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Abstract — Earlier we have described new water-soluble Ag- and Zn-derivatives of tetrachloride
meso-tetra (4-N-oxiethylpyridyl) porphyrin (TOEtPyP) as potential anticancer drugs. In this work
the effect of one of these metal porphyrins, TOEtPyP Ag, on the cell population kinetics was stu-
died in vitro using morphological and biochemical techniques. The results suggested that
TOEtPyP Ag action consisted in the simultaneous suppression of the cell growth and activation of
the cell death. About 40% of the cells were shown to die via apoptotic pathway. So, the porphyrin
studied may be attributed to inducers of both necrotic and apoptotic processes. The results ob-
tained support our previous assertion that TOEtPyP Ag may be considered as a potential che-

motherapeutic agent.
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INTRODUCTION

Natural and synthetic porphyrins are organic pigments
containing the porphyn ring. Porphyrin chemistry deals
with various analogues and derivatives of porphyrins in-
cluding their metal complexes (Kadish er al. 2000).

The known ability of cationic porphyrins to bind nucleic
acids has driven studies of their medical and biological acti-
vities. Recent applications of porphyrins have been based
on their antiviral (Ding ef al. 1992 Vzorov et al. 2002) and
anticancer (Ding et al. 1990; Dougherty er al. 1998; Ohse er
al. 2001; Berg er al. 2005) activities. A variety of (metal-
lo)porphyrins has been successfully used to control harmful
microorganisms (Stojiljkovic er al. 2001; Lambrechts et al.
2005; Jori 2006). Porphyrins are known photosensitizers
used at the photodynamic therapy (PDT) of tumors (Doug-
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herty er al. 1998). They have been shown to effectively
accumulate and be retained for long time in tumor tissues
(Vicente 2001). Generally speaking, porphyrin derivatives
are believed to be promising candidates for drug discovery
efforts.

Earler a new tetrachloride meso-tetra (4-N-oxiethylpy-
ridyl) porphyrin (TOEtPyP) and its metal derivatives were
synthesized (Ghazaryan er al. 2006a). The toxicity of two
derivatives, TOEtPyP Ag and TOEtPyP Zn, was tested in
vitro. These metalloporphyrins were demonstrated to meet
at least two important demands to potential anticancer agents
as they combine high cytotoxicity with low genotoxicity
(Gasparyan er al. 2007). At the same time these com-
pounds’ influence on the cell population kinetics and mode
of induced cell death (apoptosis or necrosis) were not inve-
stigated.

In the present work the effect of TOEtPYP Ag on the cell
proliferation and death rate was studied in details in vitro

using morphological and biochemical techniques.
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MATERIALS AND METHODS

1. The porphyrin tested

The compound studied was tetranitrate meso-tetra (4-N-
oxiethylpyridyl) porphynato Ag (IT) (TOEtPyP Ag), a wat-
er-soluble metal derivative of TOEtPyP synthesized earlier
by alkylation of meso-tetra (4-N-pyridyl) porphyne at the
excess of ethylenchlorhydrine in dimethylformamide. TOE-
tPyP Ag was synthesized by treatment of TOEtPyP by silv-
er nitrate in dimethylformamide (Ghazaryan et al. 2006b).

Its molecular mass is 1,152 Da.

2. Cell line and cell culture

The cell line KCL22 (suspension cell line of human chro-
nic myeloid leukemia in blast crisis) was used. It was kind-
ly provided by Dr. T. Liehr (Institute of Human Genetics
and Anthropology, Germany). Cells were routinely main-
tained in the growth medium RPMI-1640 supplemented
with 10% fetal bovine serum (Sigma-Aldrich and Biochrom
AG, Germany) and 50 pg mL~! gentamycin (Belmedpre-
paraty, Belarus) at 37°C. Cells were seeded into 15 mL glass
vials at the concentration 0.5 X 106 cell mL~! (2 mL of cell
suspension per vial) and incubated for 24 h. TOEtPyP Ag
solved in water was added to the cell cultures at the final
concentration 20 UM mL~! (this concentration was earlier
determined to be equal to IC50 for an other suspension cell
line of human chronic myeloid leukemia, K562, see Gaspa-
ryan et al. 2007. IC50 is a dose inducing 50% inhibition of
cell viability). Cells were collected with 3 h-time intervals
during 24 h and the cell viability, morphological changes,

and DNA fragmentation were studied.

3. Estimation of cell viability

The viable cell number was counted by the vital dye
(trypan blue, Sigma, USA) exclusion test. Cell viability
was expressed as a percentage of the controls.

Here and below at least quadruplicate cultures were
scored. The Student’s one-tail t-test was applied for the
statistical treatment of the results that were expressed as the
mean* SE. p values less than 0.05 were regarded as

denoting the statistical significance.

4. Cell morphology investigation

1) Acridine orange (AQ) staining

Cells were stained with 0.5 uM AO solution (Serva,
Germany) in PBS for 30 min, washed twice in PBS, layered
on coverslips, air dried in the dark and observed using
fluorescent microscope with green light excitation (540 nm)
and long pass > 640 nm barrier filter setup. Cells with
nuclei colored green and red cytoplasm and nucleoli were
considered to be viable. Dead cells were identified by irre-
gular shape, red nuclei or the presence of apoptotic bodies
(Darzynkiewicz et al. 1990; Foglieni er al. 2001; In Vitro
Diagnostic Medical Device 1.15931 2004).

2) Giemsa staining

Cells were fixed by ethanol: acetic acid (3: 1, v:v),
layered on coverslips and air dried. Then the cells were sta-
ined with Giemsa (Sigma-Aldrich or Biochrom AG, Ger-
many) for 20 min, rinsed in distilled water and air dried.
Cells of round shape having clearly visible nuclei, structur-
ed chromatin and nucleoli were surely identified as living
ones. On the contrary, cells of irregular shape with homo-
genous staining of chromatin and nucleus were referred as
dead ones (Hayhome 1981).

The apoptotic cell death and cell growth rate were
estimated both in AO and Giemsa stained cell cultures by
counting of the number of cells with apoptotic bodies and

mitotic cells, respectively.

5. DNA gel-phoresis

4,9, 15, 21, and 24 h after adding of TOEtPyP Ag the
cells were washed in ice-cold PBS and lysed in a buffer
containing 10 mM Tris-HCI (pH 7.5), 25 mM EDTA, 100
mM NaCl, 0.5% SDS, 100 pg mL"! proteinase K (Roche,
Germany), 20 ug mL-! Ribonuclease A (Sigma, Germany)
(the final concentrations) and incubated for 16 h at 50°C.
DNA after extraction with an equal volume of chloroform:
isoamylalcohol (24 : 1, v : v) was precipitated by adding of
the mixture of 7.5 M sodium acetate and 100% ethanol, pH
5.3 (0.1 of the total volume). Precipitated DNA was
collected by centrifugation at 13,000 rpm for 20 min at 4°C,
washed with ice-cold 70% ethanol and air dried. DNA was
then resuspended in TE buffer, pH 8.0. DNA samples were
fractionated by electrophoresis in 0.6% agarose gel buffer-
ed with TBE buffer, pH 8.0, and visualized by ethidium
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bromide staining using an UV transilluminator as the sole
light source. The electrophoretic patterns were analyzed to
reveal the existence of so called ladder distribution of DNA
fragments suggesting the apoptotic cell death (Shin ez al.
2002). The size of DNA fragments was estimated by com-
paring it with a standard High-Throughput I DNA ladder
contained 5 DNA bands: 2,000; 1,000; 500; 250; 100 bp
(Bioline, Germany).

RESULTS

1. Cell viability (by the vital dye exclusion test)

The results of the determination of the KCL22 cell line
sensitivity to TOEPYP Ag are presented in Fig. 1. The
number of living cells was shown to monotonously decre-
ase after 9 h-latent period. The TOEtPyP Ag concentration
applied induced the death of approximately 3/4 of cell
population over 24 h-incubation period.
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Fig. 1. Effect of TOEtPYP Ag on the viability of the KCL22 cell
line (by the vital dye exclusion test).
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Fig. 2. Effect of TOEtPyP Ag on the viability of the KCL22 cell
line (by the cell morphology, a-AO staining, ®-Giemsa
staining).

2. Cell viability (by the cell morphology)

Resuits of this experiment (Fig. 2) highly agreed with the
previous results (Fig. 1). The number of living cells also
gradually decreased after 9 h-latent period. 78 ~90% of the
cells dead over 24 h-incubation period.

The cell line investigated seems to be more susceptible to
the cytotoxic action of TOEtPyP Ag than cell lines tested
earlier (Cos-7, fibroblast-like African green monkey kidney
cells transformed by SV4Q; DU 145, epithelial-like cells of
human prostate carcinoma; K-562, human chronic myeloid
leukemia cells, see Gasparyan et al. 2007). In fact, the por-
phyrin concentration applied was shown earlier to be IC50
for K562 cell line (ibid.); the same concentration induced
the death of 75~ 90% KCL22 cells used in this work.

3. Rate of apoptotic cell death (by counting of the
number of cells with apoptotic bodies)

The results obtained in the experiments with AQ and
Giemsa cell staining were similar. In both cases the number
of cells with apoptotic bodies started to increase after 12 h
and their maximum number (39~43% of the cell popu-
lation) was observed after 21 h incubation of the culture
with TOEtPyP Ag (Fig. 3). Then (24 h) the number of
apoptotic cells decreased, perhaps because of so called
secondary necrosis of dead cells under culture conditions
(Aderem er al. 1999).

4. Proliferative activity of the cells (by counting of
the number of mitotic cell)

TOE!PYP Ag was shown to inhibit the cell proliferation
in KCL22 cell line (Fig. 4). The number of mitotic cells
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Fig. 3. Effect of TOEtPYyP Ag on the apoptotic death rate of the
KCL22 cell line (a-AO staining, w-Giemsa staining).
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Fig. 4. Effect of TOEtPyP Ag on the mitotic division rate of the
KCL22 cell line (a-AO staining, ® -Giemsa staining).

dropped abruptly from 11~12% to 7.4~4.0% (AO and
Giemsa staining, respectively) after 3 h of the cell treatment
and to 1.2~1.5% after 6 h of incubation. At the end of
observations (24 h) the number of dividing cells was as low
as 0.2~0.3%.

5. DNA fragmentation

The apoptotic response, as judged by the appearance of a
DNA ladder, was examined by the gel electrophoresis in
order to determine the apoptotic effect of TOEtPyP Ag.
Short-term (4 h) treatment of cells with the agent seemed
not to induce any DNA fragmentation (Fig. 5). The charac-
teristic nucleosomal DNA fragmentation pattern, which is
the biochemical hallmark of apoptosis, was first appeared 9
h after exposure of the cell culture to TOEtPyP Ag and re-
mained till 15 h. Later (21 and 24 h) it fully disappeared.
Beginning from 9 h and till the end of observations (24 h)
the smeared DNA fluorescence was also visible. The desc-
ribed dynamics of DNA fragmentation suggested that the
apoptotic processes were induced only in a part of the cells
and were followed by secondary necrotic destruction of the
cells affected. These results are in agreement with results of

morphological study presented above.

DISCUSSION

Now a wide-range efforts are directed to new porphyrins
and metalloporphyrins discovery to control malignant cells
(Luo et al. 1996; Szurko er al. 2003; Ogura et al. 2005; Al-
Mutairi et al. 2006), harmful microorganisms (Tome et al.
2004; Lambrechts et al. 2005; Jori 2006), human immu-

nodeficiency virus (Vzorov et al. 2002), etc. We have been

Fig. 5. Effect of TOEtPyP Ag on the DNA fragmentation of the
KCL22 cell line. Duration of the cell incubation with
TOETPyP Ag: 1-0 h; 2-4 h; 3-9 h; 4 -15 h; 5-21 h; 6-24 h.

synthesizing a variety of meso-substituted porphyrins and
metalloporphyrins (Ghazaryan et al. 2006¢). Some of them
were demonstrated to possess not only above-mentioned
but also catalytic (Martirosyan et al. 2006), bactericide,
fungicide (Ghazaryan er al. 2006b), and plant growth stimu-
lating (Ghazaryan er al. 2006a) activities.

TOETPyP Ag, a novel porphyrin metal derivative, was
earlier demonstrated to have high cytotoxicity and low
genotoxicity for cells in vitrro (Gasparyan et al. 2007). This
work aimed to study in details the effects of TOETPyP Ag
on the cell population kinetics. The cell line KCL22 highly
susceptible to the toxic action of TOETPyP Ag was used.
About 75~90% of cells died during 24 h of treatment with
the agent. The results of our observations suggested that
TOETPyP Ag action consisted in the simultaneous supp-
ression of the cell growth and activation of the cell death.
About 40% of the cells were shown to die via apoptotic
pathway. So, the porphyrin studied may be attributed to
inducers of both necrotic and apoptotic processes. Taken
together, our previous and presented here results supple-
ment each other and elucidate the mechanism of TOETPyP
Ag cytotoxic effect. The ability of TOETPyP Ag to kill the

cells via apoptotic way seems to be important for its appli-
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cation as a medicine. It will allow weakening or avoiding
the inflammatory tissue reactions induced by necrotic cells.

The results of this investigation support our previous
assertion (ibid.) that TOETPyP Ag may be considered as a
potential chemotherapeutic agent. It seems to be reasonable
to undertake a preclinical study of this compound both in

vitro and in vivo.
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