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Abstract:

Diazepam and chlorpromazine – psychotropic agents widely used for the amelioration of anxiety, depression, and psychosis, have

been found to affect cell proliferation. We have checked whether these drugs influence proliferation of endothelial cells and probably

angiogenesis process.

We have studied the effect of diazepam and chlorpromazine on proliferative activity and vascular endothelial growth factor (VEGF)

release from murine endothelial HECa10 cells cultured in vitro.

In conclusion, diazepam at concentration of 10��M had inhibitory action on the proliferation of endothelial cells in cultures.

Chlorpromazine at concentrations from 10�� to 10��M diminished the proliferative activity and secretion of VEGF into supernatants

of cultured cells.
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Introduction

Psychotropic drugs such as diazepam (DZ) and chlor-

promazine (CPZ) are widely used for the treatment of

anxiety, depression and psychosis. Some of these

agents possess non-neuronal activity such as influ-

ence on differentiation and proliferation of many cell

lines [15]. However, the effects of diazepam and

chlorpromazine on HECa10 cell proliferation have

not been studied yet. Their direct effects on mitotic

activity of normal and cancer cells have been well

demonstrated in vitro. Data on the impact of in vivo

treatment with psychotropic agents on the progression

of cancer are rare, but contribute to the fact that these

widely available drugs could serve as an important

addition to traditional cancer treatment.

It was proven that these drugs can fulfill anticancer

function through inhibiting cancer cell lines. Diaze-

pam diminished proliferation of primary astrocyte

lines, human breast cancer cell line BT-20, C6 glioma

cells, human melanoma M6 [15], and rat pituitary tu-

mor cells [11].

Chlorpromazine inhibited proliferation of L1210

leukemic lymphocytes [7] and osteoblastic cell func-

tion [15]. These authors indicated inhibitory effects of

phenothiazine derivatives (including CPZ) on bone in

vivo and osteoblast cells in vitro.
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CPZ inhibited C-6 astrocytoma cells in a dose-

dependent manner [13]. This and other calmodulin

blockers cross the blood-brain barrier and can be potential

medicaments in cancer of the central nervous system.

The growth of solid tumors, beyond their local pro-

gression and metastases, is dependent on angiogenesis

[17]. This is a complex process, which leads to forma-

tion of new vessels by capillary sprouting from pre-

existing vessels. Formation of these capillaries takes

place in physiological and pathological processes

such as: tumor growth and metastases [17]. Over 30

years ago, Judah Folkman put forward a hypothesis

regarding significance of tumor angiogenesis in the

development and metastatic spread of tumors and

a new means of treating cancer by inhibition of angio-

genesis [3, 4].

The most critical of this growth factors is vascular

endothelial growth factor (VEGF), a central promoter

of endothelial cell (EC) migration and proliferation,

required for forming new blood vessels. VEGF ex-

pression occurs in many tissues, but its receptors are

present only on EC [19].

The influence of diazepam and chlorpromazine on

EC proliferation has been partially investigated but

their effect on VEGF release from EC has not been

elucidated so far. The aim of our study was to evalu-

ate the effect of diazepam and chlorpromazine on pro-

liferative activity and VEGF release from the murine

endothelial cell culture (HECa10) in vitro.

Materials and Methods

Cell culture

The murine HECa10 cell line obtained from endothe-

lial cells of the mouse peripheral lymph nodes immor-

talized by transfection of plasmid with the gene for

the large T antigen of Simian virus 40 was used in the

experiments.

The continuous culture of endothelial cells was

maintained in culture flasks (Nunc EasY Flask

25 cm2, NUNC, Denmark). The cells were cultured in

RPMI 1640 medium (Sigma, USA) supplemented

with 25 mM Hepes buffer (Sigma, USA); 2 g/l sodium

bicarbonate (Sigma, USA); 50 �M 2-mercaptoethanol

(Serva, Germany); 4 mM L-glutamine (Sigma, USA);

100 U/ml penicillin and 100 �g/ml streptomycin solu-

tion (Sigma, USA); 0.1 mM MEM nonessential

amino acid solution (Sigma, USA); 1 mM sodium py-

ruvate (Sigma, USA); 10% heat-inactivated fetal calf

serum (FCS, Hungarpol). Endothelial cells were incu-

bated in so made complete RPMI at 37°C in the hu-

midified atmosphere of 95% air and 5% CO2. Twice

a week, prior to confluency, the cells were harvested

after a 2-min incubation in room temperature in the

presence of tripsin-EDTA (0.05 and 0.02% respectively)

in Hanks-balanced salt solution (Sigma, USA). The cells

were washed three times with complete RPMI and af-

ter the last centrifugation, they were seeded at 5 × 104

cells in 5 ml of fresh medium.

Experiment 1

The cells were subjected to the trypsinization process

as described above, suspended at 1 × 105 cells/ml in

complete RPMI and 50 �l aliquots of cell suspension

(5 × 103 cells) were placed in the wells of culture

chamber slides (Nunc TC Micro Well 96 F, NUNC,

Denmark). The cultures were incubated in 5% CO2

and at 37°C for 72 h and then diazepam and chlorpro-

mazine (Polfa, Warszawa, Poland) was added at the fi-

nal concentrations of 10–7, 10–6, 10–5 and 10–4M to

appropriate wells. The equal volume of RPMI me-

dium was added to the control wells. After 72 h incu-

bation endothelial cells were labeled using a cell pro-

liferation kit (EZ4Y, The 4th Generation Non-

Radioactive Cell Proliferation & Cytotoxity Assay;

BIOMEDICA). Colorimetric assay (EZ4U) based on

the reduction of substrate [(3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyl-tetrazolium bromide] (MTT) to

a formazan product by mitochondrial dehydrogenases

in living cells was used to measure the proliferative

activity of HECa10 cells. The optical density of each

sample was measured with a microplate reader at

450 nm. In many experimental studies this colorimet-

ric EZ4U test replaced the [3H]thymidine uptake as-

say to measure cell proliferation or survival in growth

factor or cytotoxicity assays.

Experiment 2

After trypsinization process the cells were suspended

at 3 × 105 cells/ml in complete RPMI and 50 �l ali-

quots of cell suspension (1.5 × 104 cells) were placed

in the assay wells of culture dishes containing 850 �l

of medium (Nunclon Multidish 24-wells, NUNC,

Denmark). Culture dishes were divided into two
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groups. Diazepam and chlorpromazine at the final

doses of 10–7, 10–6, 10–5 and 10–4 M were added to

the appropriate well of each group. The equal volume

of culture medium was added to the control samples.

The cultures were incubated (5% CO2, 37°C) for 72 h

and then the supernatants were collected, centrifuged

and stored at –20°C. Mouse vascular endothelial

growth factor kit (VEGF Immunoassay, Quantikine

M, R&D Systems, USA) was used to measure VEGF

concentration (sensitivity: 3 pg/ml; intraassay preci-

sion: CV < 8%). The optical density of each sample

was measured in microplate reader at 450 nm and the

sample values of VEGF were read from the standard

curve. Both experiments were performed tree times.

Statistical evaluation

The results are expressed as the means ± SEM. The

statistical significance of the observed differences

was tested with Student’s t-test or analysis of variance

followed by Snedecor F test; p values less than 0.05

were considered to be statistically significant.

Results

Experiment 1. Diazepam at a concentration of 10–4

M diminished significantly (p < 0.001) the prolifera-

tive activity of cells cultured for 72 h, compared with

control (Fig. 1). Chlorpromazine at concentrations of

10–6,10–5 and 10–4 M inhibited proliferation of endo-

thelial cells in 72-h cultures, as compared with control

(p < 0.001) (Fig. 2).

Experiment 2. Diazepam did not change the release

of VEGF into supernatants of endothelial cells cul-

tured for 72 h (p > 0.005) (Fig. 3).

Chlorpromazine decreased the release of VEGF

into supernatants of endothelial cells cultured for

72 h. We have shown its inhibitory effect at the con-

centrations of 10–5 and 10–4 M compared with control

(p < 0.001) (Fig. 4).

Discussion

Diazepam and chlorpromazine are indicated for treat-

ment of anxiety, depression or psychosis or to control
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the major side effects of chemotherapy. It has also

been evidenced that these drugs can play anticancer

function by inhibiting proliferation of many cancer

lines [15].

Proliferation of EC constitutes one key event in the

angiogenesis process, which is involved in tumor de-

velopment that can be regulated to a great degree by

VEGF. It has been proved that VEGF is responsible

for an increase in vessel density that leads to its faster

growth [2]. There is an increased expression of VEGF

receptors in tumor endothelial cells [18].

In the present study, we have demonstrated the

anti-proliferative effect of diazepam and chlorpro-

mazine on HECa10 endothelial cell lines in the 72-h

culture. Inhibitory effect of chlorpromazine at micro-

molar concentrations on angiogenesis process has al-

redy been reported [8]. No inhibitory influence of

CPZ on proliferation of these cells, has been observed

in that study, contrary to our findings. We have also

demonstrated that chlorpromazine strongly inhibits

VEGF release into supernatants of cultured endothe-

lial cells.

Diazepam has been found to inhibit many types of

cells but not endothelial cells so far. It inhibits other

than VEGF growth factors: basic fibroblast growth

factor, epidermal growth factor and platelet derived

growth factor [14]. These growth factors play an im-

portant role in the stimulation of cell proliferation, but

they are not as strong mitogenic peptides as VEGF.

We have indicated that diazepam inhibits EC prolif-

eration at high micromolar concentration, but has not

influenced the release of VEGF into supernatants of

HECa10 cell lines.

The antiproliferative activity of diazepam seems to

be a calcium-dependent process associated with a di-

rect peripheral benzodiazepine receptor (PBR) [1, 11].

The strong correlation between the antiproliferative

potencies of benzodiazepines and their binding con-

stants for the peripheral type of benzodiazepine sites

suggests that these sites may be involved in the con-

trol of cell proliferation. PBR is present in a variety of

tissues and vascular endothelial cells [20].

The PBR binding increases significantly e.g. in

brain tumors. There was two- to threefold increase in

the density of PBR in ovarian carcinoma as compared

to that of normal control tissues [10]. Ligands of the

PBR receptor are characterized by high affinity for

this receptor in some cancers e.g. astrocytoma [16].

The antiproliferative effect of chlorpromazine on

endothelial cells is likely to be associated with the in-

activation of the calcium-calmodulin complex [13].

Calmodulin (CaM) is an ubiquitous intracellular cal-

cium receptor involved in transducing a variety of ex-

tracellular signals that use calcium as a second mes-

senger. CaM itself has no intrinsic enzymatic activity

but modulates the activity of a variety of target en-

zymes and regulatory proteins [9].

There have been reports that these agents can act

alone or in combination with the established cancer

treatment [12]. They pointed out that diazepam in-

creased cytotoxic activity of etoposide (VP-16) on hu-

man glioma cell lines U-87 MG. Chlorpromazine is

cytotoxic to most malignant cells and can augment the

antiproliferative and cytotoxic effects of bleomycin

[6]. CPZ and other calmodulin inhibitors are effective

in enhancing cellular levels and cytotoxic effects of

doxorubicin in the resistant P388 cells [5]. A few phe-

nothiazine derivatives have been known to have more

potent therapeutic effects, than CPZ – which is a drug

with evident side effects. However, results obtained

by us in in vitro experimental model with CPZ and

DZ, cannot be transferred into clinical practice to pa-

tients with cancers because of side effects of high dos-

age of both drugs.

The results of our study can increase the knowl-

edge about the influence of the examined substances

on proliferation and on release of VEGF – the strong-

est promitogenic factor for the endothelial cells. Our

observations might give an insight into the process of

stimulation and inhibition of angiogenesis.
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