
Radio/ Oncol 1997; 31: 364-67. 

Vinblastine increases antitumor effectiveness of bleomycin 
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In our previous study, vinblastine (VELBE) was shown to increase the plasma membrane fluidity. This effect 
of VELBE might be exploitedfor better transport of drugs through the plasma membrane. Bleomycin (BLM) 
is a highly cytotoxic drug when present inside the cells but has a hampered transport through the plasma 
membrane. The aim of the present study was to determine whether pretreatment with VELBE can increase 
the effect of BLM on intraperitoneal SA-1 tumors in mice. BLM and VELBE were used as single agents or in 
various combinations, i.e. VELBE and BLM injected simultaneously, BLM injected 24 h before VELBE or 
VELBE injected 24 h before BLM. Mice survival was the end-point used for determining the effect of this 
combined treatments. VELBE and BLM as a single treatment significantly prolonged median survival tirne of 
study animals compared to controls. Furthermore, when VELBE and BLM were combined, all three tested 
combinations were more effective than VELBE or BLM as single treatments. The effect on animal survival 
was equal when VELBE was given 24 h after or simultaneously with BLM. The longest survival, however, 
was obtained when VELBE was injected 24 h before BLM. From these results we can conclude that the 
underlying mechanisms for more than additive effect of VELBE and BLM when VELBE was given 24 h before 
BLM could be attributed to an increased membrane fluidity, possibly in combination with a cell kinetic 
effect. 
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Introduction 

Vinblastine (VELBE) is an antimitotic alkaloid iso­
lated from periwinkle plant Catharanthus roseus G. 
Don (Vinca rosea L.). It exerts cytotoxic activity 
against various tumors and is presently used mainly 
in combined chemotherapeutic schedules for treat­
ment of testis tumors, Hodgkin's and non-Hodg­
kin' s  lymphomas, breast carcinoma, gastric carci­
nomas, squamous cell carcinoma, thyroid carcino­
mas, sarcomas and many others. 1•5 

Most presently used combined chemotherapeutic 
schedules are designed empirically. However, the 
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increasing knowledge of mechanisms of action of 
cytotoxic drugs forms the basis for rational plan­
ning of clinical chemotherapy. In our previous study 
we have demonstrated that VELBE increases the 
plasma membrane fluidity and consequently its per­
meability.6 Therefore, the rationale of the use of 
VELBE in combined chemotherapeutic schedules 
would be that VELBE is administered before an 
agent which has a hampered transport though the 
plasma membrane. One of such agents is bleomy­
cin (BLM), a highly cytotoxic drug when present 
inside the cells.7 It was shown that as little as sever­
a! thousand molecules of BLM present inside the 
celi induce celi death.x Based on these properties of 
VELBE and BLM we conducted a study with the 
aim to determine the effect of BLM on i.p. SA- 1 
tumors pretreated with VELBE. Animal survival 
was the end-point used for determining the effect of 
this combined treatment. 
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Materials and methods 

Drug formulation 

VELBE (Vinblastine sulphate, Lilly France S.A.) 
was dissolved in 0.9% NaCl solution at a concen­
tration 2.5 µglml. BLM (Mack, Germany) was dis­
solved in 0.9 % NaCl solution at a concentration 
500 µglml. The drugs were injected intraperitoneal­
ly in 0.5 ml. According to Freireich et al., the 
corresponding doses for VELBE in humans would 
be 0.2 mg/m2 (0.005 mg/kg) and for BLM 37 mg/m2 

(1.0 mg/kg).9 

Animals 

Inbred A/J mice were purchased from the Rudjer 
Boskovic Institute (Croatia). Mice were maintained 
at a stable room temperature (24°C) and natura! 
day/night Iight cycle in a conventional animal colo­
ny. Before experiments, mice were subjected to an 
adaptation period of at least 10 days. Mice of both 
sexes in good condition, weighing 20-22 g, without 
signs of infection, 10-12 weeks old, were included 
in the experiment. 

Tumor model 

Intraperitoneal (i.p.) SA-1 fibrosarcoma syngeneic 
to A/J mice was used in the study. The tumor was 
maintained i.p. as ascites by serial transplantation 
once a week. For induction of i.p. tumors, tumor 
cells from the donor mouse were harvested by peri­
toneal Iavage 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. injection 
of 3 x 105 viable SA-1 cells in 0.5 ml 0.9 % NaCl 
solution. Celi viability, determined by 
sion test, was over 95 %. 

Study design 

dye exclu-

To determine the effect of BLM on i.p. SA-1 tumor 
pretreated with VELBE, mice were treated with 
VELBE (2.5 µg/mouse) and 24 hours later with 
BLM (250 µg/mouse). The control groups were as 
follows: a group without treatment (same proce­
dure; injected with 0.9 % NaCl solution instead of 
VELBE or BLM), groups treated with VELBE or 
BLM as single treatment, a group treated with 
VELBE and immediately afterward with BLM (si­
multaneously), and a group treated with BLM 24 h 

before VELBE. Each experimental group consisted 
of 10 mice. 

Statistical analysis 

Survival curves were plotted by the Kaplan-Meier 
method and the differences between the survival 
curves were determined using the log-rank test. 

Results 

The effect of BLM and VELBE injected in different 
combinations on SA-1 tumors was evaluated by 
animal survival. VELBE and BLM as single treat­
ment significantly prolonged median survival tirne 
of animals compared to controls (Table 1. 2. , Fi­
gure 1.) .  Furthermore, when VELBE and BLM were 
combined, ali three tested combinations were more 
effective than VELBE or BLM as single treatments. 
The effect on animal survival was equal when 

Table l. A ntitumor effect of VEL BE and BL M treatment 
on SA -1 i.p. tumors. 

Group n median survival tirne 
(days) 
control 10 
VEL BE 10 
BL M 10 
BL M-24h-VEL BE' 10 
BL M-Oh-VEL BE2 10 
VEL BE-24h-BL M' 10 
1 BLM injected 24 h before VELBE 
2BLM and VELBE injected simultaneously 
' VELBE injected 24 h before BLM 
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Figure l. Effect of BL M and VEL BE injected in different 
combinations on survival of mice with i.p. SA -1 tumors. 
Each experimental group consisted of 1 O mice. The survival 
curves were plotted by the Kaplan-Meier method. 
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Table 2. Comparison of survival of mice with i.p. SA-1 tumors treated with VELBE and BLM injected in different 
combinations. 

Group control 

BLM 0.001 1 
VELBE 0.0092 
BLM-24h-VELBE1 <0.0001 
BLM-0h-VELBE2 <0.0001 
VELBE-24h-BLM3 <0.0001 

1 BLM injected 24 h before VELBE 
2BLM and VELBE injected simultaneously 
' VELBE injected 24 h before BLM 

BLM 

0.0042 
<0.000 1 
<0.0001 
<0.000 1 

VELBE was given 24 h after or simultaneously 
with BLM. However, the longest survival was ob­
tained when VELBE was injected 24 h before BLM. 

Discussion 

Our study showed that VELBE administered 24 h 
before BLM increased BLM antitumor effective­
ness on i.p, SA-1 tumors in mice. 

This study was based on the results of our previ­
ous study showing that VELBE increases the plas­
ma membrane fluidity of SA-1 tumor cells at low 
doses which do not affect cell viability.6 Membrane 
fluidity was increased already 0.5 h after VELBE 
treatment with the maximum values at 24 and 48h. 
Therefore, in the present study aiming to determine 
the influence of pretreatment with VELBE on BLM 
effectiveness we have used a schedule with a 24 h 
tirne interval between the two drugs. The antitumor 
effectiveness was evaluated on the same tumor mod­
el, i.e. SA-1 fibrosarcoma, as in our previous study.6 

VELBE and BLM have different mechanisms of 
action. VELBE interferes with polymerization of tu­
bulin, a protein which is involved in formation of 
mitotic spindle microtubules and is also an impor­
tant component of cytoskeleton. In accordance with 
its effect on mitotic spindle microtubules, VELBE 
blocks the cells in the metaphase of mitosis and thus 
acts as a cell synchronizing agent.10 The effect on 
cytoskeleton, however, might influence the plasma 
membrane fluidity. On the other hand, BLM acts 
directly on DNA inducing single and double strand 
DNA cleavage produced by a C-4' deoxyribose hy­
droperoxide, which is the result of radical abstrac­
tion. 7 An additive effect was obtained when VELBE 
and BLM were given simultaneously or when BLM 
was injected 24 h before VELBE. In contrast, more 
than additive effect was obtained when VELBE was 
given 24 h before BLM. This increased effect of 

p compared to 

VELBE BLM-24h-VELBE BLM-0h-VELBE 

<0.0001 
<0.0001 0.66 13  
<0.0001 <0.0001 <0.0001 

chemotherapy could be the result of either an in­
creased plasma membrane fluidity or a cell kinetic 
effect caused by VELBE or a combination of both 
effects. In our previous study we found that VELBE 
increases membrane fluidity of SA-1 tumor cells and 
thus we assumed that this could be exploited to 
facilitate BLM uptake into the cells.6 To prave that 
increased plasma membrane fluidity facilitates bet­
ter accumulation of BLM in the cells, a measure­
ment of BLM concentration in the cells after VELBE 
treatment would be necessary. In order to facilitate 
the transport across the plasma membrane other 
methods were used in addition, such as electropora­
tion. 8· 1 1  In the study of Poddevin et al. , an increased 
accumulation of Co labeled BLM was determined 
after electroporation of plasma membrane. 11 In our 
previous clinical studies using 99mTc labeled BLM 
(Tc-BLM) we showed that an increased accumula­
tion of Tc-BLM was found in the tumors from ap­
proximately 24-48 h after infusion of VELBE.5•12 In 
addition, a cel! kinetic effect of VELBE was praven 
by DNA single cel! measurement.'2 During the peri­
od of increased Tc-BLM an accumulation of cells in 
S and G2/M compartments of the celi cycle was 
demonstrated. Cell kinetic effect of VELBE seems 
to be dose dependent. Higher doses prolong the tran­
sition of cells through S phase, whereas lower doses 
stopped the cells in the G2/M compartment. 13 BLM 
is reported to be the most effective in G2/M and G 1 
and less in S phase of the cell cycle. 14 Based on 
these properties of VELBE and BLM, we assumed 
that in the present study, a combination of increased 
membrane fluidity and accumulation of cells in 
BLM-specific phase of cell cycle could be responsi­
ble for the best effect of VELBE and BLM combina­
tion in which VELBE preceded BLM by 24 h. 

In conclusion, understanding of interactions of 
agents in combined chemotherapeutic schedules 
could lead to better planning and timing of drugs in 
clinical chemotherapy. 
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