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Abstract

Purpose: The in vivo and in vitro antitumor activities of hydroxyurea derivative Schiff bases (SBs) metal
complexes were investigated in immortalized human colon cancer cell lines (HT-29 cells) and rat
models.

Methods: For the in vitro studies, three concentrations (5, 10, and 20 uM) of the 1-hydroxy-3-(E)-
pyridine-3-ylmethylidene urea derivative SB (L)-metal complexes (L-Cd, L-Cu, L-Zn) were used to
determine the viability of HT-29 cell line with dimethylsulphoxide (DMSO) as control. On the other hand,
colorectal cancer was induced with subcutaneous administration of azoxymethane (AOM; 15 mg/kg) in
35 Wistar albino rats, which were assigned to five treatment groups consisting of DMSO (negative
control), cisplatin (15 mg/kg, positive control), AOM + L-Cd (25 mg/kg), AOM + L-Cu (25 mg/kg) and
AOM + L-Zn (25 mg/kg) groups, respectively. Tumor formation was observed by macroscopic and
microscopic examinations.

Results: Tumour formation was not observed in the positive control group. The rats treated with AOM
(excluding L-Cu and cisplatin group) displayed severe dysplasia and adenocarcinoma formations in the
0il+DMSO, L-Cd and L-Zn groups. When compared with the cisplatin group in the in vivo studies, the Cu
complex had a more favorable effect against colon cancer.

Conclusion: Consequently, hydroxyurea derivative SB-metal complexes exhibit antiproliferative activity
in both in vitro (p < 0.0001) and in vivo studies.
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INTRODUCTION 50,310 mortalities were recorded in 2014 [2]. The
World Health Organization reports approximately
Cancer is a major disease that affects a 1.9 million new colorectal cancer cases every

considerable proportion of people worldwide of
which colon cancer is the most common type
between females and males in the US [1]. In the
US, approximately 136,830 people were
diagnosed with colorectal cancer and around

year. Hydroxyurea was one of the first chemical
agents developed in the 1960s to treat cancer.
However, long-term treatment or high doses of
hydroxyurea result in cell death due to DNA
damage and oxidative stress. Hydroxyurea has
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been evaluated as a single agent or in
combination with other chemicals in several
clinical trials [3]. On the other hand, Schiff bases
(SBs) and metal complexes have various
pharmacological activities and are of great
interest in pharmacology, chemistry and biology
[4]. They have antimicrobial, antitumor, antiviral,
and antineoplastic properties. In addition, SB-
Cu(ll) complexes have also been reported to
exhibit antioxidative activity by inhibiting lipid
peroxidation [5]. Schiff base metal complexes
promote antitumor activity in vivo and in vitro for
colon cancer [6]. Schiff bases are obtained by
condensation from a reaction of aldehyde and
ketone compounds with primary amines resulting
in the formation of a C=N double bond called
azomethine. The biological activity of SBs, which
are influenced by the redox potentials of the
central atom and of the structure and
conformation of the ligand in the coordination
compounds, have been the subject of many in
vitro studies [7].

Previous studies have shown the in vitro
antioxidant and  antitumor  activities  of
hydroxyurea derivative SB-metal complexes. The
complexes were found to exhibit effective in vitro
antiproliferative activity against MCF-7 breast
cancer cell lines. In addition, treatment of
Saccharomyces cerevisiae cells with the
complexes resulted in moderate antioxidative
effects on antioxidant vitamins and
malondialdehyde (MDA) levels in cell media and
in vitro 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging activity [8]. This study aimed
to investigate the in vitro and in vivo antitumor
activity potential of 1-hydroxy-3-(E)-pyridine-3-
ylmethylidene urea derivative SB (L)-metal
complexes (L-Cd, L-Zn and L-Cu) against colon
cancer.

EXPERIMENTAL
Chemical compounds

Hydroxyurea derivative SB metal complexes
used in this study were synthesized and
characterized by Sekerci et al. in the Chemistry
Department, Faculty of Science, Firat University
[9,10].

Cytotoxic activity of hydroxyurea derivative-
SB metal complexes in HT-29 cell line

Cell culture studies were conducted at Inonu
University Medical Faculty, Department of
Physiology, Turkiye. Cells were cultured in
RPMI-1640 medium consisting of 10 % FCS, 100
U/mL penicillin, and 0.1 mg/mL streptomycin.
The culture media was changed twice a week

and the cells were kept in a 5 % CO2 incubator
(Nuaire Co., Plymouth, MN, USA) at 37 °C in 25
cm? culture flasks. The hydroxyurea derivative-
SB metal complexes were used at three
concentrations (5, 10, and 20 uM) and solvent
(DMSO) was used as control. After incubation,
cell viability was assayed with 0.4 % trypan blue
and a haematocytometer. If the viability was
below 90 %, experiments were not started.

Also, the MTT assay was used to determine the
cytotoxic effects of the test compounds. With this
assay, living cells are able to generate water-
insoluble formazan by catalysis via mitochondrial
succinate dehydrogenase, which is quantified
with a spectrophotometer. The stock MTT
solution was prepared in sterile PBS at a final
concentration of 0.5 mg/mL MTT. The SB-metal
complexes, in addition to the cell lines, were
incubated with the MTT solution at 37 °C for 3
hours, after which the absorbances of cells were
read with a spectrophotometer. The experiment
was repeated ten times and on different days.

In vivo studies for anticancer and antitumor
activities

The animal studies were conducted with the
approval of the Firat University Ethical
Committee for Animal Experiments (approval no.
2014/22:204) and  followed international
guidelines for animal studies. The rats (Wistar
albino) were obtained from the Firat University
Experimental Research Center (FUDAM) and
housed in cages cleaned daily. They were kept
at a temperature of 22 + 2 °C and a relative
humidity of 55 £ 5 % with a ventilation system.
Thirty-five (35) male Wistar albino rats (2 months
old and 200 - 250 g) were used and were equally
assigned to five groups as follows: an
azoxymethane (AOM, 25 mg/kg) + (Oil + DMSO)
group acting as the negative control, an
azoxymethane + cisplatin (AOM + cis-15) group,
which served as positive control, received 15
mg/kg dose of cisplatin after the tumor has
developed, an azoxymethane + L-Cd (AOM + L-
Cd) group administered 25 mg/kg L-Cd after the
tumor had developed, an azoxymethane + L-Cu
(AOM + L-Cu) group given 25 mg/kg L-Cu after
the tumor had developed and an azoxymethane
+ L-Zn (AOM + L-Zn) group which was treated
with 25 mg/kg L-Zn after the tumor had
developed. All solutions were prepared in DMSO
and corn oil before injection due to DMSO
toxicity (final concentration of 10 % DMSO or
less). The final concentration of 25 mg/kg in 1 mL
was injected subcutaneously. For the control
group, 1 mL of subcutaneous injection of DMSO-
containing corn oil was administered [11].
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Animal treatment

Azoxymethane was administered
subcutaneously once a week (repeated 3 times)
at a dose of 15 mg/kg body weight (BW) dose to
induce colon cancer formation [11]. The rats
were observed for 5 months while the tumors
formed. At the end of this period, two animals
from each group were sacrificed and the
colorectal tissues were harvested and examined.
Tumor formation was observed by macroscopic
and microscopic examinations. The rats then
received cisplatin (15 mg/kg body weight) and
SB- metal complexes (L-Cd, L-Zn, L-Cu; 25
mg/kg body weight) via subcutaneous injection
which was repeated after three days, for up to 64
days. Pathological examinations of the animals
that died during the study were also recorded. At
the end of the study, the rats were anesthetized
with ether and were sacrificed. Colorectal tissues
were removed and processed for histological
analyses. Paraformaldehyde (4 %) was used for
fixing the tissues for macroscopic examination of
tumors after which sections were photographed
with a light microscope.

Histological procedure

After the abdominal cavity was opened, the
colorectal tissues were immediately removed for
histological examinations. The 2 cm tissue
samples, which were taken from the 10 cm
column section starting from the rectum border,
were fixed in 10 % formaldehyde, dehydrated in
ethanol and embedded in paraffin. Conventional
tissue monitoring procedures were performed for
the samples. The samples (5 uym thick, 300 ym-
spaced serial block sections) were stained with
hematoxylin and eosin (H&E) and then examined
under light microscope.

Data analysis
The Statistical Package for Social Sciences
(SPSS) was used for all statistical analyses and

the data were expressed as mean + standard

Table 1: Macroscopic and microscopic lesions

error of the mean (SEM). Normal distribution of
the groups was assessed by using the
Kolmogorov-Smirnov test and the comparison of
groups was by one-way ANOVA. Levene test
was used for the homogeneity of the variances
while the Tamhane T2 test was used for multiple
comparisons. A p-value of < 0.05 was
considered statistically significant.

RESULTS
In vitro antitumor effect on HT-29 cells

The in vitro antitumor effects of metal complexes
of hydroxyurea derivative-SB metal compounds
on HT-29 cell line are shown in Figure 1. Schiff
base complexes had significant cytotoxic effects
on the cells (p < 0.05). The results reveal
statistically ~ significant  differences  when
comparing between the groups at 5, 10 and 20
MM concentrations of all compounds (Figure 1). It
was also observed that the SB complexes used
in the study were more effective on the HT-29
cells than cisplatin which was used as a positive
control.
Macroscopic and
examinations

histopathology

The macroscopic investigations revealed lesions
located in the proximal or distal colonic area and
were poly-shaped (Figure 2). The macroscopic
and microscopic lesions of the experimental
groups are given in Table 1.

Two masses were observed in the Oil + DMSO
negative control group and the L-Zn group,
respectively, with one mass seen in the L-Cd
group. Invasive adenocarcinoma structures were
seen in three Oil + DMSO-treated rats and a
signet ring formation was evident in one of them.
(Figure 2, c-i). Dysplasia lesions in the nuclei of
glandular epithelium cells were detected
including hyperchromasia and nuclear growth.

Macroscopic Location Weak Strong Malignant Total
Group mass P M D* dysplasia dysplasia tumoral lesions
lesion
Oil+DMSO 2 1 - 1 9 2 4 15
Cis-15 - - - 4 1 - 5
L-Cd 1 - - 1 12 2 2 16
L-Cu - - - - 8 - - 8
L-Zn 2 1 - 1 9 1 3 13

*Proximal (P), middle (M), and distal (D) colon
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Figure 1: Cell viability levels of a) L-Cd group, b) L-Zn group, ¢) L-Cu group and d) cisplatin group (p < 0.0001)

Furthermore, the glands had increased nucleus-
to-cytoplasm ratios, deformities and structural
irregularities. In addition, karyomegaly in nuclei
was present and instances of adenocarcinoma in

neoplastic cells revealed pleomorphism in the
nuclei. However, the L-Cu and cisplatin treatment
groups had no mass formation in the column
mucosa (Figure 2, b).
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Figure 2: Histopathological examination of the colorectal tissues (a) colon histology of the control group, HE x50;
(b) mild severe dysplasia (arrowheads) in the L-Cu group appearance in the colon epithelium, HE x100; (c)
severe dysplasia (arrowhead) in the oil + DMSO group, HE x200; (d) severe dysplasia (arrowhead) of the column
mucosa in the cis-15 group, HE x100; (e) Adenocarcinoma with submucosal invasion (arrowheads) in the oil +
DMSO group, HE x20; (f) Good differential tubular adenocarcinoma (arrows) in the L-Cd group, HE x20; (9)
Adenocarcinoma in L-Zn group, inset: tubular adenocarcinoma cells, HE x20; (h) Mucinous adenocarcinoma with
submucosal localization in the form of stony rings (arrowheads) in the oil + DMSO group, HE x50; (i) severe
dysplasia (arrowheads) of the column mucosa in the cis-15 group, HE x100

DISCUSSION

Schiff base (SB) ligands play an important role in
biological applications and have antiproliferative,
antiviral, anti-malarial, antipyretic, anti-
inflammatory, antibacterial, and antifungal
properties [12]. The in vitro biological activities of
SBs have been investigated by several groups

and the research has become even more
important because of the wide range of
applications of SBs. Hydroxyurea (HU) is known
to have biological effects on living organisms,
including well-reported genotoxic abilities and
anti-tumor activity in myeloproliferative disorders
[13], and sickle cell anemia [14]. Additionally,
hydroxyurea was shown to improve spatial
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memory in a mouse model of Alzheimer's
disease [15]. Cadmium (Cd) is a toxic metal that
displays osteotoxicity, immunotoxicity, and
nephrotoxicity and promotes tumor formation
after long-term exposure to the kidney, testes,
lungs, and liver after acute poisoning [16].

Copper (Il) is essential for normal development
and organ functions in early childbirth as its
deficiency (hypocopperia) is a factor that causes
low birth weight. Furthermore, Cu is necessary
for the function of many enzymes, such as
ascorbate oxidase, copper lysyl oxidase, uricase,
cytochrome oxidase, trizonase, and Zn-Cu
superoxide dismutase enzymes [17]. The trace
element, Zn (Il), is important for the function and
regular development of different organs in the
body. Negative nitrogen balance in Zn deficiency,
weakness in the immune system, psychiatric
symptoms, delay in wound healing, and impaired
development have been reported [18].

In this study, the viability of HT-29 cell line was
determined by the trypan blue method. An
increase in the concentration of the test
compound (5, 10 and 20 pM) was used to
challenge each cell line for 24 h. Consequently,
dose-dependent cell viability levels were
observed in the results and the treated samples
were significantly different from the control.
Furthermore, HU derivative-SB metal complexes
produced dose-dependent  anti-proliferative
activity in the HT 29 cell culture. Cytotoxicity of
the xenobiotic could be explained by the
impairment of either the cellular regulation
system or intracellular synthesis of
macromolecular or cellular transduction signaling
[19]. In this study, 1-hydroxy-3-(E)-pyridine-3-
ylmethylidene urea  derivative-SB metal
complexes were used. It is well established that
the amine group in the molecule increases the
inhibitory effect [20]. The complexes used in this
study were intended to quickly Kkill the
proliferating cells and both hydroxyurea as well
as SBs show anticancer properties. All tested
compounds decreased cell viability in HT-29
cancer cell line in a dose-dependent manner.

For the in vivo experiments, there was no tumor
formation in the control group colon tissues and
rats treated with AOM (except for the L-Cu
group) displayed severe dysplasia.
Adenocarcinoma formations were observed in
the oil + DMSO, L-Cd, and L-Zn groups, and no
tumor formations were detected in the colon
mucosa of the L-Cu and cisplatin groups. The
redox potentials of the metal ions and the
conformation of the organic ligands significantly
influence the biological behavior of the

coordination compounds [7]. The scientific data
in this study supports these published studies.

CONCLUSION

Based on the results obtained, L-Cu and cisplatin
compounds exhibit strong antitumor properties.
Hydroxyurea derivative SB-Cu complex is
effective in preventing colon cancer in rats.
Therefore, further studies of the L-Cu compound
would be beneficial for the validation of its
antitumor properties.
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