BLM. The obser
ved effect was attributed to the increased 
plasma membrane fluidity and cell kinetic 
effect.11 In the present study, we wanted to 
elucidate the mechanisms of this combina
tion on the same tumor models, same drug 
combinations and at the same dosage of the 
drugs used by studying, beside animal sur
vival, also cell survival and DNA distribution 
pattern. The animal survival experiments in 
the present study confirmed the results of 
previous experiments.11 Again, the longest 
survival was obtained when VLB was given 
24 h before BLM. In addition, this combined 
schedule also significantly reduced the cell 
survival compared to all three other treat
ments and to the control untreated tumors. In 
contrast, the survival of cells when BLM was 
followed by VLB did not significantly differ 
from the cell survival after treatment with 
single drugs. Therefore, the survival of cells 
did not match the survival of animals in this 
group. The survival of animals treated by 
BLM followed by VLB was better than the sur
vival after monochemotherapies with VLB or 
BLM and worse than the survival of animals 
after treatment with VLB followed by BLM. 
One possible explanation for the discrepancy 
between the cell and animal survival after 
BLM followed by VLB is that cell death 
occurred later than 24 h after the completion 
of therapy, which was the tirne point for mea
suring cell survival in our experiments. 

This increased effect of chemotherapy 
could be the result of either an increased plas
ma membrane fluidity or a cell kinetic effect 
caused by VLB or a combination of both 
effects. In our previous study, we found that 
VLB increases membrane fluidity of SA-1 
tumor cells; we therefore assumed that this 
could be exploited to facilitate BLM uptake 

into the cells. To prove that an increased plas
ma membrane fluidity facilitates better accu
mulation of BLM in the cells, a measurement 
of BLM concentration in the cells after VLB 
treatment would be necessary. In our previ
ous clinical studies using 99mTc labeled BLM 
(Tc-BLM), we showed that an increased accu
mulation of Tc-BLM was found in the tumors 
from approximately 24-48 h after the infusion 
of VLB.8,

16 In addition, our preliminary exper
iments using absorption spectroscopy for the 
quantification of cisplatin within the tumor 
cells showed a 4-fold increase of cisplatin 
after the pretreatment with VLB, compared to 
the treatment with cisplatin alone or when 
cisplatin was followed by VLB (Čemažar et al.,

unpublished <lata). 
A cell kinetic effect of VLB was praven by 

DNA single cell measurement. Cell kinetic 
effect of VLB seems to be dose dependent. 
Higher doses prolong the transition of cells 
through S phase, whereas lower doses, as 
used in the present study, increased the num
ber of cells with DNA values greater than in 
G2M phase of cell cycle.17-19 BLM is reported 
to be the most effective in G2M and G1 and 
less in S phase of the cell cycle.20 However, in 
the present study, the effect of BLM on the 
cell cycle was not demonstrated. One possible 
explanation for that could be high BLM <lose 
used in our experiments which caused cell 
death in all phases of the cells cycle and 
therefore did not have the effect on the accu
mulation of the cells in a particular phase of 
the cell cycle. Both treatment combinations of 
VLB and BLM were effective in reducing cell 
survival which was reflected in DNA his
tograms as a decreased number of cells in S 
and G2M phases of the cells cycle and a rela
tive increase in the number of cells in the G1 

compartment of the cell cycle. 
In conclusion, based on the known proper

ties of VLB and BLM, we can assume that in 
the present study, predominantly an incre
ased membrane fluidity and, possibly to a 
lesser extent, an accumulation of cells in 
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BLM-sensitive phases of cell cycle induced by 
VLB is responsible for the best effect of VLB 
and BLM combination in which VLB preced
ed BLM for 24 h. Our study also shows that 
understanding the interactions of agents in 
combined chemotherapeutic schedules could 
lead to a better planning and timing of drugs 
in clinical chemotherapy. 
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