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Abstract:

Maleimide derivative (MD, 1-(4-Cl-benzyl)-3-Cl-4-(CF -phenylamino)-1H-pyrrole-2,5-dione) is an inhibitor of a number

of protein kinases and proliferative activity of tumour cells. A study of potential anticancer drug effects on different
systems of the organism, including the hemopoietic system, is an urgent issue. The aim of the present study was to
investigate MD effects on rat blood cells parameters. It was found that daily treatment with MD for 25 days (2.7,0.027,
0.00027 mg/kg) does not significantly affect the erythroid parameters of rats. However, MD at 2.7 and 0.027 mg/kg
slightly increased and at 0.00027 mg/kg decreased the erythrocytes mean volume. MD at 0.00027 mg/kg did not
affect the number of blood leukocytes. MD at 2.7 and 0.027 mg/kg reduced the leukocytes count by decreasing the
absolute number of the neutrophylic and eosinophylic granulocytes and monocytes. Thus, the MD-induced effects
on the erythrocytes and thrombocytes parameters do not restrict its application as an antitumor drug in indicated
doses. However, it is necessary to control the leukocytes count to detect the occurrence of leukopenia during MD

therapy.
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INTRODUCTION

Changes of the regulatory protein kinases activity in the
cells may evoke uncontrolled proliferation and as a result
the development of oncological disorders [1]. The revealing
of mutated protein kinases in numerous tumours stimulated
the search for new medicinal substances to inhibit these
protein kinases and suppress tumuor growth. Successful
application of the tyrosine kinase inhibitor imatinib for the
treatment of chronic myeloid leukemia was a starting point
for development of the target therapy as a promising theme
in oncology. The search for monoclonal antibody (mAb) or
small molecules blocking kinase-substrate interaction, or its
adenosine triphosphate binding site, resulted in the creation
of drugs such as: trastuzumab (mAb) for human epidermal
growth factor, receptor 2 (HER2-protein)) for the treatment
of breast cancer, bevacizumab (mAb for vascular endothelial
growth factor A) for the treatment of metastatic colorectal
cancer, gefitinib (inhibitor of tyrosine kinase domain for the
epidermal growth factor receptor) for treatment of lung and
colorectal cancer, etc. Such target therapy has a number of
advantages including high specificity and low side effects (it
does not affect normal proliferating cells) [2].

The inhibitor of some protein kinases, YES (Yamaguchi
sarcoma viral oncogene homolog 1), Src(h) (Rous sarcoma
oncogene cellular homolog), ZAP70 (Zeta-chain-associated
protein kinase 70), Syk(h) (Spleen tyrosine kinase), PDK1
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(3-phosphoinositide-dependent kinase 1), etc. Maleimide
derivative (MD) (1-(4-Cl-benzyl)-3-CI-4-(CF,-phenylamino)-
1H-pyrrole-2,5-dione) (fig.1) was synthesized by scientific
production at the Chemical-Biological Centre of Taras
Shevchenko National University in Kiev [3, 4].
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Figure 1 Maleimide derivative 1-(4-Cl-benzyl)-3-Cl-4-(CF -phenylamino)-1H-

pyrrole-2,5-dione.

It was shown that MD in the concentration of 100 uM
inhibited proliferation of human tumour cells in vitro (breast
cancer, non-small cell lung cancer and neuroblastoma cell lines)
by more than 68% [5]. Also, MD suppressed the growth of cancer
cells (human lung adenocarcinoma epithelial cells line A-549,
the line of the cells resistant to interferon in the concentration
of 1,0000 MO/ml A-549-R, human colonic adenocarcinoma
cell line SW-620). The growth of cell line SW-620 and line of



the cells resistant to interferon were the most sensitive to MD.
LD,, of MD for the white outbred rats is 500 mg/kg (per os).
This is why MD is a slightly toxic substance, belonging to third
(from 151 to 5,000 mg/kg) class hazard) [4].

Thus, MD is a potential compound for application in clinical
practice. It may be used for the treatment of oncological
disorders, especially of the gastrointestinal tract, and in the
case of tumours resistant to interferon.

The protein kinases YES, Src(h), ZAP70, Syk(h), PDK1, etc.,
play an important role in the proliferation, differentiation and
functioning of normal cells, including hemopoietic cells [6-8].
Therefore, the application of the inhibitor of these protein
kinases may affect blood cells production, differentiation and
functions. Thus, a study of potential anticancer drug effects on
different systems of the organism, including the hemopoietic
system, is an urgent issue. The aim of the present study was to
investigate the effects of MD (1-(4-Cl-benzyl)-3-Cl-4-(CF,-
phenylamino)-1H-pyrrole-2,5-dione) on standard blood cells
parameters in healthy rats.

MATERIALS AND METHODS

The experimental design was approved by the Animal
Ethics Committee of Taras Shevchenko National University in
Kiev. Experiments were performed according to the European
Communities Council Directive of 24 November 1986
(86/609/EEC) for the use and care of experimental animals.
The experiments were carried out on 20 white outbred male
rats (130-160 g). The animals were kept in colony cages with
free access to food and tap water, under standardized housing
conditions. The rats were divided into 4 groups: a control group
and 3 experimental groups which were treated daily with MD
(1-(4-Cl-benzyl)-3-Cl-4-(CF,-phenylamino)-1H-pyrrole-2, 5-
dione) for 25 days, respectively, in the doses 0.00027, 0.027
and 2.7 mg/kg dissolved in 0.2 ml of sunflower oil, per os. The
control group was given 0.2 ml sunflower oil. The doses of MD
were selected according their effectiveness against tumour cells
proliferation in cell culture studies. MD at 0.00027 mg/kg
corresponds to the minimal inhibitor activity against cell
proliferation, at 0.027 mg/kg— 50% inhibitor activity (IC50),
at 2.7 mg/kg — maximal inhibitor activity (90%) [4, 5].

The effects of MD were tested at different doses on blood
cells parameters in healthy rats. The blood was collected into
test tubes with EDTA the day after the last administration of
MD. The quantitative blood parameters, involving the number
of erythrocytes, hemoglobin, hematocrit, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), coefficient
of variation of the red cell volume distribution width (RDW-
CV), number of leukocytes, number of platelets, mean platelets
volume (MPV), and platelets distribution width (PDW) were
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determined using cells counter Sysmex F-800. Differential
analysis of leukogram was performed by Pappenheim’s blood
smears staining, calculating 200 cells.

The data were statistically processed using one-way ANOVA
followed by the post-hoc Dunnett’s test using SPSS 16.0 for
Windows. Regression analysis was used for study of dose-
response effect of maleimide derivative on blood cells.

RESULTS

Administration of MD at 0.00027, 0.027 or 2.7 mg/kg for
25 days did not affect the parameters of red blood cells in rats:
the number of erythrocytes, hematocrit, hemoglobin, MCH,
MCHC, RDW-CV. However, one-way ANOVA test showed
MD effect on MCV (p<0.01). The analysis of differences
in experimental groups vs. control group (Dunnett’s test)
revealed that MD at 0.00027 mg/kg slightly reduced MCV
(p=0.07), but at 0.027 and 2.7 mg/kg tended to increase
it (p=0.2), but the difference was not significant in both
cases. Since increasing the MCV was common for 0.027 and
2.7 mg/kg experimental groups we combined data from these
groups into a single one to confirm these changes. ANOVA
(p<0.01) and Dunnett’s tests (p=0.08) confirmed the trend
of MCV increasing in experimental groups treated with MD at
0.027 and 2.7 mg/kg. The regression analysis showed positive a
dose-dependent effect on MCV with coefficient determination
R=0.66 (R Square=0.43).

Treatment with MD for 25 days did not affect the leukocytes
count in any of the experimental groups. However, one-way
ANOVA test showed a trend towards reduction of total
leukocytes count (p=0.051), eosinophilic (p<0.05) and
neutrophylic (p=0.09) granulocytes and monocytes (p=0.1).
Analysis of individual data showed that MD at 0.027 and
2.7 mg/kg reduced leukocytes count in more than 50% of rats
vs. control group. As a confirmation of present data, we found
reduced leukocytes count after treatment with MD at 5 mg/kg
(data not shown). Since the leukocytes level is an important
parameter of the organism condition, we combined data from
experimental groups treated with MD at 0.027 and 2.7 mg/kg
into a single group for MD effect analysis. One-way ANOVA
test confirmed the influence of MD on total leukocytes count
(p<0.05), eosinophilic (p<0.01) and neutrophylic (p<0.05)
granulocytes and monocytes (p<0.05). Reduction of these
parameters in the combined group vs. the control group was
confirmed by Dunnet’s test (p<0.05). Regression analysis
showed a dose-dependent effect of MD on total leukocytes
count (coefficient determination R=0.59, R Square=0.35),
eosinophilic granulocytes (R=0.76, R Square=0.58) and
monocytes (R=0.50, R Square=0.25).

MDat 2.7,0.027 and 0.00027 mg/kg did not affect thrombo-
cytes parameters: platelet number, MPV and PDW (Table 1).

Table 1 Effects of maleimide derivative on rat blood cells parameters, 2SEM (per os, for 25 days).
Group Leukocytes, Red blood Hemo- Hematocrit MCV, MCH, MCHC, RDW-CV, Platelets, PDW, MPV,
x10%/1 cells, x10'%/1  globin g/I % fl pg g/l % x10%/I fl fl
Controlgroup  13.87+£0.67 6.30+0.19  120.5+2.59 33.05£1.06 52.45+0.49 19.15£0.26 365.3+5.83 18.52+0.50 736.7469.65 8.62+0.18 8.10+0.08
0.00027mg/kg  14.70+0.49  6.39£0.18  114.31£3.84 32.00+0.51 50.13+0.67 17.93+0.97 357.7+15.34 16.831£0.93 681.0+41.02 9.13£0.75 8.47+0.57
0.027 mg/kg 10.43£2.00 6.44+0.42 118.8£5.12 34.70+1.87 54.08+1.01 18.70+1.34 345.5+22.69 18.73+£0.37 787.7+34.97 9.03+0.89 8.30+0.42
2.7 mg/kg 10.20+1.78  5.88+0.16  114.2+3.64 31.72+0.94 53.90+0.39 19.42+0.52 360.6+10.70 18.60+0.41 705.4+32.35 8.78+0.23 8.22+0.15
MCV - mean corpuscular volume; MCH — mean corpuscular hemoglobin; MCHC - mean corpuscular hemoglobin concentration; RDW-CV - coefficient of variation
of red cell volume distribution width; MPV — mean platelets volume; PDW - platelets distribution width.
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Table2 Effects of maleimide derivative on rat leukogram parameters, +SEM (per os, for 25 days).
Group Band neuthrophils, Segmented neutrophilic Lymphocytes Monocytes Eosinophilic granulocytes
granulocyte
% x10%1 % x10%1 % x10%1 % x10%1 % x10%1

Control group 0.92+0.33 0.13£0.05 18.92+2.63 2.65+0.47  69.42+3.07 9.56+0.41 7.08+0.85 1.00+£0.17 3.67£0.53 0.50+0.07
0.00027 mg/kg 0.33+0.29 0.05+0.05 13.00£1.80 1.91+0.32 76.00£2.63  11.19+0.76 6.00+1.52 0.87£0.24 4.67+0.58 0.684+0.08
0.027 mg/kg 0.38+0.24 0.03£0.02 13.75£1.31 1.41£0.14 77.25£2.83 8.09+1.04 5.75+1.05 0.59+0.09 2.88+0.83 0.31+0.10
2.7 mg/kg 0.70+0.34 0.06+0.03 18.80+3.37 1.71+£0.14 71.60+4.26 7.58+1.69 5.60£0.91 0.54+0.09 3.20+0.78 0.30+0.06

Thus, MD-induced effects on the erythrocytes and
thrombocytes parameters do not restrict its application as
an anti-tumour drug at the indicated doses. However, it
is necessary to control the leukocytes count to detect the
occurrence of leukopenia during MD therapy.

DISCUSSION

The main purpose of the pre-clinical studies was to obtain
preliminary efficacy, toxicity, safety and pharmacokinetic
information on the studied substance in vitro and in vivo.
Determination of the toxicity of the studied chemical
substances is a very important and reponsible stage of the pre-
clinical studies. The choice of the medicinal doses, treatment
regime, therapy strategy and effectiveness will depend on
that.

Hemopoietic tissue belongs to the highly proliferative
tissues. The pool of the hemopoietic precursor cells and the
mature blood elements are in dynamic equilibrium where
the death and destruction of mature cells is balanced by
constant production and entry of the cells into the blood. On
average, from 200-400 million blood cells are destroyed and
formed during 24 hours in an adult organism. The destructive
impact on the hemopoiesis is accompanied by cell death, cell
differentiation and maturation disorder, activation of the stem
cells which under normal conditions are non-activated.

Studies of the effects of protein kinase inhibitors MDs on
blood cells are scarce. For instance, it is known that eosin-5-
maleimide is bound with erythrocyte membrane proteins of
band 3 and band 4.1 [9], and that feature is used to diagnose
hereditary disorder of the erythrocyte membranes [10].

MD is specifical inhibitor of PDK1 (phosphoinositide-
dependent) serine-threonin protein-kinase that phosphorylates
anumber of other protein kinases (e.g. A, G, C, B) which are
important for hemopoietic cells differentiation [6, 11]. Protein
kinase C is known to play a significant role in erythrocytes
functions [12]. Activation of protein kinase Cin erythrocytes
causes exposure phosphatidylserine, cell shrinkage and
suicidal death of erythrocytes (eryptosis) [13]. Staurosporine,
known as a natural inhibitor of the protein kinase C, prevents
the appearance of phosphatidylserine in the outer layer of
the erythrocyte plasma membrane [14]. Phagocytosis of
erythrocytes by macrophages occurs via activation of protein
kinase B/Akt, protein kinase C and phosphtidylinositol-3-
kinase [15]. Thus, protein kinase C plays a significant role in
erythrocytes differentiation, function, and death. MD may
affect protein kinase C via PDK1-protein kinase. The changes
of erythrocyte volume obtained in our study may be connected
with the changes in protein kinase C activity.

N-ethylmaleimide is a thio-alkylating agent causing an
increase in the internal concentration of Ca" ions by their
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entry into the rat neutrophiles from the external medium [16].
Therefore, an increase in Ca?" ions in cytosole affects both
functional activity of neuthrophilic granulocytes and apoptosis
of these cells [17, 18]. Activation of neutrophilic granulocytes
with following bacteria absorption is accompanied by Syk-
kinase activation [19]. Src, Syk, PI3-kinase and Erk suppress
spontaneous apoptosis of neutrophilic granulocytes [20].
Since the MD is an inhibitor of Src, Syk, PDK1 kinases, the
tendency revealed in the present study to change the number
of neutrhophilic granulocytes in the blood might be connected
to apoptosis activation.

The decreased number of monocytes after MD treatment
shown in our study might be related to PDK1 inhibition which
is necessary for monocytes differentiation [21]. Moreover,
Syk, Src-related kinases and PI3-kinase (activate PDK1) play
important roles in monocytes and macrophages phagocytosis
[25], and their inhibition may impact on this function and
needs further investigation.

Other maleimide derivatives (1-[6-[[17beta-3-methoxyestra-
1,3,5(10)-trien-17-yl-Jaminolhexyl ][ IH-pyrrole-2,5-
dione, inhibitor of phosphlipase C) inhibit the transfer of
phospholipids from very low density lipoproteine (VLDL)
to thrombocytes during their activation [22]. In our study,
MD had neither quantitative nor qualitative effects on
thrombocytes parameters. Thus, the effects of MD on the
activity of these cells needs further investigation.

Thus, administration of MD for 25 days in the doses of 2.7,
0.027,0.00027 mg/kg showed an insignificant impact on the
rat blood parameters, which does not restrict application of
this compound as a potential anti-tumour drug.

CONCLUSIONS

1. Administration of MD (1-(4-Cl-benzyl)-3-Cl-4-(CF,-
phenylamino)-1H-pyrrole-2,5-dione) at 2.7, 0.027,
0.00027 mg/kg does not affect the parameters of the
erythrocytic lineage, viz., erythrocytes number, hemoglobin,
hematocrit, mean hemoglobin content in erythrocyte, mean
hemoglobin concentration in erythrocyte, or the coefficient
of variation of the red cell volume distribution width. MD
at 2.7 and 0.027 mg/kg slightly increased and at 0.00027
mg/kg decreased the erythrocytes mean volume.

2.MD at 0.00027 mg/kg does not affect the blood leukocytes
number, but at 0.027 and 2.7 mg/kg influences the
total leukocytes count, eosinophilic and neutrophylic
granulocytes and monocytes. These parameteres should
be monitored under MD application.

3. Treatment with MD (2.7, 0.027 and 0.00027 mg/kg) for
25 days does not affect thrombocytes parameters, viz.,
thrombocytes count, mean volume and volume distribution

width.
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